"“A POLI SHING ELEMENT" . - 2- This invention relates to a polishing

el enent, and particularly to an essentially all-netallic polishing el enent
useful for finishing 5 " surfaces of both nmetal and non-netal objects\
Pol i shing tools such as files or sandpapers have traditionally been usg®ty
pol i.sh the surfaces of non-netal objects (like wood, banboo, or synth e’/
reshy, for exanple), or to polish the 10 surfaces of ect
(such as alum nium brass, copper, steel, or the Ilke):l‘lhzef ‘i golishing
tool s made from metallic stocks whi ch, when fini shed, have teeth formed on
one or nore surfaces thereof. The teeth 15 have customarily been
formed on the files by punching the surfaces of the netallic stock with a
chisel. Unfortunately, this nmethod is not easily adaptable to efficient

mass- productive techni ques. Furtherndre, neither the tops of the teeth
nor the finished sides 20 of the teeth on the files formed by this
net hod are flat and snoot h. In this regard, files having teeth whose tops

and sides are not flat and snooth are susceptible to a cloggi ng phenonena
whi ch occurs in the recessed parts of the file. O ogging becones 25

even nore apparent when a file is used on non-netal objects. I n addition,
due to the extrenme difficulty in narromnng the gaps between teeth, files
have not :
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general ly been considered suitable tools for the final steps required for
fine-finishing or polishing. 30 Sandpapers are nade by
sticking abrasive particles onto a paper or a cloth.” Sandpapers can be

used for #xal finishing touches since their faces have very fine neshes.
g the polishing operation abrasive particles adhered to

However, .
sandpaper$ “tend to break |oose.” 4 Not only does the detachnment of_ .
t he abrasi particles shorten the life of the sandpaper, but the particles

whi ch come off are a - 3 - _potential, cause ;of further pr . Wi | e
the pliability of sandpaper ﬁgﬁ t%nY?nﬁiéief7ﬁﬁ§fﬁmqfh%apﬁ&ﬁgéﬁgaparticIe
det achment occur setemantihcand patticularkytoanl esdentially '
Whenever a file ogy$a [ byl § | i c eft on a
surface being pol %%%e@.gegf'%% g?y%én%iéﬁgetl% é}?'egﬁ [ n?ﬁe%gggghéﬁaa file)
or the arPangenensusfages aef Roph petakandnenr PPIeSFSFuncti on as

teeth in the case of 10 = séhigteped ) tesldudie & fiidlelsy oregul at ed and

curface. A file f BRPePEPRFEchate tIATELIALY Aekh, weRe) KRS pBTgRR\ERe

42-21329 (Publicasuofiabties 9§ non-mé&tabosigjedts Chikecmoody pesbbensosuch as

those described aQguenepiehrabif)desx! stadipl &P/ 'Y€ doldlsh thd s Japanese

Patent ApghlCatlogur%gcgscgérggggfdégggcts (such as aluminium, brass

14
copper, steel, or the like).
Files are polishing tools made from Q;;
metallic stocks which, when finished, have teeth
formed on one or more surfaces thereof. The teeth

15 " have customarily been formed on the files by punching
the surfaces of the metallic stock with a chisel.
Unfortunately, this method is not easily adaptable to
efficient mass-productive techniques. Furthermore,
neither the tops of the teeth nor the finished sides

20 of the teeth on the files formed by this method are
flat and smooth. In this regard, files having teeth
whose tops and sides are not flat and smooth are '
susceptible to a clogging phenomena which occurs in
the recessed parts of the file. . Clogging becomes B

25 even more apparent when a file is used on non-metal Nt
objects. In addition, due to the extreme difficulty
in narrowing the gaps between teeth, files have not
generally been considered suitable tools for the final
steps required for fine-finishing or polishing.

30 | _ Sandpapers are made by sticking abrasive
particles onto a paper or a cloth. Sanﬁpapers can be
used for final finishing touches since their faces
have very fine meshes. However, during the polishing
operation abrasive particles adhered to sandpapers

35 tend to break loose. Not only does the detachment of
the abrasive particles shorten the life of the
sandpaper, but the particles which come off are a

