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1o aZZ whom it may concern: | view throucrh ‘the reooﬂ cylmder and gun |

Be it known that 1, Law SON M. FuLLeg,

‘major U. S. Army, and a cltizen of the

- _Umted States, residing at W ashington, in

5 the Distriet of Columbia, have invented

rtain new and useful - Improvemems in

Recoﬂ-Cheoks for Ordnance, and do hereby

declare the following to be a full, clear, and-

~ exaet description. of the mventlon such as

160 Will enable others skilled in the art tow hloh
it appertains to make and use the same.

My invention relates to recoil checks for
ordnance, and the object of my invention
18 to produce a check, ‘W]E].lCh shall be certain

15 in action, simple to construct and which
~ shall produce a substantially uniformly de-
creasing pressure- in the recoil cylinder
throughout maximum recoils correspondmg
to low angles of elevation or depression, and,
o0 also, & ‘constant pressure throughout short-
ened recoils oorrespondmg to hlgher engles
of elevation.
- To these ends my invention cousists of a
_piston in a recoil cylinder having a by pass
95 controlled by ‘a valve, with means by which
‘the total throttling area of the ports of the
valve, at'each instant of recoil, produces a
umformljr decreasing or a uniform pressure
~as desired, in said cylinder at each instant of
- 30 Tecoil, although the lengths of the various i
" recoils may vary. G
- My invention furthdﬁ consmts in such a

| tlon with this mo

cylmder by pass and-valve, combined with

means tor adjusting the letter automatically |

35 as the elevation of the gun is changed, and |
in such a manner as to permit a recoil exert-

" ing a constant decreasing or a constant pres- |

-sure in the cylinder of a length smteble for |

- any desired elevation. - - -

40 My invention further consists in the novel
method of obtaining the desired changing
area, of the throttling ports, and in the com-
bination of parts end details of construction.

~ more fully hereinafter disclosed and pa,rtlcu--

45 larly pomnted out in the claims.

- My invention is applicable to any form of

oun in which it is desn‘ed to hmlt or control |

the recoil, but for convenience in description
I will disclose it in eonnection with two field:
50 howitzer mounts of the type now used in the
U.S. Army. '
Referring to the eccompanymg drawmgs |
forming a‘part of this specification, in which
like numerals refer to Ighke parts in all the

55 views:—Figure 1,is a }ongltudlnal seetlonal i

Fig. 2, a transverse sectional view on the line.

29 of Fig. 1. Flg 3,18 an enlalged longl-.,
tudinal sectional view. of the recoil cylinder -

and valve showing certain details of con-.

60

struction.  Fig. 4, represents a development,_ .

of the cylmdrloal valve. Kig. 5, is a sec-

tional view taken on the line 55 of Fig. 4,.

through' the extreme rear end of the valve.

Fig. 6, represents a detail in perspective of a

tionai vle'w of t

. 65
' -portlon of the Elston Fig. 7, is a side eleva-

e valve oper: atin g mechanism.
Fig. 8, is a plan view of the same. Fig. 9,1is

a longltudmal sectional view similar to b:lfr 1,

showing a modified form of valve. Fig. 93

Fig. 2, of a gun equipped with my modified

valve. Fig. 11, 1s a development of the
cylindrical modified valve. Iig. 12, 1s a sec~
tional view of the modified oylmdrmel valve :

taken along the lines 12—1¢ shown in I‘l%

Fig. 13, is an end. elevetlonal View © the_i o
.80
curves corresponding to different recoils,

modified valve. Fig. 14, is a diagram of

which represent by their ordinates the Velom
ties of retarded recoils of recoiling parts as a

function of space, -av whose, ordinates are
therefore directly proﬁortlonal to the effect-
ive throttling area of the valve ports at each
_instant of ‘recoil. Figs. 15 and 16, 'show
curves whose abscissee represent the times
and whose ordinates représent the velocities
of ‘the recoiling parts -when unconstrained,

. 70
detail of the tr mngulm port used in connec—"

ified form of valve. - Fig.
10, IS a transverse sectional view sunﬂar to

75

85

, 90

and Fig. 17, represents the curve when the

parts recoil agamst a uniform resistance,.

