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| NVENTI ON The present invention relates to an abrasive-bl aded or,:ﬁ]@igp '
cuar, to a dianond-bladed multiple cutting wheel assenbly. More
particularly, the invention relates to an assenbly of a plurality of cut-
ting wheels each bl aded on the outer pqihgpery of a base wheel with
abrasive particles such as dianond particles and held coaxially on a single
shaft by keeping an appropriate space fromthe adjacent cut- ting wheels so
as to prepare a plurality of machi ne-cut pieces froma single base bl ock of
a hard and bri tABRASIVE-BIIABEDhMAILTIPLE rGUTHANG WHEEL ASSEMBLY
earth-based alloy at a single run of the cutting work. In an industri al
process for the preparation of a |large nunber of, e.g., sintered rare
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ting wheels so as to prepare a plurality of machine-cut pieces from a

single base block of a hard and brittle material such as sintered mag-
nets of a rare earth-based alloy at a single run of the cutting work.

In an industrial process for the preparation of a large number of,
e.g., sintered rare earth-based magnet pieces of the same dimensions,
it is alternative that the magnet pieces are prepared one by one in a
powder metallurgical process including the steps of powder molding
into a green powder compact and sintering of the green body or that a
large magnet block is prepared by the powder metallurgical method
and the large block is subsequently sliced or cut by using a suitable
cutting tool into pieces by taking into account the axis of easy mag-
netization of the magnet when the sintered magnet is anisotropically
magnetic. .

In the former process of individual production of magnet pieces
one by one repeating a unit powder metallurgical process for a single
product, the only requirement for the process is that the single pro-
duct by the unit process is acceptable and good reproducibility of the
process can be ensured with high productivity so that the mechanical
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tﬁBugh such an individual process is not suitable for the manufacture of
smal | magnet pieces or magnet pieces of a small thickness in the di-
rection of magnetization because deformation of small pieces or warp- ing
of a thin sheet is unavoidably very large relative to the planar di-
mensi ons sonetinmes not to give any acceptabl e products. These prob- |ens
are no | onger of great significance in"t%e latter process of ma- chining of
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process i stldughesueh an individuadfprioeess i aotauibtabloforntlie pradudhetiirglue
to the high productivity and good versatility. On the other hand, what is

i nport ant ofsmdll magnetpieces be magnet piecesoba srhalhthickriess in thedki- t he
| arge sintereqd magnet bl ogks ,obtai ned bé interjng wth di nensi onal
accuracy oEeeiilen dismasmgtizatisndesausedatoanation gt smallyigces #F WeLpr bl e.

e e
out o1 Sy Sk ML b hUBILRSe batlca i gboiiny

provi ded WidMiseafe!rd MonstreE gxfea%bﬁmaiﬁéé in tHeta G2san6f s~

i nner periphery of the annul ar” base An outer-bladed cutting eel
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of the machining step of the large sintered magnet blocks obtained by

sintering with dimensional accuracy as high as possible and with a
material loss as small as possible.

The most widely employed cutting tools for this purpose are
abrasive-bladed cutting wheels which can be either of the internal-
bladed type or outer-bladed type. An internal-bladed cutting wheel
bladed with abrasive particles is an integral body formed from a thin
annular base wheel provided with a cutting blade of abrasive parti-
cles on and along the inner periphery of the annular base wheel. An
outer-bladed cutting wheel is, as is illustrated in Figures 1A, 1B and
1C, an integral body 6 formed from a thin disk 1 as the base wheel
having a shaft opening 5 and provided with a cutting blade 2 of abra-
sive particles on and along the outer periphery of the base wheel 1. As
a trend in recent years, the outer-bladed cutting wheels are preferred
to the internalbladed cutting wheels. The outer-bladed cutting wheels

are still more advantageous with a multiplied productivity of the cut-



seéctional view, respectively, assenbled coaxially on a single shaft 10 with
spacers 3 each between two adj acent cutting wheels 6 enabling to produce a
plurality of magnet pieces as cut or sliced in a single run of the cutting
wor ks. The above nentioned abrasive particles are preferably particles of

di amond or cubic boron nitride when the yaterial of the workpiece is a
sintered rare earth-based nagnet alloy. The abrasive particles are bonded
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resinous bonding agent, metal-bond method using a metallic cement-

W

ing agent or electrodeposition method forming a metallic plating lay-
er on the surface of the abrasive particles, of which the resin-bonded
cutting blades are preferred in the cutting works of a rare earth-based
magnets or, in particular, sintered magnets of a rare earth-iron-boron
alloy as a high-hardness material. This is because the holding
strength on the resin-bonded abrasive particles is less firm due to the |
lower mechanical strengths of the resinous bonding agent as compar-
ed with metallic cementing agents but the low elastic modulus of the
resinous bonding agent ensures a soft-touch condition between the
workpiece and the abrasive particles and lastingly excellent quality
of cutting. In a metal-bonded cutting wheel of abrasive particles,
namely, the particle-holding strength and the wearing resistance of
the cutting blade layer can be high due to the high mechanical
strengths and high elastic modulus of the metallic cementing agent
while these advantages are accompanied by a disadvantage that the

abrasive surface of the cutting blade layer readily becomes dull to ex-



edrth-iron-boron sintered nagnet bl ocks, though not so widely prac- ticed.
In conducting nmultiple cutting of a large rare earth magnet bl ock by using
a.multiple cutting wheel assenbly illustrated in Fig- ures 2A and 2B to
obtain a plurality of nagnet pieces as cut or sliced in a single cutting
run, one of the npost inportant factors_tp_be taken into consideration
besides the accuracy of the cutting work is the re- lationship between the
t hi ckness hibitten dncreased wutting cesistapcetalhoughi cuttingweheels with of

the sintered rare earth nagnethae- cause, a |l arger hickness of .the
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as cut or sliced. Furthernore, a serious difficulty is encountered when the
t hi ck- cause a larger thickness of the abrasive-bladed cutting wheels neces-

sarily results in an increase in the material loss by cutting and a de-
crease in the number of magnet piece products leading to a decrease
in the productivity and increase of the production costs.