-
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British Patent which is No. 1161924. The file foil is nade of netal but is
unli ke ordinary files which have 20 - nmetal recesses at points where the
fil‘e teeth jntersect. » That is, on the file foils of Patent Publication
No. 51-9958 the teeth run without a break on the file surface.
additi-on, the arrangenent of the teeth on the file foils is stri
regu*ﬁted 25 Yet the file foils are thin and generally |ac ity.
Consequently, the file foils are prone to be damaged. Sonme enbodi s of
the file foils disclosed in Japanese Pat ent. Bubllcatlon No. 51-9958 30

are adapted to mate with a hqlder. fo when the te h on the
file foils are worn- RR® eqqﬁg%eﬁFIPg SﬁliurﬁEFﬁdPﬁﬁggﬁ?ﬂ’the q**%&? and
t he hol der are thromnpkmﬁgil1tyDoﬁpGaabpabethpeenﬁtselunte be usndknﬁth a

econoni cal nor advanﬁﬁg§$5$oﬁﬂh%£@§%t%e%%chmﬁntcQEEGfguévéﬁ"%ﬁ% ‘a héi&é%

foils adhered to a ho se as a tool are not a
durabl e as desired orisaremRkeygd-abl e for | ong periods of use. In th| S

respect, the gon-rigid file f0|IWhggade&oadqagghoirgshapgpéﬂe{sLﬁﬁ&{ized,
certain conditions of dhesi on or ver

erbodi ments of the fitth§ fqratghes ca d%?cﬁ&?&d°PnaJ355%%€%W$é&%§n
Publication No. 51-9%xflished.a cThe agrangesensngkectéeath ahip cthmetowssn of tap

face of a tooth and acpigle dif drae ardUnentiiccBsOS6PUE VY B¢ 1P Sfhddn ©

becomes an obtuse angle
_ es entlally function as teeth in the case of

k»; 10 sandp;per) cannot be strictly regulated and hence
- contribute to the fine scratches left on the finished
polished surface. '
A file foil is disclosed in Japanese

_ Patent Application No. 42-21329 (Publication No.

; 15 51-9958) for overcoming problems such as those:

5 described above which attend existing polishing tools.
This Japanese Patent Application has a corresponding
British Patent which is No. 1161924. The file foil is
made of metal but is unlike ordinary files which have

20 metal recesses at points where the file teeth

|  intersect. That is, on the file foils of Patent

: Publication No. 51-9958 the teeth run without a break

§~) ' on the file surface. In addition, the arrangement of

!
§ the teeth on the file foils is strictly regulated.
‘25 Yet the file foils are thin and generally lack

rigidity. Consequently, the file foils are prone to
be damaged.
o Some embodiments of the file foils
disclosed in Japanese Patent Publication No. 51-9958
30 are adapted to mate with a holder for use. However,
| when the teeth on the file foils are worn-out, the
entire unit including both the file foil and the '
holder are thrown away. Disposal of the entire unit
is neither economical nor advantageous in a waste
35 conscious society. File foils adhered@ to a holder
for use as a polishing tool are not always as durable
as desired or are unsuitable for long periods of use.
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cutting action angle wi der than 900 results in a less 10 t han optihum

pol i shing perfornance. In fact, in cross section the teeth of the file
foils disclosed in Japanese Patent Publication No. 51-9958 are essentially -«
sem -cif ar . The semni-circular shape of the file teeth result fromthe
el ectrol c and 15 reduci ng met hods used in making both the file fqil
and a ne lic nold therefore. in this respect, Japanese Publication NQA
51-9958 is incorporated herein by reference, particularly the steps

i ncluded in the nmethod of nmanufacturing éuCh file foils. Wth respect to
20° t he StepSIchﬁiES%éaﬁéaai cmhenmeexbaalfnmetbommsttb@afeéned in

essentially sem sha ry 1O fromits
associ at ed net al Ié?‘,éﬂ%fgg f%&\ﬂl? g&ﬁ’gl dgfgqg\ésdlgggfly#g?;vﬁ) I'd arise
when renovi ng theadhésndnndrfwﬂnﬂ1ﬂﬂ;aaﬂﬂul PRddshipgewosk. - foils
produced in accordance with t @%gyaqmghtgaggnggg ?Qggnfofy | i cation No.

