1DESC RI PTI1 ON MANUFACTURI NG METHODS OF FLEXI BLE BONDED MAGNET
AND MOTOR USI NG THE SAME 5 TECHNI CAL FI ELD The present invention relates to
a flexible bonded magnet produced frolnrare earth system magneti c powder
and a nmethod of manufacturing a notor using the flexible bonded nagnet. 10
BACKGROUND ART Quite a nunber of small notors are used in persona

conputers and the peripheral devices, |T-related appliances and the |ike
apparatus in the field of advanced technol ogi es.. These 15 notors are
requested to be nore conpactlith $re BiZeP hihHfNin the output and
efficiency, along with the ongoing pursuit of conpactness and |ightness in
the appliance sector. Anong the total production nunber of small notors,

G moLors accolpiwiplerAPAOIRIGY Gl bsineaoisoaaRgly use O miors

use rubber 20 bon errite magnets. Hig ormance DC notors enpl oy

ri ng-shaped bongesl Memse s N deIge dsAyE conpr essing a conposite  of
magnetically isotropic Nd-Fe-B system nmagnetic powder and a rigid
thermdsetting resin such as epoxy resin. Technol ogi cal devel opnents in the
smal | notors represent the inprovenents 25 achieved in the field of bonded
magnet s manuf act ured by bondi ng TESBRE&AEt FdEESwWder with a binder. FIG 13

descri bes the fehnolody,combinati,ons used {97 IBRHEASTUIAG Sopvspt | ona
produced £from rare earth system magnetic powder, and a method
of manufacturing a motor using the flexible bonded magnet.
10
BACKGROUND ART
Quite a number of small motors are used in personal
computers and the periphe;:al devices, IT-related appliances and
the like apparatus in the field of advanced technologies. These
15 motors are requested to be more compact in the size, higher in
the output and efficiency, along with the ongoing pursuit of
compactness and lightness in the appliance sector. Among the
total production number of small motors, DC motors account for
approximately 70%. Most of the general-use DCmotors use rubber
20 bonded ferrite magnets. High-performance DC motors employ
ring-shaped bonded magnets produced by compressing a composite
of magnetically isctropic NAd-Fe-B system magnetic powder and
arigid thermosetting resin such as epoxy resin. Technological
developments in the small motors represent the improvements
25 achieved in the field of bonded magnets manufactured by bonding
a magnetic powder with a binder.
FIG. 13 describes the technology combinations used for

manufacturing conventional bonded magnets. The magnetic



2 powder can be a hard ferrite system nagnetic powder, an Alnico system
magneti c powder or a rare earth system nagnetic powder. The binder can be
a flexible resin (e.g. rubber, thernopfastic elastoner), a rigid
thernoplastic resin or arigid 5 thernosetting resin. The form ng process
can be a calendering, an extrusion, an injection nolding or a conpression.
Conventional conbination of these itens is indicated with solid lines. It
has been known that the rare earth nagnetic powders can be conbined with a

flexi bl e PREAGT ¢an bg @ Rard depdde E756oRRigRehtC PPy FRAHBEE?ti ng
resin. It _j | so knawn that the rare earth magnetic powders can be

Conbi ned B Eho MRaiE PORGer.Af & BrEergat th TR FreBR e For fiter

conpr essi g o cah'Be T8 biB FRINFIIL, POYMIBEE Al £n 1aLP10e
conpati bl e ﬁﬁt anycghe %f Fﬁgﬁﬁtensfggscﬁkgég ?ﬁ the 15 %ﬁﬁ%@r% a%d t he
processeselaftémerypnbanatdigidf CORIGSEAHRic Preeesa agd raf e eagid system
magneti ¢ powder, however, the binder is limted to a rigid thernosetting
resi n,5 suthemgogattieporesiesi nThéommiineprobese carcbé @ takendeding| osur es
in the flexible bonded magnet sector for use in small notors whose 20
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product (hereinafter referred to as MEP) of these
10 resin and a rigid thermosetting resin. It is also known that
the rare earth magnetic powders can be combined with a
calendering, an extrusion, an injection molding or a
compression. Namely, the rare earth magnetic powders are known
to be compatible with any one of the items described in the
15 ©binders and the preocesses. In the combination of compression
process and rare earth system magnetic powder, however, the
binder is limited to a rigid thermosetting resin, such as an
epoxy resin. Meanwhile, there are following disclosures in the
flexible bonded magnet sector for use in small motors whose
20 output power is lower than several tens of watts, which being
subject of the present invention: Japanese Patent No.2766746
and Japanese Patent No.2528574 disclose bonded magnets produced
by a process of rolling magnetic materials made of rare earth
element system magnetic powders and flexible resins.
25 Permanent magnet type motors using the above sheet-formed
flexible bonded magnets are also disclosed. However, the
maximum energy product (hereinafter referred to as MEP) of these

bonded magnets is in the level as low as 50 kJ/m3. Japanese



bonded magnets is in the level as |low as 50 kJ/ n8. Japanese 3 Patent
Lai d- Open Application No.H5-299221 teaches a nethod of manufacturing a
bonded magnet by rolling a mixture of 3are earth-iron-nitrogen system
magneti c powder and flexible resin. MEP of this bonded magnet is 42 kJ/ nB.
Japanese Patent Examined 5 Publication No.H6-87634 di scl oses a bonded
magnet manufactured by conpressing a magnetically isotropic R-Fe-B (R
signifyigga at | east either one of Nd _and Pr%ﬁrare earth system magnetic
powder ~ angetent fiat diiBan ARBLdcaking, Nandnr 2R At teghesst Bethodiof a

mul ti pol e- etized ri so _discl.-qsed. 10. NEP of ich is 77
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adhesi ve 15 strength and the density of bonded nagnet can be raised easily.
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the fractured particle would scatter inviting serious damages. If the
density iRBY rRAMPEeSHS EHD AyMagned iopddivetisoteraigcReFpsBi (B abgmbiyimgrove.

The presen O invention ains tq solve the above problens, and offer a
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25 Dl SCLC@&BEQCE ﬂlwﬂﬂ_&mm&gnetized ring magnet is also disclosed.
10 MEP of which is 77 kJ/m3. In order to implement a bonded magnet
for small motors that is more efficient than the above-described
conventional ones, it is essential to have a new binder system
and an optimized processing. Specific characteristics needed
for the new binder system are that it has a strong adhesive
15 strength and the density of bonded magnet can be raised easily.
Insufficient adhesive strength causes partial fracture of
magnet body., and the fractured particle would scatter inviting
serious damages. If the density is not high enough, the
magnetic characteristics do not improve. The present
20 invention aims to solve the above problems, and offer a method
for manufacturing a highly-efficient and reliable bonded magnet
for use in small motors. A method for manufacturing permanent
magnet type motors using the bonded magnet is also disclosed
in the present invention.
25
DISCLOSURE OF INVENTION
A method for manufacturing a flexible bonded magnet is

offered. It includes process steps of compressing a compound



A method for manufacturing a flexible bonded magnet is offered. It

I ncl udes process steps of conpressing a conpound 4 nade of rare earth
system magnetic powder and flexible thernosetting resin conposition,
curing wwth heat a green sheet provided through the above process, and
rolling the green sheet. 5 BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 shows a
manuf acturing process chart of a flexible bonded magnet in the present

invention. FIG 2 is a chart showing a relationship between the density of
green sheB4@n®f hEarsr R hr EFSHLR | RAgRetHF e RIS 0apAy Rl ¢BH 1% G~ 3
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sheet curing tenperature and the tensile stren onded
magnet in the present invention. FIG 4B is a chart showng a relationship
between the green sheet curing tine and the tensile strength of flexible
bonde® rmagnet in the pBRIERNtDERCRIPYDON QP FHIL DBAWINGS a rel ationship
anong the rolling rate in the rolling, the windability of a rolled
f1 exi bl e bonded Hagrdetshoysoa manuftidizing pdocks sachant iadhal £ terbigke caused
as the resulé roIIin%,Yin the present invention. FIG 6 shows a

I

f
rel ati onsP?PP %ﬂﬁ%@g?ﬁE t _W%QDF%f ,tt%%véﬁgi%?ongation of a flexible
bonded magnet apg; the §engi LEa8%" €83 Ang ' ARG EVERd L the

density of green sheet and the forming pressure in the present

10 invention.

FIG. 3 is a chart showing a relationship between the
density of £flexible bonded magnet and the contained amount of
magnetic powder in the present invention.

FIG. 4A is a chart showing a relationship between the green

15 sheet curing temperature and the tensile strength of flexible
bonded magnet in the present invention.

FIG. 4B is a chart showing a relationship between the green
sheet curing time and the tensile strength of flexible bonded
magnet in the present invention.

20 FIG. 5 shows a relationship among the rolling rate in the
rolling, the windability of & rolled flexible bonded magnet
around a mandrel and the dimensional change caused as the result
of rolling, in the present invention.

FIG. 6 shows a relationship among the rolling rate, the

25 elongation of a flexible bonded magnet and the tensile strength,
in the present invention.

