30 August 2006 1 DESCRI PTI ON MNUFACTURI NG METHODS OF FLEXI BLE
BONDED MAGNET AND MOTOR USI NG THE SAME 5 TECHNI CAL FI ELBO Rueustr288@nt
invention relates to a flexible bonded, magnet produced fromrare earth
system magneti ¢ powder, and a net hod ]of manuf acturing a notor using the

fl exi bl e bonded magnet. 10 BACKGROUND ART Quite a number of small notors
are used in personal conputers and the peripheral devices, |IT-rel ated
appliances and the like apparatus in the field of advanced technol ogi es.
These 15 notors are request t.in the size, higher in

t he output and efficiency, ?o%ésﬁtﬁﬁ%qg%?n% pursuit of conpactness
and |ightness in the appliance sector. Anong the total production nunber
of small notors, DC notors account for approxinmately 70% Mbst of the
gener al - use DCMANUFACTINRI NG IMBTHCOHS loonded XU HoNDED MASNET

Hi gh- performance DC notors enpl oy ring-shaped bonded nmagnets produced by
conpressing a AMPHMOTOR UFINGJHR iSBMH v i sotropi ¢ Nd- Fe- B system nagnetic
powder and a rigid thernosetting resin such as epoxy resin. Technol ogi cal
devel Bprrents in the small notors represent the inprovenents .25 achieved in
the field of bonded magnets manyfact ur by _bonding a nagnetic powder with
a binder. FIG 13 describes the'!ﬂ{gg “ﬁgﬁgg§;¥gﬁﬂbi nations used for

manufacturing gpRVERLLORR!: RNASSIRINELSs +1'8 FBINSH Chondea magnet

produced from rare earth system magnetic powder, and a method

L

<

of manufacturing a motor using the flexible bonded magnet.
1o ‘
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, bC motors account for
approximately 70%. Most of the general-use DCmotors use rubber
20 Dbonded ferrite magnets. High-performance DC motors employ
ring-shaped bonded magnets produced by compressing a composite
of magnetically isotropic Nd-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




30 August 2006 2 powder can be a hard ferrite system nagnetic powder, an
Al nico systemnmagnetic powder or a rare earth system madbdtugest@fer. The
bi nder can be a flexible resin (e.g. rubber, thernoplastic elastoner), a
rigid thernmoplastic resin or arigid 2 t hernosetting resin. The form ng
process can be a cal endering, 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 combined wi.th_a fl exibl esin, arigid therngplastic 10 resin and a
Yo d ¢ heEgER FRRQPS K hRrd: FSPETte by R magnat 1 REWAST o AR HFgnet | c
powder s | | I Eg?riQQ1 Xirusion..an injection
nol di ng o ﬁﬁcgﬁg?%ggfq#&{%%ﬁgf e rare _e%??ﬁe _ef l%gﬁ&@fag‘are
known t @mepeRaBatédh Bavht 1 b N eRfint 18 . bt SFBLIES C e fhobd alkg ¢15

bi nders and the processes. In the conbinationh of conpression” process and
rare ear telastomem)ragret i eigbddethehmopractiche rdyitderodt s hi mrtigddato a
rigid thernosetting resin, such as an epoxy resin. Meanwhile, there are
f ol | oW nFheéroosedirieoy resime Theekobhindpues ssagarbese chdenflieringe in
smal | notors whose 20 out put power is |ower than several tens of watts,

whi ch beidfy SXIBUSACNf ARe AFRISEHLONNYEBQLAIRT J@Fandse cPAPERESNON2766746

dJ Pat.ent .No. 2528574 di_scl ose .bond et duced_ b
T ocoan T AR R D0 Pt RS A0 2D 11D Rderied ) U BRL LGy st em

regnet]c BALST 7] bR St AU, D PRLIERly ARGl A BEgHRLS S 11 10

t he above sheet - prned nagnets are a
However, calebeMBynBEABANGL BN PrOdcibld il 4 ¢4 disf ehbSflobfa8%:MEP) Of

thEiﬁ) 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 oné of the items described in the

15 ©binders and the processes. In the combination of compression
prbcess aﬁd 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/nB. Japanese 30 August 2006
3 Pat ent Lai d-Qpen Application No.H5-299221 teaches a nethadgaft 2006

- manufacturing a bonded magnet by rolling a mxture of rare
earth-iron-nitrogen system nmagneti c powder and flexible resin. MEP of this
bonded magnet is 42 kJ/ nB. Japanese Patent Exami ned 5 Publication

No. H6- 87634 di scl oses a bonded magnet manufactured by conpressing a
magnetically isotropic R-Fe-B (R signifying at |east either one of Nd and

