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Berial 1050.3 . Edition 1

VALVE ARRANGEMENT AND OPERATION

GENERATION OF STEAM

1. Steam Pressure—The term wapor is applied to the
gaseons state into which liquids pass when heated.  Water
when boiled is an example of a liquid being turned into a
gaseous state, and the vapor formed is called steam.

The production of steam is duc to the water heing heated
to sach an extent that the particles of water, which taken
collectively form a liquid, are no longer held together, but
are expelled with eonsiderable foree as separate particles which
like air move independently of each other. If the water is
heated in a closed receptacle like a locomotive boiler, the
interior of the hailer will be subjected to a constant bombard-
ment from the countless particles of steam expelled [rom the
water. As a result, the steam particles exert against the inside
surfaces of the hoiler a push or pressure which is called the
steawn. presswre. Steam 15 invisible, but when it condenses,
a visible vapor is created,  ITowever. the term sfeqen is generally
applied to the visible vapor that results from condensation,

2. The steam pressure increases according as the water
in the boiler continties to he heated, hecause the steam particles
as they are expelled from the water not only exert a pressure
on the sheets of the boiler but also on the surface of the water.
The latter pressure makes it more difficult for the particles of
Steam to leave the water and therefore retards their expulsion
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2 LOCOMOTIVE VALVES

until the temperature of the water has been further inereased.
The steam particles are then expelled at 4 higher velocity and
exerl a greater pressure,  If the water continues 1o be heated,
the emission of the particles of steam, Tollowed by
in steam pressure, also continue :
high as the safety valve permits,

The steam pressure in a Loiler

an Increase
s until the pressure rises as

15 measured i pounds per
squate inch, the instrument used for recording the pressiure

being known as a steqm gage. It the hand on the steam
gauge points to 200, the indication e that every square inch

of the interior of the bojler is subjected to 2 Pressiire of
200 pounds.

3. Expansion of Steam.- When & great number of free
moving particles like steam  arc crowded  together into 4
restricted space, they tend to move farther apart or 1 repe]
each other. For this TeAsuN, steam s said th possess 1he
property of expansion, which means that the steam will ex g
if eonfined in a cylinder and will keep the eylinder filled when
the cylinder volume is increased by the movement of
within it. The steam pressure decregse
an amount dependent on the
carried out,

The expansion of steam m
which expands or lengihe has eceaged,
Removing a part of the pPressure from the Spring may be com-
pared to the action which securs when the steam is permitted
to expand into a larger space,

a pislan
s during expansing by
extent to which expanzion is

ay be compared o 4

coil spritg
ne afler compression

4. Steam Engine a Heat Engine.—A Heap engine is. ane
it which the heat developed by the combusting of fuel i3 trams-
tormed into mechanical mation in such g mannet that uselnl
work 15 performed, The steam engite is a heat engine becanse
the tmovernent of the steam particles and, therefore, the steam
pressure, is due entirely to heat, The steam i: merely  the
vehicle by which the heat snergy developed hy the comibustion
of the fuel is transferred (o the moving parts of the Efigitle,

LOCOMOTIVE VALY

ORTAINING WORK FROM STEAM
5. Simplified Arrangement.—The arrangement shown in
Fig. 1 illustrates the principle on which work is obtained fromm
steam inoa locomative, In this illustration, ¢ is a cylinder
showil in section, P is the piston which makes a steam-tight fit in
the eylinder, but s free to move from end to end, and & iz the
piston tod,  The piston mayv be considered as a movable parti-
tion that separates the space in the opposite ends of the ._“..‘_-.H:..,a_..,ﬂ.
The two steamn pipes ¢ and b connect the ends A and B of the
cylinder with the loiler and the two pipes ¢ and & connect the

»
o
€3

s

1]

.

