2075412 1. et hod of producing reinforced corrposrte racket frame This - 2075 1

__|nvent|on felates to an i nproved nethod of' producing fiber -glass-or fiber

g\-r;aph"rte Fei nforced. racket frames in whilgh a shell-made -of a'plurality of
yers of resin-inpregnated orienteéd. graphi-te fibers i's squeezed 5.

-@uring the heating pemighéd Gﬂnpﬁodw@mngéreﬂniorcbdtbompusﬂtenmaaketorrare
“mol d cavity. by neans of two.interior. pressure separately generated by '

COﬁEreSSﬁd ahrlend 8 foanable el ast oner ﬁr rub?er cgnp05|t|on ‘wr apped :
Wit hi “he sh .10 'R ' : |

| a?-nhn-Qt od 1 ?bi[( rfe. o or Ba s, kndRHb o Leha 85, 2 aﬁi@%ﬁ%ﬂgasrﬁgp&drée
f‘ﬁérkm‘ié‘;e’t“?. LS%%# r ‘fib%@ee%lag%%"éée%g? h'rﬂ% | REh 0Pl radcet
expansi on pr et LR teR & L a8 0] ﬁaal%ﬁffie‘?%a% rbq‘rﬁif“
bei ng heat ed H‘ %I&?-{%Qe&i\ﬁttéa o:@&ife&rgrh’ﬁﬁt ‘%‘H“T{Eé%a{s@hﬁ%&éﬁ“ ch -

have been ada generat e ert or- expansion- pressure .
i's called egse

casl ed indi rec&rrfe!%ogﬁn gﬁ%kﬁ?@o?é tg?%etraﬁt—ﬁ/ mquﬁéﬁlg are use to

illustrate th &ﬁgym éﬁf h faxiiife .

racket frame ?‘orrprl S|sng crcgwr?t r?c'eja ?hggg?‘egsh ft S??pe{rgjgr fz"inetns iof the

racket. is mi“p?h&&ﬁ?é”s%dﬁritéﬁyck€ﬁ¥r£¥eaP%y compressed air and a
foamable elastomer or rubber composition wrapped within
the shell,
10 . | | | |
| Recently, many methods ot producing composite
.'laminated fiber reinforced racket frames have been
| .developed.- To produce such_known_racket frames, a sheet
-. ¢: oriented fiber impregnated with the'thermosetting‘resin
15 T ;_is generally rolled to form a shell of the racket trame and
L put into .a mold cavity, and then, by means of an interior
expansion pressure the’ shell is squeezed to contact with ~
'the cavity while being heated in the mold cavity.-'There -
are two conventional methodS'which have been adapted to :’.
20 . generate the interior expansion pressure. One is called-
| o direct method namely compressed air type, and the other

'is called indirect method namely foamahle core type. -

o -i Figs. 1 and 2 are used to illustrate the known B
28 'direct method in which a shell 2 or the racket frame
| o comprising crown, head tlroat shaft and grip portionsr ';_s.
| of the racket is placed within a half mold cavity and |
' wraps a corresponding Gellophangr?:uhe 3 therein. A sealed

end 30 of the cellophane tuhe 3 is sealed in the grip



Mw ps a corresponding Cel | ophane tube 3 therein. A sealed end. 30 of the
~gel\ ophane tube 3 is sealed in the grip 2. portion 25 of the racket, , -
Jthe other end 31 of the cellgphane t ube’ openly extends through the . ‘;?
) and protrudes out of the rfotd 1. When the nold is heated to gel and
cure the shell, a desirable anmount of . conpressed-air will.-be sent into the -,
o ceIIophane tube 3 fromthe open-end t her eof by an air conpressor so as to ‘ua?_
" supply . al r re | Eﬂ%hﬂ§ h j! and to contact :
W th tR rrstg'?’ ac‘?e5 OQ'%P #Bé P%‘gﬁ%gv ta‘yaso a a%e‘%l"?e rggkg‘gframa can be -
- obtain Sg C f rames
producgglgkaﬁ[]alnse ktn‘ggmﬁpé]é%hﬁg %g(&tg%?ﬁigq %g)(r)ﬁ?%n V\ABEI %’ﬁPhe shel | - S
result] tx"i‘fi‘is: {/\/qﬁke a hag a $ieal Midrabignischeatiean When used to
hit a ggﬁl Qﬁf tﬁé % f oamabl e t her !ﬂ%astfé materials, such as

pol yvi g onéﬁa éﬁ}getﬁglg glqnddmaégnfgadéﬁghoaﬁg bR ect ed into the

_ hollom/po I on rac ranmé to overcome the above-descri bed B
- dr anbaglmpids b LRIy P 2CBRUERnE ﬂﬂtoeeﬂn@rbéfnypﬁeﬂet guBeoduce a racket

