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@ Method of the fluidised bed type for the shaping of sheet metal.

@ The method comprises a first stage during which
a blank holder (1) is brought into contact with the
sheet (2), a second stage in which a pressurised
fluid is fed by means of a first hydraulic circuit to the
cavity (4) in a die (3) below the sheet and a third
stage in which a punch (7) is displaced towards the
sheet to deform it plastically through the combined
action of the pressures generated by the punch and
the fluid. In accordance with the invention the sec-
ond pressurised fluid delivered from a second hy-
draulic circuit is caused to act on the upper surface
(9) of at least a portion (10) of the sheet so as to
balance out the pressures acting on the undersur-
face (11) of the said portion while the former is
displaced towards the sheet.
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The invention relates to a method of the fluidis-
ed bed type for the shaping of sheet metal.

As is known, a method of this type substan-
tially comprises a first stage in which a blank
holder is brought into contact with the sheet sup-
ported on a forming die provided with a cavity, a
second stage in which a pressurised fluid is deliv-
ered to the aforesaid cavity beneath the sheet by
means of a hydraulic circuit and finally a third
stage during which a punch is displaced towards
the sheet in order to deform it plastically. Deforma-
tion of the sheet takes place in this third stage due
to the combined action of the pressures which are
generated by the punch on the upper surface of
the sheet and by the pressure generated by the
aforesaid fluid which acts on the undersurface of
the said sheet.

A method of this type has the disadvantage
that relatively complex forms cannot be pressed in
a single forming operation, or that they require a
plurality of successive shaping operations carried
out using different presses and dies.

In fact, when the shape of the punch which is
required to effect the forming is such that it does
not immediately come into contact with the upper
surface of the sheet during the first part of the
punches stroke, spaces or chambers whose dimen-
sions decrease as the punch continues its stroke
are produced between parts of the outside surfaces
of the punch, the inside of the blank holder and the
sheet itself. The pressure of the aforesaid fluid acts
on the undersurface of the sheet and is not bal-
anced by any other pressure acting on the upper
surface, and therefore deformation of the sheet
bounding these spaces proceeds in an uncontrolled
way and fractures resulting from the high stresses
which can be induced in the sheet through the
effect of the fluid pressure can easily occur in the
course of the piston's stroke.

In practice shaping has to be performed by
means of a large number of passes through dif-
ferent machines and presses in order to avoid the
occurrence of this problem.

The object of this invention is to provide a
method of the fluidised bed type for the shaping of
sheet metal which does not have the disadvantage
which has been described and is therefore capable
of carrying out extensive shaping of complex
shapes in a single shaping operation.

This object is accomplished with a method of
the fluidised bed type for the shaping of sheet
metal substantially comprising a first stage in which
a blank holder is brought into contact with the
sheet supported on a shaping die provided with a
cavity, a second stage in which a pressurised fluid
is delivered to the said cavity below the said sheet
by means of a first hydraulic circuit and a third
stage during which a punch is displaced towards
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the said sheet to deform it elastically through the
combined effect of the pressures generated by the
said punch on the upper surface of the sheet and
the pressures generated on the underside of the
sheet by the said fluid, characterised in that a
second pressurised fluid delivered by a second
hydraulic circuit is caused to act on at least one
portion of the upper surface of the said sheet so as
to balance out the pressures acting against the
underside of the said portion while the said punch
is moved towards the sheet in the course of the
said third stage.

For a better understanding of the stages in the
method according to the invention a more detailed
description will now be provided with reference to
the figures in the appended drawings, in which:

Figures 1, 2 and 3 show successive configura-
tions of the punch and the sheet in the course of
the shaping of the said sheet.

The method according to the invention sub-
stantially comprises a first stage in which a blank
holder 1 is brought into contact with the sheet 2
supported on a forming die 3, which is provided
with a cavity 4 of suitable shape. During this first
stage of the method the blank holder exerts a
predetermined pressure against the edges 5 of the
sheet so as substantially to provide a hydraulic
seal for cavity 4.

During a second stage of the method a pres-
surised fluid is delivered to cavity 4 below under-
surface 5 of the sheet through a first hydraulic
circuit, which is not illustrated. In the course of a
third stage a punch 7 of suitable shape is moved
towards cavity 4 in order to deform sheet 2, as is
clearly shown in Figure 1. During this stage the
sheet is plastically deformed through the combined
action of the pressures which punch 7 exerts
against the upper surface 8 of the sheet and the
pressures which are generated against the under-
side 6 of the said sheet by the fluid filling cavity 4.
This is obviously held at a predetermined pressure
within cavity 4 through suitable means which are
not shown.

In accordance with the invention, a second
pressurised fluid which is delivered by a second
hydraulic circuit (not shown) is caused to act
against the upper surface 9 of at least a portion 10
of sheet 2 in order to balance out the pressures
acting on the undersurface 11 of portion 10.

