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DESCRIPTION
CARBON FIBER PACKAGE AND CARBON FIBER PACKED MEMBER

Technical Fielﬁ B
" The present invention relateé to large packageé and
packed ﬁembers of carbon fibers having partiCularly.high
fineness. Also, the present invéntion relates to.packéges
of carbon fibers which are precisely formed ihto a desired
shape Withlhigh winding density so as not to be easily .

broken, and to'a méthod for producing the same.

‘Background Ar

There has been'aﬁ increase in demand for thé use of
carbon fibers year by Year, and the demand has been shifting
from premium usage, such as for airplanes'and sports
equipment, to general indusfriél usage, such as for |
construction, c¢ivil enginééring,_and energy.

In general.industrial usége, particularly in procesées
such as weaving, filament winding,_pﬁltrusion} and the like
fbr-forming large structural matefials, a high fineness of
approximately 100,000 deniers is required. Currently, in
order ﬁo meep the demand described aboVe; several yarns of
approximately 7;000 to 20,000.deniers afe combined to

performrthe formation.
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Under the citcumstancés, if large packages having high

fineness and heavy winding weight are obtained, the number

‘of mountings of carbon fibers onto a higher processing

apparatus will decrease and the creel unit will be more .

compact, and thus, great advantages are expected in the use

of darbon fibers. .

It is-a first object of the preseht invention, in order

. to éatisfy the demand'deséfibéd above, to provide a large

package and a iarge packed member in which carbon fibers
having particularlj high fineness are wound so that the
occurrence of trouble or inconvenience will be prevénted
during use.

On the other hand, with respect to the formation by
combinatibn, since there are distaﬁces between combination
units; irregular iﬁpregnation_cf a resin'may oécur.

Also, since it is difficult to vertically layer fibers,

fibers are horizontally combined, and thus, the thickness of

- the yarn will be the thickness of the combination unit, i.e.,

7,000 to 20,QOO'deniers,'énd it is diffiéult to increase the
thickness of the yarn. in particular, when a large and
thick'forming mémber is produced, the number.of layers énd'
the number of windingsfmust be increased, resulting.in
disadvantage also in terms of formation time.

In other words, if a package of carbon fibers having a

- large number of filaments and large thickness is obtained,
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the number of mountings of carbon fibers onto a hidher
processing apparatus.will decrease; formation time will.be
reduced,.and the creél'unit will be more compact, all of
which are advantageoﬁé.

However, differing from ggneral organic fibers, carbon
fibers have significantly high Young's modulus and lack
stretchability, and thereby, the rangé of windable tension
is significantly small. If the fension is too low, trouble
may eésily occur, suqh-as breaking at both sides'of a foll,
defoimation due to external force, and slipping of a yarn
layer out of a'bobbin, aﬁd if the tension is too high,
damage to yarns during winding, and deterioration of
unwinding characteristics occur, and thus it has been
technically difficult to set winding conditions with respect
to cheese winding. |

.With regard to a_carbon fiber package that does not
easily bfeak or_does ﬁot Have much fuéz-during unwinding, a
péckage_has been disclosed in Japanese Patent Publication No.
62-46468, in which the package.is a square-end type, and -
cafbon fibers are taken up onto.aibobbin'with a given wind
ratio, the wind angleé of the fibers at fhe staft of winding
and at the end of winding are 10° to 30° and 4° to 12°
respectively, and there is a shifting ratio of 50 to 150% of
the average yarn width in felation tb fhe already wound yarn,

every 1 to 9 traverses. This package is a so-called "open-



wind" package, in which, by minimizing the degree of
overlapping of yarné,jfuzz during.unwinding and broken yarns
are preventéd. In the case of a bobbin having a given siie,
if the "open-wind" is used, as the yarns héving a large
number of yarns, that is, having® high fineness, aﬁd having
-large fhickness are wound, the_spaces resulting from the
overlap between yarns increase énd the unevenness of the
windihg-surface increases,>and thus, the resultant package
will be soft With low winding density, and Both sides,of the
- roll will easily bulge because the yarns ére'pushed out of
the sides by means of winding tension and pressure oﬁ the
winding surface (bearing éréssure). Such é packagé may
suffer broken winding during transportation, anq because the
bulge at both sides exceeds the length of a bobbin, the
yarns may be damaged during the setup.onto higher processing
equipment.

