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Description

TECHNICAL FIELD

[0001] This invention relates to a method for machining
a rare earth sintered magnet block, typically a Nd-Fe-B
sintered magnet block, into multiple pieces.

BACKGROUND

[0002] Systems for manufacturing commercial prod-
ucts of sintered magnet include a single part system
wherein a part of substantially the same shape as the
product is produced at the stage of press forming, and a
multiple part system wherein once a large block is
formed, it is divided into a multiplicity of parts by machin-
ing. When it is desired to manufacture parts of small size
or parts having a reduced thickness in magnetization di-
rection, the sequence of press forming and sintering is
difficult to form sintered parts of normal shape. Thus the
multiple part system is the mainstream of sintered mag-
net manufacture.
[0003] As the tool for cutting rare earth sintered magnet
blocks, a grinding wheel outer-diameter (OD) blade hav-
ing diamond abrasive grains bonded to the outer periph-
ery of a thin disk as a core is mainly used from the aspect
of productivity. In the case of OD blades, multiple cutting
is possible. A multiple blade assembly comprising a plu-
rality of cutoff abrasive blades coaxially mounted on a
rotating shaft alternately with spacers, for example, is
capable of multiple cutoff machining, that is, to machine-
cut a block into a multiplicity of parts at a time.
[0004] The current desire for more efficient manufac-
ture of rare earth sintered magnet entails a propensity to
enlarge the size of magnet blocks to be cutoff machined,
indicating an increased depth of cut. When a magnet
block has an increased height, the effective diameter of
the cutoff abrasive blade, that is, the distance from the
rotating shaft or spacer to the outer periphery of the blade
(corresponding to the maximum height of the cutoff abra-
sive blade available for cutting) must be increased. Such
larger diameter cutoff abrasive blades are more liable to
deformation, especially to deflect on axial direction. As
a result, a rare earth magnet block is cut into pieces of
degraded shape and dimensional accuracy. The prior art
uses thicker cutoff abrasive blades to avoid the deforma-
tion. Thicker cutoff abrasive blades, however, are incon-
venient in that more material is removed by cutting. Then
the number of magnet pieces cut out of a magnet block
of the same size is reduced as compared with thin cutoff
abrasive blades. Under the economy where the price of
rare earth metals increases, a reduction in the number
of magnet pieces is reflected by the manufacture cost of
rare earth magnet products.
[0005] While there is a desire for the method for cutoff
machining a magnet block having an increased depth of
cut without increasing the effective diameter of cutoff
abrasive blades, a method involving sawing an upper

half of a magnet block, turning the block upside down,
and sawing a lower half (upper half after the upside-down
turning) of the magnet block is known. This method is
successful in reducing the effective diameter of cutoff
abrasive blades to about one half, as compared with the
method of sawing a magnet block in one direction, and
thus overcomes the above-discussed problems of di-
mensional accuracy and the width to be sawn associated
with thick blades, but needs strict alignment of the cutting
position before and after the upside-down turning. The
step of alignment of the cutting position takes a time. If
the cutting position is misaligned even slightly, a step is
formed between upper and lower cutoff surfaces. If so,
the step must be eliminated or smoothened by surface
grinding after the cutoff machining. When cutoff machin-
ing is continuously performed as is often the case in com-
mercial manufacture, it is impossible in a substantial
sense to cutoff machine all magnet blocks without leaving
a step between upper and lower cutoff surfaces. Thus a
magnet block is typically sawn into slightly thicker pieces,
with an allowance for surface grinding being taken into
account. The number of magnet pieces cut out of a mag-
net block of the same size is reduced in this case too.

Citation List

[0006]

Patent Document 1: JP-A 2010-110850

Patent Document 2: JP-A 2010-110851

Patent Document 3: JP-A 2010-110966

Patent Document 4: JP-A 2011-156655

Patent Document 5: JP-A 2011-156863

Patent Document 6: JP-A 2012-000708 (US
2011/0312255 A1)

THE INVENTION

[0007] An object herein is to provide a new method for
machining a rare earth sintered magnet block into a mul-
tiplicity of pieces at a high accuracy using a plurality of
abrasive blades, in which preferably blades which are of
low diameter/radius relative to the depth of the magnet
block and desirably also thin can be used, and formation
of steps on the cut surfaces can be prevented or control-
led.
[0008] The invention is directed to a method for multi-
ple cutoff machining a rare earth sintered magnet block
using a multiple blade assembly comprising a plurality of
abrasive blades coaxially mounted on a rotating shaft at
axially spaced apart positions, each blade comprising a
core in the form of a thin disk and a peripheral cutting
part on the outer periphery of the core. The cutoff abra-
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sive blades are rotated and fed to machine the magnet
block into a multiplicity of pieces. The magnet block is
cut at both of first and second oppositely-directed faces
(one side and other side), typically the major surfaces
thereof. The inventors have found that the desired ob-
jects are achievable by setting the multiple blade assem-
bly such that it is movable parallel to the plane of rotation
of the blades, rotating and feeding (i.e. advancing) the
assembly of blades, starting the machining operation of
the magnet block on one side to form cutting grooves in
the magnet block, interrupting the machining operation
before the magnet block is cut through, moving the mul-
tiple blade assembly to the other side of the magnet block
parallel to the plane of rotation of the blades. For this
change of work surfaces/cutting sides the magnet block
is kept fixed. That is, the change of cutting sides can be
without re-mounting or repositioning the magnet block.
The machining operation is then restarted on the other
side to form cutting grooves in the magnet block until the
cutting grooves formed from the one side and the other
side meet thereby cutting the magnet block into pieces.
Then a rare earth sintered magnet block having a sub-
stantial height can be cutoff machined or sawn into a
multiplicity of pieces at a high accuracy and productivity,
by using the multiple blade assembly comprising a plu-
rality of thin cutoff abrasive blades having a reduced ef-
fective diameter, and feeding the multiple blade assem-
bly parallel to the plane of rotation of the blades, without
a need for alignment of the magnet block, while control-
ling formation of a step between cutoff surfaces.
[0009] In the multiple cutoff machining method, the one
side and the other side of the magnet block are preferably
held as opposite sides in a horizontal direction, that is,
said sides being upright. The magnet block at its upper
and lower surfaces may be clamped by a fastening jig.
Further preferably, the fastening jig includes a first clamp
on which the magnet block is rested, a second clamp
disposed on (above) the magnet block, and a press unit
for pressing the first and second clamps to apply a press-
ing force to the magnet block from one or both of its upper
and lower sides. A portion of one clamp member (or both
clamp members) which is disposed adjacent to the mag-
net block may be provided with a resilient formation, such
as by a generally channel extending in behind a region
corresponding to a work surface of the magnet block, to
define a resilient cantilever, whereby the magnet block
is held between the first and second clamp members
through the repulsion force created by the resilience such
as movement of the resilient cantilever. Although magnet
blocks are susceptible to cracking or chipping upon ap-
plication of a noticeable force because of its construction,
such a jig helps to ensure that the magnet block is held
within the fastening jig in a tight, flexible manner, espe-
cially when held upright. This further contributes effec-
tively to high-accuracy machining when the magnet block
is machined on the one side or the other side in horizontal
direction, or with horizontally-directed side face.
[0010] Accordingly, in one aspect, the present inven-

tion provides a method for multiple cutoff machining a
rare earth sintered magnet block using a multiple blade
assembly comprising a plurality of cutoff abrasive blades
coaxially mounted on a rotating shaft at axially spaced
apart positions, each blade comprising a core in the form
of a thin disk and a peripheral cutting part on the outer
periphery of the core, said method comprising the step
of rotating and feeding the cutoff abrasive blades to cutoff
machine the magnet block into a multiplicity of pieces,
the method further comprising the steps of:

setting the multiple blade assembly on one side of
the magnet block such that it is movable parallel to
the plane of rotation of the blades,
rotating the blades,
starting the machining operation of the magnet block
on one side to form cutting grooves in the magnet
block,
interrupting the machining operation before the mag-
net block is cut into pieces,
moving the multiple blade assembly to the other side
of the magnet block parallel to the plane of rotation
of the blades, with the magnet block kept fixed, and
restarting the machining operation of the magnet
block on the other side to form cutting grooves in the
magnet block until the cutting grooves formed from
the one side and the other side merge with each
other, thereby cutting the magnet block into pieces.

