
EP 0 459 681 B1 Description This invention relates to a take-up apparatus
for and a package of a tape type non-twisted carbon fiber bundle, and more
particularly to a take-up apparatus capable of taking up a tape type
non-twisted carbon 5  fiber bundle around a bobbin regularly in a
diagonally crossing state without causing folds to occur in the fiber
bundle; and a package of such a fiber bundle paid out from the same
apparatus. Since a carbon fiber has extremely high specific strength and
specific elastic modulus, a high thermal resistance and excellent chemical
resisting performance, it is used as a reinforcing material for aerospace
equipment as well as sports equipment and equipment for leisure time
amusement, such as a golf club, a 10 tennis racket and a fishing rod. When
such a carbon fiber is used as a reinforcing material for these products, a
carbon fiber bundle impregnated with an uncured resin composition, such as
epoxy resin and unsaturated polyester is obtained first, and a plurality of
such carbon fiber bundles are then arranged in one direction so that no
clearances occur thereamong, to form a thin sheet type prepreg. In recent
years, it has been demanded that the weights of the above-mentioned
products be reduced, 15 and the reduction of the thickness of a sheet type
prepreg has been in keen demand accordingly. In order to reduce the
thickness of prepreg, a carbon fiber bundle, which is a raw material of the
prepreg, and which was formerly used in the shape of a rope, has come to be
used in the shape of a non-twisted tape. This tape type non-twisted carbon
fiber bundle is impregnated with a resin and then taken up once around a
bobbin to be formed into a package. A sheet type prepreg is formed by
withdrawing tape type carbon fiber 20 bundles from a plurality of packages
thus obtained and arranging these fiber bundles so that no clearances are
left thereamong. In order to arrange the tape type carbon fiber bundles so
as not to cause any clearance to occur thereamong as mentioned above, it is
necessary that the width of each carbon fiber bundle be constant in the
lengthwise direction thereof. However, when a tape type non-twisted carbon
fiber bundle is taken up around a bobbin in a 25  conventional take-up
apparatus as the fiber bundle is traversed on the bobbin, to be formed into
a package, folds occur at the fold-back ends of the fiber bundle, so that
the width of the fiber bundle cannot be set constant in the lengthwise
direction thereof. A conventonal take-up apparatus consists of a feed
roller 101, a pair of traverse guide rollers 102 and a bobbin 103 as shown
schematically in Fig. 6. The traverse guide rollers 102 are disposed so
that the axes thereof extend at right angles to that of the bobbin 103, and
a tape 30 type carbon fiber bundle F is supplied between these two guide
rollers 102 so as to be held therebetween. The fiber bundle thus held
between the guide rollers is taken up around the bobbin 103 to be formed
into a package P as the fiber bundle F is traversed on the bobbin 103
reciprocatingly from one end thereof to the other in parallel with the axis
thereof. While the tape type carbon fiber bundle F is taken up from the two
guide rollers 102 around the bobbin 103, the flat surface of the fiber
bundle F is twisted at [err] and, 35 moreover, the direction of the twist
is reversed when the fiber bundle F is folded back at the end of each
traversing. Therefore, for example, the tape type carbon fiber bundle F
forms a fold f, in such a way that the bundle is bent over on itself with
the upper surface turned facedown, on an end portion of the package P as
shown in Fig. 7. A tape type carbon fiber bundle F on which folds f occur
as mentioned above is not smoothly unfolded 40 when it is withdrawn from
the package P to be formed into a sheet type prepreg, and clearances occur
during such time among the parallel-fed fiber bundles. This causes the
quality of a product made of a prepreg thus prepared to lower. US 3707415
relates to a method for making a filament-wound structure of
non-cylindrical configuration using a winding machine having a rotating
winding shaft bearing a frustoconical mandrel. The winding 45 material in
the form of a tape, passes through a tension device, and is split before
winding, to avoid looseness in the wound structure. An object of the
present invention is to provide a take-up apparatus capable of taking up a
tape type non-twisted carbon fiber bundle regularly in a diagonally
crossing state without causing folds to occur on the fiber bundle. 50
Another object of the present invention is to provide a package of a tape
type non-twisted carbon fiber bundle which displays excellent opening and
spreading characteristics when the fiber bundle is released from the
package. To attain these objects, the take-up apparatus according to the
present invention comprises a structure consisting of guide rollers adapted
to first receive a carbon fiber bundle from a fiber bundle supply source,
55 a bobbin adapted to take up therearound said fiber bundle sent out from
said guide roller structure, a driving means for rotating said bobbin, and
a traverse drive unit adapted to traverse said guide roller 



structure and said bobbin reciprocatingly and relatively to each other in
parallel with the axial direction of said bobbin, characterised in that
said guide roller structure consists of an introduction guide roller
disposed 2    EP 0 459 681 B1 so that an angle [err] between said
introduction guide roller and the axial direction of said bobbin is
substantially 90 , a final guide roller is disposed so that an angle[err]
between it and the axial direction of said bobbin is [err] and at least one
intermediate guide roller is disposed between said introduction guide
roller and said final guide roller so that an angle difference between an
intermediate guide roller and 5  an adjacent guide roller is not more than
45 . In a further embodiment, there is provided a take-up apparatus for
tape type non-twisted carbon fiber bundles, comprising a structure which is
adapted to guide a carbon fiber bundle fed from a fiber bundle supply
source, a bobbin adapted to take up therearound said fiber bundle sent out
from said structure, a driving means for rotating said bobbin, and a
traverse drive unit adapted to traverse said structure and said 10 bobbin
reciprocatingly and relatively to each other in parallel with the axial
direction of said bobbin, characterised in that said structure has a
helically continuing curved guide surface, an angle [err] between an
initial portion, i.e. an introduction surface portion of said curved guide
surface and the axial direction of said bobbin is substantially [err], and
an angle [err] between a final portion, i.e. a discharge surface portion of
said curved surface and the axial direction of said bobbin is in the range
of [err]. 15     Such a structure consisting of guide rollers or such a
structure consisting of a helical curved guide surface is adapted to
traverse relatively to the bobbin. This traverse movement may be achieved
by the structure mentioned above or by the bobbin. The take-up operation of
this take-up apparatus is carried out preferably by setting an angle
between the carbon fiber bundle winding (advancing) direction and the
rotational (circumferential) direction of the bobbin, i.e. a twill angle to
not more than 20 . 20     According to the present invention which is
provided with the guide unit described above, a tape type non-twisted
carbon fiber bundle can be taken up regularly in a diagonally crossing
state without causing any folds to occur at an end portion of a package. A
package thus obtained does not have a told of a carbon fiber bundle at an
end portion of the package, so that the width We of the portion of the
carbon fiber bundle which is wound around an end section of the package and
that Wc of the portion thereof which is wound 25  around an intermediate
section of the package can be set substantially equal. This enables the
opening characteristics of the tape type non-twisted carbon fiber bundle
released from the package to be improved, and the width of the fiber bundle
to be maintained at a constant level in the lengthwise direction thereof.
