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CLASSIPICATION OF STEAM ENGINES

— i ﬂa different forms in which the steam engine
l'.' )pears may be classified as follows:

' high pressure engine, in which the steam, at what-
tvu' pressure it may be used, exerts its pressure in one
bvlmda' only, and is then eahausted into the atmos-

The compound engine, in which the steam, after having
been used in one cylinder, passes to a second and, in
some cases to a third eylinder where it is used expan-
sively before being exhausted into the atmosphere.
‘When the steam expands in a third cylinder, the engine
is said to have a triple expansion.

The condensing engine, in which the steam, instead of
~ being exhausted into the atinosphere, is condensed,
- ereating a vacuum (or, more properly, a partial vacuunm)

on one side of the piston, thus relieving it from the
~ pressure of the atmosphere which would act to counter.
~ act tho steam pressure on the other side.

- The compound condensing engine, in which the steam is

used first in a high pressure cylinder recieving steam
- from the boiler, and then in one or more low pressure

cylinders and is finally condensed, forming a vacuum
~ on the exhaust side of the piston.

y)

F A CHAPTER 1

In some one of these forms the steam engine appears I highways.

Tuk Comyox SLibE VALVE ExGINE.

in each of its applications. Engines are, however, als)
designated to indicate the purposes for which they are
used, as marine engines for steamships, locomotives for
railways, portable engives for those intended to be
moved {rom place to place, stationary engines, as those
set upon permanent foundations as in factories.

They are further designated from especial features in
the design, as beam engines, where the piston delivers
its power to a beam, side lever engines, where the beam
or beams are at the side of the cylinder instead of
above or below it.

Osciliating engines, in which the ecylinder oscilates
upon journals or trunnions in order to avoid the nse of
guide bars, and thus economize space.

Direet aeting engines, in which the piston rod is con-
nected direct to the crank by means of a connecting
rod.

Vertical engines or horizonial engines, according to
whether the cylinder bore stands vertical or horizontal,
and inelined engines when it stands in neither of those
positions.

Traction engines are those employed to draw loads,
without the use of rails, usnally upon common roads
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i
inverted cylinder engine is one in which the eyl-
stands vertical and the piston operates through
lower Q]]iu(h!‘ cover,

"hm, ax in the case of most ocean going steamships,
cylinders stand in a line with the crank shaft, the
ines are said to be tandem engines, or the cvlinders
tandem.

fwl’t‘y engines are those in which the piston motion is
in a circle around the piston rod or shaft, or it may
Ih,vo]ve: around the shaft in some curve. 1t is, however,
attached direet to its rod or shaft, while semi-rotary
engines are those in which the piston reciprocates in an
arc or segment of a circle of which the shaft is the
center,

Each of these kinds of engines, however, may be
further designated by the peculiar design or operation
of its parts; thus a simple slide valve engine is one in
which the admission of steam is effected by a simple
slide valve, or a common D valve, as it is sometimes
called.

A throttling engine is one in which the speed of the
engine is regulated by a fly-ball governor which par-
tially closes or throttles the bore of the stean pipe, and
thus ecauses the steam to enter the steam chest at a re-
duced pressure; an action that is termed wive drawing
the steam.

A eut-off engine is one in which the steam supply to
the eylinder is governed by a cut-off valve or valves.
When the point in the piston stroke at which the cut-
off valve will act is adjustable by hand, the engine is
an adjustable cut-off engine. "When the point of cut-off
is governed by the engino itself, it is an automatie cut-
off cngine.

There are also disc engines, m which the pistons
‘, operate against a dise.  Multi—eylinder engines, in

which a number of cylinders are arranged either side
by side, or with their bores radiating from the engine
shaft, each taking steam at one end only.

THE COMMON SLIDE VALVE ENGINE.

The simplest form of high pressure, or non-condens-
ing engine, is the common slide valve engine, whose
construction is shown in Figs. 1, 2, 3 and’4, which rep--
resent a horizontal stationary engine. Fig. 1 is a

COMMON SEIDE VALVE ENGINFE.
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side view, showing the guide bars and crank with the
crank end of the connceting rod. Fig. 2 is a view
from the other side showing the eccentric and the slide
spindle and its guide IT. Fig. 3 is a top view of the
engine, the cylinder and steam chest being shown cut

MODERN STEAM ENGINES.

Fig. 5 represents (removed from the other parts of
the engine) a cylinder C, steam-chest S, slide valve V
and a valve rod, or spindle, R. The cylinder, C. is pro-
vided with three ports or openings, @, b, and ¢, the first
and second of which are called the steam ports, while ¢

C B :
4 1} CYLINDER - goae
2, L7777 (i
\ LAND
{ NN
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EXHAUST PIPE

ECCENTRC

Fig. 4.
in half horizontally so as to expose the mechanism,
and, as the names of the parts are marked upon them,

there is no oceasion to enumerate them. It may be
noted, however, that the bed plate, the conneeting rod
and the eccentric rod are shown broken for convenicnce
of illustration. In Fig. 3, the erank is shown on its
dead center and the piston, therefore, at the end of the
stroke, and it is obvious that the pressure exerted upon
tho piston by the steam would have no effeet in moving
the engine, because the crank, connecting rod and
piston are in a straight line. Tig. 4, however, shows
the partsin the position they would ocenpy when the
crank was at its point of full power, and it is obvious
that as soon as the crank has moved off its dead center
the steam pressure upon the piston is in a direction to
causc the crank to revolve and drive the fly-wheel whose
momentum carries the crank past its dead center.

The action of the slide valve that governs the admis-

sion of the steamn into, and its exhaust out of, the
cylinder may be explained as follows:

is the exhaust port. The slide valve, V, fits closely to
the face where these ports emerge into the steam chest
and is traversed to and fro across them, the distance it

I7Z S 7L L7 L LS B 470l

. 5.
travels in one stroke being called the amount of the
valve travel. It is operated by a rod R, or the slide
valve spindle as it is termed, which receives motion
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and the piston in
e and ﬁ'm valve will
‘the amount of the lead, the
rom th “ v, through a, into the
—h port b is acting as an exhaust
wm the piston during the
fi ough the valve exhaust port
Ly, as &“3 more properly be termed)
‘:t exhanst port ¢, whence (in a high
Fis it passes into the atmosphere. Thus
lgutﬂuu port, # is acting as an exhaust
ut hy the time the piston has reached the other
e cylinder,and has therefore completed its
i valve will have moved so as to leave & open
to team chest and leave communication between
::' @ and (through d) the cylinder exhaust port c.
- a and b act alternately as steam and exhanst
aud when either of themn is admitting steam it is
d a steam port, while when it permits the steam

> escape ont of the cylinder it is called an exhaust
v 1 b 1
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action of a slide valve may, within certain
its, be varied at will by altering its proportions and
;nmmt of its travel or sliding motion. It may be
d so as to let the steam from the steam chest
ss into the eyvlinder during the whole of the piston
‘ e, or 50 as to close the steam port before the piston
, : hvdod a full stroke, so that after the valve closes
- the steam port, the steamn already in the cylinder
‘expands and drives the piston for the remainder of the
‘stroke without using any more steamn from the steam
~ chost.  This action is called working steam expansively,
The point in the piston movement at which the valve
closes the steam port is called the point of cut-off. The
“steam that enters the cylinder while the stcam port is
~ open is live stcam, while from the moment the steam
~ . port closes and the steam in the cylinder begins to ex-
pand, it is no longer live stcam but expansive steam.
Fig. 6 represents the construction of a valve to lot
live steam follow the piston during full stroke; A and
C are the cylinder ports, and B is the cylinder exhanst
wort; D is the valve exhanst cavity and E and F are
the bridges. The edges G and H of the valves are the

‘th'vz ENGINE.

iive steam edges, becauso it is their passage over the

A

.
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respeetive ports A and C that admits the live steam to
or cuts it off from entering those ports. The Inside
edges of the valve, as denoted by the arrows in port D,

are the exhaust-edges of the valve, because it is their
passago over the ports A and C that opens or closes
them as exhaust ports. The total width of the valve,
from edge G to edge I, is in this case (to let live steam
follow full stroke) made to just cover the two ports A,
C, so that when the valve is in the middle of its travel
(as it is shown to be in the cut), no steam ean get into
or ont of the passages A, C. The width of the valve
exhaust port D (that is, the distance hetween its exhaust
cdges) is, in this ease, made to extend as nearly across
the two bridges Ii, F, as is compatible with covering
them sufficiently to prevent the passage of steam from
cither C or A into D and E, when (as in the cut) the
valve is in the middle of its travel. But if the valve
be moved from this position, in either direction, both
ports will be put in action, one as a steam and the other
as an exhaust port. Thus in Fig. 7, the valve having

traveled in the direction of the arrow, port A is open,
so that steam may enter the cylinder driving the piston
in the direction of the arrow 2. During this valve move-
ment, the edge e of the port C has, in conjunction with
cdge fof the valve, afforded an opening for the steam
in C to escape, and the edge e is, therefore, called the
exhaust edge of the port. On the other hand, edge g
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of port A has, in conjunction with edge % of the valve,
afforded ingress to steamat A. Ilenee edge g is the
steam edge of the port.

By the time the piston has arrived at the end of the
stroke, denoted by z, the valve will have traveled back
to the position shown in Fiz. 6. When the piston has
made one-half its retnrn stroke, the valve will be in the
position shown in Fig. 8; both piston and valve moving

in the same direction, as denoted by arrows y and z,
At this time, port C will be full open as a steam port,
and port A full open as an exhaust port, the steam
passing from A into B, as denoted by the curved arrow.
These respective valve and piston movements being
repeated, the piston is driven to and fro in the cylinder
by steam on one side of it, while that which drove it on
the previous stroke is exhausted, through B, into the
atmosphere.
STEAM LAP.

To enable a slide valve to cut off the stcam supply to
the cylinder before the piston has completed its stroke,
and thus cause the steam, admitted before the eut-off
oceurred, to work expansively during the remainder of
the piston stroke, what is termed steam lap is given to
the valve, as shown in Fig. 9. Iere the steam edges,

G and H, of the valve, instead of barely covering the
ports A and C, as in Fig. 6, are prolonged over them

by the distances 1 and J, respectively, and the amount
to which this prolongation or overlapping extends (the
valve being in the middle of its travel) is ealled the
steam lap. The measurement of this lap is designated
in terms of its length on cach side. Thusif 1, and J
measure an inch each, the valve has an inch of steam
lap on each end.

The Zp of the valve means that part of the flange,
at each end of the valve, that covers the steam port and
extends beyond it; thus, in Fig. 9, the lip, at one end,
is from the steam edge H to the left-hand edge of the
port C, and at the other end of the valve it is that part
from the edge G to the right-hand edge of port A.

The action of steam lap, in cutting off the steam
supply, is shown in Fig. 10, in which the valve and

E AT S i (R i s )|

piston moving in the direction denoted by the arrows,
the steam on the side P of the piston is enclosed by the
walls of the cylinder, the face P of the piston, and the
valve face at «; the resulting expansion of the steam
continuing until the edge ¢ of the valve meets the edge
of the port a, at which time the piston will have nearly
completed its stroke.

Now, whether a valve has a steam lap or not, it is
evidently essential that when the piston is at either end
of its stroke, the valve must be in a position to admit
steam to one end of the cylinder and permit it to escape
from the other end. Furthermore it is found necessary
(in order to prevent the parts from reversing their diree-
tion of motion with a pound, knock, or thump) to prevent
all the steam from being exhausted, a certain proportion
being enclosed in the eylinder before the piston reaches
the end of its stroke, so that the piston, during the latter
part of each stroke, has, on one side, a steam pressure
forcing it ahead, while, on the other side, it is compress-



: ‘,. steam ﬁm would otherwise exhanst.
w from escaping, acts as &
M piston and causes the recipro-
ﬁﬁ‘ piston and its rod, the crosshead
> conneeting rod) to reverse their motions easily,
d cushioning or compression, and the
for the above purpose depends upon
f the engine and other considerations that
pear hereafter.
or t same purpose, and also to fill the steam port
h live steam at a pressurc nearly equal to that in the
, the valve is given what is called lead,
ill be explained presently.
The valve is operated by an eccentric which is driven
,\': crank shaft, axle, or main shaft of the engine.
~ The throw of an eccentric is the amount its center is
fromm the axis of its bore or from that of the
ft by which it is revolved, and a straight line passing
through these two centers is termed the throw line.
Thus, in Fig. 11, A represents the center of the bore

f

ig. 11,

- of =n eccentric, and B the center of the eccentric, hence
the radius from A to B is the throw of the eccentric—
which equals one-half tho travel of the valve. Thus if
the eccentric be moved through one-half a revolution
~ on its axis A, its center B would move in the dotted
arc G, and tue distance it would move its rod would be
equal to the radius E, F, or twice the distance A, B.

The throw line A, B, is, for convenience, taken to
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represent the position of the eccentrie, and the throw-
line of the crank is taken to represent the position of
the crank. When the eccentric throw-line moves in
advance of the crank in the path of revolution, it is said
to lead the crank, and it is obvious that, in this case,
the crank and eccentric will, at the beginning of the
piston stroke (the crank having moved past either of
its dead centers) move in the same direction, whereas,
when the eccentric follows the crank, it will (at.the
beginning of the piston stroke) move in the opposite
direction to the crank, the word direetion referring to
right and left, and not to the path of revolution.
In a simple slide valve engine, such as in Figs. 1, 2,
3, and 4, tho cccentrie leads the crank.

VALVE LEAD.

The lead of a valve is the amount to which it has
opened the steam port when the piston is on the dead
center. Lead is given to a valve by advancing the
position of the eccentric with relation to the crank. If
a valve has neither lap nor lead, the throw-line of the
eccentric will stand at a right angle to the throw-line of
the crank, as shown in Fig. 12, in which S represents a
steam chest, V the valve broken away at the bottom to
expose the cylinder ports, P the direction of crank revo-
lution, A the throw-line of the crank, and B the throw-
line of the eccentric. To give the valve lead, it would
be necessary to move the cccentric forward on the
shaft until the valve opened the port to the required
amount, in which case its throw-line would stand at an
obtuse angle to A instead of at a right angle.

To reverse the direction of crank revolution, all that
is necessary is to move the cccentric on the shaft until
its throw-line stands at E, or still further according to
the amount of the lead required. When the eccentric
rod is attached direct to the slide valve spindle, the
eccentric throw-line always stands in advance of that
of the crank, no matter in which direction the crank is
to revolve. This is shown in Fig. 12, in which (inotion
being supposed to commence from the dead center) it
is obvious that B will pass the other dead center in
advance of the crank. The amount to which the cccen-
tric throw-line is.set forward, or in advance of the crank
throw-line, is termed its angular edvance, and is meas-
ured in degrees of angle; in the upper half of Fig. 12
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it is shown at a right angle, or an angle of 90° to the
crank.

The amount to which an eccentric requires angular
advance increases in proportion as the valve is given
steam lap and lead. Thus in the lower half of Fig. 12
is a valve having steam lap and lead. The eccentric
throw-line is seen to be at an angle of 120° instead of
at an angle of 90° as in the upper half of the figure.
The po~itions of the valves are, so far as the steam port
at end S is concerned, the same in both figures, except

O 0 ¢ 0 C 0 0 0 ©
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In Fig. 13 is shown a valve having exhaust lap, the

‘width at P being less than that at Q, and the amount of

exhaust lap being denoted by K or by L. The manner
in which exhaust lap operates is shown in Fig. 14,
where the piston. moving in the direction of f£, is near
the end of its stroke; the valve, moving in the direction
of d, is about to open port a as an exhaust port. Sup-
pose then that the valve cavity D has exhaust lap added,
as denoted by the dotted line, then the valve will re-
quire to move still further before the port a opens to the
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that. in the lower half of the figure, the valve is shown
to have a slight lead.

The exhaust lap of a valve is the amount to which its
exhaust cavity or port (when in its mid position over
the cylinder ports) covers the eylinder port bridges.

exhaust, and during this valve movement a certain
amount of piston movement W ill occur, and to this
amount the steam will have been detained in the eylin-
der by reason of the exhaust lap.

Thus, then, the effect of lead and of exhaust lap is in
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Fig 14,



e direction, #iz., to cause the steam port to be
steam by the time the piston reaches the end
Q&dm But the steam admitted by the valve
1'is live steam drawn fromn the steam chest, while
W by exhaust lap is saved from the exhaust,
in o&‘r words, is a part of the steam admitted to
} WW on the previous piston stroke. Both, how-
ovel &JOxmsl_\' serve to arrest the piston motion at or
s the end of the stroke, and. therefore, cause the
Teciprocating part$ of the engine, i e, the piston and
s rod, the crossgiead dnd the connecting rod, to re-
se their direetion of motion easily or without shock,
resnlts because the pressure on the piston, due to
: 'cushioning, reverses the direction of contact of the
rnals before the piston reverses its motion. Thus
chen the piston is pulling the conneeting rod, its pres-
y re is transferred throngh the half brass (on the cross-
d and crank pin respectively) that is furthest from
evlinder, while when the piston is pushing the con-
.‘ﬁmg rod, its pressure is transferred through the half
m that are nearest to the cylinder. Now if the
vmunrfcr of pressure or contact from one half brass to
l‘“ other takes place at the extreme end of the stroke,
~ and coineident with the admission of steam, the motion
‘of the piston, cross-head and connecting rod will be re-
versed suddenly and violently, especially if there be any
play or looseness between the connecting rod brasses
and the erank pin or eross-head journals. But when
cushioning is resorted to, either by means of lead or
exhaust lap, the contact between the brasses and their
journals is transferred from one brass to the other while
the piston is moving in the one direction and is just
completing its stroke, so that by the time it has com-
pleted it, the brass and journal contact is on the proper
side for the ensuing stroke.

CLEARANCE.

Clearance in a valve is the amount to which its ex-
haust eavity is wider than the extreme width of the
bridges, leaving all the ports open when the valve is in
mid-position as at A, in Fig. 15. With no steam lap,
clearance permits the steam to escape when the port is
opened for admission, as at B. This may be avoided
by giving more lap than clearance. Clearance reduces
the compression, and prevents the engine from thump-

CUSHION—CLEARANCE—VALVE TRAVEL.
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ing when the valve has a maximum of stearmn lap. In
position C, for example, the dotted half eircle represents
no clearance, and it is seen that the compression for port

Fig. 15.

¢, is delayed by the clearance during a portion of valve

movement, represented by the distance between the
edge of the valve cavity and the dotted half circle.

VALVE TRAVEL.

The travel of a valve is the amount of its motion
over or across the steam ports, and is varied to suit the
proportions of the valve. The manner in which a valve
will admit steam to the cylinder, and the relation of
snch admission to the piston movement, is governed by
the steam lap, the lead, and the travel of the valve,
while the manner in which the steam will be exhausted
from the eylinder and its relation to the piston move-
ment is governed by the valve exhaust port, the lead,
and the valve travel. Now the least variation in either
the lap or travel of a valve has a marked effect upon
the disposition of the steamn to the cylinder, and tho
combination of varying proportions that may be given
to a valve without varying the dimensions of the eylin-
der ports are so numerous that only the general effects
of each of the clements (as steam lap, exhaust lap, travel
and lead) will be at present considered.

In proportion ias steam lap is given to a valve its
travel and, therefore, the eccentric throw must be in-
creased in order that the port may open fully as a steam
port. But the width of the bridges must be sufficient
to prevent the valve from moving so far over the ports
as to leave less opening at the eylinder port F, Fig. 16,
than there is at the exhaust port (as B in the figure) or
otherwise the cylinder exhaust port will be ecramped, as
in the figure where the valve is shown to have over-
travel, causing the width at F to be less than that of
port B. If the valve have steam lap and no overtravel,
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the lap permits a freer exhaust, as shown in Fig. 17
where the valve has steam lap equal to the width of the

Fig. 16.

port, and is shown in the position it would oecupy when
the piston was at the end of a stroke, and ready to
make the next in the direetion of arrow G. The ex-
haust port B is here fully open, and this shows us that,

L~ N
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g 719,
unless exhaust lap is employed, steam lap permits the
steam to exhaust earlier than it otherwise would do.
This is shown in Fig. 18, in which the valve has lap
equal to half the width of the steam port, it being obvi-
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Fig, 18.

ous that the valve edge F must, in any case, meet the
port edge b, at the dotted line, by the time the piston
has arrived at the end of the stroke. In the absence

of steam lap, the exhaust edge ¢ of the valve would be
coincident with edge e of the port when the piston was
at the end of its stroke; henee the port d would still be
closed, whereas, having steam lap to one-half the port
width, the exhaust is open to one-half that width, plus
the amount of lead when the piston is at the end of its
stroke. Sinee, however, the piston is, at this part of its
movement, traveling very slowly, while the valve move-
ment is at about its quickest, the steam is not exhausted
nmueh too early in the stroke unless the valve has a max-
imum of steam lap, or an amount more than equal to

the steam port width; in which case the evil may be, to

some extent, remedied by giving it exhaust lap.

TNE 1RREGULARITY OF THE PISTON MOTION.

The action of a slide valve, having an equal amount
of steam lap for each eylinder steam port, is not the
same for the two piston strokes oeeurring during a eom-
plete revolution of the crank.

This may be scen from Fig. 19, in which the piston
is shown in the middle of the cylinder, and the erank
at mid position, or half way between its points of dead
eenter. Suppose now that we take the distance from the
center A of the erank to the center of the eross-head,
and we may mark an are I, but if we take the same
distance or radius, and from the eenter of the erank
pin mark a second are, it will be at E, showing that
the piston will, with the erank in the position shown, be
pulled forward to the amount of the distance between E
and F on the line of centers of the engine (as the line
passing through the eenter of the cylinder bore to the
eenter of the erank shaft is called). This is due to the
eonnecting rod whieh, during that part of the piston
stroke in which it moves away from the line of centers,
retards the motion of the piston, while, during that part
of its motion in which its crank end is approaching the
line of eenters, it causes the piston motion to aecelerate.

At all times, exeept when the crank is on a dead
eenter, or dead point, the eonneeting rod is at an angle
to the line of eenters D, D, and the variation of piston
speed, above referred to, is said to be due to the angu-
larily of the conneeting rod, meaning its angle to the
line of centers of the engine. The angularity of the
eceentrie rod or, in other words, its movement out of a
straight line, also causes the admission, point of eut-off



‘und release of the steam to vary for the two piston
strokes, but in a minute degree only; unless, indeed, the
eccentric rod is unusually short in proportion to the
amount of valve travel. As the eause is the same for
both the connecting rod aud the eccentric rod we may

furtker explain it in connection with the connecting rod
only.

Thus suppose that in Fig. 20, I represents the center
of the cross-head journal when the piston is at half

PN

. Fig. 20.
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stroke and J the length of the connecting rod, and that
the dotted line B represents the crank throw line when
~ at half stroke. Let the dotted circle represent the path
of the center of the crank pin and 1, 2, 3, 4, respective
I quarter-revolutions of the crank pin center. If, then, a
pair of compasses be set from point I to the center of

o the crank shaft, and, from I as,a center, an arc of a
eircle be struck it will be denoted by K, and the inter-
section of K with the dotted ecircle will be the location
of the crank pin center when the piston is at half
stroke. This is obvious because when the crank pin
center is at A, the piston will be at ono end, and when
it is at C, the piston will be at the other end of its

2
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stroke, and tho point I will recede from the crank
center, a distance equal to that from A to the crank
center in one case, and to that from C to the crank
center in the other case. Clearly, then, while the piston
is making the first half of its stroke, the crank pin will

Fig. 19.

move from its dead center at A to the point where the
arc K cuts the dotted circle. 'While the piston is mak-
ing its second half stroke, the crank pin center will
require to move from K to C, and as the length of the
eccentric rod is greater in proportion to the valve travel
than the length of the eonnecting rod is to the piston
stroke, therefore it moves at a more uniform speed than
the piston does, and the points of cut-off, release, cte.,
of the steam is not timed equally for the two piston
strokes.

The nature of the variation (considered with relation
to a single piston stroke) will always be that the piston,
starting from its farthest point from the crank, will
travel more than half the length of its stroke while
the crank makes its first quarter-revolution, and less
than half its stroke while the crank makes its second
quarter. But considered with relation to a full revolu-
tion of the crank, the piston will travel the least
while tho crank is making the half-revolution furthest
from the piston, as from B, past C, to D.

Referring now to the motion imparted by the eccen-
tric to its rod, and comparing it with that of the crank
and piston movements, let A, B, C, D, in Fig. 21, repre-
sent the four quarters of the crank revolution, and E,
F, G, H, the corresponding eccentric movements, the
dead center A being that farthest from the cylinder,
and it will bo observed that while either tho crank or
the eccentric is moving from A to B, the linear motion
produced by the rod will be retarded by the angularity
of the rod to the line of linear motion, while when
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either of them is moving from B to C the angularity of
the rod will cause its linear motion to be acceler-
ated. Fromi C to D the linear motion would also be
accelerated, and from D to A retarded.

B

S O

7
Fig. 21.

Considered, however, with relation to the half-revolu-
tion from B, past C, to D, the rod angularity would accel-
erate, while from D, past A, to B it would retard the
linear motion of the rod, or, what is the same thing, of
the piston or valve, as the case may be.

But when the eccentric rod cennects direct to the
valve ‘spindle, its throw line will always be somewhere
between B and C when the crank is at A its exact loca-
tion depending upon the amount of steam lap and the
lead of the valve. It will be seen, therefore, that there
is no uniformity between the variation of linear motion
given to the piston and valve by their respective rods.

The amount of angular advance (which in the shop is
sometimes termed eccentric lead or lead of eccentric)
necessary to give to a valve a certain amount of lead
varies with the throw of the eccentric. ~Suppose, for
example, that a valve has no steam lap and that it be re-
quired to have say } inch lead, then the amount of an-
gular advance of eccentric, necessary to give this 3 inch
lead, will be less in proportion as the throw of the eccen-
tric is greater. To demonstrate this let A, Fig. 23,
represent an eccentric whese throw line may be moved
from C to D, the inner circle representing the path of
motion of the cccentric center when the throw line is
at C and has no angular advance, while the dotted circle
is the path of motion of the center when the throw line
isat D and has an angular advance of 30° and it is

clear that moving the throw line from C to D would in-
crease the lead more if the path of the center of the
eccentric was on the dotted arc than if it were on the
inner circle.

Fig 22

Again, the angular advance of an eccentric necessary,
under any given amount of valve steam lap, to produce
a given amount of lead will vary according to the pesi-
tion of eccentric with relation te the erank, and this
varies with the construetion of the engine.

It hias been shown, in Fig. 12, that when the valve
connects direct to the eccentric strap the throw line of
the eccentric leads the erank. But wlhen a rock shaft
is emuployed, the throw line of the cceentric follows the
crank, thus Fig. 23 represents an eccentric, rock shaft,
and valve conuection; C represents the erank, and D
the eccentric throw line, E the eccentric rod, R the rock
shaft, and S the valve spindle, the direction of crank
movement being shown by the arrow. If the eccentric
rod is attached direct to the valve spindle, without the
intervention of a rock shaft the eccentric throw line
would require to stand at F, in which case with the
same lap, lead, and travel of valve, the angular advance
of the eccentric would be different, on account of the
angularity of the cccentric rod. To demonstrate this,
Fig. 24 represents two eccentrics, A and B; P repre-
sents the crank pin to move in the direction of the
arrow; C represents a line at a right angle to the crank
throw line, and D the throw lines of the two eccentries,
both standing at 30° angle from C. The circle N rep-
resents the path of the center of the eccentric, hence
its diameter equals the travel of the valve. Now let
the line E represent the center of the cylinder ports
(that is the center of the cylinder exhaust port), and
the diameter of half circle I (equal to the diameter of

the circle N) will represent the travel of the valve. Let

’
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the same eccentrie, B being the position when the erank
pin is on the dead center shown, and A the position
when the crank is on the other dead center.

Then let E represent the center of the eylinder ports,,

Og

h line of B from C to D, the valve moves from
to | Wdl being a greater distance than from E to I,
jﬂn& though the two eccentrics have been moved
. amount, the valve has nof moved an equal
t.  Suppose that the extreme diameter of the half
T, or the two lines I, M, represent the steam
es of the steam ports, then there will be less lead at
at I.  To make the lead equal, the augular ad-
e of eccentric A would require to be diminished.

¥~
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Fl‘_tﬂv A occupies the position necessary when a rock
- shafu is used (the crank leading the eccentric) and B the
- position when the eccentric is attached direct, hence
‘when a rock shaft is used less angular advance of eccen-
‘tric is necessary to give a certain amount of lead, though
- the lap and travel of the valve remain the same.

- But we may assume A and B to be two positions of

. 23,

and the amount of lead, given by the two ecccentrics,
varies as the difference in distance of I and J from the
diameter of F, as before. To equalize the lead, the
rod G may be shortened, but this being done, the travel
of the valve would not be equal on each side of the
cylinder ports.

The cause of this variation of lead (due to a given
and equal degree of angular advance of cccentric) be-
tween a directly connected valve gear and one having a

.88

Fig. 24,

rock shaft, or is indirectly connected, may be further
explained as follows:

" In Fig. 25, let ¢ and ¢’ represent tho throw lines of
the eecentries, while the yalve ends of the rods are at
E, then in moving the throw lines, or the centers of the
eceentries, from ¢ to d and from ¢’ to d’, the valve end
of the rod H moves from E to J, and the valve end of
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rod G from E to I.  Let the lines d e and d’ ¢/ be per-
pendicular to the line ¢ ¢/ and parallel to the line K,
and, of course, they are equal, each being the sine of

30°. Now let the eccentric centers, instead of moving

G

s

y/
K i o n K
——— s E \\ < \
G Je’
\\J/’
C

Fig. 25.

along the circumference of the circle, move the one
from ¢ to e, the other from ¢’ te ¢/, then the valve ends
of both reds will be at the point S, which is farther
from the crank shaft than E. Then while ene eccen-
tric center moves from e to d the valve end of rod II
moves from S to J, which equals the distance ¢ to d,
since e d is parallel to the line K, and the other eccen-
tric center meving from ¢’ to &’ moved the valve end of
rod G from S to ¢ = the distance ¢’ to «’, which equals
distance e to d, therefore S ¢ =S J, and E 7, being less
than 8 7, is less than E J.
DIAGRAMS OF STEAM DISTRIBUTION,

The manner in which a slide valve opens the ports
for the admissien and exhaust of the steam, and the
general effect produced by various amounts of lap
travel, etc., may be very clearly perceived from the
following diagrams, mere clearly, it is believed, than by
any other form of diagram. Inour first example sup-
pose the proportions are as follows:

Length of piston stroke ~ - 24 inches.
Length of connecting red . —- T2
‘Width of steam pert - - 1l 0

“ 14 bl’idg(’ e e i s i_ 43

“ « cylinder exhaust port - 1.«
Steam lap of valve — - - Qs
Exhaust lap of valve - - - L0
Lead of valve - - - %
‘Width of valve cavity - - - 2%«
Travel of valve - - - 2t

The construction of the diagram is as follows: The
line A B, Fig. 26, represents the full streke of the

piston. Line C C is drawn parallel to A B, and is dis-

tant from it to an amount cqual to the full width of the
cylinder stcam port. Line D D is also paraflel to A B,
and distant from it to an amount equal to the full width
of the cylinder stcam port. Line A B is divided by
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the vertical lines into as many equal divisiens as there
are inches in the piston stroke—in this case, 24 inches.
The curved line on the upper half, that is between A B
and C C, shows the port opening to admit steam
through one cylinder port and the lower curved line
shows the exhaust opening of this same port.

The dotted curve above A B shows the port opening
for the admission of steam for the other cylinder steam
port, and the dotted curve below A B shows the port
opening during the exhaust of this second piston stroke.
The manner of obtaining these curved lines was as
follows: The engine fly wheel was moved around
until the piston had moved an inch, the amount the
port was open was measured, and this measurement was
marked on line 1 above A B. The piston was then
moved another inch, and the port opening again meas-
ured and marked on the second vertical linc abeve A B,
and so on throughout every inch of piston movement
for that stroke. Thus at line 7, the piston had moved
7 inches from its dead center A and had left the steam
port epen % of an inch, as is marked in the diagram;
or, again, when the piston had moved 21 inches, the
port was open £ inch as marked on the diagram.
Through the points thus marked on the vertical lines the
full enrve, starting from A, passing up to C and ending
at B, was marked, thus showing the port opening for
every inch of piston movement and for the whole
stroke. For the exhaust of this steam, the piston was
moved an inch on its return stroke and the width of
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h same port, acting as an cxhanst port, was meas-
n‘l and marked from the vertical line 1 and below A
" B; the piston was then moved another inch and the ex-
m opening again measured, and so on throughout
ﬂ whole stroke; thus when the piston had moved 4
~ inches on its return stroke the exhaust port had opened
~ § of an inch as marked on the diagram.
 The admission and exhaust of the steamn for the other
steam port was obtained and marked on the diagram in
the same way, but was marked in the dotted curves so
as to distinguish it.

In these diagrams, therefore, the actual working of
the valves is shown. From the diagram in Fig. 26 we
perceive that the steam ports were not opened full until
the piston had moved 12 inches on one stroke, and 11
inehes on the other stroke, and that the exhaust port
was not opened fnll until the piston had moved 9 inches
on one stroke, and did not open quite full for the other
stroke.

In the full line diagram, the port opened slower and
closed slower for the live steam, but opened quicker and
closed quicker for the exhaust steam. There was no
expansion (that is to say, the steam followed full stroke)
and no cushion, the steam exhausting during the entire
stroke. To show the effeet of steamm lap, let § inch of
steamn lap be added to this valve which will neeessitate
making the cylinder exhaust port 2 inches wide instead
of 1 as before, widening the valve exhaust port from
2% inches to 3% inches and increasing the valve
travel from 2 to 3} inehes. In both cases, the travel
of the valve is equal to twice the width of the steam
port added to twice the amount of the steam lap, and
the valve exhaust port has ., of an inch exhaust lap,
while the cylinder exhaust port is equal in width to
twice the width of the steamn port, added to the amount
of steam lap on the valve, these proportions being those
which (disregarding the slight error or variation due to
the angularity of the eccentric rod) just gives a valve
travel sufficient to open the ports fully as steam and ex-
haust ports.

A diagram of the valve movement, under this new
condition, is shown in Fig. 27, and we find the effect of
adding the steam lap to be a much quicker port open-
ing to admit steam and, in the full line diagram, a clos
ure of the valve at 193 inches of piston movement, the
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steam being shut in by the valve and working cxpan-
sively during the next 3 inches of piston movement,
the exhaust opened when the piston had traveled about
221 inches and, therefore, 1§ inches before the piston
had arrived at the end of its stroke. The exhaust was
4 78 10 12 14 16 18 20 22 24.
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full open when the piston had moved 2 ineh on its
return stroke, remaining full open while tho piston
moved to its 16th inch of movement, and finally closing
at the 22nd inch of piston movement, when it shut in
the steam, giving 2 inches of enshion or compression.

Comparing one stroke with the other, there is 2}
inches difference in the amount of the expansion, § inch
in the commencement of the exhaust, or point of re-
lease, and § inch difference in the amount of comproes-
sion.

These variations are due to the angularity of the
connecting rod which has been already explained. But
in the full line diagram the port has not opened fully,
and this is due to the angularity of the eccentric rod.

‘We may now examine some of the means that may
be employed to equalize these differénces and to detain
the steam longer in the cylinder. First, to prolong the
point of release, let us take the same valve, under pre-
cisely the same conditions as for the last diagram, and
give to it i of an inch of exhaust lap, and the dia-
gram of the port openings is given in Fig. 28.

Here we have, as a marked and entirely new fecature,
the circumstance that the exhaust port opens full and
immediately begins to reclose, which is caused by the
exhaust lap partly closing the cylinder exhaust port as
shown in Fig. 29, at A, where the width is less than
it is at B.
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It is laid down by most of those who have investi-
gated the subject that the port should permit about one-
half more opening for the exhaust than for the live
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steam, because of the diminishing pressure and velocity
of the steam in leaving the cylinder. Now if we add
up the length of all the vertical lines, measured from
the line A B, in Fig. 27, to the line of the upper curve,
and divide by the number of vertical lines so meas-

il 2
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Fig. 29.

ured, we shall obtain the average port opening for the
live steam, and, by a similar process, the average ex-
haust opening may be obtained, but a glance will show
that in Fig. 28 there is but little if any difference,
while actual measurement will show them practically
equal. The exhaust could not, in this case, be free dur-
ing the early part of the stroke, hence a back pressure
would be induced which would more than off-set the
advantage gained by the prolongation of the points of
release which is shown by the diagrams to have taken
place. It will be obscrved, however, that the addition
of the exhaust lap has increased the cushion, or com-
pression, from about 2 inches, in Fig. 27, to 3 inches
in Fig. 28.

It is here to be observed that the defect, shown in

the exhaust, may be remedied by increasing the
width of the cylinder exhaust port, which would also
involvo a corresponding increase in width of the valve
exhaust port. Or the width of the bridges between the
cylinder ports and the valve exhaust port might be
widened, which would accomplish the same result.

The points of full port opening, port closure, point of
release, and point of compression may be made more
uniform for the two piston strokes, by giving to a valve
an increase of travel, thus, in Fig. 30, is represented a
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diagram of the port openings of a valve motion naving
the following elements :

Width of Steam ports - - 1} inches
o ¢« Bridges - - N e
i ¢« Cylinder exhaust port - 23 ¢
5 « Steam lap - - - 3
& ¢ Exhaust lap - = oy ¢
Travel of valve - - 5§ ¢

These dimensions represent the average employed
upon American passenger locomotives having pistons
16 inches diameter and 24 inches stroke, the port open-
ings and closures are here seen to be very nearly equal
for both strokes, but the average exhaust area is less
than the average steam area, on account of the valve
traveling so far as to partially closc the cylinder ex-
haust port, as shown in Fig. 31 at F, where the opening
ig less than at B.



.x‘hm‘t however, will not be cramped providing

ctive area of the cylinder exhaust port is equal
ﬁ.'um of the nozzle of the exhaust pipe, which,
orican practice, is limited so as to produce suffi-
draft for the combustion of the fuel in the fire-

Fig. 31.

Fig. 32 represents a diagram of the port openings of
a valve motion, having precisely the same dimensions
xeept that there is 3 inch more steam lap, and the valve
travel is 43 inches only, instead of 58, the 4} inches
being § inch more than twice the \\ldth of steamn port,
plus twice the steam lap.
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Fig. 32.

The main point of difference between these last two
diagramns is that in the first, the average steam opening
is 1.07 inches, average width of exhaust opening 1%

- of aninch. In the last, there is an average steam port
4
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opening of & of an inch, and an average exhaust open-
ing of 1% inches.
STEAM EXPANSION.

A slide valve of the form litherto referred to will
not serve to advantage to cut off the steam at a period
carlier than at abont three-quarters of the stroke, leav-
ing the remaining quarter stroke to be made under ex-
pansive steam, because when the amount of steam lap
is excessive, the exhaust oceurs too early, and further-
more the admission and amount of expansion varies
greatly in one stroke as compared to the other.

The object of using the steam expansively is to
obtain more duty from it before it is exhausted into the
atmosphere ; suppose, for example, that the stroke of
a piston is 12 inches, and that after it has traveled 6 of
these, the supply of steam to the piston is cut off by
the valve, then all the work done by the steam, during
the remaining 6 inches of piston stroke, is obtained
without taking any more steam from the steam chest,
or what is the same thing, from the boiler. The abso-
lute power of a given cylinder is, of course, diminished:
in proportion as the steam is worked expansively, be
cause the steamn pressure decreases in the ratio that its
volume is increased, thus suppose we have a cylinder
10 inches long, and that 6 inches of its length is filled
with steamn at a pressure of, say, 50 Ibs. per square inch
of piston area, and that, no more steam being admitted,
the piston moves down the cylinder, then the steam
pressure would diminish as the piston moved, the pres-
sures at the end of each inch of piston motion being as
marked in Fig. 33. When the piston had moved from
the sixth to the seventh inch, the steam would oceupy
one-seventh more space, hence its pressure would bo
one-seventh less, therefore we reduce the 50 one-seventh,
obtaining 42.86 as the pressure at the end of the seventh
inch of piston motion. When the piston had moved
from the seventh to the end of the eighth inch of its
stroke, the steam would occupy one-cighth more space
than it did at the end of the seventh, or what is the
same thing, than it did at the beginning of the eighth
inch of its motion; hence the pressure of 42.86 lbs.
would be reduced one-cighth, making it 37.51 1bs. at
the end of the eighth inch-of the piston stroke, and so
on throughout the whole stroke. To obtain the average
pressure of the steam throughout the whole stroke, we



28

add together the pressure at the end of each inch of
piston stroke and divide the sum so obtained by the
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Fig. 33.

number of inches in the whole stroke which gives the
average pressure. Thus

LBS. PER
$Q. 1N.

Pressure at end of 1st in. of piston motion 50
“ ¢ o w 9gpd ¢« % 44 50
“« twoow we gpd o« o« o« & 50
I € e oo WA ARCEN (GF (g i 50
«© oo« o« H5th o« o« % & 50
« o« o« gth o« o« ¢« “ 50

113 1 «“ 1% 71}}1 (4 g (4 11 113 492.86

«“ . w o w Qth o« & % % 37.51

“© 13 11 113 gth [T 6« 11 33.34

“ €« 10th ¢« o« &“ 14 30.01

443.72

and 443.72 divided by 10 equals 44.37, hence the aver.
age pressure is 44.37 lbs. per square inch of area.

THE ALLEN VALVE,

If sufficient steam lap be given o a common D valve,
(such as has thus far been considered) to enable it to
cut off the steam earlier than at about five-eighths of
the stroke, the throw of the eccentric requires to be so
much increased, in order to obtain sufficient valve
travel, that the angularity of the eccentric rod causes
the points of cut-off to vary to an objectionable degree ;
this may be remedied by giving to the valve a different
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amount of steam lap for each steam port. There are,
however, objections to this which will be explained
hereafter.

An early point of eut-off, with a minimum of travel
and a maximum amount of port opening may, however,
be obtained by the use of Allen’s valve, which we may
now consider with relation to cutting off at some defi-
nite point, leaving its employment in connection with
the link motion to be treated of in connection with that
subject. The construction of the Allen valve is shown
in Fig. 34, in which the valve isshown in mid position.

Fig. 34,

A A is a supplementary steam port, which acts to adnit
steam as well as the steam edge g of the valve.
Fig. 35 shows the valve in its position when the

Fig M35,

crank is on the dead center, and it is seen that when the
valve moves to the right, steam will be admitted to
port K by the edge g and, simultaneously, through the
supplementary port as denoted by A.

In Fig. 36, the valve is shown at the end of its travel,
the port K being closed to the amount of the thickness
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ance that is taken into consider-
‘width of the steam port.

o

8 4 ﬁ ) Y
,-‘ _..0;....
‘ jp‘. Wy of the supple-
s may be seen fro.&oﬁgm‘e

eam lap of the valve is the distance from the
' Fig. 37) of the supplementary port to the

his being the amount the valve overlaps
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Fig. 36.

n port when in its mid position, as shown in

1 .ﬁepsa- Fig. 37, in the valve seat, must be fair
i t\he edge d of the supplementary port, when the
' ) is fair with the outer edge, or steam edge, of
, 50 that when the valve moves to open port K
eam will be admitted simultaneou's]y through the

~

supplementary port and through the port opening left
by the edge ¢, as the valve moves in the direction de-
- noted by the arrow E.

ﬁ h same manner as in a
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The width of B, Fig. 34, must be sufficient to cover
the steam port and keep it steam tight when the valve
is in mid position, and for this purpose 4, of an inch on
cach side will suflice, making B - of an inch wider
than the steam port.

The inner edges of the supplemental steam port must
be Jy of an inch wider than the extreme width
of the outer edges of the cylinder steam ports, so
as to isolate the ports when the valve is in mid posi-
tion.

We now come to the width of the supplementary
port, and it is obvious that the thickness at ¢, Fig. 36,
mnust be enough to leave sufficient strength, and, since
this thickness covers the port, as seen in the figure, it is
desirable to leave it no more than its strength requires,
thus leaving the supplementary port as wide as pos-
sible.

By the employment of the supplementary port the
steam port is opened quicker, remains full open longer
and closes gunicker. On referring again to Fig. 35,
it will be seen that if the valve were moved 4 inch the
port would be left open } inch at g and } inch at %, and
when tho valve had arrived at the position shown in
Fig. 38 the port will be opened the amount at g and

Fig. 38.

the full width of the supplementary port, as seen at &, ¢,
whereas a common slide valve wonld have the apening
at g only. As the valve motion continues, the port
opening remains full because to whatever amount the
supplementary port closes at e, the opening at g in-
creases. Similarly after the valve has finished its stroke,
and is returning to effect the cut-off, the full port
opening will he maintained until the valve has trav-
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eled back to the position shown in the figure, the open-
ing at y and at ¢ being equal. Suppese, for example,
the valve has traveled back as far as shown in Fig. 39,

Fig. 39.

and to whatever amount g cleses, the supplemental port
will open, thus maintaining the full pert opening. This
will continue until the openings at g and e are of equal
width, after which time the end d ef the supplementary
port will close as rapidly as the edge g does.

We have here considered the werking of the Allen
valve for late points of cut-off only, and its action may
be seen by referring to Fig. 40 and 41, the former
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Fig. 40.

showing the port openings of a commen slide valve,
and the latter of the Allen valve. Both valves have
12 inches steam lap and 5} inches travel. The width of
port for the commen valve is 1}, and that for the Allen

valve 13, the thickness ¢, Fig. 36, being &, leaving the
effective steam port opening 1} incles; as an exhaust
port, however, there is a full opening of 1§ inches
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Fig. 41.
A comparisen of the two diagrans gives us as follows

for the forward stroke :
Allen Commen
valve. valve.

Amount of pisten motien before the 1N, 1N,
port had opened full - - 3 43
Inches of piston metion under a full
port epening - - - 13 64
Point of cut-off - - - 164 154
Point of release - - - 213 21
(‘ushion - - - - 13 23

It is scen, therefore, that the advantage is on the
side of the Allen valve in every particular, and it is te
be noted that we may add te the Allen valve sufficient
exhaust lap to prolong the point of release to 22}
inches, and thus keep the steam in during 1} inches
more of pisten stroke while having the same amount
of cushien as the commen valve. The two points of
cut-off for the Allen valve are at 164 and at 174 inches
respectively of pisten motion, a variation of one inch
only, while for the commen valve we have the point of
cut-off at 15} inches for one stroke and 17} for the
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other, a variation of 1§ inches. The point of release
varies in the case of the Allen valve § inch only, while
in the ease of the common valve it varies an inch.

If we give to the valve sufficient travel to close the
supplementary port, as shown in Fig. 42, we may give

Fig. 42,

to the valve as much steam lap as the common slide
valve and get a much better distribution of steam as
has been shown, but we may give to the valve only
sufficient travel to eanse it, at the end of its stroke, to
come to the position shown in Tig. 38, the opening at
g being equal to the width of the supplementary port
and thus enable the valve to cut-off at early points in
the stroke without the employment of excessive steam
lap and valve travel, while obtaining a better steam sup-

i) Y,
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Fig. 43.

ply than with the common valve, and avoiding the
irregularities in the points of cut-off of release and of
compression that arises when the amount of stean lap
is excessive, as 1} or 14 times the width of the steam
port.

Fig. 43 shows the valve in mid position, the lap

being so proportioned to the port width that when the
valve is at the end of its stroke, as in Fig. 38, the open-
ing at g is equal to the width of the supplementary port.
To find the amnount of lap necessary to accomplish this
result and the width of the supplementary port, we sub-
tract the thickness of metal between edge ¢ and the
supplementary port from the width of the steam port,
and divide the remainder by two, and the st so ob-
tained will be the width of supplementary port neces.
sary to give at g opening equal to the supplementary
port. By adding the width of the supplementary port
to the thickness of the metal at ¢ we obtain the amount
of steam lap. The correctness of this method will be
seen on referring again to Fig. 38, where it is plain that
the openings at 7 and e are equal, and when added to the
thickness of 7 equal the width of the port. If, in order
to effect an carly point of cut-off, we were to increase
the amount of steamn lap, we must correspondingly in-
crease the valve travel, and the opening at g will be
diminished.

In Fig. 43 ¢, we have a diagram of the port openings
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of an Allen valve, the steam port being 1§ inches, but
as the thickness at e, Fig. 39, is § inch, the effective
port width is 1} inches. The steam lap is, therefore,
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all we have to do is to mark a line f at a right angle to
the line A B, thus producing the point / on line A B,
and from fto B is the distance the rod—or, what is the
same thing, the valve—was moved on the line A B,
while the eccentric center moved from B to g.

The path of the crank pin is obviously also a circle,
whose diameter equals the stroke of the piston, and may,
therefore, be taken to represent it, and if we leave the
length of the connecting rod out of mind, or suppose it
to be so great as not to cause the piston motion to be ac-
celerated at one part and retarded at another part of its
stroke, we might find the position of the piston, for any
position of crank pin, by lines in the same way as we
have done in the case of the eccentric. In Fig. 46., for

i
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Fig. 46.

example, the circle represents the crank pin path, and ¢
the position of the crank pin, the piston being at C.
Similarly, throughout the whole figure, one end of each
vertical line may be taken to represent the position of
the piston, and the other end of the same line will rep-
resent the corresponding position of the crank pin.
Now, as both the valve and crank pin motions may be
represented on a circle, it will be obvious that we might
use the same circle to represent the two, using separate
dots to denote their relative positions. In Fig. 47,

—
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the valve travel is 1 inch, and the circle will represent
it full size, so that every 41 inch on the diameter wil]
represent e inch valve travel. Now, suppose that the

Fig. 41.

piston stroke is 16 inches, and the cirele, being but 1
inch, is {t full size when considered to represent the
crank pin path, and, being . full size, every division
on its diameter will represent an inch of piston move-
ment ; lience in using the same circle for both erank
pin and eceentrie path, all we require to consider is that
its diameter represents both on a certain scale, or one
full size and the other to a certain scale.

As soon, however, as the length of the connecting
rod is considered, a new element is introdueed, inas-
much as that the divisions or scale, while still serving
to denote piston positions and valve movement, will not
serve to denote erank pin positions. Thus, in Fig. 48, we
have a crank pin circle, D, I, B, and an ececentrie cirele,
d b. The crank pin is shown at G, and the correspond-
ing position for the eccentric center is at g. To find
the position of the valve we mark the dotted line f

To find, however, the position of the piston we must
mark the center line A B, and set a pair of compasses to
represent the length of the connecting rod on the same
scale as the crank pin circle D B is drawn. Thus, if

Fig.
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for example, we have a circle whose diameter (1 inch) is | this circle is one-eighth the diameter of the actual crank

divided into sixteenths of an inch. Suppose, then, that

circle, the compasses must be set to one-eighth the
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! rod. Then ene end of
yested at the crank pin center G and a
at M, representing the center of the
" rnal.  The compasses are then rested at
an are, G I, is drawn, the point I’ representing
osition of the piston when the crank pin is at .
, r m te find the position of the crank
of the piston we proceed as follows:
u .;_l the piston is at C, or at mid-stroke, then the
assos are set at C and point O is marked. Then
center, arc C S is drawn, and S is the posi-
- erank pin when the piston is at C. The
between the erank pin and piston position is,
, represented by the distance between point S
~point 1. Similarly, when the piston is at R the
ik pin is at I, as is shown by the are IT R.
Now, let it be noted that sinee the erank and eccen-
- are fast upon the same shaft, and therefore revolve
ether, they may be represented by a two-armned lever
- bell erank, as denoted in Fig. 49 by a thick line from
» C and from C to g, and that, this being the case,
e are enabled from the position of one to find the
osition of the other, whether the crank pin and eccen-
center circles are drawn to the same scalo or not.
Fig. 49, for example, it is supposed that the crank
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Fig. 49.

_pin stands at G and the eccentric center at g, and it is
equired to find where the eccentric center will stand
hen the crank pin has moved to position H. To do
lis, we set a pair of compasses to the radius from G to
g. and then, resting one point at H, mark the are %, and
W h cuts the inner circle is the new position for g.
[f we wi;h to find how much the valve has moved
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from its mid-position over the ports, we drop a perpen-
dienlar m, and get point n, and from » to C is the
amount or distance the valve has moved from mid-
travel.

It now remains to show that the ecircle used for the
path of the erank pin can just as well be used for the
path of the center of the eccentric as not, and, there-
fore, that the inner circle can be dispensed with. Sup-
pose, then, that the crank pin started from D and has
arrived at G, and the center of the eceentriec will be at
4, and the valve will have moved three-quarters of its
whole travel, or, in other words, the amount of its
motion from the end of its travel is from d to f, which
is three-quarters of its whole travel from d to . In-
stead, however, of letting the inner cirele represent the
path of the center of the eccentrie, suppose that tho
outer circle does so, and we may prolong the throw
line of the eccentric so that it runs from C to P. The
diameter of the outer circle will then represent the
valve travel, and to find where the valve stands we
draw a line K, giving us the point ¢, distant from D
three-quarters of the diameter of circle'D 13 ; hence we
find that the valve has traveled three-quarters of its
stroke, whether measured on the inner or on the outer
cirele ; henee the outer circle is a perfect substitute for
the inner one.

We have, in this case, found the position of the
eccentric center from that of the crank pin; but sup-
pose that we have an engine whose piston travel is 12
inches, length of connecting rod 24 inches and valve
travel 2 inches, and we may find the position of the
piston for any given position of crank pin as follows:

In Fig. 50 is a circle of an inch diameter, and, there-

A LS D

Fig. 50

fore, equal to one-twelfth the piston stroke, while it rep-
resents half the valve travel. Let the crank pin be at

OF TRE
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position G and the cccentric center at g, and setting a
pair of compasses to a radius of 2 inches, so as to rep-
resent the length of the connecting rod on the same
scale as the diameter of the circle represents the piston
travel (that is, one-twelfth full size), we rest one point
on the line A B (representing the center line of the
engine), and mark the arec G P, and P is the position of
the piston when the crank pin is at G and the valve is
at £ Now, suppose the crank pin is at H, and we may
find the corresponding piston position by a similar pro-
cess, as is shown in the figure by dotted lines.

The effect of this variation between the position of
the crank pin and that of the piston is shown in Fig.
51, in which it is supposed that the point of cut-off is
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mechanism is so constructed that the cut-off occurs at
equal points of erank movement, it will occur at
unequal points of piston movement ; and, conversely, if
it oceurs at equal points of piston motion, it will occur at
unequal points of erank motion. The position of the
valve is represented at the top of the figure on the
small circle, 4 b, (this circle representing the full valve
travel) at point £, the valve having moved from & to f,
which is equal to the width of the port.

It is obvious that the angularity of the valve rod will
vary the motion of the valve in the same manuer as
the angularity of the connecting rod varies that of the
piston, but the length of the valve rod is usually so
great in proportion to the valve travel that the error is

Fig. 51,

for one stroke at G and for the other at H. The valve
position, when the crank pin is at G, must be as shown
at the top of the engraving, the valve traveling as de-
noted by the arrow and port = being elosed. * The cor-
responding piston position is shown in the cylinder at
P’, and also within the circle at P, the distance from N
(representing the beginning of this stroke) to P’ in the
cylinder being the same as from D to P measured
across tho circle, and it is seen.that while the erank has
moved three-fourths of its stroke the piston has moved
more than three-fourths of s stroke.

Similarly, when the crank pin is at H, and has moved
three-quarters of the distance from B to D, the piston
will be at R, and has traveled less than three-fourths
of its stroke, and it becomes evident that if the valve

too minute to have any practical or appreciable import-
ance, and may therefore be discarded.
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Fig, 52,

Now, suppose we have a valve mechanism in which
the valve has neither lap nor lead, and that the circle
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. 52 ;Ov"‘- Aﬁ‘gﬁot the center of
Irawn full si and also the path of the
.'r“_; ome scale, as, say, one-tenth full
._ no lap, the throw line of the
d at a right angle or angle of 90° to
the crank stands at H C, and the
d at z, its throw line being at » C,
t angle to the crank. As the cccen-
M on the same shaft, the length of
by both will be equal in equal spaces of
while erank pin II moves to B, the eccen-
. move from z to y. arc x y being equal
T to are 1 B.
suppose that instead of the valve having no
nd the live steam following the piston during its
oke, it is required that when the crank pin is at
he steam is to Le cut off, and the remainder of the
¢ is to be performed with the steam already in the
: acting expansively, and then the are z y must
¢ pa over by the eccentric after the steamn valve
sses the steam port and cuts off the steam supply at
head end of the eylinder (the end furthest from the
being termed the head end of the cylinder).
, during that part of the eccentric motion from
to y, the valve must have lap cnough to keep the
closed at both its steam and exhaust edges, so that
team can neither get into nor out of the cylinder.
Asa given amount of eccentric motion gives more
ion to the valve in proportion as the throw line of
‘the eccentrie is nearer to its mid-position y, therefore,
_ ad of leaving the eccentric (as at x) at an angle of
to the crank, or 66° from its mid-position, suppose
it to be given an angular advance equal to one-half the
~arc .c y, or 33° in which case when the crank pin is at
I, the cccentric will be at &. When, thercfore, the
“erank has moved to B (at which time steam is to be ad-
! itted to the other stcam port) the eccentric will have
1oved to b and will stand at 33° ahead of its mid-posi-
tion . Thus it will be seen that, although the length
of arc 1 b, traveled over by the eccentric while the
~8team port is closed, still equals in length the arc H B,
raveled over by the piston during the period of expan-
gon, vet by setting the eccentric ahead, giving it the
angular advance from « to %, its motion, during the
riod of expansion, has been brought equally on each

-
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side of ¥, causing it to move the valve quicker and to
give it a greater amount of motion while it is acting to
cut off the stean for the port at one port, and travel-
ing to open the other for admission.

Referring to Fig. 53, in which H represents the posi-
tion of the crank pin at the point of cut-off, and / the
position of the eccentric at the same instant, then from
d to D represents the amount of valve travel that occurs
after live steam is cut off, and from d to C represents
the amount of valve lap required to cut off when the
crank pin is at H and the piston is at R, Similarly for
the other stroke, the crank pin starting from B, the dis-
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Fig. 53.

tance from C to e represents the amount,of lap the
valve must have to cause the steam to be cut off when
the ecrank has arrived at a point exactly opposite to
H. In this construction we have found at % the
eceentric position for crank position H, and then moved
them around the cirele at the same distance apart, just
as though we were moving a two-armed lever on the
center C.  But we may move the cceentric back from 4
to 11, thereby making H represent hoth the crank and
the eccentric at the same tiime, and, in this case, all the
points and lines on the diagram, that relate to the eccen-
tric and wvalve, would be turned back to the same
amount. Therefore, if %, Fig. 53, becomes H, Fig. 54,
then b, Fig. 53, will become B in Fig. 54, and the point
of mid-eccentric travel y will be midway between IT
and B, or y, Fig. 54. So, likewise, the line y C, Fig. 53,
will become y Cin Fig. 54. Now the line on which
the travel of the valve is shown mmnst be at a right angle
to the line y C, and is, therefore, shown in Tig. 54 by
the line » V, and the lines II d and b e (corresponding
to lines & d and b e in Fig 53) may be drawn, giving in
their distance apart the total amount of lap, one-half,
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as d C, being for one port, and the other, C ¢, serving
for the other port.

Thus the movements of piston, crank and valve may
be shown on the diagram, the position of the piston for
any position of crank being shown on the line, B C D,

o~

I

Fig. 54.

as before, while the positions of valve corresponding to
those of the eccentric may be shown on the line V
v. But it must be borne in mind, that while B ¢ D is
the line of motion relating to the crank, line V v is
that relating to the valve motion, and that this line
stands at the same angle to the line B C D for piston
travel that the eccentric is in advance of the crank.
Thus, in Fig. 54, V C is at an angle of 123° from the
crank I1 C, and hence represents an angular advance of
eccentric amounting to 33° because without angular
advance the eccentric would stand at 90°, and 123° less
90°1s:38°.

In ¥ig 55, we have a diagram constructed upon the

I
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Scale of inches for piston travel
U41 travel. )

Fiy. 55,

foregoing principles, this particular form being that em-
ployed by Mr. J. W. Thompson, of the Buckeye Engine

Works. The circle is drawn to a diameter equal to the
full travel of the valve, which is the most convenient,
although it is obvious that the larger the circle, the more
accurate are the results obtained. The piston stroke
being, in this example, 14 inches, a scale, equal in length
to the diameter of the circle, is constructed below it.
Now, suppose a slide valve is to be designed which will
cut off, say, at three-quarters stroke, and do so equally
on both strokes, then set off on line B D, a point P
three-fourths of the diameter of the circle distant from
B, and set-off R three.-fourths of the distance from D to
B, then P and R, will represent the piston positions at
the points of cut-off. "With compasses set to represent
the length of the connecting rod—in this case 2} times
the diameter of the circle—mark arcs P  and R I,
locating at G and II the corresponding crank pin posi-
tions. From H draw the line H D, meeting the ecircle
exactly at D, if the valve is to have no lead at the head
end of the cylinder, (the head end being represented by
end D of the line B C D).

Now, since the admission is to occur when the
piston and crank are at the beginning of this, which we
may term the forward stroke, and steam is to be cut off
at IT, then the crank must pass over that part of the
circle lying between D and H, while the port at the
head end is open.

Now, since the same point is taken to represent the
eccentric and the crank, therefore when the eccentrie is
at D, the edge of the valve is moving away from the
steam cdge of the port to open it, but, by the time the
crank has arrived at H, the edge of the valve will have
first moved over the port, leaving it full open, and then
moved back again to elose it, just closing it at the time
that the crank has reached point H; hence the line
v V, drawn through the center C and at right angle to
H D, will divide the arc D V H equally, and that part
of the arc from D to V will represent the period during
which the valve is traveling to open the port, while the
part from V to H will represent the period during which
the valve is traveling to close the port and effeet
the cut-off; hence V o represents a center line on
which the valve is moving and on which the posi-
tions of the valve at any point of the stroke may
be located and on which all laps and leads must be
laid out. The point C, of course, still represents the
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travel, and a line, drawn through C

o Vo, locates line y z, whieh, rela-
v, is the point of mid-travel of the

i

v 1
7- "‘h amount of valve lead necessary to be
the valve at the crank end, in order to equal-
oin _01' cut-off for the two piston strokes, draw
3 A parallel to line D 1. The amount to
!., of line G A, falls below B (that is, dis-
B) is the required amount of lead. This will
01 applying similar reasoning to that already
n when supposing that if, on the return stroke, the
at the crank end opens when the piston and erank
0 8 B, then—as motion oceurs in the direction of the
_f when the eceentric has reached its center line
“ and is at ¢, the valve will begin to close, and
mkl finally close when the erank and eceentric are at
listance v B, from v, or at point X, corresponding to
on position of x, which is too soon. as the piston
i have reached P.and the crank have reached G,
reach that result admission must begin when the
is at A, thus making the length of arc A v equal
¢ G, in order that the point of cut-off may not oceur
the erank reaches G
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It will be seen that to equalize the points of ecut-off,
it has been found necessary to give lead at the
t nearcst to the crank, that being the port which
steam when the crank is at B, and that there is
valve lead at the other port which corresponds to
end D of the piston travel. Iad we commenced
t the other stroke and drawn G A first, letting it meet
the point B, then by drawing line D H parallel to
G A, D H would cut the circle below D, showing nega-
tive lead, or, in other words, that port would not have
opened until the piston had passed the dead eenter D
and reached the line H D. Or line B G might be
lrawn to give negative lead at both ends by simply
drawing it from point G to a certain amount above the
- point B, and then by drawing line H D from H to a
~ point as much below D as A was drawn above B, there
‘would be equal negative lead at both ends, either nega-
tive lead or else unequal lead being the price that must
- be paid for equalizing the point of cut-off by employing
unequal lap. Obviously, however, the amount of

inequality of lead induced by the unequal lap is repre-
1
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sented by the length of are from A to B, and we may
throw this all at one end, as in the figure, or divide it
between the two ends as pointed out.

We may now provide for the point of release and
the point at which compression is to take place. Let it
be required, then, that the compression shall begin
when the piston is within, say, 1§ inches of the termi-
nation of the stroke, and we set off, on the line of piston
travel, points J and L, distant from points B and D 1}
inches, according to the scale of piston travel. From
these two points, with compasses set to represent the
length of the conneeting rod, we draw the ares I [ and
J . locating the corresponding crank pin positions / and
j. Trom j draw line j & parallel to H D, and with com-
passes set to represent the eonnecting rod length, draw
arc k K, locating point of exhaust K.

