GOLF CLUB SHAFT The present invention relates to golf club shafts, and nore
particularly to a golf club shaft which can exhibit vibration- . -
characteristics close to 5 ** ‘those of a steel shaft without. ananlng t he
advant ageous characteristics of a so-called carbon-shaftf"Golf shafts

i ncl ude steel shafts, carbon shafts and the |1 ke The carbon shaft has the
merit 10 I n beigg%aigggégggxﬁgthe steel shaft, and therefore carbon
shafts are w dely - —% he- carbon shaft has the problemthat a €
sense of flexure |like a steelhshamesenthdintenbbeni nedatehi $oi godifovwdubn
Fig. 6 which showssharss,vhiaaod HAlAPLENGs 5! Bo12! bifi shieki 0. O

the solid line indicates’the case of a carb whér eas the broken I|ne
i ndi cates the case¥Bfch §edeleXidrit W%pWﬁ#}o%ec%ﬁbﬁPEﬁflﬁﬁéﬁﬁFFéosﬁ

the case of the stenbs&harta eweeiténaﬂtuﬁmﬁnbﬁﬁciﬁpaiﬁlhgwmhao lt
takes some tine bef he vi br a |on IS da n the

he ot and
case of the car-bona ag§PH@e *%ﬁt%? #sSAT ﬁiiFH c@FﬁP&tlon
i s danped nore qui skh§t.The danplng characterlstlc of V|brat|on 25 wil |

be discussed in relation to 4&¥€%§fﬁ%ﬁﬁﬁéOQtQE}QQEEftEhecQQBf ncl ub

swi ngs back fromthe address state OWn swng is
effected to hit a ﬁhﬁftsAﬁnﬂhéﬁetLﬁ?eﬂr13hﬂaQﬁ%kp%fsﬁﬁﬁtsPéﬁthG merdijaft

the shaft ls1oearw@hdbb1hgeae@hwbﬂﬂ%hdhuﬁh§v¢ﬂ@elagﬂafb bhaxedevledlone
t hereof is main

tained,in t ourse of, sults.from
the Tott that The BBREDR,SRECES 3P Hiddiy Heta” Biuevars, HhRLpyTv0n
menti oned. The shaghaifs¢ hesurthed @3oblen crhat dk ysehsa of Hilesuzebdlike and

therefore, a  3838ee1 shaft cannot be obtained.
—

This is shown in Pig. 6 which shows
15 vibration attenuation characteristics. In Pig. 6,
the solid line indicates the case of a carbon shaft
whereas the broken line indicates the case of a steel
shaft. As will be apparent from Fig. 6, in the case
of the steel shaft, since the damping factor is low,
20 it takes some time before the vibration is damped.
On the other hand, in the case of the carbon shaft,
since the damping factor is high, the vibration is
damped more quickly.
The damping characteristic of vibration
25 - will be discussed in relation to the swinging
\_ operation of golf. The golf club swings back from | ﬁ_
the address state to the fop state. Then, a down
swing is effected to hit a ball.
At that time, in the case of the steel
30 shaft, the shaft is rearwardly flexed by the back
swing; and the flexed state thereof is maintained in
the course of the down swing. This results from the
fact that the damping factor of vibration is low as
previously mentioned. The shaft is returned
35 forwardly when it hits a ball, and therefore, a



-2- sufficient” head speed is obtained. On the other hand, in the case of

t he carbon shaft; since the danping factor of-vibration is high as o
preV|oust nentloned the flex state 5 * cannot be sufficient3808

mai nt ai ned in the course of the down swing and the shaft becones returned.
Therefore, the "sense of flexure" is not sufficfently secured and the head

speed becones sl ow. CeefPievéntishgaprspesédigodbtainddshaft is 10 -shown
in Fig.\Z in which netal fibre § X r el I, ess
fibre, -etc.) 103 is spirally mou%gfhgoﬁ?p%ﬁ ?%ﬂ%?pﬁguzﬁéor an ouﬁggllayer

of, a carbon shaft 10.c#phenephafhi ssimaetthe @%@Pgﬁédf%¢$%%|QﬁﬂY%bﬂ§¢10n to

prevent torsion Of thﬁssﬁﬂéﬁ Q@tpfeﬁléﬁbljﬁméh%héﬁéﬁf|tﬁ%'Eﬂex state _
characteristics IS an gb*ect esent nye élpn 0 prOV|de(§%golf