[0011] Preferably, the one side and the other side of
the magnet block are opposite sides directed horizontally
for the method, that is, the sides are positioned upright.
[0012] More preferably, in each of the machining op-
eration of the magnet block on the one side and the ma-
chining operation of the magnet block on the other side,
the magnet block is cutoff machined while the cutoff abra-
sive blades are vertically fed.
[0013] Preferably the magnet block is clamped at up-
per and lower surfaces thereof. It may be clamped by a
fastening jig whereby the magnet block is secured within
the fastening jig. The position of the fastening jig can be
fixed whereby the position of the magnet block is fixed.
[0014] Preferably, the fastening jig includes a first
clamp member and a second clamp member between
which the magnet block is held. Preferably the block rests
on the first clamp member and a second clamp member
is above the block. The fastening jig may include a press
unit or device for applying a pressing force to the magnet
block between the first and second clamps, preferably at
its upper and lower surfaces. Also desirably, a portion of
at least one clamp which is disposed adjacent to the mag-
net block is provided with a generally horizontal channel
extending inward from a position corresponding to a work
surface of the magnet block, to define a resilient canti-
lever, whereby the magnet block is held between the first
and second clamps by the repulsion force created by
vertical movement of the resilient cantilever.
[0015] Preferably a portion of at least one clamp which
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is disposed adjacent to the magnet block is partially
raised to form pads near positions corresponding to op-
posite work surfaces of the magnet block, so that the
clamp contacts only at its pads with the opposing surface
of the magnet block.
[0016] Preferably, the portion of at least one clamp
which is disposed adjacent to the magnet block is pro-
vided with rims at positions corresponding to opposite
work surfaces of the magnet block, the rims being en-
gaged with the magnet block for preventing the magnet
block from separating apart.
[0017] Preferably only the first clamp is provided with
the resilient cantilever, and the surface of the second
clamp which is disposed adjacent to the magnet block is
flat so that the second clamp is in plane contact with the
entire opposing surface of the magnet block.
[0018] Preferably on each of the one and other sides
of the magnet block, the multiple blade assembly is ver-
tically fed, or especially fed upwards, from the first clamp
side towards the second clamp side, to saw the magnet
block into pieces.
[0019] Preferably, the abrasive blades are rotated
such that the rotational direction of the blades is reverse
to the feed direction of the blades at the cutting points of
the blades during the machining operation.

ADVANTAGEOUS EFFECTS

[0020] Using a plurality of thin cutoff abrasive blades
having a reduced effective diameter, we find that using
the present methods a rare earth sintered magnet block
having a substantial height (depth) can be sawn into a
multiplicity of pieces at a high accuracy. The invention is
also effective for limiting formation of steps on the cut
surfaces.

BRIEF DESCRIPTION OF DRAWINGS

[0021]

FIG. 1 is a perspective view illustrating one exem-
plary multiple blade assembly used in the invention.
FIGS. 2A to 2F are elevational views schematically
illustrating one exemplary multiple cutoff machining
method according to the invention, FIG. 2A showing
the multiple blade assembly placed on one side of
the magnet block, FIG. 2B showing the step of ma-
chining the magnet block on the one side, FIG. 2C
showing the completion of machining of the magnet
block on the one side, FIG. 2D showing the multiple
blade assembly moved to the other side of the mag-
net block, FIG. 2E showing the step of machining
the magnet block on the other side, and FIG. 2F
showing the completion of machining of the magnet
block on the other side.
FIGS. 3A to 3C illustrate one exemplary multiple
blade assembly combined with a coolant feed noz-
zle, FIG. 3A being an elevational front view, FIG. 3B

being an elevational side view, and FIG. 3C being a
bottom view of the nozzle showing slits.
FIGS. 4A and 4B illustrate one exemplary fastening
jig, FIG. 4A being a cross-sectional view, and FIG.
4B being an elevational front view.
FIG. 5 is a partial elevational view showing another
exemplary first clamp in the fastening jig.

FURTHER EXPLANATIONS; OPTIONS AND PREF-
ERENCES

[0022] In the following description, like reference char-
acters designate like or corresponding parts throughout
the several views shown in the figures. It is understood
that terms such as "upper", "lower", "outward", "inward",
"vertical", and the like are words of convenience, and are
not to be construed as limiting terms except where the
context requires as sometimes it does. Herein, a magnet
block of generally rectangular shape has opposite sur-
faces on one and other sides in a horizontal direction,
and upper and lower ends in a vertical direction. The term
"work surface" refers to the surface of a magnet block to
be cutoff machined.
[0023] The method for multiple cutoff machining a rare
earth sintered magnet block according to the invention
uses a multiple blade assembly comprising a plurality of
cutoff abrasive blades coaxially mounted on a rotating
shaft at axially spaced apart positions, each blade com-
prising a core in the form of a thin disk and a peripheral
cutting part on the outer periphery of the core. The mul-
tiple blade assembly is placed relative to the magnet
block. The cutoff abrasive blades are rotated and fed to
cutoff machine the magnet block into a multiplicity of mag-
net pieces. During machining operation, cutting grooves
are formed in the magnet block.
[0024] Any prior art well-known multiple blade assem-
bly may be used in the multiple cutoff machining method.
As shown in FIG. 1, one exemplary multiple blade as-
sembly 1 includes a rotating shaft 12 and a plurality of
cutoff abrasive blades or OD blades 11 coaxially mount-
ed on the shaft 12 alternately with spacers (depicted at
13 in FIG. 2), i.e. at axially spaced apart positions. Each
blade 11 includes a core 11b in the form of a thin disk or
thin doughnut disk and a peripheral cutting part or abra-
sive grain-bonded section 11 a on the outer periphery of
the core 11b. Note that the number of cutoff abrasive
blades 11 is not particularly limited, although the number
of blades generally ranges from 2 to 100, with 19 blades
illustrated in the example of FIG. 1.
[0025] The dimensions of the core are not particularly
limited. Preferably the core has an outer diameter of 80
to 250 mm, more preferably 100 to 200 mm, and a thick-
ness of 0.1 to 1.4 mm, more preferably 0.2 to 1.0 mm.
The core in the form of a thin doughnut disk has a bore
having a diameter of preferably 30 to 100 mm, more pref-
erably 40 to 90 mm. Understandably, the rotating shaft
extends through the bores of the blades in the blade as-
sembly.
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[0026] The core of the cutoff abrasive blade may be
made of any desired materials commonly used in cutoff
blades including tool steels SK, SKS, SKD, SKT and
SKH, although cores of cemented carbide are preferred
because the cutting part or blade tip can be thinner. Suit-
able cemented carbides of which cores are made include
alloy forms of powdered carbides of metals in Groups
IVA (4), VA (5) and VIA (6) in the Periodic Table, such
as WC, TiC, MoC, NbC, TaC, and Cr3C2, which are ce-
mented with Fe, Co, Ni, Mo, Cu, Pb, Sn or alloys thereof.
Of these, WC-Co, WC-Ni, TiC-Co, and WC-TiC-TaC-Co
systems are typical and preferred for use herein.
[0027] The peripheral cutting part or abrasive grain-
bonded section is formed to cover the outer periphery of
the core and comprises abrasive grains and a binder.
Typically diamond grains, cBN grains or mixed grains of
diamond and cBN are bonded to the outer periphery of
the core using a binder. Three bonding systems including
resin bonding with resin binders, metal bonding with met-
al binders, and electroplating are typical and any of them
may be used herein.
[0028] The peripheral cutting part or abrasive grain-
bonded section has a width W in the thickness or axial
direction of the core, which is from (T+0.01) mm to (T+4)
mm, more preferably (T+0.02) mm to (T+1) mm, provided
that the core has a thickness T. An outer portion of the
peripheral cutting part or abrasive grain-bonded section
that projects radially outward from the outer periphery of
the core has a projection distance which is preferably 0.1
to 8 mm, more preferably 0.3 to 5 mm, depending on the
size of abrasive grains to be bonded. The distance of the
peripheral cutting part in radial direction of the core (i.e.
radial distance of the overall peripheral cutting part) is
preferably 0.1 to 10 mm, more preferably 0.3 to 8 mm.
The spacing between cutoff abrasive blades may be suit-
ably selected depending on the thickness of magnet piec-
es after cutting, and preferably set to a distance which is
slightly greater than the thickness of magnet pieces, for
example, by 0.01 to 0.4 mm. For machining operation,
the cutoff abrasive blades are preferably rotated at 1,000
to 15,000 rpm, more preferably 3,000 to 10,000 rpm.
[0029] In the preferred implementation the rare earth
sintered magnet block is held to presenting the one side
and other side, which will be the work surfaces, directed
horizontally. It is preferably held in a vertical direction by
engagement of upper and lower surfaces. The multiple
blade assembly is set such that it is movable parallel to
the plane of rotation of the blades. The magnet block is
machined or sawn into a multiplicity of pieces by rotating
and feeding the cutoff abrasive blades. The magnet block
is cutoff machined by starting the machining operation
of the magnet block on one side to form cutting grooves
in the magnet block, interrupting the machining operation
before the magnet block is cut into pieces, moving the
multiple blade assembly to the other side of the magnet
block parallel to the plane of rotation of the blades, with
the magnet block kept in place, and restarting the ma-
chining operation of the magnet block on the other side