For the point of exhaust on the other stroke, draw
from point I, line ! m, parallel to H D, and from m,
with the eompasses set as before, draw arc m M, loca-
ting the point M where the exhaust is to begin. The
reason that the line j k, drawn from j, or the point
where the erank is when compression commenees on
the crank end of the eylinder, locates the point & where
the erank is when the exhaust begins at the same end,
that is, supposing the erank to be at j, and the eccen-
tric at the same point, the compression is commeneing
with the eceentric lacking distance j y of being at mid-
throw ; hence, as the same edge of the valve that closes
the port for compression on one stroke, opens for the
exhaust on the other stroke, the eccentric must reach,
on its return stroke, the same distance j y past the oppo-
site mid-position Z, or, in other words, reach the point £,

Now, sinee line,V v represents the line of travel of
the valve, Y and Z represent the mid-throw positions
of the eccentric, and C the mid-position of the valve,
and starting out with a valve having no lap when the
eccentric and crank are at H, line Y 7 representing
mid-throw of eceentric, then the valve would be the dis-
tance d C from mid-position ; henco, exhaust lap, equal
in amount to radius d C, would be required for the port
at the head end in order to close it.

Likewise, when compression is to begin at the cran¥
end, with the eccentric and erank at j, or distance ; y
from mid-throw, the exhaust edge of the valve would
be the distance p C from the exhaust edge of the port,
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and exhaust lap equal to distance p C would have to be
‘given to the crank end of the valve. Similarly, with
the cut-off at G and ecompression at [, exhaust lap, equal
to distance r C, would be required on the head end of
the valve. To summarize the data thus arrived at, we
have, in Fig. 55, C e as the steam lap at thoe crank end,
and C d that at the head end, while C' p and C r are the
corresponding exhaust laps, all these measurements
being taken on the line V », the lesser amount of ex-
haust lap (C ), it will be noticed, belonging to that port
of the valve that has the most steam lap.

The angular advance of the eccentrie is equal to are
V 7 or 32° but, for practical purposes, it is more con-
venient to express it in terms of the amount the valve
is displaced from its mid-travel when the crank is on its
dead center. This amount is found by
from v to line 7 C in a parallel direction, and is shown
in Fig. 55 to be, in this case, §} inch.

The amount of steam lap being greater for one port
than for the other, it is obvious that, in order that both

measuring

letters of reference. It is assumed to be at mid-travel,
at which position, alone, will the laps, as obtained from
the diagram, show in their proper amounts. To draw,
or lay out, such a valve from the diagram, draw the line
A B, representing the face of the valve and of the
ports, and draw the inside edges C of the cvlinder ports
cqui-distant from the center of the cylinder exhaust
port. Next draw the width of ports P P; the valve
length, without any steam lap, would then be X added
to P P, or distance W. Steam lap C d, corresponding
to C d on the diagram, may then be marked for the
head end of the valve, and similar lap « C at the crank
end. Also exhaust laps C p and r C (corresponding to
C p and 7 C on the diagram) may then be drawn. As
the lip H of the valve (corresponding to the width of
the port plus the laps  » in Fig. 55)is wider than lip
L (corresponding to @ p in Fig. 55), it is important that
the valve be placed the proper end foremost, as, were
end B placed nearest to the erank, the points of cut-off,
compression, etc., instead of being equalized by the un-

ports may open full for the admission of steam, the
width of port should equal the greater amount of steam
lap, or, in this case, C d, assuming average conditions
as to speed, load and pressure, ete. In other words, it
is assumed that the area of steam port has been deter-
mined as that most desirable for the average conditions
under which the engine is to run, and if this area is
altered, then the other elements of the diagram nust
be proportionally altered. Thus, the width of port has
been taken as equal to distance v a; but suppose that
this was afterward considered insufficient, and a greater
port width be used, then the travel of the valve must
be proportionally greater, as also must the laps.

In Fig. 56 we have a valve with the proportions
i arrived at from the diagram, and with corresponding

equal laps, would be distorted worse than would be the
case, if the laps were made equal. This fact, together
with the excessive lead inequality, leads to the consider-
ation’of other plottings, in which cut-off equalization is
abandoned either wholly or in part.

Thus, in Fig. 57, having located points of cut-off at
P and R, perpendiculars P G and R H are drawn, loca-
ting the corresponding erank pin positions, supposing
the length of the eonnecting rod to be infinite, or,
rather, leaving it out of the question. Line H D is
then drawn, and line G B (corresponding to line G A in
Fig. 55) parallel to H D, and passing exactly through B
(instead of below it, as in Flig. 55), thus showing equal
lead, or, rather, no lead at either end. From points J
and L, where it has been determined that the compres:
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e, then, the lead and compression are equalized
two strokes while the exhaust is nearly equal-
; arcs drawn throngh H and G, giving points =
d » ‘;!kore the piston will actually be when tho cut-
oceurs, thus giving an inequality of R n at one end,
d P z at the other, or both together equal to Pz of

1 A valve meehanism thus proportioned is suit-
for engines in which the cut-off is effected by a
:" ate valve which is capable of independent equali-
m, in which case the inequality in the points of
s re by the main valve is of no consequence, since
nay be corrected by the cut-off valve. In this case,
), the lips ¢ r and @ p are of unequal width, but that
learest to the erank (C a, Fig. 56) is the widest. This
ise from the fact that the exhaust lap is added at
' C p to equalize the compression, while no excess of lead

been given at A to equalize the points of cut-off ;
ence, this valve also requires to be placed the proper
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end foremost, and since it is generally preferred to
have equal lead at each port, the only way to secure at
the same time equal compression is to provide it in the
manner here shown in Fig. 57.

If the valve is to have equal lips, so that it may be
turned end for end on its seat, and, therefore, cannot be
put on wrong end foremost, it may be plotted as shown
in Figs. 58 and 59. Fig. 58 is constructed in the samne
way as IFig. 57, the compression being equalized be-
cause J and I, are equi-distant from B and D respect-
ively. But since the width of lip of any valve is equal
to the width of the steam port plus the amount of
steam and exhaust lap, therefore the lip of valve, de-
signed as in Fig. 57, would, at end furthest from crank,
be width of steamn port plus exhaust lap C r and steam
lap C d; and at crank end would be width of pbrt plus
exhaust lap C r and steam lap C a. Now, suppose
enough to be cut off C a to make both lips of equal
width, and the construction is shown in Fig. 59, in
which a (corresponding to e, Fig. 58) has been made

i
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Frg. 59.

the same distance from p that d is from 7 in the same
figure, thus making e p equal to r d (or lip H equal to
lip L in Fig. 58). A G is parallel to H D as before,
but is drawn through «, bringing point G further
around, thus changing the motion of the piston at the
point of cutoff from =z, Fig. 57, to z, Fig. 58. It
will be observed that the distance from B to », Fig.
58, is very nearly the same as that from D to #, show
ing that the cut-off is nearly equalized, that the comn-
pression is equalized, that the exhausts are good and
the lead inequality is only about half that shown in
Fig. 56 at B A. The valve is, therefore, symmetrical,
and effects a compromise between the cxcessive lead
inequality of Fig. 56 and the great cut-off inequality
of Figs. 57 and 58, and, but for the objection that the
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unequal lead would be too apt to be taken as a defect,
it would constitute the best arrangement, as a whole,
that could be made.

DR. ZEUNER'S VALVE DIAGRAM.

The prineiples upon which the foregoing diagrams
are constructed, are derived from the form of diagram
invented by Dr. Zeuner, and, in order to further ex-
plain the base upon which such diagrams are plotted, it
it may be as well to trace out the path of the crank pin
in connection with the valve positions at the time the
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From these dimensions it is required to find the posi-
tions of the crank and eccentric for the various events
during the stroke, and this may be done as follows :

Let the dotted circle in Fig. 60 be 4 inches in diame-
ter, representing the stroke of the valve drawn full size
and the piston stroke one-fifth full size, and its circum-
ference will represent the path of the center of the
eccentrie drawn full size and the path of the crank pin
drawn one-fifth full size. Now suppose the crank to
be on the dead center B and to require to move in the
direction denoted by the arrow. Suppose the valve was

~
T ———

Fig.

events of cut-off, etc., occur. Suppose then, that the
engine has the following proportions :
Length of piston stroke  — - 20 in.
‘Width of steam ports — - = e
Steam lap — - = = 1«
Lead at head end - - - g
“ <« crank end - = = Ly
Travel of valve - - - 4«

~——— e
o

| pusdlE=

60.

placed in its mid-position, as in Fig. M, and the throw-
line of its eccentric would stand on the line C M in
Fig. 60. As the port a, Fig. M, is the one that must
be open to the amount of the lead when the crank is at
B, Fig. 60, and as the amount of the lead is given for
this port as being 3 in., the valve must be moved to the
right to the amount of the lap and the lead, or 11 in.
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the valve
M ‘we mark a point
'Bm of 1} inches
n .vuﬂw a perpendicular

to V. We then draw a line from V to C,
represent the throw line of the eccentric
vd’ve open to the amount of the lead and with
in the position it must oceupy when the
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: Fig. 61.

") is on its dead center B. This line V C is shown
on the eceentric in Fig. 61, V representing the
of the cecentric and C the center of the crank

~

The position of the valve when the crank is at B,

- 60, and the eccentric at C V, is shown in Fig. V,
6
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in which the valve and ports are shown one-quarter
full size, the port a being open to the amount of the
lead. We may now trace the events throughout the
stroke as follows:

Suppose the eccentrie to have moved from V to D,
Fig. 60, and it will have arrived at the end of its stroke,
leaving the port e full open, as in Fig. D. To find the
corresponding position of crank, we may set a pair of
compasses to the radius B V, Fig. 60, and resting one
point at D (where tho eccentric is) mark an arc G,

Fiy. D.

'and a line from G to C will represent the crank posi-

tion. The cecentrie, after leaving position D, begins to
move the valve back, and when it has arrived at 7, Fig.
60, will have moved it a distance equal to the amount
of the steain lap, thus effecting the cut-off, the position
of the valve at this time being shown in Fig. Z.

The point 7 is obtained by the following reasoning :
Suppose the valve is at the end of its stroke, as in Fig.
D (the eccentrie being at D, Fig. 60), and it is obvious

My 2

that it must move to the left to an amount equal to tho
width of the port, or in this case an inch, before it
closes the port a and effects the cut-off, we, therefore,
mark point d an inch from D, and then draw the verti-
cal line from d to 7, showing at Z the ecccentric posi-
tion when the valve is in the position shown in Fig. 7.

The next event that will occur is for the port a to
open for the exhaust, and it is obvious that this will
take place when the valve has moved from its position



44 MODERN

in Fig. Z to an amount equal to the amount of the
steam lap which is, in this case, an inch; hence, we
measnre off an inch to the left of d, Fig. 60, arriving
at C, and a vertical line drawn from C to E gives ns
the position of the eccentric which is then in mid-posi-
tion, the valve, also, being in mid-position, as in Tig. ¥,
the exhaust being about to open for port a.

The next event will be that port a will be open full
as an exhaust port, and to do this it must move an
amount equal to the width of the port (an inch), we
therefore mark e an inch from C, and draw the perpen-

STEAM ENGINFES.

close @ as an exhaust port, and to do that it must move
back to an amount equal to the width of the port (an
inch), passing from the position in Fig. B to the posi-
tion shown in Fig. X. To find the corresponding ec-
centric position we mark, on Fig. 60, an inch to the
right of B, arriving at ¢, and a line ¢ X gives the eccen-
tric position when the valve is in the position in Fig. X
and port @ is about to begin to close to the exhaust. The
next event that will oceur is for the port @ to be closed
as an exhaust port, and in order to effect this the valve
must move from its position, in Fig. X, to its mid-posi-

~
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Fig.

dicular line e Y, which is the position of the eccentric
when the porf e is open full for the exhaust, as shown
in Fig.Y. Continuing the motion and considering the
port a only, the next event is for the eccentric to move
to the end B of its stroke in Fig. 60, and the corres-
ponding valve position is shown in Fig. B. The next
event is for the valve to move back until it begins to

= e

e’

L e =

60.

tion, as in Fig. M, the distance moved obviously equal-
ing the amount of the steam lap, as will be seen on in-
specting the two figures. ’

As the amount of steam lap is an inch, and C is an
inch from ¢, we mark a vertical line C M, giving at M
the position of the eccentric when the valve isin the
position shown in Fig. M, both valve and eccentric



,;sﬁ d wo have found the cccen-
or every event during this stroke, except
osition at the time tho valve is abont to
lead, and this we may find from the follow-
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Fig. E.

the cecentric is at M, Fig. 60, and the valve
d-position, as in Fig. M, it will require to move to
it of the steam lap in order to bring the edge

vo coincident with the edge of the port, as in

Py Y.

_,"v ready to open for the lead, and the amount of

the line M C and arrive at d. From d we draw
d P, giving at P the position of the eccentric

W,

e

'

vhen the valve is in the position in Fig. P, and the
ralve is about to open for tho lead. To find the crank
n, wo set the compasses to the radius BV (the
0s B C andV" C, representing the angle of the eccen-
to the erank, or, what is tho samo thing, the angle
the crank to the eccentric), and from P as a center

lap being an inch we measure, in Fig. 60, an inch -
1 g b
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mark an arc A, and from the point where this arc cuts
the dotted circle we draw a line to C, which will give
the position of the crank when the eccentric is at D,
Fig. 60, tho valve in the position shown in Fig. P, and
the port a@ about to open for the lead.

‘We might find the crank pin position for any other

Fig. M.

eccentric position by similar means, because as soon
as the line V C is obtained, wo have found the position
of the eccentric with relation to the erank, and as both
are fast on tho same shaft their positions with regard to

Fiy. X.

cach other will always be the same wherever either of
them may be. Thus, in Fig. 60, we found the position
of the eccentric, when the crank was at B, to heat V C,
which is 125° ahead of the crank, hence having found

any eccentric position the corresponding crank position
will be 125° behind it.

‘We may now consider the roturn stroke, the crank
being at D, and we may supposo the lead at the port B,
Fig. 62 (which is the one that must now act as a stean
port), to require to be § inch. To find the position of

RS, LG
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the eccentric when the crank is at D, we mark s distant
from C to the amount of the lap and the lead (or
1% inches, the lap being 1 inch and the lead £ inch).
From s we draw the line s », and a line from v to C is
the required eccentric position, being 135° ahead of the
crank as marked, and the valve will be in the position
shown in Fig. V, port » being open to the amount
of the lead. 'When the eccentric has moved to the end
B of its stroke, the valve will obviously be at the end
of its stroke, as in Fig. B.

The next event will be for the valve to move back to

MODERN STEAM FENGINED.

valve must move an amount equal to the width of the
port or distance U d before the port & will be full open
for the exhaust, hence from ¢ we obtain cccentric posi-
tion Z, Fig. 62 and valve position Fig. Z.

From position Z the eccentric moves to the end D of
its stroke, the valve moving to the position in Fig. D.
When the eccentric arrives at Z' the valve will have
moved back to the position Fig. Z and port b will begin
to close the exhaust. Then, moving the width of the
port or distance from d to C, Fig. 62, the eccentric will
be at M’ or mid-position, the valve standing in its mid-
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an amount equal to the width of the port or distance
B e, Fig. 62, giving us eccentric position y and the
valve position shown in Fig. Y. The next event is the
opening of port & to the exhaust, the valve moving
from the position in Fig. Y to that in Fig. M, and the
eccentric standing in mid-position M, Fig. 62. The

position, Fig. M, and closing port 5 for the compression
to begin. We have thus found the eccentric position
for all the events of the stroke, except the crank posi-
tion at the time the valve is ready to open for the lead,
and this we find as follows :

With the valve in mid-position, as in Fig. M, it




to the lenomﬁof the steam lap. From
> vertical line e X, giving at X the cccen-
»Im. the valve is in the position Fig. Y.

Fiy. B.
d the corresponding crank position, we set the

ses to the radius V D, and from X mark an arc
nd draw from its interseetion with the dotted circle

J Fig. Y.
r Iu’ which is the crank position when the eccentric
t X, Fig. 62, and the valve in the position shown in

g Y, ready to open for the lead when the crank
towards D,

e
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!
~ The construction of Zeuner's diagram is as follows :
From a center C, in Fig. 63, a circle B I D, called the

travel circle is struck, its circumferenco representing
the path of the center of the crank pin, and its diame-

Fag. D.
ter, on the line B D, representing the path or travel of

the piston. Now, supposing the crank pin to be at D
‘NQUL4”
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and to require to revolve in the direction denoted by

the arrow, we may proceed to find the position in which
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to mark the throw-line of the eccentric. If the valve
just covers the ports and has neither steam lap nor lead,
the eccentric throw-line would be at a right angle, or
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angle of 90° to the line from C to D, which represents
the throw-line of the ecrank when its pin isat D. In
proportion, however, as the valve is given steam lap

ORANK END

Iy,

and lead the throw-line of the eccentric must be moved
forward in the direction in which the engine is to run,

and the line T C is merely used to measure the amount

to which in any given case the eccentric is thus moved,
or, in other words, to measure the angular advance, as
it is called, of the eccentric.

In the figure, the valve is

MODERN S1FEAM ENGINES.

supposed to have such an amount of lap and lcad as
would require the eccentric to have an angular advance
of 36° as marked, but the eccentric throw-line V C :
(which is always referred to as representing the posi-
tion of the cceentric) is shown in the figure to stand
behind the line T C instead of ahead of it, as it would
require to do if the crank pin was at D and ran in the
direction denoted by the arrow.

This brings us to a feature of the Zecuner diagram
that renders it very difficult for the student to under-
stand, and which must be mastered before he can have a
thoroughly intelligent conception of its principles, viz.,
that it is essential to the construction of the diagram
that cither the engine be imagined to run in the oppo-
site direction to what it would actually run in, or else
that the angular advance of the eccentric be given in
the wrong direction. In Fig. 64, for example, the
crank pin is at D and the piston at the head end of the
cylinder, and the crank-revolution being in the direc-
tion denoted by the arrow, the throw-line of the eccen-
tric would be at W (the eccentric being marked by a
full line), at this point the valve would be in the posi-
tion shown in the figure, its edge H having opencd the
port for the head end of the cylinder to the amount of
the valve lead. When, therefore, we are considering
the piston and valve motions for the crank motion from
D to B, we are considering the action of the valve upon
the port for the head end of the cylinder (except as re-

ND

CRANK E

HEAD END

64.

gards the compression which will be explained here-
after), The construction of the diagram, however, re-
quires that the throw-line of the cccentric, instead of
being marked in at its proper position in advance of
the line I C, shall be marked in at the same angle from
I, but on the rightofJ C, as shown in the figure by the




line V C. This, be it observed, is the position
d occupy if the crank pin were at B and the
ston, therefore, at the other end of the eylinder, the
lirection of crank revolution being reversed.

lo efface from the mind the remembrance that the
ow-line V C of the eccentric is on the wrong side of
e line I C, and therefore in an assumed or false posi-
the crank is assumed to be on the opposite dead
ter to what it actually is, and the engine is assumed
un in the contrary direction to what it actually does.
is leads to further complication in the mind because
essitates that it Le assumed that when the crank
at B it is the port at the head end that is acting as a
‘steam port, whereas it.is the port at the crank end that
’ is actnally doing so. But it is much easier to associate
‘the mind with the idea that the throw-line of the eccen-
‘tric may be at V C, or behind the crank instead of at
‘W C, and ahcad of it, because, in this case, we may
‘think of the crank as runming in the right dircction
and the proper port to be acting as a steam port. Thus,
in the figure, it is assumed that the erank is at D, run-
ning in the direction of the arrow, while the valve is in
its proper position with relation to the crank. During
the crank motion from D to B, the valve edge H is
therefore, the one that will act to first open the port and
‘admit the steam and then close it and effect the cut-off,
‘while the edge e is the one that will reopen the port
and cause the exhaust, and edge C will effect the com.
pression at the other end of the cylinder.

Resnming consideration of the construction of the
diagram, in Fig. 63, the position of the eccentric is, for
the reasons stated, assumed to be behind the eccentric
to the same amounnt (36° in the example), as it ought
to be aliead of it.

Circle C 8 V is called the valve circle, and its eenter
is always on the line V' C. Its diameter represents one-
half the amount of the valve travel. Its circumference
always passes through the center C of the travel circle
BT D. The valve circle for the other piston stroke has
its eenter upon the line C v, which is a prolongation of
the line V C.

On line C D we mark a point d distant from C to the
amount of the steam lap of the valve, and from C as a
center, with C « as a radius we draw the outer dotted
eircle passing through the point 4. This is called the
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steam lap circle.  On line C D, distance C p is equal to
the amount of exhaust lap of the valve, and point s is
distant from d to the amount of the valve lead, marked
in this case } inch.

Point A represents the position of the crank pin, at
the time when the valve first opened the port to admit
steamn, and as A C represents the throw line of the
crank at this time ,therefore, angle A C D is the lead
angle of the erank. Line H C represents the center
line of the crank at the time when the steam is et off.
Point j represents the position of the erank pin when
compression begins at the other end of the eylinder,
and m represents the position of the crank pin when
the exhaust commences.

The return stroke is similar, in fact the diagram will
apply equally well for both strokes if simply turned
upside down, if, as we have thus far assumed, the
length of the connecting rod be assumed to be infinite.
It will be observed that the line from A to C, showing
the position of the erank when the port begins to open,
is drawn through the intersection of the lap circle with
the valve circle at point ¢, and also that the point of
cut-off H is obtained from a line drawn from the center
C, and passing through the intersection of the valve
circle with the steam lap cirele.

The point where the exhanst commences is found by
drawing a line from C passing through the intersection
of the valve circle with the exhaust lap circle. Now
since admission commenced when the crank was at A,
and the amount of steam lap is equal to distance C d,
therefore the valve must, when the crank pin is at A,
have moved from its central position to the amount of
the distance from C to ¢, measured along the line C A
(the point ¢ being at the intersection of the valve circle
with the steam lap circle), this distance being equal to
C d, measured along the line C D. When the crank
has moved from A to D, the valve has moved from its
central position and opened the steam port to the
amount of the lead, or the distance 4 s. Continuing its
motion, the erank will arrive at position X, and to find
the position of the valve we draw a line from X to C,
and from C to where this line cuts the valve circle is
the amount the valve has moved from its mid-position,
being shown in the figure by the distance, or radius,
from C to 2. To find the amount the steam port wonld
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be open, we must subtract from C z the amount of the
steam lap or radius C d, or what is the same thing, the
amount of port opening, when the crank pin is at X,
may be measured on the line X C from a (where the
line X C cuts the valve circle) to the outside lap circle.

When the crank pin has arrived at V, the valve will
have opened to its fullest extent, hence the distance be.
tween the travel cirele and the valve circle, measured
of course along the line V C, represents the greatest
amount of steam port opening possible, with the
amount of valve lap and travel given in this examyple.
‘When the erank pin reached point Y, and the line from
Y to C does not eut the valve cirele, the valve is in its
mid-position over the ports, and both ports are there.
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fore closed. Thus, in whatever position the crank pin
may be, if a line is drawn from that position to the
center C, then, from the point where it cuts the valve
circle to the eenter C is the amount the valve will have
moved from its mid or central position over the steam
ports. Now as the center line A C of the crank, where
the steam port first opens, must pass through the
intersection of the valve circle with the outside lap
circle, as at ¢ in the figure, and as this center line must,
at the point H where steam is cut-off, also pass through

the intersection of the valve and the outside lap circle,
it follows that if the diameter of the lap circle was in-
creased (giving the valve more lap), or diminished (giv-
ing the valve less lap), while the valve circle and travel
of valve remained nnaltered, their points of intersee-
tion would change, hence lines C A and C H (represent:
ing respectively the crank positions at the points of ad-
mission and of cut-off) would assume different posi-
tions or angles, thus locating crank points A and H in
different positions and changing the lead angle and also
the crank angle at the point or moment of cut-off.
Thus, in Fig. 65, the valve travel and the angular ad-
vance of the eceentric remains the same as in Fig. 64,
but suppose the lap circle C d, Fig. 63, be increased to C

g
~
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Fig. 65.

e, Fig. 65, and to locate the position of the crank pin
when the valve begins to open the port for the adnis-
sion of steam, we draw a line from the center C through
the intersection of the valve circle with the lap circle at
c and locating at E the crank pin position at the point
of admission the amount of lead being the distance e S
measured along the line C D. Similarly, to find the
point at which the cut-off would occur, we draw a line
from C, passing through the intersection of the valve
circle with the lap circle as at » in the figure, and we
find point F where the crank pin will be when the
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wing the mount. of steam lap we
1 by the inner dotted circlo £,
1"' _M lap circle £ at g,
. when the port is first
0 ﬁma valve lead be
. The line ¢ K passing through
 valve circle, with the lap circle
Q.‘,Illk pin position at the point of
that certain elements, as

] ‘advance of eccentrie, and the
, the amount of lead, greatest
{ por cpcmlg and the point of cut-off may
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has been governed by the exhaust edge e.
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- The port we have been eonsidering is port b in Fig.
66, the events of port opening and cut-off having been
governed by the edge I of the valve while the exhaust
But while
the piston is performing this stroke, there will have
occurred some compression in the other port (a) in the
fignre, it being obvious that, as the valve is traveling in
the direction of the arrow d, the edge c of the valve
will, so soon as it has closed the port «, shut in the end
g of the cylinder whatever steam has not heen ex-
hausted from the previous piston stroke, and as the
piston ‘P is moving in the direction of arrow f the
steam thus shut in will be compressed. To find on the
diagram, Fig. 63, at what point this eompression will
begin (or, in other words, to find in what position the

ad and the valve travel being given, the necessary
s of lap and angular advance of eceentric can
ing again to Fig. 63, the events depending
the exhaust lap may he similarly located. In the
re, the inner dotted circle p represents the exhaust
rcle, and a line drawn from center C and through
ntersection of the exhaust lap circle with the oppo-
e eirele W (this point of intersection being at
g. 63) locates the erank pin position when the
15t begins for the return stroke.
(

¢

Fig.

S R e iR

66.

erank pin will be when "the edge ¢, Fig. 66, of the
valve closes the port a to the exhaust), we draw from
C, Fig. 63, a line, passing through the point where the
valve eirele and the exhaust lap eircle eross or intersect,
and where this line meets the travel cirele, which is at
Jin the figure, is the position of the erank when the
compression begins. It is obvious that if the valve had
no exhaust lap, the exhaust of one port, as & in Fig. 67,
would open at the same instant that the compression
would begin at the other, as a in the figure, and that if
we add exhaust lap as denoted by the dotted are in the
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figure (the valve traveling as denoted by the arrow), we
delay the exhaust of port & and hasten the compression
of port a.

Fig. 67.

Let it be required to find the angular advance of the
eccentric, the points of admission, of cut-off and of

Ig. 68.

exhaust, the valve having £ inch of steam lap, § inch
exhaust lap, the valve lead being 4 inch and the valve

\%o

travel 4 inches, the width of steam port being 1 inch
From the center C, Fig. 68, we draw the outer or trave
circle whose diameter is 4 inches (cqual to the va
travel). Then draw the line B D, passing through tl
center C, and the line C T at a right angle to B

From C set off on the line C D the point p, equal to t
given amount (2) of exhaust lap, and draw the exhar
lap circle. From C also set off the distance C d equ
to the given amount of steam lap (3 inch) and dr
the stecam lap circle. From d set off the amount
valve lead on line C D at s. Now, from C and s re
spectively, and with a radius in each case of one-h
the length of C D (or one-half the radius of the tra
circle) draw the two dotted arcs at ¢. From the cen

C draw a line V, passing through the point ¢ where the
dotted arcs intersect and prolong this line across the
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vV C e is the throw-
$ for the stroke when
B, and C @ for the stroke
. B to D. The angular ad-
mlﬂwm‘\eVCI or, as
|I"-". ‘point ¢, on the line C V, wo draw
ving a diameter of C V, or one-half
‘circle BD. Tor the other stroke we
drd. hnmg its center on the line C 2,
A d the position of the crank when the port
r the Q&niﬂon of steam, we draw a line from
ugh the intersection at n of the steamn lap and
ve circles, and this line prolonged gives at A the
‘ﬂ the crank pin when the port begins to open
n admission (it being borne in mind that the
.‘l‘do represents the path of revolution of the
) 1)

1 the position of the crank when steam is eut
w a line from C passing through the point e of
tion of the valve and steam lap circles, this line
“at II the crank position at the time the valve
the port and cuts off the steam supply.

nilarly with regard to the exhaust, a line from C
rough the intersection of the valve and exhaust
cireles, gives at j the position of the crank pin
tho exhaust closes at the other end of the cylinder,
] hence the point at which compression begins, at
rt a in Fig. 6S. To find the crank pin position when
1 “exhaust begins, we draw, from C, a line passing
rongh the point of intersection / of the exhaust lap
¢cle and the other valve circle (C ») giving at m the
ired crank, or crank pin, position. Now suppose
t a distance equal to the width of port, in this case
inch, is set off from the steamn lap circle on the line
, giving the point W (distant 1 inch from d) then a
e drawn throngh W, and from Cas a center, is
d the port circle. The distance between this port
le and the steam lap cirele is the distance the valve
travel after the admission of steam before it leaves
port full open. Hence when the crank has reached
where the center line C T of the crank passes
rough the intersection of the port circle with the
ralve cirele, the valve has moved the distance C x from
mid-position over the ports, and if from this we

o 1

U
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ict the amount of the valve steam lap, or radius

C d, we obtain the amount the port is open when the
erank is at T, this amonnt being the radins W on the
line C D, or what is the same thing, the distance . x
on the line C T.

It is obvious, then, that since the steam port is full
open when the erank is at T, the edge of the valve
travels, in this case, over the bridge between the steam
and exhaust port while the valve is moving from 7T to
V, the valve being at the end of its travel when tho
crauk is at V. The amount of the over-travel of the
valve is obviously represented by the radius « T, or the
distance between the port arcle and the travel circle,
being, in this case, } inch. 1t will be noted that in the
case we arc investigating, the steam lap is § inch and
the port 1 inch, and the valve travel being 4 inches is
more than twice the width of port and the amount of
steam lap, and hence the over-travel. If the amonnt
of valve travel had been made twice the amount obh-
tained by adding the width of the steam port to the
amount of steam lap, the travel circle would also have

Fig. 69.

served for the port ecircle. But suppose, on the other
Land, that the width of steam port had been 1§ inches
instead of 1 inch, and then the dotted arc outside or
beyond V would represent the port circle, and when the
valve was at the end of its travel at V, the edge of the
valve wonld be distant from the edge of the port to
the amonnt the dotted arc is distant from V.

Fig. 69 represents the case in which the port circle is
at W—the port width being an inch—and the edge 11
of the valve travels past the edge y of port b, while
Fig. 70 represents the caso in which the port circle is
at the dotted are beyond V and the valve 2dge H does
not leave port & full open.

In Fig. 63 and 68, we have taken the rvalve and
crank positions for one piston stroke only, and if the
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length of the connecting rod be left out of considera-
tion, we may invert the diagram and it will serve for
the return piston stroke, the various events occurring at
the same points in the erank path, although not for the

Fig. 70.

points of the piston movement. Tf instead of a con-
necting rod a slotted crosshead ¢, Fig. 71, be employed,
the crank pin having journal bearing in a sliding block
fitting into the slot of the crosshead and obviously
passing once up and once down the slot at each revo-
lution, then the crank positions and the piston positions
would correspond, and the events of cnt-off, exhaust,

MODERN STEAM ENGINES.

throughout the whole piston stroke from D to B, the
piston being at its second, third or fonrth inch of move-
ment from D, the crank pin will be at the correspond-

Fig. 12.
ing points I, IT, IIT and IV respectively. When the
piston starts from B, and the crank (moving in the direc-

compression, etc,, will occur at equal points in both
piston strokes. Fig. 71 also shows the valve rod F to
be operated by a slotted crosshead G, which is done so
that the varying angle of the valve rod may not distort
the valve motion when considered with relation to the
piston motion.

Referring to Fig. for example, the circle rep-
resents the path of the crank pin and the line B D a
piston stroke of 8 inches. Now snppose the crank pin
to start from D and travel in the direction of arrow A.
and when the piston had moved its first inch as denoted
by the numeral I, the crank pin will stand at the posi-

72,

* tion T on the npper half of the crank circle similarly

Tl

tion of the arrow c) travels over the lower half of the
circle, it will be at I when the piston has moved its first
inch, at IT when the piston has moved its second inch,
and so on. Suppose, then, that one steam port is full
open when the crank is at position IT on the upper half
of the circle, and the other steam port will be full open
when the crank is at position IT on the lower half of
the circle, these two crank positions being diametrally
opposite.  Again, if the steam was cut off when the
crank was at position VII on the upper half of the
circle, it wonld, on the return piston stroke, be cut off
at point VII on the lower half of the crank eircle.
The same rnle would apply to the exhanst and the com-
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‘at | end of the connecting rod when the piston is at \*

Then from the point P we mark the arc N J, giving
at J the position of the crank when the piston is at N
and the cut-off for that stroke takes place. Similarly
for the other stroke, we rest the compasses at R and

in many diagrams for plotting out valve motions,
th is taken as infinite or as if it were actuated by
»d crosshead, instead of by an eccentric. The in-
the connecting rod in varying the points of

| haust, etc., on one stroke as compared with the

mark at K the position of the crosshead and of tho
connecting rod. Then from K we mark the arc R H,
giving at H the position of the erank when the piston
is at R. To show the variations in the two crank posi-
tions, we may draw the dotted line S, passing through

—
—_—
—

may be ghown as follows: Suppose that in Fig.
the valve motion is designed to cut off the stcam at
1d R, these being cqual points in the piston strokes,
ath of the eonnecting rod being twice the length
the piston stroke, or from C to D, and to find the posi-
ons of the crank at the points of cut-off, we set a pair

‘compasses to the radius C D, and resting one point
at N, we find at point P the position of the crosshead

_—

. 4.

the center of the cirele, and it is seen that the cnt-off 13
later during the stroke in which the piston is moving
towards the erank.

Now suppose the valve gear is designed to cut off
and exhaust the steam at equal points in the crank path,
and we may find the corresponding piston positions oy
the construction shown in Fig. 74, the length of the
connecting rod being twice that of the piston stroke.
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Continuing the construction, we set the compasses to
; twice the radins B D, which will represent the length
I!of the connecting rod, and (II being the position
of crank pin at the point of cut-off), we set the com-
passes at H and mark at K the position of that end
of the connecting rod. Then from K we mark the arc
11 R, giving at R the piston position. Similarly from

J we get the piston position N. The difference in the
two piston positions may be found by measuring from
For the piston positions at

B to R and from D to N.

Ig.

the respective points of cut-off, we rest the compasses
at S, the crank position when the exhaust is to begin,
and mark at T the position of the crosshead end of the
conneceting rod when the crank pin is at 8. From T
we mark with the compasses the are S V, giving at V
the piston position at the time the exhaust opens. For

STEAM FNGINES.

the exhaust of the return stroke we get, from crank posi-
tion E, the other end of the conneeting rod at A, and
from A we get are B F, giving at F the piston position
when the exhaust begins. The difference in the points
of exhaust being seen by comparing the distance B V.
with }' D.

Referring again to Fig. 68, and to the crank position
H, the length of the connecting rod being taken as two
and one half times that of the piston stroke, the corres-
ponding piston position is shown at R. On the return

stroke, the crank being at G, diametrally opposite to I,
the piston would be at P, or distance P D from the end
of the cylinder. To harmonize the points of cut-off
with the piston motion, mark 7, distant from D to the
same amount that R is distant from B, and by means
of the arc r g, obtained from the length of the connect-



w the w" crank position at 4.
) enable the valve to cut off steam with the
bnd the piston at r, corresponding with
1 R, the valve must be given less
A the port nearest to the crank—this being
¢ admitting steam while the crank is traveling
half-revolution B G D—and in order to de-
_proper amount of steam lap, all we have to
a new steam lap circle e that will cut
lund the crank at the point y where it is
1 by thé valve circle. Here, then, we have
:_ ila points of cut-off by means of varying the
'“' of the valve, the lap for crank position I

ts corresponding piston position I being the radius

a ‘that for crank position ¢ and the correspond-
3 n position 7 being the radins C a. It is obvi.
,:‘ it in varying the steam lap to equalize the cut-off,
liave varied the point of adinission, and to find
s point we draw the dotted line E C, passing from C
} v h the point of intersection of the steam lap circle
, and the lower valve circle and giving at E the crank
ition when the port opens for admission. When the
c reached B the amount df valve lead will be the
us ¢ a, whereas, on the other stroke it is but d s.
us shows that the equalization of the points of cut-off
-'fﬁl_v be done at the expense of unequal lead. Sim-
¢, the compression and exhaust might be equalized
ﬂving different amounts of exhaust lap to the two
ips of the valve but there is one condition inevitable,
whieh is, that if the compressions are equalized, the ex-
s must be unequal, or vice versa. To summar-
e, then, it has been shown that with a valve having a
siven amount of travel, laps and lead, the points of cut-
I of admission, of release, of compression, and the
ecessary amount of angular advanee of eccentric, may
found, but the form in which the problem genervally
esents itself is as follows: The points of cut-off and
of release, the width of port and amount of valve lead
a given engine having been determined upon, it is
required to find the necessary steam lap, the amount of
valve travel, the angular advanco of the cccentric, the
amount of exhaust lap, the point at which compression
will begin, the position of the crank at admission, and
 the lead angle.
~ Suppose, for example, an engine has a piston stroke
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of 24 inclies, and it is required to cut off at 20 inches,
release at 231 inches, the lead to be } inch, the steam
ports being 1} inches wide and the connecting rod 6
feet long.

Draw the horizontal line B D, Fig. 75, representing
the piston travel, and from its center strike a cirele,
B H D, to represent the path of the crank pin. Sup-
posing the engine to run in the direction of the arrow,
we set off, on line D B, the point R, the position of the
piston when steam is to be cut off on the stroke as the
piston travels from D to B, and as the length of D B is 3
inches (or 24 oneeighths of an inch), R will be 20
eighths from D. Wo then set off M, the point in the
piston stroke at which the release or exhaust is to begin.
Now as the length of D B is on a scale of one-eighth
of the piston stroke, we set a pair of compasses to a
radius of one-eighth the length of the connecting rod,
which being 72 inches gives a radius of 9 inches (72 =+
8§ =9). With the compasses thus set, mark from R
and M (in the manner already described with reference
to Fig. 73) the arcs R and m, giving at R the position
of the crank at the point of cut off, and at m the crank
position when the releaso or exhaust begins.

From H and m we draw lines to the center C, repre-
senting at C H the center line of the erank when the
cut-off occurs. Draw a line C T bisecting the angle
H CD, and from D erect a perpendicular line, neeting
line C T at X. Then carefully measure the distance
C D, and also the distance C X, and divide C X into
C D, thus obtaining a fraction, because C X is greater
than C D. Substract this fraction from 1, and divide
the width of the steam port, minus one-half the lead,
by the remainder, which will give the half travel of
the valve and, therefore, the radius of the travel circle.

Thus distance C D = 14 inches and C X is 3.4
inches. Dividing 14 (or 1.5) by 3.4 gives .44 which
substracted from 1 leaves .56.

The width of port is 1} and the valve lead is }, half
of the latteris } and 1} less § is 1} or 1.125. Divid-
ing 1.125 by .56 gives 2, and 2 inches is, therefore, the
required half valve travel. Henee a circle, E I F,
struck from center C, with a radius of 2 inches, is the
travel circle, and E F or 4 inches is the full travel
of the valve.

Now, from the point T of intersection of this travel






o this line cuts .&‘ travel
| f‘ ﬂww lap circle,
MW C as a center, with
1, angular advance, and the valve
for one stroke and they must
M strokes.  The steam lap and ex-
‘valve for one stroke have also been de-
‘5‘« laps may be made the same for the
ﬁd)n or they may be varied. 1f it is
to vary them, it must be remembered that
on for one stroke depends upon the point

haust begins on the other stroke (as was
*g 66 and 67), hence the point at which
o1l bcgms, cannot be found until the point of
wn. If the laps are to be equal at each
'(rn-lve, then C /, drawn through the intersec-
e exhanst lap cucle and the valve circle at r,
give [ as the point at which eompression begins |
@ return stroke, and a point exactly opposite to {,
, would be the point of compression (or closure
) at the end B of the eylinder. The arc a N
H to illustrate the faet that if it had been
ed to let the point of relecase be at the 23rd
1 stroke, instead of at 23} inches, then the
lil, at the time the release occurred, he at » in-
of at m, and it would be almost impossible to
with certainty just where the line » C inter-
valve eirele, this point of intersection being

il

t]

D5
s defect in the Zeuner diagram, however, may be
ied by drawing it to a scale a certain number of
grmtm than the given dimensions, and then cor-
wlingly reducing the results obtained from the
gram.
‘ it now be required to construct a diagram to
ow, graphically, the actual and relative openings of
n and exhaust ports, and also the travel of the
edge (of that end of the valve that is admit-
live steam) over the bridge and the exhaust port,
ie dimensions being as in the subjoined table.
“The travel, steam lap, exhaust lap and lead being
. adiagram, similar to that given in Fig. 63, may

tructed from the given data, showing the travel
8

ary in order to find the required amount of ex-

[}
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| circle and the valve travel, and containing the steam

and exhaust lap cireles, the valve circles, the angular
advance of eccentric and the lead, these lines being re-
peated in Fig. 76, in which B D represents the valve
travel (5 inches). B 1 D is the travel eircle, Cp the ex-
haust lap circle, C o the steam lap circle, d s the lead
(& inch), V' C » the eccentric throw-line, and V 4 C
and C K # the valve circles.
Width of steam port =

|
—
o
-
F

«  « exhaust port - - 24 ¢
« 4« bridges - @~ - 1} «
€« steam hp  ~ - - 3 u
Exhaustlap - - - - PO
Travel of valve - - - oW T
Piston stroke - - - - 2 ¥ gl
Length of connecting rod - - 84 o«

These dimensions being taken from a  Rogers” Loco-
motive.

l‘rom .center C, draw above B D a semi-circle as
W W, a distance from the steam lap circle equal to the
width of port (14 inches), and this may be called the
steam port circle. Then from center C, and below B D,
draw another semi-circle E E, distant fromn the exhaust
lap circle also equal to the width of port; this may be
called the exhaust port circle. From C as a center,
also draw a semi-ircle 1" I, having a radius equal to
the width of the bridge less the amountof exhaust lap;
this may be called the bridge circle.

Considering B D to represent the piston stroke, it
must be divided into 24 equal parts as 1, 11, 111, 1V,
etc. (the stroke being 24 inches), each of which will
represent an inch of piston travel; and ares, 11, 11
2, I1I 3, ete. (obtained with the compasses set to repre-
sent the length of the connecting rod, on the same scale
as B D represents the length of the piston stroke), will
give the corresponding crank positions, the direction of
crank-revolution obviously being as denoted by the
arrow.

Having found the crank pin positions corresponding
to the piston positions, we may draw lines 1 C, 2 C,
3 C, ete.. representing the throw-lines of the crank for
the respective positions. Now, suppose the crank is,
say, at 7, traveling to the dead eenter D, and begin-
ning with the point at which the lead opens, we may
trace out, on the upper half of the diagram, the move-
ment of the steam edge of the valve (H, Fig. 64) and
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are covered by the valve, hence the ports are closed to

the eorresponding steam port openings, and simulta-
neously upon the lower half of the diagram, the move- | both the steam and exhaust. DBut when the erank has
reached the point Z, this point being found by a line

ment of the exhaust edge [¢, Fig. 64] of the valve.
Next we may trace out the movement of the exhaust { from C, intersecting the valve and exhaust lap circles,
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edge [¢, Fig. 64] over the bridge and over the exhaust | the valve has moved from its eentral position to an
port. amount equal to the exhaust lap, thus, opening the

When the crank stands at Y, or at a right angle to | exhaust at the end B of the eylinder. "When the erank
C V, the valve is in mid-travel and both steam ports | has moved to A, the radial line from crank pin A



 the intersection of the valve circle with
> '-l rele, and the valve has traveled from
‘position to an amount equal to the stcam lap
the steam edge of the valve coincides with the
_{;, ort, hence the admission of steam begins.
anst edge at the other end of the valve (¢, Fig.
Iso traveled an equal distance, as shown at C e,
e ex is open the distance C e, as denoted by
ine a. 'When the crank has reached the
D, the steam edge (H, Fig. 64) of the valve
nt, on line C D, from the steam lap circle to the

. edge of the steam port, giving an opening
el as lead. ‘The exhaust opening, when the
k D, is from the exhanst lap circle to the valve
; or the length of the heavy line from C to /.
_"", ‘the crank pin is at the position marked 1 on
] eircle, and the piston has moved to 1 on the
e D B, the steam port is open the length of the heavy
B’ which extends from the lap circle to the valve
e, while the exhaust at the other end (measured on
line 1 C prolonged beyond C) would be from the
: lap circle to the circle E, or an amount equal
e length of the heavy line b Proceeding to the
inch of piston movement, marked II, and the
ponding crank position marked 2, the amount the
as moved from its mid-position over the ports
e radins from the lap circle to the valve circle, but
width of the port is only that from the lap circle to
,_‘t ort circle W, hence the actual amount of stcam
port opening is the length of thickened line C’, which
nds from the steam lap circle to circle W, and it
S that the steam edge of the valve has traveled
yond the port edge and over upon the bridge. The
ount of exhaust opening at this time is thickened
¢, running from the exhaust lap circle to circle E,
e the port is still full open, it being noted that the
Ith of the port, now acting as a steam port, is from
lap circle W, while the width of the other port,
acting as an exhaust port, is from the exhanst lap
ecircle to circle ..  Similarly, at the third inch of piston
el and the corresponding third erank position, the
port is opened full, the thickened line G’ extend-
g from tho steam lap circle to the port circle W, and
wholly within the valve circle.

n of the valve circle, or distant d S away |

DIAGRAMS FOR DESIGNING VALVE MOTIONS, i

The amount the steam edge of the valve has traveled
over the bridge, is shown by the dotted line o, extend-
ing from the port circle W to the valve circle. The
exhaust opening is still full, becauso the line g (a pro-
longation of G’ C), passes from the exhaust lap circle
to the cirele E without passing outside of the lower
valve circle. The steam port, it will be seen, keeps full
open for all the suceeeding crank pin positions up to
the 16th, while the exhaust port remains full open up to
the 19th crank position, which corresponds, of course,
to the 19th inch of piston stroke. The over-travel of
the valve increases until the crank is between the Sth
and 9th positions, and then gradually diminishes, finally
ceasing just after the 16th piston and erank positions,

In Fig. 77, the valve is shown at the extremity of its

Fig. 71,

travel, or in the position it would occupy when the
crank pin stood at V, and the over-travel is shown at X,
The exhaust edge of the other end of the valve would
be the distance C v, Fig. 76, from its central position,
and the port openihg being from C to circle E, the
exhanst edge of the valve travels past the port the dis-
tance from v to the exhaust circle E, this distance being
represented, in Fig. 77, by p. Now we have seen that
as the crank proceeded from D towards V, the steam
edge of the valve traveled across the steam port, open-
ing it full, and finally passed upon the bridge, and at
the same time the cxhaust edge of the same end of the
valve passed over the exhaust port A, as represented at
a, Fig. 77. Thus, in Fig. 76, considering piston and
crank positions 1, the stcam end of the valve was then
distance C % fromn its central position, and hence the
distance, on line C 1, between the heavy dotted bridge
circle ' and the valve circle or distance F 4, is the
amount («. Fig. 77) that the exhaust edge projects over
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the bridge and across the cylinder exhaust cavity.
With the crank in posttion 2, this distance [a, Fig. 77]
would be from 7 to the bridge circle F, measured on
the radial line C 2, and so on to position V of the

>
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tance being represented in Fig. 77 by a. Tt is obvious
that in all cases in which the width of opening at e,
Fig. 77, is less than the width of the port B, the width e
is the effective one and is the one that must be consid-
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CRANK END

crank; at which time this exhaust edge, corresponding
to edge e in Fig. 64, would project over the exhaust
cavity equal to the distance from the travel circle to the
bridge circle F, or distance V ; in the figure, this dis-

)
HEAD END

ered. Cases are not uncommon where, in increasing the
amount of lap on an existing valve, this point is over-
looked, and on account of the narrowness of the
bridges and of the eylindér exhaust cavity relatively to




e equal to the radius V j,

he stean port, which would
) ' = 4 « width of steam port
29 inches, as the required width of eyl
'1' ort, and hmu given, in stat-
mg another & has been allowed
. %0 as to prevent the exhaust
i at ¢, Fig. 77. The crank position
cut-off and of compression is, of course,
process given in previous examples, and
now proceed to examine the port openings.
e piston has reached its 14th inch of motion,
k stands at position 14, then the amount of
opening will be denoted by that part of the
C H that is thickened, and lies between the
circle d and the port circle W. This port
decreases until it is closed on the dotted line
ere the cut-off is located.

larly referring again to the exhaust of the other
L at the 19th inch of piston movement, correspond-
‘to erank position 19, the exhaust port is full open,
own by the full line from C to the circle E.
le, however, the crank is moving from its 19th to
20th position, the port begins to close the lower
ve circle, cutting the circle E at K, so that when the
nk has reached its 20th position, the exhaust has
gun to close, its amount of opening being represented

lagrall
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by the thickened part of the line that runs from 20
through C and extends until it meets the lower valve
circle, this thickened part being from the exhaust lap
circle to the lower valve circle. At the time that thoe
piston has arrived at the point of cut-off H, the exhaust
port is still open an amount equal to the thick line from
w to the lap circle, this line being, of course, a continu-
ation of line H C. When erank position 23 is reached,
where tho radius from 23 to C passes through the inter-
section of the valve circle with the exhaust lap circle,
the exhaust on the crank end of the cylinder closes
and compression begins in that end of the cylinder.
When the crank: reaches m—Iline m C passing through
the intersection of the exhaust lap and the lower valve
circle—the exhaust port at the head end of the eylin-
der opens. Meanwhile compression continues from
crank position 23 until the crank arrives at a distance
from B equal to A D, when steam is admitted at the
crank end port, and the same events aro repeated during
the next piston stroke.

If we attempt to give to the valve sufficient lap to
cut-off the stean at a point earlier than at about five-
eighths of the piston stroke, and at the same time keep
the lead equal, the points of cut-off, of release and of
cushion vary so much on one stroke, as compared to the
other, as to render it necessary to adopt a different form
of valve mechanism in which a separate cut-off valve
is employed.

“EESF(—, [:‘i !Qp,l‘Ry
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CHAPTER IIL

Lixxk

With the valve mechanism thus far described, the
engine is capable of running in one direction only, and
to enable it to run in either direction, the link inotion is
employed.

The link motion also enables the travel of the valve
to be diminished, and this causes the steam supply to
the cylinder to be cut off earlier in the piston stroke,
thus using the steam more expansively.

STEPIIENSON'S OPEN ROD LINK MOTION.

Fig. 78 represents an open rod Stephenson's link
motion, of the class used in direct acting locomotives,
or locomotives in which no rocking shaft is used. Two
eccentrics are employed, one for the forward and one
for the backward motion of the engine, and as there
is no rocking shaft, the forward eccentric leads the
crank—or in other words, is ahead of the crank
when considered with relation to the direction of crank
revolution—while, with the engine running in this direc-
tion, the backward eccentric follows the crank, whereas,
when the link motion is placed in backward gear, and
the direction of crank-revolution is reversed, then the
backward eccentric leads and the forward cccentric
follows the crank, as will be seen more clearly presently.

When the eccentrics are so arranged that with the
crank on the dead center, shown in the figure, the rods

are connected as shown, the link motion is one with
64

lifting shaft.

MerioNs Axnp REVERSING GEARS.

open rods, as distinguished from one with crossed
rods, but, nevertheless, the rods will be cressed when
the crank is on the other dead center, as will be seen
presently. )

The eccentric rods are pivoted to the link, as shown,
and the link is pivoted to a pin upon the saddle s,
which is fast upon the link. The link hanger is pivoted
to the saddle pin and to the end of one arm of the
On another arm of this shaft is pivoted
the reach rod, which is also pivoted to the reversing
lever. The sector is (in connection with the reversing
lever latch) employed to hold the reversing lever in the
desired position. The valve spindle moves in a straight
line by reason of passing through a fixed guide. The
link motion is said to be in full gear when the link
block occupies its furthest position from the saddle-pin,
because it is in this position that the link block gives
the most or full travel to the valve. The reversing rod
is pivoted at its lower end X, and, by pulling the end d
of the latch rod towards handle g, the latch is lifted
out of the notch in the sector, and the lever may be
moved to the left until the latch will engage with one
of the other notches, as notch 3, 2, 1, or 0, which is the
middle notch. On releasing d, the spring acting
against the piece e will force the latch into the notch
in the sector and—the latter being in a fixed position—
thus lock the lever in place.

L anatreaa il B e e
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Now, suppose we hook up the lever one notch, or,
in other words, move it so that the latch falls into the
notch marked 3, the lifting shaft and link hanger will
have moved, lifting up the link and bringing the
center of the saddle-pin nearer to the link block, and
as the link is pivoted upon the pin, and vibrates upon
it, the amount of motion, imparted to the link block,
will be reduced as will the valve travel also.

If we move the lever so as to engage its latch with
the notch o of the sector, the saddle-pin will be brought
level with the link block and the valve will have the
least amount of travel and the earliest point of cut-off
that the link motion can give; this position is called

gear for forward to full gear for backward motion, we
have brought the backward eccentric rod in line with
the link block, and, as a result, the engine will run
backward, or in the direction denoted by the arrow in
Fig. 79.

We may find the positions of the parts of a link
motion with sufficient accuracy for all practieal purposes
by the following construction:

In Fig. 82 = represents the path of the eceentric.!
the line of engine centers, p p’ the center line of the
link, £ %’ the eccentrie-rod eyes, B the erank on the
dead center, w the center of the cylinder ports, and =
the center line of the valve.

L MID GEAR,.

Fig.
that of mid-gear, the positions of the parts being shown

in Fig. 80. DBetwcen these two positions, on this half
of the sector, the lever, and therefore the link, may be
hooked up in as many positions for the forward gear
as there are notches in the sector, each position giving
a different amount of valve travel, and, therefore, a
different point of cut-off and degree of expansion.
Now, suppose we move the reversing lever so that
its latch engages notch 7 of the sector, the parts will
then be brought to the positions shown in Fig. 79,
which is full gear for the backward motion. It will be
observed that the crank and the cccentrics stand in the
same position in all three of the figures, and that in
moving the link we have moved the eccentric straps
around upon the eccentrics, and in moving from full

80.

With the port @ open for the lead, the valve must
have moved from its mid-position to the amount of the
lap and lead, or distance w» z, hence we take this dis
tance and from the center C of the crank-shaft, mark
an arc ¢, and then with the length of the eccentrie-rod
as a radius, and from a point on the line /, mark an are
» ¢/, and lines e and f drawn from C to the intersections
of arc r with circle n, gives the positions of the two
eccentrics. From the center of cceentric f, we draw
the center-line p p’ of the link-slot, and the ares & &’
for the eeccentric-rod eyes. This is praetically correct
but not absolutely so, because we have assumed the
distance from F to p to be the same as the distance
from e to K, added to that from K to p, whercas the
latter is the greatest, and eccentric e would, therefore,
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actually stand a minute distance further ahead of the
crank. The amount of the variation will, with eccentrie-
rods of ordinary length, be too small to be impertant.

In the figure the length of the rod is made but about
three times the valve travel, whereas in practice, it
would be about ten times, hence, the construction here
given is practically correct.

In considering the proportions of the parts of a link
motion, in which a reversing lever is to be moved by

hand power, it is evident that the amount the link must
be raised, in moving it from full forward to full back-
ward gear, must be such as will enable the operator to
move the reversing lever from one to the other of the
end notches in the sector, the leverage of the reversing
lever being sufficient to enable him to exert power
enough to raise the link. The longer the link 1s, how-
ever, the more perfect the motion.

As the upper end of the link hanger swings upon a
fixed pin or pivet, it is obvious that the link swings in
an arc of a circle, of which this pin is a center, and,
in consequence, the eccentric-rod eye partakes of this
motion instead of moving along the line of engine

centers, which would give the most perfect action; and

MODERN STEAM ENGINES.

gives very nearly the same port openings as the simple
valve gear, the difference being so slight as to have
no practical importance, as may be seen by comparing
the full line diagram Fig. 32, with the diagram Fig.
128, both being for a valve motion having the same
dimensions, but the former is with the eccentric attach-
ed direct to the slide spindle, and the latter from the
same valve, etc., with the link gear added.

The dimensions below are those used throughout the
following examples, unless otherwise stated:

Pistongistrokeis. 11 o L0 e B | 24 in
Length of connecting-rod ........... (2} &
Travel of valve in full gear ........... 41«
Lead of valve at full travel ............ 3¢
Length of eccentric-rod ............. 17 "«
Length of link from center to center

of lnk-block when at i's extreme

positions iRt ik i vy S 13
Fength'ef link hanger . 0o F. o ne 14 e
Width of steamn ports ......0......... 11«
Laphef valview . Low g il I8 IR &

In Fig. 81, the parts (represented by their center lines)
are shown m full gear for the forward motion in the
upper, and in mid-gear in the lower part of the figure.

For the full forward gear we may find the position

it follows that the longer the link hanger is, the less
curvature its arc of action will have, and its line of
motion will be more nearly parallel with the line of
centers, it is usnally made, however, but little longer
than the link.

The lifting-shaft arm would operate most perfectly if
it were as long as the -eccentric-rods, but considerations
of space and handiness usually limit it to about one-half
of that length.

‘When it is placed in full gear, a link gear, or motion,

of the upper end of the link, as follows:

We take the length of the eccentric-rod (which is
measured from the center e of the eccentric strap to the
center & of the eye at the other end of the eccentric-
rod), and add to it the distance from the center of the
eccentric-rod eye, to the center of the link-slot (or dis-
tance g, in Fig. 82). aud with the radius so obtained,
rest one point of the compasses at e, and mark on the
line of centers b, an are, which will give at e the position
of one end of the .ink. For the position of the other
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end we mark, with the same radius, and from f as a
center, the arc from p to ¢, somewhere on which we
know the lower end of the link will ecome. We then
take the length of the link (the radius from p to p’ Fig.
82, being taken as the length of the link) and from cas
a center, mark an arc p thng getting the position of both
ends of the link. To find the center from which the
eenter line of the link slot may be marked, we take the
same radius (the length of the eccentrie rod, plus the
distance g, Fig. 82) and from c as a center, mark an arc
r 7, and from p as a center mark are %, and as arcs 7 r
and % intersect at #, the center of the backward eccen-
tric, it shows that from f as a center we may draw in
the center of the link eurve. To find the center of the
link, we divide the length ¢ p, of the link in equal parts,
and find its eenter at m.

With the length of the link hanger as a radius, and
from m as a center, we mark an arc », somewhere on
which we know the upper end of the link hanger will
stand, and to find the exaet position we proceed as
follows: Take the length of the eccentric-rod (that is
radius ¢ 1) and from ¢ mark an arc which will fall coin-
cident with ¢ on the line of centers (this arc bemg seen
at d,in the lower half of the engraving), and then from
s, and with the same radius, we mark an arc e. Mid-
way between @ and ¢, we mark a line [ at a right angle
to the line of cenfers.

We must now turn to the lower half of the engra-
ving, representing the link motion in mid-gear, and find
the position of the link as follows:

With the radius / p, (or in other words the length of
the eccentric-rod, plus radius g, Fig. 82), and from e’
as a center, we mark an arc », somewhere upon which
we know the upper end of the link will be, and from f,
we mark an are v/, somewhere upon which the lower
end of the link will be. Now, as the middle of the link
(or, in other words, the center of the saddle-pin) will
be on the line of centers, we mark, from the line of
centers, ares p and p/, giving the length of the link.

Then (with the length of the eccentric-rod plus the
distance g, Fig. 82), we mark from the upper end of
(ke link an arc #’,and from the lower end an are /’, and
where these two arcs intersect on the line of centers (at
Z) is the center from which the center line of the link
may be drawn; the center of the link, or of the saddle-

pin, being on the line of centers at n’.
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From n’ we
erect a perpendicnlar line, g g, to the line of centers of
the link in full gear in the upper half of the engraving,
thus getting at #, a position corresponding to »’, when
the link is in mid-gear.
link hanger, and from n as a center, mark an arc w,
and, from where this are cuts the line /, we draw a hori-
zontal line ¢ ¢, which will be the plane on which the
center S of the lifting-shaft will be; hence we take the
length of the lifting-shaft arm, and mark an are, giving
the location of the center of the lifting-shaft at S.
From S as a center, with the radius from S to line I, we

We then take the length of the

mark an are y y, and where this cuts are v is the loea-

tion for the upper end of the link hanger when the link
is in full forward gear. Wlen the link is in mid-gear
the link hanger will stand, one end on the line of cen-
ters at n, and the other at the intersection’of arc w with
line q, the parts occupying the positions shown in Fig.
79.

It may now be shown that the amount of lifting-shaft
motion necessary to lift the link from mid-position to
full gear for the backward motion, is less than that re-
quired for moving the link from inid-gear to full for-
ward gear. Thus, when the link is in 1nid-gear, its
center will be at n’, as has already been shown; henee
from n with a radius of half the length of the link,
we mark an are m’ somewhere on which the center of
the link will be when in full gear for the backward
motion. Then from e as a center, and with radius e ¢,
we mark an arc »/, and where »’ euts m’ is the position
for the center of the link when placed in full gear for
the backward motion. From this point, therefore, and
with the length of the link as a radius, we mark an are
x x, and where this cuts are y is the position for the
upper end of the link hanger when in full gear for the
backward motion, and if we measure on arc y from z
to w, we find it less than from w to », and this obviously
affects the positions of the notches in the sector. We
have thus found the positions of all the parts, when the
crank is'on the dead center B, and the link is in full
gear, and also when it is in mid-gear, and it may now
be pointed out that in moving the link from full gear
to mid-gear, we have increased the lead of the valve,
Thus when it is in full gear, the upper center of the
link and, therefore, the center of the link-block, is on

b Aand









of centers at ¢, and when the link is in mid-gear
center is at n’. By means of the vertical line g ¢’,
have transferred position #’ on the lower half of the
graving, to the upper half at n, and it is clear that,
o center of the link-block is always coincident with
e center line of the link slot, and always on the line
‘centers b b of the engine, therefore it will, in moving
link from full to mid-gear, be moved from ¢ to a,
the lead will be correspondingly increased,

In Fig. 83, the, parts are shown in position for full
ckward gear, the construction corresponding to that
y described and being as follows; radius f £’ is
» length of the eccentric rod, to which we add dis-
nee g, in Fig. 82, and get radius /' 4, and from f asa
ter, mark an arc &. With the same radius we mark
from ¢ as a center, arc v/.  'With the length of the link
d from ¢ on the line of engine centers, we mark in
¢, the upper end of the link. From ¢, with radius
¢ f, we mark an arc r 7, and from ¢, with the same
b«'lins, an arc A, and as these two arcs intersect at
¢, it shows that e is the center from which we may

ing the link are. we get the center m, of the link and
of the saddle-pin.  Thus it is shown that when the link
li’ in full gear for either the forward or for the back
ward motion, the center of the arc of the link slot, i3
the center of the eccentric that follows the crank, or is
“behind the crank, in the path of crank revolution.

