DESCRI PTI ON

CARBON FI BER PACKAGE AND CARBON FI BER -PACKED MEMBER

Technical Field The present invention relates to | arge packages and
packed nenbers of carbon fibers having particularly high fineness. Also,
the present invention relates to packages of carbon fibers which are
precisely formed into a desired shape with high wi nding density so as not
to b(_a easi | war9 4 and to a met hod for producing the S aMBpr/3Pe7/04447
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Background Art There has been an increase in demand for the use of
carbon fibers year by year, and the demand has been shifting from prem um
usage, such as for airplanes and sports equipnent, to general industrial
usage, such as for construction, civil engineering, and energy. In
general industrial usage, particularly in processes such as weaving,
filament W neygeeneil trusion, and the like for formng | ar FETHRIHMMIr al

materials, a high fineness_of;'aggroxinateg% 100, 000 deniers is required.
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- 2- Under the circunstances, if |arge packages having high fineness
and heavy w ndi ng wei ght are obtai ned, the nunber of nountings of carbon

fibers onto a higher processing apparatus will decrease and the creel unit
will-be nore conpact, and thus, great advantages are expected in the use
of carbon fibers. It is a first object of the present invention, in

order to satwebsnerie dermand descri bed above, to provide a IRGIRITMAEKage
and a | arge packed nenber in which carbon fibers having particularly high
fineness are §ﬁﬁﬂ%ﬁ§5 that the occurrence of trouble or inconvenience wll
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units, irregular inpregnation of a resin may occur. Also, since it is
difficult to vertically layer fibers, fibers are horizontally conbined,
and thus, the thickness of the yarn will be the thickness of the

combi nation unit, i.e., 7,000 to 20,000 deniers, and it is difficult to

I ncrease the thickness of the yarn. In particular, when a large and thick
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wi ndi ngs nust be increased, resultin di sadvant age _al so in termg

formation timed. F—XrAZtthet ner ff'ﬂ"é "p?dké‘bé”—ﬁf'é’a‘ﬁﬂm#ﬁﬁﬁﬁhbw ng
-a_ large nunbel, S HGEEH N2 89S WL BB PR MG amz. 7—x
BENyr—UOBEE. L (D? —=d?) /4. A2HA RI NNy sr—
SOBAR. t-L (D'—di’) /4ELTRDBIEMNTES.,

e, BEMSNAREMMEIT. EENCKRDOBRVHBDOTHB I EMNFEL
e BORBNoTNBE, BEBETEEIRS C ENRRICED. EABHO
BOIkBEsRNREY ETEL, BEDH->T, MR RS TN E3ES
CFCEMBB, TCT MEERICRDIVIVN] Sk, MON1ImEYSED 1Y
— BT THBC EEB%T S,

BEREEAEICBNTD, IS N3 REREIEENITRY OBVHOT
55T EMFELN,

AR ITE B RERRESOBERE CREINT. & X IEBIRBKE2
00~700kg f/mm?®. 3EMERIS5~50t f/mm® OHHAICHS
bOTHLEN,

AR D RERIE/ v 7y — DT, EROLS RN, BE2 5,
000F=—)BE. FELLIX30, 000F=—BlE, XDFELLIE4
0, 000~100, 00 0F=— VOKMREBEOBPERLL T, F—X%E
DIy =D BB ORA 2HA RTINS r— ORI R ERE NS, PHB
KV B R OMMER D7 4 5 A2 MUZER. 27, 00 0A&BE, FELL
1340, 000&LLE, EDIFFELLIZS55, 000~150, 000F&&EAS,

F—XBDNy r—TDBE. ME25, 00 07—V DAL
BNy — VB ERo KBS, Ny r—U0HE (Dmm) . FESE (dm
m) &% (Lmm) OBRICBLT, dR50mm&DbMhE<RE L. Ny
b — SRAIE ORI D R AN E < BB DTNy & — SREFR AN £ D
n. RONRRELDTLAD, BRUTIBVTRS TANRRELDT LS.
Fhe, 74 5A PEMREBNWKMRBREITZD ERBEHBNELIRDDT, €56
I OREMET TN, T5ic, SREORANKELZEOT, BRENED
RTLBBENSHELS S, —F. dN200mmEDAEIRBE, REY
EROBREBAZID. Ny r—IF—XE L TORBBMED 5D 58 0%

4



t he nunber of nountings of carbon fibers onto a higher processing
apparatus will decrease, formation tine will be reduced, and the creel
unit will be nore conpact, all of which are advant ageous. However,
differing fromgeneral organic fibers, carbon fibers have significantly
hi gh Young's modul us and lack stretchability, and thereby, the range of
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package has been disclosed in Japanese Patent Publication No. 62-46468, in
whi ch the package is a square-end type, and carbon fibers are taken up
onto a bobbin with a given wind- ratio, the wind angles of the fibers at
the start of winding and-at the end of winding are 10[err] to 30 and
4[err] to 12[err] respectively, and there is a shifting ratio of 50 to
150% of the vogegrager yarn width in relation to the aI ready VRCRATR9 /ot
every 1 to 9 tr verses Thi s#)ackage is a so-cal

J4-  wind" paokdGEE i nBARie @Wﬂﬁ#ﬁ%ﬁ@ﬁ&%e@?@@iﬁﬁ%ﬁ&ﬁﬂéﬁﬁw‘of
*W”“’f“Zdwﬁ%ﬁ%%¥%@6%%§£%32%%%a,taxm.aﬁwwn 2

