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To all whom it may concer:

Be 1t known that I, JAMES ROBERTSON, of
Birmingham,in the eounty of Warwick, Enn-
land, hme mvented certain new and usefnl
Improvement% in Apparatus for Making
Seamless Tubes, Tube-Blanks, and like Seam.

- less T'ubular A1 ticles, of which the following
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18 & specification.
1'his invention 1el:.—1tes to the 111.;11111f&ctme

of seamless metal tube-blanks and tubes and

like seamless tubular metal articles, such as
boiler-flues, pipe-coupling rings or-sockets,
broad rims of pulleys or rolls, and other hol-
low articles of either parallel or tapering form,

such as blanks for shot and shell.

The invention has partienlar reference to

the articles above indicated by the employ-

ment of along die having a tube-forming bore
or seat of cylmdrmal form, a pleremn*-mandt el
adapted to penetrate a lleated billet of metal
placed in said die at the end opposite the end
which the mandrel enters. |

In Letters Patent of the United States
granted to me November 26, 1889, T have

_shown as the billet- mmportmﬂ' means a head

supported by a stem-rod which is adapted to
move synchronously with the mandrel, said
head moving, however, at a slower mte than
the mandrel, so that ltS retreating movement
corresponds to the rate at which the metal of
the billet displaced by the mandrel recedes
before the mandrel, the purpose of said head
being to turnish a sufficient support for the
rear end of the billet to prevent the metal of
the billet or the walls of the tube in process
of formation from being cracked or broken
by the pressure of the mandrel against it.

In the apparatus shown in said patent the
die is shown and described as fixed, and the
mandrel, as well as the billet~-supporting head,
movable,so that the tube as fast asit is formed
by the action of the mandrel moves or slips
over the forming-surface of the die, the metal
of the billet squirting out, as it were, between
the mandrel and the portion of the die imme-
diately surrounding the mandrel, and moving
toward the forward end of the fixed die.

I have found that in many cases it is ad-
vantageous to make the die movable longi-
tudinally,so that it will move when the metal
of the billet within it is being converted into
a tube, the surface of the die moving with the

metal that is squirted out or passed in tube
form over the mandrel, instead of remaining
stationary while the mo‘ml moves over it, as
In my former patent.

My invention, therefore, consists, first, in
the combmatlon with a pier (31r1fr—-mﬂ,nr11 el and
a head adapted to support a bluf* t against
the pressure imparted to the billet by the
mandrel, of a die having a tube-forming bore
or seat which recelves said billet, nmmhel
and head, and is movable 1ongitudinally, SO
that it will move with the metal which exudes
over the mandrel-in the form of a tube as the
mandrel 18 forced into the billet, the tube
having, therefore, no frictional movement

‘upon the walls of the die,the only part of the

metal used in the formation of the tube that
1s frictionally moving upon the walls of the
die being the unformed or solid portion of the

billet, said portion gradually decreasing in

lenﬂ*th as the tube is formed.

W[y invention also consists in the combina-
tion, with the mandrel, the billet-supporting
hea,d, and the movable d1e of means for posi-

tively impelling said die, so that the frictional
contact of the exuding met&l will not neces-

sarily be relied upon to cause the movement

of the die, although in many cases said frie-

tional contaet will be sufhclent, as hereinafter
polinted out.

My invention also 601181.5’[5 in certain com-
binations of parts and mechanism incidental
to the purposes of my invention, all of which
I will now proceed to describe and claim.

Of the accompanying drawings, fmmmg aQ
part of this specification, I‘wmes 1and 2 2 rep-
resent elevations of opposite end% of a die and
its container embodying my invention. Tigs.
3 and 4 represent longitudinal sections on hue
5 3, Fig. 1,said figures showing also the man-
cdrel :::md the blllet-suppmtmﬂ' head, Kig. 3
showing the billet and the parts that co-oper-
ate 1n fmmmﬂ' the tube in the position they

oceupy before the commencement of the op-

eration, while Fig. 4 shows the parts in the
pOSIthH they occupy at the end of the tube-
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forming operation, the mandrel being mov-