As can be seen clearly from Figure 1, the
second hydraulic fluid is delivered substantially to
a chamber 12, which is defined partly by the lower
surface of the punch itself, partly by the surface of
blank holder 1 and the upper surface 9 of portion
10 of the sheet. The second pressurised fluid is
delivered to chamber 12 when punch 7 has
reached a predetermined point in its stroke and
has already begun to deform sheet 2. Conveniently
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the hydraulic fluid can be fed to a chamber 12 via
a conduit 13 provided in blank holder 1. This
conduit includes a stop valve 14 which can be
switched from a first position in which the conduit
is in communication with a source (not illustrated)
of the second pressurized fluid and a second posi-
tion in which this allows the said fluid to be dis-
charged, thus maintaining a predetermined fluid
pressure within the chamber. Conveniently valve 14
is provided with means to effect a desired resis-
tance to the passage of fluid, so as to maintain the
aforesaid predetermined pressure within chamber
12 while punch 7 completes its stroke to deform
sheet 2 plastically.

As punch 7 completes its stroke for further
deformation of the sheet, as shown in Figure 2, its
deformation increases and it tends to adhere to the
surface of the punch. During this deformation of the
sheet the pressure of the second hydraulic fluid
filling chamber 12 and the pressure of the first
hydraulic fluid filling chamber 4 act on upper sur-
faces 9 and lower surfaces 11 of portion 10 of the
sheet which has not yet come into contact with the
punch respectively. When these pressures are sub-
stantially equal, portion 10 is perfectly balanced
and therefore no force tends to deform it. As a
result the forming deformation produced by punch
7 can continue even though the depth of forming is
very great and the shape of the punch is rather
complex.

As punch 7 proceeds with its stroke the second
fluid is discharged from chamber 12 through valve
14 while the pressure within chamber 12 is main-
tained constant through the action of valve 14.
When punch 7 reaches the end of its forming
stroke, as shown in Figure 3, upper surfaces 8 and
9 of sheet 2 are completely in contact with the
corresponding surface of punch 7. In this configura-
tion the second hydraulic fluid which fills chamber
12 has been completely discharged through con-
duit 13.

To aid completion of the forming stoke of
punch 7 it may be appropriate to provide an addi-
tional cavity 15, of small size, in e.g. punch 7, as
shown in the figures. In this way, when punch 7 is
at its end stop position shown in Figure 3, addi-
tional chamber 15 is still in communication with
conduit 13 and excess pressure in the second
hydraulic fluid resulting from closure of conduit 13
by punch 7 is thus avoided. Also the small volume
of additional chamber 15 does not have any effect
on the geometry and shape characteristics of the
semi-finished product obtained by forming the
sheet.

It is clear that modifications and variants may
be made to the method which has been described
without going beyond the scope of the invention.
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Claims

1. A method of the fluidised bed type for forming
sheet metal substantially comprising a first
stage in which a blank holder (1) is brought
into contact with the sheet (2) supported on the
forming die (3) provided with a cavity (4), a
second stage in which a pressurised fluid is
delivered to the said cavity (4) underneath the
sheet by means of a first hydraulic circuit and
a third stage during which a punch (7) is
moved towards the said sheet to deform it
plastically through the combined action of the
pressures generated by the said pressure on
the undersurface (8) of the sheet and the pres-
sures generated by the said fluid on the upper
side (6) of the sheet, characterised in that a
second pressurised fluid delivered by a sec-
ond hydraulic circuit is caused to act on the
upper surface (9) of at least one portion (10) of
the said sheet (2) so as to balance out the
pressures acting on the underside (11) of the
said portion while the said punch (7) is moved
to deform the said sheet in the course of the
said third stage.

2. A method according to claim 1, characterised
in that the said second hydraulic fluid is deliv-
ered to a chamber (12) defined partly by the
surfaces of the said punch (7), the said blank
holder (1) and the upper surface (9) of the said
portion of sheet (10).

3. A method according to either of claims 1 or 2,
characterised in that the said second pres-
sured fluid is delivered to the said chamber
(12) when the said punch (7) has reached a
predetermined point in its stroke and is
brought into contact with the said sheet (2) and
is then gradually discharged from the said
chamber during the remaining part of the
punches stroke maintaining a predetermined
pressure in the chamber while its volume de-
creases.

4. A method according to any one of the fore-
going claims, characterised in that the said
second hydraulic fluid is delivered to the said
chamber (12) through a conduit (13) provided
in the said blank holder (1) the course of which
includes a stop valve (14) which can be
switched from a first position in which the
conduit is in communication with a source of
the said second pressurised fluid and a second
position in which it allows the said second
pressurised fluid to be discharged while main-
taining a predetermined fluid pressure in the
said chamber.
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5. A method according to any one of the fore-
going claims, characterised in that a residual
volume which is not zero is maintained in the
said chamber when the punch (7) reaches the
end of its stroke. 5

6. A method according to claim 5, characterised
in that the said residual volume is contained
within an additional chamber (15) in commu-
nication with the said chamber (12) provided 10
by means of a cavity made in part of the said
punch (7) which lies close to the outlet of the
said conduit (13) at the end of the forming
stroke.
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