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ATLANTIC TYPE LOCOMOTIVE FOR FAST PASSENGER SERVICE, CHICAGO & EASTERN ILLINOIS R. R,

(Baldwin Locomotive Works)

The Walschaert Valve Gear.

Of all the improvements that have been made on locomotives
in recent years, there is one which has ereated more interest than
any other, and that is the application and design of the Walschaert
valve gear. While this gear is over sixty yeare old, it has not been
until a few years ago that the engineers in the United States appre-
ciated its advantages. This improved design of valve gear was
patented by Egide Walschaert in 1844, and although it was never
used to any extent during his lifetime, it is now considered to be
almost indispensable in meeting the conditions which have recently
arisen because of the developments of the high power locomotive
in this country. About ninety per cent of the principal locomo-
tives in Europe are equipped with it, and the rapidity with which
it is now being applied to American locomotives indicates that
in the future it will become the prevailing type in this country.

Comparison of the Walschaert and Stephenson Valve Motions.
The Walschaert valve gear differs chiefly from the Stephenson
link motion in that it requires for each cylinder but one eccentrie,
or its equivalent, to insure the movement of the valve, and by the
elimination of the heavy eccentrics and their connections the axle
is relieved of an appreciable portion of its dead weight. Tt also
makes it possible to place the gear outside the driving wheels in a
more accessible position, where the parts can be readily oiled, in-
spected and repaired.

While it may not be possible to adjust the valve as readily
with the Walschaert gear as with the Stephenson motion, for the
reason that the parts and conmections are not as susceptible to
change, it is not as liable to become disarranged, and if correctly
designed and fitted up will give acenrate results.

The chief point of difference between the Walschaert ard
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682 THE WALSCHAERT VALVE GEAR.

Stephenson gear when both are in proper condition is, that the
former gives to the valve a constant lead at all cut-offs, whereas the
latter produces an increase of lead by linking up the engine, which
becomes excessive at short cut-offs. This very point has been the
subject of much controversy. It has been argued that in full
gear, when the speed generally is slow, only small lead is needed,
but at higher speed more lead is required. This increase of lead at
high speeds is accomplished by the Stephenson motion, though it
admittedly becomes excessive at early cut-offs, causing considera-
ble compression and preadmission, detrimental both to mainten-
ance and to smooth running. In fact, the increase in lead coun-
teracts, to some degree, the work done by the steam on the driving
side of the piston, which thereby also affects the speed of the en-
gine. The proper amount of lead, however, is dependent some-
what on the service, and the port opening becomes larger with a
larger lead; or, in other words, when all other conditions are
equal in a Stephenson or Walschaert gear, the port openings differ
by the same amount as the lead. As the advantage of any addi-
tional port opening, by means of a larger lead, is more than off-
set by the increase in compression and preadmission, the larger
lead would bring about at early eut-offs, and would do no good
in the later cut-offs, even if it did not do any harm.

Equal cut-offs in both ends of the cylinder are more easily
secured than with the Stephenson motion, and the play of the en-
gine on its bearings has practically no influence on the steam dis-
tribution.

In the Walschaert valve gear the operating eccentric is se-
cured to the driving axle either directly or by a return crank from
one of the erank pins.

The position of this eccentric or crank is such as to give the
proper valve travel, the throw corresponding with the movement
of the valve irrespective of its lap and lead, the angular advance
of the eccentric being 0 degrees.

Fundamental Principles. The Walschaert valve gear may be
said to be based on a fundamental principle of its own. The mo-
tion of the valve is derived from two sources, namely, the main
crank by connection to the crosshead, and from an eccentrie placed
approximately at right-angles to the main erank, as shown in Fig.

MALLET ARTICULATED COMPOUND LOCOMOTIVE-BALTIMORE & OHIO RAILROAD

(American Locomotive Company)
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684 THE WALSCHAERT VALVE GEAR.

