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and since C = 8175 lbs. as before, we have, from equation (40),
C: + C. = 1.476 C, = C = 8175 Ibs.
or C, = 5539 lbs.
From equation (27)
dy = [8.46864 — 10] (5539)3(6.45)% = .969 in.

and from equation (28), taking e = 1 in.,

_ [6.41913] 14 (.969)*

N'; = 5539 (6.45)° = 21.80 effective coils.

Dividing the spring column into two sections and taking the
thickness of the separator as .5 in., the assembled height of the
outer column (and of the inner column also) is, from equation (25),

A, = (21.80 + 2) X .969 4+ .5 4 14 = 37.56 ins.

By comparison with the assembled height of a column of
springs coiled from bars of circular cross-section and assembled
in the ordinary way it will be seen that a material reduction in
assembled height has been made, but this height is still greater
than that of a column of springs coiled from bars of rectangular
cross-section and assembled in the ordinary way. Although the
assembled height is greater than the length of the space available
for the spring column in the cylinder, the difference is so small
that by using springs coiled from bars of slightly smaller diameters
and assuming a slightly higher value for the permissible torsional
stress, springs could be obtained that, when assembled in this
way, would fit in the spring cylinder of this carriage and function
satisfactorily. Such springs would, however, require greater care
in their production by the manufacturer.

136. Example 4. — Let it be required to design telescoping
springs for this carriage to be coiled from bars of circular eross-
section, and with the condition that the spring cylinder must not
be altered in any respect to the end that either springs coiled
from bars of rectangular cross-section or telescoping springs
coiled from bars of circular cross-section may be used therein at
will.

Since the spring cylinder must not be altered, provision cannot
be made for drawing the rear ends of the stirrup and the inner
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spring column through an opening in the cylinder during recoil,
and a space must be left between the rear end of the stirrup and
the rear end of the cylinder, when the gun is in battery, that is
at least equal to the total remaining compression of the outer
spring column at assembled height. As the inner spring is smaller
and, therefore, less expensive than the outer, the inner spring
column will be given the greatest possible assembled height con-
sistent with the conditions of the problem.

Let the total remaining compression at assembled height of the
outer spring column be I; + .5 and the total remaining com-
pression at assembled height of the inner spring column be I; + .5,
and let

h+5+L+5=1+1=141ins.

Then the assembled height of the inner spring column is, from
equation (25),

=(N2+P)do+ Po— 1)t +15L+ .5

and this height plus I, + .5 plus the thickness of the flange at
the rear end of the stirrup must equal the length of the space
available for thé spring column in the cylinder, which is 36.75
ins. Taking the thickness of the flanges of the stirrup as .75 in.,
we may write

(N'y+Py)de+ Po—1) o+ b+ .65+l + .5+ .75 = 86.75ins.
or
(N'a +P2) da"l' (Pz = 1) by = 3675 — 14 — .75 = 2.2 ins.

which expresses the fact that the solid height of the longest
inner spring column that can be used in the cyhnder under the
assumed conditions is 22 ins.

The mean diameter of the outer springs and the diameter of
the bars from which they are coiled will be taken as 6.29 ins.
and 1.095 ins., respectively, as before; and to allow for a proper
thickness of the wall of the stirrup and for the proper clearances
between the springs and the stirrup, the mean diameter of the
inner springs will be taken as 8.4 ins., which will also make the
inner diameter of these springs sufficiently large to enable them
to pass easily over the spring piston-rod.
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From equation (27)
dy = [8.46864 — 10] (8175) (3.4)F = .891 in.
and taking P, = P, =2 and &, = #; = .5 we have
(N’ + 2) x .891 4 .5 = 22 ins.
or N'; = 22,13 effective coils.
From e(iuation (28)

22.13 x 8175 X (3.4)*

b +.5 = e oTaT Caoyi = 4298 ins.

The amount of compression to be provided by the outer spring
column is, therefore,

14 — 4298 = I, + .5 = 9.702 ins.

and the number of effective coils in the outer column is, from
equation (28),
_ [6.41913] (9.702) (1.095)*

N = 8175 (6.20)° = 180

The assembled height of the outer column is, therefore, from
equation (25),

A; =20 X 1.095 4 .5 4 9.702 = 32.10 ins.

and since this is less than the length of the available space in
the spring cylinder diminished by the thickness of the front
flange of the stirrup, equal to 36.75 — .76 = 36 ins., the design
of telescoping springs just made is satisfactory for use in the
spring cylinder of the 5-inch barbette carriage, model of 1903,
designed primarily for counter-recoil springs coiled from bars of
rectangular cross-section.

137. Example 5. — Let it be required to determine the as-
sembled height of a set of telescoping springs for this carriage
under the assumptions that the assembled heights of the inner
and outer columns are equal, that the rear ends of the stirrup
and inner spring column may be drawn through an opening in
the spring cylinder during recoil, and that the diameter of the
cylinder is the same as at present.
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The values of D and d will be taken the same as for the tele-
scoping springs already designed which are as follows:

D, = 6.29 ins. d, = 1.095 ins.
D, = 8.40 ins. d; = .891 in.

Let the total remaining compression at assembled height of
the outer spring column be /; + .5 and of the inner spring column

ly + .5, and let I, + I, = 13 ins., the length of recoil required.
Then from equation (37), assuming P = 2,

3.0311 1, + 3.2056 = 5.5878 I, + 4.076

and substituting in.this equation for I, its value 13 — [;, and
solving for /; we have

[, = 8.53 ins. and I, = 4.47 ins.
From equation (28)

N, — [6:41918] (9.08) (1.095)*
1= 8175 (6.29)°

= 16.75 effective coils.

and
it e [6.41913] (4.97) (.891)*
e 8175 (3.40)°
From equation (25)
A, =18.75 x 1.095 + .5 + 9.03 = 30.06 ins.

= 25.59 effective coils.

and
A, = 27.59 x .891 + .5 + 4.97 = 30.05 ins,





