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To all whom it may concern:

Be 1t known that I, CHARLES DAvy, of 24
Lawson Road, Sheffield, in the county of
York, England, engineer, have invented a new
and useful Improvementin Hydraulic Forging
Machinery, of which the following is a full,
clear, and exact description. -

~This invention relates to improvements in
hydraulic forging machinery, specially appli-
cable to forging large masses of steel or iron.

The invention has for its object to avoid

undue friction on the working parts (rams,

guides, &c.) of the press, in consequence of
the expansion by heat of the parts in proxim-
1ty to the ingot, or in consequence of the na-
ture or position of the work, and also to more
effectually guide the moving cross-head of the

press, and to provide an improved method of
and valves for working the main and lifting :
rams of the press by high and low pressure

water In such manner as to economize the
high-pressure water and obtain a quick mo-

tion of the moving cross- head toward and

away ifrom 1ts work. _.

In order that the invention may be more
readily understood, I have illustrated it in
the accompanying drawings, forming part of

this specification, wherein—

- Figure 1 is a front elevation, partly in sec-
tion, of the press. Fig. 2 is a corresponding
elevation of the engine’s valve-gear and air-
vessel, showing the pipe-connections to the
varlous rams of the press. Fig. 3is a plan,
partly 1n section, of the press-head and rams.
Fig. 4 is a vertical section, partly through the
central guide,of the moving cross-head. Figs.
b and 6 arerespectively an end elevation and
plan of the guide-blocks of the moving cross-
head. Figs. 7 and 8 show details, on a larger
scale, of the connections of the lifting-rams
and their cross- heads. Figs. 9 and 10 are
front and side elevations, on a larger scale,
of the valve-gear shown in Fig. 2. TFig. 11
1s a central vertical section, on a larger scale,
of one of the compound automatic valves
shown applied to the pressing-rams in Fig. 1.
Fig.12shows aslight modification of Fig. 11.
Fig. 13 is a central vertical section, on alarger
scale, of one of the hydranlic valves shown in
Figs. 9 and 10.

To carry out my invention, I construct a
press having a pair of inverted rams, a a,

Ll L T —y

hereinafier called the ““pressine-rams.’’ which
I g ,

act upon a movable cross-head or tool-holder,

b, and force it in the direction of the work for

i applying the necessary pressure to an ingot
or other piece of steel or iron to be forged.

The pressing - rams & work in ram-cases c,
fixed in the press-head and supported in the
usual manner on four columuns attached to a
foundation or bed plate. The rams a are hol-
low cylinders or trunks closed at their upyper
ends, and they transmit the pressure to the
cross - head & through thrust-rods d, having
simple (or preferably universal—i. e., ball-
and-socket) joints at their upper and lower
ends, in order to permit of any horizontal de-
viation or rocking motion of the cross-head
(due to the above-mentioned causes) without
throwing undue lateral strains on the rams a
or their cases ¢. The movable cross-head b
18 provided in the center of its length with a
rigid arm or tail-plece, e, projecting upward
and terminating in a head or block that
works loosely in a cylindrical guide, 7, rigidly
sapported on the press-head midway between
the two ram-cases ¢. The rigid arm or tail-
piece e may be cast upon or forged solid with
the cross-head,or secured thereto by bolts, or
by hoops shrunk on projecting half-bosses on
the tail-piece and cross-head.
the moving cross-head b terminate in gudgeons
b’y and fit, (with sufficient clearance to allow
of the expansion of the cross-head by heat,) in
the manner of a ball and socket, in guide-

“blocks g, which guide-blocks ¢ encircle and

work upon the supporting-columns, or are
otierwise guided, the gudgeons being mid-
way between a pair of columns, (when four
are used,) as shown in Fig. 7.

For the purpose of lifting the moving eross-
head b after a downward stroke, I employ one
or more rams, 2, (preferably two,) hereinafter
called the ‘*lifting-rams.”” These rams & are

~contained in cases ¢, and they are of consid-

erably smaller area than the pressing rams,
but preferably of the same length of stroke,
and they are connected to the end gudgeons,
'y of the moving cross-head b by pairs of rods
k and small cross-heads, which are connected
to the rams 2 and gudgeons b’ of cross-head b
In such way as to form simple (or preferably
universal) joints, as shown.

