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DAVID DAVIES, OF CRUMLIN, ENGLAND.

Letters Patent No. 82.098, dated September 15, 1868.

IMPROVED FORGING-APPARATUS.

i o

The Schedule reforesy 4o in fese Hetters @atﬁtt anb. mking yart of ' the same,

TO ALL WHOM IT MAY CONCERN:

Be it known that I, Davip Davigs, of Crumlin, in the county of Monmouth, England, have invented cerfain
‘new and useful Improvements in Steam-Hammers ; and I do hereby declare that the following is a full, clear, and
exact description thereof. | - o | |

My invention, secured in England by Letters Patent, dated the 24th of August, 1865, and sealed the 20th
‘of February, 1866, consists in rendering steam-hammers capable of delivering blows, not only perpendicularly
to the face of the anvil, but also in directions inclined to the face of the anvil, ag may be required, during the
operation of forging, the hammer at the same time being capable of delivering blows with various lengths of
stroke and of various degrees of force. | | | | . |

I fix the steam-cylinder, which is employed in Work'ing-the hammer, whether by means of an arm or by
direct action, inside of and in firm connection with a horizontal cylinder, the two cylinders having their axes
at & right angle or at any other angle to each other, or they may have their axes in parallel lines to each other.

The horizontal cylinder is so fitted as to be capable of being turned round on its-axis in suitable bearings,.
1n a vertical plane, and so carry with it the steam-c¢ylinder and hammer, and the hammer is by this means ren-
dered capable of delivering its blows in various directions. | o . |

* The horizontal eylinder may be turned round in the bearings by various means, whether by levers or qtl}er-'
Wise, Which means can be placed under the control of the smith or other person using the hammer.

I place the steam;chgst- at right angles to the axis of the steam-cylinder, the steam-chest being fitted with
common cylindrical equilibrium-valves, and I work the valves by an internal link or eccentric-cam, which is
actuated by, a stud projecting from the piston-rod. | o | |

The internal link is fitted with a sliding plate at each end, by-means of which I regulate the length of
stroke and vary the force of the blows to'suit the size and nature of the forging. o

If preferred, water or compressed air may be used, instead of _steam,jto actuate the piston-

Where the hammer is worked by an arm, I'fit the socket supporting the arm so that it can be raised or
lowered, relative to the centre of the horizontal cylinder by which it is supported, to sait the various sizes of
forgings. | | | I o

1 also, where an arm is used, support the bearings on which the horizontal cylinder rests, either on a bed-
plate, fixed to the floor, or on the piston of a hydraulic ram, or on some other arrangement of machinery by
means of which the horizontal cylinder can be raised or lowered for the. purpose of varying the angles of
blows. in relation to the face of the anvil, and the ram or other machinery can be so constructed that the hammer
may be brought to bear on any number of anvils placed at equal distances from the centre round which the
hammer turns. o - | | - |

Having thus set forth the nature and object of. my said invention, I shall endeavor more parcicularly.to
describe the same, and in order thereto'I shall refer to the accompanying sheots of drawings, on which the

samé letters refer to the same portions on the different figures, thus:
_Figu'r'es 1 and 8, 4 and 9, show vertical and horizontal sections of the apparatus.
Figure 3, front view,.showing the hammér up.
Figure 5, front view, showing the hammer striking horizontal blows suitable for upsetting.
Figure 6, frent view, showing the hammer in position to strike at an angle of forty-five degrees.
Figure 7, Drawing No. 5, shows*plan as arranged for four anvils. | |
Figure 10 shows end view of fig. 8. | | |
Figure 11, Drawing No. 3, elevation with steam-cylinder, shown dotted at an angle of thirty degrees,
inclined to the axis of the horizontal eylinder. | | | |
- “Figure 12, plan of same. | | | N
Figure 13, part elevation, with steam-cylinder in section, showing mode of striking at an angle to the face
of the anvil. | - |
- Figures 14 and 15 show vertical and transverse sections of a direct-acting hammer.
‘Figure. 16, Drawing No. 4, shows enlarged gectional elevation of the internal link.
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Figure 18, plan of same.
Figure 17, section of same.