Fig. 1 is a schematic perspective view of an embodiment of the take-up
apparatus according to the present invention; 30    Fig. 2 shows the angles
between guide rollers and the axis of a bobbin in the same take-up
apparatus; Fig. 3 is a schematic perspective view of another embodiment of
the take-up apparatus according to the present inventon; Figs. 4A, 4B and
4C illustrate the influence of a traverse action of a traverse guide unit
on a tape type carbon fiber bundle during the winding of the fiber bundle
around a bobbin carried out by the take-up 35    apparatus according to the
present invention; Fig. 5 is a sectional view of the tape type non-twisted
carbon fiber bundle subjected to a take-up operation in the present
invention; Fig. 6 is a schematic perspective view of a conventional take-up
apparatus; Fig. 7 is a schematic front elevation of a package of a tape
type non-twisted carbon fiber bundle which is 40   taken up by a
conventional take-up apparatus; and Fig. 8 illustrates a K-value measuring
method defined in the present invention. A tape type non-twisted carbon
fiber bundle to which the present invention is applied is a fiber bundle
consisting of a plurality of carbon fiber filaments consolidated into a
sheet by impregnating the same with an uncured resin composition, such as
epoxy resin and unsaturated polyester. The tape type means a 45  bundle
having a flatness ratio W/t, i.e. a ratio of the width W to the thickness t
of at least 10 as shown in the sectional view of Fig. 5, and formed
continuously in the lengthwise direction thereof. A flat surface of a tape
type carbon fiber bundle indicates a surface on a longer side of a cross
section thereof. Accordingly, a tape type carbon fiber bundle has two flat
surfaces, i.e. upper and lower flat surfaces. An angle [err]defined in the
present invention is an angle between the axis of each of guide rollers or
a 



50 helical curved surface and the axis of a bobbin, which is, for example,
an angle measured with respect to a reference line BL parallel to the axis
AX of a bobbin as shown in Fig. 2 showing the case of guide rollers as an
example. The [err represents an angle of an introduction guide roller [err]
an angle of a final guide roller [err] and [err] the angles of intermediate
guide rollers [err]. The angle [err] measured clockwise from the reference
line BL is to indicate a positive angle, and the angle [err] measured
counterclockwise therefrom a 55  negative angle. A bobbin rotating unit
used in the present invention may employ either a center drive system in
which a bobbin support shaft is rotated or a surface drive system in which
a bobbin is rotated by applying a frictional force to the surface of a
package, which is wound around the bobbin, in the circumferential 3    EP 0
459 681 B1 direction thereof. The bobbin and the guide unit may be
traversed relatively each other in the direction parallel to the axis of
the bobbin, and a traversing unit may therefore be adapted to drive either
one of the guide unit and the bobbin. It is more preferable that the guide
unit be traversed as will be described in the following embodiments. 5   In
the take-up apparatus shown in Fig. 1, a tape type non-twisted carbon fiber
bundle F is fed from a supply roller 1 and taken up around a bobbin 3 via a
traverse guide unit 2. The supply roller 1 is disposed at right angles to
the axial direction of the bobbin. The bobbin is adapted to be rotated in
the direction of an arrow by a center drive system using a driving motor 4
as a driving means. The traverse guide unit 2 consists of a plurality of
guide rollers [err], which are supported 10  freely rotatably on a support
plate 5. This support plate 5 is adapted to be traversed in parallel with
the axis of the bobbin by a traversing unit consisting of a rack 6, a
pinion 7 and a reciprocatingly rotating driving motor 8. In the guide
rollers mentioned above, the initial introduction guide roller [err] is
disposed so that an angle[err] becomes [err] with respect to the axis of
the bobbin, and the final guide roller [err] so that an angle [err] be in
the range of [err]. The intermediate guide rollers [err]  are disposed so
that the angles[err], 15 [err] become gradually smaller than the angle[err]
of the introduction guide roller [err] with a difference between the angles
of adjacent intermediate guide rollers set not more than [err]. These guide
rollers [err] [err] are adapted to bring the tape type carbon fiber bundle
F into contact initially with the introduction guide roller [err] and then
with the guide rollers [err] in order to cause the fiber bundle F to move
zigzag, whereby the flat surfaces of the fiber bundle are twisted gradually
and set parallel on the final guide 20  roller[err] to the axis of the
bobbin, the fiber bundle F being then taken up around the bobbin 3. Since
the traverse guide unit 2 has such operation, the angle[err] of the initial
introduction guide roller [err] with respect to the axis of the bobbin has
to be maintained at substantially [err]. If this angle[err] exceeds or
falls below [err], the carbon fiber bundle being traversed is inclined with
respect to the axes of the guide rollers to cause the width of range of
winding of the fiber bundle to decrease or disturbance to occur on the 25
end surfaces of a package P. The intermediate guide rollers [err] are
adapted to gradually twist the flat surfaces of the carbon fiber bundle,
which they receive from the introduction guide roller [err] toward the
axial direction of the bobbin so that these surfaces become parallel to the
same direction on the final guide roller [err]. When a twisting force is
thus applied to a flat surface of the tape type carbon fiber bundle, a
twist phase difference occurs in 30  the widthwise direction thereof. Since
such a twist phase difference becomes large at both edge portions of the
fiber bundle as compared with that at the middle portion thereof, uneven
tension distribution occurs in the widthwise direction of the fiber bundle.