to form cutting grooves in the magnet block until the cut-
ting grooves formed from the one side and the other side
merge with each other, thereby cutting the magnet block
into pieces. Differently stated, the magnet block is ma-
chined from the front surface and the back surface in
sequence.
[0030] By referring to FIGS. 2A to 2F, the machining
operation is described in more detail. As shown in FIG.
2A, the multiple blade assembly 1 is set on one side of
the magnet block M (right side in FIG. 2A), with the plane
of rotation of cutoff abrasive blades 11 extending verti-
cally. As shown in FIG. 2B, the machining operation is
started by feeding the rotating blade assembly 1 from the
lower end to the upper end of the magnet block M, with
the blades facing from one side toward the other side of
the magnet block M. When cutting grooves have been
formed in the magnet block M to a depth (depicted by
the thin line) corresponding to about one half of the thick-
ness of the magnet block M as shown in FIG. 2C, the
machining operation is interrupted. This cutting may of
course include plural repeated passes of the blade as-
sembly over the work surface. Then, as shown in FIG.
2D, the blade assembly 1 is moved to the other side of
the magnet block M parallel to the plane of rotation of
blades 11, with the magnet block M kept fixed. The ma-
chining operation is restarted by feeding the rotating
blade assembly 1 from the lower end to the upper end
of the magnet block M as shown in FIG. 2E, with the
blades facing from the other side toward the one side of
the magnet block M, to form cutting grooves in the re-
maining half portion of the magnet block M. Eventually,
the cutting grooves formed from the one and other sides
meet or merge with each other as shown in FIG. 2F, that
is, the magnet block is sawn throughout its thickness,
whereby the magnet block M is divided into pieces. It is
noted in FIG. 2 that spacers 13 are disposed on the ro-
tating shaft 12 between the blades 11 while the remaining
construction is the same as in FIG. 1.
[0031] According to the present concept, the work-
piece (or rare earth sintered magnet block) to be replaced
on every cutoff machining step is secured stationary dur-
ing the machining operation. On the other hand, the cut-
ting tool (or multiple blade assembly) is easy to repeat
the same operation at the same position. Thus, the mul-
tiple blade assembly is moved parallel to the plane of
rotation of cutoff abrasive blades, specifically the multiple
blade assembly is transferred or switched from the one
side to the other side of the magnet block such that the
plane of rotation of cutoff abrasive blades remains on the
same imaginary plane before and after the movement.
Then machining operation can be repeated without caus-
ing any misalignment between the cutting grooves
formed from the one and other sides. Thus even by using
a plurality of thin cutoff abrasive blades having a lower
effective diameter, a rare earth sintered magnet block
having a substantial height can be sawn into a multiplicity
of pieces at a high accuracy while minimizing a step on
the cutoff surface at the merger point between cutting
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grooves.
[0032] The method typically deals with a rare earth sin-
tered magnet block having a height (depth) of at least 5
mm, typically 10 to 100 mm and typically uses cutoff abra-
sive blades having a core thickness of up to 1.2 mm,
more preferably 0.2 to 0.9 mm and an effective diameter
of up to 200 mm, more preferably 10 to 180 mm. Notably,
the effective diameter is the diameter distance from the
rotating shaft or spacer to the outer edge of the blade
and corresponds to the maximum height of a magnet
block that can be cut by the blade. Then the magnet block
can be cutoff machined at a high accuracy and high ef-
ficiency as compared with the prior art.
[0033] In the practice of the invention, it is possible that
the one side and the other side of the magnet block be
one and other sides vertically-directed, that is, the work
surfaces of the magnet block be set as upper and lower
surfaces in the vertical sense, and the magnet block be
machined on the upper side and then on the lower side.
However, it is recommended that the one side and the
other side of the magnet block be set as one and other
sides in a horizontal direction as shown in FIGS. 2A to
2F, because it is easy to secure the magnet block in this
upright posture, and the influence of gravity on the mag-
net block, blades and coolant (cutting fluid) to be de-
scribed later may be equalized on the one and other
sides. That is, the work surfaces of the magnet block are
disposed in a right/left direction (or front/back direction)
and the magnet block is machined on the right and left
sides (on the front and back sides).
[0034] In each of the machining operations on the one
and other sides, it is possible to machine the magnet
block while the cutoff abrasive blades are fed perpendic-
ular to the work surface of the magnet block, for example,
in the arrangement of the multiple blade assembly 1 and
the magnet block M shown in FIGS. 2A to 2F, to machine
the magnet block while the blades 11 are horizontally
fed. However, since it is preferable that the magnet block
be supported at opposite ends of its work surfaces such
that e.g. the blade assembly is advanced from one
clamped side/surface towards the opposite one (in the
arrangement of the multiple blade assembly 1 and the
magnet block M shown in FIGS. 2A to 2F, the magnet
block be supported at upper and lower ends), it is rec-
ommended to machine the magnet block while the blades
11 are fed parallel to the work surface of the magnet
block, that is, to machine the magnet block M while the
blades 11 are vertically fed as shown in FIGS. 2A to 2F.
[0035] A rare earth sintered magnet block is cutoff ma-
chined into a multiplicity of pieces by rotating cutoff abra-
sive blades (i.e. OD blades), feeding a cutting fluid, and
moving the blades relative to the magnet block with the
abrasive portion of the blade kept in contact with the mag-
net block (specifically moving the blades in the transverse
and/or thickness direction of the magnet block). Then the
magnet block is cut or machined by the cutoff abrasive
blades. It is noted that the cutting fluid used herein is also
known as a coolant and is a liquid, typically water, which