Pr) rarepgachf $yHd SHHERUPY foa PO No fiﬁd-z%dziz@i' ¢ eRBAXYK é%&ﬂho«f‘o@er manent

magnet type notor using a nultipol e-nmagnetized ring nagnet iIs al so

di scl oseglandPadytlirohgWal Bonded’ mdghe®. by Nr@Llehgt & miRtaFenbLa rageded
magnet for snmall notors that is nore efficient than the above-descri bed

convent i eaathehnreen- hﬁ.tir:sgense_mﬁ@h magnedie pow@e\rlamﬂdﬁlexylslemesamd an
optim zed processing. Specific characteristics needed for the new binder
syst em aMBPdfathis bapded @P-H@ﬁ@ Jeﬁjﬁésﬁi(//én?ﬂ:? Japangisie BatenhExgadaiedy of
bonded nagnet can be_rai ) | nsufficient adhesive stren causes
par't ol PRBLLGRELOR Nanlife 7 S SRR PORCEGIIOTT MAGHE A e% oot ¢ or

i nviting,_seriou g h SJt IS Nnot 0 gnetic
char act eP}’s??rE%r%%gﬁ%? %r{%ﬁ%ﬁeél‘%}gﬁg Fﬁo%c |}$13:l %H% gﬁi %ﬁ%l%%ﬁn | ve the
above probl eoBs+ 3P REfCnd YEIN®hnd @rﬁ%ﬂé@&fﬂm X@t@hgh.lagn%ftf el ent

and reliable bonded magnet for use in small notors. nmet hod "f or
manuf act gowagrkaidaNeiyid egeRy dehien "'OROperiansf timeghondsghaagrel i s al so

disclosed in the present invention. 25 DI SCLOSURE OF | NVENTI ON
using a multipole-magnetized 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 dimprove. The present
20 invention aims to solve the above problems, and offer a method
- formanufacturing 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 magneﬁ is

disclosed. Process steps of compressing a compound




A nmethod for manufacturing a flexible bonded magnet is disclosed. Process
steps of conpressing a conpound 30 August 2006 4 made o030 Aapgest@8®G h system
magneti c powder and flexible thernosetting resin composition, curing with
heat a green sheet provided through the above process, and rolling the
green sheet are further disclosed. Accordingly, a first aspect of the
present invention provides a nmethod of manufacturing a flexible bonded
magnet conprising the steps of conpressing a conpound consisting of rare

earth syghae HRINGIHE BAVERM SPtéhOnfife{NSr PRk Ngnd eI LAROSI tem
heat -curing a green sheet derived fromthe above step, and rolling. A

second aspeeginogk Hti®goresim compoitivn Peayh gSvith ABABIgPée B HEAEL Ur i Ng
a conpl ex flexible bonded magnet forned of different kinds of materials
conpri si pgotidedtigpeugh ithe cgbest ipMporsgl, candSHEELimPp vl giregnakhésast one
soft magnetic powder selected fromthe group of those whose saturation
magnet i z&F¢ ofyther. dfselosdgher, Fe, Fe-Ni, Fe-Co, Fe-Si, Fe-N and Fe-B,
and a green sheet containing a rare earth system magnetic powder into a
uniti zed substERREREX -« cr i%’g"‘ﬁleaﬁﬁFFFzétgsﬁhgt FreFeninmrYeRrtion. A

third aspegl: i the presgnt & nventd o r.ovi des Qer mnen net type
ot o | ere:an e T“%em gl é’tJbon é;(facq:uga.ng a ffex:&aen%onéep rgagnet
comprising the steps of
compressing a compound consisting of rare earth system

magnetic powder and flexible thermosetting resin compositem

heat-curing a green sheet derived from the above step,

and

rolling.
| A second aspect of the present invention provides a
method of manufacturing a complex flexible bonded magnet
formed of different kinds of materials comprising the steés of

integreating 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,
Fe~Si, Pe-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

rollingy.

A third aspect of the present invention provides a

.. permanent magnet type motor, wherein the flexible bonded

magnet as defined in the first aspect is used for at least

either the stator or the rotor.




magnet as defined.in the first aspect is used for- at least either the
stator or the rotor. 30 August 2006 4a A fourth aspect 36 Augest@fiesent

i nvention provides a nethod of manufacturing a pernmanent magnet type
notor, conprising a process of joindag the flexible bonded magnet wth a
counterpart material by taking advantage of the self- bonding |ayer forned
on the surface, followng the rolling process as defined in the first
aspect. Afifth aspect of the present invention provides a nethod of

manuf act uri nd afperfmnesreshgrsl thpge pagsent Tovemtismgpzopgideesr of
joining both ends of the flexible bonded magnet wound-around to a ring
shape b¥ethrRingof adPaRtERREWYinghe & HPEREGRRg PAJRPL oFYRRl JPP¥Ie surface,

following the rollin rocess as.defined,in the first _aspgeci. _BRI.EF

DESOR! PPRRF R e sbARARes % ITEekie h Aeabis: A et of a
fl exi bl g;pond | [ ! t'ﬁ‘pem [ 1 show ng
a rel at ?3%h?p%%g%gﬁgftgmgg§ﬁ£§?§§%f t%iraélg% % eet@zfﬁéd ﬁeﬁ?%r%%% pressure
in the pbaaeRy lapéentidimed |dn 8néS swrERakl FNWoEng M@t iONBIHgP bet ween
the density of flexible bonded nagnet and the contai ned anmount of

magnet | prpoaseras ndétinept dsenhel Fienti aspeét G 4A is a chart show ng a

rel ati onship between the green sheet curing tenperature and the tensile
strength of Pl ekiftke aspegdd Pfigriche | Presenpr eovmntiopenPrFonideEsGa 4B is a

chart show ng a relationshi p between the green
. metho of manufacturing a permanhent magnet type motor,

comprising a process of Jjoining both ends of the flexible
bonded magnet wound-around to a ring shape by taking
advantage of the self-bonding layer formed on the surface,

following the relling process as defined in the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.‘ 1 shows a manufactui‘ing process chart of a flexible
bonded magnet in the present invention.

