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 Original No. 2,313,474,

No. 440,713, April 27, 1942,
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. 14 Claims.

More particularly, this invention relates to a
method and a too! for shaping stock to conform
the latter to the contour of a portion of the tool
and is-a continuation in part of my copending
application, Serial No. 366,757, filed November 22,
1940. .

One of the principal objects of this invention is
to control the flow or distribution of the stock
during the forming operation in such a manner
that the stock may be deformed to a substantial
degree without the danger of overheating or
otherwise injuring the stock.

In accordance with this invention, sufficlent
pressure Is initially exerted around the entire
circumference of the stock to progressively heat
the stock to a plastic condition and thereafter a
forming pressure is exerted on a continuous area
of the stock extending over & major portion of the
circumference of the stock while leaving the re-
maining portion free to deform in response to the
forming pressure. The arrangement is such that
successive portions of the stock are free to distort
or deform during the forming operation and this
is desirable because it prevents seizure between the
stock and tool due to thermal expansion.

Another object of this invention is to provide a
tool having a “heat ring” for exerting the required
initial pressure on the stock to heat the latter and

. having a relief area in the forming portion to
enable successive portions of the stock to deform
or distort during the forming operation.

A further object of this invention is to thor-
oughly work the stock during the forming oper-
ation by one or more of the edges defining the
relief portion of the tool. As a result, the stock is
maintained in a plastic or easily workable condi-
tion and distribution of the stock is controlled to
obtain the desired stock thickness in the com-
pleted article.

In addition to the foregoing, this invention con-
templates a tool rendering it possible to close the
ends of relatively large diameter tubes or casings
and, at the same time, enables thickening the
metal at the closed ends to practically any speci-
fied thickness. This feature of the invention is
highly advantageous because it offers the possi-
bility of eliminating the orthodox forging proc-
esses which were heretofore required in the manu-
facture of thickened closed end tubes or casings
which are extremely expensive and very slow from
a production standpoint.

Still another object of this invention is to form
the stock to a predetermined length and internal
diameter during the forming operation.

The foregoing, as well as other objects, will be
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made more apparent as this description proceeds,
especially when considered in connection with the
accompanying drawings, wherein:

Figure 1 is a side elevation of a reducing tool
constructed in accordance with this invention;

Figure 2 is a top plan view of the tool shown in
PFigure 1;

Figure 3 is a sectional view taken substantially
on the line 3—3 of Figure 2 and showing & piece of
stock engaged by the tool;

Figure 4 is a cross sectional view taken on the
line 4—4 of Figure 3;

Figure 4A 18 a cross sectional view similar to
Figure 4 showing a modified form of construction;

Figure 5 is an elevational view partly in section
of a portion of one article capable of being pro-
duced by this invention; :

Figure 8 1s a sectional view through a slightly
modified form of tool;

Figure 7 is a cross sectional view taken substan-
tially on the line 1—T of Figure 6;

Figure 8 is a top plan view of & further embodi-
ment of this invention; ,

Figure 9 18 a sectional view taken on the line
9—9 of Figure 8;

Figure 10 is an end elevational view of the
construction shown in Figure 8;

Pigure 11 is & longitudinal sectional view illus-
trating a further embodiment of this invention;
and :

Figure 12 is a cross sectional view taken sub-
stantially on the plane indicated by the line 12—12
of Figure 11. )

Referring generally to the embodiments of the
invention shown in Figures 1 to 7, inclusive, 10
and 11, it will be noted that in each of these
modifications a length of tubular stock is fash-
ioned to the contour of the tool by exerting a re-
ducing pressure on the stock as the latter and
tool are relatively rotated and moved in direc-
tions toward each other. Briefly, each of the
tools is provided with a continuous annular por-
tion A which gradually decreases in cross section
and exerts a reducing pressure continuiiously
around the entire circumference of the stock to
progressively heat the latter to a plastic or easily
workable condition. ]

The stock leaving the annular heating portion
A enters a cavity B also formed in the tool and
has a portion which progressively decreases in
cross section longltudinally of the tool. This

portion of the cavity is formed with a relief
recess C which extends longitudinally substan-
tially throughout the length of the cavity B and
has an area which is relatively small as com-
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pared to the area of the stock confining wall
portion of the cavity. As a result, the wall por-
tion of the cavity exerts a reducing pressure on a
continuous area extending over a major portion
of the circumference of the stock and the re-
maining portion of the stock:is free to deform
into the relief recess in response to the reducing
pressure. .