When the thickness of the abrasive cutting blade 2 is desired to
be decreased in order to decrease the material loss of the rare earth
magnet, it is of course that the thickness of the base wheel 1 must also
be as small as possible while thickness of the base wheel 1 is limited
depending on the material thereof. In view of the low costs and high
mechanical strengths, the material of base wheels in conventional
abrasive-bladed cutting wheels is almost exclusively limited to alloy
tool steels including the grades of SK, SKD, SKT and SKH specified
in JIS (J apainese Industrial Standard). When an abrasive-bladed cut-
ting wheel with a steel-made base wheel is employed in the cutting
work of a very hard material such as sintered rare earth magnets,
however, the mechanical strength of the base wheel is still insuffici-

ent so that troubles are sometimes encountered such as distortion and



néss’ of the base wheel of an abrasive-bladed cutting wheel is decreas-.ed.
As is shown in Figure 1Cillustrating an enlarged axial cross sec- tional
view of the abrasive cutting blade 2 bonded to the outer periph- ery of a
base wheel 1, it is usual that the thickness t2 of the abrasive blade is

| arger than the thickness t1 of the base.wheel 1 so that when the abrasive
bl ade 2 cuts into a workpi ece, a gap spé@e called an "es- cape" having a
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bet ween the surface of the base wheel 1 and the workpi ece under cutting.
Thi s escapeaceof theanagnstpiesegasmpatsamslioedcut ti ng dust particles from

possrbi o by | ndPBsthapmars, seridus il & mdsuniad shantiadbiolhe o

curt i ng-vopis kiRl She Rneel ot A ARTp e HAREE Rinac Pt octletn T
al

th?gkngzse?é %Qfsngﬂéwﬁ lgé‘r%d]ée ;@ﬂrgﬁﬁéuen?ﬁl&gﬁa M'Igr]i.gss 585 of

th -
e st Cafipuy %B@th@rélﬂ'a%i%%g 4 % p?aae zsaaﬁa@ae&sth@ otilter gjea@ﬁan ge

of cutti ng abrasive part the blade 2 so that t surface

of the baserywfel baseswheelil, it is uatelicthatnthe thigenesy t2 uf tire abrasive
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when the wbl aqbees danger thanctheithigkness thofthehasesabee , ARt
even hi ghethe bFasEe bladed ctedntod ”ei@%iei%?%eq%ﬁv atlness
art al ong PR’ PAARE A BigkReSy :Z\'!J!ncﬁ'1§$S¢a§4§“ﬁ%§ﬁﬁ§§§f‘93%9r9&§e€r 'oﬁr
a[])(raa:?\r/];aggrza?%ﬁg’slwﬁ ocakt%ﬁggfitg?t e gg%ﬁ)ﬁ%éﬁﬁg@ %eelﬂ 11 oses
bal ance of weirkgfiscBainger clibting. This escape serves as a discharge passage of
cutting dust particles from the surface of the base wheel 1 which must
be discharged as smoothly as possible by increasing the thickness t3
while the thickness t3 should be as small as possible in order to de-

crease the material loss caused by the cutting works.

Namely, the difficulty encountered in the use of a cutting wheel
made from a base wheel 1 of a small thickness t1 is that the thickness
t2 of the abrasive blade and, consequently, the thickness t3 of the es-
cape cannot be large enough to ensure smoothness in the discharge of
cutting dust and abrasive particles off the blade 2 so that the surface
of the base wheel 1 is heavily scratched and damaged by the particles
jammed in the gap space of the escape. This problem is particularly
serious when the workpiece under machining is a rare earth-based
sintered magnet block because a sintered rare earth magnet has a
hardness equivalent to or even higher than that of the alloy tool steels
conventionally used as a material of the base wheel in abrasive-blad-

ed cutting wheels of the prior art along with remarkable brittleness



tWwo 'surfaces resulting in deformation of the base wheel 1 such as warping
and undul ation. This disadvantage is nore serious when the thickness of the
base wheel 1 is smaller to cause |large warping or un- dulation even with
very small scratches. Any small deformation in the base wheel 1 has an
effect to further enlarge warping and gzggla- tion of the base wheel 1 by
the stress in further cutting runs actirg to- ward this effect so that the
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cut or sliced is greatly decreased.

When the cutting work is conducted by using a multiple cutting
wheel assembly illustrated in Figures 2A and 2B with a plurality of
abrasive-bladed cutting wheels 6 as supported coaxially on a single
shaft 10 keeping a space from the adjacent wheels 6 with spacers 3, in
particular, the dimension, e.g., thickness, of the workpiece as cut or
sliced is determined solely by the spacings between two adjacent cut-
ting wheels so that any slightest warping or undulation of the base
wheels 1 directly affects the dimensional accuracy of the products as
cut or sliced unless the spacing between the cutting wheels 6 or,
namely, the thickness of the spacers 3 is frequently adjusted resulting
in a great decrease in the productivity of the cutting works or undue

increase of the material loss by cutting.

SUMMARY OF THE INVENTION
The present invention accordingly has an object to provide a no-
vel abrasive-bladed multiple cutting wheel assembly without the



(B).- at | east two abrasive-bl aded cutting wheels each consisting of a base
wheel having a center opening for insertion of the shaft, of which the
di.aneter is not exceeding 200 nmmand the thickness is in the range fromO0.1
to'1l nmm and an abrasive bl ade | ayer bonded to the outer periphery of the
base wheel, each cutting wheel being fixed on the shaft inserted into the
center opening in the base wheel; and (€f—at | east one spacer, the nunber

f th b | ler b he.nunb the.cutting wheels,
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shaft by | dito the center opening at a position between
two abrasi ve Iadedéghpﬁ‘g r?gsWneel s to define the spacing therebetween,
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cenented netal carbide and the abrasive bl atle | ayer “of the abra-
si ve- bl adevided bynthefnventiomis andssembiparhich esmyirises:abr asi ve materi al

bonded toget her with a bonding agent. In particular, the base wheel mde
from a cenb) adsshaftforceatationie shoul d have a Young's nodul us in the range
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DESCRI PTI ON THE DRAW NG Fi gure 1A is a plan view of a single

abr asi ve- bbutier! periphegywfcthe base wheeloéatheuttimptwheehbeenglfixediqgur e
1B is an axial cross sectjonal view of the cutti n% wheel illustrated in
Fi gure 1A tine shiaft inserted into the center opening in the base wheel; and

(C) at least one spacer, the number of the spacers being smaller by one
than the number of the cutting wheels, each having a center opening
for insertion of the shaft and fixed on the shaft by inserting the shaft
into the center opening at a position between two abrasive-bladed cut-
ting wheels to define the spacing therebetween,

. the base wheel of the abrasive-bladed cutting wheel being made from
a cemented metal carbide and the abrasive blade layer of the abra-
sive-bladed cutting wheel being made from particles of an abrasive
material bonded together with a bonding agent.

