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for carrying out this method

(57) A method and an apparatus for hydroforming a
hollow body (4) with at least a branch portion (24) in-
cludes a step of hydroforming a protrusion on a wall of
a hollow body, which protrusion is for defining the branch

//

Method for hydroforming a hollow body having at least a branch portion, and apparatus used

portion, a step of shearing the end wall (22a) of the pro-
trusion (22) and a step of outwardly deforming the cir-
cumferential edge of the opening (22b) formed by the
shearing step, all the above mentioned steps being per-
formed within a hydroforming die.
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Description

[0001] The present invention relates to methods for
hydroforming hollow bodies. Such methods have been
known and used since long. They provide hydroforming
of hollow bodies, such as tubular elements of metal ma-
terial, within a cavity of a hydroforming die, by applying
a fluid (for example water) under pressure within the hol-
low body, in order to expand the body wall outwardly
against the surface of the die cavity.

[0002] A typical application of hydroforming methods
is that of the manufacture of metal tubular elements for
exhaust pipes of motor-vehicle engines. Among the dif-
ferent solutions known, it has already been proposed in
the past to form, for instance, a metal tubular element
having any desired configuration (for instance a straight,
curved or S-shape configuration) with a branch portion
extending from the tubular body. Structures of this type
are for instance required to form the exhaust manifold
of the engine of a motor-vehicle. By obtaining a one-
piece tubular element with a branch portion, it is possible
to avoid welding operations which are difficult to carry
out and involve losses in time and manufacturing costs.
[0003] Therefore, it has already been proposed in the
art to carry out a method for hydroforming a hollow body
with at least a branch portion, wherein a hydroforming
die is provided, having a forming cavity. A hollow blank
body, originally lacking of the branch portion, is placed
within the die cavity and pressurized fluid is fed within
the hollow blank body in order to cause formation of a
blind bottomed protrusion on awall of the hollow body,
which protrusion is expanding in a corresponding por-
tion of the die cavity. At the end of the hydroforming
method, the hollow body is extracted from the hydrofor-
ming die and subjected to a separated shearing opera-
tion of the blind bottom in order to obtain an opening at
the end of the protrusion.

[0004] It is also known in the art to provide a metal
tubular body with a lateral opening, by carrying out a
shearing operation in the wall of the tubular body, which
is required to obtain the above mentioned lateral open-
ing, within a hydroforming die (US 6 305 201 B1). In this
known solution, the pressure of the fluid within the tubu-
lar body during the hydroforming process is used to pro-
mote the shearing operation which is carried out by a
punching member slidably mounted in the hydroforming
die and radially pushed towards the wall to be sheared.
In this known solution, the shearing operation performed
by this punching member causes the formation of a neck
portion around the lateral opening, extending inwardly
of the tubular element, and constituting thereby an ob-
stacle to the flow which is to run through the tubular body
during its future use.

[0005] The main purpose of the present invention is
to propose a new method for forming a hollow body pro-
vided with a branch portion, which is simpler, easier to
carry out and quicker than the methods proposed in the
known art.
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[0006] In view of achieving this purpose, the object of
the invention is a method for hydroforming a hollow body
with at least one branch portion, wherein:

- a hydroforming die is provided, having a forming
cavity,

- ahollow blank body, originally lacking of the branch
portion, is arranged within the die cavity,

- fluid under pressure is fed within the hollow blank
body, so as to cause formation of an outwardly ex-
tending protrusion on a wall of the hollow body,
which protrusion expands in a corresponding por-
tion of the die cavity, said method being character-
ized in that:

- within said portion of the die cavity where said pro-
trusion expands, a plunger is slidably mounted
which defines a front wall against which said protru-
sion is pressed and which is moved backwardly dur-
ing the forming process of the protrusion by apply-
ing a controlled pressure thereon,

- the aforesaid plunger is shaped so as to perform
also the function of a shearing punching member,

- once the aforesaid protrusion has been formed until
a blind bottomed branch portion is defined, the
above-said plunger-punching member is pushed
radially against it in order to shear said bottom ob-
taining thereby an opening at the end of the branch
portion.