By providing the relief area, seizure between
the stock and tool due to thermal expansion is
eliminated and the excess metal resulting from
the reduction in cross-section of the stock is ac-
commodated and allowed to remain in a plastic
state, but is not overheated. The reduction con-
tinues in accordance with the confining portion
of the tool and in accordance with the shape of
the tool until it is arrested by eilther discon-
tinuing the operation of the tool or by a positive
stop provided for this purpose.

It will also be noted that as successive portions
of the stock deform into the relief recess, the
stock is thoroughly worked by one or both lon-
gitudinal edge portions of the recess and, as a
result, is maintained in a plastic or easily workable
condition, which permits uniform or controlled
distribution of the stock to obtain the desired
configuration and thickness in the completed ar-
ticle.

All of the above principles may be individually
or collectively used to advantage in working stock
of metallic or non-metallic material to various
different shapes and specified sizes. However,
in order to more clearly illustrate the invention,
I have shown in Figure 5 one type of article ca-
pable of being inexpensively produced from a
length of tubular stock with the minimum num-
ber of operations and with relatively simple ap-
paratus. The article in Figure 5 comprises a
body 10 of tubing having one end fashioned to
form an inwardly tapering portion I and hav-
ing a reduced annular nipple 13 projecting axial-
ly from the tapering portion 1. The tubing may
be ferrous, non-ferrous or plastic, and the nipple
may be of any desired length. In fact, the en-
tire length of the tubular stock may be reduced
to the size of the nipple 13 if desired.

With the above in mind, reference will now
be made more in detail to the tool illustrated in
Figures 1 to 4, inclusive. The tool is in the form
of a female die 14 having an entrant opening 15
of sufficient diameter to receive one end of the
tube 10 and having an axially extending bore 117
connected to the entrant opening 15 by the cav-
ity B and heat ring C. The cavity B and heat
ring C progressively decrease in cross sectional
area from the entrant opening 15 to the hore {7
and cooperate to form the flared portion [ of
the article shown in Figure 5. 'The reduced bore
171 forms the nipple 13 of the article having an
external diameter determined by the internal
diameter of the bore 17 and having a length de-
termined by an adjustable stop 18 slidably sup-
ported in the bore 171. It will further be noted
from Figures 1 to 4, inclusive, that the tool 4
is provided with at least one relief portion C,
illustrated in the drawing as an open segment,
in the form of a slot or groove extending in the
direction of the axis of the tool and having a
length closely approximating the length of the
working zone or area of the tool. The purpose of
the relief portion or portions C is to relieve the
reducing pressure on successive porticns of the
tube 10 and permit relatively free distortion or
expansion of the stock into the relief portion
throughout the extent of working of the tube,
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Assuming for the purpose of illustration that
the tool is moved about its axis in a clockwise di-
rection as viewed in Figure 4, it will be noted that
the edge 20 of the rellef portion C works the
tubular stock to not only “iron out” any enlarge-
ment of the tube but to, also, control the dis-
tribution of the stock. It follows, of course, that
in the event of the tool is moved about the axis
in the opposite or in a counterclockwise direction,
as viewed in Figure 4, the edge 20’ of the relief
portion C works the stock in a similar manner,
In fact, both the edges 20 and 20’ may be em-
ployed to work the tubular stock as the latter
and tool are relatively angularly moved about
the axis of the tool. In Figure 4A, I have shown
the edge 20’ of the relief portion C as extending
into the cavity of the die or tool. Assuming for
the purpose of explanation that the tool is moved
about its axis in a clockwise direction as viewed
in Figure 4A, it will be noted that the stock is
worked by the edge 20" of the relief portion as
well as by the edge 20.