Chat 1 whi ch cardi mpr cOBLARG bE cREhb! CHeR bt e Lebaties & HiePidines
characteristics, 20 thevd®Wmn$wim@aamdrmheushdfttBEbaﬂEHEﬂEEHnnédps

P ovided a goi 1 ol ub SROFErebhe: P nbebesdh PIERFFE YR, St ooy
axi ally outer region,segered ram¢1et126 head ISWd rbaeﬁmes relaxdes a -
rei nforcing |layer of a synthet '(?né é‘vié‘iPé ’Hﬂr@ﬂoéé‘d agéﬂ‘ @ﬂ{ﬂl%’}&;-& l:;_rse

material prin 1x(gally conposed o out er on 1 nc es
netal fibres ex®endi PP ol BTt |7on”§l}ff§t%tn?9a'tfarly %ﬂé?%ﬁ oR #XaRP LB s of_

the 30 shaft. Pr eé@cﬁfﬁﬁblﬁélafﬂﬁf@ll§tam1@éstflﬂb§élﬁfét@r)3 a3 fid | ows: _
Eé%r? arregg(r)sof_. f'. bre iz:')’é.)lfy v}0519n ﬁdut Zezn TJ'?nnsexl' elais:);errencgfI an ouoter 15a0y0er :
: ' .0of ‘a carbon shaft 10. ' :
' xx/ - However, this shaft is des1gned pr1n01pa11y
' 15 to prevent torsion of the shaft but not to improve
its flexing characteristics. ' _
It is an object of the present invention to
proride a golf shaft which can improve the flexing
characteristics, i.e. the vibration characteristics,
20 - ~without impairing at all the characterietics
possessed by a carbon shaft. | '
According to the present invention there is
. prov1ded a golf club shaft comprising an ax1ally
inner region and an ax1ally outer region, wherein the
25 inner region includes a re1nforc1ng layer of a
synthetic-reein impregnated in a reinforcing fibre
material principally composed-of-carbon,'end the
outer regibn includes netal fibres extending in a
_ direction substantlally parallel to the axis of the
30 shaft.
Preferred characterlstlcs of the shaft are
as follows-- _ ' _ '
(1) Diameter of fibre: 30 to 150 pm _
(2) Ten31le strength 80 to 500 kgf/mme



-3- (3) Nbduius of elastle[ty 10 to.25 tonf/m®2 The netal flbre may be .
extended in the range of [err] w th respect to an axis of the shaft. The:

“metal fibre may be arranged at 5 intervals of 0.2.to 0.3 58% In a golf
shaft according to-the invention, the metal fibre is prOV|d§ n the-
~surface of the outer layer of the shaft- By tse provision of the netal

Char actert ot i os ot ARERSAR B dladfillpyl i‘? JLEAET SIS

. shafts wi thout |npa|r|ngeﬂThﬂImetmlcﬁabaetmaysbecexbénébéfis phenC|pa 'y
~conprised of car £S5 tseO h ention -
%Q@ 5 5w th respect E@:\?Mdﬁ?é‘ 2%knd §héf‘¥

‘W Il now be descr y way - o exa e on Y, ‘erence t0 the _
acconpanyi ng di agrammatic dFReimeEal ibie chey Fpg. azrasgedcabss- sect i onal

- view of a 9@1:(ﬂigxéﬂugls P 0.2 to 0.3 mm.Fig. 2 is a plan V|eM/shomnng a
part of a prepreg (pre- |np nate ter tal fibre an rbon
~fibre; Fig. 3is a sectlon cige %ﬁ'%?ﬁ%r ?gIF? BﬁeF;@vegglgg,
Fig. 4 shows chartdnt anetstl c&bﬁevﬂmpm:vimechl ofli thessuffgse 5faphéo (f)
- show t he steps of ing a golf shaft; Fig. 6 shows
ouft P 1 1o £ At

vi bration characterlstl 7 is a side V|em15homnng part of
a previously proposed gol f Bhathe mrevisboniofnthefmehalpfébeatasnvention

will be def—’i@' be dy dad i vy tﬁo\m {hi§ of ST 688S1 B0 F§SobfRin vibiLtPon
' characterlstlcs extremely close to the vibration
characterlstlcs of steel shafts without ‘impairing at :
all the characterlstlcs of shafts pr1n01pa11y :
comprised of carbon fibres. ' e S
15 . ' Embodiments of the invention will now be |
descrlbed by way of example only, with reference to |
the accompanylng dlagrammatlc drawings, in which:
_ ~ Pig. 1 is a cross-sectlonal view of a golf
' club shaft,