FIG. 2 is a chart showing a relationship between the
.density of green sheet and the forming pressure in the present
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
sheet curing temperature and the tensile strength of flexiblé
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 fléxible bonded

magnet in the present invention.




sheet curing tinme and the tensile strength of flexible bonded magnet in
the present invention. 30 August 2006 4b FIG 5 shows a30dughst@f8hi p anong
the rolling rate in the rolling, the windability of a rolled flexible
bonded magnet around a mandrel and f#fe dinensional change caused as the
result of rolling, in the present invention. FIG 6 shows a relationship
anong the rolling rate, the elongation of a flexible bonded nagnet and the
tensile strength, in the present invention. FIG 7 is a chart showing a

rel ati onship bﬁi%&sbﬁysm Jﬁnsr‘f'ﬁ'@éfﬂpégp%éOlééﬁtgaFﬁ‘éﬁ imtheexi bl e
bonded t d.the 30 6 [.af.t th
rgrl?ngnagﬂiﬁﬂgnngggﬂ%npAggm?%gn.9 EI&C’?L @gﬁéé%g Fh Bﬁ&%&gﬁéﬁpfitlon
curves of .. £8n p%hghﬁregoa}gfghm&éné Cﬁé‘f‘cﬂ%ﬁ @rgadél%/tfﬁts'ﬁfbr@sult

conventi on errite magnet and a conv ntlo rare earth bonded

magnet . 5fF£gqlgngonmﬁreﬁetﬁgegehmcghvgﬁtgbna fl exi bl e bonded nmagnet in
the present invention, a conventional ferrite bonded nagnet and a
conventional rRIG. eﬁarslimbmadedlangnashlﬁl &no§ thwwo tlimglewdgnetheat i on
curves of other flexible bonded magnets in the present invention produced
from - 10edpngatian afn & lexdbd enkepded magasdcand thpdensikessrenath . show ng
the tenperature degendence of , initial irreversible flux loss in the
present iRvEREi BReSeREGINYONEEBYs a cross sectional view of a DC notor

i ncor por ating ﬁI(f;l el)ggj L%h%%dgﬁomggréfaﬁfgnﬂﬁ Bdtween the amount

--of magnetic powder contained in flexible bonded magnet and the




15 invention. FIG 13 shows conventional elenentary technology itens used
for manufacturing bonded magnets. DETAI LED DESCRI PTI ON OBORREEZRRED

EMBODI MENTS 20 It is preferred in the present invention to constitute a

bi nder systemw th an solid epoxy oligoner in the normal room tenperature,
a pol yam de powder having stickiness in the normal roomtenperature and a
| at ent epoxy hardener in powder state. The stickiness of polyam de powder
in the present invention is 25 provided by applying an adhesive agent, a

tackifier ast zer, s.to fix.rare earth el enent system
magnet | c PONIE 1%5%#858(&?%3&% ST RER B S ARy S
conpression. T o] picﬁ. rq :gﬁeg 06 6

i nvention at | gggf g&ﬂa one o? pﬁﬁ%iﬁzé@%r an s §9 fdﬂ' ?é‘b. % de
‘powder . th@e&magﬁéemﬁﬁhen?{ 85 /il unvidt 19bn 14, ccswx}ét{ltﬂ@naftf%rﬁ%@ be used
for the pol yam de powder 11 ‘and nylon 12, anong others, are

pr ef er r edbondledu sargife tt aid éc@n@én&dmmtlj hidriet )eawithhb@dldeﬁj Yagagent or
tackifier. Exanple of the polyam de-im de powder includes a condensation
produzt of trF&el-19 compazes the Brit¢weves ¢faa dlexidblei bonded mEomed e  of
the trimellitic acid derivative includes trinmellitic anhydride;

“trinel | i fPctRAMRRINE ABTEERAOR 2 G%V@W%%ﬁswyte hendes megret

car banoyl._henzene 1t4 di car borreth 1%@ on% nzene; 1, 4-di carboxy- 3-
car bophe 5‘%%3@?&?@ lé’r‘nlc? r’ﬁ%ﬁl ﬁﬁ‘lr BF trimel it ic acid,
ammoni a, di et pykam 1@, st% dﬁémd&. 1 /AT ' BGRGes (4 MBihlel! ©

anhydride, trimellitic nonochl ori
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 in +the present
15 invention.
FIG. 13 shows conventional 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 normal
room temperature and a latent epoxy hardener in powder state.
The stickiness of polyamide 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 binder together in the compound state before

compression. The polyamide powder means in the present




15 etc. are often used with preference. Exanple of the aromatic diam ne

i ncl udes 2, 2- bi s[ 4- (4-ani nophenoxy) phenyl] propane; 2, 320 August 2006

bi s[ 4- (4- am nophenoxy) phenyl] butane; 1, 1-bis[4-(4- am nophenoxy) phenyl]
cycl ohexane; 1, 1-bi s[4-(4- aninopheno?y)phenyl]cyclopentane; bi s[4-(4 20
am nophenoxy) phenyl ] sul f one; bi s[ 4- (4-am nophenoxy) phenyl] ether;

