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2 Claims.

i

This invention relates te an improved method
and means for closmg the ends of tubmg

In the prior art there have been many and
dlvers methods and means employed for closing
the ends of tubmg, however none has proven en-
tlrely sat1sfactory both in quahty and uniformity
of the ﬁmshed product Alse; when high pro-
ductlon is required many of the prior art methods
and means employed result in an extremely. hlgh
percentage of eulls.

The primary object of the invention is to pro-

vide an improved, effective and positive method

and means for producmg closed end tubing by
combmed centrifugal and axial deformation fur-
ther combmed with extreme metal working at a
crmcal portion of the forming operation and
relatlvely miner metal working before and after
the cr1t1ca1 portwn of the forming operation.
Anethe1 object of the invention is to prov1de
an 1mpleved eﬁectwe and positive methed and 2
means for producmg closed end tubing, including
the steps of frlctlonally pre-heating the end of
the tubmg in a pre-heat ring, shghtly working
the tubing while frictionally increasing the tem-
perature thereof in an initial heat and ferming
zone snnultaneously with starting to close the end
thereof, heavily working of the tubing while fric-
tionallyf further inereasing the temperature
thereof in a forming heat and major forming zone
simultaneously with nearly closing the end there-
of, and then frictionally further increasing the
said heat of the tubing in a final forming zene
while gradually reducing the working thereof te

zero working near the cenfer of the tube, and

frictionally increasing the temperature at the
end of the tubing to a point of fusion while clos-
ing the end thereof in a finishing zone at the

‘center of ‘the tube without furthel workmg

Other objects of the 1nvent1qn will become ob-
vious by reference to the following detailed de-

scnptlon taken in connec’mon with the accom- -

panying drawmgs in which:
Fig. 1 is a view in perspectlve showmg a ma-

chine of the general type on which the method .

ot producmg closed end tubing may be pr acmced
and Wh1ch may employ the partmu,laxx means and

of tubmg erqbodm g the 1nventmn

Fig. 2 is a vertieal sectmnal view of a prefer red
and 1mproved dle emploved fer carrying out the
methed steps embodying the invention, a tube
having had its end closed by the sald dxe helng
positioned therein.
" Pig. 3 is an end elevatlonal view taken on the

(Cl. 78—89)
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hne 33 of Fig. 2 with the fube omitted showing
2 preferred form of ribbmg of the die cavity.

Fig. 4 is an.enlarged £ ragmentary sectional view
$aken on the line 4—4#& of Fig. 2 showing the par-
ticular die ribbing preferred in ‘the initial heat
Zone,

Flg 9 is an enlarged fragmentary sectional view
taken on the line 4—# of Fig. 2 showing the par-
tlcular die ribbing preferred in the critical form-
ing heat zZone.

Fig. 6 is an enlarged fragmentary sectional view
taken on the line -6 of Fig. 2 showing the par-
tieular die ribbing preferred in the final form-
ing zene.

Pig. 7 is an enlarged fragmentary sectional view
of the construction shown in the dot and dash
circle T of Fig. 2 modified to indicate how the
center of the die would be formed to provide an
open neek at the center of the closed end tubing.

The term “closed ‘end tubing” as hersin em-
ployed means the generally domed shape end
formed-on a metal tube of steel, copper, bronze
or other material which will flow plastically re-
sponsive to frietional heat and metal working.

2 The end of the tube need not be completely closed

to come within the term “closed énd tubing” as
herein employed.