In particular, the base wheel made from a cemented metal car-
bide should have a Young's modulus in the range from 45000 to 70000
kg:f/mm2 or, alternatively, should have a Vickers hardness Hv in the
range from 900 to 2000.

Further, the abrasive particles from which the blade layer is
formed are preferably particles of diamond, particles of cubic boron
nitride or a combination thereof having an average particle diameter

in the range from 50 to 250 xm and the volume fraction of the



ur-e. 1C i s an enl argenent of Figure 1B show ng the abrasive bl ade |ayer on
the outer periphery of the base wheel. Figure 2A is a perspective view of
an abrasi ve-bladed nultiple cutting wheel assenbly with 5 cutting wheels.
Fi-gure 2B is an axial cross sectional view of an abrasive-bladed nultiple
cutting wheel assenbly with 7 cutting wheels. Figure 3 is a graph show ng
the accuracy of cutting thickness as aT8mction of the number of pi eces as
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is a graph show ng~the accuracy o kness” as a function of the

number of g §0% %e‘b&lambiblﬁngoﬂli@bbﬁd%%gﬁlﬁﬁh Exanpl e 3 and Conparative
Exanpl e 4. DETAI LED DESCRI PTI ON"OF THE P E D EMBCDI MENTS The above

defined nultiple-bladed cutting wheel assenbly ac- cording to the present

i nvention has several essential or optional fea- tures described below (1)
The base wheel of each QMWMMQEME%WQMrm ing the
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| arge as 2bdyer én tihe onlten peviphery of the basetwibeed. i n t he abrasive bl ade
Loyer are pret epRl e A I 'a Gerdpective view of an abrasive-bladed mitiple *°
cutting wheel assembly with 5 cutting wheels.
Figure 2B is an axial cross sectional view of an abrasive-bladed
multiple cutting wheel assembly with 7 cutting wheels.
Figure 3 is a graph showing the accuracy of cutting thickness as
a function of the number of pieces as cut making comparison between
Example 1 and Comparative Example 1.
Figure 4 is a graph showing the accuracy of cutting thickness as
a function of the number of pieces as cut making comparison between

Example 3 and Comparative Example 4.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The above defined multiple-bladed cutting wheel assembly ac-
cording to the present invention has several essential or optional fea-
tures described below.
(1) The base wheel of each of the outer-bladed cutting wheels form-
ing the assembly is made from a cemented metal carbide having a
Young's modulus in the range from 45000 to 70000 kgf/mm2 or, alter-
natively, a Vickers hardness Hv in the range from 900 to 2000.



conbii nation thereof having an average particle dianeter in the range from
50 to 250 [err]mand the volune fraction of the abrasive particles in the
abrasive blade layer is in the range from 10 to 50% the bal ance being a
bondi ng agent. (5) The abrasive blade | ayer has a thickness |arger by 0.02
to 0.4 mmthan the thickness of the base wheel to give an escape of 0.01 to
0.2 nmon each side of the base wheel . T9gures 1A, 1B and 1B are each a
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the abrasive blade layer is in the range from 10 to 50%, the balance

being a bonding agent.

(5) The abrasive blade layer has a thickness larger by 0.02 to 0.4
mm than the thickness of the base wheel to give an escape of 0.01 to
0.2 mm on each side of the base wheel. |

Figures 1A, 1B and 1B are each a plan view, an axial cross sec-
tional view and an enlarged partial axial cross sectional view of the
abrasive blade layer, respectively, of a single abrasive-bladed cutting
wheel as a part of the inventive assembly.

The most characteristic feature of the inventive assembly is that
the base wheel 1 of each of the abrasive-bladed cutting wheels 6 form-
ing the assembly is made from a cemented metal carbide having a
specified Young's modulus or, alternatively, having a specified Vic-
kers hardness Hv. A cemented metal carbide is a material inherently
having such a hardness and tenacity as to be used per se as a material
of a cutting blade. In fact, cutting wheels made from a cemented metal

carbide alone are under wide practical uses for the cutting works of



or-.slicing of a material having an extrenely high hardness such as sintered
bl ocks of a rare earth-based alloy for permanent nagnets. \Wen a
hi gh- hardness material such as rare earth-based nag- net alloys is cut or
sl'iced with a cutting wheel abrasive-bladed on the outer periphery of a
base wheel, one of the nost inportant factors af- fecting the results of
the cutting work is the material of thHelBase wheel. On the base of this
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When a high-hardness material such as rare earth-based mag-

net alloys is cut or sliced with a cutting wheel abrasive-bladed on the
outer periphery of a base wheel, one of the most important factors af-
fecting the results of the cutting work is the material of the base
wheel. On the base of this understanding, the inventors have conduct-
ed extensive investigations for selecting a material of the base wheel
of an abrasive-bladed cutting wheel which is free from the troubles
due to warping or undulation of the base wheel under strong stress oc-
curring in the course of the cutting works therewith leading to an un-
expected discovery that a quite satisfactory result can be obtained by
using an abrasive-bladed cutting wheel formed with a base wheel
made from a cemented metal carbide even though the hardness of ce-
mented metal carbide in general is lower than most of ceramic mate-
rials such as alumina. Ceramic-made base wheels cannot be used in a
cutting wheel due to brittleness of ceramic materials in general to
cause an extremely great danger because a ceramic-made base wheel
is readily cracked and broken even with a small impact force during



to .effect cenenting of the netal carbide particles with the netal or al-

| oy as the matri x phase. Exanples of particularly suitable cenented netal
car bi des include those of tungsten carbide particles cenented with cobalt,
tungsten carbide-titanium carbide m xed particles ce- nented with cobal t
and tungsten carbide-titani um carbide-tantal um carbide m xed particles
cenented with cobalt, though not parti'Cllﬂ-ErI y limtative thereto. It is

e P U ey e g s gt i

al ternativgama%n\étgkers hardness Hv in the range from 900 to 2000. Wen
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metal carbides include those of tungsten carbide particles cemented

with cobalt, tungsten carbide-titanium carbide mixed particles ce-
mented with cobalt and tungsten carbide-titanium carbide-tantalum
carbide mixed particles cemented with cobalt, though not particularly
limitative thereto.