able and the b1llet—511ppm ting head ﬁ‘{ed in
sald Figs. 1, 2, 3, and 4. Fig. 5 represents an
end clevation of a somewhat different con-
struction embodying my invention. Figs. 6
zmd ¢ represent sections on line 6 6, I‘w 2,
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Fig. 6 showing the parts in the position they
occupy before and IFig. 7 in the position they
occupy after the tube-forming operation, said
Figs. 5, 6, and 7 showing the mandrel fixed
and the billet-supporting head movable. Tig.
S represents an end elevation of another emn-
bodiment of my invention, in which the die,
mandrel, and billet-supporting head are ar-
anged vertically, Figs. 9 and 10 represent
a section on line 9 9, Kig. 8, Fig. 9 showing
the parts in the position they occupy before
and Ifig. 10 after the tube-forming operation.
IFig. 11 represents an end elevation of an-
other form of apparatus embodying my in-
vention, and Iig. 12 represents a section on
line 12 12 of Fig. 11. Figs. 13 and 14 repre-
sent opposite end elevations, and Fig. 15 a top
plan view, partly in section, of an organized
machine embodying my invention, and show-
ing means for positively moving the die. Fig.
16 represents a top plan view, partly in sec-
tion, of the machine shown in Ifig. 15, the die

and mandrel Dbeing in the position they oc-

cupy atter the tube-forming operation. Fig.
17 represents a side elevation of the machine
shown in IFigs. 13, 14, 15, and 16. Fig. 18 rep-
resents a side elevation of an organized ma-

chine embodying my invenlion, in which hy-

drauiic mechanism 1s employed to actuate
the die, mandrel, and billet-supporting head.
Fig. 19 represents a section on line 19 19 of
Ifig. 18, showing the machine before the tube-
forming operation, the billet being shown in
place in the die. Ifig. 20 represents a top
view of the machine shownin Ifigs. 18 and 19,
parts of the machine being shown in section,
the die and mandrel being shown in the po-
sition they occupy after the tube-forming op-

cration. Fig. 21 represents a section on hno
21 21, Fig. 18, looking toward the right. TFig.
22 1‘(31)1@5011tb a Sectmn on line 22 .‘33, IFig. 18,

1001{111 o toward the right.

The same letters of reference indicate the
same parts 1n all the figures.

Referring to Figs. 1, 2,3, and 4, A repre-
sents the die, which is provided w ith a cylin-
drical tube-forming bore or seat, and i8 sufli-
ciently elongated {0 permit a billet I3, placed
n
tube without pwtmduw from tlm cle during
the forming operation. G’ represents a bil-
let-supporting head, which is formed on a
stem-rod G. Said rod 1s supported by a step
F? which is fitted in asocket in a supporting-
standard I, formed on the bed or supporting
frame I

D represents the mandrel, which is formed

- on a stem D7, to which longitudinal motion is

6o

imparted in the direction indicated by the
arrowin Iigs. sand 4 by any suitable means—
such, for e\m}]ple as areshown and descubud
hereinafter.

The die A 1s movable endwise, and 18 here
shown as fitted to slidein a eylindrical holder
or container K, which is suitably atmdmd to
the bed or frame I°.

The billet I3 is placed in the die near the |

.-I';I.hr""u‘ ||||||

[ forward end thereof, as shown 1n Ifig

- as a series of steps or shoulders

sald bme or seat, to be elongated into a

. 3, the
die being moved back to the position shown
in Iig. 3, whien may be considered its start-
ing position. Pressure being applied to the
mandrel in the direction indicated by the ar-
row, the mandrel is caused to penetrate the
billet, and the metal of the billet commences
to exude or squirt out in the form of a tube
through the annular space between the man-
drel and bore or seat of the die. The exud-
ing metal being in frictional contaet with the
die causes the latter to move forward with 1t
in the direction indicated by the arrows
marked on the die in Figs. 3 and 4, the die
traveling at the same rate as the e.xudmtr
metal.
the mandrel from Dbeing packed or stuck up
in the metal, and makes 1t practicable to con-

vert a solid billet of metal 1into a tube or to .

draw out a tubular blank in the manner de-
scribed. 'T'he mandrel is also prevented from
excessively packing or compressing the metal
during the operation. The solid or unpiereed
portion of the billet, remaining stationary be-
cause supported by the fixed head G, is in
rubbing contact with the advancing die; but
this fact is immaterial, because the solid por-
tion of the billet is not as liable to injury by
sald rubbing contact as the exuding portion,
which hasbeen converted into a tubular form.
Said solid portion grows shorter and shorter
as tlic operation advances, until all the metal
of the billet is converted into tubular form
by the passage of the mandrel through it, as
shown in Fig. 4. The mandrel-guide C 1is
placed in the forward end of the die prior to
the tube-forming operation to cause the man-
drel to enter the billet centrally, said guide
heing shown and claimed in my former patent.