Frs,
etds of the cylinder with the atmosphiere. The passagmes in
the pipes @, &, ¢ and d are opened and clozed by the valves 1,

2y, And iy

. To make the piston in Fig. I mave to the right, valves 1
ani 4 are opencd, and the valves 2 and 2 are kept closed. .mm_.mm_:
enters the cylinder through valve &, and if the steam is at a
pressure of 50 pounds per square inch, a push or pressure of
this amount will be exerted against each square inch on the
face of the piston, which accordingly tnoves to the right,
Valve 4 must be open so that the air behind the plston can
ezcape,  To make the piston move to the left, valves & uaq.H g
are closed and valves 2 and 3 are apened. The foreroing
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shows thatl steam will impart movement to

. 4 piston provided
that one end of the steam eylinder is connected to the bojler
at the same time

s the other end iz open to the atmosphere,
£ .anﬁﬁmi of Piston by Valve
a device called a valve is emploved to admit steam to, and
nwﬁ:wﬁm__“ steam fromm, a cylinder in the Proper marnner to r“...., v_M
piston in motion. A valve so emplaved may be defined mm.
device the movement of which OIS and closes 4 port at _m,m w
end of a cylinder. A sectional view of a simplified arran ms.an._
of parts in which a valve is used to distribute steam m_w“ ..E H.

In this view the

—ith g Incomotive,

keep a piston in motion is shown in Fig. 2

valve a is enclosed within 4 steam-tight hox o

ST : : steam ;
which {s suppHed with steam S

through the pipe 3 raly

GME vm moved to and fro across ?MW_HLM.M _._Mﬂ __..fﬂ._b« M.WM “mmﬁ”M
w_.._n.ﬂw m_,..mH.M, quﬂ%ﬂ MHMHW %H M_,“”H. w,nm of the ﬁm:ane irom the
A e m_.. .; ,E.m,m,q_ although they also
cylinder .‘:E also m.,_pr_w_:ﬁm ,N.ﬂ.”“ F”Mﬂﬂ.ww__ﬂmﬂn MHM:E_H..HM g
Port £ is an exhaust port beeause it SEE_HE.EHW ._...:“._ﬂd.
rassape that leads to the attmosphere.  The ports ] fm d :
are sepatated by the partitions ¢ known as vadve ..f.ww el

r it i
The type of valve shown differs in some. respect g

s from the
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kind actually in use, but the principle of operation is the same.
Moreover, the action of a valve can, from the simple forn: of
valve as shown, be
more  teadily under-
stood than from a
modern type. T h e
arrangement of the
pistom is the same as
ghown in g 1.

8, Description of
Valve and Seat.—Tn
Fig. 3, the valve g,
Fig. 1, is shown stand-
ing on end on the
valve seat, and Fig. 4
shows half of the valve
resting on the seat
The wvalve, Tigs: 3
and 4, 15 rectungular and containg a deep cavity j.  Therefare,
the valve may he considered as a cast-iron hox with the cover
removed and turned upside down, so that the cavity j is toward
the valve seat. The width of the face of the valve is equal to
the width of the three ports f, &, and g in its seat and the width

Fii, d

of the two brdges 7. 11 the valve, Fig. 3, is turned down on

s seat without being moved sidewise, the surface & will
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cover the two ports f

and g, and the ex-
havst cavity f of the
valve will cover the
exhaust port & as well
as the two bridges §
in the valve seat. In
other words the
widths of the surfaces
# are equal to the
width of the sieam
rorts f and g, and the
width of the exhaust
cavity § is equal to the
width of the exhaust
port & and the bridpes
t. The effect of this
arrangerent s ¢har
the valve when moved
o open ane of the
potts, like g in Tig. 4,
will at the same time
connect the other
port f, through cave
Ity §, to the exhayst
port &, The length of
all the ports in the
valve seaf is equal to
the length of the ex.
haust cavity §, The
ports f, g, and k& are
made long and nareow
In give a large port
opening  hetween  the
stear chest and  the

cylinder and the at-
mozphere, for a ghoet

movementof thevalve,

. Operation—The valve shown

[

Fra.