In Fig. 84, we have the parts in the positions they
occupy when the link is in mid-gear, and the crank on
‘the dead center D, and it is seen that the eccentric
£ whose rod is connected to the lower end of the link

now leads the crank. and by the same construction, as
: in the previous examples, that the center line of the
link, may be drawn from the center of the eecentric (o
in this case) that follows the crank, which is found to
~ be always the case when the link is in full gear for
either the forward, or backward motion, and the crank
is on the dead center. The amount the lead of the
valve will be increased by moving the link from full to
mid-gear, is shown by the distance on the line of
centers, between the arc ¢”¢, and the center-line of the
link slot. By inserting a pencil in the center of the
pin connecting the eccentric rod to the link, we are en-
sabled to trace the path of motion of the end of the
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eccentric rod. Thus in Fig. 85, we have the path of
motion of the forward eccentric, when in full forward
gear, and for the stroke, when the piston is moving
from the crank end, to the head end of the cylinder.
The line 7], corresponds to line 7/, in Figs. 83, and 84,
During the return stroke, the rod obviously moves in
the same path, but the events occur in a different part
of the figure, as may be seen from Fig. 86, which is for
the return stroke, In Fig. 87, we have the path of
motion of the pin, that connects the backward eccentric
to the link, the latter being in full backward gear. The
events for the stroke, when the piston is moving from
the crank end. to the head end, are named outside the
line and are lettered «, b, ¢, etc. For the other stroke
when the piston is moving from the head end to the
crank end, the events are denoted by letter only, thus at
D, tho crank is on the dead center, at «’; the port is
fully opened as a steam port, at 3’; the valve begins to
close the port; at ¢/, tha cut-off ocenrs; at @, the port
opens for the exhaust; at ¢’ the port is full open for the
exhaust; at f?, the port begins to close to effect the cush-
ion, and at g’, the cushioning begins, lasting of course,
until the valve opens for the lead. In Fig. 88, we have
a diagram of the openings etc. of the ports, tho full
lines, representing the full backward gear, and it is seen
that the events arc very nearly equalized, there being
but about } inch difference in the points of cut-off.

In Fig. 89, we have the path of motion of the forward
gear eccentric-rod eye, when the link is hooked up to
cut-off, at one half, in the forward gear. For the piston
stroke from the crank end, the letters outside the lines
are used, thus, at B, the crank was on the dead center
at the crank end; at a, the port end was fully opened,
and immediately began to close. At C, the cut-off oc-
curred; at d, the port opened as an exhaust port; at e, the
port was fnlly opened to the exhaust; at /it began to re-
close, and at ¢, the port was closed to the exhaust and
the cushioning began. For the other stroke, when the
piston moved from the head end to the crank end, and
the head end cylinder port, comes under consideration,
D, is the point at which the crank was on the dead
center; at a’, the port was fully opened; at ¢’, cut-off oc-
curred, and so on, the events for this stroke, all being
marked inside the lincs of the figure, and corresponding
to thosc used for the samne events on the other stroke,
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except that to each letter a distinguishing dot or mark
is added.

The line /, in all these motion curves, ecorresponds to
line 7, in Figs. 81, 82, and 83, representing the link
hanger when it standsat a right angle to the line of

MODFERN STEAM ENGINES.

represented by the full lines, while the backward gear is
marked in dotted lines. It is seen that the points o

cut-off are exactly equal, for both gears baekwar
and forward. Thus, considering the port at the cran
end B, (which corresponds with B on the motion curv:

7
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Fig.
centers, and the link isin mid-gear. In Fig. 90, we
have the motion curve of the backward eccentric-rod,
when the link is hooked up to ecut off at half stroke

2

90.

the cut-off for both gears, occurs at 12 inches of the
stroke, while for the stroke from the head end D, of
the cylinder, the ent-off oecurs at the 14 th. inch of the
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In Fig. 91, we have a diagram of the port openings
ete., for the cut-off at half stroke, on the stroke from
the crank end to the head end of the cylinder, (the
designated points of cut-off, refer to this stroke,
throughout all the examples, letting the cut-off for the

N

Bl

other stroke come where it will). The forward gear is

(w)

T

stroke. The points of release and cushion, are
almost identical, and it is seen that the events are as
nearly equalized, as possible. The lead, however, has
been increased in hooking the link up from the } ineh,
it was with the link in full gear to {%, at end B, and 1%
inch at end D, both strokes from end B, and both
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motion of the forward eccentrie-rod eye will be as in | ports. But this alteration, will act to vary the points of
Fig. 93, while that of the backward rod will re- | cut-off. Suppose, for example, that instead of locating
main a loop as before. The port openings, are now asin | the line 17, ¥ags. 81, 83, and 84, mid-way between th
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1. 94.
the diagram, Wig. 94. The valve lead is here, 17 inch | extremes of the eccentric-rod motion, we locate it mid-
and the ports only opcn as steam ports to that amount, | way between the extremes of the link-block travel
the valve moving to close the steam port, as soon as the | (when the link isin full forward gear)the lines ¢, d, Fig.

crank pin leaves the dead center on either stroke. 83, being drawn from the ends of link-block travel, in®
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We may slichtly improve the admission, by putting | stead of from the eccentric-rod travel, and line 7 7, being

_ the point of suspension of the link hanger forward, | drawn mid-way between them, thus throwing the center
which will cause the ports to open wider, as steam | of the liftingshaft nearer to the link. The eflect




in full gear, is to cause the point of eut-off to occur
I(nu the stroke from the crank end to head end), § inch,
carlier for the backward, than for the forward gear, and
on the other stroke, to delay the point of cut-off, making
it a half inch later than in Fig. 88. At half gear the
difference is more marked, as may be seen from Fig. 95,
which on comparison with Fig. 91, shows the point of
cut-ofl for the backward gear to be nearly equalized,
and the amount of port opening nearly equalized, but
the points of cut-off for the backward gear, vary from
those for the forward, whereas in Fig. 91, they were
identical. At quarter cut-off the events are very near-
Iy equalized, as may be seen from Fig. 96.  But there is
another point to be noted, inasmuch as the cut-off oc-
curs at the 7th. inch, whereas in Fig. 96, it occurs
at the Sth. inch, on the stroke from D, to B. In 1mid-
gear, the events for backward and forward are equal-
1zed, but the cut-off is at 4 and 5 inches respectively,
- as seen in Fig, 97, whereas it was in Fig. 96, at 4 and
5§ inches respectively. Thus, it will be seen that the
difference caused by altering the position of the lifting-
shaft is not very marked, and possesses both advantages
and disadvantages.

SHIFTING TIIE POSITION OF TNE SADDLE-TIN,

If, instead of setting the saddle-pin central to the
width of the link-slot as in the foregoing examples, we
set it back, bringing it on the chord of the arc of the
link-slot, we shail find that the equalization of the
events is impaired, as may be scen on a comparison of
Fig. 96, with Fig. 98, the latter being a diagram of the
port epenings, with the saddle-pin thus set back. The
point of link hanger suspension is the same for both
figures, and the steam supply is scen to still be better
for the backward, than it is for the forward gear

Summarizing these results, we find that for tho equal:
zation of the events of cut-off etc., for the forward
and backward notions, it is preferable to suspend the
link hanger, as in Figs. 8], and 84, while to obtain port
openings, as nearly equal as possible for the backward
and forward gears, it is preferable to suspend the top of
the link hanger, so that the lines a d, Figs. &1, and 84,
are drawn to represent the ends of travel, of the link-
bloek, when the link is in full forward gear, the line 17,

LINK MOTIONS.
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Fig. 81, being drawn 1;1id-way between the lines a d,
and the hfting-shaft center being set from line !, as

described in Iigs. $1, 83, and 84.

EQUALIZING THE LEAD.

It has been shown, that in proportion as the link is
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moved from mid-gear, to or towards full gear, either
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Fig. 98.
backwards or forwards, the valve lead is increased,
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whether this is an evil or not. If it is considered desir

able we may, however, to a great extent, equalize the
lead for the forward gear, by moving the two eccentrics

Fig
forward upon the shaft, and adding steam lap to the
valve. In Figs. 99 and 100, for example, we have the
center lines of the parts, and the positions of the link,
. when in full gear and in mid-gear. In both cases, the
parts are drawn in dotted lines, and algo in full lines.

The dotted lines represent the eccentric and link, drawn
in their normal positions, while the full lines represent
the eccentrics moved forward, to equalize the lead on

MODFERN STEAM ENGINES.

and it is a disputed point among engineers, as to

Fig. 99,

the forward stroke. The positions of the link, are
found by the method given in the previous examples,
and it is seen, that putting the eccentrics forward, will
not affect the lead in mid-gear, since it merely swings

1003

the link on its pivot at m. Butin full forward geas,
moving the eccentrics forward increases the lead of tue
valve, making it equal to the lead at mid-gear; the
amount of increase of lead, due to moving the eccen--
trics, being equal to the radius ¢ ¢,

Suppose, now, that as in the case of our previous ex
amples, the eccentrics are set in their normal positions,
and the lead at full gear, is } inch, and we see in the
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tions, there is } lead at full backward gear; then moving
the eccentrics ahead, will have left but .1, inch lead, in
the full backward gear, hence we find that equalizing

MODERN STFEAM ENGINES

pond to those used in previous figures, and we find the
position of the parts by the same means as in previous
examples exeept as follows. Having marked from s

Fiy.
the lead for the forward gear, gives } inch lead at
mid-gear, and but g, inch,in the full backward gear.

LINK MOTION WITH CROSSED RODS.

Figs. 102, and 103, represent a link motion with
crossed rods, the rods being crossed when the crank is
on the dead center B, and open when it is on the
opposite dead center.

In this case, the link is brought above the line of
centers when in full gear, instead of below it, as in the
case of open rods. 1

This occurs, because the forward eccentric is connect-
ed to the lower end of the link, and as a result, the re-
versing lever requires to be pulled backward, in order
to put the link in forward gear, and vice versa, whereas
in open rods the reversing lever is moved forward, for
forward gear, and backward, for backward gear.

The same eccentrie (that which leads the crank), is
still. however, the acting one, as may be seen by compar-
mg Fig. 103, with Fig. 81, both being for full forward
gear, and eccentric ¢, in both cases operating the valve.

In Fig. 105, the lines and letters of reference, corres-

103.
(and with, the radius from the center of the eccentric to
the center of the link-slot), as a center the arc ¢, and
from ¢ as a center the are d, and having drawn 7 { mid-
way between a and d, we then take the length of the
link-hanger, and mark are w, and where this are cuts
line {, is the line ¢, on which the lifting-shaft arm will
fall for thc mid-gear.

We then draw the lifting-shaft, and from its center S,
draw the arc y ’. Turning now to the full gear with
crossed rods (Fig. 103), we mark in the position of the
parts by the same means as in previous examples, and
with the length of the link-hanger as a radius, and from
the center m of the link, we draw arc x, giving us the
point of suspension of the upper end of the link hanger.
We may then take the same radius, m, «, of the full
gear, and mark from m the point v, which is the point
of suspension for full backward gear. It is shown
therefore, that in crossed rods, the points 2, and v, are
equidistant from w, which is not the case with open
rods,

The proof is, that we may, by means of a dotted are,
find the position of the saddle-pin when the link isin
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\. we may prove the construction from the
ar as follows:
, lhk is in mid-gear, the hanger stands from
ﬂlgﬂu‘jwmd, the center of the saddle-pin,
L ‘ofb of the link, will be at m, and the hanger
um: at full gear backward, the center of
rml will be at p. and the hanger from p to v;
ie, w, p, v, and m xare cqual, while » and v, are
distant from w, whicn it has been shown is not the
with open rods.

N

THE VARIATION OF LEAD IN CROSSED RODS.

. m ay now be pointed out, that in the case of crossed
< the lead 1s diminished by moving the link from
r to mid-gear, (instead of being increased as was

with open rods), and this may be shown as

f, with the radius from the center of the respective
ntrics, to the center of the link-slot, we mark the
“ ares p p and » ', Fig. 102, we get at their inter-
ction on the line of centers, the position of the center

h‘n]\ block when the link is in full gear either for
wckward or forward notion, and the figure shows that
1 k block, in mid-gear, stands at ¢, hence the lead
cq-ecsed the amount represented by the distanee
e from the intersection (on the line of eenters) of
dotted arcs p p, with arc n n’.

’
)

EQUALIZING THE LEAD WITH CROSSED RODS

We may, however, equalize the lead, by putting the
0 eccentrics an equal amount backwards upon the
aft, which will have no effect upon the lead at mid-
sar, but will decrease it for the full forward gear.
sin Fig. 104, the parts are shown in mid-gear, the
mal position of the eccentrics and link, being shown
otted lines, and their positions with the eccentrics

hel\ shown in full lines. By the methods before
11

)T . 83

dumnbod, we find the position of the link with the
eccentrics at e and £, and also its position with the eccen-
trics at ¢’ f’, and as the center of the link-=slot, and

Fig. 104,
therefore of the saddle-pin, falls at c on the line of centers
in both link positions, it is clear that altering the position
of the eccentrics does not move the link center, where-
as in full gear it is obvious that moving the eccentric
back will decrease the lead, and we may therefore reduce
the amount of steam lap so as to give the requisite

Fig. 105,

amount of lead which will remain perfectly the same
at all points in the forward gear, and up to mid-gear.
But this will disarrange the lead for the backward gear
as may be seen from Fig. 105, in which it is seen that
setting the eccentrics back from the dotted to the full
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lines, brings the link baeck from the dotted, to the full
lines and as the ecrank is on the decad center D, this
increases the lead, whercas in the forward gear it
decreases it, and it follows that the cqualization of the
lead by means of moving the eecentrics, and adjusting
the lap to suit, is only permissable when the engine per-
forms its principal duty while running in one direetion,
because to whatever amount we improve the lead in one
full gear, we derange it in the other full gear, The
port openings and closures, are practically the same for
corresponding points of cut-off, whether the rods are
erossed or open.

LINK MOTION WITII TIIE ALLEN VALVE

‘We may greatly improve the steam admission, whether
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Fig. 106.
the link motion has either open, or crossed rods, by
employing the Allen valve in place of the common slide
valve.
The construetion of the Allen valve, has been shown
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Fig. 107.
in the engravings from Fig. 31, to Fig. 43, but it is
for the shorter points of eut-off that it possesses its

greatest advantages.
By substituting an Allen valve on the open rod link

motion, shown in Fig. 78, and of the proportions already
given, we obtain the port openings given in Figs. 106,
and 107.

As the Allen valve is double ported, we may obtai
the } inch lead at full gear that was given in previo
examples, by giving the valve { inch lead, the two por
giving an amount of lead opening equal to the } in
of a single port, hence, we set the eccentrics back, redu
cing their angular advance sufficiently to alter the |
from }, to & inch.

The superior admission of the Allen valve is obtaine
as follows: [

In Fig. 108, the port K is shown open to

the amount of the lead, and as this is I inch only, the
eecentrie is in a better position to open the port quickly,
having a less angular advance, and being more nearly:
at a right angle to the erank, than would be the case if
the lead at g were 1 inech. Nevertheless the effective
lead is 1 ineh, because there is § inch opening at A, as
well as at g.
‘When the valve moves ,the effeetive opening remains
at donble the opening at g, until the valve reaches the
position shown in Fig. 109, the opening at g, and at e
then being equal, and after this, the amount of effective
port opening will remain econstant or cqual, until the
supplementary port is elosed as in Fig. 110, because we
sce in Fig. 109, that to whatever amount e closes (as the
valve moves to the right), the opening at g will increase,
thus inaintaining an equal amount of port opening,
while the valve moves from its position in Fig. 109,
its position in Fig. 110. This period of equal port
opeuning is shown on the diagram, Fig. 106 at a, after
the valve has reached the position shown in Fig. 110,
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Fiy. 109,

> is the same as for an ordinary slide valve,
alve has reached the position in Fig. 111, this
g shown in the diagram Fig. 106, from c to
nt after this point, the supplementary port will
2 into action, maintaining the port opening

Mbed |

Fig. 110.
il the valve has moved to the position shown

0. This equal amount of port opening, is
in the diagram, Fig. 106, from d, to e; d being
the valve position in Fig. 110, and ¢, for the valve
on in Fig. 111.  After this point, the amount of
ing at e, closes as fast as that at g, but the effective

& still remains double what it would be, in a

1 slide valve,

"I‘W up to cut off at half stroke, are shown in

h‘ 107, and it is seen that the admission is very much
“superior to that obtained with a common slide valve,
as may be seen by comparing Fig. 107, to Figs. 91, or

Irg. 111,
This superiority is maintained both at quarter cut-

off, and at mid-gear, as may be seen on comparing Figs.
111, and 112, with Figs, 92 and 94.

95.

INCREASE OF LEAD WITH TIIE ALLEN VALVE.

The Allen valve, it may be observed, increases the
lead more than the common valve when the link is
hooked up, thus at half stroke, the lead is § for the
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Fig. 112,
edge of the valve, and § for the supplementary port, or
a total of § inch. We may, however, equalize the lead
for the forward gear (at the expense of the backward
gear), by the construction explained with reference to
figures 99 and 100. Similarly, if crossed rods be used
for the link motion, we may equalize the lead, by means
of moving the eccentrics back, as already explained;
but it is to be noted that, as there are two ports, and
inch of actual valve lead becomes } inch of effectual

¢ port openings for the Allen valve, when the link

valve lead, therefore, with } actual valve lead (the
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eecentries not being set back to equalize the lead), the
ports would come blind quicker when the link is moved
towards mid-gear, tuan would be the ease with the
common valve, having the same amount of eflectual
lead. This corresponds to the action of the Allen valve
in increasing the wad to a greater amount when the
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Fig. 113,
link has open rods, and is moved towards mid.gear.
But as the eccentrics have less angular advance for a
given effective amount of lead in the Allen, than in the
common valve, therefore they are in a better position
for being moved to equalize the lead, if such be desired.

GOOCH’S LINK MOTION.

In Gooeh’s link motion, the arc of the link is in the
opposite direction to that of Stephenson’s link motion,
as will be seen in Fig. 114. The hanger is pivoted at
its upper end to a fixed pin, and the direction of valve

Iig. 114,

motion is reversed by moving the link-block, which is
upon an arm that is pivoted at P, to the slide spindle,
the lifting-shaft arm being connected at D.

Fig. 115, shows the parts in full gear for the back-
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ward motion, the erank being on the dead center B.
Shorter points of cut-off are obtained by lifting the arm
E, and therefore the link-block, nearer to the line
centers, or to the saddle-pin. The lifting-shaft 8, is
tached to the arin E, and the eunrve of the link-slot i
an are of a circle, of which the length of arm E is tl
radius.  As the link stands at a right angle to the li
of centers, when the crank is on either dead center, the
lead is maintained equal, it being obvious that the link-
block can (with the link at a right angle to the line
centers), be moved from end to end of the link, with-
out imparting any motion to the valve spindle A,

The position necessary for the upper end of the link.
hanger, in order to thus equalize the lead for all points
of cut-off, may be found as follows:

In Fig. 115, let ¢ and /£, represent the center lines or
throw lines, of the two eccentrics, whose positions for
any given amount of lap and lead, may be found as in
previous examples, and with a radius equal to the length,
from the center of the eccentric to the center of the
link-slot, we mark from e the arc », and from f the are
m. From the line of centers 3 b, we mark, with a radins
equal to the length of the link (measured from one
extreme link-block position to the other), the two ares
» and p’, and these are the ends of the link. With the
radius of the arm K, and from a point =, on the line of
centers, we mark in the position of the center line of
the link, when the crank is on its dead ecenter furthest
from the cylinder. Then with the radius /m, and from
S’ as a center, we mark arc m’, and from ¢’ the are »’,
giving, at their intersections with the ares p p’ re-
spectively, the positions of the ends of the link when
the erank is on its dead ceuter D.

From the ends of the link when in this position, and
with the length of arm E as a radius, we find, on the lina
of centers, the point Z, which is the center from which
the center line of the link (when the crank is on dead
center D), may be drawn.

We have thus found the two link positions for the
two crank dead centers, and mid-way between them we
draw the line /, on which the upper end of the link
hanger must stand, and to find the heighth at which it
must stand from the line of centers b 4, we take the
length of the link hanger, and from a, (the center of
the link in one position), on the line of centers mark
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v with r ¢/, draw a line ¢, then from », mark, with the
length of the arm H, the center S for the lifting-shaft.
From S, as a center, the arec K may be drawn, and then
with the length of G asa radius, and from D, as a center
we mark at g, on the are K, the position of the upper
end of the arm G. 'When the link-block is in mid-
gear, the arm E will be parallel with the line of centers,
ang the position of G will be from r to v (at a right
angle to the line of centers), and we may therefore take
the radius v ¢, and from », as a eenter, mark arc /, the
position of arm II, when in full gear for the forward
motion ; hence the three positions for arm II are: II;
on the line #; and at H” and the corresponding positions
for the upper arm of the lifting-shaft, are J, J/, and J”.

The points of cut-off, with a Gooch link motion thus

construced will, vary to an amount depending upon
proportion the length of the connecting-rod bears
the length of the stroke, as in all previons exam
and if we were to move the positions of the eccent
(as was done in Figs. 99, 100 and 101) in order
equalize the points of cut-off for either gear, the
will no longer be equalized because the link will
stand vertical when the crank is on the dead ce
hence moving the arm E, Fig. 115, up and down
link will impart motion to valve spindle A and, t
fore, to the valve, thus altering the lead. The poi
cut-off may, however, be equalized, and the lead m
tained equal, by making one steam port wider than
other, as will be explained in connection with a li
motion having a rocking-shaft.




116 represents a link motion such as is used on
n lecometives, the parts being shown in posi-
h the crank on the dead center B, and with the
in full forward gear. The link-bleck is carried
» Jower arm G of a rocker, rock-shaft, or rocking-
it is promiscuously termed. The upper arm
rocker drives the valve through the medium
 valve-rod or valve-spindle R.  The valve, there-
e, movos in the opposite direction to that in which
,‘.’ -block moves and the cccentrics are thercfore
in angle of less than 90° to the crank. The amount
vhich they are less than 90° is the angular advance.
When the crank is at B, the valve mnst move in the
ion of its arrow in order to open the port A for
qdmission of the live stcam, and as the arm G,
h earries the link-block, must move in the oppo-
 direction to the valve, it is clear that it is the cccen.
/f (which follows the crank) that must be connected
 the upper end of the link, and hence the eccentric
ods are crossed.

Instead of a weight being used to counterbalance the
K, etc., the red L. conncects to a volute, or coiled,
ing which acts instead of the weight.

-

»
¥

THE OFF-SET OF THE ROCKER-ARM.

ﬁ"‘ke center line of the engine is on the line 4 b, and
it is seen that the center of the link-block is below it

3
§
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on the line ¢ ¢, a condition that commonly prevails in
American locomotives. :

This necessitates that the two arms F G of the rocker
be thrown eut of line one with the other, in order that

‘the motion of the valve may be equal at all parts of the

stroke, to that of the link block.

The upper arm F of the recker moves the valve in a
line parallel to the line of centers, and therefore stands
vertical when in its mid-position, while the lower arm G
stands, when in nid-pesition, at an angle to the line of
centers b b, the amount of this angle being called the
off-sel.

To find the amount of off-set, we proceed as in Fig. 117,
in which the parts are represented by their centers and
center lines and the letters of reference cerrespond to
those in Fig. 116. The line of centers b 4 being drawn,
we draw the circle », its radius equaling the throw or
the eccentric, and its diameter the travel of the valve
when the link is in full gear. From the center of circle
n (and with a radius equal to the distance between the
center of the axle and that of the rock-shaft) we draw
an arc a, and on this arc measure below line b b the
distance the link-block is to stand below the line & b
when the arm G of the rocker is as its lowest peint,
and through this peint draw line cec. Or, instead of
this construction, we may assume a point a and mark
it by a dot, then draw above it, and at the required dis-
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tance, the line of centers b 4, and on it mark the circle
n; line C C may then be drawn, passing through the
dot @ and the center of circle n. At a right angle to
C C, and through the dot at @ we mark a line a, which
will be the center line of the lower arm of the rocker
when it is in mid-position. From «, as a center, and
with the length of the lower arm of the rocker, as a
" radius, we draw an arc ¢ ¢, and where this arc cuts line
a is the center of the rocker-shaft. - From this center,
we draw arc ¢ ¢, on which will be the path of motion of

the lower end of the rocker-arm, or, what is the same’

thing, the path of motion of the link-block, and this
path of motion will be an equal distance on each side of
line a.

MODERN STEAM ENGINES.

tremes of motion of the lower rocker arm when the
link is in full gear for either the backward or the for-
ward motion. At a right angle to the line of centers,
and from the arcs p p, we draw lines » «’, and wher
these cut the arc # ¢/, are the extremes of motion
the eye of the upper arm when the link is in full g
By this construction, the lower arm G of the roc
vibrates in an arc that is equalized with the line
from which it receives its motion, while the upp
rocker-arm I vibrates in an arc that is equalized w
the linc in which it delivers its motion, or, in othe
words, the line of motion of the slide valve, the vals
face being parallel to the line of centers. Tf the va
face were at an angle to the line of centers, then li

(2
A /’ \\\ 1
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Fig.

From the center of the rocker, and at a right angle
to the line of centers b 4, we draw a line d, which will
be the center line of the upper arm F of the rocker
when it is in mid-position. From the center of the
rocker, and with the length of the upper rocker-arm as
a radius, draw an arc ¢, on which will be the path of
motion of the eye of the upper arm of the rocker,
which will vibrate on this arc and an equal distance on
each side of line d.

To locate the length of arc through which the rocker-
arms will vibrate when the link is in full gear, we draw,
from the center of the rocker-shaft, two arcs p p, their
radius cqualing that of the circle », and from these
arcs we draw lines g ¢’ at a right angle to the line ¢ ¢
and where these lines cut the arc ¢ ¢ will be the ex-

117.

d, u and v’ would require to be at a right angle to the
valve scat or valve face.

The action of the link motion is not in the least in-
fluenced by the off-sct in the rocker-arms, providing
that, as in this construction, the mid position of the
lower rocker-arm is at a right angle to C C, and that
of the upper arm is at a right angle to » b5, and the
action is the same as if the center of the link-block,
when at its lowest point, came coincident with line b 4,
and there were no ofi-set in the rocker-arms.

To find the positions of the eccentrics, we mark from the
point a, on the line C, and with the stcam lap and lead as
a radius, an arc g, and where g cuts are ¢, is the position
of the center of the link-block (or, what is the same
thing, the position of the cye in the lower rocker arm)
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To find the position of the link corresponding to erank | drawn from the center of the eccentric that leads the
position B.—In Fig. 119, we have the center lines of the | crank.
parts (omitting the lines used to find their positions), To find the position of the parts when the link is in md-
the link being in full forward gear, and it is found that | gear.—From f; Fig. 121, as a eenter, and with a radius
the center of the link arc is at ¢, or, in other words, the | from e, on the line of centers C C, to the center of the

center of the eccentric that leads the crank, whereas, in | crank shaft, we mark an arc E g, somewhere on whiclt
open rods, it is the center of the eccentric that follows | we know the upper end of the link will be. With the
the crank. Fig. 120 shows the parts in position for full | same radius, and from eas a center, draw an arc H ¢,
gear backward, and it is seen that the center of eccen- | and where these ares cut are ¢ (or at point, g) is the posi-

R

Fig. 121,

tric £, that leads the crank, is that from which the link | tion of the link-block when the link is in full gear for
arc may be drawn ; hence we have that with the'link | either the forward or the backward motion.

in full gear, and the crank on the dead center for either From g, as a center, we mark arcs w and w’ for the
the forward or backward motion, the link arc may be | ends of the link, and from the points of intersection of
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¢ “of the roeker, hhol-l the link-
ﬂ the link-block, will move on the are
rsof both will be at »; we must there.
imvl- and #* for the ends of the link.
of lead —1t will now be scen that, in
link from full gear to mid-gear, the center
k-block and of the lower roeker-arm is moved
to 7, and this moves the valve forward, increas-
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action, therefore, so far as the lead is concerned, is the

_‘{&ao as a link meotion with open rods and no rocker.
The points of suspension of the link hanger.—The
points of suspension of the link-hanger may be located
with a view to either give the least ameunt of sliding
motion of the link-block in the link slot, and obtain at
the sume time the widest amount of port opening, or, in
the second ease, to equalize the points of cut-off for the
two strokes. To find the points of suspension for the
least amount of sliding motion of the link-block, and
for the widest port opening, we proceed as in 1% ig. 128,
in which the link is shown in twe positions, viz., fu.l
gear forward and mid-gear, and it is obvious that the
link sugpension would be the most perfeet for the full
forward gear, if the upper end of the link hanger had

ing the lead, the samo as in link motions having open
and no rocker. This only oeeurs with crossed rods
hen a rocker is used. The upper end of the rocker-
n obviously stands to the right of the lino d to the
3 amount as the lower arm stands to the left of line
~ In Fig. 122, the link is in mid-gear, with the crank
D, the position of the parts being found by the same
s as that employed for Fig. 121, and it is scen that
lead is here also increased by moving the link from
Il to mid-gear, whereas, in the absence of tho rocker
link having crossed rods), it would diminish. The

Fiy.
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its eenter coincident with the center of the rocker-shaft.
so that the link and the link-block would move together
in the same arc ; but as tho lifting shaft arm moves in
an arc, therefore, locating the point of suspension for
full gear at the eenter of the rock shaft throws the
point of suspension for the mid and backward gear
away from the line ¢ a, upon which it would require to
lie to enable the saddle-pin and the link-block to move
as nearly as possible in the same arc, and thus mini-
mize the amount of sliding motion of the link-block in

tho link slot. Obviously the longer the arm P of the
“ﬁ(,cE LIBRARY
OF THE

UNIK’V‘:‘ KBy
Gal ron\
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lifting shaft, the more nearly its arc of motion (in lift-
ing the link from full gear forwards to full gear back-
wards) will coincide with the line @ ¢, and the more
perfect the suspension will be, or, in other words, the
less the sliding motion of the link-block in the link arc.
Considerations of room, however, usually limit the
length of P to abont half that of the eccentrie-rods,
and the sliding motion of the link-block may be mini.
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link-hanger would move in shifting from full gear for
ward to full gear backward. The points of link-hang
suspension would, in this case, be in the most desiral)
positions for the full gears, because they are both on
line @ o, causing the center of the saddle-pin to vibr
on an arc as near as possible parallel to the are ¢ ¢,
which the link-block moves ; hence there would be
minimum of sliding motion of the link-block in
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mized for the full or mid-gears as follows: For the
full gears, we take the length of the link-hanger as a
radius, and from v»/—tle center of the link when in full
forward gear—draw an arc m somewhere on which the
upper end of the link-hanger will be when the link is
in full forward gear. With the same radius, and from
v as a center, we mark arc / somewhere upon which the
upper end of the link-hanger will be when the link is
in mid-gear. With the same radius, and from »”"—the
center of the link when in full backward gear—draw
an arc k, upon which the upper end of the link-hanger
will be when the link is in full gear for the backward
motion. With the length of the lifting-shaft arm—P,
Fig. 116—as a radius—and from the points of inter-
section of arcs m and k with the line a—find at S’ the
position for the center of the lifting-shaft, from which
may be drawn arc y y, on which the upper end of the

' gear.
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link-slot. For the mid-gear, we have so lecated the
hanger suspension that the centers of both the link:
block and the saddle-pin arc on the arc ¢at =, but as th
point of hanger suspension would be to the right of a a,
the saddle-pin arc would vary from that of the link-
block, and sliding motion would ensue.

The reverse of this would be the case if the center
of the lifting shaft were located at the point S*/, meeting
the line « at a point coincident with the center of the
rocker-shaft, for, in that case, the motion of the hanger,
or of the link and of the link-block, would coincide
more nearly when the link was in mid-gear than when
in full gear, and the amount the block would slide in
the link would be lessened at mid and increased at full

By locating the center of the lifting shaft at 8, the
path of the upper end of the link-hanger, when moving



link from full gear, would be on the full line arc
idway between ures y y and z 2, which passes equally
each side of line a a, being as far from that line,
in full gear as it is when in mid-gear, thus equal-
r the amount of sliding motion of the link-block in
ink-sot.

[t may now be pointed out that the employment of a
ser diminishes the amount of sliding motion of the
block in the link-slot, because the lower arm of the
causes the link-block to move in an arc of a circle
more or less coincides with the are in which the
addle-pin moves, whereas, in the absence of a rocker,
shide spindle is guided to move in a straight line.
pe link motion, having the same propartions as in pre-
us examples, and as given on page 68, and the length
the arms of the rocker being each 12 inches, the
vt openings will be as follows :

In Fig. 124, the full lines are forward full gear while
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gear, while when it is moving from D to B, the eut-off
is at 193 inches for both gears. Similarly, the points
of release and cushion are very nearly equalized.

/ \\><//
TN \

v
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Fig. 124,

the dotted lines represent the full gear backward, the
saddle-pin being on the line of the center of the link-
are and the hanger suspended on the arc denoted by
the full line in Fig. 123, so as to minimize the amount
of sliding of the link-block in the link, and it is seen
that the events are as nearly equalized, as is necessary,
for the backward and forward gears. Thus when the
piston moves from Bto D, the cut-ofl is at 194 inches
for the forward gear and 19% inches for the backward

7 3
(4
/ /‘ \ I’Tl!]. 125.
/{" \\ \ The port openings for the eut-off, at half-gear, aro
{ A 4 N\ shown in Fig. 125, and it is seen that the events are all
B 34 /’ A\ equalized for the backward and forward gears, but that
Zv‘yﬁw//_.,'// \ ,2 ,(r the point of cut-off is an inch later when the piston is
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Fig. 126.
moving from D to B than when it is moving from I3
to D. :
Fig. 126 shows the port openings for mid-gear, tho
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port only opening to the amount of the lead, and
beginning to close as soon as the erank leaves the
dead center. The lead is here again equalized, and it
is seen, from these three figures, that the lead increases
as the link is moved from full gear to mid-gear. This,
however, may be remedied, for the forward gear,
at the expense of the backward gear, by the means
described for open rods, and with reference to Figs.
99 and 100, the only difference being that as the
rods are in this case crossed, the eccentrics mmnst be
set back instead of being set forward, as in the case of
open rods.

EQUALIZING THE POINTS OF CUT-OFF.

Referring now to the egnalization of the points of
cut-off, it may be effected in five ways, first by giving
to the valve more steam lap at the head end than at
_the crank ecnd, as has already been explained in con-
nection with the subject of diagrams for designing
valve motions, secured by making the steam ports of
unequal widths, as will be explained presently; third by
suitably locating the point of suspension of the upper
end of the link hanger, or in other words, suitably
locating the lifting-shaft; fourth by suitably locating
the position of the saddle-pin, or in other words, by
setting it back towards tle ecccentric-rod eye, instead

N\

\
\k\ // D

Fig. 127.

of having it on a line with the center-line of the are of
the lnk-slot, and fifth, by lifting the lnk to diff-
erent amounts for corresponing points of cut-off for the
two gears, but in proportion as we sct either the points
of hanger suspension, or the saddle-pin back, we decrease
the amount of port opening, especially at the head end
of the éylinder.

Fig 127, for example, is a diagram of the port open-
ings, the arc of hanger suspension having been moved
back three inches, and corresponding with arc Z Z in
Fig. 123, (supposing that arc to be distant 3 inclies
from the middle or full line are of hanger suspension
shown in that figure.) If we compare Fig. 128 with
Fig. 125, we find that the equalization of the points
of cut-off has been accomplished at the expense of the
port opening, because while we have caused the cut-off
to occur an inch earlier on the stroke from D to B, we
have reduced the port opening for that stroke. The
arc of hanger suspension being moved another three
inches back, the port openings will be asin Fig. 128,
and it is seen, that although the points of cut-off are
still equalized, the port openings are widely distorted,
which is a serious defect. It is sven, therefore, that the
points of hanger suspension may be located consider-
ably to the left of the line @ @, without mwuch influence
on the points of cut-off.

The cause of the equalization of the points of ent-off
and reduction of port opemng by means of the points
of suspension, may be seen from Figs. 129 and 130, in
which the parts are shown in the positions they occupy
at the point of cut-off when that point is at half stroke,
b bis the line of centers of the engine ¢ ¢, the arc in
which the link block moves, and P the path of saddle-
pin motion, while # x is an imaginary line parallel to

B N /,// 7

Fig. 128,

Hne 4 4, and inserted merely to compare the are P with.
It is scen here that the saddle-pin is (on acconnt of
moving on the arc P)lifted up towards the line of
centers b , and this lifting obviously, from the position
of the link in Fig. 129, moves the lower arm of the
rocker to the right and the upper arm to the left, thus
hastening the point of cut-off ; this, however, is obvi-
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11inches and the steam lap at % inch, as in our former
examples, we may, therefore, now increase the travel of
the valve to 53 inches, giving % inch overtravel.

The port openings in full gear will now be as in Fig.
131, and it will be seen, on a comparison with Fig. 88,
that the admission has been hastened, and the points of
cut-off delayed, reducing the amount of expansion.
I"urthermore, the exhaust opening has been reduced by
the reclosure from « to b and from c¢ to d, which occurs
because of the valve partly closing the cylinder exhaust
port, as seen in Fig. 132, at ¢, the overtravel of the
valve being shown at 2. This may obviously be reme-
died by widening the bridges and correspondingly
widening the valve.

The overtravel of the valve has no effect upon the
port openings at shorter points of cut-off, which wil]
remain the same as if there were no overtravel at full
gear. DBut the overtravel will render it necessary to
lift the link more in order to effect the cut-off at a
given point, thus bringing the Iink-block, for any given
point of cut-off (less than full gear), nearer to the center
of the link, and thus slightly diminish the amount of
sliding motion of the block in the link.

EQUALIZING THE POINT OF CUT-OFF BY MAKING THE STEAM
TORTS OF DIFFERENT WIDTHS.

It may now be pointed out that the points of cut-off
may be equalized by making the steam ports of differ-
ent widths.

In ¥ig. 133, for example, we have the parts drawn
one-eighth full size, the outer circle representing the
path of the crank, and the cirele n representing the path
of the eccentric. The smallest circle has a radius equal
to the amount of steam lap, which is equal for both
ports.

The connecting-rod has the usual proportion of three
times the length of the piston stroke, which is, in this
example, 24 inches; hence the connecting-rod is 72
inches. The width of steam port is 1} inches, the steam
lap  inches and the valve travel 4} inches, the latter
being just enough to fully open both ports for the ad-
mission. :

‘With these dimensions, it may be found by means of
Zeuner's diagram (which has already been fnlly ex-
plained in Chapter 1I) that the point of cut-off for the

port at the head end will occur at 20 incles of piston
stroke, while that for the port at the crank will oceur
at the nineteenth inch.
Let it be supposed that the points of cnt-off are t
be equalized at 20 inches, and we proceed as follows :
In Fig. 133 we draw, from a center C, the outer
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Fig. 131.

circle representing the path of the crank-pin, and a
circle n representing the path of the eccentric center,
the inner circle d having a radius equal to the amount
of stecam lap. From the edge of circle d, we draw a

Fig. 132.

vertical line ¢, and a line from C, eutting the inter
section of e with eircle n, gives the position of the eccen-
trie at the point of cut-off, the erank-pin being at S.
We may now draw the ports and the valve in posi-
tion to effect the cut-off. 'We have now to find how
much to cut out the port at the crank end in order to
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passing through the point of intersection of u with
circle m, gives us the position of the eccentric when the
cut-off will oceur, if the port e is made the same width
as port b. By prolonging the eccentric throw-line to v,
we are enabled to find the crank position by taking the
radius S V (Fig. 133), and marking from », in I"ig. 134,
an arc m. A line drawn from the point of intersection
of m with the outer circle to the eenter represents the
throw-line of the crank. We have thus found the posi-
tions of the crank and of the eccentric when the cut-off
will occur, the ports being of equal width, and we may
now find the positions they ought to be in in order to
equalize the points of cut-off. To do this, we draw
from the arc 7, and with the length of the connecting-
rod as'a radius (this length being represented by three
times the diameter of the outer circle), the arc w, giving
us at H the position the crank ought to have arrived at
when the cut-off occurred, and we find that, as the cut-
off occurred when the crank was at 2 and the eccentric
at v, it occurred too early in the stroke, because the
crank ought to have arrived at H. Now, suppose it to
have reached position I, and we may find the corres-
ponding eccentric position by taking the radius 72 v
and marking from I an arc z, giving us the required
eccentric position at 7.

To find the difference in the positions of the valve
when the eccentric is in the positions denoted by v and
x respectively, we draw from the point of intersection
of line v with the ecircle n a perpendicular line «, and
from u point of intersection of line x vith the ecircle »,
a vertical line y, and the distance, measured on the lie
of centers { I, between these two vertical lines, is the
amount the valve will have traveled past the steam edge
of the port.

Now, suppose we cut out the port a to the dotted line
/, and it is seen that the erank will be at H, the eccen-
tric at y, and the cut-off just effected, the piston being
at 7 and the points of cut-off equalized by cutting out
port a to line £

Let it be supposed that it is determined to equalize
the peints of eut-off by altering the width of port
b, or in other words, on the stroke when the piston is
moving from the head end D to the erank end B of the
cylinder, then it is necessary to proceed as follows :

In Fig. 135, noint r is located to represent the ninec-
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teenth inch of piston motion from B, and an arc w give:
at IT the crank pesition-at the time the cut-off oceurs.
A vertical line e, touching the lap circle d, gives, at i
intersection with the eecentric path », the throw-line
of the eccentric, which is prolonged to v in orderA
get on the outer circle the position the eceentric will
in when the erank is at H. Javing found the positi
of the crank and eccentri¢c at the time of cut off, -
may draw in the valve, the eut-off at port a being j
effected. For the other stroke we proceed as in Ki
136, in which the circles correspond to tkose in F
135, the arc s being the same distance from D that »
from B in Fig. 135, and thercfore representing
piston position for equalized points of cut-off.

. With a radius equal to three times the diameter
the quter cirele E, and from a peint on the line of eenter:
11, 'we mark, from s, an are, giving us at H’ the cra
position at the time of equalized ecut-off.

To find the corresponding eccentric position, we t
the angle the eccentrie stands at to the crank or radi
h v, Fig. 135, and mark, from IV, Fig. 136, an are
and from where g cuts the outer circle draw a line
giving us the eccentric position correspondlncr to era
position H.” -

.But by drawing a vertical line u from the lap ecire
and a lne C ¢, we find that the eut-off will net oe
until the eccentric throw has reached the line C ¢, whie
will.be too late to give an equalized cut-off, becaus
when the eccentric has arrived at ¢, the erank
be at H’/ instead of at H’ as may be proved, becan
radius IV g equals radius H” ¢.

In the figure, the valve is drawn in the position
would occupy when the crank was in its proper position
H’, the port b being still open, and it becomes clear that,
m order to equalize’ the point of cut-off, we may make
the port b narTower, brmgmg its steam edrre on the
line p.

The amount to which we must decrease its width may
be found by dropping a perpendicular line y from the
point of intersection of line # with circle », and meas-
uring the distance between lines » and y. It is obvious
that it is preferable to draw the outer cirele to a diame-
ter equal to the full travel of the valve, and let it rep-
resent the crank path on a reduced scale, as the lines
will be elearer, and correctness may more easily be ob-

.
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MODIFIED TORMS OF LINK MOTION REVERSING GEARS,

A link motion, in which but one eccentric is em-
ployed, is shown in Fig. 137, which is taken from The
American Machinist. The saddle-pin is on the line of
centers A and remains there, the link-block being
moved along the link-slot to vary the point of cut-off,
or reverse the direction of motion, as in Gooch’s link
motion. On the rod K that connects the link-block and
slide spindle, there is provided a latch F (on the end of
rod D) which, in conjunction with the notches on the
concave side of the link, holds the link in its adjusted
position. In this arrangement, there is the objection
that when the link-block and rod E are at the same end
of the link as the eccentricrod, the weight of both E
and the eccentric rod is borne by the eccentric.

In the Stephenson’s link anotion, shown in Fig. 78,
and the Gooch‘s link motion shown in Fig. 114, the
lifting-shaft is shown above the link, but it is often
more convenient, from the construction of the engine,
to place it below the link, as in Figs. 138 and 139,
which are from Mechanics. This plan is common
upon engines for hoisting purposes.

STEAM REVERSING GEARS.

In cases where the power required to move the link
motion is more than can be exerted by hand, a special
stcam cylinder is employed to assist in moving the
reversing shaft, examples of this kind being given in
Iigs. 140 and 141, which are from Mechanics. In Fig.
140, A is a steam cylinder, with ports, slide-valve, steam
chest, &c., of the ordinary construction. C is the main
reversing lever, the bottom end of which is keyed to
the tumbling shaft; its upper end projects a few inches
above the quadrant, and is provided with a detent for
latching it to the quadrant. The connecting-rod H, of
the steam cylinder, is attached to this lever at B. D is
the hand lever, having its fulcrum at 1 on the main
lever. Its upper end has a handle and thumb latch, of
the ordinary construction, attached by a vod to the
detent on the main lever. When the hand lever is in
the central position, the pin at its lower end coincides
with the axis of*the tumbling shaft (if the gear is not
at the end of the tumbling shaft, the shaft will require
to he cranked to allow forthis). On the main lever, at

K, are stops which limit the motion of the hand
to the travel of the valve. The lower end of the h

J

lever is connected by links and levers to the valve-stem,
as shown. The weight of the links, &c., is balanced b



a weight in the usual way. The engincer nnlatches the
detent, pulls the hand lever in the direction he wishes it
to go, when the lever moves until its lower end strikes
the stop K. The steam valve is then in the proper
position to admit steam to the cylinder A, and its piston
assists him to move the lever. When he wishes to

STEAM REVERSIN G

reverse, lie pushes the hand lever in the opposite direc-
tion, which changes the position of the valve and re-
verses the operation. Ile can thus move the lever and
lateh it at any point of the quadrant. In I'ig. 141, the
hand lever is dispensed with, the steam piston being
attached directly to the reversing lever. A is the
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screw can be arranged at E with two nuts, and used for
regulating the amount of the travel of the piston, and
thus effecting the cut-off in the cylinder by changing
the travel of the main valve. This makes a very satis-
factory gear for reversing on a reversiblo rolling-mill
engine.

For hoisting purposes, where great delicacy is

required, it is open to the objection that it has nothing
positive by which the load may be stopped at a fixed
point. This arrangement may be modified by the addi-
tion of a cataract as shown in Fig. 142, in which A is
the steam cylinder and B a hollow piston, having an
arm C, for carrying the rod D, on which is the cataract

reversing cylinder, B the valve chest, C the small lever
for moving the valve, and D D the rods connecting to
the links. There is a valve on the exhaust pipe of this
small cylinder, which is used for regulating the rapidity
of the motion of the piston. A right and left hand

piston E; at F, is the rod for the valve that admits
steam to A, and at G is tho piston rod that attaches to
the lifting-shaft arm. H H is a pipe baving communi-
cation with each end of the cataract cylinder, which is
filled, on each side of the piston E, with water or oil.

~pgESE
bt .
UN 7
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Now suppose that steam is admitted to cylinder A, and | until, by passing beneath the auxiliary valve, its port:
it is clear, that if cock J of the cataract pipe is closed, | are again closed, when motion will close, because tl
the piston in A ecannot move, because it is connected, | steam can neither enter nor exhaust from the eylin
through its rod and the arm C, to the cataract piston . hence the motion of the piston follows that of the h

Iy

E. But if we open the cock J, then the parts will
will move, the water, on one side of piston K, passing
through pipe H to the other side of E. The speed
with which motion will ensue, obviously depends upon
how widely cock J is opened, or in other words, npon
how fast the water can pass from one to the other side
of piston'E. By regulating the amount of opening of
cock J, therefore, the motion of the steam piston in
cylinder A, may be made as slow as desired, enabling
the engineer to shut off steam to A, and thus arrest the
motion of the reversing gear, at any aequired point with
great precision. The eataract cylinder, may obviously
be placed at the end of the steam cylinder, as shown in
Fig. 143, in which case one piston rod serves for both
the steam and the cataract pistons. Fig. 144, (from
Mechanics), represents a form, in which an auxiliary
valve is employed, the main valve connecting to the
lifting shaft at B, while the auxiliary valve is operated
by a hand lever.

In this arrangement the hand lever may be operated
to open the ports in the main valve, which will move
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the reverse gear, the neeessary force to move it to any
desired direetion, without any effort on the part of the
engineer, save that of starting it. In Fig. 146, A isa
steam eylinder, and B the piston whose rod C is guided
by two glands, which are serewed up somewhat tightly.
C is attached to the arm D of the reverse shaft. E is
the steam valve operated by the rod E2, which is pivo-
ted at I'1 to the lever . The arm D2 F2 connects D
to I, and the rod G connects the handle H to F at the
roint F3.  The valve E covers the steam ports by about

MODERN STEAM ENGINES.

rest. The link is held by friction on the piston rod.
1f, for any reason, the piston B should begin to cre
its rod would move the rod D at C2, the motion bei
inereased by D2 by reason of the increased length
leverage.  This inereased motion would be conveyed
F, which would operate on its pivot F3, moving
and, therefore, E2 to the left. K2 would move
valve E so as to admit steamn through the passage a’
the side b of the piston. The piston would, theref
be resisted by the steam pressure, and would be
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o of an inch. The gear is shown in the full lines as
being in mid-position. If the lever H is moved to the
right, it will, through G, move F on ¥'2 as a pivot, and
give end motion to the rod E2, and by this means to
the valve E, admitting steam through the passage way
a, and moving B in the same direction as the handle H
is moved. At the same time, the link will be lowered.
‘When H is brought to a stop, the arm }' operates on
its pivot '3, and as D continues to move to the right,
it moves F2 to the right and F1 td the left, so that the
rod E2 closes the valve E, and the piston B comes to

stationary by it. Since there is but .}, ineh lap on the
valve E, it will be seen that the increased motion at D2,
over that at C2, will cause steam to be admitted through
o’ with a very small amount of piston motion. This
amount may be regulated at will by inecreasing the
height of D2 above C2.

It will be observed, therefore, that this apparatus
embodies a very simple and ingenious motion. The
action of the parts centering on the faet that moving
H forward eauses F'1, E2) E and therefore B, to move
in the same direction. On the other hand, i1f motion
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ApsvsTABLE CUT-0FF ENGINES.

When a separate valve is employed to effect the ent-
off, and the eunt-off valve is set to operate at some
fixed point in the piston stroke, this point being varied
by "altering the position of the valve by hand, the
engine is called an adjustable cut-off engine. The
construction of such an engine is shown in Fig. 147,
which represents a design by the Lane & Bodley Co.
The main shaft, driving shaft, or erank shaft, is
furnished with two eceentrics, the inner of which
(whose rod is shown at A, in the figure) operates the
main valve, while the outer (whose rod is shown at
B), operates the cut-off valve, ¢is the guide for the
main, and d, that for the cut-off valve spindle. The
hand wheel at E, is for operating a serew, which moves
the cut-off valve so as to cause it to cut off at the
required point in the stroke, there being at I' an index,
to enable the cut-off to be set at the required point. |
Representatives of various kinds of cut-off valves are
given as follows:

Fig. 148 represents the arrangement of what is called
Meyer’s cut-off. The main valve rides upon the seat in
the same position as the common slide valve, hitherto
treated of, the ports in the eylinder remaining the same
as for a common slide valve. The main valve, however,
is provided with ports or openings, K and I, through

which the stcam passes to the cylinder ports. Upon
108

. compression to be governed by the main valve, wl

.erned by the main valve, the action of the cut-off valves

-

closing the ports K and I, leaving the points of admi
sion, the amount of valve lead, the exhaust and f

action, so far as these events are concerned, is effecte
precisely the same as it would be Ly a common slid
valve having the same laps and angular positioﬂ'
eccentric. This will be seen from the lower hal
Fig. 148, in which a eommon slide valve is shown
place of the main valve, and it is apparent that the ed
h of the ecut-off valve will cut off the steamn the sam
as edge h of the common slide valve, and, also, that th
edges J of the two valves would cut off alike if their

centries occupied the same positions. It is also appare
that when edge % of the main valve has closed the p
b, the expansion will begin, independent of any action
of the cut-off valve. The longest distance the steal
can be allowed to follow the piston is, therefore, gov-

being confined to effecting the cut-off at some earlier
point in the stroke. This it effects for one stroke by the
edge G of the cut-off valve passing over the edge g of
port L, and for the other stroke by the edge M, passing
over edge N of the port K. The point in the piston
stroke, at which these two events will occur, depend



Adjustable Cut-Off Engine,
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upon the distance that G stands from g, and M from N,
if both the valves were at mid-travel, as shown in
tho figure. To regnlate this distance, so as to effect the
cut-off at different points in the piston stroke to suit the
amount of power the engine may be required to
possess, the cut-off valves are provided with nuts D,
which are a sliding fit, in pockets in the backs of the
valve, and through these nuts passes a right and left

CUTOFF o
VALVE
[

3

desirable point, and incapable of moving from that
point. But if the amount of work performed by the
engine varies, or when the steam pressure varies, the
screw affords means of either varying or maintaining
the power of the cngine by moving the cut-off valves
to alter the point at which live steam will be cut-off.

In Fig. 148, the main and cut-off valves are shown

in the positions most convenient for explaining their

CUT OFF
VALVE P

N R

b

g
7

CYLINDER
EXHAUST PORT

i

STEAM PORT

F_— -, v,"g/,’y-_wp:«b—

Fig.

hand screw 8, which, on being revolved, moves the
valves, either lessening the distance G ¢ and M N, or
increasing it, according to the direction in which 8 is
revolved.

The object of providing the cut-off valves with the
nuts P, is to permit them to seat themselves on the
main valve (notwithstanding their wear) without bend-
ing the screw S.

If the work performed by the engine was constant
in amount and the steam pressure was also constant,
the cut-off valves might- be kept in one position on the
screw, being adjusted to cut off the steam at the most

148.

construction, and not in that in which they would stand
when properly set upon the engine.

Suppose the cylinder stcam ports, and the ports in
the main valve, to be an inch wide and the main valve
to have an amount of steam lap equal to half the width
of the cylinder steam ports, or in other words, § inch
of steam lap, which will give a cut-off at about 4% piston
stroke, and the travel of the main valve being just suffi
cient to fully open the steam ports the action of the
main valve will not be unduly distorted by excessive
lap nor over valve travel.

Suppose the outer edges of the cut-off valve, if placed

PRI T T PR EELREDT e G SgraneeTTTY
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 Fig. 151 shows the positionsof the valves at the

of release or exhaust for the port e, thus com-
In moving
across the port to cffect the cut-off, the cut-off valve
reduces the effective width of stcam port opening, and
it is necessary to take this into account in considering

i)
et

I . .
e —

-,' . 149, the crank is on 1ts dead center a* the
nd B, the cut-off eccentric being, in this exam-
. set exactly opposite to the crank, and the main
5 ing no lead. It is here scen that, the valves
in the direction denoted by their respective
; the admission of the steam will occur through
d a, uninfluenced by the cut-off valve.

Fig.

149.

the steam admission. In Fig. 152, for example, it is
seen that, although the main valve steam port K is full
open to the eylinder port a, yet the effective width of
port opening for steam admission is the amount the
cut-off valve leaves the port K open.

‘We may clearly perceive the action of a cut-off
valve having the proportions already given, by means

tries and the valves when the cnt-off occurs, the erank
_' at half-stroke, and it is seen that the cut-off is

fccted by the eut-off valve independent of the main
valve,

]
e

¥
<
§
MAIN
ECCEN
CUT OFF
ECCENTRIC
S
% Fig, 150,

~ Pig. 150 shows the position of the crank, the eccen- |

of the diagram, in Fig. 153 in which lines A A and
B Bare an inch apart, that being, in this case, the width
of the steam port, the lengths of these lines is 2}
inches, representing, on a scale of one-eighth full size,
a piston stroke of 20 ineches, hence each of the vertical
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lines indicate a piston stroke of one inch. The piston
being moved one inch, the width of steamn port open-
ing is measured and found to be (on an engine having
a connecting-rod whose length equals three times the
length of the piston stroke, or what is the same thing,
six times the length of the crank) § inch. We mark,
therefore, on line 1 a dot § inch distant from line A A.

MODERN STEAM ENGINLES,

the cut-off valves were taken off, the main valve would
begin to close the steam port at 9} inches of piston
stroke and the cut-off would ocecur at 17% inches of
piston stroke. The events for the return stroke are
plotted out in the same manner in Fig. 154, and it is
seen that the eut-off valve began to act when the piston
had moved 4% inches, and before the main valve had

UG

The piston may then be moved another inch, the width
of port opening measured and marked by a dot on line
2. 'The piston is then moved to its third inch, the port
opening is measured, and its width marked on line 3.
Having continued this process, we may draw through
the dots a line which will clearly show the manner in
which the steam port was opened and closed ; this

Y/l s |

being shown in tbe figure by a full line. Thus we find,
from the figure, that the port was opened full when the
piston had moved 3} inches, and that the point of cut-
off is at the 9th inch of piston stroke. The manner in
which the mam valve would have cut off steam is
shown on the diagram by dots. Thus we find that if

fully opened the steam-port, which is, therefore, never
fully opened. The action of the main valve, after the
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cut-off valve has begun to act, is here shown by a
broken line. As the compression, lead and exhaust are
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entirely uninfluenced by the cut-off valve, it is unneces
sary to refer to them in connection with 1ts action.
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TUE POSITION OF THE CUT-OFF ECCENTRIC.

In an adjustable cut-off engine, the cut-off eccentric
is usually fixed upon the crank shaft. When the engine
is required to run in either direction, the cut-off eccen-
tric must, in order to enable the engine to run equally
well in either direction, be set directly opposite to the

120+
e
>
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CRERS

Fig. 155.
crank. But if the engine is required to run in one
direction only, there is some latitude in the position in
which the cut-off eccentric may be set.

CELE WAL WES. 113
width of the steam port) and we may investigate tho
limits, within whieh the position of the cut-off eceen-
tric may be varied as follows: In Fig. 155, the circle re-
presents the path of the crank pin and also the path of
the center of the eccentric, the line n represents the
throw-line of the cut-off eccentric, and m, that of the
main eccentrie, the former being set at 169° alicad of
the crank and at 59° ahead of the main eccentric, whose
angular advance is 20°. The positions of the parts, at
the point of cut-off, is shown in Fig. 156, and it is seen
that the cut-off eccentric has passed the point z, at
which it would move the valve the quickest, it follows
therefore, that while the cut-off valve has been moving
across the port K to effect the cut-off, the eccentric has
been moving through that part of its path in which it
moves the valve most rapidly. Continuing the motion
of the parts, we have, in Fig. 157, their positions at the

i
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Fig:

Let it be supposed that the cut-off valves are so sct
that if placed in mid-position (as shown in Fig. 148), on
the main valve, the edges G and M would be distant

156.

timne that the main valve cuts off, and it is seen, on com-
paring Fig. 156 with Fig 157, that the main and cut-off
valves have moved in the same direction and at nearly

> = 142‘ I

A
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N

Fig.

from the edges H J (Fig. 148), of the ports in the
main valve to an amount equal to the steam lap of the
main valve, (which, in this case, is equal to one-half the

157,

the same speed. But at the moment the parts are in
the positions shown in Fig. 157, the main valve is
moving faster than the cut.off valve, for two reasons,

i
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first, because its eccentric throw-line is nearer to its
mid-position z, and second, because the eccentric moves
the valve faster and further while moving a given
amount towards and ending at the line =z, than it does
while moving an equal distance after passing it.

This is shown in Fig. 158, in which L L represents
the line of motion of the valve, m the position of tle
center of the eccentric when 35° on one side of x, and
n its position at the same angle on the other side of z.
Setting a pair of compasses to represent the length of
the eccentric-rod, rest one point at m, and mark, on

Y,
-,

r

Fig, 158,

the line of centers L L, the arc o. Then rest one point
of the compasses at z and mark the arc p, and from o
to p, measured along the line T, is the distance the
valve would be moved while the eccentric moved from
m to x. Ilost the compasses at » and mark arc g, and
from p to ¢, on line I, is the distance the valve would
be moved while the eccentric moved fromn z to n. The
difference between the two amounts of valve motion
being shown by the dotted arc r. Now, suppose that
the main eccentric is at m, and it is clear, from the
positions of the valves in Fig. 156, that the position of
the cut-off eccentric must be such that, from and after
the cut-off, it will move its valve at least as fast as the
main valve is moved, or else the steam-port K will be
reopened, and live steam again admitted until such time
as the lap of the main valve itself eflects the cnt-off,

In Figs. 159 and 160, we have diagrams showing the
steam distribution, effected with the eccentries set as in
Figs. 156 and 157, and if we compare these diagrams
with those shown in Figs. 153 and 154 (for which the
cut-off eccentric was set directly opposite to the crank),
we find, in the case of the forward strokes, the cut-off
is at 9 inches in one case, and at 13 incles in the other;

MODERN ST'EAM ENGINES.

for the return strokes, it is at 9 inches in one case and
at 16 inchies in the other. 'We also find that from the
time the cut-off valve commenced to close the port,
until final closure and cut-off took place, there was, for
the two forward strokes, 5} inches of piston stroke in
one case and 9 inches in the other, and it appears that
by setting the cut-off eccentric back 11°, we have
delayed the point of cut-off, and wire drawn the steam.
The term wire drawn meaning that the pressure of the

/ /// \\\\ ‘ :
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live steam has, in passing through the steam ports
into the cylinder bore, been reduced by reason of the
amount of port opening being diminished on account
of the slow movement of the valve.

The reason that the point of cut-off occurs at snch
unequal points in the two strokes, is that in this case,
the cut off eccentric has been set in such position, and
its rod made of such length, as would give the longest
point of cut-off in each case withont letting the port
reopen.
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Fig. 160.
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To equalize the points of cut-off, we shall require to
move the cut-ofl eccentric, and shorten its rod. In
Fig. 161, for example, the positions of the crank, cut-
off eccentric, and valves are shown at the time the piston
is on the back stroke, and at its 13th inch of motion
(this being the point of cut-off for the other stroke),
and it is seen that the steam port L, is not yet closed.
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If, to close it, we move the cut-ofl eccentric aliead (in-
creasing its angle with the crank), we hasten the point
of cut-off for the other stroke, while if we lengthen the
eccentric-rod enough to close 1, we shall delay the point
of cut-ofl for the other stroke (and that would, in this
case, cause the port to reopen). The course to pursue

s
Y .7 2
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as in Fig. 156 (both valves moving togetlier after the
point of cut-off), the cut-off valve will not act on the
forward stroke after the 13th inch of piston stroke, and
since the main valve cuts off at the 18th inch of piston
motion (as is shown in Fig. 153), therefore no cut off
can be eflected between these two points.
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That this cannot be remedied by moving the cut-off
eccentric position, may be shown as follows: Refer.
ring again to Fig. 156, if the cut-off eccentric was
moved further ahead, its angle of 169 degrees being
increased, the cut-off would have occured earlier, while
if this angle was diminished the cut-off would not be
effected by the cut-off valve, because it would not fully
cover the port. )

In Fig. 162, for example, it is noved nearer to z, and
as a result the cut-off is eflected by the main valve,
Finally, if we moved the cut-off eccentric to position z.
Fig. 163, at the time the main eccentric stood at m, the
cut-off valve would not cffect the cut-off at all, since

Fiy. 164.

reopening and the points of cut-off are equal. In this
way, the longest possible equalized points of cut-off are
obtained.
It may now be pointed out that with the eccentrics set
15

it would not pass entircly over the main valve port.
The cnt-off eccentric is thus shown to be in position
to cut-off at the latest possible point, without reopening
the port when it is set as in Fig. 156.
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and the crank being on its dead center B, and the main
valve having no lead, the port « is closed,
In Fig. 165, the parts are shown in the position they

Having limited the position of cut-off eccentric in
one direction, we may now proceed to find its limit in
the other, or, in other words, find in what position to
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moved but 22°.  On continuing the motion, the parts

piston stroke. Inour previous examples. we have set
will arrive at the positions shown in Fig. 166, from

‘set it, in order to cut-off as early as possible in the | would occupy at the point of cut-off, the ecrank having
the cut-off eccentric either at 1830° or opposite to the ‘
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Fig. 166.
which it will be seen that the cut-off eccentric being at

n and the main eccentric at m, the. latter (being nearer
to its mid-position than = is to its mid-position) wilj

crank, or else at some lesser angle ahcad of the crank,
but we may set it at some angle behind the crank
instead of ahead of it (it being understood that ahcad

’.’861

move the main valve farther than the cut-off valve will
be moved, and it is clear that if the cut-off eccentric
were set at an angle of less than 90° behind the crank,
the cut-off valve would first effect the cut-off as in Fig.
166, and then lag behind and permit K to reopen. In
167, for example, we have moved the cnt-off

means less than 180° measured in the direction of
crank-revolution, and behind the crank means less
than 180° measured in the opposite dircction to that
of the crank motion). In Fig. 164, for example,
it is set at 90° behind the crank, the valve laps, travel,
etc., remaining the 'same as in the previous examples, ' Fig.
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eccentric so that it stands at 86° behind the crank, and,
us o result, the eut-off valve, after having cut-off the
steam laps behind, causing the port to re-open and live
steam to re-enter, as denoted by the arrow. The least
permissable angle behind the crank for the cut-off
cceentrice is, therefore, 90°,

The stecam-port opening of the valves, in Figs. 164
and 165, is given in kigs. 168 and 169, where it is scen
]

Fig. 168.

that the ports open less than a quarter inch and close
when the piston has moved one-half inch on the for-
ward and three-quarters inch on the return stroke.