Therefore, if the twisting force applied to the fiber bundle is suddenly
increased, the width of the corresponding part of the fiber bundle
decreases or this part of the fiber bundle is folded. In order to prevent
such phenomena, it is necessary that an angle difference between 35
adjacent intermediate guide rollers be set to [err] at most, and preferably
to not more than [err]. When the tape type non-twisted carbon fiber bundle
is moved to left and right by the traverse guide unit 2 in this take-up
apparatus, the width of the fiber bundle is varied. This action will be
described with reference to Figs. 4A, 4B and 4C. While the traverse guide
unit 2 is not in traverse motion, the path along which the tape type carbon
fiber bundle F advances does not vary as shown in Fig. 4A, so that the
width of 40  the fiber bundle is maintained at a constant level. However,
while the traverse guide unit 2 is moved to right, the tape type carbon
fiber F moves therefrom, delays backward and reaches the bobbin 3 as shown
in Fig. 4B. This backward delay of the tape type carbon fiber bundle F
spreads to guide rollers in the traverse 



guide unit 2, so that the fiber bundle F advances to the inner portion of
the guide rollers and moves in the direction in which the twist of the
fiber bundle F is lessened. Therefore, the width of the fiber bundle F 45
tends to increase as compared with that in the condition shown in Fig. 4A,
in which the traverse guide unit 2 is not in traverse motion. Conversely,
when the traverse guide unit 2 is moved to left, the fiber bundle follows
the traverse action thereof in a backwardly delayed state as shown in Fig.
4C. Although this phenomenon is identical with that in the case shown in
Fig. 4B, the direction in which the fiber bundle is traversed is opposite.
In this case, the fiber bundle F is moved in the direction in which the
twist thereof is 50  increased with respect to the guide rollers.
Therefore, the width of the fiber bundle F tends to decrease as compared
with that in the condition of Fig. 4A in which the fiber bundle F is not
traversed. The phenomenon of follow-up delay of the tape type carbon fiber
bundle [err] which thus occurs due to the traverse meovement of the
traverse guide unit 2, causes the width of the fiber bundle to increase
when the traverse guide unit 2 is moved to right, and decrease when the
traverse guide unit 2 is moved to left. 55  The package P formed by taking
up the fiber bundle tapers, so that it has a smaller diameter at the
portion thereof which corresponds to the right end of the package of Fig.
1, and a larger diameter at the portion thereof which corresponds to the
left end of the package of Fig. 1, the wound fiber bundle therefore being
liable to come loose. 4    EP 0 459 681 B1 The reason why the angle [err]
at which the final guide roller [err] is disposed is set in near zero
degree resides in the necessity of preventing the variation, which is
ascribed to the phenomenon of follow-up delay of the fiber bundle mentioned
above, of the width of the fiber bundle. Referring again to Figs. 1, 4A, 4B
and 4C, in the condition of Fig. 4B in which the fiber bundle is traversed
to right with the angle [err]of the final 5  guide roller [err] set to, for
example, [err] a follow-up delay mentioned above occur between the final
guide roller 2, and bobbin 5 to cause the twisting force applied to the
fiber bundle to increase. Accordingly, the twisting force lessening action
occurring in the traverse guide unit 2 during the time in which the fiber
bundle advances from the guide roller [err] to the final guide roller[err]
is offset. Conversely, in the condition of Fig. 4C in which the fiber
bundle is traversed to left, a follow-up delay mentioned above occurs to
cause the 10  fiber bundle twisting force to lessen. Therefore, the
twisting force increasing action occurring in the traverse guide unit 2
during the time in which the fiber bundle advances from the guide roller
[err] to the final guide roller [err] is offset. If the angle [err] at
which the final guide roller [err] is disposed is set negative, the
variation, which occurs when the carbon fiber bundle is traversed as it is
twisted by the traverse guide unit 2, can be minimized. is     However, if
the angle [err] of the final guide roller by which the above-mentioned
action is made is less than [err], a total twist angle becomes excessively
large, so that it becomes difficult to carry out a stable take-up
operation. In the case where the variation of the width of a tape type
carbon fiber bundle can be offset easily by the deformation of the material
thereof, and, in the case where the variation of the width of a fiber
bundle and a difference of the diameters of wound fiber bundle can be
neglected because of the 20  smallness of the original width of the fiber
bundle, setting the angle [err] in the mentioned manner is not necessarily
required. Even when the angle [err] is set to + [err] at most in this case,
a flat surface of the fiber bundle can always be set parallel to the axis
of the bobbin. Accordingly, folds do not occur at the fold-back end of a
traversed fiber bundle, and the object of the present invention can be
achieved. In the traverse guide unit, it is preferable that each guide
roller be ready to be rotated freely and 25  smoothly. If the traverse
guide unit is set in this manner, the occurrence of fluff on the fiber
bundle, which is ascribed to the friction of the guide rollers, can be
minimized. It is preferable that each guide roller be supported integrally
at its axial portion on a support plate. If each guide roller is thus
supported integrally on a support plate, the angle of the guide roller can
be maintained at a constant level, and the vibration of the guide rollers
during an operation thereof can be reduced. 30     When a tape type carbon
fiber bundle is taken up by this take-up apparatus, it is preferable that
an angle between the fiber bundle winding direction with respect to the
bobbin 3 and the circumferential direction of the bobbin, i.e. a twill
angle be set at not more than [err]. When the twill angle is set larger
than [err], the follow-up delay of the fiber bundle F fed from the traverse
guide unit 2 increases with the increase of the same angle, so that fold is
liable to occur at the fold-back end of the traversed fiber bundle. The 35
setting of the twill angle to not more than [err] can be done easily by
selectively setting various conditions 



including the width of range and the cycle of the fiber bundle traversing
action, take-up speed and diameter of a winding of fiber bundle. Fig. 3
shows another mode of embodiment of the present invention. In this
embodiment, a helical continuing curved guide surface 12 is used instead of
the abovementioned guide rollers as a traverse guide 40  unit. This curved
guide surface 12 is formed so that an angle [err] of a surface 12a, onto
which a tape type carbon fiber bundle F is initially introduced, with
respect to the axial direction of a bobbin becomes substantially [err] with
an angle [err] of a discharge surface 12b with respect to the axial
direction of the bobbin becoming [err]. The intermediate portion of the
guide surface 12 which is between these introduction surface 12a and
discharge surface 12b consists of a helically continuing curved surface