1. The crosshead connection imparts the moticu of lap and lead
at the extremities of the stroke of the piston, at which moment the
link is in its central position. Therefore, in the midgear, with the
reverse lever in its center notch, this will be all the motion im-
parted to the valve, and the radius bar becomes stationary. The
link is curved to a radius equal to the length of the radius bar. By
moving the reverse lever forward the eccentrie motion is brought
into combination with the motion from the crosshead, producing
a valve opening for the forward motion of the engine, and by mov-
ing the reverse lever backward the link block is brought to the op-
posite side of the link fulerum, resulting in a valve opening govern-
ing the backward motion of the engine, in effect similar to that
of the Stephenson motion. The action of this one eccentric is
therefore the same as if it was two eccentries, one for forward and
one for backward motion, placed diametrically opposite each other,
and the angle of advance in the Stephenson motion is taken care
of by the main crank in the crosshead connection. The latter mo-
tion being constant, it follows that the lead remains constant at all
points of cut-off.

Economy of Walschaert Valve Gear. There is no fundamen-
tal reason why the Walschaert gear should produce any greater
economy in steam consumption than the Stephenson motion when
both are in the best condition, but an advantage in this respect
comes to the Walschaert gear by the fact that it remains in its
good condition if once made so, and is therefore on an average
more economical both in steam consumption and maintenance of
the gear than the Stephenson gear. The accessibility for attention
is a great point of undisputed advantage of the Walschaert gear,
which is also highly appreciated by the enginemen and attendants.
The bracing between the frames permitted by the Walschaert gear
has brought about a considerable reduction in the maintenance ex-
_pense by the less wear and tear this additional rigidity imparts to
the entire engine.

Reasons for Applying Walschaert Valve Gear to American Lo-
comotives. The size and arrangement of parts in a modern locomo-
tive make it difficult for an engineer to properly examine the eccen-
tries and link motion when the engine is on the road, and break-
downs are more frequent on this account. The conditions of ser-
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vice also tend to make it more and more difficult for the enginemen
to give the close inspection and care which are demanded in other
branches of engineering service with high speed machines. With
the Walschaert valve motion only a single eccentric or its equiva-
lent is necessary for each valve. As usually constructed, it is
found more convenient to substitute a return crank, thus reducing
the pin bearings to the smallest possible diameter, so that they may
be readily lubricated, and, owing to the small amount of work they
have to do, give satisfactory service and absolute freedom from
heating.

For large, locomotives, where the driving axles are of such
diameter as to greatly increase the diameter of the eccentries, the
Walschaert valve gear is particularly useful. It is also found
of essential advantage on locomotives having relatively small wheels
and engaged in freight service, necessitating a high relative speed.

The principal reasons for applying the Walschaert valve gear
to American locomotives are, therefore, as follows:

1. Accessibility. For very large passenger and freight en-
gines, it was found that there was not room enough under the
engine for the Stephenson gear. The eccentrics are crowded, and
proper inspection, not to speak of proper care, is difficult, except
over a pit. Valve gears to be properly maintained must be acces-
sible for inspection and lubrication. In the Walschaert gear all
the parts are on the ountside of the engine.

2. Weight. The saving in weight of the Walschaert gear over
the Stephenson gear is in some cases close to one-half. Besides
the dead weight saved, this means reduced momentum of the mov-
ing parts, less friction, and consequently less lubrication is ne-
cessary.

3. Directness. The Walschaert valve gear transmits the mov-
ing force to the valve in nearly straight lines, thus avoiding the
springing and yielding of the rocker arms, rocker shafts and trans-
mission bars, which cannot be avoided in these parts of the Ste-
phenson motion, even if they are made very heavy.

4. Wear. This valve gear, not having any large eccentrics,
will always remain permanently in adjustment, as all connections
in the gear are made with pins and bushings which are specially
designed to resist wear. Large eccentrics, as used on the Stephen-
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son gear, besides occupying large space, wear unevenly and lubri-
cation is difficult.

5. Operation. Considerable lost motion is always found in
the Stephenson gear because the two eccentrics move through wide
angles, resulting in a wedging action of the link block, which
strains the gear when working hard. The Walschaert links oscil-
late through smaller angles, producing less lost motion.