—RAERBEUTREMBEZRALLEBACIR. BALLRESEOEEE,
RN TEEIN B ILIROEENFAETHEL TEBEELRD S, &
BEHNO. 03~1. 2g/cm’ OREAEEHETSEEM02EEE L TR,
BEO-NED. FIN-RBEODWEEDEICBWEL— R 5~ XRNE
DHEETZEICELVERTES., FSN—ABBEL TR, OZF D TROME
ZH<SELSICBEBEERED, BROEERBRCBSILSCBH T 8HET30
ML, BBENO0. 03g/cm’® RKETHS LHROPEMNE D, 1. 2
g/ cm’® ZBA3E. ANFLOTSNTETEEBMSOIALD LITRICEFR
BEFIEETT. |

ZOXSIT, HAKEDEBRIZTONWTD, KAMRFBMBEOABIMMTTETHD.
BRMTICS 5 88 ICED TRAR B RO AN BREBELRETES,
FRODRFBEN Y —POE3OEBRITBVTIR, BERShTVRERE
M. 1~9 bSN—ZEIT, BRIV BARICEBEWSN TS AFICHL T,

 RETHEDLO0~7 0XDRTHEETZZEMEZLY,

ZOE3IDBIRDORBMMENN Y r—J0%, BE25, 000F=2—IELDBR
RBHERE, MESLDOREN0. 15X107°~0. 8X10 7 mm/F=
—NERBESICRE S LITBEMo TRAYIT I RNy r— 2 BRT S
CBEL. BEHBIUBEDYOBAE. THERL10~30°, 3~15° O
WHICL., 71> REWIZBITZREW. £0. 12~0. 8 8DMAMICT S
ko THEENDG, COFECBNTS, BEHSNBREIC. 1~0 b5
N—RAEIZ, TTIRBEMSNZRFIIHLU T, REFHEDND10~7 0% DA
THhEMETDHZ EMNFELN,

FRAICBNT. RBEFMERDOMELIT, BREE Go—) XT745X>
FMYTEZINDIDBOTHS. MEFLRBOLSIZ25, 000F=— %2813
HBOTHNENWTNEMDRNWAN, BEHRBEEL COREERIELS> 320
i, EAMERER0. 2~0. 9F=—NTHB%EH., 7452 hKkid2
8, 000FEALERS,



are prevented. In the case of a bobbin having a given size, if the
"open-wi nd" is used, as the yarns having a |large nunber of yarns, that is,
havi ng hi gh fineness, and having |arge thickness are wound, the spaces
resulting fromthe overlap between yarns increase and the unevenness of
the w nding surface increases,'and thus, the resultant package wl| be
soft with | owowsesizng density, and both sides of the roll POz ‘E‘T"fy
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fiber yarns having particularly high fineness, in which high w nding
density is obtained and breakage does not easily occur, by basically

changi ng the form of w ndi ng. Di scl osure of Invention A carbon
fi ber package as a first nmode of the present
- 5- I nvention includes a cheese wi ndi ng package, in which a carbon fiber
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d [err] 50, 20 [err] (D - d)/2 [err] 400, and 0.05 [err] (D -
dy/2L [err] 0.7 A carbon fiber package as a second node of the
present invention includes a corel ess package, in which a carbon fiber
having a fineness of 25,000 deniers or nore is wound, and an outside
diameter (D mm of the package, an inside dianeter (d| mm of th ‘Backage
and a windi ngVOPY4TZ( L nm) satisfy the foll owi ng rel ati onshTGIPITO44T g

iy oL (err) BYRRBIEE LR (A9 0FapBR Lol w2 5.0 o G275 £ R
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angles at the start of winding and at the end of wwnding are in the ranges
of 10[err] to 30 and 3[err] to 15[err], respectively, and a fraction
Werr] inawndratio Wranges from0.12 to 0. 88.

-6- . Al so, in accordance with the present invention, a carbon fiber
packed nenber is provided, in which a continuous carbon fiber having a
fineness of ¥m@R@aeni ers or nore is packed in a contai ne®CHIFT04AH

ey Pt Bibn sl CRH Y P id T R B en FR A T
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In carbon fiber packages in accordance with the first and the second nodes
of the present invention, preferably a wnding density ranges fromO0.8 to
1.2 g/cnferr]. Herein, the wnding density corresponds to "wei ght of wound
carbon fiber [apparent volunme of wound carbon fiber". Since the cheese

wi ndi ng package and the corel ess package generally have a w nding

confi gur ati orwp98R4781 shape of a doughnut-like cylinder, in PEBIRIIOHE4DI a
cheese wi ndin {,J&%S%kage, the apparent vol unme of wound carbon fiber is

cal cul ated as E(‘b[@ﬁt]’-@go e )t £ gD 3B AR B0 IR TS5
ackage, it is al e y : rrl)/ 4. 8- A SO

Eref orabl ;/ 2% %s%?bﬁﬁﬁé&%ﬂd%ﬁdﬁgﬁ% %TVF?%%?—%\%&@(@&Z’H
carbon fiber g4 ﬂgmpk%q,oi‘t 11§ difficult to wind up with high w nding
density, and also slacks may occur on the bobbin owing to uneven tension,

resulting in eftBE) epen 0, Fubrob (v fiB3RdvadEagqods duoitgs) Wit RMEMR 2
Herein, "substantially non-tw sted" neans that
RIB7mmiZREDD. £iEHl 1 ERARORE. BI2HTIHEFICHZE25
OmmiTTHRERD, RAVIT7IREONRy r—J ok, RIIFRTES
K74 REZEELT. BondNvIr—J0BE, BEEBLUMBOICK
SEFEZHANRE. oy Tr—PRVThbEE BFHEEBIZE-TY

o
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t he nunber of twists is one turn or less per 1 m

-7- In carbon fiber packed nenbers, preferably the carbon fibers to
be packed are al so substantially non-tw sted. There is no limtation
to the properties of carbon fibers in accordance with the present