having 45  a differential angle ([err]). The curved guide surface 12 is
provided with the above-mentioned traverse guide unit consisting of guide
rollers, and it is thereby laterally moved. The curved guide surface 12
mentioned above is adapted to guide the tapetype carbon fiber bundle [err]
which is fed from the supply roller 1, and apply a twisting force to the
flat surface thereof forcibly and gradually, whereby the flat surface can
be set parallel to the axial direction of the bobbin on the discharge so
surface 12b. Such a traverse guide unit 2 may be of a plate type as shown
in Fig. 5, and it may also be of a box type the front and rear sides of
which being covered with walls. In the case of a box type traverse guide
unit, the fiber bundle is restricted by the inner surfaces of the front and
rear walls while it is traversed, and, therefore, it becomes unnecessary to
provide any auxiliary bundle displacement preventing member. In the 55
case of a plate type traverse guide unit it is necessary to provide the
introduction portion of the curved guide surfac 12 with a pair of guide
rollers 9 as bundle displacement preventing members. Such a displacement
preventing means may consist of a slit type or comb type guide. 5    EP 0
459 681 B1 In the case of the take-up apparatus of Fig. 3, the flat surface
of the tape type carbon fiber bundle can also be set parallel at all times
to the axial direction of the bobbin, so that the occurrence of folds at
the fold-back end of the traversed fiber bundle can be prevented, in the
same manner as in the previously described embodiment. It is preferable
that the curved guide surface be formed out of a selected material 5
having high frictional resistance and surface smoothness. In the package
obtained from the take-up apparatus according to the present invention, the
flat surface of the tape type non-twisted carbon fiber bundle is laminated
regularly in a diagonally crossing state, and the width We of the portion
of the fiber bundle which is wound at an end portion of the package and
that Wc of the portion thereof which is wound at the intermediate portion
of the package are substantially equal io to each other. In more detail,
the relation between the width We of the portion of the fiber bundle which
is wound at an end portion of the package and that Wc of the portion
thereof which is wound at the intermediate portion of the package can be
set to We [err] Wc x 0.9. Accordingly, folds do not occur in the carbon
fiber bundle, and the width of the fiber bundle is constant, i.e., does not
vary in the lengthwise direction thereof. 15     A tape type non-twisted
carbon fiber bundle taken up by the take-up apparatus according to the
present invention preferably has a comparatively high rigidity. Using a
carbon fiber bundle having a K-value, which is representative of its
rigidity, and which will be described as follows, of not less than 10 cm is
recommended. If the rigidity of a carbon fiber bundle is set to a K-value
of not less than 10 [err] each filament in the fiber bundle becomes
difficult to be moved. Therefore, the disarray of the regularly arranged 20
fibers can substantially be prevented when the fiber bundle is taken up by
the take-up apparatus, or when the fiber bundle is released from the
package obtained. This enables a package free from the occurrence of folds
on the carbon fiber bundle and variation of the width of the carbon fiber
bundle in the lengthwise direction thereof to be obtained more easily. The
K-value referred to above is determined by a measuring instrument shown in
Fig. 8. This 25  measuring instrument consists of a block type measuring
base 21 having a setting surface 21 a on which a sample S of a carbon fiber
bundle F is fixed, and a measuring surface 21b, which are formed at [err]
to each other. A sample S of a carbon fiber bundle is set straight in an
atmosphere of [err] and [err] RH relative humidity before the measurement
of the sample S is conducted, by suspending a load of 0.005 g/d from the
sample for 15 minutes. The sample S of fiber bundle is then fixed on the
setting surface 21 a of 



30 the measuring base 21 by a fixing member 22 so that the length of the
portion of the sample S which projects from the measuring surface 21b
becomes 25 cm. The sample S of carbon fiber bundle continues to curve at
its laterally extending free end portion in the downward direction as shown
in the drawing. When the fiber bundle finaly stops curving, a horizontal
distance K between the measuring surface 21b and the free end of the sample
S is measured. A measurement value thus obtained and expressed in terms of
35 centimeters is determined as a K value.. In order to set the rigidity of
a carbon fiber bundle so that the fiber bundle has a K value of not less
than 10 cm, it is effective to use an epoxy sizing agent in, for example, a
fiber bundle sizing treatment, and then subject the fiber bundle to a
drying treatment at a high temperature of not lower than [err]. Empirical
examples of the embodiments and comparative examples wll now be shown, in
which the 40 evaluation of carbon fiber bundles was made as follows. Folds
on carbon fiber bundle: Number of folds appeared on a fiber bundle per 100
turns of windings thereof when the fiber bundle was released from a package
thereof. Width of carbon fiber bundle: A fiber bundle was withdrawn
intermittently from a package thereof in the left and right fiber bundle
traversing direction and observed at such 20 portions of the fiber bundle
with 45 respect to each fiber bundle traversing direction that correspond
to the ends of every one turn of the fiber bundle, by magnifying these
portions with a magnifying glass of magnifying power of 4. The width of the
fiber bundle is measured with a scale graduated in 5 mm, and the
measurement results were expressed in 0.1 mm. The measurement values (in
millimeters) obtained at 20 portions of the fiber bundle were averaged, and
the average vlues were shown as object values. 50     Appearance of wound
fiber bundle: Package having a difference in the fiber bundle winding
tightness between the left and right portions thereof and being likely to
come loose was rated "bad". Examples 1 - 3 and Comparative Examples 1 - 3:
55     Six apparatuses (for Examples 1 to 3 and Comparative Examples 1 to
3) having travere guide units shown in Fig. 1 in which a maximum difference
between the angles of the guide rollers varies as shown in Table 1 were set
up. In each of these take-up apparatuses provided with such traverse guide
units, a tape type non-twisted carbon fiber bundle which will be defined
later was taken up around a bobbin of 80 mm in 6    EP 0 459 681 B1 outer
diamter and 200 mm in length with a traverse width of 15 cm and at a
traverse speed of 1 m/min and a twill angle of 10 * . This tape type
non-twisted carbon fiber bundle was prepared by baking 12000-filament
polyacrylonitrile fiber yam of a fineness of 1.3 denier by a regular
method, and the resultant fiber yarn was introduced into a 5  bath of a
concentration of 3 % by weight of diglycidyl ether bisphenol A type epoxy
resin so as to be subjected to a sizing treatment. The resultant fiber
bundle had a weight of per unit length of 0.8 g/m. The guide rollers in the