- frame will inevitably increase the production cost. . Furthermore, sinece ‘-
_host owi-&hﬁ&diélg)p/ébréﬁaoanébeorfbruw Aty &icﬁnﬁiﬂégséﬁ 8baalsORRy Or rubber.
~are very difficult to be injected into the cured shell, the materials

‘i nj.ect gdppllyo o head\pii OynEeirioen p@*‘estéia-s hﬂiicur:ﬁaneeetabl ¥hiel'T t ed to

thernnplastlc mat eri al s. o
2 expand to contact with the . surface of the mold cavity C ’
so that a desired racket»frame can be:obtained after |
ycompletion of the curing process. Racket frames

produced by this known method have a hollow portion within
the shell resulting that the whole frame has a - great

vibration retention when used to hit a ball Some light- :
weight foamable thermoplastic materials, such as polyvinylchhndde
' polyethylene and polypropylene, are - injected into the hollow
-portion of the racket frame to overcome the above-described '
:drawback,_but a second.procedure of,injectlon required to .
- produce a.racket frame'ﬁill-inevitably increasé:the .

- production cost Furthermore, since most outstanding
-vibration absorbing materials such as elastomer or rubber
are very difficult to be injected 1nto the cured shell
the materials-injected into_the hollow_portion of the_'.
shell'are generally limited“to'thermoplastic materials.

L "Fig. 3 is used'to illustrate the'indirect
method namely foamable core type which has been disclosed
.'in the U S. Pat No 4 070 021 to Andrew W. Cecka et al, |
_iand U.S,-Pat. No. 4,070,020 to_Pol Dano respectively,_in
~ which a racket frame is p‘repa-red_ by larrangin’g within'.a'\ .

‘mold cavity'an_outer shell made of a pluralityiof'layers |



Fig.-3.is used-to illustrate the' indirect nethod nanely foamable core tyngéb
_which, has been disclosed in the U S. Pat. No. 4,070,021 to Andrew W Ceckal'®
e{?alr and U.S. Pat. No. 4,070,020 to Pol Dano respectively, in which a
racket frame is prepared by arranging within a nold cavity an outer shell -
frade. of . a pluralli Of . o S : i di L [ grjseqt’ raphite -
fr'bers and z? %5‘% é" ‘{(:ixélrfegﬁisjﬂnag'l} soe%%%ésgsg S e%%fﬁ%vgﬁgéggf %gﬁagl ggfgsi n -
. conpos-- i ti U ERAAEIHY & eHdmMibdd TR o M A4 | ¥ 3Fbafable FE3TRDLBmERSL
conposi tion to cause ‘squeeze. and generate pressure 5 wthin the.nold cavity
and t hereby jiiQH dhdrdinplfe it hefmd & £0dcateivieingethe £dhmabret hod
reduced substantially the manufacturing steps, however, it requires an -
accur at € coegild idtgnpds itkor P aibe sPiedde andi genepaeei pressageas to

- generate a sufficient interior pressure before 10 conpletion of the curing. .

process. sUnfidghimnaths ywmold davel geremd| thpemedy cprovideeintimakry bbadiiags,
such as curing tenperature, kind-and amount of the foam ng agent, kind and
amount of tleé dhes sdnenkingtheyeshelki ndlivts thethedi neducegosiabssantdadly
i nfluencing the value of the interior 15 squeeze pressure. . Thus., it is

relatively. dibief manufactysiotl ttePsle howaVeRy obiticreaniragsant ascuratare not -

i nvention i's to provide an

%égéﬁgaﬁhéhrﬁﬁ%é aﬂmpogition so

_-_as'to;generate a sufficient interior pressure befbre_

accurately controlled. An obj ect of th

‘econoni cal TP IS Sfuc } FRARn

. 1Q'completion Of-the'éuring-process.' Unfortuhately, in.the
| -gehéraljpractice._thefe afe mdny faqtors,.such QS'éuring“
:_temégrétu:e. kind and amoﬁnt'of‘the.EOAﬁing agent; kind'and y
aﬁount df the”crosé-lihkihg-aéent, kind of the resind -
.-combositioh, etc., infiuenciﬁg the Value_of'the'interior
15 $quéeze éﬁessu?e. Thus, it islreiétively difficult to
- produce a desired. pfoduct if'theée factors éré not accuratelﬁ-'

 controlled.

