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10 Clalms.

Th1s ‘invention relates to a work-performing

instrumentality which is operative during one

stage to compress a fluid medium and in so do-
ing store energy therein and which is operative
duriig a second, or work-performing, stage to
release and utilize such energy; and more par-
ticularly the invention is concerned with im=
provements in the work-performing instrumen-
tality disclosed and claimed in the application
of Paul H. Taylor, Serial No. 213,403 filed March
1, 1951, =~

The invention has many and varied applica-
tions. For example, it is advantageous in many

press-working and forging operations to employ

a drop hammer for carrying out desired press-
working or forging operations upon work-pieces
supported upon an anvil, or die.

In most operations of this type, it has hereto-
fore been the practice to employ a double-acting
air or steam cylinder for elevating the heavy
hammer to the position at which it is released
so that the force of gravity may be utilized to
effect the working stroke of the hammer, the
double-acting air or steam cylinder also being
available to accelerate the hammer in its work-
ing stroke and to thereby increase. the ‘forces
available for the press-working or forging oper-
ations. The utilization of the force of gravily
and/or air of steam in the above manner has a
number of objections. The air or steam em-
ployed for operating such cylinders ordinarily
does not exceed 500 p.s. i. Hence a large air
or steam cylinder is required to elevate a ham-
mer and properly accelerate it, upon its release,
in-the direction of the anvil or die. Such large
cylinders and associated. parts are costly to ma-
chine, assemble. - and service.. Moreover, the
hammer and other actuating parts employed
must necessarily be heavy. Other objections are
the length of travel required to accelerate the
hammer, the slowness of acceleration owing to
the forces available for this purpose and the
difficulty in controlling the stroke of the ham-

mer and dissipating the dynamic energy created_

thereby.
In the work-performing instrumentality dis-

closed in the application referred to, as is also-

true of the present invention, a fluid medium

is compressed to store energy therein and is per--
mitted to expand so that the released energy 5
a -ram,-

may be utilized to actuate a member,
for example, which is to be advanced 0 per-
form a working stroke. In such an instrumen-

tality there is a possibility that if a work-piece-
is not present on -the anvil-or die, or-is present -
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but not of the proper configuration, and pro-
vision is not made to guard against this, the
entire dynamic force of the ram will be trans-'
mitted by impact to the anvil or die. Such an
occurrence may cause various failures including

damage to the ram.

The principal object of the present invention
is to overcome the above objection, this object
contemplating a dynamic work-performing in-

:+ strumentality of the type generally- described

t
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wherein provision is made for cushioning the
ram, or other member, as it approaches the end
of its working stroke in the event that the dy-
namic force of such ram, or member, has not
been otherwise dissipated.

A further object is to provide a novel nmeans
for cushioning the impact of the ram, or other
work-performing member.

A still further object is a work-performing
instrumentality .in which the movement of the
ram, or other member, is arrested at the end
of the working stroke by a compressible fluid
medium.

A still further object is to provide a cushion-.
ing means of the character described which will
be operative to dissipate the dynamic force of
the  work-performing member through a smali
portion of the stroke thereof and which will not
interfere with the normal operation of the work-
performing member throughout its normal range ‘
of movement, becoming effective only after the
work-performing member passes the point of
normal impact.

A still further object is to pr0v1de a wWork-
performing instrumentality wherein the parts
are so designed that the normally incompressible
fluid availed of in compressing the fluid which
actuates the work-performing member may be
trapped in such a manner that it will become
compressible to cushion the work-performing
member at the limit of its working stroke in the
manner contemplated.. ) )

A still further obJect is a novel design and
arrangement of the parts of the work-perform-
ing instrumentality, whereby fo provide for sim-
plicity and economy in construction and facilitate
fabricating, assembling and servicing operaticns..

