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(54) Method and apparatus for bending and forming a composite materlal sheet

(57) For forming a resin-impregnated, fiber reinforced composite material sheet (3) having laminated meshes of fibers into a

U-shaped cross section, the sheet (3) is placed onto a stationary forming die (1) and an auxiliary forming die (8) with the

fibers of the sheet forming angles of approximately 45° relative to opposite edges (7) of an upper reference forming surface
(4) of the stationary die (1). Then, the sheet (3) is pressed from above by a pneumatically expandable, elastic depressing

die (10), whereby the auxiliary forming die (8) is lowered against a resilient force (9) relative to that stationary forming die
(1). Asthe sheet (3) is pressed further downwardly by the depressing die (10), the parts of the sheet which are to form

flanges (12b) of the product (12) are firmly held between the depressing die (10) and the auxiliary

downwards while the parts are subjected to extending forces in directions to prevent creases {22) and lines from being
formed by means of auxiliary forming ridges (11) on the auxiliary forming die (8).
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METHOD AND APPARATUS FOR BENDING AND
FORMING A COMPOSITE MATERIAL SHEET

The present invention relates .to a method for
bending and forming a composite material sheet, such as a
resin-impregnated, fiber reinforced composite material
sheet containing iaminated meshes of fibers, and to an
apparatus for such bending and forming. More
specifically, the invention relates to 2 method and
apparatus for pending and forming a composite material
shee? without formation of creases and lines even in the
case when there is a curved contour along edges linking a
reference surface and flange surfaces of the formed
product.

conventionally, as @& method for forming 2
prepregnated, fiber reinforced composite material sheet
containing fibers laminated into :2 ‘mesh, & method 1is
known such as that disclosed in Japanese Patent
Application Laid-Open publication No. 50-129119, wherein
a composite material is conveyed manually sheet by sheet
to a forming die and is laminated. Another known method
is such as that disclosed in Japanese Utility Model
Appln. No. 62-26838 wherein vacuum is used in conjunction
with a vacuum bag and side blocks to perform the forming.

Among these conventional forming methods described
above, the former method that involves manual laminating
by human labor so that deviation occurs in the quality of
the formed products and heavy labor is needed when the
number of lamination processes increases. In addition to
this, when there is iaminating with curves, complex hand
movements and skill are required in order to form the
desired form. There are also the problems of the work
time being long and consequently the time 1limit £for
effective use of the prepregnated material becoming

chorter, therefore making it difficult to laminate large

products.
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On the other hand, with the latter method involving
the vacuum bag, there is the possibility that the work
time for the lamination can be reduced and large products
can be laminated, but there are instances wherein the
‘force that presses the prepregnated material and the
vacuum bag against the side blocks does not operate when
the side blocks are lowered, and this creates the problem
of creases being formed in portions where the
prepregnated material is bent.

In addition, in both of - these two conventional
methods, there is the problem of creases and lines being
formed when bending and forming .are performed for a
comﬁosite material having an undulated reference surface
or having curved lines along the edges linking the

reference surface and flanae sufaces.

The object of the present invention is to provide a
method and apparatus for bending and forming a composite
material without the formation of créases and lines even
in the case where there is an undulated reference surface
or a curve along the edges linking the reference surface
and flange surfaces of the formed product.

According to the present invention, in one aspect
thereof, the above object is attained by a method for
bending and forming a composite material sheet made from
laminated meshes of fibers, into a product of U-shaped
cross section having a reference surface and a pair of
flange surfaces bent angularly along opposite curved
edges of the reference surface, said method comprising
the .steps of placing the composite material sheet onto a
stationary forming die having an upper reference forming
surface and flange forming surfaces extending downwards
from opposite curved edges of the reference forming
surface and onto a downwardly movable auxiliary forming
die surrounding the stationary forming die and having
upwardly concave auxiliary forming ridges on an upper
surface thereof, with the fibers of the composite
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material sheet forming a certain angle relative to said
edges of the reference forming surface, pressing the
composite material sheet downwards against the stationary
forming die and against the auxiliary forming die at
parts of the composite material sheet extending beyond
said edges of the reference forming surface by means of
an expandable elastic depressing die, thereby to move the
auxiliary forming die downwards relative to the
stationary forming die so as to form the reference
surface of the product, and further pressing the
composite materlal sheet by the depressing die to move
the aux111ary forming die further downwards with said
parts of the composite material sheet being held between
the depressing die and the auxiliary forming die, while
extending said parts of the composite material sheet by
said auxiliary forming ridges in directions to prevent
creases and lines from being formed, thereby to form the
flange surfaces of the product.