above-mentioned traverse guide unit consisted of five SUS rollers of 15 mm
in diameter and 30 mm in length, and were assembled by disposing the same
rotatably so that a minimum distance between two adjacent rollers became 20
mm as shown in Fig. 2. These guide rollers were 10  disposed incliningly so
that the angles of inclination [err] of an introduction guide roller and a
final guide roller were [err] and [err], respectively. A carbon fiber
bundle was withdrawn from a package obtained from each take-up apparatus,
and the width We (mm) of the portion of the fiber bundle which corresponded
to an end portion of the package and that Wc (mm) of the portion of the
fiber bundle which corresponded to an intermediate portion thereof, and is
the number of folds found on the fiber bundle were determined. The results
shown in Table 1 were obtained. Table 1 20 maximum          running
width  of  I               I difference                             Ifiber
number between          condition  of    bundle    of  folds 25
angles  of                                     on  fiber rollers
fiber  bundle    We  Wc   bundle (mm  (mm) 



Example   1      [err]                    good            5.91  5.81
0     1 30   1                 I
I       I Example  2       35'                    good            5.81
5.81          0     | width was                    I      I Example  3
40          reduced  at a          5.51  5.71 35
twisted  portionl            I       I            I I
I       I      I            I comparative                      width  was
I       I      I Example  1       [err]             reduced  at  a
5.3  5.61          0 I                 twisted  portion             I 40
comparativel                      fold  occurred    I           I      I
Example  2   1    [err]             Ion  a  twisted         5.01  5.41
9 I                I                  portion                      I      I
I                                  I                                  I 45
comparative                      fold  occured Example  3       [err]
Ion  a  twisted         4.81  5.31         27 I                   portion
'I      I      I 50 Examples 4 - 8 and Comparative Examples 4 - 6: Take-up
apparatuses were set up so that they had the same conditions as the
apparatus used in Example 1 except that a maximum difference between the
angles of guide rollers was set to [err] with the 55 angle[err] only of a
final guide roller set to different levels in different apparatuses, and a
tape type non- twisted carbon fiber bundle which was identical with the
fiber bundle in Example 1 was taken up under the same take-up conditions. 7
EP 0 459 681 B1 The carbon fiber bundle was released from a package
obtained in each take-up apparatus to check the number of folds thereon,
determine the width thereof and evaluate the appeamace of the winding
thereof. The results shown in Table 2 were obtained. 5 Table 2 angle
appear-  Inumber  of width  (mm)  of  carbon 10    I                le, of
Irance  of folds  on  fiber  bundle final winding  Icarbon roller
Ifiber         rightward   leftward I                         I
bundle        direction  I direction comparativel              I
I             I xample  4    [err]      bad                0           5.3
5.6 I            I              I               I               I Example
4    [err]    good                 0           5.5        1      5.7 20
Example  5    [err]     good                 0           5.7
5.8 Example  6   1   [err]     good                0           5.8
5.8 1 Example  7       [err]  I  good                0           5.9
5.8 25                    1         I            I              I
I               I Example  8       [err]  I  good                0
5.9              5.7 '                   I           I             I
I                       I Comparativel              I            I
I Example  5     [err]  I    bad               0          6.0
5.7 30   comparativel               I            I              I Example
6     [err] I    bad                0           6.0              5.6 35 



Example 9: The same tape type non-twisted carbon fiber bundle as in Example
1 was taken up under the same take-up conditions therein with a maximum
difference between the angles of the guide rollers in the travere 40 guide
unit set to [err]. A winding twill angle was varied to [err] and [err] in
accordance with a fiber bundle traversing speed. As a result, no folds were
found on the fiber bundle taken up with a twill angle of not more than
[err], and folds occurred on the fiber bundle taken up with a twill angle
of not less than [err]. 45  Comparative Example 7: The same tape type
non-twisted carbon fiber bundle as in Example 1 was taken up under the same
take-up conditions therein except that the take-up apparatus shown in Fig.
6 and having a pair of traverse guide rollers of 20 mm in diameter was
used. 50     The fiber bundle was released from the package obtained, and
the condition of occurrence of folds thereon was checked. It was
ascertained that the fiber bundle had 131 folds. It was also ascertained
that the width of the fiber bundle varied in its lengthwise direction in
the range of 4.1 to 5.5 mm. Examples 10 - 12 and Comparative Examples 8 -
9: 66 A flat SUS plate 50 mm in width and 20 cm in length was twisted
helically to form a curved surface shown in Fig. 3. An angle [err] of its
introduction surface portion and an angle [err] of its discharge surface
portion were set different as shown in Table 3. A pair of guide rollers 10
mm in diameter were provided 8    EP 0 459 681 B1 above the introduction
surface portion. Take-up apparatuses (for Examples 10 to 12 and Comparative
Examples 8 to 9) provided with such parts were made. The same tape type
non-twisted carbon fiber bundle as in Example 1 was taken up under the same
take-up conditions in each of these take-up apparatuses. The appearance of
a package obtained in each take-up apparatus was evaluated, and the fiber
bundle 5  was released from the package to check the number of folds on and
the variation of the width of the fiber bundle. The results shown in Table
3 were obtained. Table 3 10                                     I        I
I            jangle  ([err]) of                I          I         width
(mm) of curved  guide      total appear- number fiber bundle surface
lance  of  of I                     twist winding folds  right-left- 15
intro-  dis-               lof        Ion       ward   ward   I duction
charge  angle fiber   fiber  direc-direc- surface surfacel
bundle  bundle tion    ition portion portionl 20   Example 10         I
[err]        [err]  [err]         good  I    0     6.2    6.2  | Example
. 11            [err]         [err]   [err]     good      0     6.3  1  6.1
25 Example  I 12            [err]          [err]   [err]     good  I    0
6.3  1  6.2 compara- 30   tive            [err]        7  [err]   bad
0     6.5    6.1  1 Example 8 compara- 35     tive      I    [err]
[err]  [err]       bad  I    0     5.6    6.0 Example
I 9 40 



Examples 13 - 16 and Comparative Examples 10 - 11: The same carbon fiber
bundles as in Example 1 were subjected to a sizing treatment. The resultant
fiber bundles were then subjected to a heat treatment and a drying
treatment with the conditions for these 45  steps set differently.