51-9958 have cutting action angles greater than teeth which tend to
| ack the 8esired §i8FH788Q im JaRapese Pﬁéeﬂﬁrg&BFﬁﬁaBéPPCNEnC$Es %830
exi sting p0||Shlnﬂa€é€@f&ﬁﬁt1nd dcxivn @bjgdet (ah thglei beewéenanat voprovi de

an essentially al kgt 4 G QA NS S18T° e MAY RdoRHPouRL LY Halyod

durability. An ad esent I'nvention he™ provr si on
of a polishing el ehdet tiarscIQR i GMdﬁﬂ|h§¢0ms§uhnsobﬁu§ﬂnenglelong -Aasting

finished surfacescygtingi &deidifllingle Widerethandighor pe8h185 Phla less

10 than optimum polishing performance. In fact, in .
cross section the teeth of the file foils disclosed in \‘]
Japanese Patent Publication No. 51-9958 are
essentially semi-circular.. :The semi-circular shape
of the file teeth result from the electrolytic and

15 reducing methods used in making both the file foil and
a metallic mold therefore. in this respect, Japanese
Publication No. 51-9958 is incorporated herein by
reference, particularly the stéps included in the method
of manufacturing such file foils. With respect to

20 the steps of this method, the file foil teeth must be
formed in essentially seﬁi-circular shape in order to
remove the file foil from its associated metallic mold.
Otherwise, considerable difficulty would arise when
removing the file foil from the mold. Thus, file

25 foils produced in accordance with the method of
Japanese Patent'Publication No. 51-9958 have cutting
action angleé greater than 90° and téeth which tend to
lack the desired rigidity.

In view of the foregoing deficiencies of

30 existing polishing elements, it is an object of this
invention to proVide an essentially all-metallic
polishing element having superb ridigity and
durability.

i

An advantage of the present invention is

35 the provision of a polishing element whose utilization
results in smooth, long-lasting finished surfaces yet
which requires less expenditure of effort.



According to the present invention, there is provided a polishing el enent
conprising a netal stock having a pIurallty of cutting teeth extenging from
a surface thereof and forming therebetween 5 recesses wherep
sides of the teeth define, at |east partially, the recesses, wher
tops of the teeth lie essentially in a common plane, the cutting aagke of
the s#tting bl ade as defined by the top of each tooth and its sides is |ess
than 90 , the raised 10 - teeth are hardgned and the top of each tooth

i s coarse. The present application has been™di vi ded out from our
application No. 8236469 (Serial ARgozding22p KhPcRresseti bavenbipni there

met hod of making a pd igdyvidedl arrgatnsﬁéng elemfehehcsﬁ@hwx Ya Bfetdi | zed
i n maki ng the ‘polishing. el ements of _the ese g é The, et hod
of the parent aopl | AR, RAVERS,a BRUEAREEE BF GALCLPS ohSRHh e tRARS

fol | owi ng descrlpt|cﬂroﬁtd1smmﬁacentheteofhandcfonpanq|hgerbbuuwggn “In the
draw ngs : recesses wherg th saae§r8st|ca éEhﬁ%Qé@E e%% ona

5Y2
vi ews depicting process sSCrib I'n a and

which are suitable flfﬂascthd’%éflé&’tau#éeoreﬁeﬁﬁﬁﬁshﬂheéﬁiéﬁeﬁiea'éQRﬂd?ﬁflgthQ)
the invention; 25 teeth lie essentililly $ni & éoﬁﬁbﬁp?ﬁhéf? ﬁ/ti@V&tﬂftfh

pol i sher elenent havi n alit e tiall ric Iy ha d
teeth. Fig. 9is a r?é?@;feé’% & evF@&/téPgaESBBFsﬁgrg%f%%adb P Of
stripe-shaped teeth;efith tooth and its sideBi gs lesssthameOQpecthemradsaﬂ(ﬁ
a o 10 teeth are hardened and the top of each tooth is

. coarse.

The present applicaéiozlﬁsg been div1ded

out from our application No. 82 6463( which descnbes
and claims a method of making a polishing element,

- 15 which method may be utilized in making the polishing

' " elements of the present application. The method of
the parent application will be described by way of
example in the following descriptidn with reference to
the accompanying drawings. In the drawings :

20 ) Figs. 1 - 7 are schematic cross-sectional
views depicting process steps as described in
application No. 8236469 and which are suitable for the
manufacture of a polisher element according to the
invention; _

25 Fig. 8 is a perspective view of a polisher
element having a plurality of essentially
cylindrically-shaped teeth.

Fig. 9 is a perspective view of a polisher
element with stripe-shaped teeth;

30 Fig. 10 is a perspective view of a
polisher element with siripe-shaped teeth intersecting
laterally and vertically;

Fig. 11 is a partial, vertical elevation
of a polisher element with a plurality of essentially :

35 cylindrically-shaped teeth, the polisher element being

attached to a holder:;
Fig. 12 is a bottom view of Fig. 11;



polisher elenent with stripe-shaped teeth intersecting laterally and
vertically, Fig. 11 is a partial, vertical elevation of a polisher el enent
with a phirality of essentially 35 cylindrically-shaped teeth, the 3
po1|she“i'--nt being attached to a holder; Fig. 12 is a bot t om vi‘ew of