According to  the present invention, in another
aspect thereof, the object is attained by an apparatus
for bending and forming a composite material sheet made
from laminated meshes of fibers into a product of U-
shaped cross section having a reference surface and a
pair of flange surfaces bent angularly along opposite
curved edges of the reference surface, said apparatus
comprising a stationary forming die having an upper
reference forming surface and flange forming surfaces
extending downwards from opposite edges of the reference
forming surface, said edges being curved, an auxiliary
forming die surrounding the stationary forming die and
having upwardly concave auxiliary forming ridges on an
upper surface thereof, disposed adjacent to said edges of
the stationary forming die and extending away £rom the
edges, resilient means for supporting said auxiliary
forming die to enable the same to move downwards relative
to the stationary forming die against a resilient force,
and an expandable elastic depressing die disposed above



10

15

20

25

30

35

>

said stationary and auxiliary forming dies for moving
downwards against the forming dies, thereby to form said
reference surface of the product against said reference
forming die and to form said flange surfaces of the
product with the flange surfaces . held between the
depressing die and the auxiliary forming die which is
moving downwards, said auxiliary forming ridges being
disposed so as to extend the flange surfaces in
directions to prevent creases and lines from being formed
while the flange surfaces are being bent downwards in the
state held bétween the depressing die and the auxiliary
forming die. ,

An important feature of the present invention is the
forming of the flange surfaces of the product with the
flange surfaces firmly held between the upper elastic
depressing die and the lower auxiliary forming die. As
the elastic depressing die is 1lowered by the downward
pressing movement of the depressing die, the auxiliary
forming ridges on the auxiliary forming die operate to
apply to the flange surfaces forces to extend or stretch
the material of the £flange surfaces in directions to
eliminate creases which tend to be formed due to the
curved contour of the opposite edges of the reference
forming surface of the stationary forming die.

Preferred embodiments of the present invention will
become understood from the following detailed description

referring to the accompanying drawings.

FIG. 1 shows an elevation, partly in section, of an
embodiment of an apparatus -for bending and forming a
composite material, according to the present invention;

FIG. la and FIG. 1b are sectional views of different
depressing dies;

FIG. lc is a fragmentary view showing a modification

of the apparatus of FIG. 1:
FIG. 2 is a perspective view showing the structure

of a forming die;
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FIG. 3 is a perspective view 1indicating the
relationship between auxiliary forming ridges and a
reference forming surface of the forming die;

FIG. 4 is a perspective view showing a prepregnated
material;

FIG. 5 -is a perspective view of a product formed by
the apparatus of FIG. 1;

FIG. 6 is a perspective view of a final product;

FIG. 7 is a view for describing the status of
initial forming of the composite material by the
apparatus of FIG. 1;

_FIG. 8 is a section along lines VII-VII of FIG. 7;

FIG. 9 is a view similar to FIG. 8, but showing a
status of intermediate forming of the composite material;

FIG. 10 is a view similar to FIG. 8, but showing a
status of final forming of the composite material;

FIGS. 11 and 12 are views showing the direction of
elongation of the prepregnated material;

FIG. 13 is an enlarged view explaining the
elongation of the prepregnated material;

FIG. 14 is a perspective view showing the formed
status of a prepregnated material;

FIG. 15 is a fragmentary perspective view showing
creases and lines generated in the prepregnated material;

FICS. 16 through 19 are views describing the
mechanism of generation of creases and lines in portions
of the flange forming surfaces, corresponding to valleys;

FIG. 20 is a view showing the lay of the fibers in a
+45° direction when the fibers are extended so that
creases and lines are not formed;

FIG. 21 is a view showing conditions of auxiliary
forming ridges for obtaining the lay of the fibers
indicated in FIG. 20;

FIG. 22 is a view showing the status for forming a
prepregnated material under the above conditions;

FIG. 23 is a sectional view taken along line XXII-

XXIO of FIG. 22;
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FIG. 24 is a view corresponding to FIG. 3, but
showing a second embodiment of the apparatus of the

present invention;
FIGS. 25a and 25b are perspective views

' corresponding to FIG. 3, but indicating third and fourth

embodiments of the present invention, respectively; and

FIGS. 26a and 26b are 'perspective views showing
finished products formed by the apparatus indicated in
FIGS. 25a and 25b, respectively.

