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This invention relates to a work-performing
instrumentality which is operative during one
stage to compress a fluid medium and in so doing
store energy therein and which is operative dur-
ing a second, or work-performing, stage to re-
lease and utilize such energy. -

The invention has many and varied appli-
cations. 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
SO0 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 thereby increase the forces avail-
able for the press-working or forging operations.
'The utilization of the force of gravity and/or
alr or steam in the above manner has a number
of objections. The air or steam employed for
operating such cylinders ordinarily does not ex-
ceed 000 p. s. 1. Hence a large air or steam cylin-
der is required to elevate a hammer and properly
“accelerate it, upon its release, in the direction of
the anvil or die. Such large cylinders and associ-
ated parts are costly to machine, assemble and
service. Moreover, the hammer and other acty-

ating parts emploved must necessarily be heavy.

The principal object of the present invention,
therefore, is to overcome objections such as
above noted, this object contemplating a dynamic
work-performing instrumentality which employs
& compressible fluid as an energy storing and
releasing medium. |

Another object of the invention is to provide
2 work-performing instrumentality in which the
acceleration of the dynamic force member is
rapid and effected without the development of

sudden shock loads in the supporting structure. |

A still further object is to provide a work-

performing instrumentality which is small, com-

pact and sturdy in construction.

‘A still further object is to provide a work-per-

forming instrumentality which is so designed
that the desired high compression of the actuat-

Ing fluid may be obtained with g low-pressure _

energizing fluid.

A still further object is a novel design and a_r-?'

10 Claims. (CL 121—13)
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plicity and economy in construction and facili-
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rangement of the parts of the work-performing

instrumentality, . whereby to provide for sim-

bb

‘that the ram 13 is hollow and

tate fabricating, assembling and servicing oper-
ations. |
The invention is illustrated in the accompany-
ing drawings, in which: o -
Figure 1 is a diagrammatie view of a work-
performing instrumentality in the form 0f a press
and embodying the features of the invention:
Figure 2 is an enlarged vertical section through

the portion of' the press which includes the ram

Figure 3 is a similar section in which the ram
is shown in its retracted, or loaded, position.

The invention is llustrated by way of example
In connection with a press which is sufficiently
illustrated for the burpose in view by a showing
of an overhead support 10, a ram i3 and an anvil
or die 12, the frame-work by which the overhead
SUpport and ram are mounted in the desired re-
lation with respect to the anvil or die constitit-
Ing no part of the invention and hence not being
Hlustrated. A work-piece I{ is shown supported
upon the anvil or die 12 under the ram 13.

The ram 13 is energized by a low-pressure hy-
draulic system {4 which includes g, reservoir {5,
a pump 16 and an accumulator {7. Fluid under
bressure Is conducted by a pipe 18 from the pump
and accumulator through a relief valve I9 to a
two-way selector valve 20. The latter is included
in a pipe 21 and is operative in one position of
adjustment to permit energizing fluid under pres-
sure to enter a conduyit 22 to retract the ram 13
1) 3 manner to be described. In a second posi-
tion of adjustment of the selector valve 28, fluid
may leave the pipe 22 during working strokes
of the ram and return to the reservoir i5 through
the selector valve, pipe 23 and check valve 24.
‘The relief valve 1§ maintains constant the pres-
sure of the fluid deliveregd to the conduit 22
by by-passing excess fluid through relief valve {8,
bipe 25 and check valve 24 to the reservoir |35,
The fluid employed in the low-pressure hydraulic
system is preferably a liquid such as mineral
oll, for example, and the system is so designed
that the desired €Nnergizing pressures are ob-
tained without compression of such Auid.

The manner in which the fluid from the low-
pressure hydraulic system 1s utilized to operate
the ram 13 is illustrated In Figures 2

that the interior

thereof provides a chamber 26 for accommodat-
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3
ing a body of fluid 27 which may be, and prefer-
ably is, an oil or other liquid which is_ more com-
pressible than the mineral oil or liquid emp?_loyed
in the low-pressure hydraulic system, & silicone
oil, for example. The ram |3 has an open ubnel

end which is threaded as ot 28 and which 18
enlarged to provide an internal shoulder 29. A
cylinder 30 occupies the chamber 26, the external

diameter of the cylinder 30 peing substantially
less than the diameter of the chamber 26 and
the lower end of the cylinder being spaced from
the bottom of sald chamber, as illustrated. _. The
upper end of the cylinder 30 is formed with a
flange 31 which seats upon the t
support the cylinder in the chamber 26, a’ suit~
able sealing ring 32 being carried In an .annu}ar
channel in the shoulder 29 and cooperating mf1th
the flange 31 on the cylinder to prevent leak_age
of the fluid medium between the shoulder and

said flange. | |
The cylinder 30 is secured in the ram {3 in

the manner described by the lower end of an
upper cylinder 33, the lower end of th_e latter
neing externally threaded and occupylng the
threaded open end of the ram {3 so that the
flange 3 of the cylinder 30 1s tightly held be-
tween the shoulder 29 and the 1§he
cylinder 33. The ram 13, cylinder 30 and cyln}-

