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UNITED STATES

PaTeEnT OFFICE.

BENJAMIN PRICE, OF MORRISTON, ENGLAND, ASSIGNOR OF TWO-THIRDS
TO RICHARD LAYBOURNE A\*D CHARLES WILLIAM EARLE MARSH, OF

NEWPORT, ENGLAND.

APPARATUS FOR MANUFACTURING METAL TUBES.

SPECIFICATION forming part of Letters Patent No. 570,816, dated November 3, 1896.
Application filed October 19, 1895, Serial No. 566,250, (Wo model.) Patented in England March 28, 1894, No. 6,283.

To all whom it may concern:

Beit known that I, BENJAMIN PRICE, a sub-
ject of the Queen of Great Britain, residing
at 88 Crown Street, Morriston, England, have

5 invented certain new and useful Improve-
ments in or Relating to Apparatus for the
Manufacture of Metal Tubes, (for which I
havereceived Letters Patent in Great Britain,
‘No. 6,283, dated March 28, 1894,) of which

10 the following is a specification.

My invention has for its object improve-
ments in or relating to apparatus for reduc-
ing or drawing out a hollowingot to a tube
of the desired size and thickness of wall dur-

15 ing asingle passage therethrough and in such
a manner that the ingot receives only a step-
by-step forward movement during its whole
passage between the operating parts, these
latter being given a reciprocating motion

zo bodily for this purpose.

For the purposes of my invention I use
swages which advantageously have a longi-
tudinally - tapered and transversely-corru-
gated groove on their operating-faces and se-

25 cured in any desirable manner to the adjoin-
ing faces of two slides mounted in a suitable
frame either one above the other or side by

side. An arm projects from one of the ends:

of each of these slides and passes through a
30 block pivoted in the frame in such a manner
that the slides may be given a reciprocating
motion and at the same time their free ends,
near which the swages are secured, caused to
approach and recede from one another during
35 their forward and backward movements, re-
spectively. Thiscausesthe swagestogripthe
ingot, which has been previously mounted

upon a mandrel of suitable size and length and’

placed between them during the forward

40 movement of the slides and reduce a portion
of this to the desired size and thickness of
wall and release said ingot during the back-
ward movement of the slides and allow it to
be fed forward a suitable distance and also

45 revolved by the aid of a serew-thread upon
the mandrel or by other suitable means.

To give the necessary reciprocating motion
to the slides, I form in each of these a slotat
right angles to its length, in which slides a

5o block mounted on a erank-shaft journaled in

the frame, so that during each complete rev-
olution of said crank-shaft the slide will re-
ceiveacomplete forward and backward move-
ment.

To cause theslides to approach and recede s

from one another at the proper times, I form a

second slot near the free end of eachof these-

parallel with its length, and in each of these
slots an eccentric mounted on a shaft jour-
naled in the frame revolves.

The two crank-shafts are advantageously
geared together, as also are the two shafts
carrying the eccentrics, and these shafts may
be driven either separately ortogether in any
suitable manner.

In a modified form of the above-described

apparatus theslides,instead of beingmounted -

side by side, may be mounted end toend with
the swages on their oppositeends and receive
the necessary movement to cause the swages
to travel over a portion of the surface of the
ingot and gradually approach one another
during the forward stroke and to release the
ingot during the backward stroke by means

of a single eccentric fitting into and revolv- 7

ing in an opening in each of the slides.
Where found desirable, the swages may be

replaced by rolls mounted on spindles jour-

naled in the slides and revolved by racks se-
cured to the frame, with which gear spur-
wheels mounted eccentrically on the roll-spin-
dles, or in any other suitable manner.

I will now proceed to more fully describe
my invention with the aid of the accompany-
ing drawings, which illustrate apparatus ac-
cording to my present invention, viz:

FIO‘lHe 1 is a side elevation of the appara-
tus ﬁtted with swages operated according to
my invention and provided with feedan‘
mechanism; Fig. 2, a plan of Fig. 1. Fig. 3 is
an end view of Fig. 1 without feeding mech-
anism. _Fig.4isanendview of feeding inech-
anism detached. Fig. 5isa sectional view of
a larger scale of swages having longitudi-
nally-tapered and transversely-corrugated
grooves. Fig. 6 is a similar view of swages
the groovesin whicharenotcorrugated. Fig.
7isaviewin elevation of the apparatus where
the slides are mounted end to end and have

