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UNITED STATES

PATENT OFFICE.

JAMES ROBERTSON, OF GLASGOW, COUNTY OF LANARK, SCOTLAND.

MECHANISM FOR THE MANUFACTURE OF TUBES.

SPECIFICATION forming part of Letters Patent No. 411,109, dated September 17, 1889.

Application filed July 7, 1887, Sertal No. 243,617,

(No model.) Patented in England November 29, 1884, No. 15,752 ; in Germany

September 17, 1836, No, 36,814 ; in France September 22, 1885, No. 171,280 in Belgmm September 22, 1885 No. 70,282, and

in Italy August 30,1886 No 20 282,

To all whom it may concern:

Be it known that I, JAMES ROBERTSON, a
subject of the Queen of Great Britain and
Ireland, and residing at Glasgow, county of
Lanark, Scotland, have invented certain Im-
provementsin Apparatus for the Manufacture
of Metal Tubes, (for which I have obtained
British patent, No. 15,752, dated November

29, 1884; French patent, No. 171,280, dated .

September22,1885; Belgian patent, No. 70,282,
dated September 22, 1885; German patent, No.
36,814, dated Scptembel 17,1885, and Italian
patent, No. 20,282, dated Auoust 30, 1886,) of
which the followmd isa spec1ﬁcat10n

My invention consists of certain improve-
ments in the construction of mechanism for
the manufacture of metal tubes by means of
holding dies and a rotating mandrel pierc-
ing billets or shells of soff metal and metal
such as steel when heated or in a soft state,
whether those billets be solid or in the form
of shells, as hereinafter described.

Figure 1 in the accompanying drawings is
a side external elevation of a sharp-pointed
mandrel with its round stem A’ broken off,
suitable for piercing solid billets of soft met&l

and metal such as steel when heated or in a |

soft state. Thisform of mandrel is suitable
for piercing billets of steel heated to a soft
state into “ shells” or thick tubessuitable for
being pierced by larger mandrels or for be-
ing drawn down to thin gages by after-
drawing processes, and suitable also for be-
ing afterward formed into gun-barrels and
like articles. It is shown partly passed
through a solid billet of metal B, which is
1llus’omted in section.

The form of the mandrel or acting bulb A
is shown in Fig. 2, which is a cross- seetmn at
its largest diameter on the line ¢ b in Fig. 1,
while Fig. 3 is a cross-section near its sha»rp
point on the line ¢ d, Fig 1. The stem or

_after end of the mandrel A’ is shown in end

external elevation in IFig. 4, along with the
billet B being pierced. The bulb or acting
part of the mandrel A has three longitudinal
grooves or flutes shownin it, and correspond-
ing high acting edges A* A? A% rounded oft
to displace or shove aside the metal as the

mandrel is rotated, instead of cutting it off,
as is done by a sharp drill. These flutes are
shallow at the point and made deeper at the
larger diameter of the bulb, as seen in Figs.
2 and 3. Tt is forced through the billet B as
it is being rotated, the direction of its rotary
motion asit is being forced through the metal
being indicated by the arrows placed on the
bulb A and stem A”. (Seen inFigs.1,2,and3.)
In piercing billets of such metal as copper,

brass, and tin in a cold state *the mandrel is
preferably revolved at a slow speed of about
sixten circumferential feet per minute. The
intervening flutes between the acting edges
are made available for admitting or forcing
from the stem end of the mandrel oil or other
lubricants to theacting ordisplacing rounded
edges A* A* A? on the bulb-head A. Inpierec-
ing out billets of metal in a hot state—such
as in piercing billetsof steel where lubricants
cannot well be used—a speed of about two
thousand five hundred feet per minute is
most suitable to keep the mandrel sufficiently
cool in doing its work. Solid bodies im-
mersed in fluid or semi-fluid matters at a high
temperature, or in contact with other solid

bodies at a higher temperature, do not absorb-

heat so quickly when in quick ecircumferen-
tial motion as when in a quiescent state—a
fact or law in the diffusion of heat so farasI
am aware first observed by me—quick motion
also being necessary in order to limit the
duration of the contact of the mandrel with
the hot metal as much as possible. The lon-
gitudinal motion of the mandrel as it is ro-
tated in the hot metal should be about a speed
of three hundred feet per minute.