G* represents a tubularferrule or extension,
wliich is placed in the die between the head
G’ and the rear end of the billet, said ferrule
having 1ts interior at the forward end formed
, which sup-
port the rear end of the billet and prevent
the hot metal—such as hot soft steel or hot
soft copper—from entering farther into the
ferrule than the portioninecluded bysaid steps,
the metal of the billet being therefore caused
to flow or exude past the mandrel in tho form
of a tube.

In Ifigs. 5, 6, and 7 I have shown the man-

drel D’ as fixed and occupying the position
in which the head G’ is placed in the pre-
ceding figures, the head G” and itsrod G heing
moved endwise to cause the mandrel to pierce
the tube. In this case the direetion of move-
ment of the head G" is indicated by the ar-
row marked on the rod G, and the direction
of endwise movement of the die A by the ar-
rows marked on said die in Iigs, 6 and 7.
The result produced by this arrangement is
the same as by the arrangement first de-
seribed, the only difference being that the
mandrel is fixed and the billet-supporting
head 1s movable.

In the construction shown in Ifigs. 8, 9, and

This movement of the dic prevems |
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10 the die, the billet-supporting head, and the
mandrel are arranged vertieally, the head be-
ing fixed and the die and mandrel movable
in opposite directions, as shown in Figs. 1, 2,
3, and 4. In this construction the movable

die, instead of being guided by an external

guide or holder,as E inthe preceding figures,
18 guided by the stem-rod G, which supports
the head G’, said rod being rigidly fixed to
the supporting head or frame F in a vertical
position. - The die is in this case made in two
sections 2 2, which are held by hoops or bands
A* A%, The construection shown in these fig-
ures is particularly adapted for forming mili-
tary-shell blanks, the supporting-head G’ be-
ing provided with a conical recess to form
the closed conical end of a military shell.
The mandrel is forced downwardly in the
forming operation, and the die is raised by
the frictional contact of the exuding metal
therewith, as shown in Fig. 10. After the ar-
ticle has been formed the die may be lifted
off from the guiding stem-rod G and its parts
separated by the removal of the hoops A? A3

to permit the removal of the shell-blank.

When the apparatus is constructed in the
form last deseribed, a hanmimer or other means
for applying percussive force may be utilized
for moving the mandrel. -
I'igs. 11 and 12 show a horizontally-ar-

ranged die made in two sections connected |

by hoops A% A% as in Figs. 8, 9, and 10. In
this case the peripheries of the hoops are
formed of the same size, and ave fitted in the
cylindrical horizontal guide or holder E, the
ering
from that shown.in Figs. 1, 2, 3, and 4 only
1n the construction of the die, the latter be-
ing made in separable sections and guided by
the contact of its hoops A* A® with the holder
E, instead of being solid and in direct con-
tact with said holder, as shown in Figs. 1, 2,

3, and 4. |

Figs.13,14,15, 16, and 17 show an organized

machine 1n which thedie A ispositively im- |

pelled, instead of being impelled by frictional
contact with the exuding metal of the billet.
The die A 1s in this case of rectangular form

1n cross-sections, and the guide or holder E

1s correspondingly formed, as shown in Fig.
14. K represents a driving-shaft journaled
in bearings near one end of the frame of the
machine, and provided with pinions K’ K,
which mesh with racks H and I, which are
fitted to move horizontally in guides formed
in the supporting-frame, the racks H being

above and the racks I below said shafts and

pinions, so that when the shaft is rotated the
rack H will be moved in one direction and
the rack I in the opposite direction. The
rack H has an offset or shoulder H’, which is
engaged with the mandrel-rod D’, so that said
rack gives to the-mandrel its operative or
billet-piercing movement. The rack]Iiscon-
nected by rods I’ I* with the die A, so that
sald rack gives the die a movement in the di-
rection opposite to that of the mandrel, as

- are enabled to spring apart enough to loosen

-a driving-shaft N. |
- In Figs. 18 to 22, inclusive, I show an or-

required for both operations.

will be readily understood. Tofacilitate the
movements of the die, anti-friction rollers T2
E° E* E°, which are journaled in vertical plates
or holders E° are interposed between the op-

posite sides or edges of the die and the corre-

sponding sides of the guides E, as shown in

3'.