[0007] Therefore, in the method according to the in-
vention, the shearing operation required for removing
the blind bottom of the protrusion formed by hydroform-
ing, is carried out within the hydroforming die. For this
reason, it is not necessary to remove the formed piece
from the die to carry out the shearing operation in a dif-
ferent place and with a different tool. This makes the
operations necessary to obtain the end piece simpler
and easier, considerably reducing manufacturing times.
At the same time, since said plunger-punching member
acts on the bottom wall of a protrusion extending out-
wardly of the body, the drawback found in the solution
of US 6 305 201 B1 does not occur.

[0008] Itis to be considered that during the end step
of the method according to the invention, in which the
plunger/punching member causes the shearing of the
end wall of the protrusion, the circumferential edge of
the opening which is thereby defined usually results ra-
dially deformed inwardly, whereby it requires an end op-
eration for deformingit radially outwardly, in order to give
the component the desired geometry, within the re-
quired manufacturing tolerances.

[0009] Preferably, according to the invention, also
such end step for outwardly deforming the edge of the
opening of the branch portion of the hollow body and for
calibrating the opening dimension is carried out within
the same hydroforming die. For this purpose, according
to the invention, said plunger/punching member, once
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its shearing stroke towards the interior of the hollow
body is completed, is moved in the opposite direction
and used as a chuck for radially deforming the opening
edge outwardly and press it against the wall of the die
cavity.

[0010] Still according to a preferred feature, in order
to ensure the optimal execution of this end processing
step, the plunger/punching member has a radially ex-
tendable section and actuating means are provided to
cause this expansion at the end of the shearing stroke
of the plunger/punching member inwardly of the hollow
body, and prior to the return stroke of the plunger/punch-
ing member, which causes expansion and calibration of
the opening edge of the branch portion.

[0011] Due to this feature, the portion of the plunger/
punching member which causes the outwardly deforma-
tion of the opening edge is in a retracted, non operating
condition during the shearing stroke and it moves into
its operating expanded configuration just before the
start of the return stroke. Thanks to such return stroke,
the branch portion is calibrated in order to have a diam-
eter precisely corresponding to that of the correspond-
ing portion of the die cavity.

[0012] Itis also a subject of the invention the appara-
tus used for carrying out the above described method
and the plunger/punching member with an expandable
section which is used therein.

[0013] A further feature of the invention consists in
that the above plunger/punching member has a mag-
netic or magnetizable front head, in order to retain on it
the shearing operation scrap.

[0014] Further features and advantages of the inven-
tion will be clear from the following description, with ref-
erence to the enclosed drawings which are given as not
limitative example, wherein:

figure 1 is a sectional diagrammatic view of a hy-
droforming die for carrying out the method accord-
ing to the invention,

figures 2-5 show a detail of figure 1 in different stag-
es of the method according to the invention, and
figures 6, 7 are an exploded perspective view and
a sectional view of one embodiment of the plunger/
punching member used in the method according to
the invention.

[0015] Infigure 1, numeral 1 generally designates the
apparatus used for carrying out the hydroforming meth-
od according to the invention. Numeral 2 is a hydrofor-
ming die illustrated only diagrammatically in the draw-
ings. The die 2 includes a cavity 3 wherein a tubular steel
element 4 is placed, originally having a cross-section of
constant shape and size along the full-length of the tu-
bular element 4.

[0016] Constructive details of the die 2 are not illus-
trated, as they can be carried out in any known way.
Such details, taken alone, do not lie within the scope of
the present invention and their elimination from the
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drawings makes these latter of prompt and easy under-
standing. Obviously, according to the conventional art,
the die 2 consists in at least two parts that can be opened
among them to allow the introduction and the extraction
of the tubular element within the die.

