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JAMES ROBERTSON, OF MANCHESTER, ENGLAND.

METHOD OF AND APPARATUS FOR FORMING METAL ARTICLES.
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To all whonr it may concern:
Be it known that I, JAMES ROBERTSON, a

> subject of the Queen of Great Britain and
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Ireland, residing at Manchester, Lancashire,
England,have invented certain new and use-
ful Improvements in Methods of and Appa-
ratus for Forming Metal Tubes, Tubular and
Hollow Articles, Rods, Bars, Wires, and Plates,
(for which I have obtained British Letters
Patent No. 19,356, dated October 14,1893,) of
which the following is a specification.

Thisinvention relates tothe manufacture of
metal rods, bars, tubes, tubular articles, plates
and wires, by a drawing operation involving
the movement of the mass of metal from which
the finished article is to be made through a
die of smaller cross-sectional area than the
blank or mass of metal, the die compressing
and forming the metal as the latter moves
through it.

The invention has for its object to form
metal articles by a drawing operation, with-
out injury to the article being formed or to
any part thereof by the pressure against it of
the appliance used to impart the motion
which carries it through the die, and without
the employment of complicated and expen-
sive mechanism.

Theinvention also has for its object to form
metal articles by a drawing process, and at
the same time prevent the drawing die and
other appliances used in connection there-
with from becoming unduly heated, and to
keep said die and the metal acted on thereby
constantly lubricated during the drawing op-
eration. ‘

The invention also has for its object to en-
able tubular articles to be formed by a draw-
ing operation, in such manner as to obviate
liability of breaking the tube crosswise dur-
ing the forming operation.

The invention consists, first,in compressing
and forming a metal article by confining the
blank or partially-formed mass of metal at
the entrance to a drawing-die, and forcing a
liguid against and around the length of said
metal under sufficient continuously supplied
pressure to push it through the die and thus
impart to the cross-section of the metal the
form of a die, the liquid pressure acting to
force the metal forward without involving
any injury to the completed article or any

part thereof by the force used in driving the
metal through the die.

The invention also consists in certain im-
provements in apparatus for compressing and
forming metal articles, coniprising a contain-
er, having a liquid-inlet, and an outlet formed
as a drawing-die adapted to compress and
form a mass of metal forced into it from the
container, the arrangement being such that
a blank or mass of metal placed in the con-
tainer with one end presented to the die will
be forced through the die by the pressure of
aliquid introduced into the container through

_said inlet. :
The invention also consistsin certain other

improvements employed in connection with
the said container and drawing-die, all -of
which I will now proceed to deseribe and
claim. :

Of the accompanying drawings, forming
part of thisspecification: Figure I represents
a horizontal section, showing a container pro-
vided with an outlet formed as a drawing-die,
and withaliquid-inlet,in accordance with my
invention. Fig. 2 represents a side elevation
of the construction shown in Fig. 1. Fig. 3
represents an end elevation,showing the plate
or head that secures the die to the container.
Fig. 4 represents a rear end elevation of the
container. Fig. 5 represents asection online
5—> of Fig.2. Fig. 6 represents aside view of
the mandrel shown in Fig. 1, after the comple-
tion of the forming operation, the completed
tube being shown in section on said mandrel.
Fig. 7 represents a sectional view and Fig.
8 a side elevation, showing the container,
and means for supplementing the action of
theliguid and aiding the same in moving the
metal through the drawing-die. Figs. 9 and
10 represent respectively front and rear end
elevations of the construction shown in Figs.
7 and 8. Fig. 11 represents a sectional view
and Fig. 12 a side elevation, the former show-
ing a blank closed at its forward end, and a
mandrel having a liquid-channel to permit
aceess of the liquid to the closed end of the
blank. Fig. 13 represents an elevation of the
forward end of the construction shown in
Figs. 11 .and 12. Fig. 14 represents an end
view of the mandrel shown in Fig. 11. Fig.
15 represents a sectional view and Fig. 16 an
elevation, the former showing the container
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provided with a fixed mandrel adjustable
from the rear end of the container. Fig. 17
representsan elevation of the rearend of the
container shown in Fig. 16. Fig. 18 repre-
sents a vertical section and Fig. 19 a top plan
view, showing a container, and a mandrel
which is rigidly supported outside of the con-
tainer. TFigs.20and 21 represent respectively
rear and front end elevations of the construc-
tion shown in Tigs.18 and 19. Fig. 22 repre-
sents a horizontal section, illustrating the con-
struction shown in Figs. 18 and 19, and show-
ing the position of the parts at the completion

~of'the drawing operation. Fig: 23 represents
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an elevation and Fig. 24 a sectional view,
showing a different arrangement of parts
from that shown in the preceding figures.
Fig. 25 represents an elevation and Fig.26 a
sectional view, showing another modification.
Fig. 27 represents a rear end elevation of the
construction shown in Figs. 25 and 26. Fig.
98 represents a section on line 28—28 of
Fig. 24. Tig. 29 represents a front end ele-
vation.of the construction shown in Fig. 23.
Figs. 30, 81, 32 and 33 represent side views of
dies having differently-shaped forming ori-
fices. Figs. 84, 35 and 36 represent sectional
views, showing means for effecting the re-

moval or disengagement of a tubular article.