.FIG. 1 indicates an embodiment of an apparatus for

bending and forming a composite material sheet according

to the present invention. In the figure, numeral 1
indicates a stationary forming die disposed on a heated
base 2. The forming die 1 is heated to a predetermined

temperature so as to facilitate the forming of a resin
prepregnated composite material sheet 3 to be described
later. '

As indicated in FIGS. 2 and 3, the stationary
forming die 1 1is provided with a reference forming
surface 4 and £flange forming surfaces 5 that extend
downwards from both sides of the reference forming
surface 4. The reference forming surface 4 is formed
with crests 6a and valleys 6b that form wave-shaped
undulations 6 that are wave-shaped in section along the
length of the die 1, so that the common edges 7 of the
surface 4 and the surfaces 5 are curved.

As indicated’in FIGS. 1 and 3, an auxiliary forming
die 8 is disposed on an outer periphery of the stationary

forming die 1. The auxiliary £forming die 8 has an
opening 8a in its central portion and through which the
forming die 1 passes. As indicated in FIG. 1. the

auxiliary forming die 8 is always urged in the upward
direction by the urging force of a spring 9 mounted
between the auxiliary forming die 8 and the base 2. A
hydraulic mechanism %a (FIG. lc) may be used instead of
the spring 8. A depressing die 10 to be gescribed later,
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presses the auxiliary forming die 8 from above so that
the die 8 can be lowered to stop at a predetermined
height position. In the embodiment of the present
invention, a mechanism for raising and lowering the
auxiliary forming die 8 is constituted by either .the
spring 9 or the hydraulic mechanism’ Sa.

As indicated in FIG. 3, the top surface of the
auxiliary forming die 8 has auxiliary forming ridges 11
each having an upwardly convex semicylindrical shape and
aligned with the crests 6a of the wave-shaped undulations
6. The ridges 11 are integral with the auxiliary forming
die 8 and rise and fall with the die 8.

‘ The prepregnated ‘material sheet 3 is formed of a
fiber-reinforced compoéite material that has meshes of
fibers laminated into several to several tens of layers
and, as indicated in FIG. 4, 1s formed in a wavy shape
according to the wave-shaped undulations 6. The
prepregnated material sheet 3 is placed on the top
surface of the forming die 1 and the auxiliary forming
die 8 so that the directions of the‘fibers form angles of
approximately 45° with respect to the common edges 7, and
is formed between the forming dies 1 and 8 and the
depressing die 10 that presses from the top sigde.

As indicated in FIG. 1la, the depressing ‘die 10 is
made from a flexible and heat resistant rubber bag 1l0a,
the inside of which is supplied with compressed air 10b
at a high or room temperature via a pipe 10d. As
indicated in FIG. 1lb, the depressing die 10 may be made
from a flexible and heat resistant £flat bag 10c, the
inside of which is supplied with compressed air 10b at a
high or room temperature. The rubber bag 10a swells when
compressed air 10b is supplied into it, and presses
downwards against the prepregnated material sheet 3. The
pressing force causes the prepregnated material sheet 3
to first be pressed against the reference forming surface
4 and forms the reference surface of the prepregnated
material sheet 3. Furthermore, by increasing the
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pressure of the compressed air iOb, the end portions of

the prepregnated material 3 sheet extending beyond the

flange forming surfaces 5 are held from above and below
by the rubber bag 10a and the auxiliary forming die 8.
Thereafter the auxiliary forming die 8 is lowered against
the force of the spring 9 so that the flange forming
surfaces 5 form flanges of the prepregnated material 3.

FIG. 6 indicates a formed product 12 having flanges
12b and extra portions 1l2a immediately after the forming
as described above, and FIG. ‘6 indicates a finished
product 13 after the extra portions 1l2a have been
removed.

" The following is a description of the method of
bending and forming a composite material sheet using the
bending and forming apparatus described above.

First, the prepregnated material sheet 3 as
indicated in FIG. 4 is mounted on the forming die 1 and
the auxiliary forming die 8 in the status’ indicated im
FIG. 1, and are pressed from above by the depressing die
10 in the manner that has already been described. By
this, as indicated in FIGS. 7 and 8, the prepregnated
material sheet 3 is brought into close contact with the
top surface of the auxiliary forming ridges 11, the
auxiliary forming die 8 and the reference forming surface
4 of the forming die 1, so as to form the reference
surface thereon.