[0017] The cavity 3 of the hydroforming die 2 show a
cylindrical main portion, which axis is indicated by 5, and
an additional portion 6 constituted by a cylindrical cavity
radially branching with respect to the axis 5 from the cy-
lindrical main portion of the cavity 3. The portion 6 of the
hydroforming cavity 3 is for allowing a radial protrusion
to form on the wall of the tubular element 4. Of course,
although the drawings, show a tubular element 4 in form
of a straight cylinder by way of example, it would be
equally possible to provide a tubular element 4 and cor-
respondingly a cavity 3 having a complex form, for ex-
ample a configuration with one or more curves.

[0018] Within the cylindrical cavity 3 of the die, two
opposite plungers 7, 8, which are schematically illustrat-
ed in the drawings, are slidably mounted, whose stems
7a, 8a are driven through actuating means of any type
(usually fluid actuator means) in order to subject the tu-
bular element 4 to a mechanical compression in the di-
rection of its main axis 5. For this purpose, plungers 7,
8 are in front contact with the end surfaces of the tubular
element 4.

[0019] Moreover, the two plungers 7,8 have axial pas-
sages 7b,8b which put in communication the space 4a
inside the tubular element 4 respectively with an outlet
pipe 9 for enabling the hydroforming liquid (for example
water) to leave space 4a and an inlet pipe 10 (only dia-
grammatically illustrated) for feeding the pressurized
fluid required for carrying out the hydroforming opera-
tion within the space 4a. In the outlet pipe 9 a valve 11
is interposed.

[0020] Within the portion 6 of the hydroforming cavity
3 a third plunger 12 is further slidably mounted, which
structure and function will be described in more detail in
the following. Plunger 12 is also subjected to actuator
means of any known type (typically fluid means) which
are able to drive itin any one of its two moving directions,
by applying a predetermined force. Preferably, the ac-
tuating means of the two plungers 7, 8 and of the third
plunger 12 are controlled by an electronic control circuit
according to a predetermined program, in order to carry
out the operation cycle that will be described in more
detail in the following.

[0021] Referring now to figures 6,7 the third plunger
body 12 consists in four angular sectors 13 defining at
their ends two conical surfaces 14, 15 in contact with a
conical surface 16 and a conical surface 17 respectively
of two end elements 18, 19 of the plunger 12. The end
element 18 is rigidly connected with a stem 19 which
axially passes through the four sectors 14 and has a
threaded end on which the annular body of the end el-
ement 19 is screwed. Actuator means of any type (not
shown) are contemplated to give a rotation motion to
stem 20 with respect to the end element 19, in order to
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cause the two end elements 18, 19 to move towards
each other. Due to the mutual engagement among the
conical surfaces 14, 16 and 15, 17, this movement,
causes an outward radial movement of the fours sectors
13, which determines an expansion of the plunger por-
tion 12 interposed among the two end elements 18 and
19.

[0022] Figure 7 illustrates the assembly in the ex-
panded condition.

[0023] At the plunger 12, spring means are further
provided for pushing sectors 13 towards their radially
inward position, corresponding to the minimum diame-
ter configuration of the plunger 12. These spring means
may consist, for example, in one or more elastic rings
21 placed around the four sectors 13.

[0024] Thanks to the above-described structure, the
plunger 12 is capable to assume a smaller diameter con-
figuration or an expanded diameter configuration.
[0025] A further important feature of the plunger 12
resides in that the front circumferential edge 18a of the
end element 18 is shaped like a cutting edge, in such a
way that the plunger 12 may also function as a shearing
punching member to make a circular opening in the met-
al body wall 4.

[0026] In the following, the different steps of the meth-
od according to the invention will be now described.
[0027] In the initial condition, the tubular element 4
has, as already indicated, a tubular conformation with a
section of constant shape and size along the full-length
thereof. The tubular element 4 is placed within the hy-
droforming die 2 in the condition illustrated in figure 1.
[0028] The plunger 12 is arranged with its front end
surface in contact with the tubular element wall 4, as
illustrated in figure 1. As from this condition, the hydro-
forming method is started by feeding a high pressure
fluid (water) within the space 4a. At the same time of the
water action, an axial mechanical compression, as al-
ready indicated, is also applied to the tubular element 4
by the two opposite plungers 7, 8 which are driven to
move one towards the other.