6. Bracing the Frame. The removal of the valve gear from
between the driving wheels facilitates bracing the frames of the
locomotive laterally.

7. Constant Lead. The arrangement of the gear is such that
the valve always gives constant lead for all cut-offs, whereas the
Stephenson motion produces an increase of lead which becomes
excessive at short cut-offs.

The lead of the Walschaert valve gear is constant, because it
is obtained from the straight line motion of the piston, instead of
from the circular motion of the axle. The combination lever has
its lower end connected to the crosshead and the upper end to the
valve stem where an outside admission valve is used. With the
use of inside admission valves, the points of connection of the
radius rod and valves are reversed, the radius rod being connected
to the extreme upper end of the lever and the valve stem con-
nected intermediately.

Advantages of Constant Lead. So far as the distribution of
steam in the cylinders is concerned, the constant lead, which is a
feature of this motion, is not considered objectionable, and it has
some distinet advantages. Under such conditions it is possible
to determine upon the amount of lead the engine should have at
the most economical point of eut-off. This point determined, and
so designed, it cannot be altered by anyone in the shops or round-
houses. Another advantage is that it prevents valve setters from
attempting to produce results by moving the eccentrics into im-
proper relations with each other.

The constant lead of the Walschaert motion prevents the seal-
ing of the cylinders by the piston valve when the piston is at the
end of its travel or approaching it. Whereas, with the link motion,
either by derangement or excessive wear, the valve laps the ports
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at the end of the stroke, thus causing excessive compression and
many other troubles.

Another feature of the motion which appeals to the engineer
is the ease of handling the reverse lever when the locomotive is
running at a high rate of speed.

Description of the Walschaert Valve Gear. The general ar-
rangement of the Walschaert valve gear as applied to a Consoli-
dation freight locomotive is shown in Fig. 2. The names of the
different parts of the valve gear are shown in Fig. 3, which rep-
resents the outline of this type of gear as used on a Mallet Artic-
ulated compound engine. The motion of the valve is derived both
from the crosshead and an eccentric crank on the driving axle.
The erosshead connection imparts the lap and lead at the extrem-
ities of the stroke, when the eccentric crank is in its middle po-
sition. The eccentric erank in this position imparts its fastest
movement to the valve to give a very quick opening. The cross-
head motion in advancing from the dead point effects approxi-
mately the same uniformity in the combined motion as if the valve
derived its motion from a single crank or eccentric set with an
angle of advance corresponding to the lap and lead, and which may
be illustrated graphically in the same manner as that of the Ste-
phenson motion, the only variation due to this gear being that it
gives an invariable lead.

Unlike the Stephenson link, with its independent eccentries, it
cannot be adjusted, and consequently it must be correctly designed
and fitted up. The various points must be carefully laid out in
order to give the best results in the combination movement of the
parts of the motion. In the construction of the Walschaert gear
the desired travel of the valve, the lead, and the maximum cut-off,
which determines the lap of the valve, are selected. The stroke
of the piston being given, the combination lever is proportioned
so that a motion equal to the lap and lead is given to the valve gear
when the erosshead is moved from one end of the stroke to the
other. The link may be made of any approved design, and is
so located that the radius bar will have a length of at least eight
times the travel of the link block, and the radius of the link should
be equal to the length of the radius bar.

Arrangement of the Link. The link is of any convenient form,
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and is usually pivoted to a support on the engine frame or sus-
pended from the guide-bearer. The trunnion is rigid, and there
is no chance for twisting strains. The link is actuated by the
eccentric rod, which is commonly attached to its lower extremity.
The sliding block in the link is secured to one end of the radius
rod. The raising or lowering of this rod by means of the revers-
ing shaft shifts the block from one end of the link to the other
above or below the pivotal connection. This reverses the move-
ment of the valve with relation to that of the eccentric.