der 33 are thus secured together £0 | |
move as a unit incident to the operation of the

ram.
A small diameter piston 34 | _
der 36 while a large diameter piston 35 occuples

the cylinder 33. The pistons 34 and 35, in the
embodiment illustrated, are integral and are cal-
ried by a tubular member 36, the upper end of
the latter being suitably connected to the over-
head support 10. The tubular m§mber 36, as
shown, is integrally connected at its lJower end
to the upper end of the piston 35, the pistons
34 and 35 and the tubular member 36 b,emg.axml—
ly aligned and being supported as & stationary

unit by the overhead member i10.
A sleeve 37 having an externally threaded cen-

tral portion which 1s screwed into the upper end
of the cylinder 33 1s slidable along the tube 36
and the lower end of the sleeve provides & stop
shoulder 38. The sleeve 271 and the tubular menl-
ber 36 may CaIry sealing rings 39 and 40, re-
spectively, to prevent leaxage of the low pressure
hydraulic fluid which is supplied to the t}lbular
member 36 from the low pressure hydr?afull.c SY's-
tem while the piston 35 may be provided with

o similar sealing ring 1. | o

The lower end of the tubular membﬂr 36 is
ported at 42 sO that fluid from the sald ‘member
may enter the cylinder 33 and in so dgmg cause
the latter to be elevated to the position shown
in Figure 3. As the cylinder 33 1s elevat§d in
the manner described, the ram {3 and cylinder
30 are elevated with it. Consequently as the pis-
ton 34 is stationary, the fluid in the chamber
27 will be compressed. This is clearly illustrated

occupies the cylin-

in Figure 3 wherein 1t will be noted that the

cylinder 30 1s entirely occupied by the piston
34. As the body of liquid 27 fills the chamber
26 when in its uncompressed state and_whe_p the
ram 3 is in the extended position, it \f:_lll be
apparent that as the ram 1Is .eleYated in the
manner described, the body of fluid 21 will be
reduced in volume and energy will thereby he
stored in said body of fluid. | -
Assuming the ram I3 to occupy the elevated
position shown in Figure 3, a working stroke of
Phe yam is effected by adjusting the selector valve
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20 so that the fluid in the cylinder 33 may ex-
haust through the pipe 22 and return through
the selector valve 20 and check valve 24 to the
reservoir 15. As this occurs, the body of fluid
21 in the chamber 26, which was compressed
when the ram was elevated, expands rapidly to

its normal volume and in so doing transforms
the pressure existing in the chamber 26 into

kinetic energy and rapidly accelerates the ram
{3 in the direction of the anvil or die to effect a
press-working operation upon the work-piece
supported thereon. The press-working opera-
tion is effected by the impact of the ram i3 rather
than by a squeezing operation such as charac-
terizes a conventional press-working operation.

The piston 34 may carry sealing rings 3da 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
34a 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-
rlosed and claimed in my co-pending applica-
tion Serial No. 180,966, filed August 29, 1950.

The work-performing instrumentality described
has a number of highly desirable advantages.
The parts may ke so designed that extremely
high forces may be developed in the compressed
fluid by a low-pressure hydraulic energizing sys-
tem, 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 33. For
example, the parts may be S0 designed that a
pressure of 30,000 p. s. i. may be developed in
the chamber 26, thereby pre-loading the ram
13 in its fully retracted position so that upon
release of pressure in the chamber 26 in the
manner described, the ram (3 will be actuated
Et__) utilize such energy in a press-working opera-
ion.

It will be noted that the energy which is re-

= leased by the expanding fluid in the chamber 2§

is transferred to the ram {3 throughout its full
range of movement so that the reaction forces
acting on the supporting frame structure are
progressively transmitted to the latter in a simi-
lar manner. As the forces to which the support-
ing frame structure is subjected are dissipated
over the entire stroke of the ram, such structure
mag be relatively light and of corresponding low
cost. |

Although the use of oils and liquids of differ-
ent compressibilities: in the low-pressure hy-
draulic system and high pressure energy storing
system has been described, it will be apparent
that the work-performing instrumentality con-
templated 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 of the character described com-
prising a member having a hollow chamber
therein, a cylinder extending into said chamber
and spaced from the inside wall of sald cham-

76 ber, said cylinder having its inner end open and
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communicating with said chamber, said chamber
and cylinder being filled with a body of liquid
and confining said body of liquid, a piston re-
ciprocable through the outer end of said cyl-
Inder, a second piston rigidly secured to the first
piston, a second cylinder rigidly secured to the
first cylinder and in which the second piston re-
ciprocates, means for applying a hydraulic mo-
tive fluid to one side of the second piston and ex-
hausting said motive fluig therefrom to advance
and retract the first piston in its cylinder, said
first piston when advanced into its cylinder com-
pressing said body of liquid, and valve means con-
trolling the direction of flow of the hydraulic mo-
tive fluid to the said one side of the second piston.