4, 4' - carbonyl bis(P-phenyl ene oxy) dianiline, etc. Anong these,

2, 2-bi s[ 4- (4- am nophenoxy) phenyl] propane is preferred. \Wenever

necessar a_m,xture, of, the abqve di am ne y _he used. Furthermpre, the
o roady ERSRREAPR FE° Y Lo bt aohg - sof CheiARiHe nathites hapd

4, 4" -di ap L Rheayl X < i am | ghen I e,

b aBLAgesaReENLacBENABE: deflod! EBAH RAEHaRH £20% nyion

net hyl engh anyyesn tiet,r aeBt ydehdi ﬁ%&%oﬁ%h@'ﬁf&%&’éﬂ"@é Yowir 30npugHSt 2006
7 met a- xyl yl endi am ne; 3-nethyl heptanet hyl enediamne; 1,3- bis (3

- am nopr apyandtegXaadizhy lambdng bakiease, apé cpre®arial beethuge ofddheien. For
t he adhesi ve agent, tackifier and resin in the present invention,

f ol | dwi ngortflepempapilpbl Lty Wi thh @dhdisdyievagenbgunttamkd fizaki f Esampide be

sel ected from anong the grQUF of natural rosin (gumrosin, wood rosin,

tall oil °fokhe Podiyamide U PeYIegs LRCLBSES ik copdgnsadilen RyafBgEnat ed
in, malejc, acjgd podifi in. etc,); - i nd in: .t

Gystom r 86 FEnEFHEER AU Rhivala®' nd o S ueliirires) FxeRBLEcc  The

resin rm}S_fbetlﬁél et‘ifi‘ﬁ{élflrj]%camaegat h&e:?i&é@i_@é i RS Ek?hﬁéﬁ‘ﬁﬁié‘t e

copol yner; ethylene acrylic acid copolyner; ethylene ethyl acrylate

copol yneghnhotibyhene nekhwbiaseybat eanf@aeidEe! ; mEhOYhEHLiREPPY! ENE-

copol ynmer having a nol ecul ar
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. BAmong 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]lsulfone; bis{4-(4-aminophenoxy) phenyl]
ether; 4,4'-carbonyl bis(P-phenylene oxy) dianiline, etc.
Among these, 2,2-bis[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'-diamino diphenyl
methane; 4,4'~diamino diphenyl sulfone; meta-phenylene
diamine; piperazine; hexamethylendiamine; hepta

methylendiamine; tetramethylendiamine; para-xylylendiamine;




wei ght hi gher than 30,000 or ethyl ene butene copolyner; poly 15 butene;
wax, .etc. These itens may be used either in solo, or in38Augndi2@ion of
two or nmore. The tackifier expedites _thermal plastic deformation of

pol yam de powder and inproves the mepting property of junction surface
during conpression of conpound. In this way, the thermal conpression
bondi ng 20 property is raised with the pol yam de powder, or epoxy oligoner.
Pl asticizer is used whenever necessary. It lowers viscosity of the

pol yi m de nt.ai_ni.ng adhesi gent .. and .inproves the flexibility
and the WS??‘P%%%%BQ%F{P n%r’ac??'@%]\'lﬁgiasqupetq% G BURRA 110§Genes,

p- hydr oxy ZQat ' I.C t ounds
havi ng aﬁlggPa?@%@?$%§8§§q?%%%?#%%???ﬁ%ﬂﬁf%?f¥éﬁfb%ﬁ?ﬁﬁ?%%%Sdngé?gHErom
the viewapaiRtosl (Ferce®adHidive) agRatt heabkaglibel 4881 Asiefifd ¢hency, an
addi ti on product of glycidyl compound and 30 August 2006 8 carboxylic acid
havi ng t beekehlitoinngnsionct fivElowimprictdiis CEH2EEGHRER C- Rhe @dhpsefrerred.
where; Rl and R2 signify at |east one hydrocarbon group selected from
~anongp t haggnsupnéf tackplaeircmayabecgellectednfirbmacmong the Arolipasf eit her
one of R and R2 is an aromatic hydrocarbon group. Fromthe view point of

practi caPab¥age, TeRdn LGBWeToRiRr i RRA SRFi eLakl fddi mosdnpr 88Ged - are
di vided into, followng,three cateqories: (Al _an addition product . of
al | phat | BeBRYBFAN TSI (POaTReE e SR , b Hy PoePREPY Shhfhomafbng o
carboxyl Lg; aCkdai EBba@ AN 1 &% PY P94GhaPin&r BIRLLE resin: terpene
' system resin; petroleum system resin: and phenol system resin,
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 copblymer having a molecular
weight higher than 30,000 or ethylene butene copolymer; poly
15 butene; 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 polyamide powder and improves
the wetting property of junqtion surface during compression of
compound. In this way. the thermal compression bonding
20 property is raisedwith the polyamide powder, or epoxy oligomer.
Plasticizer is used whenever necessary. It lowers viscosity
of the polyimide powder containing adhesive agent, and improves
the flexibility and the wetting property. Practical example
includes dibenzyl toluenes, p-hydroxy benzoate,
25 'benzenesulfonamides, etc., which are the compounds having a
relatively good compatibility with the polyamide powder. From
the view point of the compatibility and the plasticization

efficiency, an addition product of glycidyl compound and




gl ycidyl ether and aliphatic carboxylic acid, or alicyclic carboxylic
acid, and (C) an addition product of aromatic glycidyl 80Rapuardo@romatic
carboxylic acid. The conpounds of eagh of the above categories are

provi ded through the foll ow ng 15. procedure: an exenplary process is;
adding a certain specific carboxylic acid into corresponding glycidyil
ether in the presence of a catalyst, heating and stirring at a tenperature
60 - 120C in the nornmal atnospheric pressure, or in a reduced pressure. As