/i
I7g. 169.

We have thus found the limits within which the cut-
off eccentrie can be moved on the shaft in either direc-
tion when the valves have the proportions given.  In
the following examples the proportions are asfollows :

Stroke of Piston ~ - — 18 inches.
Length of Connecting-rod 54 &
Width of Steam Port - -1 4
Steam Lap - - - 1 g
Lead of Valve - = . > T
Travel of Main Valve - 3 4
Travel of Cut-off Valve = o «

In Figs. 170, 171, 172 and 173, we have the port
opening when the eccentric is set to ent-off at 3, 4, 4
and % of the stroke, the proportions of the valves and
ports remaining unchanged, the eccentric having been
moved upon the crank shaft in order to effect the cut-
off at the respective points.

Here we find that when the cut-oft is to occur at less
than half-stroke, the cut-off eeceentrie is at an angle of
less than 180°0ehind the crank, while, when it is to oceur
later than at half-stroke, the cut-off ecccentrie is at an
angle of less than 180°akead of the crank, the extremes
of its position being for the shortest cut-off (}) 135°
behind the crank, and for the longest 169° ahead of the
crank. But its position, at the time the cut-off occurs,
varies but 6°; thus at the § cut-off, it stands, at the
point of cut-off, 5° ahead of its mid-position z, while
for the longest it stands 11° ahead, a difference of °
only for the whole range of cut-offs.

But if we alter the amount of lap on the cut-off
valve, and adjust the length of the cut-off eccentric-rod
so a8 to cqualize the points of cut-off for the two
strokes, we shall alter the josition of the cut-off eccen-
tric. Suppose, for example, that we reduce the cut-off
lap to } inch, thatis to say, let the edges of the cut-off
valve each come (when it is in mid-position as in Fig.
148,) within } inch (instead of the } inch, in our pre-
vious examples) of the nearest edges of the ports, in
the main valves, and the effect is shown in the following
figures: In Fig. 174, the cut-off is at § stroke, and
wo find that the cut-off eccentric stands 5° behind the
line z, instead of 5° ahead of it, as it was in Fig. 170;
also we find that the point at which the port begins to
close, is atl § inches, instead of at 1} inches as before,
thus giving a greater and therefore better port opening.

On the return stroke, we find the widest port opening
in both cases at 1§ inches of piston motion, but in Fig.
174, the port is a trifle wider open at the second inch,
which is a slight gain, as the steam is less wire drawn.

In Fig. 175, the cut-off being at § stroke, the port
openings are about equal to those in Fig. 171, and the
cut-off eccentric stands (at the point of cut-off) 11°
behind the line #, instead of 1° ahead of it, as it did in
Fig. 176. In Fig. 179, (the point of cut-off being at §
stroke) the port openings are about the same as those
in Fig. 172, the cut-off eccentric, in this case, standing
at the point of cut-off at §° behind «, instead of being
ahead of it, as in Fig. 172. In Fig. 177, the cutoff
being at % stroke, the cut-off eccentric stands at the
point of cut-off on the line r, instead of 11° alcad of
it, as in Fig. 173. Thus we find, that the added lap
has made but a very slight difference in the port open-
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begins to close the port before the cut-off valve comes
into action, as may be seen from Fig. 179. The
rounded corner ¢, Fig. 178, shows the cut-off by the
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or directly opposite to, the crank, so that its position,
with relation to the crank, will be the same, let the
direction of revolution be what it may.
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Fig. 118.

main valve. The rounded corner £, Fig. 178, is caused
by the valves acting in opposition to one another, the

AN

T

main valve moving in the direction to open, and the
cut-off jn the direction to close, the port. It may now

VARYING THE POINTS OF CUT-OFF BY MOVING TIE

CUT-OFF VALVES.

We may now assume the cut-off eccentric to be fixed
upon the crank-shaft, variations in the points of cut-off
being effected by moving the valves by means of a
right and left hand screw, which was shown in Fig. 148,
Let the engine be required to run in ore direction only,
and the propoertions to be as before:

Let it be required that the cut-off be made adjustable
at all points between } and £ stroke, and the first ques-
tion that arises is, at what point in the stroke are the
two points of cut-off to be cqualized, because the cut-
off cccentric must be set in such a position as to accom-
plish that end at some particular point in the stroke,

'y

7

N

/

N /

/|

\\ /|
STV
SR-7 7234569598 5654327
X,
15‘:
Fig. 180,

be pointed out that if the engine is required to run
backwards as well as forwards, as in the case of marine
engines, the cut-off eccentric is usually set at 90° from,

letting the variations come as thcy may at other points

of cut-off.
If we were to select the point of equalization of cut-
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It is evident, therefore, that the position of the cut-off
eccentric must be adjusted to conform to the require-
ments of the longest point of cut-off required, which in
this case, has been selected at three-quarters of the
piston stroke, or at 13} inches. Furthermore, since it
has been shown that the port nearest to the crank is
the one in which the port reopening oceurs first, this
is the one to be dealt with in finding a cut-off eccentric
position that will not effect a reopening of the port,
which may be done as follows :

From a center C, Fig. 181, draw a circle B D, having

as a radivs, mark from sand from C the dotted ares
intersecting at ¢, draw the line V, passing from C,
through the intersection ¢, and this line will represent
the throw-linc of the eccentric, set as much behind the
line I as it will stand ahead of it when the crank pin
is at B, the path of crank-revolution being as denoted
by the arrow.

Having found the angular advance of the eccentric,
which is the angle V I C (equal to 28° in this case), we
may proceed to find the position of the crank at the
time the main valve would cut off steam, and from this
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we can then find the position.of the main eccentric at
the point it would eut off. TFrom these two, we may
next find the position of the cut-off eccentric required
to cut off at three-gnarter stroke, without reopening the
port.

I'o find the position of the crank at the time the
main valve would cut-off, we simply draw, from the
center C, a line, passing through e where the steam lap
circle crosses the valve circle 7, and this gives us at H
the reqnired crank position, being as marked 132° from
B. From H we may find the position of the main
valve, at the time it cuts off, as follows :

We have found that with the erank at B, the main
eccentric would stand 28° ahead of line I, and as I is
90° from B, we have 90° plus 28° or 118° as the num.
ber of degrees the main eccentric stands ahead of the
crank, hence we mark the line M’ at 118° ahead of H,
showing the position of the main eccentric when the
crank is at 14 and the main valve cuts offi. We now
find the positions of the erank and main eceentric when
the piston is at three-quarters stroke, because from thes,
we may locate the necessary position of the cut off
eccentric. First, then, we mark point R three-quarters
of the distance from B to D (this distance representing
the piston stroke), and then with compasses set to rep-
resent the length of the connecting-rod on the same
scale as B D represents the piston stroke (one-sixth fulj
size), we mark, from R, the are P, giving at T the posi-
tion of the crank when the piston is at R. Now as the
main eccentrie is 118° ahead of the crank at T, we may
mark M, which is the position cf the main eccentric
when the cut-off valve is to cut off, the crank being
at T, and the piston at R.

Now while the main eccentric is moving from M to
M’, the cut-off eccentric must move its valve as fast as
the main eccentric moves s valve, and all we have to
do is to find where to place it in order to enable it to
do so0, which we may accomplish as follows :

If we draw from z, as a center, a semi-cirele G, having
a radius « M’, we shall find at « the position of the
cut-off eccentric at the time the main valve has arrived
at M’ and would eut-off the steam, and from this point
a we may obtain the position of the cut-off eccentrie at
the time its valve is to cut-off by setting the compasses
to the distance between M and M’, measured on the
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circle, and marking from e an arc n, from which we
may mark line N, giving the position for the cut-off
eccentric at the point of its valve’s cut-off, the erank
being at T, the piston at R and the main ececentric at
M. Now suppose the piston, the erank and the main
and cnt-off valves to stand in these respective positions,
and the eut-off, by eut-off valve, will occur while the
main eeccentric is at M and the cut-off eccentric is at N,
and being nearer to its mid-position = than M is to its
mid-position z, therefore N will move its valve fastest
and the port cannot reopen.

While the main eccentric moves from M to M’, the
cut-off eecentric moves from N to @, being, at each
point in its movement, nearer to » than M is, and there-
fore moving its valve faster. On arriving at ¢, how-
ever, N and M will be equi-distant from =z, and they
will move their valves at equal speeds. At this time,
however, the main valve will have closed the port and
reopening cannot oceur.

Having found the positions for the crank, the main
eccentrie, and the cut-off eccentric, at the time of
cut-off on the piston stroke from B to D, the erank
having started from B, and moved to T, we
may now find the corresponding positions for the
valves. Inthe upper half of Fig. 182, we have marked
the positions of the crank, the cut-off eccentric and
the main eccentric, simply transferring them from Fig.
181. To find the corresponding positions of the main
valve, we mark from the main eccentric position, the
dotted line m p, giving the point p. Now since the
line B D represents the stroke of the valve, and line «,
the valve’s mid-position, therefore the radius from p to
the line z, measured on the line B D, is the distanee the
main valve must have moved from its mid-position,
when the main eccentrie stands at m.

Now, if the center of the main valve stood on the
line X, it would be in mid-position, and all we have to
do is to mark from X, a line P distant from X to the
same amount that p is distant from the line « z and
from this new eenter P, we draw in the main valve.

The cut-off valve we draw in position, to just close
the port K at the crank end. For the return stroke, we
draw, on the lower half of the eut, B D, representing the
valve travel, and also the piston stroke as before; then
mark the piston position R, at the point of cut-off, and
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from this obtain the crank position, as in previous | eut-off valves, and from this we can easily ascertain the

examples. From the crank position, we mark the main
cccentric throw-line m, 118° ahead and from this the
cut-off cecentric throw-line 40° ahead of the main
cceentric.  From m, we draw the line r, showing what
distance the main valve has moved from its mid-posi-
tion, this distance being from » to x, measured on the
line B D, or in other words, from 7 to the center of the
circle.  We transfer this distance from X, obtaining P

lap.

Now in moving from the point of cut-off on one
stroke to that of the other, the cut-off eccentric has
moved from = in the upper half to n in the lower half
of the figure, the difference in its distance from mid-
position 2 being shown by the dotted lines E I'; all we
have to do then, is to draw a dotted line C from the
edge of the valve in the upper half of the figure, and

x N /"W /
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Fig. 182.

as a conter wherefrom to draw in the main valve, and
we then draw in the cut-off valve W, in position to just
close the port; knowing that to be its position at the
point of cut-off, and corresponding to the positions of
the crank and the eccentries.

Having found, for both piston strokes, the positions
of the main and cut-off valves at the point of cut-oft
we may find, therefore, the amount of lap the cut-off
valves are given by this constuction, the method being
as follows: We have in the lower half of Fig. 182,
the valves in position at the point of cut-off for the
return stroke, or while the piston is moving from the
head epd of the eylinder towards the crank, and we
require to find the position of the cut-off valve Z, on
the lower-half of the diagram, because this will give

us the distance between the two outside edges of the
16

draw in the cut-off valve, letting its edge M be put
back from dotted line C, to an amount equal to the
distance between the lines E F, and the positions of the
eccentrics and both valves will be shown on the lower
half of the figure.

To find the amount of cut-off lap, subtract the width
apart M G, of the cut-off valves from the width apart of
the inside edges of the main valve ports, or in other
words, from distance y in Fig. 182.

If we move the cut-off valves apart, by means of the
adjusting serew, sufficient to cffect the cut-off at half
stroke on the forward stroke, the point of cut-off will be
at 10 inches on the return stroke, as is seen on the dia-
gram of the port openings in Fig. 183.

By moving the valves still further apart to effect the
cut-off at } stroke, there is a variation of § inch in the
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two points of eut-off, as is seen in the diagrams of the
port openings in Fig. 184. This may be obviated. to
some extent, by giving to the screw-thread, that moves
the eut-off valve W, a coarser pitch than the thread
that moves Z, so as to move it more, a plan that is not
infrequently resorted to.
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main valve and the crank, at the point of cut-off, by
the eonstruetion in Fig. 185, which is, in this respect,
merely a repetition of former examples; B D represents
the full travel of the main valve, and the large circle
the path of the crank drawn to scale; d is the lap
eircle, d s is the valve lead, V I C the angular advance
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It will be noted that, throughout the whole of the
diagrams of the cut-off valves, the steam port openings
are grealy reduced by the aection of the eut-off valve.
whieh, assuming the full area of the steam port to be
required for the admission, eauses the steam to be wire-
drawn, especially at the carly points of cut-off This
may, to some extent, be remedied, by giving to the
cut-off valve, an increase of travel.

183.

of the main eccentric (placed for reasons already ex-
plained, behind instead of ahead of the line I). H is the
position of the erank, and m’ the main eceentric, these
two latter standing in the position they would oecupy
at the time the main valve would effeet the cut-off; R is
the position of the piston at the time we wish the
cut-off valve to effect the cut-off, and T the crank
position corresponding to piston position R. 'We mark

/
Ly

/2

Fiy.

It has been shown that, in a simple slide-valve, the
port openings may be increased by increasing the
amount of valve travel, but when a cut-off valve is
used, it is not permissible to give the main valve over-
travel, because the main valve would then begin to close
the port, instead of permitting the cut-off to be effected
entirely by the cut-off valve, The effect of giving to
the cut-off valve more travel than the main valve, and
the method of finding the positions of the eccentrjes
for any given amount of cut-off valve overtravel, ds
shown as follows: We first find the positions of the

.

54327
184.

m behind m’ to the same amount that T is behind H,
and thus have the positions of the erank and of the
main eccentric, at the time the cut-off valve is to effect
the cut-off. To find the position for the cut-off eecentric,
we mark arc Q Q, distant from the cirele B D, to half
the amount of overtravel of the cut-off valve, (hence
as Q Q, is § inch from circle B D, the cut-off valve will
have, in this case, an inch more travel than the main
valve). _

‘We then set a pair of compasses to the radius x m,
on circle B D, and transfer it to circle Q Q, getting the
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giving to the cut-off valve a further increase of travel,
making it 5 incles instead of 4 inches, and leaving the
main valve at its original stroke of 3 inches. The port
openings, with 5 inches of cut-off valve stroke, are
marked on the three last diagrams in dotted lines, and
it is seen that the increase is considerable in the longer
points o1 cut-off, but not so great in the shorter ones,
and, also, that the points of cut-off are more nearly
cqualized for the two strokes, let the cut-off occur where
it may. It is usual, therefore, to give to the cut-off
valve more travel than the main valve, and from what
has been said, the student may readily plot out diagrams
from any given dimensions, and work out the port
openings for himself. -

To obtain a wider steam port opening, and therefore
a fuller supply of steam, previous to the point of cut-
off (an object that is of great importance when the

Fig. 188,

cut-off is ‘to occur at early points in the stroke),
double or treble ported valves may be employed,
such valves being called griddle valves. Thus the form
of valve in the foregoing figures may be double ported,
doubling the port openings, or the same amount of port
opening may be had with less valve travel.

In Fig. 189 is shown an example of griddle, or
multi-ported, valves the main valve having the two
ports, K and L, on its face, and the four, g & p ¢, on its
back. The cut-off valve has four corresponding ports
(v u ¢, ete.), and, as only one cylinder port can admit
steam at one time, a full supply of live steam is ob-
tained so long as the combined openings of the ports,
g h p ¢, equal the port opening of the cyvlinder steam
port.  Thus, if the cylinder ports are an inch wide,
and the ports, g A p ¢, are cach onec-quarter open,
the total opening will be an inch, because the four
quarters equal an inch, and if, at this point in the piston
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motion, the eylinder port is open an inch, the steam
supply is not decreased by the cut-off ports.

The ports in the cut-off valve are made wider than
g I, cte., in the back of the main valve, because by this
means the cut-off eccentric is brought into a better posi-
tion to effect a quick cut-off and avoid wire-drawing,
as will be understood from Tig. 190, in which the full
lines represent the ports in the cut-off valve made twice
as wide as those in the back of the main valve, and the
dotted lines show the cut-oft ports if made of equal
width with the main valve ports g %, ete. The main
eccentrie is at 7, and with the cut-off ports made twice
as wide as g %, the cut-off eccentric will be at n, when
the valves are in the positions shown, and when the
cut-off takes place the cut-off eccentric will have arrived
at n’.  Thus it will be seen that through widening the

i ,.A~]

Fig. 189.

ports in the cut-off valve, the cut-off has been eflected
with the cut-off eccentric in the most desirable position
for cutting off quickly.

Now suppose that the ports in the cut-off valve were
as denoted by the dotted lines, or in other words, were
cf equal width with those in the back of the mam
valve, and, in that case, the cut-off eccentric will be at
n when the cut-off is effected, the port edges a b ¢ d of
the cut-off valve having closed portsg 7, etc., and the
cut-off valve will not have been moved so quickly,
hence the steam would be more wire-drawn. Another
and important consideration is that in order to effect
the cut-off at late points in the stroke, the cut-off eccen-
tric would require to be placed nearer to the main
eccentric, and the two would travel at a more nearly
equal speed, causing a very slow cut-off port closure,
and therefore, great wire-drawing.

This may be secn as follows: Taking the dotted
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lines to represent the cut-off valve ports, and the cut-off
wiil be effected with the crank at T, the main eccentrie
at m, and the eut-off eccentric at n.  To enable the cut-
off to take place at a later point in the crank path, we
must put the cut-off valve back, (or to tho right of the

2

when at the point of cut-off. Tt being assumed that the
cut-off valve is to be set to cut-off at its longest point
at the same time as the main would cut-off, we may
locate the corresponding position of the eut-off eccen-
tric from that of the main ececentric as follows: In

A

vAn V]

Fig.

figure), and to do this, we must put the cut-off eccentrie
n back, or nearer to the main eccentrie m, eausing both
valves to travel at a nearly equal speed and, as before
stated, effeeting a very slow cut-off port elosure.

The extra width of the cut-off valve ports must be
situated equally on eaeh side of the ports in the main

Ihg. 191.

valve when the two valves are placed in mid-position,
as in Fig. 189, so that the ports may all close simulta-
neously, as in Fig. 191.

To investigate the action of the valves, and locate
the positions of the eccentries for any point of cut-off,
we first find the positions of the various parts, at
the point of cut-off by the constrnetion shown in pre-
vions examples, and repeated in Fig. 192, H being the
position of the erank, and m that of the main eccentric

190.

Fig. 193, we have the positions of the valves corres-
ponding to crank-pin position H, and main valve posi-
tion m in Fig. 192, and in Fig. 194, we have the ports
t u v, cte., in the eut-off valve twice as wide as those in
the back of the main valve, and it will be fonnd that
the cut-off eccentric must be set in advance of the main
eceentrie, suffieently to move the cut-off valve the dis-
tance e, or that between the dotted lines W and Z, the
former being fair with the outside edge of the main
valve port, -and the latter fair with the opposite edge of
the cut-off port. Supposing the ports g %, ete, to
measure } inch, and ports ¢ u v, etc., to measure an
inch, and the distance ¢ (the two valves being placed in
their mid-positions) will measure § inch. Continuing
the construction of the diagram, Fig. 192, we draw the
line G, passing from m to line B D, and at a right angle
toit. Then on line B D, measure off from G the dis-
tance e, Fig. 194, and draw line »’, giving, at its inter-
section with the outer circle, the location of the cut-off
eccentrie as shown by the line n n.

The construction is simple enough when we consider
that the line B D represents the valve travel full size,
and Fig. 194, the valves one-quarter full size, and
that the main eccentric Leing at m (Fig. 192), we have
by lines G #/, (distant apart equal to four times e, or
inch in this example) found a position for the cut-off
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eccentric » n, that would move the cut-off valve 4
inch as required. Suppose, now, that it were required
to find the position of the cut-off eccentric, when the

28
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center C, the arcs ¢. A line V drawn through C g,
gives the angular advance of the main eccentric.
From ¢, on V, we draw the circle X, and from C,

4!
i

n

arv

Fig. 192,

piston is to have its steam cut off at half-stroke, and
we draw a circle B D, Fig. 195, equal in its diameter to
the stroke of the valve, and a circle d whese radius

We

equals the amount of lap on the main valve.
mark point S distant from d to the amount of lead the

main valve has. With a radius, equal to one-half the
radius of circle B D, we mark from S, and frem the

through e, where circles d and X intersect, we get at I
the position of the crank at the time the main would
cut off.

To find the corresponaing position of the main valve,
we add to 90° the angle V I, whatever it may be (in
this case it is 28° as marked) and get at m’ (118° from
H), the position of the main valve at the time it would
cut off the steam, independently of the cut-off valve.
‘We have next to find the position of the cut-off eccen-
tric, when sct to cut off at the same peint as the main
valve, and to do this, we draw from =/ line G. We
then take the full distance the edge of the cut-cff valve
stands from the edge of the main valve (when both
valves arc in mid-position as denoted, by e in Fig. 195),
and mark line »’ distant from G te the amount of e,
Fig. 195, and this gives us the peint 7’/ en the outer
circle, and from this we draw the line »’/ #’/, which is
the position of the cut-off valve, when the crank is at
H, and the main valve at m/. Then we mark, at T, the
position of the crank when the piston is at half-stroke,
and it is clear that, having moved the crank back from
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H to T, we must move the main and cut-off eceentrics
back an equal distance, hence, with compasses set to

radius H T, we mark from m’ point m, which gives the
position of the main eecentric when the piston is at

ROESE Libmss
UNIVERSIY
CALIEORNIA .
Now suppose the positions of the crank and eccen-
trics to have been determined by this method, the cut-
off valve ports being 1 inch wide, those in the back of
the main valve § inch wide, the eylinder ports being 1
L

half stroke, and with the same radins we mark from 2’
point #, which is the position of the cut-off eccentric
when the piston is at halfsttoke. The proof of the
constrnetion is, that the two eccentries stand at 30°

Iig. 194.
apart in cither case, and the main eccentric is 118°
ahead of the crank, hence we have merely first found
the position of the parts when the main valve cuts off
and then moved them all back together to get their posi-
tion at another point of cut-off.

inch, the main valve having } inch steam lap and o
lead, the travel of both valves being obtained by add-
ing the width of the port to the amount of the steam
lap and then multiplying by 2 (this amount of travel
being sufficient to let the main valve fully open the
steam ports); suppose also the main and cut-off eccentries
to be so set on the shaft that with the cut-off eccentrics
moved as close together as possible, both will cut-off
the steam at the same point in the stroke, and the crank
being at H, Fig. 195, the main eccentric will be at m’
and the cut-off at n’/, and the port openings will be as
in Fig. 196 (these openings having becn obtained, as in
previous examples, by moving an engine piston and
measuring the port opening at each inck of piston
motion).

It is scen from this diagram that up to the eleventh
inch of piston motion, the admission is as free as if no
cut-off valve were employed, since the amonnt of pori
opening is equal to that given by the main valve. The
admission is, therefore, more free and the cut-off more
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sharp than in the cases in which the main valve had
but one port., We have now to consider the means by
which the valves are to be enabled to cut off at other
points in the stroke, and this can, in the case of a single
cut-off valve, as in the examples now under considera-
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tion, be done by increasing the stroke of the main
valve, whereas if two cut-off valves were used on the
back of the main valve, the earlier points of cut-off
must be effected by means of moving them apart by a
screw, such as in Fig. 148.

Now suppose that the eccentrics having being set by
the construction given in Fig. 195 (the longest point of
cut-off effected by the cut-off valve equalling the point
at which the main valve ents off), and suppose that we
increase the. main valve travel sufficiently to effect the
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Fig. 197.

ent-off at half-stroke, and we shall find that the admis-
sion will oceur as in Fig. 197, the port closure from the
first to the sixth inch of piston motion occenrring be-
cause the extra travel given to the main valve causes
its port edge to partly cover the port K, as in Fig. 198.
This may obviously however, be remedied by cutting
away that edge as n Fig. 199, which will not affect in
any other way the action of the valve.

To find the amount the travel of the main valve must
be increased to effect the cut-off, at some earlier point

.
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in the piston stroke, as say for example, at half-stroke,
we proceed as in Fig. 200, in which the position of the
crank, when the piston is at half-stroke, and the corres-
ponding positions of the main and cut-off eccentrics,
are found by the same construction as in previous

examples. Now, it will be found that if we place the
two valves in their mid-positions, the amount the throw

" (not the travel) of the main eccentric mnst be inereased,

in order to change the point of cut-off from what it
was in Fig. 196, to half piston stroke, will be equal to
the distance e, Fig. 201, and as the position of the cut-
off eccentric will not be infinenced by increasing the

Fig. 199.

main eccentric throw, we draw a line »’, on the diagram
Fig. 200, and from this, a second line G, distant from
n’ the amonnt represented by e, in Fig. 201, (which
being 3 inch, and the illustration being one-gquarter
size, makes the distance from #’to G become § inch)
we then draw an arc J J, passing through the point
where line G and the cut-off eccentric throw-line inter-
sect, and the distance between the circle and the arc
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To find the threw of the main eccentric necessary, in
order to cut off the stcam at one-quarter stroke, we
find the crank pesition with the piston at quarter stroke,
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Frg. 203

as in Fig. 204, and then, by the construction explained
with reference to Fig. 195, find the corresponding posi-
tions of the main and cut-off eccentrics. We then
draw the line n’, and, from this, mark peint G distant
from »/ the ameunt represented by ein Fig. 201,or in
this case, 3 inch. From G we mark the arc J, and the

‘Y.
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Least or normal travel of main valve, — - 3in.
Travel of main valve te cut off at half stroke, 3% «
113 1 113 113 T *® one-quar. 114 4%_ 13

Increasing the main valve travel to 4} has, however,
again increased the lead, making it £ inch full.
In Fig. 205, we have the port openings for the cut-
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Fig. 205,
off at ene-quarter streke, and it is seen that they
are much greater than in Fig. 184, where a single-

ported cut-off valve was used.
If two separate main, and two separate cut-off, valves

Fig, 204,

radius @ is the amount of increased travel, above that
required for the longest cut-off, necessary to cut off at
one-quarter of the pisten streke.

As the radius @, measures in. this case & incly, the in-
crease in the valve travel is §, and we have:

are employed, being connected by arms A and B, Fig.
206, the construction is the same except that the valve
does not need the outer ribs X X’ in Fig. 193, which
are necessary, in that case, to clese the end ports in that
figure ; it being obvieus that, in the absence of X’ the
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left hand port in the main valve would be left open,
while the others are closed. In Fig. 206, however, the
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one and a half times the width of the steam port, and

the valve exhaust port (or, more properly, exhaust cavity)
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Fig. 206.

cut-oft ports for one cylinder port being separated from
those of the other (by reason of separate valves being

need only equal the width of the cylinder exhanst port
added to twice the width of the bridge. It may also
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used), the cut-off valves need not bridgo the end ports
g ¢- Iin all other respects the valves aro essentially
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Fig. 208.

alike, and so also is their action, which may be investi-
gated in the same manner, and (under equal conditions)
with like results, by means of the diagrams already
explained. It may be pointed ount, however, that the
exhaust ports, in the main valves and in the cylinder,
need not be so wide where two main and two cut-off
valves are used, because they act for one steam port
oniy, hence the eylinder exhaust port need only equal

20

-1

be noted that were it not that the main valve stroke is
increased in order to effect the earlier points of cut-off,
the cylinder exhaust port would only require to be of
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the same width as the cylinder steam ports. The ports
K I, in the main valve, are made wider than the cylin-
der ports @ and b, so that they may not unduly close
them when the main valve stroke is increased to effect
the earlier points of cut-off, a matter that was explained
with reference to Fig. 198.

It is obvious that, instead of increasing the throw of
the main eccentric in order to effect tho cut-off at differ-
ent points of the piston stroke, we may employ sepa-

O
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rate cut-off blocks and move them apart by a right and
left hand serew S &, Fig. 207.giving an example of
the arrangement. The distance the cut-off blocks must
be moved, in this case, in order to vary the point of
cut-off to any given amount, may be found by the con.
struction in Figs. 181 and 182, the amount the cut-oif
valves must be moved exactly equalling the amount of
increased travel the main valve must have to cut-off at
any point earlier than the longest point of ent-off.

It is better, however, to cffeet the earlier points of
cut-off by increasing the main valve travel than it is to
move the cut-off valves, because a more free adnission
of steam is given. Suppose, for example, that the
valve, in Tig. 198, had cut-off valves adjustable by a
serew, as in Fig. 208, and that the cut-off eecewutric
being set to cut-off at the same time as the main valve,
we move the cutoff valve § inch (by ineans of the
screw) wider apart so asto effect the cut-off at half-
stroke, and the port openings will be as in Fig. 209,
which, on eomparison with Fig. 203 for the cut-off at
half-stroke by means of increasing the main valve
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Fig. 210,

\
travel (all the other elements being alike for the two
cases), shows the steamn admission to be more tardy and
the cut-off less sharp. Fig. 210 gives the port openings
with the cut-off valves adjusted to cut off at quarter-
stroke, and compares very unfavorably with Fig. 205,
in which the cut-off was effected by increasing the main
valve travel, the cases being identical in all other re-
speets, that is to say the dimensions of valve ports, etc.,
are alike in the two cases.

Fig. 211 represents a cut-off valve, which operates
on a fixed seat in a steam chest divided into two
compartments, e and 4. It is obvious that, in this class
of valve, the steam that surrounds the main valve in

MODERN STEAM ENGINES

the lower compartment b of the chest, is not affected
by the cut-off and acts to maintain the pressure of the
steam in the cylinder after the point of cut-off, hence
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it is desirable to keep the size of the lower compart-
ment as small as possible, and thus limit its cubieal
contents.

Tn this design of valve gear, the longest point of
cut-off is obtained by the shortest amount of valve
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Fig. 212.

travel, and if the portsin the cut-off valve are of the
same width asthose in its seat, the least amount of
travel that will effect the cut-off, is that equal to twice
the width of the ports. The two.extreme positions of
the valve are shown in Fig. 212, these being the
positions at their respective points of cut-off for the
two piston strokes, and it is seen that the valve, moving
from its position in the upper to that in the lower half
of the figure, has traveled a distance equal to twice the
width of the port.

The useful range of this form of valve, is limited
by reason of the extreme amount of wire drawing of
the steam that ocecurs if it is attempted to cut-off steam
at late points in the piston stroke, and the design is
therefore, useful for the earlier points of cut-off only,
as from quarter to half-stroke.
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TO FIND THNE LIMITS OF THE RANGE OF CUT-CFF.

The longest or latest point of cut-off being given to
find the carliest point at which the valve can effeet the

cut-off, the amount the valve stroke must be inereased, .

and the position for the cut-off eccentric, we proceed as
in Fig. 213, in which the inner circle B D represents
the shortest amount of ‘valve travel (its diameter equal-
ling twice the width of the ports), and T the position of
the crank at the latest point of cut-off, 8 represents a
portion of the valve seat containing one port (which is
all that is necessary sinco the openings at all the ports
in the seat will be alike), and V' represents a portion of

H!

and the shortest valve stroke, from these may be found
their positions for the, shortest point of cut-off and the
longest valve stroke as follows:

The crank being on its dead center B; the cut-off
eccentric at »; and the edge of the valve at d when
the parts are set in the position necessary for the
shortest eut-off, the question is, how much we must
lengthen the valve stroke in order to enable the valve
to cut-off as carly as possible, and to find this, wo mark
a dotted line f, distant from edge e of tho port to the
amount the port must be open for the lead when the
crank is at B. 'We then take the distance d £, and mark
trom =’ the point g, and draw line g g, we then prolong

the valve containing one port. Now, it is clear that the
cat-off eecentric must stand as much Dehind the dead
center B as the ecrank stands ahead of it when the cut-
off occurs, henee we take the radius BT, and from B
mark, at a, the position of the cut-off cccentric when
the crank is at B, and it follows that while tlie crank
moves from B to T, the cut-off eceentric will move from
n to B, effecting the cut-off when it arrives at B, at
which time edge a of the valve will be fair with edge 3
of the port. To find the position of the valve when
the crank is at B and the cut-off eccentric at n, we
mark line n »’ and takeo the radins C n; with this
radius, and from edge b of the port, mark edge d of
the valve, it being clear that edge < of the valve must
be as far from itsnid-position b (when the valve isin
nid-position, edges d and b coincide)as 2’ is distant from
C. From d mark off edge « of the valve equal to the
width of the port in the seat. We have thus found the
positions of the parts for the longest point of cut-off

n by a dotted line J, cutting ¢ ¢ at K, and through K
we draw a circle P, representing the path of the cuti-off
eccentric when set for the shortest point of ecut-off.
We have thus increased the throw of the eccentric to
the amount » K, and, by doing so, moved the cdge of
the valve from d to f leaving the port open to the
amount e f, which is necessary for the lead, which will
obviously equal as many times the opening e fas there
are ports in tho cut off valve.

Having found the path of the eccentric for the short-
est cut-off, we find the position of the crank at the
shortest point of cut-off by taking the arc, or radius,
K G and mark it from P, thus getting at H’ the required
crank position at the shortest point at which it can cnt
off and leave the valve open to the amount e f of the
lead.

In Fig. 214, we have a diagram of the port openings
for the longest, and in Fig. 215 a diagram of the port
openings for the shortest, points of cut-off found by the
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diagram Fig. 213, and it is secen that, in the latest
point of cut-off, the steam is extremely wire-drawn,
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which oceurs because as tho cut-off eccentric approaches
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the point B, it nccessarily moves the valve very slowly,

MODERN STEAM ENGINES.

‘We may, to a certain extent, improve the admission,
and prevent the wire-drawing, by making the cut-off
valve ports wider than the port in its seat, and setting
the cut-off eccentric to correspond. Thus, in Fig. 216,

the cut-off valve ports are 1 inch wide and the scat

ports are 4 inch wide. The least amount of cut-off
valve stroke is, therefore, 1} inches, or the width of
the port in the valve added to the width of port in the
seat.

The circle B D represents the least amount of valve
stroke, and T the crank at the longest point of cut-
off.  'We mark » (as far behind B as T is ahead of B),
and thus get the position of the cut-off eccentric when
the crank is at B. To find the correspondiug position
of the valve, we take the radius from the point D to
’, and, with this radius, mark from e the edge d ot
the valve, it being obvious that when the cut-off eccen-
tric was at D, edge d of the valve was at e and at one
point of cut-off, hence while the cut-off ececcentric
moved from D to »’ (or what is the same thing to n
since #” shows the amount of linear motion caused by
the eccentric in moving D to z), the valve edge d
moved from e to its position in the figure. Now it is
clear that in lengthening the cut-off eccentric throw,

n
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Fig. 216,

gearcely moving it at all during the 2 inches of piston | from « towards K, we move the valve edge d baclk

motion previous to the final point of cut-off,

towards e, and the utmost we can do this, and still leave
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the port open for the lead, is the radius ¢ f; hence we
mark f, distant from e to the amount of lead the valve
is 1o have, and taking radius  f we mark from n’ the
point g, which gives the amount we can push the valve
back to lengthen its travel while still leaving it

12348 854324
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the amount ¢ f of lead. From g we draw the line
g g’ and then prolong the eccentric throw-line by a
dotted tine J, and through the intersection, at K, of J
and ¢’, we mark circle P whieh represents the path of
the center of the eccentric when its throw is inereased
for the shortest point of cut-off.
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To find the crank position at the shortest point of
cut-off, mark line B G at a right angle to B D, and

take the are K G (in this case 63°), and from B’ mark

I, which is the crank position at the shortest point of
cut-off, the crank throw-line being at H’ 1. For the
longest point of cut-off the valve will effect, we have,
then, the piston at its dead center B and the ent-off
eccentric at #, while for the shortest point of cut-off we
have the erank on its dead center B, the cut-off eccen-
tric at K, and the edge d of the valve at e open for the
lead. Having set the parts by this construction, Fig.
217 shows the port openings at tho longest point of
cut-off, and it is seen that, although the wire-drawing
is less than in Fig. 214, it is still inadmissably great
during 6 inches previous to the point of cut-off. But
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Fig. 219,

we may set the valve by this construction, and not
employ it to cut-off at a later point than lhalf-stroke,
the steam admission for which is shown in Fig. 218,
and it is seen, on comparison with previous diagrams
representing the port openings when the eut-off is at
half-stroke, that the steam supply is here fuller and the
wire-drawing less. Lengthening the valve stroke suf-
ficient to cffect the cut-off at quarter-stroke, we get the
port openings shown in Fig. 219, and here again it will
be seen, on comparison with previous diagrams, that
the port opening is unusually wide and the cut-off
sharp and, therefore, advantageous in both respects.
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VARYING THE PoiNT oF CUT-OFF BY SHIFTING THE KECCENTRIC ACROSS TNE CRANK-SIAFT.

Instead of emploving a separate cut-off valve, the
points of cut-eff may be varied by employing a single
valve and shifting the position (on the crank-shaft)
of the eccentric so as to reduce its throw, and therefore
the travel of the valve. The line in which the eccen-
tric may be moved, is shown as follows:

In Fig. 220 is shown an eccentric whose bore is
slotted so that it may be shifted across the shaft. The
circle r represents the path of the center of the eccen-
tric when moved to its position of greatest throw, as
shown in the full lines, the center of the eccentric
being at e. The circle f represents the path of the
center of the eccentric when shifted te its pesition of
least throw, as denoted by the dotted circle H, the center
of the eccentric being at z.

The circles » and f, Fig. 221, correspond to circles r
and f in Fig. 220, the radins C « representing the lap
of the valve. The vaive is shown to have no lead, the
cccentricrod R being shortened for convenience of
illustration; the crank is suppesed to be on its dead
center at B. Now suppesc the eccentric-rod R to be
pivoted on the valve, the other end heing disconnected,
and if we move it across the outer circle (which repre-
sents the path of the eccentric. center when at its great-

est throw) the center of the eccentric-strap bore will
138

move in a path denoted by the line from e . During

that part of this line that runs from e to z, the throw
of the eccentric will be reduced and the cut-off has-
tened, the engine running in the direction deneted
by the arrow, but after the eccentric has passed the line
z, the valve would be in pesition for the engine to run
in the oppesite direction, its throw increasing as it is
moved towards the point d. As the valve and crank
have remained motionless while the eccentric-rod was
moved across the shaft to mark the line e d, it is clear
that so far as this crank pesition (B) is concerned, the
eccentric may be shifted to any position between e and
d without altering the valve lead.

Now suppose the engine to make a half-revolution,
the crank being on the dead center D, as in Fig. 222,
the pert & being about to epen for the live steam, and
supposing the eccentric-rod to be pivoted to the valve
as before, and the valve and crank to remain at rest,
then the center of the eccentric-strap, in being moved
across the shaft, will move in a path denoted by the
line ¢/ &’ DBut while the crank moved from B to D,
the line e d, Fig. 221, has moved to the position shewn
in Fig. 222, and it becomes evident that the port &
would be given an amount of lead represented by the
distance between ¢’ and e. This amount will obviously
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diminish as the eccentric is shifted across the shaft
towards the position « of least throw until, on arriving
at x, there would be no lead for either port, because at
x the ares e d and ¢’ d’ eoincide.

It is obvious, however, that the longer the eccentric-
rod is, the nearer the arc e d will approach to a straight
line, and that if it were a straight line the distance e ¢/
would be less and the lead variation would also be less.
while, if the eccentric-hanger was infinitely long so as
to move the cceentric-hanger in a straight line, the lead
would be equal for the two ports.

The eccentric is also attached to an arm or hanger
that swings on a center, and it is obvious that the
longer this hanger is, the nearer the arc e  will be to a
straight line and the less the distance e ¢’ and the lead
variation will be.

For the purpose of considering the lead variation
due to swinging the eccentric across the shaft in an arc
of a circle, 1t 1s sufficient to suppose the eceentric-rod
and eccentric-hanger to be of equal lengths.

The amount of lead variation, thus shown to accom-
pany the shifting of the eccentric across the shaft, will
o’t;vious]y increase in proportion as the range of cut-off
is increased.

In order to make the lead variation show plainly in
the figurcs, the length of the eccentric-rod has been
taken, as equal to but six times the amount of the valve
travel, and as the cccentric hanger has been taken as
of the same length, the same radius serves for arc e d
and ¢/ J'.

In Fig. 223, the valve is supposed to have lead, the
arcs g being distant from circle £ to the amount of the
valve lead, and therefore distant from C to the amount
of the lap and the lead. With the crank at 13, the
eccentric center, when in its position of greatest throw,
will be at e, and the cut-off will occur when it has
arrived at . This is clear, beecause if we placed the
valve in position at cut-off, and mmoved the strap end
of the eccentric-rod across the shaft, its center would
move in the arc from f to d.

It will, therefore, be perceived that whatever position
the center of the eccentric may be shifted to, between
the points from e to the line 7 of eenters, the cut-off will
occur when the eccentric center passes the line f d.
Similarly when the crank is at D, and the port 4 is open
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to the amount of the lead, the eccentric center ought to
be (if the valve is to have equal lead) at e/, but it will,
for reasons already explained with reference to Fig.
222, be at ¢’’, hence the lead will be greater for port b
than for port . The cut-off, however, will oceur when
the eccentric center crosses the arc from f to o, this
arc being the path that would be described by the
center of the eccentric strap if the eccentric-rod was
pivoted to the valve, and its strap end moved across
the shaft. It follows, therefore, that the cut-off will be
later for the stroke when the piston is moving from the
head end to the crank end, and it is also seen that as
the two arcs ¢’ and ¢’’ coincide on the line of centers,
therefore the lead will be diminished in proportion as
the eccentric is moved towards the line of centers for
earlier cut-offs, and will be all taken up when the eccen-
tric is at its inner position for the shortest cut-off.
Instead, however, of shifting the ecccentric from a
pivot or pin situated on the Ime of engine centers, we
may do so from a pin on a line m m, Fig. 224, at an
angle to the line of centers which will reduce thé valve
lead for the longest points of cut-off, and either increase
the lead at the early eut-offs for both strokes, or for
the head end port only. according to the angle of the
line m m to the line of centers. Thus, in Fig. 224, the
eccentric is supposed to be shifted across the shaft from
a point or pivot on the line m m. The ares g g, have
a radius from the center C, equal to the amount of
lap of the valve. The are e « is drawn with the length
of the eccentric-rod as a radius, and from the center of
the valve, when the latter is in position ready to open
port a for the lead, and, therefore, represents the path
in which the eccentric must move aecross the shaft in
order to maintain cqual lead for all points of cut-off
on this piston stroke. But the path in which the eccen-
tric would actually move (its point of suspension being
on the line m) is shown by the arc ¢’ 2/,and it is seen
whatever the amount of lead at ¢/, it will increase, as
the eccentric is shifted towardsa’ for the carlier cut-offs.
‘the amount of difference in the lead will obviously
depend upon how far distant the point of eccentric-
hanger suspension is located away from the line of
engine centers.
~ Turning now to the stroke when the piston is moving
from D to B, and the port 4 is taking steam, the arc ¢’
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x’’ being struck from the line of centers ! of the
engine, and with a radins equal to the length from the
center of the cylinder ports to the eenter of the crank-
shaft is, as in previous examples, a line parallel to
which the cccentric must move in order to keep the
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drawn, this being the arc on which the eccentrie will
actually move when shifted across the shaft, as may be
seen as follows:

Suppose the crank to be at D, and the point of eccen-
tric suspension to be on the line m to the left of the
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Fig. 224.

lead equal on this stroke for all points of cut-off. To
find the line in which it will actually move, the line m
m must be prolonged to the left hand of the figure, and

Fig. 225.

from a point on this line, and with the length of the
cccentric-hanger as a radius, the arc ¢’’’ 2’/ may be

figure, and if a pencil be inserted in the center of the
eccentric and the cccentric-hanger were operated by
hand, then the pencil point would mark or describe the
arc ¢’’’ o'/, For this stroke, therefore, the amount to
which the lead will vary as the eceentric is moved from
its outermost to its innermost position is that repre-
sented by the difference of the distance between ¢’’ and
¢’’’ and «’’ and «’’”. The variation in the amount of
the lead, for the two ports, is shown, for the longest
point of cut-off, by the difference in distance between
the points e and ¢’ and that between e’/ and ’”,
while, for the shortest points of cut-off, it is shown by
the difference between the points  #” and o’ «/*/.

TO FIND THE PISTON TOSITION FOR A GIVEN ECCEN-
TRIC TOSITION.

In Fig. 225, the arc f has a radius equal to the lap
of the valve, and circle g a radius equal to the lap and
the lead, and it follows, from what has already been
explained, that with the crank at B, and the valve open
to the amount of the lead, the eccentric, when at its
greatest throw, will be at ¢, and the cut-off will occur
when it arrives at d. As the crank will move through
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the same nnmber of degrees of arc that the eccentric
does, we may set the compasses to radius e d, and mark,
from B, the position H of the crank at the point of
cut-off. To find the corresponding piston position, we
set a pair of compasses to represent the length of the
connecting-rod on the same scale that the outer circle B
D represents the path of the crank-pin, and from a
point on the line of centers ¢ I of the engine, mark
from H an arc, giving at s the position of the piston at
the point of cut-off. Suppose, for example, the engine
stroke was 24 inches, and the outer circle 7 being 3
inches will represent the path of the crank-pin on a
scale of } full size, or } inch per inch. Supposing the
connecting-rod to bear the ordinary proportion of three
times the length of the piston stroke, and its length
will be 72 inches, hence the radius of the arc I s will
be 72 cighths of an inch, or 9 inches. Then as the dis-
tance from B to s is 1% inches, we multiply this by §
and get 15 inches as the piston position at the point of
cut-off.

If now the eccentric be moved to position v, its
path will be on the circle z and the cut.off will occur

. when the eccentric arrives at £, becanse at that time the
valve will be moved from its mid-position to an amount
equal to the amount of the steam-lap; hence the arc
moved throngh by the cecentric from the beginning of
the piston stroke to the point of cut-off, is the arc v ¢
To find the position of the crank at the point of cut-off,
we take the radius v ¢, and from B’, on circle » at the
line of centers, mark an arc G. A line from the center
C, and cutting the point of intersection of arc G with
-circle u, gives at h the position of the crank at the
point of cut-off. An arc whose radius represents the
length of the connecting-rod, and whose center is on
the line of engine centers, gives at m the position of the
piston at the point pf cut-off.

If the cccentric be moved further across the shaft
to the position represented by #, the path of its center
will be on the cirele 7, and to find the position of the
crank when the cut-off occurs, we take the radius wn,
and from B’’, where circle y crosses the line of centers,
mark an arc J, and a line from C, passing through the
intersection of J with circle y, gives, at 2/, the crank
position at the time the cut-off occurs, while the arc
from 2’ gives, at p, the corresponding piston position.

We have now to consider the earliest point at which
the cut-off can be effected, hence let it be supposed that
the eccentric center is moved to position z, and the
crank being on its dead center at B, the port will be
open to the amonnt of the lead, and as the cut-off will
occur when the cccentric reaches 2/, we take the radius
x 2’ and mark it from B’”’, obtaining, by the same lines
as before, the crank position 2’/. Tt is obvious, how-
cver, that if the valve had no lead, there wonld he no
admission, becaunse when the crank was on its dead
center B, the port would be blind, and as soon as the
crank moved, the valve would move back further over
the port.

TO FIND THE AMOUNT OF STEAM PORT OPENING FOR
EACII POINT OF CUT-OFF.

In Fig. 226, the outer circle represents the path of
the cccentric center when at its greatest throw, while
the circle £ f has a radius equal to the steam lap uof the
valve. Now, suppose the path of the eccentric senscr

Fig, 226,

to be on the cirele r 7, and when it is at e, the valve will
have moved from its mid-position to the amount or dis-
tance C 2, the point = will, therefore, represent the
edge of the steam port and the edge of the valve when
the cccentric is at e. While the cccentric is moving
from e to D, it is opening the port, hence the maximum
amourt of port opening may be measured from z to






CHAPTER. VIL

ExamprLes FrRoM Practick.—AvuToMATIC CUT-0FF EXNGINES.

Automatic Cut-off Engines may be divided into two
classes, as follows: Those in which the valve is released
from its operating mechanism when closing to effect the
cut-off, which is done to accelerate its movement, and
those in which its action is positive throughout.

The Automatic Cut-off Engine posscsses the follow-
ing advantages.

Ist. It contains, within itself. means of altering the
amount of its power to suit changes in the amount of
its load or duty, while permitting the steam to flow
unchecked from the boiler to the stean chest.

2nd. It contains, within itself, means of maintaining
a constant proportion between its piston power, and the
load it drives, notwithstanding ordinary fluctuations of
boiler pressure, and it does this without checking the
flow of steam from the boiler to the steam chest.

3rd. It accomplishes both the above named results
by varying the amount of expansion, and,Athereforo,
avoids the loss that accompanies their accomplishment
by means of wire-drawing the steam.

4th. Tt adjusts its power to the load more quickly
than is possible by means of varying the steam chest
pressure, as is done when a throttling governor is used,
and thus maintains the engine speed more uniform.

5th. Tt possesses all the qualifications of an engine
having a fixed point of cut-off, because if the load
remains constant, it retains the point of cut-off at a

fixed point in the stroke, and only varies the point of
144

cut-off when the conditions of a varying load demand
it.

‘When an engine has a fixed point of cut-off, and the
engine speed is regulated by varying the pressure at
which the steam from the boiler is admitted into the
steam chest, three evils are induced:

First, suppose the engine to be running at its normal
speed and a sudden decrease occurs in its load, and the
engine speed will increase. causing the speed of the
governor to increase and check the flow of steam into
the steam chest; but the steam chest will, at this time,
be filled with steam admitted to it before the governor
checked the inflowing steam, hence the steam in the

‘steamn chest forms a reserveir acting in opposition to

the governor, and this obviously prolongs the time
necessary to bring the engine power down to meet the
requirement of a reduced load, and it follows that the
engine speed will fluctuate because of the sluggishness
of the method of governing it.

Secondly, suppose the engine to be running at its
normal or proper speed, and that itsload suddenly
increases, and its speed will decrease, causing the gover-
por to increase the flow of steam into the steam chest,
but the inflowing stecam will be partly expanded in rais-
ing the pressure of the steam already in the steam
chest, and the latter, therefore, acts, to a certain extent,
in opposition to the governor, and, therefore, delays its

action in governing the engine speed. In either case,
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therefore, there elapses a eertain amount of time be-
tween the action of the governor and its effect upon
the engine speed.

The third evil is that a throitling engine, with a
fixed point of ecut-off, must either wire-draw the
steam considerably or else be deficient in governing
power under the changes that are liable to occur in the
boiler pressure. Thus, suppose the boiler pressure to
be at its lowest permissible point, and the governor will
open the steam pipe to its widest, and if this is suffi-
cient to maintain the engine speed, then when the
boiler pressure is at its highest point, the governor
must elose the steam pipe sufficiently to keep the steam
chest pressure down to what it was under the lowest
boiler pressure, hence supposing the amount of the
engine load to remain constant. then the wire-drawing
action of the governor must, at least, equal the greatest
amount of fluctuation that may occur between the high-
est and lowest boiler pressures.

THE PORTER-ALLEN EXGINE.

The Porter-Allen was the pioneer in high piston speed
stationary engines, and has attained a piston speed as
high as 1,100 feet per minute, without noise or shock.

Its usual piston speed, however, is from about 650 to
8§50 feet per minute.

The prominent features in the design are as follows :

Ist. The valve motion is so designed as to proportion
the steam admission and supply to the piston velocity,
and thercby act to counterbalance the reeciprocating
parts of the engine. -

2nd. The valves are so eonstructed and operated as
to give a rapid opening and stéam supply carly in the
stroke, and a quick eut-off, while their amount of travel
is limited and their speeds diminished during that part
of the travel in which lap of the valvé is being taken
up.

3rd. The variation in the point of cut-off is effected
by means of altering the amount of valve travel, which
the mechanism of the engine effects automatically.
This variation is governed by the amount of resistance
of the load or duty of the engine, the point of cut-off
occurring later in the piston stroke in proportion as the
load or duty is increased.

4th. A single eccentriec and link operates the two
steam and two exhaust valves, yet the exhaust valves
are actuated independently of the stean valves.

5th. The valves are balanced to relieve them of undue
pressure to their scats, thus causing a minimun of
friction and wear, and may be set up, as occasion may
require, to a proper adjustinent to their seats.

Fig. 228 is side view of the engine, from the con-
necting-rod side, and Fig. 229 an outline view of the
engine, from the link side, and having a part of the
bed broken out to expose to view the arrangement
of the valve rods.

The eceentrie E operates the link L, which is pivoted
toa pin a at the top of the arin A, which is pivoted at
its lower end ¢ by a pin in the bracket N,

In the slot s of the link is the usual sliding bloek, to
which is pivoted the rod R, operating the wrist motion
at W. This wrist motion eonsists of a three armed
lever, the lower arm reeeiving motion from rod R, the
upper arm operating the rod C for the slide valve
spindle F, and the lower one operating rod D for the
other slide valve, whose spindle is seen at K. The
exhaust valves are driven from the top of the link by
the rod X which vibrates arm y, whose shaft passes to
the other side of the engine and operates an arm, to
which is attached a rod 7, which is seen in the side
view, Fig. 229,

The exhaust valves are in the same plane, and are
operated by the same rod, but the steam port slide
valves are not in the same plane, the crank end valve
being ligher than the head end valve, as is denoted by
the cover i1 being higher than cover J.

The motion of the link and valve meehanism, will be
fully explained hereafter, it being sufficient for the
present to point out that, as the top of the link has more
motion than its point of suspension on arm A, therefore
the valve has most travel when the link-block is at the
top of the link slot 7, in whieh position it is shown in
the engraving.

To the valve rod R (which, carries the link-block), is
pivoted the rod G, which is in turn pivoted to the
weighted lever P, whose ball weight ecounterbalances the
weight of the rods G and R and of the link-bloek.
The lever P is actuated by the governor as follows:

When the load or duty of the engine is lightened,
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for iron-rolling mills, where oecasion nay call for greater
power, the limit is extended between } and § stroke.

THE CYLINDER AND VALVES.

The details of construetion are" more fully seen in the
following figures: Fig. 230 gives a side and end view
of the eccentri¢, the link and the link snpporting arm
A. The eccentric is formed solid with the main shaft,
and the link solid with one half of the cccentrie-strap.

.

head end of the eylinder. (' and D are the rods for
the respective steam valve spindles. The letters of ret-
erence correspond to those in the figures illustrating
the valve mechanism.

In Fig. 282, the cylinder is shown cut in half hori-
zontally and viewed from above. The spindle F oper.
ates the valve at the crank end of the cylinder, and
through this valve passes the spindle K for operating
the valve at the head end. Spindle M is for the ex-
haust valves, these letters of reference corresponding to
those given in the ontline view, Fig. 229

Horizontal Section through the Cylinder and Valves.

The link is slotted so that the valve rods pass centrally
through it, as shown in the end view. The arm A sup-
ports the link on both sides, and has provision, by
means of key K and set screw S, for adjusting the
height of the pins by which the link is pivoted, this
being necessary to effect a proper adjustment so as to
equalize the lead and the points of cut-off, as will be
explained hereafter. '
The wrist motion is shown in Fig. 231, R being the
rod from the link block, d the arm for operating the
valve at the crank end, and ¢ that for the valve at the

A cross sectional view of the head end of the eylin-
der is shown in Tig. 233, and referring to these two
views, it is seen that when the steam valve opens the
port for the admission of steam, the steam passes
through four different openings, as denoted by the
arrows,

The method of relieving the steam valves from uudue
pressure to their seats is as follows: At m and », Fig.
233, are two inclined planes at an equal angle to the
valve face, and at the back of the valve is a pressure

plate P, fitting up to these inclined planes. The valve
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works between its seat face and the face of plate I
and beneath the latter is a serew », by means of which
it may be adjusted, it being obvious that raising the

Vertical Secton through the Cylinder aud Valves.

plate P moves it away from, while lowering it causes it
to approach the back face of the valve until, on meet-

/71.

] e |

Sectional view.

W

g, 234,
The Admission Valve.

Side view.

ing that face, the steam is excluded and the valve re-

lieved of the steam pressure.
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The steam valves are r@(‘tﬁlglﬂﬂ:’_ﬁ'@nqs,@llcll as in
Fig. 234, the valve spindle, for the valve at the erank
end of the cylinder, attaching to hnb A, while the
spindle for the head end valve passes through the hub 7’
whiclh is in line with the center of the latter valve. In

the sectional view the valve is shown in its mid-position.
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Fig. 236.
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Fig. 237,
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Various Pocitions of the Admission Valve.
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The full effective width of the port is the width at a,
it being obvious that the width of the mouth of the
port is, from the point of admission until the point of
cut off, covered by the thickness of the metal at ¢, Fig.
235. The valve length at £ is proportioned that when
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the port opens on one end as denoted by the arrows ?
and g, it will also open at the other, as denoted by the
arrows » and s.

In Fig. 236, the valve is shown at one end of its

travel for cut-off at halfstroke, and in Fig. 237, it is
shown in position at the other end of its travel, and
about to reverse its motion.

The wear on the valve and its seat, and on the faec
m of the cover plate X, is equalized, because the
metal at each end, ¢ v of the valve, passes entirely

MODERN STEAM

I NGINES.

lias not moved { inch. This is shown in Fig. 238, in
which the valve is shown at one end of its shortest
travel, and it is scen that it still moves up to the shoul-
der e of the valve face, and to the end y of the plate X.

THE ACTION OF THE VALVE MECIIANISM.

Fig. 239 shows the position of the parts when the
crank-pin is on its dead center D. The rod R, is

WRIST MOTION

Fig. 239.

Position of the Valve-Motion at the Beginning of the Stroke.

over the surfaces m m, and, therefore, prevents the
wear from forming a shoulder, which would ocecur
if the ends of the valve did not travel past the
shoulders d and e.

These conditions also prevail when the link-block is
placed coincident with the point of suspension of the
link, at which time the valve has its least possible

amount of travel, the port only opening to the amount
" of the lead, and the cut-off occurring when the piston

shown broken and shortened, and the valve spindles
are omitted for elearness of illustration. The steam
ports are indicated by the shaded portions beneath
the valves.

The throw lines of the crank and the eccentric, are set
exactly in line one with the other, both being on the
line of centers & & of the engine, and on the same dead
center,

The valve v has opened the port to the amount of the



THE PORTER-ALLEN ENGINE. 151

lead as shown at /; and it is seen that from the position
of arm d, the valve will be moved quickly, while arm e
" will scarcely move the valve v’

As the motion proceeds (the cccentric, moving in the
direction of its arrow). the upper end of the link will
move in the direction of arrow x, and it is this tipping
motion that acts to open the valve for the admission.
In this, and in all the figures, the arc r denotes the posi-
tion the center-line of the link stands in when the cra.k
is on its dead center, and the parts in the position
shown in Fig. 239.

‘When the parts have reached the positions shown in

center, the link-block could be moved from end to
end in the link-slot without imparting any motion to the
valve, the lead would be equal for all points of cut-off.

. But this arin moves in an arc of a circle, and the effect

of this is, that if the valves were set with the crank on
the dead centers, the points of cut-off could only be
cqualzed for some one point of cut-off, as, say, at half-
stroke, because when the link-block was moved further
down the link, and toward the line of engine centers,
the valve would cut off earlier at the head end than
at the crank end of the cylinder, the difference being
considerable in the shorter points of cut-off.

Hig. 240.
The Position of the Parts when the Lead is Set for the Head-End Port.

Fig. 240, the link-block g may be moved from end to
end of the link-slot, without moving arm ¢ of the wrist
motion and, therefore, without moving the valves, and
this is the position in which the parts must stand
when the valve is to be set for this crank position.

1f the path of the center (¢/, Fig. 239) of the arm A,
was in a straight- line on the line of engine centers, and
the link was so set that, with the crank on ecither dead

This, however, is remedied by the construction shown
in Fig. 241, in which the outer dotted circle represents
the path of the crank, and the inner circle n the path
of the center of the eccentric, the line A represents the
arm A in Figs. 229 and 230, and its upper extremity,
e, represents the link-sustaining pin whose arc of motion
is therefore arc a.

Suppose we draw, below the center C of the crank
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a vertical line A’, equal in length to the arm A, and
from its lower extremity, as a center, draw an arc e’’
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Finding the Positions of the Crank when the Valves are Set.

MODERN STEAM ENGINES.

line f f drawn to the extremities of these two ares will
be parallel to the line of centers & 4 of the engine.

From the center C of the crank-shaft, we then draw
a line T, cutting the intersection of arc ¢’/ with the
dotted circle », and this line E represents the position
the crank must stand in when the lead is set, and, at
this time, the link-bloek ean be moved from ecnd to end
of the link without moving the valve. Similarly, a line
F, drawn from C and touching the other end of arc ¢’
where it cuts the circle #, gives the erank position (for
the other piston stroke) at the time when the link-block
can be moved from end to end of the link without
moving the valves, this also being the position the
crank is in when the valves are set, the lead for the
two ports being made equal.

It follows from the construction in Tig. 241, that
these two crank positions are at an equal distance below
the line of centers & &, and that the amount to which
they are below it, depends upon the proportions of the

Fig. 242,

Bositions when the Head-End Port is Full Open.

passing through the center C, and this arc will corres-
pond both in curvature and length to the arca, and a

various parts, which will be treated upon hercafter.
Referring again to Fig. 240, the dotted arc r is the
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position the link was in when the crank was on the
dead center, as in Fig, 239, and the amonnt of tipping
of the link, in the direction of «, is shown by the dis-
tanece of arc r from are s.

When the crank has moved 10° from the dead
center, and the piston has moved about ! inch from
its dead center, the port is full open for the admission,
the position of the parts being as in Fig. 242, in which
the arc r represents the position of the link, when the
crank was on its dead center, and shows, therefore, the
amount the link has moved.

Referring now to the amount of opening there must

until the erank has moved 70° from the dead center, at
which time the parts occupy the positions shown in Fig.
243, but after this the link moves forward parallel, the
port remaining full open until the piston has moved
84° from its dead center, the position of the parts then
being as in Fig. 244, the opening at f, equalling one-
fourth of the effective area of the port (or one-fourth
the width at a, Fig. 235).

The piston has now traveled 10 inches of its 24
inches of stroke, and the port, as the motion continues,
begins to close for the cut-off. The positions of the
parts, at the timo of cut-off, is shown in Fig. 245, the

© iy, 243,

The Valve at the end of its Travel for the Head-End Pert.

be at f, before the port is open full for the admission,
it is seen, in Fig. 235, that the effective width of the
port is its width at @, and as the steam enters in the
four streams denoted by the arrows, it is obvious that
when the opening denoted by the arrow b is equal to
1 the width of «, the port is virtually fully opened.

As the motion proceeds, the link continues to tilt,

piston having moved 12 inches, and it is seen that the
valve v’ has searcely moved.

When the parts have moved to the position shown in
Fig. 246, the link will again be in such a position that
the link-block y may be moved up and down the link,
without imparting any motion to the valves. The wrist
arm d has now moved to such a position that it imparts
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but little motion to the valve », while wrist arm e is in | open to the amomnt of its lead.
has now been investigated thrunghout one piston stroke.

position to move the valve +* quickly.

/Zy-I

MODERN STEAM ENGINES.

The valve motion

Fig. 248.

The Valve at the End of its Travel for t'he Crank-End Port.

!

103456589/ 12 1098654327
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fag. 249,

Diagram of Port Openings.

The position of the parts, when the crank arrives at
its dead center, is shown in Fig. 247, the valve +’ being

During the next piston stroke, the motion varies
in two respects, first, the amount of valve lead is great-
er, for reasons which will be explained presently;
secondly, the port opens guicker, and remnains fully
open longer, although the point of cut-off occurs
at the same point, or at half-stroke, as before.

Fig. 248 shows the position of the parts, at the time
the valve v’ has traveled to the end of its path over the
port, and it is seen that the amount of opening at m, for
the admission, is greater than that at f, Fig. 243, which
shows the corresponding position for the other stroke.
This occurs because the end 7 of the valve moves
further back than does the end ¢ in Fig, 243.