may contain liquid or solid additives.
[0036] In the multiple cutoff machining of a magnet
block, the magnet block is fixedly secured by any suitable
means. In one method, the magnet block is bonded to a
support plate (e.g. of carbon base material) with wax or
a similar adhesive which can be removed after machining
operation, whereby the magnet block is fixedly secured
prior to machining operation. In another method, the
magnet block is fixedly secured by a fastening jig.
[0037] In the machining of a magnet block, first on the
one side of the magnet block, either one or both of the
multiple blade assembly and the magnet block are rela-
tively moved in the cutting or transverse direction of the
magnet block from one end to the other end of the magnet
block (parallel to the work surface of the magnet block),
whereby the work surface of the magnet block is ma-
chined to a predetermined depth throughout the trans-
verse direction to form cutting grooves in the magnet
block.
[0038] The cutting grooves may be formed by a single
machining operation or by repeating plural times machin-
ing operation, adjusting in a direction perpendicular to
the work surface of the magnet block. The depth of the
cutting grooves from the one side is preferably 40 to 70%,
most preferably about 50% of the height of the magnet
block to be cut. The depth may vary somewhat on every
machining operation, depending on the degree of wear
of cutoff abrasive blades. The width of the cutting grooves
is determined by the width of cutoff abrasive blades. Usu-
ally, the width of the cutting grooves is slightly greater
than the width of the cutoff abrasive blades due to the
vibration of the cutoff abrasive blades during machining
operation, and specifically in a range equal to the width
of the cutoff abrasive blades (or peripheral cutting parts)
plus 1 mm at most, more preferably plus 0.5 mm at most,
and even more preferably plus 0.1 mm at most.
[0039] The machining operation is interrupted before
the magnet block is divided into discrete pieces. The mul-
tiple blade assembly is moved from the one side to the
other side of the magnet block. The machining operation
is restarted on the other side of the magnet block. The
magnet block is not re-mounted. Like on the one side,
either one or both of the multiple blade assembly and the
magnet block are relatively moved in the cutting or trans-
verse direction of the magnet block from one end to the
other end of the magnet block (parallel to the work surface
of the magnet block), whereby the work surface of the
magnet block is machined to a predetermined depth
throughout the transverse direction to form cutting
grooves in the magnet block. Likewise, the cutting
grooves may be formed by a single machining operation
or by repeating plural times machining operation in the
height direction of the magnet block. In this way, the por-
tion of the magnet block left after the first groove cutting
is cutoff machined.
[0040] During the machining operation, the cutoff abra-
sive blades are preferably rotated at a circumferential
speed of at least 10 m/sec, more preferably 20 to 80
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m/sec. Also, the cutoff abrasive blades are preferably fed
at a feed or travel rate of at least 10 mm/min, more pref-
erably 20 to 500 mm/min. Advantageously, the present
method capable of high speed machining may enable a
higher accuracy and higher efficiency during machining
than the prior art methods.
[0041] During multiple cutoff machining of a rare earth
sintered magnet block, a coolant or cutting fluid is gen-
erally fed to the cutoff abrasive blades to facilitate ma-
chining. To this end, a coolant feed nozzle is preferably
used which has a coolant inlet at one end and a plurality
of slits formed at another end and corresponding to the
plurality of cutoff abrasive blades.
[0042] One exemplary coolant feed nozzle is illustrated
in FIG. 3. This coolant feed nozzle 2 includes a hollow
housing which has an opening at one end serving as a
coolant inlet 22 and is provided at the other end with a
plurality of slits 21. The number of slits corresponds to
the number of cutoff abrasive blades and is typically equal
to the number of cutoff abrasive blades 11 in the multiple
blade assembly 1. The number of slits is not particularly
limited although the number of slits generally ranges from
2 to 100, with eleven slits illustrated in the example of
FIG. 3. The feed nozzle 2 is combined with the multiple
blade assembly 1 such that an outer peripheral portion
of each cutoff abrasive blade 11 may be inserted into the
corresponding slit 21 in the feed nozzle 2. Then the slits
21 are arranged at a spacing which corresponds to the
spacing between cutoff abrasive blades 11, and the slits
21 extend straight and parallel to each other. It is seen
from FIG. 3 that spacers 13 are disposed on the rotating
shaft 12 between the cutoff abrasive blades 11.
[0043] The outer peripheral portion of each cutoff abra-
sive blade which is inserted into the corresponding slit in
the feed nozzle functions such that the coolant coming
in contact with the cutoff abrasive blades is entrained on
the surfaces (outer peripheral portions) of the cutoff abra-
sive blades and transported to points of cutoff machining
on the magnet block. Then the slit has a width which must
be greater than the width of the cutoff abrasive blade (i.e.
the width W of the outer cutting part). Through slits having
too large a width, the coolant may not be effectively fed
to the cutoff abrasive blades and a more fraction of cool-
ant may drain away from the slits. Provided that the pe-
ripheral cutting part of the cutoff abrasive blade has a
width W (mm), the slit in the feed nozzle preferably has
a width of from more than W mm to (W+6) mm, more
preferably from (W+0.1) mm to (W+6) mm. The slit has
such a length that when the outer peripheral portion of
the cutoff abrasive blade is inserted into the slit, the outer
peripheral portion may come in full contact with the cool-
ant within the feed nozzle. Often, the slit length is pref-
erably about 2% to 30% of the outer diameter of the core
of the cutoff abrasive blade.
[0044] In the method for multiple cutoff machining a
rare earth sintered magnet block, a fastening jig consist-
ing of a pair of clamps is preferably used for clamping
the magnet block preferably in the vertical (or machining)

direction, for fixedly securing the magnet block. In one
embodiment, the fastening jig includes a first clamp on
which the magnet block is rested, a second clamp dis-
posed on the magnet block, and a press unit for pressing
the first and second clamps to apply a pressing force to
the magnet block from one or both of its upper and lower
surfaces. Further, a portion of at least one clamp member
which is disposed adjacent to the magnet block is pro-
vided with a generally horizontal channel extending in-
ward from a position corresponding to one work surface
of the magnet block, to define a resilient cantilever,
whereby the magnet block is held between the first and
second clamps by the repulsion force created by vertical
movement of the resilient cantilever. The material of
which the first and second clamps are made should be
a material which has a balance of rigidity and resilience
(deflection) and/or elasticity, and preferably is easily
workable. Suitable materials include metal materials, typ-
ically steel materials such as chromium molybdenum
steel, and aluminum alloys such as duralumin, and resin
materials, typically engineering plastics such as polya-
cetal.
[0045] FIG. 4 shows one exemplary fastening jig. The
fastening jig includes a first clamp 31 on which the mag-
net block M is rested, a second clamp 32 disposed above
the magnet block M, and a press unit 33 for pressing the
first and second clamps 31 and 32 to apply a pressing
force to the magnet block M from one or both of its upper
and lower surfaces. Further, a portion of the first clamp
31 which is disposed adjacent to the magnet block M is
provided with generally horizontal channels 311, 311
each extending inward from a position corresponding to
one work surface of the magnet block M, to define resil-
ient cantilevers 312, 312 (above the channels 311, 311)
in the first clamp 31 on its magnet block-adjoining side.
The magnet block M is held between the first and second
clamp members 31 and 32 by the repulsion force created
by downward movement of the resilient cantilevers 312,
312.
[0046] The press unit 33 includes a frame 331 enclos-
ing the first clamp 31, the magnet block M, and the second
clamp 32, and screws 332, 332 for pressing the second
clamp 32 on the upper surface remote from the magnet
block M. The screws 332, 332 are extended throughout
the top beam of the frame 331 in thread engagement. As
the screws 332, 332 are turned in the threaded holes in
the frame 331, they press down the second clamp 32 for
applying a pressing force to the magnet block M via the
second clamp 32. The magnitude of pressing force may
be controlled by the fastening torque of the screws or by
using springs if necessary. Then the magnitude of press-
ing force may be adjusted in accordance with a particular
machining load. If the magnitude of pressing force is too
low, meaning that the pressing force is overwhelmed by
the machining load, the workpiece can be shifted and the
machining accuracy is worsened. If the magnitude of
pressing force is too high, the workpiece can be moved
at the final stage of cutoff machining, that is, when the
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magnet block is divided into pieces, causing chipping or
flaws to the magnet pieces. Although the press unit 33
consists of the frame 331 and the screws 332 in the il-
lustrated embodiment, the construction of the press unit
is not limited thereto, for example, the press unit may be
constructed by a frame, additional members, and a pneu-
matic or hydraulic cylinder, piston or the like.
[0047] The fastening jig of the above construction is
effective particularly when the one side and the other
side of the magnet block are opposite sides in horizontal
direction during multiple cutoff machining, that is, the
work surfaces of the magnet block are disposed in right-
left direction (or front-back direction) and the magnet
block is machined from the right side and the left side (or
from the front side and the back side). The use of the
fastening jig ensures that the magnet block is vertically
secured in a tight, flexible manner.
[0048] In preferred embodiments of the fastening jig,
the portion of the clamp on its magnet block-adjoining
side where the resilient cantilevers are defined is partially
raised at positions near the work surfaces of the magnet
block to form pads so that the clamp contacts only at the
pads with the opposing surface of the magnet block. Spe-
cifically, as shown in FIG. 4A, the first clamp 31 on its
magnet block-adjoining side is partially raised at posi-
tions (left and right sides in FIG. 4A) corresponding to
the work surfaces of the magnet block M, that is, distal
portions of the first clamp 31 are raised relative to the
remaining (formed thicker or higher than the remaining)
to form pads 312a, 312a. Then the first clamp 31 contacts
only at the pads 312a, 312a on the resilient cantilevers
312, 312 with the opposing surface of the magnet block
M. The above-mentioned construction of the clamp in-
cluding resilient cantilevers and pads ensures that as the
resilient cantilevers 312, 312 are moved and spaced
apart from the magnet block M (downward in FIG. 4A),
they develop repulsion forces to the magnet block M to
prevent the magnet block M from inclining.
[0049] In preferred embodiments of the fastening jig,
the portion of the clamp on its magnet block-adjoining
side where the resilient cantilevers are defined is provid-
ed with rims at its ends corresponding to the work sur-
faces of the magnet block, the rims being engaged with
the magnet block to prevent the magnet block from sep-
arating apart. Specifically, as shown in FIG. 4A, the por-
tion of the first clamp 31 on its magnet block-adjoining
side is further raised at its ends corresponding to the work
surfaces of the magnet block, that is, end portions (left
and right sides in FIG. 4A) of the first clamp 31 corre-
sponding to the work surfaces of the magnet block M are
raised relative to the remaining of the distal portions 312a,
312a (made thicker or higher than the remaining) to form
rims. The raised rims or hooks 312b, 312b are in engage-
ment with the magnet block M to prevent the magnet
block M from disengaging from the first clamp 31 even
when the resilient cantilevers 312, 312 are moved and
spaced apart from the magnet block M (downward in FIG.
4A).