Tor the galgbyshic? Leihl & dé{"f’@ NGneAN £69 1% gn l.s’Eruét éa'iéc a

phosphor ous sysStem conpoun can be use pomder nlxed W th
pl asticizer is also prOV|ded mnth sti cki ness In order to intensify the
bondi ng force with blnder,, is preferred t&)cover the surface of rare

earth system magneti c po f t xy 30 August 2006 9

ol i gonmer, which is solid Qﬁ@*ﬂeﬁ:@r&%r@t i?rpg)z;t ure. Average thickness
of the surface coating should be Idss than 0.1 gm This is inmportant in
order to prevent a deterioration ) the orientation, which is caused by
secondary nutual 5 cohesion within nmagnetically anisotropic rare earth
system pegpRetrireapowder. Method of covering rare earth system nmagnetic
powder with epoxy oligomer is: First dissolve the relevant epoxy oligomer
~i'nto an organiswheoéyeRl,amh®R2Avstignifyl atwléasthene dreiresmniors ystoem
magneti c powder. And then, crush the nmassive 10 m xture after renoving the
sol vent. seﬂae@taér £remh aPenan thengrenpedfc pddphatiisng addeyicly.of @md he

‘epoxy._ ol i goner, novol ak ty 0X whi_ch has .epoxy group in the
noleéhla?rEWQFﬁcstooAt %eﬁ?EfE?F%gr %@efo Bﬂeaﬁgwgér1§p@%yaﬁ8F@§Hé% for

“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 alidyclic
carboxylic acid, and (C) an addition product of aromatic
glycidyl ether ;.tnd aromatic carboxylic acid. The compounds of
—each of the above categories are provided through the following
15.. procedure: an exemplary p'rolcess is; adding a certain specific
carboxylic acid into correéponding 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
- 20 imidazole, a metallic soap, a phosphorous 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




cross-linkage with the epoxy oligoner, at |east one item 15 selected from
anong the group of dicyanodiam de and the derivative, dBOydgasti2ties
carboxyl ate, and di am normal eonitrile _and the hydrazi de derivative is used.
These-are generally high-nelting p0|ﬁ conpounds whi ch do not dissolve
easily in an organic solvent. Preferred grain dianeter of which is within
20 a range of several gmto 100 m The di cyanodi am de derivative includes,
for exanple, ortho- tonIbiguanide a-2, 5- dinethyl biguanide,
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hydrazi de, etc¢. can be used. These hardeners e added to

the conpgunrdyfhhr opell 3 508 MpEE-EaRk Nh IS0 pPevORHS dteee%&%&%t%hckl ng of
conpound onto nolding die, it is 30 August 2006 10 preferred to use a

| ubri canwiths fley d¢hertdriaant wvhatch| dastcauesl ibenssebrdbey fandmadnong t he
group of higher fatty acid, higher fatty acid am de and nmetal soap having
a neld i ngopeisien Wighdn tmmnqﬂoi@qlérmemiwbr@mcfmr@ heanthd'swgt@me is
used. 5 Anmount of the lubricant should be not nore than 0.2 weig % and
appl i ed F‘BQPI?@lGoPMFFH pret8rY CONEFIRT BATR PABILBRY Heem }S‘PSE‘@§§°
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10 mixture after removing the solvent. In order to have an
increased cross-linking density with the epoxy oligomer, a
novolak type epoxy, which has epoxy group in the molecular chain
too, is preferred. As for the powder epoky 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 diaminomaleonitriie
and the hydrazide derivative is used. These are generally
high-melting point compounds which do not dissolve esasily in
an organic sdlvent . Preferred grain diameter of which iswithin
20 a range of several um to 160 pm. The dicyanodiamide derivative
‘includes, for example, ortho-tolylbiguanide, a-2, 5-
dimethylbiguanide, co-w-diphenylbiguanide, 5-hydroxybutyl-1-
biguanide, phenylbiguanide, o, w-dimethylbiguanide, etc. As
for the dihydrazide carboxylate, hydrazide succinate,
25 hydrazide adipate, hydrazide isophthalate, 4-hydroxy benzoic
hydrazide, etc. can be used. These hardeners should preferably
be added to the compcund through a dry-blénding process. In