Fig. 249 represents the steam port openings during
the two strokes, the link-block being set first to cut off
at one-half, and then at one-quarter, of the piston
stroke, the latter being marked in dotted lines, and it is
seen that, for the cnt-off at half-stroke, the port
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remains fully opened for 10§ inches of one stroke (the
head end), and for 10 inches on the other, while both
cut-offs oceur at 12 inches.

Similarly, for the cut-off at one-quarter stroke, the
port remains full open during 2§ inches at the crank
end. and during 34 inches at the head end, the eut-off
ocenrring at the sixth inch on both strokes. Further-
more, the port is full open when the crank is on the
dead eenter at the head end, while, at the erank end, it
does not open full until the piston has moved about
} inch for the cut-off at half-stroke, and about § inch
for the cut-off at quarter-stroke.

Now the piston motion is, on account of the angu-
larity of the connecting-rod, quickest when moving
frem the head end, and. therefore, when the port m is
acting to admit steamn, hence the steam supply is
better proportioned to the piston veloeity, than it would
be if both ports opened equally.

It has been observed that, in order to equalize the
points of eut-ofl for all points of cut-off, it is neces-
sary that the arm A vibrate in an arc that meets
the line of centers, when the arm is vertical or at a
right angle to the line of centers b 4 of the engine, and
that with a proper adjustment of the parts, there are
two positions in which the link-block can be moved
from end to end in the link-slot, without imparting any
motion to the valves.

These positions are those shown in Figs. 240, and
246, the crank standing, in both cases, at an equal dis-
tance below the line of centers ? b, ready for the valve
lead to be set. an equal degree of lead being given for
the two valves. When, however, the crank is brought
to the respective dead centers, there will be more lead
at the head end than at the crank end, as may be seen
on comparing Figs. 239 and 247. This is also shown
in the diagram of the port openings in Fig. 249.

It is obvious, however, that the lead might be equal.
ized, if desired, by giving to the valves an unequal
degree of lead when setting them with the parts in the
positions shown in Figs. 240 and 246, but it is proper
to give an unequal lead when the crank is on the dead
centers, and for the following reasons:

Let the piston stroke be 20 inches, and the circle in
Fig. 250 being 4 inches in diameter, will represent the
path of the crank-pin one-fifth full size, and its diameter
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on the line from 0, to 20, will represent the piston strcke.
We divide the cirele into 40 equal divisions, represent-
ing crank-pin positions, those from 1 to 20, being for
the path of the crank-pin during one piston stroke, and
those from 20 to 0. representing crank-pin positions for
the other piston stroke.

To find the corresponding piston positions we set a
pair of compasses to represent the length of the con-
necting-rod on the same seale that the circle represents
the path of the crank-pin, or, in this case, one-fifth full
size, Then prolong the line 0, 20 (which represents the
center line of the engine), and with the compasses set
as above, draw arcs from the divisions on the circle, to
the line 0, 20, these arcs giving us, on that line, the
piston position for each erank-pin position.

Thus are « is drawn from division 10, and gives us
at b the position of the piston when the crank is at point
or division 10. In the figure this construction is
carried out from division 10 to 20, for the last half of
one stroke. and from division 7, to division 0, for the
last half of the other piston stroke.

We may now compare the positions of the piston on
one stroke, with its eorresponding position on the other
as follows:

‘When the crank is at division 11, and the piston at
¢, the crank has 9 divisions to move through to com-
plete the stroke (the crank being supposed to move in
the direction of the arrow). The corresponding crank-
pin position for the next stroke, is at 7, because when
at r, it will also have to move through 9 divisions
before completing its stroke and arriving at 0. With
the crank at r, the piston will be at £, and we may find
the difference between the two piston positions, by draw-
ingfrom the center C of the outer circle, a semicircle d,
from which we see, that with the crank at the corres-
ponding points 11 and r, of its path, there is a differ-
ence in the piston positions represented by the radius
or distance from e to f (mmeasured of course on the line
0, 20)- This difference is eaused by the angularity of
the connecting-rod, and increases in proportion, as the
connecting-rod is shorter than the crank.

The length of the connecting-rod, in this example, is
taken as three times the length of the piston stroke, or
six times the length of the crank. By following out
this method of investigation, we find that while the erank
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is moving through the ten divisions, from 10 to 20, the | amount of linear motion at the two ends of the stroke),
.. piston speed is less than it is while the crank is moving | by means of an unvarying weight on the crank
" through the ten divisions from ¢ to 0, which is clear, | disc, it being obvious that the weight that would coun-
because, during the one period, the piston only moves ! terbalance the parts when the piston is at the crank-end

The Variation of the Piston Motion.

from b to 20, while during the other it moves from b, of its stroke, would be insufficient to do so when it
to 0. is at the head-end of its stroke.

This assumes great importance (when the piston has { It will be noted, that as the piston approaches the
a high velocity), because it rendersit impossible to coun- | ends of its stroke, the above variation diminishes, and
terbalance the weight of the piston, of the cross-head, | that, so far as the counterbalancing is concerned, we
and of the connecting-rod (which all have a variable ' need only consider the relative speeds of the piston,
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when reversing its motion at the ends of the stroke.
Suppose, then, we compare its velocity during the
motion of the crank, while moving through its last
division on cach stroke, or, from 19 to 20 in one case,
and from 7 to 0 in the other.

From the piston position, when the crank is at 19, we
draw dotted circle g, and we find that it passes hetween
the end 0 and the arc 7, and the difference between the
distances of circle g and are %, from the end 0 of the
stroke (measured, of course, on the line 0 20), repre-
sents the difference in the veloeity with which the
piston comes to the dead centers, and to its state of rest
before beginning the next stroke. This difference is
about 40 per cent.

We havo here assumed the velocity of the fly-wheel
and crank to be entirely uniform, which, practically, it
is, but as the later portion of the stroke is performed
under expansive steam, aund, therefore, under a reduced
steam pressure, it is obvious, that the tendency is for
the velocity of the fly-wheel to reduce (assuming the
engine load to remain constant), but at whatever
speed, or under whatever conditions, the engine may
run, the discrepancy between the fly-wheel and piston
velocity here desecribed, must, if the engine has one
eylinder only, exist, and the variation of velocity will be
mainly in the piston, cross-head, ete., and not in the fly-
wheel, indeed it is obviously desirable to maintain the
veloeity of the fly-wheel as uniform as possible, so as to
have a uniform velocity in the machinery, driven by
the engine.

In high speed engines, a uniformity of fly-wheel
velocity is more easily obtained, and maintained, than
in those running slower, for the reason that the period
of time, during which the live steam is cut ofl and
the fly-wheel called upon to maintain the speed (not-
withstanding the diminished steam pressure, existing
dnring the expansion period), is diminished.

1t follows, from Fig. 250 and its accompanying
explanation, that the fly-wheel must, in maintaining a
uniform velocity, maintain the inequality of piston
motion, at the two ends of the stroke, or, in other words,
that this inequality is essential to a uniform fly-wheel
velocity, and that the means taken to counterbalance the
piston, ete., must be such as will permit it to continue
until the piston is near the end of its stroke, when it
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must be resisted for a length of time, merely sufficient
to avoid a knock or pound in reversing the motion of the
piston, ete., the period varying with the engine speed.

It has been already shown that this cannot be done
for both strokes by means of a counterbalaneing weight,
hence, we must resort to some other means, which is
found by giving the valve more lead at the head end,
than at the crank end of the stroke, as has been des-
cribed.

In proportioning the parts of an engine of this
description, the distance from the center of the eccen-
tric to the center of the link-slot is made equal to six
times the throw of the eccentric, hence, since the length
of the connecting-rod is six times the length of
the crank, it bears the same proportion to the throw
of the eccentric that the length of the counecting-rod
does to that of the crank.

The link supporting arm is also made equal in length
to six times the throw of the eccentric, and, with these
proportions, the cut-off will be at half-stroke wlen the
hnk-bloek is distant from the line of centers to an
amount equal to to six times the throw of the eccentric.

The length of the arm ¢ of the wrist motion may be
such that the link will cause it to make one-quarter of
a revolution, so that the arm « shall move as much
past its dead point, as it lacks of moving to a position
at a right angle to the line of centers, or it may be at
such an angle to the arm cthat it will move from the
horizontal to the vertical position, the only appreciable
effect being to diminish the amount of retaraation of
the valve movement while the lap is traveling over the
port.

The wrist motion arms d and e, Figs. 231 and 239,
may be made as much longer than ¢ as the width of
the port may require, it being obvious that by multiply-
ing the motion, by making d and e longer than ¢, the
throw of the eccentric may be kept at a minimnum.

The positions of the eccentric, and of the link sup-
porting arm, require to he very exact, as the least error
in their alignment one with the other, or in the height
of that arm, destroys the symmetry of the motion, and
also, the equalization of the points of cut-off.

Another point to be considered in proportioning the
eccentric, the link, and its supporting arm is, that
unless the proportions are correct with relation one to
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the other, the port at the head-end will be apt to have
no lead beeause the lead is set when the crank has
passed the dead center, and moving it baeck to that
eenter, will, nnless the above parts are properly propor-
tioned, take off the lead, while, at the other end, the
lead will be unduly increased.

The exhaust valves being independent, the point of
release and the compression may be regulated at will.

The DBuckeye ILngdine.

Figures from 251 to 266 represent the DBuckeye
high-speed automatie cut-off engine,
Fig. 251 is a front view of the engine, showing the

cross-head, guide bars, and conneeting-rod, while the | being on the line ” ’, Fig. 254.

back view, Fig. 252, shows the governor and valve
mechanism.
This engine belongs to that class in which the speed

Fig. 251.

MODERN STEAM ENGINES.

is regulated by a governor attached to a wheel upon the
erank-shaft. It differs, however, from other engines of
this class, inasmuch as that its governor moves the cut-
off eceentrie around upon the shaft, instead of across it,
as is commonly the case, and thus gives to both its
valves an equal and constant amount of travel, which
prevents the surfaces from wearing unevenly.

Fig. 253 is a horizontal seetion through the cylindex
valves, steam chest, ete. The cylinder seetion is taken
on one continuous central plane, while the steam chest
and valves are shown upon two planes. The first, and
nearest to the eye, extends from the erank end of the
cylinder to the fracture at f f f. and shows the main
valve in section through its center. From the line of

fracture f f f, to the head-end of the eylinder, a lower
plane is taken, so as to pass through the center of
equilibrium rings, or balance pistons, this lower plane

This latter figure is &
sectional view on the line A A, showing the back of
the main valve with the balancing pistons removed
from the crank end but in place in the head end.
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Fig. 255 is a cross section of the eylinder and valves
taken on the line B B B, in Fig. 253, 0 as to pass
through the center of the valve-balancing pistons, but
leave the end of the cut-off valve in full view.

Fig. 256 is a sectional view on the line ¢ C,"Fig. 253,
and shows the back of the cut-off valve upon its seat in
the main valve.

THE CONSTRUCTION OF THE VALVES,

The main, valve V is a box or chamber, fitting at cach
end to the cylinder port faces, and provided inside

ENGINFE. 161

The steamn from the inlet takes the course shown in
Fig. 253, by the arrows, filling the chamber D, which
iz in one piece with the valve chest-cover, and passes
into the back of the valve through the openings o, of
which there are four (two at each end of the valve), as
seen in Fig. 254. The main valve is therefore filled
with live steam, while the exhaust passes outsido its
ends to the ontlet. The means employed to regulate
the pressure of the valve to its scat are as follows:

The inner wall of chamber D has, at cach end, a hub
bored to receive equilibrium rings or valve-balancing
ing pistons, these consisting of a spider ¢ (whose arms
are shown at a’) the follower ¢, and packing ring e.

Fig, 252,
The Buckeye Engine.

with a flat surface at each end, whercon the cut-off
The cylinder ports being shown at
The cut-off valve consists of two plates rigidly
connected by means of the stretcher-rods % %’, and
rides within the main valve, its spindle passing through

valvor 2/
])I ])II.

operates.

that of the main valve,

The spider has & guiding stem attached to its hub,
over which the follower slips easily. The spring S
holds the follower and spider together, and confines the
packing ring e in its proper place,

The faces of the ethbr:um rings, or pistons a, scat
upon the back of the main valve, nnd, therefore, trans-
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mit to the valve whatever steam pressure they receive.
The live steam, therefore, holds the valve to its seat by
acting on the area enclosed within the eircumference of
the four equilibrium pistons «, and this area is so pro-
portioned as to overeome the tendeney of the valve to
lift from its seat. This tendeney is due te the ecylin-
der port and the port in the main valve, and is greatest
at the moment of admission.

‘With the parts in the position shown in Fig. 253, for
example, it is obvious that the steam in the port, at the
head-end of the cylinder, is acting on the underneath
face of the main valve, and, therefore, in a direetion to
lift the valve from its seat, while, at the same time, the
port on that end of the main valve permits the steam
to press upon the eylinder face, and the steam being
within the valve causes an equal area on®the in
side of the valve, and opposite to the port, to be
unbalanced, and, therefore, act also to lift the valve,

The area, however, of the annular pistons, is, as
before stated, proportioned so as to overcome these two
tendencies and hold the valve to its seat sufficiently to
keep its stean tight.

It is obvious, however, that when the eylinder port
is open to the exhaust, and the cut-off valve eovers the
port in the main valve, as is the case at the erank end
of the eylinder, in Fig. 253, the pressure upon that
part of the valve that eovers the eylinder port is
reduced to that of the exhaust, while the port in the
valve is filled with steam that is cnelosed between the
cylinder face and the cut-off valve, henee, the annu-
lar pistons would, in the absence of any counteracting
pressure, hold the valve more closely to its seat than is
absolutely necessary at that end. But this is provided
for by the relief ports or recesses, « z/, which, during
that portion of the valve stroke in whieh it would other
wise be held to its seat with more foree than necessary,
receive steam, through the small hole shown to pass
through the valve at r, and this steam, acting on the
face of the valve, relieves it of the undue pressure
referred to. The relief recess is equal in area to
the eylinder port, and is se located that it will be uneov-
ered by the heel, or inner edge, of the main valve face,
just after the cylinder port, at that end, is closed
against the exhaust, and before any considerable com-
pression pressure can arise in the eylinder.

MODERN STEAM ENGINES.

The steam hole » is located to fill the recess at the
proper time, which is just after it has been covered, as
above stated, by the valve hecl.

It will be seen ‘that the face m of the main valve
does not quite reach the face of the hub g, and that the
annular pistons, thercfore, project through the bores
of g, and this allows the main valve to lift from the
seat to the amount of the space at m, in case the cylin-
der should reccive a charge of water with the live
steam. After the water has discharged into the exhaust,
the steam pressure returns the valve to its seat, and the
spring » causes the annular pistens to follow it up.

The eut-off valve is provided with an inelined plane
at ¢, resting upon a eorresponding inclined plane pro-
vided on the main valve, hence it moves of its own
gravity up to its seat on the main valve and its weight
acts to cause it to seat itself fairly.

The mechanism for operating the valves is as follows:

Referring to the general view, Fig. 257, and the
eross-seetional view of the frame and roek-shafts in
Fig. 258, the main cceentrie is fixed upon the crank-
shaft,-and its rod R drives the upper end of the main
rocker (having journal bearing at p’, in Fig. 258.) At
¥’, Fig. 258, it affords journal bearing for the rod 7,
Fig. 257, whiech drives the main valve spindle.

The cut-off eccentric drives the rod S, which con-
nects to the lower arin s of the eut-off roeker; s is fast
upon A, whieh has journal bearing in the main roeker.
The arm o is fast upon A, and provides at B’ journal
bearing for the rod that drives the eut-off valve.

The eut-off eceentrie is a working fit upon the crank-
shaft, so that it may be moved around it by the gov-
ernor, the construetion being shown hercafter in con-
nection with the governor. The construction of the
valve rods is such that the spindle for the cut-off valve
passes through that for the main valve.

In Fig. 259, we have the main and cut-off valves re-

*moved from the other parts of the engine, their spin-
dles, the rock-shaft, the eecentries, and the crank being
represented by their center-lines.

For ease of illustratien, the rods from the rock-shafts
are shown shortened, and as if econnected direct to their
respeetive valves, which is sufficient for explaining the
aetion of the mechanismn, while it renders it easier to
illustrate the movements of the parts. The rods R and
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THE BUCKEYFE ENGINE.

|
Wm

.m.n ——e S —————
1T Llul.a lt[.a Nﬂhﬂ.a ..ﬁi.... l.a

.///%//“

Cylinder Port

A SN SR NN

‘6gg “buy

BRI e




166 MODERN STEAM ENGINES.

S correspond to R and S in Fig. 257, asis also the case | upper arm « of the cut-off rock-shaft, which is pivoted
with the main and cut-off rock-shafts. in the main rock-shaft at A.

The crank is on the dead center B, and revolves in Since both eccentrics follow the crank in the direction
the direction denoted bv the arrow. The main eccen- | of revolution, therefore, when the crank moves from
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Fig. 256,
Cross-Section of Cylinder and Valves.

tricis at f, and the cut-off eccentric at e. The main | the dead center, the valves move in opposite directions,
valve is operated by rod F, which is driven by the | the main valve opening port #’ for the live steam. As
upper end p of the main rock-shaft. The cut-off valve | soon as the cut-off eccentric e passes the line of centers
is operated by the spindle E, which is driven by the | 4 b of the engine, it operates the cut-off valve in the



THE BUCKEYE ENGINE.

same direction as the main valve, and hoth valves move
in the same direction, until such time as the main
cccentric / has also passed the line of centers, after
which the valves are operated in different directions,
until the cut-off valve crosses the line of centers on the
otlier dead center, at which time, the valves will again
move together, until the main valve has crossed the
line of centers at that end.

Fig,

This occurs by reason of the positions of the eccen-
trics, and of the employment of the cut-off rock-shafs,
and will be readilv perceived, because, with both eccen-
trics on the same gide of the line of centers of the
engine, they are both moving in the same direction,
and, as the cut-off rock-shaft s a, reverses the direction
of motion of the cut-off valve, while the main valve
moves on the same as if it were connected direct to its
eccentric, therefore, the valves move in opposite direc-
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tions. But when the cut-off eceentric has crossed its

line of centers, it moves rod S in a direction opposite
to that in which the main rod R is moving, and its
rock-shaft reverses the direction of motion of the valve,
hence, both valves move together until the main eccen-
tric, as before stated, also crosses the line of centers of
the engine.

The proportions of the parts, in Fig. 261, are for an

engine having & cylinder of 14 inches diameter and 24
inches stroke, the throw of both eccentrics being 13
inches, giving to each valve a travel of 3 inches. These
proportions give the latest points of cut-off at five
cighths of the stroke, this being the latest the engines
are designed to have. Farlier points of cut-off are
effected by advancing the cut-off cccentric from its posi-
tion at e, in the figure, to the position denoted by ¢’
‘We may, however, for the present, confine our atten-

7w
=4

.
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tion to the action of the mechanism, when in position
for the latest point of cut-off, and, in Fig. 262, we have
the position of the parts when the cut-off is effected,
and it is seen that the main and cut-off valves are
moving in opposite directions, and that its cut-off
eccentric is near the peint at which it moves the cut-off
valve most rapidly, hence it fellows that the cut-off is
effected rapidly. This construction permits of the
employment of a very short valve travel, thus reducing
the duty of operating the valves.

As the main valve is driven by an eccentric that is

NS

MODERN STEAM ENGINES.

Suppose, now, that the governor has moved the cnt-
off eccentric in position to effect the cnt-off at quarter-
stroke, and the crank being on the dead center B, the
positions of the parts will be as in Fig. 261, in which it
is seen that from the positions of the eccentrics, the
cut-off valve will move in the same direction, and as
fast as the cut-off valve.

The positions of the parts, when the ent-off is effected
at quarter-stroke, is shown in Fig. 262, and it is seen
that from the position of the main eccentric £, its valve

k\ \ " S
\M

is at rest. When, however, the cut-off eccentric ¢ has

e e e
= :

;’
T

Fig.

Cross-Section Through

fixed to the crank shaft, its amount of travel is con-
stant, and its ends w m, pass over the ends y and r of its
seat, and as the ends » w, of the valve, pass alternately
over the ends « and », of its seat, therefore, at all peints
of cut-off, the tendency to wear the seat unevenly
is avoided (this tendency existing when the stroke
of a valve is decreased).

In order that the cut-off valve may similarly pass
over each end of its seat on the main valve, the shoul-
ders on the faces d and g are provided.

258,

the Frame and Rocker.

nearly reached the line of engine centers, the motion of
the parts is such that the two valves again move
together.

Fig. 263 shows the port epenings for the cut-off at §
stroke, and it is seen that, for the head-end B of the
cylinder, the port is open full at the third inch of
piston motion, remains full open up to the eighth inch,
and cuts off at the fifteenth.

For the crank end, the port is full open at the third
inch, remains open for 8} inches, and cuts off at fifteen.
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The amount of ecompression is 1} inches at each end.
the equilization being effected by unequal laps at the
two ends (m w Fig. 259) of the main valve.
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. 263,

Diagram of Port Openings with Cut-off at Half-stroke.

s .
3 )

The exhaust opening is, it is seen, greater than the
steam port opening. AT

The lead, compression, cushion, and exhaust being
governed by the inain valve, having a constant amount
of travel, obviously remain eonstant for all points of
cut-off.

/|

//

Fig. 264.

Diagram of Port Openings with Cut-off at Quarter-stroke.

.

The steam port openings, when the ent-off occurs at
quarter-stroke, is"sl‘)),own in Fig. 264, and the points of
cut-off are, it is seen,!équalized.
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Fig. 263 illustrates the'-gthechanism constituting the
governot, or speed regylitor, which advanees the posi-

tion'of ';lic cut-Off eg:’ci(;l‘nﬁ’ié upon the erank-shaft. Two

Jlevers, & q,},arp;‘pi"}“q(l‘gt their :(;{1('15 b to arms of the
'governqi"-\\’{m-o & " Uport these levers, and adjustable
| along t}_ﬂ\éi'r‘,;imigths, are ‘the respective weights

A.
The en‘ds‘df levers'a a’conneet, by ball and socket,jgi;nt,
;0' the links B B; and thiese aro attached, by ball and
socket joint, to C,.whieh.is in one piece with the cut-
off eccentrie, tlie latter being a working fit on the crank-
shaft. When the wheel revolves, the eentrifugal force,
generated by the weights A A and the lever a ¢, will
cause these parts to move outwards, as denoted by the
dotted lines in tlie upper part of the figure. This causes
the links B B to advanee the eut-off eccentrie upon the
shaft in the direction of erank-revolution, thereby has-
tening the point of eut-off, as has already been ex-
plained.

The outward motion of the arms a ais resisted by
the springs F F, and it follows that when the engine is
motionless, or is running too slow to enable the centrif-
ugal foree to overcome the tension of the springs, these
springs will hold the cut-off eecentrie at the position in
which it effects the cut-off at the latest point in the
stroke, the springs being under tension, and the weights
A being held against the wooden buffers at £

"The further the weights are situated from the pivoted
ends of the lever, the greater the effectiveness of the
centrifugal foree generated by them at a given speed of
governor-revolution, and the further out the levers
swing, the greater the amount of centrifugal foree gen-
crated, because the weights revolve in a larger circle
and, therefore, at a greater velogity.

On the other hand, however, the outward motion of
the levers and weights ean only oeeur by distending the
springs F' F, and the power required to do this inereases
in proportion as the springs are distended.

... While the governor is at rest, the force of the springs

is static, but as soon as the parts revolve, this foree
becomes centripetal, hence, we have, so far as the

weest, LY
GNY »
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weights and springs are concerned, two opposing forces,
one centripetal, and the other centrifugal, and the most
perfect adjustment of the weights and spring tension,
is that in whiel;, at a given speed of revolution, these
two forces are equal in amount, throughout the whole
range of movement of the springs and levers.

MODERN STEAM ENGINES.

nal, or in other words, it would maintain the engine
speed equal under all ehanges of load.

In the Buckeye engine, the travel of the valve is con-
stant in amount for all points of cut-off, and the power
required to operate it is, therefore, equal. But there is
another element 10 be considered, inasmuch as that the

Fig. 265.

The Governor,

Now, suppose the parts are so aceurately propor-
tioned, and the adjustment so correetly made, that this
equilibrinm of the opposing eentrifugal and centripetal
forces is established, and if the power required to oper-
ate the valve is equal 1n amount at all points of cut-off,
the action of the governor would be perfectly isochro-

weighted levers act (as they move to diferent positions)
at a varying leverage to the eccentric wity the following
result:

When the weighted levers are in the positions in
which they are at the greatest leverage to the points of

~ connection on the eccentric, they will obviously exert
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loaded. TUnder sueh an adjustment of tension, it was
found that the eentripetal tendency of the resistance
offered by the eut-off valve and gear, being augmented
in effeet in an inercasing ratio from inid-movement in-
wards, in proportion to the increasing aeuteness of the
angle formed by the links with the eccentrie ecars, re.
quired more than the mean working speed to overcome
it, and the auxiliary springs are made of such force as
to just overeome this undue frictional centripetal ten-
dency. They leave eontact at mid-movement, where
they are no longer needed, the above tendency being
then at its minimum. Its inerease from mid-movement
outwards is provided for in the tension of the main
springs, which is increased on that account to obtain a
diminished ratio of inerease of spring force.

The range of lever motion is sufficient to regulate the
speed under all changes of load under all ordinary con-
ditions of boiler pressure, and it is obviouns that the
ratio of the centripetal to the centrifugal foree will
remain the same whatever changes may occur in either
the engine load or the boiler pressure.

DIAGRAM GRAPMICALLY ILLUSTRATING SPEED REGULA-

TION AND THE USE OF THE AUZXILIARY SPRINGS,

To graphieally illustrate the variation of the effective
centripetal and eentrifugal forces, and the use of the
auxiliary springs, let the line @ A, in Fig. 266, represent
the length of the piston stroke divided by lines repre.
senting points of eut-off at 1, 1, 3, 1 and 5 stroke. The
vertical line a P is equally divided into lines represent-
ing speeds.

Now, suppose that while the levers move from the
inner to the outer end of the range of motion, the
distance of the eenter of eentrifugal force, from the
center of the shaft, is doubled, and the amount of cen-
trifugal force will be doubled. And if the total spring
tension, resisting the centrifugal force, is also doubled
at the same time, the two forees will inerease in the

MODERN STEAM ENGINES.

same ratio, and the speed regulation will be isochronal,
Such regulation may be represented, so far as the
eentrifugal force is eoncerned, by a line 4 ¥’ parallel to
a A.

Now, suppose that the centripetal friction would
accelerate the speed at the earliest cut-off by an amount
represented by the distance from b to ¢; at } cut-off
by the distance ¢/, and at § cut-off by the distanee ¢’/
from line 4 I/, and through these points we may draw
a curved line representing, in its eurvature upwards,
the amount to which the centripetal friction would
accelerate the speed; this aceeleration being represented,
at 4 cut-off, by the distance ¥’ ¢’; at the carliest cut-off
by the amount » ¢; and at § cut-off by the distance
el

This shows close regulation at and near ¢/, but near
¢ there will be a ehange of speed accompanying changes
of cut-off, and to remedy this, more spring tension is
required.

From ¢’ to ¢, the speed varfation is shown, by the
upward eurvature of the line, to be in the wrong direc-
tion, because, while the point of eut-off would be pass-
ing from ¢’ towards ¢/, the speed would be accelera-
ting, whereas the engine load is increasing, and its ten-
deney is, therefore, to decrease the speed, hence, for
this part, the tension is too great, because, with less
tension, the diminution of spring force would be more
rapid, which would eompensate for the inereasing effect-
iveness of the centripetal frietion.

3y the application of the auxiliary springs P P, Fig.
265, the speed may be eut down from ¢/’ to #*. This
will give stability of speed throughout all points of
eut-off from }, or ¢/, to §, or &/, leaving a margin of
variation for points of cut-off between 4 and zero, which
margin is represented by radius d c.

This margin may, however, be diminished, to any
required extent, by giving a spring tension that
would give the fastest speeds at the latest cut-offs, as
represented by the line d ¢’, and on this line we may
draw the assumed frictional curve, e ¢’ ¢”’, correspond-
ing to line ¢ ¢/ ¢’’, and it is seen that from e to ¢/, it is
sufficiently isochronal, and by changing ¢’ ¢’ to ¢’ &',
by means of the auxiliary springs, the regulation be-
comes sufficiently isochronal throughout the whole range
of eut-off.
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The Armington-Sims Engdine.

In Figs. 267 and 265, we have two views of the
Armington-Sims high spead Automatic cut.off engine,
the construction being as follows:

Fig. 269 is a vertical section of the eylinder and valve,
the latter being a piston valve and donble ported, as
geen in Fig. 270, in which itis shown broken. The
port a is receiving steam through the openings, denoted

The steam, after passing through this opening, passes
through the valve, and finds egress at f, into the annu-
lar groove 7, and thence into port a. The opening, de-
noted by arrows s 2, extends all around the circumfer-
ence of the valve, and the steamn passes directly into
the annular groove and port «.

The exhaust passes ont at the end of the valve, as
denoted by the arrow at B, and is, therefore, independ-
ent of the admission.

The lap of the valve is marked in Fig. 271, in which
it is seen that the valve just closes the port a, and will
keep it closed for the period of expansion, or until the
valve has moved far enough to the right to open the

The Armington-Sims Engine.

by the four arrows, the valve being hollow, and it is
obvious, that the opening denoted by arrows ¢ d, ex-
tends around the whole circnmferenee, with the exce)-
tion of the metal at ¢, of which there are four sections

in the eircumference of the valve,

exhaust, as in Fig. 272, this period of motion corres-
ponding to the passage of the steam lap of a simple
slide-valve over the port.

The compression begins when the end m of the valve
covers the port, as in Fig. 272, and increases in amount,

.
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as the valve travel is reduced and the cut-off occurs
earlier, as will be seen hereafter.

The engine speed is governed, and the point of eut-off
varied to suit the load, by a mechanism that varies
the travel of the valve, but maintains the lead equal at
whatever point in the stroke the cut-off may occur, the
construction being as follows: Figs. 273 and 274,
show the construction of the regulator or governor, re-
moved from the main shaft. :

The weights 1 1 are pivoted at their outer ends to the

arms of the wheel, and to these weights are pivoted the
links 2 2, which at their other ends are pivoted to the
inner eccentric, which is a working fit on the crank-
shaft. To one of these weights the lever 3 is pivoted,
its other end being pivoted to the outer eccentric or
eccentric ring, as it may be termed, hence, as the wheel
revolves, the centrifugal force of the weights causes
them to move outwards at their free ends, thus turning
the two eccentrics upon the shaft, and thereby altering
both their total amount of throw, and the position of
the common throw line with relation to the crank.

In moving the inner eccentrie C forward, its angular
advanee, and, therefore, the amount of valve lead is
obviously increased, and in moving the eccentric ring D
backward, the eccentricity of the combined eccentrics
(C and D) is reduced, and thus reduces the valve travel.

The necessity for increasing the lead, in proportion as
the amount of valve travel is reduced, is shown in Fig.
275, in which A represents the common throw line of
the two eccentrics, the rod being at e, and it is seen,
that if we move the point of connection e of the rod

The Armingtoa-Sims Engine.

along the line A and towards C, we shall move the valve
to the right and decrease the opening or lead at c;
hence, to maintain a constant degree of valve lead, we
must increase the angular advanece of the eccentrie, it
being borne in mind that the eccentric and eccentric
ring are, in effect, a simple eccentric, capable of adjust-
ing the amount of valve travel and of maintaining the
lead constant, and it inay be remarked that the throw
line of the two, or, in other words, their line of great-
est eccentricity, always passes from the center of the
shaft through the center of the eccentrie ring.

o

Y S
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from C through f. The dotted circle « is drawn from | the crank, and itis seen that the throw-line A still
the crank center C, and shows that the line A A, is the | passes from (' through the center JF of the eccentric

The Governor.

Fig. 275.

ring R, the amount of valve travel being reduced to
the radius G,

To find the position of the common throw-line A, for
the two eccentrics for any required poiut of cut-off, we
proceed as follows:

common throw-line of the two eccentrics (Il and R),
and also that the amount of travel the valve would
have is the radius G. In Fig. 277, the eccentric ¥ has
been moved forward, and the ring R moved back, caus-
ing their common throw-line A to stand 44° behind
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b during the whole time the port a is being opened.
Second, this throw-line will stand at 4 when the port
a 1s full open, the valve being at the end of its travel,
and third, the throw-line A will move past B, while
elosing the port q, to the same distance it did in open-
ing it.

The amount of this distance (measured on the crank
circle B I D, and supposing the valve to have 1o lead)
will obviously be half the distance between K and I3,
which we obtain by ares s drawn from K and B respect-
ively. With the compasses set to the radius B s,
we mark, from 1, the are at ¢, and it is clear that if the
crank is at B3 and the throw-line at g C, then, while the
crank moves from B to s, the common throw-line A
will move from g4 to B, and the port will be opening.
Then, while the erank is moving from s to K, the com-
mon throw-line will move from B to s, and the cut-off
will occur. It has been supposed that the valve had no
lead, but we may now take the lead into account as
follows:

As the inner cirele represents the path of the com-
mon center of the two eccentrics, therefore its diameter

Fig. 279.

b n, represents the travel of the valve. Now, it has
been shown that with no valve lead, the common throw-
line of the eccentrics would stand at ¢ when the crank
was at B. From g we draw a line to C, and where this
cuts the inner circle, we erect a vertical line d.

From d mark off the amount of valve lead, and draw
the line f parallel to line d; from C draw a line ee,
cutting the line f at its junction with the inner circle,

this line e giving the position for the eecentric when the

MODERN STEAM ENGINES.

crank is at B. By prolonging this line to ¢/, and mark-
ing, from e’ to P, a distance on the outer circle equal to
the distance from B to K, we get the angle the common
throw-line moves through while the crank moves from
B to K, taking thelead into account.

In Fig. 279, we have a similar example, the cut-off
to occur when the crank arrives at K. By dividing
the arc B K, we get arc B s, and mark B ¢ equalto B s,
we then draw ¢ C, this being the position of the comn-
mon throw-line when the crank is at B and the eccentric
has no lead. From ¢ C we mark d, and distant from d
to the amount of valve lead, we mark f and a linee,
from G to the intersection of f with the inner circle
(which represents the path of the common eenter of
the two cccentrics), is the common throw-line corres-
ponding to lines A in Tligs. 276 and 277.

Instead of using two circles, one for the crank-pin
path and one for the path of the common center of the
two eccentrics, however, we may use a single cirele to

Frg. 280.

find the angle of the common throw-line necessary to
cut-off at any given point in the piston stroke.

Let it be required, for example, to find the angle of
the common throw-line to the crank necessary to effect
the cut-off when the piston is at half-stroke, and we
draw the circle, in Fig. 280, representing the path of
the crank on one scale, and the path of the common
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center of the two eecentrics on another seale, or it may
be full size if the amount of valve travel has been de-
termined. Suppose the ¢rank to be at B and the eut-off
is to oceur when the crank is at K, the piston then
being at half-stroke, and we take half the are B K, and
from B mark off point g, representing the position of
the common throw-line when the valve has no lead;
from g we ereet the vertical line d, and to the left of d,
and distant from it to the amonnt of the lead, we draw
J» and where f cuts the cirele, as at ¢, we draw a line
e (O, which gives the angle of the common throw-line of
the two eceentrics to the erank necessary to enable the
cut-off to occur when the crank reaches K.

TIIE VALVE PROPORTIONS.

The amount the valve leaves the port open is obvi-
ously equal to the distance from d to B measured on
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valve travel necessary for the point of cut-off corres.
ponding to the angle of eccentric.

The point of cut-off having, however, been deter-
mined, and the angle of the cccentric to the crank
found by the foregoing eonstruection, we may propor-
tion the amount of travel to suit the width of the port.
Suppose, for example, that the steam port in the cylin-
der requires to have an opening of an inch and we may
proportion the valve as in Fig. 281, the width at ¢ being
only sufficient to give the necessary strength, because it
has no effeet upon the distribution of the steam, where
as, the wider it 1s the wider the port must be, and thi
increases the clearance space.

The width of the port d must be not less than the
sum obtained by subtracting the width of the metal. at
¢, from the width of the port and dividing the remain-
der by 2, so that, when the valve is in the position
shown in the figure, ¢ being in the middle of the width
of port a, the opening will be equal on each side of ¢,
and the port being fully opened, there will be an open-

=
/

I[E %
b
€
- y+] e
v
«@&
I,

the line C B, but, as the valve takes steamn at both ends,
the amount of eflective opening is twice d B. Tt will
now be seen that there is, for each point of cut-off, a
definite degree of angle of eccentric to the crank, and
that this angle cannot be departed from, except in so
far as concerns the amount of lead given, and it follows
that the motion of the eccentric and the ring, when
moved by the weighted levers 1 1, in Fig. 273, must be
such as to cause the common throw-line A, Fig. 277,
to stand at the proper angle to the crank, and at the
same time regulate the degree of eccentricity of the
center f in that figure so as to give the amount of
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ing at the end denoted by the arrows f, equal to one
half the eflective width of the port a. It is obvious
that if the width of ports d was less than this, the ad-
mission would be correspondingly diminished, but that
it may be made greater without affecting or increasing
the efiective amount of port opening.

The dimension g may be proportioned so as to either
equalize the point of release for the two strokes, or so
asto equalize the point at which the compression will be
efiected.

The diameter of the valve may be made such that

its ecircumference equals the diameter of the cylinder
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required to be an inch, and the width of the annular
recoss must equal the thickness at ¢ plus 1 inch.

Suppose the latest point of cut-off is to be at seven-
tenths of the piston stroke, and we may find the neces-
sary positions of the eccentrics, as in Fig. 276, the
common throw-line being found to be 55° behind the
crank.

If the thickness at ¢ is 8, then for an ecffective port
opening of an inch, the annular recess must be 1§ inches
and the port  § inch wide, so that when the valve is
in the position it occupies in Fig. 251, there will be
3 inch opening at / and § inch at 4, and as the motion
continues in the direction of the arrow L, the opening

- Fig. 284,

Port Openings at Quarter Cut-cff,

denoted by the arrow e, will increase as rapidly as port
d closes. The travel of the valve must, therefore, be
equal to the effective width of the port (in this case 1
inch) plns the length of g, which may, as before re-
marked, be proportioned to equalize the points of re-
lease or of compression. Suppose the points of release
are to occur at the 23rd inch of piston motion, the
total piston stroke being 24 inches, and the length of ¢
must be 1§ inches at the head end, and 14§ inches at
the crank end, and the travel of the valve being 4
inches, the port openings will be as in Fig. 252, where
it is seen that, at the crank end B, the port is open full

when the piston has moved about § inch, remains
open full for 121 inches, while the cut-off occus at
163 inches and the release at 23 inches,

For the port at the head end, the admission is full
when the piston has moved half an inch, remains full
open up to the 15th inch, the cut-off occurs at the 18th
inch and the release at the 23rd inch. The amount of
cushion is 83 for one stroke, and about 4} for the other.

In order to effect the cut-off at half-stroke, the gov-
ernor must have moved the eccentrics to the position
shown in Fig. 277, the common throw-line A standing
at 44° behind the crank, and, in order to maintain the
lead equal the valve travel must be reduced from 4 to
3 inches. The disposition of the steam is as shown in
Fig. 283, the port at the crank end B being fully
opened at the 2nd inch of piston motion, remaining
full open for 6 inches, cutting off at 12 inches.

The exhaunst begins at 213 inches, and the compres-
sion, on the return stroke, at 18% inches.

When the piston moves from the crank-end D, the
point of cnt-off is at 13} inches, the release at 22}, and
compression begins at 171 inches. It isseen that in pro-
portion as the point of cut-off is earlier in the stroke,
the release occurs earlier, and the amount of com-
pression is increased.

It will be observed that the exhaust does not fully
open, but it is to be borne in mind that the port, when
acting as an exhaust port, has a greater effective width
than it has as a steam port, being, in this example, 1
inch wide as a steam port, and 1§ wide as an exhaust
port. This occurs from the fact that the thickness of
the metal on the valve at ¢, Fig. 281, must be de-
ducted from the width of the port, when considering it
as a stcam port, but not when considering it as an ex-
haust port.

For the ent-off at } stroke, the common throw-line of
the eccentrics must stand at 23° behind the crank, and
the travel will be reduced to 23} inches, the steam dis-
tribution being as shown in the diagram, Fig. 284. It
is seen here that the port does not open full for either
the admission or the exhaust, while the compression
(which is shown for one stroke only, viz., the crank-end
port) occurs at 144 inches, giving 54 inches of compres-
sion. The exhaust is here again earlicr, occurring at
the 19th inch in the stroke,
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The Straight Line Fngdine.

In the figures from 285 to 302, is illustrated the
Siraight-Line engine, designed by Professor John L.
Swoet of Syracuse New York.

The name Straight-Line is given beeause the outlines

features of marked individuality, designed to meet the
requirements of the high piston speed that has beeome
a marked feature of modern practice. All parts that
require to be steam tiglt, are made so by aecurately
fitted parts, aud are kept so by simple means of correct.
ing, or taking up, the wear, dispensing with the packing
commonly used, and, therefore, reducing to a mini-
mun, the cost of maintaining the engine in good work-
ing order and of running it.

The motions of the working parts arc all direct and

fg, 281,

Horizontal Section through the Cylinder and Valve,

of the engine are in the direction of the strains, and
are therefore, straight lines.
Thronghout the details of this engine will be found

are positive, while by an original, ingenious, and simple
arrangement of parts, an antomatic cut-off is obtained
from a single eccentric and valve, the latter giving
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practically equalized points of ecut-off, while the lead is
varied equally for the two ports.

Fig. 285 is a side elevation, and Fig. 286 a plan of
the engine, and it will be seen that the frame runs
direct from the cylinder to the main-shaft bearings.

The fly-wheels run between two bearings, and one of
them contains the governor or speed regulator. The
frame rests upon three legs or points, thns cnsuring
that it shall bed fairly upon its foundations, whether
the saine be unstable or not. The two side members of
the frame are connected by a cross rib, on which are
the bearings for the rock-shaft, while the guide-bars are
contained within a rigid portion of the frame.

Referring now to the details of construction, Fig.

Fig. 288

Vertical Section through Cylinder.

287 represents a horizontal section through the cylinder
and Fig. 288 a vertical section through the same, while
Fig. 289 is a side, and end view of the piston removed
from the cylinder.

The piston is hollow, and therefore light in propor-
tion to its length, it is secured to its rod by two taper
geats and a parallel thread, which is made an easy fit, so
as to prevent its influencing the fit of the taper seats.

The piston packing is constructed as follows: The
rings are made in two sections, the lower of which is
driven tightly in the grooves and faced off even with
the piston surface. The joint openingsare made very

MODFERN STEAM ENGINES.

narrow, and as the joint faces are horizontal, (as seen in
the end view, Fig. 289), therefore these openings do
not inerease as the rings open out to compensate for the
wear.

Moreover, the openings, being near the bottom of
the piston which rests on the bore of the cylinder, aro
virtually elosed by the piston. The upper parts of the
rings are made ¢ inch larger in diameter than the eyl-

Sectional End View.

Fig. 289.

The Piston.

inder, and are elosed and sprung into their places, being
what are termed snap rings, and it follows, that being
in two parts, the ring will conform itself much more
readily and correctly to the cylinder bore, than is the
case when the ring has a single split.

In place of the ordinary gland and its accompanying
packing, a single Babbit-metal bushing is employed as
shown, being a free sliding fit which is found to be
sufficient to prevent leakage of steam, because of the
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brief period the piston occupies in making a stroke
being too short te permit the steam to pass through.
The bushing rests in a spherical seat, being maintained
therein by the steam pressure as well as by an outside
collar.

The bushing is, therefore, free to move laterally with
the piston rod, and this leaves the duty of guiding the
piston-rod entirely upon the piston and guide bars,
where it properly belongs, and thus prevents the bore
of the bushing from wearing by reason of the piston-
rod moving laterally as the guide-bars, etc., become
worn.

The valve and its operating mechanism is eonstructed
as follows: Fig. 290 represents the governor, rock-shaft
and valve removed from the engine. The eccentric is
suspended frem a lever that is pivoted to the face of
the wheel at @, and is connected, at its end A, to
armsor links B and C. Link C is connected to a spring
D, which, when the engine is in metion, exerts a ten-
sion acting to move the eccentric across its shaft,
and, therefore, to increase the valve travel, so as to
prolong the point of cut-off.

Link B is pivoted to a lever E, which, in turn, is
pivoted to an arm of the wheel, and weighted at its
other end. When the wheel revolves, the centrifugal
force generated by the leavy end of the lever K, acts
in a direction to move that end outwards, and, there-
fore, to move the eccentric inwards across the shaft, re-
ducing its throw, and, therefore, the valve travel, thus
hastening the point of cut-off.

These opposing forces are so regulated, in the strength
of the spring and the weight of the heavy end of the
lever E, that up to the time the engine has attained its
proper speed, the eccentric is at its greatest throw and
the cut-off is at its latest point in the piston stroke, but
if the conditions (such as a sudden decrease in the
engine load or duty) are such as tend to indunec an in-
crease of speed, the increased centrifugal force, gener-
ated by the heavy end of E, moves the eccentric inward
across the shaft, and thereby hastens the peint of ent-
off. 1n the contingency of the spring breaking, there-
fore, the eccentric would be moved by lever E to its
point of least throw or central upon the shaft, and the
engine would stop.

Now, suppose the engine to be running at its normal
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speed under a heavy lead, and, as the eccentric will be
at its greatest throw, therefere its center will be at its
greatest distance from the axis of its shaft, hence the
centrifugal foree, generated by the eccentric itself, will
be in a direction to cause it to move still further out-
wards, and in oppesition to the heavy end of lever E,
and as the lever A is pivoted at one end only, while the
other swings outward with the eccentric, it also will
generate a centrifugal force opposing that generated by
the heavy end of E. But on the other hand, however,
the spring D, being fast at one end only, its {free end
generates a centrifugal force acting in the same direc-
tion as the lever E, and, therefore, to counteract the
unbalanced centrifugal force of the eccentric and lever A.

Furthermore, as the conditions lead towards an in-
crease of speed, the eccentric is moved more central to
its shaft (carrying with it the lever A), hence it revolves
in a path of less diameter and generates less unbal-
anced centrifugal force, and, as a result, there is less re-
sistance to the prompt action of tlie governor in thg
necessary direction. The friction of the eccentric in
its strap has no influence upon the spring or lever E,

and does not, therefore, disturb the eccentric meving
mechanism.

The equilibrium thus obtained, is snfficient to practi-
cally relieve the spring and lever E from the disturbing
elements, sometimes found, of a varying unbalanced cen-
trifugal force generated by the governor mechanism
when moved to different positions to answer the re-
quirement of varying the point of cut-off.

Another characteristic of the governor, is that the
weight of the governor ball (as the weight on the lever
E is termed) is such as to practically counterbalance
the weight of the eccentric and its strap. The object
of this is to prevent the weight of the eccentric and its
strap from disturbing the proper circular path through
which the eccentric center should rotate, and thus obvi-
ate the disturbance that would eccur from the tendency
of the eccentric and strap to fall towards the shaft when
above it, and fall away from the shaft when below it, in
the path of revolution, this tendency existing unless
counteracted by this, or by some other means.

The joints of the levers B and C Fig. 290, of the
governor are (to reduce friction aud obviate the neces-
sity of oiling them) constructed as in Fig. 291, the eye
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the rocker hub, and seated on top of the box. The
block obviously moves in the arc described by the pin
in the rocker-arm, and, therefore. moves vertically in
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Fig. 294,

the box which is covered by a gib on which the seg-
ment rolls as the rocker swings, hence, the segment not
only keeps the box to its seat on the guide beneath it,
but also acts to relieve the rocker bearings of the
weight of the rocker-shaft.

The construction of the valve, and the means of
climinating the pressure to its seat that exists in an
ordinary slide-valve, is shown in figure 293, in which
on the left, is shown a sectional view of one end of the
cylinder, and on the right, a side view of the valve
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Fhg. 295.

removed from the steam chest, (a top view of the valve,
in section, is shown in Fig. 287). The valve is, it will
be seen, a rectangular frame having four ports p, the
ribs between the ports being kept rigid by the pieces ¢,
which are solid with the valve, but do not extend to its
face.

A rectangular picce n, rests on the lower face C of
the valve chest, and on this rests the valve »v. On the
top of the valve is a rectangular piece, or bar m, cor-

MODERN STEAM INGINES.

responding to piece n, and at the back of the valve is
a shield, or pressure relieving piece P.

wl

The pieces m

A
! 7%ma WY

Ly, 296.

|

Fig. 298.
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Ihgs '299:
Valve Positions.

and n, therefore, form distance pieces, leaving between

the face of P and the face, or valve seat R, an opening
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ynd ! 'ﬁ action of the valve, and the
; ]{terb.r construetion, it is necessary to
sider -@!u whou in position for the various
Mwa' stroke.
-"hl IFig. 294 the erank-end port a, and a section of
valve and of the plate P, ts shown, and it is scen
that the effective port opening is double the amount to
- which the valve has uneovered the port, because the
hvo steam s admitted to port a in two plaees, as

“denoted by the arrows e and /.

- The eflective port opening remains at double that
‘»d"v..u) that amount of valve motion, until the valve
reaches the position shown in Fig. 295, after which, the
‘amount of port opening remains a constant quantity
~until the valve has reached the position shown in Fig.
- 296, after which, the opening remains the same as for
a eommon slide valve, the maximuin of valve travel
being shown in Fig. 297.  When the point of cut-off is
d at half-stroke, the valve opens the port for admission to

~ the amount shown in Fig. 295, the opening at f and at
* p being equal. I

It is seen, therefore, that by means of port p, the port
| opening is, for all points of eut-off up to half-sttoke,
doubled throughout the whole of the admission period,
and that for points of cut-off later than half-stroke, it
is doubled up to half piston stroke, remains stationary
for a eertain period depending on the point of eut-off,
and for still later points, continnes the port opening the
same as a eommon slide valve.

A

return stroke to effeet the cut-off, the amount of port
opening being doubled from the position shown in Fig.
296 until final eut-off, whieh prevents wire drawing the
“« steamn.

‘We have now to consider the exhaust, and by means

relieving plate

The action is similar when the valve moves on its
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*1&& ﬁhr(’ in the figures, this also is double that due

to the motion of the valve, as may be seen in Fig. 298,
in whieh the valve is shown in the position it oecupies
when the exhaust begins, the steam having two means
of exit as denoted by the arrows. The doublo port
opening continues during the same part of the piston

| motion, as the extra port opening does for the admission,

because the port p’ has the same effect upon the ex-
haust, as port p has for the admission.

The shield G, in the figures, is provided beecause it
was found that in their absence, the exhaust steam
flowing in the direetion denoted by the arrow in Fig.
299, would, in time, cut away the face of the pressure
R, AL,

THE ECCENTRIC, ROCKER, AND VALVE MOVEMENTS,

‘We have now to consider the means by which the
points of cut-off for the two strokes are maintained
practically equalized for all points of cut-off, and the
lead varied equally for the two strokes. In Fig. 300
let W represent the rim of the governor wheel, and
suppose the erank to be at D and the eccentric (at its
greatest throw) at e. Let the eeeentric eenter when
moved across the shaft to its position of least throw, be
at £, and it is obvious, that the path of the eccentrie
in moving aeross the shaft, would be along the line ¢ £,
At a right angle to this line, and from the center C of
its length, we draw a line C C’. and then with the length
of the eccentrie-rod as a radius, and from C as a eenter,
we mark an are d, giving at g the position for the eecen-
tric-rod eye eorresponding to erank position D. The
length of the eccentrie-rod (ineasured from the eenter
of the eecentrie), is radius g ¢, and it is elear, that if,
the eceentrie-rod being pivoted at g, we move its other
end across the shaft, it will move in a line that will,
(from the great length of the rod), practically coincide
with the line ¢ f.

We may now turn to the lever (A Fig. 290), that
moves the eceentrie across the shaft. and as its fixed
end is pivoted at % on the line C (’, it is obvious, that
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if we move its other end across the shaft, the eccentric
center will move in an arc, that from the length % ¢
and for the short distance e f, practically coincides with
line e f.

Now suppose the crank to move to its dead center B,
and the center of the eccentric, when at its greatest
throw, will have moved to ¢/, or, if at its least throw,
will have moved from f to f’, we therefore draw a line
from f to f’, and at a right angle to this line, and from
the middle of its length, we draw a line m m/. Then,
with the length of the cccentric-rod as a radius, we
mark an arc 7, giving us at p the position of the cccen.
tric-rod eye corresponding to crank position B, and it
is clear that if we swing the eccentric-rod on its pivog
P, its other end will move in a line that will practically
coincide with line e f, because of the great length of
the rod and the short distance from e’ to f’.

While the crank moves from B to D, the lever (&
Fig. 290) that moves the cccentric across the shaft, will
move from position 2 to position %’, which is in line
with line m m’, and in & position, therefore, to move the
eccentric in a path that will practically coincide with
line ¢’ f’.

THE POSITION OF THE ROCK-SHAFT.

We have now to find the position for the center of
the rock-shaft, which may be done by taking the
length of the upper arm of the rock-shaft as a radins,
and from g as a center, marking an arc s s, With the
same radius, and from p as a center, an arc r » s
marked, the point of intersection of arcs » and s being
the location for the center of the rock-shaft.

The position of the lower arm of the rock-shaft,
or, in other words, its angle to the upper arm, may be
found as follows:

The crank being at D, and supposing the valve to
have no lead, it will be in the position shown at G, (the
eccentric-rod eye being at ¢g) and will be moved from its
mid-position to the amount of the steam lap, the lower
arm of the rock-shaft, will, therefore, have moved
from its mid-position to the same amount, hence, we
mark an arc v and arc », distant from the line ¢ to the
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amount of the steam lap, and draw the lower rocker-arm,
cutting the arc « where arc v cuts it.

As the valve is double ported, ample admission is
obtained with a minimum of valve travel, and as the
upper arm of the rocker is longer than the lower arm
of the same, therefore the action of the eccentric is
reduced, or, in other words, the path of the eccentric
center, is of larger diameter than would be the case if
both rocker-arms were of equal lengths. Dy this
means, the duty of the governor in shifting the eccen-
tric is lightened. thus enabling the employment of a
minimum of weight on the end of lever A.

TIIE EQUALIZATION OF THE PISTON AND VALVE MOVEMENT.

Having found the positions of the various parts, we
may now trace their movements as follows:

Suppose that the crank is at D, Fig. 301, and the
eccentric center at ¢, and the eccentric-rod eye will be
at g and the valve in the position shown at G. Now
while the eccentric center moves from e to n, the rod end
will move to position ¢ and the valve to position N, the
port b being opened to its fullest extent; and while the
eccentric center moves from n to w, the valve will move
back, and when at w, will close the port 4 and effect the
cut-off, having returned to the position it occupies at G
in the figure.

While the eccentric moves from w to ¢/, the valve
will move from its position at G to its position at II,
ready for port a to open, the piston having completed
its stroke while the crank and eccentric center have
made a half-revolntion.

A pair of compasses are then set to the length e g
of the eccentric-rod, and resting one point at n, we
mark an arc, giving us at ¢ the position of the ecccen-
tric-rod on the arc « @ of motion, of the upper end of
the rock-shaft.

Similarly, to find the position of the eccentric-rod eye
when the cccentric center is at w, we rest the compasses
at w and mark an arc, gving us at g the position of the
eccentric-rod eye.

Turning now to the piston stroke, while the crank
moves from B to D, with the crank at B and the eccen
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tric at ¢/, the eccentricrod eye is at p. While the
ececentric eenter moves from ¢’ to n’, the rod eye moves
from p to s, fully opening the steam port a in the
figures, and while the eccentric center moves from »’ to
%, the rod moves from s back to p, closing port a for
the cut-off, the valve occupying the position shown at
H. Finally, while the eccentric eenter moves from £k
to e, the rod moves from p to g, and the valve from the
position shown at H to that shown at G, thus completing
a full revolution.

Now suppose we take the path of the crank-pin, and
divide its circumference into 24 equal divisions, as, o’
b’ ¢’ d’ ete., and let the diameter of the cirele on the
line D B represent the path of the piston. Then, if we
take the length of the connecting-rod, mneasured on the
same scale as the circle represents the path of the crank-
pin, we may rest one compass-point on the line of
centers (or line D B continued from D past B), and
from the divisions, mark the corresponding piston posi-
tions. Thus, suppose the crank has moved from D to 7’
and the piston will have moved from D to arc 1 at the
crank end; when the crank has reached division s’ on
the eirele, the piston will have reached are 2 on the line
D B, and so on throughout the whole revolution.

‘When the crank has moved from D to y, it will have
made a quarter-revolution, but the piston will not have
moved half its stroke, as it should do to keep time with
the crank motion. On the other hand, however, while
the erank moves the quarter-revolution from y to B, the
piston will move from arc 6 to B, which is more than
half its stroke. Similarly, while the crank moves the
quarter-revolution from B through divisions a’ ¥’ ¢’ etc.,
to ¢/, the piston will move through the divisions from 1
to 6 at the head end, and, therefore, more than
half its stroke, and it is shown, that the piston moves
faster when moving from the head end B to arc 6, than
it does when moving from the erank-end D to arc 6,
and it is this that causes the points of cut-off to vary in
engines having a common or simple slide-valve with
equal lap for each port.

Now the nature of the eccentric motion in the
Straight-Line Engine, is, in connection with the line of
motion of the eccentric-rod and rocker-shaft, such as
to correct this evil without the employment of unequal
lap on the valve, while at the same time, it main-
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tains the lead equal at each end of the cylinder.
Thus, on the piston-stroke when the crank is moving
from D towards B, it has been shown that the port will
be fully opened when the eccentric center is at s, and
that the cut-off occurs when the eccentric reaches w,
hence, the angle the eccentric moves through while it
is closing the valve, is angle » w, or, in this exam-
ple, 63° as marked in the figure. On the other stroke,
when the motion of both piston and erank (on their
respective paths) is from B to D, the eccentric, in
operating the valve to close the port and effect the cut-
off, moves (as has been shown) from » to &, which is in
this example 58° as marked, it is clear then, that since
the speed of the erank is uniform, the cut-off will be
effected quicker when the crank is moving from B to D,
than it will be when the crank is moving from D to B.
‘We have, therefore, that when the piston is performing
the stroke from B to D, during which it is moving at
its quickest when compared with the crank motion, the
action of the eccentric and valve motion, is, from its
peculiar construction, also accelerated, so that the valve
action is timed with the piston motion. Similarly,
when the piston is moving through its stroke from D to
B, during which its speed is the slowest when compared
with the crank motion, the mechanism delays the valve
speed and again times the valve action with the piston
speed, and it is apparent that a length of connecting-rod
may be chosen, that will give a piston motion that will
have exactly equalized points of cut-off for the two
piston strokes, let the eccentric be moved to any position
across the shaft that it may. This will be seen becanse,
to whatever position across the shaft the eccentric may
be moved, the periods of valve closure for the cut-off
will be within the angle » w for one stroke, and »’ & for
the other; the latter will always be less than the former,
and always less to the same amount, while the piston
speed will also vary t¢ the same amount for the two
strokes.

Another feature of this valve motion is that it gives
a much larger port opening at the head end of the
cylinder than at the erank end, and thus gives a greater
admission for the stroke, when the piston is moving the
fastest. Thus, when the eccentric is at e the upper end
of the rocker is at g, when the eccentric is at n the
rocker is at ¢, giving a full port opening at that end of
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the eylinder. Similarly, when the eceentric is at ¢/, the
rocker is at p, and when the eccentric is at =/, the

Fig. 302

rocker is at s. Now, as the distance from p to s is
greater than from p to ¢, therefore the port opening
for the end of the cylinder furthest from the crank, is
larger than the port opening at the crank end of the
eylinder, which is necessary, not only on acconnt of the
quicker piston motion, but also because, at the crank-
end, the piston-rod reduces the steam space by an
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amount ranging between from 2 to 7 per cent, hence,
the head-end port requires a corresponding increase of
opening to keep the steam pressure up to the same point
as that obtained in the crank-end of the eylinder.

Fig. 302 shows the details of constrnction of the
cross-head, which is made hollow and as light as is
consistent with the requisite strength. The cross-head
pin is held secure in the connectingrod end, and has
journal-bearing in the ecross-head, by this means, a long
journal-bearing is secured and the connecting-rod is
prevented from moving sideways at its crank-end. The
surface of the cross-head pin is cut away at the top and
bottom, and the correspending surface in the cross-head
bore is recessed, which prevents the pin from wearing
oval. The recess is so arranged that the bearing surface
on the pin passes over the edges of the recess, thus
preventing the formation of shoulders.

The Ide Engdine

Figures from 303 to 316 illustrate a Iigh Speed
Automatic Cut-off Engine, designed and constructed by
A. L. Ide and Son.

Figure 303 is a side elevation of the engine, and
figures 304 and 305 elevations on a larger scale, and
partly in section to show the construction and the valve
mechanism.

The piston is hollow, and is provided with two snap
piston rings. The piston valve operates in steel bush.
ings, that may readily be removed when worn, the
valve and bushings being shown removed from the
engine in Fig. 306. The bushings are each provided
with openings through which the steam passes into the
cylinder when these openings are left uncovered by the
inner edge of the valve head. The exhaust passes
through the valve to a pipe at the head-end of the
cylinder,

Fig. 307 is a eross sectional view of the frame show-
ing the construction of the roek-shaft and cross-head,
and it is seen that the rock-shaft is provided with an oil
pocket for lubricating the joint of the lower rocker-arm.

In Fig. 308 is a side elevation and plan, and in Fig.
309 a longitudinal section through the cross-head, while
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Fig, 308.
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Fig. 310 is an end scetion, and Fig. 311 an end
elevation of the bush.

The pin is central in the cross-head, and is tapered at
one end.

The bush is ent through in ene place and nearly so in
two other equidistant places, and is tapered on its exter-
nal diameter, so that by means of the nut it may be
drawn within the cross-head and elosed upon the pin,
thus firmly securing the latter, while the arrangement
permits of the ready removal of the pin, and of the
use of a solid end conneeting-rod with wedge of full
width of bearing. A constant supply of oil is supplied
to the wrist-pin from the oiler on top of the engine
frame. The oil being wiped from the top guide and
passing throngh a tube in the top slide, enters a funnel
in the conneeting-rod, and after passing through the
bearing, drips to the bottomn of the eross-head and
passes through a hole to the lower guide, the onc
oiler snpplying both slides and wrist-pin bearing.

Figs. 312 and 313 represent the governor or speed
regulator.

The eecentric E is attached to a hanger A, which is
pivoted to the wheel at C, at L. L’ are levers pivoted
to the arms of the wheel at a a’. L

Lever L is attached at one end to a spiral spring S,
while [/ is attached near one end to a similar spring
and at its extreme end to a dash-pot D. Each lever is
provided with a weight marked respectively W and
W’.  To these levers are pivoted at ¥’ and 5, arms B
and B’ which are pivoted at 5’ to a pin at the upper
end of the hanger A. 'The operation is as follows:

The centrifugal foree. generated as the wheel revolves
by the unbalanced part of levers L L’, and by the
weights W and W’ acting against thé force of the
springs S S, moves the eeccentrie along the arc 2 2
(whose eenter is at C), and this lessens the throw of the
eccentric, and therefore, the travel of the valve, causing
the point of cut-off to ocenr earlier in the piston-stroke.

It is obvious that as the wheel speed increascs, the
levers open out, their extrcine positions, and that of the
pendalum lever, being marked in dotted lines, and the
corresponding position of the center of the eccentric
being at f. e rcpresents the ececentric center when
the parts occupy the positions shown in the full lines.

