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BACKGROUND OF THE | NVENTI ON The present invention relates to a 37
material, as well as a working tool such as rotating tool and an abradi ng
grindstone, which is formed fromthe working tool material. Mre
particularly, the present invention relaltes to a working tool material, as
well as a working tool which is suitable for cutting, drilling, grinding or
polishing: nmetals such as iron, iron alloy, alum num alum num all oy,
copper, copper alloy, titanium titanium alloy, nmagnesi um andmagnesi um
alloy; or non-netals such as stoneSPEGHROCABLONol y-crystal silicon,
ceramcs and the |like. Wrking tools such as carborundum gri ndstone and an
al um na grindstone are conventionally known as this type of the working
tool. For exanple, the carborundum grindstone is a porous bl ock conprised
of carborunﬂEEEEbQEsLﬂﬁaéﬂﬁﬂﬂg_ﬁﬂupIed t oget her by a bi nder. However ,
because the carborundum grindstone i s porous, the content of e abraS|ve
grains is insufficient, WQB&INﬁeT@@LklhyDeHAEERéAbyTHEREEQBff i ent.

Furt her, cuttlngs ar e fllled into pores in the porous block to cause a
bllndlng, 5 ' ENTION as cutting quality is liable to be

degraded. D sclosed I n Japanese Pafent
The present invention relates to a working tool material,

as well as a working tool such as rotating tool and an abrading
grindstone, which is formed from the working tool material.

More particularly, the present invention relates to a
working tool material, as well as a working tool which is
suitable for cutting, drilling, grinding or polishing: metals'
such as iron, iron alloy{_aluminum, aluminum alloy, copper,
copper alloy, titanium, titanium alloy, magnesium and magnesium
alloy; or non-metals such as stones, mono- or poly-crystal
silicon, ceramics and the like.

Working tools such as carborundum grindstone'and an
alumina grindston_e are conventionally known as this type of the
working tool. For example, the carborundum grindstone is a
porous block comprised of carborumdum abrasive grains coupled
together by a binder. However, because the carborundum
grindstone is porous, the content of the abrasive grains is
insufficient, and the working efficiency is insufficient.
Further, cuttings are filled into pores in the‘porous block to
cause a blinding, whereby the workability such as cuttlng

quality is liable to be degraded. Disclosed in Japanese Patent



2 Pyblication Nos.54-4800 and 59-97845 are a buff grindstone nmade using a
fi ber glass. However, this buff grindstone has a.di sadvantage that the

fi ber glass has a | ow hardness and hence, the field of application of the
buff grindstone is limted. Further, begause the buff grindstone is also
porous, the working efficiency thereof is insufficient, and a blinding,is
caused. It is an object of the present invention to provide a working tool
which is capable of cutting, drilling, grinding and polishing a workpiece

with a hi glbudfifiicEitaRiyNoaNg4 LB 6l £RNS6L 9 FAYS G ra Dbt @iﬁ&sésm infye and
to provide a working tool material which is capable of Tormng such_ working

tool . SUMMARY g al HEibAWEWTRhGH. Aceeidiad, Y tHils ibuf §PifdstShet REsPIFSENT

i nvention to provide a working tool such as a rotating tool and a pol i shing

gri ndst one diwheivintayd 8hae tWFbee! g i H Wala ARl A8rbALsIPRAY HA R,
wor ki ng such as a cutting to a workpiece is contained to assure a working

ef fici ency tned filkald HE Bl o dRltind 1 ARy rIBdRItaRES 1RiINGAINed

wi t hout causing a blinding, and the use of an entw ned yarn ensures t'hat
[re oot Tt Rete Rt ues gusbesbrliel ko e POREIIL G 1

efficiency thereof is insufficient, and a blinding is caused.

It is an object of the present invention to provide a
working tool which is capable of cutting, drilling, grinding
and polishing a workpiece with a high efficiency, and which
cannot cause a -blindipg in service, and to provide a working
tool material which is capable of forming such working tool.
SUMMARY OF THE INVENTION

Accordingly, it is ar; object of the present invention to
provide a working tool such as a rotating tool and a polishing
grindstone, wherein a large number of grinding grains for
applying a working such as a cutting to a workpiece is contained
to assure aworking efficiency, so that an excellent workability
can be always maintained without causing a blinding, and the
use of an entwined yarn ensures that the working fool has a
strength as high as there is not a possibility that the tool
is broken as in the conventional grindstone, and to provide a
working tool material for making such working tool.

To achieve the above object, according to a first aspect

and feature of the present invention, there is provided a

material for a working tool, comprising long fiber glass



wor ki ng tool material for making such working tool. To achieve the above
obj ect, according to a first aspect and feature of the present invention,
there is provided a material for a working tool, conprising |long fiber

gl ass 3 properly arranged in the formof an entwi ned yarn, and a

t hernobsetting resin which contains grindng grains, and which is .

i npregnated into the long fiber glass and cured. According to a second’
aspect and feature of the present invention, the working tool nmateri al
conprises 20 to 40 % by volune of the long fiber glass, 20 to 40 % by

vol une of tEroReTIisavrengeddigy thesEoxmbyw i dAnnentsineéd yhsnaoserd iag
resin. According to a third aspect and feature of the present invention,
the | ong fiHwerrpssiting nesimewhich osntainsaningdiad grnabnsadend which
entwi ned yarn by blow ng of air. According to a fourth aspect and feature
of the presehtinpregnated inko tthe noswg tfiher agiassc @mot idsedn unsat ur at ed
pol yester resin. According to a fifth aspect and feature of the present

i nvention, the tfaomuting t9 peseaondnpspect and épakyreesfnthéquuesimy to a

si xth aspect and feature of the present invention, the grindstone is at

| east any cinweritibrdthe astmxising tool material comprises 20 to 40 % by
volume .of the long fiber glass, 20 to 40 % by volume of the
grindstone, and 30 to 50 % by volume of the thermosetting resin.

According to a third aspect and feature of the present
invention, the long fiber glass is in the form of an interlaced
yarn made as an entwined yarn by blowing of air.