from the mandrel over which it is formed by
the liquid pressure. Figs. 37 and 388 repre-
sent a modification of the matter shown in
Tigs. 34, 35, and 86. T'ig. 39 represents atop

view, partly in section, and Fig. 40 a side:

view, showing means for rotating the article
being formed and the mandrel during the

forming operation. Fig. 41 represents a sec-
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tional plan view and Fig. 42 a side view,
showing a different form of breech-plug and
a different construction of die.” Fig. 43 rep-
resents a sectional view, showing principally
certain -modifications in the form and con-
struction of the container. Fig. 44 represents

43, Tig. 45 represents a side view and Fig.
46 a sectional view, showing certain modifi-
cations in the form and arrangement of the
container. ’

The same letters of reference indicate the
same parts in all the figures.

In the drawings: A represents a container
or receptacle, of strong construction, adapted
to sustain the high pressure of aliquid intro-
duced into it,as hereinafter deseribed. The
containerisof elongated form, and its interior
cavity or chamber is formed to correspond to
the general shape of the blank or mass of
metal tobedrawn. The container has at one
end a discharge opening, through which the
metal passes. At said opening is located a
drawing-die B, which is or may be a plate
of suitablemetal,such ashardened steel, hav-
ing an orifice, the walls of which are shaped
to give the desired form to a mass of metal
forced through the die, as usual in the opera-
tion of drawing-dies. The die constitutes, in

effect, the outlet of the container, it being se-

cured to the container in such manner that
when ligquid pressure is maintained within
the container, the only outlet will be through
the die. In the simplest form of apparatus
embodying my invention, the die is or may be
secured to the container by means of a head
or plate E, which is secured by bolts B’ to a
flange A’ formed on one end of the container.
The plate B is thus removably attached, so
that the die may be at any time removed and
another one substituted for it, the die being
placed loosely between the flange A’ and plate
E. A water-tight joint may be maintained
between the-die and the container, by means
of a packing-ring or washer B’ (Fig. 1) of
leather or other suitable material. o

G represents a pipe, communicating with
the interior of the container, and adapted to
conduect a liquid into the same. Said pipe is
preferably connected with a hydraulie -accu-
mulator, loaded to give a-sufficiently high de-
gree of pressure to the liquid to cause the lat-
ter to push a blank or mass of metal inserted
in the container through the die B.

In drawing tubular articles.in aceordance.

with my invention, I employ a tubular blank
C, which is placed upon amandrel D, the lat-
ter being arranged to co-operate with the die
in compressing and shaping the blank into a
tube of the desired form. Theblank may be
inserted loosely in the containerand adapted
to be moved through the die by the liquid-
pressure, as shown, for example, in Fig.1; or
it may befixed or rigidly supported, as shown,
for example, in Figs. 15 and 18. When the
blank is movable, as shown in Tig. 1, the
pressure of the liquid in the container is ex-
erted both on the mandrel and on the blank
C, and both are forced together through the
die, the mandrel moving somewhat more rap-
idly than the metal blank and supportingthe
metal within the.die, the result being that the
metal is drawn and elongated into a tube C’,
which at the end of the operation is disposed
upon the mandrel as shown in I'ig..6. The
blank may be engaged with the forward end
of the mandrel by meansof an internal shoul-

der, formed originally on the forward end of

the blank, and engaged with anexternal
shoulder on the forward end of the mandrel,
as shown in Figs. 1 and 6.

It will be seen that,if the die has aninter-
nal diameter of three and one-quarter inches
(84""), its cross-sectional area will be abont
eight (8) square inches. Assuming this to be
the case, and assuming further that the inter-
nal diameter of the container isfour and one-
half inches (43'”), and that the external diamne-
ter of the mandrelisthreeinches (3’"),and that
the external diameter of the blank is three
and one-half inches (34’/), it will be seen that
a propelling liquid at a pressure of about five
(5) tons to the square inch will exert a pro-
pelling force of forty (40) tons on the man-
drel and blank, and will move both forward
through the.die, causing the blank to be
drawn into the desired form and expelled in
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the form of a completed tube from the. con-
tainer. \
In Figs. 7 and 8, I show an adaptation of

my invention to the drawing of a solid rod of |

iron from a blank C5 the container and die
being of smaller diameter than in the figures
before described, no mandrel being employed.
In this case, if the die have an internal di-
ameter of one and one-eighth inch (1¢7), its
cross-sectional area will be about one (1)
square inch. The internal diameter of the
container being one and one-half inch (14"),
and the diameter of the blankone and three-
sixteenths inch (14’’), liquid pressure of
about sixteen (16) tons to the square inch
would be suitable, it being preferable to em-
ploy a pressure which will not exert a cerush-
ing force upon the metal. As the crushing
resistance of wrought iron is about eighteen
(18) tons to the square inch, a pressure of
sixteen (16) tons would be suitable. - It will be
seen that the liquid surrounds the blank in
the container, and is in direct contact with
the blank up to the point where the latter
touches ‘the die, hence the liquid lubricates
the die and the metal passing through it,
and thus facilitates the passage and forma-
tion of the metal. If desired, the die and
blank, in this modification as well as in

.other forms described in this application,

may be greased before the operation. For
more complete lubrication than can be fur-
nished by the preliminary greasing and by
the action of aliquid which is not oleaginous,
the impelling liquid introduced through the
pipe G may be oil, in whick case the great
pressure employed would cause the oil to

" penetrate the metal to some extent, thereby
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insuring very complete lubrication.

