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(54) Apparatus for pressing a metal plate into a desired shape

(57) An apparatus for pressing a metal plate into a
desired shape. It includes a lower die (1) having a cavity
(2) formed on its upper surface; a rotary die (4) sup-
ported in the cavity rotatably around a rotational axis
extending in a longitudinal direction of the rotary die.
The rotary die (4) has a press-shaping section (4a)
formed extending in the longitudinal direction; and an
upper die (7) having a counter press-shaping section (6)
formed to engage with the press-shaping section (4a) of
the rotary die with the metal plate sandwiched therebe-
tween at a time of pressing and shaping the metal plate.
The lower die (1) and the rotary die (4) are so shaped
that their cross sections may take an L-shape, and the
horizontal and vertical extensions of the lower die have
receiving surfaces (8a,8b) provided thereon to confront
the counter abutment surfaces (11a,11b) of the rotary
die. The rotary die (4) can move between a working
position for pressing and shaping the metal plate and a
rest position in which the finished metal plate may be
removed readily from the lower die (1).
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Description

[0001] The present invention relates to an appara-
tus for pressing a metal plate into a desired shape, par-
ticularly a curved shape, such as fenders or pillars for
cars.
[0002] Referring to Fig.11, a conventional appara-
tus for pressing and shaping a metal plate comprises a
lower die "a" and an upper die "f". The lower die "a" has
a cavity "b" in which a rotary die "c" is rotatably sup-
ported, and the rotary die has a press-shaping section
"d" formed thereon. The upper die "f" has a counter
press-shaping blade "e" formed to engage with the
press-shaping section "d" with the metal plate sand-
wiched therebetween when the metal plate is pressed
and shaped. The cavity "b" of the lower die "a" has
receiving surfaces "g" formed thereon while the rotary
die "c" has abutment surfaces "h" formed thereon to
abut on the receiving surfaces "g". When the metal plate
is pressed and shaped, the upper and lower dies "f" and
"a" abut on each other with the abutment surfaces "h" of
the rotary die "c" abutting on the receiving surfaces "g"
of the lower die "a" (see Japanese Patent 8-276218A).
[0003] After pressing and shaping the metal plate,
the rotary die "c" is rotated to retract from the pressed-
and-shaped metal plate so as to facilitate release and
removal of the pressed-and-shaped plate from the mold
assembly. Usually the rotary die "c" is of a cylindrical or
round rod shape whereas the cavity "b" is a round hole.
[0004] New pressing-and-shaping apparatus must
be designed and made every time cars are redesigned.
To meet a strong desire for providing such new press-
ing-and-shaping apparatuses in possible minimum time,
and at the same time to satisfy a requirement for reduc-
ing the pressing-and-shaping cost to possible minimum,
there has been an ever increasing demand for providing
a general-purpose, pressing-and-shaping apparatus
which is capable of shaping metal plates easily,
smoothly and at a reduced cost, requiring a minimum
maintenance fee.
[0005] In making such a conventional pressing-and-
shaping apparatus, the circular-concave die and the cir-
cular rotary die require time- and labor-consuming work
in machining, and accordingly these parts cost much.
[0006] The lower die of the conventional pressing-
and-shaping apparatus uses a round rotary die fitting in
its round-concave die the lower die has the round cavity
and the rotary die is rotated in the round cavity, and
such lower die requires inevitably extra dead spaces
around the cavity, thus making it difficult to reduce the
size of the pressing-and-shaping apparatus.
[0007] As seen from Fig.11, the tangential lines E
extending from the surfaces at which the lower die "a"
and the rotary die "c" are put in contact cross each
other. The so defined receiving and abutment surfaces
require the machining precise enough to provide almost
perfect flatness on their abutting surfaces because oth-
erwise, the lower die "a" would be rubbed with the rotary

die "c" badly to cause a significant deformation on either
side. To be guaranteed free of such a significant defor-
mation it is necessary to machine the cavity "b" of the
lower die "a" and the rotary die "c" with high precision,
and such precision machining requires labor and cost
consuming work.

