


Dec. 7, 1971 W. J. DE GAIN 3,625,040 
METHOD AND APPARATUS FOR FORMING ARTICILES FROM A TUBULAR BLANK 

Filed Aug. 6, 1969 2 Sheets-Sheet 2 

FIG. 3 Y/º 

Zász. N N zzzzZXZ222ZZàzzS qNESzzzzz Èzz 
gge 6é 

O Z NE 59 2O N 7N 

23zzi: Z 22 
7 % ga2 \NNNN N2 %NSÈSSN:Z 

ÈSggsù 
/67 

INVENTOR 

WILLAM J. DEGAlN 

% 4Z6444 ATTORNEYS 

      

  

    

  

  

    

  

    

  

    

  

    

    

  

  

  

  

  

  



United States Patent Office 3,625,040 
Patented Dec. 7, 1971 

3,625,040 
METODANDAPPARATUS FORFORMENG 

ARTECLES FROMA TUBULARBLANK 
William J. De Gain, Warren, Mich., assignor to Koppy 

Too Corporation, Ferndaie, Mich. 
Filed Aug. 6, 1969, Ser. No. 847,837 

Imt, C. B2di 26/04 
U.S. Ci, 72-59 5 Claims 

ABSTRACT OF THE DISCLOSURE 
A hydrostatic method and apparatus for forming a 

tubular blank into irregular shapes and configurations 
through the application of outwardly directed pressure 
forces applied against the interior walls of the tubular 
blank. The apparatus is provided with a forming die 
which closes to provide a longitudinal passage for re 
ceiving and forming the tubular blank. A pair of plugs 
inserted within opposite ends of the tubular blank are 
provided with peripheral surfaces adapted to form fluid 
sealing engagement between the plugs and the asso 
ciated interior walls of the tubular blank. In the preferred 
embodiment the peripheral surface of each plug has 
an elastomeric material disposed therein adapted to form 
and maintain fluid sealing engagement in response to the 
pressure applied within the tubular blank. Pistons asso 
ciated with each plug are responsive to the pressure 
within the tubular blank forurging the plugs inwardly 
into the die passage to prevent separation of the Seal 
from the blank assame is shortened during the shaping 
proceSS. 

BACKGROUND OF THE INVENTION 

(I) Field of the invention 
This invention relates to the art of hydrostatic metal 

forming and particularly to the forming of tubular parts 
into products having irregular and complicated Shapes 
and configurations. 

(II) Description of the prior art 
Numerous hydrostatic or hydroforming methods have 

been proposed and employed for forming tubular blanks 
into parts having irregular shapes and configurations by 
the application of pressure. Usually Such methods employ 
dies into which a tubular blank is inserted and its oppo 
site ends are hydraulically sealed. Hydraulic pressure 
is then generated within the tubular blank and the out 
wardly directed force generated therein is eXerted against 
the interior walls of the tubular blank until the desired 
shape is obtained. Since the magnitude of the pressure 
required in such applications can be substantial itis 
necessary to provide a sealed hydraulic connection at the 
ends of the tubular blank which cannot only Sustain Such 
high pressures but which is axially shiftable inwardly 
within the die, as the length of the tubular blank is 
shortened during the shaping process. 

In prior art devices the hydraulic Sealing of the oppo 
site ends of the tubular blank is generally achieved by 
firmly pressing annular members against the open ends 
of the blank so as to insure fluid tightness, or O-rings 
are utilized in the conventional manner in combination 
with plugs inserted within the open ends of the tubular 
blank for obtaining the desired sealing. Such conven 
tional designs ordinarily operate satisfactorily in a range 
of 15000 to 20000 p.s.i. butare not well Suited for high 
pressure operation up to about 50000 p.S.i.as proposed 
herein, being pressures generally below the eXtremely 
high pressures of explosive, electro-arc and the like types 
of forming proceSSeS. 
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SUMMARY OF THE NVENTION 

The preferred embodiment of the present invention, 
Which Will be described in more detail hereinafter, com 
prises an apparatus for forming tubular blanks into various 
shapes and configurations through the application of a 
pressure force applied against the interior walls of the 
tubular blank. A split forming die having opposing halves 
novable to and from one another to permit easy feed 
ing and ejection of the tubular blank, forms when closed 
a longitudinal passage in which the tubular blank is 
shaped. The forming apparatus is submerged in a fluid 
during the Shaping of the blank so as to prevent the 
possibility of an adiabatic explosion due to air entrap 
ment and serves as a safety factor to dissipate energy 
in the event of a failure. A pair of plugs which are of 
a Shape complementary to the shape of the opposite 
ends of the tubular blank are adapted to be received 
therein to a predetermined distance. Each of the plugs 
has an outer diameter which exceeds the inner diameter 
of the tubular blank by a predetermined amount creating 
an interference between the two parts to provide a tem 
porary seal. Thus, as the plugs are pressed inwardly into 
the tubular blank the outer ends of the tubular blank 
are slightly expanded. Each of the plugs is provided 
With a peripheral groove around the portion which en 
gages the inner wall at the ends of the tubular blank 
and in Which an elastomeric Seal is disposed, and means 
are provided to eXpand the seal to create and maintain 
a fluid Seal between the plug and the inner wall when 
the interior of the tubular blank is subjected to a high 
pressure. Since the ends of the blank may, and probably 
Will not, fit closely within the die, which has to be 
large enough to accommodate varying material wall thick 
nesses, expansion of the blank during forming causes 
the temporary seal of the interference fit between blank 
and plugs to be lost, hence the necessity for the expanding 
Seal. 
The outer ends of the plugs form one wall each of a 