It is essential that the base wheel 1 made from a cemented metal
carbide has a Young's modulus in the range from 45000 to 70000 kgf/
mm? or, alternatively, a Vickers hardness Hv in the range from 900
to 2000. When the Young's modulus of the base wheel 1 is too low, the
base wheel 1 is subject to occurrence of warping and undulation by the
resistance force received during the cutting works with the multiple
cutting wheel assembly so that the advantage of decreasing the thick-
ness of the base wheel to be obtained by the use of a cemented metal
carbide is lost. When the Young's modulus of the base wheel exceeds
the above mentioned upper limit, on the other hand, such a high
Young's modulus is necessarily accompanied by an increase of brittle-

ness so that the base wheel may be subject to cracking and breaking



decrease in the toughness of the material so that simlar troubles are
encountered to the use of a base wheel having an unduly high Young's

nmodul us. The nunber of the abrasive-bladed cutting wheels 6 assenbled to
forma nmultiple cutting wheel assenbly of the inventionis from2 to 200
or, preferably, from3 to 200. The advant ages obtained by the use of an
assenbly formed fromonly two cutting Wl&Ts are relatively small. Wen the
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modulus.
The number of the abrasive-bladed cutting wheels 6 assembled

to form a multiple cutting wheel assembly of the invention is from 2 to
200 or, preferably, from 3 to 200. The advantages obtained by the use
of an assembly formed from only two cutting wheels are relatively
small. When the number of the cutting wheels 6 is too large, the mul-
tiple cutting wheel assembly has an excessively large weight to cause
a difficulty in handling of the assembly. The number of spacers 3,
which are mounted on and fixed to the same shaft 10 as the cutting
wheels 6 in an alternate order, is accordingly in the range from 2 to
199 because each of the spacers 3 is sandwiched between two cutting
wheels 6 although it is optional that the cutting wheel 6 at the outer-
most position of the cutting wheel assembly is sandwiched between
two spacers 3 as is illustrated in Figures 2A and 2B so that the num-
ber of the spacers 3 is larger by 1 than the number of the cutting

wheels 6.



abr.asi ve bl ade | ayers in general are advantageous as conpared with
resi n- bonded abrasive bl ade | ayers in respect of the higher wearing

resi stance and consequently | onger durability of the abrasive-bl aded
cutting wheels so that the nultiple cutting wheel assenbly of the in-
vention can serve for the cutting works_ w thout disjointing the assem bly
I nto individual cutting wheels for refaﬂ§§§ing or replacenent of the bl ade
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abrasive blade layers in general are advantageous as compared with

resin-bonded abrasive blade layers in respect of the higher wearing
resistance and consequently longer durability of the abrasive-bladed
cutting wheels so that the multiple cutting wheel assembly of the in-
vention can serve for the cutting works without disjointing the assem-
bly into individual cutting wheels for re-dressing or replacemé_nt of
the blade greatly contributing to the improvement in the productivity
of the cutting works.

The abrasive particles contained in the abrasive blade layer 2
are not limited to diamond particles but can be particles of cubic boron
nitride or a combination of particles of diamond and cubic boron ni-
tride. The volume fraction of the abrasive particles contained in the
abrasive blade layer 2 is an important factor affecting the perfor-
mance of the cutting wheels of the inventive assembly. Namely, the
volume fraction of the abrasive particles in the layer 2 is in the range
from 10% to 50%. When the volume fraction of the abrasive particles

is too low, the cutting wheels cannot exhibit full cutting performance



mtl tiple cutting wheel assenbly of the invention. According to the re-
sults of the extensive investigations in this regard, the abrasive par-
ticles should have an average particle diameter in the range from50 [err]m
to 250 [err]m When the average particle dianeter of the abrasive particles
Is too small, the surface of the abrasive blade | ayer woul d be subject to
early clogging with the cutting dust betddse of the small hei ght of
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of the basebureiid fogatitesr, thedrtiekizas duringftheeutiingpwork afwveankipiecehe
cutting dust particles are readily |amed between the base wheel 1 and the
surface of ofdigirhardnessauch asa simtenes rare easth ;agnges cutting works
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dust particlggitiple cutting wheel assembly of the invention. According to the re-
sults of the extensive investigations in this regard, the abrasive par-
ticles should have an average particle diameter in the range from 50
um to 250 xm. When the average particle diameter of the abrasive
particles is too small, the surface of the abrasive blade layer would be
subject to early clogging with the cutting dust because of the small
height of protrusion of the abrasive particles on the surface of the
blade layer so that the efficiency in the cutting works is greatly de-
creased. When the abrasive particles are too coarse, on the other
hand, the surface of the abrasive blade layer is necessarily so coarse
that the surface of the workpieces formed by cutting is also roughened
requiring an elaborated subsequent polishing treatment along with a
problem that the thickness of the abrasive blade layer and hence
thickness of the cutting wheel cannot be as small as desired even by
the use of a base wheel having a very small thickness.
As to the thickness t2 of the abrasive blade layer 2 (see Figure
" 1C), it has been discovered that the thickness t2 of the abrasive blade




Needl ess to say, any small warping or undul ation in the base wheel 1
adversely affect the dinensional accuracy of the products ob- tained by
cutting or slicing a workpi ece consequently with an in- crease in the
material |oss by cutting. Warping or undul ati on of a base wheel occurs nore
frequently and nore extensively as the_tjii ck- ness of the base wheel is
decreased and as the dianeter of the base wheel is increased to cause
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outer dia f@bl@mﬁg@‘ imﬁ]ﬁ%oflthé suttio aﬁgﬂy'ay-gjdl@s,be suitable for prac-
tical appr?cat i ons while a base wheel hgze;vi ng a thickness smaller than
Needless to say, any small warping or undulation in the base

wheel 1 adversely affect the dimensional éccuracy of the products ob-
tained by cutting or slicing a workpiece consequently with an in-
crease in the material loss by cutting. Warping or undulation of a
base wheel occurs more frequently and more extensively as the thick-
ness of the base wheel is decreased and as the diameter of the base
" wheel is increased to cause larger difficulties in the preparation
thereof. In this regard, the base wheel in the inventive assembly
made from a cemented metal carbide is advantageous as compared
with other conventional materials for base wheels of a cutting wheel.
As a result of the detailed studies on the thickness and diameter
which the base wheel should have, a conclusion has been reached that
the base wheel should have an outer diameter not exceeding 200 mm
and a thickness in the range from 0.1 mm to 1 mm so that a base
wheel having good dimensional accuracy and without warping or un-
dulation can be obtained with good reproducibility. A base wheel hav-