Then, the pressure of the compressed air 10b in the
rubber bag 10a is either increased, or the urging force
of the spring 9 or the hydraulic mechanism 9a is
mechanically lessened, whereby the auxiliary forming die
8 gradually lowers and the forming of the flanges 12b by
the flange surfaces 5 is carried out.

During the forming, the end portions of the
prepregnated material sheet 3 extending beyond the flange
forming surfaces 5 are held from above and below by the
auxiliary forming die 8 and the depressing die 10 and are
thereby pulled downwards by the lowering of the auxiliary
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forming die 8. The provision of auxiliary forming ridges
11 on the auxiliary forming die 8 serves to plastically
extend or stretch the portions of the sheet 3
corresponding to the valleys 6b of the wave-shaped
undulations 6, towards the auxiliary. forming ridges 11.
Thus, no creases Or lines are produced on the surfaces of
the formed flanges 12b. This will be described later in
more detail.

When the auxiliary forming die 8 is lowered to the
jower end as indicated in FIG. 10, then compressed air of
room temperature or a cool air 10b is supplied to the
inside of the rubber bag 1l0a to cool the rubber bag 10a
and'the prepregnated material sheet 3. Moreover, the
forming die 1 is cooled from the side of the base 2.

When the prepregnated material sheet 3 has cooled
sufficiently, the pressing force of the depressing die 10
is cancelled and the forming is completed. The finished
product shown in FIG. 5 is therefore obtained. Then, the
lower ends of the flanges 12b are cut to produce the
finished product indicated in FIG. 6.

The following is a description of the generation of
creases and lines. .

The fibers of the prepregnated material sheet 3 are
laminated in a mesh pattern as indicated in FIG. 11 and
the prepregnated material 3 cannot stretch 1in the
directions indicated by the arrows P and Q since the
fibers have no elasticity. When the prepregnated
material sheet 3 is pulledAin the directions indicated by
the arrows X and ¥ in FIG. 12, the square mesh of the
prepregnated material sheet 3 as jndicated by the solid
lines, is changed into the diamond-shaped mesh indicated
by the broken lines in FIG. 13, as if the fibers
themselves had stretched.

When the prepregnated material sheet 3 is formed
into the shape indicated in FIG. 14, if the length of the
reference surface 20 1is A; and the lengths of the flange

surfaces 21 are A,, then the reference surface 20 becomes
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longer by the amount of the wave-shaped undulations 6 so
that

A, > A, cee (1)

Accordingly, when the forming is simply performed, a
surplus of the material by the amount of the difference
Aq between both (&3 = A, - A,) -occurs in the flange
surfaces 21, and this causes creases and lines 22 to
appear as indicated in FIG. 15. The creases and lines 22
occur in portions of the flange surfaces 21,
corresponding to the wvalleys 6b of the wave-shaped
undulations 6.

A further explanation will be made in this

-

connection.

It is assumed that a prepregnated material sheet 3
that is laminated in a flat plane has grid lines at the
same pitch, as indicated in FIG. 16. It is further
assumed that when forming of the reference surface 20 is
performed, a grid 1line 'A-B indicated in FIG. 16 is
éligned with the center line of the height of each crest
6a, as indicated in FIG. 17, and then the flange surfaces
21 are formed.

Here, supposing that the direction of 90° indicated
in FIG. 16 is bent straight downwards to perform the
forming without any change in the area defined by lines
connecting the points A, B, Cc and D, then the £flange
surfaces 21 would appear as indicated in FIG. 1s8.

However, in reality, the length of the fiber A-C in
the -45° direction (FIG.' 16) cannot lengthen in the
direction indicated in FIG. 18. Accordingly, if the
length of each of the fibers in =-45° direction is
replaced by their actual lengths, then the result is as
indicated by A'-B'-C'-D' in FIG. 1S. When this occurs,
the density of the fibers C'-D' in the -90° direction is
relatively large when compared to that of the fibers C-D.
in the valley portion in FIG. 18. This means that the
fibers are more concentrated. The creases and lines 22

will occur if the fiber density becomes excessive.
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Tt is threfore necessary to spread the fibers in the
+45° direction for preventing occurrence of the creases
and lines 22. Pulling only in the 90° direction (i.e.
straight down) is not desirable as creases will occur in
the +45° direction in the vicinity of flange corners R
(in FIG. 14) of the valleys 6b.

FIG. 20 indicates the lay of the fibers in the #£45°
direction when the fibers are spread by the above method.
Thie is the same situation as a manual laying for forming
without creasing.