It is the second object of the present inveﬁtion, in
view of'the problems described above, to provide the most
suitable shaped package with fespect to winding of carbon
fiber yarns having particularly high fineness, in which high
winding density is obtained and breakage does not easily.

occur, by basically changing the form of winding.

Disclosure of Invgntibn

A carbon3fiber package as a first mode of the present
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invention includee a cheese winding package, in which a-
carbon -fiber of 25,000 deniers\or more is wound, and en
oufside_diameter (D mm) oﬁ the package, a diameter of the
bobbin (d mm), and a winding width (L mm) satisfy the
'foilowing relationshipsi B |

d > 50, |

20 < (D - d)/2 < 400, and

1 0.05 < (D - d)/2L £ 0.7

A carbon fiber package as a second mode of the present
invention includes e coreless package, ie_which a carbon
fiber having a fineness'of.25,000 deniers or more is wound,
and an outside diameter (D mm) of the package, an inside
diameter (di mm) of the package, and a winding width'kL mm)
eatisfy the following relationships:

di 2 50,

20'< (D - di)/2 < 400, and

0 05 < (D - di)/2L < 0. 7

A carbon fiber package as a third mode of the present
1nvent10n 1ncludes a square-end type package,'ln Wthh a
carbon fiber yarn having a fineness of 25,000 deniers or
more is wound onto a bobbin euch that a yarn width per
. fineness rengee from 0.15 x 10~ to 0.8 x 10 mm/denier, wind
angles'at the start of winding and at the end of wihding are
in the ranges of 10° to 30° and 3° to_15°, respectively, and

a fraction'Wo in a wind ratio W ranges from 0.12 to 0.88.



Also, in accordance with the present invention, a

- carbon fiber packed member is provided, in which a
continuous carbon fiber having a fineness of 25 000 denlers
or more is packed in a container with an average bulk

. density in a range of-0.03 to 1.2 g/cm’ .

Best Mode for Carrving Out the Invention

In carbon fiber packages in accordahcelwith the first
and the secqﬁd:modes'of the present invention, preferably a-
winding density_ranges from 0r8 to 1.2 g/cm’. Herein,_the
‘winding density corresponds to "weight of wound carben fiber
/apparent volumedoflwound carbon fiber"._ Since the cheese
_winding package and the coreless package generally have_a
winding configuration in the_shape of a doughnut—like
cylinder, in the case of a cheeee winding package, the .
apparent rolume of wound carbon fiber is calculated as n-L(D2
- 'd?) /4, and in the case of an coreless package, it is
calculated as m-L(D? - di?) /4.

Alse, preferably, carbon fibers to be wound are -
substantially non—twisted. 'If carbon fibers are twisted, it
is difficult. to wind up with high winding density, and also
| slacks may occur on the bobbin owing to uneven tension,
| resultiné'in entanglement, which is disadvantageous during
unwinding. dHereinL “substaﬁtially non-twisted” meane that

the number of twists is one turn or less per 1 m.



InICarbon fiber packed members, preferably the carboh
fibers to be packed are also substéntially;non-twisted.

There is no limitétiqn to the properﬁies of carbon
fibers in accordance with the present invention.  For
example, tensile stress may range from 200 to 700 kgf/mm? and
tensile modulus may range from 15 fo 50 tf/mm?.

In carbon fiber packages in aécordance with the present
inventipn, carbon fibers as described above are wound in the
form of a cheese winding'packagé or a coreless package, as a
fiber bundle of thick éafbon”fibers haﬁing a fineness of
25,000 deniérs or more,'preferably of 30,000 deniers or more,
and more préferably of 40,000 to 100,000 deniers. In-such a
'fibe;'bundle of thick carbon fibers} the number of filaments
iS'générally 27,000 or more, préferably-40,000 or more, and
more preferably 55(000 to 150,000. _

In the case of the cheese winding fackage, when a thick
. carbon fiber baving a fineness of 25,000 deniers or more is
-wouﬁd~into a package, if g.ié 50 mm or less in relation to
fhe outside'diameter (D mm) of the package, the diameter of
the bobbin (d mm), and the winding width (L mm), the
curvature of the carbon fiber in the innermost layer of the
package deéfeases, and theréby, thé fiber is drawn with
tension dufing_unwinding, breaks of the fiber easily occur,
and trouble easily occurs during highér proceséing. Also,

with respect to thick carbon fibers having a large number of



filaments, since thé fiber thickness increases, the trouble
described above'éasily occurs. Aléo, since the wind angle
_increases during winding,!unevennéss'easily occurs,_whiéh is
also disadvantageous. On the other hand, if d is ZOO'mm or
'mére, Spaces within thé bobbin diameter increase, and
volumetric efficiency 6f é porfion occupied by cafbon fibers
as a cheese winding packége deterioratés.