Referring now to the dr awmgs wherein like nu-
merals and reference characters refer to like and
eorresponding parts throeughout the several views,
the tube ending maehine diselosed in Fig. 1 is il-
lustrative of the type of machine that may in-
ciude the means and carry out the method of pro-
ducing closed end tubing embodying the inven-
tion. ‘The particular machine for closing the ends
of tubing disclosed for illustrative and not limit-
ing purposes comprises a base {0, a bed If, a hy-
draulically . operated tube elamping fixture 12
fixed to the center of the bed {{, a pair of ways
{3 onto which platens (4 are slidably mounted, a
pairof oppositely dispesed axially alicned electric
motors {5 each mounted on ene of the platens {4,
each electric motor {5 having a chuck {6 mount-
ed on the drive shaft 150 thereof, a tube closing
die 30 ﬁxed in each of said chueks 18§ for rotation
there’wath E: h_vdraulie cyhndel {1 for clamping a
tube 26 to be closed at its ends in the tube clamp-
ing ﬁxture |z hydraulic cyhnders 18 supported on
an ext;ensmn 19 of the bed I for advancing the
platens 4 against g central stop 20 whereby to
advance the dies 30 a predetermined distance
agamst the open end of .2 tube 25 to close the
sameé as hereinafter deseribed in detail. Stops
21 on the platens 14 engage stops 210 on the
ways I3 to limit the outward travel of the platens
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4. Suitable adjustable means, not shown but
well known in the art, are preferably employed to
regulate the rate of advance of the platens 14 to-
ward the central stop 20 which is necessary to
adjust in setting up the tube ending machine in-
asmuch as the rate of attack of a tube closing die
38 on the end of a tube 25 to be closed must be
such as will produce proper frictional heating
and proper working of the tube end 250 as it is
formed and closed.

To operate the tube ending machine the

10

“start” button S is pressed which starts both

motors (5 which rotate the dies 30. The hy-
draulic tube clamping fixture 12 is open, a tube
95 to have its ends closed is placed therein, and
the “Clamp” button C is pressed which -causes
the hydraulic cylinder {7 to clamp the said tube
25 and hoid it in axial alignment and non-rotat-
ably with respect to the rotating dies 30 while
the hydraulic cylinders I8 advance the platen 14
toward the center of the machine and against
the central stop 28 whereby to advance the dies
39 a predetermined distance onto opposite ends
of the tube 25 in the process of having its ends
closed. As socn as the foregoing cycle of opera-
tion is completed, the movement of the hydrauiic
cylinders 18 is reversed thereby reversing the
platens {4 automatically, the tube clamping hy-
draulic cylinder §7T -of the tube clamping fixture
{2 is then reversed whereby to release the tube
25 having had its ends closed, and another
tube 25 to have its ends closed is then placed
in the machine and the cycle is repeated. The
Emergency button E is pressed by the operator
of the tube ending machine in the event it be~
comes necessary to stop the machine during its
automatic operating cycle.

Tnasmuch as the details of the construction of
the tube ending machine {Nustrated in Fig. 1
snd the controls therefor are obvious to those
skilled in the art, the tube ending machine will
not be described in detail. However, the im-
proved method of producing closed end tubing
and the novel means for accomplishing the said
method is best illustrated in the construction,
formation and function of the dies 30 and: their
application to tubing 25, all hereinafter fully de-
scribed in detail.

Referring now particularly to Figs. 2-6 inclu-
sive, the tube closing die 30 is seated in the die
cavity 168 of the chuck 16 and is fixed in non-
rotabable relationship with respect thereto by
stich means as the pins 22. The die 38 is pro-
vided with a generally semi-spherical shaped tube
cavity 31 formed therein starting at the annular
face 32 of the said die 30 with an annular tapered
lead 23 for guiding the open end of tubing 25
to be closed into a pre-heat ring A whieh is sub-
stantially the same internal diameter as the ex-
ternal diameter of the tubing 25. Inwardly and
plending from the pre-heat ring A is formed a
pair of oppositely disposed ribs 34 contoured with
their highest point disposed on the longitudinal
axis of the tube 25 and describing the external
domed shape of the closed end 2508 of the tube
2% when closed, the said oppositely disposed ribs
34 hlending into the base of the tube cavity 3!
at the eenter or finishing zone E of the said die
20. Tt will be noted that the depth of the gen-
erally semi-spherical tube cavity 31 below the
high point. of the ribs 32 beginning at the inner
edge of the pre-heat ring A and ending at the
finishing zone E is such as to establish an initial
heat and forming zone B, a forming heat and
major forming zone C, and a final forming zone
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D adjacent the said finishing zone E. It will be
further noted that the cross sectional configura-
tion of the ribs 34 preferably varies gradually
from 2 fAat wide rib 341 in the initial heat and
forming zone B, to a relatively deep wide rib 342
in the forming heat and major forming zone C,

and to a narrower and shallower rib 243 in the

final forming zone D fading out to an un~ribbed
surface in the finishing zone K.