Fig. 11}\) 5A - Fig. 13 is an elevational view of a polisher element
attached\ 1o/ another type holder to be used as a polishing tool; Fig. 14 kg
a bottomyiew of Fig. 13; 5 ~-5A_ Fig. 15is a schenatic
sectional view of a piece o% netgé st ock . a coarse f and Fig. 16
is a schematic sectional wof+a HBIIH ey 1 et P ‘oya utilizing the
pi ece of 10 p6lisheal eiémehto&t&gbeda:o A g ype tHod dert hued bef
application No. 8236489 ?o?? Enéngogienent is manufactured by initially
sel ecting a piece of ne?a starting material from
among various suitable met angefléhéstyﬁpmltwlcﬁm afe RigshddBmi th an

etchant 5 The shape of thepiglalssiock dekaatds detit AP Vi ewideqr

piece of metal stock having a coarse face; and

Pig. 16 is a schematic sectional view of a
polisher element formed by utilizing the piece of

10
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that of a plate or a hl ock. In the case of a bl ock-shaped stock the stock

may be either-square or 10 round. In an exanple shown in Fig. a
steeel plate is selécted as a netal stock 1. A photoresist film2 whiégi’.
resistant to corrosion is coated on the surface of the netal stock 3
shown in Fig. 2. It should be understood that 15 t he resul tant

abr&s{ve wor ki ng portion of the polisher need not necessarily be linmited to
one s!de of the netal stock 1 but can, if dés?réd, be formed on nore than
one side of the stockmktal $@o8kPEfiFigi hEs di scussion with reference to the

exanpl es of the 20 i1 1ustrat - abrasi v [ Sihi s LS
formed on the front side (upper sé‘gg‘?t%#yfhggs@%l'?ep%éé.&gl—@%g\}é?%@%hg No-
reverse side (bottom $i236468anaapabispingielenant iH maufantussdadbyve face.
Next, a "pre-baking" tinQaiaRNy s&18t¥Engt# phece of titdlN@ticRSi1Stasf al M 2.
Thereafter a pattern of teeth to be, forped in a stock, 1 is de.with a

devi ce such as a micr (‘?—tﬁFﬁl"Pgr“‘BFe’fﬁ%fl EE%%“‘ IS Y- Ut rsé“g?"ég’lt?omﬁl’:ﬁaﬁce

a precision photo-pl aio€ mhephppen@hkc&.canTme etchedroeit!S dametehpatt.er nThe
ol s vackoy porBeaR BEPOAN A2 SERLP §Lle ber L abit 3 Skt

as well as vacant portloONs he phot o then lal
over the photoresist fthas ofta Bhrte Phor tPIRK of tHe thihicAsesioft af i | m

during an exposure angldekcsRAPEAtsE6ER Y@ etock nt@s kasl either squarel 08s
it AR REE ARt T TS S AR LUK
Lo 'is selected as a metal stock 1.
et A photoresist film 2 which is resistant to
corrosion is coated on the surface of the metal stock
1 as shown in Fig. 2. It should be understood that
15 the resultant abrasive working portion of the polisher
need not necessarily be limited td.one side of the
metal stock 1 but can, if desired, be formed on more
than one side of the stock 1. To simplify the
discussion with reference to the examples of the
20 illustrations, the abrasive working surface is formed
on the front side (upper side) of the steel plate.
However, the reverse side (bottom side) can also be
fabricated to have an abrasive face.
\ Next, a "pre-baking™ treatment is given to
25 the photoresist film 2. Thereafter a pattern of
teeth to be formed'in a stock 1 is made with a device
such as a micro-plotter or the like, which is
contracted'to produce a precision photo-plate or
photomask 3. The photomask 3 has a pattern of solid
30 portions corresponding to teeth to be formed in the
stock 1 as well as vacant portions between the teeth.
The photomask 3 is then laid over the photoresist film
2 to shield portions of the photoresist film during an
exposure and development step wherein unmasked
35 portions of the photoresist film 2 are removed.
The photoresist film which remained on
the metal stock 1 through the development process is