I nvention. For exanple, tensile stress may range from 200 to 700

kgf /mierr] amdosteesil e nodul us may range from 15 to 50 tf/poRIP9rm4447 | N
carbon fiber packages in accordance with the present invention, carbon

fi bers as described above are wound in the formof a cheese w nding
package or a corel ess package, as a fiber bundle of thick carbon fibers
havi ng a fineness of : :
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25, 000 deni ers or

preferably of 40,000 to 100, 000 deniers.

nore,

carbon fibers, the number
preferably 40,000 or
t he case of the cheese w nding package, when a thick

fi neness of 2wod3Raneni ers or

of filanments

nore is

preferably of 30,000 deniers or

In such a
is generally 27,000 or
nore,- and nore preferably 55,000 to 150, 000. In
carbon fi ber
wound into a package, Pcipe71084430 nm

fiber

nore,

and nore

bundl e of thick

nor e,

havi ng a

or' less inrelation to the out'side dianmeter (D nm) of the package, the
Y e,

di aneter of the bobbpr—fd ?ﬁk—ﬁﬁ%%*h€»ﬁkﬁd+ﬁﬁ—%hd&hﬁ\ F-— t he
curvature of the carbpos ficher |re {he limrernost] | ayer| of [t he ackage
decreases, and thereby, tﬁe fd ber i} oiawn witih,, tension dpripg unw ndi ng,
. . (=] 0 . .
breaks of the fiber a®i]y pectn, | andetire bre 2aSkl iy xOF&UI & $luri ng hi gher
processing. Also, wilth respect <t ohick sgrbgn=ffi befs havingla Iarge
nunber of ” i I e e
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- 8- filanents,

wi ndi ng,

t hi ckness,

large and the weight

handl i ng.

(D - d)/2,

which is

I ncreases too nuch,

since the fiber thickness increases,
descri.bed above easily occurs. Also, since the wind angle
unevenness easily occurs,
ot her hand,
I ncrease,
Al so, if the RGTABIHY47
bei ng a | arge package
beconmes neani ngless, gapd if it exceeds 400 nm the package becones too
resulting in difficulty in

the trouble

| ncreases during
al so di sadvant ageous.
if dis 200 mmor nore, spaces within the bobbin dianeter

vol unetric efficiency of a portion occupied by carbon fibers
as a cheese vdepagipackage deteriorates.

[ is 20 nmmor .|l ess,

K ¥ 10 K B 11
" ) 5 (F==—N) 7, 200 7. 200
# " (mm) 7 7
HRTNB/ATHE (%¥/mm) §3/3. 7 5§51/3. 6
B | (a/7#%) | 13. 5/5 12. 3/5
74> EK 8. 1045 8. 89589
LAY (mm) 250 250
RS HE (mm) 8 2 8 2
B %k E (mm) 202 202
2 = = | 0. 90 0. 90
& &= A
® & & A
% b3 (keg) 6 6

ER EOFMATEYE

ERFOREMUE v r— Vi Ehid, MEOXEVRERES, EAKICH
STNORELLZVEDRAROF—XES B0IEA Y1 RIANy 5F—I0
B ET BT ENTE, AMBRBRENER TN ZARIC. BOTEAAZBET
REICRPT B ENTES, ' '

e, ARAOREBERAEIC LT, BEOKZTVRRESES, HHEMKIC
RSN ORELAVRBTARICABNICKATS ZEMNTE, RNy —
SR, AMREGENRERI NG BRI, B TEARBETREICRATS
ZEMTES, '

IS ERBICRAE. BICASLBEORERERE, BREBETELD
BIFS. BENAMEC DIC< < RS RFREEL WAy F— Y OBBICRE
W35 EMTES.,
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Also, if aratio of winding thickness to winding wdth, i.e., (D- d)/2L,
Is 0.05 or less, the volunme of carbon fibers to be taken up decreases, and
when securing the volume of carbon fibers to be taken up is attenpted, the
wi nding width increases extrenely, which is disadvantageous in use. If (D
- d)/2L is 0.7 or nore, the wind angles at the ends increase and breaks
easi |y occur.wosesnr472Consequently, in the carbon fiber packageCOIPICNELTe

wi ‘ndirng i n accordance with the'presentﬁ%¥§§ on, the following are the
requi red ranges: d[err] 50, pre . 200 [err] d [err] 50,

20 [err] (D - d)/2 [err] 400, preferably, 50 [err] (D - d)/2 [err] 400,

and :
1. 25, 000F=— VU LORKBHEZEEWM O LF—XEDONY 5= T

HoT. Nysr—TYosE (Dmm) . FEE (dmm) BIXTEE (Lmm)
28,

d=50.

205 (D—d) /2400, B

0. 055 (D—d) /2L=<0. 7
EMELTNAT EERBUETIREMBE NNy —2,

2. ME25, 000F—)VEALDOREMEEZEZH o1 Y1 BRI N/ty
F—IJTHoT. Nyr—T0N% (Dmm) . Xy Fr—YDOAEZE (d i mm)
BLU#RE (Lmm) 25,

di=560.