In many cases the gear can be so designed that the motion is
transmitted from the eccentric to the valve stem in one vertical
plane, so that practically all of the pins can be put in double shear,
and all tendency to twist the valve motion is avoided. In some
cases it is necessary to have the eccentric and the valve stem in
different vertical planes. In such cases some form of rock shaft
is necessarily employed to transfer the motion from one plane to
the other and give the required solidity to the gear. It is some-
times urged against the Walschaert motion that it requires more
moving parts than the Stephenson. This is, however, offset by the
better opportunities for solid comstruction and ready inspection
and adjustment.

Proportions of Various Parts. The proportions of the various
parts of the Walschaert gear cannot be determined experimentally,
nor should any change in setting the valves be made unless the
effect of the change is known in advance. It is therefore important
that the different parts should be made and set correctly from the
beginning, and there will then be no need for changes when the
original dimensions are maintained. The difference in this gear
for outside and inside admission valves must be considered in
setting the eccentric crank, and as the forward motion of the
engine should preferably be taken from the lower end of the link,
then the eccentric erank will follow the main erank for inside
admission valve, and lead the main crank for outside admission
valve. The connecting point of the radius bar to the combination
lever is above that of the valve stem connection for inside admission
valves. The desired maximum cut-off, lead and valve travel deter-

mine the size of the lap, and thereby the lap and lead motion is
44
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obtained by the corresponding proportioning of the combination
lever. '

Arrangement of Radius Bar for Inside and Outside Admission
Valves. The end of the radius rod opposite the link is attached
to a combining lever, the function of which is to give the required
lap and lead to the valve. The lower end of this lever is con-
nected to and travels with the erosshead, while to the upper end are
secured both the valve rod and the radius rod, one being placed
above the other. The point at which the radius rod is attached
to the combining lever becomes a fulerum. The relative move-
ment of the two ends of the lever must be such that the full move-
ment of the crosshead imparted to the lower end of the lever will
give a movement of the upper end equivalent to twice the required
lap plus the lead.

For outside admission valves the radius bar is attached to the
combination lever between the valve stem and crosshead connec-
tions. For piston valves which have inside admission it is at-
tached above the valve stem. The fulerum of the link lies as nearly
as practicable upon a line drawn through the junction of the ra-
dins bar and the combination lever, parallel with the center line
of the valve stem. The suspension point of the lifter should be
located so as to cause the link block to travel as nearly as possible
on a chord of the are described by any point of the link wherever
the block happens to be when the link is swung into one of its
extreme positions. A lifter, through which the radius bar slides,
and which does not slide with the link, answers this purpose, as
does also a properly suspended hanger. As there will be some slip
of the link bar, however, the suspension point of the hanger is
located to suit the most commonly used cut-offs.

In American practice, with the reverse lever in forward gear,
the radius rod is generally carried at the lower end of the link,
and in back gear the radius rod is carried at the upper end of the
link. These connections, however, may be changed, in which
case it is mecessary to move the eccentric 180 degrees, from a
quarter ahead to a quarter behind the main pin.

Eccentric Rod. The length of the eccentric rod should be at
least three and one-half times the eccentrie throw, and should be
made as large as circumstances will permit, with an approximate
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equal length of the radius and eccentric rods. The point of con-
nection should be as near line of motion of the main rod as this
correction for rod angularities will permit. The fore and aft
position of this point is determined with reference to the angu-
larity of the eccentric and main rods, so that the link is in ex-
actly its center position when the piston is at either end of its
stroke.

Radius of Link. The link should have a radius equal to the
length of the radius rod. If this is so, it will be seen that when
the engine is on the dead center the link block can be moved from
end to end of the link without altering the position of the valve
with relation to the ports, and the lead will be constant.

As any variation in the length or relative position of the link,
the radius rod and the combining lever or its connections will neces-
sarily change the resulting movement of the valve, it is absolutely
essential : first, that the motion shall be correctly designed and
plotted ; and second, that the detail parts shall be accurately con-
structed according to the diagram. With these two points assured,
the adjustment of the gear on the locomotive is quite simple. The
dead center marks on the rim of the driving-wheel and the port
tram marks on the valve stem are found in the usual manner.
After connecting the gear, any slight variation which may occur
between the forward and backward position of the valve can be
adjusted by lengthening or shortening the eccentric rod.