2. A device of the character described com-
prising a reciprocable member having a hollow
chamber therein, a 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 g body of
liquid and confining said body of liguid, a sta-
tionary piston reciprocable through the outer end
of said cylinder, and means for moving said re-
ciprocable member in one direction to compress
sald body of liguid, and means for releasing said
reciprocable member to permit said body of liguid
to expand to drive said member in the opposite
direction. |

3. A device having a member which is advaneced
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 liquid is confined, a eylinder extending
into said chamber and spaced from the walls
thereof, a stationary piston which occupies said
cylinder, means for retracting said member and
in so doing causing said piston to compress said
body of liquid, and means for relieving said last
mentioned means so that said body of liquid may
expand to effect said working stroke of said mem-
ber.

4. A device having a member 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 liquid is confined, a cylinder extending
into said chamber and spaced from the walls
thereof, a stationary piston which occupies said

cylinder, a fluid motor which is energized for re-

tracting said member and in so doing causing
sald piston to compress said body of liquid, and
means for deenergizing said fluid motor so that

said body of liqguid may expand to effect said -

working stroke of said member.

9. A device having a member 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 cylin-.

der, stationary first and second connected pistons,
sald first piston occupying said cylinder, a fluid
motor having a second cylinder connected to said
member and occupied by said second piston,
means for supplying fluid under pressure to said
motor 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, and means for relieving said last
mentioned means so that said body of fluid may
expand to effect said working stroke of said
member.

6. A device having 3 member which is advanced

to perform a working stroke and which is re-

L |
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tracted preparatory to a succeeding working
stroke, said member having a chamber in which
8 body of liquid is confined, a cylinder extending -
into said chamber and spaced from the walls
thereof, stationary first and second connected pis-
tons, said first piston occupying saig ‘cylinder, a
fluid motor having a second cylinder connected
to said member and occupied by said second pis-
ton, means for supplying fluig under pressure to-
sald motor to effect relative movement between

- Sald second cylinder and said second piston and -
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In so doing cause said first piston to compress
said body of liquid, and means for relieving said
fluid motor so that said body of liquid may ex-
pand to effect said working stroke of said member. -

7. A device having a member which is ad-
vanced to perform g working stroke and which
is retracted preparatory to a succeeding working
stroke, said member having a chamber in which
a8 body of fluid is confined, a cylinder extending
Into said chamber, stationary first and second
aligned, connected pistons, said first piston oceu-
pying said cylinder, a reciprocatory fluid motor
having a second cylinder connected to said mem-
ber and occupied by said second piston, a sta-
tionary tube which enters and which communi-
cates with said second cylinder and axially of
which said second cylinder may slide, means for
supplying fluid under pressure through said tube
to the interior of said second cylinder to effect
relative movement between sald second cylinder
and said second piston and in so doing cause
said first piston to compress said body of fluid,
and 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.

8. A device having a member which is ad-
vanced to perform a working stroke and which
is retracted pPreparatory to a succeeding working
stroke, said member having a chamber in which
a body of fluid is confined, a eylinder extending
into said chamber, stationary first and second
pistons, said first piston occupying said cylinder,
a reciprocatory fluid motor having a second
cylinder connected to said membper and occupied
by said second piston, a stationary tube which
enters and which communicates with said second
cylinder and axially of which sald second cylinder
may slide, said first and secongd pistons and said
tube being serially connected in axial alignment,
means for supplying fluid under pressure through
said tube to the interior of sald second cylinder
to retract it and in so doing cause sald first piston
to compress said body of fluid, and 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.

9. A device having a member which is ad-
vanced to perform a working stroke and which
i1s retracted preparatory to a succeeding working
stroke, said member having a chamber in which
a body of liquiqd is confined, a cylinder extending
into said chamber and spaced from the walls
thereof, stationary first and second pistons, said
first piston oceupying said cylinder, a reciproca-
tory fluid motor having g second cylinder con-
nected to said member and occupied by said
second piston, a stationary tube which enters
and communicates with said second cylinder and

axlally of which said second cylinder may slide,
sald first and second pistons and said tube being
serially connected in axial alignment, means for
supplying liquid under pressure through said
tube to the interior of said second cylinder to
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retract it and. in so doing eause said firat piston

to. compress. said body of liquid, and means for

haust so that said body of liquid may expand
to effect said working stroke of said member.
10. A compound fluid moter comprising.a hol-
low member open at one: end, a cylinder €K-
tending inte said hollow member and open at. its

reeiorocable in sald cylinder, means including

said cylinder and said piston for closing.the open
end of said hollow mamber, said.hollow member
and cylinder being filled with a body of. liquid
which is of high compressibility, a second piston
segured to the first piston, a second cylinder in
which the second piston reciprocates, said second
cylinder being secured to the first cylinder, and
means for supplying a liquid of low compressibili-
ty between one end of the second piston and the
: t end of the second cylinder and for €x-
hausting: said last-named liquid. therefrom . to

compress said body of highly compressible liquid

and to permit the same to expand, respectively,

and @& valve for controlling the direction of flow
of the liquid of low compressibility.
PAUL H. TAYLOR.

permitting liquid in said second cylinder to ex-
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