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




be set at 2% or higher, the marginal wap-around dianeter to be 8 mmor

l ess; or rolling rate at 10% or higher, the margi nal 15 &0 a&mgastd(00fd
dianeter to be 2 mmor |ess. By so do!l g, a flexible bonded nmagnet that
provi des a good nmat chi ng between the chani cal strength and the magnetic
characteristics is inplenented. In order to reduce the cogging torque with
high efficiency small notors, green sheets are ultimately built 20 within
the notors, the green sheet may be produced to a finished state where the
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powder used in the 25 present 1nvenfion de 0

magnet i calilgher gatt9Pasidaani@erdnd MRAA! 56apORERE nhNE I miE: Bad\goliatB system
spherical powder produced by the spinning cup atom zation process; a

Nd- Fe- B sdisgthem fthake thewllempezatake/ bdtFeeB iys ol Blhdulisti2@@ed.11 | ake
powder, a Fe3B/ Nd- Fe-B system fl ake powder, a SmFe-N system fl ake powder,

an aF®/ Smaany efsthen tubricaptioshould hsdneddmpyet boaned t 2 sygighlitng .pr ocess.

Rati o of grain dianeter . to thickness of these flake powder should
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has been processed to be inert using a
10 temperature of green sheet should be a temperature that is
higher than the relevant epoxy oligomer's reaétion starting
temperature. In the final rollingstep, 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 2mm or less. By so doing, a flexible
bonded magnet that provides a good matching between the
mechanical strength and the magnetic characteristics is
implemented. In order to r_educe 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 produce 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




phot o- deconposition Zn_can al so be used. Coercive force at 20C of these
magnetic powders after a 4 MN m pul se magneti zation shod0dugn#280@bly be
not lower than 1.1 MWm As for the magnetical ly anisotropic rare earth
system magneti c powder, a SmFe-N system fine powder having magnetically
ani sotropic property produced by the RD (Reductive Diffusion) process, and
t he above powder whose surface has been processed to be inert can also be
naned. Coercive force at 20C of these powders after 20 a 4 MA/ m pul se
magneti 2ghLen SRgHed PLehlhiiig B BOLVLAME F10RL odueM I sflifen
above-deScribed rarée ‘earth system nagnétic powderS may be used either in
sol o or ' o] or e, dfetl r t average
val ue of ggggregﬂl vﬁéﬂlﬁ)réghggréoglﬁ)&?ﬁ/eg@ﬁ%rﬁ rﬁyiseﬂ(ﬁﬂr gfr:gé]g%rgﬁwﬁggﬁet ic
powder s prodiiced by £hdal p EEimningnptocasson Rt Wbl gwein Ghame@efs MV m
After it is finally rolled, the surface may be provided with a hot-nelt
type sel o bbihdkngssagErthene £iakef pbwddrnghouydrpreasahyly bei Lawesr mi ng
function formed of one or two, or nore, 30 August 2006 12 types of pol yner
m xed® wi thag bt odedorsbhypranet 1aldug RARLRe tToPd FeT A8 G YSKEASTr 65,

ease of nmounting the _bonde neLs _in pernmanent nmagnet type tors can be
o sed. DBGRGUHePONEBE bRNBORAE THERE TAFAHE HBLER PEARERERORT or t he
stator Sefle W Wil e MR | OSeddPC5% GhaBREERAETy TaARCL: LYPEC RAALS Can
be nanufactured. For exarpl'e, a pernanent nagnet type not or hose
per manentalic@l hd BN b§slehl MESFLPBRILFBgRBHuEEE! &% #He aHDDRY shape,
fi xed along the inner circunference of a cylindrical franme and
mul ti pol ¢Hyagoeenatdona Disprepert ionghébnlbebypptibhoRevbmbinatesn
ri ng- shape fl exi bl e bonded nmagnet
10 process and the like powders 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 forceat 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 a4MA/mpulse magnetization should preferaﬁly 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 £ilm-forming function formed of one or two, or more,




di sposed along the inner circunference of a cylindrical frame as the
radi al -gap type rotor; and a permanent magnet type notor 30 Wuige 208®s a

ri ng-shape flexible bonded magnet di sposed al ong the outer circunference
of a cylindrical frame as the 15 surfate-mgnet type rotor. Anong these
types of notors, a permanent nmagnet type notor using a flexible bonded
magnet whose MEP in the normal roomtenperature after a 4 MA/ m pul se
magneti zation is higher than 140 kJ/nB seens to be promi sing as the next

generatign _versiaon .Qf the.permanent net .type 20 notors,base a

Qonb! nat FORSSIChidms = pLRER T iR FitaEed IitefihAtee e fheng

nmet hod, r4.Qi,d_ t LN | nent
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kJ/ nB seens 25 to be promising as the next generation version of the

per manenfleriaphet boydped netgmes: hasete grdsynt iavenbben fivagntdlesstREBST
EXEMPLARY EMBODI MENT An exenpl ary enbodi nent of the present invention is 30
August 2006the Toderai Varioes dypes of pevnareniomegneliatypdmodegisecan t he
present _invention is not |limted by description of enbodi nents. The

dr awi ngsPBMARTASIIERD- hEOK PFAPRLRd & BeFRaneRE Mag@etohvRpDC MPRRT are not

intendedW o offer recg %eegét ual irJr_%nsi ns..bérGS grgc(gss ofetnglqu a turing a
I exi bl e¥BBRARC A" F&48dIHey 5 (i FEerehRRIe B et S et he
present epbadi e ’sﬁeﬂ‘&@? fﬁ&ﬁsa@néaftﬁeeaﬂdhsyéitxedﬂxr[?eﬁéé%{d& gpwgers are
used for the mnufacturing. The firSt one 1s nmagnetically anisotropic
Nd- Fe- B gy$ifarBasi MO ¥E e mudnadiied idgidel 4dDRa pjedéRTent magnet
10 type motor which uses a ring-shape flexible bonded magnet
disposed aleng 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 frame as the

15 surface-magnet type rotor. Among these types of motors, a

-permanent magnet type motor using a £flexible bonded magnet whose

- MEP in the normal rcom 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 é 4 MA/m pulée 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.

