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Valve Motion.

By F. Williams, Mechanical Designer, Canadian National Railways, Moncton, N.B.

The duties which a locomotive valve
Sear has to perform are exacting in the
$Xtreme, as it has to control the distri-
Ution of steam to the cylinders with
almost perfect precision through a wide
g;mg‘e_of cut-offs in forward and reverse
ll‘ectlor}. There is no apparatus on a
%Comotive upon which the economical
orking depends so largely, and when
We congsider that at diameter-speed the

Ovement of the distribution valve is
€versed 672 times a minute, we can ap-

geglaé:e wi]fh what care the design must

Ndertaken.
5 rom the point of view of economical
htEam distribution, valve motion design
nas today reached a point where it can-
cﬁ!‘ be greatly improved upon, and the
thlef attention of the designer has for
€ last few years been taken up with
Uestions of accessibility and low main-

Nance cost, his aim being to apply a

ar which would run and keep square

9m  shopping to shopping with the
thmmmm of attention. Considered from
al: stand-point of steam distribution

rllle’ I doubt if a well designed and pro-
exc ¥ set Stephenson gear has ever been
ielled,. but owing to inaccessibility,
bilgit maintenance cost and its great lia-
gpriy to get out of square due to the
l'oungmg. of parts and development of
bee Mmotion, the Stephenson gear has
ref°me a back number, and I shall only

T to it for purposes of comparison.
e OF several years past practically
Ver A g .

Y locomotive built in this country
the veen eql:lipped with an outside gear,
ttht majority with Walschaert’s, and
tigy © &ear I shall devote most atten-
maq. Of all locomotive valve gears
“nd:’ Walschaert’s is the simplest to
whe;“apd, to design and to set, and
anq this gear has been well designed
fop :°Tl_'ectly set, it will keep square
Aimplin,lndeﬁmte length of time. The
that t(l!xlty of the gear lies in the fact
twy 1€ valve receives its motion from
thyg, ources, first from the crosshead
ong f§ the combination lever, and sec-
ang o om the eccentric through the link,
be de:fh of these sources of motion can
Bling . With separately without consid-
desi&ning lnf(lluenae of the other, both in
and setting.

ha'tl;‘i}:,% Tlnotlon. derived from the combi-
Dlyg th €ver is equal to the steam lap
ly, ‘1€ lead and it attains its maxi-
degq cl‘avel when the engine is on the
Way byeltlters, it is not affected in any
Same 8 he reverse gear but remains the
Mot & dall position of the lever. The
§ Smpecrived from the link is simply
he Cen etrical motion front and back of
Q?Gaged oL lme', and is increased or de-
llllk blo calchrdmg to the distance of the
celen from the center of the link.
m@hter ofe link block is exactly in the
gestion ¢ the link, there is, of course, no
otS by t‘i:’m this source and as the block
delen thee center the motion is reversed.
sid Centeongine is on the front or back
tioy ther the link assumes such a po-

Oveq 180 the reverse lever can be

¢kward and forward through

the entire travel without imparting any
motion to the valve, and the distance the
valve is off center is entirely due to the
position of the combination lever which
is at its maximum travel at these points.

The proportioning of the length of the
combination lever is a simple matter
when we have decided on the steam lap
and lead required. The length of the
combination lever from the radium bar
connection to the union link connection
must bear the same proportion of its
length from the radius bar connection
to the valve stem crosshead connection
as does half the stroke of the piston to
the lap plus the lead plus 1/64 in. The
1/64 in. is added to the lap plus the lead
to take care of lost motion. Care must
be taken that the length of the combina-
tion lever adopted will bring the lower
end of the lever to the correct level to
connect up with the union link, especi-
ally if the union link is connected direct-
ly to the wrist pin, which is the prac-
tice generally adopted unless the Rip-
ken Kingan main rod arm is used.