[0029] The joined action of the two plungers 7, 8 and
of the pressurized water within the space 4a upon the
tubular element wall 4 causes the forming of a protrusion
22 (figure 2) on the tubular element wall 4 expanding
outwardly in the portion 6 of the hydroforming cavity.
During this step, the third plunger 12 is progressively
moved backwardly, that is e moved away from the main
portion of the hydroforming cavity 3, to allow the forma-
tion of the protrusion 22. The moving back of the plunger
12 is however performed by applying to such plunger a
controlled pressure in order to provide a resistance to
the growing of the protrusion 22 sufficient to form at last
a desired configuration (illustrated in the figure 3) with
a bottom wall 22a which is substantially planar.

[0030] The above mentioned backward movement of
the plunger 12 takes place with the plunger 12 in its min-
imum diameter configuration.

[0031] Once the protrusion 22 has been formed as il-
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lustrated in figure 3, thanks to the joined action of the
hydroforming water and opposite plungers 7, 8, and
thanks to the controlled resistance offered by plunger
12, this latter is advanced in the direction of wall 22a,
by keeping it in its minimum diameter configuration. In
this step, the plunger 12 is used as a shearing punching
member. The pressure exerted by plunger 12 against
the wall 22a, together with the backpressure exerted by
the hydroforming water against the internal surface of
the protrusion 22, allows the shear edge 18a of the
punching member to cut-off the wall 22a by obtaining a
circular opening 22b (figure 3). The wall portion 22a thus
removed remains adherent to the front surface of the
plunger/punching member 12, because the end portion
of the plunger 12 comprises a permanent magnet or a
portion magnetizable by a solenoid (not illustrated).
Therefore, the scrap does not fall freely inside the tubu-
lar element, but remains adherent to the plunger 12.
[0032] Once the shearing operation has been carried
out, the plunger 12 is brought in its expanded diameter
configuration and then moved again in a radially out-
ward direction. In this step, a portion 23 (figures 6, 7) of
the external surface of the plunger/punching member 12
comes into contact with the internal surface of the cir-
cumferential edge of the opening 22b by pressing it
again against the portion 6 of the cavity 3, in order to
obtain the forming of a tubular portion 34 branching from
the tubular element 4, with a regular cylindrical config-
uration, with the desired size.

[0033] Therefore, thanks to the method according to
the invention, when the hydroforming die is finally
opened, the element obtained is a finished hollow body,
such as the tubular element of the illustrated example,,
with a branch tubular portion already having its end
opening 22b and with a geometry corresponding to the
requirements. It is not then necessary to subject the el-
ement coming out from the hydroforming die to further
operations or processes.

[0034] Itis therefore apparent that by the method and
the apparatus according to the invention, within the
same hydroforming die, the hydroforming of the compo-
nent as well as the shearing of the end wall of the branch
portion, as well as the calibration of the opening ob-
tained in the branch portion can be carried out. This
means that, thanks to the invention, a ready for the as-
sembly component may be provided with a single oper-
ation.

[0035] Naturally, without prejudice to the principle of
the invention, constructive details and embodiments
could broadly change with respect to what has been dis-
cussed and illustrated by way of example.

[0036] It is especially apparent that the hollow body
configuration may be of any type, and in particular may
be a complex configuration other than the one of the cy-
lindrical tubular element here illustrated by way of ex-
ample. Moreover, also the branch portion configuration
may be different and may include, for instance, a curved
portion. Further, the invention is also applicable when
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multiple branch portions have to be formed on a same
hollow body, in which case it is necessary to provide a
plunger/punching member for each of these portions
within the hydroforming die.