The invention. is illustrated in the accompany-
ing drawings, in which:

Figure 1 is a diagrammatic view of a wmk-.
performing instrumentality in the form of a
press and embodying the features of the inven~
tlon

Figure 2 is an enlarged vertical section through

‘the portion of the press which includes the ram
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and the associated ram energizing parts and is
taken along line 2—2 of Figure 1, the ram being
shown extended to the limit of its working stroke;

Figure 3 is a similar section in which the ram

is shown in its retracted, or loaded, position; and 5

Pigure 4 is a fragmentary section on an en-
larged scale-showing-a portion-of. the stationary
piston, a portion:of the upper cylinder; and a:
portion of the sleeve which is secured to this

eylinder, and associated parts, and showing in a-1G:-

somewhat diagrammatic and exaggerated man-

ner how leakage of the motive -fluid ‘may-oceur "

to effect retraction of the ram.
The invention is illustrated by. way.of example.

in connection with a press -which:is.sufficiently.:15.
illustrated for the purpose in view by a showing:-

of an overhead support (0, a.ram {1 and an.
anvil or die 12, the frame-work by which the-overz

head support and ram are mounted in the:desired :-
relation with respect to the anvil or die constitut- £o

ing no-part of the.invention.and hence not.being.
illustrated. . A work-piece .18 is shown .supported.
upon the anvil or die. 12 under the ram.If.

The ram [ is .energized . by .a.. low-pressure.

hydraulic system. {4 which includes.a reservoir 23

15, a pump (6 and an accumulator 17, Fluid
under.pressure is conducted by a. pipe.18.from the
pump.and. accumulator through a relief valve.(9.
to. a.two-way .selector. valve 20. THe latter is

included in a-pipe 21 and is operative. in one posi- 30

tion of. adjustment to permit. energizing. fitid.
under pressure. to.enter a conduit 22 to retract.
the ram I in.a manner.to. be described. In a
second. position of. adjustment. of ‘tle selector

valve 28, filid may leave the.pipe 22 during work-. 35

ing.strokes of the ram and.retiirn fo.the reservoir
15 through the selector valve, pipe 23 and check.
valve 24. The relief valve 19 maintains.constant.
the pressure of the fluid delivered to.the .conduit

22.by. by-passing excess fliid through relief valve 40

19, pipe 25 and chieck valve 24 to. the reservoir (5.
The fluid employed in the 16w-pressure hydraulie.
system is preférably a liquid Such'as mineral.oil,’
for example, and the system-is so designed that’

the. desived . energizing . pressures. .are obtained. 45

without-conmpression of such.fluid.

The manner in which the. fliiid .from the low~
pressure hydraulic system-.is utilized.to.operate.
the.ram {1 is illustrated in Figures.-2:and 3. . Ré--

férring.to the former figure, it will be noted that. 5y

the.ram.11 is hollow and that the interior thereof’
provides a chamber 26 for.acconimodating a body.
of fluid 27 ‘which may be, and preférably.is, an.
oil. or. other liquid which . is-more. compressible

than the mineral- oil or liquid. employed in. the. 55" was elévated expands rapidly. to its normal vols
» 1 8 normal vol-

low~-pressure. hydraulic system, a.silicone oil, for.
example. The ram. !{| has an open upper end.
which is threddéd as at 28 and which is.enlarged”
to provide an internal shoulder 29.. A cylindér 30.

occupies the chaniber 26, the external diameter

of ‘the cylinder 30. being. substantially “less than'
the diameter of the chamber 26°and the lower end”
of the cylinder being spaced from the bottom .of
said chamber, as ‘illustrated. The upper end of.

the ‘cyinder 38°is fornmied with ‘a.flange 31 which. g3

seats.upon thé shouldér 29 to support the cylin-
der in the chamber 26, 3 suitable séaling.ring 32.
being carried in-an‘annular chaniiel in the shoul
der 2§ and cooperating with the flange 31 on the-

cylinder to prevent leakagé of thé fiiid medium 7¢-

between the shoulder and said.flange.

The .cylinder 38 is.secured.in. the ram ti in.
the manner described by the lower end of an.
upper. cylinder. 83, the. lower. end.of -the.latter

being . externally. threaded- and- oecupying. the:75

4

threaded open end of the ram {1 so that the flange
21 of the cylinder 30 is tightly held between the
shoulder 29 and the lower end of the cylinder 33.
The ram 1, cylinder 38 and cylinder 33 are thus
secured together so that they will move as a unit
incident to the operation of the ram.