Suspension Point of Link. The angles in which the link
swings on both sides of its central position are made as nearly
equal as possible, and the angularity of the main connecting rod
on the cut-off is minimized by properly locating the suspension
point in the proper place.

Reversing Walschaert Valve Motion. The Walschaert valve
motion is reversed by shifting the position of the radius rod that
directly actuates the valve stem from one end of the link to the
other. The radius rod is raised or lowered for this purpose by the
regular reversing gear, the link being suspended from a bracket by
a fulerum pin, or trunnion, at its exact center.

Hooking Up Walschaert Valve Gear. With this type of gear,
when the radius rod is working in either extreme end of the link,
it is giving the valve its longest travel, and steam is being admitted
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to the cylinder with the maximum limit of port opening. Hook-
ing up, therefore, means drawing the reverse lever from a full gear
corner notch of its quadrant to a notch farther up nearer the center,

- and this hooking up of the reverse lever draws the radius rod to a
point nearer the center of the link, which reduces the travel of the
valve and gives earlier cut-off. With the reverse lever in cen-
ter notch of its quadrant, the valve will not have sufficient mo-
tion to open the port.

Direct and Indirect Motion. The Walschaert motion is either
direct or indirect, according to the direction in which the engine is
running. When the radius rod is working below the center, or
fulerum, of the link there is a single direction of motion from the
eccentric to the valve, and the motion is direct; but with the ra-
dius rod working above the center of the link the motion is in-

Fig. 5.

OursipE ApmissioN VALVES.

direct, for the reason that the link then acts as a double rocker
arm, and when the eccentric throws the lower end of the link in
one direction the upper end of the link moves the valves the
opposite way.

Method of Laying Out Walschaert Gear. Tt is evident that a
proper design of Walschaert gear can only be laid out by a skilled
draughtsman in order to obtain a suceessful motion of the valve.
To begin with, the stroke of the engine being given, the travel,
lap and lead of the valve are selected to suit a desired cut-off.
The first step is then to find the proportions of the combination
lever, the gear being laid down as shown in Fig. 4. The lap and
lead are shown at C, the erank radius is R, the crosshead end of the
combination lever is called 1, and the valve end of this lever is
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called Y. Then RXV=LXC, or V=L C—+R, using the con-
nection F of the radius bar as a fulerum. The length of the com-
bination lever must be determined from the height of the valve
stem over the piston rod, which will give an angle of oscillation
which does not exceed 60 degrees.

The required horizontal movement or travel of the connecting
point F of the radius rod to the combination lever for a given
maximum valve travel is found in the following formula:

Let R=radius of main crank.
c=Ilap and lead.
a=half travel of the valve.
b=nhalf travel of the point F.

Then
SECET
b:IL—i, for outside admission.
R+-e¢
P
b=1l\-/-u, for inside admission.
R—c¢

These may also be laid out graphically, as shown in Fig. 5
and Fig. 6. Fig. 5 represents the arrangement for an outside
admission valve, and Fig. 6 for an inside admission valve, in which
a is equal to the half travel of the valve, R is equal to crank radius,
and ¢ is equal to lap and lead. With the limited amount that it
is advisable to allow in raising and lowering the link block in re-
versing the motion, the half motion of the link block, g, may.
generally be considered to be the same as that of point F, Fig.
4, and by limiting the angle of swing of the link to 45 degrees,
the rise or depression of the link block on either side of the link-
block becomes Og=b-:-tangent d, in which O is the link fulerum,
b=half travel of the point F, and d=one-half the swing of the link
in degrees.
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Location of Link Fulecrum. Referring to Fig. 4, the vertical
location of the link fulerum, O, should be as near as possible on a
line drawn through point ¥ parallel with the valve stem. The
eccentric rod connecting pin K should be as near as possible on the
same level as the main axle, in order to minimize the effect of the
vertical play on the axle. In large engines it is sometimes found
necessary to lower fulerum O and raise connection K in order to
avoid excessive throw of the crank. In locating the longitudinal
position of the link fulerum, O, the eccentric and radius rods
should both be made approximately the same length.