A shows:a =ver-tfca;1'st'e;:a,m-—ajrl-inder, (but ¢ompresged air or .iirfa.t;,erfma.y'be-émﬁlﬁyed to aﬁﬁﬁﬁf&-th& ﬁmﬁ, if. -
thought preferable to steam,) which eylinder is of. the kind l'niqwil.f'h.sf ddubie.zﬁ?cbiﬁg, and may be cast’ inside at
& right or any other angle to the axis of the horizontal cylinder, as shﬁ.w_ﬁ:in“dra_.#ing; which shows the hori-
~zontal cylinder so formed as-tp contain within it the stedm-cylinder, ‘steam-chest, inlet, oﬁtlgft,n_and all the.
necessary induction and eduction-ports, cast in one piece; but the.steam-oylinder may be so formed by ¢asting
. it separately and placing it inside the horizontal cylinder, but I prefer the method shown, for simplicity.
- -'Phe. horizontal cylinder is g0 fitted that it can be turtied around in its bearings in a vertical’ plane in
- either direction, and so carry with it tho steﬂ.m_écjtlihdgr;d-h’a.mméri and hammer-arm, for the purpose. of ‘causing -
~ the blows to be struck to radiate from the centre or face of the anvil, as may be required during the operation”
of forging. T
. The steam-cylinder is shown on Drawing No. 1, with its axis at right angles to the sxis of the borizontal
- cylinder, but this may be altered, if necessary, by placing. the axis of thé steam-cylinder at any other angle to =
the axis of the horizontal oylinder, as shown in Drawing No. 8, fig. 11, on which the steam-cylinder is shown
- with its axis placed at an angle of thirty degrees, inolined to that of the horizontal eylinder, or it may be placed
- parallel to the axis of the horizontal cylinder, as shown on Drawing No, 8, fig. 18, | :

r

&

The horizontal cylinder can be revolved in its bearings in either direction for the purpose of ‘varying the .

- angle of blows.to be struck on either the right or left hand of the smith, either by a light chain fastened in a
groove; P, cast in a flange on the horizontal cylinder, and connected to the short end of ‘the lever, which lever
- is within reach of the smith, and is Bupp'nrted by a light pillar standing on the gland B’ of ths. horizontal -

o . .

- eylinder, as:shown in Drawing Nb'.'f?s;; fie, 11, or, where the horizontal cylinder is supportéd o4 hydraulic ram,
it may be-turned in its bearings by placing a light chain in the groove; and passing it over a. pulley:or pulleys,
‘o, bring it within the reach of the smith, who ‘can vary the angles by simply dropping the chain on s _stud

. illel'arf.tlieL’z_mv_il;_;:ts,it will be seen that if ‘the end of the chain is’held by the stud while the pressure is turned

“under the hydraulic ram, it will cause the horizontsl cylirider to revolve in its bearings, and at the same time

vary the angles of blows to be struck; or it may be revolved by a treadle or by a hand-wheel, as shown in

- fig. 15, Drawing No. 8, or otherwise by a separate cylinder or piston, 6r it may be fevolved by causing the

| Piptqnftod-of the steam-cylinder to actuate o pawl or ratchet, as shown 1n Drawing No. 2, fig. 10.. The piston.
i of:_'tﬁg;_ordinagy constraction, and the piston-rod is slotted to receive the hﬂmp:iar-a.'rm; whick plays in the
glot, and the two are connected by a crossstud or pin, G, secured to_the piston-rod, the hole in the hammer-
~ arm, through whick the stud or pin passes, being clongated, as: shown by dotted lines in fg..8, to" give the "
~ required play. = The stud or pin G projects from one side of the piston-rod into s com-formed opening:in the .
link, to operste the valve, as shown in figs. 8 and 9. ‘But thts mode of counecting the hammer-armt with.the |
. piston. may -b?eicha.n'ge&"_in -#ar.ioua_;ways;.'as', for ;ihStﬁncég in Figures 1, 4, 17, and 19, in which ft‘l:ija hammer-arm is
“connectéd with the piston by a jointed link, which i3 free to vibrate within a hollow pistan-rod called 3 “trunk.”