ing an outer diameter exceeding 200 mm or a base wheel having a



0.1-mmis readily cracked or broken in the course of the cutting works. The
abrasi ve-bl aded nmultiple cutting wheel assenbly is of course useful for
cutting or slicing any hard and brittle materials but is particularly
advant ageous when used for machining producti on of permanent nagnets of a
sintered rare earth-based alloy or, nore par- ticularly, of the nmagnet
allots of the rare earth-iron-boron types6ton- sisting of, usually, from5
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to a heat ty $3h595 rb@dily cracked or broken in the course of the cutting works.
The abrasive-bladed multiple cutting wheel assembly is of

course useful for cutting or slicing any hard and brittle materials but
is particularly advantageous when used for machining production of
permanent magnets of a sintered rare earth-based alloy or, more par-
ticularly, of the magnet allots of the rare earth-iron-boron types con-
sisting of, usually, from 5 to 40% of a rare earth metal or metals, from
50 to 90% of iron and from 0.2 to 8% of boron in weight fractions al-
though it is optional with an object to further improve the magnetic
properties and corrosion resistance of the magnets to add a limited
amount of one or more of additional elements including carbon, alu-
minum, silicon, titanium, vanadium, chromium, manganese, cobalt,
nickel, copper, zine, gallium, zirconium, niobium, molybdenum, sil-
ver, tin, hafnium, tantalum and tungsten. The amount of these addi-
tive elements is usually not exceeding 8% by weight of the overall al-
loy composition, although the amount of cobalt can be as large as up

to 30% by weight, since addition of the additive elements in an exces-



eff.ect sintering and aging first at a tenperature of 1000 to 1200 [err]C
for 0.5 to 5 hours and then at 400 to 1000 [err]C. The above descri bed
aprasi ve-bl aded nultiple cutting wheel as- senbly according to the
invention, which is an assenbly of a plurality of outer-bladed cutting
wheel s each constructed with a base wheel made from a cenented netal
carbi de satisfying the requirenent for—dfe Young' s nodul us of 45000 to

70000 kgf /éi%iirrﬂa&ger é{%ﬁ%ﬁ A advidrsef effBlt t8 déidase flesithalinetic

satisfying the“re or both of these two paraneters and Shaped

into an arppﬂ,ﬁérﬁéglgfth@rmhmgd advant ageously in the cutting or slicing
works of a hard and brittle naterial such as sintered rare earth-based

per manent magnePermanent spegnets of the aboviepentionedysinterafirane earfhwi t h
stability despite the relatiyely small thickness of .t he base wheels to
cont ri but einon-besonmagnstatley en beprepared AccoRdiRg o) :gonyentional
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Young' s nothi edle¥, 2O00gbYis fiMelyrpulvwerizod intoiparxtielesdnaving ati aiveravi ng
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mm as a baagewpartiché diametersof/d- bo 20 ¢mytthe@llo@owder i8¢ D@éth‘léde
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base wheel thmgsgrsé%tn i)gd?r o?él?el aﬂ%lydpgvrer ' @Bjected to a heat treatment to
effect sintering and aging first at a temperature of 1000 to 1200 °C for
0.5 to 5 hours and then at 400 to 1000 °C.

The above described abrasive-bladed multiple cutting wheel as-
sembly according to the invention, which is an assembly of a plurality
of outer-bladed cutting wheels each constructed with a base wheel
made from a cemented metal carbide satisfying the requirement for
the Young's modulus of 45000 to 70000 kg‘f/mm2 or Vickers hardness
Hv of 900 to 2000 or desirably satisfying the requirements for both of
these two parameters and shaped into an annular disk, can be used
advantageously in the cutting or slicing works of a hard and brittle
material such as sintered rare earth-based permanent magnets in re-
spect of the cutting accuracy and durability with stability despite the
relatively small thickness of the base wheels to contribute to the im-
provement of the costs for the cutting works, and productivity with an
outstandingly decreased material loss by cutting.

In the following, the abrasive-bladed multiple cutting wheel as-

sembly of the invention is described in more detail by way of Ex-



space around the base wheel was filled with an abrasive blend com posed
25% by vol unme of dianond particles having an average parti- cle dianeter
150 [err]mand 75% by vol une of particles of a heat-cur- able phenolic

resin followed by pressing into the formof an abrasive- bladed cutting

of
of

wheel and curing of the phenolic resin_in situ at 180 [err]C for 2 hours.

After cooling, the cutting wheel was takKé&€n out of the me- tal nold and
fini shed ognfpleanphd CoRIPAREIVe Bidmplesywhidh choweder|, aeverhtimitotize
t hi ckness of 0.5 nm Two “cutti ng wheel's were pre- pared in the above
descri bed S@(}IeoftHéén&bnﬁadnénlﬂngde.yutti ng wheel s were assenbled into
dou- bl e-blade cutting wheel assenbly by nounting themon a shaft of 40
di anet er kEﬂ'mgla]spaci ng of 1.6 mm by using a spacer of 1.6 nmmthickne
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the above de- scribed manner and neasurenent of the thickness of the nmag
pl at e obt aages basewehgel oft ancabrasive-bladed cwtkingewhselisAmg abrasive
m croneter_caliper at about the.cerltpfr poi n

f th t platg to gi
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magnet pl ajeonRRE2TH, the base wheel was set in a metal mold and the gap

space around the base wheel was filled with an abrasive blend com-

posed of 25% by volume of diamond particles having an average parti-
cle diameter of 150 xm and 75% by volume of particles of a heat-cur-
able phenolic resin followed by pressing into the form of an abrasive-
bladed cutting wheel and curing of the phenolic resin in situ at 180 °C
for 2 hours. After cooling, the cutting wheel was taken out of the me-
tal mold and finished on a lapping machine to give an abrasive blade
layer having a thickness of 0.5 mm. Two cutting wheels were pre-
pared in the above described manner.

