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the same is shortened due to the formation process to 
prevent the blank from drawing away from the Seals; 
and, second, to help urge the tubular blank to move 
toward the forming areas of the die. 
Upon formation of the tubular blank to the desired 

shape the plugs are withdrawn, the die is opened, and 
an ejector of suitable means removes the tubular part 
from the die. 

In a second embodiment of the present invention, each 
of the plugs has an outer diameter which exceeds the 
inner diameter of the tubular blank by a predetermined 
uniform amount along the inner portion of the inserted 
section. That portion of the inserted section of each 
plug associated with the ends of the tubular blank in 
terior wall is provided with an outwardly tapered shape 
and forms an annular flared section at the opposite ends 
of the tubular blank upon insertion therein. The plug 
tapered section and a mating tapered annular section 
formed on opposite ends of the die together from a 
step which locks the opposite ends of the tubular blank 
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againstaxial movement and provides a fluid tight seal 
for maintaining pressure fluid within the tubular blank 
interior even after expansion of the blank against the 
central portion of the die which extends between the 
plugs. 

It is therefore an object of this invention to provide 
new means for sealing the opposite ends of a tubular 
blank when the same is formed into a different shape 
or configuration by the application of an outwardly 
directed pressure force applied against the interior Wall 
of the tubular blank. 

Further objects, advantages and applications of the 
present invention will become apparent by the folloWing 
detailed description of the preferred embodiments. 

DESCRIPTION OF THE DRAWNGS 
The description refers to the accompanying drawings 

in which like reference characters refer to like parts 
throughout the several views and in which: 

FIG. 1 is a diagrammatic sectional view of an ap 
paratus incorporating a preferred embodiment of the 
present invention and taken along line i -1 of FIG. 5; 

FIG. 2 is a view of the apparatus of FIG. 1 illustrat 
ing an intermediate stage in the formation of the tubu 
lar blank; 
FIG. 3 is a view of the apparatus of FIGS. 1 and 2 

illustrating another intermediate stage in the formation 
of the tubular blank; 

FIG. 4 is a view of the apparatus of FIGS. 1, 2 and 3 
illustrating a final stage in the forming operation; 

FIG. 5 is a diagrammatic sectional view of the ap 
paratus illustrated in FIG. 1 taken along line 5-5 there 
of; 

FIG. 6 is an enlarged fragmentary view illustrating 
in an exaggerated form the interference between one of 
the plugs and an end of the tubular blank; 

FIG. 7 is an enlarged fragmentary view illustrating 
in an exaggerated form the engagement of the plug with 
an end of the tubular blank; 

FIG. 8 is a fragmentary view similar to FIG. 7 show 
ing the position of the seal during the initial stage of 
the shaping process; 

FIG. 9 is a fragmentary view similar to FIG. 8 show 
ing the position of the seal during the final stage of the 
shaping process; and 

FIG. 10 is a fragmentary view of another embodiment 
of the present invention in which there is illustrated in 
an exaggerated form the engagement of a plug with 
one end of the tubular blank. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the drawings, and especially FIGS. 1 and 
5, there is shown a preferred tubular blank forming 
apparatus 10 disposed within a tank which is schematical 
ly illustrated and generally indicated by the numeral 
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12. The tank 12 is filled with a liquid 14 to a prede 
termined level 14a, submerging the entire apparatus as 
indicated in FIG. 5. The liquid 14 which may well be 
Water, however it should be noted that other liquids 
which have a low coefficient of compressability may be 
preferred. 
A split forming die 16 has opposing halves indicated 

by the numerals 18 and 20. The die half 18 comprises 
a generally rectangularly shaped block of metal, such 
as steel, having a substantially semi-cylindrically shaped 
recess 22 extending across the inner face thereof, and 
in which a plurality of grooves or impressions 24 are 
provided for forming the desired shape of a tubular 
blank 25. The die half 20 is likewise a rectangularly 
shaped block having a substantially semi-cylindrically 
shaped recess 26 and grooves 28 formed alongits inner 
face. The recesses 22 and 26 of the die halves are adapted 
to face each other in order to provide a substantially 
cylindrical bore 30 through the length of the composite 
die. A plurality of radial passages 31 eXtend through the 
die halves 18 and 20 andare provided for venting the 
cylindrical hole 30 during the forming stages as will be 
described in more detail hereinafter. Although a cy 
lindrically shaped forming surface is illustrated, it is to 
be understood that the tubular blank may be formed 
into any desired shape such as an oval, a square, or the 
like and may have other configurations than the grooved 
one described. 