It ‘will be undérstood that the mode of connecting the hammer-arm with the piston may be. greatly varied,
as it imakes no part of my invention. - ' | - D
' C, steam-chest, which is shown at right angles to the axis of the steam-cylinder, but it may be placed in-
any other position, if preferred, and is fitted with a cylindrical valve, D, but any other form of valvé may be
used, if preferred, and may be worked directly, or otherwise, from an internal link, E, which link is actuated by
a stud or.pin, @, projecting from the piston-rod, or the link may be made to move. with the piston-rod, to give
lateral motion to the stud on the valve-spindle. ¥, steam-inlot; B port leating to top of piston; F° port
leading to bottom of piston; F’ exhaust, which port communicates with thie pipe F* F* This pipeis made double;
by casting a diaphragm, represented in figs. 4 and 9, in the inxide, which makes it serve the double purpose of |
a steam and exhaust-pipe. T . o o
©The in_té_phﬁl link E-and stud G serve to make the machine.self-a'cﬁlng; by s# cpﬁuell'ing'the,;n}_a‘ih_valw';; _
“the height of fall of the hammer, and consequent force of the blows can be regulated'to any degree of nicety
by the smith or-éther person using'the hammer.. L P
The above-mentioned intérnal link is made the exact length, corresponding to the full length of the stroke.
—of the piston, plus*th'e clearance at each end of the cylinder, for the purpose of working the piston to its fall
length-of stroke. But it is fitted with a sliding plate, II, ot ‘each end, which sliding plates ﬂxre',ﬂﬂ'.ﬁfg?d tha.t
-they can be-nioved or adjusted to any reguired position, either from the topor bottom of " the li_l’-}k_f,--foy"-'t;lle pur-
pose -of so. actuating the main valve as t_:j"ttol'k' _t-h%c_pistou through any 'fracbioﬁ of the stroke,‘either from the
‘t'op‘.'o';-'bﬁttom of the eylinder:™ | . L :_ L P
o | These sliding ﬁl'n.tes'H can be ﬁiovéd"_or '_z}t_ij_us_te{l to any '1'_051;1'irﬂd,-1‘)0531:3911, 'b,’S’“_._ﬂl%“‘Q?@:,'ﬁ_%ﬁ shown__:_;ni ._
Drawiig No. 4, figs. 16 and 18, or they cait be moved by cutting teeth.in each plate, to allow a:pinion to work-,_‘
‘therein, or they midy be inoved by any other means, if preferable to-the modes'_espl‘ﬂg;ed‘ e |
The above-naumed sliding plates, by being moved up or down, which may be- d’t;,_l_m_';q's‘Za'bq.?;d..7_111_;(3'5'0.1'11)13{1, 50

actuate the main valve as to admit, suppress, and release the stéam at any 1cqumdfmntmrmfthcstroke The

gaid form of link may, hoewever, be made solid, that is, _bhe~-slidd;plntes may- be ﬁiap‘éhaed‘lwith, 1f' .;l'cdt}ﬁsnl'?rl
Where the hammer-avm is supported on a movable or adjustable pivot, Ifix the pivot in a oyrought-iron

"1t supports the liammer-arm, as shown in drawings 1 and-3, figs. 1, 11, and 13, and this socket

socket, K, which supports the . _. _ L and-9, hg 1, and ‘ | 1
is so fitted that it can be raised ov luwered; to suit the various-sized forgings, by means of the hand~-wrench K'.

Thus, if a picce of iron, say, four inches in- diameter, 1s réaunifed to bLe forged round-and true, without

swages, the fuleram of the hammer-arm must deseribe a cirele of four inches.. The' hammer-pivot W ould in -
this case stand two inches above the centre of the hovizontal cylinder, and would consequently, if the horizon-~
tal cylinder were rotated, describe a circle of four inches in diameter on the

anvil, as the distance of the stud-
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pin (on which the hammer hinges) from the centre of the cylinderswould become the radius of the circle described
by the hammer-face upon the face of the anvil in all cases, and this distance can be varied at pleasure by the
hand-wrench K, which works on a thread formed on the top of the socket, for the purpose of altermg the pomJ
tion of the stud relativelv to the horizontal cylmder, a8 before stgted.

L is an annular hydrauhc ram, which raises and lowers the hqrizontal oyhnder with its hammer and arm,
for the purpose of striking level blows on any given thickness, and also for varying the angles of blows to the
face of the anvil. The top of thisram is so formed as to become the bottom bearing of the horizontal cylmder,-
and is so fitted that it can be turned around in a horizontal plane, to suit any number of anvils arranged at
equal distances from the centre, as shown in Drawings No. 5, fig. T, arranged for four anvils.