FIG. 7 is a chart showing a relationship between the amount

of magnetic powder contained in flexible bonded magnet and the



FIG 7 is a chart showng a relationship between the anmount of nagnetic
powder contained in flexible bonded magnet and the 5 el ongati on
before/after the rolling, in the preseat invention. FIG 8 conpares the
demagneti zation curves of a flexible bonded magnet in the present

I nvention, a conventional ferrite bonded nagnet and a conventional rare
earth bonded nmagnet. 5 FIG 9 conpares the B-H curves of a flexible bonded
magnet in the resent i nvention, a conventional ferrite bonded nagnet and
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flexible bonded magnets in the present invention produced from
10 different rare earth magnetic powders.
FIG. 11 is a chart showing the temperature dependence of
initial irreversible flux loss in the present invention.
FIG. 12 shows a cross sectional view of a DC motor
incorporating a flexible bonded magnet 4in the present
15 invention.
FIG. 13 shows conventiocnal elementary technology items

used for manufacturing bonded magnets.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
20 It is preferred in the present invention to constitute
a binder system with an solid epoxy oligomer in the normal room
temperature, a polyamide powder having stickiness in the ncrmal
room temperature and a latent epoxy hardener in powder state.
The stickiness of polvamide powder in the present invention is
25 provided by applying an adhesive agent, a tackifier, a
plasticizer, etc. It works to fix rare earth element system
magnetic powder and hinder together in the compound state before

compression. The polyamide powder means in the present



magneti ¢ powder and bi nder together in the conpound state before
conpression. The pol yam de powder neans in the present 6 invention at | east
ei ther one of polyanm de powder and pofyani de-inmide powder. Nylon 6, nylon
66, nylon 610, nylon 11, nylon 12, etc. can be. used for the polyam de
powder. Nylon 11 and nylon 12, anong others, are preferred because of
their 5 good conpatibility wth adhesive agent or tackifier. Exanple of

he pol yapi d d | d duct _of it
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and anmonium salts formed of trimellitic acid, ammonia, dimethyfam ne

tri et hyl apl nénd &iyelorATR2Ngaibageothéts Medte tpre Nl bédeausk 6E| théie
anhydri de nonochloride, 15 etc. are often used with preference. Exanple of
t he arformagoed chmps tridihictwadsh?aghbeijye- égemhknomhgkdfﬁprpheﬁyampbeopane;
2,2 bis[4- 4 an1nophenoxy) phenyl ] butane; 1, 1-bis[4-(4- am nophenoxy)
phenyl ] c9&l de-gimdde. ey erdﬁ%ﬂﬁ%@(?}’ﬁﬁ@ﬁ?ﬁ]téyél PERAEGhRe

bi s[ 4- (4 2 £noxy sul f.one; m_ngopheno enyl ]
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necessary, a mxture of the above di-am ne use ernore, the
al ready kagupadiaal ne, tfﬂmeiﬁlﬁiénp|§nh§dﬁ1délamhaﬁoéhpbﬁﬂdé et her4-

4, 4" -di am no di phenyl
10 dicarboxy-3-N,N-dimethyl carbamoyl benzene; 1,4-
dicarbomethoxy-3-carboxy benzene; 1,4-dicarboxy-3-
carbophenoxy benzene; and ammonium salts formed of trimellitic
acid, ammonia, dimethylamine, triethylamine, etc. Among these,
trimellitic anhydride, trimellitic anhydride monochloride,
15 etc. are often used with preference. Example of the aromatic
diamine includes 2,2-bis[4-(4-aminophenoxy) phenyl] propane:;
2,2 bis[4-{4-aminophenoxy) phenyl] butane; 1,1-bis[4-(4-
aminophenoxy) phenyl] cyclohexane; 1,1-bis[4-(4-
aminophenoxy)phenyl]cyclopentane; bis[4-{4-
20 aminophenoxy)phenyl]sulfone; bis[4-(4-aminophenoxy) phenyl]
ether; 4,4'-carbonyl bis(P-phenylene oxy) dianiline, etc.
Among these, 2,2-bisl[4-(4-aminophenoxy) phenyl] propane is
preferred. Whenever necessary, a mixture of the above diamine
may be used. Furthermore, the already known diamine, for
25 example, 4,4'-diamino diphenyl ether; 4,4'-diaminoc diphenyl
methane; 4,4'-diamino diphenyl sulfone; meta-phenylene
diamine; piperazine; hexamethylendiamine; hepta

methylendiamine; tetramethylendiamine; para-xylylendiamine;



nmet hane; 4, 4'-diam no di phenyl sul fone; neta-phenyl ene diam ne;

pi per azi ne; hexanet hyl endi am ne; hepta net hyl endi am ne;

t et ramet hyl endi am ne; para- xnyIendlan7ne 7 met a- xyl yl endi am ne; 3-net hyl
hept amet hyl enedi am ne; 1, 3- bi s(3-am nopropyl)tetranet hyl disil oxiane,
etc. may be used in addition. For the adhesive agent, tackifier and resin
in the present invention, followng itens can be used. The adhesive 5

agent and t Cklf be sel ecte fro natural rosin
(gum r osi Fe RpEL ¥ LeRtlantps: oid- Wbﬁet?ﬂetgxag Satipern 1.5
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of ethylene vinyl acetate copolymer; ethylene acrylic acid copol yner;

et hyl ene ptdéyénBcinyaittiopdolviinet hyemsecarivy lused.y| #he adpeiyaer

et hyl ene propyl ene copol ymer having a nol ecular weight higher than 30,000
or etlyl epgentitand topbifher maplje 1Sebecead; fram, aneeg Thesgrotpnst my be

used either in solo, or in a conbination of two_or nore. The tackifier
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necessary. It lowers viscosity of the’ po y|n1 e powder contalﬁfég adhesi ve
agent, angysteh Persin;t pettbestli dyddemnésing ¥WRAIIHEHIY aRefiew r&sbgt i cal

exanpl e includes di benzyl toluenes, p-hydroxy benzoate,

10 etc. The resin may be selected from among the group of ethylene
vinyl acetate copolymer:; ethylene acrylic acid copolymer;
ethylene ethyl acrylate copolymer; ethylene methyl acrylate
copolymer; ethylene propylene copolymer having a molecular
weight higher than 30,000 or ethylene butene copolymer; poly

15 Dbutene; wax, etc. These items may be used either in solo, or
in a combination of two or more. The tackifier expedites
thermal plastic deformation of poclyamide powder and improves
the wetting property of junction surface during compression of
compound. In this way, the thermal compression bonding

20 property is raised with the polyamide powder, or epoxy oligomer.
Plasticizer is used whenever necessary. It lowers wviscosity
of the polyimide powder containing adhesive agent, and improves
the flexibility and the wetting property. Practical example
includes dibenzyl toluenes, p-hydroxy benzoate,

25 Dbenzenesulfonamides, etc., which are the compounds having a
relatively goed compatibility with the polyamide powder. From
the view point of the compatibility and the plasticization

efficiency, an addition product of glycidyl compound and



25 benzenesul fonam des, etc., which are the conpounds having a relatively
good conpatibility with the pol yam de £omder. From the view point of the
conpatibility and the plasticization fficiency, an addition product of

gl yci dyl conpound and 8 carboxylic acid having the follow ng structure is
nore. R1- OCH2ZCHCH20O C-R2 OH preferred. where; Rl and R2 signify at |east
one hydrocarbon group selected fromamong the group of aliphatics,
alicyclics and 5 aromatics. At least either one of Rl and R2 is an

aromat i ¢ CHRABELEP0RGHUBAVEREM the ERUMPENE  SETHCLOTECAESUIREE t he
above-descri bed exanpl es of addition product e divided into follow ng
three categories: (A) an addition product of Iiphatic gl ycidyl ether, or

alicyclic glycidyl ether 0 ar tic cC c acid, (B) an addition
product of aromatic gl chgy%)t& ﬁ@ HI g)‘u rh%ar boxylic acid, or
alicyclic carboxylic acid, and (C)|an addltlon product of aromatic

gl ycidyl ether and aronatic carbOXﬁgﬁq acid. The conpounds of each of the
above categories are provided thro the foll owi ng 15 procedure: an

exenplarﬁ%géﬂgﬁf ql s, adding a certain specific carboxylic acid into
correspo ng glycidyil ether in the presence of a catalyst, heating and

stirring at a ta{mes atRur andbR2 - s ey It 1R JI0bRR! hpaPBSRPBEH CgRbBFSUT €,
or in a reduced pressure. As for the catalyst, a tertiary am ne, an

I m dazol esePéctedefpbm eametig SHisd erenppef nall 1 phphDeHh ol isc gybiesn awwdrpound,
etc. can be used. Polyimde powder m xed with plasticizer is

5 aromatics. At least either one of Rl and R2 is an aromatic
hydrocarbon group. From the view point of practical usage, the
above-described examples of addition product are divided into
following three categories: (A) an addition product of
aliphatic glycidyl ether, or alicyclic glycidyl ether, and

10 aromatic carboxylic acid, (B) an addition product of aromatic
glycidyl ether and aliphatic carboxylic acid, or alicyclic
carboxylic acid, and (C) an addition product of aromatic
glycidyl ether and aromatic carboxylic acid. The compounds of
each of the above categories are provided through the following

15 procedure: an exemplary process is; adding a certain specific
carboxylic acid into corresponding glycidyil ether in the
presence of a catalyst, heating and stirring at a temperature

60 - 120C in the normal atmospheric pressure, or in a reduced
pressure. As for the catalyst, a tertiary amine, an imidazole,

20 a metal ester system compound, a phosphorus system compound,
etc. can be used. Polyimide powder mixed with plasticizer is
also provided with stickiness. In order to intensify the
bonding force with binder, it is preferred to cover the surface

of rare earth system magnetic powder beforehand with an epoxy



al so provided with stickiness. In order to intensify the bonding force
with binder, it is preferred to cover the surface of rare earth system
magneti ¢ powder beforehand with an epoXy 9 oligomer, which is solid in the
normal roomtenperature. Average thickness of the surface coating should
be less than 0. 1 gm This is inportant in order to prevent a
deterioration wth the orientation, which is caused by secondary nmutual 5

cohesion within nmagnetical]y anisotropic rare earth system nagnetic
powder . MRGOMEF - cHPILCENGT aPRlidr R stRE eRPFEGAHAOM pbSBRFTI R epoxy
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ave an [ ncreased Cross-TIMKIing déensrty Wi e epoxy olrgoner, a

novol ak typenepagy oviindtatian epfMachr D8Pchiskle bl asedddashandtud0o, is
preferred. As for the powder epoxy hardener for cross-linkage wth the

epoxy 5ol i gohesjiont withih ocagnettdrallys @ndcstodt dpiem mamn gediieh gspspenf

di cyanodi am de and the derivative, dihydrazide carboxylate, and

di ami nonePegReti¢ ROWaeTd t Hethodrof raveréng\rans earsh gystemmageehte
generally high-neltin oi_nt conpounds which da not. di ssolve easily in an
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a- W di pheay-bh0438iaR, maghkdhieX poasr.1- higuaide, cAgYih: OMassd6e a,

w-di net hyl bi guani de, etc. As for the dihydrazide carboxylate, hydrazide
succiiat emixture after removing the solvent. In order to have an
increased cross-linking density with the epoxy oligomer, a
novelak type epoxy, which has epoxy group in the molecular chain
too, 1is preferred. As for the powder epoxy hardener for
cross-linkage with the epoxy oligomer, at least one item
15 selected from among the group of dicyanodiamide and the
derivative, dihydrazide carboxylate, and diaminomaleonitrile
and the hydrazide derivative is used. These are generally
high-melting point compounds which do not dissclve easily in
an organic solvent. Preferredgraindiameter of whichiswithin
20 a range of several pm to 100 um. The dicyanodiamide derivative
includes, for example, ortho-tolylbiguanide, a-2, 5-
dimethylbiguanide, <«-0-diphenylbiguanide, 5-hydroxybutyl-1-
biguanide, phenylbiguanide, o, w-dimethylbiguanide, etc. As
for the dihydrazide carboxylate, hydrazide succinate,
25  Thydrazide adipate, hydrazide isophthalate, 4-hydroxy benzoic
hydrazide, etc. can be used. These hardeners should preferably
be added to the compound through a dry—blénding'process. In