Position of Eccentric Crank. The exact position of the eccen-
tric crank must be plotted, as well as the position of point K. The
eccentric crank must bear such relation to the main erank that it

Fig. 6.

Ixsipe Apmission VALVES.

brings the link in its middle position when the main crank is on
either side of its dead center, and the connecting point K must
be so located that it swings the link in the required angle b on
either side of the middle position of the link. In practice it will
be found that the point K will be from two to five inches in the
rear of the tangent line drawn through the fulerum O.

The Radius Rod. The suspension point of the radius rod
should be so arranged that the link-block is at the same point of the
link in its extreme positions of all cut-offs. The curve which does
this will have its center near the point F' when in its mid-gear
position.

There are a large number of other points which enter into the
design of the Walschaert gear, and for that reason a model is often
considered necessary as a base to work from. It must be remem-
bered that the gear, once set up, provides for no adjustment ex-
cept by the eccentric rod, which may be lengthened or shortened
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until, with the main pin on either dead center, the link has as-
sumed its correct position. When the correct position has been
found, the reverse lever may be moved from the back notch to the
farthest go-ahead position without shifting the valve. It is well,
however, before altering the length of the eccentric rod, to ex-
amine the length of the valve stem, so that the correct rod meas-
urements are attained.

INSTRUCTIONS FOR ERECTING WALSCHAERT VALVE GEAR
AND SETTING THE VALVES.

The following rules are given by the Baldwin Locomotive
Works for erecting the Walschaert valve gear and setting the
valves:

1. Check carefully the dimensions of the following parts,
rejecting any that are not exactly the same dimensions as the
drawing :

. Valve.

. Valve-stem.

Valve-stem crosshead.

. Combination lever.

Crosshead link.

Link radius rod.

. Reverse link.

. Location of combination lever on crosshead.

. Length of eccentric crank.

. Check eccentric throw to see that it is exactly as specified.
. Be sure that the guide-bearer is correctly located from
the center of cylinder, as the reverse link is usually attached to it,
and variation in the location of the link cannot be allowed. If
the link is attached to a separate crosstie, similar precautions must
be taken to insure its correct location.

4. Exercise great care in the location of the link, so that the
fulerum center is exactly to dimensions from the center of cyl-
inder.

5. See that the reverse shaft center is correctly located to
dimensions given, and that the lifting arm and link are of the
exact lengths as specified.

=]
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6. Conmnect crosshead gear to valve and radius rod to link,
without connecting the eccentric rod to link.

7. Hook up radius rod to exact center of link, and then revolve
the driving wheels, seeing that crosshead gear gives correct lead as
specified for both front and back admission ports.

For instance, suppose that 33" is the required lead. With
the steam chest open at this time—in the case of a D-slide valve—
it should be seen that when the crank pin is at either dead-center
the admission port is open ¥ of an inch. Without outside ad-
mission valves this will be plain, but with piston valves of inside
admission a very little steam or compressed air can be used, and
by marking the valve stem and noting the blow from the cylinder
cocks and the point at which the pressure ceases to escape, the
amount of lead can be eclosely approximated. Tt should be pos-
sible, however, to obtain correct results in this phase of the motion
with the eccentric rod connected with the link, for it is required
that when the reverse lever is at mid-gear the radius rod shall be
centered in the link, and the motion of the latter shall have no in-
fluence on the valve or combination lever.

8. Connect link to return crank by eccentrie rod, and obtain
full travel front and back, and in both forward and backward mo-
tions, correcting any errors by lengthening or shortening the
eccentrie rod as previously noted.

The valves may now be considered to be definitely set, and
may be tested to any cut-off points in the usual manner.

A simple additional check may be as follows: Set one side
of the engine so that the piston is at its extreme forward position
in the cylinder and check lead on the admission port.