The tool {4 and tube {0 are not only supported -
for relative movement about the axis of the tool
but are, also, relatively movable toward each
other to extend one end of the tube 10 into the
entrant opening 15 in the tool. As the free end
of the tube 10 engages the inwardly tapering wall
of the cavity B, the end of the tube is engaged by
one or the other of the edges 20 and 20’ (depend-
ing upon the direction of oscillation or.rotation
of the tool and tube) and the end of the tube is
shaved to form the same perfectly square. It
may also be pointed out at this time that the edge
21 of the relief portion C of the tool is spaced
from the outer end of the entrant opening 1§ to
form the continuous annular tapered heat ring A
which exerts a continuous initial reducing pres-
sure around the entire circumference of the stock
as the latter and tool are relatively moved in di-
rections toward one another. As a result, the
stock is progressively heated to a plastic or work-
able condition as it enters the cavity B and the
extent to which the stock is heated may be con-
trolled by varying the location of the edge 21
rt;lative to the outer end of the entrant opening
15.
As relative movement of, the tool 14 and tube
10 continues in directions toward each other, the -
tapering portion i€ of the tool applies a reducing
pressure on the stock, and the tool as a whole
controls the flow and distribution of the stock
and forms the end portion thereof to the contour
of the tool. As stated above, the pressure is re-
lieved on successive portions of the stock during
the forming operation by the relief portion C in
the tool and, as a result, these portions are free
to enlarge or deform into the relief portion C.
As successive portions of the stock are displaced
into the relief portion C, the stock is effectively
worked by either or both the edges 20 and 20’ of
the relief portions, and the thickness of the stock
is controlled within close limits. It will also be
apparent, especially when considered in connec-
tion with Figure 4; that the thickness of the walls
of the stock may be reduced, if desired, by actu-
ally shaving the stock with the trailing edge of
the relief portion C during the forming operation.

The feeding operation is continued until the
free end of the tube abuts the adjustable stop 18
which is located in the bore 17 in a position pre-
determined in dependence upon the desir8d
length of the nipple 18, Particular attention is
again called to the fact that the relief portion
C extends from a position in close proximity to
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the entrant end of the cavity B of the tool to the
stop I8 50 that the stock is effectively worked dur-
ing the forming operation and distribution of
the stock is controlled. It may be pointed out
at this time that by extending the relief portion
C along the nippie 13, the exterior surface of
the latter may be formed to within every close
limits of a specified diameter by burnishing the
same with one or the other of the edges 20 and
29’ of the relief portion C.

Reference has been made above to the fact
that the entire tube 10 may be reduced to the
bore 11. From the foregoing, it
will be apparent that the length of the tube 10
may be reduced to the size of the bore i1 by
merely eliminating the stop 18, The elimination
of this stop permits unlimited relative feeding
of the tool 14 and the tube 18 to form a continu-
ous length of reduced tubing.

‘In some cases it may be
additional stock in
eration,

desirable to provide
the zone of the forming op-
and one way that this may be accom-

» plished is by providing one or more indentations

22 in the tapered surface 16 of the tool. These
jndentations permit the stock to “pile up” dur-
ing the forming operation, and this stock is uni-
formly distributed by either or both of the edges
20 and 20’ of the relief portion C. As a result,
the thickness of the walls of the stock is in-
creased in proportion to the amount of stock
gathered by the indentations 22.

In some cases it may be advantageous to form
the internal diameter of the nipple 13 to & speci-
fied size, and this may be accomplished by the
tool shown in Figures 6 and 7. As shown in the
above figures, the tool 23 is similar in construc-
{4 previously deseribed with the
exception that a mandrel 24 is located in the re-
duced bore of the tool in concentric relation to
the latter. The forward end of the mandrel 24
has one or more relief portions and is adapted
to extend into the nipple 13. The edges 28 of
the relief portions in the mandrel 24 cooperate
to burnish or shave the inner surface of the re-
duced portion {3 to form the latter to a prede-
termined internal diameter. It follows, therefore,
that the mandrel 24 cooperates with one or the
other of the edges 20 and 20’ of the rellef por-
tion C. extending along the reduced bore, to fash-
jon the outside and inside diameters of the nip-
ple to specified dimensions.