According to a fourth aspect and featur_'e of the present
invention, the themosettj.ng resin comprises an unsaturated
polyester resin.

According to a fifth aspect and f'eature of the present
invention, the thermosetting resin comprises an epoxy resin.

According to a sixth aspect and feature of the present
invention, the grindstone is at least any one of diamond abrasive
grains, CBN abrasive grains, silicon carbide abrasive grains,
alumina abrasive grains, zirconia-alumina abrasive grains, and
zirconia abrasive grains.

According to a éeventh aspect and feature of the present
invention, there is provided a rotating tool, which is made into
the form of a rotor from the horking tool material according

to any of the first to sixth features.

According to an eighth aspect and feature of the present



grai ns, CBN abrasive grains, silicon carbide abrasive grains, alum na
abrasive grains, zirconia-alumna abrasive grains, and zirconia abrasive
grains. According to a seventh aspect and feature of the present invention,
there is provided a rotating tool, which is made into the formof a rotor
fromthe working tool material according to any of the first to sixth,
features. According to an eighth aspect and feature of the present 4

i nvention, there is provided a polishing grindstone, which is nade into the
formof a stick fromthe working tool material according to any of the
first to sixventdahyr eherdci9rphdifided a pobibhbsgentimdstdrest whaial ilshe
present invention, the polishing grindstone has a thickness of 3 mm or

| ess. BRI EmaBeSCREBTERN EBbrmHEE DRAYEINGS faram lthes wo rkdngp obilv matieedwaflor
expl aining a process for producing a working tool according to the present
i nvention; aEicgrding &osaaly efalthe ®dristr texsliaithi figatheeprocess for

produci ng the working tool according to the invention; Fig.3 is a sectional

view for expl ai NnRegotriddngr toeasninthpaspect ngnd NEeamidd nE thel present ng to
the invention; ,
invention, the polishing grindstone has a thickness of 3 mm or
less.
BR ESCRIPTI F THE DRAWIN
Fig.1l is a perspective view for explaining a process for
producing a working tool according to the present invention;
Fig.2 is a sectional .view for explaining the process for
producing the working tool according to the invention;
Fig.3 is a sectional view for explaining the process for
producing the working tool acco-rding to the invention;
Fig.4 is a perspective view for explaining the process
for producing the working tool according to the invention;
Fig.5 is a perspective view for explaining the process
for producing the working tool according to the invention; and
Fig.6 is a perspective view of a working tool.according
to one of embodiments of the present invention.
D TIO F TH REFERRED EMBODIMENTS
An interlaced yarn made by entwining by blowing of air
is used as the long fiber glass properly arranged in the form
of the entwined strand. However, the long fiber glass has a
large tensile strength, and the working tool made using the long

fiber glass has a sufficient strength required for cutting,



Fig.4 is a perspective view for explaining the process for producing the
wor ki ng tool according to the invention; Fig.5 is a perspective view for
expl ai ning the process for producing the working tool according to the
invention; and Fig.6 is a perspective V%EM/Of a working tool according to
one of enbodi nents of the present invention. DESCI PTI ON OF THE PREFERRED
EMBODI MENTS An interlaced yarn made by entwining by blowing of air is used
as the long fiber glass properly arranged in the formof the entw ned
strand. Ho

L&y, 1 L hill I I t i t th, dth
vvork! ng too Vlejrr'rald'él_{}gi%%q&léi)g{\négfp?ﬁgrﬁ}%ggs ﬁ;gea gﬂ?%ige:i Zn{ egtg_rengflﬂ ©
e Lo ot i ds prefedablll Wlat0Eh8% g8y DIl had fa IFiner

preferable that t er gl ass has a ter on the order of 3

[errImto 2 errlm_Thi.s i s beca the fihers presentl.y co rciall
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practically difficult to produce |ong, fiber iasi havi ng il fi g%% di %ter

departing FiRf%Hhi REESERELY TREMBABGHLbY P‘Sﬁg gblerggpetaliycHays & i s

preferred to be on the order of 20 to 40 % by volune. |f the arrfp nt of
fiber diameter in this range, and it is practically di

icult
to produce long fiber glass having a fiber diameter departing
from this range.

The amount of long fiber glass incorporated is preferred
to be on the order of 20 to 40 % by volume. If the amount of
long fiber glass incorporated is lower than 20 % by volume, a
strength required for the working tool is not obtained. On the
other hand, if the amount exceeds 40 % by volume, abrasive grains
required for a working suc1.1 as cutting, drilling, grinding and
polishing are not incorporated in a sufficient amount and as
a result, it is failed to produce a working tool satisfactorily
enabling a working such as cutting, drilling, grinding and
polishing.

Examples of the abrasive grains which may be used are
diamond abrasive grains, CBN abrasive grains, silicon carbide
abrasive grains, alumina abrasive grains, zirconia-alumina
abrasive grains, =zirconia abrasive grains and the 1like.
Further, the following materials may be used: powders of
carbides such as boron carbide, titanium carbide and tungsten

carbide; nitrides such as boron nitride and titanium nitride;

borides such as zirconia boride, titanium boride and tungsten



Iong fiber glass incorporated is |ower than 20 % by vol une, a strength
required for the working tool is not obtained. On the other hand, if the
anount exceeds 40 % by vol une, abrasive grains required for a working such

as ‘cutting, drilling, grinding and poliéhing are not incorporated in a
sufficient anmount and as a result, it isS failed to produce.a working tool
satisfactorily enabling a working such as cutting, drilling, grinding and

pol i shing. Exanples of the abrasive grains which nay be used are di anond

abrasive aial e, BY AN 018k N34 PLLLCOABILN, U5 A V4 BEELES

al um na abrasrve gralns, zirconia-alum na abrasrve’ grains, zirconi

abr asi ve ' | k g r fo ] terd y used:
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car bide; nj i%@fﬁ% such as boron nitride and titaniumnitride; borides such
é

as zirconi I'’dé, titanium boride and tungsten 6 boride, or whiskers
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However, if the abrasive grainshave a larger size (i.e., smaller
than # 60), a voilent sedimentation occurs within a resin cell
during impregnation of the long fiber glass witfx the resin
composition containing the abrasive grains and hence, a forming
material is not produced successfully. Therefore, the use of
abrasive grains having a smaller size (i.e., larger than #éO)
is preferred.