Also, if the winding thiékness, i.e., (D - d)/2, ié_20
fmm.or less, being'a large package becomes-meaﬁingless, and
if it exceeds 400 mm, the package becomes too large and the
weight increéses'too much,.resglting in_diffiéulty in
handling.

Also, if a ratio of winding thickness to winding width,
i.e., (D - d)/2L, is 0.05 or less, the volume of carbon
fibers to be taken up decréases, and when securing the
volume of carbon fibers to be taken up is attempted, the_
'wiﬁding width increases extremely, which is disadvgptageous
in use. If (D - d)/2L is 0.7 or more, the wind angles at
the ends increase and breaks easily occur.

N -ConseqUently, in the carbon fiber package'of cheese’
winding in accdrdahce with the present'inventidn, the.
following are the reqqired ranges: |

d > 50, preferably, 200 2 d 2 50;

20 < (D - d)/2 < 400, preferably, 50 < (D - d)/2 < 400,

and



0.05 < (D - d)/2L < 0.7
On the other hand, with respect to the coreless_package,
similarly, when forming a package by winding a carbon fiber

';hav1ng a fineness of 25,000. denlers or more, the out31de
diameter (D mm) of the. package, the inside diameter (d1 mm)
of the package, 1.e.,-the diameter of a bobbin that is used
to form the package and extracted after the package is
formed, and the windlng width_(L mm) are set fo satisfy the
following relationships: | |

di = 50, preferably, 200 > di = 50,

20 < (D - di)/2 £ 400, preferably, .

50 < (D - di)/2 < 400, and | |

0.05 < (D - di)/2L < 0.7

Also, in the carbon fiber packed member in accordance
with the present inveﬁtion, a carbon'fiber having a finenees
of 25,000 deniers or more is packed in a container, for
example, a carton case, w1th an average bulk den31ty in a
range of 0.03 to 1.2 g/cm , preferably 0.2 to 0.9 g/cm

The bulk density is calculated by dividing the weight
of the carbon fiber packed_in the container by the apparent
volume'occupied with-the carbon fiber. For example, when |
-"the carbon fiber is placed into a rectaﬁgular_parallelepiped'
carton caee, the bulk density_is calculated by dividing the
weight of the carbon fiber placed inside by the'apparent

volume calculated based'on the height of the filled carbon
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fiber. Specifically, a method of producing a'packed member
having a bulk density of 0.03 to 1.2 g/cm3 includes drppping
carbon fibers from a fixed roll into a carton case placed on
a mount having a traversing mechanism. The traversing
mechanism may be movable so as to draw a sawtooth locus, or
may move along the bottom face'of the container. If the
bulk density is below 0.03 g/cm®, packaging effigiency
deteriorates, and if the bulk density exceeds 1.2 g/cm’®,
yarns are excessively pressed, resulting in unwinding
failure during retrieval'from the container. |

As descfibed above, with respect to the packed member
form also, bulk containment is possible, and a significantly
conVenient form of thick carbon'fibers can be provided for
higher processing use.

In the third ﬁode of a carbon fiber package in
accordance with the present invention, preferablyfthe wound
'yarh shifts from the yarn in the inner léyer by 10 to 70% of
ﬁhe_average yarn width every 1 to 9 traverses. |

In accordance with the third mode of carbon fibér_
packages, a carbon fiber having a fineness of 25,000 deniers
or mére is taken up onto a bobbin such that the yarn width
per fineness is in a range of 0.15 x 1073 to 0.8 x 1073
mm/dehier'in order to form a squaré—end type package,.in
- which the wind éngies at the start of winding and at the end

of winding are in the ranges of 10° to 30° and 3° to 15°
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respectively, and a fraction Wp in the wind ratio W is in a
range of 0.12 to.O 88. In this method, it is also
_preferable that the yarn to be taken up be shifted every 1
to 9 traverses from the yarn already taken up at 10 to 70%
of the average yarn width.