In Figures 8 to 10, inclusive, of the drawings, X
have illustrated & tool capable of working one end
of a tube to close the latter end and, if desired, to
also thicken the same. In detail, the tool 34 is
provided with a recess or cavity 35 and with one
or more relief portions 36 which extend to the
axis of the tool in a manner clearly shown in Fig-
ure 10. The relief portion 36 performs the same
results and operates in the same manner as the
relief portion C previously described in detail.
In addif:lon, the tool 34 is provided with a con-
tinuous annular heat ring 3% for progressively
heating the stock by exerting a reducing pressure
continuously around the entire circumference of
the stock as the latter enters the cavity or recess
35. This heat ring 35’ is the equivalent of the
heat ring A previously described and operates in
the same manner as the latter to initially heat
the stock to a plastic or easily workable condi-
tion.

The highly effective metal working and distribu-
tion characteristics of the tool previously de-

scribed renders it possible to effectively close the
ends of casings or tubes having & diameter and
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wall thickness of such magnitude that it was
heretofore necessary to manufacture the same .
by & forging process which is not only consider-
ably more expensive but is also much slower.
Moreover, due to the nature of the stock distribut-
ing and control means, it is also possible to form
the end of the tube or casing to various thick-
nesses and this is desirable in manufacturing cer-
tain types of articles such, for example, as shell
casings. )

The embodiment of the invention shown in Fig~
ures 11 and 12 illustrates a tool 31 for forming &
return bend 38 in a length of tubular stock. In
detail the tool 37 is provided with a reduced
axially extending portion 19 which is surrounded
by an annular recess 49 corresponding in dimen-
sion to the desired size of the return bent 38. The
annular portion 31’ acts to heat and partially re-
duce the stock in the same manner &s the por-
tion A in Figures 1 to 4. In addition, the tool is
fashioned with at least one relief portion 41 which
extends into the reduced portion 39 or, in other
words, extends throughout the length of the work-
As a result, the-relief
portion 4i performs the same functions as the
relief portion C, described in the first embodiment
of the invention, in that it permits distortion
and working of the stock to form the latter to
the contour of the tool. In this connection, it
will be noted from Figure 12 that the opposite side
edges of the relief portion 41 correspond in con-
tour to the return bent portion 38 of the stock,
and one or the other of the edges of the relief por-
tion controls the distribution of the stock as the
latter is worked by the tool. It may also be
pointed out that the edges of the relief portion
formed in the reduced part 39 of the tool acts on
the inner surface of the return bent portion and
forms the same to a predetermined specified di-
mension,

What I claim as my invention js:

1. The method of forming stock which includes
the steps of exerting a reducing pressure on a
continuous area extending over a major portion
of the circumference of the stock while leaving
the remaining portion free to deform in response
to the reducing pressure, and relatively rotating
the stock and pressure exerting means thereby
permitting circumferentially progressive deforma-
tion longitudinally of the stock in the area out of
contact with the pressure exerting means.

2 The method of forming ‘stock which includes
the steps of progressively heating and partially
reducing the stock by exerting a reducing pressure
continuously around the entire circumference of
the stock by & rotating means, and immediately
further reducing the stock and working and dis-
tributing the material thereof by exerting a re-
ducing pressure by a rotating means on & con-
tinuous area extending over a major portion of

_ the circumference of the stock while leaving the
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remaining portion free to deform in response to
the reducing pressure.