the swages mounted on their opposite ends. -
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Fig. 8is an end view of Fig. 7. Tig. 9isa
side elevation of the apparatus wherein the
swages are replaced by rollers, part of the
frame being cut away and one rack and pin-
ion also removed, exposing the top slide with
the rolier mounted therein. Fig.10is an end
viewin elevation of Fig.9. Tig.11 shows the
rollers with the pinions-attached and geared
in the racks detached from apparatus. TFig.
12 is a side elevation of the rollers mounted
with their respective pinions in position and
shows method of securing the racks to the
frame; Fig. 13, a view in elevation of a pair
of rollers having the grooves formed in them
gradually increasing in depth and width from
the point e around their peripheries to the
same point, where it is broken off by a radial
step. Fig. 14 is a view in elevation of the

‘rollers, showing their extreme positions in
“both directions and a partly-finished tube be-

tween them. Fig. 15is a view in elevation
of an apparatus-wherein the rollers are con-
tained in one slide only, the rollers in their
vibrations to and fro beingrevolved by means
of eccentrics or cranks secured to the roller-
spindles and connected by links to the frame.
Fig. 16 is a cross-sectional view of Fig. 15.
For the sake of clearness the rollers, links,
adjusting-screws, and eccentrics or cranks on
roller-spindle ends are shown in full. Fig.
17 is a plan of Fig. 15. Fig. 18is an enlarged
diagrammatic view of the swaging-rollers
shown in Figs. 15, 16, and 17, being a modi-
fication of a part of my apparatus.

Like letters of reference indicate corre-
sponding parts thronghout all the figures. -

In the apparatus shown in Figs. 1, 2, 8, and
4 two frames A A’ are secured to a base W

and have arranged between them two slides.

B B’, eapable of being reciprocated bodily by
the revolution of erank-shafts I II’, upon
which are mounted blocks J J', arranged to
slide freely in vertical slots in said slides B B'.
The slides B B’ are supported at one end by
projecting guide-arms E E', sliding in blocks
D D', pivoted to the frames A A’, while their
opposite ends are supported and operated so
that they periodically approach and recede
from one another by eccentrics working in
blocks F and carried on the shafts K K/, jour-
naled in the frames A A’, so that their jour-
nals may be adjusted vertically by screws d.
By using different eccentrics and blocks the
amount by which the slides approach and re-
cede from one another may be regulated.
The shafts KK'are geared to the erank-shafts
I H' and the latter geared together by tooth-
wheels M M’ and C C' C* C3, respectively, so

‘that the movement of the slides B B, together
‘with the swages V V', which are secured to

their opposite faces, is synchronous.
An intermediate base 1 is mounted on the

" base W, and this supports the mechanism for

65

feeding the mandrel N, on which the ingot to
be reduced is mounted between the swages.

‘This feed mechanism consists of a serew-
‘threaded spindle R, capable.of being con-

570,816

nected at one end to one end of the mandrel
carrying the ingot by suitable means and
arranged to pass through uprights or brack-
ets TT.

One of the brackets I contains a nut Y, fit-
ting the spindle R,while the othersupportsand
guides a bevel gear-wheel G, provided with a
featherorkeyadapted toslide in a long groove
or keyway running lorgitudinally of the
screw-spindle R, soas toallow the said spindle
to slide either forward or backward through
the bevel-gear G',and thusthe complete or par-
tial revolution of the gear-wheel G’ will cause
the screw-spindle R to rotate and as a result
toadvanceorretirethroughthe nutY, accord-
ing to the direction of revolution of the gear-
wheel G', owing to the fact that the said nut
is fixed. 'With this wheel G’ gears a second
bevel gear-wheel G, mounted upon a short
spindle journaled in the upper end of a
bracket I?, and upon which spindle is also
mounted a ratchet-wheel I, having gearing
with it a pawl [, carried by a hinged plate
connected at its free end to a rod P, whose
opposite free end is connected to an eccentrie
U on one end of the spindle H'. _

The forward and rotatory movement of the
screw R and mandrel and ingot is thus nor-
mally governed by the movement of the parts
operating the swages, but when desirable the
position of the said serew may be adjusted
by the aid of a hand-wheel secured to one end
of the shaft carrying the bevel-wheel G.