Fig. 5 is a side external elevation of a man-
drel suitable for piercing solid billets of such
metals as copper and alloys of copper in a

cold state. The bulbis shown nearly parallel ¢

near its point. It is an advantage to bore
a center hole with an ordinary drill a short
distance into the billet B at its entering end
to center the maridrel at starting, and also at
the after end, as shown at B’ in the billet B,
to keep the mandrel from breaking off por-
tions of the metal in coming out at the after
end.
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Fig. 6 is a cross-seetion of the mandrel at
the hne a b in Fig. 5, and Fig. 7 a cross-sec-
tion at the line ¢ d in Fig. 5.

Fig. Sis an end elevatlon of the stem, show-
ing the square A® for driving the mandrel in
the clutch-driver of the working head-stoclk
of thedriving-machine. Thesamelettersand
figures of reference refer tolike parts as used
in describing Tigs. 1, 2, 3, and 4, and the ar-
rows indicate the direction of motion.

Fig. 9 is an external elevation of a sharp-
pointed piercing-mandrel A and stem A’
working in a Dillet, shown in section and
adapted for similar purposes to that described
in connection with Figs. 1, 2, 3, and 4, but
having a smooth surface in its bulb A. °

Tig. 10 shows an end clevation of this form
of mandrel from its point, and Fig. 11 is an
clevation of the stem and billet of metal be-
ing acted npon. With greatend pressure ex-
erted on the mandrel while it revolves this
form of mandrel answers for piercing short
billets of soft metal when it is rotated in
either direction. The same letters of refer-
ence refer to like parts, as in the foregoing
ﬁgures

Fig. 12 is a side clevation, Fig. 13 is a sec-
‘rlolml p],m, and Fig. 14 a iransverse sec-
tional elevation,of a ]0113‘ die, correspondingly
suited mainly for holding the billets of metal
to be operated upon in a cold state by the
mandrels deseribed in connection with the
foregoing figures. The long dic is formed in
halves ¢ and ¢” and bored out to a slightly-
larger diameter than the billet B to be oper-
ated upon, the form and arrangement of this
die being shown lengthwise and in seetion
by Fig. 18. A billet I3 is shown placed in
this die to be operated upon, and a mandrel
A shown partly passed through the billet
similar to that described in connection with
Figs. 5 to 8. Each half of this long die cand
¢’ 1s provided with a steel grasping-dog ¢
These dogs are fitted into the forward ends
of the dies and opposite ecach other, as seen
in cross-section in Ifig. 14 and in the see-
tional plan view, Fig. 13. These dogs are
bored out to the same concavity as the in-
ternal surface of the die, and are provided
with teeth to grasp the billet B, being made
to project inward a small distance, so as to
grasp the billet firmly when the halves of the
dies ¢ and ¢’ are closed upon the billet.
These dogs mainly hold the billet in its posi-
tion against the end pressure and action of
the rotating mandrel. Very great contain-
ing force is necessary to hold these two semi-
cireular long dies ¢ and ¢’ together while a
billet of any metal in a cold state—such as a
billet of copper—is being forced out into a
tube by the action of the mandrel, and to ef-
fect this a strong containing-channel casting
D is provided, by preference, of steel. The
strong side containing-flanges D’ and D? of
this casting have a series of inclined projec-
tions D3 1)10](.,(31111”‘ inward, as seen in Ifig.
13,0n each side, and the flanges are smoothly