The abrasive-bladed cutting wheels were assembled into a dou-
ble-blade cutting wheel assembly by mounting them on a shaft of 40
mm diameter keeping a spacing of 1.6 mm by using a spacer of 1.6
mm thickness having an outer diameter of 80 mm and inner diameter
of 40 mm. A cutting test was undertaken for this double-blade assem-
bly rotated at 5000 rpm with a sintered block of a neodymium-iron-bo-
ron permanent magnet alloy as the workpiece. The cutting rate was
12 mm/minute and the cutting area had a width of 40 mm and a depth

as
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this cutting test each had a thickness well within the control limt of the
target value w thout necessitating any adjustnent of the spacer thickness.
Conpar ative Exanple 1. The experinental procedure was substantially the
sane as in Exanple 1 excepting for the replacenent of the base wheel nade
froma cenented netal carbide in each cutting wheel with a base wheel of

t he sane di nensions made from a conventi¥mal alloy tool steel of the grade
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The thus prepared abrasive-bl aded cutting eel s were assem
duct obtained in the first cutting run.

As is understood from this graph, the magnet plates obtained in
this cutting test each had a thickness well within the control limit of
the target value without necessitating any adjustment of the spacer
thickness.

Comparative Example 1.

The experimental procedure was substantially the same as in
Example 1 excepting for the replécement of the base wheel made from
a cemented metal carbide in each cutting wheel with a base wheel of
the same dimensions made from a conventional alloy tool steel of the
grade SKD. The results of the thickness measurement of the magnet
plates are shown by the polygonal line II in Figure 3. When the thick-
ness as measured fell outside the control limit, adjustment of the spac-
er thickness was undertaken for an increment of 100 xm, an incre-
ment of 100 xm and a decrement of 50 zm after 10th, 50th and 90th
runs, respectively.

Example 2.

Another cemented metal carbide consisting of 85% by weight of
tungsten carbide and 15% by weight of cobalt having a Young's modu-



bl*ed into a 31-bl ade cutting wheel assenbly on a shaft of 40 nmdiam eter
each separated fromthe adjacent wheels with intervention of a 1.1 mmthick
spacer having an outer dianmeter of 80 mmand inner di- ameter of 40 nmm A
cutting test was undertaken with the thus prepared nmultiple cutting wheel
assenbly rotated at 6000 rpmfor a sintered rare earth- based magnet bl ock
of the neodym umiron-boron type havi n§2§0‘mn by 30 mm by 20 nmm di nensi ons
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The thus prepared abrasive-bladed cutting wheels were assem-
bled into a 31-blade cutting wheel assembly on a shaft of 40 mm diam-

eter each separated from the adjacent wheels with intervention of a

1.1 mm thick spacer having an outer diameter of 80 mm and inner di-
ameter of 40 mm.

A cutting test was undertaken with the thus prepared multiple
cutting wheel assembly rotated at 6000 rpm for a sintered rare earth-
based magnet block of the neodymium-iron-boron type having 50 mm
by 30 mm by 20 mm dimensions in the cutting direction perpendicu-
lar to the 50 mm-long side at a cutting rate of 15 mm/minute to give
30 magnet plates of 30 mm by 20 mm area in a single cutting run with
a target thickness of 1.0 mm and a control limit of +0.05 mm. This
test cutting run was repeated for 1000 blocks to produce 30000 mag-
net plates, each of which was subjected to the measurement of thick-
ness at about the center point to find that all of the thus produced
magnet plates had a thickness within the control limit of 1.0£0.05
mm without necessitating any adjustment of the spacer thickness and



nment ‘was undertaken when the thickness of the nmagnet plate as cut with the

wheel s sandw chi ng the spacer did not fall within the control Iimt and
repl acenent of the cutting wheels was undertaken when the desired thickness
of the magnet plate within the control Iimt could not be obtained even

after 3 tines of spacer thickness adjustnent ne- cessitated at the sane
cutting wheels. The material yield by elx+ng was 60% Conparative Exanple
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of 0.9 mm t he abrasive bl ade | ayer of the abrasive-bladed cutting

wheel s had a thickness of 1.0 nm In accord- ance with the increase in the

t hi ckness @om@%ﬁﬁém?@ég. the mul- tiple cutting wheel assenbly was
prepared by asse T ng cutting bl ades instead of 31 cutting bl ades so
that 24 magnet e experiiental gatovederte was subgtantislly the same as 282-
The result_of the test cutting runs was that the desired thickness of the
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cutting wheel. An abrasive blade | ayer of abrasive particles, which was a

1: 1 by wei byt undertaking 118 times as a total of the spacer thickness adjust-
ment and 27 times of replacement of the cutting wheels each with a
freshly prepared cutting wheel, where the spacer thickness adjust-
ment was undertaken when the thickness of the magnet plate as cut
with the wheels sandwiching the spacer did not fall within the control
limit and replacement of the cutting wheels was undertaken when the
desired thickness of the magnet plate within the control limit could
not be obtained even after 3 times of spacer thickness adjustment ne-
cessitated at the same cutting wheels. The material yield by cutting
was 60%.

Comparative Example 8.

The experimental procedure was substantially the same as in
Comparative Example 2 except that each of the base wheels of SKH
steel had a thickness of 0.9 mm and the abrasive blade layer of the
abrasive-bladed cutting wheels had a thickness of 1.0 mm. In accord-
ance with the increase in the thickness of the cutting wheels, the mul-
tiple cutting wheel assembly was prepared by assembling 25 cutting
blades instead of 31 cutting blades so that 24 magnet plates could be

obtained in a single cutting run.



ti=on of artificial dianmond particles and cubic boron nitride particles
havi ng an average particle dianeter of 100 [err]m was fornmed on and around
the outer periphery of the base wheel by the netal -bond neth- od in the
foll owi ng manner. Thus, the base wheel was set in a netal nold and the gap
space around the base wheel was filled with an abrasive blend conposed of
15% by vol ume of the abrasive particl es23rd 85% by vol une of particles of a
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constructed with the above prepared two cut- ting wheels assenbled on a

shaft of 4preparsdouttinginbee]. Thecmateriabgieldhy cyttingwas 48%met er of
75 mm inngr diapeter of 40 mm and thickness of 2.1 mm i nterveni ng between
the two CMI s. The cutting wheel assenbly was rotated at 5500 rpm
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plotted at the |left end of the polygonal line II] are for thKnma net, pl ate
obt ai ned i astthdase swheel wfhanrabrasive-bladed cutting wheel. abrasive

blade layer of abrasive particles, which was a 1:1 by weight combina-
tion of artificial diamond particles and cubic boron nitride particles
having an average particle diameter of 100 xm, was formed on and
around the outer periphery of the base wheel by the metal-bond meth-
od in the following manner. Thus, the base wheel was set in a metal
mold and the gap space around the base wheel was filled with an
abrasive blend composed of 15% by volume of the abrasive particles
and 85% by volume of particles of a binder metal followed by pressing
into the form of an abrasive-bladed cutting wheel and calcination
thereof at 700 °C for 2 hours. After cooling, the wheel was finished on
a lapping machine to give a form of an abrasive blade layer having a
thickness of 0.4 mm. Two abrasive-bladed cutting wheels were pre-
pared in the above described manner.