An object of the present invention is to provide an
‘economical method of prqducing récket.framés which have an
20 outstanding vibration absbrp#ion_P:Qperty and a fine outer

- surface.

The.inVéntion provide§;a meghoa of_producing a :
reinforcéd composite-facket:frame'éompoééd.of an outer shell
madé 6f a therﬁoéétging mafefiaifénd 5 foam-core, com§rising."

25 the steps of:" - | | | | - |
(a)tinserting a foamable matefi;l in{a'shéll-of.therhdseﬁting“

_ material'thé outside dimensions of the material being less



20 tstandi ng vi bration absorption property and a fine outer surface. The

i tion provides a nmethod of producing a reinforced conposite racket ;
fl conposed of an outer shell made of a thernpsetting material and a ?”/j;‘
f core, conprising 25 the steps-of: * (a) inserting a foanmable - i
material in a shell of t hernmoset t.i ng naterlaf t he out si de di nensions of-the- - ;

~ material béing yaiStne fiANedindiFises GNEhanshellt b8 aaeltb SPedtel @

~create a space between sald shell and.said foamable material; (b) |nsert|ng f

~the shell and idpadeasmhleenti£id shell Oand nB4aLd; féaﬁabienmhtek-hm,
pressurising the space with. pressurised gas to force the shell intimately

‘to. contact the (pnamssriany e tdieeDDUANG 8hd fOamabler mhleriiait iato a
‘pressurising step, heating the nould to a-tenperature at which the foanable. -
mat eri al expana®ull@;subsequently to fill said space and to pressurise said
space by.said foamabl e material. Advantageously the foanable rubber or

el ast oner condC)mnnhﬁiakizuEnﬁ3$nw¥ﬁ$@gtthg gpac@avith presenrsseﬁegas to

~ foaned core fromsoftenin when the racket frames are re-heated in coatin
process. The Fomcamddieishall iptinmbelyqtResentaat Fhenipn@rsﬁnrﬁgcmpg

- by the reactivated residual foam ng agent in the:plastic and this would -
cause nuch eIaﬁ%FhF@q&ﬂﬂ<qqﬁflnlshlng :

(4d) after the initial pressuriSing step, heating the mould
to a temperature at which the- anmable material expands-
'.110 subsequently to fill said space and to pressurise said space, i
- by said foamable material._ o | R
“_ Advantageously the foamable rubber or elastomer compo--
'sition is ‘also thermosetting SO that it prevents the foamed
‘core  from softening when the racket.frames are're?heated '
15 in coating'prOCess. The'softened plastic would be squeezed |
Gut from the string holes by the reactivated'residual |
'foaming agent in the plastic and this would cause much

elaborate work in finishing._

‘These and other objects and advantaqes of the
26 invention Wlll become apparent from the fOllOWlng description
of a preferred embodiment with reference to the -
accompanying,drawingsf' It will be understood that the
~ description is:given by way of_example only.
| Fig. 1 is.a schematic view of ‘a halfmouldﬁwith a
25 .racket frame for illustrating the:producing process_of_'
o fiber reinforced racket frame, | | -

'Fig. 2 is a sectional view taken substantially along -



These -and ot her - obj ects and advant ages of the 20 invention wll| becone @
-appar gnt- fromthe foll ow ng descrlptlon of a preferred enbodi nent with s

reference to the acconpanyi ng-drawi ngs. Lt will be understood that the.
~description is-given by way. of exanple onlMy. Fig. 1is a schemati ¢ vi-ew of 3
‘@ half nould with a 25 ‘racket frame for illustrating the pr oduci ng process.j -

of fiber rei nforced racket frane; Flg 2 is a sectional viewtaken
subst anti al Ig