1, represents the trail; 2, the wheels; the,_-

ba:rrel 4, the trunnions and 5, ‘the :teooﬂ .
| oyhnder of an ordmary U.S. Army field how-
‘itzer and carriage. - The recoil cylinder 5, is

prowded with a by pass 6, controlled by 9
rotating cylindrical valve 7 sliding pver the -

piston 12, and, also with a cylmdncel 0T,
| other return passage 8. The rear end of the

cylmder 1s closed by the screw threaded plug’

9, through which passes the rod 10, rigid with.

..95- |

100

the cyhnder, as shown; and the front end.of
said cylinder is closed by the plug 11, pro- .

vided, Wlth a suitable stuffing box, through

15, at its front end To the rear end of the

~ 105
which passes the piston rod 12, as shown. =
"The front end 6f the piston rod 12, 1s suit-
ably provided'with the gear wheel 13 which -
| meshes with the gear 14 carried by the rod

110 )



10

‘rod 15, isﬁked the i)éve_l' plmon 16, which

meshes with the bevel gear 17, on the short
shaft 18, carrying the pinion 19, engaging the
curved rack 20. The curved rack 20, is rigid
with the mount, and is struck from the axis
of the trunnions as a center, while the gears

16, 17 and 19, are carried by the housing 21,

attached to the cradle; and move up and

~down with the same. It therefore results
from this construction, that as the gun is
- elevated of depressed, the pinion 19, will be |

rotated by the rack 20, and cause the piston

rod 12, to revolve by means of the power

transmitted through the gears above enu-
merated. The rear end of the piston rod 12,

18 hollowed out to receive the rod 10, as

shown, when the gun returns to battery; and

it, also, carries the piston 22; provided with -
~one or more cut ‘away places 23, into which

20 ,

- valve 7.: These ribs 24, extend ‘the entire |
length of the valve; and serve as guide ribs
for the:same. LT

fit one or more. longitudinal ribs 24, on the

The valve 7, is provided with_ﬁ series of

rows of perforations 25 consisting of a main

or continuous row, dnd a plurality of auxil-

30

40

1ary rows and-each row of different length

corresponds to a different recoil and each ex- |
tends longitudinally along the cylinder. The
number of these rows is one in excess of the
- number of theoretically correct recoils for l

which the valve is designed. That is to say,

eleven rows are shown in the drawings, and

they correspond to ten different and theoret-
1cally correct recoils, seven of which are of

- different lengths. The perforations 25, in
any one row, including those in the asso- |
clated auxiliary rows are so chosen and so

 arranged, that at any instant of recoil their

total effective, or throttling area, is the cal-

~culated area for a uniform, or a uniformly

‘decreasin

pressureron the ﬁiSton, as may be
as will more fully

desired, a

esirec “will more fully .alipg_elar herein
‘below. That is to say, it is well known that
- the hydraulic pressure in a recoil eylinder de-

pends upon the velocity of the cylinder rela-

" tive to the piston and the total area of the

50

orifices through which. the contained liquid |
i1s forced: .-And in order to minimize. and
-equalize the strains on the. carriage, or

- - mount, it is necessary to make the pull on
- the piston rod and consequently thé pressure

_within - the cylinder, a constant or a con-
“stantly diminishing pressure at each instant

- In certaln’ types of carriages }m | which

rapid fire guns are mounted, the center of

~ gravity- of the system shifts duri

60

ravit _ uring recoil,
and in such cases in‘order that stability may

be insured, it is necessary at low angles of
-elevation, to provide for a constantly de- |
~ creasing pressure and consequently a con-
stantly decreasing pull on the piston rod. To |

~ accomplish these most desirable results, the

Y . |

!
|

|
}

|

‘sald area of particular dimensions,

as will now be explained.

913,488

-l

ned in the

fices through which the fluid con

cylinder is forced, must constantly increase

up to tiie time when the powder gases cease
to act upon the projectile; and the total
throtthng area of these orifices must suitably
decrease after that -time, until it becomes
zero at the end of the recoil. The dimensions
of these total throttling or effective areas at

eacn 1nstant of recoil may be readily com-
puted from well known laws, but I prefer to~
“obtain them from a curve of retarded veloci-

ties which is of the géneral form of the curves
60-—69, shown in IFig. 14. These curves are

obtained as follows:—It is well known that

In the case of a gun recoiling freely and there-
iore unconstrained, that the velocity of the

‘recolling parts increases until the powder

gases cease to act on the projectile, or until
a brief interval after the projectile leaves the
bore, and that a curve ¢, whose ordinates rep-
resent the velocities gnd whose abecissa the
corresponding times, -would be of the general

form shown in Fig. 15. In other words, a

curve ¢, whose ordinates represent the veloci-
ties of recoil at each instant, and whose ah-
scisserepresent time, would become a straight

line such as a, Fig. 16, parallel to the axis of

the abscisse after the maximum velocity

‘has been attained were it not, for friction and

other opposing agencies, which ‘cause the
sare to gradually slope off as a straight line,
until it reaches zero. But referring again to
Fig. 15, since a velocity multiplied by a time
represents a distance, the total area under
the curve represents the distance the parts
would recoil while being accelerated by the

owder gases were there no opposing forces.