It is preferable th:at' the amount of abrasive grairis
incorporated is on the order of 20 to 40 % by volunie. If the
incorporated amount is lower than 20 % by volume, a s'ufficient
strength for the working tool is obtained, but a sufficient
workability such as cutting, drilling, grinding and polishing
is not achieved, so that the working tool merely s_.lips on a
workpiece. If the incorporated amount exceeds 40 % by volume,
the fiber glass serving to provide a strength is not
incorporated in a sufficient amount and as a result, a working
tool having a satisfactory strength can not be obtained.

The thermosetting resin containing tfxe abrasive grains

acts as a matrix for a binder, i.e., the long fiber glass and

the abrasive grains. The type of this resin is particularly



However, if the abrasive grains have a larger size (i.e., smaller than #
60), a voilent sedinentation occurs within a resin cell during inpregnation
of the long fiber glass with the resin conposition containing the abrasive
grai'ns and hence, a formng material is not produced successfully.
Therefore, the use of abrasive grains haying a smaller size (i.e., larger
than #80) is preferred. It is preferable that the anmpbunt of abrasive grains
i ncorporated is on the order of 20 to 40 % by volune. If the incorporated
amount is lower than 20 % by volune, a sufficient strength for the working
tool is obtméohedinidteds siffiti dst tinskdEdttinguchues iautddmeraXl i thieng,
grinding and polishing is not achieved, so that the working tool nerely
slips on a tbekposettihfy resinntsr anrahsdtaraved parpessedOrdsby g8l HAE,
the fiber glass serving to provide a strength is not incorporated in a
sufficient epoxwytrasdnas a result, a working tool having a satisfactory
strength can not be obtained. The thernosetting resin containing the
abrasive grains atéspaedacenthexwbdpkingbtoeErmatefial}f hfot oagahpbe] ghass
and the abrasive grains. The type of this resin is particularly 7 not
limted, ifentwinefhgarnseade gy ditwinirgfnony £fibe® glass together by
blowing air from the side in a fine tube is used. The entwined
yarn is passed through a resin cell in which a thermosetting
resin containing a given amount of abrasive grains mixed is
accommodated, thereby causing the resin composition containing
the abrasive grainé to be retained in gaps in the loosened
entwined yvarn. Then, the entwined yarn of the fiber glass
containing the given amount of the resin composition in the above
manner is wound around arotating rotor (whichmaybe cylindrical,
rectangular or of flat plate-like shape). In this case, the
entwined strand may be wound in a traverse manner, or wound.in
parallel. Then, a forming material resulting from integration
of the entwined strand wound around the rotor and the resin
composition containing the abrasive grains is cut in an axial
direction of the rotor and spread into a sheet-like
configuration. The sheet-like forming material is cut into a
size corresponding to the size of the mold. If required
depending upon the thickness, the forming materials may be
laminated one on anothe;. The resulting forming material is

placed into the heated mold, where it is subjected to a heat

and pressure pressing and cured.



thernosetting resin is an unsaturated polyester resin or an epoxy resin. To
produce the working tool material, for exanple, an entw ned yarn nmade by
entwining long fiber glass together by blowing air fromthe side in a fine
tubé is used. The entwined yarn is passed through a resin cell in which a

t hernosetting resin containing a given arount of abrasive grains mxed.is
accommodat ed, thereby causing the resin conposition containing the abrasive
grains to be retained in gaps in the | oosened entw ned yarn. Then, the

entw ned yarn of jhe fikher glass containing,the given ,anoyni of. theg resin
Compost L1 on 1t FRSHSACTRE Y SN FRseadas PROAIPRY toithe form

(whi chmaybe cyli,ndrical, .ectanqular or of flat plate-]like shape). _In this
case, the e‘?lfvﬁ réhgo%lf rdh e RReY & anp e m e ; SSVEPEel?rLB‘Hn e %‘gng}\o%ﬁdai n
parallel. Then, a.formng material resulting fromintegration of the

entwi ned stFERHTSRUTAAT ot HTH raomilaﬁi’&n%hgrflﬁgﬁﬁ%gnbﬂsﬂt‘?o BBrR%i ni ng
the abrasive grains.is cu{( in]aan axial direction of the rotor and spread
into a shee®-fPREFEDFELGKat FRATERNPLPAREING @ WORkENG tRRerial is cut
into a size corresponding to the size_of the nold. If required degending

upon the t hi cknesst tehdlig, Markgnsatepiaratariabdg £ArnecednbReths her .

The resulting forping material ,is placed into the heated ,nmol d, ere it is
S0 botod 1BF AR RLORk RS s aribest eisTag L2y e gorned 1hto a des]fed

shape of working tool. But the working tool material itself
may directly be formed into a desired shape of working tool from
the beginning.

For the rotating tool, it may be produced in the following
manner: - First, the entwined yarn is passed through a resin cell
in which a thermosetting ;ésin containing a given amount of
abrasive grains mixed is accommodated, in the same manner as
described above, thereby causing the resin composition
containing the abrasive grains to be retained in gaps in the
loosened entwined yarn. Then, the entwined yarn of the fiber
glass containing the given amount of the resin composition in
the above manner is wound around a rotating rotor (which may
be cylindrical, rectangular or of flat plate-like shape). 1In
this case, the entwined strand may be wound in a traverse manner,
or wound in parallel. The resulting forming material is
directly introduced into a mold, where the resin composition
is cured on the rotor to provide a molded product. The rotor
serving as an axis is withdrawn, and the cured molded product

is cut into a suitable thickness.