[0050] In the illustrated embodiment, the portion of the
first clamp which is disposed adjacent to the magnet
block is provided with generally horizontal channels each
extending inward from the position corresponding to the
work surface of the magnet block to define resilient can-
tilevers above the channels, that is, two channels extend
in opposite directions and two resilient cantilevers are
formed. The invention is not limited to the illustrated em-
bodiment. For example, in the case of the first clamp 31
shown in FIG. 5, a portion of the first clamp 31 which is
disposed adjacent to the magnet block M is provided with
a generally horizontal channel 311 extending inward from
a position corresponding to one work surface of the mag-
net block M, to define a resilient cantilever 312 (above
the channel 311). The magnet block M is held between
the first and second clamps 31 and 32 by the repulsion
force created by downward movement of the resilient
cantilever 312. Similarly, the portion of the first clamp 31
which is disposed adjacent to the magnet block M is par-
tially raised at the positions (left and right sides in FIG.
5) corresponding to the work surfaces of the magnet
block M, that is, the distal portions of the first clamp 31
are raised relative to the remaining (made thicker or high-
er than the remaining) to form the pads 312a, 312a, and
the further distal portions of the first clamp 31 are further
raised to form the engagement rims 312b, 312b.
[0051] The fastening jig may be provided with a plural-
ity of guide grooves corresponding to the cutoff abrasive
blades of the multiple blade assembly so that the outer
peripheral portion of each cutoff abrasive blade may be
inserted into the corresponding guide groove. For exam-
ple, as shown in FIG. 4B, the first and second clamp
members 31 and 32 are provided on the magnet block-
adjoining sides (in the upper portion of the first clamp 31
and the lower portion of the second clamp 32) with a
plurality of guide grooves 31a and 32a corresponding to
the cutoff abrasive blades 11 of multiple blade assembly
1. Note that the number of guide grooves 31a or 32a is
not particularly limited, although eleven grooves are il-
lustrated in the example of FIG. 4B. The guide grooves
may be previously formed in the clamps before the cutoff
machining of the magnet block, that is, before the magnet
block is fastened by the jig. Alternatively, the magnet
block is fastened by the jig having clamps without guide
grooves, and when the magnet block is first machined,
the first clamp 31 or second clamp 32 is machined at the
same time as machining of the magnet block, to thereby
define guide grooves.
[0052] During machining operation, an outer peripher-
al portion of each cutoff abrasive blade 11 is inserted into
the corresponding guide groove 31a in the first clamp 31
or guide groove 32a of the second clamp 32. Then the
grooves 31a, 32a are arranged at a spacing which cor-
responds to the spacing between cutoff abrasive blades
11, and the grooves 31 a, 32a extend straight and parallel
to each other. The spacing between guide grooves 31a,
32a is equal to or less than the thickness of magnet pieces
cut from the magnet block M.

13 14 



EP 3 342 537 A1

11

5

10

15

20

25

30

35

40

45

50

55

[0053] The width of each guide groove should be great-
er than the width of each cutoff abrasive blade (i.e. the
width of the peripheral cutting part). Provided that the
peripheral cutting part of the cutoff abrasive blade has a
width W (mm), the guide groove should preferably have
a width of more than W mm to (W+6) mm and more pref-
erably from (W+0.1) mm to (W+6) mm. The length (in
cutting direction) and height of each guide groove are
selected such that the cutoff abrasive blade may be
moved within the guide groove during machining of the
magnet block.
[0054] In preferred embodiments of the fastening jig,
only one of the first and second clamps is provided with
a resilient cantilever(s), and the other is not provided with
a resilient cantilever. For example, the surface of the sec-
ond clamp in contact with the magnet block is preferably
flat so that the surface comes in plane contact with the
entire opposing surface of the magnet block. Specifically,
as shown in FIGS. 4A and 4B, only the first clamp 31 is
provided with resilient cantilevers, and the surface of the
second clamp 32 in contact with the magnet block M is
flat so that the clamp surface comes in contact with the
entire opposing surface of the magnet block M. The fas-
tening jig of such construction is advantageous when the
magnet block is machined by feeding the cutoff abrasive
blades vertically from one clamp side (having resilient
cantilevers) to the other clamp side, for example, from
the side of first clamp 31 having resilient cantilevers to
the side of second clamp 32 not having resilient cantilev-
ers in FIGS. 4A and 4B, that is, vertically from bottom to
top. When the magnet block is machined with the cutoff
abrasive blades in abutment with the magnet block, the
clamp disposed forward in the feed direction of the blades
that force the magnet block for machining is forced more
strongly. Under this situation, the plane contact of the
second clamp with the entire surface of the magnet block
ensures more steady support.
[0055] Notably, the clamp not having resilient cantilev-
ers may also be provided, on its magnet block-adjoining
side and at its ends corresponding to the work surfaces
of the magnet block, with engagement rims for preventing
the magnet block from separating away. Specifically, as
shown in FIG. 4A, the portion of the second clamp 32
adjoining the magnet block M is raised at its ends corre-
sponding to the work surfaces of the magnet block M (left
and right sides in FIG. 4A) to define engagement rims
32b, 32b. The raised rims or engagement hooks 32b,
32b are effective for preventing the magnet block M from
disengaging from the second clamp 32 even when the
resilient cantilevers 312, 312 of the first clamp 31 are
moved and spaced apart from the magnet block M (down-
ward in FIG. 4A).
[0056] During cutoff machining, the cutoff abrasive
blades are preferably rotated such that the rotational di-
rection of the blades at the cutting point of the blades is
reverse to the feed direction of the blades. Referring to
the arrangement of the multiple blade assembly 1 and
the magnet block M shown in FIGS. 2A to 2F, wherein

