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gear, we shall have to analyze the situ-
ation a little further and go into the
Question of starting tractive effort. We
all know that the worst starting position
Or a locomotive is when she is standing
‘I"'lth one side just past the cut-off point.
1 this case the whole starting effort has
come from the other cylinder where
the crank has not yet reached the point
maximum leverage. Fig. 3 shows
the position of the crank pin of this loco-
Motive at the point of cut-off, the full
e indicating position with normal set-
flng and the dotted line with the variable
fad setting. It is evident that, when
tie locomotive is standing in this posi-
on, we shall get the minimum starting
ort, as all the turning moment has to
fome from the other crank, which will be
er at B b or C ¢, according to wheth-

o a represents the right hand crank
e" the left. The effective length of the
fl'ank, which is doing the work, is 10 in.
v°1‘.nominal setting and 10% in. for the
Ia!'lable lead setting, or a difference in
avor of the variable lead of 6% %, so
218t we may say that the minimum start-
61/8‘ effort of this locomotive is increased
co‘% by this setting. I do not wish to
Mvey the impression that this locomo-
m"e can be improved 6%% by this
. fans, as the maximum tractive effort
" dnot affected in any way, and the only
tiv"antages are that the maximum trac-
slieheffort'is available through a very
in Sty wider range of positions, and
trat € very worst starting position the
Booctwe effort is increased by 6% %. As
w-hn as the locomotive has turned a
iseEI the advantage almost entirely
lo, PDears, the slight delay in the re-
sl sﬁ and closure points may result in a
Btag t improvement during the -early
up %ﬁs of acceleration, but on notching
tica] € two settings are practically iden-

ofF;g- 4 shows a diagram plotted for one
mot.ul‘ mikado locomotives. This loco-
in, Ve has a 27 x 30 in. cylinder, 14
sta::lve, 6% in. valve travel, % in. con-

B lead, 1 in. steam lap and no ex-
from, clearance. The chief difference
arg . Passenger locomotive settings
elim-ed“ced lead, reduced steam lap, and

Mation of the exhaust clearance.

the | have already seen that reducing
‘tartiead will give us a later cut-off in
t}linkng Position, and have decided, I
Stapg, (hat this is an advantage when
lg, 118 the load. Reducing the steam
4. S the effect of lessening the period
ballstpansmn, but by reducing the ex-
18 Jon Clearance the period of expansion
cygy; Sthened and thus the ill effect of
lzeq '8, down the steam lap is neutral-

€ reduction or total elimina-
Derithe exhaust clearance lengthens
!‘eleaSe od of expansion by delaying the
tnre, b and this in itself is a good fea-
Vancj, o0t it has also the effect of ad-
ilon n.ft the closure point and the ques-
& perrally arises as to why it should
clf{ar énlssﬂ)le to eliminate exhaust
Doipg ¢ and thus advance the closure

?assenge reight locomotives and not on
:-t inr locomotives. The first reason
Co

Oty Tunning position the passenger
earel'ls generally notched up to a
ig%m%iv ler cut off than the freight
to‘tead of\about 25% of the stroke
ay® Sbeeq 50%—and the second the pis-
el’ages of the passenger locomotive
1 Much higher than that of the
p°°0mmive.
el‘atioisse’;ger locomotive, gnd;r cogé
y 2 fas a piston speed of 1,1
e, ?lnute when making 50 miles an
OVer 409% higher than that of

the. freight locomotive at 30 miles an
hour, and the higher the speed the higher
the compression will be, provided that
all other conditions are equal. It is a
mistake to think that compression al-
ways starts from the closure point; it
does at very slow speeds, but as the speed
increases the compression begins earlier,
owing to the fact that the piston has to
sweep a considerable volume of steam
through a port opening which is narrow-
ing down for the closure, in an increas-
ingly short space of time. By giving
this locomotive exhaust clearance, we
not only delay the closure point, but also
give a greater exhaust port opening, thus
allowing the exhaust freer access to the
atmosphere, and the result is a freer
running locomotive.

You may say that when the locomotive
is working at a short cut off less steam
is admitted to the cylinder, and, there-
fore, the piston has less to sweep out
on the return stroke, but if we consider
for a moment we shall realize that the
exhaust begins with the release, and by
the time the return stroke has begun
there is very little difference in the
amount of steam left in the cylinder,
whether running on long or short cut

off.