A:small diameter piston 34 oceupies the cylin-
der.-30 while a-large diameter piston 35 occupies
the cylinder 33. The pistons 34 and 35, in the

embodiment illustrated, are integral and are

carried by a tubular member 36, the upper end
of ‘the - latter: béing suitably connected to the
overhead support 10. The tubular member 36,
as shown,.-is :integrally connected at its lower

end.o.the:upper-end of the piston 35, the pistons

24-and 35 and thetubular member 36 being axially
aligned and being supported as a stationary unit
by-the-overhéad-member {0.

A:sleeve 3T having an externally threaded cen-
tral portion is screwed into the upper end of the
cylinder. .33 and . is. slidable-along..the._ tube- 36
during. operation of thé ram.. ThHe sleeve 3T and.
the. tubular member: 86 may carry sealihg. rings.
39 and. 49, respectively, to. prevent leakage of the.
low pressure -hydraulic. fluid which is supplied
to.theé tubular member. 36.from the low pressure.
hydrauli¢' system -whilé tle .piston . 35 may. be
provided with a similar sealihg ring 41

THe. lower “end 'of.‘the tubular member 36.1is:
ported.at 42 so.that fluid from the said.member.
may enter thé annular space between the tubular.
member and the inner wall of the eylinder 33 and
act against the end of“the sleeve 37 to cause the.
cylinder 33 to be elevated to:the position shown
in PFigure 3." As the cylihder 33 is elevated 'in-
the manner deéscribed, the ram (1{.and cylinder 30°
are elevated with it. Consequently, as the piston.
24 is stationary, the fluid in thé. chamber 27 will’
be compressed. This is clearly.illustrated in Fig-
ure 3 wherein-it.will.be noted that the cylinder 368~
is entirely occupied by the. piston.34. As the.
body of liquid .27 fills the chambér 26 when in its,
incompressed state and when the ram If is in.
the:extended position, it will'bé apparent that as
the ram is elevated in' the manner describied; the
body of fluid 27 will be rediiced in volume and,
energy will thereby be stored in'said body of fuid.

Assuming the.ram 11 to occupy the.elevated
position shown-in Figure 3;'a working stroke.of

_the ram iseffécted by adjusting the selector valve
" 20:s0 that'the fluid in the cylinder 33 may exhaust,

through the pipe 22-and return:through the selec-~
tor valve 20 and check.valve 24 to the reservoir
15. As-this occurs, the body of fluid 27 in the
chamber 26, which was compressed when the ram

ume and-in- so-doing transforms the pressure
existing “in-the-chamber 26“into kinetic energy.
and rapidly accelerates thie ram {{ in the direction..

_ of the anvil'or die to.effect & press-working opera-
tion upon the work-piece supported thereon. The.

press-working operation is effected by the.impact.
of.the ram {1 rather than.by.a squeezing.opera-
tion.such_as.characterizes. a: conventional press--
working operation.

As noted, as.the fluid.in the.chamber. 26 ex-
pands-to-actuate: the-ram-.( 1..in-the manner de~-
seribed; theeylinder-33 descends, forcing the fluid
in-the-cylinder- 23 out-through:the ports 42 and:
into the tubular- member:3%-s0:that it may. ex~
haust into-the:reservoir:5:. In:accordance with-
the invention; the-ports 42 :are:located ‘above the
head:- of - the piston 35 so that-as:the ram 1{ ap-
proaches-the limit of-its-working stroke; a:body of
fluid-43(Figure2) will be-trapped in: the-cylinder.
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33 in the annular chamber delimited by said cyl-
inder, tubular member 36, piston 35 and sleeve
31. The body of fluid thus confined is compressible
and resiliently resists any further downward
movement of the ram, providing a fluid cushion
which will not interfere in any way with the de-
sired reciprocatory movements of the ram and
ordinarily only coming into play in the event that
a work-piece is not on the anvil at the time the
ram is operated or if, for any other reason, the
ram would otherwise strike the anvil. The parts
are so designed that actuating fluid may leak be-
tween those parts of the tubular member 36 and
the sleeve 37 which provide walls of the trap in
which the fluid 43 is accommodated, it being
noted in this connection (see Figure 2) that no
seals are employed in connection with these parts
of the tubular member 36 and the sleeve -31.
Thus some of the trapped fluid may escape
through the ports 42 as the ram {1 approaches
the limit of its working stroke and as the trapped
fluid 43 is compressed in the manner and for the
purpose described. When the energy of the ram
11 is dissipated and when, preparatory to a suc-
ceeding working stroke, actuating fluid is again
supplied through the tubular member 36, a por-
tion of such fluid may leak through the ports 42
and into the annular trap chamber so that such
fluid may act between the piston 35 and the lower

end of the sleeve 37 to retract the ram {{ until :

the ports 42 are again open. The leakage path is
shown in exaggerated manner in Fig. 4, this fig-
ure being a fragmentary section taken at the left
of Fig. 2 at and adjacent the pocket in which
the fluid 43 is trapped.