order to avoid sticking of compound onto molding die, it is



25 hydrazi de adi pate, hydrazi de isophthal ate, 4-hydroxy benzoic hydrazide,
etc. can be used. These hardeners should preferably be added to the
conmpound through a dry-blending proced® In order to avoid sticking of
conmpound onto nolding die, it is 10 preferred to use a lubricant. As for
the lubricant, at least one item selected fromanong the group of higher
fatty acid, higher fatty acid am de and netal soap having a nelting point

hi gher than the tenperature_set for the nolding die_is used. 5 Anobunt of
the | ubriBRREEEREEI P &Gt LRBFdCARAN OAS f%ifg’rﬁ Rprigag tappki L82%H t he
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curing 10 tenperature of green sheet should be a erature That 1s

hi gher thanghbe tRARVENE ERPeratigoOnRIt Foreatld adldiagt Qe ikeapeaat ure.
In the f inal rolling step, the rolling rate should be set at 2% or
hi gher5 t Amount gbfidthevlayprarcamtd sticaddt be tot niers tivam0 .[2eweight 20l | ng

rate at 10% or higher, the marginal 15 wap-around dianeter to be 2 nm or
| ess. By 3Bd@pmiied Hq &hepremppundREekFrR 1Y HArqwady rd@5Y abyerdingt chi ng

between the nechanjc st%ﬁ%hﬂ_gd;t magneti c %aracteristics | S

i mpl ement BEOCFR%or der®h YT YHe © ogg‘iené' §r GAE R FESRPYHagReFLFency
smal | not r e, ulti ui; Lt i thic e t , the
green sheglf:’é(rir%g %g’%ptrsdg%%iz otglef clgaﬁrﬁ?é%lh&édigsta -ew\/\hgése]g#ge %'\/Tfnpd?%éi S
uneven or cbRpEKk8ESSH IPrd ¥ urtd FBUSE 84S 1 es ¥HiH qntc_sxg(tecr@i hemnag@rihg is dif

f icult to produce a green sheet into an uneven w dth or uneven thickness,
t hr ough t bempepaease of green sheet should be a temperature that is
higher than the relevant epoxy oligomer’'s reaétion starting
temperature. In the finalrollingstep, the rollingrate should
be set at 2% or higher, the marginal wrap-around diameter to
be 8 mm or less; or rolling rate at 10% or higher, the marginal
15 wrap-around diameter to be 2 mm or less. By so doing, a £lexible
bonded magnet that provides a good matching between the
mechanical strength and the magnetic characteristics is
implemented. In order to reduce the cogging torque with high
efficiency small motors, green sheets are ultimately built
20 within the motors, the green sheet may be produced to a finished
state where the width is uneven or thickness is not homogeneous.
While on the other hand, it is difficult to pzfoduce a green sheet
into an uneven width or uneven thickness, through the process
of rolling or extrusion. Now, the magnetic powder used in the
25 present invention is described. Examples of magnetically
isotropic rare earth magnetic powder include a Nd-Fe-B system

spherical powder produced by the spinning cup atomization

process; a Nd-Fe-B system flake powder, an oFe/Nd-Fe-B system



of rolling or extrusion. Now, the nmagnetic powder used in the 25 present

I nvention is described. Exanples of nagnetically 1isotropic rare earth
magneti ¢ powder include a Nd-Fe-B systlgm spherical powder produced by the
spinning cup atom zation process; a Nd-Fe-B system fl ake powder, an

aFe/ Nd- Fe-B system 11 fl| ake powder, a Fe3B/ Nd- Fe-B system fl ake powder, a
SmFe-N systemf |ake powder, an aFe/ Sm Fe-N system f | ake powder,

produced by the nelt spinni ocess. Ratio rain di anete 0

P ok measETare relider ke TR MR FEF evoton Lotk mOvGeir s Smat A s for
t he magneti cal | nisotropic rare earth, syst magnet i owder,.a Nd- Fe-B
Syst om SR bem SLANE MR BY R T b et TR Hgnpre s, Bgiadt

magnet | C%&d@&&w £RhéE M1 %piﬁﬁiﬁ& ﬂ%d:é‘s‘_@. S%aked JBTals RPMREEepr oduced

by the H (Hydr 6genati on- Di sprop0ortionation -Desor pti on- Reconbi nati on)
10 procesgo attili diiteds k& pheder 18Ry Pewdse Gholllsl phereraddgr bheTowgowder s
whose surface has been processed to be inert using a photo -deconposition
Zn- ca® al thhabet usdg. £Qodils maghetdeadfly2anisobfophe smnengasthcspoveier s
after a 4 MV m pul se magneti zation should preferably be not |lower than 1.1
MV m As FegneheC PPviRfnetd &8P 4hiSySteshM@seave ParVERTsPEPERTAAGMEt i ¢

wder, a_, Sm Fe- N fi wder_ havi ng . tically. ani sotr opi
or oper y_ HPEdREEdUBF B ROPCRERAE | Fo MGt Gy L GLRRSEEORAE THES above
wder wh d i | d.
Coer i ve Fa5t NRFS e PhACEROE T Podile. BEjducddpl Mhed HPRT
magnet i zayiparsHOLh i & b L5 BBb Yo PLi BRAL L ONEDe BBt i 6n - Be MMBLnIPEon )

above-described rare earth system nagnetic powders may be used either in
sol 0 1or apracasxtand the like gpowders may be used. The above-described
powders whose surface has been processed to be inert using a
photo-decomposition Zn_can also be used. Coercive force at 20°C
of these magnetic powders after a 4 MA/m pulse magnetization
should preferably be not lower than 1.1 MA/m. As for the
15 magnetically anisotropic rare earth system magnetic powder, a
Sm-~Fe-N system fine powder having magnetically anisotropic
property produced by the RD (Reductive Diffusion) process, and
the above powder whose surface has been processed to be inert
can also be named. Coercive force at 20°C of these powders after
20 a4 MA/mpulse magnetization should preferably be not lower than
0.6 MA/m. The above-described rare earth system magnetic
powders may be used either in solo or as a mixture of two or
more. However, it is preferred that average value of coercive
force at 20°C of the entire mixed rare earth magnetic powders
25 after a 4 MA/m pulse magnetization is not lower than 0.6 MA/m.
After it is finally rolled, the surface may be provided with
a hot-melt type self- bonding layer, or a self-bonding layer

having a film-forming function formed of one or two, or more,



nore. However, it is preferred that average value of coercive force at 20T
of the entire m xed rare earth nagnetic powders 25 after a 4 MA/ m pul se
magneti zation is not lower than 0. 6 M& m After it is finally rolled, the
surface may be provided with a hot-nelt type self- bonding |ayer, or a
self-bonding | ayer having a filmformng function formed of one or two, or
nore, 12 types of polynmer mxed wth a blocked i socyanate. Through the

bove- d i b . qf ti t.he bonded t
per manent CRRGREE D EMRB e 4 e or B CERE UNARY AR | BRFAREBLHIec
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| exi bl e bonded nagnet curled in a ring shape, f ixed along the inner

ci r cunf ereheeiwie domidd mdgnhesl i e paadent! inpon €iomEPiethaestator

per manent nmagnet 10 type notor which uses a ring-shape flexible bonded
magne® dbspdeedoibongratioimtypesi o€ pefmmamecd nagpet iypaimotalrsf came as
the radi-al-gap type rotor; and a pernmanent magnet type notor which uses a

ring- shafe MansEastansdhd eHOREHEP 18 s pRIIaNYHy magRe Lok e DE FLAF er ence
f l'indrical _f .t 15 f = t ot tor. A h
Cypes. of HSeF PeriaRRner o f bt 36 5081 IRIRTE Adiifed Bl S¥Efadndeq
t ' ] .
Tagnet i sor oa FERg, Ariap (XS QARG CERET ThiEe, Tiztinelobrdd BLAST
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conbi nati on of Nd-Fe-B system fl ake powder nmade by the nelt spinning
met hd®, riypel nbtonmosdtithnigessi @ amndg-shape flexible bonded magnet
disposed along the inner circumference of a cylindrical frame
as the radial-gap type rotor; and a permanent magnet type motor
which uses a ring-shape flexible bonded magnet disposed along
the outer circumference of a cylindrical f£frame as the
15° surface-magnet type rotor. Among these types of motors, a
permanent magnet type motor using a £lexible bonded magnet whose
MEP in the normal room temperature after a 4 MA/m pulse
magnetization is higher than 140 kJ/m3 seems to be promising
as the next generation version of the permanent magnet type
20 motors based on a combination of Nd-Fe-B system flake powder
made by the melt spinning method, rigid thermosetting resin and
compression process. A permanent magnet type motor using a
flexible bonded magnet whose MEP in the normal room temperature
after a 4 MA/m pulse magnetization is higher than 40 kJ/m3 seems
25 to be promising as the next generation version of the permanent
magnet type motors based on ferrite rubber magnets.
FIRST EXEMPLARY EMBODIMENT

An exemplary embodiment of the present invention is



conpressi on process. A permanent magnet type notor using a flexible bonded
magnet whose MEP in the nornmal roomtenperature af ter a 4 MA/ m pul se
magneti zation is higher than 40 kJ/ nmB81Seens 25 to be promising as the next
generation version of the permanent rmagnet type notors based on ferrite
rubber magnets. FI RST EXEMPLARY EMBODI MENT An exenpl ary enbodi nent of the
present invention is 13 detailed below It is to be noted that the scope of
the present. invention is_not Limted by description of enbodi nents. The

dr awi ngs SFLAbIEE PHAVe bLENMHLLRE 8PS bhratitdte EREPEIHC &BE, PreFRt are not
I nt ended t ' ual . di ' 2 A5 . Of f [
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used for t manuf acturing. The one 1s nmagnetically anisotropic.