_ From the above, the following two methods can be
considered for preventing creases and lines 22 from
genérating in the flange surfaces 21.

The first method is to spread the portions of the
prepregnated material sheet 3 in the valleys 6b in the
+45° direction and to pressing them to the forming die,
and the second method is to spread the fibers in the
valleys 6b in the *45° direction prior to forming of the
crests 6a. ,

One means of realizing the first method could be to
clamp the prepregnated material sheet 3 and to
mechanically pull it. In the case of manual lay up:.
hands are used instead of clamps SO that arbitrary
pulling can be made, but it is extremely difficult and
impractical to incorporate into a forming machine a
clamping mechanism having an equivalent function.

On the other hand, one possible means of realizing
the second method is the use of the auxiliary forming die’
8 as in the first embodiment described above, the forming
die 8 having auxiliary forming ridges 11 fulfilling
certain conditions, on the upper surface thereof.

More specifically, in FIG. 21, the length of the
surface of the wave-shaped undulations 6 between the
peaks P, and P, of the crests 6a, i.e., the length of the
common edge 7 is indicated by a, and the corresponding

length of the surface of the auxiliary forming ridges 11
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is indicated by b. Then, the auxiliary forming ridges 11
are set so that

ashb eee (2)

When the prepregnated material sheet 3 is formed as
indicated in FIGS. 22 and 23, the material sheet 3 in the
portions of the valleys 6b is pulled toward the lower
portions between the auxiliary forming ridges 11 and the
same effects as in manual laying up is obtained.

FIG. 24 indicates a second embodiment of the present

invention. Here, instead of the auxiliary forming ridges

11 and the auxiliary forming die 8 of the first

embodiment, a band-shaped auxiliary forming members 28
are used. Each member 28 has integral forming ridges 27
and is securd to an auxiliary forming plate 29.

In this case as well, the same effect as described
for the first embodiment can be obtained as long as the
relationship indicated in FIG. 21 is fulfilled.

FIGS. 25a and 25b show a third embodiment of the
present invention. In this embodiment, the common edge 7
between the reference forming surface 4 and the £flange
forming surfaces 5 of the forming die 1 has a convex Or
concave curve. By using the bending and forming
apparatus according to this embodiment, finished products
122 and 12B indicated in FIGS. 26a and 26b are- obtained
without the formation of creases OrI lines.

In this embodiment, auxiliary forming ridges 31 are
provided on the upper surface of the auxiliary forming
die 8 for causing the longitudinal ends of finished
products 12A and 12B to be closed to shape a box.

As has been described above, according to the method
of the present invention, the prepregnated material sheet
is placed so that the directions of the fibers are angled
at approximately 45° with respect to the common edge of
the reference forming surface and the flange forming
surfaces of the forming die, and the prepregnated
material sheet is formed by pressing the material sheet
on the top surfaces of the stationary forming die and the
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auxiliary forming die by means of the depressing die.
Then the auxiliary forming die is lowered with the side
portions of the prepregnated material sheet being held
between the depressing die and the auxiliary forming die.
Therefore, the prepregnated material sheet is held
sufficiently closely against the flange forming surfaces
of the forming die and is bent and formed, while the
auxiliary forming ridges pull the prepregnated material
sheet so that there is no slack of the material whereby
the formation of creases and lines is prevented even in
cases where the common edges between the reference
surface and the flange surfaces are curved.

" According to the apparatus of the present invention,
the length of the surface in a predetermined range of the
auxiliary forming ridges of the auxiliary forming die is
made equal to or longer than the length of the common
edges of the reference surface and the flange surface of
the forming die. Therefore, it is possible to perform
bending and forming of a composite material sheet so that
no creases Or 1lines. occur even in the case where the
reference surface is undulating.

While the presently preferred embodiments of the
present invention have been shown and described, it is to
be understood that these disclosures are for tHe purpose
of illustration and that various changes and
modifications may be made without departing from the
scope of the invention as set forth in the appended

claims.
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CLAIMS:
1. A method for bending and forming a composite
material sheet made from laminated meshes of fibers,

into a product of U-shaped cross section having a
reference surface and a pair of flange surfaces
bent angularly along opposite curved edges of the
reference surface; characterized by the steps of:

placing the composite material sheet onto a
stationary £forming die *+ having an upper reference
forming surface and flange forming surfaces
extending downwards from opposite curved edges of the
reference forming surface and onto a gownwardly movable
auxiliary forming die . . surrounding the stationary
forming die and having upwardly concave auxiliary
forming ridges _ on an upper surface thereof, with the
fibers of the composite material sheet forming a
certain angle relative to said edges of the reference
forming surface;