In this position it should be possible to move the link block
through its entire travel in the link without in any way disturb-
ing the movement of the valve. This operation should then be
reversed, and the other side of the engine similarly tried, with the
piston located at its extreme backward position in the cylinder.

Types of Walschaert Valve Gear. To suit different classes of
engines to which it is applied, the Walschaert valve gear is made
in different types. Fig. 7 shows one of these as applied to a 10-
wheel locomotive on the Frisco lines. Another is shown in Fig.
8, in which there is provided a guide bar upon which slides a cross-
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head. Onme end of this bar is fastened to the yoke which carries
the main guidebars; the other end is attached to the steam-chest.
On the yoke is fixed a rocker-box, the bearing of which carries the
rocker-arm, to which is fixed the link. Instead of attaching the rod
that connects the link and the valve-crank to the bottom of the
link, as in foreign practice, the rod is attached to the rocker-arm,
which eauses the link to rock back and forth, the rocker-shaft form-
ing the axis. The curvature of the link is toward the steam-chest,
and the radius is governed by the length of the radius-rod, or from
the center of the link to center of the pin on lap-and-lead lever. The
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Fig. 7.

WarscuaerT VarLve Gear as Aprriep To 10-wHEEL
LocoMoTIVES.

one end of radius-rod spans the link, and a pin passes through this
portion and through the block in link. The lap-and-lead lever
has one end attached to the main cross-head by a link which allows
for the radius formed by the lap-and-lead lever in passing from one
extreme point to the other; the upper end of it is attached to the
small crosshead by a pin. To this crosshead is fixed the valve-stem
and valve. The distance that the pin attached to small crosshead
is above the fulerum or pin to which radius rod is attached depends
upon the amount of lap and lead of valve and the movement of the
lower end of lever. Without this lever in the valvegear the valve
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would be in the center of its travel, when main crank pin would
be on either center. In order that the radius-rod which spans the
link shall pass up and down free, when it is raised or lowered to
reverse the motion of the engine, the rocker-shaft at the link side
has a plate the size of the link, to which the link is fastened at each
end. Spacing-blocks are between the side of link and the plate,
forming a clearance space for the end of radius-rod, In this case
the radius-rod has the suspension-link attached at a point between
the lead-lever and the link, the reverse-shaft being above the guide
bars and close to boiler. A reach-rod is connected to another re-
versing-arm and cross-shaft, which also has another arm connected
to it and the reverse-lever in the cab. A reach-rod passes to the

Fig. 8.

MopiricaTioNs OF THE WALSCHAERT VALVE GEAR.

. reversing-shaft on the other side of engine for the gear of that side.
By placing the reversing-arms to reverse the engine, and also to
change the point of cut-off, the valve crank-pin leads the main
crank-pin in running in the forward motion, and the link-block
will be in the bottom half of link, a position opposite to that of the
Stephenson gear, the Walschaert being equivalent to a direct mo-
tion, while the Stephenson is indirect, when using rocker-arms and
using a valve taking steam, as shown in Fig. 6. When using an
internal admission-valve as a piston-valve, the link-block would
have to be in the top half of the link, and the valve would move
in an opposite direction to that of the piston-head in the first
part of its travel or while opening the steam-port.
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In order that the link-block should be in the bottom half of the
link in the forward motion, with an internal admission-valve using
the Walschaert gear, the valve-crank should be placed to follow the
main crank-pin in either case. The valve crank-pin and the main
crank-pin are set at 90 degrees apart, or at right-angles. In the
drawing the valve is shown as being in the lead, or just opening
the steam-port, the erank-pin on the back center and in the forward
motion ; the lead is equal at all points in the motion. The position
of valve erank-pin, or distance from center of axle, is exaggerated
in the drawings, which are diagrammatic only.

Lifting arm
Reverse shafT

Fig. 9.

ARRANGEMENT OF WALSCHAERT VALVE GEAr, Usine SHORT
CoxxeEcrioNs BETweEEN VaLve axp Varve LEever.