the multiple blade assembly 1 is fed from bottom to top
during each of cutoff machining operations on the one
side and other side, the blades are rotated counterclock-
wise on the one side and clockwise on the other side as
viewed in FIGS. 2A to 2F. That is, the rotational direction
of the blades is reversed between the one side and the
other side. Where the rotational direction of the blades
is set in this way, cutting chips and coolant may be dis-
charged downward, leading to easy disposal of cutting
chips and coolant.
[0057] The workpiece which is intended herein to cutoff
machine is a rare earth sintered magnet block. The rare
earth sintered magnet (or rare earth permanent magnet)
as the workpiece is not particularly limited. Suitable rare
earth magnets include sintered rare earth magnets of R-
Fe-B systems wherein R is at least one rare earth element
inclusive of yttrium. Suitable sintered rare earth magnets
of R-Fe-B systems are those magnets containing, in
weight percent, 5 to 40% of R, 50 to 90% of Fe, and 0.2
to 8% of B, and optionally one or more additive elements
selected from C, Al, Si, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Ga,
Zr, Nb, Mo, Ag, Sn, Hf, Ta, and W, for the purpose of
improving magnetic properties and corrosion resistance.
The amounts of additive elements added are convention-
al, for example, up to 30 wt% of Co, and up to 8 wt% of
other elements. Suitable sintered rare earth magnets of
R-Fe-B systems may be prepared, for example, by
weighing source metal materials, melting, casting into an
alloy ingot, finely pulverizing the alloy into particles with
an average particle size of 1 to 20 mm, i.e. sintered R-
Fe-B magnet powder, forming a compact from the pow-
der in a magnetic field, sintering the compact at 1,000 to
1,200°C for 0.5 to 5 hours, and heat treating at 400 to
1,000°C.

EXAMPLES

[0058] Examples and Comparative Examples are giv-
en below for further illustrating the invention although the
invention is not limited thereto.

Example 1

[0059] Cutoff abrasive blades (OD blades) were fabri-
cated by providing a doughnut-shaped disk core of ce-
mented carbide (consisting of 90 wt% WC and 10 wt%
Co) having an outer diameter 115 mm, inner diameter
60 mm, and thickness 0.35 mm, and bonding, by the
resin bonding technique, artificial diamond abrasive
grains to the outer periphery of the core to form an abra-
sive section (peripheral cutting part) containing 25% by
volume of diamond grains with an average particle size
of 150 mm. The axial extension of the abrasive section
from the core was 0.025 mm on each side, that is, the
abrasive section had a width of 0.4 mm (in the thickness
direction of the core).
[0060] Using the cutoff abrasive blades, a cutting test
was carried out on a workpiece which was a Nd-Fe-B

15 16 



EP 3 342 537 A1

12

5

10

15

20

25

30

35

40

45

50

55

rare earth sintered magnet block, under the following
conditions. A multiple blade assembly was manufactured
by coaxially mounting 46 blades on a shaft at an axial
spacing of 1.68 mm, with spacers interposed therebe-
tween. The spacers each had an outer diameter 82 mm,
inner diameter 60 mm, and thickness 1.68 mm. This set-
ting of the multiple blade assembly was such that the
magnet block was cut into magnet strips having a thick-
ness of 1.6 mm. The multiple blade assembly was com-
bined with a coolant feed nozzle as shown in FIG. 3, such
that the outer peripheral portion of each blade was in-
serted into the corresponding slit in the feed nozzle.
[0061] The workpiece was a Nd-Fe-B rare earth sin-
tered magnet block having a length 94 mm, width 45 mm
and height (depth) 23 mm. By the multiple blade assem-
bly, the magnet block was machined at 46 longitudinally
equally spaced positions and divided into 47 magnet
strips. With two magnet strips at opposite ends excluded,
45 magnet strips of 1.6 mm thick were recovered as ef-
fective products (rare earth sintered magnet pieces).
Namely, the system was designed to produce 45 magnet
strips from one magnet block.
[0062] The Nd-Fe-B rare earth sintered magnet block
was secured by a fastening jig as shown in FIG. 4, prior
to machining. The fastening jig included first and second
clamps which were provided with guide grooves having
a width of 0.6 mm (in the longitudinal direction of the
magnet block), a length of 56 mm (in the transverse di-
rection of the magnet block), and a height of 24 mm (in
the thickness direction of the magnet block) in the same
number (=46) as the blades and at cutoff positions of the
magnet block such that the blades were aligned with the
guide grooves.
[0063] Machining operation is as follows. While the fas-
tening jig with which the magnet block was fixedly se-
cured was held stationary, a coolant was fed at a flow
rate of 60 L/min from the coolant feed nozzle. Then as
shown in FIG. 2A, the multiple blade assembly 1 with the
plane of rotation of its cutoff abrasive blades 11 extended
vertically was placed on one side of the magnet block M
(right side in FIG. 2A). The blade assembly 1 was to be
fed vertically upward from this position. The cutoff abra-
sive blades 11 were rotated as shown in FIGS. 2A and
2B, in a direction (counterclockwise in the figure) which
was opposite to the feed direction of the blade assembly
1 at the cutting point of the blades 11, and at 8,500 rpm
(circumferential speed 51.2 m/sec).
[0064] Next, while the coolant was fed from the coolant
feed nozzle, the multiple blade assembly 1, which was
placed adjacent to the first clamp 31 of the fastening jig,
was adjusted from the one side to the other side of the
magnet block M (from right to left in FIG. 2A) so that the
blades 11 were inserted into the guide grooves 31a over
a distance of 0.5 mm from the blade periphery. The blade
assembly 1 was fed vertically upward, i.e. from the bottom
to the top of the magnet block M at a speed of 400 mm/min
to start machining operation to form cutting grooves hav-
ing a depth of 0.5 mm in the magnet block M. Once the

blade assembly 1 reached the top of the magnet block
M, the blade assembly 1 was moved vertically downward
on the one side. The blade assembly 1, which was now
placed adjacent to the first clamp 31 of the fastening jig,
was again adjusted from the one side to the other side
of the magnet block M so that the blades 11 were inserted
into the guide grooves 31a over a distance of additional
0.5 mm (i.e. 0.5+0.5 mm) from the blade periphery. The
blade assembly 1 was fed vertically upward at a speed
of 400 mm/min for machining operation to form cutting
grooves in the magnet block M. Once the blade assembly
1 reached the top of the magnet block M, the blade as-
sembly 1 was moved vertically downward on the one
side. The machining operation was repeated until the cut-
ting grooves reached about one-half of the thickness of
the magnet block M as shown in FIG. 2C. At this point,
the machining operation was once interrupted.
[0065] Then, as shown in FIG. 2D, with the magnet
block M kept stationary, the multiple blade assembly 1
was moved to the other side of the magnet block M par-
allel to the plane of rotation of cutoff abrasive blades 11.
The cutoff abrasive blades 11 were rotated as shown in
FIGS. 2D and 2E, in a direction (clockwise in the figure)
which was opposite to the feed direction of the multiple
blade assembly 1 at the cutting point of the blades 11,
and at 8,500 rpm (circumferential speed 51.2 m/sec).
[0066] Next, while the coolant was fed from the coolant
feed nozzle, the multiple blade assembly 1, which was
placed adjacent to the first clamp 31 of the fastening jig,
was moved from the other side to the one side of the
magnet block M (from left to right in FIG. 2D) so that the
blades 11 were inserted into the guide grooves 31 a over
a distance of 0.5 mm from the blade periphery. The blade
assembly 1 was fed vertically upward at a speed of 400
mm/min to restart machining operation to form cutting
grooves having a depth of 0.5 mm in the magnet block
M. Once the blade assembly 1 reached the top of the
magnet block M, the blade assembly 1 was moved ver-
tically downward on the other side. The blade assembly
1, which was now placed adjacent to the first clamp 31,
was moved from the other side to the one side of the
magnet block M so that the blades 11 were inserted into
the guide grooves 31a over a distance of additional 0.5
mm (i.e. 0.5+0.5 mm) from the blade periphery. The blade
assembly 1 was fed vertically upward at a speed of 400
mm/min for machining operation to form cutting grooves
in the magnet block M. Once the blade assembly 1
reached the top of the magnet block M, the blade assem-
bly 1 was moved vertically downward on the other side.
The machining operation was repeated until the cutting
grooves reached the remaining half of the thickness of
the magnet block M as shown in FIG. 2F. At this point,
the cutting grooves formed from the one and other sides
merged together, whereby the magnet block M was sawn
throughout its thickness, that is, divided into magnet
strips.
[0067] Twelve Nd-Fe-B rare earth sintered magnet
blocks were cutoff machined, and a sawing accuracy was