The cranks,-eccentrics, and gearing are.of
such throw and speeds and are so arranged

‘that the parts are operated in the following

manner: Theslides B B'are firstmoved back-
ward as far as possible toward the feeding
mechanism, in which position the swages car-

ried by them are sufficiently wide apart to al-

low of the forward end of the ingot to be
treated being introduced between them. The
mandrel on which the ingot has been placed,
and on which it is held by the aid of its
flanged end or in any other suitable manner,
is then connected to the forward end of the
screw R and the latter adjusted by the hand-
wheel so that ingot and mandrel project
slightly between the swages. The whole
mechanism is now started by the application
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of suitable motive power to the crank-shaft

H’ and the slides B B’ carried forward and at
the same time gradually forced toward one
another, the result being that a short length
of the ingot is considerably reduced and at
the same time drawn out, or, as it were, re-
ceives a sliding blow on both sides simulta-
neously. The slides B B’ and swages V V',
after being forced toward one another to the
full extent and while still moving forward,
commence to recede from one another, so that
by the time they have reached the end of their
forward travel they have released the ingot.
The slides and swages then complete their
return stroke while still held sufficiently wide
apart to allow the feed mechanism, which
during this return stroke is brought into op-

120

125

130




10

20

30

40

45

50

55

6o

570,816 3

eration, to feed the ingot and mandrel for-
ward a suitable distance, and at the same
time revolve them sufficiently to cause any
fins or webs formed to be reduced during the
next operation of the swages. This opera-
tion is then repeated, the feed forward of the
mandrel and the ingot being such that a por-
tion of that part of the latter operated upon
during the previous forward stroke, together
with a fresh portion, being treated each time,
the result being that as the ingot gradually
passes beyond the reach of the swages it has
been reduced to the same diameter as that of
the forward narrowest ends of the grooves in
the swages.

After the operation of swaging has been
completed the mandrel is extracted from the
tube by the aid of a suitable draw-bench,
and, if it is desired, the tube then is either
cold or hot drawn to finish it.

Instead of arranging the slides B B’ side by
side, as above described, these may be placed
end to end, as shown in Figs. 7and 8, the com-
pound reciprocating motion of said slides be-
ing effected in this case solely by eccentrics
K K/, the shafts of which are geared together
by gear-wheels M M’, aided by the blocks
D D/, pivoted to the frames A A’ and having
arms K E’, projecting from said slides, work-
ing through them.

The process of forming tubes in this ma-
chine is similar to that dbove described, al-
though in this case the swages V V' are plef-
erably‘made with plain grooves in their opér-
ating-surfaces and so operated that they give
the ingot the sliding blow during their back-
ward travel, as indicated by arrows 3 and 4 in
Fig. 6, instead of during the forward stroke,
as above described and indicated by arrows 1
and 2 in Fig. 5.

When found desirable, the swages may be
replaced by one or more pairs of rolls, pref-
erably, but not necessarily, of that type in
which the grooves in the peripheries thereof
gradually increase in depth and width, as
shown in Figs. 13 and 14, from a point e, at
which point the groove is broken by a radial
step or gap. Such an arrangement is shown
in Figs. 9 and 10.

The construction of the apparatus gener-

ally is similar to that already described, Figs.
1, 2, 3, and 4, with the addition of racks ¢ ¢,
with which gear pinions b b on the axes of
the rollers V? V3, Figs. 11 and 12, which re-
place the swages, so as to revolve said rollers
during their backward and forward travel
and retaining them in their proper relative
positions.

The rollers are operated in the same man-
ner as the swages,the pinions b b being mount-
ed eccentrically to allow of this, and are so
arranged that as they are moved forward
the opening between them gradually dimin-
ishes and so reduces the diameter of the in-
got. Where it is not desired to relieve the

ingot O from the action of the rollers on the
return stroke, the wheels C C' C? C?® will not

be required, and the rolls will aceordingly roll
backward and forward on the ingot, reducing
it in cross-section at each stroke as it is fed
forward. The tube as it is elongated ex-
tends beyond the action of the rollers and
from that point forward becomes concentrlc
and of a uniform diameter.

The grooves in the rolls, if desired, maybe
modiﬁed by making a portion of the smaller
part thereof concentric for the purpose of
smoothing the tube after being reduced to
its smaller diameter, while in some cases the
rollers may each have two or even more
grooves in them to enable them 10 operate
upon two or more ingots simultaneously.

