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Be it known that we, CLAUD THORNTON
CAYLEY and REUBEN SAMUEL COURTMAN, en-
vmeers, subjects of the Queen of Great Bmt-
ain, and residents of London, England, have
mvented certain new and useful Improve-
ments in the Manufacture of Metal Tubes or
Tubular Vessels, (for which we have obtained
patents in Great Britain, No. 20,364, dated No-
vember 23,1891; in France, No. 217 684 dated
November 26, 1891 and in Beldlum, No.
97,399, dated November 30,1891,) of which the
followmrr isa speclﬁcatlon

Our 1nvent1on relates to the manufacture
of tubular vessels or bottles for containing
hydrogen, oxygen, and- other gases, under
pressure, and for other uses; and.said inven-
tion consists in the novel method of manu-
facturing such vessels or bottles from a solid

block of metal, as hereinafter deseribed and

claimed.

In order that others skilled in the art may
be abletounderstand and to practice oursaid
invention, and to make the blank which con-
stitutes part of the same, and produce the
finished article therefrom we will now de-
scribe the said processes and the products
thereof in detail, reference beinghad, for such
purpose, to the accompanying dra,wmo's, in
which—

Figure 1 is a view showmv a solid block of
metal substantially such as that used by us
in the production of a blank for a tubular

- vessel or bottle, suitable for holding oxygen,
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hydrogen, or other gases, under pressure, or

_for other uses,said blank being, also, adapted

to the production of a tube. Fw. 2 is aview
of said block after it has been pressed to the
shape of the bottom of the mold. - Fig. 3 isa
sectional view of the block after it has been
cupped, or hollowed, by the action of a punch.
Fig. 4isa sectional view showing the same
at the succeedingstage in the process of man-
ufacture, the cupped or hollow block seen in
Fig. 8 having been drawn by one or more op-
erations while heated nearly to the length, di-
ameter and thieckness of the finished article.

Fig. 5 shows the article deseribed in Fig. 4

swaged down and closed at one end to enable

N

"drel as shown.

it to be drawn through a die and over a man-
Fig. 6 is a sectional view
showing the eompleted blank, formed from
the partly completed blank seen in Fig. 4,

by subjecting the latter to a process of ‘eold.

drawing. Fig. 7 is a sectional view of a bot-
tle, or tubular vessel, completely formed from
the finished blank shown in Fig. 6. Fig. 8
shows one step in the process of manufacture
of the finished articleshown in Fig. 7, whereby
the end of the same is closed and formed.
Figs. 9 and 10 show dies used successively in
that portion of the processillustrated in Fig. 8.

In carrying our said invention into praetice,
we take a solid block 1 of irom, steel, or other
suitable metal, of such dimensions as will
givethe required weight to the finished blank,
and heat the said block to such a degree as
to render it moderately plastic. It is then
placed in a mold and pressed, hammered, or
otherwigse worked into the shape seen in Fig.
2. The block is then removed from the mold
described-and, while still retaining the heat
nnparted to it, or after reheatlng, should this
seem necessary, it is placed in a second mold
and, by meansof a proper punch,or die, or a
series of the same, it is worked into the form
of a hollow cup, or vessel 2, shown in Fig. 3,

‘a series of molds being employed if neces-

sary, for this purpose. The initial tubulation
of the metal being thus effected, the cup 2 is
placed upon a mandrel of suitable dimensions
and length and submitted to a process of hot
dla,wmg through dies of successively dimin-
ishing size, to whlch the blank is subjected in
proper order, being reheated asoften as may
be necessary during this stage of the process
of manufacture, in order that the metal may
be retained in a suitable plastic condition.
When this hot-drawing process is concluded,
having been accomplished either by the mech-
anism described, or by any other suitable

means, the blank will have been brought sub-.

stantiallytotheshapeseenin Fig.4. Thesolid
block of metal has now been converted into
cylindrical form having nearly the same di-
ameter, length and thlckness as the finished
article, but it has not been brought to the
form of the completed blank. If itis to be
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used in manufacturing a tube, about four feet,
or less, in length, the blank may be finished
by merely subjecting it to a process of cold
drawing by which it is reduced to the proper
length and thickness, and brought to the ex-
act diameter required, thereby constituting a
complete, finished, metallie blank, ready for
use in the process of manufaeture of the com-