17 18 



EP 3 342 537 A1

13

5

10

15

20

25

30

35

40

45

50

55

evaluated. For each of magnet strips recovered after the
division, the maximum height of a step at the merger
between cutting grooves (from one and other sides) was
measured on the opposite cutoff surfaces of the magnet
strip. To evaluate a variation of the thickness of discrete
magnet strips, the thickness between the opposite cutoff
surfaces of each magnet strip was measured at five
points including the center and four corners of the cutoff
surface by a micrometer. A difference (A value) between
maximum and minimum of thickness at 5 measurement
points ranged from 3 to 46 mm, and an average of A
values was calculated 15 mm. Also to evaluate a variation
of the thickness of discrete magnet strips, an average (B
value) of measurements of the thickness between the
opposite cutoff surfaces at five points including the center
and four corners of the cutoff surface ranged from 1.566
to 1.641 mm, and an average of B values was calculated
1.601 mm.

Comparative Example 1

[0068] A magnet block on one side was cutoff ma-
chined by the same procedure as in Example 1. The fas-
tening jig was unfastened, the magnet block was re-
leased from the jig and turned upside down, and the mag-
net block was secured by the fastening jig again, with the
cutting grooves in the magnet block being aligned with
the guide grooves in the jig after the upside-down turning.
The magnet block on the other side was cutoff machined
by the same procedure as the one side machining in Ex-
ample 1. In this way, the cutting grooves formed from the
one and other sides merged together, whereby the mag-
net block M was sawn throughout its thickness, that is,
divided into magnet strips.
[0069] Twelve Nd-Fe-B rare earth sintered magnet
blocks were cutoff machined, and a sawing accuracy was
evaluated as in Example 1. As a result, the A value ranged
from 6 to 98 mm, the average of A values was 35 mm,
the B value ranged from 1.551 to 1.633 mm, and the
average of B values was 1.592 mm.

Example 2

[0070] Cutoff abrasive blades (OD blades) were fabri-
cated by providing a doughnut-shaped disk core of ce-
mented carbide (consisting of 90 wt% WC and 10 wt%
Co) having an outer diameter 125 mm, inner diameter
60 mm, and thickness 0.35 mm, and bonding, by the
resin bonding technique, artificial diamond abrasive
grains to the outer periphery of the core to form an abra-
sive section (peripheral cutting part) containing 25% by
volume of diamond grains with an average particle size
of 150 mm. The axial extension of the abrasive section
from the core was 0.025 mm on each side, that is, the
abrasive section had a width of 0.4 mm (in the thickness
direction of the core).
[0071] Using the cutoff abrasive blades, a cutting test
was carried out on a workpiece which was a Nd-Fe-B

rare earth sintered magnet block, under the following
conditions. A multiple blade assembly was manufactured
by coaxially mounting 30 blades on a shaft at an axial
spacing of 1.79 mm, with spacers interposed therebe-
tween. The spacers each had an outer diameter 93 mm,
inner diameter 60 mm, and thickness 1.79 mm. This set-
ting of the multiple blade assembly was such that the
magnet block was cut into magnet strips having a thick-
ness of 1.71 mm. The multiple blade assembly was com-
bined with a coolant feed nozzle as shown in FIG. 3, such
that the outer peripheral portion of each blade was in-
serted into the corresponding slit in the feed nozzle.
[0072] The workpiece was a Nd-Fe-B rare earth sin-
tered magnet block having a length 63 mm, width 44 mm
and height 21.5 mm. By the multiple blade assembly, the
magnet block was machined at 30 longitudinally equally
spaced positions and divided into 31 magnet strips. With
two magnet strips at opposite ends excluded, 29 magnet
strips of 1.71 mm thick were recovered as effective prod-
ucts (rare earth sintered magnet pieces). Namely, the
system was designed to produce 29 magnet strips from
one magnet block.
[0073] The Nd-Fe-B rare earth sintered magnet block
was secured by a fastening jig as shown in FIG. 4, prior
to machining. The fastening jig included first and second
clamps which were provided with guide grooves having
a width of 0.6 mm (in the longitudinal direction of the
magnet block), a length of 56 mm (in the transverse di-
rection of the magnet block), and a height of 22.5 mm (in
the thickness direction of the magnet block) in the same
number (=30) as the blades and at cutoff positions of the
magnet block such that the blades were aligned with the
guide grooves.
[0074] Machining operation is as follows. While the fas-
tening jig with which the magnet block was fixedly se-
cured was held stationary, a coolant was fed at a flow
rate of 60 L/min from the coolant feed nozzle. Then as
shown in FIG. 2A, the multiple blade assembly 1 with the
plane of rotation of its cutoff abrasive blades 11 extended
vertically was placed on one side of the magnet block M
(right side in FIG. 2A). The blade assembly 1 was to be
fed vertically upward from this position. The cutoff abra-
sive blades 11 were rotated as shown in FIGS. 2A and
2B, in a direction (counterclockwise in the figure) which
was opposite to the feed direction of the blade assembly
1 at the cutting point of the blades 11, and at 8,500 rpm
(circumferential speed 55.6 m/sec).
[0075] Next, while the coolant was fed from the coolant
feed nozzle, the multiple blade assembly 1, which was
placed adjacent to the first clamp 31 of the fastening jig,
was moved from the one side to the other side of the
magnet block M (from right to left in FIG. 2A) so that the
blades 11 were inserted into the guide grooves 31 a over
a distance of 0.25 mm from the blade periphery. The
blade assembly 1 was fed vertically upward, i.e. from the
bottom to the top of the magnet block M at a speed of
1,000 mm/min to start machining operation to form cut-
ting grooves having a depth of 0.25 mm in the magnet
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block M. Once the blade assembly 1 reached the top of
the magnet block M, the blade assembly 1 was moved
vertically downward on the one side. The blade assembly
1, which was now placed adjacent to the first clamp 31
of the fastening jig, was moved from the one side to the
other side of the magnet block M so that the blades 11
were inserted into the guide grooves 31a over a distance
of additional 0.25 mm (i.e. 0.25+0.25 mm) from the blade
periphery. The blade assembly 1 was fed vertically up-
ward, i.e. from the bottom to the top of the magnet block
M at a speed of 1,000 mm/min for machining operation
to form cutting grooves in the magnet block M. Once the
blade assembly 1 reached the top of the magnet block
M, the blade assembly 1 was moved vertically downward
on the one side. The machining operation was repeated
until the cutting grooves reached about one-half of the
thickness of the magnet block M as shown in FIG. 2C.
At this point, the machining operation was once interrupt-
ed.
[0076] Then, as shown in FIG. 2D, with the magnet
block M kept stationary, the multiple blade assembly 1
was moved to the other side of the magnet block M par-
allel to the plane of rotation of cutoff abrasive blades 11.
The cutoff abrasive blades 11 were rotated as shown in
FIGS. 2D and 2E, in a direction (clockwise in the figure)
which was opposite to the feed direction of the multiple
blade assembly 1 at the cutting point of the blades 11,
and at 8,500 rpm (circumferential speed 55.6 m/sec).
[0077] Next, while the coolant was fed from the coolant
feed nozzle, the multiple blade assembly 1, which was
placed adjacent to the first clamp 31, was moved from
the other side to the one side of the magnet block M (from
left to right in FIG. 2D) so that the blades 11 were inserted
into the guide grooves 31a over a distance of 0.25 mm
from the blade periphery. The blade assembly 1 was fed
vertically upward at a speed of 1,000 mm/min to restart
machining operation to form cutting grooves having a
depth of 0.25 mm in the magnet block M. Once the blade
assembly 1 reached the top of the magnet block M, the
blade assembly 1 was moved vertically downward on the
other side. The blade assembly 1, which was now placed
adjacent to the first clamp 31, was moved from the other
side to the one side of the magnet block M so that the
blades 11 were inserted into the guide grooves 31a over
a distance of additional 0.25 mm (i.e. 0.25+0.25 mm)
from the blade periphery. The blade assembly 1 was fed
vertically upward at a speed of 1,000 mm/min for ma-
chining operation to form cutting grooves in the magnet
block M. Once the blade assembly 1 reached the top of
the magnet block M, the blade assembly 1 was moved
vertically downward on the other side. The machining
operation was repeated until the cutting grooves reached
the remaining half of the thickness of the magnet block
M as shown in FIG. 2F. At this point, the cutting grooves
formed from the one and other sides merged together,
whereby the magnet block M was sawn throughout its
thickness, that is, divided into magnet strips.
[0078] Five Nd-Fe-B rare earth sintered magnet blocks