70

Figs.14,15,and 16,said rollers bearing against -

‘both the guides and the sides of the die. The

plates E° are movable freely endwise. The

die is made in two halves orsections to facili-

tate the removal of the tube, and said sections

the tube at the end of the forming operation
by means of recesses A* A® A* ASin the sides
of the die, said recesses coinciding with the
rollers E* K° E* F° when the die is returned
to its starting position after the tube-forming
operation, and permitting the sections of the
die to spring slightly apart, so that the com-
pleted tube may be easily removed and an-
other billet inserted.

fixed to it, which meshes with a pinion M on

ganized machine in which propelling forceis
applied to the mandrel and die in different
relative proportions, and with a balancing ar-
rangement, whereby this relative degree or
proportion of propelling force is given with
any degree of cumulative force that may be
As already in-
dicated, the contact of the exuding annular
mass of metal with the walls of the die is suf-
ficient to move the die forward and relieve
the action of the mandrel and preventit from
sticking in the metal; but forother and larger
articles I find it an advantage to assist by a cer-
tain degree of force the endwise forward mo-
tion of thedie, and to apply to the diea degree
of force directly proportioned to that applied

being preferably about one-third of that ap-
plied to the mandrel.

sult I prefer the means shown in the figures
last referred to.

hydraulic rams Q and R, connected, respect-

1vely, with the mandrel and with the die A.

The ram Q is fitted in a fixed eylinder P, and
!s provided with astep Q’, which supports the
rear end of the mandrel rod orstem D’. The
ram Q 18 moved in the direction indicated by
the arrow marked thereon in Fig. 19 when
fluid-pressure is admitted into the eylinder P.

The ram R is of smaller area than the ram Q
and projects into the latter, said ram Q being

of annular form, as shown in Fig. 19. The
ram R is arranged to be moved by the same
fluid-pressure as impels the ram Q, but in a
direction opposite to that of the latter, and
has secured to its outer end a cross-head R’,
which 18 connected by rods R* R’ with ears
E® E°, formed on a slide-carrier AS, which con-
tains the die A. Said carrier A® and the die
A contained therein are movablein the guides

E K, the carrier having ears or flanges A7 A7

entering said guides, asshown in Fig. 22, It

The shaft K, that im-
pels the pinions K’ K’, has a large gear L af-

In sald figures I show two
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will be seen that the different sizes of the two | tion opposite to the direction of motion of the

rams Q and R cause the fluid-pressure in the

cylinder P to exert different degrees of force
on the mandrel and die, the relative forces
being thesame whatever the cumulative force
or pressure employed may be. |

Fig. 19 shows the positionsof the mandrel,
die, and actuating-rams before the tube-form-
ing operation. Iig. 20 shows the position of

aid parts after the forming operation.

To effect the return movement of the rams,
mandrel, and die from the position shown in
Fig. 20 to thatshown in FKig. 19, prior toevery
fresh operation in making a tube, a small
hydraulic eylinder S is employed, which 1s
formed like the eylinder P, and has a similar
ram U passing through one end and bearing
acainst the cross-head R’, which is connected
by the rods R* R® with the die-carrier, and a
larger ram T passing through itsopposite end,
said ram T being provided with a cross-head
T, which is connected by rods 'T* T° with a
cross-head Q? attached to the ram Q. When
fluid-pressure is admitted to the cylinder S

while the die and mandrel are in the position

shown in Fig. 20, the ram U is moved 1n the
direction required to move the die-carrierand
die back to their starting position, and the
larger ram T is moved in the opposite direc-
tion to carry the ram (Q and mandrel D back
to their starting position.

In Figs. 18, 19, and 20 I show a stem-rod
of the billet-supporting head G’ attached to
a ram I, which is fitted to move i1n a fixed
cvlinder O. This eylinder and its ram serve
to hold the rod G and head G’ steadily in its
position during the tube-forming operation,
and for the purpose of adjusting said rod and
head to suit the length of the billet I3. T'he
cylinder O has ears O’ O3 which are connected
by rods O? O* with ears P’ P° on the cylin-
der P,

I claim—

1. As an improvement in apparatus for
making and drawing out tube-blanks, tubes,
tubular articles, and shells, the combination,
substantially as hereinbefore set forth, with
a billet-piercing mandrel and a billet-support-
ing head, of a longitudinally-movable die
formed to receive sald mandrel and head.