Claims

1. Method for hydroforming a hollow body (4) with at
least one branch portion (24), wherein:

- a hydroforming die (2) is provided, having a
forming cavity (3),

- ahollow blank body (4), originally lacking of the
branch portion (24), is arranged within the die
cavity (3),

- fluid under pressure is fed within the hollow
blank body (4), so as to cause formation of an
outwardly extending protrusion (22) on a wall
of the hollow body (4), which protrusion ex-
pands in a corresponding portion (6) of the die
cavity (3), said method being characterized in
that:

- within said portion (6) of the die cavity (3) where
said protrusion (22) expands, a plunger (12) is
slidably mounted which defines a front wall
against which said protrusion (22) is pressed
and which is moved backwardly during the
forming process of the protrusion by applying a
controlled pressure thereon,

- the aforesaid plunger (12) is shaped so as to
perform also the function of a shearing punch-
ing member,

- once the aforesaid protrusion (22) has been
formed until a blind bottomed branch portion is
defined, the above-said plunger-punching
member (12) is pushed radially against it in or-
der to shear said bottom obtaining thereby an
opening (22b) at the end of the branch portion
(24).

2. Method according to claim 1, characterized in that
once said plunger (12) has performed said shearing
operation, it is driven in the opposite direction, so
that the circumferential edge of said opening (22b)
is deformed outwardly and against the wall of said
portion (6) of the die cavity (3).

3. Method according to claim 2, characterized in that
said plunger/punching member has at least an in-
termediate portion with an extending diameter,
means being provided for driving an expansion of
said portion towards a larger diameter configuration
immediately before said return stroke is performed
to deform outwardly the circumferential edge of the
opening (22b).
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4.

Method according to any one of the preceding
claims, characterized in that along with the appli-
cation of pressurized fluid within the hollow body
(4), during the forming operation of said protrusion
(22), said hollow body (4) is subjected to a mechan-
ical compression in the direction of a main axis (5)
thereof.

Apparatus for hydroforming a hollow body (4) with
at least a branch portion (24), including:

- a hydroforming die (2), having a forming cavity
(3) for receiving a hollow blank body (4) origi-
nally lacking of the branch portion (24),

- means for feeding pressurized fluid within the
hollow blank body (4), so that a protrusion (22)
is formed on a wall of the hollow body and ex-
pands in a corresponding portion (6) of the die
cavity (3),

- a plunger (12) movably mounted within said
portion (6) of the die cavity (3) where the above-
said protrusion (22) expands,

- characterized in that means for moving back-
wardly said plunger (12) during forming of said
protrusion (22) are provided, and that said
plunger (12) has a front surface with a cutting
edge (18a), whereby said plunger (12) acts also
as a shearing punching member, and in that
said apparatus also includes means for push-
ing said plunger/punching member (12) against
the end wall (22a) of said protrusion (22) after
this has been formed, in order to shear it by ob-
taining an opening (22b) therein.

Apparatus according to claim 5, characterized in
that means are provided for moving back said
plunger/punching member (12) outwardly, after it
has completed its stroke to perform said shearing
operation, in order to radially deform the circumfer-
ential edge of said opening (22b) outwardly against
the wall of said portion (6) of the hydroforming die.

Apparatus according to claim 6, characterized in
that said plunger/punching member (12) has at
least an expandable intermediate portion, actuating
means being provided for bringing said portion in its
expanded diameter configuration before said
plunger/punching member performs the above-said
return stroke in order to radially deform the circum-
ferential edge of the opening (22b) outwardly.

Apparatus according to any one of the claims 5-7,
characterized in that it includes a pair of additional
plungers (7, 8) opposite to each other, movably
mounted in the forming cavity (3) to apply a com-
pression to the hollow body (4) in the direction of its
main axis (5).
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Apparatus according to claim 8, characterized in
that said additional plungers (7, 8) have respective
axial passages (7b, 8b) for the connection of the
space (4a) within the hollow body (4) to a discharge
line (9) for the hydroforming fluid and a feed line (10)
for the hydroforming fluid, respectively.