Nd- Fe- B syRégnar@ssety eliptsitibyd o dfaed pyddigeHabRupnoaement@ohgonmposi ti on:
Nd12.3 DyO 3 Fe64.7 Col1l2.3 B6.0 GO 6 ZrO 1). Hereinafter this is ref
erred & o psonegneaifi mapufdetuingve fdgxibjeabandedmr@re nfiswihesdrilgeds gm
The second one is Nd-Fe- B system spherical powder produced by the spinning
cup atonvihRi Bafereresstechrpostti ot tea PpesREd engydgnenio. sthoeegr O 1) .

gm Tho. t KEPES o Tare Rt BH L RPORCIG. BRA0E oRaer GPAGEEEADS he
Rt K LT e S L L
20 bi ndernygygpéen kostenCikBedve! howdeOp e @ by MY HDBY PSrocess

10 (composition: Nd12.3 Dy0.3 Fe64.7 Col2.3 B6.0 Ga0.6 Zr0.1).
Hereinafter this is referred to as magnetic powder A; average
grain diameter of which is 55 pm. The second one is Nd-Fe-

B system spherical powder produced by the spinning cup
atomization process (composition: NA13.3 Fe62.5 B6.8 Ga0.3

15 Zr0.1). This one is referred to as magnetic powder ‘B; average
grain diameter is 80 pum. The third one is Nd-Fe-B system
flake-shape powder produced by the melt spinning process
{composition: Ndl2 Fe77 Cob B6). This one is referred to as
magnetic powder C; average grain diameter is 80 pm. Next,

20 binder system is described. It is formed of a novolak type
solid epoxy oligomer in the normal room temperature, a latent
epoxy hardener in powder state whose grain diameter is smaller
than 15 um, a polyamide powder frozen-crushed beforehand to be
smaller than 100 um and contains an adhesive agent, and a

25 lubricant whose Jgrain diameter is smaller than 10 pm. The
latent epoxy hardener in powder state has the following chemical

structure:



solid epoxy oligoner in the normal roomtenperature, a |atent epoxy

har dener in powder state whose grain dianeter is smaller than 15 gm a
pol yani de powder frozen-crushed beforéhand to be smaller than 100 gm and
contai ns an adhesive agent, and a 25 lubricant whose grain dianmeter is
smaller than 10 gm The |atent epoxy hardener in powder state has the
follow ng chem cal structure: 14 (NH2ZNHCOCH2CH42N( CH41100NHNH2 Di ssol ve
the rel evant epoxy oligonmer in an organic solvent (acetone) to prepare an

epoxy resin sol K} My ' Ra ] , magneti c

powder A with Mﬁﬂﬁmﬁﬁﬁ bNE%Mt@QMHNIEﬁt he solid
I ngredi ent occupies 0.5 5 weight % Heat the wet m xture to 60 - 80C to
have sol vBhssokvapbhat edleCansh epbaydoildgiomessiive an x¢oganid f sélreerpoxy

resin surface coat is thinner than approximately 0.1 gm there is hardly
any changéafftene) gkqiPreparetat ROEY HaRinpodution.heUgdgdecti B1gBader A

bef d h f i ng.. The 10 | i I h
anet o BhageStsls REE AR 58 ha0% T ey ThutBls AR b el ng
strength 6% The Lebif sGMEFAUS sSOBhLP S hkSEESquééed{‘&g%%%% E%st(?.{»’- 2 gm
And t hen, Fy-mX, using a nortar |nhtehe normal~room errpergture, he

manely o PENHRE 6. N0 e RORN QIO SRULT 86°CCRR! nithLhadByaptvan de

powder contafning 2 adhesi ve agent 7 wei ght ardener for 0.05
wei ght % eweagordbedcantrsial chendsiearsaesivgraintdratetpf tiessepbop 10 gm
for 0.05 weight % In this way, conpound in the powder state is provided.
‘Because ofeshp sunfrce mohtchat@diimebr tthiag apppoximahasyad cCepmgi theoader
is hardly any change in the grain diameter distribution with
the magnetic powder A before and after the surface coating. The
10 same applies also to the magnetic powders B and C. There is
hardly any change in the after-curing Strength even if the
average coating thickness is increased up to 0.2 uym. And then,
dry-mix, using a mortar in the normal room temperature, the
magnetic powder A having the epoxy oligomer-surface coat with
15 polyamide powder containing 20% adhesive agent for 3 - 7 weight %,
hardener for 0.05 weight %, and lubricant (calcium stearate,
grain diameter less than 10 pm) for 0.05 weight %. In this way,
compound in the powder state is provided. Because of the
lubricant contained, this compound has a certain powder
20 fluidity that is suitable for processing in a powder processing
facility. The powder-state compound maintains a superior
storage stability for a long time in the normal room temperature.
Any one of the adhesive agents may be used.
The terminology normal. room temperature in the present
25 invention means a temperature range 15 - 40°C. Next, apply the

powder compound in a die cavity of powder compacting press. The



20 fluidity that is suitable for processing in a powler processing
facility. The powder-state conpound mai ntains a superior storage stability
for along time in the normal roomtePerature. Any one of the adhesive
agents may be used. The term nol ogy normal roomtenperature in the present
25 invention nmeans a tenperature range 15 - 40C. Next, apply the powder
conpound in a die cavity of powder conpacting press. The 15 nolding die is

| ocally heated to 70 - 80C, onl ¥1 at the ug er aorag t he | ower_ punches and
t he nei gHPRFAbRE e dayioralyehegbrdetocdhpo it (i $pdFedti FRENSPRETI ty s
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is soft, there is no practical problemin handling it. The green sheet is
heat ed f olipRérrdnd lawveiSPihdloes eindeigthe A mENgatcdragnatl J 6 MawmSapiayi ded.
It is finally rolled with 10 revolving roller heated at 60 - 80C, to
produde amateeti¢diiedd. f AEkeb|denpgrosti zaigiest . ef £ PexiRDdgrelen slyeett e.

Li kewi se, the nagnetic Eﬁmder B and magnetic powder C can be processed

into shebf-f3reRedut efi Bhe idae ARgRareaT tiipkidaPero Adgherol theeld is
lied duri ' . th tjcal L.y 15.i sot '
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flexible aArgshdéd mayhéNi Hrevyd s wldd.0cess ikt RifalYperoirgaonetni s 20
herei nafter referred to as conventional ferrite bonded nagnet);
10 revolving roller heated at 60 - 80°C, to produce a sheet-formed

flexible bonded magnet of 2 - 20% rolling rate. Likewise, the
magnetic powder B and magnetic powder C can be processed into
sheet-formed flexible bonded magnets. However, no _magnetic
field is applied during compression process on the magnetically
15 isotropic magnetic powders Band C. For comparison, following
two magnet samples are produced representing the widely-used
magnets in small motors: a magnet produced based on the
combination of a ferrite system magnetic powder/a flexible
resin/a rolling or extrusion process (this type of magnet is
20 hereinafter referred to as conventional ferrite bonded magnet);
and a magnet produced based on the combination of the magnetic
powder C/a rigid thermosetting resin such as epoxy resin/a
compression process (hereinafter referred to as conventional
rare earth system bonded magnet). Each of the magnets thus
25 prepared are evaluated on with respect to the mechanical
properties such as elongation, tensile strength, etc., the
magnetic characteristics and irreversible flux loss derived

from demagnetization curve, and other items. Furthermore,



and a magnet produced based on the conbination of the nmagnetic powder C a
rigid thernosetting resin such as epoxy resin/a conpression process
(hereinafter referred to as conventi od& rare earth system bonded magnet).
Each of the magnets thus 25 prepared are evaluated on with respect to the
mechani cal properties such as elongation, tensile strength, etc., the
magnetic characteristics and irreversible flux | oss derived from

dermagneti zati on curve, and other jitens. Furthernore, 16 ease of nounting
the flexiBREe FInBQYEGFEDE r'n‘tss%?é‘f‘?le%q?&e& Bagpet o1 SRRl PEHRILRRS

appr ai sal 4 of o} et BYABLL LY, LN B MBOISle. T LGNS, CONSLARt, whi ch

bei ng a fundanen aracteri notor, 1s al'so éval‘ua FIG 2

shows 5 apigkAli ONShnR bed EBRs#RhE, NG @S SHESngNG t Andensh Y Of

green sheet. Where, curve AY3 represents a green sheet containing the
magnet i ¢ gloadett&rioti o amatdr 20id iKew sfaluated® oB93 Bpd. CUr yigowd 7
represent, respectively, those green sheets containing the nagnetic powder
B for 593 asigietidnmhd®bet@ersi Uit molddurg pre€gdureparnd dites dengriégnoEheet
containing the nmagnetic powder C for 93 weight % Curve A97 is overl apping
with the ¢te¢Rs shestand WosTreso Gurvies HP 31 imaRmeseRtd st i 9F6esh sheek each

the ol di SETHE A e TRt G Pdeh TOmad FEtehY fhe LREFTLSChe
density aLgpsL 598 Wi e Bolf S334ESenIRPLRLLIRESL J00LNBR ShOYEN! | Onal

rare eart magnet s T equi e approxi ma or obtarning an

i denti cal shélepsidon APy iRt AhynetScibwddr B\rblreysbheiflondednamgpet in

the present invention realizes a conparable density with a
10 weight %. Curve C93 represents a green sheet containing the

magnetic powder C for 93 weight %. Curve A97 is overlapping
with the curves A93 and B93, so it is difficult to distinguish
from each other. The green sheet measures 6.1 mm wide, 65 mm
long, 1.1 mm thick, and the molding die temperature is 60 - 80°C.
15 As seen in the chart, the density almost saturates at a pressure
approximately 400 MPa. Conventional rare earth bonded magnets
require approximately 980 MPa for obtaining an identical
density (approximately 5.8 Mg/m3). A flexible bonded magnet
in the present invention realizes a comparable density with a
270 lower pressure. The reason is that the polyamide grains have
been softened by a 60 -80°C heat, and a sufficient plastic
deformation has been taken place during the compound
compression. Thanks to the low pressure, the rare earth system
maghetic powder is damaged less during the compression process.
25 As a result, deterioration of magnetic characteristics due to
emergence of active surface can be reduced. FIG. 3 shows a
relationship between the quantity of the magnetic powders A,

B and C and the density of flexible bonded magnet in the present



20 | ower pressure. The reason is that the polyam de grains have been
softened by a 60 -80C heat, and a sufficient plastic deformation has been
taken place during the conpound conpréssion. Thanks to the | ow pressure,
the rare earth system nagnetic powder is damaged | ess during the
conpression process. 25 As a result, deterioration of magnetic
characteristics due to energence of active surface can be reduced. FIG 3

shows a (el atjonship_between the quantity of the netic powders A, B
and © andiBREREEARY  JHATS 1 CRERPCA BERISS SRR PIHTh BagPesaRrodyced

I nvention e r ts nge e t he
magneti c EE%eﬁﬁ%\ﬁ%%%/% Igoqé&(;%e%d ncglé%t%t %pgogggggﬁ ﬁ%gﬁgfc‘hgr%%‘é%e I C
powder B, r28fl 1HY MEgfre 81 EPWAILIBINGLG BLLIHER bbhdEY r&g?@éaﬁ egwder C.
Each nmagnet neasureg 6.11 nn1mﬁde? 5 65 mm | ong and 1%B%nhn1 hick?