plete, finished tubes, bottles, or tubular ves-

sels about to be described. If, however, the
tube, bottle ortubular vesselis to be of greater
length than four feet, or thereabout, we can
by known methods subject the blank de-
scribed above to the action of rolls, after hav-
ing punched, cut, or otherwise removed its
closed end and inserted a mandrel; said rolls
having a series of grooves of diminishing size.
After reducing it very nearly to the length,
diameter and thickness it will have when fin-
ished, it is preferably pickled, to remove the
oxide, or scale, from its surface, is then sub-
jected to an annealing process and finally fin-
ished by cold-drawing. By the latter pro-
cess we are enabled to reduce the metal to
any required thickness, however slight, and
we impart to it great strength, stiffnéss,
and toughness. We may use.for this cold
drawing process any known method, but
we prefer that illustrated in Fig. 5 of the
drawings. This method consists, substan-
tially, in closing and swaging, or shaping the
end 3 of the tube in such manner as to form
thereon a strong, prolonged neck, or shank
4, provided, at its extremity, with a knob,
ball, enlargement, or other suitable holding
device 5. This device is placed within the
grasp of jaws 6, reciprocated by any suitable
means. Within the tube we insert a man-
drel, or bar 7, having upon its end a ball, or
enlargement 8, of such size as to impart the
properinteriordiameterto the tube. The ex-
terior diameter is imparted by means of a
circular die 9, having its edge convex, or
rounded, and lying in suitable position with
relation to the interior device 8. The cold
drawing may be completed at a single opera-
tion, or it may be effected by repeatedly draw-
ing the tube, the diameter of the die 9 and
bulb or mandrel being slightly diminished at
each operation. By this process we produce
notonly tubularblanks suitablefor the manu-
facture of bottles, or tubular vessels, capable
of holding gases under pressure, but we ¢an
also form tubing-sections of any suitable, or
ordinary length, diameter and thickness, hav-
ing great strength, stiffness and toughness,
and of substantial uniformity throughout.
In the manufacture of blanks for the pro-
duction of bottles, and- tubular vessels; for
the uses mentioned, we operate upon a solid
bloek of steel, or iron; by substantially theé
same method as that deseribed until it is re-
duced to the form shown in Fig. 6, the blank
being of a length somewhat in excess of that

"erably by hydraulic pressure.
‘recess 16 in each die is successively approxi-

of thebottle,or tubular vessel, when thelatter
is finished. We then cut off the surplus
length from the upper, or open end of the
tube, and turn, or otherwise shape, the bot-
tom or closed end, to bring it to the required
shape and thickness. The open end of the
blank is then heéated 4nd placed in a mold
10 (Fig. 8), in which the open end of the blank
is to be closed and it§ neck formed. At the
lower end of said mold is a block 12, to sup-
port the blank against the action of the die,
or dies, 13, 14 and 15, of which I may use one,
two, three, or more. These dies, when more
than one is used, operate successively, pref-
The matrix-

niated to the complete or finished shape, until

. the last is reached, which imparts the neces-

sary form. The matrix-recess in each die
opens into a coneentric bore 17 having a form
adapted to receive and aid im forming the
neck 17* of the bottle or vessel, this opera-
tion being completeéd by the use of a mandrel
18, having a reduced end 19, which is passed
down through the bore 17 in the die to form
the opening 20, in the neck, which is to re-
ceive the valve. ‘

Itshould beeclearly understood that we base
our invention upon the production of the
tubular blank; the tube, or the bottle, or tubu-
lar vessel from a solid metal bar, in contra-
distinction to the use of a plate, or disk of
metal, for a similar purpose. It isupon this
difference that we predicate the characteris-
tics and qudlities which distinguish our in-
vention in the market from similar articles
produced by processes differing from ourown.

What we claim as our invention is-—

The process herein set forth for the manu-
facture of tubular vessels, consisting in hol-
lowing out or initiating a tubular formation
in a block of metal, hot drawing the said
bloek of metal through dies of successively
diminishing size while in a suitably plastic
condition, pickling and then cold drawing
the same; closing one end of the blank, and
shaping and partially closing the other end
of the blank to form a neck having a valve
opening, substantially as described.

In testimony whereof we have hereunto
signed our names in the presence of two sub-
seribing witnesses. L

CLAUD T. CAYLEY.
REUBEN SAMUEL COURTMAN.

Witnessés to the signature of the said Reu-

ben Samiel Courtman:

‘W, JRO. TENNANS, ,
45 Southampton Buildings, London.

~ W. M. HARRIS, N
17 Giacéchurch Street, London, K. C.
Witnesses to thesignature of Claud Thorn-

ton Cayley: .

WILLIAM A. PORTER,

L. H. GouLp.
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