were cutoff machined, and a sawing accuracy was eval-
uated as in Example 1. As a result, the A value ranged
from 1 to 25 mm, the average of A values was 8 mm, the
B value ranged from 1.697 to 1.734 mm, and the average
of B values was 1.717 mm.

Comparative Example 2

[0079] A magnet block on one side was cutoff ma-
chined by the same procedure as in Example 2. The fas-
tening jig was unfastened, the magnet block was re-
leased from the jig and turned upside down, and the mag-
net block was secured by the fastening jig again, with the
cutting grooves in the magnet block being aligned with
the guide grooves in the jig after the upside-down turning.
The magnet block on the other side was cutoff machined
by the same procedure as the one side machining in Ex-
ample 2. In this way, the cutting grooves formed from the
one and other sides merged together, whereby the mag-
net block M was sawn throughout its thickness, that is,
divided into magnet strips.
[0080] Five Nd-Fe-B rare earth sintered magnet blocks
were cutoff machined, and a sawing accuracy was eval-
uated as in Example 1. As a result, the A value ranged
from 7 to 79 mm, the average of A values was 40 mm,
the B value ranged from 1.667 to 1.717 mm, and the
average of B values was 1.693 mm.

Notes

[0081] In respect of numerical ranges disclosed in the
present description it will of course be understood that in
the normal way the technical criterion for the upper limit
is different from the technical criterion for the lower limit,
i.e. the upper and lower limits are intrinsically distinct pro-
posals.
[0082] For the avoidance of doubt it is confirmed that
in the general description above, in the usual way the
proposal of general preferences and options in respect
of different features of the method constitutes the pro-
posal of general combinations of those general prefer-
ences and options for the different features, insofar as
they are combinable and compatible and are put forward
in the same context.
[0083] The entire contents of Japanese Patent Appli-
cation No. 2016/255017 filed on 28 December 2016, the
priority of which is claimed herein, are hereby incorpo-
rated by reference as a precaution in case of translation
error.

Claims

1. A method for multiple cutoff machining a rare earth
sintered magnet block using a multiple blade assem-
bly comprising a plurality of abrasive blades coaxially
mounted on a rotating shaft at axially-spaced posi-
tions, each said blade comprising a core in the form
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of a thin disk and a peripheral cutting part on the
outer periphery of the core, and said method com-
prising advancing the blade assembly and rotating
the blades to machine the magnet block into multiple
pieces,
said method comprising the steps of:

setting the multiple blade assembly on one side
of the magnet block such that it is movable par-
allel to the plane of rotation of the blades,
rotating the blades,
starting the machining operation of the magnet
block on the one side to form cutting grooves in
the magnet block,
interrupting the machining operation before the
magnet block is cut through into pieces,
moving the multiple blade assembly to the other
side of the magnet block parallel to the plane of
rotation of the blades, keeping the magnet block
fixed, and
restarting the machining operation of the mag-
net block on the other side to form cutting
grooves in the magnet block until the cutting
grooves formed from the one side and the other
side meet each other, thereby cutting the mag-
net block into pieces.

2. A method of claim 1 wherein the magnet block is
fixed with said one side and said other side horizon-
tally opposite.

3. A method of claim 2 wherein in each of the machining
operation of the magnet block on the one side and
the machining operation of the magnet block on the
other side, the magnet block is cutoff machined while
the cutoff abrasive blades are advanced vertically.

4. A method of claim 2 or 3 wherein the magnet block
is clamped by a fastening jig at its upper and lower
surfaces whereby the magnet block is secured within
the fastening jig, and the position of the fastening jig
is fixed whereby the position of the magnet block is
fixed.

5. A method of claim 4 wherein the fastening jig in-
cludes a first clamp on which the magnet block is
rested, a second clamp disposed on the magnet
block, and a press unit for pressing the first and sec-
ond clamps to apply a pressing force to the magnet
block from one or both of its upper and lower surfac-
es, and
a portion of at least one clamp which is disposed
adjacent to the magnet block is provided with a gen-
erally horizontal channel extending inward from a
position corresponding to a work surface of the mag-
net block, to define a resilient cantilever.

6. A method of claim 5 wherein the portion of at least

one clamp which is disposed adjacent to the magnet
block is partially raised to form pads near positions
corresponding to opposite work surfaces of the mag-
net block so that the clamp contacts only at its pads
with the opposing surface of the magnet block.

7. A method of claim 5 or 6 wherein the portion of at
least one clamp which is disposed adjacent to the
magnet block is provided with rims at positions cor-
responding to opposite work surfaces of the magnet
block, the rims being engaged with the magnet block
for preventing the magnet block from separating.

8. A method of any one of claims 5 to 7 wherein only
the first clamp is provided with the resilient cantilever,
and the surface of the second clamp which is dis-
posed adjacent to the magnet block is flat so that the
second clamp is in plane contact with the entire op-
posing surface of the magnet block.

9. A method of claim 8 wherein on each of the one and
other sides of the magnet block, the multiple blade
assembly is vertically fed from the first clamp side to
the second clamp side.

10. A method of claim 9 in which the multiple blade as-
sembly is fed upwardly for the cutting on each of said
one and other sides.

11. A method of any one of claims 2 to 10 wherein the
cutoff abrasive blades are rotated such that during
the machining operation the rotational direction of
the blades at the cutting points of the blades is op-
posite to the feed direction of the blades.

23 24 



EP 3 342 537 A1

16



EP 3 342 537 A1

17



EP 3 342 537 A1

18



EP 3 342 537 A1

19



EP 3 342 537 A1

20



EP 3 342 537 A1

21

5

10

15

20

25

30

35

40

45

50

55



EP 3 342 537 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 3 342 537 A1

23

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2010110850 A [0006]
• JP 2010110851 A [0006]
• JP 2010110966 A [0006]
• JP 2011156655 A [0006]

• JP 2011156863 A [0006]
• JP 2012000708 A [0006]
• US 20110312255 A1 [0006]
• JP 2016255017 A [0083]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