8 The working tool formng material produced in the formof a block in the
above manner may be cut into the formof a desired rotor, or into a
polishing grindstone in the formof a desired stick, thereby producing a
wor King tool. After the working tool material is forrred into the form of
the bl ock as descri bed above, it may be $orned into a desired shape of,
working tool. But the working tool material itself nay directly be f or med
into a desired shape of worKki ng tooI fromthe beginning. For the rotating
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Examples
Particular examples will now be described with reference
to the accompanying drawings.
(Example 1)
First, five entwined vyarns .of long fiber glass
("Thermo-locked yvarn" solq by Nitto Boseki Kabushiki Kaisha,
in the name of GBY 042 SP prc.)duced by Fuji Fiber Glass Kabushiki
Kaisha) were passed through a resin cell confaining a resin
composition containing the following components, whereby 1;_he
entwined yarn was impregnated with the resin composition. A
resulting bundle of the five entwined yarns 1 impregnated with
the resin composition was wound in parallel into a wi_dth of 50
mm around an iron rod 2 having a diameter of 3 mm, until the
diameter reaches 25 mm, as shown in Fig.1. Reference character
3 in Fig.l indicates abrasive grains.
Epoxy resin (DER383J produced by Dow Chemical Japan)
100 parts by weight
Tetrahydromethyl phthalate anhydride (HN2200 produced by

Hitachi Kasei Kogyo) 80 parts by wieght



Is cured on the rotor to provide a nolded product. The rotor serving as an
axis is withdrawn, and the cured nol ded product is cut into a suitable

t hi ckness. 9 As described above, the long fiber glass in the formof the
entwi ned strand such as the interlaced ggrand nmade entw ned by bl owi ng of
air has a large tensile strength, and the produced working tool has a |,
sufficient tensile strength of 10 kg to 12 kg/m®2 required for a rotating
tool for cutting, drilling, grinding and polishing. Exanples Particul ar

exanpl es W || i dezsbs C {2080 VN preheran @8y tghitked GEXEIAREREL)dr awi ngs.
(Example 1) First, five entwined yarns of long fiber glass ("Therno-Iocked
yarn" sold by Nitto Boseki Kabushiki Kaisha, iinga¢ Bymeedlgh®BY 042 SP

produced by Fuji Fiber d ass Kabushi ki Kaisha) were passed through a resin

cel | contai ni NOAPuh %4 RLTAHEIRE §i8n§ oWz 24 'BabiBerd PLh Wk ¥ RARRNL S,
whereby the entwined yarn was inpregnated with the resin conposition. A
resulting bundle of the five entwi ned yarns 1 dgyAaa1R6 wdildght he resin
conposition was wound in parallel into a width of 50

Lubricant (BYK-W965 produced by Bigchemi Japane)
1 part by weight

Then, as shown in Fig.2, the resulting bundle of fiber
vyarns 1 wound around the rod was placed into an iron cylinder
10 having an inside diameter of 30 mm, and rods 20 of an outside
diameter of 29.5 mm having a hole 21 of 3.1 mm provided at the
center were inserted into the cylinder 10 from opposite ends
of the cylinder 10. As shown in Fig.3, the rods 20, 20 on the
opposite sides were sandw:i_.éhed and clamped by a squill vice and
then thrown into a curing oven at 120°C and cured for one hour.
Thereafter, the bundle of the fiber yarns'waé withdrawn f;om
the iron cylinder 10, thereby producing a polishing rod 30 having
a hole 31 of 3 mm provided at the center, as shown in Fig.4.

The polishing rod 30 was milled into a thickngss of 2mm
to provide a disk 41, as shown in Fig.5, and a rod 43 made of
FRP including a fiber glass having a diameter of 3 mm was fixed
in the hole 42 at the center of the disk 41 by use of an epoxy
resin adhesive to provide a disk-like rotating tool as shown
in Fig.6.

The resulting disk-like rotating tool comprises 30.3 %

by volume of the long fiber glass, 23.5 % by volume of the



mm around an iron rod 2 having a diameter of 3 nm until the dianmeter
reaches 25 mm as shown in Fig. 1. Reference character 3 in Fig.1l indicates
abrasive grains. Epoxy resin (DER383J produced by Dow Chem cal Japan) 100
parts by wei ght Tetrahydronethyl phthal ate anhydride (HN2200 produced by

Hi tachi Kasei Kogyo) 80 parts by w eght 10 Im dazol e
(2E4AMZ- CN produced by Shi koku Kasei Kogyo) 1 part by wei ght Al um na
abrasive grains (WA#240 made Fujim |Incorporated) 150 parts by wei ght

Lubri cant (BYK-W965 produced by Bi gchem Japane) 1 part by weight Then, as
shown i n FiapbPRasive grasms,iand d6nal¥Ebpfvoflumero f thathe rvmsed tdAmagndsihe rod
was placed into an iron cylinder 10 having an inside dianmeter of 30 mm and

rods 20 of an outTBheleotiadrimigetonl 42Was atthekeddoma toltatablef pdlishihg
provi ded at the center were inserted into the cylinder 10 from opposite

ends of thedeyicadtESEERT#60 Swovduced byg Kabulshd kioKaigha Rakanikshe) opposite

sides were sandw ched and cl anped by a squill vice and then thrown into a

curing ovenpalidR@reirdfmald.curhd desuiléshdwad that a very good polished
surface was provided. Moreover, the incorporation of the
entwined yarn of the fiber glass ensures that the rotating
polishing tool is very resistant to fracture, and if the
polishing tool was strongly pushed against a surface to be
polished to polish this surface, it was not fractured.
(Example 2)

Ten Entwined yarns of long fiber glass ("Thermo-locked
yarn" sold by Nitto Boseki '_Kabushiki Kaisha, in the name of GBY
042SP produced by Fuji Fiber Glass Kabushiki Kaisha)
impregnated with a resin composition by passing through a resin
cell containing the same resin composition as in Example 1 were
wound 612 times in parallel into a width of 276 mm at distances
of 12 mm around a cylinder having a diameter of 106 mm. The
resulting material was cut axially and opened into a sheet-
like shape and further, a cut and opened portion appearing in

the form of a slope was cut down to provide a uniform length
of 310 mm, thereby producing a sheet of 310 mm length x 270 mm
width.