If thought preferable to fixing the horizontal cylinder on the tep of a hydraulic ram, or some other suit-
‘able machinery, for the purpose of raising and lowering the steam-cylinder, as just described, it may te made
as shown in Drawing No. 2, figs. 8 and 9, which show the bearing of ‘the horizontal cylinder fitted into a cast-
iron bed-plate, marked M, whlch iz secured to the floor of thesmithy, The horizontal cyhnder can in this ease
be turned around in its bearihgs by chains, levers, or otherwise, or it can be revolved by causing the piston-rod
to actuate a pawl, which works into ratchet-teeth cast on the gland of the horizontal cylinder, as shown in
Drawing No. 2, fig. 10. B n | '

N! is an inclined slot formed in the piston-rod, for the purpose of giving lateral motion to the slide-block
which carries the pawls. These pawls work in the ratchet-teeth N?% formed in the gland B of the horizontal
cylinder, and so cause the horizontal cylinder to revolve to any desired angle. Then the pawls are-disengaged
from the ratechet-teeth by hand, and, as the hammer in this case is only capable of varying its blows on either
the right or left hand of the smith from a vertical line, and as it will bo often necessary to strike blows at any
~angle from a horizontal line, the face of the anvil-block may be made with bevelled divisions, as shown .in figs.
11 and 12, which anvil-block can be moved laterally; by a serew or otherwise, so as to bring the required bevel
directly under the hammer-face, thereby rendering the hammer capable of striking blows at-given angles from
s horizontal line; or the anvil may be so fitted that it can be turned around on its centre in a horizontal plane,
80 as to bring any required swage-hole directly under the hammer-face. The horizontal eylinder may in this
case be so fitted in its bed-plate that it can be turned around in a horizontal plane, to suit any number of anvils
placed at equal distances around the centre, as shown in Drawing No. 9, fig. 7.

I! is the hydraulic cylmder which is made annular, for the purpose of allowing the steam-pipe F! to pass
through. The steam-pipe is in this case fitted with a gland and stuffing-box, to permit the steam-pipe to be
raised and lowered with the steam-cylinder; or, in other words, the steam-pipe is made telescopic inside the
annular space of the hydra.u]ic cylinder, as shown in Drawing No. 1, fig. 1; or the ram may pass through the
bottom of the cylinder, to receive the steam-pipe which connects the steam-chest with any suitable boiler.. -This
Eteam-plpe has s branch-pipe, EY, providéd with an admission-valve, 0, for the purpose of putting the hammer
in action, which valve I place near the anvil, for the purpose of being actuated by the smith’s foot, as shown in
Drawing No. 2, figs. 8 and 9..

Where the hammer is arranged for any number of anvils, I place'a foot-valve near each anvil, as shown in
plan for four anvils, fig. 7. The hammer may be moved from one anvil to the other, cither by hand or by a
separate cylinder or piston, or by any other separate machinery.

The above arrangements are also applicable to working & direct-acting hammer, as shown in Drawmg No.’
8, figs. 14 and 15, in which it will be seen that the steam-cyhnder A is cast ms:de, at a right angle to the axis
of the horizontal eylinder B, and the steam-chest C is at right angles to the axis of the steam-cyhnder, and is
fitted with an equilibrinm- valve, D, which is worked direct by an mterna.l link, actuated as before described.

It will be seen that this hammer can be moved to any desired angle, from a vertical to a-horizontal line, by
cither of the modes explained for revolving the cylinder of & pivot-hammer, or it can be revolved by a hand-
wheel, I, which gives motion to a pinion working into teeth cast on the horlzontal cylinder, as shown, or it may
be otherwise revolved by a separate hydraulic or steam- cylmder. |

Having now fully described and illustrated my said invention, together with the best means I am acquainted
with for carrying the same into pragtical effect, I wish it to be undgrstood that I do not confine myself to the
precise forms, dimensions, or relative proportions hereinbefore mentioned or referred to, as they may be.consid-
erably varied without depar tlnﬂ' from the principle of my invention; neitherdol claim the use of the equilibrium-

valve; but
What I claim as my invention, and desire to secure by Lctters Patent, is—

1. The steam-cylinder and piston, connected with the hammer-arm, so as to operate the same, in combina-
tion with the horizontal eylinder, arranged so that it can be turned, and in which the steam-cylinder is mounted,
substantially as deseribed, so that the direction of the blows, relatively to the face of. the anvil, can be changed.

2. The steam-cylinder and piston, connected with the hammer-arm, so as to operate the same, and mounted
in the horizontal eylinder, arranged so that it can be turned, to change the direction of the blows, rclatwely to
the face of the anvil, substa: IEI{LHV as deseribed, in combination with the hydraulic ram, for raising and lower-
ing the same, to adapt it to articles of various thickuesses or height, substantially as described.

3. Connecting the horiz»utal eylinder with its base, so that it can béd turned in a horizontal plane, in com-
bination with the steam-cylinder and piston connccted with the hammer, substantially as and far the purpose

described.
DAVID DAVIES.

Witnesses: |
Trnosz, II. Pyrr,
Joux V. Kxare.
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