I Fj 1fo | I ustrat th '
construction nﬁﬁﬁkét R?r 8:‘72 de b Q%eiﬁjrm%ﬁ’lé‘ét ui@[géﬂg Pg’%lQni s a
t I b I | i A- A of 1f '
I Tustrating é%ﬁ&h%ﬁf?@% Bage ?‘asr"”%&@? 0 B¢ 5o Bad by thé’rknom_
. indirect method, ﬂ Qthgseét n%t pq;]:t Oé‘lr? uﬁ n Vi ew
f ket f d PRahe i ?F‘aﬂtbé% T e
?he?ez)?clg hgézgg ;@gggﬁzi ng:tcglvvl [ ']Elﬂfbtx%é‘@.{r? 'Eh g g "
i nproved net hod :of producing gr aﬁl tef;b\% reirnforce k§¥n ? HS§1°“
wher ei n a53tdf\f Peié $€H€Bbfﬁcﬁ5%51f9'§ﬁ{e ?Jade by .the known indirect method;

and



er ‘conposition 6 is inserted into a Cel l-ophane tube 3 and then w apped

or-epregs 20 which are nade of thernnsettlng resin-inpregnated graphite

ers so as to forma I nogitudingl article whose sectional .viewis -showi ¢ .
in Fig.. 4; then, the | ongi tudi nal Yfarticle is arranged within a noid cavity -

.and'oné'open-end.thereof is kept. protrudlng out-of the nold; afterwords, = -~ 1
‘during the initial perlod when' the nold.is heateda deS|rabIe anount-.of '*hfj"

'F??‘“Eﬁié?ﬂs?é? TR S T s PR LI g %?9é°?=§‘15§{}'s§"‘?h2y :”-‘_ |
o?”?hé“ﬁfo[%ﬁﬁéfhgrﬁé§?% SO SOLE S LR LB Btolld SRR il o

- f oamab tgﬂgrmgidruggggof|¥§s%g§% of  he conpressed ai r has been

st oppe an a second InteriLor pressure starts to be generated by the
expansi on of the foanmable el ast omer -or. rubber composition, therefore, by -
" means of the two successive interior squeeze pressure the |ongitudinal.

article can be fosaBEriding 4oF tHEPY Pveht LoD ¢nedd s ﬁ‘ﬁﬁdéd‘g to Fl g. . _
~ 4, it is clearly shown that the foamable el asfoner or ‘rubber xonposition i's

in a afomprévédcenatiodod? Prodiie: gFEpHAEEE 1IRRGE P iidrded® -

Cel | ophane tube so that the conpressed alr. can he' easily sent into to have i
t he | ongidkek neramesi sheretmand miprmiyﬁﬂmableaedaaﬁmzecdﬁl gur at 't Oﬁ )

20, 'sGsed T
rubber composition 6 is inserted into a cellophaneitube
3 and then wrapped by prepregs 20 which are made of
thermosetting resin-impregnated graphite fibers so as to
form a lnogitudinal articie whose sectionalzview is shown_
in Fig. 4;ithen,-the longitudinal article is arranged5
within a moid-cavity'and'oue open end thereof is kept.-
protruding out- of the mold' afterwords during the
initial period when the mold is heated a desirable amount
of compressed- air is-sent into the Gellophane tube 3
from its open end by an air compressor so as to supply
a first interior pressure to cause the longitudinal_
| article expanding to contact intimately with the inner
surface of_the mold when the heating temperature is
high enough'to activate_the foamable elastomer or rubber,t
the supply.of_the'compressedﬁair_has been stopped and a
second interior pressure starts to'be'generated'by the.
.expansion of the foamable elastomer or rubber composition,
'i therefore, by means of the two successive interior squeeze
pressure the longitudinal articie can be formed into the
shape of the mold cavity. L - -
.. Reterring to Fig. 4 it is clearly shown that

the foamable elastomer or rubber composition is in a'-
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5 . ~* Apreferred exanple of the foamable elastoner or rubl /,"
conposi t'i on,- “according to the present |nvg?t|on .S dlsclosed in the.