To facilitate the changing of the packing,

The ends of
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the lifting-rams # have flanges forged. or cast

- upontheir upperends for the purpose of secur-

10

ing them to the cross-heads //, and at the same
time to permit of their easy removal, and the
cross-heads 7' have holes in them sufficiently
large to allow of the lifting-rams padssing

through, and are also provided with bolt-

holes corresponding with holes in the flanges
of the rams, so that when the bolts are re-
moved the rams may be withdrawn {rom their

~ cases through the cross-heads.

20

If only one lifting-ram is used, it may be
fixed centrally over the tail- plece ¢ and be

connected thereto or to the c¢ross-head b by

suitable rods and joints.
- It is an essential object of my mventlon to

relieve the rams, particularly the pressing-

rams, and the columns (or other guides of the
moving cross-head) from undue side strains
and consequent  friction arising from the na-

ture of the work,or from the expansion of the

- MOVING Cross- ‘head by heat, and I accomplish

Y
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my object -by the system of guldes and ball-

and-socket thrust-rod bearings alleady de-

scribed.
The press may be arranged to work h011

zontally,instead of Vertlcally, as will be read-

ily understood.

The appamtus in connection with the press
consists of an air-vessel, 7, (or an accumula-
tor,) which 1is partially filled with water ab a

- pressure sufficient to cause the pressing-ram

35

cases to be filled with water when the rams
and cross-heads descend with the rapidity
desired, a set of high pressure pumps, m, ca-
pable of being stopped or started qulckly,
and a system of valves, Nos. 1 and 1 and
Nos. 2 3 4, for the admission and discharge

- of water to and from the pressmg ram Ccases

1o
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- respectively.
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and lifting-ram case or cases. The upper
ends of the pressing-ram cases ¢ are connected
to the lower part of the air-vessel [ by the
low-pressure main », on which (as near as
possible to the rams) are placed the compound
automatic valves 1 and 1 (or a single valve)
for automatically opening and closing com-
munication of the pressing-ram cases ¢ with
the air-vessel. The chambers of valves Nos. 1

and 1 are also connected (above the valve) by

a pipe, ¢, with delivery-pipe p of the high- |
pressure pumps, the communication being

controlled by valve No. 8. The lower ends
of the lifting-ram cases ¢ are connected by a
pipe, o,with the low-pressure main n#,and with
the deliver’y- pipe p° of the high - pressure

pumps m, the communication of said pipe 0 |

with the main n or with the delivery-pipe p’
being controlled by the valves Nos. 2 and 4,
The suction-valves of the hlgh
pressure pumps m are in communication with
the low-pressure main »n and air-vessel /.

I will here describe the construection and
operation of the compound automatic V‘LIVBS

Nos. 1 1.

Referring to Figs, 11 and 12, this valve con-
sists of a tubular plug, w, conbamed 1n a suit-

t1on.

- CaSEes.
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at the lower part of the easing,;and?’.cbntrol-
ling the communication between the pressing-

ram case ¢ and the low-pressure main n. This"

plug w is of two diameters, and is fitted to

slide in a corresponding bushmg, w?, provid-

ed with suitable cup-leather or other pack-

ings, w’. Between the plug and bushlng an
annular. chamber, w?, is formed, Whlch is in

735
free communication by a pipe, »°, with the

lifting-ram cases ¢ or the pipe o, so that on

‘admitting high-pressure water to the lifting-
‘ram cases it is at same time admitted to the'

annular chamber «', whereby the p]ug w18

pressing-ram cases to return through the low-

80 -
lifted from its seat to allow the water in the 0

pressure main # to the air-vessel. This annu- . =

lar chamber is of such area that the pressure o

exerted therein is sufficient to keep the valve

w open to the low-pressure main n, in order to

allow the pressing-ram-cases ¢ to be refilled | |

with water on the descent of the pressing:-
rams «.
an inner valve, w’, opening in the opposite di-
rection to the plug or valve w, and control-
ling the communication through the tubular

valve w of the high-pressure main ¢ with the'

pressing-ram cases ¢. This inner valve, w

opens "ﬁelﬁh the pressure, and is loaded by a

spring, w', sufficiently to cause the plug w to

be closed (by the high-pressure water from
| main ¢, acting on the back or upper ‘end of

plug w) before the 1nner valve, w°, will open
to allow the high- plessure water to enter the
pressing -ram cases ¢. The pressure which
tends to close the p]llﬂ‘ w suffices to keep it
closed and prevent high-pressure water leak-