N 20 ' Pig. 2 is a plan view showing a part of a
prepreg (pre 1mpregnated materlal) of metal fibre and :
carbon fibre; - ' '

Flg 3 is a sectlonal view taken on 11ne
- I1I- III of Flg 2; '
25 ' "Fig. 4 shows characterlstlcs of various _ _
| - metal fibres; ' '\J._
Figs. '5(a) to (f) show the steps of a
method of manufacturing a golf shaft, '
| Flg. ‘6 shows v1brat10n characteristics;
30 and _
' . Fig. 7 is a side view show1ng part of a
prev1ously proposed golf shaft.
_ One embodiment of the present invention
will be described hereinafter with reference to Figs.

35 . 1 to 5.



3808 -4- Fig. .1 is a cross-sectional view of a golf club shaft according to
the present embodiment. The shaft conprises .an inner |ayer 1 and an outer

| ayer. 3. 5 . The inner layer 1 has a prepreg 5 of carbon fibre,
a hybri:d prepreg 7 of boron fibre and carbon fibre and a prept@ 9. of-

carbon fibre lam nated in order fromthe innef Slde On the other hand, the
outer | ayer 3 i s conposed of hybyid prepre fibre_ and
carbon:fibre. ‘The prepreg w Iqa 18t {je’s%r% b‘g’ﬁosqs %J’r%?ﬁ'%g‘”(?)"f@%nﬁ)r% t ed
materi al’) herein i ssubtredlegtalaceordinh to e i pressit exsbwdmne)ghat €thén a -

casily.  The roi nf onerh PRI A BT e ol e qyer®

Uni di rectional prepragex ZJ. Fabric prepreg (3). Yarn prepreg 20 (4) WMat
prepreg The pyepreg of carbonpfd byg, oRiqy. e nplﬁlggs :gfg%fggtgoc;@ cPEEHS e
and fabric prepreg.  The yarn prepreg an e mat pr € often use

mnorly in a conbi FERH & hyRRd e!tﬁm Prahrigremd Fene iangarbon
prepreg: There are #i®rdBdA0ds ﬁﬁépl‘@%@ ast L&amo@ f)ﬂ@i@é €Daminfted® et

nmet hod and a dry method. _ The t et Is to sin jint sol vent

to have a low vi scdH48F HRAWE &b evi?e %tsf’cﬂie 1‘5}2 H’P o3l é)Bgt to

h;aat material to haseter la:mn/l}cmm«;mﬂxﬁﬁ ot rmrle,gbwidoplreﬁﬂ“eg 11 of.

af orenenti o pre r ybrld prepreg 7 of ‘boron
o0 UL S R A 0%

fibre and c on f prepre carbon fibre use the 35
carbon fi%re, boron fibre- anoﬂ'l‘c%trmmmmg)rvellak b¢redescribed. The prepreg

(pre-impregnated material) herein is a material in
L\/ - o ' which a8 matrix resin is impregnated in a reianrcing
- fibre material to have a shape wich can be moulded -
15 'eaSily' The'reinfdrcing'fibres have the following
forms: ' |
ED Unldlrectlonal prepreg
(2) Pabric prepreg
. ~ (3) Yarn prepreg
20 - (4) Mat prepreg
| The prepreg of carbon flbre malnly includes
unidirectional prepreg and fabric prepreg. The yarn
prepreg and the mat prepreg are often used minorly in
- a combination of unidirectional prepreg and fabric |
| | 25 prepreg. ' - - '
A - - There are two methods for menufacturing a
prepreg, 1i. e. a wet method and a dry method. The wet
method is to melt a resin into a solvent to have a
low viscosity bpefore 1mpregnatlon. The dry method is
30 to heat material to have a low viscosity before
impregnation. '
The a*orementloned prepreg 5 of carbon
fibre, the hybrid prepreg 7 of boron fibre and carbon
_ fibre and the prepreg 9 of carbon fibre use the
35 carbon fibre, boron fibre and carbon fibre as the