When dealing with the question of
compression we have to look into the
matter from several different view
points. From the point of view of econ-
omy of steam consumption per unit of
power developed, the higher the compres-
sion the greater the economy, provided
we do not run the compression higher
than boiler pressure. This is on account
of the clearance volume, and we can
readily understand that, the higher the
compression the less steam has to be
supplied from the boiler to build up the
initial pressure, and if the compres-
sion reaches boiler pressure there is no
steam drawn from the boiler until the
piston actually starts its working stroke.

The next thing to consider is the power
required, ag it is no use trying to run
on a very fine thread of steam if we
cannot get the tractive effort necessary
to keep the load moving. From this as-
pect of the question, compression is neg-
ative effort, and a high compression
curve seriously cuts down the area of an
indicator diagram and the mean effective
pressure, thereby reducing the power de-
livered.

The third and most important consid-
eration is machine friction, and this gen-
erally limits the compression in prac-
tice. When the compression is too high,
it can generally be detected in the cab,
as the locomotive will jig, and ride bad-
ly at high speeds, and the effect on the
rods and other running gear will be dis-
astrous if this condition is allowed to
continue. If we compare fig. 1 and 4
we find that the closure takes place at
76% of the stroke for the passenger lo-
comotive in running position; with the
freight locomotive running at the same
cut off the closure takes place at 73%,
but if we eliminate the exhaust clearance
on the passenger locomotive we shall
advance the closure point from 76% to
68% of the stroke. This goes to show
how much the closure point is affected
by the amount of exhaust clearance. For
my own part I do not think the actual
closure point is of very much import-
ance, but that the exhaust port opening
has a great deal more influence on the
compression than' the actual position of
the closure point. I contend that if we
pay proper attention to the exhaust port
opening, the closure point will take care
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of itself.

There is no purely mathematical
means of determining the most desir-
able exhaust port opening, and this, like
so many other problems in locomotive
work, has had to be determined by prac-
tical experiments. It is here that we
find the chief difference between pas-
senger and freight locomotive setting,
and, still referring to figs. 1 and 4, we
see that the maximum exhaust port
opening in running position for the pas-
senger locomotive is just over 1% in.,
whereas that of the freight locomotive
is just over 1 9/16 in., when running
at 50% cut off, while if we notch up the
freight locomotive to the same cut off
as the passenger locomotive we have a
maximum exhaust port opening of only
1% in. This maximum port opening is
only maintained for a few inches of the
stroke, and it is easy to understand that
when this port opening begins to narrow
down it will form quite a choke for the
exhaust, at a high piston speed, and will
build up quite a little compression before
the closure point is reached.

We all realize that a locomotive ex-
haust has to be choked to a certain ex-
tent, to obtain a high velocity jet up the
stack, which will induce a proper draft
through the grates, but this choking
should be done by the exhaust pipe tip
and not by the valve. Any choking
which is effected by a correct exhaust
pipe tip can build up but very little
back pressure in the cylinder, whereas
the throttling of the exhaust by the valve
builds up considerable back pressure,
and its effect on the draft is only detri-
mental. The area of the bore of the ex-
haust pipe tip on the passenger locomo-
tive under consideration is about 23 sq.
in., and on the freight locomotive 29 sq.
in., and the valve displacement necessary
to give a port opening equal to the area
of the tip will be approximately 11/16
in. for the Pacific locomotive, and 7%
in. for the mikado. This 11/16 in. port
opening you can see from the diagram
is maintained for 53% of the stroke on
the Pacific locomotive, but on the mikado
the % in. port opening is only maintained
for 36% of the stroke when notched up
to the same cut off as the Pacific. When
the mikado is running at a 50% cut off,
which is approximately her running po-
sition, the 7% in. exhaust port opening is
maintained for 58% of the stroke, which
compares favorably with the Pacific. I
think that this gives us the chief reason
why the Pacific setting is found to be
more suitable for high speeds and short
cut offs, while the mikado setting is bet-
teg on the slower speeds and long cut
offs.

We will now sum up the chief differ-
ences between passenger and freight lo-
motive settings, and as far as possible
the reasons for the variation. The pas-
senger locomotive has a greater lead,
which gives an unrestricted supply of
steam to the cylinder at the beginning
of the stroke, and reduces the wire-
drawing of the steam at high piston
speeds. It has also the effect of increas-
ing the exhaust port opening, which we
will at once realize when we consider
that the exhaust port opening at the end
of the stroke must always be equal to
the sum of the steam lap, plus the lead,
plus the exhaust clearance, so that the
greater any of these three properties
are, the greater by that amount is the
exhaust port opening at the end of the
stroke, The freight locomotive has a
smaller lead, in order to get a slightly
later cut off, which will increase the



