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THB LEVER SAPETY-VALVE,
HE following interesting arucle on the safety valve
is reproduced from a late issue of The Locomotive .
GENERAL REMARKS, We have received so many
requests for a rule for calculating the position of the
weight on a safety-valve, and the blowiug-off pressure
when the position of the weight is given, that we have
thought it wise to publish such a rule in The Locomo-
tive. [t would be easy to give a sunple formula for the
purpose, but we have considered that the wants of engi-
neers would be best met by explaiming the theory of the
lever-valve, and showing, as clearly as possible, the
reason tor each step in the calculation.
OBJECT OF THE SAFETY-VALVE.—~The object of the
sifety-valve, as every one knows, is to prevent the
pressure 1 the boiler from rising to a dangerous point,
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by providing an outlet through which steam can escape
when the pressure reaches a certain imit, which is de-
termined by the strength of the boiler, and by the con-
ditions under which it is to work, The simplest device
for attaming this end is the “dead-weight” valve, the
prnciple of which is illustrated in Fig. 2, It consists
simply of a plate of iron, laid upon a nozzle, and held
down by a weight. The calculation of the blowing-off
point of such a valve is very simple. In the valve heie
shown, for example, the steam acts against a circle two
inches in diameter. The
area of atwo-inch circle is
Tx2x.7854=3.14 sq in,
and the weight tending to
hold the cover plate down
being 314 Ibs., it is evident
that the valve will not blow
oft until the steam pressure
reaches 100 lbs. per square
inch. Dead-weight valves
are uced somewhat in Eng-
land, but they are seldom
met with in this country, the commoner forn here being
that suggested in Fig. 1. It may be well to say that
Fig. 1 does not purport to be a good forn of valve. We
should certainly object to it, if it were placed upon a
boiler oficred to us for insurance, because no guides are
provided for the lever or for the valve stem. These
features were intentionally omitted in the engraving, in
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L' R4 4 L LA L* A ‘ 4

presence might v
Fic. 3.

Fic. 3—A"’ Drad-Wxtent ™
Vaive.

not draw the at-
tention away
from the main
points under
consideration —
the calculation,
namely, of the blow-off pressure and of the position of
the weight.

THEORY OF THE LEVER.~In order to be able to
perform safety-valve calculations intelligently, one must
have a clear idea of the principle of the lever; and it
is hoped that such an idea may be had from a study of

the illustrations that are presented herewith. These
. represent a lath

L— —— o—v—u—' or other ligh
@ ) piece of wood
€ which is balanced

( upon a kaife cdges

5 and into which

- on the under side,

a number of small
staples are driven at equal distances. A number of
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balls of lead are also supposed to be provided, all
exactly ahke, and all being furnished with o hook at the
top and a staple at the bottom. Two of these weights,
when hung upon the first staple, as shown in Fig. 3, will
just balance one weight hung upon the second staple,
on the other side of the fulcrin,  In the same way, four
1 of them, when
hung upon the
first staple, as
shown in Fig. 4,
will just balance
one hung upon
the fourthstaple,
Five upon the
second staple, as
shown in Fig. 5, will just balance two upon the fifth
staple; and three upon the fifth staple will just balance
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fiveupon the third staple, as shownin Fig. 6. It will be

seen that in every one of these cases the lath is bal-

anced, provided the weight upon one side, when multi-

plicd by its distance from the fulcrum, is equal to the

weight unon the other side, multiplied by its distance

from the fulcrum. This is the principle of Archimedes,

and it is used in

all calculations [: o — N ]

relating to the

lever. (The

reader may find 2

it a profitable ®

exercise to show

that the systems

shown in Figs. Fig, 6.

7 and 8 are balanced. A suggestion is afforded him

in Fig. 7, while in Fig. 8 he is left entirely to his own

resources. He should find no difficulty in enther case,

however, if he has grasped the fundamental ‘dea which

1s contained in the illustrations given above).

APPLICATION TO THE SAFETY-VALVE.—We are now

prepared to apply the principle of the lever to the safety-
valve, although
there is still one
point to be
cleired up be-
fore we can give
a complete rule.
(The point to
which we refer
is the influence
of the weight
ofthearm which
carries the ball;
but {or the pres-

ent moment we shall consider this arm to be devoid of

weight, and we shall introduce a correction for it later

on.) Fig. 9is a crude representation of a safety-valve,

in which the total steam pressure against the disk of the

valve is supposed to be 4o lbs., and the ball is supposed

to weigh 10 pounds. Ifthe valve stemis 6” from the

fulcrum, the

ball will have to |

be 24" from the 0

fulcruminorder 0

for the valve to

blow off at the

given pressure

—that is, at 40

Ibs. Thisiseas-

ily s2en, since

6x 4o cquals 10 .

x24 ; but if the reader has any doubt about the appli-

cability of Archimedes’ rule in this case, he may note

Fig. 8.

steam can be
conceived to
be replaced by
a 40 1b, weight
huny 6" to the
left of the ful-
crum, as indi-
cated by the ¢ ‘cd circle. Tae lever will then be
cquivalent to the ¢ e shown in Fig. 10, which is similar
in all respects to those shown in Figs, 3 to 8, and to

. that the up.
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which Archimedes’ rule plainly applies. 1f the bloving
off pressure were nat given in Fig. 9, and we weiere.
quired to find it fiom the other data there shown, w¢
should reason as follows: \When the valve is on th
point of blowing off, the upward thrust of the vulve
stem is just balanced by the downward tendency of the
ball ; and, therefore, from Archimedes’ principle, 10x 2
must equal 6 times the thrust of the valve-stem. Ry
10 X 24 equals
240, and hence
240 is 6 times
the thrust of the
valve-stem, and
2j0+6 (= 40
1bs.) must be the

wGLke - 24T - o *
:
total pressure
cxerted oo the

3
disk of the valve

when it is about to blow off. If the pressure per square
inch were desired, we should bave to divide 40, the
total pressute on the valve disk, by the area of the disk
in square inches.

THE ARM OF THE VALVE.—In order to take the
weight of the valve-arm into account, we shall first make
a short digression for illustrating the meaning of the
expression “‘cen-
ter of gravity”
Consider, first,
the system
shown in Fig
11, where there
isone ball on the
first staple and
one on the fifth.
The one ball on the fifth staple is equivalent to five
balls on the first one; so that the two balls on the right
hand side of the fulcrura are equivalent to six bails
suspended from the first staple. They are thercfore
balanced by the twwo balls on the third staple ; and, in
general, if two balls be hung from any of the staples,
they would be !
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by a pair of balls
whose  distance
fram the fulcrum
was the average
of the distances
from the first two.
Fig. 12 is a further Wlustration of this fact. Now, refer-
ring to Fig. 13, let us conceive the valve.arm to be
without wcight, except two small and equal pieces of it,
whose distances from the fulcrum are respectively 10°
and 20". By analogy with the two preceding illustra.
tions, we see that these two litile masses would be just

balanced by a
i similar  pair of
masses, spaced
at equal distan-
ces; they would
be just balanced
by four similar
masses, kung at
a distance from
thefulctum equal
to half the length
of thearm. \While
this kind of reas-
oning is applicable, strictly speaking, only to the case
in which the valve-arm is of equal thickness and width
throughout, at.d has no irregularities whatever, we may,
in practice, ap-
ply it to all
valve.arms ap-
proximately uni-
form in cross-
section ; and by
extending the
conception of
Figs. 13 and 15
until the little
masses become
so numesous as to fill tne entire lever, we conclude that
a valve-arm of this sort would be balanced by a similar
arm suspended (as shown in Fig. 15) at a distance from
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