3808 reinforcing fibre materi-al and are manufactured by the above- descri bed
dry method and wet nethod I'n the hybrid prepreg 11 of netal,.fibre and
carbon fibre, as shown in Fig. 2, netdl fibres 15 are 5 ext’ended
~approximately in an axi al dlrectlon of the shaft- on the surface of a sheet
13 with glass'cloth inpregnated - The hybrld prepreg has a £868S- secti onal
section as shown in Fig. 3. Actually, a shegt of carbon fibfée is pressed on
~the netal fibre 10 15, but the carbon fPbrg sheet is not shown. The-, -

hybrid prepreg lireinfrereingibterandaterban iﬁ@rﬁrésmbﬁﬁfSé%ﬁﬂé@BmyfaCfﬁWed -
o7 e 61"l g5 Lipeuch gL Todh BN Ay oh ket GALGSE O ona

prepregs in that re rgg ace with the
metal fibre 15. The net hodl#obthe hbybraxmfmm@goﬂ to® mebnl efibdd labd

‘described hereinafd£on Fﬂ@lte aaé‘oéh tntlypf th§;]tr@%fé%0§?%1[§% {é Egzﬁci)at ed .

on a plain weave Iass c oth havjn or
t he gloass ctoth i ’%WW%WK h’eYF rﬁ-)%eaelﬁlaﬂg dirgetbon tofatthesin i s

i rmrelgnat edI i nht I‘@aﬂf‘ﬁ-&ﬁ:{l ctis rsm?f@é@p@feaaeﬁds@gth 1 %Sﬁteﬂ h aéssgé 'cf?l. ween

- th ass cloth and the no resin is

"toezg SS_ 65 i n weTRHSS /ap'%Qthﬁ 3&?1%’«9‘? DPLRLE), %%&%W@xtent t hat
the tip of.a fi nmcmonads sdEriin adesh aepriasskilg 8 N tesceliaing, d he sheet
is wound in a st; w

_shown) haV| ng at ness &{%goprg%%(ﬁﬁ%te &erzgcé%éeﬁr rﬁrﬁlgsﬂesyhecﬁﬂ%crﬁe]&rﬁ a
separ at or .10rhe PH 51 1Bt sthmstanbun fitr o wheepers prat shemf ace of the

" drumin a state in which t%@%ﬁﬁﬂﬁl %Sééqqn%ckg&.gﬂeﬁﬁ%g nd Ne. drum

arg Js qiven so as not”to -
. 35 At this tlrg}bo fibre asically manufactured by the dry ST

method or the wet method but is different from
‘conventlonal prepregs in that the prepreg 11 is :
15 -provided on its surface with the metal fibre 15. The
' method for the manufacture of ‘the prepreg will be
-described herelnafter _
. : First, a hot melt type thermosettlng resin
is coated on a plain weave glass cloth hav1ng a
.20 'welght of 30 to 50 g/m , or the glass cloth is
' passed through the thermosetting resin so'that resin
is 1mpregnated in the glass cloth to prepare a sheet
13. The ratlo between the ‘glass cloth and the
“thermosetting resin is that the. glass cloth is 40 to .
25 - 65 in weight %. o » f&)
- Next, the sheet 13 is dried to the extent
that the tip of a finger sticks. thereto when -
depressed. After drying, the sheet is wound in a
* state in which a polyethylene film (PE film, not
30  shown) hav1ng a thickness of approx1mate1y 20 pm is.
sandwiched as a separator.z
' The 'PE film is pasted on the outer
peripheral surface of the drum in a state in which
" the PE film is positioned on the side. of the drum.
35 . At this time, care is given so as nbf to produce