20=(D—-di) /25400, BX,

0. 05 (D—-di) /2L=0. 7
BWLTWB I EERBETIRRBENY T —,

3. BREEMN)O. 8~1. 2g/cm’® OWHIcHS, FRELEXIT2DORE
BHE/Nw r—2,

4. ME25, 000F=— L EOBRRRERE, MENSDOREHMN0. 1
5X107%~0. 8X107°mm/F=o—NERB3EIICRE LICEEZm- =
AFIFLYRBNRy r—DThoT, BEDBIUERDD OBAN, ThE
N10~30°, 3~15° OWAIHD. U1 > REWICBIT DKW, #20.
12~0. S SOMHEICH DT LEHBUETEHEHHE Ny r—D,

5. BEWMONTVBIREMN, 1~9FSN—AEBIT. ThEDHBRABICTEZH
SNTNBREIZHLT. REFEHED10~7T0%DODRTHEA TS L28

15

[T



-9- 0.05 [err] (D- d)/2L [err] 0.7 On the other hand, with
respect to the corel ess package, simlarly, when form ng a package by
wi nding a carbon fiber having a fineness of 25,000 deniers or nore, the
outside dianeter (D mm of the package, the inside diameter (di mm of
t he package, i.e., the di-anmeter of a bobbin that is used to formthe
package and extvosie4rer after the package is forned, and the RETIERIWNGA4T dt h

(L'mm are s t leSEY, 118 40 ' relati,onships: di [err] 50,
preferably, %&?‘egﬁﬁ%%"[gﬁ]ﬁé’%%%@‘i Terr] (D - di)/2 [err] 400,
preferably, 50 [err] (D - di)/2 [err] 400, and 0.05 [err] (D -
di)/2L [err] 0.7 Al'so, in the carbon fiber packed nenber in

accordance 6. MEE2S5, 00 0F=—)VEALORRKMAERE, MELZD ORIFEI0. 1
5X107°~0. 8X10°mm/F=—NERBBLI3ICHRE LITEERHST
A7IT7IY RNy —DRBRIBICEL. BRHRODBIUEKRDYOBA %,
ThENh10~30°, 3~15° OfHAICL. 71 REWICBIT3%HEW,
£0. 12~0. 8 8OMEICT S E2MMET S, BRBIE/S Y 7 — DN
EH .

7. BERMSNDRARRIZ. 1~9 FSN—XFIZ, TTICEBEZROSNEARARICH
UT, REFHIED10~T0%DRTNEMNETEHIL2HEMETS, #RHE
6 ICREM DO RBMAE/SN v r— OB FE,

8. MEE25, 000F2— )V LOEBRRBMIMES, FIIEEENO0. 03~
1. 2g/cm® OWHTERITNBFEINTNS T EE/RUETIRRABHERD
k.

% L M 0§ %



wi th the present invention, a carbon fiber having a fineness of 25,0087 047 $¢
deniers or nore is packed in a container, for - exanple, a carton case, with

an average;bul k density in a range of 0.03 to 1.2 g/cnferr], preferabl¥n
0.2to 0.9 g/cnferr]. "The bulk density is calculated by dividing t éb£r7
wei ght of the carbon fiber packed in the container by the apparent vol une
occupied with the carbon fiber. For exanple, when the carbon fiber is

pl aced into a rectangul ar parallel epi ped {carton case, the bulk density is

cal cul ated by dividing the weight of the carbon fiber placed inside by the
apparent vol une cal cul ated based on the height of the filled carbon '

- 10 -
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.



fiber. Specifically, a method of produci ng a packed nenber having a bul k
dénsity of 0.03 to 1.2 g/cnferr] includes dropping carbon fibers froma

fixed roll iﬁtq a carton case placed.on a nount having a traversing
ngghanlsml'The traversing nechani'sm may be novable so as to draw a
sawm ooth | ocus, or may nove along the bottom face of the container. |

the bulk density is below 0.03 g/cnferr], packaging efficiency
deteriorates, and if the bulk density exgeeds 1.2 g/cnferr], yarns are
excessively pressed, resulting in unwinding failure during retrieval from
the container. As descri bed above, with respect to-the packed menber
formal so, bulk containment is possible, and a significantly  convenjent
PornLof Lhigk cdnden theecircumsbangesvi dédlpsge Ragkagepr Be¥i8ongid8e.

n the third node of a carbon fiber K [ )\

e on. Sonanecabesck Besuuminaing eiSH dte SHILIES i bl eoon

‘of mountings of carbon fibers onto a higher processing
apparatus will decrease and the creel unit will be more
compact, and thus, gréat advantages are expected in the ﬁse
of carbon fibers. . | | |
It is-a first object of the preseht invention, in order
. to éatisfy tﬁe 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,li.e.,
7,000 to 20,QOO'deniérs,'énd it is diffiéult to increasé 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,



yarn shifts fromthe yarn in the inner layer by 10 to 70% of the average
yarn width every 1 to 9 traverses. I n accordance with the third node
of carbon fiber packages, a carbon fiber having a-fineness of 25,000
dgplers Or nore is taken up onto a bobbin such that the yarn width per
fineness 'is in a range of 0.15 x 10[err] to 0.8 x 10[err] mmdenier in
order to forma square-end type package, in which the wind angles at the
start of winding and at the end of wi ndgng are in the ranges of 10 to
30[err] and 3[err] to 15 respectively, and a fraction Werr]
inthe wind ratio Wis in a . : _ '
the number of mountings of carbon fibers onto a higher
processing apparatus.will decrease; formation time will.be
reduced, and the creél'unit will be more compact, all of
which are advantageoué.

However, differing from general organic fibers, carbon
fibers have significantly high Young's modulus and lack
stretchability, and thereby, the range of windable tension
is significantly small. If the tension is too low, trouble
may easily occur, such as breaking at both sides of a roll,
deformation due to external force, and slipping of a yarn
layer out of a'bobbin, and 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 not have much fuzz during unwinding, a.
package has been disclosed in Japanese Patent Publication No.
62-46468, in which the package .is a square-end type, and -
carbon fibers are taken up onto a bobbin with a given wind
ratio, the wind angles of the fibers at the start 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 relation tb the already wound yarn,