pressing the composite material sheet
downwards against the stationary forming die | and
against the auxiliary forming die at parts of the
composite material cheet extending beyond said edges
of the reference forming surface by means of an
expandable, elastic depressing die, thereby to move
the auxiliary forming die downwards relative to the
stationary forming die so as to shape the reference
surface of the product; and

further pressing the composite material sheet
_ by the depressing die to move the auxiliary
forming die further downwards with said parts of the
composite material sheet being held between the
depressing die and the auxiliary forming die,
while extending said parts of the composite material
sheet by said auxiliary forming ridges in directions
to prevent creases and lines from being formed, thereby

to form the flange surfaces . of the product.



2. The method according to claim 1, further
comprising the step of:

supplying pressurized air into the elastic
depressing die to pneumatically expand the
depressing die, thereby to press the depressing die
against the stationary and auxiliary dies, .

3. The method accofding to claim 1, £further
comprising the step of:

extending said parts of the composite material
sheet obligquely towards portions between adjoining

auxiliary forming ridges,

4. The method according to claim 1, wherein said

certain angle is approximately 45°.

5. Apparatus for bending and forming a composite
material sheet made £rom laminated meshes of fibers
into a product of U-shaped Ccross section having a
reference surface and a pair of flange surfaces
bent angularly along opposite curved edges of the
reference surface, characterized in that the apparatus
comprises:

a stationary forming die having -an upper
reference forming surface and flange forming surfaces

extending downwards from opposite edges of the

reference forming surface, said edges . being curved;

an auxiliary forming die surrounding the
stationary forming die and having upwardly convex
auxiliary forming ridges ~ + on an upper surface
thereof, disposed adjacent to said edges . of the
stationary forming die and extending away from the
edges;

resilient means for supporting said

auxiliary forming die to enable the same to move

downwards relative to the stationary forming die

against a resilient force; and
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an expandable elastic depressing die

disposed above said stationary and auxiliary forming dies

. for moving downwards against the forming dies,
thereby to form sai@_reference surface of the product
against said reference forming die ~ and to form
said flange surfaces of the product with the £lange
surfaces held between the depressing die and the
auxiliary forming die which is moving downwards, said
auxiliary forming ridges ' being disposed so as to
extend the flange surfaces in directions to prevent
creases and lines from being formed while the £flange
surfaces are being bent downwards in the state held
betéeen the depressing die . and the auxiliary forming

die, .

6. The apparatus according to claim 5. further
comprising:

wave—shaped undulations T with crests and
valleys extending between said opposite edges of

the reference forming surface of the stationary forming

die.

7. The apparatus according to claim 6, wherein:

said auxiliary forming ridges on the
auxiliary forming die - are respectively aligned with
said crests and define valleys therebetween which
are also aligned with the wvalleys . of said

undulations, respectively.

8. The apparatus according to claim 7. wherein:

said auxiliary forming ridges - are formed on
a band securely -held on the auxiliary £orming die,
9. The apparatus according to claim 7, wherein:

said auxiliary forming ridges * and the

valleys therebetween have a length (b) of the overall

-y
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surface thereof in a region of one pitch, said length
being equal to or longer than the length (a) of the
overall surface of said undulations " in a

corresponding region of one pitch.

10. The apparatus according to claim 5, wherein:
each of said opposite edges has an outwardly

convex form.

11. The apparatus according to claim 5, wherein:
each of said opposite edges has an inwardly

convex shape.

12. The apparatus according to claim 5, wherein:

said auxiliary forming die is in the form of
a plate having a central opening " through which the
stationary forming die passes.
13. The apparatus according to claim S, wherein:

said resilient means 1is a coil spring
resiliently wurging the auxiliary forming die

upwardly.

14. The apparatus according to claim S5, wherein:
said resilient means is a hydraulic cylinder and

piston assembly . supporting the auxiliary forming die

from below.

15. The apparatus according to claim 5, wherein:

said elastic depressing die . is an elastic
bag " connected to a pressurized air source.
16. An apparatus for bending and forming a composite materizl

sheet substantially as hereinbefore described with reference to

and as shown in the accompanying drawings.

17. A method for bending and forming a composite material
sheet substantially zs hereinbefore described with reference o

the accompanying drawings.
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