Preferably a port 33a connects with atmosphere
the portion of the cylinder 33 below the piston
35, whereby to permit entry of air into and its
escape from such portion of the cylinder during
the operation of the ram.

The construction described has the advantage
that the fluid medium in the low pressure hy-
draulic system is utilized to provide the fluid cush-
ion and although said fluid medium is normally

incompressible the parts may be so desighed that .

the confined body of fluid 43 will be compressed
to absorb energy as the ram approaches the limi$
of its working stroke. )

The piston 34 may carry sealing rings 34g

for preventing escape of fluid from the chamber ;

26 between the cooperating walls of the piston
and the cylinder 30. If desired, the sealing rings
34 may serve only during the low-pressure por-
tion of the compression strokes and sealing dur-
ing the high-pressure range of such strokes may
be obtained by so designing the cylinder 30 that
it will be compressed around the piston as dis-
closed and claimed in the copending application
of Paul H. Taylor Serial No. 180,966, filed August
29, 1950. ‘ :

The work-performing instrumentality - de-
scribed has a number of highly desirable advan-
tages. The parts may be so designed that ex-
tremely high forces may be developed in the com-
pressed fluid by a low-pressure hydraulic ener-
gizing system, it being apparent that the parts
may be so designed that any desired pressure,
within limits, may be developed in the chamber
26 by the energizing fluid supplied to the cylinder

23. For example, the parts may be so designed -
that a pressure of 30,000 p. s. i. may be developed’

in the chamber 26, thereby pre-loading the ram
{i in its fully retracted position so that upon
release of pressure in the chamber 26 in the

manner deseribed, the ram (1§ will be actuated to.
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6 i
utilize such energy in a press-working operation.

It will he noted that the energy which is re-
leased by the expanding fluid in the chamber 26 -
is transferred to the ram Ii throughout its full
range of movement so that the reaction forces
acting on the supporting frame structure are pro-
gressively transmitted to the latter in g similar
manner. As the forces to which the supporting
frame structure is subjected are dissipated over
the entire stroke of the ram, such structure may
be relatively light and of corresponding low cost.

Although the use of oils and liquids of different
compressibilities in the low-pressure hydraulic
system and high pressure energy storing system
has been described, it will be apparent that the
work-performing instrumentality contemplated
is of such a character that oil or other liquids of
the same compressibility may be employed in
both systems, if desired.

- The features of the invention may be employed
to advantage in connection with various devices
having a member which is advanced incident to
a work-performing stroke and which is retracted
preparatory to such a stroke. The specific em-
bodiment illustrated and described, therefore, is
intended by way of example only.

I claim as my invention:

1. A device having a member which is ad-
vanced to perform a working stroke and which is
retracted preparatory to a succeeding working
stroke, said member having a chamber in which
a body of liquid is confined, a cylinder extending
into said chamber and spaced from the walls
thereof, s stationary piston which occupies said
eylinder, means for retracting said member and
in so doing cause said piston to compress said
body of liquid, means for relieving said last men-
tioned means so that said body of liquid may
expand to effect said working stroke of said
member, and means for cushioning said member
as it-approaches the limit of said working sfroke.

2. Apparatus of the character described com-
prising a member having a hollow chamber there-
in, a cylinder extending into said chamber, said
cylinder having its inner end open and com-
municating with said chamber, said chainber and
cylinder being filled with a body of liquid and
confining said body of liquid, a piston recipre-
cable through the outer end of said cylinder, a
second piston rigidly secured to the first piston,
a second cylinder rigidly secured to the first cyl-
inder and in which said second piston recipro-
cates, means including a port through which a
hydraulic motive fluid may be supplied to and
exhausted from one side of said second piston to
advance and retract the first piston in the first
cylinder, said first piston when advanced into
said first cylinder compressing said body of liquid,
and valve means controlling the direction of flow
of the hydraulic motive fluid to said one side of
the second piston, said port being spaced suffi-
ciently from said one side of said second piston
that a body of said hydraulic motive fluid is
trapped between said second piston and said sec-
ond cylinder, when said valve is on exhaust, to
cushion the last part of the movement of said
second piston in said second cylinder when said
valve is on exhaust.