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



range of 0.12 to 0.88. In this nmethod, it is also preferable that the yarn
tG be taken up be shifted every 1 to 9 traverses fromthe yarn already
taken up at 10 to 70% of the average yarn wi dth. _ In accordance with
the present invention, fineness of carbon fiber yarns is represented as
single yarn fineness (denier) x nunber of filanents. As described above,
al though any fineness is acceptable provided it is 25,000 deniers or nor e,
since the single yarn fineness is genecahly 0.2 to 0.9 denier so as to
function well as a reinforcing fiber, the nunber of filaments is 28,000 or
nor e. The nethod for adjusting the fineness of the carbon fiber
yarns to be taken up to 25,000 deniers.or nore includes a nmethod of using
an- ant ecedwandf'i beckagei ngna whiigh, dehmdnipdizia@ddhe degreen@imterial | a
met hod of conbining several antecedent fibers havjng a spall nunber of
filaments ONGXILAGPLRE B Nek§Spr fdeds M e Y3 &?d@ﬁ%‘r‘?%fyams

are prevented. In the case of a bobbin having a given size,
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



mﬁnding, and a method of retrieving carbon fibers which have been wound
froma creel, and w nding them while conbining, however, the met hod is not
limted ta the above. Wth regard to the nethod of regulating the
yarn width in arange of 0.15 x 10[err] to 0.8 x 10[err] nm deni er,
although there are no limtations, generally a nethod of bringing vyarns
~into contact with a grooved roIIer, a fixed guide,

-12- the like, a nethod of adding a si i ng agent |n order to prevent a
single yarn fromnoving, and the |like are conbined. Also, the yarn width
is represented as the nean between 5 points nmeasured at distances of 10 m

In accordance wth
invention 1ncludes a cheese w1nd1ng 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 | |

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, iﬁ_which e'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
nventlon 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 rengeé from 0.15 x 1073 to 0.8 x 107 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.



the present invention, since the carbon fiber yarns to be taken up have
high denier values, it is substantially difficult to select a yarn having
~a width exceeding the above range. The specific nethod for taking up
the thick carbon fiber yarns havi ng hi gh deni er val ues include, for -
exanple, setting a bobbin for taking up onto a t ake- up spindle of a
- winder, using, as a traverse guide, a plurality of free rotation rolls .
~ having an outside dianmeter . of 5 to-30 omg placed in parallel which traverse
parallel to the spindle axis, and w nding up carbon fiber yarns through '
_thedtraversF QU|ﬂe In such a case, if the wind angle at the start of
winding is less than 10, particularly |less than 5 e _wind angle at
the end of wnndﬁkﬁorslPeégc?ﬁ%ﬂngfeWFFh tBﬁrPF@ﬁFg§I§LVé§ElPHan 2[er?])

breaks easily_ occuy resul g mage to More preferably, the

Wi ng ang: e CaEbPRe T 1?te£rpa6‘ﬁ<e\%| H‘GF“F? &ﬁg?§°f"rl<‘}larﬂd22[lé‘r|w]h ch P7lerr], and the

wi nd angl e
d continuous carbon fiber having a fineness of 25,000_deniers

or more is packed in a container with an avérage,bulk'

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

Best Mode for Carrying Out the Invention

| In carbon fiber packages in accordahcelwith the first
and the secqﬁd:modes'of the present invention, preferably a-
winding density_ranges ffom 0f8 to 1.2 g/cm’. Herein,_the
‘winding density corresponds to "weight of wound carbqn fiber
/apparent volume of wound carbon fiber"._ Since the cheese
_winding package and the coreless package generally have_a
winding configuration in the_shape of a doughnut—liké
cylinder, in the case of a cheeée winding package, the .
apparent ﬁolumé 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.

Alsb, preferably, carbon fibers to be wound are -
substantially non—twistéd. '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 dufing
unwinding.  HereinL “substaﬁtially non-twisted” méané that

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



at _the end of winding ranges fromd4[err] to 7. When t he carbon fiber
yarns are taken up with a given wnd ratio by neans of the winder -
‘described abqve, it is preferable that yarns to be taken up uniformy
ext.end onto - 13 - t he bobbi n.
The unifornmity of positioning of yarns onto the bobbin is determned by a
-ratio of the nunber of revolutions by the bobbin to a traversing speed,
.i.e., awnding ratio. Specifically, theswind ratio Wis represented by
the follow ng forml a: T W= 2L-/([err]E{err] tan[err]),'

In carbon fiber packed members, preferably the carbon
fibers to be packed are also substantially non-tw1sted

There is no llmltathn to the propertles 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 to 50 tf/mm?.

In carbon fiber packages in accordance with the present
inventicn, carbon fibers as described above are wound in the
form of a cheese winding'package or a coreless package, as a
fiber bundle of thick carbon”fibers ha#ing a fineness of
25,000 deniers or more,'preferably of 30,000 deniers or more,
and more preferably of 40,000 to 100,000 deniers. In-such a
'fiber'bundle of thick carbon fibers, the number of filaments
iS'generally 27,000 or more, preferably-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 having a fineness of 25,000 deniers or more is
-wouhd~into a package, if a_is 50 mm or less in relation to
the 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 flber in the innermost layer of the
package decreases, and thereby, the fiber is drawn with
tension during_unwinding, breaks of the fiber easily occur,
and trouble easily occurs during higher processing. Also,

with respect to thick carbon fibers having a large number of



wherein L is a stroke of the'guide of the winder traversing substantially

parallel to yhe bobbin, i.e., a traverse width (mm, Derr] is an outside
di anmeter of the bobbin (nm, and [err] is a wind angle at the start of
wi ndi ng. . If the wind ratio is an integer, the position of a yarn