For maximum facility in operation, the die halves 18 
and 20 are mounted on the inner ends of a pair of hori 
zontally moving hydraulic rams, not shown. The hy 
draulic rams are exteriorly actuated by means customary 
to the art to close and hold the split die structure together, 
When expansion operations are conducted therein, with 
sufficient force So that the die halves 18 and 20 Wii not 
Separate. 
The tubular blanks 25 are fed into the apparatus 10 by 

any suitable feeding means (not shown) positioned above 
the split die halves 18 and 20, while a part ejector 29 
(FIG. 5) positioned below the split die halves is adapted 
to move vertically upward between the split die halves 
18 and 20 to eject the formed tubular blank 25 after it is 
formed and the dies are separated. 
At opposite ends and aligned with the cylindrical bore 

30 there are provided a pair of axially aligned plugs 32 
and 34, each of which is slidably disposed within mount 
ing blocks 36 and 38 respectively. The mounting blocks 
36, 38 and thus the plugs 32, 34 are exteriorly actuated 
by any suitable well known means, such as hydraulic 
rams (not shown), to move them inwardly into the die 
cylindrical hole 30 at some controlled speed and force. 
The plugs 32, 34 are shaped substantially complementary 
to the shape of the ends of the tubular blank 25 andare 
illustrated as being of a generally cylindrical shape hav 
ing a plurality of step sections 40, 42 and 44 formed 
thereon. The step section 44 is of the larger diameter and 
is slidably disposed withina recess 46 formed within each 
of the end blocks 36, 38. The outer Surface 48 of each 
plug cooperates With the inner portion of the respective 
receSS 46 to forman expansible pressure chamber 50 with 
in each of the blocks 36, 38. A suitable sealing means 
Such as an elastomeric material or the like is provided at 
52. Within a periphera groove 54 around the step portion 
44 So as to maintain a fluid sealing sliding engagement 
between the plug and its associated recess. The step sec 
tion 40 is adapted to be inserted within the interior of the 
tubular blank 25until the opposite ends 56 of the tubular 
blank abut against shoulders 58 formed between the step 
portions 40, 42. The diameter of the step section 42 is 
Such as to insure that the shoulder 58 will fully cover the 
end edge of the blank. M 
AS can be seen in FIG. 6, the outer diameter of the 

step section 40 is so sized as to be slightly larger than the 
inner diameter of the tubular blank 25, in order to create 
a slight interference between the two engaging parts so 
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38 and their associated plugs 32, 34 are withdrawn from 
the tubular blank 25 and the opposing halves of the die 
16 are retracted to the position shown in FIGS. 1 and 5. 
The part ejector 29 illustrated in FIG. 5 moves vertically 
upward as hereinbefore described to eject the formed 
tubular blank 25 from between the opposing halves of 
the die 16. A new tubular blank 25 is then inserted 
vertically downward between the die halves and the form 
ing process is commenced in the manner as hereinbefore 
described. It can be seen that the present invention is 
adaptable to automatic handling for high volume pro 
duction. 

In certain applications and particularly in the forming 
of tubular blanks made of a relatively soft metal, it may 
be desirable to maintain a fluid sealing relationship be 
tween the plugs and the engaged portion of the tubular 
blank 25 without permitting axial inwardly movement of 
the outer ends of the tubular blank 25. 
Such an arrangement is illustrated in FIG. 10 wherein 

a modified plug 100 is inserted within the tubular blank 
25 and is sized in the same manner as described herein 
before in description of the plugs 32, 34; that is, the 
outer diameter of the step section 101 exceeds the inner 
diameter of the tubular blank 25 by a predetermined 
amount. The step section 101 is provided with a generally 
frusto-conically shaped annular land 102 Which engages 
the end portion 104 of the tubular blank interior Wall 
to expand the same in a generally flared manner as illus 
trated in FIG. 10. Mating annular lands 106 formed 
on the outer ends of the die halves 18, 20 are adapted 
to receive the outer surface 108 of the flared end portion 
104 forming steps which preventaxial inwardly move 
ment of the tubular blank 25 as the same is formed by 
the application of pressure therein in the same manner 
as hereinbefore described. As the pressure Within the 
tubular blank 25 is communicated to the pressure cham 
bers 50 and the force acting on the areas 48 urges the 
plug 100 inwardly, the annular lands 102 engage the 
inner surfaces 110 of the flared sections 104 With a 
greater force thus ensuring a fluid tight Seal which in 
creases as the pressure within the tubular interior in 
creases, while at the same time the outer Surfaces 108 
of the flared sections 104 are urged into abutment With 
the annular lands 106 formed on the opposite ends of 
the die 16.. The abutment between the outer Surfaces 108 
of the flared sections 104 and the annular lands 106 
formed on the die prevents any inward axial movement 
of the tubular blank ends. 