A cutting test of a sintered rare earth magnet block was con-
ducted in the same manner as in Example 1 by using a double-blade
cutting wheel assembly constructed with the above prepared two cut-
ting wheels assembled on a shaft of 40 mm diameter with a spacer



Conpar ati ve Exanple 4. The experinental procedure was substantially the
sane as in Exanple 3 described above except that the cutting wheels were
each prepared by using a base wheel nade froma high speed steel SKH in-
stead of the cenented netal carbide. The result of the cutting test was

t hat adjustment of the spacer thickness with an increment of 50 [err] mwas
necessitated after 30 tines of the repe@3ed cutting runs in order to keep
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product thickness as 1s s Ine IV in Figure 4. Exanple
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carbi de and 10%by wei ght of cobalt and having a Vickers hard- ness Hv of
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outer dianeter of 115 nmm inner, djaneter, of 40 nn1a3§9thick-, ess of, 0,3
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t he above describ manner. A nmultiple cutting wheel ‘assenbl 5 wa

S
const r uct egvefpa0tiesanof euttingaipwbe S00 ronsdould e kepdtwi com-
di aneter each sepa- rated fromthe adjacent ones by sandwhfhing as er
havi ng an troldimit without necessitating any spacer thickness adjustment. The

data plotted at the left end of the polygonal line III are for the magnet
plate obtained in the first cutting run.

Comparative Example 4.

The experimental procedure was substantially the same as in
Example 3 described above except that the cutting wheels were each
prepared by using a base wheel made from a high speed steel SKH in-
stead of the cemented metal carbide. The result of the cutting test was
that adjustment of the spacei thickness with an increment of 50 ,m
was necessitated after 30 times of the repeated cutting runs in order
to keep the thickness of the magnet plates within the control limit.
The test cutting runs could not be continued to exceed 240 runs due to
an undue increase in the cutting resistance and an uncontrollable de-
viation of the product thickness as is shown by the polygonal line IV
in Figure 4.

Example 4.
A cemented metal carbide consisting of 90% by weight of tung-

sten carbide and 10% by weight of cobalt and having a Vickers hard-

ness Hv of 1500 was shaped into an annular disk as a base wheel hav-



dianeter of 80 mm inner dianeter of 40 nmand thickness of 1.6 nm A
cutting test was undertaken with this nultiple cutting wheel as- senbly
rotfated at 6000 rpmfor a sintered rare earth nagnet bl ock of 50 mm by 30
mnm by 15 nm dinmensions at a cutting rate of 22 mi mnute so as to obtain
26 magnet plates in a single cutting run. The target thickness of the
magnet plate products was 1.5 mnmmwith a2%n- trol linmit of 0.05 nm The
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ameter of 125 mm inper_diameter of 40 mmand thickness of 0.4 nm
A multiple cutting wheel assembly was constructed from these

27 cutting wheels assembled on a shaft of 40 mm diameter each sepa-
rated from the adjacent ones by sandwiching a spacer having an outer
diameter of 80 mm, inner diameter of 40 mm and thickness of 1.6 mm.
A cutting test was undertaken with this multiple cutting wheel as-
sembly rotated at 6000 rpm for a sintered rare earth magnet block of
50 mm by 30 mm by 15 mm dimensions at a cutting rate of 22 mm/
minute so as to obtain 26 magnet plates in a single cutting run. The
target thickness of the magnet plate products was 1.5 mm with a con-
trol limit of +0.05 mm.

The result of the cutting test conducted for 1000 cutting runs
was quite satisfactory since all of the magnet plate products could
have a thickness falling within the control limit of the target thick-
ness without necessitating any adjustment of the spacer thickness
and replacement of the cutting wheels with fresh ones.

Comparative Example 5.

The experimental procedure was substantially the same as in
Example 4 except that the base wheels were made from an alloy tool
steel SKD instead of the cemented metal carbide.



as .a base wheel of an abrasive-bladed cutting wheel. An abrasive bl ade

| ayer of dianond particles was formed on and around the outer periphery of
the base wheel with an abrasive blend conposed of 20% by vol une of di anond
particles having an average particle dianeter of 120 [err]m and 80% by

vol ume of particles of a heat-curable phenolic resin to forman abrasive
bl ade | ayer having a thickness of O. S'Wﬁﬁ‘Thlrty four abrasive- bladed
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ness Hv of 1250 was shaped into an annular disk having an outer di-

ameter of 125 mm, inner diameter of 40 mm and thickness of 0.4 mm
as a base wheel of an abrasive-bladed cutting wheel. An abrasive
blade layer of diamond particles was formed on and around the outer
periphery of the base wheel with an abrasive blend composed of 20%
by volume of diamond particles having an average particle diameter
of 120 zm and 80% by volume of particles of a heat-curable phenolic
resin to form an abraéive blade layer having a thickness of 0.5 mm.
Thirty-four abrasive-bladed cutting wheels were prepared in the
above described manner.

The thus prepared abrasive-bladed cutting wheels were assem-
bled into a 34-blade cutting wheel assembly on a shaft of 40 mm diam-
eter each separated from the adjacent wheels with intervention of a
1.1 mm thick spacer having an outer diameter of 80 mm and inner di-
ameter of 40 mm.

A cutting test was undertaken with the thus prepared multiple
cutting wheel assembly rotated at 5500 rpm for a sintered rare earth-
based magnet block of the neodymium-iron-boron type having 50 mm



Bxanpl e 5 descri bed above excepting for the replacenent of the base wheels
made froma cenented netal carbide of a Vickers hardness Hv of 1250e with
base wheel s of the sanme di mensi ons nmade from anot her cenented netal carbide
having a Vickers hardness Hv of 800.. The result of the test cutting runs
was that the desired thickness of the 33000 nagnet plates could be kept
within the control I|mt onIy by undert+&6mg 28 tines as a total of the
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of 0.3 mm
Comparative Example 6.