70

80

80

90

100

ut if opposing forces exist such as friction

so chosen as to uniformly retard the velocity

‘of the recoiling parts; and in such case the

curve ¢, a, in XFig. 16, will assume the form of

| curve 7, s, In Kig. 17. In like monner the

total area under the curve », s, in Fig. 17,
may be made to represent the distance the
parts would recoil (}uring the time they are
accelerated by the powder gases and retarded

by . the particular opposing

‘springs, hydraulic brakes etc., they may be -

105

119

forces whicli

brought them to rest, provided we choose °

. . Inother
words, the curve ¢, a, may L:e made to furnish

a serles of curves 7, s, whose areas will corre-
spond to a seriesof recoilsof different lengths

1dea, suppose the total area under the curve -

Going back to Fig. 15, in order to

‘11_5

120

¢, 1, In a given experiment is found to be 11

square inches, and that the recoil correspond-
1ng to this area is found to be four inchesin -
length, while we desire in practice a recoil of
We would know at once that this

44 inches.
area corresponded to. a recoil eleven times

125

too small, and that we must therefore get a "

) { , the | curver, s, having an area of 121 square inches
85 total effective or throttling area of the ori- | if it is to correspond to a recoil of 44 inches.: 130




10

square mches plus the area of the 1ectanﬂ'le

Then the area |
20

25

30

one unknowsn quantity m, v, which can be

35

40

- this, suitable ordinates as illustrated at ¢, m,
1, h, ete. , Fig. 16, are drawn, end the dlstances |

45

eurve t, I, v, corres onding to the pomnts thus

o0

55

in Fig. 15, and draw the ordinate 1, m, so that

ever, expending no energy if they were not

“area under curve 7, s, 121 square inches cor-
15

curve t, 1, U

sulting area equa,l to the desn'e
1nehes we geti—

-resent a recoil of 44 inches, and 1t on]v re-.

from the ams'of’\ on each of said mdmates

913,488

~ In order to get the desned cuive 7,8, we |
would lay off in Fig. 16 the curve ¢, i, shown’
the area t, 1, m, represents 11 squere inches, |
and the abscissa t, m, represents 4 inches of |
recoill. We know the parts would recoil for-

restr a,med by opposing forces, and that this
curve i, e, @, Fig. 16, would become the
st &lffht line 1, q, unde1 such circumstances,
all as above stated. Now let us suppose the
parts do so recoil without expending energy, |
such an unknown dlsta,noe as will make the !

--—

responding to a reeoﬂ of 44 inches, and let
this distance be 1, U. The total area under
the curve i, ¢, 2, u, wﬂl now be the original 11-

1, u, v, m. Draw the linet, .-
of the ’rlmnglet u, v, will be 1 Yau,v, X (Im + |
mv) or %+ 1, m X (me + 4). If we now sub-
tract. thls atea from the total.area under the
, above, we find the area under
sald eurve and above said line t, u, to be
11 +wm X 1,4 — $wm(imo + 4). Ifwe sub- |
stitute for 7, u, its value m, v, and put.the re-

f recoll 44

114X m -3 iwz,(mv+4)' 44

In this equ&tlon im is known since it, hke
t, m, may be determined from experlments
and the equation therefore contains only the

1mmed1ately found, and which with t, m,
gives the length of the abscissa of the partm-—-
ular curve r, s, we are seeking. e

We have now obtained an o,rea above T
line £, u, bounded by the curve ¢, 4, u; to¥ep- |

mains to lay it off on the axis of X. To do |

on each ordmete such as j, &, betwecn the
curve %, 1, U, and the iine £, u, are measured |

p—
_-—'—""

in Fig. 16. One of these measurements is
represented at h, 1=, k, and the resulting

determmed reproduces the curve 2, 7, u, with
the axis of X as the abscissa. ThlS curve
t, 1, v, is identical with the curve r 8, 1n Flg
17 and has the area reqmred N