Apparatus according to any one of claims 5-9, char-
acterized in that said plunger/punching member
(12) has an intermediate portion comprising a plu-
rality of circumferentially distributed sectors (13),
defining two conical end surfaces (14,15) which are
in engagement with corresponding conical surfaces
(16,17) of two end bodies (18, 19), one of said end
bodies (18) being rigidly connected to a stem (20)
having a threaded portion on which the other end
body (19) is screwed, actuator means being provid-
ed for applying a rotation to said stem (20) with re-
spect to said end body (19) screwed thereon, in
such a way that a variation of the mutual axial dis-
tance among said end bodies is generated, spring
means (21) being further provided for radially push-
ing said sectors (13) inwardly.

Apparatus according to any one of the claims 5-10,
characterized in that said plunger/punching mem-
ber (12) has a magnetic or magnetizable front head
to hold the sheared portion of the end wall (22a) of
said protrusion (22) thereon.

10

15

20

25

30

35

40

45

50

55

10



EP 1 579 931 A1

FIG. 1




EP 1 579 931 A1

18a




| O i
N
\ [
ll . I 24
==
FIG. 5
)

|




FIG. 6




EP 1 579 931 A1

FIG. 7

12

/20

19

14

|16

N
AN

.
”“—“-—-

187 |

18a

1



no

EPO FORM 1503 03.82 (P04C01)

P)

EP 1 579 931 A1

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 04 42 5207

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (Int.Cl.7)

X

US 5 765 420 A (WILHELM SCHAEFER
MACHINENBAU GMBH)

16 June 1998 (1998-06-16)

* column 3, line 24 - column 4, line 24;
figures 1,2a-2b,3a-3b *

PATENT ABSTRACTS OF JAPAN

vol. 2002, no. 02,

2 April 2002 (2002-04-02)

-& JP 2001 286947 A (KAWASAKI
HYDROMECHANICS CORP),

16 October 2001 (2001-10-16)

* abstract; figures 1,2a,2b *

GB 470 485 A (EDWARD SHELTON CORNELL JR)
13 August 1937 (1937-08-13)

* figures 1-9 *

DE 199 09 928 A (AUDI AG)

7 December 2000 (2000-12-07)

* figure 2 *

DE 197 51 402 A (MANNESMANN AG)
2 June 1999 (1999-06-02)

* figures 1-3 *

EP 1 010 480 A (TUBES ET FORMES)
21 June 2000 (2000-06-21)

* figures 1-3 *

The present search report has been drawn up for all claims

1,2,4-6,

E

1,4,5,8,

1,2

1,5

B21D26/02

TECHNICAL FIELDS
SEARCHED (Int.CL.7)

1,5

1,5

B21D

Place of search Date of completion of the search

Munich 7 January 2005

Examiner

Vinci, V

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date

D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

12




EPO FORM P0459

EP 1 579 931 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 04 42 5207

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

07-01-2005
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5765420 A 16-06-1998  DE 19530056 Al 20-02-1997
BR 9603446 A 12-05-1998
ES 2145653 Al 01-07-2000
FR 2737858 Al 21-02-1997
GB 2304305 A ,B 19-03-1997
IT MI961579 Al 26-01-1998
JP 9122775 A 13-05-1997
PT 101906 A ,B 30-04-1997

JP 2001286947 A 16-10-2001  NONE

GB 470485 A 13-08-1937  NONE

DE 19909928 A 07-12-2000 DE 19902058 C1 21-09-2000
DE 19909928 Al 07-12-2000

DE 19751402 A 02-06-1999 DE 19751402 Al 02-06-1999
AU 1868499 A 07-06-1999
W0 9925503 Al 27-05-1999
DE 19881742 D2 26-10-2000

EP 1010480 A 21-06-2000 FR 2787357 Al 23-06-2000
BR 9905901 A 05-09-2000
CA 2292823 Al 18-06-2000
EP 1010480 Al 21-06-2000
us 6202460 Bl 20-03-2001

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13



	bibliography
	description
	claims
	drawings
	search report