Consequently, tape type non-twisted carbin fiber bundles having different K
values shown in Table 4 were obtained. These fiber bundles were then taken
up by the same take-up appratus as in Example 1 under the same take-up
conditions. The width We of the portions of the fiber bundles in each
package obtained which was on an end portion of the package and the width
Wc of the portion of the fiber bundle therein which was on the 50
intermediate portion of the package were measured, and the results shown in
Table 4 were obtained. The fiber bundle was released from each package, and
a prepreg in which a plurality of fiber bundles were arranged in one
direction was made. The external appearance of the prepreg was observed,
and the variation of the width of per one bundle in the prepreg was
determined. The results shown in Table 4 were obtained. 55 9    EP 0 459
681 B1 Table 4 width  of  fiber  external               width  (mm) I
bundle  in  a                            of  prepreg K valuelpackage
appearance    I per  one fiber (cm)    We   Wc  We/Wc of prepreg     bundle
10 Compara-               I      I      I        I                  I Itive
I           I      I      I        I Opening  was Example           4
5.01  5.31  0.941    observed        8 -  10 15 compara- Itive        I
I      I      I        I Opening  was Example           7    5.01  5.2
0.961   observed    1    8 -  10 20 Example 13              10    5.81
5.31  1.09             good            9 -  10 25    Example 114
15    4.81  5.31  0.911             good         9.5  - 10.5 Example
I      I      I        I                  I                  I 15
15    5.3  5.21  1.02             good           10  -  11 30 Example 16
15   6.8  5.2  1.31             good        10.5 -  11.5 35 Claims 1. A
take-up apparatus for tape type non-twisted carbon fiber bundles (F),
comprising a structure (2) consisting of guide rollers adapted to first
receive a carbon fiber bundle from a fiber bundle supply 40     source, a
bobbin (3) adapted to take up therearound said fiber bundle sent out from
said guide roller structure, a driving means (4) for rotating said bobbin,
and a traverse drive unit (6, 7, 8) adapted to traverse said guide roller
structure and said bobbin reciprocatingly and relatively to each other in
parallel with the axial direction of said bobbin, characterised in that
said guide roller structure consists of an introduction guide roller
([err]) disposed so that an angle [err] between said introduction guide
roller 45     and the axial direction of said bobbin is substantially
[err], a final guide roller ([err]) is disposed so that an angle [err]
between it and the axial direction of said bobbin is [err], and at least
one intermediate guide roller (22, 23, 24) is disposed between said
introduction guide roller and said final guide roller so that an angle
difference between an intermediate guide roller and an adjacent guide
roller is not more 



than [err]. 50 2. A take-up apparatus according to claim 1, wherein a
direction in which said fiber bundle is wound around said bobbin is set to
not more than [err] with respect to the circumferential direction of said
bobbin. 55  3. A take-up apparatus according to claim 1, wherein said guide
roller structure is adapted to be traversed reciprocatingly in parallel
with the axial direction of said bobbin by said traverse unit. 10    *  C
L  M   S  * Table 4 5                          width  of  fiber   external
width  (mm) bundle  in a          I                 I of  prepreg value
package                  appearance    I per  one I |               I
I        I                  I fiber           I |           I (cm)    I We
I Wc  IWe/Wclof  prepreg   I bundle                     I 10    1
1           Itmm)ltmm)I            I                 [ therein          I
lcompara-I              l      l      l        l                 l Itive
l     I         I      I           I Opening wasl                       l
lExample  1        4   | 5.01  5.31  0.941   observed    I    8 - 10
I 16 110         I           I      I    . I           I           I      I
Icompara-l        I         I      I       I            I
I Itive       I           I      I      I        I opening wasl
I IExample  1        7   | 5.01 5.21  0.961   observed   1    8 -  10
I _20      1                                    |
. IExample l              I      I      I        I                  I 113
|    10   1 5.81 5.31  1.091              good        1    9 - 10       I I
I           I         I         I        I                  I 25   IExample
I               I      I      I        I                  I
I 114         |    15   | 4.81  5.31  0.911             good        | 9.5
- 10.5  | I.-          I          I      I      I        I
I1 lExample  I             I      I      I        I                  I 115
|    15   I 5.31  5.21  1.021             good        I   10 - 11       I
IQ              I          I      I      I        I                  I 0
Example  I            I      I      I        I                  I
1 116          1    15   1 6.81 5.21  1.311             good        110.5
- 11.5  I 35 Claims 1. A take-up apparatus for tape type non-twisted carbon
fiber bundles (F), comprising a structure (2) consisting of guide rollers
adapted to first receive a carbon fiber bundle from a fiber bundle supply
40     source, a bobbin (3) adapted to take up therearound said fiber
bundle sent out from said guide roller structure, a driving means (4) for
rotating said bobbin, and a traverse drive unit (6, 7, 8) adapted to
traverse said guide roller structure and said bobbin reciprocatingly and
relatively to each other in parallel with the axial direction of said
bobbin, characterised in that said guide roller structure consists of an
introduction guide roller (2i) disposed so that an angle e, between said
introduction guide roller 45     and the axial direction of said bobbin is
substantially 90%, a final guide roller (2J) is disposed so that an angle
9. between it and the axial direction of said bobbin is -51 * 10, and at
least one intermediate guide roller (22, 29, 24) is disposed between said
introduction guide roller and said final guide roller so that an angle
difference between an intermediate guide roller and an adjacent guide
roller is not more than 45. 50 2. A take-up apparatus according to claim 1,
wherein a direction in which said fiber bundle is wound around said bobbin
is set to not more than 20  with respect to the circumferential direction
of said 



bobbin. ss  3. A take-up apparatus according to claim 1, wherein said guide
roller structure is adapted to be traversed reciprocatingly in parallel
with the axial direction of said bobbin by said traverse unit. 10    EP
0459 681 Bi                                14  S 4. A take-up apparatus
according to claim 1, wherein said bobbin is adapted to be traversed
reciprocatin- gly in parallel with the axial direction of said bobbin by
said traverse drive unit. 5. A take-up apparatus for tape type non-twisted
carbon fiber bundles (F), comprising a structure (2) which ;   5       is
adapted to guide a carbon fiber bundle fed from a fiber bundle supply
source, a bobbin (3) adapted to take up therearound said fiber bundle sent
out from said structure, a driving means (4) for rotating said bobbin, and
a traverse drive unit (6, 7, 8) adapted to traverse said structure and said
bobbin reciprocatingly and relatively to each other in parallel with the
axial direction of said bobbin, charac- terised in that said structure has
a helically continuing curved guide surface (12), an angle 0. between 10
an initial portion, i.e. an introduction surface portion (12a) of said
curved guide surface and the axial direction of said bobbin is
substantially 90, and an angle Ob between a final portion, i.e. a discharge
surface portion (12b) of said curved surface and the axial direction of
said bobbin is in the range of -5 10*. i5  6. A take-up apparatus according
to claim 5. wherein a direction in which said fiber bundle is wound around
said bobbin is set to not more than 200 with respect to the circumferential
direction of said bobbin. 7. A take-up apparatus according to claim 5,
wherein said structure consisting of said curved guide 20     surface is
adapted to be traversed reciprocatingly in parallel with the axial
direction of said bobbin by said traverse drive unit. 8  A take-up
apparatus according to claim 5, wherein said bobbin is adapted to be
traversed reciprocatin- gly in parallel with the axial direction of said
bobbin by said traverse drive unit. 25 9. A package of tape type
non-twisted carbon fiber bundles, characterized in that the width We of the
portions of said fiber bundles which are wound at an end portion of said
package and that Wc of the portions of said fiber bundles which are wound
at an intermediate portion of said package are substantially equal to each
other. 30 10. A package according to claim 9, wherein the rigidity of each
of said tape type non-twisted carbon fiber bundles is such that a K value
thereof defined in this specification is not less than 10 cm. 11. A package
according to claim 9, wherein the relation between the width We of the
portions of said fiber 35     bundles which are wound at an end portion of
said package and that Wc of the portions of said fiber bundles which are
wound at an intermediate portion of said package is We k Wc x 0.9.