In accordance with the present.invention, fineness of
" carbon fiber yarns is_represented as eingle yarn fineness
(denier) x number of filaments. As described above,
although any fineness is acceptable provided it is 25,000
deniers or more; since the single yarn fineness is generally
0.2 to 0.9 denier so as to function weéll as"ajreinforcing
fiber, the number of filaments'is 28,000 or nore.

The method for adjusting the fineness of the carbon
fiber yarns.to be taken up to 25,000 deniers or more.
includes -a method ofiusing an.antecedent fiber having a high
denier wvalue as a starting material,.almethdd of.combining
several antecedent'fibers havingVa small'number of filaments
during the burning process by the time of completion of
winding, and a method of retrieving carbon fibers which have
been wound from a creel, and w1nd1ng then while combining,
however, the method is not limited to the above.

With regard to the-method of regulating the yarn width
in a range of 0.15 x 107 to 0.8 x 107° mm/denier, although
there are no limitations, generally a method ef bringing

yarns into contact with a grooved roller, a fixed guide, or
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~ the like, a method'of.addihg a sizing agent-in'order to
prevent a single yarn'from moving, and the like are combined.
Also, the yarn.width is represented as the mean.between 5
points measured at distances of 10 m. In accordance with
the'preseht invention, since the carbon fiber_yarns to be
taken up have high denier values,'it is substantially
difficultlto select a.yafn heving a width exceeding the
above range. _

The specific method for taking up the thick carbon
fiber yarns having high denier values include, for example,
setting a bobbin for taking up onto a take-up spindle of a
winder,lusing, as a traverse guide, a plurality of ffee
rotation rolls having an outside diameter.of'S to 30 mm
placed in parallel which traverse pafaliel to the spindle
axis, and winding up carbon fiber yarns through the tfaverse:
gﬁide."In such a caSe, if the wind angle at the start of
winding is less than 10°,'partiCuiafly less than 5° (the
wind angle at the end of winding is.less than 3°, |
.particularly-less than 2°), breaks easily occur, resulting
~in damége tofyarns. Mofe preferably, the wind angle at the
"start oflwinding.ranges from 12° to 17°, and the wind angle
at the end of winding ranges froﬁ 4° to 7°;.

When the carbon fiber yarns are taken up with a given.
wind fetio by means of the winder described above, it is

preferable that yarns to be taken up uniformly.extend onto
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the bobbin. The uniformity of positioning of yarns onto the
bobbin. is determined by a.ratio of the number of revd;utiens
by the bobbin to a traversing speed, i.e., a winding ratio.
'Specifieally, the wind ratio W is represented by the
following formula: - |

W = 2L/ (=Do tana)?
wherein L is a stroke of the guide of the‘winder traversing
substantially parallel to the bobbin, i.e., a traverse width
(mm) ,” Do is an outside diameter of the bobﬁin.(mm), and @ is
a wind angle at the start of winding.

If the wind ratio is an integer,'the position of a yarn
after one traverse completely'overlaps the pfeviousaposition
of the yarn, if the wind ratio deviates from an integer, the
position after one traverse shifts from the pfevious
position of the yarn in respense to the deviation. If the
wind ratio is an integer, since a yarn continues to be taken
up at the completely samelp051tlon, yarns are localized,
resulting in a non-uniform package w1th low w1nd1ng den51ty,
Wthh easily causes breaklng of the roll.

In ofder te'uniformly plece the yarn to be taken up
onto the bobbin, a decimal fraction deviated from the
integer, i.e., a fraction W, of the wind ratio W, is required
'te be in a range of 0.12 to 0.88. Within this range, the
positions of.the.jarns can be thoroughly changed after each

traverse, and thus, a package having high winding density
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‘can be formed. If Wo is lesS'than 0.12, or more than 0.88;
because of it apﬁroaching an integer as described above, -
Yarns are localized on the bobbin, resulting in an easily
breakable’package'having low winding density. |