The tension of the springs 8 is regulated as follows:

The springs at their points of attachment to the
wheel are seeured in the sliding blocks », Fig. 312,
whieh inay be operated along the radial slideways g by
means of the serews whese square heads are shown at
h h’. When the block r is in the position shown in the
figure,the arc in which the upper end could move: with-
out further tension to the springs is denoted by the arc
m, bnt 1f we move block r inwards to the other end of
slideway g, this arc would become arc c, and it is plain,
that as ¢ is further from the outer position z of the
end of the lever, therefore, the spring will require to he
extended more, and wili be placed under more tension
when the block r is at the inner than when it is at the
outer end of the slideway g, or, in other words, with
the block r in the position it occupies in the figure, the
spring S would, while the lever I moved out to the
dotted lines, be further extended to an amount equal to
the radius from z to the arc m, whereas, with the block
r moved by the screw A to the other end of the slide-
way g, the spring S would, while the lever moved out
to z, require to be distended to an amount equal to the
radius from arc c to z, the radius being in each case
measured in a line from z to r, as denoted by the dotted
lines. The adjustment to find the required position for
bloeks » is effected by experiment with the engine nnder
light and heavy loads, with a speed recorder and an
indicator attached, so as to note the revolutions at
various points of eut-off.

The dash-pot D eontains glycerine, and censists of a
ease or barrel containing a piston and rod, the latter being
pivoted at d while the barrel is pivoted to the lever L7,
so that as the latter moves outwards towards the
position denoted by the dotted lines it draws the case
with it. Through the piston are the small holes p p,
and 1t is obvious, that as the barrel or case is pulled
outwards, the glycerine with which the case is filled
must pass through these holes from one side of the
piston to the other.

Now if the motion of the case over the piston is so
fast that there is not sufficient time for the glycerine to
pass through the holes p, then the glycerine on one side
of the piston will be under compression, while on the
other side there will be a partial vacuum, hence, the
action of the dash-pot is to oJer a resistance to sudden

| vibrations, or, in other words, to equalize and steady
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the action of the speed regulator.,, Referring now
to the mechanism for shifting the eccentric across
the shaft to alter the valve travel, and thereby
vary the point of cutoff, Fig. 314 represents ( I
the parts in the positions they would ocenpy when the N
crank is on the dead center B. The eccentric is shown ,I I
shifted inwards to its position of least throw, its center | |
being at f or distant from the center C of the shaft ' 1
to the amount of the steam lap of the valve which is i ‘
|

i

supposed to have no lead.

The pivoted end C’ of the eccentric hanger is on the
line of centers of the engine, and if from C’ as a center
we mark an arc f f’then this arc will represent the
path of motion of the center of the eccentric when
moved across the shaft by the eccentric hanger. When
the eccentric is moved across the shaft to its position of
greatest throw, its center stands at ¢ and the path of
revolution of its center is on the circle n.

To find the position the upper end of the rocker-arm
and the pivoted end of the eccentric-rod must be in, in
order that shifting the eccentric from f to e may not
mnove the valve, we set a pair of compasses to represent
the length of the eccentric-rod, and from e as a center
mark an arc w, and then with the same radius, mark
from f an arc y, and where w and y intersect, or at 2,
is the position for that end of the eccentric-rod, the
crank being on its dead center B. Now suppose we
rest the coripasses at #, and mark an arc £ ¢, and it is
seen that between the circles » and n¢ the arcs, f7 o
and ¢ f practically coincide, and it becomes clear, that .
moving the eccentric across the shaft will not move ' Al
the rocker, and therefore, will not move the valve. i | i

With the eccentric center at £, its path of revolution — | iy -
will be on the dotted circle »/, and as the rocker-arms ' D':
are of equal lengths, the travel of the valve will equal [y it ik
the diameter of circle n’, or equal to twice the lap, B l‘ .
hence there would be no admission of live steam, el i |
because the center of the eccentric is at the end of its i ‘ . ’
stroke, and as soon as the crank moves, the valve will [ B i 3 "
begin to move back. But as soon asthe eccentric is | - ]
shifted across the shaft from f towards ¢, there will be i §i —8
an admission of live steam, beginning when the crank -
passes its dead center, and the period of this admission et = B
depends upon the amount the eccentric has been shifted ! = o
across the shaft by the governor or speed regulator.
Suppose then, that the eccentric center is shifted from

KT
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Jf to ¢’ so as to give the longest period of admission or
latest point of cut-off, and we may find at what point
in the piston-stroke this occurs, as follows: As the
crank motion is in the direction denoted hy the arrow,
the eccentric will move from e to ¢/, the cut-off occur-
ring when it arrives at ¢’. The degrees of angle it
moves through, from the point of admission to the point
of cut-off, is shown on the crank-pin circle at E ¥’, and
it is obvious that the crank will move through the same
angle, hence we take the length of arc E E’, and mark
it from B, thus getting at B’ the crank position at the
time the cut-off occurs.

‘We then set a pair of compasses to represent the
length of the connecting-rod, and from B mark an arc
at b, and from D mark an arc d, thus marking from b to
d on the line of engine centers, the length of the piston
stroke; with the same set of compasses mark from B’
an arc ¢, and from where ¢ cuts the line of centers,
erect a perpendicular line , which in its distance from
perpendicular line b, gives us the longest period of live
steam, or in other words, the latest cut-off, as marked
in the figure, and it is thus found that the governor, in
shifting the eccentric across the shaft from f to e,
varies the point of cut-off from about three-quarter
stroke to no admission.

In practice, however, the rock-shaft center is lowered
sufficient to bring the apex of its upper arm 7° below
the line of engine centers, as shown in Fig. 316. This
causes the adinission to begin when the crank passes the
line of the eccentric-rod, and gives {4 inch lead when
the crank is on the dead center.

Obviously therefore, under these conditions the
point of admission varies for the different points of
cut-off, and fnrthermore, in proportion as the eccen-
tric is shifted out towards e for longer points of cut-off,
the lead increases, because the eccentric, having a
greater throw, moves the valve more during a given
number of degrees of eccentric motion. The increase
of lead, however, at the later points of cut-off, serves
to compensate for the lesser amount of compression at
the later cut-offs and thus serves to equalize the
amount of cushioning on the piston.

It 13 obvious, however; that in this case the shortest
point of cut-off will not occur until the piston has
moved past the dead center enough to move the valve
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a distance equal to the amount of the lead. Tt will
be observed that there is an offset in the rocker-
arms, and the object of this offset is to cause the
valve to move the fastest when the piston is moving
the fastest, and thus proportion the admission to
the piston speed. To investigate this, we proceed
as in Fig. 315, in which the parts are shown in
the positions they would occupy with the crank on the
dead center B, and the eccentric shifted across the
shaft to its position of greatest throw at e, for the latest
point of cut-off.

Now, while the eccentric moves from e to r, the valve
will move to open the port for the admission of stea,
and while it is moving fromm rto ¢/, the valve will be
moving to close the port, the cut-off occurring when
the eccentric reaches ¢/. During this period of eccen-
tric motion, the upper rocker-arm will move from m to
n, opening the port, and then back to m, closing it for
the cut-off, while the piston will move from the head-
end towards the crank-end of the cylinder.

Now suppose the crank to be on the other dead
center, and the eccentric will be at g, and the upper
rocker-arm at p, then while the eccentric moves from g
to %, the upper rocker-arm will move from p to «, opening
the steam port, and while the eccentric moves from % to &
the upper arm will move from u to p, and the cut-off

will occur.
When the rocker-arm is at n, the lower arm is at »’;

when the upper is at p, the lower is at p’, and so on;
and if we draw a line beneath the lower rocker-arm, we
may, by means of the vertical lines »’ m’, etc., trace the
movement of the valve, thus when the crank is moving
from D, the valve, in opening for the admission, moves
a distance equal to radius m’ #/, whereas, during the
admission for the otlier stroke, it moves the lesser
radius from p’ to «/, and we have, therefore, that dur-
ing the period of admission while the crank moves
from D, the valve moves faster than it does for the
admission period when the erank moves from B, and it
follows that since the piston moves faster during the
live steam period from D, than it does for the cor-
responding period from B, therefore the valve motion
is timed with the piston motion, giving a quicker
admission for the port at the crank-end than for that
at the head-end of the cylinder.
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The Westinghouse Endine.

Figs. from 317 to 324, represent the Westinghouse
Automatic Cut-off Single-acting Engine.
Fig. 317 is a front, and Fig. 318 a rear view of the
engine, while Fig. 319 is a sectional view on a vertical
plane passing through the center of the crank-shaft
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are trunk pistons, the wrist-pin &, for the upper end of
the conneeting-rod, passing centrally through the piston.
Kach piston has four packing-rings to maintain it
steam tight, and is made long enough to form its own
guide in the cylinder bore, thus dispensing with the
usual guide-bars and cross-head. The upper end of
each pistonis ehambered (as seen in the left hand
piston, which is shown in seetion) to prevent condensa-
tion. The cranks are set exactly opposite to each other
so that one piston is always in action, and the live steam

TRIET -u“'; T ':': '
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bearings, and Fig. 320 a sectional view, through the

cvlinder in a plane at a right angle to the crank-shaft.
There are two steam eylinders A A having covers a a

at their upper ends only, the lower ends being open for

317.

period in one cylinder, corresponds to a certain portion
of the exhaust period in the other, this period depend-
ing upon the point at which the cut-off ocenrs.

The upper end of the connecting-rod is bushed with

the connceting-rod to work through. The pistons D D |'a thimble, while at the crank-end it is provided in the
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upper half of the bore for the crank-pin with an anti-
friction netal lining, this being the half that is (on ae-
count of the steam acting on one side only of the
piston) always under pressure or compression, while the
other half performs no dnty.

The eranks are balanced hy the over-hanging piece, or
bob z.  The eylinder covers are provided with what is
termmed a pop-out head, the construction being as
follows: The eenter of the inside cvlinder-head, Fig.
321, is a separate piece, screwed or driven into place
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mentally determined) to erack out when a pressure of
200 pounds per square ineh is reached.

If, therefore, the engine cylinder should receive a
eharge of water, the center pieee will break out, thus
relieving the pressure and preventing the breakage of
parts that would be more costly to repair or replace.

The construction of the main bearings is seen in
the sectional view, Fig. 319. The erank-journal II is
taper, and works in a shell d lined with Babbitt metal.
Between the flange of the shell d and the eover d’is a

s H e

' (A e

aladl >

Fg. 318,

against a shoulder, @ a. , It is prevented from any pos-
sibility of getting into the eylinder by the indicator
piug b, which draws it up to the loose outer head ¢ c.
This eenter picce is partly eut away on the upper side
by a circular grove d d, leaving metal enough (experi-

ehamber, containing a ring wiper W, which takes up
the oil as it works past the bearings, and returns it
through the tube e to the crank case C, which is partly
filled with water, upon which floats a layer of oil for
lubrieating the cranks and ecccentrics, as will be ex-



208

plained presently. Collar washers ¢ ¢ Fig. 319, of
bronze form the end bearings of the cranks, and lead
washers v prevent the taper sleeves from being forced
up, so as to cause binding on the crank-journals H. A
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filled with live steam. In the position the parts occupy
in the figure, steam is about to be admitted to the cylin-
der through the annular port P, which is left open for
the admission by the upward motion of the valve, the

Fyg.

center-bearine K bridees the crank case, and receives
the downward thrust of the crank at H,

The construction of the valve mechanism is shown in
Fig. 322, which is a vertical section through the central
plane of the valve cliest, and it is seen that a piston
valve V, having four packing-rings, is emploved. Steam
is admitted to the central portion S, which is constantly

319.

eccentric I moving from right to left. The exhaust
for this cylinder is taking place through the annular
exhaust port p’ p’, which is also opened by the up-
ward motion of the valve. The valve is sitnated
between the two steam cylinders, and the one valve,
therefore, serves for both cylinders, the exhaust for the
other cylinder entering the chamber above the valve,
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and passing throngh the valve to the exhaust pipe n.

Fig. 320

Fig. 321.

covered, prevents the exhaust from passing into the
lower part of the casing in which the erank works.

209

The valve works in a casing m, which may bo replaced

by a mnew one when necessary to restore the fit of
the valve.

The construction of the governor for varying the
point of eut-off by moving the ececentric across tho
shaft to reduee the throw of the eccentric, and there-
fore the travel of the valve, is as follows: The dise A
A, Fig. 323, is east solid, and keyed to one of the
cranks,

The loose eccentrie C, is suspended by the arm e,
from the pin d, around whieh it has a motion of adjust-
ment; B B are the Governor Weights, pivoted on the



210

pins & b; one of the weights is connected to the eccen-
tric by the link £, and both weigths are connected to
operate in unison by the link e. Coil Springs D D fur-
nish the centripetal or returning foree. The eccentric
encircles the shaft S, the opening being elongated to
admit of the proper motion. The stops s s limit the
motion of the weights.

In Fig. 223 the Governor Weights are shown in the
position of rest, whereby the eccentric is thrown over to
its position of greatest eccentricity, giving a maximun
travel to the valve, corresponding to a cut-off of about
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from 1 to } stroke, (at which the engine developes its
rated power) the position of the parts is mid-way be,
tween the two positions shown. The position to which
the governor must move the eccentric in order to cut
off the steam at a given point in the stroke, may be
found by the construction explained with reference to
figures 278, 279 and 280, and the port openings, by
the construction explained wtih reference to Fig. 225,
while the valve lead and points of admission may be
considered, as was done with reference to Fig. 227,
The means provided for lubricating the various work-

Fig, 323

& stroke. The parts of the governor remain in this
position until the engine is within a few revolutions of
its full speed. The centrifugal force of the weights
then over-balances the tension of the springs, and the
weights move outward, reducing the travel of the
eccentric and valve, and consequently shortening the
point of cut-off.

The extreme outward position of the weights is
shown in Fig. 324. The cut-off for this position occurs
so early as to barely hold the engine up to speed when
running without load.

‘When the engine is properly loaded, so as to cut off

Fig. 324,

ing parts without the use of oil cups, are as follows:

A reservoir O, Fig. 322, contains a supply of oil,
which is admitted from time to time through the cap at
g. From the oil reservoir are pipes having the globe
valves 7 ], Fig. 319, which may be operated to feed oil
into the receptacles f f, Fig. 319, the oil passing
thence to the crank-shaft journals H, and after finding
its way to the ends of these journals, it is carried into
the case or chamber C, Figs. 319 and 320, in which the
crank works. This case is enclosed by the cover shown
at A in Fig. 320, and contains water whose level
nearly reaches the crank-shaft; floating upon this water
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is a layer of oil, into which the cranks and eccentrics
dip during the lower part of their path of revolution,
thus giving constant lubrication.

To maintain the proper level of water in the case C,
a drip-pipe U, Fig. 322, is provided, which admits the
water of condensation from the exhaunst steam.

Similarly, either additional water or oil for the case
C, may be admitted through the pipe R R, but it is ob-

Y
&

11
319, prevents tho accumulation in the case of water
above the level of the top of the pipe ¢, and being con.
nected to the bottom of the case, it carries off tho sur-
plus water only, maintaining the level of the oil at a
constant height in the case.

This level is indicated by the height of the water in
the funnel-head n, and is required to be such that the
water is always in sight.
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The James and Wardrope Engine.

vious, that by a proper adjustment of the valves at I,
Fig. 319, the oil supply may be made sufficiently con-
stant from the reservoir O, Fig. 322, to render it un-
necessary to resort to the pipes R R, for any additional
supply.
A sipho;x over-flow, having a funnel head at n, Fig.
¢

The Multi-Cylinder Engine.

In this class of steam engine there are two or more

p f‘\?_\q
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steam cylinders, whose axial lines usually radiate from
the center of the crank-shaft. These cylinders are
single acting, or in others, receive steam at the head-
end only, the other end being open, hLence the connect-
ing-rods are under compression, only being pushed by
the piston and not pulled during the return piston-
stroke, and the journal pressure always being in the
same direction at both ends of the connecting-rod, the

i

oy
&

~-

3 S SN
Fig. 326.
cross-head journal, crank-pin journal, and main-shaft
journals are kept seated on one side only. of their bear-
ings, hence the wear does not cause play or lost motion,
and delicate adjustments of fit are not necessary in
order to prevent pounding or thumping.

Figs. 325 and 326 represent the James and Ward.
rope, three cylinder single-acting engines, these engrav-
ings being extracted from Engineering.

The center-lines of the three cylinders radiate from

MODERN STEAM ENGINES.

the center of the crank-shaft, and their connecting-rods
all attach to the same crank-throw, which, therefore,
has no dead center. Each cylinder has a separate
piston-valve which works in a line parallel to the cylin-
der bore, and is operated from a rod driven by the
neighboring piston, as is plainly seen in the engraving.

The ends of each piston-valve are enlarged, and are
provided with packing-rings. The live steam enters at
the section of reduced diameter hetween the eularged
ends, the position of the steam pipe being shown in the
dotted circles in Fig. 325. The steam enters the cylin-
der at its upper end, when the port is uncovered by the
motion of the valve towards the head-end or outer end of
the cylinder, and exhausts when the piston-valve has
moved sufficiently towards the crank to leave the port
uncovered, at which time the steam passes the end of the
valve, and finds exit to the exhaust pipe, at the outer
end of the bore in which the valve works. This part
of the exhaust is therefore controlled by the valve, but
there are supplementary exhaust ports which are not so
controlled, these latter being shown in the dotted open-
ings in Fig. 325, and also in section in Tig. 326; these
ports are merely uncovered by the piston as it passes them
and are situated so as to come into action when the piston
has made about § of its stroke towards the crank and
permits of the escape of a large proportion of the steam,

The point at which the piston-valve effects its ex-
haust, depends upon the point at which the end of the
valve effects the compression by closing the steam port,
the action, in this respect, being precisely the same as
that explained with reference to Figs. 271 and 272
concerning the piston valve of the Armington-Sim’s
engine, it being noted, however, that in this case
the valve is single ported only.. Both the exhausts
enter the casing in which the crank revolves, this casing
forming an enclosed chamber having the main exhaust
pipe at its bottom. The exhaust steam therefore
excludes the air from contact with the pistons, and
thereby prevents the loss of heat which would other-
wise occur.

The pistons are made long, and are trunks, the con-
necting-rods pivoting to their outer ends, thus giving
a long connecting-rod and dispensing with the use of
guides, the long pistons and cylinder bores serving for
guides, as is also the case with the valves.
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N. Y. Safety Steam Power Co’s. Engdine.

Fig. 327 represents an Automatic Cut-Off Engine,
by the New York Safety Steam Power Co. The gov-
ernor is of the usual wheel-regulator construction and
operates a piston valve, which takes steam at the ends
and exhausts it in the middle of its length. 1In order
to perfectly balance the valve, the diameter at the
valve-rod end is made sufficiently larger than the head-
end, to make the area exposed to the steam, equal.

The Ball Automatic Cut-Off Engine.

In the Ball Automatic Cut-Off Engine, the point of

/////7////{%//7//
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view of the engine, Fig. 329 represents the governor
with the eceentric removed, and Fig. 324, the eccentric.

Anarm T T is keyed to the crank-shaft, and upon
the hub of this arm the pulley is a working fit, so that
it can revolve a certain amount upon the arm. This
amount is limited by means of two lugs which project
into cavities provided in the end of the arm hub, as
seen in Fig. 329, The governor balls are pivoted, by
arms to the pulley arms, as shown, each of these arms
being connected to two spiral springs, of which one is
fast to the inside rim of the pulley, and the other is
fast to the lever T. Now suppose the pulley to revolve
against a steady resistance, offered by the belt to the
pulley, and the balls will swing out and revolve in a

cirele of such a diameter as will create an equilibrium

Fig. 328.

cut-off is varied by a wheel governor shifting the eccen.
tric across the shaft. A flat valve is used which gives
a double port opening through a single port, the
construction being as follows: Fig. 328 is a general

between the centrifugal force generated by the balls,
and the centripetal force of the four spiral springs.
Suppose, however, that the belt resistance suddenly
increases, and any retardation of the pulley wheel re-
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sulting from the increase of load, will at once be com- | be moved across the shaft into position to give

ERCETANRANNANKG

P EETITINIL M R

ing the centripetal force, will cause the eccentric to

points of cut-off, and increase the power of the
engine to a degree corresponding to the amount of in-
creased resistance offered by the belt to the pulley.
The governor action is here, then, independent of the
crank-shaft, which may go on at its regular speed. By
this construction therefore, itis necessary to change
the spced of the crank-shaft and fly-wheel before the
governor can act, since the latter takes a short cut, as it
were, and acts directly npon the valve without refer-
ence to the fly-wheel and crank-shaft.

THE ECCEXTRIC CONSTRUCTION.

The construction of the cccentric mechanism is
shown in Fig. 330, in which A is the main eccentric
having an elongated opening, which permits it to swing
across the shaft. To this eccentric is secured the arm
B, which is pivoted upon the pin Y of arm or lever T
in Fig. 329, thus allowing the eccentric a pendulum
motion across the crank-shaft.
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The amount of this pendulum motion is contrelled
by the rotation of a disc C. This disc has a flange D,
which is eccentric to the crank-shaft, and on the inside
of this eccentric flange is a ring E, which has a stud F

MODERN SITEAM HNGINES.

332 and 333. It ismade in two parts T and S baviné:
rectangular flat faces, and an annular ring flange at the
back. : 2

The flange of T fits within that of S and is provided
with two spring snap rings te maintain a steamn tight
fit. The live steam enters the inside of the valve, and
pressing against the projecting lips and of the end faces
of the rings. moves the two halves of the valve apart
and up against the scat faces. The valve is thus re-
lieved of pressure npon that part of its area which
forms the openings threugh which the live steam enters.

The steam ports are so shaped, as to receive steam

engaging with the main eccentric A, as shown.

The rotation of the disc upon the crank-shaft there-
fore causes the main eccentric to swing across the shaft,
from the pin Y, as a center of metion. The disk D
also has sleeves encircling the shaft, and projecting
through the elongated bore of the main eccentric, and
on the end of this sleeve is a ringimt G which holds
all the parts in place.

The disc is rotated around the crank-shaft by means
of two pins in its back face, which fit into the heles
shown in the ends of the links shown in Fig. 329 to be
pivoted at their ends to the governor balls.

TH% SLIDE-VALVE.

The construction of the valve is shown in Figs. 331,

Lovpr - T e WoWe A o

Fiy. 333,
from the port epenings given by beth halves of the
valve, the course of the steam being denoted by the
arrows in Fig. 333, where it is seen that the exhaust
passes out at the ends of the valve.



The Dexter Automatic Cut-Qff En.i.nn.

THE DEXTER ENGINE.

Fig. 334.

2 1)
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g and E that for the cut-off valve, The

‘aux v steam chest C is suspended from the walls of
| ain steam chest, and receives steamn at the center.
| In Fig. 336 is given an end view of the steam chest
by | and valves, showing the method of susperiiing the
er | auxiliary steam chest within the main steam chest, and
enabling it to set up to take up the wear between it and
| the back of the main valve.
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pe 2 Fig. 336.

The Dexter Automatic Cut-0ff Engine -——The Valve Construction.

all peints of cut-off. Fig. 335 is a longitudinal section Openings lead from the central supply to the differ-
of the valves, L are the cylinder steam ports, "and | ent points on the cut-off valve D, where admission
M M the exhaust ports. On the back of the main | occurs through the ports J, J, J, J, in the auxiliary steam
valve F is a piece C, which acts as a pressure plate for | chest,

the main valve, and receives a double-ported piston It will be seen that the steam from the central open-

' valve D, whose perts are shown at J, J, J, J. G is the ! ings in the cut-off valve is distributed to the main valve
28




220 MODERN STEAM ENGINES.

through two ports provided on each side of the center | which position it will hold the eccentric rigidly against
of the cut-off valve. The auxiliary steam chest may [ the resistance of the valve and its connections. When
be moved up to the main valve to take up the wear. | the weights are in their extreme inward positions, the
The eccentric C Fig. 337, is pivoted at D. The weights | opposite link will be in line with the points G, H, I, and
E E, are pivoted at G G, and are drawn inwardly by | the eccentric held rigidly against resistance, as in the

frg, 337,

The Dexter Engine——The Construction of the Governor.

the springs F F, while they are connected to the eccen- | extreme outward position. Between these two points
tric by links with bearings at H 1. The weights are | the resistance is effected by the action of both links.
shown in their extreme outward positions, and it will | The rigidity at the extreme inward position gives a
be seen that one of the links is in a straight line, on | capacity to start the valve, even though from disuse
the points G, H, I, which is tangent to the eccentric, in ! it may have become rusted or gummed to its seat.
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Fig, 338
The Reynolds Corliss Engine.
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Fig. 339,

The Reynolds Corliss Engine,



THE REYNOLDS CORLISS ENGINE.

The Corliss Automatic Cut-Off Eugine.

The Cerliss engine is the mest prominent and impor-
tant of all that class of engines, in which the connee-
tion between the eccentric-rod and the valve stemn is
broken, in order that the valve may be closed quickly
to effect the eut-off, which occurs at a point in the
stroke that is determined by the geverner.

The distinguishing features of a Corliss engine are
the trip mechanism for releasing the valve; and its
connection with the governor; the dash-pot er its equiv-
alent for clesing the valve without jar er shock; and
the wrist metion which reduces the motion of the valve
after it has opened the steam port.

There are twe admisssien and two exhaust valves
driven by a single and fixed eccentric, hence the lead
and the peints of release or exhaust are maintained
equal for all peints of cut-eff.

The Reynolds Corliss Engine.

A representative of advanced practice in the Corliss
type of engine, is given in Figs. 338 and 339, which re-
present the Reynolds Corliss Engine. Figs. 340 and
341 represent the valve gear with the parts in the posi-
tion they occupy when the cut-off occurs at half-stroke,
the piston having moved from the head-end of the cyl-
inder.
positien with the crank en the dead center, and the piston
at the crank-end of the cylinder, valve v having opened
its port to the ameunt of the lead.

Referring to Fig. 340 motion trom the eccentric is
imparted by the rod M te the wrist plate Y, to which are
connected the rods C C’ fer operating the admission
valves, whose spindles are seen at S &, and the rods
F ¥’ for operating the exhaust valves, whose spindles
are seen at T 1V,

TIHIE VALVE GEAR.

The mechanism for the steam or admission valves

In Figs. 342 and 343 the parts are shown in.
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may be divided inte threo eilements; first, that for oper.
ating the valve te epen the port for admission; second,
that for clesing the valve te effect the cut-off; and third,
that which determines the point in the stroke, at which
the cut-off shall occur.

The first consists of the rod M, wrist plate Y, and
the rods C and C’, which operate the bell-cranks »
' v’ which are fast on the valve spindles S S’. Upon the
ends of bell-cranks r r, 7/ #/, are pivoted latch links w u’
which have in themn a recess for the latch blocks, of
which ong is seen at e (the rod R’ and its cennection
with the valve stem being shown hroken away to ex-
pose e to view). During the admission the latch block
abuts against the end y of the recess w and is tripped
therefrom by the cam n’. The ends of arms g of
the latch links abut against the hub of the arms d &,
upon which are cams n, 7’ and at a o’ are springs for
keeping the ends g of latch links « »’ against the hubs
and cams of d d’.

Referring now to the valve mechanism at the head-
end enly, suppose the piston to be at the head-end
of the cylinder, and latch block e will be scated in the
recess provided in u to receive it, and as the bell-crank
meves, the latch block will be raised by the latch link,
which is carried by a crank arm corresponding to that
seen at x at the crank-end ef the cylinder, and as this
crank arm is fast upen the valve spindle, the lifting of
e will open the valve for admission. As soon, however,
as the end g of the latch link meeéts the cam »’ the latch
link will be moved se that the end y of its recess will
leave contact with the latch bleck ¢, and the dash-pot
will cause rod R’ to descend instantaneously and close
the valve, thus effecting the cut-off.

TIHE ADMISSION.

The period of admission, therefore, is determined by
the ameunt of motion the latch link «’ is permitted to
have before its end g meets the cam »’ which trips the
latch link, and therefore frees e from the latch link
recess. :

The point at which the cut-off will occur therefore
is determined by the pesition of the cam n’, hecause
if #’ is out of the way the end g of the latch link will
not meet it, the latch link will not lisengage from
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The Reynolds Corliss Engine.

Positions Of The Parts With The Crank On The Dead Center
And The Piston At The Crank-End 0f The Cylinder.

Fig. 342,
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THE REYNOLDS CORLISS ENGINE.

the latch block ¢, and the cut-off would be effected by
the lap of the valve, and independently of the dash-pot.
As, in Fig. 340, the parts are shown in the positions they
occupy at the instant the ent-off is to occur, therefore
the cam n’ has just tripped the latch link, and the end of
e has just left contact with the end y of the recess w
in the latch link «’.

The point in the stroke at which the tripping of w
from ¢’ will occur and effect the cut-off, 1s determined by
the governor, because @’ is connected to the governor
through the rod G’. In proportion as the governor
balls rise, d’ is moved from left to right, and the end of
cam n’ meets g earlier, or vice versa in proportion as
the governor balls fall, the arin d’ is moved to the left,
g will meet the end of cam n’ later, and the point of
cut-off will be prolonged.

We now ¢ome to the means employed to close the
valve quickly and without shock when the latch block
is released from the latch link. Referring then to the
crank-end of the eylinder, the latch block for that valve
is earried upon arm z, to which is attached the rod R
from the dash-pot piston (the arm corresponding to x,
but at the head-end being shown removed to expose
the latch block to view). We may now turn again to
the head-end of the cylinder, rod R’ corresponding to
rod R at the other end, and it is seen that R’ conncets
to a dash-pot piston p’ having a stepped diameter, the
Jower half fitting into bore II’, and the upper half into
a bore H. The piston p’ fits the bore H’ and fills it
when the rod R is at the bottom of the stroke, hence as
2’ is raised, there is a vacuum in I’ that acts to cause
»’, and therefore R’ and x, to fall quickly and close the
valve the instant the latch block is released from the
latch link. To prevent the descent of rod R’ and piston
p’ from ending in a blow, a cushion of air is given in
H by the following construction:

At S and S’ are valves, threaded to screw and un-
screw, the ends forming a valve for a seat entering H.

As the rod R’ and its piston p’ descends, the air in
H finds (exit through a hole at %, until that hole is
closed by the piston p’ covering it, after which the re-
maming air in H can only find exit through the open-
ing left by the end of the valve S, and this amount of
opening is so regulated by the adjustment of &, that a

certain amount of air cushion is given, which prevents
29
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p’ from coming to rest with a blow. The head of valve
S’ is milled or knurled, and a spring ¢’ fits, at its end,
into the milled indentation, thus holding it in its adjust-
ed position. The under surface of the upper part of p’
is covered by a leather disc, while the part that fits in
H’ is kept air tight by a leather cupped packing.

TIE GOVERNOR CONNECTION.

The connection of the cam arms  and d’ with the
governor, is shown in Figs. 342 and 343, in which the
parts are shown in the position they would occupy
when the crank is on the dead center, and the piston at
the crank-end of the cylinder. The rod G’ eonnects
the cam arm d’ with the upper end of lever A, which is
connected to the governor, and vibrates on its center as
the governor acts upon it. -

Now suppose the speed to begin to diminish, and the
governor balls to fall, and the direction in which A will
move will be for its lower end to move to the right,
thus moving d to the right, and carrying its cam away
from the end of the latch link, which will thereforce
continue to open the port for a longer period of admis-
sion. Or, referring to Fig. 340, it is plain that if the
governor balls were to lower from a reduced governor
speed, G’ wonld move to the left and cam n” would he
moved away froin contact with the end g of ‘the latch
link, which not being tripped, the admission would con-
tinue. On the other hand, suppose the governor balls
to rise from an increase of governor speed, and 4’ (Fig.
340) would be moved to the right, and the cam n’ meet.
ing g earlier would trip e carlier, correspondingly has-
tening the cut-off.

The governor is driven by a belt from a punlley on
the crank shaft to the pulley W Fig. 342, whose shaft
conveys motion to the governor spindle through the
medium of a pair of bevil pinions.

TIE CONSTRUCTION OF THE VALVES.

The construction of the valves is shown in Fig. 342,
in which v represents the stcam or admission valve for
the crank end port, and v’ that for the head-end port,
while v2 is the exhaust valve for the crank-end, and v3,
that for the head-end of the cylinder. All four valves



228

MODERN STEAM ENGINES.

The Reynolds Corliss Engine.

Positions Of The Parts When The Crank Is On The Dead Center And The Piston At The Crank End.
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THE REYNOLDS CORLISS ENGINE.,

are shown in the positions they would oceupy when the
erank was on the dead eenter, and the piston at the
erank end of the eylinder, hence the valve positions
shawn, eorrespond to the positions the parts of the valve
motion oeeupy in the figure.

The faces of the valves are obviously ares of eireles,
of whiech the axis of the shafts s s’ are the respective
eenters. Valve v has opened its port to the amonnt of
the lead, which in this elass of engine varies usnally
from 5 to about {4 inch. As separate exhaust valves
are employved, the point of release, and (as the sane
valve edge that effects the release also effects the com-
pression) therefore that of the compression, may be
regulated at will, by adjusting the lengths of the rods
F F’, which have at one end a right, and at the other
a left hand serew, so that by turning baek the check-
nuts and then revolving the rods, their lengths will be
altered.

Similarly the amount of admission lead may be ad-
justed by an adjustment of the lengths of rods C C’,
which also have right and left hand screws.

Yeferring now to the admission valve v, it is seen
that its operating rod C is at a right angle to bell-erank
r r, hence the amount of valve motion will not be dim-
inished to any appreeiable extent by reason of the wrist
plate end of rod C moving in an are of a circle, and the
point of attachment of red C to the wrist plate is such
that, during the admission the valve practically gives as
quick an opening as though rod C continued at a right
angle to r. But if we turn to valve v’, which has closed
its port and covers it to the amount of the lap, we find
that bell-erank C’ and its operating rod C’ are in such
positions with relation to the wrist plate, that the
motion of the latter will have but little effect in moving
the bell-crank /. This is an especial feature of the
Corliss valve motion, and is of importance for the
following reasons:

The lap of the valve (which corresponds to the lap of
a plain D slide valve) is usually, in this class of engine,
sneh as to cut off the steam at about F stroke, but the
adjustment of the cam position is usually so made, that
from the action of the governer, the latest point of
cut-off will occur when the piston has made § of its
stroke, the range of cut-off being from this to an admis-
ston equal to the amount of the lead.
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As the eceentric is fixed upon the shaft, the speed at
which the valve opens the port for the admission is the
same for all eorresponding piston positions. Thus sup-
pose the piston has moved an inch from the end of the
stroke, and the valve speed will be the same, whether
the ent-off in that stroke is to oceur at quarter-stroke,
or half-stroke, and as the valve continues to open the
port until it is tripped, therefore at the mement it is
tripped, the direction of valve motion must be suddenly
reversed.

As the duty of its reversal falls upon the dash-pot, it
is desirable to make this duty as light as possible, which
is accomplished by the wrist motion, which acts to re-
duece the valve motion after the port is opened a cer-
tain amount for the admission.

We have. therefore, that during the earlier part of
the admission, the port opening is quick, because of the
eccentric throw being a maximum, while during' the
later part of the port opening, this rapid motion is off-
set or modified by the wrist motion, thus lessening the
duty of the dash-pot and :nabling it to promptly close
the valve.

VARYING THE ENGINE SPEED.

The range of governor action, so far as the governor
itself is coneerned, is obviously a constant amount,
because a certain amount of rise and fall of the gover-
nor balls will move the cams a given amount. But the
range of eut-off may be varied as follows: At Z Z’ are
adjustment nuts, by means of whicl: the lengths of rods
G G’ mnay be varied.

Lengthening rod G, obviously moves arm d and its
cam n further from the end of latch link #, and therefore
prolongs the admission period.

Shortening the rod G’ eauses cam n’ to move around
and away from the leg g of the latch link, and prolongs
the admission.

The adjustment of the lengths of G and G’, may
therefore be employed for two purposes; first, to pro-
long the point of cut-off, and maintain the speed when
the engine is overloaded, or to hasten the point of cut-
off for a given engine speed, and thus adjust the engine
for a lighter load.
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The Greene Antomatic Cut-Off Engine.

Figs. 344 & 345.



THE GREENE AUTOMATIC CUT-OFF ENGIN

The Greene Automatic Cut-Off Engine.

In the Greene Engine, of which general views are
wiven in Figs. 344 and 345, there are two admission
and two exhaust valves, each pair of valves having its
own eccentrie, the construction being as follows:

In Fig. 349, J represents the journal-bearing of a
rock-shaft, having an arm F connected to the slide-
spindle or valve-rod G, and an arm A at whose lower
extremity is the toe for the trip motion. At J’ is the
journal-bearing for a rock-shaft, whose arm I operates
valve-rod G’, and whose arm A’ has a toe for the valve

Fig. 348.

tripping mechanism. The eccentric for the admission
valves operates the sliding-bar C, in which are the tap-
pets B and B’. These tappets rest upon spiral springs
that are seated upon the gauge plate E, which is raised
or lowered by the action of the governor upon the rod
D.

The operation is as follows: With the parts in the
position shown, the sliding-bar € is mmoving from left to
right, as denoted by the arrow above it. The toe B’ is
operating arm A to open the valve, whose rod or stem
is shown at G’, and will continue to open it until A’
by moving in the are of a circle, trips or escapes from
13’, wherenpon the valve is elosed instantly from two
causes, first, by a weight attached to an arm on the
rock-shaft J’, and secondly, by reason of the steam-
chest acting on an unbalanced area equal to the area of
the valve stem (7, the diameter of this stem being en-
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larged to the end of obtaining a steam pressure enough
to overcome the friction of the valve stem packing, and
also assist the weight to move the valve back quickly,
and thus effect a sharp cut-off. The point at which A’
will be released ftom B, evidently depends upon the
height of B’ above the bar C, and this is determined
by the plate E and rod D, which are actuated vertically
by the governor.

By bevelling the toe ends of arms A and A’, and
the upper faces of the tappets B’ and B, the arms are
enabled to pass over the tappets on the return stroke, as
shown at A B, it being obvious, that toe A will depress
tappet B.

In this construction each tappet and toe will always
come into contact, and open the valve for the admission
at the same point in the piston-stroke, hence the amount
of valve lead is maintained constant.

The exhaust valves are operated by a separate eccen-
tric and shaft, which turns back and forth on its axis
and operates the valves by a positive motion, thus main-
taining the points of release and of comnpression con-
stant.

The Harris Corliss Engine

Fig. 347 is a baek view of the Harris Corliss Engine,
in which glands for the valve stemns are dispensed with
by the construction shown in Fig. 348, in which A re-
presents the valve, and a, a thrust collar whose diameter
is made larger than that of the valve stem, so as to pre-
sent an area large enough to receive an unbalanced
steam pressure at tbe other end of the valve that will
keep the valve seated endways against the thrust-collar
and maintain a steam-tight joint without the use of
shifting boxes.

The Fishkill Engine.

In Fig. 349 is shown the Fishi:ll Engine, which is of
the Corliss type. In the smaller sizes of these engines
an ordinary dash-pot is employed, but in the larger
sizes a vacuum under the plunger is employed to assist
in closing the valve after it is released. The valves are
held to their seats by spiral springs, so that they may
follow up the wear, and thus prevent leakage.
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The Harris Corliss Ingine.
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The Wheelock Automatic Cut=Off Lngine.

The general construction of the Wheelock Engine
is seen in Fig. 350, which is a back view showing the
valve gear, which is more fully shown in Fig. 351.
The parts are shown in the positions they occupy at the
point of cut-off at half-stroke, the piston moving from

MODERN STEAM ENGINES.

pass through and form guide pins for the square latch
blocks which are shown in dotted lines.

The latch blocks are attached respectively to the ad-
mission links D and D’, by eyvlindrical stems seated in
the admission links, which are fast upon the stems V V"’
of the admission valves. The lower arm of each ad-
mission link is pivoted to the top of the weight W of

Fig. 350.

The Wheelock Automatic Cut-0ff Engine,

the head-end to the crank-end of the cylinder.

At E and E’ are the stems of the exhaust valves to
which are fixed the links F and F’, which are connected
together by the rod G.

Hence the rod 7 from the eccentric operates both ex-
haust valves by a direct and positive motion. At 4
and A’ are nuts for adjusting the length of rod G.

The latch links L and I/ are pivoted to the exhaust
links L 1, at m and m’, as are also the tongues which

the dash-pot, the pivots heing shown by dotted circles
pp’. The rod from the governor attaches at f, to the
arm of the trip piece or trip cam e, while the rod R R
conneets arm f’ with £ Upon f’ is a pinion engaging
with teeth upon the trip cam or trip ¢/, which is free to
revolve upon V’. The latch link L’ has, by contact
with the trip cam at point », been lifted, thus throwing
the end of the steel strip « (with which the latch link
is faced) out of contact with the latch block, hence
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the weight W’ of the dash-pot is at liberty to fall and
operate the valve stem V’, and thus effect the cut-off.

The weight is assisted by a spiral spring Q, hence it
closes the valve quickly. :

THE CONSTRUCTION OF TIIE DASH-POT,

The weights W are air-cushioned by the following
means: A sectional view taken through the center of
the dash-pot on a plane at a right angle to the cylinder,
is shown in Fig. 352. The base A is pivoted on the

supporting stem B, a washer W, secured by a set screw
s, preventing end motion, while leaving the dash-pot
free to vibrate upon B as a pivot. Fixed in the base A
18 the pin P, which acts as a guide to the weight W.

At Y Y, the base fits into the recess ¢, shown in the
bottom of the weight W. Suppose then, that the latch-
block of the valve gear has been released, and that the
weight W has fallen to the position it occupies in Fig.
351, and has therefore closed the valve and effected the
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cut-off, and the recess ¢ will be filled with enclosed air,
which acts as a cushion because it cannot escape freely
past the section Y Y, of the base, and is therefore
momentarily compressed, allowing the weight to seat
quietly down to the leather valve V V. The function
of this valve is as follows: Suppose the weight to be
seated down as it is at W, in Fig. 351, and lifting it
quickly for the next admission wounld cause a partial
vacuum in the recess, ¢ and thus increase the duty of
lifting the weight W, and opening the admission valve.

This however, is obviated by the leather valve v v,
which covers air holes H A, this valve lifting when W
is raised, and admitting air into recess c.

To regulate the quantity of air thus admitted, a
screw S is provided, its head fitting the bore 5, and it is
obvious that it may be screwed to the left and caused
to close communication between the air holes H 4, or
to the right. leaving a more free communication between
them.

By pivoting the latch links upon the eccentric pins
m m’ in Fig. 351, a certain amount of adjustment is
obtained. Considering, for example, latch link L in
Fig. 351, and revolving its cccentric pivot m to the
right will act to shorten the latch link with relation to
the valve stems E V, and this would cause the latch
block to engage earlier in the stroke, and therefore
hasten the admission and increase the valve lead. Or
turning m to the left, would have the opposite effect.

Furthermore, shortening the latch links by means of
these eccentric pivots, causes the weights W and W’ to
lift higher, and this by increasing the tension of the
spring Q Q, has the same effect as increasing the
weights W W',

THE COMPRESSION.

The amount, of compression is regulated by altering
the lengths of the rods Z and G, the former having an
adjustment nut (not shown in fig. 351) and the latter
having adjustment nuts 2 and A’

EQUALIZING TUE POINTS OF CUT-OFF,

The points of cut-off may be equalized as follows:
Suppose the adjustment nut #’ is operated to lengthen
rod R, and arm f’ will be moved to the left. This will
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move the trip cam, so as to bring its tripping point r
more nearly vertical, and hasten the point of cut-off,
or viee versa, ‘'employing nut »’ to shorten rod R, will
move point r to the left, and delay the point of eut-off.

Similarly for the crank-end valve, whose stem is
shown at V, operating adjustment nut » to move K, and
therefore £, to the right, will cause the latel link to meet
the trip cam at s quieker, and hasten the cut-off, while
employing 7 to move K (and therefore f) to the right,
will canse contact at s to be delayed, and prolong the
point of cut-off for valve V.

The two links F and F’ have, from their peculiar
shape, a motion corresponding to the wrist motion of
the Corliss Engine, opening the valves quickly during
admission, and slowly while the lap of valve is passing
over the port, thus the position of F is such that its
motion transmits a very slight degree of motion to the
latch link L, while F’ is in pesition to meve its latch
link L’ quickly.

In the later forms of this engine a flat griddle or
multiported valve and valve seat is emploved, the stems
¥ and E’ moving the valve by a shert link that also
has #he effect of a wrist motion in retarding the valve
movement during that part of the stroke when the
cut-off is to be effected. The lateh blocks seat against
a piece of leather, and being narrower than the latch
noteh have, after passing it, a slight motion along it.
Thus while the latch link L is moving downwards, as
denoted by its arrow, the latch will remain stationary
while the tongue slides through it. On account of the
position of the point of suspension m of the latch
link, F can have considerable motion without alter-
ing the position of the lateh block upon the leather.

The Twiss Engine.

Fig. 353 represents an Automatic Cut-Off Engine,
constructed by N. W. Twiss. The cut-off eccentric-rod
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is here pivoted to the upper end of a link, that is piv-
oted at its lower end, and therefore vibrates in an arc
of constant length. The link-block is attached to the
rod for operating the cut-off valves, and the governor is
attached to this same rod. It is obvious, that according
as the governor moves the rod, and therefore the
link-bloek down, the travel of the cut-off valve is re.
duced, and the point of ent-off hastened, until upon the
center of the link-block, becoming in line with the cen-
ter of oscillation of the link, the cut-off valve would
remain motionless, and their would be no admission.

The steam chest is pierced at each end directly under-
neath the bere of the eylinder, for the reception of four
circular slide valves, one main valve, and one cut-off
valve at each end of the eylinder, thus”securing the
least possible amount of clearance. Steam is admitted
and exhausted by the main valves. The cut-off valves
are located inside of the main valves and concentric
herewith, they are made double opening by means of
a cavity in their centers, thus reducing the amount of
travel nearly ene-half. These valves have the prsssure
of steam upon them and are made to compensate for
wear upon their seats. The main valves receive their
motion by means of drivers, having hollow .stems pass-
ing through long bonnets secured to the steam chest; to
these stems cranks are keyed. These cranks are con-
nected together by a pitman which receives its motion
fromn an cecentric on the main shaft, the eccentric-rod
is made to disengage on the larger sizes by which
means the engine may be worked backward or forward
at the will of the engincer. The cut-off valves receive
their motion by means of stems which pass through the
hollow stems of the main valve drivers, at the extremi-
ties of which cranks are keyed. These cranks are also
connected together by a rod, and receive their motion
from another eccentric on the main shaft. The range
of cut-off being from zero to five-eighths stroke, and
the speed of the engine may be changed while the en-
gine is running, by adding or removing weights from
the governor.
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In a Compound Engine there are two or more cylin-
ders, each partly utilizing the steam. The first, which
recieves stcam from the boiler, is the high pressure
eylinder. in which the steam performs a eertain amount
of duty before being exhansted into a receiver, or into
tne steam pipe of the low pressure cylinder, as the case
may be. The receiver is a chamber from which the
second cylinder receives its supply of steam.

The live steam period, in & compound engine, is con-
fined to the period of admission of the . P. (or high
pressure) cylinder, since after the point of cut-off in
the H. P. cylinder, the steam performs work from its
expansion only.

The object of compounding is to enable the use of a
higher pressure of steam without increasing the pres-
sure of the exhaust, or, in other words, to enable the
steam to be used more expansively, and, in some cases,
to enable the piston power to be transmitted to the
erank with greater uniformity.

Furthermore, by dividing up the expansion between
two eylinders, there is less variation in the temperature
of the eylinder at the beginning and end of the stroke,

and, therefore, Jess condensation during the admission
period. As the exhaust steam from the H. P. cylinder
is that which drives the L. P. piston, it follows that
there is, on the exhaust side of the H. P. piston, a back
pressure that is theoretically equal to the pressure of
steam admitted to the L. P. cylinder. In practice,
however, there is found to be a loss of two or three lbs.
per square 'inch, while the steam passes from the H. P,
eylinder, and through the reciever to the L. P. cylinder.

There are two principal methods of eompounding.
In the first the exhaust from the high pressure cylinder
passes through a pipe leading direct to the steam chest
of the L. P. eylinder. In the second the H. P. exhaust
passes into a reciever or chamber, intermediate between
the two cylinders,

- When a second L. P. cylinder is employed the engine
is termed a triple expansion engine.

In stationary engines the prevailing method of com-
pounding is to place the low pressure cylinder in line
with the high pressure. both pistons being on one rod.
This method is also employed upon some of the smaller

sizes of marine engines, as those used for yachts, Fig
239
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854 is an example of this arrangement, H. P. is the high
pressure cylinder, the exhaust steam passing from the
exhaust side E of the piston through the pipe P into
the steam chest C of the low pressure cylinder.
Direct passage of the exhaust steam from one eylinder
to the other without passing into a reciever is only per-
missible when the two pistons are on one rod, as in the
figure, or else when each piston connects to its own

Fig. 354,

crank and the two cranks are opposite to each other so
that the pistons will reach opposite ends of the stroke
simultaneously, and the low pressure piston will be
In position to recieve steam at the same time that the
high pressure cylinder begins to exhaust.

Thus in the figure the L. P. piston is in position
to recieve the exhaust from the H. P. cylinder, both
pistons being at the ends of their strokes. Obviously,
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however, if the two cylinders were independently con.
nected to the crank (each having its own piston-rod and
connecting-rod) the L. P. piston might be at the other
end of the cylinder, and still be in position to recieve
the exhaust stcam from E, because both pistons would
still begin and end their strokes together, the point
of release of the H. P. corresponding to the point of
admission of the L. P. cylinder.

In the engines of ocean steamships, the H. P. and L.
P. cylinders are separately connected to the crank, whose
throws are at a right angle one to the other, so that
when, as in Fig. 355, the . P. piston is at the end of its
stroke and its exhaust opens, the L. P. piston is near the
middle of the eylinder. These relative positions ren-
der a receiver necessary, so that a supply of steam may
be at hand for the L. P. piston at the commencement of
its stroke. When the high and low pressure pistons
are upon the same rod as in Fig. 354, the back pressure

HP LP

Fiy. 355.

on the H. P. piston fluctuates more than it does when
they are independent, and the cranks are ata right
angle. Thus, suppose the high pressure piston to be at
the end of its stroke, as in Fig. 354, and the back pres-
sure will be at its greatest, because the exhaust has just
begun. Tts reduction will, however, proceced regularly
with relation to the piston motion, because both pistons
travel in unison throughout every point in the stroke.
But suppose the cranks are at a right angle, and when
the H. P. piston is at the end of its stroke, as in Fig.
355, and the exhaust opens, we have the following
conditions:

First, the exhaust steam from the H. P. eylinder will
perform a certain amount of expansionin the receiver,
which will reduce its pressure, and secondly, the L. P.
piston is in that part of its stroke during which it moves
the fastest, and is therefore drawing most rapidly upon
the steam in the receiver, while the H, P, piston is in
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that part of its stroke during which it moves the slow-
est, hence the relative speeds of the two pistons (as well
as the receiver), acts to diminish the pressure during the
early part of each low pressure piston stroke, and this
obviously acts to equalize the receiver and L. P. cylin.
der pressure throughout the stroke. The amount of
power developed by the engine, however, is not influ-
enced by the fluctuation of back pressure in the high
pressure eylinder, or of the pressure during the adinis-
sion period of the low pressure cylinder, but is deter
mined by the diameter of the high pressure eylinder,
the pressure of the live steam, the point of eut-off for
the high pressure piston, and the number of times the
steamn is expanded in the low pressure eylinder, or, in
other words, the power developed is determined by the
volume and total pressure (pressure above a perfect
vacuum) of the live steam and the unbalanced pressure
on the low pressure cylinder at the point of low pressure
exhaust. In average practice, the diameter of the high
pressure cylinder is twice that of the low pressure, and
the points of cut-off are at about § stroke for the high
pressure, and at about § stroke for the low pressure
cylinder, these proportions being chosen so as to have
the power about equally divided between the two pis-
tons.

To find the total range of expansion, (which is not
affected by the method of compounding), we divide the
capacity of the low pressure eylinder, including the
contents of one steam-port and steam passage, by the
space moved through by the high pressure piston, up to
the point of cut-off including the space in one steam.
port and passage, and the quotient is the ratio-of ex.
pansion, this is clear, hecause we have merely found
how many times the total space occupied by the live
steam has been increased. The amount of power de-
veloped by the engine may be varied by altering the
point of ent-off for either the high or the low pressure
eylinder, or for both.

‘When the cranks are at a right angle, and a receiver is
used, it is usual to vary the power, by altering the point
of cut-off for the high pressure cylinder only. But
when both pistons are on one rod the two valves may
be on one rod, and the valves being given equal lap
and travel, the points of cut-off correspond in the two
cylinders, and will be altered alike and simultaneously

241

In Fig. 354, as the two pistons are on one rod, and
therefore at corresponding points in the stroke, the fol-
lowing arrangement is permitted. The low pressure
cylinder has a single valve V, and on the same stem is
a main valve v for the high pressure eylinder, which is
provided with a cut-off valve v, each valve being shown
placed in mid.position. As the two valves V v are on the
same rod, and therefore have equal amounts of travel,
their amounts of steam lap must be equal, if both valves
are to have equal lead, and the points of cut-off will, if
effected by these valves, be at corresponding‘ but fixed
points in the stroke. By means of the cut-off valve,
however, the point of cut-off of the high pressure cylin-
der may be varied, thus varying the admission period
and the amount of expansion, and therefore the power
of the engine. In order to proportion the amount of
steam-port opening to the diameters ‘of the cylinders,
the high pressure cylinder and valve is single ported,
while the low pressure cylinder has a double ported
valve and steam-port

Farcot's Compound Engine,

Fig. 356 represents Farcot’s Single-Acting Compound
Engine, in which one valve serves for both cylinders.
The high pressure piston receives steam on its upward
stroke only, and the low pressure piston on its down-
ward stroke only, and as there is no steam pressure
between the two pistons, therefore there is no back
pressure on the high pressure piston.

The live stecam pipe enters at the end » of the valve,
and therefore acts to counter-balance the weight of the
valve, etc. The pistons are shown at the end of the
downward stroke, the live steam-port being open to the
amount of the lead. The low pressure cylinder is open
to the exhaust which passes through the port in the
valve, and finds exit at C. The valve action may be
understood from figs. 357, 358, 359, 360, and 361.

In fig. 357 the valve v is shown in the position it
would oceupy with the crank on the lower dead center,
and therefore corresponding to the position of the
parts in fig. 356 the valve being supposed to have no
lead. A, represents the port for the high pressure, and
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b’ that for the low pressure cylinder, d is an exhaust | close the low pressure exhaust at C, this being the edge

port for the low pressure cylinder, while C corresponds | that effects the compression for the L. P. cylinder.

to the exit C in the vertieal section, fig. 356. Continuing the motion, when the edge f of the valve
In fig. 358 the valve is shown at the end of its stroke, | reaches the edge a of the high pressure port, as in fig.

the high pressure cylinder port a, being full open, and | 359 the high pressure exhaust, and, therefore, the low

e e

the exhaust from the low- pressure cylinder passing from | pressure, admission begins,the exhaust at C, being closed
bthrough d to C. Fig. 357 also shows the valve at the | by the edge g of the valve. Fig. 360 shows the valve at
point of cut-off for the high pressure cylinder, and it | the end of its stroke, port a being full open, and the
is seen that the admission, the cut-off and the compres- | opening at b equal to that at a. From the position in
sion is effected by the end e of the valve, and that after | fig. 360 the valve moves to that shown in fig. 357. and
the cut-off is effected, the edge g of the valve begins to ! we have now followed the motion throughout a full






CHAPTER IX.

Tae CoxpENSING ENGINE.

A steam engine is termed a condensing engine when
it is provided with a condensing apparatus, in which the
exhaust steam is condensed by water, instead of pas-
sing directly into the atmosphere.

The object of employing a condenser, is to form a
vacuum on the exhaust side of the .piston engine, and
thus remove from it the resistance of the atmosphere,
amounting to an average of about 144% pounds per
square inch. The effective power of the live steam, and
therefore that of the engine, is thus increased to an
amount answering to the degree of perfection of the
vacuum.

Condensers may be classified under two general
heads, viz.; jet and surface condensers, this distinction
arising from their construction, and the manner in
which the condensing water is used. In the ordinary
jet condenser, the water is (by passing through many
small openings) divided into sprays, which condense
the steam by direct contact, the condensed steam and
condensing water being then discharged by an air
pump. This air pump also discharges the air which is
liberated from the water in the boiler during the pro-
cess of evaporation (and separated from the steam by

the precess of condensation), and that which may enter
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from leaks in the joints of the engine, or in the pipes,
or from a leak in the stuffing-box of the engine pisten,
together with any other uncondensible gases which may
be present.

In the Ejector Condenser, the condensing water is in-
troduced through a nezzle in a solid jet, and is ejected
against the pressure of the atmesphere by the cembin-
ed action of the exhaust steam, and a natural or artifi-
cial head or pressure of water, thus enabling an air
pump to be dispensed with.

The Siphon Condenser also eperates without the aid
of an air pump, provided that the condensing water
can be had at an elevation of not less than 10 {feet, the
exhaust pipe of the engine being extended to a height
of 34 (or more) feet above the hot-well. The conden-
ser is attached to the top of the exhaust pipe, while one
or more vertical air-tight discharge pipes connect the
condenser to the hot-well below. The air in the con.
denser and pipes is first expelled by the exhaust steam,
and the water injected into the condenser forms a par-
tial vacuum. The condensed steam and condensing
water pass down to the hot-well, because the column in
the discharge pipe is higher than can be sustained by

the pressure of the atmosphere. The air and gases are,
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more or less, perfectly exhausted by the column of
water falling throngh the discharge pipe, thus maintain-
ing the vaenum. Unless, however, a head of 20 feet
can be had for the condensing water, the vacuum must
be first formed or started, either by a pump orits equiv-
alent, or by the special arrangement of pipes, which
will be deseribed hereafter with reference to the Bulk.
ley Injector condenser.

In a surface condenser, the exhaust steam is conden-
sed by metallie surfaces, in the form of tubes, eylinders,
or plates, which are kept cool by a eirculation of water.
Ordinarily thin brass tubes are employed, the conden.
sing water being circulated through them by a pump, the
steam is condensed on the external surface of the tubes,
and falls into the condenser, from whiel it is discharged
by the air-pump. Thus the eondensing water and the
water of condensation are kept entirely separate and
the latter may be returned to the boiler, while the con-
densing water, which may be salt or otherwise impure,
Ocean steamships, and other vessels ply-
ing on salt water, are provided with surface condensers,
as are also some land engines, when it is not desirable
to use the condensing water in the boilers, or where a
proper quantity of water for boiler use is searge. A
surface condenser requires therefore. a circulating as
well as an air-pump.

passes away.

The Bulkley Injector Condenser.

Bulkley's Injector Condenser is arranged on the siph-
on prineiple, but has, in place of the ordinary conden-
ser, an injector containing an exhaust nozzle, shown at C
in Fig. 361. The condensing water enters around this
nozzle, and passes down into the condenser through a
narrow annular orifice. The exhaust steam entering
this fihn of water, is instantly condensed, and imparts
its power to the injection water in a direct line down
the discharge pipe. The speed of the water through
the contracted neck of the condenser (which it com-
pletely fills) enables it to draw out the air and un-
condensible vapor, into the enlarged discharge pipe
below.

The general arrangement of the condenser and its
pipes is shown in Fig. 362. The exhaust pipe of the en.
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gine is carried up to a height of about 34 feet above
the hot-well, which should be placed at the lowest point
convenient for draining it. A feed water heater, if air-
tight, may be set in the exhaust pipe between the en-
gine and condenser. If the eondenser has a natural
head of not more than 10 feet (or what is the same
thing, a pressure of about 44 lbs. per square inch), the
condenser requires the service of a pump merely to
start it, becanse after the vacuum 1is once started
the atmospherie pressure will cause the condensing water
to flow into the condenser, thus dispensing with the em-
ployment of either an air or water pump. If the con
densing water Lias a head of 20 feet (corresponding to
a pressure of nearly 9 Ibs. per square inch), the conden-
ser may be go constructed as to start itself independent
of any pump, and an example of this arrangement will
be given presently. This ebviously saves the power re-
quired to opecrate an air pump. In cases when a less
head of water exists and the service of a pump is re-
quired eontinuously, the pump has but little duty to
perform, because the vacuum will permit the atmos-
pheric pressure to raise the condensing water about 2o
out of the 34 feet. Furthermecre, the exhaust steam
from the pump may enter the condenser giving the
pump piston the benefit of the vacuum, hence the con.
sumption of steam by the pump wil® be redueed to its
lowest hmits The vertical discharge pipe from the
condenser passes below the surface of the water n the
hot-well, and is therefore sealed by the water in the
same, hence the condenser and the discharge pipe form
a barometric columnn about 34 feet high, and the water
falls from tke condenser to the hot-well. because even a
perfect vacuum 1 the exhaust pipe wou'd be insufficient
to sustain a‘column of water of that height. The con-
struction therefore effects a virtually positive action in
extracting the air and uncondensible gases from the con-
denser, nor can the condensing water pass over into the
cylinder of the cngine, because the water is directed
downwards, and the area of the contracted throat of
the condenser is greater than that of the annular inlet
opening, afforded by the nozzle C, in Fig. 361.

A relief valve is placed on top of the exhaust pipe,
so that the engine may work without the condenser, if
the vacuum is lost from any eause. It opens automat-
ically, and is closed air-tight by atmeospheric pressure as
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soon as the vacuum is formed. As hefore stated, this
condenser will siphon over the water, from a head of 9
or 10 feet after starting, but the vacuum must first be
formed by drawing out the air by an ejector, or elevat-
ing the water by a pump, to the condenser. With a natu-
ral head of 19 or 20 feet, the condenser may be started
by the use of a valve connecting the vertical discharge
and injection pipes, just below the water level. This is
shown in Fig. 363. The natural level of the water, is
shown in the flume, or source of supply, at about 20
feet above the level of the water at the over flow of
the hot-well. Now, by expelling the air from the en-
gine and pipes by exhaust steam, and opening the con-
necting valve V, the water will flow over from the
flume, and down the vertical discharge pipe, condensing
the steam, and thus form a partial vacuum. The
water in the supply pipe will then be forced up to the
condenser, by the atmospheric pressure, thus perfecting
and maintaining the vacuum. The valve V is closed as
soon as the vacuum is formed.

There is required for condensation, an amount of
water equal to from 20, to 25 times the weight of the
exhaust steam, and as the condensing water has a tem-
perature of about 100 degrees in the hot-well, it may
be used for feeding the boilers, or for any other pur-
pose that may be required.

Several engines may exhaust into one condenser, and
a single pump can be used to supply several condensers.
The injector condenser occupies very little room, and
may be attached to the engine, in the most convenient
situation. By dispensing with the air pump used with
ordinary jet condensers, a saving in power is obviously
effected.

A stoppage of the water supply merely causes the
exhaust steam to open the relief valve on top, and thus
pass away, but caunot endanger the safety of the en-
gine, by allowing water to enter the cylinder of the
same.

KNOWLES’ INDEPENDENT JET CONDENSER.
Fig. 364 répresents a Knowles Independent Jet Con-

denser attached to a Corliss Engine. The exhaust
passes through the pipe x into the heater H, and thence

MODKERN STEAM ENGINES.

into the condenser C which is upon the top of the air
pump, which discharges the products of condensation
through the pipe D. ;

The air pump is driven by a steam cylinder, whose
action is deseribed with reference to the Knowles steamn
pump. The exhaust from the steam cylinder of the
condenser passes though the pipe x x into the condenser
itself, hence this cylinder also receives the benefit of
the vacuum. The injection water is supplied through
the pipe I near the top of the condenser, the gate valve
for opening and closing the same, being shown at G.

The feed water for the boiler is drawn through the
suction pipe S, and is forced through the pipe ¥ to the
heater H where it passes through a coil of pipe that is
surrounded by the exhaust steam, that is on its way
from the main cylinder to the condenser, and that enters
at one end of the heater and passes out at the other
into the condenser. The feed water thus extracts heat
from the exhaust steam, and thus helps the condenser.
From the heater the feed water passes through the pipe
F F to the boiler; at T is the valve for admitting steam
to the condenser steam cylinder, hence all the valves
necessary to operate thie condenser are contiguous to
the engine. Pipe V is for permitting the air and un-
condensed gases exit from the air pump being carried
up bevond the level of the pump discharge water.