FIR_ST EXEMPLARY EMBODIMENT

An exemplary embodir_nent of the present invention is




10 (conposition: Ndl 2.3 DyO 3 Fe64.7 Co0l2.3 B6.0 Ga0O. 6 ZrO 1). Hereinafter
this is referred to as magneti c powder A, average grai n3diAages@006f which
is 55 gm The second one is Nd-Fe- B system spherical powder produced by
the spinning cup atom zation pr ocessl¥corrposi tion: Nd13.3 Fe62.5 B6.8
G0 3 15 ZrO1). This one is referred to as nmagneti c powder B; average
grain dianeter is 80 gm The third one is Nd-Fe-B system fl ake-shape
powder produced by the nmelt spinning process (conposition: Nd12 Fe77
Co5. B6). .Thi s .0 is referred to.as ti.c. powder C, _average grain
i st o LB Re TRy, ToTh HELE uolRE R the Hddnsion Vs B¥8sRhty ot o
novol ak t; I d.e y ks i . | _£0 ur a | atent
epoxy harrl enélrti |Q)Ir111 g’gv\gg)ré Js?}gltlgg%% e&?gégf%%%ne?fereﬁgsg@'%q{%' 1& Hgn 15 m

a pol yam@wRudeo s mOZehs Hard (b hebokphaBl t8 Pfov i@t cbhaBptl0 gm and
contai ns an adhesi ve agent, and a 25 | ubri cant ose grain dianeter is

smal | er thay h@eghvtThatehdkantoepPRyr hpreeinds adtyMWdRimatisitghdasat he
foll owi ng chem cal structure: 30 August 2006 14

( NH2 NHCOpH2CEBS20E CluifecdNENER Bl Etekikle hondeidemaghetpiox eskcirgbedr i n an
organi c solvent (acetone) to prepare an epoxy resin solution. Using a
sigma bMAde meferengst e ¥ lthe 4raghBt thepBREELNA @bRAdmeBLt athrafount  of

D 2oL kBB RS, Shehn D ioh e B B O ST UBLE 0P SN
O o PR | imid SRR onl et GUABRCEPRL b EBEel T
di stri buijaareWipt Rystem massive powder produced by the HDDR process

10 (composition: Nd12.3 Dy0.3 Fe64.7 Co0l2.3 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: NdAl13.3 Fe62.5 B6.8 Ga0.3

15 Zr0.1).- This one is referred to as magnetic;powder‘B; average
grain diameter is 80 um. The third one is Nd-Fe-B system
flake-shape powder produced by the melt spinning process
(composition: NAl2 Fe77 CoS_B6). This one is referred to as
magnetic powder C; average grain diameter is 80 upm. Next,

20 Dbinder 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 pm, a;polyamide_powdex‘frozen-crushed beforehand to be
smaller than loo‘um and contains an adhesive agent, and a

25 lubricant whose gfain diameter is smaller than 10 pm. The

latent epoxy hardener in powder state has the following chemical

structure:




t he magnetic powder A before and after the surface coating. The 10 sane
applies also to the magnetic powders B and C. There is RaAdigyst 2606 change
in the after-curing strength even if EI average coating thickness is
increased up to 0.2 pm And then, i7 m x, using a nortar in the nornal
roomtenperature, the magnetic povvder A haV| ng the epoxy oligoner- surface
coat with 15 polyam de powder containi ng 20% adhesi ve agent for 3 - 7

wei ght % hardener for 0.05 weight % and Iubri cant (cal cium stearate,
grain dianeter |ess than 10 gm) for 0.05 weight % In this way, conpound

in the povvder ﬂ nta| ned, this .
conpound has a gwmcﬁahg(’é@mrq r processi ng
in a powder processi ng faC| lity. The powder-state conpound maintains a

super i or Dissolage Hiecabid igvarfiorepoxyngligemer ninhannoenganicoswmlvenper at ur e.