slotted out hetween tothe shape shown. The
bottom of the containing-channel for the
halves of this die is also planed out, so as to
have a straight and smooth bcd—sm face for
the two hal\ es ¢ and ¢’ of the die to lie on.
The halves of the die, besides being planed
and jointed accurately before they are hored
out, arve also planed on their under sides, and
are provided witha ser ies of inclined surface
projections ¢% projecting outward, corre-
sponding to the inwardly-projecting suxfaces
D3, formed on the containing-casting D, IFig.
13, It is preferred to have these mclmed
edges D? formed at an angle to the center
line of the long die suﬂicient]y acute to
Iiold the halves ¢ and ¢’ of the long die to-
gethier by the end pressure of the mandrel A
as it is forced through the billet of metal .
In operating with this long die and rotating
mandrel A the latter may be rotated and
forced through the bLillet B while the billet
remains at rest; or the mandrel A may be ro-
tated only while the billet 13 in its containing
long dic is moving forward on the mandrel
as the latter is rolated to effect the piercing
or expanding or drawing action on the billet.
The containing die-block D has formed on its
base the bed- ﬂ‘umes D% D? which are planed
and are made to slide in the strong bed-plate
castings E and E’. The block D is further
secured in its channel in the bed-plnte cast-
ings E and E’ by the plates E? and E?, Ifigs.
13 and 14, secuired to the base-plate cashngs
by bolts. In moving the long die endwise, as
explained, the ram of a hydraulie eylinder is
the most suitable, and the hydraulic-ram head
T, Figs. 12 and 13, is shown connected to the

bloch D, contmnnw the long die cand ¢’ with
the blllet Binit. The m:mdlelA as it is ro-
tated thus effects the piercing and drawing of
the metal billet B, the motions on the man-
drel, ram-head, containing-block, and long
die heing as indicated by the several arrows
placed on the same. Inpiereing solid hillets
of metal oil or other fluid lubricant is fed in
over the stem A’ of the mandrel A to its act-
ing head thrmwh the annular eil-holder K
and oil-tube K’ p]aced on the mandrel-stem
Al In dlawmg out from a shell tallow or
other lubricant is filled into the hole previous
to its being placed in the die.

Fig. 15 is an external elevation, Ifig. 16 an
external plan, and Fig. 17 an external eleva-
tion, partly in section, of a long die suitable
for operating on metal billets in a hot state.
It is placed on a bed-plate E. The bed-plates
for dies of this sort require to be variously
shaped, according to the deseription of gear
used to actuate the rotating mandrel. The
dies formed in- halves C and €7 in this modi-
fication are shown bored out eccentrieally for
billets of a nearly-semicircular form on cach
half to the same length and same diameter of
neclk as formed in the counterpart. The cen-
tral part of the half-die C is also shown of a
nearly-semicircular form. The other half-die
¢’ has formed on it the lever-piece C° for be-
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ing actuated to open and close the die. Both
halves of the die are placed in the strong con-
taining pillow-blocks D7, which ara placed
upon the stool-casting G, which is fitted on
the bed-plate Ef, the half—die C beingsecured
in these pillow-blocks by the bolts DS, The
other half of this die ¢/, having its neck the
same as the neck of ifs counterpart, formed
about three-sevenths of the circumference of
its periphery, allows thereby the half-die ¢’ to
revolve about the seventh part of a circle, as
illustrated by Figs. 17, 18, and 19. The lever-
piece C° of this half-die C’ (shown in section
in Fig. 17) at its extreme end has fitted in it
the adjustable joint hinge-piece C° to which
the actuating hand-lever His connected. This
hand-lever Hiskeyed on an axis H’ and placed
in the bush pillow-blocks H? and fitted in the
stool-castings G, the axis of the lever H being
thus left free to revolve by the lever-axis H’.
On the center lengthwise of this lever-axis H’
is keyed the cam-lever H3 Fig. 15, to which
are shown coupled by hinge-pins the links H*
H¢, and which are also coupled, as shown by
Figs. 15 and 17, to the adjustable hinge-piece
(63 at the extr eml‘ry of the lever (5, The hand-
lever H, cam-lever H? and link H* being in
the posmons illustrated in Fig. 17, the 1eve1
(% is raised up as high as'its range will allow
and the eccentric half-die C’ is cloged on its
counterpart and the billet B grasped by it,
the position of the half-dies in this state be-
ing better shown by Fig. 18, in which position
the billet: is ready for the forward piercing or
drawing action of the rotating mandrel A.
‘When the hand-lever H is raised up to the po-
sition shown by the dotted line ¢ 0 in Fig. 17,
the center line of the cam H? assumes the po-
sition of thedotted line ¢ d,and the top side of
the lever C° falls down to the position indi-
cated by the dotted lines, causing the oscil-
lating half-die C’ to open out, as shown in end
elevation by Fig. 19, at which stage of the
process the Dbillet has been pierced and is
ready to be removed and a fresh one put in.
The dies are again almost instantly closed
and secured ready for the action of the man-
drel. In piercing steel in a hot state, partic-
ularly billets of small diameters, all the opera-
tions of placing the billets in.the die and of
piercing or drawing it must be quickly done
to avoid the billet getting overcooled. A
guiding bore-piece I (shown in Figs. 15 and
16) guides and enters the mandrel A into the
center of the billet 3. The diameter of the
mandrels for piercing will be most effective
ranging only from half an inch to about one
inch in diameter and made to rotate at from
about ten thousand to twenty thousand revo-
lutions per minute. Means for reaching these
high velocities are hereinafter described.
Fig. 20 is a side elevation with the billet in
section, Iig. 21 an end elevation, and Fig. 22
a plan, of a long die. The rotating mandrel
A is shown entering billet B, which is grasped
between the long half-die ¢® and roll half-
die ¢" in the proper position for action, the