1ng past 1t into the low-pressure main n. The
spring w' is contained in a chamber within the
plug w, and is compressed between the end of

‘said chamber and a flanged head, w® attached

Within the tubular plug w 1s seated .
._ 90 -

by
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to the rod w’of valve w°, the spring being con-

fined in the chamber by a lining, w", to which
the head «® is attached. The area of the up-
per or rear side of the plug w, although al-

| ways greater than the orifice of its seat, may

be less than that shown in Fig. 11 by SurT-

rounding the plug with asecond annualar cham-

ber, as shown in Fig. 12, which is in free com-

munication by a hole, w", with the atmos-

phere, so as to minimize the pressure tending

110

IT5 o

to close the plug w onto its-seat and allow the

pressure exerted in the first-mentioned annu-

lar chamber, w*, to act with greater effect
as, for instance, while the press is at rest—
whereby the plug w will under ordinary cir-
camstances be mmﬂtamed in 1ts open pOSI.

I will now descnbe the constructlon and

120
‘when it contains only low-pressure water— -

operation of the valves Nos. 2, 3, and 4 for

controlling the admission and exhaust of wa-
ter to and from the pressing and lifting ram
These valvesarealike, and one of them'
13. This valve is of the
“floating”’ or “‘pilot”’ type—thatis to'say, it is
‘composed of an outer tubular valve or plug,

1s represented in Fig.

able casing, w', said plug closmg agamst aseat | x, and an inner or pllot Valve? Yy seated Wlbh

x
&
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in the ouler valve and opening in the same | very rapid.
direction.

The valve or plug @ slides within
A Suimbly packed guide eylinder or bushing,
', ctosed at the upper part, in which the plug

X WOII{S as a4 piston in a cylinder, the piug x
being so fitted therein as to allow a slight

leakage of water to pass to the top side of the
plug, (or a by-pass, 2%, being provided for the

same purpose,) 1n order to admit sufficient

pressure to the upper side of the plug 2 to

‘keep it closed down on 1ts seat, this pressure

being released when the pilot- valve is opened,
the plua x being then in equilibrinm, and
therefore easily ]1fted The pl_.ot—valve Y 18
attached to or formed on the end of the spin-
dle o/, which is provided with wings ¢°, hav-

ing a limited play in the plug 2, in order to

cause the latter to be raised from its seat after
the pilot-valve y has been opened by the mo-
tion of said spindle . The special feature of
improvement in the- construction of these
valves consists in prowdmﬂ a balancing-ram,

y’, working in a cylinder, ¥% at the oppomte
end of the spindle to that at which the pilot-

valve v is situated, the said balancing-ram be-
ing of about the same area as the pilot valve
y, and its cylinder being in communication
by a pipe, 3°, with the space at the under side
of the valve, the plug # and valve y being thus
both in a eondition of equilibrinm. The mo-
tion is imparted to the spindle 3" for opening
valves 2 y in the order above mentioned, and
for elosing them in the opposite order, by an
auxiliary piston, 2/, acting on a lever, 2° con-
nected to spindle ¥/, the said piston working
in a cylinder, 2, and being acted on by fluid-

pressure derived from the air-vessel [, (or it
mway be from an independent source or by

steam-power.).  Thesupplyand exhaust pipes

40
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to and from the various cylinders 2z of the
valves Nos. 2, 3, and 4 in Figs. 2, 9, and -10
are controlled by three small slide-valves
working in a common chamber, v, (or 1t may
be separate chambers,) and respectively act-
uated by three hand-levers, 2 3" 4%, corre-

sponding, re&;pectively, to the valves Nos. 2|

S 4.