PatentansprUche 40 1. Aufwickelvorrichtung fMr bandfdrmige nichtgezwimte
KohlenstoffaserbOndel (F) mit einer Anordnung (2), die aus FUhrungsrollen,
die so ausgebildet sind, daB sie zunlchst ein Kohlenstoffaserbdndel von
einer Faserblndelzufuhrquelle aufnehmen, einer Spule (3), die so
ausgebildet ist, daB sie um sich herum das von der FUhrungsrollenanordnung
angelieferte FaserbUndel autwickeln, einer Antriebseinrichtung (4) zum
Drehen der Spule und einer Traversierantriebseinrichtung (6, 7, 8), die so
ausgebildet ist, daB die 45     FUhrungsrollenanordnung und die Spule hin-
und hergehend und relativ zueinander parallel zu der Axialrichtung der
Spule traversieren, dadurch gekennzelchnet, daB die FOhrungsrollenanordnung
aus einer EinfUhrungs-FUhrungsrolle (2i), die so angeordnet ist, daB ein
Winkel el zwischen dieser EinfUhrungs-Fflhrungsrolle und der Axialrichtung
der Spule im wesentlichen 90 ist, einer Endflhrungs- rolle (2), die so
angeordnet ist, daB ein Winkel 9. zwischen ihr und der Axialrichtung der
Spule -5*  50     10  ist, besteht und daB wenigstens eine
ZwischenfUhrungsrolle (22, 23 24) zwischen der Einf~hrungs- FUhrungsrolle
und der EndfUhrungsrolle derart angeordnet ist, daB ein Winkelunterschied
zwischen einer ZwischenfUhrungsrolle und einer benachbarten FUhrungsrolle
nicht mehr als 45- ist. 2. Aufwickelvorrichtung nach Anspruch 1, be! der
eine Richtung, In welcher das FaserbUndel urn die Spule 55     gewickelt
wird, auf nicht mehr als 20 * in Bezug auf die Umfangsrichtung der Spule
eingestellt !st. 3. Aufwickelvorrichtung nach Anspruch 1, bei der die
Fflhrungsrollenanordnung so ausgebildet iSt, daB sie 



hin- und hergehend parallel zu der Axialrichtung der Spule durch die
Traversiereinheit traversiert.    EP 0 459 681 B1                  I 11111
1III111I IRIa 1S   I 4. Aufwickelvorrichtung nach Anspruch 1, bei der die
Spule so ausgebildet ist, daB sie hin- und hergehend parallel zu der
Axialrichtung der Spule durch die Traversierantriebseinheit traversiert. 5.
Aufwickelvorrichtung far bandformige nichtgezwirnte KohlenstoffaserbOndel
(F) mit elner Anordnung (2), \   5      die so ausgebildet ist, daB sie ein
von einer FaserbOndelzufuhrquelle angeliefertes KohlenstoffaserbOn- del
fOhrt, elner Spule (3), die derart ausgebildet ist, daB sie um sich herum
das von dieser Anordnung angelieferte FaserbOndel aufwickelt, einer
Antriebseinrichtung (4) zum Drehen der Spule und einer
Traversierantriebseinrichtung (6, 7, 8), die so ausgebildet lst, daB diese
Anordnung und die Spule hin- und hergehend und relativ zueinander parallel
zu der Axialrichtung der Spule traversieren, dadurch 10     gekennzelchnet,
daB die Anordnung elne spiralformig fortlaufend gekrtmmte
Fl0hrungsoberflache (12) hat, ein Winkel 0, zwischen einem
Anfangsabschnitt, d. h. elnem EinfUhrungs-Oberflachenabschnitt (12a), der
gekrOmmten FKhrungsoberflAche und der Axialrichtung der Spule im
wesentlichen 90' ist und ein Winkel Ob zwischen einem Endabschnitt, d. h.
einem Abgabeoberflachenabschnitt (12b), der gekrlmmten Oberflache und der
Axialrichtung der Spule im Bereich von -5  10  liogt 15 6.