In Figs. 15, 16, and 17 a modification is
shown in which a pair of rollersare journaled
in one slide B® only. Therack and pinion is
also replaced by the links C? C® and eccen-
trics or eranks b? b°, said eccentrics or cranks
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being secured to or formed on the roller-spin- -

dle ends, while the links have one end con-
nected to pins in the frames A A’, the other
end connected to the eceentrics or cranks b?
b, so as to form jointed ends. The slide B?
is reciprocated between the frames A A’ by
the crank-shaft H? through the connecting-
rod X,therocker Y, and the links Z, and the
links ¢® ¢® and eccentrics or cranks b b are
so-brought into play and cause the rolls to
partially revolve as they travel on thé ingot
placed between them, but beyond this par-
tial revolution no other movement is given
to the roll-axes by said links C? C?and ec-
centrics b* 13, as will be seen from the dia-
gram, Fig. 18, as said eccentrics are so ar-
ranged that they allow of sufficient play be-
tween the roll-axes and the ends of the links
that the former may travel in a straight line
independently of the curved path through
which the ends of said links move.

The feeding mechanism, which is prefer-
ably, but not necessarily, the same as that

90 .
95’ ‘
100
103

IIO

already described and shown in Figs. 1 and -

2, is actuated by the cam U through the bell-

crank Q and therod P. Therollers V¥ V3are -

adjusted as to the distance between them by
the screws d’' d'.

In some cases the ingot, instead of being
fed forward when the swages or rollers are at
their extreme backward position, may be fed
forward when the rollers are at their forward
movement, or it may be turned only when the
rollers are at their extreme forward position,
or turned and advanced both when the rollers
are at the extreme backward and forward po-
sition, in which latter case the ingot may be
acted upon and reduced and elongated both
during the backward and forward movements
of the rolls.

The last-mentioned method of working is
illustrated in Fig. 14. At 2 the rolls are
shown in dotted lines in their extreme back-
ward position, where the opening between
them is sufficiently large to allow of theingot
being turned and advanced Asthe rolls are
ca,used to travel forward in the direction of
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the arrows 3 3 and revolve in the direction of
the arrows 4 4 they act upon the ingot and
reduce and elongate it until they reach their
utmost forward position. (Shown atlin full
lines.) Af this point the ingot may be again
turned and advanced, so that as the rolls re-
turn in the direction of the arrows 2 2 (re-
volving in the direction of the arrows 1 1)
they will again be caused to operate on the
ingot and further compress and elongate it.

The above being my said invention, I wish
it to be understood that the arrangements for
actuating the slides, swages, rolls, and feed
mechanism may be modified without depart-
ure from the essential features of my said in-
vention.

I am aware that the method of reducing a
hollow ingot to a tube by rolls with tapering
or plain grooves to which a reciprocating or
alternating motion is given whereby the re-
duction of the ingot is effectedby a series of
motions or steps and in sections or portions,
as distinguished from continuous rolling
through dies, is not broadly new. Such a
method is described in Ritehie’s British pat-
ent, No. 13,054, of 1850, and in Brooman’s
British patent, No. 1,105, of 1856, and I make
no claim thereto.

What I claim is— .

1. In an apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with a pair of swages mounted in a frame;
means for reciprocating said swages longitu-
dinally of said frame, and means for causing
said swages to approach and to recede from
each othersimultaneously; of meansforhold-
ing the ingot while being operated upon; and
means for intermittently advancing and turn-
ing said ingot, substantially as described.

2. In an apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with a pair of swages mounted ina frame;
means for reciprocating said swages simul-
taneously in the direction of the length of the
ingot; and means for causing said swages to
simultaneously approach and recede from
each other; of a mandrel for holding the in-
got, a serew and means for advancing and
retiring the same, whereby said ingot is si-
multaneously fed forward and turned, sub-
‘stantially as desecribed.

3. In an apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with a pair of swages mounted in a frame,
and each having a tapering groove on its op-
erating-face; means for reciprocating said
swages longitudinally of said frame and
means for causing said swages to approach
and torecede from each othersimultaneously;
of means for holding the ingot while being
operated upon; and means for simultane-
ously advancing and turning said ingot, sub-
stantially as described.

4. In an apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with a pair of swages mounted in a frame,
and each having a tapering groove on its op-

4 v 570,816

erating-face; means for reciprocating said
swages simultaneously in the direction of the
length of the ingot, and means for causing
said swages to simultaneously approach or re-
cedefrom eachother; of amandrel forholding
the ingot while being operated upon; a screw,
and means for turning said screw whereby
said ingot is simultaneously fed forward and
turned, substantially as and for the purposes
described. )

5. In an apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with a pair of slides mounted in a frame;
swaging devicesmounted in the opposite faces
of said slides; means for reciprocating said
slides simultaneously, and means for caunsing
said slides to approach and recede from each
other simultaneously; of means for holding
the ingot while being operated upon; and
means for simultaneously feeding forward
and turning said ingot, substantially as and
for the purposes desecribed.