Obviously zones A to E inclusive are subject
to variations as to the extent thereof as well as
are the conformations of the ribs 32 at each of
the zones B, C and D; however, the improved,
effective. and positive method and means for
producing closed end tubing herein disclosed
contemplates the generation of heat in the end
or ends of tubing 25 being closed combined with
limited working of the tubing 25 in a more or
less degree at the several zones as the rotating
die or dies 30 are pressed over the end or ends
of the non-rotating tubing 25 as the said end or
ends of the tube 25 are heing closed.

The method and means for closing the end or
ends of tubing embodying the invention will be
better understood by describing that which takes
place when a tube 25 o be closed at its end is
attacked by a rotating specially formed die 36.
In the particular example given as llustrative
of the invention, the die 38 is preferably rotated
at approximately 3600 R. P. M. The rate of ad-
vance of the die 38 onto the open end of the non-
rotating tube 25 varies according to the type of
material employed in and thickness of the tube
25, which rate of advance is adequate to provide
sufficient heat in the end of the tube 25 when
attacked by the inner half of the forming heat
sone D to bring the temperature of the said tube
25 to just below melting point making the end
of the tube 25 thereat substantially plastic and
maintaining the temperature to maintain the
substantial plasticity of the end of the tube 28
through the final forming zone D and the finish-
ing zone E where the advance of the die 38 onto
the tube 25 ceases whereupon the closed end of
the tube 25 cools sufficiently to permit a final
set of the metal thereof while the die 36 is still
rotating but not advancing, the die 38 then being
withdrawn from over the end of the tubing.

If complete closing of the end 288 of the tubing
95 is not desired, the rotating die 2§ is advanced
slightly less than normsally required to fully close
the end 250 of the tubing 23 whereupon an in-
sufficient amount of metal is present at the cen-
ter of the substantially closed end 238 of the
tubing 25 to fully close the same. Also, as shown
in Fig. 7, if an open neck 35 or any other annu-
lar form is required at the axial center of the
closed end 250 of the tubing 23, the tube closing
die %8 is formed to correspond by providing, as
in the example given, a central slightly tapered
cylindrical nib 35 and an annular well 37 adja-
cent thereto into which metal from the nearly
closed end 258 of the tube 25 flows to form the
said open neck 25. .

) Referring again particularly to Figs. 2-6 inclu-
sive, when a straight tube 25 is attacked by the
rotating tube closing die 29, the annular tapered
lead 33 thereof encompasses the annular end of
the said straight tube 25. As the rotating tube
closing die 30 advances further, the end of the
straight tube 25 is frictionally engaged by the
pre-heat ring A which elevates the temperature
of the end of the said tube 25 to a temperature
somewhat below “cherry red.” As the rotating
tube closing die 30 advances further onto the end
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of the straight tube 25, the ribs 34 thereof at
the initial heat and forming zone B further ele-
vate the temperature of the end of the tube to

‘slightly below “cherry red” as the end of the tube

25 takes its initial forming. As the rotating tube
closing die 38 advances further onto the end of
the tube 285, the ribs 34 thereof at the forming
heat and major forming zone C further elevate
the temperature of the end of the tube to or
sightly above “cherry red” but below the point of
fusion as the end of the tube takes its major
forming. As the rotating tube closing die 30 ad-
vances further onto the end of the tube 25, the
ribs 34 thereof at the final forming zone D main-
tain the temperature of the end of the tube at
above “cherry red” but below the point of fusion
as the end of the tube takes its final forming. As
the rotating tube closing die 30 advances further
and to its maximum advance onto and over the
end of the tube 25, the smooth surface thereof at
the finishing zone E frictionally heats the end of
the tube to a state of plasticity and fusion as the
end of the tube is closed or is substantially closed.

The term “somewhat below cherry red,” “slight-
ly below cherry red,” “cherry red,” “above cherry
red but below the point of fusion,” and “a state of
plasticity and fusion” as herein used are all rela-
tive heat terms employed. because the actual
specific temperatures to which the end of the

tube 25 is elevated as the rotating tube closing ¢

die 30 is advanced onto and over the end thereof
cannot be measured accurately; however, by ob-
servation of tubes 2§ from which the rotating
tube closing die 30 has been withdrawn quickly at

check points in the advance of the said rotating :

tube closing die 30 thereover, indications are that
the hereinbefore stated relative heating of the
end of the tube 25 occurs during the formation
of a completely or substantiallv completely closed
end 250.