~after one traverse conpletely overlaps the previous position of the yarn,
If the wind ratio deviates froman integer, the position after one

traverse shifts fromthe previous positgon of the yarn in response to the
deviation. If the wnd ratio is an integer, since a yarn continues to be
taken up apfthe conEIeter ﬁane position, yarns are localized, resulting
in a non-uniform package with | ow wi nding density, which sily cayses
breaki ng ofilpmepssy. since thg &iger £§i ﬁpﬁéﬁnﬂ§ P&é@Sthﬁﬁa %op%ﬂge

e o't B06PEAPAPORPPYEY RGN RECPIERo WiSPe FARer 48° PAT2RELE T ange
Of 0.12 t9igb§%ase@y%ﬁ%qnhhagnhgg%stu%g%ennéss'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 0.65 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



positions of the yarns can be thoroughly changed after each traverse, and
thus, a package having high wi nding density _

- 14 - can.be formed. If Werr] is less than 0.12, or nore than 0. 88,
‘because of it approaching an integer as descri bed above yarns are

| ocal i zed on the bobbin, resulting in an easily breakabl e package having
| ow wi ndi ng density. Al so, the yarns to be taken up onto the bobbin
whil e being traversed overlap on the sulpstantially sanme position after
several traverses, and at this stage, the width of shifting of the upper
yarn fromthe Iomer yarn (the yarn ' ' '

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 earbon 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 winding 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 accordanee
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 blaced into a rectangular_parallelepiped'

carton caee, the bulk density_is ealculated by dividing the
weight of the carbon fiber placed inside by the'apparent

volume calculated based'on the height of the filled carbon



al ready taken up in the inner layer) is referred to as a shifting
distance, and the ratio of the width to the lower vyarn width is referred
~to as a shifting ratio. In the carbon fiber packages having high denier
val ues and large thickness in accordance with the present invention, the
shifting ratio is also inportant, and when the shifting ratio is nore than
70% the proportion of parts in which yarns do not overlap increases, and
spaces are opened. The resultant package -has |ow winding density, and
thus, both sides may bul ge because of tension and bearing pressure, both
si des may be broken during winding, and even if winding is successfully

conpleted to forma package, unmﬁndin%Pnay occur during transportation.
On the ot héibeand, Speeifikallyhi pt Peg§hesk od MQ%%&PPG%edtDH@ er

overl apping area bet the u d the_| quer s iivel
increases,%aﬂhagtﬁugP%ﬁﬁ%En§§t§gggpOgﬁa Fﬁﬁérgﬁgﬂﬁéﬁggﬁciﬁﬁgg?é¥§?¥éﬂ8

fuzz and broken rns nay. occu i i.ngdi
_ car ony%lgers rom arfqgghn%oﬂTNi%%%p%.%%&%%%Fc%%e 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°



- 15 - adhesi on of a sizing agent. ‘A nore preferable range of the

shifting ratio is 20 to 50% When such hi gh denier carbon fibers are.

taken up around a bobbin by means of a general winder, the shifting ratio

is. determined by the predet er m ned wind ratio and yarn width described

above, and the deternination is made in the sane nethod as described in

- Japanese Patent Publication No. 62- 46468. [ Exanpl es] - The
present invention will now be described v t-h ' :

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



reference to nore specific exanples. EXAMPLE 1 A carbon fiber having
50,000 filanments (single yarn: 0.63 denier) and an areal weight (METSUKE)
of 3.5 g/mwas wound around a bobbin wi th a bobbin dianeter of 80 mmat a
wi nding wi'dth of 250 nm by means of a winder. The diameter D of the
package was 400 nm (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
successful |y produced. The carbon flbequackage was nounted -onto a creel
of a filanent w nder, and unwound with a tensile force of 4 kg. Unwi nding
was conpleted w thout any trouble such as tw ning. COVMPARATI VE EXAMPLE 1
A carbon fiber having 50,000 filanents (single yarn: O. 63 .denier) and an.
areal wei ghhe( VEXSUKE) m@rchgd50§/ @dgd®g a sizing agent in order to

prevent a single yarn from mov1ng, and the like are comblned
Also, the yarn width is represented as the mean between 5
points measured at distances of 10 m. In accordance with
the'present invention, since the carbon fiber_yarns to be
taken up have high denier values,'it is substantially
difficultlto select a.yarn heving a width exceeding the
above range. _

The specific metnod 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 free
rotation rolls having an outside diameter.of'S to 30 mm
placed in parallel which traverse paraliel to the spindle
axis, and winding up carbon fiber yarns through tne traverse1
gnide."In such a caSe, if the wind angle at the start of
winding is less than 10°,'partiCuiarly 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. More preferanly, the wind angle at the
"start oflwinding.ranges from 12° to 17°, and the wind angle
at the end of winding ranges fron 4° to 7°;.

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

preferable that yarns to be taken up uniformly.extend onto



-16- wound around a bobbin with a bobbin dianeter of 30 mnmat a w nding
width of 250 mm by neans of a winder. Although troubles such as off
position occurred with a probability of 10% 30kg of wound product was
produced. . The dianmeter D of the package was 500 mm (D - d)/2 was 235, and
(D - d)/2L was 0.94. The carbon fiber package was nounted onto a creel. of
a filament wi nder, and unwound with a tensile force of 4 kg. Partial yarn
sl acks occurred inside the yarns, and ey -void conmponents were produced.
EXAMPLE 2 A carbon fiber having 50,000 filanments (single yarn: 0.63
denier) and an areal weight (METSUKE) of 3.5 g/m 20 kg by weight, was

dropped froma height of 3 minto a carton . | _
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 cempletely same position, yarne are localized,
resulting in a.non—uniform backage with low winding density,
which easily causes breaking 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