Havmg obtained a curve of the required -
area, and of the form of curve 7, s, for a recoil
of 44 inches, it is next’ neeessa,l v to obtain a
curve whose ordinates represent velocities as

~ before and whose absciss# represent distances |

- 60

Fjg. 14, corresponding to 44 inches is laid off

instead of time.” To do this, a distance f G, |

As an &bSCISbﬂ and then the ordinates repre-

senting the velomtv in feet per second- for |

- each inch of recoil are laid off.© This is read-

_65

ily done by beginning at one end of the curyve
such as 7, 8 ]1av1ng the reqmred areq, a;nd

l—-_ "

‘example, and if we start at th

f ] b h -
~ .I L
'
v
L =

a,ftel la.ymg oﬁ a umt of area then 111eaeu1mg-_t
' the ordinate m, n, on said curve that bounds:

' this unit. of area.

Then erect this ordimate

-at the end of the first inch laid off alo.ucr the

abscissa of the new curve to be obtamed

70

Next segregate another unit of area in the

| curve such as 7r,'s, having the 121 square

inches of area, hkemse measure its bounding -
ordinate o, p, and erect it at the end of the:.

{ second mch of the abscissa and so on until’ ‘7 5

‘the: whole 121 units of area have been so
treated. ' Then by drawing a curve thro Lw'h
the upper extremities of “all the or dmates

| m, n, 0, p, etc., so obtained, the eurve 60; in -
-Flg

|

14 results. The ordinates of this-curvye :
60, will represent the velodities for each unit.”

of lenﬂ'th of recoil, and will therefore be pro--

su'

ortlonel to the tluotthnﬂ' areas for the 001—-.?.

res onding units.

ince the pressuree ﬁn the pieton a,nd the1 e-:.z:

- - ' L

I‘ - - .I

= . . ' l'l
~8 5 '

T -

fore the recoil velocities in a recoil eylinder:..

total throttling area can be made to increase,
and to diminish as fast as the recoil veloel-
tles increase and dlmmlsh then t

in the cylmder woutld be eonstent In other

| words, if after having obtained curve 60; in.
~ | the manner above disclosed, or by ealeule- -
| tion, we now comstruct a valve such as 7, and

‘having a by pass, depeI(d upen the throttling:-
‘area of the exat orlﬁee it i8 clear that if the...

he pressure

provide it with perforations 25.and qnﬁcee :

31, of such a size, and sg spaced apart that

the total area of a,]l‘th'e perforations orifices
that are effective in thr(lttlmcr the fluid, or
-10¢
at, each :mstant of reccil as fast as the ordi-
nates Offéald curve. increase and diminish,
_therithe pressure in the cylinder will be con-

ret erdmg the recoil increases and dlmlmshes

stant throughout the recoil. .

The drawings show eleven rows of perfora—'

105

tions 25 each having two short or auxiliary .

rows and eleven openings 31, the total areas

of which are disposed in such a manner that
if we assign a particular set of perforations -

and a pertwular opening to a particular re- T:
coil, the row 28 together with its aumhary‘f o

110

rows and its corresponding o emng 31;/for -

end of this row, the total area o
tling perforatlons in front of the piston as ve

right - hqndif;-”’jf"" S
I]qt he throt- =~
11D
go to the left-at first increases up to the point..
‘d, which corresponds to the time the powder .

gases cease to act, and then it continually :

tion of the perforations.

“decreases, as is e,pparent from the distribu- . .

This is because the.120

piston. in its extreme position, as. shown for .

example in Fig. 3, blocks, or cuts off, nearly all”

the throttling area of opening 31; end when '

ciated ehort Tows, are at the s

the recoil begins, although this opening 31 is :
‘rapidly uncovered, some of the perforations 125
126 in the long row 28, and in its two asso-

same ; tlmef_'ffﬂf |

blocked.” The result of this action is to. pr: e}c-fl_.f'f',
| tically prevent all fluid, except an exceedingly .