In the modifieation shown in Figs. 7 and 8,
the force of the liguid may be supplemented
by an external pulling force, which may be
exerted by meansof a hydraulic piston-rod
N2, eonnected by a chain N® with the forward
end of the rod C% said forward end being
screw-threaded, as at C® (Fig.7) and engaged
with an internally-threaded socket M, con-
nected to the chain N% The hydraulic pis-
ton-rod works in a hydraulic eylinder, and
may be actnated in the usual way to exert a
pulling foree upon the metal passing through
the die. In this modification, the' hydraulie
cylinder N is connected to the container by
means of a stay-rod O, engaged with lugs N’
and A8, formed respectively on the eylinder
N and container A.

The figures above described constitute em-
bodiments of all the fundamental features of
my invention, the constructions hereinafter
described showing various adaptations of my

. invention to special uses, and various alter-

65‘

native constructions that may be employed
for the uses already described.

It will be seen that, among the advantages
resulting from the drawing of metal articles
by pushing the same through a drawing-die

by the pressure of a liquid in direct. contact
with the metal, are the following:
First. The work iscontinuously lubricated.
Second. No mechanism isrequired to effect
a return-motion, as in the ordinary forms of

. draw-benches, it being necessary only to shut

off the impelling liquid after the drawing op-
eration has been completed, thus preparing
the container for a fresh operation,

Third. There is no possibility of injury to
the finished article by the contact therewith
of appliances used to impart motion to the
metal. Heretofore it has been necessary to
subject some part of the completed metal ar-
ticle tocontact with some rigid appliance used
to impart motion thereto, such contact chang-
ing the form of that portion of the metal with
which it comes in ‘contact, thus to some ex-
tent damaging and distorting thearticle. The
pressure being in this case wholly effected by
means of a liquid, there can be no distortion
or change of form of the article excepting
that resulting from the action of the die.

TFourth. The forward pushing preéssure of
the liquid upon the metal supports the metal,
and obviates any liability of breaking the
completed article transversely in the die, a
liability that exists in the operation of ordi-
nary draw-benches, particularly in drawing
tubular articles. : :

Fifth. Greatrapidity of action is attained,
in consequence of the lubricating, cooling and
supporting action of the liquid. ‘

I prefer to provide the container with two
liquid-inlets, one being .the inlet G already
described, for liquid under the high working
pressure; the other being-a pipe H, which is
connected with a source of liquid supply ata
relatively low pregsure, sufficient only to prop-
erly fill the container and the interstices be-
tween the container and the blank, and be-
tween the blank and the mandrel in case the
blank is slightly larger than the mandrel,
which Iconsider preferable. The pipe H may
be connected with any suitable source of wa-
ter-supply, such as a cistern. In the opera-
tion of the apparatus, liquid is first intro-
duced under low pressure through the pipe
H, and afterward the high pressure liquid is
introduced through the pipe G, one object of
the employment of the pipe H being to.in-
sure the filling of all parts of the container
with a liquid before motion is imparted to
the blank through the die. ‘

A convenient means forsupporting the con-
tainer A is shown in Figs 2 and 5, the same
comprising stands or bracketsI1’, having an-

_gular seats or recesses I*in their upper por-

tions, and correspondingly-shaped -blecks I8
secured to said brackets by bolts I¥, the seats
I* and blocks I® being formed to bear upon the
cylindrical surface of the container at feur
points, as shown in Fig. 5. The bolts I* per-
mit the blocks I® to be adjusted and thus
adapted to containers of different diameters,
so that the supporting-means will suit various
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containers within a considerable range of ex-
ternal diameters, it being desirable to provide
several sizes of containers, adapted for .as
many sizes or varieties of work and readily
interchangeable, each container, particularly
in the smaller sizes, being of but small ex-
pense:

In Fig. 11,1 show the blank C closed at its
forward end by means of a screw-threaded
plug C?, inserted in. an internally-threaded

-soeket C¥formed by slightly reducing and tap-

ping the forward end of theblank. Thehead
thus formed receives the pressure of the liquid
in. the container. I employ in this case a
mandrel DS which has a greater cross-sec-
tionalarea than the die,so thatitcannot pass
through the latter, and is placed loosely in
the container, its forward end D2 being suit-
ably hardened and beveled, so that it can par-
tially enter the die, as shown in Fig. 11. The
mandrel D¢ is self-adjusting, and finds its
proper place in the die, and serves to co-op-
erate with the die in gripping and drawing
the walls of a tubular blank, without being
held in position by any means except the
blank and the liquid pressure which is:ex-
erted upon therear end of the mandrel. The
mandrel has a channel D* passing through it,
to permit the water to gain ready access to
the head C3,
liguid exerted on the head C® may be regu-
lated by means of a throttling or adjusting
valve D5 as shown on a larger seale in Fig.
14, said valve being insubstance a serew, hav-
ing slots or channels in the periphery of its
tapered head, and arranged so that when
tarned in one direction it will contract the
flow of water to the channel D%, and when
turned in the opposite direction will increase
said flow.