Conpr essi fgonriss magnatt ic0pow880 & . | Eat¥0miBaetotisavgreoralill mansiase 1800C
for 20 mn. As seen in FIG 2 and FIG 3, the nagnetic powders A and B,
whose 5r abh ms Hapgsandel ¢l agethibok. sptmee;e ssdnidiprea smrghat ékrs80YC hence

it is easier to fill-in than the flake-shape magnetic powder 10 C. Despite
t he aboveld@i #9@ri¥hze, cuntngreerdttiomdvdrei8l’'s fa3plZlc abne tBsapgerypes of

the rare ear syste net i owder and j npl enen a_flexible, bonded
manet whibd Hind £ 3 Epe TRSIaTLe HondaP A Romht o BEP SroghetS. i G
4A shous sRapebalionsiid el yeegnthe, lahield e o haRgh ggﬁlr-if%v%%ﬁég@ 15
and the heating tenperature applied on green sheet's made fro the magnetic
powders AjtBigngadiellte B I1shanwghan ¢hat F0A%KBLBhabet MBEReLNE poWgeL e

strength and the heating tine of green sheets nade fromthe magnetic
powddils AC.B Respile |the hmbahardsf{ference, the present embodiment is
applicable to any types of the rare earth system magnetic
powders, and implements a flexible bonded magnet whose density
is higher than any of the known rubber magnets. FIG. 4A shows
a relationship between the tensile strength (relative value)
15 and the heating temperature applied on green sheets made from
the magnetic powders A, B and C. FIG. 4B shows a relationship
between the tensile strength and the heating time of green
sheets made from the magnetic powders A, Band C. In the charts,
curve A represents a green sheet made from the magnetic powder
20 A, curve B a green sheet made from the magnetic powder B and
curve C a green sheet made from the magnetic powder C. Each
magnet measures 6.1 mm wide, 65 mm long, 1.1 mm thick.
Compression pressure at 60 - 80°C is 490 MPa. No hardener is
used in those shown in FIG. 4A and FIG. 4B. The optimum curing
25 temperature in the present embodiment is, as shown in FIG. 4A,
approximately 180°C, regardless of whether it is of the magnetic
powder A, B or C. Tensile strength of a £flexible bonded magnet

in the present invention increases to 2.5 - 4 times that at the



curve A represents a green sheet nmade fromthe nagnetic powder 20 A, curve
B a green sheet made fromthe nagnetic powder B and curve C a green sheet
made fromthe magnetic powder C. Eachl8magnet nmeasures 6.1 mmw de, 65 mm
long, 1.1 mmthick. Conpression pressure at 60 - 800C is 490 MPa. No
hardener is wused in those shown in FIG 4A and FIG 4B. The opti num curing
25 tenperature in the present enbodinent is, as shown in FIG 4A,

approxi mately 1800C, regardl ess, of whether it is of the magnetic powder A,
B or C. TORePRSheeteHAte of TheriRGFeAEe BEHRF neyRbrengfhtifobsesesd

I nvention jpcreases.to 2.5 - 4 tines that at the 18 green sheet state. The
i ncrease %#Q?Eﬁé‘???%q ABnGt HePReEBEBFG L 9BeT "’Héa?t%%nge'at THigefpePit ure
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taken place between the epoxy group of" epoxy oligoner “contained in the
conmpound tRhe ¥ @frotpabe epbeky oA idohierechbidaofen im tHPkyapodaaromder .
Considering the heating tinme shown in FIG 4B, the optinum curing

condi t5 onpowdetr hetptesemid crtimdaoktive shgirovgehe 11831 ydmirdel Opewd&r m n.

Next, control of bonded magnet's flexibi-lity by means of rolling is
descri bedComghderingr shei beagingo tigeeshiowng ia A& KR borlcdbhbgaRt in a
small notor is first winding it around. So, the f lexi-bi-lity co?r;(érol IS
an i npor t GAFiNgt eREbEiene N Sh RIS EMPGHEERt PRE™ §P| PRglPPdeess

provi des agefd ectipue: {00l aRLLRYIPY I bbbl LU o ThEr ppper and

I
| ower rolTs"used have a 90 mm’diane ;o _ enperature s 700C
Flexibil iy infefial Hat 86b1Tidfr H® OdedéPlbeqdi amBdfdrHf PIERAGR! oA OUNd

whi ch a magnet can wind. The smaller the limt dianmeter, the greater is
t he floexi Assemplidfea £lexible bonded magnet in a small motor is first
winding it around. So, the £flexibility control is an important
item for the flexible bonded magnets. The rolling process
provides an effective tool for controlling the flexibility.
The upper and lower rolls used have a 90 mm diameter, the roller
15 temperature is 70°C. Flexibility is evaluated in terrﬁs of 1limit
diameter of a mandrel, around which a magnet can wind. The
smaller the limit diameter, the greater is the flexibility. The
dimensional change caused in a flexible bonded magnet as a
result of rolling is also evaluated on. FIG. 5 shows a
20 relationship among the rate of reduction due to rolling, the
windability of a flexible bonded magnet, and the dimensional
change caused in the flexible bonded magnet. The lateral axis
represents rolling rate, while the left longitudinal axis
representing windable limit diameter and width, the right
25 longitudinal axis fepresenting magnet length. In the chart,
curve D represents the windability, curve E the magnet length,
and curve F the magnet width. The sample flexible bonded magnet

is the one produced from the magnetic powder B (contents: 95



di mensi onal change caused in a flexible bonded magnet as a result of
rolling is also evaluated on. FIG 5 shows a 20 relationship anong the rate
of reduction due to rolling, the wind&ility of a flexible bonded nagnet,
and the di nensional change caused in the flexible bonded nagnet. The

| ateral axis represents rolling rate, while the left |ongitudinal axis
representing windable Ilimt diameter and width, the right 25 | ongitudi nal
axi s representing magnet | ength. In the chart urve D represents the

wi ndabi | i ¥§19htufde EROHd IRGyHamResRfitee %ﬁd"@&ﬁsve Rogddngaditdie wkdt h. The

sanple flgxy d . - efl¢ powder
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cal cul at ede 98- tth@ PESL$ngl MAld RaghePhEdBIutdd 6KkAGRS wRALO! 65 alttoRgl er the
rolling. The magnet neasures 6.1 nmw de, 65 mmliong, and 1.1 mmthick. As
seen in téaedaharmm tiiei ndshidar Ynreme dhark ,i the eMadabiili tyhoaeiddy! ed at
arolling rate 2 - 10% Moreover, the dinensional change of a magnet

remai s viEnyreves withebhete raldled ay a gpélisgwiatse @ alR3- 1MMeseever. For
example, a 1.2 nm thick nmagnet can be bent to wi nd around a nmandrel even
smal | er FhafligeRsignahehangreptra magneterePRERSHERRY SRS When BR¢i ng 10
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mandrel o aneter. FIG 6 shows a rePatlon _ etween the _
nmechani cathgh ap et ¥n Ahed diamkltexi. bl en Mlednergnghd | Hdie theessM ihgvent i on

and the rolling rate. Were, curve Grepresents the elongation, while
curvd0 rate is higher than 10%, the magnet dimension significantly
increases in the rolling direction (length). Thus, a ring
magnet smaller than 4 mm diameter c¢an be manufactured by bending
a 1.1 mm thick magnhet using a mandrel of 2 mm diameter. FIG.
6 shows a relationship between the mechanical property of a
15 flexible bonded magnet in the present invention and the rolling
rate. Where, curve G represents the élongation, while curve
H the tensile strength. The sample magnet is the one produced
from the magnetic powder B (content: 95 weight %). Rolling
temperature is 70°C, rolling rate is calculéted on the ratio
20 of magnet thickness before and after the rolling. The magnet
measures 6.1 mm wide, 65 mm long, and 1.1 mm thick. As seen
in the chart, the elongation of magnet in the rolling direction
increases in an approximate proportion to the rolling rate. The
tensile strength of magnet decreases inverse-proportionate to
25 the rolling rate. Taking the elongation and the tensile
strength into consideration, the rolling rate has been
determined to be 5 - 10%2. The ring magnets thus manufactured

can be used in the actual motors.



Hthe tensile strength. The sanple nagnet is the one produced fromthe
magneti c powder B (content: 95 weight % . Rolling tenperature is 70C,
rolling rate is calculated on the rati? 20 of magnet thickness before and
after the rolling. The nagnet neasures 6.1 mMmm w de, 65 nmlong, and 1.1 mm
thick. As seen in the chart, the elongation of magnet in the rolling
direction increases in an approxinmate proportion to the rolling rate. The
tensile strength of naqg'net decreases i nverse- g\roportionate to 25 the

rolling r%_?%: THRNE t éfeéa&?gj’é’ﬁ avera t ﬁs_f"‘{“Bun§t PENGRFRE| $RBER
conet et o0 gl 2L SnBEi BT A SHEAS rbAE Brapd %0,

ri ng magn us utracture can e actu

shows a 1ghatd Qi RRIWRADA BRI 1 M gd 81 8n GAdte BN SFLERONGL POwder
contained ina flexible bonded magnet 1n Qghe present i1nvention and the

el ongati ofobeinge ambait eurtbes reddgrhts\hBecel ShiGaEidn lEdeasemt st he

el ongation after it is 5 rolled at a 10%rolling rate, curve | representing
the & ongaltied df ore ¥0H | rodlinpe fateexi chrgebohdeepregeattisgnptize is the
one produced fromthe magnetic powder A (content: 93 - 95 weight %9.