Then, the sheet was placed into a positive mold having

a size of 320 mm length x 300 mm width x 30 mm depth and heated

to 120°C, where it was pressurized to 100 kg/cm® to squeeze an



Thereafter, the bundle of the fiber yarns was withdrawmn fromthe iron
cylinder 10, thereby producing a polishing rod 30 having a hole 31 of 3 mm
provi ded at the center, as shown in Fig.4. The polishing rod 30 was m || ed
into a thickness of 2nmto provide a disk 41, as shown in Fig.5, and a rod
43 made of FRP including a fiber glass hding a diameter of 3 mMmmwas fi xed
in the hole 42 at the center of the disk 41 by use of an epoxy resin
adhesive to provide a disk-like rotating tool as shown in Fig.6. The
resulting disk-like rotating tool conprises 30.3 % by volune of the |ong
fiber gl ass@XEFas resgp.volhaesheet Heas maintained gmaithds states fox ope
vol unme of the thernosetting resin. The rotating tool 40 was attached to a
rot at abl e p&louhtaPeriqme a( IsFrERMUM g r thetely iprovdsiag &iplatishaving
Nakani shi) to polish an iron nmold. The result showed that a very good
pol i shed su@f sé@ewaf 2O midengtbr anded 00 mhwe wildtdr and dtawingfan heegaigei ned
yarn of the fiber glass ensures that the rotating polishing tool is very
resi stant t&bfickaesse ofarfd §& mmhe polishing tool was strongly pushed
agai nst a surface to be polished to polish this surface, it was not
fractured. (Exanpfae2plase maswicwdd ipaendisectdng pifbthegfibers into a
(" Thernmo- | ocked

quadrilateral rod by a diamond cutter. The rod was cut to

provide rounded rods having diameters of 3 mm.

The produced rotating tool was comprised of 23 % by volume
of the long fiber glass, 29.4 % by volume of the abrasive grains
and 47.6 % by volume of the thermosetting resin.

This rotating tool was attached to a rotatable polsihing
device (ESTERT400 produced.by Nakanishi) to polish an ironmold.
Thé result showed that a very good polished surface could be
provided. Moreover, the incorporation of the entwined yarn of
the fiber glass ensures that the polishing rotating tool is very
resistant to fracture, and even if the polishing rotating tool
was strongly pushed against a surface to be polished, it was
not fractured.

Then, rotating tools similar to those in Examples 1 and
2 were made using diamond abrasive grains, CBN abrasive grains,
silicon carbide abrasive grains, zirconia-alumina abrasive
grains and zirconia abrasive grains in place of the alumina
abrasive grains used in Examples 1 and 2 and tested for their
characteristic, thereby providing a result similar to those in

Examples 1 and 2.



yarn" sold by Nitto Boseki Kabushi ki Kaisha, in the nane of GBY 042SP
produced by Fuji Fiber d ass Kabushi ki Kaisha) inpregnated with a resin
conposition by passing through a resin cell containing the sane resin
conmposition as in Exanple 1 were wound 612 tines in parallel into a wdth
of 276 nm at distances of 12 nm around g cylinder having a di aneter of, 106
mm The resulting nmaterial was cut axially and opened into a sheet- |ike
shape and further, a cut and opened portion appearing in the formof a

sl ope was cut down to provide a uniformlength of 310 mm thereby producing

a sheet of 310 nE) &P t661 m%dﬁéﬁusﬁﬁm pb'lSe%'&éQFré@ﬁnﬁJrﬂﬁQdcbntO a
positive nold having a size of 320 mmlength x 300 mmw dth x 30 mm depth

and heat ed 50t} 20685 %Y Gre dHHE uBeldl 1 HABKPEEESH 288 HOarl@Q detlelirRR L £k0

squeeze an 12 extra resin. The sheet was nmaintained in this state for

one hour tapgenLi-eeRiadieat tﬁé’féﬁ%pﬁo’ﬁ&ﬁ% And it ginibhat € MHYsWia si ze

of 320 mm I ength and 300 mm w dt’h"and havi'ng an average thickness of 4.88

mm  The pl atanpAssCyt Jig @ direction of the fibers into a quadrilateral rod
by a dianond cutter. The rod was cut to provide rounded rods having

diameters of 3 M, the above Example, the rotating tool was formed into
a disk-like or rounded rod-like shape, but may be formed into
any of a pyramidal shape, a conical shape, a pyramidal conical
shape and a truncated pyramidal conical shape. The entwined
yarn only acts as a reinforcing element and does not act as a
working element such as polishing and hence, the entwined yarn
may be oriented in any direction with respect to the rotating
.tool. |
(Example 3)

First, an entwined varn of long fiber glass ("Thermo-
locked yarn" sold by Nitto Boseki Kabushiki Kaisha, in the name
of GBY 042SP produced by Fuji Fiber Glass Kabushiki Kaisha) was
passed through a resin cell containing a resin composition
regulated into the following components, whereby the long fiber
glass was impregnated with the resin composition. The long
fiber glass impregnated with the resin compqsition was wound
in parallel at distances of 3 mm into a width of 138 mm around
a cylinder having a diameter of 106 mm by three repetitive runs
of forward and backward winding operation to form a total of

six layers.