In Figs. 15 and 16, I show a wandrel D7,
affixed to an elongated stem-rod DS, therear
end of which is engaged with a breech-plng
F hereinafter described, affixed to the rear
end of the container, so that the mandrel is
rigidly secured relatively to the die during the
drawing operation. The blank has the head
(O3 described in connection with Figs. 11 and
12, the liquid having access to said head
through orifices D? in the mandrel. The
breech-plug F forms part of a stuffing-box
F4, which includes a stuffing-nut F° through
which the mandrel-rod D? passes, the rod be-
ing secured to the stuffing-nut by means of a
nut DY, engaged with the threaded rear end
of the rod D3. By adjusting the nut DY, the
mandrel may be adjusted as to its projection
into the die. This provision for adjusting
the mandrel enables the thickness of the tube
to be varied within certain limits, using the
same die and mandrel.

The container is provided in every case
with a supply-opening, which is preferably
located at the end of the container opposite
the die B,said opening being of sufficient size
to receive the blank and-the mandrel when

the mandrel isemployed. Aremovable water-

The strain or pressure of -the

tight closing-piece or plug isemployed to close
the supply-opening during the drawing oper-
ation, the plug being removed to permit the

ingertion of the blank or the blank and man-

drel. :

In the figures already described, the clos-
ing-piece for the supply-opening is shown as
a screw-threaded breech-plug F, engaged with
an internal thread formed in a seat or en-
largement A? at the rear portion of the con-
tainer,said plug being alsoshown as provided
with an enlargement F? and a shank F2to be
engaged by a wrench orturning-key, whereby
the plug may bescrewed into and out of its
operative position. ‘A packing-ringor washer
¥’ may be placed against the inner side of
the enlargement F? to insure a tight joint
when the plug isscrewed to place.

Figs. 18 to 22 inclusive show an embodi-
ment of my invention, in which different
means are employed for detachablysecuring
the breech-plug, and in which the mandrel is
supported by a stem-rod D', located outside
of the container, and arranged so that the

~completed tube when ejected from the con-

tainer will rest upon the said stem-rod. D
The said stem-rod rests againstan abutment-
plate 1%, which is supported by a bracket IS
the latter having sockets 1% If, which receive
stay-rods O’ O, said rods being also engaged
with sockets A? A% formed on the container
A. The abutment I°is removable from the
bracket 15 a seat being provided on said
bracket for the abutment, so that abutments
for different stem-rods may be used inter-
changeably. In this case, F*?® represents the
breech-plug which is not screw-threaded, and
is formed to slide in a socket or seat formed
to receive it in the rear portion of the con-
tainer, the plugbeing therefore adapted to be
pressed backwardly or outwardly by the lig-
uid-pressure in the container. The plug is
provided with a cup-leather packing F% se-
cured to it by a plate F¢ and serew FY, said
packing being arranged to be expanded
against the seat in whieh the plug is mov-
able by the liquid-pressure, so that said press-
ure maintains a tight joint around the plug.
The plug is held in position by means of a
eross-head or holder Q, which is secured to the
container by means presently described,and
a movable abutment P interposed between
said holder and the plug. The holder or eross-
head Q has an opening Q' (Fig. 22) slightly
larger than, the plug, so that the latter may
be removed through said opening by means
of a handle I when the abutment P is not
in place. The abutmient P isin this case piv-
oted to oscillate on a stud I7, affixed to one of
the supporting brackets of the container,and
is provided with a weighted portion P/, which
is arranged to normally hold the abutment
in its operative position between the breech-
plug and the holder or cross-head Q. When
the abutment is in said position and theliquid
pressure is exerted in the container, the plug
is forced backward slightly, thus causing a
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similar backward movement of the abutment
and of the cross-head or holder Q. Said cross-
head is connected by means of sliding stay-
rods B R’ with the die-holding plate E, said
stay-rods passing through and being adapted

to slide in sockets formed on the supporting

brackets I I. The die B is in this case sepa-
rable from the container,and adapted to move
slightly toward and from the seat B’ formed
at the discharge end of the container. The
backward movement of the plug caused by
the liquid pressure therefore moves the die B
backward sufficiently to tighten the joint at
B’. When the liguid-pressure is removed,
the plug is free to move forward sufficiently
to release the pressure on the abutment Q
and permit the latter to be readily swung
aside to permit the removal of the breech-
piece, prior to the insertion of a new blank.
When- the blank has been inserted, the abut-
ment is returned to place and the operation
above deseribed is repeated.

The liquid introduced through the pipe H
at a low pressure fills the container, and has
sufficient pressure to move the plug back-
wardly, thus tightening the parts, as above
deseribed.

The main advantage of the described means
for supporting the breech-plug, in connection
with the liquid-pressure for effecting thedraw-
ing operation, is the practical release of the

" breech-plug so that it can bereadily removed
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when the liquid-pressure is discontinued, and
the immediate rigid support of the breech-
plug when the pressureisapplied. The mov-
ability of the die B,and the tightening of the
joint between it and the container by the
backward movement of the breech-plug are
incidental to the object above mentioned, the
die constituting a convenient means for lim-
iting the backward movement of the plug-
supporting holder or cross-head.