Rol | i ng tehpreatiee heformpeolpdng-ngThatfelexible handadeBapreédsanPide ratio

R e A e
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wr apped around a nandrel of 10 mmdianeter. As is already known,

10 after the rolling. The magnet measures 6.1 mmwide, 65 mm long,
and 1.1 mm thick. As seen in the chart, the elongation of magnet
decreases when content of the rare earth system magnetic powder
exceeds 97 weight %. However, the rolling process brings about
a flexibility. As the result, a 1.1 mm thick magnet can be

15 wrapped around a mandrel of 10 mm diameter. As is already known,
filling amount of the 97 weight % rare earth system magnetic
powder is identical to that of conventioconal rare earth bonded
magnet. Namely, the presenf invention provides an advantage
that the same density level is made available by a lower

20 compression pressure. Furthermore, elongation and tensile
strength in the normal room temperature of a flexible bonded
magnet in the present invention were in approximately the same
level as those of conventional ferrite bonded magnets used in
the general-use small motors. FIG. 8 and FIG. 9 show

25 demagnetization curve and B - H curve, respectively, of four
kinds of magnets; viz. flexible bonded magnets in the present
invention produced from the magnetic powder A and the magnetic

powder B, a conventional ferrite bonded magnet and a



filling amount of the 97 weight %rare earth system nmagnetic powder is

I dentical to that of conventional rare earth bonded magnet. Nanely, the
present invention provides an advantadd that the same density level is
made avail able by a | ower 20 conpression pressure. Furthernore, elongation
and tensile strength in the normal roomtenperature of a flexible bonded
magnet in the present invention were in approximately the sane |evel as

t hose of conventional f errite bonded naggets used in the %eneral-use

d
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conventional rare earth el enent bonded magnet. e magnets neasure 7. 5 mm

w de, 7. prof@ucencersitl the hagieticClowlut VR dhdthe tragretBc pOWESENE,
respectively, the flexible bonded nmagnets produced fromthe nagnetic

powdes A amdthéepragemt | tnpenticon B Surve tGea preseentionahtrare eartie C a
conventional rare earth elenent bonded magnet; and curve D a conventional
f errite dbemedt beagesimagnet : RRdAYHE B angprvaRbsonal femrdite beydekr e
magneti zed in g 4 % | se magnetic field. The gorg rati\%‘ ma“gnet
sanpl es dFf29tfbse r TREIFFDr Wi | MERSHEEO ©4.0 “SftEl 1 ¥BT Ushl ess
mot or's. ﬁﬁai&%@ik@dtﬂ?.acﬁaﬁh?m eé@gsé' rﬁaltejhc handed ”@HQ%%@agﬁ@i@?' n the
present 1 nvention provi de an I dent | gher magnetic f ensity at
the gap bfﬁég‘ﬁéﬂ ddiiiles Br@NtROSE ﬁ%ﬂﬁfhs%ﬂ@k;srﬁlﬁ@@ﬁb%@rﬂ ép those
of conventional magnets C and D. Describing practically, as shown
10 small brushless motors. As seen in the charts, the flexible
bonded magnets A and B in the present invention provide an
evidently higher magnetic flux density at the gap between rotor
iron core and stator magnet, as compared with those of
conventional magnets Cand D. Describingpractically, as shown
15 1in FIG. 14, MEP of a flexible bonded magnet produced from the
magnetic powder A in accordance with the present invention
{density: 5.84 Mg/m3) is 140 kJ/m3; namely, it is 1.75 times
that the conventional rare earth element bonded ma'gnet , 80 kJI/m3.
MEP of a flexible bonded magnet produced from the magnetic
20 powder B in accordance with the present invention (density: 5.45
Mg/m3) is 40 kJ/m3; namely, it is more than 3 times as high that
the conventional ferrite rubber magnet. When the magnet is used
as a ring magnet smaller than 10 mm diameter, it improves the
efficiency of small motors. FIG. 10 shows demagnetization
25 curves of flexible bonded magnets produced from the magnetic
powder C in the present invention. Where, curve Cl represents

amagnet of 5.4 Mg/m3 density, C2 amagnet of 5.96 Mg/m3 density.

These magnets have almost the same coercive force, 690 kA/m,



15 in FIG 14, MEP of a flexible bonded magnet produced fromthe nmagnetic
powder A in accordance with the present invention (density: 5.84 My/nB) is
140 kJ/nB; namely, it is 1.75 times t%at the conventional rare earth

el ement bonded magnet, 80 kJ/ nB- MEP of a flexible bonded nagnet produced
fromthe magnetic 20 powder B in accordance with the present invention
(density: 5. 45 MJ/nmB) is 40 kJ/nB; nanely, it is nore than 3 tines as

high that, the conventional_ f _erri-te rubber magnet. \Wen the magnet is
Used as BEPRTES RRINCETS FAGCHE ToM FheIPARATROReEIE POYAST fior SNRUSYHE.

efficienc gg! S 1Q.s . nag? tization 25 curves, of
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i nventi one g Wher /n Ol ¥RotheraRE GO Ihowd H?ﬁﬂﬁ&iﬁat{éﬁ dOkITndensyhy, C2 a
magnet of 5.96 Mg/ nB density. hese magnets have al nbst the sanme coercive

force, 69MERArdNuel? SDeRayme, bDé Hdvrna ide tbr omat er sovemRgBahlCrapyder C.
However, reflecting the difference in density, MEP of one nmagnet is 66

kJ/ 8,5 whearthnel éren heprded magneipps odilrohosigh 8BekbonBedThegn®EPinal ue,
80 kJ/nB, is identical to that of conventional rare 5 earth el enent bonded
magnet s. AReRARFELRhANNERFAQNEF £ leFiblgcbprded MagnpientditendeBsHtY| exi bl e

bonded t. its.densit i.sed t I I hi gh '
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can be bent or rolled thinner easily, they can be used wdely in the
hi gh-1¢f f | nasa€gctoreéd amthe sconStentdidnalt éeisting processing machines.
Furthermore, since the flexible bonded magnets in the present
invention can be bent or rolled thinner easily, they can be used
widely in the high-efficiency small motors. Still further,
since the magnets have solved a crack problem which the
15 conventional rigid magnets can not totally get rid of, they
provide a high reliability. FIG. 11 shows the temperature
dependencies of the initial irreversible flux-loss of flexible
bonded magnets in the present invention. Curve A represents
a flexible bonded magnet produced from the magnetic powder A,
20 curve B that produced from the magnetic powder B, and curve C
that preduced from the magnetic powder C. Temperature of motor
magnets in most of the operating high-technology apparatus is
lower than | 100°C. So, as seén in the chart, initial
irreversible flux-loss of the flexible bonded magnets in the
25 present invention is small, in so far as they are operating in
an environment where the magnet temperature can be maintained
to be lower than 110°C. However, in order to ensure such a

favorable magnetic stability, it is preferred that the coercive



since the magnets have solved a crack problemwhich the 15 conventi ona
rigid nmagnets can not totally get rid of, they provide a high reliability.
FIG 11 shows the tenperature depend&scies of the initial irreversible
flux-loss of flexible bonded nmagnets in the present invention. Curve A
represents a flexible bonded magnet produced fromthe nagnetic powder A,
20 curve B that produced fromthe nagnetic powder B, and curve C that
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to be lower than 110C. However, in order to ensure such a favorable

magnet i c sbatedi magrdt | prpdatedr efirdatthichemagretive pwderr ca,i nthde
normal roomtenperature of rare earth system nagnetic powder after a 4

MY/ m Bul stempgheturat foafficsentk afmcogrdivighdiorden iheappeexbhabely
magnetically ani sotropic flexible bonded magnet produced fromthe magnetic
powder A -9hd ¥/ Henpangly e idodff gEeaiterothadeithpteof ogereral bypassd mat el y

-0.5 %C, nanely, it i reater, than that of allv-used rare earth
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i nventi on which has been produced froman anisotropic rare earth

10 temperature after a 4 MA/m pulse magnetization is 1.1 MA/m or
higher. Meanwhile, a flexible bonded magnet in the present
invention which has been produced from an anisotropic rare earth
system magnetic powder, such as the magnetic powder A, might
have a problem of long termmagnetic flux loss, the problem which

15 an anisotropic rigid epoxy bonded magnet has.
Conventionally, the rigid epoxy bonded magnets were
produced by compressing a magnetically anisotropic rare earth
system magnetic powder, such as the magnetic powder A, with a
compression pressure as high as approximately 980 MPa. On the
20 other hand, a flexible bonded magnet in the present invention
is manufactured with a low compression pressure which as low
as approximately 40% of the conventionally-used pressure. As
the result, damage on the magnetic powder A and the resultant
emergence of new surfaces decrease. Therefore, the long term
25 magnetic flux loés with the flexible bonded magnet produced £from
the magnetic powder A seems to decrease further in an operating
temperature range lower than 100°C. As described earlier, the

bonded magnet in the present invention has a favorable



system magneti ¢ powder, such as the nmagnetic powder A, mght have a
probl em of long termmagnetic flux |loss, the problemwhich 15 an

ani sotropic rigid epoxy bonded nmagnet 24as. Conventionally, the rigid epoxy
bonded nagnets were produced by conpressing a nagnetically anisotropic
rare earth system magnetic powder, such as the magnetic powder A, with a
conpression pressure as high as approximately 980 MPa. On the 20 ot her
hand, a fl exi ble bopnded nagnet in the present invention is manufactured

With a | oFFERTPFRERE oRTRPES Y & Uit ™ d o TARIAFPABS MATISE 4038f t he
conventiogalI%=useda8r§§sure é§ tthespcgsult, égygagg onhyhe nagnetég powder
A and t he®7R% ?Jénf“. 8 I;"Ser?(l,lea &c new schfgdces cr eAsE! FRerei 6t 2%t he
ong ter &S PRy Lotk | o 4 08Rald S (hedt SXhOb£pbOREER TROPEL: P pLuCed
from the magnetic powder A seens to decrease further 1 n”an operatlng

t enper at Upendedgagnewssrddiered QG oo el el thd piesent havehendad nmagnet
in the present invention has a favorable 24 wap-around property for

form g aThé e btmpeciagised sheafit Hupbeiaoringaglet framkaBact eoteti €3, FI G
12 shows a cross sectional view of a small DC notor incorporating a
fl exi bl e Sbakeed(naghet) pPddusdati A0acenddhnethwiih thteptebenponpde@ntion.