Unsaturated polyester resin (XR301 produced by



The _produced rotating tool was conprised of 23 % by volunme of. the | ong
fiber glass, 29.4 % by volune of the abrasive grains and 47.6 % by vol une
of the thernosetting resin. This rotating tool was attached to a rotatable
pol si hi ng devi ce (ESTERT400 produced by Nakanishi) to polish an iron nold.
The result showed that a very good polidted surface could be provided. |

Mor eover, the incorporation of the entw ned yarn of the fiber glass ensures
that the polishing rotating tool is very resistant to fracture, and even if
the polishing rotating tool was strongly pushed against_a surface to be
polished,i%éiMEFﬁﬁﬁaW?eﬁﬁiﬁ%kL Then, rotati nd®QoBRELSi kYl #eight hose in
Exanples 1 and 2 were nmade using di.anond abrasive grains, CBN abrasive

grains, siliconf REFBFYC abpErIveed y dippen AbHiE- al uni na abrasi ve grains

and zirconia abrasive grains in place of the alum na_abrasive grains used
in Exanples 1 and 2 and tested for their chardctPafitstiye wadigyteby provi di ng
aresult simlar to, those in Exanples 1 and 2. 13 A rotating tool was
made using a pot)aRiRg REAFLYS Frakns of (W24 &y ipdsTRcesderatedlanpl es 1
and 2 and tested for its characteristic, therebsy providing a result sim’lar
to those in 150 parts by weight
Then, the entwined yarn wound around the cylinder was

axially cut and opened into a sheet-like shape with six layers,

and a cut and opened portion appearing in the form of a slope

was cut down into a uniform length of 300 mm, thereby producing

a sheet having a size of 150 mm length x 60 mm width.

Then, the two sheets were superposed one on the other and

placed into a positive mold of 120°C having a size of 150 mm

length x 60 mm width, where it was pressurized to 42 kg/cm® and
maintained in this state for 30 minutes for heat curing, theréby
providing a plate-like working tool material having a size of
1_50 mm length x 60 mm width x 1 mm thickness.

The plate-like working tool material was cut in a
direction of the fibers into five test pieces, as stick-shaped
tools, having a size of about 15 mm width x 50 mm length x 1
mm thickness by a diamond cutter and was measured for
polishability and flexural strength. The result showed a
polishability for an iron article and equivalent to that of a
#400 grindstone. The result of measurement of the flexural

strength is given in Table 1 below.



Examples 1 and 2. In the above Exanple, the rotating tool was fornmed into a
di sk-1i ke or rounded rod-li ke shape, but may be forned into any of a

pyram dal shape, a conical shape, a pyram dal conical shape and a truncated
pyram dal conical shape. The entw ned yarn only acts as a reinforcing

el enent and does not act as a working ellment such as polishing and hence,
the entw ned yarn may be oriented in any direction with respect to the
rotating tool. (Exanple 3) First, an entwi ned yarn of long fiber glass
("Thernmo- | ocked yarn" sold by Nitto Boseki Kabushiki Kaisha, in the nane
of GBY 042SP produced by Fuji Fiber GalskeKhbushi ki Kai sha) was passed
through a resin cell containing a resin conp05|t|on requl ated into the

fol | owi ng Dé@ﬂnents siee ebf teéet | rap replansy il exqray et eehgth § t he
resin conppsition e lon | ber gla e th,t resin
conposi t i oPWES® V\Bﬂn ?Jnef) Lﬂ“f‘ G‘?“é)t % %33;’( g mq/ﬂ?"b a width of |138
mm around R cylander |np&l &G god*qmgterlsf TO6 oyn by [three rape®itive rins
of forvvard_a_n_d_b_a_gkwalrd winding operlation ko formaltotal of six layerd.
Unsat urat efl pol gest er| 1850« 6RR8AL Opr odiBiceld b}0.5 15.8

3 15.3 x 50 x 1.0| 15 9.2 13.5

4 14.9 x 50 x 1.0| 15 5.1 13.7

S 15.3 x50x1.0 15 13.4 19.7

Average 15.1

As apparent from Table 1, all of the prodt_lced test pieces
had a sufficient flexural strength.
(Comparative Example)

Under the same condi't”ions as in the Example 3, except that
the thermo-locked yarn was not used, a resin mixture comprising
.only a white molten alumina and an unsaturated polyester res_in
was used to provide a plate-like working tool material having
a size of 150 mm length x 60 mm width x about 2 mm thickness.

The plate-like working tool material was cut, in a
direction of the fibers a diamond cutter, into five test pieces
working tool material having a size of about 15 mm width x 70
mm length x about 2 mm thickness (because a strength of the
material is low, the thickness was set at about 2 mm). Then
flexural strength of the test pieces was measured to provide

results given in Table 2.



14 Pol yur et hane Kasei ) 100 parts by weight Percure O
(produced by Nippon Ushi) 1 part by weight Al um na abrasive grains (WA#240
Fujim Incorporated) 150 parts by weight Then, the entw ned yarn wound
around the cylinder was axially cut and opened into a sheet-like shape with
six layers, and a cut and opened portionléappearing in the formof a sl gpe
was cut down into a uniformlength of 300 mm thereby producing a sheet
having a size of 150 mmlength x 60 M wi dth. Then, the two sheets were
super posed one on the other and placed into a positive nold of 120[err]C
having a size of 150 mmlength x 60 nffabidtB, where it was pressurized to
42 kg/cnferr] and maintained in this state for 30 m nutes for heat curing,
thereby prpvregitng a p sieelbtew@tkl ns;pamorrafraanm@l Rbexugal Stzeéngth]50

mm | engt h [h,x 1 nm ckpess, e plat k|n t ool
. PieGe F‘Iﬁ'a Bieee: { |’B'P1§ of th@”ﬂ ba?gaan&ﬁf ﬁ ) pi gces as

mat eri al
stick-shap BYLNG %279 ¢ J | aBOUL| IS 7@ W df h X bU m;r_ﬁl'mt‘ﬁ 1

q
mm t hi ckne$s_by a d| apond cutter andlwas neasured fof polishability ang

fl exural s§rength. ThplBe3uwk t70ska@wtl| aSfl | shability| for an Prdn articlie
and equi val —af—a—#ma?-u- w;lmaLl&'a—La;*kt—oi—Wof
the flexurgl strength|i8-8i%d® xr2hpl €% bel ofir3 .

4 15.3 x 70 x 2.5| 50 6.5 5.1
5 15.2 x 70 x 2.5| 50 8.8 7.0
Average 6.1

As apparent from Table 2, any of the produced test pieces
had an insufficient flexural strength, as compared with the test
pieces_in Example 3.