[0008] In view of the above, one object of the
present invention is to provide a pressing-and-shaping
apparatus which is small in size, still being capable of
shaping metal plates easily, smoothly and at reduced
cost, requiring an easy maintenance with a minimum
fee.
[0009] To attain this object, an apparatus for press-
ing a metal plate into a desired shape comprising: a
lower die having a cavity in which a rotary die is rotata-
ble on an axis thereof; the rotary die having the rota-
tional or pivotal axis extending in a longitudinal direction
of the mold piece and having a press-shaping section
formed to extend in the longitudinal direction; and an
upper die having a counter press-shaping section
formed to engage with the press-shaping section of the
rotary die with the metal plate sandwiched therebe-
tween at a time of pressing and shaping the metal plate,
the cavity of the lower die having receiving sections for
supporting the rotary die at the time of pressing and
shaping the metal plate, each receiving section having
flat receiving surface whereas the rotary die having
abutment surfaces formed on its bottom to abut on the
flat receiving surfaces, the rotary die being adapted to
be set in a predetermined angular position at the time of
pressing and shaping the metal plate and to rotate and
return to a rest position after finishing the pressing and
shaping of the metal plate, is improved according to the
present invention in that:

both of the cavity of the lower die and the rotary die
have an L-shaped cross section in the plane cross-
ing at right angles to the longitudinal direction;
the receiving sections include first receiving sec-
tions having flat receiving surfaces extending along
a lateral moving direction of the counter press-
shaping section, and second receiving sections
having flat receiving surfaces extending perpendic-
ular to the lateral moving direction;
the abutment surfaces include first abutment sur-
faces to confront the first receiving surfaces and
extending along the lateral moving direction of the
counter press-shaping section, and second abut-
ment surfaces to confront the second receiving sur-
faces and extending perpendicular to the lateral
moving direction.

[0010] The receiving sections and the abutment
surfaces can desirably be determined in number, size
and positions in consideration of the weight and size of
the rotary die.
[0011] The receiving section may be formed by
carving the lower die at the time of forming the cavity in
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the lower die. However, it is preferable to form the
receiving section with flat plate, since use of the flat
plate facilitates forming of the receiving section. It can
be achieved only by bolting the flat plates to the lower
die at desired positions in the cavity. The flat plates can
be used as either or both of the first and second receiv-
ing portions. Furthermore, it is advantageous that worn
plates can be changed readily for new flat plates.

[0012] The abutment surfaces may be formed with
flat plates bolted to an outer side of the rotary die. Use
of the flat plates as abutment surfaces facilitates form-
ing of the abutment surface, since it can be achieved
only by bolting the flat plates to the rotary die at desired
positions in outer surfaces. Furthermore, it is advanta-
geous that worn plates can be changed readily for new
flat plates. The flat plates can be used as either or both
of the first and second abutment surface of the rotary
die.
[0013] The rotary die may include a circular arc sur-
face formed on the central bottom, the circular arc being
a part of the circle drawn about the pivot the rotary die
turns, and the lower die may have a bearing mechanism
for bearing the circular arc surface of the rotary die. This
arrangement assures that the rotary die turns smoothly
even if formed so long, still preventing the undesired
sinking of the heavy rotary die.
[0014] The bearing mechanism may include a pair
of parallel rolls laterally arranged, on which the circular
arc surface of the rotary die is rotatably supported. This
provides a simple bearing structure, which is able to
effectively prevent the undesired sinking of the heavy
rotary die.
[0015] Other objects and advantages of the present
invention will be understood from the following descrip-
tions of some preferred embodiments of the present
invention, which are shown in accompanying drawings.