case with a dinension of 400 nm x 400 nm x 400 nm whi ch hori zontal |y
traverses so as to draw a locus of a square having a side of 250 mmwith a
center of the carton case as the intersection point of its diagonals in
order to obtain a packed menber. The tow was received without |eaning. The
hei ght of the filled carbon fiber in the packed member was 160 nmm and the
bul k density was 0.78 g/cnferr]. The tow was raised fromthe carton case,
and pul trusion process was perforned wity .a pultruder. No trouble occurred
during unw nding. COVPARATI VE EXAMPLE 2 A carbon fiber having
50,000 filanments (single yarn: '
‘can be formed. If Wo is lesS'than 0.12, or more than 0.88;
because of it approaching 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 position
" 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
yarn width is referred to as a shifting ratio. In the
carbon fiber packages having high denier values and large
thickneSS-in accordance with the present invention, the
shifting ratio is also important, and when the shifting -
ratio is more than 70%, the proportion of parts in which
yarns do not overlap increases,-and'spaces are'opened. The
resultant package has low'winding density, and thus, 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 overlapping area
between the uppeéer and the lower yarns excessively increases,

and thus, fuzz of upper and lower yarns may interfere, and

fuzz and broken yarns may occur during unwinding because of



- 17 - 0.63 denier) and an areal weight (METSUKE) of 3.5 g/m 20 kg by
wei ght, was dropped froma height of 3 minto a carton case with a
di mensi on of 400 mm x 400 mm X 400 mm which traverses the sane way as in
the exanple 2. During dropping, the tow was repeatedly pushed down to
obtai.n a packed member. The height of the filled carbon fiber in the:
packed nenber was 90 mm and the bulk density was 1.4 g/cnferr]. The tow
was raised fromthe carton case, and a pdltrusion process was perforned
with a pultruder. The tow rose while being entangled with fuzz, and tw ned
around the guide roll, and thereby, the process di d not, succeed. EXAMPLE
3 A carbon fiber having 50,000 filaments (single yarn: 0.63 denier)
and an ar eadhesiight ofVETSUKENDRIRNS .g/ B WeFe \Rﬁﬁf{gﬁ Faweah &bl e
bobbin with a bobbin di aneter_ of
' shifting ratio is 20 to 50%.
When such high denier:carbon fibers are taken up around
a bobbin by means of a general winder, the shifting ratio is
determined by the predetermined wind ratio and varn width
described above, -and the determination is made in the same
method as described in Japanese Patent Publication No. 62-
46468.
[Examples]
The present 1nvent10n will now be descrlbed 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 means 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 produeed.
The carbon fiber peckage was mounted onte a creel of a
filament winder, and unwound with a tensile force of 4 kg.
Unwinding was completed without ény trouble such as twiniﬁg.
COMPARATIVE EXAMPLE 1

A carbon fiber having 50,000 filaments (single yarn:

0.63 denier) and an areal weight (METSUKE) of 3.5 g/m was



80 mmat a wnding width of 250 nm by neans of a winder, and then the .
bobbi n was extracted to forma corel ess package. 30kg of wound product was
successful |y ‘produced wi thout any trouble such as off pesitions. The

di ameter D of the package was 400 mm di was 80 mm (D/di)/2 was 160, and
(D - di)/2L was 0.64. The carbon fiber package was nmounted onto a creel

of ‘a pultruder, and unwound fromthe innernost layer. Unw nding was

conpl eted without any trouble such as twifing. COVPARATI VE EXAMPLE 3

A carbon fiber having 50,000 filanents (single yarn: '

- 18 - 0.63 denier) and an areal weight (METSUKE) of 3.5 g/ m was

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:
10.63 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
héight 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:



wound around an extractable bobbin with a bobbin dianeter of 30 nmat a
winding wi dth of 250 nmm by neans of a w nder, and then the bobbin was
extracted to forma corel ess package. Al though troubles such as off _
posi ti ons. occurred with a probability of 15% 30kg of. wound product was
produced. The dianeter D of the package was 500 nm (D - di)/2 was 235,
and (D - di)/2L was 0.94. The carbon fiber package was nounted onto a
creel of a pultruder, and unwound fromth® -i nnernost |ayer. Partial yarn
sl acks occurred, and defects in resin inpregnation occurred. EXAVPLE 4
(Levels 1 through 7), COVPARATI VE EXAVPLE (Levels 8 and 9) A carbon

26?8605‘1&2%&%%@”%”6 Ja d%egﬁeﬁ@&@b et A 4 o and
'Sal:ﬁggteh ° 23’?%%3? nwlaaso dpP #%rpba;f% a‘ﬁbl ng fn(Prm%)ratl Pafrﬁd type
' case with a dimension of 400 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
1wound 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 pultruder, ‘and unwound ffom the ihnermbst layer.
Unw1nd1ng was . completed without any trouble such as twining.
COMPARATIVE EXAMPLE 3 |

A carbon fiber having 50,000 filaments (single'yarn:



shifting ratio was changed, and wound figures of the packages obtained,

t e wi ndi ng density, and unwi nding characteristics by side unw nding were
investigated.” The package obtained at the level 2 was excellent with
respect to the wound figure and unw ndi ng characteristics. - As is
clear fromthe result of the exanple 4, if the requirenments regulated in -
the present invention are net, _ : - 19 -
(particularly, at the level 2, the fraeti8n-of the wind ratio), even if"
carbon fiber yarns have 'high fineness, packages having excellent w nding
density, wound figures, : : -

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,



“and unwi ndi ng characteristics can be obtained. EXAVPLE 5 (Level's 10 and
11) ~ A carbon fiber yarn having a fineness of 7,200 deniers (number of
filaments: 12,000) was wound onto a paper tube having the sanme inside
diameter and length as those in the exanple 1 while maintaining a w nding
width at 7 nmto form. a square-end type package. As shown in Table 3, by
changing the wind ratio, wound figures of the packages obtained, the

wi ndi ng density, and unw nding characterjgtics by side. unw nding were

i nvestigated. Al the packages obtained were inferior with respect to
wound figures and unwi nding characteristics. : ' .