(Example 4)

First, ten entwined yarns of 1long fiber glass
("Thermo-locked yarn" sold by Nitto Boseki Kabushiki Kaisha,
in the name of GBY 042SP produced by Fuji Fiber Glass Kabushiki
Kaisha) were passed through a resin cell containing a resin
composition regulated into the following components, whereby
the long fiber glass was impregnated with the resin composition.
The long fiber glass impregnated with the resin composition was
wound 612 times in parallel at distances of 12 mm into a width
of 276 mm around a cylinder having a diameter of 106 mm.
Epoxy resin (DER383J produced by Dow Chemical Japan)

100 parts by weight
Tetrahydromethyl phthalate anhydride (HN2200 produced by

Hitachi Kasei Kogyo) ' 80 parts by wieght



16 Table 1 Test Size of test Span Br eaki ng Flexural strength

pi ece No. piece (mm (rmm load (kg) (kg/mR2) 1 15.9 x 50 x 1.0
15 9.1 12.9 2 15.0 x 50 x 1.0 15 10.5

15.8 3 15.3 x 50 x 1.0 15 9.2 13.5 4 14.9 x 50 x
1.0 15 9.1 13.7 5 Y5 3 x 50 x 1.0 15 13.4
19. 7 Average 15.1 As apparent

fromTable 1, all of the produced test pieces had a sufficient flexural

3. oxcept 1hat | CRBIeHEMR, PRARET Y ProfiEeRo Py, SBERokL T RRRRT KRakPL T ©

conprising only a white nolten al um na and anlunsaﬁ:UQat ed.Eﬁtyester resin
was used to provide a plate-like working tool “nBBEFi 8Y H&Y a size of 150

mm | ength x 60 wi.dt h about ate-li ke worKki t ool
mat eri al was cuts RS %‘5?%%”%&%%%2*”%225#@%@5&% Eﬁ??ﬁ?°rﬁﬁ?8?f i ve
test pieces working tool material having a S’g{(’? of abgp} 15 rmgvmdth x 70

nm | ength x about 2 nmthickness (because a

Lubricant (BYK-W965 produced by Bigchemi Japane)
1 part by weight
Then, the entwined yarn wound around the cylinder was
axially cut and opened into a sheet-like shape, and a cut and
opened portion appearing in the form of a slope was cut down
into auniform length of 310 mm, thereby producing a sheet having

a size of 310 mm length x 270 mm width.
Then, this sheet was'placed into a positive mold of 120°C

having a size of 320 mm length x 300 mm width x 30 mm depth,
where it was pressurized to 100 kg/cm’ to squeeze out the
excessive resin and maintained in this state for one hour for
heat curing, thereby providing a plate-like working tool
material having a size of 320 mm length x 300 mm width x about
S mm thickness.

The plate-like working tool material was cut in a
direction of the fibers into five test pieces, as stick-shaped
tools, having a size of about 5 mm width x 70 length x about
3 mm thickness by a diamond cutter and was measured for
polishability and flexural strength. The result showed a
polishability for an iron article and equivalent to that of a

#400 grindstone. The result of measurement of the flexural



material is low, the thickness was set at about 2 mm). Then fl exural
strength of the test pieces was neasured to provide results given in Table

2. 16 Table 2 Test Si ze of test Span Breaking Flexural
strength piece No. piece (m) (m load (kg) (kg/mjerr]) 1

14.8 x 70 x 2.2 50 7.4 187 2 15.3 x 70 x 2.4 5Q
6.1 5.2 3 15.3 x 70 x 2.4 50 6.3 5.4 4
15.3 x 70 x 2.5 50 6.5 5.1 5 15.2 x 70 x 2.5 50
8.8 7.0 Aver age 6.1

As apparentstrengthblis givanyinf TabtepBodgled.test pieces had an

i nsufficient flexural strength, as conpared with the test pieces in Exanple
3. (Exanmple 4) First, ten entw ned Tgblas3 of long fiber glass

(" Therno-| ocked yarn" sold by Nitto Boseki Kabushi ki Kaisha, in the name of

GBY 042SP praguced DY $iz& &f De&st Jo SpBaD TPREdxUFA E gefaﬁgﬁh
through a fesin cell fontai ni ng a regsin con}?om t | oh fregul at ed Into e
fol L owi ng [BiBEReNPs, | BheFRbpirm) (mm) | load (kg) | (kg/mm?)
1 4.82x70%x2.79| 50 15.1 30.3
2 4.83x70x2.80| 50 16.1 31.8
3 4.78x70x2.93] 50 17.6 32.2
4 4.83x70x2.78| 50 18.5 37.1
5 4.83x70x2.60| 50 14.5 33.4
Average 33.0

As apparent from Table 3, all of the produced test pieces
had a sufficient flexural strength.

In this way, according to the present invention, it is
possible to provide a rotating tool and a working tool which
are capable of cutting, drilling, grinding and polishing a
workpiece with a high efficiency and cannot cause a blinding,
as well as a working tool material for forming the working tool.
The working tool such as a rotating tool and aspolishing
grindstone can be formed into any shape. Moreover, a working
such as cutting, drilling, grinding and polishing is performed
by the abrasive grains and therefore, is not influenced By the
directional property of the entwined yarn, and the working tool

has no directional property to enable a working in all

directions.



the long fiber glass was inpregnated with the resin conposition. The |ong
fi ber glass 1 npregnated Wi[h the resin conposition was wound 612 tines in
par al | el mminto a width of 276 mm around a cyl i nder
havi ng a yl nﬁhm maml h Epoxy resin (DER383J produced by Dow Chem cal
Japan) 1 par y Vel g Tet rahydr onetl®yl pht hal at e anhydri de (HN2200
produced by Hi tachi Kasei Kogyo) 80 parts by w eght 17

| m dazol e (2E4MZ- CN produced by Shi koku Kasei Kogyo) 1 part by weight

Al um na abrasive grains (WA#240 nade Fujim |Incorporated) 150 parts by

wei ght LubrWHAR: IGRCKANMER g6oduced by Bigcheni Japane) 1 part by wei ght
Then, the entw ned yarn wound around the cylinder was axially cut and
opened i nt ola Bleaterixk Hmpewonking toel ampmpdmdddpdendofikgpealrAg in
the formof a slope was cut down into a uniformlength of 310 nmm thereby
produci ng apsbperlyadnnangesi zin othglFomrm lah@ah snbybnedh wadmh. am@na this

sheet was placed into a positive nold of 120[err]C having a size of 320 mm
| engt h x 300hewmeséthing3oesimddpidh contains abrasive grains, and which

is impregnated into the long fiber glass and cured.