6. In an apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with a pair of slides mounted in a suit-
able frame; swaging devices mounted upon
the opposite faces of said slides, said slides
each having an elongated slot therein at right
angles to its length; sliding blocks working
in said slots; crank-shafts journaled in said
frame and rotating in said sliding blocks, and
means forsimultaneously rotating said erank-
shafts and thereby reciprocating said slides
simultaneously; and means for causing said
slides to approach and to recede from each
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other simultaneously; of means for holding |

the ingot while being operated upon by said
swages; and means for simultaneously ad-
vancing and turning said ingot, substantially
as and for the purposes described.

7. In an apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with a pair of slides mounted in a suit-
able frame and having swaging devices
mounted upon the opposite faces thereof; a
pair of crank-shafts journaled in said frame;
a block mounted upon each of said crank-
shafts and working in a slot in each of said
slides at right angles to the length thereof,
and adapted to impart a reciprocating mo-
tion to said slide; means for rotating said
crank-shafts simultaneously; another pair of
shafts journaled in said frame; an eccentrie
on each of said shafts; a block mounted upon
each eccentric, and working in slots in the
said slides and adapted to cause said slides
to approach and recede from each other; and
means for simultaneously rotating said
shafts; of means for holding the ingot while
being operated upon; and means for simul-
taneously advancing and turning said ingot,
substantially as and for the purposes de-
scribed. :

8. In an apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with a pair of swages and means for si-
multaneously operating the same mounted in
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asuitable frame; of a mandrel for holding the
ingot; a screw attached o the rear end of said
mandrel; brackets supporting said serew, one
of said brackets being screw-threaded, and
the other of said brackets being provided with
a smooth hole therethrough; a gear-wheel
splined upon said serew and journaled in said
latter bracket; and means for rotating said
gear-wheel, substantially as and for the pur-
poses described. :

9. In an apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with a pair of swages and means for si-
multaneously operating the same mounted in
asuitable frame; of a mandrel for holding the
ingot; a screw attached to the rear end of said
mandrel; brackets supporting said serew, one
of said brackets being serew-threaded and
the other of said brackets being provided with
a smooth hole therethrough; a gear-wheel
spliced upon said screw and journaled in said
latter bracket; another gear-wheel mounted
upon suitable supports and meshing with the
first gear-wheel; aratchetand pawlconnected
with said second gear-wheel; a rod operating
said ratchet and pawl; and means for operat-
ing said rod, substantially as and for the pur-
poses described.

10. In an apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with a pair of slides mounted in a frame;
of curved swaging devices each mounted on
a shaft or axle journaled in the said slides;
means for reciprocating said slides simulta-
neously, means for causing said curved swag-
ing devices to rotate on theirsaid axesin said
slides; means for holding the ingot while be-
ing operated upon; and means for intermit-

tently feeding forward and turning said ingot
substantially as and for the purposes de-
scribed.

11. In apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with aslidemounted in aframe; of curved
swaging devieces each mounted on a shaft or
axle journaled in said slide; curved swaging-
surfaces on each said device eccentric to the
axis on which said device turns; means for re-
ciprocating said slide; means for causing a
partial revolution of said shafts or axles and
thereby causing said curved swaging devices
to simultaneously and equally rotate on their
said axes respectively in said slide; means for

holding said ingot and means for intermit-.

tently advancing and turning said ingot, sub-
stantially as and for the purposes described.

12. In apparatus for the manufacture of
metal tubes from hollow ingots, the combina-
tion with aslide mounted in aframe, of curved
swaging devices each mounted on a shaft or
axle journaled in the said slide; curved swag-
ing-surfaces on said devices eccentric to said
axes; means for causing the said swaging de-
vices mounted on their respective shafts or
axles to reciprocate parallel with the longi-
tudinal axis of the said ingot; and means for
causing a partial revolution of said shafts or
axles and thereby causing said curved swag-
ing devices tosimultaneously and equally ro-
tate on their said axes, respectively in said
slide, substantially as and for the purposes
described.

BENJAMIN PRICE.
Witnesses:
W. MELVILLE HEARD,
R. . LoAxE.
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