. -
- 7 - then treated for post-baking. In the post-baking step a plurality
of openings 4 which positionally correspond with the pattern of -vacant
portiopssqf the photomask 3 are made on the photoresist fil'm2 as 5 >
[ ) in Fig. 4 to formexposed netallic parts 5 ready for etching.
$t at ed enbodi nent nakes use of a so-called positive inmage type,
\_a-/photoresist filmwhich has its exposed portions renoved after 1Q-
devel opment process is used together with a correspondi ng photomask. During
et ching, exposed F3ffs tS%F‘*Fh%WrePSF"'sTPB’&k“&' ar eI"Eh"e‘?ﬁ RIS RAFIed by
appl i cation ofbanstbphanplukalﬁhg efgbpegiwgsceSthéﬁEﬁds&t?&hally' physic?l
notion occurs bet t 1.3] C T rel ativ si ca
noti on of the st O\g%%?etgﬁgntahgﬁgflcﬁgﬁtpéggesgé ‘gﬁg‘ke ke %H‘%’i%‘%ﬁ rogfdgt re
deeply into the mPhetogaskk 31agadmadei Pnt thesPhoteresist cfilm.2 Bt - TA-
i's, the reative phygisesheaBt iANFEGCT 41 £8t £8rh NExpB¥LY e dd 110 Lipddd ions
of the nmetal stock |c2 |l ie upder the photoresist film2. The etching
results in the forf@@¥ °5fe§°BF89ality of gul f-shaped recesses 6 in the
metal stock i as illustrated ffheFageveSstatied embodiment makes use of a

so—~called positive image type wherein a photoresist
f£ilm which has its exposed portions removed after

10 development process is used together with a
corresponding photomask. _ .
During etching, exposed parts 5 of the o

metal stock 1 are chemically corroded by application
of an etchant. In the etcl:ing process relative

15 physical motion occurs between the stock 1 and the
etchant. The relative physical motion of the stock 1
and the etchant éauses the etchant to corrode more
deeply into the metal stock 1 and facilitates lateral
etching. That



€ .
7, for exanple. A gulf-shaped recess is an arc-like recess (and in sone
enbodi rents an essentially sem - oval shaped recess) forned betwe Ehhe _
teeth 11. As illustrated in the Fi gures, each tooth 11 is borderéj by
t he upper surface of netal stock 1 and the arc-like contours of t :
adj acent recesses 6. A tangent to the etched recess arc near the point or
recass intersection with the upper etched surface of the netal stock 1
intersects the surface of the netal 15 stock 1 .at an interior angle
al pha (a) which is less than [err]. 20 - 74 & - The rel ative physi cal
notion of the netal stock 1 and the etchant can be effected in a nunber of

ways. For exanple, in one enbodinent the netal stock 1 with its exposed
part 5 is -deposited irksy dheiiredative phMSﬁsdlmﬁnbhiencnwilﬁtnltesaﬂﬁd whi | e

the netal stock is no ¥t I eflel I
enbodi nent, etchant |\éﬂfhﬁrayed&ion (ﬁl bﬁﬁ&gn\é B& %QL MeEal ts exp o@gd‘: pa:'PJte

5. In Fig. 6, for e hﬁ@a?ti’r\ﬁsﬂﬁtl gélgxﬁoseﬂhﬁaﬁ%hf@& d%%t%Mt
its 10 axi s A whithe efoxmtt ons oepaapedrhmwaotl gﬁ:ﬂ:ﬂﬂi& éd Brégddsdde

o T the et al st ock & 1 ik metad SRobiH AY TAtERErefen ﬁoéfé’ﬁ P& i%ad
shaped recesses 6 by the faxtmmglp@eocealsguli-shaped recess is an arc-like
Alternatively, the metlleedank iy sole embodiments an essentially semi-
- oval shaped recess) formed between the teeth 11. As
\/ illustrated in the Figures, each tooth 11 is bordered
10 by the upper surface of metal stock 1 and the arc-like
contours of the adjacent recesses 6. A tangent to
‘the etched recess arc near the point or recess
intersection with the upper etched surface of the
metal stock 1 intersects the surface of the metal -
15 stock 1 at an interior angle alpha () which is
less than 90