3. A compound fluid motor comprising a hol-
low member open at one end, a cylinder extend-
ing info said hollow member and opsh at ifs
inner end to communicate therewith, a piston
reciprocable in said cylinder, means including
said cylinder and said piston for clesing the open
end of said hollow member, said hollow member
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and- cylinder: being.-filled . with a: body: of liguid
which is-of high compressibility, a second -piston
secured-to -the first piston; a:second :cylinder in
which . the second :piston -reciprocates; said-sec-
ond cylinder being: secured to the first cylinder;
means:including a-port:for supplying: a lguid-of
low -compressibility between-one-end of the see-
ond: piston and -the -adjaecent end of the-second
cylinder and for- exhausting. said- last-named
liquid- therefrom: to. compress said hody.of:highly
compressible liquid:and to permit. the same- to
expand; respectively, and g .valve controlling:the
direction of flew.of the. liguid of lew compressibil-
ity, said port being spaced from said second pis-
ton a sufficient distance:to trap a body.of said see-
ond- liguid between said second - piston-and said
second cylinder when sald second cylinder is-on
exhaust, to-cushion the-last:part of the.relative
movement between said second-piston and said

second cylinder  when said second cylinder.is-on ¢

exhaust.

4; Apparatus of the character described com-
prising -a reciprecable member having. a hollow
chamber therein, g cylinder extending . into. said
chamber-and spaced from the inside wall of said:
chamber, said cylinder having-its inner end open
and communicating with- said- chamber, said
chamber and cylinder being filled with a body:of
liguid and - confining said kody of liguid, a.sta-
tionary piston reciprocable through the outer end
of said cylinder, a second piston rigidly secured
to the first piston, a second cylinder rigidly se-
cured to-the first cylinder and in which said sec-
ond piston reciprocates, a-tube connected-to the

first piston having ports therein for supplying and 3

exhausting a- second liquid 1o and from one side:
of the second piston, said ports being spaced from
said second piston so-that-a.body of the second
liquid-is trapped hetween the second piston and

the second .cylinder near the.end.of.the move~-

ment of the second. piston in the second. cylinder
when the second cylinder is-on.exhaust, and a
valve -controlling. the direction of flow. of the sec~
ond liquid through said tube and ports..

5.. A device having a membker which is.advanced
to .perform a working stroke and - -which is. re-
tracted preparatory to:a succeeding - working
stroke, said member having a chamber in which
a. body of fluid is confined and providing a .cyl-
inder; stationary first and second connected pis-
tons, said first piston occupying said cylinder, a

fluid motor having a seecond cylinder connected.

to said member and occupied by said. second. pis-
ton, means-for supplying a second. fluid under
pressure to said motor to effect relative moves
ment between said second cylinder and said.sec-
ond piston and in so doing cause said first piston
to compress said body of fluid, means for reliev-
ing said last mentioned means so that said body
of fluid may expand to effect said working stroke
of ‘said member, and means including said sec-
ond cylinder and piston for trapping 2 body of
said second fluid to cushion said member as it
approaches the limit of said working stroke.

6. A device having a member which is advanced
to perform a working stroke and which is retract-
ed preparatory te a succeeding working stroke,
said member having g chamber in which a bedy
of ligquid is confined, a cylinder extending into
said chamber and spaced from the walls thereof,
stationary first and second connected pistons,
said first piston occupying said cylinder, a fluid
motor having a second cylinder connected to said
member and occupied by said second piston,

meang-for-supplying a:second liguid under pres--
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sure: to:said=motor: to-.effect! relative: movernent
between - said second cylinder- and - said:second
piston-and- in:so: doing: cause-said first piston to
compress: said body of -liquid; means for relieving
said fluid motor: so-that said :body of liquid may
expand to effect said working stroke of said mem-
ber, and means including said-second cylinder
and piston for.trapping-and compressing a body
of-said seeond -liquid. to cushion said member as
it -approaches:the limit-of said working stroke.