‘small ‘quantity from ﬂomng in behind the

Tl
\\_
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~abruptly at the beginning of ‘this row, as 1t
~ should, owing to the individual erforations.
ing so closely grouped together at that

omt: In fact, each row of perforations 25,
Ea.s associated ‘with it two shorter or broken

40

- thereby constituting a triple row; and there- |
by causin%the piston'to uncover first a large
- quickly converges like the port

15
- 31% 1 Fig. 9%, and consequently causes the |

constant.

thing areas

'
L]

ties increase.

 being

permit a rapidly increasing

L —

the opening 31, and some of the perforations
26 have been
~ benind the
1n front are

. uncovered, the throttling areas
piston are ineffective,
the pressure in the cylinder to.be maintaine

-

tained from curve 60, by

a relation to this decrease as will

passes the same, and
velogities diminish;;

throttling areas, as

served that this throttling area changes very

rows, -such as 29 and 30 as above stated,

ares, whic

+

pressure to be constant at the’
the recoil. The effect of

~such that whether the elevation is just right

50

60

- rations -as shown that their total throttling

for a long and two short rows to be in exact
.register at the beginning with the by pass or
- not, almost perfect results are nevertheless

obtained. as has been shown in practive.

. The reason for this is; the pressure, when a
ho

triple row is not in exact register, is never
greater than that for the shorter triple row,

nor-1s the recoil longer than for the longer.
~row, as will more fully appear hereinafter.:
By suitable calculations and experiments, 1.

have succeeded in so arranging these perfo-

areas at each instant correspond so closely
to the theoretical calculated areas for corre-

~_ sponding instants, that an indicatordiagram, |
85 taken from a carriage in actual use, shows a |

permit quantity to flow
through the opening 31, and through the per-
forations 26 of row 28, and the perforations
of the associated short rows, as |
- ceeds.. - During this early period of recoil, be- |
fore the piston reaches the point 4, 1t will be:
observed that the throttling areas ‘behind-
the piston wholly determine the pressure,

the recoil pro-:|

and ‘maintain it constant in the cylinder:-
“while after the piston leaves the pomt d, andg-

eginning of -
this combination is

The proper distribution of throt- |
to cause the pressure in the cylin-
der to ‘be maintained constant may be ob-.
providing an orifice’
at each point along the valve which will be
proportional in area to the decrease in the:
value of the ordinate of the curve correspond-
ing-to that point, so the orifice will bear such
lat) . _ produce the
pressure desired. - In other words, these holes
are 8o arranged that on recoil the piston
thereby cuts them out
-as effective throttiing areas, while the recoil }
nish; and puts them, as well |
as.the ports 31'or 312, into action as effective
fast as the recoil veloci--
A suitable formula ma; * also.
-be employed to ascertain the spatial re ation
and size of the perforations. It will be ob-

.and the valve will be revolved: through its

|
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‘piston at the :iirst instant of recoil, -but to | perfect rectangle for the high angles of eleva-
" tion, and a trapezoid of the desired form for
‘the lower angles, and therefore that the said
| cyli’ndén pressures are constant or constantly :

70

‘decreasing as desiréd at each instant ofrecoil.

. ShOTteIle

Returning now to the valueé 7, ﬁontm]lin%;“--
O )

-the by pass 6, and containing s plurality
-Tows of perforations 25; one tri
each theoretically correct recoil, 1t'is evident
| that so-long as a particular row is in register-

‘with the by pass, as shown in
{ pressure in the cylinder will
mg areas | constantly. : decreasing
while those |
the only ones effective in causing*

be constant or

group.and distribute the perforations in each

|-curve " of . veloc]
recoll in. question.

‘row that their throttling areas will at each
‘instant. correspond to.-the ordinates of the

- velocities - corresponding to the

o1l i - In:Fig. 4,1 have shown
-eleven triple rows for seven recoils of difer-
ent lengths. "Three of these triple rows 26,
27-and 28, are for recoils-of one length, while

-the remaining: triple rows. are for shortened |
recolls - corresponding- to ‘higher angles of
. These first three Tows intended -
| for point blank firing, and for a slight eleva-
‘tion. and a slight depression of the. oun, show
-their perforations so sized

elevation.

cause ?a'_';.SIighﬁlj' ‘uniformly

-projectile leaves the gun. =+ =~ PO
" In order to bring that row of perforations

.n_the valve, in
_which corresponds to a
-and a particular length o
‘necessary to operate the elevating mechan-
{ 1sm of the gun when the piston will be-
revolved by means of the piston rod and.the ~

recoil, it is merely

triple row for

Fig. 2, that the -

and spaced as to
_ _ , decreasing: pres-
sure 1in -the ‘cylinder before and after the.