half-die ¢® being shown as moved forward by

the hydraulic-ram head F. The motions of
the hydraulic ram F, half-die ¢, half-die roll
¢, anti-friction roll J, and billet B being op-
erated upon, and of the rotating mandrel A
are all, as indicated by the arrows, placed on
these several pieces. An ordinary roll-hous-
ing is suitable for this die with under bushes
for the necks of the anti-friction roll J* and
top bushes with ordinary adjusting-serews for
the necks ¢® of the top roll. In these modifi-
cations of the long die described the seat of
the billet or shell for making gun-barrels or
like articles ean be of octagonal or any other
form instead of being all formed cylindric-
ally, as shown, and tubular articles may be
thus expanded out by the action of the rotat-
ing mandrel to any external configuration re-
quired.

Fig. 23 is a side elevation, and Fig. 24 an
end ele\ ation, of a one-thr eaded sharp- pomted
screw-mandrel A for piercing from the solid,
to be employed in combination with holde-
ing-dies—such, for instance, as described in
connection with Figs. 12 to 19.

In Figs. 25 to 28 I have shown my inven-

tion as applied to the manufacture of tubes

from shells which may have been produced
by piéreing solid billets in the manner al-
ready described.

Fig. 25 is a side elevation, and Fig. 26 an

iend elevation, of a rotating mandrel with the
bulb having one spiral thread with rounded
acting edges A%
as being rotated and forced into the shell,

This mandrel is illustrated

and it is shown how the acting edges take
hold of the metal and .roll or spin waves of
metal before them, causing the thick shell to
flow into a thin tube, each successive acting
edge causing a portion of the metal to flow
down beforeit. The directions of motion are
indicated by the arrows.

Fig. 27 is a side elevation, and Fig. 28 an
end view, of a similar mandrel A, but with
two threads.

Tig. 29 is a side elevation, and Fig. 30 is a

plan view, partly in section, of an improved.

arrangement of draw-bench, illustrating a
convenient means for actuating these man-
drels. The mandrel A, which is shown in
position for action, is as described in con-
nection with Figs. 5 1o 8, and the long
die ¢ (shown applied) is as described in con-
nection with Figs. 12 to 14, and the same
letters of reference are used for the same
parts. A strong revolving headstock I: is
shown applied for driving the mandrel A,
but as this is very similar to an ordinary
hollow spindle-lathe main head-stock it is
unnecessary to describe it, other than is done
by sectioning some of the parts, as shown
in Fig. 30. On the bed-plate E is placed a
strong hydraulic ¢ylinder M for giving longi-
tudinal motion with great pressure to its ram