7.0 A- device. having. a member which is ad-
vaneed :to -perform .a- working stroke-and which
is-retracted . preparatory. to -a succeeding work-
ing, stroke; said- member having a-chamber in
which a body-of fluid is-confined, a cylinder ex-
tending. into. said-chamber; stationary first and
second aligned, connected pistons, said first pis-
ton occupying.said cylinder, a reciprocatory fluid
motor.having a second cylinder connected to said
member and occupied: by . said second piston, a
stationary: tube. which enters and which com-
municates with said .second cylinder and axially
of . which :said -second .cylinder may slide, means
for. supplying. a. seeond . fluid. under pressure
through said tube:to-the interior of said second
cylinder: to.. effect. relative movement- between
said -second cylinder: and -said second :piston and
in so .doing.cause said.first piston to:.compress
said body of fluid, means for . permitting the fluid
in said second cylinder. to exhaust :so that said
body.of .fluid may expand to effect said working
stroke of said -member; and means for trapping
a- body of said second fiuid in said second cylin-
der.to cushion said member: as it approaches the
limit of said working stroke.

8. A.device: having. a- member which is.ad-
vanced to perform -a.working stroke and which
is. retracted. preparatory . to .a -succeeding work-
ing . stroke, said.member having a chamber in
which a body of fluid is.confined, a.cylinder ex-
tending into..said chamber, stationary first and
second .pistons,. said first piston occupying said
cylinder, a.reciprocatory fluid motor having a
seeond cylinder. connected to said member and
cccupied by said second . piston, a stationary tube
which enters and which communicates with said
second cylinder and axially of which said second
cylinder may slide, said first and.second pistons
and said. tube. being serially connected in axial
alighment, means. for supplying.a second. fluid
under. pressure. through said tube to: the interior
of .said.second. .cylinder. to retract it.and in so
doing_ cause_said first piston. to. compress said
body of fluid, means for permitting the fiuid in
said second cylinder to exhaust so that said body
of fluid may expand to effect said working stroke
of said. member, and means for trapping a body
of _s3id. second fiuid in said second cylinder to
cushion said member as it -approaches the limit
of said working stroke. .

9. A . device having a member. which is ad-
vanced to perform a. working stroke and which
is retracted preparatory to a succeeding work-
ing stroke, said - member having a chamber in
which a:body. of . liquid -is: confined, a.cylinder
extending into said chamber and spaced from

the.-walls thereof, stationary. first and sccond

pistons, said first. piston oceupying said cylinder,
a. reciprocatory fluid motor having.a second cyl~
inder: connected to said member and occupisd
by:-said second :piston, a stationary tube which
enters-and. communicates with said second cyl-
inder and axially of which said second cylinder
may slide, said first and second pistons and said
tube being: serially. connected in axial alignment,



2,660,984

9

means for supplying a second liquid under pres-
sure through said tube to the interior of said
second cylinder to retract it and in so  doing
cause said first piston to compress said body of
liquid, means for permitting liguid in said second
cylinder to exhaust so that said hody of liquid
may expand to effect said working stroke of said
member, and means for trapping a body of said
second liquid in said second cylinder to cushion
said member as it approaches the limit of said
working stroke.

o

1

<

10. In a press of the character described, a \

ram which is advanced to perform a working
stroke and which is retracted preparatory to a
succeeding working stroke, said ram having a
chamber in which a body of liquid is confined,
a cylinder extending into said chamber and
spaced from the walls thereof, stationary first
and second pistons, said first piston occupying
said cylinder, a fluid motor having a second cyl-
inder connected to said ram and occupled by
said second piston, means for supplying fluid
under pressure to said second cylinder to retract
the latter and in so doing retract said ram and
cause said first piston te compress said body of
liquid, means for permitting fluid in said second
cylinder to exhaust so that said body of liquid
may expand to effect the working stroke of said
member, and means for trapping a body of said

20

10

fluid in said second cylinder to cushion said ram
as it approaches the limit of said working stroke.

ROBERT F. ZUMWALT.
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