In view of the above, it can be Seen that the Several 
objects of the invention are achieved and other ad 
vantageous results attained. A> 

Having thus described the invention, What is claimed 
is as follows: 

1. An apparatus for forming a tubular blank com 
prising: I 

a forming die having a longitudinal bore for receiving 
and forming said tubular blank; 

a pair of plugs axially aligned with said bore and 
movably positioned to enter and engage the interior 
of said tubular blank from opposite ends thereof 
such that the outer surfaces of said plugs and the 
inner surfaces of said opposite ends each engage 
along a predetermined distance, said plugs being of 
a shape conforming to the shape of the openings of 
said blank interior and being of a greater size than 
said openings so as to create an interference be 
tween the engaging surfaces of said plug and said 
blank interior whereby said blank is expanded out 
wardly along said predetermined distance thereby 
creating a fluid sealing engagement between said 
engaging surfaces, at least one of said plugs having 
a passage extending to the inner face thereof which 
enters said tubular blank interior; 

means for supplying a fluid to the interior of Said 
tubular blank; 
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8 
means associated with said last mentioned passage 

for pressurizing said fluidi; and 
the blankengaging surface of each plug having an 
end portion substantially uniformly sized in cross 
section throughout its length and an outwardly flar 
ing portion adjacent said end portion for engaging 
an end portion of said blank, and said forming die 
having an interior end surface shaped complemen 
tary to said end and flaring portion but radially 
spaced therefrom substantially equal to the thick 
ness of the material of the blank, whereby to retain 
the blank end portion in position between the plug 
and die against axial displacement during forming. 

2. In combination with a tubular blank forming ap 
paratus, comprising: 

a forming die having a longitudinal bore for receiving 
and forming said tubular blank; 

a pair of plugs axially aligned with said bore and 
movably positioned to enter the interior of said 
tubular blank from opposite ends thereof such that 
the outer surfaces of said plugs and the inner sur 
faces of said opposite ends each initially sealingly 
engage along a predetermined distance, at least one 
of said plugs having a passage extending to the 
inner face thereof which enters said tubular blank 
interior; 

means for supplying a fluid to the interior of said 
tubular blank; and 

means associated with said passage for pressurizing 
said fluid; 

the improvements which comprises: 
sealing means radially disposed between each 

plug and the interior wall of said tubular blank 
at a point along said predetermined distance, 
said sealing means being responsive to pressure 
in said tubular blank interior for creating a 
fluid sealing engagement between said plugs and 
said tubular blank interior; 

each of said sealing means comprising an end 
less elastomeric material disposed within a pe 
ripheral groove formed around said plug por 
tion engaging the interior of said blank and 
being sized for reception completely within said 
groove and inwardly of the periphery of said 
plug to normally be free of interference with 
the blank When said fluid is not pressurized; and 

a passageway connecting said plug grooves to the 
interior of said tubular blank whereby pressure 
in said tubular blank whereby pressure in said 
tubular blank interior is communicated to the 
underside of said material for creating a force 
expanding said material into a fluid sealing en 
gagement with said plug and said tubular blank 
engaged portion. 

3. In combination with a tubular blank forming ap 
paratus comprising: 

a forming die having a longitudinal bore for receiv 
ing and forming said tubular blank; 

a pair of plugs axially aligned with said bore and 
movably positioned to enter the interior of said 
tubular blank from opposite ends thereof Such that 
the outer surfaces of said plugs and the inner sur 
faces of said opposite ends each engage along a 
predetermined distance, at least one of said plugs 
having a passage extending to the inner face thereof 
which enters the tubular blank interior; 

means for supplying a fluid to the interior of said 
tubular blank; and 

means associated with said passage for pressurizing 
said fluid; 

the improvement which comprises: 
piston means associated with each of said plugs, 

said piston means being responsive to the pres 
sure in said tubular interior to urge said plugs 
inwardly into said die longitudinal bore; 
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and passage means connecting said piston means 2,203,868 6/1940, Gray et al. ----------- 72-58 
with said tubular interior. 2,833,330 5/1958 Love ---------------- 72-59 

4. The combination as described in claim 2, wherein 3,350,905 11/1967 Ogura et al. ---------- 72–62 
the width of said peripheral groove is substantially equal 3,416,343 12/1968 Thielsch ------------- 72-58 
to the width of said elastomeric material. 5 

5. The combination as described in claim 5, including FOREIGN PATENTS 
a step section formed on each of said plugs, said step 732,958 6/1955 Great Britain ---------- 72-56 
sections abutting the ends of said tubular blank. 1, 103,717 6/1955 France --------------- 72-60 
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