20
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anot her enbodi nent, fixed mhiTe nozzl e B noves. As anot her alternative,

both the nozzle B and the netal stock 1 rotate. In an even further

al ter ngt3 e . a plurality of rotating nozzles B are provvded and the 20 . ==
net al 1 remains fixed so that the entire surface of the nmetal stock 1
I ncl ud he exposed part 5 is sprayed. After conpletion of the etchlng,

pr ocess,; e renmai ni ng phot oresi st f|InLZg;s Lengvedlby 35 hod " g
conventi onal techniques. The ove of  the dj scl ose ne od resu in
the formation of a ?ai sed too&ﬁelfe %n@?ﬁ:‘%&i} Aoy A -Wmpetal

recesses 6 as il stockt dd and Ehe. eichanEhMSn e nef fedted P |6 imbe: @Qving

h
ESolg?sher 18| :J;alplr%ed aghgh%%ﬁh?lgbt%n%g % qﬁ%}ﬁte t etfgvga%%c%e

pol i sher have flatl W3$& i$§teﬁﬁesﬁéePﬁr§|ﬂelﬁedﬁapswtgdnknnnia|ﬂub an arc as

fescrpedmbove. £iledShich scehade ddal sodiiauh fle i JRAMIOINC Of
t t ction hetween
[e(rari.n Erets\(/aveen t héSt H'SVFQCE"&hdRFﬁErg}g% and gveLiiea iy, a(,ItI’ﬁ angtbies

That is, the angl embogimens,natcbant isaspiayed ontoI%%ﬁaﬁaﬂﬂsxddkelcutting
action angl e al phgjich '1'Est Qgﬁggggeﬁggtéos[erri felf tseEtéb:f Qred %n t he
5

pol i sher can be NUIMer ous att g
desi r ed. stock 1 w1th its exposed parts totates about its
10 axis A while etchant is sprayed from a fixed nozzle B

onto the exposed parts 5. The etchant is evenly . .
sprayed onto the exposed parts 5 while the metal stock o
1l is rotating, resulting in the formation of gulf-
- shaped recesses 6 by the etching process.

15 Alternatively, the metal stock 1 is, in
another embodiment, fixed while nézzle B moves.  As
another alternative, both the nozzle B and the metal
stock 1 fotate. In an even further alternative, a
pPlurality of rotating nozzlés B are provided and the

20 metal stock 1 remains fixed so that the entire surface
of the metal stock 1 including the exposed part 5 is _
sprayed.

After completion of the etching process,

the remaining photoresist film 2 is removed by
25 conventional techniques. _

The above steps of the disclosed method
result in the formation of a raised tooth 11 between
the adjacent gulf-shaped recesses 6 as illustrated in
Fig. 7. Thus, a metallic polisher 10 having a

30 plurality of teeth 11 is obtained.

According to the invention, a polisher 10
is provided as shown in Fig. 7 in which the teeth 11
on the polisher have flat tops, but the teeth side
faces are curved like an arc as described above. The

35 blade 12 is formed at the boundary line or the
intersection between the top face and its side face.
The cutting angle ©{ between the top face and the side



Figs. 7 and 8 illustrate an essentially all-netallic polisher 10 having

essentially crrcular-shaped teeth 11. The teeth 11 were forned | Ng a
phot omask having a ‘plurality of circles arranged at set 10 [ S
to cover a metal stock 1 of steel having a thickness T (T equalling—675nm).

In this exanple, the maxi numtooth dianeter Dis 0.13mm tooth height His
0. 13gm and, the cutting action at angle alpha is 0 70 15

Fig. 9 illustrates an essentlally all-netallit pollsher 20 made from a
metal plate with teetlfage i ahecacht@eandle ai scbhat ripeshepnrngdecadphpl ys

akl-metal polisher 30pqlbugbtatReni §0%i 9. dfefsr M EP AL uttaNg? askgsh 20
pl at e. The polisher f

as te th 31 whic rmed with rai sed
stripes running both Ia&PéFagII?&%ngsvﬁFt? 215379% ?E @%e@?‘ one anot her.
Li ke an enbodi nent of a f| I e f.oi I'rhiest:éensledfame]dipanetslfe IWlé.rstheEulalahcbei on
No. 51-9958, the top fa L gﬁl B u€ Sshapes 'S 'pa¥d S ds “k%"si‘éﬁh

each ot her. nli ke gr NO T ecesses occur
where the stripes |nt@h9§et7 andsﬁoulUuﬁérmﬁ§e¢%tQﬁﬁPﬂ#ﬂﬂlLﬁmﬁ}lﬂaﬁﬁéﬂﬂécof

teeth can be formed i otlfiahaet ab RaeSig heé@héf@lfé) circuldHahlapead tkkRES
of such patterns shou not e limte nggt on

h
Furthernore, the netalldst ocf ﬁeéﬁeﬁﬁtg%é%%%§a§?$$g eP%ﬁué} ere€%§ﬁ3&53k
Squar e, round, or bl otlavilngpadpiuvakity aof beiechésyarkanged ate setbodi nent s,