75

a8 desired. . It is
however very desirable and often necessary to -
‘shorten the recoil as the gun. is elegvated, for
‘| reasons ‘well known to those. skilled in this
art.. . To accomplish this purpose; 1 provide

a ‘dis’t‘ing_ - row.. of ‘perforations for each

recoll, as above stated, and so

85

90

95

100

register with .the by pass,
articular elevation
105

gears connected therewjth’. ab>ve describe i

110

guide ribs until the proper row comes into

register. ' The construction is such that the
gears 16, 17 and 19 serve to so multiply the

movements in' elevation- that ‘the valve 7,

may revolve through about 350 degrees of

1ster, so that the by pass is always covered
by a full continuous row of perforations and -
1its auxiliary rows; thus making it theoretic-
ally correct, or it is covered by a partof a full

out of register with the by pass 6, the other.

arc, and therefore the wear, or lost motion,

| commonly met with in elevating iears‘ hasno-

| appreciable -efect on' the length - ,

- Moreover, the recoil control'is operated when
the system is at rest, and not subjected to

as one set of petforations begins

‘of. recoil.

120
‘the pressures or strains due to firing, which -
i8'& distinct ‘advantage. ' In addition to this,

the contiguoug rows are so spaced apart; that =
ins to be moved -

125

set of perforations begins to come into reg-

186




913,488 5 .
| 99 and 45, in the recoil cylinder. Another

row and a part of the next full row with ail . _ ]
difference is that as the piston is drawn to the

the auxiliary rows; or it is covered by a full

N trolled, and the pressure regulated, although

continuous row and part of each of the

auxiliary rows ou either side of it. It re-
.sults directly from this construction, that
.-even if the gun is,not laid to an elevation
-corresponding to a particular row of per-.

forations; vet, the recoil will be still con-

only sufficiently long to span the by passes

rear, it uncovers the V shaped port 312,
shown in plan in Fig. 92, and in section in
Fig. 9. This port gives the constantly in-
-creasing opening desired, but is the same for -

all lengths of recoil while in my preferred

70

form the corresponding openings may be
made almost theoretically correct for each

Lr

10 not quite so accurately as before. ‘That is to | calculated length of recoil. . 75
say, i’ one row-of perforations have been |- The operation of my recoil check will be
designed for an elevation of 35 degrees, and | clear from the foregomng, but it may be sum-
another for an elevation of 30 degrees, and | marized for the preferred form as follows:—

- the gun is fired at an elevation of 32 degrees, | Upon firmg, the gun and cylinder recoil in

15 the valve will so control the pressure as to | the manner well known; and the piston re- 80
make a compromise regulation between re- | maining stationary causes the Huid con- -
colls belonging to 30 degrees and 35 degrees | tained -in‘ the recoil cylinder to be forced
-respectively. In fact, from actual firings, | from the one side of the piston head through

- the indicator cards taken on the carriage | the by pass and the orifices of the controlling

20 when the gun was se elevated as to give a | valve, around to the other side of the piston. 85
compronuse regulation of recoil, were barely | The throttling orifices are so arranged, and
distinguishable from the others, taken un- | their aggregate area in front of the piston at
der simailar conditions. when the gun was so | each instant of recoil is such, that notwith-
elevated as to bring the propér row of per- | standing the varying energy possessed by the

25 forations into action.  As the gun comes | gun and its recoiling parts at each instant, 90
back to battery, the rod 10, and hollow | the pressures in the cylinder will remain sub- |
piston rod act as & dash pot, in the manner | stantially constant or uniformly decreasing
well known, and the orifices 31, serve as a | throughout the entire recoil period as de-

~ ready escape for the fluid caught in the end | sired. After the gun has finished its recoil,

30 of the cylinder. : S the springs 50, having been compressed 95
 Inthe modiication shown in Figs. 9 to 13, | thereby, cause the gun to be returned to bat-
the piston moves and the stationary cylinder | tery. = A reverse action takes &place,_ during
5,15 provided with a perforated by pass 35, | this counter recoil, and toward the comple-
“controlled by a perforated rotatable valve | tion of the same, the throttling rod 10, acts -

35 36, in a4 separate cylinder 37, provided with a | like'the plunger of a dash pot to cushion the 100
stutfing box through which the valve stem | final movement.. When it is desired to
38; operates.- On the stem 38, 1s the gear 39, | shorten any recoil, it is only necessary to ro- -

~waich meshes with the gear 40, on the shaft | tate the valve to bring into action that row of
41, (see Fig. 10) which in turn meshes with | orifices which correspond to the desired re-