I also show in Figs. 18 and 22 a removable
piston 8, which is placed in the container
against the rear end of the blank, and is of a
diameter preferably about equal to that of
the blank, the rear end of said piston being
closed, and constituting a head of consider-
able area against which the pressure of the
liquid isexerted. Thepiston-pieceS enables
the drawing operation to be performed with
the propelling liguid at a much lower press-
ure than would otherwise be possible, there
being no movable mandrel. This arrange-
ment is particularly adapted to the produc-
tion of lap-welded iron tubes in a cold scate.
The eross-sectional area of an ordinary lap-
welded iron boiler-tube three and one-half
inches (34”") in diameter is usually equal to
two (2) square inches. By using the propel-

ling liguid at a pressure of sixteen (16) tons
to the sguare inch, a drawing force or press-
~ure is exerted on the blank of thirty-two (32)
tons, which, with the forced lubrication caused
by the impelling-liquid, is sufficient to cold-
~draw lap-welded iron tubes, a result which I

believe has not been accomplished heretofore.

‘the container.

In Figs. 23 and 24, I show a modification,
in which the supply-opening of the container
is at the forward end, namely, the end where
the die is located, the die being in this case
affixed to a holder E5, which is pivotally
mounted upon a stay-rod RS, so that it can
swing to and from its operative position, as
shown in full and dotted lines in Fig. 29. The
holder E° is provided at one end with a seg-
mental slot I, which, when the holder is in
its operative position, receives a stay-rod R,
the holder being interposed between a shoul-
der R? and a nut R® on said rod, as shown in
Fig.24. The rods Rfand R7are fitted toslide
in sockets formed in ears A7 A% on the con-
tainer A, the rear ends of said rods being con-
nected with a cap-piece U, which is fitted .to
slide upon a seat A2 formed on the rear end
of the container. The die B, its holder ES
the rods R® R7 and the cap-piece U have an
endwise sliding motion upon the container,
of sufficient extent to permit the die to enter
and leave a socketed seat or bearing B® at
the forward end of the container. The cap-
piece U has an inlet-pipe US, screwed into a
socket U% in said eap, through which the lig-
uid under pressure may be introduced into
the space between the cap-piece and the rear
end of the container, said liquid being con-
fined in said space by a packing-ring U* (Fig.
24). Preparatory to the drawing operation,
liguid is-admitted into the cap-piece U, and
its pressure moves the cap-piece, die-holder
and die inwardly, thus bringing the die to a
water-tight bearing upon the forward end of
After the drawing operation,
which is effected in the manner already de-
seribed by the introduction of the liquid into
the container, the liquid-pressure may be re-
moved from the cap-piece U, leaving said
piece and the die-holder.and die free to move
in the opposite direction, the eap-piece sepa-
rating the die from its bearing and permit-
ting the die and die-holder to swing away
from the discharge end of the container, as
indicated in dotted lines in Wig. 29, thus en-
abling the container to receive a blank and
mandrel. It will be seen, therefore, that the
supply-opening of the confainer may be at
either end thereof, said opening being shown
in the rear end in the figures previously de-
geribed, and at the forward end in Figs. 23
and 24. In the construction last deseribed,
the die forms a part of the closing-piece for
said supply-opening.

The pivoted die-holder E* may be partially
counterbalanced by means of a weight F¥,
suspended from said holder by a rod F% (see
Fig. 29). -

The die, the die-holder E° and cap-piece U
may be moved forward by means of a serew
B? inserted in a tapped orifice in the holder
E® and bearing at its inner end against the
forward end of the ccntainer (see Fig. 24).
‘When this serew is turned inwardly, it forces
the holder E’ and die B forward, thus disen-
gaging the die from the forward end of the
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‘container and permitting it to be swung aside

Wwith its holder.

In Figs: 25, 26 and 27, I show a construe-
tion adapted for heavier work, in which the
breech-piece is to0 heavy to be conveniently
handled in the manner set forth in connec-
tion with Figs. 18, 19 and 20. In this case,
the breech-piece is an enlarged plate ¥, piv-
oted upon a stay-rod RY, and having at its
swinging end a segmental slot F', whieh,
when the breech-picce is in place, engages a
a-stay-rod R and a nut R® thereon. The
breech-piece is partially counter-balanced by
a weight ¥ suspended from said breech-
piece by a rod F¥. Thestay-rods R and R®

are fittéd to slide in ears forined on the con-

tainer, and are secured at their forward ends

to the die-holder E, the breech-piece, stay--

rods, die-holder and die being movable to-
gether endwise of the container,sothata pro-
jection T? on the inner side of the breech-
piece may moveinto and out of a correspond-
ingsocket or seat in the rear end of the con-
tainer (see Fig. 26), a packing-ring F’ being
interposed between said projection and seat
to insure a tight joint.