pair of expansible pressure chambers, which are com 
municated to the interior of the tubular blank by axial 
passageways eXtending through each plug. These passage 
ways are connected with the inner sides of the seal by 
means of a plurality of radially etXending passageways. 
At least one of the plugs has a punger eXtending 

through its longitudinal passageway and into the interior 
of the tubular blank. When the tubular blank is ready 
to be formed, it is completely filled with the fluid within 
Which it and the apparatus are submerged, and sealed 
at opposite ends by means of the plugs. The formation 
of the tubular blank to the desired shape and configura 
tion is obtained by moving the plunger through its associ 
ated plug into the interior of the tubular blank, where 
upon the displaced fluid causes a substantial pressure 
increase therein. As the pressure increases, it creates 
a force against the interior wall of the tubular blank 
urging the same outwardly into engagement with the die, 
forcing the blank to assume the shape of the interior 
walls of the die. In addition, this pressure increase Within 
the tubular blank is communicated by the axial and radial 
passages within the plugs to the undersides of the seals 
urging same radially outwardly into a tight filled seal 
ing engagement between the plugs and the inner Wall of 
the tubular blank to prevent the leakage of fluid there 
between. 
The longitudinal passageways associated With each plug 

communicate the pressure within the interior of the tubul 
lar blank to the outer end walls of each plug and the 
associated expansible pressure chambers. The force gen 
erated against the outer sides of the plugs tend to urge 
the plugs inwardly and provides a two-fold function. 
The first is to cause the plugs to follow the tube as 
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asto provide a temporary mechanical Seal when the parts 
are engaged in the position of FIG. 3. The extreme inner 
ends 80 of the plugs are preferably slightly tapered or 
beveled to initially permit easy access to the interior of the 
tubular blank 25. 
A peripheral groove 60 formed around the step Section 

40 has a flexible sealing element disposed therein, Such 
as an elastomeric material or the like and is shown, for 
purposes of illustration only, as an O-ring Seal 62. The 
seal 62 is of Such a size that it normally Seats in the bot 
tom of the groove 60, its cross-sectional width being 
approximately equal to the axial width of the peripheral 
groove 60 while its outer diameter in the non-expanded 
state is preferably slightly less than the outer diameter of 
the step section 40 so as to prevent interference between 
the seal 62 and the end of the tubular blank 25 When the 
same is initially forced over the plug 32, 34, thus avoid 
ing any problem of scrubbing, pinching orchafing of the 
seal 62 by the blank and hence ensuring a long life for 
the seal 62. 

Each of the plugs 32, 34 is provided with an axial bore 
64 extending between opposite surfaces to connect the 
pressure chambers 50 with the interior of the tubular 
blank 25 for a purpose which Will be described herein 
after. The inner surface of the peripheral groove 60 and 
thus the lower portion of the seal 62 is connected to the 
interior of the tubular blank by means of a plurality of 
radially inwardly extending passages 66 and the axial 
passageway 64. The pressure chamber 50 formed Within 
the mounting block 36 is fluidly connected to the liquid 
14 within the tank 12 by means of a passageway 70 eX 
tending axially therethrough. A check valve 72 disposed 
therein permits fluid flow unidirectionally from the tank 
12 to the pressure chamber 50 to compensate for fluid dis 
placed from the die through the passages 31 When the 
blank is expanded. 
The mounting block 38 is provided with an axial bore 

74 in which a plunger 76 is mounted for reciprocal move 
ment. Suitable sealing means are provided at 78 to pre 
vent the leakage of fluid from the interior of the blank 
through the bore 74. The plunger 76 extends axially 
through the plug bore 64 and is adapted to be moved 
into the interior of the tubular blank 25 to displace the 
fluid therein and create a substantial pressure rise Where 
in an outwardly directed pressure force is applied against 
the interior walls of the tubular blank 25 forcing the 
same to expand outwardly into the grooves 24 and 28 
formed within the die halves 18, 20 and which Will be 
described in more detail hereinafter. 