3808 wrinkles. *In this state, the netal fibres 15 are nounted to the sheet
13,at.intervats af 002 to 0.8 nmwhile rotating the drum The tension of

t he net al _ fibre 15 is preferably in the order of 30 to 250 g. Next
the et al flbre 15.and the glass cloth sheet 13 with the resi $8Q&regnat ed
are pressed by pressing a roller. Then, the ngterjal in which the netal
fibre 10- 15 and the ss cloth sheet 13 with the resin inpregnated are
pressediis renoved FF&H&@F@ *drum the carbon fibre sheet is pressed on the

nmet’ a: ;I Ere 15d andbt he PE fi lIm |ﬁ11}se%1‘b%d:qufthf5mahybﬁ1m-dfy ay %ﬁ‘ell of
metal fibre and carbagn now er t

material is cut int8 étm&lggdgt Cer &ggéeafhé'nr?ﬁral Efsi t??&l? \ﬁq ﬁ) t?emm
descri bed. hereinaft errhll'éhe'orharta.lng‘ |tﬂmee dﬁtmse(ﬁ.‘mmdrrslmmfaaﬁ diey nfatidl | the
foll owi ng condition ) 15
pm.(2) Tensilé st re?g]iibjre g% t%(% é)d'f?f(e%%a/bm%)l&j%ggdeqj off ?astt | %%ty%

to 25 tonf/nR2 Material fulfil Ne&y tﬁh@ aet@ilt ifdbre 1)5 endFhe gle®s aﬂ@ﬁs

shown in Fig. 4. |%h%%% QBBHQEhGQh%WQQQH%?Hﬁiﬂé Rt N Mphlsdddr afe
mar k., manuf act ured Kobe kosho) 1s use SUPER- FI NE NETAL I's a

superflne dlanetertﬁﬁé§§%¥ﬁ g T8 er hi gh strength havi ng superfine 30
particles of -20 [err] which l@h@rx;elﬁmtnaﬁwmham @ﬁhq&rqﬂwtmmlsml‘nm

bending, sheaping a torS| for d

t oughness. NZQ Hr&t I%‘g 3}% %% r| n% 3 ?“t t&% réB’g%escrl bed.
Fig. 5 shows t he rretllm@d'efgmat:e@ are mqﬁsedttirs n'gmmw ff romafithe rd rovmert hoef
st eps. F'rSt as showdon fiide 3hdket 1@eﬁ%@9@@a1UnPW%eP&ﬁHﬁ99f§bre 15,

" ' ' and the.}E film is peeled off. The_hybrld prepreg 11
S of metal fibre and carbon fibre is now prepared.
15 ‘Thereafter the material is cut into a pfedetermined
shape. : SR |
| The metal fibre 15 will be described
hereinafter. The metal Tibre 15 used should _
_ preferably fulfil the follow1ng condltlons (1) to
20 (3): -
(1) Diameter of flbre. 30.to 150 umo
(2) Tensile strength: 80 to 500 kgf/mm2
(3) Modulus of elasticity: 10 to 25 tonf/m2 :
' Material fulfilling the conditions (1) to
s 25 - (3) are as shown in Fig. 4. 'In the preferred
\ . embodiments SUPER-FINE METAL (trade mark,
manufactured by X K Kobe Seikosho) is used."
- SUPER-PINE METAL is a superfine-diameter
wire having a superhigh strength having superfine -
30 partieles of 20 X' which is excellent in mechanical
‘properties such as bending, shearing and tor51ona1
deformation resistances, and high toughness.
Next, a method for manufacturing a golf _
shaft will be described. Fig. 5 shows the method for
" 35  manufacturing a golf shaft in order of steps. First,
| "as shown in Pig. 5(a), the carbon fibre prepfeg 5,



“[err] with respect to the axis as shown in

- 3808 7 cut’ into a predetern1ned shape, is drawn out and fiattened to renove
-t'Wi sts.  Subsequently, a release mediumis coated on an outer surface of a
core not shown, a resinis 5 coat'ed thereon and the carbon fibre. -
prepreg 5 is mound thereabout. At ‘this tinme, an angle of f3ggse is [err] to
Fig. 5(b). Then, the
,hybrldlprepreg 7 of boron fibre 10 and7carbon fibre is wound, as shomn
in Fig. 5(c).- Anuangheooh pirede tiesm & e dwishia pegs fexc td rtaorm et As - ’h sy

in Fig. 5(d), ggg%ggﬁﬁgf%grgeg ggr%glgtls mound An angle of fibre

[err] with respe axi As shown in Fig.. 5(e), -
the prepreg 11 .of netal fi Brndsgauensddyon of rslessse wadinn: Lﬁ1cn%ﬂad(ﬁnf|bre 5