40 the gear 14, operated by the movements of | coil, and the above operations will ensue 105

- the cradle, as above described. Fig. 11, | with a less recoil travel of the gun.. When
shows a development of the valve 36, the | firing at an elevation, the valve is automatic-

. ortfices 42, of which are oblong and substan- | ally adjusted a& the gun is elevated or de- -
tially rectangular, mstead of circular as m | pressed, and a recoil of a suitable length at

45 the case of valve 7. The arrangement of | all times assured. . 110

- these orifices 42, is also in indépendent rows, | It will be observed that it is necessary, in
there being one more row than the number of | order to attain the. above substantially
theoretically calculated recoils, and the com- | theoretically correct results, to first obtain
bmed throttling area, at any mstant of re- | practically theoretically correct curves of

50 coil, in any one row is likewise proportional | velocities of retarded recoils, each of ‘'such 115
to the ordinate of the curve representing ve- | curves being of the same general form, as -
locities of retarded recoil as a function of | shown m Kig. 14, but differing for each char- =
space, for that mstant of that particular re- | acteristically different recoils, and differing
coll, as in the case of valve 7. In fact, the | for each piece of ordnance., Itisthenneces-.

55 two devices are’almost the same in construc- | sary to so select, space and arrange the per- 120

~tion and operation, except for the differ- | forations 25, or, orifices 42, in the valve, that

~ ences above noted, and for the elongated | their combined throttling area for each in-
slots 43, at the beginning of each row of or- | stant of recoil, and for each recoul differing -
fices, and which serve the same purpose as | in kind, will be proportional to the ordinate

60 the double short rowg of perforations 29 and | of the curve for that instant corresponding 125
30, at the left end of Kig, 4, described above, | to the recoil'in question. It is evident that
in connection with valve 7. These slots 43, | the special arrangement and the area of
it will be observed spamall three of the by | these individual openings may be deter-
passes 35, 45 and 46, whil® other slots 44, are | mined in any suitable manner, but I prefer

85 to employ a suitable formula to attain 130
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these ends. It is also evident that the de-

tails of construction, arrangement of parts,
and method of obtaining my velocity curves,

- may be widely varied without departing

~ through 350 degrees, nor need the cylinder |

10

from the spirit of my invention. In fact,
the valve need not be capable of rotation

be provided with a single by pass, for it 1s
evident that two, three or more by passes
could be equally spaced around the cyllinde'r,
and the rotation of the valve correspondingly
decreased, without sacrificing the number of
rows of perforations, and therefore without

decreasing the number of theoretically per-

- .15 fect. recoils.

Other changes coming withim

- the spirit of my invention will likewise read-

20

(ily suggest themselves to ordnance engineers |

and others skilled in this art. _ _
Having now described my invention what

1 claim1s:— _ .
1. The combination of a recoil mechanism

provided with recoil checking means, and

means. to control such -checking means at

~each instant of recoil in proportion to the re-

Lo
) |

‘instant of recoil, and thereby cause the pres--

as described.

tarded. velocity for the instant in question,
substantially as described.

2. In a gun mount, the combination of a
recoil cylinder and piston provided with a by

pass, with means adapted to change said by

pass in proportion to the changes mn -lf:hé're'-
tarded velocities of the recoiling parts at each

sure in the cylinder to remain substantially

constant throughout the recoil, substantially

3. In a gun mount the combination of &

- piston and recoil cylinder containing a fluid
- and provided with a by pass, and automatic

40

means adapted as the gun recoils to vary the

exit of said fluid through said by pass 1 ac-

- cordance with the retarded velocities of the

recoiling parts at each instant of the recoil,

~whereby the pressure in said cylinder re-
- mains substantially constant throughout the
45 !

recoil, substantially as described..
4, In a gun mount the combination of a

. piston and a cylinder provided with a by

pass, and meéans comprising a movable part

“provided with perforations adapted to auto-

o0

~ vided with a by pass; a piston in said cylin-.
der and a cylindrical valve adapted to con-

matically control said by pass in accordance

with the retarded velocities of the recoiling

parts at each instant of recoil, substantially
as deseribed. - - - T

5. In a gun mount the combination of a
recoil cylinder containing a fluid and pro-

~ trol the flow of the said fluid through said by

60

65

pass in accordance with the retarded veloci-

ties of the recoiling parts at each instant of
recoil, and thereby causing the pressure in

the cylinder to remain substantially con-

stant throughout the recoil, substantially as
described. | ) | -

-
4 ]

6. Inagunmount the combination of are-| 12. In a gun mount &da.pted. to recoils of 130

being proportiona

cylinder an
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coil cylinder provided with a by pass: a pis-
“ton in said cylinder; means to control said by

pass in accordance with the retarded veloci-
ties of the recoiling parts at each imstant ol
recoil; and means to adjust said controlling
means in proportion to the elevation of the
oun, substantially as described.