F, and the ram-head rod F’ is shown carried

from the ram T to the containing-block D of
the long die ¢. The hydraulic cylinder M is
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shown provided with the rod-snugs M/, to
which are secured the tie-rods N and N’, ex-
tending through the head-stock casting at L./
and L. and through the head-stock back cen-
ter bridge L? being secured by separate screw-
nuts. As shown applied in Figs. 29 and 30,
the head-stock spindle gives motion to the
mandrel A. The motion of the latter and of
the die ¢ and hydraulic ram F are as indi-
cated by the arrows. A balance-weight may
be nsed for the backing-stroke of the hydrau-
lic eylinder, and this movement is effected
through the bush cross-head M? by the two
chains M3 M2 which may be attached to a sep-
arate hydraulic-cylinder ram or a balance-
weight, or otherwise, as is usually done for
snmlar purposes.

Fig. 31is a side elevation of a long die simi-
lar to that described in connection witl Irigs.
15 to 19, and combined with means for oper-
ating the mandrel. Fig. 32 is a plan view,
and Iig. 33 is atransverse section of the same.
I have shown this long die as mounted on a
bed-plate E along with an arrangement of
serew-roll or frictional screwing-rolls S S for
driving the high-speed mandrel. In piercing
billets of steel in a hot state, as already re-
ferred to, a very high rotative speed is re-
quired withmeans for quick starting and stop-
ping, and for small bores of about half an inch
in diameter aspeed about from twelve to eigh-
teen thousand revolutions per minute is nec-
essary. These rolls 8 S are keyed on shafts
S’ 8, which may be driven by any suitable
gear, and they are set in bush-bearings §° S*
in a strong housing T, Fig. 32, containing
both these bush-bearings. The bearing S*is
adjustable by the gear shown for grasping
firmly the stem A’ of the mandrel to give it
motion quickly, and to release or stop the mo-
tion as quickly by the gear and hand-lever

V. The diagrams sufficiently explain this
gear. The long die C shown is the same as

that described in connection with Figs. 15 to
19, and the same letters of reference and nu-
merals refer to like parts. Ifor small diame-
ters of mandrels acting on soft metals the

driving frictional grasp of the screw-rolls
will give sufficient piercing foree; but for
large sizes a hydraulic or steam ram I, anal-
ogous to the helve of a steam- ]nmmer ap-
phed, as shown, to the end of the stem A’
of the mandrel, may be used to inecrease or
assist the forward motion of the rotating
mandrel.

I claim as my invention—

1. The herein - desceribed mechanism for
forming tubes, complisilw long holding-dies
for ﬁrml} grasping the metal fo be opelated
on, in combination with a rotating mandrel
for piercing the metal as it is held in the
dies, and means, substantially as described,
for applying end pressure to force the man-
drel into the metal, all substantially as set
forth.

2. The herein-deseribed rotary mandrel for
formm" tubes by piercing billets, said man-
drel havmu; grooves with rounded acting

edges to displace the metal as the Hldﬂdl'dls
1‘otated and forced into the bhillet, substan-
tially as specified.

3. The combination of a rotating grooved
mandrel having rounded acting edges for
forming tubes by piercing billets of metal
with long holding-dies for firmly grasping the
metal to be operated on, and means, substan-
tially as set forth, for applying end pressure
to force the mandrel into the metal, all snb-
stantially as described.

4. The combination of a rotating mandrel
for forming tubes by piercing billets of metal
with a pair of long half-dies for firmly grasp-
ing the metal to be operated on, and a ram
to force the dies with the billet- up to the ro-
tating mandrel, all substantially as described.

In testimony whereof I have signed my name
to this specification in the presence of two
subseribing witnesses.

JAMES ROBERTSON.

Witnesses: .

W. R. M. THOMSON,
JOHN SIME,
Both of 96 Buchanan Street, Glasgow, Scot-
land.
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