Fig. 365 representsa Knowles independent jet con-
denser with safety-valve and float, the construction
being as follows: The exhaust steam enters at I and
the injection at F. There are two perforaied discs or

-water dividing plates, one of which is above the steam

inlet I, and the other below it, so that the exhaust
stcam meets at once a number of sprays of water.
The lower plate has at its center, an opening bounded
by a vertical flange, as shown in the figure, and steam
passing through this opening meets the sprays that fall
from the lower perforated disc. The water, air, and
gases are drawn off by the air pump from the bottom
of the condenser. At Z is a valve held to its seat by
the globe shown suspended, whieh is hollow and light.
Now suppose that from some unusual and unexpected
cause, the condenser should begin to fill with water,
and the float would lift the valve Z and destroy the
vacuum, thus stopping the inflow of injection water,
while permitting the cxhaust steam to pass out at L.
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Application Of The Knowles Condenser.
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SBURFACE CONDENSER,

A general view of Whecler’s Independent Surface
Condenser is given in fig. 366, and a sectional view of
the same in fig. 367.

The condenser is mounted horizontally at one end on

=1l o

Mt gy iy

MODERN STEAM ENGINES.

The circulating pump forces the injection water
through the tubes, the construction being as follows:

The pistons are supposed to be moving in the stroke
from left to right, hence the air pump is drawing out
the condensed water and air through B, and through
the left hand suction valve S. On the other side the
air pump piston is forcing the discharge through the
right hand delivery valve V. Similarly, the circulating

Wheeler’s Independent Surface Condenser.

the circulating pump, and at the other on the air pump.
Both pump pistons are on the same rod, as is also the
piston for the steam cylinder that operates both pumps.

The exhaunst steam enters at A and is distributed
along the condenser by the perforated plate O, beneath
which the tubes are arranged.

| pump is recieving the injection water through its left

hand suction valve 8, and forcing it through the right
hand valve V into a chamber F. which is separated

{ from the chamber I by a partition E, thus giving two

separate systems of tubes through which the injection
water passes.
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The Bulkley Independent Injector Condenser,

Fig. 368.
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THE BULKLEY CONDENSER.

The construction whereby the injection water is cir-
culated from end to end of the tubes, is more fully
shown at the bottom of Fig. 367. where a pair of tubes
are shown removed from the eondenser and turned end
for end, and it is seen that there are two tubes, one
within the other.

The plate K corresponds to the inner wall of cham-
ber F, in the sectional view, while plate J is the inner
wall of plate G, in the sectional view. The injection
water enters at N and passes through the inner tube M
into the outer tube L, and takes the course shown by
the arrows, ‘emerging from the end J, and passing
through the opening at E in the sectional view, from
the lower to the upper system of tubes, which corres-
pond to those in the lower system, and finally passing
out at D. At Q isacap that may be removed when
the tubes are to be cleaned.

The tubes are rigidly held at one end by the plates
J K, Fig. 367, while at the other they are supported by
plates, shown at T T in the scctional view. This per-
mits them to expand and contract freely, and obviates
the necessity of employing the paper ferrules that are
necessary when the tubes are rigidly held at both ends,
in order to prevent the tubes from leaking, and from
creeping throngh the plates.

Bulkley’s Independent Injector
Condenser-.

Fig. 368 represents Bulkley’s Injector Condenser, as
arranged with air and injection pumps. The construct-
tion of the condenser corresponds to that shown in Fig-
355, while that of the air and steam pumps is as fol-
lows: The steam pump is shown in section, and the
air pump with the valve chest cover removed, to expose
the pump valves. Both pistons are on one rod, which
vibrate the lever ! and through the medium of the rod
connection at m, the rod Li which is supported at T and
has tappets ¢

The valve V has a flat face, and therefore follows up
its wear, and operates over three ports in the usual man-
ner. To the valve spindle is attached a small piston C,
operating in a steam chest cylinder attached to the end
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of the rod L, at r and s are two small ports, which con-
neet with the exhaust port e, and in the steam chest
cylinder are similar ports. In the faee of the seat upon
whieh the chest eylinder slides, are cut two recesses,
through which the ports in the chest cylinder take
steam, as they pass over them.  Thus in the end view,
it is seen, that two ports denoted by e s are in communi-
cation. Now suppose the next piston stroke to proceed,
and through lever { and rod L the chest cylinder will
move to the left until it meets the tappet, whereupon it
will move the chest cylinder to the right. The latter
will earry with it the chest piston, both moving together,
until such time as the port in the chest eylinder comes
opposite to port r, whereupon steam will pass through 7,
and between the chest piston and cylinder, and the
chest piston will move suddenly to the left hand end of
its eylinder, opening the port at one end of the main
eylinder for the exhaust, and the port at the other end
for the admission, and thus reversing the motion.

The Reynolds Condenser.

In the Figures from 369 to 371 is shown the conden.
sing apparatus, employed by E. P. Allis & Co., in con-
nection with the Reynolds’ Corliss engine.

The exhaust from the engine cylinder passes first
into a feed water and purifier, and thence to the jet
condenser.

THE HEATER.

The construction of the feed water heater is shown
in Fig. 369, and that of the condenser in Figs. 370 and
371. In the heater are two tube-plates p p near the top,
and p p near the bottom.

The water from the feed pump enters the pipe A,
passes up it into pipe B, and descends through the
annular space between the two pipes, into the space
below the lower tube-plate p p, whence it passes up the
tubes to the top of the heater, where it enters the feed
pipe that passes to the boiler. In the upper chamber
of the heater is the scum pan, in which the scum of















CHAPTER X.

CompoUND CoNDENSING AND TRIPLE EXPANSION STATIONARY ENGINES.

Figs. 372, 373, and 374 represent the Worthington
Compound Condensing Engine, for the water-works of
towns and cities. It consists of a pair of engines and
pumps placed side by side, but forming virtunally one
engine because the valves for one engine are operated
from the piston-rod of the other, while both pumps
discharge through a common delivery pipe.

The distinguishing features of this engine are, first,
that the water is given a continuous and as nearly as
possible, a uniform flow through the suction and deliv-
ery pipes, its path of motion being kept as nearly
straight as possible, and secondly, that the valves are
permitted to close without the violence that is found to
prove destructive in some kinds of pumps.

This is accomplished by the peculiar construction
and arrangement of the steam valve gear, and by the
arrangement of the pump valves. The valve gear is
such as to cause the pistons to pause at the end of each
stroke, thus permitting the pump valves to seat them-
selves quietly, and therefore without inducing reverse
currents in the water, or checking its continuous flow
through the main.

The construction of the steam end of the engine is
shown in section in Fig. 373, H. P. is the high pressure

piston whg)se rod attaches direct to the pump plunger,
260

L. P. is the low pressure piston, which has two rods R
connecting to the cross-head C’, at R.

The stretcher rods or tie rods, S R, tie the stecam and
water cylinders together and keep them in line. At G
is the guide-bar for cross-head O/, which (by means of a
short rod) drives the bell crank B’, which operates the
pair of air pumps that are shown in section. Cross-head
C drives bell crank B, which works the air pump for
the other engine. From bell crank B’, a rod 4’ actuates
a rock-shaft, which operates the valve motion for the
back pair of cylinders. The valve motion for the H. P.
and L. P. cylinders of the engine that is shown in section
may be traced as follows: The bell crank B actuates
the rod & which operates the rock-shaft », which con-
nects at W to the rod for the two steam valves. These
two valves are balanced hy a pendulum p, pivoted at its
upper end, and having at its lower end a piston fitting
a bore in the back of the valve. Beneath each balan.
cing piston there isan opening leading into the ex-
haust, hence the valves must be balanced, notwithstand-
ing any wear that might in time occur in the valve
balancing pistons. :

In each cylinder the end ports as S S; are the steam
ports, the inner ports e e and e’ ¢/ being for the ex-
haust. The exhaust from the high pressure cylinder
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Fig. 372.
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COMPOUND CONDENSING ENGINE.

passes through pipe E to the steam chest E/ of the low
pressure cylinder, where it is superheated by the pipes
at J, which contain live steam at or near boiler pres-
sure. The exhanst from the low pressure cylinder
passes out at E3, and through the pipe E2 to the con-
denser, where it meets the injeetion water, the jet being
divided up by means of perforated plates, which separate
it into small streams, as shown. From the bottom F of
the condenser, the water, air and gas pass to the air
pumps at D. At » and »* are the foot valves, v being
shown open to admit ingress to air pump p which is
ascending. The air pump piston p’ is descending,
henee its foot valve »’ is closed, while the valves in p’
are open, the air, gas and water passing from the lower
to the upper side of the piston. The air pump dis-
charge oeeurs through the openings at ¢ and ¢’. The
trank piston-rods render guides for the air pump pistons
unnecessary, and enable the use of long rods from the
bars B I3, thus avuiding side strains.

Having described the general econstruction of the
engine, we may now pass to the construction whereby
the pistons are caused to pause at the ends of their
strokes. r

The steamn valves have no lap, hence the steam fol-
lows full stroke, while the exhaust passages being closed
as the pistons pass over them, a certain amount of com-
pression is obtained. As both valves are alike, and
are operated by the same rod, we may follow the motion
with reference to the L. P. eylinder, only the deserip.
tion answering for both. The cross-head C, on revers-
ing its motion, operates (through the medium of B and
b) the rocker r, which connects at W to the valve rod.
There is, however at W, a certain amount of lost motion,
so that the motion of r may continue for a certain
period without operating the valve, and during this
period. steam port S’ remains fully opened.

When the lost motion or play at W is taken up, the
valve will move to the left, and by the time the piston
has nearly completed its stroke, the left hand steam
port s will be closed, and its adjacent exhaust port e,
opened. '

Simultaneously, at the other end of the cylinder, the
steam port will be opened, and its exhaust port e closed.

On account of the position of the attachment of the
rod & on bell crank B, and of the small amount of valve
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travel, the port opening is so regulated, that it takes a
certain amount of time, after the piston has stopped,
before there is steamn pressure enough to start the pis-
ton on its return stroke, and this gives the pause, or
period of rest, before referred to.

Wo have here considered the aetion of one engine
only, and it will be readily pereeived, that as cross-head
C’ is at half-stroke when C is at the end of its stroke,
therefore one engine takes up the motion before the
other pauses, this action following in regular rotation,
so that the water is drawn up the suction pipe, and
forced through the delivery pipe, with a constant and
unchecked flow. ‘

The duration of the piston pause at the end of the
stroke, may obviously be regulated, by adjusting the
amount of lost motion at W, because the greater the
amount of lost motion, the later the port is opened, and
the longer the pause. In addition to this, however,
valves are employed, by means of which the steam and
exhaust ports, at each end of the cylinder, may be plac-
ed into communication, so that after the piston has elos-
ed the exhaust port, the compressed steam may pass
from the steam port into the exhaust, to relieve the
compression if necessary, and thus permit the piston to
travel the full length of stroke.

The construetion of the pump is shown in Flg 374.
The length of the water eylinder is divided into two
divisions, A and A’, the plunger working through a
bushing, as shown at ». The suetion chamber extends
veneath the full length of the pump. The suction
valves extend along the bottom, and the delivery valves
along the top of the pump cylinder. The plunger is
supposed to be moving from left to right, hence divi.
sion A is receiving water, and division A’ delivering it,
as denoted by the arrows. The water, it will be obser-
ved, can pass through the pump in a straight line, ex-
cept in so far as it is deviated therefrom, by passing
around one side of the plunger circumference. The
valves are flat rubber dises guided by a central stem,
and seated by means of a spiral spring at the back of
each valve.

Hand holes are provided, to afford access to the pump
valves. The delivery pipe from each pump connects
to a central pipe, on which the air chamber is situated,
so that the one air chamber serves for both pumps.
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COMPOUND CONDFENSING ENGINE. 265

In this engine a double acting bucket pump serves
for both the circulating and the air pump, 1he construe-
Vertical COIIZ])()I[-’I(I Condensing Lngine. | tion being as follows: * The condenser C is in the base
of one frame, the pump being worked from the engine

Fig. 875, (which is extracted from the Lngineer) | cross-head, by means of beams A, and rods D.
represents a compound condensing engine with surface The pump is divided into two compartments, each.
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Fig. 3175.
condenser, constructed by Worth, Mackensie & Co. [ having its own pair of valves, of which the lower of
The two eylinders are in line with their pistons on | each pair is the suction, and the upper the delivery
one rod, and are separated so that the upper gland of | valves, the lower pair are for circulating, and the upper
the L. P. and the lower one of the II. P. cylinder, may | for the air pump, hence each of them is single acting,
be accessible for adjustment. while the pump bucket B is double acting, effecting on
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each stroke the suction of one,and the delivery of the
other pump.

Triple Expansion Stationary
- Engdines.

Figs. 376, 376a, 376b, 376¢, 376d, represent a triple
expansion engine for driving mills, which was exhib-
ited at the Paris Exhibition of 1889. This engine has
four cylinders, the high-pressure and intermediate cyl-

{sse2¢)

Fig. 376d.

inders respectively marked H. P. and I. P. being
nearest to the crank, while the two low-pressure cylin-
ders marked I. P and L P’ are in the rear, and are
of unequal diameters.

By this arrangement there are obtained two en-
gines, either of which may be used as an indepen-
dent tandem compound engine in case of accident, or
which may be worked coupled as tandem compounds
(there being in the latter case two high and two low-
pressure cylinders), in case of circumstances necessi-

MODERN STEAM ENGINES.

tating a reduction of boiler pressure below that suit-
able for the triple expansion system of working.

The engine is thus available for working in three
different ways, the necessary changes in the mode of
working being made by means of the arrangement
of the pipes and valves connecting the cylinders.

The valve gear is shown in Figs. 376, 876a and
376b, and a longitudinal sectional view of the cylin-
ders in Fig. 376¢.

Fig. 376 shows the engine from the side on which
the exhaust valves are placed. Fig. 876a is a plan
and Fig. 376 a side elevation showing the connec-
tions from the eccentric to the steam valves, the con-
nections from the eccentrics for the steam and ex-
haust valves combined being shown in Fig. 376a.

Referring to the steam valves independently of the
exhaust valves, A, Fig. 3760, is the eccentric rod
operating a rock shaft B, which at its lower end op-
erates the rod C, vibrating the rock shaft D, which
works the rods E and F for the live-steam valves a and
b. The lower end of the rock shaft D works a rod G,
which conneets to a rock shaft H, which operates
the rods J, K for the steam valves ¢ d for the low-
pressure cylinder.

The rod G is shown dotted in Fig. 3766, but as it
is below the bed-plate of the engine is not seen in
Fig. 376a.

The manner in which the exhaust valves are
worked is as follows:

Referring to Fig. 8764, L is the eccentric rod for
the exhaust, being connected to the rocker M operat-
ing the rod M, which operates the rocker N’, which
ig fast upon its shaft. This shaft passes beneath the
engine cylinder, and operates at its other end the
rocker N”) which drives the rods O, P for the high
pressure exhaust valves.

The lower arm of the rocker N” operates a rod Q,
Fig. 376, which connects to the lower end of the
rocker R, and the rods S, T drive the valves g, A,
for the exhaust valves of the low-pressure cylinders.

The valves on the high-pressure cylinder are pro-
vided with a cut-off gear of the Corliss type controlled
by a Porter governor. The valves are opened by the
eccentric and closed for the cut-off by the action of a
spring as soon as they are released by the detent, the
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construction of which is shown in Fig. 376g.

Fig. 376e.

leased and the valve closed for the cut-off depends
upon what part of the cam acts upon the releasing
rods.

The air pumps are driven by a lever V, Fig. 376,
actuated by the cross-head of the engine. Detail
views of one of the air pumps are given in Figs. 376d
and 376e¢, while Fig. 376f shows one of the air pump
valves. The plunger, which is of conical form at its
lower end, operates in a eylinder surrounded by an an-

nalar chamber, which is divided into two parts, W and |

X, 376d, the lower of which (W) farms the condenser
and the upper the hot well. This chamber is seated
on a hemispherical casting, into which the bottom of
the air pump cylinder opens, the top of this casting
carrying valves opening downwards to admit the

Fig. 376f.

steam and upwards to deliver the products of con-
densation.
An example of a triple expansion stationary en-

The
point in the piston stroke at which the detent is re-

MODERN STEAM ENGINES,
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Fig. 376g.

gine in which the cylinders are arranged one above
the other is given in the following figures:

Fig. 376k shows the engine from one side, and Fig.
3767 from the other.

All three of the cylinders have their piston-rods
attached to a vertical crosshead A, whose gudgeon
affords jonrnal bearing for the connecting rod, and it
is obvious, therefore, that all three pistons move
simnltaneously in the same direction.

The high-pressure cylinder is the uppermost, steam
passing thence to the interinediate cylinder, and
from it to the low-pressure cylinder, which is secured
at the bead end to the foundation.

The construction of the valve gear is as follows:

The steam valves for the high-pressure cylinder
are of the Corliss type, and. referring to the live steam
valves J and L in Fig. 376i, the eccentric B operates
the rod C, which connects to a rocker e operating the
rod F connected to, and therefore vibrating the wrist
plate G, from which rod H operates the valve at J,
while rod K from the same wrist plate operates the
valve at L. The dash pot for valve J is shown at I,
and that for the valve at L is shown at M.

The valves at T and V, which are the exhaust
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Fig. 3764,
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pressure cylinder a, is the eccentric rod for driving
the admission valve, which is a flat or common D
valve, and b, the eccentric for driving the cut-off valve,
and also tlie lever ¢, which at its lower end drives the
exhaust valve for the low-pressure cylinder. Fig.
376j represents detail views of the trip gear for the
high-pressure cylinder. The dises on which are
mounted the tripping arrangements are made of
wrought-iron forged plates. The pawl is of steel, and
is fitted with a steel pin 1 in.in diameter; on the
same axis is also fitted the cam and lever for tripping
the pawl, which is of steel, case-hardened. The
wrist plates are of cast iron bushed with steel liners
and fitted with 1% in. steel case-hardened pins. The
details of construction of this trip gear, which is the
designer’s special pattern, are clearly shown by the
engravings in the adjoining column.

The crosshead is fitted with a steel gudgeon, 5 in.

MODERN STEAM ENGINES.

in diameter in the body and 4% in. in diameter in the
necks, with outer necks 2% in. in diameter by 2} in.
long, for the air pump links. The connecting rod is
10 ft. long, 4} in. in diameter at the crosshead end,
4% in. in diameter at butt end, and 5} in. in diameter
in the centre, forked at the crosshead end and solid at
the butt end. The fork end is fitted with a wrought-
iron cap and four 1% in. bolts and lock nuts. The
butt end is fitted with a steel block, die, and brasses,
with 1% in. steel adjustment screw.

The crank is 6 in. broad, turned and polished all
over, and fitted with a steel pin 4% in. in diameter by
6 in. long, with an outer neck for the drag crank. The
crankshaft is 9 in. in diameter in the body and 8% in.
in diameter by 14 in. long in the bearing for the crank.
pedestal, and 10 in. in diameter for flywheel.

A set of diagrams from this engine is given in Fig.
376k.



CHAPTER XI.

Tune

Tue term Marine Engine is applied in a general
sense to the engines of vessels for service upon salt
water, but, by a more striet definition, it applies to
vessels that make long voyages on the open sea or
ocean.

Marine engines are either compound engines with
surface condensers or triple or quadruple expansion
engines with surface condensers. Triple expansion
engines have displaced compound marine engines in
all large oeean-going steamships on aceount of the
greatereconomy of fuel consumption. Thiseeonomy is
due to two eauses, viz.: it permits of the employment
of higher pressures of steam without exhausting at a
high pressure, and it enables the steam to be used
throughout a considerable range of expansion with-
out being subject to the eooling ecffeet of the con-
denser.

In a simple high-pressure or single eylinder engine
the eylinder is eooled during each exhaust period;
first, by the reduction of the temperature of the steam
during the expansion, and secondly, by the exhaust
being opén to the atmosphere, which with the ordi-
nary foring of link motion extends throughout a
larger proportion of the stroke in proportion as the
point of eut-off oecurs earlier in the piston stroke.
Furthermore, with the common D valve, whether
operated direet from the eceentrie or through the

Marixe ENGINE.

medium of a link motion or its equivalent, the steam-
port does not open sufficiently to admit of a full
supply of steam, and it is for this reason that double
ported valves are employed. But whatever means
may be employed to obtain a full supply of live
stean, the fact remains that the range of temperature
in the high-pressure eylinder must increase in pro-
portion as the point of cut-off oecurs earlier in the
piston stroke, producing a eorresponding increase in
the eondensation of the steam.

In triple expansion engines the live steam follows
the piston throughout the greater portion of the
stroke, as from £ to ¥ stroke, and as a result the range
of temperature is in this, the H. P. eylinder, reduced
to a minimum. In the next place the exhaust from
the high-pressure cylinder in a triple expansion
engine is separated by the intermediate cylinder
from the eooling effects of the condenser, and this
again aets to preserve the temperature of the high-
pressure eylinder.

Coming now to the intermediate cylinder there
is between it and the condenser the low-pressure
cylinder, which serves to protect the steam in the
intermediate eylinder from the cooling effects of the
condenser.

In an article upon the Inman and International
steamship City of New York, “ Engineering,” of Mareh
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1, 1889, says that the same amount of steam will
give twenty per cent. more power in a triple expan-
sion than it would in a compound engine.

An example of a compound condensing marine
engine, as made in the smaller sizes, is given in Fig.
377, in which H. P. is the high and L. P. the low-
pressure piston, and S the receiver, the cranks C ¢’
being at a right angle one to the other.

The exhaust from the H. P. steam passages e
passes direct into the recciver S, and is distributed to
the L. P. piston by the valve V.

The H. P. cylinder is provided with a double
ported main valve V and a Meyer’s cut-off valve v,
and the L. P. cylinder with a double ported single
valve V', .

The valves V' for the high and v for the low-press-
ure cylinder are provided with pressure-relieving
plates on their backs. The two main valves V and
V’ respectively-are driven by a link motion, which is
used for reversing purposes only, the point of ent-off
being varied by the cut-off valve of the H. P. cylin-
der, which is driven by an eccentric 1) set opposite to
the erank C. This eccentric operates at G an arm,
which is pivoted at one end.

The cut-off valves are moved upon the rod to vary
the point of cut-off by a right and left hand screw, as
shown, the rod having journal bearing in a sleeve S,
sothat it may be revolved in S by a hand wheel
operating a bevel pinion that engages with the bevel
pinion at J.

The link motions for the main valves V V' are
moved for reversing by arms from the shaft H, which
has an arm that is operated by the small steam
engine shown at K., This small reversing engine is
also provided with a link motion, which is reversed
by a hand lever, whose rod is shown at r.

The weight of the valves and their connections are
counter-balanced by means of small pistons at P and
P’, which receive the pressure of the steam on their
lower faces, the cylinders or cases in which they
work being open at the top.

At R R and R” are relief or snifter valves which
open to permit the escape of any water with which
the respective cylinders may become charged. These
valves are usually so adjusted by either a weight and
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lever, or a spiral spring, that they only open under a
pressure greater than the highest steam pressure the
cylinders receive.

The surface condenser M is shown at the back of the
engine, its pumps being operated by beams worked
from the rods N, which receive motion from the cross-
head of the low pressure piston as shown in the
figure.

Fig. 378 represents a small Marine Eungine, in
which the power required to operate the link motion
is small enough to permit its being shifted by a hand
lever H, which operates a shaft S, having arms A A
that shift both links simultaneously through the
medium of the straight links e. The condenser is
shown at C, the air and circulating pumps being
operated by the levers H which are worked by short
rods R from the low pressure cross-head.

At P is a by-pass, pass-over, or starting valve, that
is opened to admit live stean into the receiver, and
thus use thie low pressnre cylinder as a high pressure
one, until the engine is started.

The starting valve enables the engine to be started
when the high pressure piston is at the end of its
stroke, or when the high pressure piston alone would
not be powerlul enough. Moreover, when the air
pump is driven by the engine, and not independently,
the vacuum becomes lost after the engine stands
still.

These conditions render a pass-over or starting
valve necessary. The starting valve is, in this
example, placed outside of the cvlinder, and passes
the live steam from the H. P. steam chest into the
receiver, but in some cases there is also a pass-over
valve in the passages of the H. P. cylinder (as well
as into the L. P. eylinder), so as to admit steam to
the same when the engine stops in such a position,
that the H. P. valves have effected the cut-off.

Obviously, lowever, under this latter condition
alone the engine might (with a link motion easily
operated by hand) be started, by operating the link
motion at first to move the engine in the wrong
direction, and enough to open the steam-port at the
other end of the cylinder and by again operating the
link 1notion, start the engine in the required
direction, but it is necessary to provide means by-
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which the engine may be started quickly, and in the
required direction, and these ends are accomplished
by means of the pass-over or starting valve. If the
vaeuum is kept, and the engine is in such a position,
that the live steam ean be admitted, the starting valve
need not, in some eases, be resorted to.

At B is an oil box from which pipes lead to the
various working parts of the engine.
are for the insertion of a bar to move the engine by
hand, for setting the valves, or for other purposes.
The high and low pressure eylinders are provided
with waste water eocks operated separately by hand,
whereas in larger engines all these cocks are eonnected
to one lever, whereby they may be opened or closed
simultaneously. !

Fig. 379 represents a Marine Ingine, sueh asis nsed
for coasting vessels. Eaeh eylinder has its link
motion which is shifted by a common tumbling
shaft, which is operated by the hand wheel shown,
The link motions are employed to vary the points of
eut-off, as well as for reversing, flat slide-valves being
used.

The right hand handle A is for the throttle valve
V of the high pressure eylinder, while the left hand
handle B operates the rod shown connected to the
shaft T, an arm from whieh works the starting, pass-
over or by-pass valve at D.

The middle handle C operates the shaft S, that
works the waste water eocks for the two eylinders.
The link motions are shifted simultaneously as fol-
lows: The wheel W operates, by a worm and

. . . -~ . 1
worm-wheel econnection, the lever L, whieh hag at its

upper end rods passing to the back of the engine,
where they operate a shaft S, upon whieh are arms
M connected to links or arins N, whieh shift the
links.

Two beams, one of whieh is seen at A, operate the |

air and eireulating pumps whieh are placed at the
baek of the eondenser. The worm and worm-wheel,
shown at W, are employed to move the engine by
hand when there is no steam, as when the vessel is
in port, the worm obviously being thrown out of gear
with the wheel when not in use.

Fig. 380 represents, partly in section, 2 Compound
Condensing Marine Engine, for an ocean going steam-

' of a right and left hand serew-thread.

The slots D |
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ship. The main valve V for the H. P. eylinder is
single ported, and is operated by a link motion F
that is used for reversing only,

A Meyer’s cut-off is used, the two cut-off valves
being adjusted to vary the point of cut-off, by means
To permit of
the operation of this thread, the upper end of the
ralve rod is provided with a hand wheel W, while its
lower end has journal bearing in the foot piece R.

- The rod Z for operating the eut-off valve is driven by

a pin in a erank dise D.

The low pressure valve V' is double ported, and is
driven by a link motion G that is used for reversing
purposes ouly. Both link motions are shifted by a
small steam eylinder, whose end isshown at X. The
piston-rod of this small eylinder connects at its outer
end with a serew of eoarse pitch, so that when steam
is admitted to the eylinder, and the hand wheel T is
revolved, the end pressure on the serew will (from
the coarse piteh of the latter) eause the wheel T to
eontinue in motion. To the eoarse serew is fitted a
nut upon an arm, that conneets to the tumbling
shaft that shifts both link motions at onee. When
the link motion has been shifted, steam is shut off
from the small eylinder. The speed with which the
shifting is effected and the parts eonie to rest, is
regulated by hand pressure on the wheel T.

Obviously the eonnection between the coarse serew
and the piston-rod is sueh as to permit the serew to
revolve without earrying the piston-rod around with
it. In other forms of steam reversing gears, eataraet
eylinders are used, the general principles of construc-
tion being sueh as were explained with reference to
figs. 142 and 144.

The surface condenser is shown at the baeck of the
engine, the air, circulating, and bilge pumps being
operated by the respective levers B B and B’ I,
whieh receive motion through short rods C C, from
the eross-head. Relief or snifter valves S. S. S. 8.
are provided both top and bottom of the eylinders.
To enable the engine to be turned when there is no
stenm, the crank-shaft is provided with a worm-
wheel M, operated by a worm on the rod N, at whoue
upper end is a second worm-wheel and worm, the
latter being operated by a hand ratehet lever.
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Engine with the “Joy" Valve Gear.

Fig. 381 represents an engine with the Joy valve
gear. This gear is used to vary the point of cut-off,
and for reversing purposes. Its action is similar to
that of a link motion, except that it keeps the amount
of valve lead equal for all points of cut-off, whereas
with a link motion the valve lead varies, as the link
is moved from full gear towards mid gear, as has
been fully explained with reference to link motions.

The beam L, for the air pump, is driven from the
engine cross-head in the usual manner. The valve
motion is constructed as follows: A lever attached to
the conuecting-rod at one end, is pivoted at the other
to the journal or pivot of the box J, which slides in a
guide-way in the drum N. The lever C is pivoted to
the same pin or journal of box J, and is supported at
its other end by the rod B, which is pivoted to the
pump beam L.

The rods ¥ for operating the valve-spindles and
therefore the valve, are attached to the lever C, as
shown. When the slide-way in the drum N stands
horizontally level, the parts are in mid gear, and the
steam port opens to the amount of the valve lead
only, while when the slide-way is at an angle, the
travel of the valve is increased, the direction of engine
motion being governed by the direetion of inclination
of the slide-way in N. This direction is adjusted by
means of the handle H, by which the drum N may
be rotated, the drum being secured in its adjusted
position by the hand screw z. The prineiples of cou-
struetion of the Joy valve gear, may be more fully
explained with reference to fig. 382, in which A is a
lever worked at one end by the conneeting-rod, and
suspended at the other by a rod B. To A is pivoted
a vibrating lever C, pivoted in a block D, and work-
ing at its right hand end a rod F, that works the
valve stem or valve spindle T. The segment E on
whieh block D slides, is pivoted at a point that is, in
the figure, directly behind, and in line with the pivot
of the vibrating lever C.

The action of this gear may be divided into two
elements, first, the vibration given to the block D, by
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the motion of the eonnecting-rod, which gives to the
valve a motion sufficient to take up the lap, and give
to the port the reqnired amount of lead, and second, a
motion derived from the movement of block D, along
the are or segment E, which governs the amount of
opening of the steain-port.

The position of segment E is determined by the
rod G, from the reversing lever H.  In the position
in which E is shown in the figure, it is seen that as
block D moves along it to the left, it will (from the
motion of D alone, and independently of line C) pull
rod F, and therefore the slide spindle T, downwards,
thus opening the head end port for the admission.
But the motion of vibrating lever C has already
moved the valve until the port is open to the amount
of the lead. The curve of segment or arc E, is an arc
of a circle, having a radius equal to the length of the
rod F, so that if lever C were detached, block D
might be moved from end to end of E without
imparting any motion to the valve spindle T. It
follows, therefore, that the lever A, being attached at
such a point on the connecting-rod, it gives to the rod
F an amount of motion only sufficient to open the
port to the amount of the lap and lead of the valve,
therefore when E is set (by-the reversing lever) in
mid-position, its arc being coneentric to the upper
end of rod F, the valve will open to the amount of
the lead only.

It is obvious, that as the amount of valve motion
necessary to take up the lap, and give the desired
amount of lead, is derived from the connecting-rod,
and that as the path of the connecting-rod remains
the same for all points of cut-off, therefore the valve
lead is equal for all points of cut-off. The amount
of lateral motion of the equalizing lever A, at its
point of attachment on the eonnecting-rod, must be
as a minimum equal to twiee the valve travel, which
would give no lead, the increase beyond this, reduces
the amount of angularity of the segment E, required
for a given point of cut-off, but renders it necessary
to make the segment longer, in order to obtain a given
amount of port opening. * The pivot of lever C (in the
block D), must move, along the segment E, an equal
distance on each side of a vertieal line, passing
through the center on which E is hung, and this is
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regulated by the location of the point of attachment | by the distance the block on the foot of F stands

of the vihrating lever C, on the equalizing lever A,

‘The adjustinent nut shown at K, is for lengthening -
. o . 1
or shortening rod B, and giving more lead for one

port than for the other, when it is desired to do so.
The point of attachment of vibrating lever C, on the
equalizing lever A, must wove an equal distance
above and below the pivot, on which segment E is
suspended, and so long as this is the ease, rod A may
be conneeted from any point that has a inotion coinei-
dent with that of the connecting-rod, thus in fig. 381
it is shown attached to a rod B, from beam L, which
is also employed to drive the air pump.

Ingine with Bryce Douglass’ Valve Gear.

Fig. 383 represents a Marine Engine fitted with a
valve motion, designed by Mr. Bryce Douglass. A
short beam A is pivoted at its center to the eqnnect-
ing-rod, and at its lower end to alink attached to the
engine frame. A rod T, from its upper end, operites
an arn on the shoe S, which is pivoted at its center,
g0 s to vibrate after the manner of a link motion.

The shoe S is mounted on the beam L. for work-
ing the air pump, and the amount of vertical motion

|

therefore be more uneven and greater.

. . . 1
given to the shoe by the air pump beam, is so

regulated as to move the rod F, and therefore the
valve, enough to take up the lap, and also give to the
valve the required amount of lead, while the amount
of rocking motion of S on its center, gives the-port
opening. The rod F has at its lower end a block
sliding in a guide-way in shoe S, the curve of this
guide-way being an are of a circle, having a radius
eqnal to the length of the rod F, so that if the shoe S
i stationary, and in mid-position, the lower end of
F can be moved from end to end of S, without im-
parting any motion to F, and it follows therefore,
that at mid-gear (S then being horizontal) the valve
opens to the amount of the lead only, and the lead
is equal for all points of cut-off.

Reversing is effected by moving the block on the
lower end of F, to one on the other side of the pivoted
center of S, while the point of cut-off is determined

|

from the pivoted point or center of 8, it being obvions,
that the nearer this block is to the end of S, the
greater the valve travel, and the later in the stroke,
the point of cut-off’ will occur.

tod I¥ is shifted for varying the point of cut-off, or
for reversing the direction of engine motion as follows:

At R, is a segmental rack, connected by rod to F,
as shown. The pinion for this rack is onthe same
ghaft as wheel W, this pinion is driven from the stenm
cylinder C, beneath which is a cataract cylinder D
for regulating the speed at which the rack shall be
moved, and enabling the engineer to stop the motion
at the desired point.

For moving the engine without the aid of stemn,
provision is made as follows: First by a wori-wheel
and worm, the latter being operated by a ratchet lever
as shown ; and secondly, by a train of gear wheels con-
neeting thelowerend of the wormshaft with the whecle,
in whose face are slots for the reception of a hand lever.

The maindiflereneceintheaction of this valve motion
in eomparison with the Jay valve motion is, that here
the black at the foot of rod F, in the shoe S, has an
amount of motion which varies with the point of cut-

| off, and which for all reduced points of cut-off is less

than is the case with the Joy gear, and the wear will
In the Joy
gear, the length of motion of the sliding block along
the segment is the same for all points of cut-off, henee,
not only is the wear equal, but the lost motion may
be taken up, whereas, when the wear is unequal at
different places in the smine bar or guide, the fit must,
in taking up the lost motion, be made to suit the
least worn part or spot. i

Examples of Triple Expansion
Engines.

The valve gears and link motions of triple expan-
sion marine engines are of the same forms and in-
volve precisely the same principles of construction as
the valve gears and link motions of compound and
other engines, the main difference being that as three
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sets of gear are required instead of two, the parts are
more crowded and less easy of access.

Examples of triple expansion engines are given as
follows:

Figs. 383a, 383b and 383c represent the engines of
the S. S. Mariposa, these figures being taken from
“ Engineering.” The diameters of the cylinders nre
11 inches, 18 inches and 25 inches respectively, with
a stroke of 18 inches.

The high-pressure and intermediate pressure eyl-
inders are fitted with piston valves, while the low
pressure cylinder has a double ported flat valve.

An especial feature of this engine is its valve gear,
which is constructed under Morton’s patent.

In this valve gear the port openings in either for-
ward or backward gear are equal for equal move-
ments of the main piston from either end of its stroke,
while the valve lead is maintained constant at all
points of cut-off.

The construction of this valve gear is shown in
Fig. 383c. The radiating crank P is carried in a
projection (which may be a block) fitted to the con-
necting rod. The crank P is so proportioned that its
pin A radiates equally across the center line of the
conitecting rod, and remains practically in relation
to the center line of the connecting rod during a rev-
olution of the engine.

Movement i3 imparted to the radiating crank pin
A from the piston through the link B, which is at-
tached to the crosshead slide at D, which actuates
the prolonged end of the “lead lever,” or valve
lever F. 3

Thus it will be seen that the travel or movement
imparted to the radiating erank pin A B is in a rela-
tively contrary direction to that in which the piston
may be moving, and of the amount reguired to cor-
rect the error due to the angularity of the connecting
rod, but also to compensate and correct the angular-
ity of the lead lever or valve lever F by one and the
stune movement, so that the fulerum eenter G of the
lever F, (whieh moves on an arc described by the
link C, vibrating from the fixed center K,) has a mo-
tion imparted to it in time with that of the piston.
The overhung end G N of the valve lever F is so pro-
portioned as to travel the amount of the lap + the
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lead of the valve, and when the engine crank is on
either the top or bottotn ecnter, and the valve motion
in such gear, the center line of the adjustable link H
lies throngh the center of the valve spindle and par-
allel to the center line of link C and that of the con-
necting rod.

The expansion quadrant I is made in the form of
the letter T inverted, the slotted head is curved to the

| radius of the adjustable link H, und fitted with a

steel die block J, to which the link H is connected,

- and these two pieces are again connected to the le-

vers on the reversing shaft by the usual form of drag
link. It will be understood that the position of the
die block J in the quadrant regulates the degree of
the expansion and the direction of engine rotation
after the manner of a “Gooches” Link ; sinee, when
the valve gear is in mid gear the link block J may
be moved from end to end of the link I without its
moving the valve, and hence without altering the
amount of valve lead.

The triple expansion engines of the steam yacht
Mira, built by Messrs. David J. Dunlop and Co., of
Port Glasgow, North Britain, are shown in figs. 383d
and 383e.

These engines are of 500 horse-power when the
boiler has natural draught, and 800 when under
forced draught. The diameters of the eylinders are,
high-pressure cylinder 14 inches, intermediate cylin-
der 22 inches, and low-pressure eylinder 36 inches;
the stroke being 24 inches.

Referring to the figures: H. P. is the high-pressure,
I. P. the intermediate, and L. P. the low-pressure
evlinder, which are'supported at the back by columns
X on the condenser W (Y being the exhaust pipe
from the low-pressure cylinder to the condenser), and
in front by steel columns.

The construction of the valve gear is as follows:
The high-pressure cyvlinder H. P. has a piston-valve
shown at V, whieh is worked direct from an ordinary
Stevenson Link Motion, whose rods are shown at g,
g, fig. 383e¢, which shows the link motion for the high-
pressure cylinder. The rod A connects at B to a die
movable in a slide-way which is fast on the arm C
of the reversing shaft D by means of a screw, so that
the point of suspension of the link can be altered, the
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383e.
Triple Expansicn Engine of Steam Yacht Mira.
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effeet being that by operating the screw s to move the
die up the slideway B the link is further over towards
full gear, which inereases the stroke of the valve and
prolongs the point of eut-off.

A similar device is employed for the valve gear of
the intermediate and low-pressure eylinders.

The objeet of this arrangement is as follows :

The reversing shaft D is operated by the hand-
wheel D, all three of the reversing gears being of
course operated simultaneously, and by the employ-
ment of the slideways B B’ B” eaeh eylinder may be

MODERN STEAM ENGINES.

At K are the non return or eheck valves, whieh are
employed to prevent the sea water from flowing or
siphoning into the bilge in eases where the engine is
stopped and the cock L is open. At r r are the
plungers for the circulating pumps, while J J are
air-chambers for the bilge and eirculating pumps
respectively.

The gear for turning the engine around by hand
is shown in fig. 383d, W’ being the worm for the
worm-wheel ', the worm being operated by hand
by means of the ratehet lever L

g 6 L £ b d

Fig.
given a different degree of expansion; or, in other
words, the point of cut-off for each valve may be
regulated at will without affeeting the points of cut-
off of either of the other valves.

The pumps are operated as follows:

The levers or beams E E' are worked from the
cross-head of the intermediate cylinders and connect
by short rods to the gudgeon or shaft a, the rods ¢ ¢
being for the air pumps, whose eylinders are shown
at F F in fig. 383d. The plungers e e are for the bilge
pumps G; the bilge pipe conneeting at H and L is
the coek for cutting off the flow from the bilge to the
bilge pumps whenever it may be found necessary.

383i.

Figs. 383f, 383¢g, 383k and 383:, which are taken
from “ Engineering,” represent the triple expansion
engines of the steamship Meteor, which is provided
with a steam reversing gear at a, the link motion and
valve gear being of the ordinary type.

A test of these engines is given as follows:

RESEARCH COMMITTEE ON MARINE ENGINE TRIALS,
REPORT UPON TRIALS OF TIIE S. 8. METEOR.

From a paper read before the Institution of Mechanical
Engineers. By Professor Alexander B. W. Kennedy,
F. R. 8., Chairman.

The S. S. Meteor is a steamer belonging to the
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London and Edinburgh Shipping Company, and per-
mission to test her engines was most kindly given to
the Committee by Mr. Thomas Aitken, the manager
of the company, who with his stafl’ and all the of-
ficials on board the ship have done their utmost to
facilitate the work of the trial.

The Meteor is a vessel of 261 ft. in length between
perpendiculars, 32.1 ft. in breadth, and 19.3 in depth
moulded. Her registered tonnage is 692 and gross
tonnage 1223, under deck 958 tons.

Her displacement on the day of the trial, when the
mean draught was 15 ft. 1} in., was 2090 tons.

Engines—She is fitted with triple-expansion
engines made by Messrs. J. and G. Thompson, of
Clydebank, Glasgow. The high-pressure cylinder,
originally 29 in. in diameter, has been rebored to
293 in. in diameter ; the intermediate cylinder is 44 in.
in diameter, and the low pressure 70 in.; the stroke
of all three eylinders is 4 feet. The piston-rods are
all 7 in. in diameter ; the tail rod of the high-pressure
eylinder is 4.45 in. in diameter, and the tail rods of the
other two cylinders 4.57 in. in diameter. These rods
have been measured, and the stroke of the engine has
also been measured, and found to be exactly 47.94 in.
instead of 48 in.  There has been no opportunity of
measuring the diameter of the cylinders.

The three cranks are spaced at equal distances
apart and follow in the order—high, intermediate,
low.

The cylinders are made with separate liners, and
are jacketted at the sides but not at the ends. The
net length of the jacketted space is about 4 ft. Live

long.

steam is admitted separately to each of the jackets, ‘

each having its own reducing valve. The jackets are
drained through pockets provided with gauge glasses,
and during the trial water was always kept visible in
these gauges.

The clearances of the high-pressure, intermediate,
and low-pressure cylinders are given by the makers
as 12.4, 9.3, and 8.02 per cent. respectively.

Each cylinder is provided with a piston valve or
valves, single for the high-pressure eylinder and
double for cach of the others.

The valve gear is the ordinary link motion, and
during the trial the high-pressure motion was linked

|
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up as much as possible, giving a nominal cut-off’ of
26 in.; the intermediate and low-pressure motions
were not linked up. The valve gear was left untouched
during the whole of the trial. The surface condenser
has 3200 square ft. of condensing surface. The
serew propeller is fonr-bladed, having a diameter of
14" 10", and a mean pitch of 23 ft.  The actual area
of the blades is 78 square ft., and the projected area 57.
6 square ft. The engines had been overhauled last
at the annual survey whieh took place March 1 to 14,
18<8.

Boilers—The boilers are two in number, each
double-ended, the total number of furnaces being
twelve. They are of steel, with Fox’s corrugated
flues, and have a diameter of 13 feet 6 inches, and a
length of 16 feet. The total grate surface in the trial
was 208 square feet, and the total tube surface 5760
square feet, the ratio between the two being 1 to 27.7.
The total heating surface is 6648 square feet, or
thirty-two times the grate surface. T'he mean diam-
eter of the flues is 3 feet 3 inehes. The firebars are
of ordinary deseription, 3 feet long, 1 inch broad at
top in body, and about 14 inches at the ends, the air
spaces being thus about 3 inch wide.

There are twenty-five bars in the width of each
furnace, and therefore fifty bars in each grate. There
1s no air admission at the bridge or anywhere except
from the front and from below the bars. The tubes
are 2} inches external diameter and 6 feet 43 inches
The furnaces and tubes open out into a com-
mon combustion chamber. The two bhoilers have
one chimney in common, whose internal diameter is
7 feet 3 inches; the external diameter of the outer
chimney is 8 feet 3} inches. The chimney has a
total height of 61 feet above the centre of the lowest
furnace. The total weight of the engines and hoilers,
including water in condenser, pipes and boilers, and
also spare gear, is 390} tons.

Object of Trial.—The objeet of the trial was to meas-
ure the coal, water and indieated Lorse-power as ac-
curately as possible and over as long a period as pos-
sible.

Coal Measurement.—For weighing the coal a spring
balance was used in each stokehole. From the
spring balance was suspended a large basket holding
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about 140 pounds of eoal. This, being filled, was
hoisted by tackle, its weight noted, and the eoal then
thrown upon the stokehole floor.  About six baskets
were filled and emptied as rapidly as possible one
after the other, first on the starboard side and then
on the port side of the stokehole floor, giving thus
two weighed Leaps of about 800 pounds of coal each.
Thetime at which eaeh heap was finished (that is,com-
pletely put on the fires) was noted, and no more eoal
was weighed out until the floor was clear.  A-coutin-
wous record of eoal thrown on the fires was thus kept,
which plots-out into the line of coal constimption
shown upon the diagram, No. I, Fig. 383j. The fires
were not cleaned during the run, but the eleaning
cominenced when the trial was over, and the ashes
and elinkers were weighed before being thrown over-
board. The coal was Scoteh, from the Shawfield pit
in the Wishaw distriet, its price at Leith being 7. 6d.
per ton. 1t has been analyzed and its salorimetrie
value determined by Mr. C. J. Wilson, F. C. 8., of
University College, London, with the following re-
sults:

Per cent.

Carbon - - - - - 70.31
Hydrogen - - - - 4.88
Water - - - - - 10.68
Ash - - - - - 3.46
Nitrogen, Sulphur and Oxygen - - 10.67

100.00

These figures are the mean of two almost identieal
analyses. Redueing the hydrogen to the correspond-
ing value of earboun, each pound of coal, not allowing
of eourse for the bad lumps whieh formed the greater
part of the clinker, is thus equivalent to 0.878 pounds
of earbon, and its calorifie value may be taken as
12,790 thernal units.

Furnace Gases.—The temperature of the gases pass-
ing np the chimney was observed at intervals through-
out the trial, the thermometer being placed at the
level of the upper deek, or about 12 feet above the
top of the boiler. The thermometer was long enough
to reach over two feet into the ehimney. It was a
mereury thermometer, the space above the mereury
being filled with eompressed nitrogen, so as to enallle
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it to give readings far above the ordinary boiling
point of mereury. Samples of the gases from the
chimney were colleeted during the trial, and placed
in sealed bottles over mercury.  Unfortunately, how-
ever, nll the samples taken except one were spoilt
before they reached the laboratory for analysis. The
analysis of this sample has been made by Mr. C. J,
Wilson, and is given later on.

The chimney draught was measured by a U gauge
at the place where the furnaee gases were eollected.

Feed Water Measurement.—The feed water was
measured on its way from the hot-well to the feed
pump, the latter being o Worthington pump entirely
separate from the engine. A 4 in. pipe was conneeted
with the hot-well and terminated in a 4 in. two-way
cock, by means of which the discharge could be
turned into either one or two measuring tanks. At
the bottom these tanks were connected to another 4
in. two-way cock, through which the feed pump
eould be made to draw from either of them.

The tanks were so tilted that one corner was lower,
and another corner higher than all the rest, so as to
render their filling and emptying more certain.
They were fitted with glass water gauges and with
relief pipes. The method of operation was as follows :
The hot-well discharge—which contained the con-
densed steam passing through tbe eylinders, the
jaeket condensation, and also the steam used for
heating the feed water, as well as the other quantities
mentioned in the next paragraph—was allowed
always to run into one or the other tank, and filled
each one up in turn in about 3} minutes. By wmeans
of the lower eock the feed pump was put into connee-
tion with the tank into which the hot-well was not
discharging and emptied in about 2} minutes. For
each tankful, there was therefore about one spare
minute in which to insure its complete emptiness or
fullness and. to note the temperatures, ete.

During this time the feed pumyp had to be stopped,
being started again direetly the next tank was full.

After the trial the tanks were re-erected with all
their eonneetions at University College, London, and
water carefully weighed into them. It was found
that one held 1808 1bs. and the other 1785 lbs. of
water at 62 deg. Fahr., and also that the probable
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error of the filling and emptying as carried out on
the trial was not more than 2 pounds in each tank,
and was equally likely to be plus or minus.

It scems, therefore, that the method of water
measurement used, although very laborious, must
have given very closely aceurate results. A more
elaborate system with storage tanks, which was
preferred by the Committee, could not be earried out
for want of room on the vessel. The temperature of
each tank was taken, so that a very good average of
the feed water temperature was obtained.

The steam made by the boilers, corresponding with |

the measured weight of the water, all went to the
main engine, except the small quantity required to
drive the Worthington pump, which may be fairly
cousidered comparable with the quantity required for
the feed pump of an ordinary engine. The ecircu-
lating pump, the dynamo engine, the winch enzines,
the steering engines, etc., were all worked from a
donkey boiler, which was specially kept going for
that purpose. The exhaust from the ecirculating-
pump engine and also that from the dynamo engine
were both taken into the condenser, and therefore
were measured through the feed tank on their way to
the boiler again. These additions to the ordinary
air pump discharge more than made up for the
various losses of steam through the engine, so that
froin time to time part of the hot-well discharge had
to be thrown away, and not taken back to the boiler.
The whole of the pipe connections between the
boilers and engines, which were of very great com-
plexity, were carefully examined before the trial to
make sure that no unintended communication
existed.

Power Measurement.—Indicator diagrams were taken
at half-hourly intervals throughout the whole trial.
Six Crosby indicators were used, one on each end of
each cylinder. The connections in all cases were
through only a few inches of large pipe, having in no
case more than one bend.

The revolutions were noted half-hourly on the
counter, all the gauges being read at the same time.

General Conditions.—The general conditions as to
speed, power, steam pressure, frequency of stoking,
and so on, were all those of ordinary working on a
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southward journey, and were fixed beforehand by the
ehief engineer.

Resulis.—The results are shown graphieally in
Fig. 383j, Nos. 1 and 2, and their prineipal points are
the following:

Duration of Trial.—The trial, which was made on a
voyage from Leith to London, commenced at 1.30
A. M. on Sunday, June 24th, and ended for the
engines at 6.36 r. M., and for the boiler at 6.39 p. M.
upon the same day. Its duration was therefore 17
hours 6 minutes for the engines and 17 hours 9 min-
utes for the boilers. This small difference of three
minutes arises from the fact that the signal for end-
ing the engine trial—that is, for taking the last read-
ing of the counter—was given three minutes before
the water in the boiler gauge glass reached the level
from which it had started. The weather was fair
throughout.

Fuel —The coal used in the after stokehole was
16,675 pounds upon the starboard side and 16,83
pounds upon the port side. In the forward stoke-
hole these amounts were respeetively 18,242 pounds
and 16,945 pounds. The starboard boiler, therefore,
used 84,917 pounds and the port boiler 33,776 pounds
of fuel. The total quantity was 68,693 pounds, or
4005 pounds per hour. At the end of the trial it
was found on cleaning the fires that the ash amounted
to 1671 pounds, and the eclinker to 2806 pounds in
addition. The ash was therefore 2.43 per cent. of the
total fuel, the clinker 4.08 per cent. of the total fuel,
and the two together 6.51 per cent. of the total fuel.

The mean temperature of the escaping gases de-
duced from thirty-eight observations was 791 degrees
Fahrenheit. The chimney draught was econstantly
about f inches of water. The sample of furnace
gases which was brought successfully to analysis gave
the following results by volume:

Per cent,
Carbonic Acid - - - < 125
- Oxide - - - 0.8
Oxygen - - - - = byl
Nitrogen - - - - 81.2

This sample was collected at 11.30 a. M. under
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normal eonditions of working. During the greater
part of the trial the fires were worked very thick,
indeed as thick as possible, and they were so at the
end of the trial. As already ieentioned, they were
not cleaned during the trial.  Very much smoke was
always emitted after stoking; but while no stoking
was actually going on there was not much smoke.
The times of stoking were noted frequently, and on
the average it was found that stoking oceurred in
cach stokchole about every 24 minntes, all the fires
being stoked one after the other as quickly as pos-
sible. i

Leed Water—"The mean temperature of the feed
water, which was heated before leaving the hot well
by an apparatus devised by Mr. Clephane, the chief
engineer of the ship, was 163.1 degrees Fahrenheit, It
wis very fairly constant between 160 degrees and 170
degrees during the whole trial. At this temperature
the amounts of water contained by the two measur-
ing tanks are 1771 pounds and 1749 pounds respec-
tively, these figures being found by ealeulation from
those already given. During the trial the larger tank
was fitled 145 times, and the smaller 146 timmes. The
total quantity of water used was therefore 512,150
pounds, or 29,860 pounds per hour.

Speed.—The counter read 1,439,668 at 1.30 a. m.
when the trial eommenced, and 1,513,318 at 6.36
p. M. when the trial ended. The total number of
revolutions made by the engines was therefore 73,650,
the time being 17 hours 6-minutes, which gives the
average rate of 71.78 revolutions per minute. The
maximum number of revolutions per minute Tor any
half-hour was 724, and the minimum 70.9.

Pressures, ete.—The mean barometric pressure dur-
ing the trial was 30.34 inches of mercury, or say 14.9
pounds per square inch. The mean boiler pressure
was 145.2 pounds per square inch. The other press-

ures were as follows:
LPounds per
square inch.

High-pressure Jacket - - - 1310
Intermediate o - - 0.5
Low-pressure  ** - - - 56.8
I'irst Receiver - - 36.5
Second ¢ - - - 6.2

" All these pressures are given above the atmospheric

pressure.  They were observed every half-hour
throughout the trial. The gauge for the hoiler press-
ure was cheeked by a standard gauge; the other
gaunges were not ehecked, and their reading must
therefore be taken as approximate only. The average
pressure during admission to the high-pressure eylin-
der (from measurcments of diagrums) was 1344
pounds per square inch. The actual initial pressure
(or pressure just at the ecommencement of the stroke)
was practieally the same as this in the top diagrams,
and 6 or 7 pounds higher in the hottom dingrams.
The difterenee between the uverage admission press-
ure and the boiler pressure was thus (assuming the
gauge to be eorrect) 10.8 pounds per square inch,
The mean reading of the vacuum gauge was 24.78 of
mercury, or 12.17 pounds per square inch helow the
atmosphere. The mean vacuum in the low-pressure
eylinder (obtained by detail measurement of all the
diagrams) was 11.6 pounds per square inch below the
atmosphere. The absolute back-pressure was there-
fore 2.73 pounds in the condenser, assuming the
gauge to be correct, and 3.3 pounds in the cylinder.

Power.—The following are the mean effective
pressures in the different cylinders in pounds per
square inch :

Cylinder. Top. Bottom. Mean.
High-pressure - - - 60.10 - - 56.82 - - 58,46
Intermediate - - - 2047 - - 1854 - - 19.50
Low-pressure - - - 1222 - - 1255 - - 12.38

These pressures correspond with the following

indicated horse-power :

High-pressure eylinder - - - - <« - < . . 662
Intermediate B RRT 4 5L 2 T ARSI B TR0
Low-pressmre T IO R S e St a1 ]

Total indicated horse-power - - - - - - - 1994

These figures are the average from thirty-four sets
of diagramns, six diagrams in each set. The max-
imum indicated horse-power given by any one set
was 2086, taken at 5.15 A. M. with 72.1 revolutions
per minute and 147 Ihs. boiler pressure. The min-
imum indieated horse-power given by any one set of
diagrams was 1890, taken at 1245 p. M. with 70.9
revolutions per minute and 140 lbs. boiler pressure.
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Each set of diagrams was worked out for the revolu-
tions per minute corresponding with the counter read-
ings for the half hour in which that set was taken,
One set of diagrams—the nearest to the mean—is
given in Fig. 383, Nos. 5 to 7.

Boiler Lfficiencies—The rate of combustion in the
furnaces was 19.25 lbs. of fuel per square foot of
grate surface per hour, or 0.602 Ibs. per square toot
of total heating surfuce per hour. The evaporation
was at the rate of 7.46 lbs. of water per pound of
fuel put on the fire, including clinker. This water,
being supplied at a temperature of 163 degrees Fah-
renheit, and evaporated at a temperature of 363
degrees, must have received heat at the rate of 1062
thermal units per pound. Euach pound of it was
therefore equivalent to 1.10 lbs. evaporated from and
at 212 degrees. The actual evaporation reduced to
this standard was therefore 8.21 lbs. of water per
pound of coal, or about 9.62 Ibs. per pound of carbon
value in fuel, allowing for clinker. The equivalent
amount of heat utilized per pound of coal was 7922
thermal units, or say 62 per cent. of the whole ealor-
ific value of the coal, which percentage therefore
represents the actual boiler efficiency. The total
nominal calorific value of the fuel burnt per minute
was 853,900 thermal units. Although it cannot be
assumed that the analysis of furnace gas already
given was a fair average, it has been thought worth
while to work it out. It appears from it that the
weight of air per pound of carbon was about 22.0
Ibs., and per pound of coal about 15.5 Ibs.
of heat in raising the temperature of the furnace
gases works out to 21.9 per cent. of the whole calorific
value of the fuel, the loss by formation of carbonic
oxide to 3.6 per cent., and that due to the evaporation
of the moisture in the fuel to 1.2 per cent. The
sample of coal analysed being free from clinker, the
4 per cent. of clinker may roughly besaid to correspond
to a loss of about 3 per cent. of the whole heat. These
quantities add nup to 91.7 per cent. of the whole heat
of combustion ; and the balance must include, among
other things, all losses by radiation. The amount
of water evaporated per square foot of tube surface
was 5.18 lbs. per hour, and per square foot of total
heating surface 4.49 lbs. per hour. These quantities

Thue loss |
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have to be multiplied by 1.1 to bring them to stand-
ard conditions. The average rate of transmission of
heat through the material of the boiler was 5244
thermal units per square foot of heating surface per
hour.

Engine  Fjficiencies—The measurement of feed
water shows that the quantity used per indicated
horse-power per hour was only 14.98 1bs., or within
the limits of accuracy of measurement 15.0 lbs.
The actual heat received by the feed water per
minute was 528700 thermal units, or 265.6 thermal
units per indicated horse-power per minute, which,

' as given in the last paragraph, is 62 per cent. of the

whole heat of combustion. TFor purposcs of compar-
ison with a perfeet engine, it may be assumed that
the higher limit of temperature is that of the boiler
steam, 363 degrees Fahrenheit, while the lower limit
may be taken as 120 degrees Fahrenheit. It was
unfortunately impossible to measure the temperature
of the condensed steam as it entered the hot-well ;
but with the good vacuum given above, it is not prob-
able that it differed much from 120 degrces Fah-
renheit.  (The temperature corresponding to the
mean back pressure in the low-pressure cylinder is
146 Fahrenheit.) If the engine had been * perfect”
and had worked between 363 degrees and 120 degrees
Fuahrenleit, it should have turned into work 0.295 of
the heat reccived by it. The heat actually turned
into work was 85,240 thermal units per minute, show-
ing efliciency of 54.6 per cent. as compared with a
‘“ perfect ” engine working between the same limits
of temperature and receiving the same quantity of
heat per minute. This is a high eflicieney, but
corresponds with the low feed water consumption,
The absolute engine efficiency, or ratio of the heat
turned into work to the total heat reccived hy the
feed water, was 16.1 per cent.

Total Efficiency.— The combined efficiency of the
boilers and engines, or ratio of heat turned into work,
to the total heat of combustion of the fuel, was
almost exactly 10 per cent.

Steam by Indicator Diagrams.—Careful measure-
ments of all the diagrams taken have been made to
ascertain the proportion of steam accounted for by
them, and the following are the results, the actual
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weight of feed water used per revolution having been | each expanded diagram being the mean of the ‘two
6.93 1bs. corresponding actual ones. The full lines in Tig.

355k, No. 8, show these mean indicator diagrams
g M
g5 | 55 | £i2. themselves drawn to the same scale of pressure and
oportion of Steam Accounted for by 2z | EL | ¥:Z3 | of volume, and placed so that the space to the left of
lndi Dy 8 = - ER . )
ST r e 52 | E3 | iZz27 |each diagram represents the clearance space in the
EF] -t ~% . . o . . .
=7 |=2% |corresponding cylinder. The dotted lines in Fig.
4 o : Lbs | Per cent. | Percent. | 383k, No. 8, show the same diagrams set back in such
Steam present in high-pressure eyl- - ’ g U 8 e ; RCmAa
inder afier cut-off, when the press- a way that at any pressure the llOI‘lZOll.t.ll dlst‘mf_e
ure was 110 Ibs. per square inch A B measures the actual volume of working steam in
above the atmosphere - - - - | 534 | 7.1 | 229 [the cylinder at that pressure, as represented by the
Steam present in intermediate eylin-| lif b ] e fth
der when the pressure was 22 1hs, difference between the vo ume ol steamn o that press-
per square inch above the atmos- ure in the eylinder during expansion and doring
Nt ™ SN RS O . 24 . .
Phire p . | 556 1 80.2 | 198 1o5ression, or A E—A D, independently altogether
Steam present in low-pressare eylin- A -
der near cud of expansion when of elearance steam. Each horizontal distance or ab-
!’"“l I’l';"lﬂ’""‘t‘l“'ﬂs 4 "»'i per square 2ie, ALY seissa of the dotted enrves, snch as A B, is therefore
weh below the atmosphere - - 22 5. 247 . : : .
o R i e £2 ' _ldireetly comparable with the correspounding abscissa
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Fig. 383k,

It will thus be seen that even in these very eco-| A C of the saturation curve 8 S, and the ratio of the
nomiecal engines, and with a liberal allowance for the AB - “
steam used in jackets, which unfortunately could "€t epther SRl A ey i
not be separately-measured, there must have been a| ness fraction,” or ratio of steam to mixed steam and
very considerable loss due to eylinder condensation. | water for the working steam at that pressure.

In Fig. 383k, No. 8, are shown expansions of the set, In Fig. 383/, No. 9, the same diagrams are treated
of indicator diagrams given in Fig. 383}, Nos. 5 to 7,in a romewhat different manner proposed by Profes-
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“Meteor’ Trials.

Indicator Diagrams, Set 27.

atm
LUNE

ATM LINE

Fig. 3831,

The mean indieator diagrams themselves
are here again expanded in the usual fashion, as

sor Unwin.

shown by the full lines. The expansion line of each
is continued to the end of the stroke at B, and the
horizontal line @ A B is drawn. Then the length
A C is set off from the compression line (produced if
necessary) to represent the volume of the whole feed
water per stroke (less jacket water, if any) if it were
entirely steam of the pressure at B, and a saturation
curve is drawn upward through C. Then at any
pressure Q B represents the volume of the whole|
steamm in the cylinder, B C the volume of the steam |
corresponding with the water in the cylinder, apart|
from accumulated water, if any, while Q A shows
the volume of steam in the clearance space when the |
game pressure is reached in the return stroke. The
distance A B, therefore, represents the volume of

wotking steam and the ratio the “dryness frac

AB
AC
tion ” in the same way as the similarly lettered dis-
tances in Fig. 383k, No. S.

Coal Consumption.—The total coal put on the fires,
4005 pounds per hour, corresponds to 2.01 pounds of

say 427 thermal units per indicated horse-power per
minute. As each indicated horse-power per minute
is equivalent to only 42.75 thermal units, this makes
the combined efficiency of boilers and engines 10.0
per cent., as given above.

Speed of Vessel—The following notes from the log-
book of the ship may be of interest:

Distance in

Time. Nautical Miles.
T.eft Pier Head - - 0.50 A. M. - - 0
Bass Roek - - - 2.20 - - 20
St. Alb's Head - - 3.40 - - 39%
Ferns - - - 5.10 - - 62
Tlamborough Head - 0.50 p. M. - - 175
Dudgeon - - - 4,57 - - 236
‘romer - - - 6.25 - - L T
Iaseborough i 7.00 - - 265%
Coekle - - - - 7.46 - % 1275

The mean speed between Leith and Cromer, which
practically covers the trial, was therefore 14.6 knots.