I have seen various rules as to the
length of the radius bar and eccentric
rod, but they are for the most part worth-
less, as our problem is to apply a gear
to a locomotive; we are not permitted
to design a valve gear and then build
an engine around it. The best rule we
can adopt therefore is to make both the
radius bar and the eccentric rod as long
as circumstances will permit and with
ordinary wheel bases this will invariably
give satisfactory results. The radius of
the link slot center line is of course de-
termined by the length of the radius bar,
and the preferred location of the link
support bearings is such that the hori-
zontal center line is on a level with the
radius bar connection to the combination
lever. This location may be wvaried
within reasonable limits, without affect-
the valve events to any appreciable
extent; for instance, on a locomo-
tive with a very large cylinder the
steam chest center line and the cyl-
inder center line are of necessity quite
a distance apart, and in this case the link
support is sometimes lowered an inch
or two, to bring the link tail nearer to
the horizontal center line of the axle.
The angle through which the link rocks
should not exceed 45°, and if it can be
kept lower so much the better.

The eccentric rod connection to the
link tail should be kept within 3 in. or 4
in. of the horizontal center line of the
axle, in order to keep the angularity of
the eccentric rod within limits, and ow-
ing to this angularity of the rod, it will
be found necessary to offset the tail con-
nection of the link in order to give it the
same angular travel on either side of
the central position. I have heard men
with a good deal of experience state that
an approximately correct offset is all
that is required, but as it is just as easy
to make this offset correct as otherwise
I always prefer to make it dead right.
The eccentric erank must be set so that
it brings the link dead on its central po-

sition when the engine is on either front
or back dead center, and the throw of
the eccentric pin must be such that, act-
ing in combination with the radius of the
link tail, it will give the required angu-
lar travel to the link. The reverse shaft
location, length of arm, and swing link
are very important considerations, and
unless great care is exercised in the ar-
rangement of these details the efficiency
of the motion may be considerably re-
duced. The arc which the reverse shaft
arm describes should be so arranged as to
reduce the link block slip to a minimum in
all positions of the reverse lever, special
attention being paid to the running posi-
tion in fore gear. It is impossible to
avoid link block slip altogether, but it
can be kept pretty low, and if this is not
carefully looked after the effect will be
seen in the valve events and also in the
wear on the link and link block. The
steam chest center line should be outside
the cylinder center line far enough to
permit of bringing the whele motion into
practically a straight line, thus elimi-
nating the necessity for rockers, and do-
ing away with the twisting effect and
lost motion which the use of rockers in-
volves.

All road locomotives equipped with
Walschaert gear should be so arranged
that the link bottom is in the bottom half
of the link for fore gear, the eccentric
of course following the crank pin. The
advantages of this arrangement are that
the wear on the link support bearings is
diminished and the link block slip in run-
ning position may be kept very small, as
the swing link describes an arc which
is very similar to the arec struck by a
point in the bottom of the link, the con-
cave side of both these arcs being up-
permost. It is very important that the
design of this gear should be as good as
it is possible to make it, for, if it is
faulty, it is impossible for the valve set-
ter to correct its faults. With a badly
designed Stephenson gear, a good valve
setter could often get very fair results
in running position, by sacrificing the
other positions of the reverse gear, but
with a Walschaert gear this is out of
the question, as it is squared on the dead
centers, and, if the design is good, all
the valve events naturally come within
very close limits of being square, but if
they do not there is practically nothing
the valve setter can do to correct them.

It must be borne in mind that the chief
aim of the designer is to obtain as near-
ly as possible a perfect steam distribu-
tion, but the most important considera-
tion with the valve setter is to get four
level beats up the stack. A perfect steam
distribution will of course give a per-
fect exhaust, but a perfect sounding ex-
haust does not necessarily mean a per-
fect steam distribution, by any means.
The steaming properties of the boiler,
and the fuel economy, depend very
greatly on the evenness of the exhaust,
and if the exhaust is ragged, the vacuum
in the smokebox is unsteady and the fire
is soon pulled in holes, resulting in a