As the rotating tube closing die 80 is advanced
over the end of a tube 25 to be closed thereby, the
said tube 2§ is worked by the pressure of the op-~
positely disposed generally axially extending ribs
34 of the said tube closing die 30 being urged
thereagainst, the resistance of the said tubing 25
against being deformed from a straight piece to a
completely or substantially completely closed end
250 by the oppositely and axially disposed ribs 34
of the said die 30, which resistance increases as
the tubing 25 gradually becomes closed, permits
the said ribs 34 to indent themselves minutely
and progressively into opposite sides of the tubing
25 as the end of the said tubing 85 is closed by
the advancement of the said rotating tube clos-
ing die 30 thereover and thereonto, thus working
the tubing 25 closed at its ends. The pressure of
the attack of the tube closing die 30 against the
end of the tube 25 being closed and the rate of
advance of the said tube closing die 30 over the

'said end of the tube 25 heing closed depends upon

the diameter and wall thickness of the tube 25.
The pressure of attack or thrust pressure of the
tube closing die 30 always must be sufficient to
maintain a constant or continuous pressure on
the end of the tube 25 coupled with the proper

‘rate of advance of the tube closing die 30 onto

the end of the tube 25 to raise the temperature of
the end of the said tube 25 during the tube clos-
ing operation to approximately those tempera-

. tures hereinbefore described.

It has been found that two ribs 34 in the tube
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cavity 31 of the tube closing die 30 are preferabie
and all that are necessary for most tube closing
operations on tubing below 2%’’ or 3’' in di-
ameter having up to ¥%’’ wall thickness. For .
some tube ending operations, particularly al-
though not exclusively in larger diameter tub-
ing, three or even four ribs 34 may be required
to provide the proper working of the tube end
during the closing of the tube. While it has been
discovered that the ribs 34 preferably vary grad-
ually in cross sectional configuration from a rela-
tively wide flat rib as indicated in Fig. 4, to a
relatively deep wide rib as indicated in Fig. 5, to
a relatively shallower narrow rib as indicated in
Fig. 6 which fades out in the finishing zone E as
indicated in Fig. 2, it is contemplated that the rib
configuration may be varied to suit particular
conditions of various tube ending production
operations where the problem is not normal, as
for example, when the closed end 259 is required
to be other than substantially dome shaped.
Although but a single embodiment of the in-
vention and a single example of the method steps
have been disclosed in detail, it is obvious that

5 many changes may be made in the size, shape,

detail and arrangement of the elements of the
invention and that variations may be made in the
method steps employed, all without departing
from the spirit and scope of the invention as de-
fined by the appended claims.

We claim: )

1. A tube closing die comprising a die block
having an annular substantially smooth pre-
heat ring whose diameter is substantially the
same as the diameter of a tube to be ended there-
by and a generally semi-spherical shaped imper-
forate cavity inwardly of the said annular
pre-heat ring, and a plurality of axially disposed
straight ribs extending above the surface of the

0 said cavity, each rib being deepest at approxi-

mately the center thereof and fading out at the
pre-heat ring and near the center of the die, the
said ribs being relatively flat and shallow begin-
ning at a point inwardly of the face of the die,

. relatively deep and wide at the longitudinal cen-

tral portion thereof, and relatively shallow and
narrow at the portion thereof fading out near the
center of the die.

2. A tube closing die comprising a die block
having an annular substantially smooth pre-heat
ring whose diameter is substantially the same
as the diameter of a tube to be ended thereby and
a generally semi-spherical shaped imperforate
cavity inwardly of the said annular pre-heat ring,
and a plurality of generally axially disposed
straight ribs extending above the surface of the
said cavity, each rib being deepest at approxi-
mately the center thereof and fading out at the
pbre-heat ring and near the center of the die.

RICHARD L. WHITING.
- ROBERT E. WHITING.
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