Also, the yarns to be taken up onto the bobbin while
being traversed overlap on the substantially_same positioh
'-after,seVeral traverses, and at this stage, the width of
”shifting of the upper yarn from the lower yarn (the yarn
already taken up 1n the inner layer) is referred to as a
shlftlng distance, and the ratio of the width to the lower
yara width is referred to as a shifting ratio. 1In the
carboﬁ fiber packages having high denier'values and large
thickneSS-in accordahce Qith the present invention, the
shifting ratie is also important, and when the shifting -
ratio is more than 70%, the proportion ef parts in which
yarns do not overlap increases,-and;spaces are'opened. The
resultant package has low'winding density, and fhus, both
sides may.bulge,becauSe of tension and bearing pressure,
both sides may be broken during winding, and even if Qinding
is successfully cOmpleted to form a package, unwinding.may
occur'during transportation. On the other hand, when the
shifting ratio is less than 10%, the qverlapping area
between the uppér and the lower yarns excessively increases,
and thﬁs, fuzz of upper and lower yarns may iﬁterfere, and

fuzz and broken yarns may occur during unwinding because of
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adhesion 6f a sizing agent.. A more preferable range of the
shifting ratio is 20 to 50%.

When such hiéh denier:carbon fibers are taken up around
a bobbin by méans of a general winder, the shifting ratio is
determined by the predetermined wind ratio and yarn width
described above, -and tne determination is made in the same
method as described in Japanese Patent Pubiication No. 62-
46468. |

[Examples]

The present invention will now be descrined with
reference to more specific examples. | |
EXAMPIE 1

A carbon fiber having 50,000 filaments (single yarn:
0.63 denier) ‘and an areal weight (METSUKE) of 3.5 g/m was
wound around a bobbin with a bobbin diameter of 80 mm at a
winding width of 250 mm by menns of a winder..'The diameter
D of the package was 400 mm, (D - d)/2 was 160, and (D - |
d) /2L was 0.64. Troubles such as off positions did not
occur, and 30 kg of wound product was successfully.produCed.
The carbon fiber péckage was mounted ontn a créel of a
filament winder,.and unwound with a tensile force of 4 kg.
Unwinding was completed without ény trouble such as twining;
lCOMPARATIVE EXAMPLE 1
| A carbon.fiber having 50,000 filanents (single yarn:

0.63 denier) and an areal weight (METSUKE) of 3.5 g/m was
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wound around_; bobbin with'a bobbin diameter of 30 mm at a
winding width of 250 mm by means of a winder. Although
 troubles such as off posi;ion odcﬁrred with a_probability of
10%, 30kg of wound produét was produced. The diameter D of
_thé package was 500 mm, (D - d)/2 was 235, and (D - d) /2L
‘was 0.94. The carbon fiber péckage was mounted onto a creel
- of a filament winder, and unwound with a tensile force of 4
kg. Partial yarh sladks occurred inside the yarns, and many
void components were ProduCed.
EXAMPLE 2

A carbon fiber having 50,060 filaments (single yarn:
1 0.63 denier) and an areal weight (METSUKE) of 3.5 g/m, 20 kg
bylweight,_was dropped from a height of 3 m into a carton |
‘case with a dimension of 400 mm x 400 mm X 400 mm which
horizontélly traverses so as to draw a locus of a square.
having a Side of 250 mm with a center of the carton case as
~ the intersection point of its diagonals in ofder to obtain a
packed member. The tow was received without leaning. The
height of the filled carbon fiber in the packéd member was
160 mm, and the bulk density was 0.78 g/cm’. The tow was
raised from the carton case, and pultrusion process was
performed with a pultruder. No trouble occurred during
unwinding; | |
COMPARATIVE EXAMPLE 2

A carbon fiber'having 50,000 filaments (single yarn:
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0.63 denier) and an areal Weight (METSUKE) of 3.5 g/m, ZQ kg
by weight,_was_dropped from a height of 3 m into a carton
case wiﬁh a dimension of 406 mm x 400 mm x.400.mm'which
traverses the Séme_way'as in-the_example 2. During dropping,
the tow was repeatédly.pushed down to obtain a.packedbmember.
The height of the'filled-éarbon fiber in the packed member
was 90 mm,” and the bulk density was 1.4 g/cm®. - The tow was
raised from the carton case, and a pultrusion process'was
performed with a pultruder. The téw rose:while being
entangled with fuzz, and twined around the guide roll, and '
thereby, the process did not succeed.
ExAMPLE. 3 |