3. The method of forming stock which in-
cludes the steps of progressively heating and
partially reducing the stock by exerting a re-
ducing pressure continuously around the en-
tire circumference of the stock by a rotating
means, immediately further reducing the stock
and working the material thereof by exerting a
reducing pressure on & continuous area extend-
ing over a major portion of the circumference cf
the stock while leaving the remaining portion
free to deform in response to the reducing pres-
sure, and relatively rotating the stock and pres-
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sure exerting means thereby permitting cir-
cumferentially - progressive deformation longl-
tudinally of the stock.

4. Those steps in the method of shaping tu- -

bular stock which consist in simultaneously rel-
atively rotating the stock and a shaping tool
about the axis of the tool while relatively mov-
Ing the tool and stock toward one another, ini-
tially circumferentially confining the stock con-
tinuously around the entire circumference there-
of by said shaping tool to heat and partially
conform the stock to the shape of the shaping
tool, and immediately thereafter confining the
stock on a continuous area extending over a
major portion of its circumference sufficient to
conform the stock to the shape of the shaping
tool while relieving the confinement of the stock
for a predetermined area longitudinally of the
tool to thereby permit distortion of longitudinal
bortions of the stock into said relief area during
the shaping operation. -

5. Those steps in the method of shaping tu-
bular stock which consist in simultaneously rel-
atively rotating the stock and a shaping tool
about the axis of the tool while relatively mov-
ing the tool and stock toward one another, ini-
tially circumferentially confining the stock con-
tinuously around the entire circumference
thereof by said shaping tool to heat the stock
to permit subsequent control of the distribution
of the stock, and while the stock is so heated
confining the stock on a continuous area extend-
ing over a major portion of its circumference
sufficient to conform the exterior of the stock
to the shape of the shaping tool while relieving
tlie confinement of the stock for a predetermineq
area longitudinally of the tool to thereby per-
mit distortion of longitudinal portions of the
stock into said relief ares during the shaping
operation, and controlling distribution of the
stock by the shape of the too] to control the wall
thickness thereof.

8. Those steps in the method of shaping tu-
bular stock without the application of external
heat during the shaping operation which con-
sist in simultaneously relatively rotating the
stock and a shaping tool about the axis of the
tool while relatively moving the tool and stock
toward one another, initially circumferentially
confining the stock continuously around the en-
tire circumference thereof by said shaping tool
to heat the stock to bermit subsequent control
of the flow of the stock, and while the stock is
so heated confining the stock on a continuous
area extending over a major portion of its cir-
cumference sufficient to conform the exterior
of the stock to the shape of the shaping tool
while relieving the confinement of the stock for
a predetermined area longitudinally of the tool
to thereby permit distortion of longitudinal por-
tions of the stock into said relief
shaping operation, and controlling the flow of
the stock'by the confining and relief areas of the
tool .

7.' Those steps in the method of shaping tu-

bular stock without the application of external )

heat during the shaping operation which con-
sist simultaneously relatively rotating the stock
and a shaping tool about the axis of the tool
while relatively moving the tool and stock to-
wards one another, initially circumferentialiy
confining the stock continuously around the en-
tire circumference thereof by said shaping tool
to heat and partially conform the stock to the
shape of the shaping tool, and immediately

22,465

thereafter confining the stock on a continuous
area extending over a major portion of its cir-
cumference sufficient to conform the stock to
the shape of the shaping tool while relieving the

area during the .

8 confinement of the stock for g bredetermined
area longitudinally of the tool to thereby permit
distortion of longitudinal bportions of the stock
Into said reliet ares during the shaping opera-
tion, and controlling the flow of the stock by

10 the confining and relief areas of the tool.

8. A forming tool for reducing stock having an
axially extending cavily at least a portion of
which is of brogressively diminishing cross sec-
tion longitudinally of the tool, the wall of said

18 cavity being adapted to engage and reduce the

. stock upon relative rotation and axfal movement
toward one another of the stock and tool, said
wall being provided with a relief recess extending
longitudinally substantially throughout the length

20 of said cavity, the area of the stock engaging wall
of the cavity being substantially greater than the
area of said relief recess whereby a major por-
tion of the circumference of the stock is engaged -
by the tool during the reducing operation leaving