2. A material for a working tool according to claim 1, wherein
said material comprises 20 to 40 % by volume of said long fiber
glass, 20 to 40 % by volume of said abrasive grains and 30 to
50 % by volume of said thermosetting resin.

3. A material for a working tool according to claim 1 or 2,
wherein said long fiber glass is in the form of an interlaced
yarn made as an entwined yarn by blowing of air.

4. A material for a working tool according to any of claims 1
to 3, wherein said thermosetting resin comprises an unsaturated
polyester resin.

5. A material for a working tool according to any of claims 1
to 3, wherein said thermosetting resin comprises an epoxy resin.
6. A material for a working tool according to any of claims 1
to 5, wherein said abrasive grains are at least one of diamond
abrasive grailns, CBN abrasive grains, silicon carbide abrasive
grains, alumina abrasive grains, zirconia-alumina abrasive
grains, and zirconia abrasive grains.

7. A rotating tool in the form of a rotor made from a working

tool material according to claims 1 to 6.

8. A polishing grindstone in the form of a stick made from a



where—+t—was_pressurized to 100 kg/cnferr] to squeeze out the excessive
resin and mai ntained 1n this state for one hour for heat curing, thereby
prOV| W"mﬁm' wor ki ng tool material having a size of 320 mm | ength
X 300 5 mm t hi ckness. The plate-Iike working tool materia
was cut in a leec%lon of the fibers intgofive test pieces, as stick-shaped
tools, having a size of about 5 nmwidth x 70 length x about 3 nmthickness
by a di anond cutter and was neasured for polishability and fl exural
strength. The result showed a polishability for an iron article and

equi val ent workialg dlocd #dHerdalnGiceielinbheor eddliinsofl ®eagurenent of the

fl exural 18 strength is given in Table 3 below Table 3 Test Si ze
of test Si9an ABpedkishd ng-lgrdmdst onle’ @ag:‘dtdim@CQoN@lalm G(,‘ewh@ﬁeln the (rm)
| oad (kg) (kg/m) 1 4.82x70x2.79 50 30.3

4. 83x70x2. 8@rindstone hakb.al thickness oF¥l.38ma or leés?8X70X2-93 50

17.6 32.2 4 4.83x70x2. 78 50 18.5 37.1 5

4.83x70x2.6Q0. SA materid?. for a working38oél according to any of claims

1 to 6, wherein said working tool is a rotating tool, an abrading

grindstone or a polishing grindstone.



Aver.age ' 33.0 As apparent from
Table 3, all of the produced test pieces had a sufficient flexural

strength. In this way, according to the present invention, it is possible
to provide a rotating tool and a working tool which are capable of cutting,
drilling, grinding and polishing a workpiece with a high efficiency and
cannot cause a blinding, as well as a working tool material for formng the
working tool. The working tool such as a rotating tool and a polishing

grindstone can be formed into apgSTRAGPOF e @28€rosuRe Wor ki ng such as
cutting, drilling, grinding and polTshimg s performed by the abrasive

grains and therefore, is notygrRENG'TOGED ARD MATERIAL' THEREFOR property of the
entw ned yarn, and the working tool has no directional property to enable a
working in all ectl CLAI rjal for. a

wor ki ng t ool , coré)r Wer Q;npontbochgb@PtSFégg‘ p+r6f) cil%,ss I}'Pgﬁgggiﬁ o r%'afsdﬁ'm of
an entw ned_yarn,. and_a_t herngset resin_which cont al S abraS| v rains,
and whi ch REEEFLE nArEaRFRLo P oD AP TR bBF GPact T, 28205 28 o [

for a wor k'ﬂ'?eén?géet?tcfgé C}:!esq.nt 8hg|c?1l cr:rc]n%tai’\gs a%ramve grains. The long

fibers are impregnated with the thermosetting resin. Aworking
tool may be made in the form of any of a rotor, a stick and the

like from the working tool material.

(Figure 6 )



said material conmprises 20 to 40 % by volunme of said |ong fiber glass, 20
to 40 % by vol une of said abrasive graihs and 30 to 50 % by vol une of said
thernmosetting resin. 3. A material for a working tool according to claim1l
or 2, wherein said long fiber glass is in the formof an interlaced yarn
made as an entw ned yarn by blowing of air. 4. A material for a working

t ool according to any of clains 1 to 3, wherein said thernpbsetting resin
conpri ses an unsaturated pol yester res 5. Amterial for a working tool
according to any of clainms 1 to 3, ergéh said thernosetting resin
conprises an epoxy resin. 6. A material for a working tool according to any
of clains 1 to 5 wherein said abrasive grains are at |east one of dianond
abrasive grains, CBN abrasive grains, silicon carbide abrasive grains,

al um na abrasive grains, zirconia- alun1na aprasive grains, and zirconia
abrasive grains. 7. Arotating tool forn1of a rotor made froma

wor king tool material according to c |nB 1"to 6. 8. A polishing grindstone
in the formof a stick made from a 20 working tool material according to
claims 1 to 6. 9. A polishing grindstone according to claim8, wherein the
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grindstone has a thickness of 3 nmor less. 10. A material for a working
tool according to any of clains 1 to 6, wherein said working tool is a
rotating tool, an abrading grindstone or a polishing grindstone.
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