Fig.1 is a cross sectional view showing the main
parts of a pressing-and-shaping apparatus accord-
ing to a first embodiment of the present invention;
Fig.2 is a similar view of the pressing-and-shaping
apparatus showing the movement;
Fig.3 is a plane view of the rotary die, partly omit-
ted;
Fig.4 is a plane view of the main parts of the bear-
ing mechanism;
Fig.5 is a sectional view of the receiving mecha-
nism taken along the line 5-5 in Fig.4;
Fig.6 is a side view of the bearing mechanism as
seen in the direction indicated by the line and
arrows 6-6 in Fig.4;
Fig.7 is a sectional view of the receiving mecha-
nism showing how to work;
Fig.8 illustrates, in section, the main parts of a
pressing-and-shaping apparatus according to a
second embodiment of the present invention;
Fig.9 illustrates, in section, the main parts of a
pressing-and-shaping apparatus according to a

third embodiment of the present invention;

Fig.10 illustrates, in section, the main parts of a
pressing-and-shaping apparatus according to a
fourth embodiment of the present invention; and
Fig.11 illustrates, in section, the main parts of a
conventional pressing-and-shaping apparatus.

[0016] Referring to Figs.1 and 2, an apparatus for
pressing a metal plate into a desired shape according to
a first embodiment of the present invention includes a
lower die 1 having a cavity 2 in which a rotary die 4 is
rotatably supported. The lower die 1 comprises a con-
cave body 1a and a forming piece 1b integrally con-
nected to the top of the concave body 1a. A metal plate
3 to be pressed and shaped is put on the forming piece
1b. A cavity 2 of the concave body 1a takes an L-shape
in cross section as seen in Figs. 1 and 2. The rotary die
4 is rotatable about its lateral axis P, and can be driven
to a predetermined angular pressing and shaping posi-
tion, and can be rotated and withdrawn to the rest posi-
tion after finishing the pressing and shaping of the metal
plate 3.
[0017] The rotary die 4 takes an L-shape in cross
section, and has a press-shaping section 4a formed on
its upper, inner end for pressing and shaping a selected
part of the metal plate 3. As shown in Fig.3, the L-
shaped rotary die 4 extends in the longitudinal direction
and has opposite ends supported by bearings 5.
[0018] An upper die 7 includes a slide cam 7a capa-
ble of sliding laterally, and the slide cam 7a has a coun-
ter press-shaping section 6 formed thereon. The
counter press-shaping section 6 is adapted to abut on
the press-shaping section 4a of the lower die 4 with the
metal plate 3 sandwiched therebetween when the metal
plate 3 is pressed and shaped. In addition to the slide
cam 7a, the upper die 7 includes a pressing piece 7b
and a flange shaping piece 7c, which can be moved
back and forth relative to each other with associated
cam means.
[0019] A plurality of first and second receiving sec-
tions 8a and 8b are provided in the cavity 2 for support-
ing the rotary die 4 at the time of pressing and shaping
the metal plate 3, which are arranged laterally on a pre-
determined position in the longitudinal direction. Each
of the first receiving sections 8a includes a flat receiving
surface to confront extending horizontally, i.e. in the
direction in which the counter press-shaping section 6
moves (indicated by an arrow in Fig.1). Each of the sec-
ond receiving sections 8b has a flat receiving surface
extending vertically, i.e. in the direction perpendicular to
the moving direction of the counter press-shaping sec-
tion 6.
[0020] In the first embodiment, the first receiving
sections 8a are provided by fixing flat plates 9 to the
lower die 1 at the horizontal concave surface with bolts
10 whereas the second receiving sections 8b are pro-
vided by machining the L-shaped lower die 1 at the ver-
tical concave side to form plateau-like projections.
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[0021] The L-shaped rotary die 4 has a plurality of
first abutment surfaces 11a and second abutment sur-
faces 11b arranged on horizontal and vertical sides
thereof to abut on the first and second receiving sec-
tions 8a and 8b, respectively, upon pressing and shap-
ing the metal plate 3. Each of the first abutment surfaces
11a is formed extending horizontally, i.e. in the moving
direction of the counter press-shaping section 6. Each
of the second abutment surfaces 11b is formed extend-
ing vertically, i.e. in the direction perpendicular to the
moving direction.