In operation, the tubular blank 25 is inserted down 
wardly into position between the die halves 18, 20 which 
are then brought together as illustrated in FIG. 2. The 
plugs 32, 34 and their associated blocks 36, 38 are next 
moved axially toward the tubular blank 25until the step 
portions 40 of the plugs are forced into the outer ends 
of the tubular blank 25, expanding them as shown to 
form the heretofor described temporary mechanical seal 
indicated in FIG. 7, and the ends 56 of the tubular blank 
now abut the plug shoulders 58. In this position, the inner 
surfaces 82 of the blocks 36, 38 are in abutment with the 
outer ends 84 of the die halves 18, 20. Vents 86 provided 
between the juncture of the block surfaces 82 and the die 
ends 84 provide proper venting of the fluid trapped be 
tween the adjacent components. Upon inspection of FIG. 
7, it will be noted that the seal 62 disposed within the 
peripheral groove 60 in each plug is inwardly spaced from 
and thus will not be damaged by the engaged portion 88 
of the tubular blank 25. 

Since the walls of the tubular blank 25 may vary in 
thickness from part to part, the diameter of the cylin 
drical bore 30 of the closed die must be sized to accom 
modate the largest sized tubular blank. Thus when the die 
halves 18, 20 are brought together as illustrated in FIG. 2, 
a clearance space 89 is formed between the outer periphery 
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6 
of the tubular blank 25 and the surface of the cylin 
drical bore 30. 
With the plugs entered into and engaged with the 

outer ends of the tubular blank 25 and the block sur 
faces 82 engaged with the outer ends 84 of the die halves 
18, 20, the device is in a position to commence the form 
ing of the tubular blank to the desired shape and con 
figuration. 
As the plunger 76 is moved leftwardly (as viewed in 

the drawings) into the interior of the tubular blank 
25 and displaces the fluid therein, the pressure within 
the interior of the tubular blank 25 will be substantially 
increased. The pressure generated within the tubular 
blank 25 exerts an outwardly directed force against the 
interior walls 90 of the tubular blank 25 forcing the 
metal surfaces 92 to expand outwardly and take the 
shape of the forming die grooves 24 and 28. Simultane 
ously with the movement of the plunger 76 into the 
interior of the tubular blank 25, the pressure therein 
is communicated to the underside of the seal 62 within 
the peripheral groove 60 by means of the plug passage 
ways 64, 66. As this pressure is increased, the force gen 
erated thereby is exerted against the seal 62 pushing it 
radially outward against the engaged portion 88 of the 
tubular blank interior wall 90, thereby creating a tight 
fluid sealing relationship between the plug step section 
40 and the tubular blankengaged portion 88 and which 
is illustrated in an enlarged sectional view in FIG. 8. 
As the plunger is moved inwardly into the tubular 

blank interior and the pressure therein is exerted against 
interior walls 90 of the tubular blank 25 to cause the 
same to expand, the axial length of the tubular blank 25 
is shortened while the portions 88 of the tubular blank 
which engage the plug step 40 are expanded outwardly 
into the clearance space 89 into abutment with the die 
halves 18, 20, creating a clearance space 93 between 
the plug steps 40 and the tubular wall portions 88 as 
illustrated in FIGS. 4 and 9. In order to maintain the 
fluid sealing relationship created by means of the seal 
62, fluid is communicated to the pressure chambers 50 
in each of the blocks by means of the axial passageways 
64. Since the area of the surface 48 exposed to fluid 
pressure within the chamber 50 is greater than the area 
exposed to pressure at the inner side of the plugs 32, 34 
within the interior of the tubular blank 25, the resultant 
forces exerted on the plugs 32, 34 are such as to urge 
the plugs inwardly towards the interior of the tubular 
blank 25. Thus, as the tubular blank 25 is shortened by 
the radially outward expansion thereof, and as the tubu 
lar blank portions 88 separate from the plug steps 40, the 
plugs follow the tubular blank and thus maintain the 
pressure responsive seal 62 in a fluid sealing engagement 
with the plug step section 40 and the engaged portion 88 
of the tubular blank 5 (FIG. 9). At the same time the 
inwardly moving plugs assist the tubular blank in its axial 
inwardly movement and thus in its outward expansion. 
As the tubular blank 25 expands outwardly into the 

forming grooves 24 and 28 of the die 16, the volume 
within the tubular interior plus the increasing volume of 
the pressure chambers 50 is such as to approach that vol 
ume which has been displaced by the plunger 76, resulting 
in a decrease in pressure within the tubular blank. At this 
point, the plunger 76 is retracted from the tubular in 
terior, causing a decrease in the pressure therein, wherein 
the fluid 14 within the tank 12 will be dawn in past the 
check valve 72, through the axial passage 70 and into the 
interior of the tubular blank 25. At this point, the plunger 
76 may be again extended invardly into the tubular blank 
interior further displacing the fluid therein and creating 
another pressure increase in the same manner as herein 
before described. This process of eXtending and retracting 
the plunger 76 may be repeated until the tubular blank 25 
has been expanded to completely conform with the con 
tour of the die halves 3, 20. 
Upon completion of the forming stage, the blocks 36, 
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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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