Supplementary Trial.—Some hours after the main
trial was finished, and after all the fires had been
cleaned, the stokehole was closed and faus set to

eoal per indicated horse-power per hour of the quality | work, and the engine driven for a few hours at full

already stated. This corresponds to 1.76 pounds of |

carbon value per indicated horse-power per hour, or

power with forced draught. The particulars of the
work done under these circumstances are given in
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Fig. 383p.
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Diagrams A and B are believed to represent the| Revolutions per minute, - - . - 76
average full power working of the engines going north | Vacuum in inehes of mereury, - - A i
from London to Leith, when the steamer always runs M?f‘“ o oy high-pressure CD“‘{“den Ibs., - HEE
with forced draught. Diagrams C, Fig. 383m, Nos.| . ., ;"te”"efl"‘fe ” [ : ?;?
13 to 15, correspond to the conditions of A and B, but i X . >
with live steam admitted to the first receiver. 1 1. D

Diagrams D, Fig. 383m, Nos. 16 to 18, are believed | Indicated horse-power high-pressure eylinder, - 585
to represent the average working of the engines later - v intermediate ~ ** - 867
on in the same full power run when the tubes are| - low-pressure % - - 1,208
getting dirty, the high-pressure motion being drawn Total, 2,660

up about 1 inch. Diagrams E and F, Fig. 383n,
Nos. 19 to 21, correspond to the conditions of D, but
with live steam adinitted to the first receiver. When
the vessel got into port and was being berthed, it was
endeavored to get a set of indicator diagrams while
the engines were going astern. One complete set
only were secured, Fig. 383n, Nos. 22 to 24, of which
the following are the particulars, all the links being |
in full gear:

- Boiler pressure, pounds per square inch above atmos-

phere, - - - - - - 147 I

It is interesting to compare the results thus ob-
tained with those when running in forward gear
(Fig. 383}, Nos. 5 to 7) as showing the effect of alter-
ing the sequence of the cranks, which under these
circumstances follow in the order—high, low, inter-
mediate.

Observers—As this trial was perhaps the first
marine engine trial carried out on any large scale at
sea in which the feed water was measured and the
coal weighed throughout for such a length of time,
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it may be interesting to mention the staff which was
found necessary for the experiments. The work
was carried on by two relays of observers, five in
each relay, keeping alternate four hour watches. Mr.
Frederick Edwards took charge of one watch, consist-
ing of Mr. Byran Donkin, Jr, Mr. A. G. Ash-
croft, Professor Beare, Mr. Beck and himself. Pro-
fessor Kennedy took charge of the other watch, on
which were also Mr. C. L. Simpson, Mr. R. H. Willis,
Mr. B. Bramwell. and Mr. N. Burnett. One man in

£ C
meest |

UNIVERSITY
caFomn—~

staff encroached upon, an extra stoker was carried in
cach stokehold for the purpose of filling the coal
baskets to be weighed. An extra man was also
carried to look after the donkey boiler, which for
reasons already mentioned had to be kept going
during the whole trip.
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Quadruple Expansion Engdine.

An example of quadruple expansion is given in
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each watch took the feed water measurements con-
tinuously; with him was an engineer, specially
engaged for the purpose, to stop and start the feed
pump, as the tanks were changed in the manner above
described. Two observers in each watch took the
indicator diagrams and other observations in the
engine-room, and two others attended to the coal
measurements, one in each stokehole; these four inter-
changed places after two hours’ work. As it was
necessary that the ordinary work of the ship should
not be interfered with, or the time of the engineer's

Figs. 383p, 383¢, 383r, and 383s, which are taken from
Engineering.

Fig. 383p is a perspective view, Fig. 383¢ an end
elevation, Fig. 383r a front elevation, and Fig. 3833 a
plan. It will be seen that the arrangement is peculiar,
all the cylinders being placed on one level. The
advantage in getting a lower engine will be at once
apparent, and this at least should be a very desirable
feature in applying these engines to warships. As
neither of the two piston-rods of each pair of cylin-

ders can be over the crankshaft, the axis of which is
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in the usual place in the middle of the engine bed,
the ordinary connccting rod is replaced by a steel
casting, as shown in Fig. 383¢. Attached to the
crosshead of each piston-rod is a link, the lower end
of these links being attached to the triangular steel
casting which takes the place of the conneeting-rod.
The lower end of the casting has brasses in which the
crank-pin works in the usual way. There is a lever,
or rock arm, which pivots on a pin in the engine
framing, the other end being attached to a pin on

MODERN STEAM ENGINES.

and not into the steam chest. From thence it is
admitted to the cylinder through the centre cylinder
port, and, having done its work, exhausts into the
casing. It must now be explained that the valves to
each pair of eylinders are placed one above the other
on onevalve-rod,and work in one steam chest common
to both. It will be seen, thercfore, why it is necessary
for the boiler steam to be admitted inside the valve,
or, in other words, between the flanges, ag otherwise
| the high pressure steam would pass into the second

Fig.

the connecting piece as shown in Fig. 383¢q. In the
engine in question a prolongation of this arm is used
to work the air pump, ete. The two pistons of each
pair of cylinders ascend and descend not quite
together, one being a little in advance of the other.
Consequently there iso dead centre for either crank.

The sequence of the cylinders will be seen from the
plan, Fig. 383s. Steam is admitted to the high-
pressure cylinder by means of the piston valve placed
between the first two cylinders. The steam passes
first into the space between the flanges of the valve,

383s.

cylinder as well as the first, the valve cliest space
being common to both valves and eylinders. The
steam escaping from the first cylinder fills the valve
chest, and is admitted to the second eylinder in the
usual way, the exhaust this time being carried by
the inside of the valve. Steam is then taken to the
two next cylinders, and the same action is gone
through once more, until the steam escapes to the
condenser in the usnal way.

The valves are worked by eccentrics and reversed
by link motion, but the arrangement is necessarily







CHAPTER XIIL

VARIOUS APPLICATIONS OF THE STEAM JNGINE.

THE TRACTION ENGIXE.

A traction engine consists of an ordinary engine and
boiler, mounted upon two pair of wheels, the front pair
of which are used for steering purposes, and the rear
pair for propelling the engine and hauling loads. The
engine is provided with a reversing gear and a pump
for feeding the boiler, and in some cases with a belt
wheel for driving Agricultural Machinery. To obtain
sufficient power without the employment of a large pis-
ton and a slow piston speed, the crank-shaft delivers
the power to the traction wheels, throngh a train of
gear wheels, which reduce the revolutions of the latter
in the proportion of 20 to 30 revolutions of the crank-
shaft, to one revolution of the traction wheels, the pro-
portion of the gearing depending upon the class of
work the engine is intended for, and agreeing with a
speed of 2 or 3 miles per hour. The driving pinion
of this gearing is thrown out of gear when the engine
is to be used for driving threshing, or other farm
machines. The boiler of a traction engine should be
free to expand and contract, withont being resisted by
the engine frame, which would otherwise strain the
boiler and hasten its destruction. The boiler should

have a spring or cushioned seating upon both axles.
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The Frick Traction Engine.

The manner in which these requirements are fulfilied
in the Frick Company’s Traction Engine, is shown in
the following illustrations, in which fiz. 384 is a perspec-
tive view of the engine, fig. 385 a plan of the engine
removed from the boiler, and shown partly in section,
and fig. 356 a side elevation of the engine removed
from the boiler, and shown partly in section.

The frame of the engine is one continuous casting,
having at its cylinder end, an eye ¢, through which
passes a pin P secured in a bracket bolted to the top of
the boiler, so that as the boiler lengthens or shortens.
from expansion or contraction, the pin may pass through
the eye ¢, leaving the boiler and the engine connection
free from expansion strains; at the other end the engine
frame is bolted to two side plates S and &, fig. 385¢ which
clear the boiler, and connect to two channel irons
which pass to the front end of the fire-box, curve
inwards, and thence connect to the saddle block
of the front axle, This saddle block is provided with
an expansion joint, permiftting the boiler to expand and
eontract without being resisted by this part of the fram-
ing, and also with a spring, or elastic seat, upon which
the boiler may ride easily.
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THE TRACTION ENGINE.
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THE TRACTION ENGINE.

The steering is done by swinging the front axle, by
means of the chains operated by the worm and worm-
wheel shown in the perspective view fig. 384. To pro-
vide an elastic conneetion to this part of the mechanism,
and thus avoid breakage, the chain is provided with a
spiral spring, which is clearly seen in the perspective
view,

The engine has a plain slide-valve and a reversing
motion, in which the eccentric is shifted across the shaft,
both for varying the point of cut-off and for reversing
purposes.

The feed pump is operated from the engine cross-

Fig. 3854,

head, and forces the feed water through a heater placed
lengthwise of the engine frame.

Referring now to figs. 385 and 386, the cylinder and
band wheel are shown in section, and the pump and
Licater partly in section. g

The connecting-rod has a key at the cross-head end,
and an adjusting screw at the crank-end. so that the
length of the rod is kept as constant as possible, because
while the passage of the key through the strap aets to
lengthen it, screwing up the set serew acts to shorten it.
The end of this set screw s’ abuts against a plate upon
which the back brass beds, the plate preventing the set
screw end from indenting the brass.

The erank is balanced by the balance weight, or bob
¢. The wear of the main bearing is taken up by set
SCrews s s,

The driving pinion has a clutch connection with the
band wheel, so that when used for driving agricultural
machines, it can be moved endwise upon the crank-shaft,
and out of gear with the train of gearing used for trac-
tion purposes. When the pinion is in gear with the

315

traction gears, it is still in gear with the band wheel
which serves as a fly-wheel for the engine.

TUHE REVERSING GEAR,
)

»

The engine is reversed, or the point of cut-off varied
by means of shifting the eccentric across the crank-
shaft, the construction being as follows:

In fig. 387 D is a disk (shown also at D in fig. 385)
which is fast upon the crank-shaft, and to which the
eccentric E is pivoted at b, so that from b as a center,
the eceentric can be swung across the crank-shaft. At
b’ is a stop pin, which is threaded into the eccentric
flange, and moves in the slot a, which is an arc of a
eirele of which & is the center. The limit of eccentric
motion across the shaft, is determined by this pin ¥ seat-
ing against the end of slot a, and it follows, that when
the eccentric is moved into position for full gear, for
either the backward or forward motion, it is driven by
the two pins  and 4’. The limits of eccentric motion
across the shaft, is denoted by the dotted lines x 2/, the
nid-position being denoted by the dotted line .

The method of shifting the eccentric across the shaft,
is as follows: Fixed to the eccentric is a cross rack F
meshing with a sliding rack J, which may he moved
endways and parallel with the crank-shaft. The teetl
of these two racks are at an angle of 45° across the
width of the rack, so that by moving the sliding rack
endwise, the cross rack F shifts the eccentric E.

Th cross-rack F is operated by a piece r v, that is
fixed to the sleeve T, which may be moved endways
upon the shaft, by means of a yoke P, whose two trun-
nions ¢ ¢’ connect to the forked or double-eye end of
the reversing lever. At n is a link to which the rever.
sing lever is pivoted, this link being pivoted at m so as
to permit of the lever accomodating itself to the motion
of the slecve T, along the shaft.

The pump rod or plunger, is driven from the’ cross.
head, the pump barrel being bolted to the engine frame.
The suction valve v is provided with a wheel W, fig.
386, whose spindle end adjusts the height to which the
suction valve can li{t,' and thus governs the rate of
boiler feed.

From the delivery valve v’ the feed water passes



MODERN STEAM ENGINES.

316

‘98¢ B

“ToR00g U A13deq 'WOTReACTT OPIS

QUISUT] UOLPIVLT, HILLT YT







318

through pipes p’ and p, in the heater H, and out at v,
whence it passes into the boiler. The exhaust steam
"'passes through the heater to an exhaust nozzle in the
smoke box, and thus assists the draught of the boiler.

The connection between the driving gears and the
traction wheels, is as follows: To the arms of the
traction wheel is secured an annular ring provided with
lugs, to which are attached spiral springs, the other
ends of which are attached to similar lugs upon the
arms of the driving gear, hence these springs act as an

MODERN STEAM ENGINES.

passing into the cylinder is made as follows: The erown
sheet of the fire-box isinclined to the rear, as scen in fig.
388, and a dry steam chamber is provided, as shown,
The dry pipe takes steam at the top of the fire-box.
and discharges it into the dry steam chamber,

When the cngine is descending, as in the figure, the
top of the fire-box remains covered with water, and the
stecam passes from the fire-box through the dry pipe
into the dry steam chamber, while when the engine is
ascending, the steam fills the dome, and what little

elastic connecticn, which permits the traction wheel to
move within certain limits, either vertically or horizon-
tally, provision being made in the construction of the
wheel and axle connection, to permit of such traction
wheel motion, without changing the position of the
driving gear with relation to the pinion that drives it.
This not only enables the boiler to ride easily when the
engine is passing over rough roads, but it avoids the
breakage of gear teeth, that is apt to occur where the
connections are too rigid.

When tlie engine is to be used in very hilly districts
provision for preventing the water in the boiler from

water that may pass through the dry pipe will be evap-
orated in the dry steam chamber.

The pipe at B is a blast pipe for forcing the draught
by a steam jet.

THE PORTABLE ENGINE,

A Portable Engine is one that is mounted upon
wheels, and a semi portable engine one that can Le
moved from place to place without requiring to be erect-
ed upon a foundation. In portable engines for agricul-
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tural purposes, this is usually aceomplished by mount.
ing the eugine upon the boiler, and the boiler upon
wheels. For the work rooms of the small businesses
carried on in eities, portable engines are sometimes
attached to the sides of vertical boilers. Generally
however, the vertical boiler is mounted upon an iron
base plate or frame, to which the engine is bolted
independently of the boiler, this being the plan also
adopted for hoisting engines.

/ gch wnay
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box to the shell of the boiler are threaded at the ends
and rivetted over.

At b ¢ are angle irons, for staying the tube sheet,
and at £, an angle iron for staying the plate at that
end of the boiler. An end view of theengine,showing

its attachment to the boiler, is shown in Fig. 391, the
axle is curved at A, the brackets B being bolted to the
boiler, which rests on a band, having at C nuts, which
secure the band to the brackets B B.

PH TS ORI

Fig. 389 is a side elevation of the Frick Company,s
Portable Engine on wheels, and fig. 390 is a sectional
view of the boiler. The construction of the engine
corresponds with that already shown with reference to
the traction engine. The boiler is of the locomotive
pattern, the water surrounding the fire-box, except at
the furnaee and ash-pit doors. The stays from the fire-

Fig389.

Fig. 392 represents a semi-portable engine, by the
Lidgerwood Manufacturing Company.

The boiler is mounted upon an iron base, forming a
foundation for the engine, and in which the erank-shaft
bearings are sitnated. A single guide-bar placed above
the cross-head is used, and a Piekering governor.

Portable engines usually bave plain D slide valves.
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Semi-Portable Engine.



ENGINE FOR SUGAR MILLS.

Fig. 393,

Colwell's Engine for Sugar Mills.
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The Silsby Steam Fire Engine,

MODERN
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Fig, 394.



THE STEAM FIRE ENGINE.

Tur Steam Fire ExGINE.

Steam fire engines may be divided into two principal
elasses, those with rotary, and those with reciprocating
pumps.  When reciprocating pumps are used, the steam
and pump pistons are usually on one rod, and between
the two is a yoke, such as wax shown i Fig. 71, this
yoke being employed to drive the flv-wheel.

The steam cylinders usually have plain D slide valves
the steam following for three-quarters or more, of the
stroke. The pump valves are usually flat rubber dises
with spiral springs behind them.

The air chambers of the pumps are so eonstructed,
as to let the water they contain be disturbed as little
as possible by the delivery water from the pump, be-
eause the water gradually absorbs the air from the
ehamber, and the presence of the air tends to break up
the water eolumn after it has left the hose nozzle, 1n
some cases, the air chambers are, for the above purpose,
provided with long necks in which the water may le,
as nearly as may be, undisturbed. In others, a pipe
extends nup within the chamber, thus separating the
water and air.

A delivery pressure greater than the steam pressure
is obtained by making the steam piston of larger dia-
meter than the pump piston.

When a rotary pump is used, a delivery pressure
greater than the steam pressure may be obtained in two
ways, first by reducing the diameter of the pump, and
secondly, by making the pump eylinder shorter than
the steam eylinder. A rotary pump possesses the ad-
vantage that it requires no valves, and the suction and
delivery water is kept in continuous motion, unchecked
by the rise and fall of valves. Rotary steam eylinders
are less ceonomieal of fuel than reciprocating ones, but
in a steam fire engine. efficiency is of the greater im-
portance than fuel economy.

The Silsby Steam Fire Engdine.

Fig. 394 represents a steam fire engine with rotary
steam eylinder and pnmp, and Fig. 395 a longitudinal
section through the engine and boiler, the construction

325

being as follows: What may be termed the fire box,
extends downwards from the plate a, whieh supports a
scries of double tubes that extend down towards the
fire. These double tubes are one within the other, the
iuner tube having a V shaped opening at the bottom, so
that the water ean pass down through the inner tube
and up through the space between the inner and outer
tube, the latier being closed at its lower end, and being
surrounded by the heat in the fire box.

The fire box has water legs, or in other words, there
is water, between its sides and the shell of the boiler.
Through the body of the boiler from a to b are the
smoke flues, through which the heat and products of
eombustion pass to the chimney. Thedry pipe through
which steam is taken for the engine, extends around
the boiler asshown at C C, D being the steam pipe
for the rotary engine E. The exhaust pipe is shown
at F, extending up to G, where there is an exhaust
nozzle whose area of opening may be either opened or
closed to regulate the draft for the fire. This nozzle
eonsists of a cone having openings on two sides, and
capable of adjustment vertieally, in a coned seat at the
top of the exhaust pipe. When the cone is raised out
of its seat, the exhaust is more free, whereas when it
is lowered, the area of exhaust opening is reduced, the
steam escapes with a greater velocity and, as it earries
with it up the chimney the contents of the smoke box,
the draft is forced. The eonstuetion of the engine is
seen in the erosssectional view at H. It consists of
two intermeshing eams upon shafts that are geared
together by the gearing at J K, in Fig. 395, so that
the two cams are driven independently, which relieves
the intermeshing parts of strain Each eam has two
strips, which have contact with the eircumferential bore
of the cylinder, to maintain a steam tight fit, and these
strips follow up the wear. 7The construction of the
pump is similar, except that each cam has three strips
for bearing against the cylinder bore.

The globe valve at N admits a portion of the exhaust
stcam into L. to heat the feed water, the pipe from the
engine extending down into the heater L, and being
perforated to distribnte the steam through the water.
The pipe whose exit is shown at M, is merely an over-
flow.

There are two methods of feeding the boiler as fol-
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HOISTING

lows: g g, are a pair of gears, a crank-pin on the lower
one operating the rod & of the pump p, which takes
* water from the heater L through the suction pipe N,
where there is & globe valve to regulate the amount of
feed. Second, a pipe leads direet from the main pump
P, to S, so that by opening a valve, the water ean pass
through pipe ¢, and through f into the boiler, without
passing through pump p. This method of feeding can
be employed when the pressure in the air chamber
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1I0ISTING ENGINES.

Fig. 396 represents Mundy's hoisting engine, ix
which the eylinder is bolted to the side of a frame
upon which the boiler is mounted. The conneeting
rod drives a dise, on whose shaft is a pinion that drivei
the hoisting drum or drums, as the ease may be, througk
a simple or compound train of gearing, according ta
the weight the engine is designed to lift.
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Mundy's Hoisting Engine,

exceeds that in the boiler, and to obtain the required
pressure, the discharge gate of the pump may be par-
tially closed. To prevent the feed pump p from freez-
ing in severe weather, a pipe is provided, which may be
used to admit steam from the boiler to the pump. To
promote the draft, a pipe connects from r to the ash-pit,
thus allowing the main pump P (from which r recieves
water) to wet the ashes.

Fig. 397 is an end view of the frame, showing the
eonstruction of the frietion deviee through which the
power is transferred from the erank dise on the right,
to the gear on the left, and it is seen, that in this ex-
ample, the erank-shaft operates a spur gear, on whose
side is seeured a cone, formed of pieces of wood, whose
end grain is radial from the gear axis.

The end of the drum is provided with a conical seat,



328

into which the wooden eone may be forced by the lever
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shown at the right hand end of the drum shaft. This
lever nperates a screw, which moves the drum endways
on its shaft, to engage or disengage the cones, as may
be required for raising or lowering the load.

Each drum is provided with a ratchet and pawl, as
shown, for holding the load independently of the frie-
tion eones, or of the piston power,

A steam pump for boiler feeding is shown attached
to the boiler. Hoisting engines are provided with flat
D slide-valves, and with link motions for reversing pur-
poses.

Fig. 398 shows a single cylinder and single drum

Fig. 398.
The Lidgerwood Hoeisting Engine.



SEMI-ROTARY AND

hoisting engines, constrieted by the Lidgerwood Manu-
facturing Company, and having a eone friction applied
1o the drum. A similar engine is constructed, with a

Fyg. 399.

cvlinder on each side of the frame, the cranks being at
right angles.

The lowering of the load is effected by partially re-
leasing the grip of the friction cones of the hoisting
drum.

Robertson's Semi-Rotary Endine.

Fig. 399 shows a stationary hoisting engine, with
two eylinders and link motion reversing gear.

In semi-rotary engines the pistons reciproeate in an
are of a eircle, and the great difficalty in this form of
engine has been, that the piston power acts to bend
the piston, and eause it to bind in the eylinder bore. ‘

In Rabertson’s engine, however, this defectis elimin-
ated, the construction being as follows: Referring to
Figs. 400 and 401, aa is the cylinder, B B the piston,
¢ a eenter piece to which B B is bolted, and which has
jonrnal-bearing in boxes provided upon the eylinder
or frame, to which one end of the conneeting-rod F is
pivoted by means of an ordinary erank-pin. G is the
erank, and M the fly-wheel. H isan ordinary eccentrie

OTARY ENGINES, 329
to operate the slide valve, which is of the three-port
type, N 18 a piece separating the two chambers a a, the
exhaust port passing through it, and the steam ports
being one on each side of it. E is a gland for packing
the piston. Referring now to Fig. 401, it will be ob-
served that in one casting we have the cylinder, the
frame and the fly-wheel bearings. The bearings upon
whieh the piston vibrates, are also east solid upon the
same casting. The pistons B are firmly bolted to the
middle piece earrying the erank-pin, the objeet being to
facilitate turning the pistons in the lathe.

To secure, beyond peradventnre, the pistons upon the
middle piece, they are let or recessed into it.

The pistons, it will be observed, do not fit against
the sides of the cylinder, except over a swmall projeeting
piece at the top. which serves as an abutment for the
packing, the space for whieh is shown between it and
the end of the gland E.

"The space between the pistons and the exlinder bore
is made to be as small as possible, and represents the
clearanee found in the passages incidental to three-port-
ed valves. The pistons B B are solid ecastings, whose
strength insures them against spring. The packing,
which keeps them steam-tight, represents the steam
packing of an ordinary piston, the gland and its pack-
ing being dispensed with. A feature of this plan is,
that any piston leak becomes apparent at once, and the
nuts being on the outside, the packing may be tight-
ened and the leak stopped immediately, without stop-
ping the engine. Steam is admitted alternately through
the ports on the right and left hand of the pistons.
The eeccentric rod is hooked to the rocker arm I, the
latter being provided with a handle, whereby to oper-
ate the valve by hand when starting the engine. K is
the valve stem, and L the steam chest.

The Rotary ILndine.

A rotary engine is one in which the piston revolves
with the shaft, hence the length of the stroke is the
path of the piston, around the eylinder bore. In some
forms ot rotary engines, cain shaped pistons, such as
was shown in Fig. 395, are employed. In others, the
piston head ecarries small sliding pieces, which are
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Robertson’s Semi-Rotary Engine.
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moved in‘and out, to pass an abntment by cam motions
while in others, the abutment itself is mnoved, to allow
the piston to pass,

A rotary engine possesses the advantage that there
is no reversal of motion of the piston, etc., at the ends
of the stroke. and of comparative inexpensiveness to
make.
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402, which is a longitudinal section on a vertical plane
paralell with the shaft, and Fig. 403 an end elevation,
with the eylinder cover remnoved, The eylinder is divi-
ded by a central partition A. On the shaft B are two
pistons C, which pass throngh abutment rings E.
These rings fit, at their ends, into recesses or grooves
provided in the partition A, and in the cylinder covers.

Rotary Engine.

On the other hand, howerver, the stecam pressure acts
to press the shaft against the sides of the bearing. The
wear of the piston is greatest at the circumference of
the eylinder bore, and less as the shaft is approached,
which renders it difficult to maintain the piston steam-
ticht. Furthermore, the piston area is small in propor-
tion to the length of the stroke, hence the loss of heat
{rom cylinder radiation is great.

From these causes, rotary engines are less economical
than reciprocating or rotative engines, and therefore
find their field of usefulness confined to cases in which
economy of fuel is not of primary importance

A representative of rotary engines is given in Fig.

The ring is disposed eccentrically to the shaft, and as
at its highest point it is in contact with the cylinder
between the ports F and G, it forms a constant abut
ment for the steam. The latter entering between this
abutment and the piston, acts directly upon the piston,
which being merely a lever arm as regards the shaft, of
course turns the same, traveling in the direction of the
arrow. In passing the abutment part of the ring, the
flukes fit into a recess, so that the contact between the
abutment and eylinder is always maintained. The re-
versing gear, by which steam is admitted to either port,
by means of a cémmon D valve; is operated by the
hand lever shown.
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means of the diagram Fig.+406. Suppose, for example,
that the parts are in the position shown in Fig. 405, the
three crank cheeks or arms being then all in line. The
black dots in Fig. 406 will then represent the crank-
pins, A being the pin attached to the outer piston-rod,
the black dot at B representing the inner pin, whose
path of motion is the eircle, and the black dot at C rep-
resenting the crank-pin, for the other piston-rod.

It is obvious that the pin B will always be somewhere

MODERN STEAM ENGINES.

crank-pins C B, fig. 406), position B1. Again suppose
the outer crank-pin (A fig. 406) moves from Al to A2,
and the middle pin (C fig. 404) will have moved to posi-
tion C2, and the inner pin (B fig. 404) to position Be,
and so on through all the other numbered letters
similar numbers indicating simultaneous positions.
Twelve positions are plotted on the diagram, and, it is
easy to follow the parts throughout the stroke.

It is obvious, that the cylinders may be placed in
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Fig. 407,

on the circle, which represents its path of motion, and
to find its position for any given piston position, all we
require to do is to set a pair of compasses to the radius
of erank-pins A C, and another pair to the radius of
erank-pins B C, and we may trace the inotion as follows:
Suppose the outer erank-pin moves from A to A1, and
from A1 (with the radius of erank-pins A C), we may
mark at C1 the corresponding position of the crank-pin
C. To find the position erank-pin B will have moved to,
we mark from C1 (with a radius equal to that of the

Iig. 408.

any required positions, so long as their bores are at a
right angle, and also that in place of two cylinders, four
may be used, two taking the place of the guides shown
in the illustrations. .

Figs 407 and 408 show two cylinders, one vertical
and the other horizontal, and it is obvious, that we may
trace out the paths of motion, as given above, by draw-
ing the center lines to represent the axial lines of the
pistons. The objeetion to this class of engine is the
excessive friction and wear of the crank-pins.



THE STEAM ROCK DRILL.

ROCK-DRILLING ENGINE OR ROCK-DRILL.

Engines for piereing holes in roek, for receiving
explosives, are ealled, in general terms, Rock-Drills. A
roek drill eonsists of a eylinder mounted upon an adjus-
table frame, that permits the eylinder to be set in the
direction in which the hole is to be drilled.

The eylinder is fed to the cut, and the rate of feed is
so regulated, that the piston-stroke is maintained as
nearly as possible in the same part or length of the
evlinder bore.

The valve is sometimes operated by tappets in eonnee-
tion with the steain or compressed air that drives the
rock-drill, and at others by the piston admitting steam
that operates the valve. Steam is used to drive the
drill when it is used in the open air, and eompressed
air when the drilling is to be done in tunnels or simi-
larly confined plaees, or when the boiler for generating
steam eould not be placed near enough to the engine to
prevent great loss from eondensation in the steam pipe.

The Ingersoll Eclipse ERock-Drill.

In fig. 409 is shown the Ingersoll rock-drill mounted
upon a tripod, for surface work. s the tripod legs are
pivoted at their upper ends, it is obvious that they may
be moved to bring the drill into the required position,
the weights serving to anchor them. -

The drill is attached to the piston-rod, as shown, and
the feed is put on by operating the feed serew, which
moves the eylinder down a slide provided upon the
frame.

A sectional view of the eylinder is given in fig. 410,
in which it is seen that it is provided with steam and
exhaust ports of the usual pattern.

The two dotted circles F F’ represent open passages
in the cylinder, which are conneected with the exhaust
port E, and henee the interior of the cylinder between
F F’ is at all times open to the atmosphere. Now
observe the two passages D D’: These are small brass
tubes opening a passage from the space in the steam
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chest at each end of the valves, to the interior of the
evlinder within the length between F' and F’: Hence,
if there were nothing in the cylinder to shut the pas-
sage D and D’, each end of the valve would be open to
the exhaust; but we have the piston B moving back
and forth in the eylinder, and having a stroke from X
to Y. This piston has a long bearing in the eylinder,
broken in its center by the annular space 8 8’: This
space is a constriction in the diameter of the piston, and
makes an open space or chamber all around it. The
length of this space is such that, wherever the piston
may be in the eylinder, this space is at all times open to
one of the passages D D’, and lenee to one of the
holes ¥ F’, which leads by way of the exhaust port K,
to tho open air. S S, therefore, is an exhaust chamber
carried up and down with the piston. This exhaust
ehamber ean never be open to both of the passages at
D I’ at the same time. 'When the piston is on the up
stroke it is open to one of these passages, and when on
the down stroke, to the other. The valve is spool-
shaped, and has a hole through its longitudinal axis,
throngh whieh passes the bolt T, whieh serves to guide
the valve in its motion back and forth, and which, by
means of a spline, prevents its rolling on its seat. In
the bottom of the steam ehest there are two cored pas-
sages, conneeting the tnbes D and D’ with the ends R’
and R of the valve. These passages eross each other,
so that R is conneeted with D’, and R’ with D.

In the fignre the piston has eompleted the up stroke;
the valve has been reversed; and the drill is ready to
strike a blow. Suppose the steam to be admitted
through the ehest to the valve at a point-say O. As
the spaces at O, N and N’ are in one, the steam will
encirele the valve, bearing it down npon its seat through
the excess of pressure at O. Eseaping over the top of
the valve flange it will also oceupy R’; this being con-
nected with D, and D being closed by the lower piston
head, there is no outlet. Now R being connected with
D’, and as D’ is now open to the piston exhaust eham-
ber, tho space behind the valve flange at R is free to
the exhaust, and hence the steam pressure in R’ holds
the valve close at R, so long as D’ is open to the piston
exhaust passage. Therefore the valve must remain in
its present position until the piston moves. The port P
being open to the live steam chamber in the valve, and
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Fig. 409.
Ingersoll’s Eclipse Reck-Drill.
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work entirely in the upper part, cutting off so roon as
the blow is delivered, and increasing its stroke as the
hole is driven. This is important, especially in starting
or pointing holes.

Fig. 411 illustrates the manuer in which the drill

is revolved a certain amount during each upward pis-
ton-stroke.  Within the upper end of the piston is a
bar with twist grooves, and fitting to the same is a nut;
fast in the head of the piston is a ratchet wheel having
two pawls, which permit of the ratchet wheel revolving
in one direction only. When the piston makes an up-
ward stroke, the spirals cause it to make a part of a
revolution, and the pawls fall into the ratchet teetlh,
preventing the spiral bar from turning back to the same
place.

By using two pawls the teeth of the ratchet may be
made twice as coarse, and therefore twice as strong for
a given pitch of ratchet, because the ratchet wheel
needs to move bnt half the pitch of the ratchet, in
order to permit one or the other of the pawls to engage.

The piston diameter varies from 13 inches to 5 inches
in diameter, the larger sizes being used for deep holes.

It is found that vertical holes may be drilled one-
quarter faster than horizontal, the rate of feed being
diminished in proportion as the roek is either hard or
seamy.

The Ingersoll Air Compressor.

The construction of the Ingersoll air compressor for
driving rock-drills is shown in Figs. 412, 413, 414
and 415.

It consists of a steam and air eylinder, whose pistons
are in line, and connect to a cross-head C, operating in
the guides G, the connecting-rods being connected out-
side the guides. It is obvious, that the pressure in the
air cylinder increases as the air piston approaches the
end of the stroke, at which time the steamn piston has
the least pressure, because of the cut-off and release
occurring before it eompletes its stroke.

This necessitates the employment of heavy fly-wheels
W, which store up the power received during the ear-
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ler part of the stroke, and deliver it back again at the
later part.

The air eylinder is provided with a pump, by which
water is forced into the cylinder and mingled with the
air, thus keeping it cool and preventing its expansion
from the heat, that would otherwise be generated dur-
ing its compression, it being obvious that such heating
and expansion would inecrease the load on the engine.
and diminish the quantity of air compressed.

The power of the engine is proportioned to the
amount of its load, by means of a Meyer's cut-off valve,
the eccentrics operating rock-shufts ¢ ¢, which, at their
upper ends, operate the valve rods, that for the cut-off
valve being seen at f.

The cut-off valves are moved to vary the point of
cut-off by a right and left hand screw, operated by a
hand wheel shown at J.

To maintain the required pressure in the receiver in
which the compressed air is stored, and to maintain the
pressure uniform, the following construction is employ-
ed: The eross-head C drives a lever A, which is pivoted
at one end, and which operates the pump rod » the
pump being on the side of the air cylinder. The
pump discharges alternately into each end of the cylin-
der through discharge pipes, which may be placed in
cominunication or separated by a valve.

The suction pipe is also provided with a valve, and
the mechanismn is such, that when the air pressure in the
receiver begins to inerease above that required, a piston
closes the suetion pipe and opens communication between
the two delivery passages, so that the water already in
the air eylinder passes through the delivery pipes, from
one side to the other of the air piston. At the same
time & valve in the admission pipe of the steam cylin-
der is closed, thus diminishing the stéam supply, and
therefore the engine speed.

A further feature of this part of the mechanism
as applied to the larger sizes of compressors, is that
the compressed air in the receiver may be utilized for
starting the engine, the construction being as follows:
Fig. 414 is a side view of the air cylinder shown
removed from the engine, and broken away at one end
to expose the valves and the delivery passage d, the
regulating mechanisin being shown in section; and fig.
415 is an end view of the same.
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The Ingerscll Air Compressor--—-The Governing Mechanism,
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Referring to these two views, a pipe from the
. receiver admits the compressed air into the ehamber
a a, and also beneath the small piston P, which is held
down by the weight shown attached to the end of lever
L, hence this corresponds to a common safety valve,
except that the raising of the piston does not permit
the compressed air to escape. The weight is adjusted
in amount to suit the pressure to be maintained in the
receiver. Now suppose that from a rock-drill being
stopped, or from some other ordinary cause, the pres-
sure in the receiver begins to inerease, and piston P will
be raised, and this will lift the valve », which is on the
same rod as piston P.  When valve v is raised the two
delivery passages d d’ of the pump (whieh both commu-
nicate with the chambers e ¢’) are in open communica.
tion, and the water on the delivery side of the pump
passes, as the air piston reciprocates, to and fro in the
delivery passages d’ d, from one end to the other of the
air cylinder. From the time that the piston P begins
to close, the water supply to the pump begins to dimin-
ish, because the tappets T on the rod suspending the
weight, meets the valve stem of globe valve G and
closes that valve.

Simultaneously, with this action a second one occurs,
inasmuch as that the lever L, as it rises, meets a bell
crank M, which operates the rod R, and this closes the
steam governor valve V, dimishing the supply of steam
to the steam cylinder. All these regulating devices,
therefore, are operated by the motion of the piston P,
which is determined by the pressure in the receiver,
and is, therefore, automatic.

Now suppose the engine to have been stopped, its
steam supply being shut off, and to start it again the
steamn is turned on again. and the compressed air in the
receiver may be utilized to assist in starting, by the
following construction. . The annular chamber a a,
being in open cominunication with the reeeiver, is filled
with compressed air, which is execluded from the cham.
bers e ¢’, by valves, whose operating hand wheels are
shown at H and 2 respectively. If, however, the air
piston is at the right hand end of the eylinder, valve
may be opened, admitting the eompressed air into
chamber ¢/, from which it will pass through @’ into the
right hand end of the air cylinder, and thus aid in pro-
pelling the piston.
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Similarly if the piston is at the other end of the
cylinder, valve H may be operated to admit air from
a through e to d, to propel the air piston, the valve
being closed as soon as the engine is fairly started.
Obviously, in operating cither of these valves, the diree
tion of engine revolution is to be considered, since it
determines which valve must be opened; at g and ¢’
are glands to close communication between the small
cylinder T and the ehamber ¢,

The Knowles Steam Pump.

Fig 416 is a general and fig. 417 a sectional view of
the Knowles steam pump, whose construction is as fol-
lows: The steain and water pistons are in line, and are
connected by a piston-rod, to which is attached an arm
A. TUpon this arm is a roller having contact with the
bottom edge of the rocker bar T, which is pivoted at its
center, this bottom edge being curved, so that as the
arm A traverses, it alternately lifts one or the other end
of the rocker bar.

At B is a link attached to a short arm on the rod D,
so that as A traverses to and fro, the vertical vibration
its roller gives to,rocker arm T, causes B to slightly
revolve the rod D of the chest piston, and this causes
the chest piston to operate the main B shaped valve, by
reason of the following construction: At each end of
the steam chest piston, is a small port, one of which is
shown at the right hand end of the chest piston. Near
each end of the seat of the steam chest piston is a small
steam and exhaust port, which are opened and closed
by motion of the ehest piston, and alternately admit
steam to, and exhaust it from the ends of the chest pis-
ton, and thus operate it endwise.

At v and 2/ are tappets that while not absolutely
essential to the valve motion, serve as safeguards to
move the chest piston, should the rotary motion of the
chest fail to do so.

Referring now to the water cylinder, the two lower
valves are for the suction, and the two upper for the
delivery, as the pump piston is shown meoving to the
left, the right hand side is drawing, henee the right
hand suction valve is open, while the left hand delivery
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THE STEAM PUMP,

Figs. 418. & 417.

Enowles Steam Pump.
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valve is also open, to permit the escape of the water on |
the left hand side of the water piston. The left hand

suction valve is closed, and held closed by a spiral |
spring on its back, as well as by the pressure of the |

Fuy.

delivery, while the right hand delivery valve is similarly
held closed by its spring, and by the pressure of the
delivery, as well as by the suction.

The Worthington Steam Pump.

A general view of a Worthington Steam Pump is in
fig. 418. It consists of a pair of steam eylinders and
pumps connected together, so as to form virtually one
machine, The valve gear for one steam cylinder is
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operated from the piston-rod of the other, as was fully
explained with reference to fig. 373 of the Worthington
Compound Condensing Engine.

When the circumstances render it necessary to use the

418.

steam expansively, compound steam cylinders are em-
ployed, the arrangement being shown in fig. 419. The
valve motion is the same as before, except that the valve
rod T passes through the low pressure steam chest, to
the high pressure stean clhest, both valves being worked
by one rod. The exhaust from the high pressure
eylinder passes through the pipes shown direct to the
low pressure steam chest.

Thgs. 420 and 421 show the construction as applied
to pumps for brewery purposes, in which thick liquids
require to be pumped. This suction chamber is at S,
and a piston, instead of the usual plunger, is employed,
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so as to reduce the clearance to a mininum, the lower
pair of valves ¢/ #2, are obviously for the suction, and
the upper pair 3 and ¢4 for the delivery. The suction
chamber 8 is common to both pumps, and as one or the
other of the suction and of the delivery valves are always
open, the suction and delivery streams are continuous.
The steam valve motion is constructed as follows:
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move until it covers. the exhaust port e, the steam re-
maining in the cylinder being compressed, and finally
causing the piston to pause at the end of its stroke.
During this pause the suction valve v* and the delivery
valve »3 will quietly seat themsclves without inducing
reverse currents in either the snetion or delivery pipes,
as occurs when the valves close quickly. The admis-

The Worthington Pump as Applied to Brewery Purposes.

Two arms A and B, receive motion from the respective
pistoni-rods, the arin on the left hand engine operating
the valve for the right hand one. Thusarm A oper-
ates & rock-shaft B, connected to the valve rod R, whose
block v, that fits in the valve, has a certain amount-of
lost motion or play. Now suppose motion to occur in

the direction of the arrows, and the steamn piston P will
40

sion of steam for the next stroke of piston P, is so
regulated that it first permits of this pause, and then
drives the piston on the return stroke. The lost motion
between the blocks v and the valve, is so regulated in
amount, that one piston takes up the motion just before
the other pauses, hence a steady and continuous flow of
water is maintained.
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Adjustable eut-off engine, 13
engines, 108-137
Admission, finding the point of, 45, 143
of the Reynolds-Corliss engine, 223-227
valve of the Porter-Allen engine, 149
various positions of the,
149
Advanee, angular, definition of, 17, 18
Air compressor, Ingersoll's, 333-342
governing meehanism of the, 340, 341
side elevation and plan of, 339
Allen valve, 25-32
construction and various positions of the, during a
revolution. 28, 2
diagram of the port openings of the, 31, 32
inercase of lead with the, 85, 86
link motion with the, 84-86
American locomotives, link motion used on, 89
passenger locomotives, diagram of the port openings of
a valve motion of, 26, 27
Angular advanee, definition of, 17, 18
of ecceuntrie, 28
variation in the amount of, 22
Angularity of the conneeting rod, 20, 21, 26
of the valve-rod, effeet of the, 36
Armington-Sims engine, 175-183
Automatic cut-off engine, 13
advantages of the, 144
engines, 144-238
classes of, 144

Ball antomatic ent-off engine, 214-216
Beam engines, 11
Boiler efficiencies during the trial of the engines of the S, S.
Meteor, 302
of Frick’s traction engine, 315
Boilers of the S. S. Meteor, 208
Brewer); purposes, Worthington's steam pump as applied to,
344-346
Bridges, definition of the, 15
Buckeye-engine, 160-174
Bulkley's independent injector condenser, 254, 255
injector condenser, 245-24% .
application of the, 247
as arranged for natural water supply, 249

Classifieation of steam engines, 11-32
Clearance in a valve, 19
Coal consumption, diagram of the, in testing the engines of
the S. S. Meteor, 297, 299
measurement of, for testing the engines of the 8. S.
Meteor, 298, 299
Seotch, analysis of, 299
Colwell's engine for sugar mills, 321-323
Common slide valve engine, 11-32
Compound eondensing and triple expansion stationary engines,
260-274
engine, 11
marine engine, example of a, 276
for an ocean-going steamship, 279~
281
engine, 11, 239-242
Com pression and lead, equalizing of, 41
or cushiouing, 17
regulation of, in the Wheelock automatic cut-off engine,
236
Coundenser, Reynolds’, 255-259
construction of, 259
sectional view of, 257
top view partly in section of, 258
Condensers, elassification of, 244
Condensing engiune, 1], 244-259
Connecting rod, angularity of the, 20, 21, 26
dispensing with the, 54
Corliss automatic cut-off engine, 221-236
Crank and eccentrie, relative amount of, 35
tracing the movements of, 35
piston, relative motion of, 34
of the Porter-Allen engine, finding the position of the,
when the valves are set, 152
pin, effect of variation between the position of the, and
that of the piston, 36
path of the, 34
position at the shortest point of ent-off, to find the, 137
shaft, varying the point of cut-off by shifting the eccen-
trie across the, 13%-143
to find the position of the, at the time the main valve
would cut-off, 122
link corresponding to that of
O}

the, 92
Crossed rods, equalizing the lead with, 83, 84
: link motion with, 82-84
(351)
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Crossed rods, variation of lead in, 83
Cut-off cceentrie, diagrams for finding the position of the,
125, 130
limits within whielt the position of the, may be
varied, 113, 114
the position of the, 113-120
engine, 13
automatie, advantages of the, 144
engines, adjustable, 108-137
automatie, 144-238
classes of, 144
equalizing the points of, 39 1
in the Wheelock antomatie cut-off en-
gine, 236, 237
point of the, by making the steam ports
of different widths, 98-101
evils of a fixed point of, 144, 145
longest and shortest points of, diagrams of the port open-
ings for the, 135, 136
Meyer’s, 108
point of, 15 :
points of, equalizing the, 96-9S
to cqualize, 114-120
shortest point of, to find the erank position at the, 137
to find the path of the eccentrie for the, 135
to find the amount of steam port opening for each
point of, 142, 143
earliest point of, 135
limits of the range of, 135-137
valve diagram for finding the position of the cut-off ec-
centrie, 121
operating on a fixed seat, 134
valves, aetion of, 110-115
diagrams of port openings of, 112, 114, 117, 118,
119, 120, 124, 125, 126, 130, 131, 132, 133
finding the port opening for a given point of, 141,
142
riding, 108-137
setting, 123
to find the amount of lap for the, 123
varying the points of cut-off, by moving the, 120~
134
point of, by shifting the eccentric across the
erank shaft, 138-143 '
Cushioning or compression, 17
Cylinder and valve of the Armington-Sims engine, scetion
t]lr()ug?l the, 177
straight-line engine, horizontal
section through the, 185
valves of the Buekeye engine, cross-seetion of, 166
Porter-Allen engine, 148-150
of the straight-line engine, vertical section through the,
186

Dash-pot of the Wheclock automatie cut-off engine, construe-
tion of the, 236

Dexter antomatic cut-off engine, 217-220 ’
Diagram, construction of the, 24

form of, employed by Mr. J. W. Thompson of the Buck-

eye Engine Works, 38
from a valve having over-travel, 26
manner of obtaining the curved lines in the, 24, 25

INDEX.

Diagram of a eut-off valve for finding the position of the ent-
off eceentrie, 121
coal eonsumption in testing the engines of the S,
S. Meteor. 297, 299
speed regnlation and the use of the auxiliary
springs of the Buckeye engine, 174
the action of a valve having lap, 25
no lap, 24
port openings in the Porter-Allen engine, 156,
l aer

i
of an Allen valve, 31, 32
Zecuner's valve, 42-63
] remedy for defects of, 59
Diagrams for designing valve motions or mechanisms, 33-63
ﬁn]d3i3g the position of the eut-off eceentrie, 125,
from a triple expansion stationary engine, 273, 274
the Allen and eommon valves, eomparison of, 30
of general conditions in testing the engines of the S. 8.
Meteor, 297, 300
port openings given by Stephenson’s open rod link
motion, 76, 77
the Allen valve with link motion,
84, 85, 86
in the Armington-Sims engine, 182, 183
of cut-off valves. 112, 114, 117, 118, 119,
120, 124, 125, 126, 130, 131, 132, 133
of the Buckeye engine, 171
steam distribution, 24-27
the mean effective pressures during the trial of the
engines of the S. S. Meteor, 297, 300, 301
the port openings for the longest and the shortest
points of cut-off, 135, 136
prineiples involved in the constrnction of, 33
showing the steam distribution, 114
Direct acting engines, 11
Direction, definition of the word. 17
Directly connected engines, 333, 334
Douglass's valve gear, marine engine with, 285

Eccentrie, amount of angular advanee required by an, 18
angnlar advanee of, 28
eenter of the bore of an, 17
to find the, 35
eonstruction in the Ball automatic cut-off engine, 215,
216
cut-off, diagrams for finding the position of the, 125
limits within which the position of the, may be
varied, 113, 114
the position of the, 113-120
finding the path of the, for the shortest ent-off, 135
position of the, in the Armington-Sims engine,
179-18]
lead, 22
main, to find the throw of the, 132
path of motion of the center of an, 33
position, to find the piston position for a given, 141, 142
rocker and valve movements of the straight-line engine,
191, 192
rod, paths of motion of the, 74
shiftable, 138-141
throw of an, definition of the, 17
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Eeccentrie, varying the point of cut-off, by shifting the, across
the erank shaft, 135-143
Eecentries, to find the position of the, 90, 91
loeate the positions of the, for any point of cut-
off, 127
Ejector condenser, 244
Engine, adjustable cut-off, 13
Armington-Sims, 175-183
automatie eng-off, 13
advantage of the, 144
Ball automatic cut-off, 214-216
Buckeye, 160-174
Colwell's, for sugar mills, 321-323
eommon slide valve, 11-32
compound, 11, 239-242
condensing, i1
condensing. 11, 244-259
Corliss automatic ent-off, 221-236
cut-off, 13
Dexter automatic cut-off, 217-220
efficiencies during the trial of the engines of the S. S.
Meteor, 302
Farcot's eompound, 241-243
Fishkill, 231-233
Greene automatie cut-off, 230, 231
Harris-Corliss, 231
high pressure, 11
hoisting gear for reversing on a, 103
horizontal stationary, construction of a, 13, 14
lde, 196-205
inverted eylinder, 13
James and Wardrope, 211, 212
marine, 275-311
Maxwell and Gordon isochironal pumping, 347-349
multi-eylinder, 211, 212
New York Safety Steam Power Co's., 214
ortable, 318-327
Yorter-Allen, 145-160
prominent features in the design of the, 145
quadruple expansion, 307, 308, 309-311
reversible rolling mill, gear for reversing on an, 103
Robertson's semi-rotary, 329
rock drilling, or rock drill, 335-33%
rotary, 320-334
semi-portable, by the Lidgerwood Mannfacturing Co.,
319
semi-rotary, difficulty in the, 329
speed of the Reynolds-Corliss engine, varying the, 229
steam, various applications of the, 312-349
straight-line, 185-196
throttling, 13
traction, 312-321
triple-expansion, 239
stationary, with eylinders one above the other,
270-274
Twiss, 237, 238
vertical compound condensing, 265, 266
Westinghouse, 206-211
Wheelock automatie cut-off. 234-237
Worthington compound condensing, 260-264
Eugines, adjustable cut-off, 108-137
automatic cut-off, 144-238
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Engines, automatic eut-off, classes of, 144
beam, I1
direct acting, 11
directly conuected, 333, 334
hoisting, 327-329
horizontal, 11
inelined, 11
marine, 11
varieties of, 275
multi-cylinder, 13
of the 8. S. Mariposa, 287, 288, 290
Meteor, 293, 294, 295, 296, 2908
test of the, 296-309
stemmn yacht Mira, 287, 291, 292
oscillating, 11
yotary, 13
semi-rotary, 13
side lever, 11
stationary, 11
com]lmmd coudensing and triple expanding, 260-
a7
methads of compounding in, 239-24
tandem, 13
traction, 11
triple expansion, examples of, 285-309
stationary, 266-274
vertical, 11
Exhaust edges, 15
lap of a valve, operation of the, 18
means of remedytng defeets in the, 26
port, 14
Expansion of steam, 27, 28
to find the total range of, 241

353

Farcot's compound engine, 241-243
Fecd water, measurement of, in testing the engines of the
S. S. Meteor, 299, 300
temperature and consnmption of, in testing the en-
gines of the S. S. Meteor, 301
Fire engine, steam, 325-327
Fishkill engine, 231-233
Frame and rocker of the Buckeye engine, eross section
through the. 168
Frick's portable engine, 319
traction engine, 312-318
Friction drum, Mandy's, 327, 328
Fuel used in testing the engines of the S. S. Meteor, 300,
301
Furnace gases, analysis of. 300, 301
temperature of, in testing the engines of the S. S.
Meteor, 299

Gear. reversing, of the Frick traction engine, 315-318
Gooch’s link motion, 86-88, 102
points of compression of the hanger link
, 87
Good, W. K . steam 'revorsin;z gear designed by, 105-107
Gordon and Maxwell isochronal pumping engine, 347-349
Governor connection of the Reynolds-Corliss engine, 227
the, of the Armington-Sims engine, 178
Ball automatic ent-off engine, 214, 215
Buckeye engine, 171-174
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y Governor, the, of the Dexter automatic cut-off engine, 220
Ide engine, 200
straight-line engine, 187-189
Westinghouse engine, 210
Greene antomatic cut-off engine, 230, 231
Griddle valve, example ol a, 126

Hanger link, effect of the position of the, on the port open-
ings, 96 ,
point of suspension of the, in Stephenson's crossed
rod link motion, 93
Ste\)lwnson’s open rod
ink motion, 70
points of compression of the, in Gooch’s link mo-
tion, 87
link motions with
rock shaft, 92
Harris-Corliss engine, 231
Heater of Reynolds’ condenser, 255-259
High pressure engine, 11 ’
Hoisting engine, gear for reversing on a, 103
engines, 327-329
Horizontal engines, 11 -
stationary engine, construetion of a, 13, 14

Ide engine, 196-205
Inclined engines, 11
Increase of lead, 93
Indicator diagrams obtained during the trial of the engines
of the S. Sg Meteor, 303-308
Ingersoll's air compressor, 3338-342
zoverning mechanism of the, 340, 341
side clevation and plan of, 339
eclipse rock drill, 335, 338
Injector condenser, Bulkley's, 245-248
application of the, 247
as arranged for natural water supply,
249
independent, 254, 255
Tnverted cylinder engine, 13
Isochronal pumping engine, Gordon and Maxwell, 347~349

James and Wardrope engine, 211, 212
Jet condenser, Knowles' independent, 248-251
application of, 250
with safety valve, 251
condensers, 244
Joy valve gear, marine engine with the, 282-9285

Kennedy, A. B. W., research committee on marine engine
trials ; report upon trials of the S. S. Meteor, 296~309
Knowles’ independent jet condenser, 248~251
application of, 250
with safety valve, 251
steam pump, 342-344

La}?e & Bodley Co., design of an adjustable cut-off engine
y, 108-112
Lap. to find the proportions of, 33
Lead aud compression, equalizing of, 41
cause of variation of, 23, 24

INDEX.

Lead, equalizing the, in Stephenson’s open rod link motion,
1 J~0a
with crossed rods, 83, 84
increase of, 93
of a valve, 17-19
eceentrie, 22
to find the proportions of, 33
variation of, in crossed rods, 83
whirb the] eccentric is shifted across the shaft,
140, 14
with the Allen valve, increase of, 85, 86
Lidgerwood Manufacturing Co., loisting engines by the,
328, 329

semi-portable engine by the, .
9

31
Link block, effect of a rocker on the sliding motion of the, 95
to wminimize the sliding motion of the, 94 -
hanger, points of suspension of the, 93-96
motion, Ending the amouut of variation of lead caused by
shifting the link from full gear to mid-
gear in open and crossed rods, 72
position of the link in full gear, 68
parts for full gcar back-
ward, 72, 73
positions of the parts when the link is in
mid-gear, 68, 69, 72, 73
Gooch's, 86-88, 102
in full gear for backward motion, 65
forward motion, 65
mid-gear, 66
reversing gears, modified forms of, 102
Stephenson’'s open rod, 64-82
nsed on American locomatives, 89
with crossed rods, 82-84
the Allen valve, 84-86
motions and reversing gears, 64-88
valve gears ol triple expansion marine engines,
285287
with rock shatt, 89-107
points of compression of the hanger link
in, 92
to find the position of the, corresponding to the erank
position, 92
Lip of the valve, definition of the, 16
Live steamn, 15
edges, 15
Locomotives, American, link motion used on, 89
direct acting, open rod link motion used in, 64
for railways, 11
steam reversing gear for, 105-107

Marine engine, 275-311
compound condensing, example of a, 276
for an* ocean-going steamship,
279-281
for coasting vessels, 279, 280
small, example of a, 276-279
with Douglass's valve gear, 285
the Joy valve gear, 282-285
engines, 11
triple expansion, valve gears and link motions of,
285-287
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Marine engines, varieties of, 275
Mariposa, engines of the S. 8., 287, 288, 290
Mechanisms or valve motions, diagraws for designing, 33-63
Meteor, boilers of the, 208
engines of the, 203, 294, 295, 296, 293
observers in testing the engines ol the, 308, 309
report ul)on trials of the 8. 8., 296-309
test ol' the engines of the, 206-309
Meyer's eut-off, 108
Mid-gear, to find the position ol the parts when the link is in,
92, 93.
Mills, triple expansion engine for driving, 266-270
Mira, engines of the, 287, 291, 292
Morton’s patent valve gear, 287
Multi-eylinder engine, 211, 212
engines, 13
Multiported valves, 126
Mundy’s frietion drum, 327, 328
hoisting engine, 327, 328

New York Safety Steam Power Co.'s engine, 214

Off-set of the rocker arm, 89-96
to find the amount of, 89, 90
Open rod link motion, Stephenson’s, 64-82
Oscillating engines, 11
Over-travel, effect of’ giving, to the valve, 97, 98

Paris Exhibition of 1889, triple expansion engine at the,
266-270
Philadelphia and Reading Railroad locomotives, steam re-
versing gear employed on the, 105-107
Piston and crank, relative motions of, 34
valve, action of the, in Ingersoll’s rock drill, 337, 338
movement of the straight-line engine, equaliza-
tion of the, 192-196
effeet of the variation between the position of the, and
that of the erank pin, 36
motion, irregularity of the, 20-24
of the Porter-Allen engine. variation of the, 158-160
of the straight-line engine, 186
position, to find the, for a given eccentric position, 141,
142 .
speed, causes of the variation of, 20, 21
nature of the variation of, 21, 22
to find the position of the, 34, 35
Point of admission, finding the, 143
cut-off, 15
equalizing the, by wmaking the steam ports of
different widths, 95~-101
fixed, evils of a, 144, 145 .
to find the amount of steam port opening for
each, 142, 143
variation of the, in the Ball automatic cut-off
engine, 214
varying the, by shifting the eccentric across the
erank shaft, 138-143
rclease, means of prolonging the, 25
Points of cut-off, equalizing the, 39, 96-98
in the Wheelock automatic
eut-off engine, 236, 237
to equalize the, 114-120

Points of eut-off, varying the, by moving the eut-off valves,
120-134
Portable engine, 318-327
Porter-Allen engine, 145-160
prominent features in the design of the, 145
Port, exhaust edge of the, 15
opening, finding the, for a given point of cut-off, 141, 142
openings, diagraws of, given by Stephenson's open rod
Ik motion, 76, 77
given by the Allen valve with hnk
motion, 84, 85, &6 .
the, for the longest and shortest
points of eut-off, 135, 136
effeet of the position of the hanger link on the, 96
finding the amonnt of, for a given valve motion, 60,
61, 62, 63
in the Armington-Sims engine, diagrams of the, 182,
183
Porter-Allen engine, diagram ot the, 156, 157
of an Allen valve, diagram of the, 31, 32
a valve motion, diagrams of,, 26, 27
eut-off valves, diagrams of, 112, 114, 117, 118,
119, 120, 124, 125, 126, 130, 131, 132, 133
the Buekeye engine, diagrams of the, 171
steam edge of the, 16
Power, measurement of, in testing the engines of the S. 8.
Meteor, 300
Pressure, mean barometric, during the trial of the engines
of the S. S. Meteor, 301
Pressures, mean effeetive, during the trial of the engines of
the S. S. Meteor, diagrams of, 297, 300, 301
Pump, Knowles’ steam, 342-344
of the Worthington compound condensing engine, 263,
264
Worthington's steam, 344-346
Pumping engine, Maxwell and Gordon isochronal, 347-349

Quadruple expansion engine, 307, 308, 309-311

Railways, locomotives for, 12
Reliqase. proportioning the valve for a predeterinined point
of, 39
Reversing gear of Frick's traction engine, 315-318
steam, designed by W. K. Good, 105-107
gears and link motions, 64-88
link motion, modified forms of, 102
steam, 102-107
Reynolds' condenser, 255-259
eonstruction of, 259
scetional view of, 257
top view, partly in section, of, 258
Reynolds-Corliss engine, 221-229 p
Riding cut-off valves, 108-137
Robertson's semi-rotary engine, 329
Rock drill, Ingersoll's eelipse, 335-338
drilling engine, or roek drill, 335-338
shaft, influence of the, upon a slide valve, 23
link motions with, 89-107
of the straight lie engine, position of the, 192
Rocker and frame of the Buckeye engine, cross section
through the, 168
arm, off-set of the, 89-96
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Roeker arms, to find the position of the, 91
eccentric and valve movements of the straight line engine,
191, 192
Rolling mill engine, reversible gear for reversing on a, 103
Rotary engine, 329-334
Rotary engine, advantages and disadvantages of the, 331
engines, 13

Saddle-pin, shifting the position of the, 79
Semi-rotary engine, diffienlty in the, 329
Robertson’s, 329
engines, 13
Side lever engines, 11
Silsby's steam fire engine, 325-327
Siphon condenser, 244, 245
Slide valve engine, common, 11-32
explanation of the action of the, 14, 15
inffuenee of the rock shaft upon a, 23
meehanism, investigation of the action of a, 33
of the Ball antomatic cut-off engine, 216
spindle, 14, 15
variation in the action of the, 14, 15
with rock shaft, 23
Sveed attained during the trial of the engines of the S. S.
Meteor, 304
during the trial of the engines of the S. S, Meteor, 301
regulation and the use of the aunxiliary springs in the
uckeye engine, diagram of the, 174
Spindle, slide valve, 14, 15
Stationary engine, horizontal, construction of a, 13, 14
triple expansion, with cylinders one above the
other, 270-274
engines, 11

INDEX.

Stephenson's crossed rod link motions, point of suspension
of the hanger link in, 93
open rod link motion, 64-82
point of suspension of the hanger link
i, 70
Straight-line engine, 185-196
Sugar mills, Colwell’s engine for, 321-323 -
Surfaee condensers, 244
condenser, Wheeler's independent, 252-253
S“i(zet, Prof. J. K., the straight-line engine designed by, 185~
96

Tandem engines, 13
Thompson, J. W., form of diagram employed by, 38
Throttling engine, 13
Throw line, definition of the, 17
of an eccentric, definition of the, 17
the main eccentrie, to find the, 132
Traction engine, 11, 312-321
Travel of a valve, 19, 20
to find the proportions of, 33
Triple expansion and eompound eondensing stationary en-
gines, 260-274

engine, 239

engines, examples of, 285-309

marine engines, valve gears and link motions of,

285-287
stationary engine, diagrams from a, 273, 274
with eylinders onc above the other,
270-274
engines, 266-274

Tywiss engine, 237, 238

eompound eondensing and triple expansion, 260— | Valve action of Farcot’s eompound engine, 241-243

274
methods of compounding in, 239-241
triple expansion, 266-274
Steam by indicator diagrams during the trial of the engines
of the S. S. Meteor, 302-304
cushioning or eompression of; 17
distribution, diagrams of the, 24-27, 114
engine, varions applieation of the, 312-349
engines, classification of, 11-32
expansion, 27, 28
expansively, working of, 15
fire-engine, 325-327
lap, 16, 17
effect of the, 25
live, 15
object of using the, expansively, 27
port opening, to find the amount of, for each point of
cut-off, 142, 143
ports, 14
equalizing the point of ent-off, by making the, of
different widths, 98-101
puinp, Knowles', 342-344
Worthington's, 344-346
reversing gear designed by W. E. Good, 105-107
gears, 102-107
roek drill, 335-338
wire-drawing the, 13
f Steamship, ocean-going, marine engine for a, 279-281

admission, of the Porter-Allen engine, 149 )
various positions of the,
149

Allen’s, 28-32
eonstruction and various positions of, during a rev-
olution, 28, 29
inerease of lead with, 85, 86
link motion with the, 84-86
and eylinder of the Armington-Sims engine, section
throngh the, 177
straight-line engine, horizontal sec-
tion through the, 185
piston, action of the, in Ingersoll's rock drill, 337,
338

movement of the straight-line evgine, equalization
of the, 192-196
elearance in a, 19 .
construction of a. to let live steam follow the piston dur-
ing full stroke, 15, 16
the Dexter antomatic cut-off engiue, 219,
220
straight-line engine, 189~191
cut-off, operating on a fixed seat, 134
diagram, Zeuner's, 42-63
remedy for defects of, 59
eccentric and rocker movements of the straight-line en-
gine, 191, 192
effect of giving over-travel to the, 97, 98
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