5 The motor includes shaft 30, bearing 32, frane 34, rotor 42, _stator
Ut Baandf o Bas Bt IRed Fo #ikific ForBor HEaPPRAGTLATEE FEhEann

shaped {008, 00O AODE LIS IR BEATER R0, U IBUIGH, ol i e

a per manen gn _ TAserted to conplete a finrs
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tabl e bel ow shows the torque constant of four types of small DC notors,
10 24 mm in diameter, 12.5 mm in height. The table below shows
the torque constant of four types of small DC motors,
incorporating, respectively, the ~Fflexible bonded magnets
produced £from the magnetic powder A and the magnetic powder B
in the present invention, a conventional rare earth element
15 Dbonded magnet and a conventional ferrite bonded magnet. The
torque constant being the fundamental item of an output; the
torque constant is shown standardized in the table with that
of a DC motor incorporating ferrite bonded field magnet as the
reference. Torgque constant of a motor using a flexible bonded
20 magnet produced £from the magnetic powder A for the £ield magnet
is 1.49 times as high compared with & motor incorporating
conventional rare earth element bondedmagnet. Itis3.12 times
as high compared with a motor incorporating conventional
ferrite bonded field magnet. Torgue constant of a motor using
25 amagnet produced from the magnetic powder B for the field magnet

is 1.79 times as high compared with a motor inccecrporating a

conventional ferrite bonded field magnet.



I ncorporating, respectively, the flexible bonded magnets produced fromthe
magneti c powder A and the magnetic powder B in the present invention, a
conventional rare earth el enent 15 bodded magnet and a conventi onal ferrite
bonded nagnet. The torque constant being the fundanental item of an
output; the torque constant is shown standardized in the table with that
of a DC notor incorporating ferrite bonded field magnet as the reference.
Torque constant of a notor using a flexible bonded 20 nagnet produced from
the magnetic powder A for the field magnet is 1.49 tines as high conpared
Wi th a mgtor incorpMaRfnetdc ¢SRAGRRLEIGNALoh}EALEBhAN ECenPahtDonged Magnet.

It is3.12 times ag pyiferC AMPRLGHA W 1Bh REMMhGhetNCOr PREALL £ BAGYERT|I Onal

ferrite bOohped TIENT TRUNET. | TorqUg constant, gy a nmofor using 2 agnet
produced (fxom the wagnegic powder B fof the F?gld magnet ig'1.79 tijmes as

hi gh conpared w t.h|a motor incorporatihg a conventipnal ferrite borlded
fl el d ma annStﬁp't\IP ot ~Nhamnt | ("nn\ln =t —onal f‘nn\lonf nnal Dn\nrlor /\D V\der
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BRE Magnet Ferrite Magnet Ratio of 3.121.782. 091 Tor queEGoRsrantakEh Rare
Earth In sone of the DC notors, cogging torque sonetimes nmay increase 5
when magnetic f lux density is high at the air gap between rotor core iron

and stator nmagne The _coggjn torque here neans a ., pul satinpg torqgue
Caused by RIS THE PRAMObEF fre SRR E PEARBTOMSINED Mash DRCFERBF ut | on:
becausje té)ﬁéﬂ n?a(gqiéﬁeé E‘lﬁ% é@ﬁis:ﬂ:ytiss high at the air gap between rotor

core iron and stator magnet. The cogging torque here means a

pulsating torgue caused by a change in the permeance coefficient
due to rotor revolution; because there are teeth 41 and slots
40 on the outer circumferential surface of rotor core iron
10 facing the stator. This sometimes can increase vibration and
noise of amotor, orill-affect the accuracy in pesition control.
In a flexible bonded magnet in accordance with the present
invention, however, the green sheet can be processed to have
an uneven width or uneven thickness easily; this can be utilized
15 as means to bring the air gap between rotor core iron and stator
to exhibit a waveform that is closer to the sine waveform,
thereby suppressing a possible increase of cogging torque. The
conventional method of processing a flexible sheet magnet, such
as rolling, extrusion, etc., can not reasonably meet the
20 above-described way for the solution. In the present invention,
however, a compound in powder state can be compressed into a
green sheet form, the approximate thickness of which is normally
0.5~ 2.0mm; so, there is awide flexibility for the green sheet
to adapt itself to any desired specific shapes and dimensions

25 for meeting a design concept of a motor.



40 on the outer circunferential surface of rotor core iron 10 facing the
stator. This sonetines can increase vibration and noise of a notor, or il
-affect the accuracy in position cont®. In a flexible bonded magnet in
accordance with the present invention, however, the green sheet can be
processed to have an uneven w dth or uneven thickness easily; this can be
utilized 15 as neans to bring the air gap between rotor core iron and
stator to_exhibit a waveformthat is closer to the sine waveform thereby

suppr essi F@E:?%S%W%LA%FWWE%QQ ng torque. The conventional nethod
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conpressed Tnto a green sheet™ f orm e approxi mate thickness of whi ch
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green sheet to adapt itself to any desired specific shapes and di nensi ons
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In the present enbodi nment, a green sheet containing soft magnetic powder
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10 circuit. Describing the process practically; prepare, a

10 circuit. Describing the process practically; prepare, a
compound which contains at least one kind of soft magnetic
powder selected from among the group of those having saturation
magnetization 1.3T or higher, Fe, Fe-Ni, Fe-Co, Fe-5i, Fe-N and
Fe-B, in place of the rare earth system magnetic powder in the

15 first embodiment. Produce a green sheet from the compound, and
set the green sheet in a cavity of molding die. And then, £ill

the cavity with the first embodiment 's compound in powder state,

and compress them together. In thisway, acomplexbody of green
sheets having different functions is provided. Cure and roll

20 the complex green sheet, then a flexible bonded magnet with back
yoke 1is provided. Another exemplary application is;
compressing part of the binder ingredients in advance, and then
filling the cavity with the first embodiment’s compound in
powder state for compression. A flexible bonded magnet having

25 thermal bondability is thus produced. 8Still another, forming
- in advance one or more kinds of self-adhesive layer on the
surface of the flexible bonded magnet by mixing blocked

isocyanate with a polymer having film-forming function, such



conpound whi ch contains at |east one kind of soft magnetic powder sel ected
fromanong the group of those having saturation magnetization 1.3T or

hi gher, Fe, Fe-Ni, Fe-Co, Fe-Si, Fe-NZdnd Fe-B, in place of the rare earth
system magnetic pomder in the 15 first enbodi ment. Produce a green sheet
fromthe compound, and set the green sheet in a cavity of nolding die. And
then, fill the cavity with the first enbodi nent's conpound in pomder

h h | b
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the result of bending around a sma diameter circ a probl em of
det eri or aihe8ntoh hCambgiedst G hEl-plr@draldne r&%gdﬁiaghblaedhbge fhe above,

the present invention can offer a high-performnce ring magnet whose MEP
10 1is as high as 140 kJ/m3 in radius direction, irrespective of
the bending diameter. As viewed from the manufacturing
facility, productivity of the magnet is high. Furthermore, the
present invention is applicable to any kinds of rare earth
system magnetic powders. For example, using a magnetically
15 1isotropic rare earth system magnetic powder magnets of MEP 40
kd/m3 level can be produced economically. It contributes also
to improve efficiency of the low-efficiency small motors built
with ferrite rubber magnets. The present invention does not
employ a process temperature higher than 200°C, that was needed
20 in the conventional manufacturing processes (rolling,
extruding). This, too, contributes to a high manufacturing
productivity. Thus the present invention will make a
contribution to downsize the high-technology devices, and save
the electric powers and natural resources.
25
INDUSTRIAL APPLICABILITY
A method of manufacturing a flexible bonded magnet in

accordance with the present invention is not restricted by the



10 is as high as 140 kJ/nm8 in radius direction, irrespective of the _
bendi ng dianeter. As viewed fromthe manufacturing facility, productivity
of the magnet is high. Furthernore, t®& present invention is applicable to
any kinds of rare earth system magnetic powlders. For exanple, using a
magnetically 15 isotropic rare earth system nagnetic powder magnets of MEP
40 kJ/nB level can be produced economcally. It contributes also to

i nprove efficigncy of the low efficlency small notors built with ferrite
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manuf act uring proc ng,” éxtru , t00, contr s to a
hi gh manufashyrdomrentidfiaat byha¥a nﬂ&iﬁﬁé‘?r@ﬁﬁ%@ﬁ?ff&ﬂ%@&'ﬂ@e@,'i‘aﬂ@ke a
contribution to downslze the high-technology devices, and save the

el ectri c panehsebadenmtitmaghet £Sopowd@srs 25et&NDUSTRI AL APPLI CABI LI TY A net hod
of manufacturing a flexible bonded magnet in accordance wth the present
invention is not restricted by the 28 nagnetic powlers used. Mtors

i ncorporating the magnets exhibit a high efficiency that is higher than
that of notors wusing conventional bonded nmagnets produced f romf errites,
rare earth el enment magnetic powders, etc. 29 CLAIMS 1. A nethod of

manuf acturing a flexible bonded magnet conprising the steps of




5 conpressing a conpound consisting of rare earth system nagnetic powder
and flexible thernosetting resin conposite, heat-curing a green sheet
derived fromthe above step, and rolli4%y. 10 2. The method of

manuf acturing a flexible bonded magnet recited in claiml, wherein the
flexible thernosetting resin conposite includes an solid epoxy oligonmer in
the-normal roomtenperature and a polyam de powder havi ng

t her no- conpr essi on bondi ng property rovided with stickiness in the
normal room tenperature. 3. The net manuf acturing a flexible bonded
magnet recited in claim?2, wherein the flexible thernosetting resin
conposite contains at |east one kind of adhesive agent. 20 4. The net hod

of manufacturing andilifxd bbe handedcoragiely 4eeibedpil YRR m¥gREEi N at
| east either one anpbng a powder-state |atent epoxy hardener and a

| ubri cant comptiisihgrtheesiteps dhe net hod of manufacturing a flexible bonded
magnet 25 recited in claim?2, further conprising a process for covering
bef or &hand t he @emPpreesbig ttheampande gons istdhamofagarei eapbhdsystemh t he
epoxy oligoner, 6. The nethod of manufacturing a flexible bonded magnet 30
recited ifﬁagP%‘Fﬁ? 2DOYIRF nakd chhp¥iRipgtheprosetting Besin| ¢PRROSHES epoxy

ol i gomer in 2 solyent,:ANY Mehrdir et Whihed u8ncRhbaBYst e ggInet i ©
powder, and
and
rolling.
10 2. The method of manufacturing a flexible bonded magnet
recited in claim 1, wherein
the flexible thermosetting resin composite includes an
solid epoxy oligomer in the normal room temperature and a
polyamide powder having thermo-compression bonding property
15 provided with stickiness in the normal room temperature.
3. The method of manufacturing a flexible bonded magnet
recited in claim 2, wherein
the flexible thermosetting resin composite contains at
least one kind of adhesive agent.
20 4. The method of manufacturing a flexible bonded magnet
recited in claim 2, wherein
at least either one among a powder-state latent epoxy
hardener and a lubricant is further used.
5. The method of manufacturing a flexible bonded magnet
25 recited in claim 2, further comprising
a process for covering beforehand the surface of the rare
earth system magnetic powder with the epoxy oligomer.