(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 3 ' Level 10 Level 11 Fi neness

(deni-er) 7,200 L 7,200 Yarn width (mm
7 e 7 shifting ratio/shifting distance 53/3.7 51/ 3.6
(%mm  Wnd angle (initial/final) 13.5/5 12.3/5- Wnd ratio
8.1045 o 8.8959 Traverse width (mm : 250
250 CQutside dianeter of bobbin (M 82 82 Final dianeter
of wound package (mm 202 202~ 2¥ ndi ng density _ :
0. 90 I 0.90 Wound figure . Fair
Fair Unw nding characteristics Fair - Fair Wnding
wei ght (k 6 " : - " :
g ( g)Table 3 6
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
Wwind ratio 8.1045 8.8959
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.



I'ndustrial Applicability I n accordance with carbon fiber packages of

the present invention, a carbon fiber having high fineness can be forned
into a proper’ |arge cheese winding or a corel ess package such that no

trouble occurs during use, and the carbon fiber can be. provided

i nexpensively and in a extrenely conveni ent shape for the usage requiring

t hi ck carbon fibers. - 23 - .

Al so, in accordance with carbon fiber pagked menbers of the present
invention, a carbon fiber having high fineness can be packed in a
container i-n volunme so that no trouble occurs during use, and similarly to

t he packages descri bed ) _ .
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..



above, carbon fibers can be provided inexpensively and in an extrenely
conveni ent shape for the usage requiring thick carbon fibers. Al so,
in accordance with the present invention, a carbon fiber yarn having
pafticularly‘high fineness can be wound into a desirable package whi ch has
hi gh wi ndi ng - density, an excell.ent wound figure, and excellent unw nding
characteristics and which is not easily broken. - '
- 24 - ' CcLauMVs

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 038 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

.



1. A carbon fiber package conprising a cheese wi nding package conprising a.
carbon fiber of 25,000 deniers or nore, wherein an outside dianmeter (D mm
of said package, a diameter of a bobbin (d nmm, and a winding width (L nm
satisfy the follow ng rel ationshi ps: d [err] 50, 20 [err] (D -
d)72 [err] 400, and : 0.05 [err] (D- d)/2L [err] 0.7 2. A carbon
fiber package conprising a corel ess package conprising.a carbon fiber .
having a fineness of 25,000 deniers or pgre, wherein an outside dianeter
(D mm of said package, an inside diameter (di mm of said package, and a

wi nding width (L nm satisfy the follow ng relationships di [err]
50, 20 [err] . (D -di)/2 [err] 400, an ré &IZL
[err] 0.7 25,000 "deniers ‘or more, sald carbon flber ya n bei g woun

onto a bobbin such that a yarn 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.

O



3. A carbon fiber package according to CQaim1l1l or 2, wherein the w nding

density ranges fromO0.8 to 1.2 g/cnB. 4. A carbon fiber package
conprising a‘square-end type package conprising a carbon fiber yarn having
a fineness of - 25 - 25, 000

dehiers or nore, said carbon fiber yarn being wound. onto a bobbin such _
“that a yarn width per fineness ranges fromO0.15 x 10[err] to 0.8 x 1l0O[err]
.nm deni er, wherein wind angles at the_spgrt of winding and at the end of
wi nding are in the ' _ :
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



ranges of 10[err] to 30[err] and 3[err] to 15[err], respectively, and a
fraction Werr] in awnd ratio Wranges from0.12 to 0. 88. 5. A carbon
fi ber package according to Cl ai-m4, wherein the wound yarnh shifts fromthe
wound yarm.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,
conprising winding a carbon fiber yarn having a fineness of 25,000 deniers
or nore onto a bobbin such that a yarn-wedth per fineness ranges fromO0.15
X 10[err] to 0.8 x 10[err] midenier in order to forma square-end
package, wherein wind angles at the start of wi nding and at the end of

wi nding are in the ranges of 10[err]%%gg£&Fﬁnd 3[err] to 15[err],
respectively, and a fraction Werr] rnd ratio Wranges fromO0.12 to
0. 88. 7. A nethod for producing a carbon package according to '

By using carbon fibe;s having a fineness of 25,000
deniers or more, the present inventioﬁ bro#ides a carbon
fiber package including a cheese winding packége or a
'coreiess package in which an outside diameter of the package,
a diameter of a bobbin or_én inside diameter of the package, -
and a winding width é:e regulated in the specific ranges, a
‘square-end typé package in which a yarn Width'per fineness,
wind angles at the start of winding and at the end of
winding, and shifting of the yafn are regulated in the
specific'rangés, and a carbon fiber packed member in which
an average bulk density is'regulated in a specific range.
Those carbon fiber packages and the carbon fiber packed
meﬁbér solve trdubles and inconveniences during use, and |
also packages which have a high winding deﬁsity and which do

not break easily can be obtained.
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Claim6, wherein the wound yarn shifts fromthe wound yarn in the mvgag

| ayer by 10 to 70% of an -average yarn vm'dth every 1 to 9 traverses.

- 26 - 8. A carbon fiber packed E:ﬁ) rﬂ% EI ng a continuous carbon
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fiber having a fineness of 25,000 sai d carbon fi ber
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(57) Abstract

A carbon fiber package in the form of cheese winding or inside-pull package is made of carben fibers baving a fineness of at least
25,000 deniers. The outer diameter, the bobbin diameter or inner diameter of the package, and the winding width are in specific ranges. A
square end type package has a yarn width per fineness, an angle of wind at the start and end of winding, and a winding irregularity in specific
ranges. A carbon fiber package body has a mean bulk density in a specific range. Troubles and disadvantages during use are eliminated, a
high winding density is achieved, and winding collapse hardly occurs.
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