A carbon fiber.having 50,000 filaments (single yarn:
0.63 denier) and an areal weight (METSUKE) of 3.5 g/m was
wound around an extractable bobbin with a bobbin diameter of
80 mm at a winding width of 250 mm by means of a winder, and
then the bobbin was extracted to form a coreless package.
30kg of wound product waé successfully produced without any-
trouble such as off bbsitions. The diameter D of the
package was 400 mm, di was 80 mm, (D/di)/2 was 160, andl(D -
| di)/2L was 0.64. The carbon fibeb package was.mounted onto
a creel of a pultruderj'and unwound ffom the ihnermbst layer.
Unwinding was.cdmbleted without any trouble suéh as twining.
COMPARATIVE EXAMPLE 3 | |

A carbon fiber having 50,000 filaments (single'yarn:
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0.63 denier) and an areal weight (METSUKE) of 3.5 g/m was
wound around an extractable bobbin with a_bobbin diameter of
30 mm at a winding width of 250 mm by means of a winder, and
then the bobbin was extracted tb form a coreless package. |
Although troubles such as off positions occurred with a
prébability'of 15%, 30kg of.wound product was produced.  The
diameter D of the package wés 500 mm, (D - di)/2 was 235,
and (D - di)/2L was 0.94. The carbon fiber package was
mountéd onto a creel of a pultruder, and unwound from the
innérmpst layer. Partial yarn slacks occurred, and defects
in resin impregnation occurred. | '
EXAMPLE 4 (Levels 1 through 7, COMPARATIVE EXAMPLE (Levels
8§ and 9) | |

A carbon fiber yafn haviﬁg a fineness of 31,500 deniers
(number of filaments: 50,000) was wound onto a paper tube
haﬁing aﬁ inside diameter of 82 mm and a length of 280 mm at
a winding width of 250 mm to form a square-end type packagé.
As shown in Tables l.ahd 2, by ¢hanging the wind ratio, the
shiftiﬁg ratio was changed, and wound figures of the
packages obtained, the winding deﬁsity, and unwinding
characteristics by side unwinding were investigated. The
package obtained at the levellz_was excellent wifh respect
tb the wound figuré and unwinding characteristics. '

As is clear from the result of the example 4, if the

‘requirements regulated in the present invention are met,
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(particularly, at the level 2, the fraction of the wind
ratio), even if carbon fiber yarns have high.fineness,
packages having exceilent Winding density; wound figures,
and unwinding characteristiCS can be obtained.
EXAMPLE 5 (Levels 10 and 11) |

A carbon fiber,yarn having a fineness of 7,200 deniers.
‘(number of filamehts: 12,000f was'woﬁnd onto a paper tube
having the same inside-diameter and length as those in the
'exampie 1 while maintaining a winding width_at.7 mm to form
a square-end type package. As shown in Table 3, by-changing
" the wind ratio,lheund figures of the packages obtained, the
winding density, and unwiﬁding characteristics by side |
unwinding were investigated. All the.packages obtained'were
inferior with respect to_wound figures and.uﬁwinding

characteristics.
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Table 1

Level 1 . Level 2. Level 3
Fineness (denier) 31,500 31,500 31,500
‘Yarn width (mm) 12 12 12
shifting ratio/shifting distance 4/0.5 24/2.9 _ 96/11.6
(%/mm)
Wind angle (initial/final) 13.2/5.5 13.2/5.5 24.3/10
Wind ratio 8.2522 8.2788 4.3600
Traverse width (mm) 250 250 250
outside diameter of bobbin (mm) 82 82 82
Final diameter of wound package (mm) 192 194 202
Wil;iding density | 1.02 1.00 0.90
wound figure Excellent Excellent Fai-r
Unwinding characteristics Fair Excellent Fair
Winding weighf (kg) 6 6 6




Table 2.

| .Level 4 Level 5 Level 6 Level 7 -Lével 8 Level 9 .
Fineness {denier) 31,500 31,500 31,500 31,500 31,500 31,500 .
Yarn width (mm) 25 6 | 12 12 12 12
shifting ratio/shifting distance 12/2.9 | a8/2.9 37/4.4 | 39/4.7 31/3.7 30/3.6
(%/mm)

Wind anglé (_initiai/final) 13.2/5.5 | 13.2/5.5 ,.12.4/5.5 12.4/5.5 13.5/5 12.3/5
Wind ratio 8.2788 '8.2788 8.1548 8.8167 | 8.1045 6.8959
Iraverse width (mm) 250 250 250 250 250 250
outside diameter of bobbin (mm) 82 82 82 82 82 82
Final diameter of wound package (mm) 192 202 202 202 213 213
Winding density 1.02 0.90 0.90 0.90 0.80 0.80
Wound figure .Excellent Fair Fair Fair Not good Not go_od.
Unwinding characteristics Excellent Fair Pair Fair Not good Not good
Winding weight (kg) 6 6 6 6 6 6
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Table 3
Level 10 Level 11