the teeth are gyen fogﬁ%‘lr%ﬁ 28 cover SHTHEESL Cdedc P! PEE FAI nERLAG a
stock which is grasp
o thickness T (T equalling 0.5mm). In this example,
N the maximum tooth diameter D is 0.13mm; tooth height
H is 0.13mm; and, the cutting action at angle alpha is
70°. |
15 Pig. 9 illustrates an essentially
all-metallic polisher 20 made from a metal plate with
teeth 21 in the shape of raised stripes.
. An essentially all-metal polisher 30
illustrated in Fig. 10 is also made from a steel
20 plate. The polisher of Fig. 10 has teeth 31 which
are formed with raised stripes running both laterally
and vertically to intersect one another. Like an
embodiment of a file foil disclosed in Japanese Patent
Publication No. 51-9958, the top face of the raised
25 teeth stripes intersect each other.  Unlike ordinary
files, however, no recesses .occur at points where the
stripes intersect.
It should be understood that many patterns
of teeth can be formed in the metal stock 1 and the
30 number and types of such patterns should not be
limited to those mentioned herein. Furthermore, the
metal stock need not necessarily be of a plate shape.
Square, round, or block shaped stocks can be employed.
In'some.embodiments, the teeth are even formed on a
35 surface of a block-shaped metal stock which is grasped
by or mated with a'holdet.
Depending upon its thickness, a plate-—

shaped polisher may have sufficient rigidity to be
used in



by or mated with a hol der. Dependi ng upon its thickness, a'plate- shaped
ave sufficient rigidity to be used in - 10 - polishing
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' When it is to be used in conjuction with a
holder, the polisher is cut to an appropriate size and
pressed-formed so that it can be easily attached to the
holder. Attachment may be accomplished by various
methods. For example, ?igs. ‘11 and 12 show a polishing
tool 40 in which‘a plate-shaped polisher 10 is attached
to a holder 41 using nuts 42, Tool 40_13 ideal for
polishing a wide plane. :

Pigs. 13 and 14 show a pollshing tool S0
useful for narrow corners. Accordxngly, the polisher
10 is trianéle-shaped and the tip of the polisher is
bent so that it can be attached to a hook 52 of the
holder S1. The rear part of the polisher is secured
with a nut §3.

As suggested above, the shapes of the
polishlng tool can be altered depending upon the
purpose of the tool. 'For instance, a cylindrical
holder can be .wrapped with a polisher ‘to polish the
inside of a hole.

In various embodiments plate-shaped polishers
are secured to holders which have surfaces which are
either raised or recessed. The polishers can also be
press-formed to form raises or recesses facilitating °
easier polishing work on curved surfaces.

_ Furthermore, for coarse polishing a polisher
can be secured to a holder having either raised or
recessed surfaces or both; or, the plate-shaped
polisher can be pressed-formed to make a raised or

‘recessed surface.

For

J

5



hol der can be wapped with a polisher to polish the inside of a hole. In
vari ous enbodi nents pl ate-shaped polishers are secured to hol ders R¢h
have surfaces which are either raised or recessed. The polishers ‘
be press-forned to formraises or recesses facilitating easier p
wor k on curved surfaces. Furthernore, for coarse polishing a polisher -
be §ecured to a hol der having either raised or recessed surfaces or both;
or, the plate-shaped polisher. can be pressed-forned to nake a raised or
recessed surface. In accordance with the invention the top face of each
tooth is coarse and this may be attainedql &s illustrated in Fig. 15, by
maki ng the polisher froma piece of netal stock 1' having a coarse surface.
5 For this case, the top face of the tooth 11' renains coarse as
shown in Firg. 16. The essentially all-nmetallic polisher 10" facilitates
nmore delicate polishing work by In acgerdanceswishr thesinyertion the top

Al so, according to the invention, the rigidity of the teeth of the polisher

i s enhanced by provi%ﬁ?ﬁ;?flﬁﬁﬁ?_ﬁPE&PnéﬁtCPGFthE“QUFhéiemﬁﬁ bfhiagtained,

hoal 1ty of the pol | HEriTThgela R Rugh 352"6E L85 vhs soflther £on

operation a heat frgab{iul 4 nledin $@BLK 10 hBG1AY" 4365 PH el eddlS, ™1 2!
t'eet . I'n as nmuc

stock upon which the are torne
: 5 For this case, the top face of the tooth 1ll' remains

K.} coarse as shown in Pig. 16. The essentially
all-metallic poliéher 10' facilitates more delicate

polishing work by virtue of its coarse surface.