2. As an improvement in apparatus for
making and drawing out tube-blanks, tubes,
tubular articles, and shells, the combination,
substantially as hereinbefore set forth, with
a billet-piercing mandreland a billet-support-
ing head, of a die formed to receive sald man-
drel and head, and a fixed guide or guides
on which said die 1s longitudinally movable.

3. As an improvement in apparatus for
making and drawing out tube-blanks, tubes,
tubular articles, and shells, the combination,
substantially as hereinbefore set forth, of a
billet-supporting head, a billet-piercing man-
drel movable toward and from said head, and
a die formed to receive said mandrel and

mandrel.

4. As an improvement in apparatus for
making and drawing out tube-blanks, tubes,
tubular articles, and shells, the combination,
substantially as hereinbefore set forth, of a
billet-supporting head, a billet-piercing man-
drel movable toward and from said head, a

‘die formed to receive said mandreland head,

and means for impelling said die and man-
drel simultaneously in opposite directions.

5. As an improvement in apparatus for
making and drawing out tube-blanks, tubes,
tubular articles, and shells, the combination,
substantially as hereinbefore set forth, of a
billet-supporting head, a billet-piercing man-
drel movable toward and from said head, a
die formed to receive said mandrel and head,
and anti-friction rollers arranged to support
and guide said die.

6. As an improvement in apparatus for
making and drawing out tube-blanks, tubes,
tubular artiecles, and shells, the combination,
substantially as hereinbefore set forth, of a
billet-supporting head, a billet-piercing man-
drel movable toward and from said head, a
die formed to receive said mandrel and head,
and anti-friction rollers arranged to support
and guide said die, said die being made 1n

separable sections, which are provided with =

recesses arranged to coineide with said roll-
ers at a given point in the movement of the
die, whereby the sections of the die are per-
mitted to separate.

7. As an improvement in apparatus for
making and drawing out tube-blanks, tubes,
tubular articles, and shells, the combination,
substantially as hereinbefore set forth, of a
billet-supporting head, a billet-piercing man-
drel, a die, and fixed guides therefor in which
the die is movable longitudinally, means
whereby the mandrel may be impelled in one

direction with a given degree of force, and

means for simultaneously impelling the die
in the opposite direction with a lesser degree
of force.

8. As an improvement in apparatus for
makingand drawing tube-blanks,tubes, tubu-
lar articles, and hollow articles or shells, the
combination, substantially as hercinbefore set
forth, of a die having a forming bore or seaft, a
holder or carrier for said die placed in slides
to allow both the die and its carrier to be
moved endwise, a billet-supporting head en-
tering the die-seat and fixed endwise, so that
the die may move over the said head, a man-
drel adapted to enter the die, an umpelling
piston or ram and connections between it and
the mandrel, whereby the mandrel may be
impelled 1n one direction with a given degree
of force, and another piston or ram of smaller
size, and connections between the last-men-
tioned ram and the die, whereby the die is
moved synchronously with the mandrel, but
in the opposite direction and with a smaller

head and movable longitudinally in a direc- l degree of force or pressure,
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9. The combination, with the die and man-
drel movable in opposite directions, of the
billet-supporting head, its stem-rod, and the
ram I and hydraulic cylinder O, whereby said
head and rod are adjustably supported, as set
forth. | |
- 10. The combination, with the head G/, the

" mandrel D, and the die A, of the eylinder P,

IO

rams Q R in said cylinder, connected, respect-
1vely, with the said mandrel and die and im-
pelled simultaneously in opposite directions,
the eylinder S, the rams U T insaid e¢ylinder,
and connections between the ram U and the

i die and between the ram T an-d the mandrel-

operating ram Q, whereby the die and man-
drel may be restored to their starting posi-
tions, as set forth. ' |
In testimony whereof I have signed my
name to this specification, in the presence of

5

ISI

two subscribing witnesses, this 14th day of 2o

January, 1890. |
| | JAMES ROBERTSON.

Yitnesses:
- WILLIAM LINDSAY,
WM. ROBERTSON.
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