A representsa sliding-annalar piece, mov-
able in a seat A? in the forward end of the
container, and bearing against the die B. The
surface area presented by said piece A’ and
the surface of the die exposed to contact with
the liquid in the container is greater than
that of the projection T? of the breech-piece,
hence, when the liquid-pressure is introduced
into the container, said pressure, acting on
the sliding piece A and die B as well as on
the mandrel and blank, forces the piece A,

-the die, the die-holder, the stay-rods and the

breech-piece forward, thus tightly seating the
breech-piece upon the rear end of the con-
tainer. When the pressure is removed, the
breech-piece and the parts connected there-
with can be 'moved backwardly in any suit-

able way until the projection T?of the breech- |.

piece is removed from the seat in the con-
tainer, the breech-piece being then free to be
swung upon its pivot to uncover the supply-
opening of the container, as indicated in dot-
ted lines in Fig, 27,

The breech-piece and the connected parts
may be drawn backwardly by means of a
screw T, inserted -in a tapped socket in the
breech-piece, and arranged tobear on the end
of the container below the supply-opening,
said screw,when turned inwardly, foreing the
breech-piece backwardly.

In Fig. 26, I show, instead of a mandrel, a
core or body D, constituting the body of a
printer’s roller, the tube C’ formed by the
drawing operation being intended to remain
as a permanent covering uponsaid body, the
metal used in this case being usually copper.

It will be seen that my invention is well
adapted for the overlying and casing of the
cores of printers’ rollers and other like arti-
cles, there being no necessity of providing

the tube formed by the drawing operation

with any additional length to be laid hold of
by drawing-pinchers or tongs or to receive the
action of hydraulie rams or other means here-
tofore used for forcing the metal through
drawing-dies. Henoce the blank can be so pro-
portioned that it will exactly cover the article
or core upon which it is to be laid without re-
quiring the trimmingoff or removal of any con-
siderable part. Hydraulic rams, pump-plun-

_gers, rods and tubes may be readily inc?,sed
in this way, as also may non-metallic articles

made of any moderately rigid material, such
as wood. E .

Figs. 30, 31, 32 and 33 show drawing-dies,
having various forms such as may be used in
my improved apparatus. ,

In Figs. 34, 35 and 36,1 show means forat-
resting a movable mandrel after the comple-
tion of the drawing operation and holdingthe
mandrel in such position that the continued
pressure of the liquid from within the con-
tainer will act to push off the tubes formed
by the drawing operation, or to expand and
loosen the tube while on the mandrel, so that
the tube can beeasily removed by hand. To
this- end, I provide a stop or abutting-piece
D, located at a-smitable distance from the
discharge eud of the container and adapted
to arrest the mandrel just asits rear end is
about leaving the die, as shown in Tig. 35.
The mandrel D preferably has an extension
D3, projecting forward from the forming por-
tion of the mandrel, the stop D*being located
at a sufficient distance from the die to ac-
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commodate said extension, so that when the

mandrel is arrested there will be sufficient
room between the forming portion of the man-
drel and the stop for the reception.of a part

10§

if not all of the tube when the latter hasbeen .

forced from its seat upon the mandrel by the
liquid-pressure, as indicated in Fig. 36. I
preter to provide the container with a guide
or extension Ef which extends forward from
the die B, its interior being bored out as a
continuation of the interior of the container,
so that an annular piston-piece or packing-
ring S, placed loosely in the container be-
hind the blank, as shown in Fig. 34, can pass
into the guide E°and continue to move the
completed tube forward after the arrest of the
mandrel by the stop D%, Inthe operation of
this embodiment of my invention, the posi-
tions of the blank, mandrel and piston at the
beginning of the operation are as shown in
Fig. 3+. The liquid-pressure being exerted
in the container, said parts are pushed for-
ward until the tube has been formed and
moved out of the die, the piston 8" following
the tube. The motion of the mandrel is ar-
rested at this point, but the pressure contin-
ues, and is exerted through the piston 8’ upon
the rear end of the completed tube within
the guide E, thus forcing the tube forward
upon the extension D', as shown in Fig. 36.
In Figs. 37 and 38, I show a similar arrange-
ment, excepting that the guide Ef is omitted,
and, instead of a ring-shaped piston 8, T em-
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ploy a piston $? of elongated form, which, as

herg shown, is a eylinder, open thronghoutits
entire length, and presenting a sufficient area
of surface to the impelling-liquid to dislodge
the tube from the mandrel when the parts
reach the position shown in Fig. 28, the piston
S? being of sufficient length to give the tube

an independent forward motion without the |

piston passing entirely through thedie. The
stop D™, in each of the instances above de-
seribed, is shown as detachably secured to a
head on a bracket 1 said head being slotted
to form a series of eéars or projections I'?, ar-
ranged in pairs, the stop D™ having ears
adapted tobeengaged with either pair of said
projections, so that a considerable range of
adjustment of the stop is permitted.

In Figs. 39and 40,1 show means for rotating
the article or blank C being formed during
the drawing operation, thus reducing the fric-
tional resistance of the die to the passage of
the metal, so that the pressure required is not
so great as it would be if the blank were not
rotated. The means shown for rotating the
blank are rolls V V’, mounted on shafts,

which are arranged obliquely and at different |

inclinations, so that their rotation in contact
with a rod N* affixed to the forward end of
the blank causes the rotation of said rod, and
the blank, while it is moving forward, the re-
sult being a helical motion of the rod, the
blank, C*%; and the finished article C.