10 - Also, according to the invention, the
. rigidity of the teeth of the polisher is enhanced by
providing a heat treatment for the surface on which
the teeﬁh are formed. Enhanced tooth rigidity assures
longer life and better quality of the polisher.
15 Furthermore, as a quench hardening operation, 5 heat
Y treatment is given only to the surface part of the
metal stock upon which the teeth are’'formed. Inasmuch
as quenching is dbne only to the surface part of the
polisher, no difficulty arises when the polisher is
20 bent to conform to a holder as shown in Figs. 11-14.
Thus, the polisher can assume various shapes and

undergo deformation after quenching.



as quenchi.ng .is done.only to the.surface part of the. polishet...no.

difficulty arises when-the polisher is 20 bent to conformto a hol der
as shown iA<Eigs. 11-14. Thus, the polisher can assume various shapes and s
under go ! at i on after quenchi ng. - 12 - As described above, the
present i ion provides a highly effective polisher. The invention P
advant age y enploys netal stock and, depending upon. the selection of \ ¢
the appropriate nmetal stock, a rigid 5 essentially all-metallic )

pol i sher can be nade which need not be used with a support. |f desired,
however, the polisher can be attached to an appropriate hol der. By using
metal stock having a coarse face 1Q. 32 -the top face of teeth formed on
the netal stock remains coarse. Polishing performance is inproved for many
jobs by the provision of a copg sdederibeddbotd,nxhecptesanncenventionher
enhanced by quenching only the coarse abrasive surface so that the raised
15 teet h al opeowidesaadeighily effedBBive QodlisBer. The inwepbioshi ng

el enent conprising a nmetal stock having a plurality of cutting teeth
extendi ng from a 8dvantageeusly cempleysdtetahdtack andyg deRenpdhagvBRAn.

recesses
the selection of the appropriate metal stock, a rigid

5 essentially all-metallic polisher can be made which
need not be used with a support. If desired, however,

the polisher can be attached to an appropriate holder. NS

By using metal stock having a coarse face
10 the top face of teeth formed on the metal stock
remains coarse. Polishing performance is improved for
many jobs by.the piovision of a coarse face.
Polishing performance is further enhanced by quenching
only the coarse abrasive surface so that the raised

15 teeth alone are hardened.



wher eby the sides
wherein the tops o
cutting angle of t
tooth and its side
har dened, and the
el &gkent as cl ai ned
range of 400 to 15
claim1l or 2,
circul ar-shaped. 4.
2, Wwherein t he
pol'i shi ng el enen
and as illustrate
6. A polis
the nmethod herein
acconpanyi ng draw
5
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15
20
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25

of the teeth 991115L~___LQQSL_paLtiaIIy, t he recesses,
f the teeth lie essentially in common pl ane, the

<% &l eses ELﬁ"ﬂllfﬂHﬂWﬂﬁﬂll e top of each 1 @

top of each tooth i% doafse’ 2 A polishing

in claim 1 wherein the cuttlng angle is in the
700. 3. _ ﬁ3 polishing element-as claimed in
wherein the t eet are essentially

A polishing elenent as clained in claim1 or 20

teeth are in thepsrghgge of raised stripes. 5.
t substantial ly gas-ge

din Figures 7. to 16 of the acconpanying draw ngs. 25
li.ng el ement panehanqedlemantcamm isliddhen ayteduebdy

ﬂ'«gas(i” bed W B gt 8pe0EChRe ThY EESer &t hding Weom a
surface thereof and forming therebetween recesses
whereby the sides of the teeth define, at least
partially, the recesses, wherein the tops of the teeth
lie essentially in a common plane, the cutting angle
of the cutting blade as defined by the top of each
tooth and its sides is less than 9d°, the raised teeth
alone are hardened, and the top of each tooth |is
coarse. | ' :

2. A pol1shing element as claimed in claim 1
wherein the cuttlng angle is in the range of 40° to
70°. |

3. A polishing element as claimed in claim 1
or 2, wherein the  teeth are essentially
circular-shaped. _

4. A polishing element as claimed in claim 1 or

2, wherein the teeth are in the shape of raised
stripes.

5. A polishing element substantially as
herein-described with reference to and as illustrated
in Pigures 7.to 16 of the accompanying drawings.
6. A polishing element as claimed in claim 1
when produced by the method herein described with
reference to Figures 1 to 6 of the accompanying
drawings. '

A

rei n-described with reference to