[0022] In the first embodiment as shown in Figs.1
and 2, the first abutment surfaces 11a are formed by
machining the L-shaped rotary die 4 at a horizontal
outer side thereof to form plateau-like projections
arranged in the longitudinal direction whereas the sec-
ond abutment surfaces 11b are formed by fixing flat
plates 9 to the rotary die 4 at the vertical outer side
thereof with bolts 10.
[0023] Also, as shown in Fig.1, the first abutment
surface 11a is arranged so that the front side 12 is posi-
tioned behind a vertical line L passing through the piv-
otal axis P of the rotary die 4. On the other hand, the
second abutment surface 11b is arranged so that the
upper side 13 thereof is positioned below a horizontal
line H passing through the axis P.
[0024] Referring to Figs.3 to 7, the L-shaped lower
die 1 has a bearing mechanism 14 for supporting or
receiving the rotary die 4 at the central bottom portion
4b thereof. As seen from Fig.7, the intermediate bearing
section 4b of the bottom of the rotary die 4 includes a
circular arc surface formed on the bottom of the L-
shaped rotary die. The circular arc is a part of the circle
drawn about the pivot P about which the rotary die 4
turns, and the bearing mechanism bears the circular arc
surface of the rotary die 4 . As seen from Fig.7, the inter-
mediate bearing section 4b of the bottom of the rotary
die 4 is provided by fixing a circular arc plate 15 to the
rotary die 4 with headed bolts 16, each having a hexag-
onal hole made in its head. The circular arc plate 15 is
high-frequency hardened.
[0025] The bearing mechanism 14 includes a pair
of parallel rolls 14a laterally arranged, on which the cir-
cular arc surface 4b of the rotary die 4 is rotatably sup-
ported. Each roll 14a rotates about its lateral axis 14a1,
and a holder 14b holds these lateral axes rotatably. The
holder 14b is fixed to the lower die 1 with headed bolts
14d, each having a hexagonal hole made in its head, as
seen from Fig.7. Each lateral axis 14a1 is fixed in posi-
tion with an associated pin 14e.
[0026] Now, the manner in which the pressing-and-
shaping apparatus works is described below.
[0027] A sheet of metal 3 to be pressed and shaped
into a desired shape is put on the forming piece 1b of
the lower die 1. Then, the upper die 7 descends so that
the slide cam 7a allows the rotary die 4 to pivot clock-
wise on the axis P so as to set the rotary die 4 at a pre-
determined working position, as shown in Fig.1. At the

same time, the pressing piece 7b moves down to fix the
metal plate 3 onto the forming piece 1b of the lower die
1, while the flange shaping piece 7c moves down in
pressing position, whereby determined portions of the
metal plate 3 is shaped with the shaping pieces 7b and
7c.

[0028] Subsequently, the slide cam 7a is moved
along with the counter press-shaping section 6 in the
direction as indicated by the arrow in Fig.1 to the metal
plate 3 against the press-shaping section 4a of the
rotary die 4, thereby shaping the pushed portion of the
metal plate 3. While the metal plate 3 is pressed to be
shaped, the flat abutment surfaces 11a and 11b of the
rotary die 4 are in contact with the flat receiving surfaces
of the receiving sections 8a and 8b of the lower die 1, so
that the die 1 bears the load of pressure which is applied
to the rotary die 4.
[0029] When the pressing-and-shaping work has
been finished, the upper die 7 returns to its rest position,
thus allowing the counter press-shaping section 6 of the
slide cam 7a, the pressing piece 7b and the flange
shaping piece 7c to leave the lower die 1. The returning
of the upper die 7 to its rest position is detected by
means of an associated sensor which generates a sig-
nal of returning. Piston-and-cylinder drive means
responds to the signal from the sensor in order to rotate
and move the rotary die 4 backward, as shown in Fig.2.
Thus, the rotary die 4 is inclined so that the abutment
surfaces 11a and 11b of the rotary die 4 may leave the
receiving sections 8a and 8b of the lower die 1, and so
that the press-shaping section 4a of the rotary die 4 may
leave the pressed-and-shaped metal plate 3, whereby
the finished metal plate 3 can readily be removed from
the mold assembly.
[0030] As described above, the lower die and the
rotary die are so shaped that their cross sections may
take an L-shape, and the horizontal and vertical exten-
sions of the lower die have receiving surfaces provided
thereon to confront the counter abutment surfaces of
the rotary die.
[0031] Thanks to the so defined shapes of the lower
die and rotary die, these parts can be easily manufac-
tured simply by machining square metal blocks or rods
orthogonally. This permits substantial reduction of man-
ufacturing steps, and hence of manufacturing cost and
time involved for making a pressing-and-shaping appa-
ratus, compared with the conventional one.
[0032] Also, the L-shaped cross-sections of the
rotary die and the lower die permit the rectilinear defini-
tion with the lower die around its cavity, thus reducing
the dead space around the cavity to minimum, and
accordingly reducing the size of the pressing-and-shap-
ing apparatus.
[0033] Further, the orthogonal arrangement of the
receiving and abutment surfaces of the lower die and
the rotary die assures that the pressing force be applied
to these parts in a stable way, and such orthogonal
arrangement facilitates smooth and precise positioning
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or machining of the flat surfaces of these receiving and
abutment surfaces, as well as the maintenance of the
pressing-and-shaping apparatus.