" I will now describe the method of working
the press and the proper sequence for open-
ing and closing the valves. -Assuming the
air-vessel to be charged, the cross-head b to be
at the bottom of its stroke, and the valves Nos.
2, 3, and 4 closed, the valve No. 4 is first
opened. The pumps being then started, high-
pressure water 1s forced through pipe o 1nto
the lifting-ram cases < and into the annular
chamber of each valve No. 1, whereby the
valves Nos. 1 1 are opened. The superior

pressure exerted on the lifting-rams raises

the cross-head b and forces the water from
the pressing-ram cases through the low-press-
ure main -2 into the air-vessel, where the
power expended in overcoming the action of
the low-pressure water on the pressing-rams
is stored up. As the delivery of the pumps

is large relatively to the capaecity of the lift-

ing-ram cases, the ascent of the cross-head 1s

‘nated a

When the cross-head is raised to
the desired height, the pumps are stopped
and the valve No. 41is closed. The cross-head
islowered,whenrequired,by opening the valve
No. 2, the valves Nos. 1 1 being held open by
the pleasme in pipe o acting 1n their annular
chambers, whereuponthe cross-head and press-
ing-rams descend to the required point Dy

their own gravity, (in the case of a vertical

press such as that illustrated,) aided by the
differential pressure due to the difference of
area of the pressing and lifting rams, (or whol-
ly by such differential pressure in the case of
a horizontal press,) the water in the lifting-
ram cases ¢ being returned to the air-vessel
through the low -pressure main n while the
pressing-ram cases are filled with low-press-
ure water. The valves 1 1 and pipe n being
of large diameter, the descent of the cross-
head may be very l’Lpld Valve No. 2 being
left open, the working-pressure is applied ab
the required moment by opening valve No. 3
and starting the pumps, whereupon thevalves
Nos. 1 1 automatically close the communicas-
tion between the air-vessel and the pressing-
ram cases ¢ and open the communication with

70
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the pipe ¢, whereby high pressure is applied

in the pressing-ram cases ¢ and the forging is
subjected to the necessary pressure. ‘The
pumps being stopped, the valves 2 and 3 are
closed and the cycle of operations repeated.
By this arrangement it is only necessary to
pamp Sufﬁeleut water into the air vesqel to
compensate for leakage.

Instead of retmmnﬂ the water to the air-
vessel, as above de&,crlbed the high- pressure
pumps may draw their w ater from an open
tank, and the water from the ram-cases may
be allowed to run to waste. In this case 1t
will be necessary to provide separate pumps
of sufficient capacity for maintaining the
pressure in the air-vessel. - |

I prefer to drive the high pressure pumps
m by a palr of steam or other engines, the
regulating-valve of which may be opened and
eloseﬂ by mechanism so fumnﬂ*ed that theen-
ogines will make any desired number of revo-
lutions or parts of a revolution, and then stop
automatically. For this purposel con’'rolthe
regulating-valve by means of what 18 desig-
‘*hunting-gear,”” the preferred ar-
rangement consisting of two similar screws,
» 8, Figs. 9 and 10, placed with thelr axes
parallel and journaled in bearings at a con-
venient distance apart. One of the screwsis
provided with a hand-wheel, or its equiva-
lent, and may be caused to 10thte on 1ts axis

by an attendant, the otherscrew being rotated .

In a contrary dlrectlon by spur or othel* gear
faking motion from any revolving part ofthe
engines. A worm-wheel, {, mounted between
the screws gears with both of them at once,

and its ‘1}{16 is carried by slide-blocks fitted

in guides. When one of the screws 1s rotat-

ed,the wheel is cansed to turn, the other screw
acting for the time being as a rack, a recipro-
cating motion being thereby imparted to the

935
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wheel-axle forthe purpose of operating the
regulating-valveof the engine,with which the
sald axle is connected by any suitable means.

 Theone screw, r, 1Isturned by hand when it is

10

LS

20

of steam in the steam - chest.

desired to start the engines, the other screw,
s, being driven in the opposite direction by
sSpur or other gear, u, receiving motion from
the engine-shaft, and thus counteracting the

effect of turning the hand-serew and tending

to return the wheel to its normal position,
which corresponds to the closed position of
the valve. By this means the valveis eventu-
ally closed in a longer or shorter time after

the hand-serew is stopped, according to the

distance the wheel was displaced from its
normal position.
through the medium of a friction-cluteh, ¢,
in order to guard against the possibility of the
pumping-engines continuing in motion after
the steam is shut off, owing to the presence
Should the
bumping-engines ‘“overrun’’ the hand-wheel,

- the friction-clutch will be lifted out of gear by

30
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the T-shaped lever connected with the worm-
wheel axle, thus avoiding breakage.