£8 the remaining portion free to deform into said
relief recess in response to the reducing opera-
tion,

9. A forming tool for reducing stock having a
continuous annujlar portion adapted to engage the

80 stock throughout its circumference to partially
reduce and heat the stock upon relative rotation
and axial movement toward one another of the
stock and tool, and a second reducing portion
having an axially extending cavity at least a

3s portion of which is of progressively diminishing

Cross section longitudinally of the tool, the wall

of said cavity being adapted to engage and reduce

the stock upon relative rotation and axial move-
ment toward one another of the stock and tool,
said wall being provided with a relief recess ex-
tending longitudinaliy substantially throughout
the length of said cavity, the area of the stock
engaging wall of the cavity being substantially
greater than the area of said relief recess whereby
& major portion of the circumference of the stock
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reducing operation,
10. A forming tool for reducing stock having
an axially extending cavity at least & portion of
which is of progressively diminishing cross sec-
tion longitudinally of the tool, the wall of said
cavity being adapted to engage and reduce the
stock upon relative rotation and axial movement
toward one another of the stock and tool, said
wall being provided with a relief recess extending
longitudinally substantially throughout the length -
of said cavity, the area of the stock engaging wall
of the cavity being substantially greater than the
area of said relief recess whereby a major por-
tion of the circumference of the stock is engaged
by the tool during the reducing operation leav-
ing the remaining portion free to
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said wall being provided with a relief recess ex-
tending longitudinally substantially throughout
the length of said cavity, the area of the stock
engaging wall of the cavity being substantially
greater than the area of said relief recess whereby
a major portion of the circumference of the stock
is engaged by the tool during the reducing opera-
tion leaving the remaining portion free to deform
into said relief recess, and means coaxial with
said cavity adapted to extend into the stock to
control the internal diameter thereof.

12. A forming tool for reducing stock having an
axially extending cavity at least a portion of
which is of progressively diminishing cross sec-

tion longitudinally of the tool, the wall of said’

cavity being adapted to engage and reduce the
stock upon relative rotation and axial movemgnt
toward one another of the stock and tool, said
wall being provided with a relief recess extending
longitudinally substantially throughout the length
of said cavity, the center line of said relief recess
and the axis of the tool being substantially in
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the same plane, the area of the stock engaging .

wall of the cavity being substantially greater than
the area of said relief recess whereby a major
portion of the circumference of the stock is en-
gaged by the tool during the reducing operation
leaving the remaining portion free to deform into
sald relief recess in response to the reducing
operation, )

13. A forming tool for reducing stock having &
continuous annular portion adapted to engage
the stock throughout its circumference to par-
tially reduce and heat the stock upon relative
rotation and axial movement toward one another
of the stock and tool, and a second reducing por-
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tion having an axially extending cavity at least
a portion of which is of progressively diminishing
cross section longitudinally of the tool, the wall
of said cavity being adapted to engage and reduce
the stock upon relative rotation and axial move-
ment toward one another of the stock and tool,
sald wall being provided with & relief recess ex-
tending longitudinally substantially throughout
the length of said cavity, the center line of said
relief recess and the axis of the tool being sub-
stantially in the same plane, the area of the stock
engaging wall of the cavity being substantially
greater than the area of said relief recess where-
by a major portion of the circumference of the
stock is engaged by the tool during the reducing
operation leaving the remaining portion free to
deform into said relief recess, one of the edges
defining the juncture of the cavity wall and relief
recess being shaped to work the stock during
said reducing operation.

14. In & method of forming stock, the steps of
relatively moving said stock and a forming tool
simultaneously in axial and rotational directions,
initially partially reducing and frictionally heat-
ing the stock by a portion of said tool extending
around the entire circumference of the stoek, and
immediately thereafter exerting a confining and
progressively reducing pressure upon the circum-
ference of thestock on opposite sides of the center
thereof by another portion of said tool while
leaving a segment of said circumference less than
the diameter of the stock at each stage of its
progressive reduction free to deform in response
to and slightly in relief of said pressure.

WALTER P. HILL.