SHNTHTA
Piston iz transmitted to the crosshead

LOCOMOTIVE VALVES ¥

m Figs. 2, 3, and 4
when moved in the
propet way, performs
the same [unctions as
the four valves shown
in Fig. 1. Tt will he
shown by referring to
the arrangement in
Fig. 5, that the walve
will admit steam to
and exhoust steam
from the cylinder, so
a8 to cause o to-and-
iro tovement of the
piston and 2 rotation
of the driving wheel,
IT the valve ¢ {3 moved
back gradually by
pulling on the valve
stemm o, the steam
port fin front of the
piston P will be
opened as shown, and
the steam port g he-
hind the piston will be.
connected through
cavity § in the wvalve
to the exhaust port i
The piston moves
back Decause its left
gile 15 subjected to
steam  pressure and
the right side is con-
nected to the atmis-
phere, The backward
movement of the
{, through the piston

Tod K. The crosshead iz caused to move in a straight line by
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the guides » and it imparts o hackward movement to the frone
end of the main rod m, to which it is Hexibly eonnccted, The
back end of the main rod turns on g pin o, called a crankpin,
because it 15 set in the whed some distance from the center p,
and therefore performs the Tunctions of a crank for the wheel,
Therefure, when the force that the steatn exerts on the pistan
15 transmitted to the crankpin, the driving wheel tarns and the
engine moves forward.

When the piston reaches the right end of the cylinder, the
valve is moved to the left so as 1o open port g, Fig, 8, amd
allows steamn to enter behind the piston,  This movement of the
valve also conmects port § through cavity § in the valve to the
exhaust port i The piston moves to the Tefi because steatn
is entering the right end of the cylinder through port g and is

exhausting from the left end through port . cavity 4, and
port f. The movement of the pistun and the rottion of the
wheel will continue as long as steam is supplied through the

pipe s, provided the valve is moved in the PrUper manner,

10. In order to secure a regular to-and-fro movement
of the piston, the valve, whun the edges are the same width
as the steam ports, must be moved in a certain fxed man-
ter.  When the piston is moving, say to the tight, the valve
must be moved to the right gradually so that port £, Fig, 5, will
be just wide open for the admission of steam when the piston
has made one-hali of o stroke, The port g will now be glso
wide open to the exhaust. Next, the valve must be moved
to the left at a rate that will bring it to the point of opening
port g for the admission of steam to the opposite end of the
cylinder and connecting port f to the exhaust port through
cavity j when the piston completes its struke.  The samoe pro-
cedare must be [ollowed wn the other stroke of the piston,
The fact that the valve completes its stroke and Liegins to move
to the left when the piston makes one-half a stroke, means
that the valve is then one-hall of a stroke ahead of the piston,
Thereiore, when the piston is at the end of irs stroke, the valve
has already made one-half of a stroke and s in mid-pozition, in
which the ends of the valve cover hoth of the steam ports f

LOCOMOTIVE VALVES 9

and 4. The advancement of the wvalve by one-half o stroke
ahead of the piston must be maintained at all times in order to

obtain a regular continuous movernent of the piston,

MODERN LOCOMOTIVE VALVES

11. Purpose—The ordinary type of steam locomotive
consists of two engines the driving wheels of which are con-
nected together by axles. The pressure of the steam in the
builer is transformed into motion at the main driving wheels by
the action of the steam on a piston which vperates in the ¢vlin-
der of each engine.  The pistons are so connected th crunkping
ort the main driving wheels that their to-and-Tro mavement
in the exlinder is changed into a movement of rotation at the
driving wheels, The purpose of the locomotive valves s to
control the passage of steam to and from cuch oyvlinder so as
to keep the pistons in motion. Hach valve olimins its meove-
tent from an arrangement of parts known as 3 galpe e
The ordinary type of steam locomotive has two valves, or one
for each cylinder and also two valve gears.

132, Requirements of Valve.—A valve must meet the fol-
lowing requirements in order for the locomotive to aperate
sccessfully: (1) Steam from the boiler miust be admitted to
one end of a cylinder at a tme; (2) the steam must be allowed
o escape from one end of a cylinder beflore it is permitted to
Eater at the other end; (37 the steam must not be aflowed o
eseape. belore it has acled on the piston.

13. Classification of Valves—Locomotive valves are
classified as slide wvalves and piston valves, Slide valves are
also, on aceount of their shape, called flat, or D, valves.  Piston
Valves are further classified as inside- and outside-admission
valves, these terms having reference to the edge of the valve
by which the stcam passes (o the cylinder, A slide valve is
always an outside-admission valve.

Slide valves are no longer applied to the ardinary type of
modern locomotive, 'With superheated steam, a slide valve,