6. The method of manufacturing a flexible bonded magnet



a process of crushing after renoving the solvent. 5 7. The nethod of

manuf acturing a flexible bonded magnet. recited in claim2, wherein the
epoxy oligomer is a novol ak type epoxy%esin. 8. The method of

manuf acturing a flexible bonded magnet recited in claim2, wherein 10 the
flexible thernosetting resin conposite contains an addition product of

gl ycidyl conpound and carboxylic acid. 9. The nethod of manufacturing a
flexible bondfd na nei .recited {n claim4, wherein the powder-state | atent
epoxy harbef&Feestd g ﬂ&ﬁrgziﬁ%r Rer sSUrRHi8HA%ound. 10. The nethod of
manuf act uri ng f ' t egl | | .4 L n, the

| ubricant is a?a Iﬂelgds(dtégosﬁé&?tag%ggg?gggeah%r%éé}?}ﬂeélg'r lﬁérm&?l g\,\%‘:%ﬁ%&tf atty

acid, a hhgdefed aiixi hdtantﬂ@r?emia@amhabysaam%#]hé/ﬁm%o%b&i,nam@oi nts
11. e net hod of

are higher than the nolding die tenperature.

manuf act uri ng aafpexddse &bNcedshaomedf terarémeling cilad nedlvadier ei n cont ent
of the rare earth system nagnetic powder falls 25 within a range 92 wei ght
% - 9P wei ght 9he 2metiped nef hmanofaghnuiagt @ iflexidlexdindedonadgnehagnet
recited in claiml, wherein rolling rate at the rolling process is not

| over t hahe2%4°8113a18iRd4pI BeFeHRt dianeter is not larger than 8 mm 13.

The method of r@?éjfg'ﬁcg}lcj{rigﬁi&orﬁélexisbléa rpc?xpcgjfacljk r@)%lgtepoxy resin.
8. The method of manufacturing a flexible bonded magnet
recited in claim 2, wherein
10 the flexible thermosettingjresin composite contains an
addition product of glycidyl compound and carboxylic acid.
9. The method of manufacturing a flexible bonded magnet
recited in claim 4, wherein
the powder-state latent epoxy hardener is a dihydrazide
15 system compound.
10. The method of manufacturing a flexible bonded magnet
recited in claim 4, wherein
the Iubricant is at least one item selected from the group
of a higher fatty acid, a higher fatty acid amide and a metal
20 soap whose melting points are higher than the molding die
temperature.
11. The method of manufacturing a flexible bonded magnet
recited in claim 1, wherein
content of the rare earth system magnetic powder falls
25 within a range 92 weight % - 97 weight %.
12. The method of manufacturing a flexible bonded magnet
recited in claim 1, wherein

rolling rate at the rolling process is not lower than 2%,



recited in claiml, whereinrolling rate at the rolling process is not

| ower than 10% 5 and windable |imt dianeter is not larger than 2 nm
14. The method of manufacturing a f1 edilbl e bonded magnet recited in claim
1, wherein | the green sheet is shaped to have at | east either one item

an uneven wi dth or an uneven thickness. 10 15. A nmethod of manufacturing a
conpl ex flexible bonded magnet forned of different kinds of nmaterials

] he, . int ti heet t aj ni t | t
cort magn@ef v hBARREe s PR D GhEE AT oo R st ur at ron
nagnetlzaéigp I Phe mthd& Bfgmshnfggturﬁﬁ'Ma f#??fgie Hohdéd Shagnéf™ N and
Fe-B, and a green sheet contalning a fard éart syst em magnetl% powder

i Nto a unkéézeedsuRsédatR, 1 heghesdihng the unitized substance, and
rolling. 16. The nethod of nmanufacturing a flexible bonded magnet 20

recited in claimilingeadennt theraoEl bag plrogesisehs magnbdwer phabel0%s a
magneti cal | | sotropi c Nd-Fe-B system spherical powder produced by the
spi nning @I!% windabhe | bankbt dbametgr Imenokt hovger Waaufacmuring a flexible
bonded magnet 25 recited in claim1l, wherein the rare earth_ system

magnetic pbhwerThe BehRoRePfcRAPPfacdyring @ Nd-aiin-e RRAEH (PagReEhape
powder prgg(gf@gd?%/%;?g?il{{eit @SQPQ}LQQ met hod. 32 18. The net hod of

manuf act uring a e bohd nmaghet
the green sheet is shaped to have at least either one item,

an uneven width or an uneven thickness.
10 15. A method of manufacturing a complex flexible bonded magnet
formed of different kinds of materials comprising the steps of
integrating a green sheet containing at least one soft
magnetic powder selected from the group of those whose
saturation magnetization is 1.3T or higher, Fe, Fe-Ni, Fe-Co,
15 Fe-Si, Fe-N and Fe-B, and a green sheet containing a rare earth
system magnetic powder into a unitized substance,
heat-curing the unitized substance, and
rolling.
i6. The method of manufacturing a flexible bonded magnet
20 recited in claim 1, wherein
the rare earth system magnetic powder is a magnetically
isotropic Nd-Fe-B system spherical powder produced by the
spinning cup atomization method.
17. The method of manufacturing a flexible bonded magnet
25 recited in claim 1, wherein
the rare earth system magnetic powder is a magnetically
isotreopic Nd-Fe-B system flake-shape powder produced by the

melt spinning method.



recited in claiml, wherein the rare earth system nmagneti c powder is at

| east one nmagnetically isotropic flake-shape powder selected fromanong 5
the group of a-Fe/ Nd-Fe-B system Fe3B2Nd- Fe-B system Sm Fe-N system and
a- Fe/ Sm Fe- N system produced by the nelt spinning nethod. 19. The net hod
of manufacturing a flexible bonded magnet recited in claiml1, wherein 10
the rare earth system magnetic powder is a nmagnetically anisotropic

Nd- Fe- B ' wd d b t | t. i t.h f the hot
Upset t ng Mt hola it EnBe | BErmRBERAG EIsehT e SIERHIY IDGRIRH SRR Thg
flexible PQ@ﬂ@Qd”Pﬂ”ﬁiairﬁef' tv?t@efé‘jfﬁl aim 19, wherein 15 coercive force at

20C of the rare earth system nmagnetic powder after a 4 MA/ m pul se

magneti zati on ighdOfatrOEdrikadydtdm MYiRt 2] pdiEe el H0g: of eABpUS RSt Uri Ng

a flexible bonded magnet recited in claiml, wherein 20 the rare earth
syst em nagaghetipalterise: mmirgithkeakhppeapowdér G leded-exrbmsamdéeg fi ne
powder produced by the RD (Reductive Diffusion) nethod. 22. The net hod of
manuf é&ct uthea@moud eXi @ife /bdrded Bragatem, ris<ii Atl-Fe-B aystdh, SheFeim 25

coercive force at 20C of the magnetically anisotropic SmFe-N systemfine
powder af®®Bstemq apd prie/ Ie-Fagh&vistem oprofycadi by dle meRanspisnimg m 23,
The net ho]ge&tloganuf acturing a flexible bonded magnet 33

19. The method of manufacturing a flexible bonded magnet
recited in claim 1, wherein
10 the rare earth system magnetic powder is a magnetically
anisotropic Nd-Fe-B system massive powder produced by at least
either one of the hot upsetting method and the HDDR method.
20. The method of manufacturing a flexible bonded magnet
recited in claim 19, wherein
15 coercive force at 20°C of the rare earth system magnetic
powder after a 4 MA/m pulse magnetization is not lower than 1.1
MA/m.
21. The method of manufacturing a flexible bonded magnet
recited in claim 1, wherein
20 the rare earth system magnetic powder is a magnetically
anisotropic Sm-Fe-N system fine powder produced by the RD
{Reductive Diffusion) method.
22. The method of manufacturing a flexible bonded magnet
recited in claim 21, wherein
25 coercive force at 20°C of the magnetically anisotropic
Sm-Fe-N system fine powder after a 4 MA/m pulse magnetization
is not lower than 0.6 MA/m.

23. The method of manufacturing a flexible bonded magnet



recited in claim1, further conprising a process for form ng a self-bonding

| ayer on the surface, following the ralling process. 24. The net hod of

manuf acturing a fl exi ble bonded magnet33 5 recited in claim23, wherein the

sel f-bonding layer is a hot nelt type. 25. The nethod of manufacturing a

fl exi bl e bonded magnet recited in claim23, wherein the self-bonding | ayer

contains at |least one kind of 10 pol yner V\/ni ch has a filmformng function

and m xed_w ked I so ate. 26. er manent magnet type notor,

wher ei n tﬁ%c}F%glb?ecg%ﬁ e% ﬁ%ﬁﬂ% r ?0%?5} ﬂgls used for at | east ei t her

the stator or t r d ent
Q?roﬁ@sg fo:fl'%o%%llné‘ d'BLhed b J i ﬁ agv% 19:I £ 181?

magnet type noto conprising a process o ohded

magnet wfbllwgﬂgntgép@éllmgeﬁt@éegy t aki ng advant age of the sel f-bondi ng
| ayer recited in claim23. 28. A nethod of manufacturing a pernmanent magnet

type notor24. 2(Tw@npetbodgod maoagsstatipg @i Mldxibleetsisnddd thaghéexi bl e
bonded nagnet wound-around to a ring shape by taking advantage of the
sel f - Bondregitedeinretaind2d n ehereins.

the self-bonding layer is a hot melt type.
25. The method of manufacturing a flexible bonded magnet
recited in claim 23, wherein
the self-bonding layer contains at least one kind of
10 polymer which has a film-forming function and mixed with a
blocked isocyanate.

26. A permanent magnet type motor, wherein the flexible bonded
magnet of claim 1 is used for at least either the stator or the
rotor.

15 27. A method of manufacturing a permanent magnet type motor,

comprising a process of joining_the flexible bonded magnet with

a counterpart material by taking advantage of the self-bonding
layer recited in claim 23.

28. A method of manufacturing a permanent magnet type motor,

20 comprising a process of joining both ends of the flexible bonded

magnet wound-around'to a ring shape by taking advantage of the

self-bonding layer recited in claim 23.