Fineness ({(denier) 7,200 7-; 200
Yarn width (mm) 7 7
shifting ratio/shifting distance.._ 53/3.7 51/3.6
(%/mm) |

| wind angle (initial/.final) 13.5/5 12.3/5
Wind ratio 8.1045 §.8959
Traverse width (mm) 250 250
outside diameter of bobbin (mm) 82 82
Final diameter of wound package (mm) 202 202
Winding density . 0.90 0.90
Wound figure Fair Fair
Unwinding characteristics Fair Fair
Winding weight (kg) 6; 6

Industrial AppliCability‘

In accordance with carbon fiber packages.of the present
invention, a carbon fiber having high fineness can be fbrmed
into a proper large cheese winding or a~coreless package
such that no trouble occurs during use, and the'cérbdn fiber

can be provided inexpensively and in a extremely convenient

‘shape for the usage requiring thick carbon fibers.
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Also, in accordance’with carbon fiber packed members.of_
the present invention, a carbon fiber having high fineness,
can be packed in a container in volume so that no trouble
occurs during use, and éimilariy to the packages described
abbve,'carbon fiberé caﬁ be prévided inexpensively and in an
extremely convenient shape for the usage requiring thick.
carbon fibers.

Also, in accordance with the present inveﬁtion, a
carbon fiber yarn having particularly high fineness éan'be
wound into a desirable package which has high-winding
density, an excellent wound figure, and ekcelient unwinding

characteristics and which is not easily broken..
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CLAIMS

1. A carboﬁ fibér packégg comprising_a cheese winding.
package comprising a carbon fiber of 25,000 deniers or more,
wherein an outside diametér (D mm) of said package, a
diameter of.a bobbin (d mm), and a winding width (L mm)
satisfy the follpwing relatiénships:

d > 50, |

20 < (D - d)/2 < 400, and

0.05 < (D -d)/2L £ 0.7 |

2. A carbon fiber package compriéing a coreless package
comprising a carbon fiber having a fineness of 25,OOOJ
deniers or more; wherein an outside diameter (D mm) of said
package, an inside diameter (di mm) of said package, and a
Qinding width (L ﬁm) satisfy the following relationships:

di > 50, | | |

20 < (D - di)/2 < 400, and

0.05 < (D.; di)/2L < 0.7

3. A carbon fiber package according to Claim 1 or 2,

wherein the winding density ranges from 0.8 to 1.2 g/cm’.

4. A carbon fiber package comprising a square-end type

package comprising a carbon fiber yarn having a fineness of

e

.
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25,000.deniers or more, said carbon fiber yarn being wound
onto a bobbin such that a yérn width per fineness ranges
from 0.15 x 107 to 0.8 x 10~° mm/denier, wherein wind angles
at the start of;windiﬁg and at the end of winding are in the
ranges of 10° to 30° and 3° to 15°, respectively, and a |

fraction Wo in a wind ratio W ranges from 0.12 to 0.88.

5. A carbon fiber package according to Claim 4, wherein the
wound yarn shifts from the wound yarn in the inner layer by

10 to 70% of an average yarn width every 1 to 9 traverses..

6. A method for producing a carbon fiber package,
éomprising winding"a carbon fiber yarn having a fineness of
25,000 deniers or more onté a bobbin such that a yarn width
per fineness ranges froﬁ 0.15 x 102 to 0.8 x 107> mm/denier
in order fo form a square-eﬁd package, wherein Qind angles
at the start of winding and at the eﬁd of winding are in the
ranges of 10° to 36° and 3° to 155,'respectively, and a

fraction We in a wind ratio W raﬁges from 0.12 to 0.88.

7. A method for producing a carbon package'according to
Claim 6, wherein the wound yarn shifts from the wound yarn
in the inner layer by 10 to 70% of an average yarn width

every 1 to 9 traverses.

.
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8. ‘A carbon fiber packed member comprising a continuous
carbon fiber having a fineness of 25,000 deniers or more,
said carbon fiber being packed in a container with an

average bulk density in a range of 0.03 to 1.2 g/cm’.

AR