7. In & gungnount the combination ol a re- -

coil cylinder provided with a by pass; a pis-

|'ton 1 said cylinder; a perforated valve

adapted to control said pass in accordance

‘with the retarded velocities of the recoiling
-parts at each instant of recoil; and means for

automatically adjusting said valve in propor-
gun, substantially as described. -
‘8. In a gun mount the combination of a re-

coil cylinder provided with a by pass; a pis-

ton in said cylinder; a rotary valve provided

with openings adapted to control said by
pass ih accordance with the retarded veloci-
ties of the recoiling parts at each instant of

tion to any change in the elevation of the

30

recoil; an elevating mechanismm and connec-

tions between the same and said valve
adapted to adjust said valve in proportion to
the elevation of the gun, substantially as de-
seribed. . |

9. In a gun

90

mount adapted to recoils of

different lengths, the combination of a recoil

“cylinder provided with a by pass; a piston 1n
‘said cylinder and a valve provided with o
plurality of rows of openings, one row for
' each of said recoils, some of said rows being.

so arranged and of such an area as to cause a

‘substantially constant pressure to be main-

tained in Said cylinder throughout the length
of some of said récoils,-and other rows being

100

adapted to maintain a uniformly decreasing
ressure in said cylinder throughout the

ength of other recoils, substgntially as de-

-scrlpbed.

105

10. 'In a gun mount adapted to recoils of

different lengths, the combination of a recoil

cylinder provided with a by pass, and a ro-
tary cylindrical valve controlling said by

pass and provided with a series of rows of
‘throttling perforations, one for each of said

recoils, the combined area of the said perfo-

rations of some of said rows throttling the
sald by pass at anfr instant in certain recoils,
to the retarded velocity of

110

115 -

the recoiling parts at that instant, substan-- |

tially as described. |
11. In a ,
different lengths, the combination of a recoi!

with a series of rows of openings, one for
each recoil, and some of said rows adapted to

cun mount adapi:'ed' to recoils of :
120
& cylindrical valve provided -

maintain 8 constant pressure in said cylinder

‘throughout the length of:each of some of said

recoils, and other rows adapted to maintain
a constantly decreasing pressure throughout

125

the length of the other recoils, substantially

as described. - °

-
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 difréent lengths, the combination of a pis-

“tom;-a recoil cylinder; a by pass; a-valve pro-
“vided with a series of rows of throttling per-
forations, one for each of said recoils, the to-

5 tal remaining area of each row while throt-

tﬁng-bein'ﬁ pPropo tiadpa‘,li to the retarded ve-
locity of the recoiling'parts at each instant of

recoil, said rows being 'sa‘spaced\gi,part as to

prevent the said valve from completely clos-

r said by pdss, and means for rotating said

valve while the system is at:rest through any
- desired apgle, substantially as described.
13.. In & gun mount adapted to recoils of

different lengths, the combination of & recoil
cylinder having a by pass; a cylindncal shd-
“ing and rotatable.valve therein baving inde--|

pendent rows of perforations for each of said
recolls; a piston and piston rod in said valve;

a gear wheel on said pisten rod; a second
. : . - e . | _ - -
gear meshing with the same; a rod on whach |

e

‘said second gear is mounted; a third gesr on

sald rod; a fourth gear méshing with said

third gear; a short shaft on which said fourth

gear is mouted; o fifth gear on said shaft;
and & curvgd rack weth which said last men-

| tioned gearvengages, the whole being so sr-

ranged that upon the elevation or depres-

. sion of the gun, the said valve is so rotated

25

as to bring that row of perforations into reg-,

ister with the said by pass which corresponds

to the parjicular recoil belonging to the ele-

| vation 1of question, substantially as de--
seribed. . S

- In testimony whereof, I affix my signature
in presence of two witnesses. | o

+

LAWSON M. FULLER.

- Witnesses.
J. S. GIUsSTA s
A. W. NEaLE, Jr.
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