s Lerr] with reapeghibe Hle£aKeS orf U Lhel, na% SAQUA [0 g, the

. carbon fibre prepre% I N et ern1ne shape is 20 wound in
~order to sPrengt REATEY Ghﬁé'&oﬂoﬁflidoﬁh\ﬁl CRIPOR &P % P ARFAS PotlSshown.  An

i'.ﬁnglebof flbredl&oﬁﬁﬂ{kh@kéébb&%peCMttQPFEetQMeS aﬁidﬁgﬂﬁ|oftﬁﬁbﬂﬁeﬁ@eg;

" have been woun yest,e p 0 ne :tape or r.opyl ene _

-~ tape is wound théﬁea%(?u?% h| gsgte Q; S afdat &F ﬁ“’fé’g’fg [err] for .
120 to 130 nlnutﬁingSﬁb)hardened Upon. conpletlon of heating and
hardenlng the core is re 13S S
surface. is polished to naggﬁ%g stblill(:é %§%%ﬁd gg??ﬁ%%trans aréﬂf coatlng is
~appl i ed. ‘Tfe chapadt epryencéidret A8 younds| @8 Shavin dacdti@nd & -the“-n
present enbodi meghgwel bEnewnhe 4d@sg!s b@@th35espect to the axfiig.st, since .

. the golf shaft s conposedAs shown in Fig. 5(d), the carbon fibre - _
prepreg 9 is wound. yAn angle of. flbre is +5° with ' ;;)
. respect to the axis. - . o
15 " As shown in Pig. S(e), the prepreg 11 of
metal fibre and carbon fibre is wound. An angle of
flbre is +3 with respect to the axis. | -
Further, as shown in Fig. 5(f), the carbon
fibre prepreg 15 cut_lnto a predetermined shape is
20 wound in order to strengthen a jbinéd portion with
' respect to a head not shown. An angle of fibre is
+3° with respect %o the axis. ' -
After all the prepregs have been wound, a
polyéé%er tape, a cellophane tape or polypropylene

25 tape is wound thereabout. 'In this state, it is R
heated at 130 to 14% °C for 120 to 130 minutes to be_ N/
" hardened. '

~ Upon completion cf'heating and hardening,
the core is removed, the tape is peeled dff.and the
.30 ' surface is polished to make it smooth. Fihally, a
' transparent coating is applied. | ' -
The characteristics of the golf club shaft .
accdrding'to the present embodiment will now be
described. - L |
%5 - - Pirst, since the golf shaft is composed .



3808 -8- principally of carbon fibre, the golf shaft is | ight in weight and.
the characteristics of the conventional carbon shaft are maintained as t hey
are. Next,” with respect to the flexure 5 ° characteristic, since t he

met al fibre 15 is extended approximately in an axial dlrectlon of the shaft
on the surface of the outer layer 3, a flexure characteristic zghgse to that
of the conventional shaft can be obtained. Acgordingly, suff|C|ent 10

"seénse eLferxure is secured fromthe top~ swﬁng to the down swing so that

the head speed can peihBgpadsgdofAc&Obeh NgibPe | hehabower delsasft beg llght

di he foll bt a
PPy ons bl oo obRalR2eRE! 568 SHEEnaRaR R ALIBE oA 07 chie corrant aaT one
of a steel shaft wi caobonishaftiapeasabhtained charbloeraseics of the
conventional - carbon shaft. Seﬁ@ﬂglleﬁhnfés%QEt”?£a£hé %Fé$§5 s 20

arranged- on the surface, the wear’resistance.is enhance re5|stance
to bending, shearing haractar 565 hgr canoR bR Mekal BhRFe hed rk‘i:lﬁa?h :

strength is inproved pf@xi‘ﬂdtél nlnsaﬂcexiém derebtibRr 68 41 Zhatt on
arranged in order a Vi Si

e, gol f shaft_pre ts a pleasing
appearance. Wile t p?\é?g??%@g %Il?r‘é g]faX?Fé eﬁ] e¥fenti on has
been described, it tsaewzetienisthatclaseots thangeﬁ tMmiemmhentIﬁnamm
thereof can be 30 g pRdga i 00N+ LRRGE! T o8 PAIARR, Prd s P fodder eof

CLAI M5 ,
10 "sense of flexure“ is secured from the top sw1ng to
_ the down sw1ng so that the head speed can be
U - increased.