Fig. 9 shows another modification, in which the design re-
quires the use of short connections between the valve and lead-
lever. In this case there is used a rocker-shaft above the main
guide-bars, which has two rocker-arms on it. This shaft is earried
in a bearing; the upper end of lead-lever is attached to the one
rocker-arm as shown. The valve-rod has a yoke on it, forming a
part thereof,and in this yoke is a sliding-block ; the pin of the other
rocker-arm fits in this block. The back end of valve-rod is carried
in a bearing. This construction permits of a very short rod and
connection. The lifting or suspension-link in this case is attached
to the extreme outer end of radius-rod, which spans the link, and
has an extension, to which the suspension-link is attached. The
usual reversing-shaft is used in this case. The driving-link is
carried by a shaft, upon which it swings or oscillates, and on the
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lower end of the link there is an extension, drilled to receive a pin.
To this extension is connected the rod from valve-crank, and it dif-
fers from Fig. 6 in this respect, that there is no rocker-arm to op-
erate link. The general principle of this gear remains the same.
The modifications are made to suit the design of locomotive. In
using this motion there is no gear under the boiler, the eccentrics
and straps are discarded, and all moving parts are visible to the
engineer and inspector.

Walschaert Valve Gear for Pacific Type Locomotive. The ap-
plication of the Walschaert type of valve gear to a Pacific type

Fig. 10.

WarscuaerT GEAR As AprpPrLieED TO A Pacrrie Tyer LocoyoTive.

locomotive presents difficulties not encountered with other wheel
arrangements. This is due to the proximity of the front driving
wheels to the cylinder, necessitating the placing of the guide yoke
very far forward, and preventing its nuse as a support for the link.
If, on the other hand, the link is placed back of the driver, being
hung on an extension of the frame crosstie, as is often done with the
ten-wheel type, it makes the eccentrie rod so short as to introduce
very serious errors of angularity. These difficulties have been solved
by placing a supplementary frame outside of the front driver, on
which the link can be supported at the most desirable point. This
construction adds considerable weight and a number of extra parts
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to the locomotive, but it is practically the only solution of the
problem.

One arrangement of this gear used on the Pacific type loco-
motive by the American Locomotive Co. is shown in Fig. 10. The
valve gear is practically all in one vertical plane, there being but
two and a half inches difference between the center of the pin on
the eccentric crank and the valve stem. One and a half inches of
this is in an offset in the eccentric rod, and one inch is obtained
at the connection of the radius bar to the combination lever. The
valve chamber is thrown four inches outside the center of the eyl-
inders, which presents no objection other than the increase in the
weight of the eylinder casting and slightly longer steam passage,
provided the clearance limits are not exceeded.

Walschaert Gear Used on Mogul, or 2-6-0 Type. Although the
advantages of the use of the Walschaert valve gear are not so ap-
parent, when applied to the Mogul type of locomotive, it is being
used on a number of roads in connection with this type of locomo-
tive. With this type of locomotive a simple form of Stephen-
son gear without complications can be used, so that the valve
gear, being outside the frame, may be said to be the principal
advantage of the Walschaert motion. Fig. 11 shows a Mogul
engine used on the Vandalia railroad, equipped with this type
of valve gear. The gear is designed to give straight line motion
with the combination lever on the outside of the guides, and the
valve chamber is set four inches outside of the center of the
cylinder for this purpose. The lifting arm connects to the radius
rod through a slip joint, making a simple and satisfactory arrange-
ment. The extension of the valve stem is guided by a support
from the top guide bar.

Walschaert Gear Used on the Consolidation Type. The Wals-
chaert valve gear design as applied to the Consolidation locomo-
tives is an excellent example of one of the simplest arrangements
of this type of gear. It may all be practically located in one verti-
cal plane, and there need be only one reversing shaft and compara-
tively few moving parts. An arrangement of this kind is shown in
Fig. 12, which represents the side elevation of a Consolidation
type of freight locomotive, built for the New York Central and
Hudson River Railroad by the American Locomotive Co.