~ The method of working above described is
not limited to the particular press hereinbe-

fore described, but is applicable to other hy-

draulic forging-presses in which one or more

pressing - rams and one or more return or

lifting rams acting in the opposite direction
to the pressing-rams are used.

Having now particularly described and as-
c:rtained the nature of the said invention
and in what manner the same is to be per-

_ formed, I declare that what I claim is—

40
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1. In a hydraulic forging-press, the combi-
nation, with the moving cross-head or tool-
holder, of a rigid arm or tail-piece extend-
ing through the press-head and working in a
vertical -guide above or beyond the press-
head, substantiaily as shown and described, for
the purpose specified. | |

2. In a hydraulic forging-press, the con-
struction of each pressing-ram in the form
of a hollow trunk or cylinder closed at the
inner end, and the combination therewith,

and with the moving cross-head, of a thrust-

rod working on a joint at each end, substan-

tlally in the manner and for the purpose speci-
fied. |

3. The combination and arrangement, sub-

' stantially as shown and described, of the mov-

R

ing cross-head or tool-holder, its central rigid
arm or tall-piece and guide-cylinder there-
for, the pair of pressing-ram cases and rams,
constructed in the form of hollow trunks,

- thrust-rods working on universal joints.be-

60
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tween the rams and cross-head, and the uni-

versal joints between the ends of the cross-
‘head and their guide-blocks, all for the pur-

pose of permitting a slight horizontal devia-
tion or rocking motion of the cross-head with-
out throwing undue side strains on the rams
and guides of the press. -

The secrew s is driven

specified. | - L
The foregoing specification of my improve-

I - 332,504

4. In a hydraulie forging-press, the combi-

nation of the cross-head having a rigid tail-

plece moving in a guide or cylinder, a pair

of hollow pressing-rams acting through uni- '

versal - jointed thrust-rods, guide-blocks for
the cross - heads, with universal joints be-

tween the cross-head gudgeons and the guide-

70

blocks, and a pair of lifting-rams connected | '

by pairs of rods and universal joints to the
gudgeouns of the cross - head, substantially as

set forth. -

5. The compound antomatic valve herein

described, consisting of a tubular plug-valve

controlling the communication of the press-
Ing-ram cases with the low-pressure main, and

30
surrounded by an annular chamber wherein

high-pressure water acts to open the tubular

valve, an Inner spring-loaded valve opening
In the opposite direction to the tubular plug-
valve and controlling the communication of

the high -pressure main ,with the pressing-

ram cases, the parts being constructed, com- -

bined, and arranged to operateautomatically,
substantially in the manner and for the pur-
pose specified.: S

6. The combination, with the floating or

pilot valve composed of a balanced tubular -

plug-valve and an inner or pilot valve com-
bined to operate in the manner described, of
a balancing ram and cylinder in communica-
tion with the space in front of the valve, said

ram and cylinder being of such an area and

S0 applied as to counterbalance the pressure

on the face of the pilot-valve, substantiallyas
| | o  1Cc0

7. The combiration, with a hydraulie forg- -~
Ing-press having pressing and lifting or re-

specified.

turn rams acting in opposite directions, and

of different areas, of an air - vessel, a set ‘of

high-pressure pumps, pipe connections and

valves so arranged and operated that the
cross-head will be brought into working posi-.
tion in the manner described, the working- |
pressure applied by the differential power of -
on the pressing.

high-pressure water acting
ram or rams opposed by low-pressure water

85

;t'os. .

rro

on the lifting ram or rams, and the eross-

head raised out of work by the differential

power of high - pressure water acting on the

lifting ram or rams, and opposed by low -

pressure water acting on the pressing ram or

rams, whereby power is economized, a quick
motion of the cross-head toward and away
from its work is obtained, and the same water
used over and over again, substantially as

ments in hydraulic forging machinery signe
by me this 15th day of April, 1885. . |
Witnesses: .
AL M. CLARK, | |
53 Chancery Lane, London, Patent Agent.
T, W. KENNARD, S
- 53 Chancery Lane, Clerk.
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