V? represents a straightening-roll, the axis
of which is obliquely arranged, said roll being
arranged to bear on the finished article as it
emerges from the die and straighten the same.

In Figs. 41 and 42, I show a container hav-
ing a modified construction of breech-piece,
the same being a cylindrical rod F¥, which is
movable in a stuffing-box F* at the rear end
of the container, the rear end of the breech-
piece F¥ being supported by an abutment Q?2,
adjustably secured by means of a head Q%
having slots Q7 between which are ears
adapted to engage ears on the abutment Q2.
Theabutment Q*is separable from the breech-
piece F*, and may be readily lifted out of en-
gagement with the head Q* to permit the end-
wise removal of the breech-piece. Figs. 41
and 42 also show.a drawing-die of peculiar
construetion, which I term a hydraulic die,
and whieh is the subject of a separate appli-
cation for Letters Patent, filed by me, said
die comprising a casing or container, secured
to the forward end of the container A, and
provided with a liquid-chamber A%, having
an inlet-pipe II’, and dies or curbs B B* at
opposite ends of said chamber, the die B be-
ing formed to closely fit the periphery of the
blank and preferably to slightly reduce the
same, the .main object of said die being to
prevent the escape of liquid from the cham-
ber A'; while the die B¢*is of smaller diam-
eter, and is formed to tightly fit the metal as
shaped or reduced by the compressing action
of aliquid in the chamber A%, the main ob-
ject of the die B* being also to prevent the

escape of liquid from the chamber A®. The
blank is forced from the container, as already
deseribed, and in passing through the cham-
ber A% is compressed orerushed inwardly by
the liquid-pressure in said chamber, a suffi-
ciently high pressure being there maintained
to effect the desired result.

Figs. 43 and 44 show a construetion of the
container A adapted varticalarly for use in
connection with the said hydraulic die, the
latter being particularly adapted to act on
rods crsmall bavs of considerable length. In
this case, the container is composed of a se-

‘ries of tube-sections,; connected by couplings

A'S and therefore adapted to be made of any
length desired at small expense.

Figs. 45 and 46 show a container vertically
arranged, and adapted for drawing soft
metals; such as lead and tin into tubes. The
container is shown as provided with two ears
or brackets A';, adapted to rest on a floor or
other support. The general operation of the
apparatus is substantially the same as de-
seribed in conneetion with several of-the pre-

‘ceding figures.

In drawing metals of a comparatively brit-

tle nature, such as aluminum, by the use of
my improved process and apparatus, I find
that it is very advantageous to-heat the im-
pelling liguid, the liquid heating the blank
to such an extent as will reduce the liability
of the metal breaking or cracking during the
drawing operation. The heatingof the metal
and of the article being formed in this man-
ner constitutes a part of my present inven-
tion. -
I do not claim herein certain modifications
of my invention herein disclosed, the same
forming the subjects-matter of five separate
applicationsfiled February19,1894,and num-
bered and embracing as follows: Serial No.
500,725 embraces the invention above dis-
closed in connection with Figs. 18,19 and 22.
Serial No. 500,726 embraces the invention
above disclosed in connection with Figs. 2,
11,14 and 15. Serial No. 500,727 embraces
the invention above disclosed in connection
with Figs. 7 and 8. Serial No. 500,728 em-
braces the invention above disclosed in con-
nection with Tigs. 39 and 40. : Serial No.
500,729 embraces the invention above dis-
closed in connection with Figs. 41 and 42,
said application, however, embracing other
features of invention notnow disclosed herein
but disclosed in my British patent above re-
ferred to.

I claim—

1. Theimproved method of drawinga metal
article, the same consisting in confining a
body of liquid under continuously supplied
high pressure around the entire length of a
blank of metal at the entrance to an unob-
structed or open drawing die, and preserv-
ing a practically uniform pressure of the
liguid, thereby pushing the blank through
said die and exerting a compressive strain
thereon. " ‘

70

75

8o

85

gc

25

roc

rog

I1o

115

120

125

130




10

15

20

25

40

45

[

55

6o

65

2. The improved method of drawing and
lubricating metal articles, the same consist-
ing in pushing a blank:of metal through an
unobstructedoropen drawing dieby the press-
ure of a continuously supplied liguid which
is in direct contact with and surrounds:the
blank up to its point of contact with the die,
and preserving a practically uniform press-
ure of the liquid during {he movement of the
entire blank through the die.

3.. Theimpr oved method of drawing a metal
article, the same consisting in subgectmw a
blank of metal todirect contact with a heated
liguid under a . pressure ‘and pushing the
blank by such pressure through an unob-
structed or open drawing die, said liquid heat-
ing the metal and thereby reduecing its lia-
bility to break or crack during the drawing
operation.

4. The method of drawing metal articles,
the same consisting in confining a blank at
one side of a drawing die of smaller cross sec-
tional area than the blank; pushing the metal
through said die by the direct action of a lig-
uid surrounding the lengthof the metal in the
container and under continuously supplied
pressure, and aiding the movement of the
metal by a pulling force exerted in the same
direction, as set forth.