- fol ¥6Wing table: 10 - Conponent % by welght_
iﬁubber styrene’ but adi ene rubber - R 84 9 Blomnng agent _
di - nltrosopentanethylene tetramne - 1. 3 15~ _ C)oss Ilnklng agent

i cumyl peroxi.de 1. Filler zi,ncoxi
-g 0 E¥|Per 20 solid ggqﬁﬁ]qﬂquﬁpes not occupy f%e whéle sp%cg Yé@héé

RN s R A NN T gt R g aapoemh -
-f‘i?r?hegﬁgﬁé_'ﬁfiﬂé sl niﬁ"{wé %%Fé%%' ﬁ%nio&é”%éf haf arbieae edebfd
_ Zbgf.\?\/efanaga}‘desIhﬁ?’ﬁﬁﬁ@@m I?%%Egﬁléeﬁéigﬁ ﬁ%%&?léa%fgéef?f ﬁgat.ﬁgagﬁell and

_the foamable naterial | Nt Q) 3 FBF Fred ekinp1y td':a'éﬁ’e pf&a?xﬁ%iéiaiab%m%‘iace

mnth pressurlsed gas to

or rubber composition,,according to the present invention,-_l

'1s disclosed 1n the following tab1e°

10 ':l .Cdmpbnént ” B o b | % by weight
Rubber |
styrene bdtadiene_rubbei B S 84;9
-Blowigg_;gentfrl |
| di—nitrosopentamethylene tetramihé 1.3
1555.' " Cross-linking agent | o | ..
| I dicumglperoxide , ,. '_ _"“ : ‘b_bl,O: |
‘Filler o | o
7zincoxidéb'l g -].'“ SRR . 8.0
Filler _,'- K ) N |
20 . 'carbon black ' .: , 8.8

.. 100.00



q —_— -

ﬁo(ég;}he shel | |nt|nately to contact the inner surface of the mourd: and
(d) ter the initial pressurising step, heating tﬂﬂu erature

. at_which the foamabl e material expands 15 sgbseque W'fm,ﬂ"m M,HWSpace‘ L
camd-to pressurise said space by said foanable materlalc 25 M et '

- according to claiml1 wherein-the foamable material iis a foamable elastoneriag
3: A nethod &&Bhg to claim1 wherein the foamable 20 material is a

t ﬁZ”f‘SLﬁaé_i’Ebe « oATRSHOA s peeduryfos BRlntbeled podBatal Bdbuberein
rernror
W th 25 ref or et CORRCEEa FE VRN, QHRBEOBRERY had §4%§%{he sdiocsiy bed

t ext “of -the sq&§£4#£%§|gﬂdhgsfggﬁnc?ggrogg ggiglnghqygp@mgﬁggdﬂua

applicants. ori‘gi nar typescr may contain”a few anmendnents mhlch _ -.%
are difficult geéd’) %"i‘% rtihg. Qrfsamablbyﬁa%eﬁ.-liau qentarigheld Td’feaﬁhWﬁfng "

may be |nspect e primses of the Patent Ofice
5 material the outside dimensions of the material being less
- than the 1nSide dimen51ons of the shell so as to create a
.space between said shell and said foamable material; ;. '_%
- (b) inserting_the:shell and the foamable_material into a |
nould; . o : - .. | :
10. (c) initially pressurising the space w1th pressurised gas to

force the shell intimately to contact the inner surface of E

the mould, ‘and

(a) . after the initial pressurising step, heating the mould
to a temperature at which the foamable material expands .
15 subseguently.to £fill said space and to pressurise said -
--spaCe by'said foamable material.. | |
2. A method_according.to ciaim 1'wherein the foamable |
‘material is a foamable elastomer; _' o
3. A method according'to claim 1 wherein the ‘foamable
20 material is'a'foamabie rubber. compos1tion.-
4, -A method according'to claim 1 wherein the foamable
‘material is.thermosetting.
5. A method ofgproducing a reinforced compositehracket
frame, substantiaily as-hereinbefore-descrihed with
125 reference to and as shown in Figures 1.and_4 of the
| drawings. . | |
The text of the speciﬁcation ‘has been z-eprodnced by pnotoeomng the applicants original |

typescript. 1t may contain a few amendments which are difficult to read. " The original -
typescﬁ.pt oonta.ining these anendments may 'be :l.napected on the premises of the Patent Office ”