“According to the above-described -
embodiment, the followihg effects.can be obtained._

15 | | - Pirst, it is possible to obtain vibration
characteristice extremely'ciose to those of a steel
shaft w1thout impairing at all the characterlstlcs of 
the conventional carbon shaft.

Secondly, since the metal fibre 5 is
20 | arranged on the surface, the wear resistance is
| enhanced, high resistance to bending, shearing and
twisting can be obtained, and the mechanical strength
is improved. : :
i _ ' In addition, since the metal fibres 15
_.\,/ - 25 arranged in order are visible, the golf club shaft
presents a pleasing appearance
| While the preferred embodiment of the
present invention has been described, it is ‘evident
that various changes and modifications thereof can be
- 30 made w1thout departing from the principle thereof.



- dianmeter of ‘the

S ' ng an axially inner regien and an -
1 A golf club shaft conpr|5| o region |%cludes a reinforcing | ayer

smvwwmmwmwmaﬂimmmmwﬂmWWﬂmS

i ncl udsgopget al
| 1y *cofposed" of$ car bon, and the outer region
giigﬁhPﬁg Yn aﬁglrectlon substantial ly parablel to the axis of -the shaft.

' wherein the . -
f club shaft as clained in Claim1l he
ameter n%$%£@$lbres is in the range of 30 to 150 [err] 3. A

gol f club shaft ak*cl aimed Argﬂﬁlm&whﬁﬁléﬁbﬁp 80 (o rs%b{iﬁ[err] 4

he r n e
n th Of the rﬁﬁrl& 10nfé’ﬁ)&e§n| X Lo of
-Ztéglg cl ub shaft, as claiTed ih any o %?% %P%&RﬁiﬂWﬁQ?ﬂannﬁhﬂ

Iﬂcﬂutg) Wydoe [£r7] S |
|l asticity of. thel%?%qugltﬂ’éslfi%l‘%@ﬁ ee Iremwa wh Caid
2 3& f clutb shaf tsyerstledtai avedss ih aip ge 2 te[ f;feéilln 'féeal m erbtef‘lr?g sl o

met al flbres ar e ext ded in the r . g
the shaft. . e%{I}h gdif h&ﬂmpﬁe@ E n@@nbmran)anmrm@d

Q.2 to 0.8 mm
wher ei n the met alovtiedy aegion Zﬁclude@ m@md fBbrdy & 3%%' é&rnl Bed wth

| b
' A gol f ggl f ntl as hereln
| Zéference tog angqgggtggﬁ§%r§%§%$% _ arf19815 @ftpﬁeazﬁfonfaghsﬂgft'
| dr awi ngs. sgatt A nethod of nanufacturlng a .go clu

,'substantlaoly atherelnbefﬁrgoifsﬁihﬁegh&%%haée Q?Qgg &g thlgc$gnpanylng
_dramnngs ~wherein the diameter of the metal flbres is in the
range of 30 to 150 um. P -
3. > A golf club shaft as clalmed in Claim 1 or _
3 Claim 2 whereln the tensile strength of the metal : \’{
15 ' fibres is in the range 80 to 500 kgf/mm o L
- 4, - A golf club shaft as claimed in any of
,:Clalms 1 to 3 wherein the modulus of elasticity of
- the metal fibres is in the range 10 to 25 tonf/mm
5. A golf club shaft as claimed in any
20 - - preceding clalm, whereln said metal fibres are
- extended in the range of +5° with respect to the axis
"of the shaft.
6. ~ The golf club shaft as clalmed in any
_ -preceding claim, wherein the metal flbres are .
25 - arranged at intervals of 0.2 to 0.8 mm. _
7o A golf club shaft substantially as - O
hereinbefore described with reference to,. and as '
illustrated by, Figs.. 1 t0 5 of the accompanying
drawings.. ' :
30 8. : '_ A -method of manufacturlng a golf club shaft
S substantially as hereinbefore described with
reference to the accompanying drawings.