Claims

1. An apparatus for pressing a metal plate into a
desired shape comprising a lower die (1) having a
cavity (2) formed on its upper surface; a rotary die
(4) supported in the cavity rotatably around a rota-
tional axis extending in a longitudinal direction of
the rotary die, the rotary die (4) having a press-
shaping section (4a) formed extending in the longi-
tudinal direction; and an upper die (7) having a
counter press-shaping section (6) formed to
engage with the press-shaping section (4a) of the
rotary die with the metal plate sandwiched therebe-
tween at a time of pressing and shaping the metal
plate, the cavity (2) of the lower die having a receiv-
ing section (8) for supporting the rotary die at the
time of pressing and shaping the metal plate, the
receiving section (8) having flat receiving surfaces
whereas the rotary die having abutment surfaces
formed on its bottom to abut on the flat receiving
surfaces, the rotary die (4) being adapted to be set
in a predetermined angular position at the time of
pressing and shaping the metal plate and to rotate
and return to a rest position after finishing the
pressing and shaping of the metal plate, character-
ized in that:

both of the cavity (2) of the lower die and the
rotary die (4) have an L-shaped cross section
in the plane crossing at right angles to the lon-
gitudinal direction;
the receiving sections (8) include first receiving
sections (8a) having flat receiving surfaces
extending along a lateral moving direction of
the counter press-shaping section(6), and sec-
ond receiving sections (8b) having flat receiv-
ing surfaces extending perpendicular to the
lateral moving direction;
the abutment surfaces include first abutment
surfaces (11a) extending along the lateral mov-
ing direction of the counter press-shaping sec-
tion to confront the first receiving surface (8a),
and a second abutment surface (11b) extend-
ing perpendicular to the lateral moving direc-
tion to confront the second receiving surface
8(b).

2. An apparatus for pressing a metal plate into a
desired shape according to claim 1, wherein the
receiving sections (8) are composed of flat plates
(9) bolted to the lower die (1).

3. An apparatus for pressing a metal plate into a
desired shape according to claim 1 or 2, wherein

the abutment surfaces (11a) are composed of flat
plates (9) bolted to the rotary die (4).

4. An apparatus for pressing a metal plate into a
desired shape according to one of claims 1 to 3,
wherein the rotary die (4) includes a circular arc
surface (4b) formed on the central bottom, the cir-
cular arc being a part of the circle drawn about the
pivot the rotary die (4) turns, and the lower die (1)
has a receiving mechanism (14) for bearing the cir-
cular arc surface of the rotary die.

5. An apparatus for pressing a metal plate into a
desired shape according to claim 4, wherein the
bearing mechanism (14) includes a pair of parallel
rolls (14a,14a) laterally arranged, on which the cir-
cular arc surface of the rotary die is rotatably sup-
ported.
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