Aufwickelvorrichtung nach Anspruch 5, bei der eine Richtung, in welcher das
FaserbUndel um die Spule gowickelt wird, auf nicht mehr als 20  in Bezug
auf die Umfangsrichtung der Spule eingestellt ist. 7. Aufwickelvorrichtung
nach Anspruch 5, be! der die aus der gekrammten FUhrungsoberfl~che
bestehen- >  20      de Anordnung so ausgebildet ist, daB sie parallel zu
der Axialrichtung der Spule durch die Traversieran- triebseinheit hin- und
hergehend traversiert. a  Aufwickelvorrichtung nach Anspruch 5, bei der die
Spule so ausgebildet ist, daB sie hin- und hergehend parallel zu der
Axialrichtung der Spule durch die Traversierantriebseinheit traversiert. 25
9. Packung von bandf6rmigen nichtgezwirnten KohlenstoffaserbUndeln, dadurch
gekennzelchnet, daB die Breite der Bereiche der FaserbUndel, die an einem
Endabschnitt der Packung gewickelt sind, und die Brelte Wc der Bereiche der
FaserbOndel, die an einem Mittelabschnitt der Packung gewickelt sind, im
wesentlichen zueinander gleich sind. 30 10. Packung nach Anspruch 9, be!
der die Steifheit jedes der bandformigen nichtgezwirnten Kohlenstoffa-
serbUndel derart ist, daB ihr K-Wert gemaB der Definition in dieser
Beschreibung nicht weniger als 10 cm ist. 35  11. Packung nach Anspruch 9,
bei der die Beziehung zwischen der Breite We der Bereiche der Faserbtn-
del, die an einem Endabschnitt der Packung gewickelt sind, und der Breite
Wc der Bereiche der FaserbOndel, die an einem mittleren Abschnitt der
Packung gewickelt sind, We 2 Wc x 0,9 ist. Revendicatlons 40 1. Appareil de
reception de faisceaux de fibres de carbone (F) non-tordus de type bande se
composant d'une structure (2) constitude de rouleaux de guidage adaptes
pour recevoir d'abord un faisceau de fibres de carbone provenant d'une
source d'alimentation en faisceaux de fibres, d'une bobine (3) adaptee pour
recevoir autour d'elle le faisceau de fibres en question envoye depuis
ladite structure a 45     rouleaux de guidage, d'un moyen d'entraThement
(4) pour faire tourner cette bobine, et d'un organe moteur de deplacement
(6, 7, 8) adapte pour deplacer cette structure a rouleaux de guidage et
cette bobine en va-et-vient et respectivement l'une vers l'autre
parallblement h la direction axiale de ladite bobine, caracterls6 en ce quo
ladite structure a rouleaux de guidage se compose d'un rouleau de guidage
d'introduction (21) dispose de maniere a former un angle el qui soit
sensiblement de 90' 50     entre ledit rouleau de guidage d'introduction et
la direction axiale de ladite bobine, un rouleau de guidage final (2.) est
dispos6 de manibre a former un angle 0e de -5' +10' entre ledit rouleau de
guidage final et la direction axiale de ladite bobine, et au moins un
rouleau de guidage intermediaire (22, 23, 2s) est dispose entre ledit
rouleau de guidage d'introduction et ledit rouleau de guidage final de
sorte qu'un ecart angulaire entre un rouleau de guidage interm6diaire et un
rouleau de guidage 55     adjacent ne depasse pas 45 . 2. Appareil de
receptlon selon la revendication 1, dans lequel une direction d'enroulement
dudit faisceau 



de fibres autour de ladite bobine est reglee a pas plus de 20' par rapport
A la direction circonf6rentiel- 12    EP 0 459 681 B1 *  C   L   M   S  *
le de ladite bobine. 3. Appareil de reception selon la revendication 1,
dans lequel ladite structure h rouleaux de guidage est adapt6e pour 8tre
deplacee en va-et-vient par ledit organe de deplacement parallelement h la
direction 5         axiale de ladite bobine. 4. Appareil de reception selon
la revendication 1, dans lequel ladite bobine est adaptee pour 8tre
deplac6e en va-et-vient par ledit organe moteur de ddplacement
parallelement a la direction axiale de ladite bobine. 10 5. Appareil de
r6ception de faisceaux de fibres de carbone (F) non tordus de type bande se
composant d'une structure (2) qui est adaptee pour guider un faisceau de
fibres de carbone provenant d'une source d'alimentation en faisceaux de
fibres, d'une bobine (3) adaptee pour recevoir autour d'elle ledit faisceau
de fibres envoy4 depuis ladite structure, d'un moyen d'entratnement (4)
pour faire tourner 15     ladite bobine, et d'un organe moteur de
ddplacement (6, 7, 8) adapt4 pour deplacer ladite structure et ladite
bobine en va-et-vient et respectivement l'une vers l'autre parallelement a
la direction axiale de ladite bobine, caracterise en ce que ladite
structure possbde une surface de guidage a courbure helicoYdale continue
(12), un angle 0. entre une portion initiale c'est-a-dire une portion de
surface d'introduction (12a) de ladite surface de guidage courbe et la
direction axiale de ladite bobine est 20     sensiblement de 90 , et un
angle Ob entre une portion d'extrdmitd c'est-a-dire une portion de surface
de decharge (12b) de ladite surface courbe et la direction axiale de ladite
bobine est de I'ordre de -5- +10-. 6. Appareil de reception selon la
revendication 5, dans lequel une direction d'enroulement dudit faisceau 25
de fibres autour de ladite bobine est r~gl6e a pas plus de 20 * par rapport
a la direction circonf6rentiel- le de ladite bobine. 7. Appareil de
reception selon la revendication 5, dans lequel ladite structure constituee
de ladite surface de guidage courbe est adaptee pour Otre deplacee en
va-et-vient par ledit organe moteur de 30     deplacement parallelement a
la direction axiale de ladite bobine. . Appareil de reception selon la
revendication 5, dans lequel ladite bobine est adapt1e pour etre d6plac6e
en va-et-vient par ledit organe moteur de d6placement parallblement & la
direction axiale de ladite bobine. 35 9. Enveloppement de faisceaux de
fibres de carbone non-tordus de type bande, caract rise en ce que la
largeur We des portions desdits faisceaux de fibres s'enroulant a une
portion d'extremite dudit enveloppement et celle Wc des portions desdits
faisceaux de fibres s'enroulant a une portion interm6diaire dudit
enveloppement sont sensiblement 6gales P'une s l'autre. 40 10.
Enveloppement selon la revendication 9, dans lequel la rigidite de chacun
desdits faisceaux de fibres de carbone non-tordus de type bande est telle
qu'une valeur K de celle-ci d6finie dans cette specification n'est pas
inferieure a 10 cm. 45  11. Enveloppement selon la revendication 9, dans
lequel la relation entre la largeur We des portions desdits faisceaux de
fibres s'enroulant a une portion d'extremite dudit enveloppement et celle
Wc des portions desdits faisceaux de fibres s'enroulant a une portion
intermediaire dudit enveloppement est We 2 Wc X 0.9. 50 55 13    