5. The improved method of compressing or
drawing a metal article, the same consisting
in moving it through a confined body of liquid
having a pressure sufficient to overcome the
crushing resistance. of the metal, the said
pressure tending to compress the metal later-
ally and correspondingly elongate the same.

6. In an apparatus for compressing and
forming metal articles, a container having a
liguid-inlet, an outlet at one end formed as a
drawing-die, a supply-opening at the oppo-
site end, and aremovable breech- -piece or plug
adapted to tightly close said opening. -

7. In an apparatus for compressing and
forming metal articles, a container having a
liquid-inlet, an outletat one end formed asa
drawing-die, a supply-opening at the opposite
end, and a removable breech-piece or plug
adapted to close said opening, combined with
amovable breech-piece abutment adapted to
be displaced to permit the removal of the
breech-piece, and means for rigidly securing
said abutment in its operative position.

8. In an apparatus for compressing and
forming metal articles, a container having a
liquid-inlet, an outlet at one end formed as a
drawing-die, & supply-opening at the opposite
end, and a removable breech-piece or plug
adapted to close said opening, combined with
a movable breech-piece abutment pivotally
mounted and adapted to be turned on its
pivot to and from its operative position, and

a cross-head or holder secured to the con-.

tainer and arranged to supportthe said abut-
ment against pressure from within the con-
tainer, said cross-head having an opening of
sufficient size to permit the passage of the
breech-piece, as set forth.

524,504

9. In an apparatus for compressing and
forming metal articles, a container having a
suppiy opening,: a discharge-opening or out-
let, and: a liquid-inlet, combined with a mov-
able supply-opening phw or closing:-piece; a
movable drawing-die, one of the two last-
mentioned parts being adapted to be moved
by the liquid-pressur'e, and connections be-
tween: said parts whereby the movement of
one is imparted to the other.

10. Inan apparatus for compressing and
forming metal articles, the combination of
a container, having a liguid-inlet, a supply-
opening at one end, and a discharge-opening
at the other end; a drawing-die at the dis-
charge-opening; a plugat the supply-opening;
a holder or support for said plug, the said die,
plug and holder having a limited movement
endwise of the die; and connections between
the said plug-holder and the die, whereby lig-
uid-pressure. in the container exerted on the
plug is cansed: to makethe plug-support rigid
and to tighten the joint between:the die and
the container.

11.. In:an apparatus for compressing and
forming metal articles, a container having a
liguid-inlet and a discharge-opening formed
as a drawing-die; combined with 2 loose man-
drel of smaller cross-sectional area than the
die and adapted. to carry the article to be
formed and to be forced through the die by
liguid-pressure within the container.

12. In an apparatus for compressing and
forming metal articles, the combination of a
container having a liquid-inlet and 'a : dis-
charge-opening formed as' a-drawing-die, a
loose mandrel movable through-said die and
carrying the article to be formed and a stop
armnwed to arrest the mandrel at the end of
the dmwmrr operation and thereby permit the
disengagement of the formed or drawn arti-
cle from the mandrel by the liquid-pressure.

13. In an apparatus for compressing and
forming metal articles, the combination of a
container having a liquid-inlet and a dis-
charge-opening formed as a drawing-die, a
loose mandrel movable through said die and
carrying the article to be formed and pro-
vided with an extension- projecting forward
beyond the forming-portion of the mandrel,
and a stop arranged to arrest said extension
at the end of the drawing operation, whereby
the liquid-pressure in the container iscaused
to foree the formed article from the forming
part of the mandrel onto said extension.

14. In an apparatus for compressing and
forming metal articles, the combination of a
container having a liquid-inlet and a dis-
charge-opening formed as a drawing-die, a

70

75

8o

85 -

[836]

95

100

105

I[I0

115

120

125

guide affixed to the container outside of the -

die, the interior of said guide constituting a

‘continuation of the interior of the container,

a loose mandrel movable throngh said dieand
carrying the article to be formed, a stop ar-
ranged to arrest the mandrel at the end of
the drawing operation, and -a piston or fol-
lower adapted to be moved by the liguid-press-
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ure behind the blank, said follower passing
through the die and 1nto the guide after the
. arrest of the mandrel and forcmg the tormed
article before it.

15. In an apparatus for compressing and
_forming metal articles, a container having an

outlet formed as a drawing-die and two 11q~
uid -inlets, whereby a hquld under a rela-
tively low pressure may be first introduced

10 and then a liquid under a higher pressure,

said container being unobstructed from the
liquid-inlets to the die.

16. In an apparatus for compressing and
forming metal articles, a container having an
15 outlet formed as a dra,wmrr-dle, and a 11qu1d

inlet, combined with supporting stands or
brackets having angular recesses or seats for

the container, and holding-down blocks hav-:

ing corresponding angular recesses or seats
and adjustably secured to the brackets, said
brackets and blocks being adapted to hold
different containers. :
In testimony whereof I have signed my
name to this specification, in the presence of
two subseribing witnesses, this 8th day of Sep-
tember, A. D. 1893
JAMES ROBERTSON.
Witnesses:
ARTHUR CHARLES HALL,
JOHN THOMAS,.

20

25