The experimental procedure was substantially the same as in

Example 5 described above excepting for the replacement of the base
wheels made from a cemented metal carbide of a Vickers hardness Hv
of 1250e with base wheels of the same dimensions made from another
cemented metal carbide having a V1ckers hardness Hv of 800..

The result of the test cuttmg runs was that the desired thlckness
of the 33000 magnet plates could be kept within the control limit only
by undertaking 28 times as a total of the spacer thickness adjustment
and 4 times of replacement of the cutting wheels each with a freshly
prepared cutting wheel. The material yield by cutting was 66%.
Comparative Example 7.

The experimental procedure was substantially the same as in
Example 5 described above excepting for the replacement of the base
wheels made from a cemented metal carbide of a Vickers hardness Hv
of 1250 with base wheels made from an alloy tool steel SKD having a
thickness of 0.9 mm and increase in the thickness of the abrasive
blade layer from 0.5 mm to 1.0 mm. Further, the multiple cutting




ds .a base wheel of an abrasive-bladed cutting wheel. An abrasive bl ade

| ayer of abrasive particles was fornmed on and around the outer periphery of
t he base wheel by the netal bond nethod froma m xture consisting of 85% by
vol une of a binder netal consisting of 70% by wei ght of copper and 30% by
wei ght of tin and 15% by volunme of a 1:1 by wei ght blend of dianond
particles and particles of cubic boron-@7—tride having an average particle
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at all of the thus produced magnet pl ates

had a thi cliagstentdirbideeand20% by weightfoficobaléhaving ahVickers hard-
necessi tati ng any adj ustnent of the spacer . . .
ness Hv of 1100 was shaped ingo an annular disk having an outer di-

ameter of 105 mm, inner diameter of 40 mm and thickness of 0.3 mm

as a base wheel of an abrasive-bladed cutting wheel. An abrasive
blade layer of abrasive particles was formed on and around the outer
periphery of the base wheel by the metal bond method from a mixture
consisting of 85% by volume of a binder metal consisting of 70% by
weight of copper and 30% by weight of tin and 15% by volume of a 1:1
by weight blend of diamond particles and particles of cubic boron ni-
tride having an average particle diameter of 100 xm. Press-forming of
the blade was followed by a heat treatment at 700 °C for 2 hours to
. give an abrasive blade layer having a thickness of 0.4 mm. Thirty-two
abrasive-bladed cutting wheels were prepared in the above described
manner.

The thus prepared abrasive-bladed cutting wheels were assem-
bled into a 32-blade cutting wheel assembly on a shaft of 40 mm diam-
eter each separated from the adjacent wheels with intervention of a
1.3 mm thick spacer having an outer diameter of 75 mm and inner di-

ameter of 40 mm.



thickness and repl acement of the cutting wheels. Conparative Exanple 8. The
experinental procedure was substantially the sane as in Exanple 6 descri bed
aljove excepting for the replacenent of the base wheels made from a cenented
metal carbide with base wheels of the sane di nensions nade froma high
speed steel of the grade SKH. The result of the test cutting runs was that
the desired thickness of the 31000 magr@8-pl at es obtai ned by cutting of
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ment of thickness at about the center point to find that all of the thus
produced magnet plates had a thickness within the control limit of
1.2+0.05 mm without necessitating any adjustment of the spacer
thickness and replacement of the cutting wheels.

Comparative Example 8.

The experimental procedure was substantially the same as in
Example 6 described above excepting for the replacement of the base
wheels made from a cemented metal carbide with base wheels of the
same dimensions made from a high speed steel of the grade SKH.

The result of the test cutting runs was that the desired thickness
of the 31000 magnet plates obtained by cutting of 1000 magnet blocks
could be kept within the control limit only by undertaking 22 times,
41 times, 78 times, 125 times and 161 times each as a total of the spac-
er thickness adjustment and 4 times, 11 times, 18 times, 36 times and
47 times each as a total of replacement of the cutting wheels each
with a freshly prepared cutting wheel for completion of cutting of the
first 200 blocks, first 400 blocks, first 600 blocks, first 800 blocks and
the total of 1000 blocks, respectively.
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(C) at least one spacer, the number of the spacers being smaller by one
than the number of the abrasive-bladed cutting wheels, having a cen-
ter opening for insertion of the shaft and fixed on the shaft by insert-
ing the shaft into the center opening at a position between two abra-
sive-bladed cutting wheels to define the spacing therebetween,

the base wheel of the abrasive-bladed cutting wheel being made from
a cemented metal carbide and the abrasive blade layer of the abra-
sive-bladed cutting wheel being made from particles of an abrasive

material bonded together with a bonding agent.

2.  The abrasive-bladed multiple cutting wheel assembly as claim-
ed in claim 1 in which the cemented metal carbide has a Young's mo-
dulus in the range from 45000 to 70000 kgf/mmz.

3. The abrasive-bladed multiple cutting wheel assembly as claim-
ed in claim 1 in which the cemented metal carbide has a Vickers hard-

ness Hv in the range from 900 to 2000.
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4. The abrasive-bladed multiple cutting wheel assembly as claim-
ed in claim 1 in which the cemented metal carbide is tungsten carbide
cemented with cobalt.

5. The abrasive-bladed multiple cutting wheel assembly as claim-
ed in claim 1 in which the base wheel has a thickness in the range

from 0.1 to 1 mm and an outer diameter not exceeding 200 mm.

6. The abrasive-bladed multiple cutting wheel assembly as claim-
ed in claim 1 in which the number of the abrasive-bladed cutting
wheels is in the range from 3 o 200.

7.  The abrasive-bladed multiple cutting wheel assembly as claim- |
ed in claim 1 in which the abrasive blade layer contains from 10 to
50% by volume of the abrasive particles, the balance being the bond-
ing agent.

8. The abrasive-bladed multiple cutting wheel assembly as claim-
ed in claim 1 in which the abrasive particles contained in the abrasive
blade layer are particles of diamond, particles of cubic boron nitride or

a combination thereof.

9. The abrasive-bladed multiple cutting wheel assembly as claim-
ed in claim 8 in which the abrasive particles have an average particle
diameter in the range from 50 to 250 .m.