Any one of the adhesive agents may be used. The term nol ogy normal room
t enper at d@@eltﬁmteﬂe t|9r PY¥EepaTe25n| APRNY | Eﬁsh%a%l‘at%%per%ltﬂge ar ghgmals -

40C. Ne owd
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'After demagneti zation Ie green sheet is taken out t he machi ne
in a neakvagbratede. 6Grtbhughet Aeiedr a@ssikechiktuief.t, IEhehe epor9y
practical problemin handling it. The green sheet is heated for 20 min. at
180C f or restinngurféce cmekeld usaghﬂannes thars appavixdeditellty Dslfiimalkhgreol | ed

W th
: is hardly any change in the grain diameter distribution with

the magnetic powder A before and after the surface coating. The
10 same applies alsc 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 um. And then,
dry-mix, using a mortar in the ncormal room temperature, the
magnetic powder A having the epoxy oligomer-surface coat with
15 polyamide powder containing 20% adhesive agent for 3 - 7weight %,
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




10 revolving roller heated at 60 - 80C, to produce a sheet-formed flexible
bonded magnet of 2 - 20%rolling rate. Likew se, the madhdugestgd¥der B and
magneti ¢ powder C can be processed in{(g sheet-formed fl exi bl e bonded
magnets. However, no magnetic field appl i ed during conpressi on process
on the magnetically 15 isotropic magnetic powders B and C. For conpari son,
followng tw magnet sanples are produced representing the w dely-used
magnets in small notors: a magnet produced based on the conbination of a

f it t ti [a fl i bl i [ i t i
br ocess TOMSRE, Ao SaBHaT LY ORHa o () FoPOrEr ST EH 41o the EBRGEN | onal
ferrite %giag%po 2 puddib £ n@ﬂepﬁgﬂﬁglﬁgrﬁﬁﬁﬁdo@n callg tGombipgat i on of

t he magne er Carigld thernosetti resin such as epoxy resin/a
CoNnpr ess peydlioeRapouel Aikpbbed Hef eheedaha t36 ig0vapireeBald byarBeearth
system bonded nmagnet). Each of the magnets thus 25 prepared are eval uated
on wth nppeecandddwer packchescahdepridreinfdsenceofa tl oMfain axiatlensil e
strength, etc., the magnetic characteristics and irreversible flux |oss
deri ved mhgostdenbinddi z Rfiter demagneiihdasihar 4 fdpgiblararremshect3o
August 2006 16 ease of nmounting the flexible bonded magnet in sr{glel DC

notors i€ EdkPBaRBH A tHGgRAEPHPGI WA Brarnael Flape} i
drel . The t tant .. which bei f. tal .ch istic of
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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 B and C. For comparison, following |
two magnet samples aré 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 systelﬁ 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,




sheets containing the magnetic powder B for 93 weight % and 97 10 wei ght %
Curve C93 represents a green sheet containing the magne3® dupshdeld C for 93
wei ght % Curve A97 is overl apping V\ﬂ( h the curves A93 and B93, so it is
difficult to distinguish fromeach other. The green sheet neasures 6.1 mm
wide, 65 mm long, 1.1 mmthick, and the nolding die tenperature is 60 -
80C. 15 As seen in the chart, the density al nost saturates at a pressure
approxi mately 400 MPa. Conventional rare earth bonded nmagnets require
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X nmagne esent 1nvention reall zes a
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pol yam de grai ns een softened by a 60 -80C heat, and a sufficient

pl astic mel@tieenat i orhdasobgas tcitalBiCewHiEhNbelifg OMpaHAEmefi@AR! €SSi on.
Thanks to the | ow pressure, the rare earth system nmagnetic powder is
damaged kharacierigttibeofomptessi ba plscessal@dtedd ant eFIG., 2dshewsor ati on
of magnetic characteristics due to energence of active surface can be

r educed. arFrelaBienship betiwaen thadne bdbag \prassune godnthe Wegsittyeofagneti c
powders A, B and C and_the density of flexible bonded nmagnet in the
present goe&Rguiheshos WREIEny TR, AARerECPTRISRRA Pepﬂ‘g"s‘ﬁht ghgehonded

d . f | b
or oducca P LaTiRe SbBeo R Bk Ber Rt L WS HroaERRs B oducea
fromt hecﬁ‘itgaehgg BRROSrfe BRF TdBHNGIn IBAYRB 1A vh 1P] WhdSe grlenmm | ong
and 1.1 mmthick. Conpressing pressure at 60 - 80C 1S 490 MPa; curing

~condi tioggedte d4SREaiRingCHE hagh®tieepowldBris Gor? 93Nde bk Banidne7magnetic
powders A and B, whose grain
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
2_0 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
magnetic 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




shapes are close to a sphere, exhibit a higher density, hence it is easier
to fill-in than the fl ake-shape nmagnetic powder 10 C. De3pAtgust B0tabove
di fference, the present enbodinment is__applicable to any types of the rare
earth system nagnetic powders, and i&ﬂlenents a flexible bonded magnet
whose density is higher than any of the known rubber magnets. FIG 4A
shows a relati-onship between the tensile strength (relative value) 15 and
the heating tenperature applied on green sheets nade from the nagnetic

wd ' | ati hi h '
&t &gﬁgf SRRk oo sBERF Y PebFetenan e hndt S FERPek radiiend ¢ d
povder s Aprin it radub 18 feRId:S n CHiEYR B HeBORGER'Tadndk SSbalias made

fromthe magneti c powder , curve a green s ghetic

powder B ﬁfv@lntﬁ@rm&gﬂeaigEwae&hsgtaﬂaader{ré%tﬁ&daﬂmabhawmcéa Each
e

magnet neasures 6.1 mmw de, 65 mmlong, 1.1 mmthick. “Conpression
pressure fitomGhe BAGnesidéofowar N0 EBactiemagnéet mamearhdsn 6t.hose widsyn i n
FIG 4A and FIG 4B. The optinmumcuring 25 tenperature in the present
enbodibnent5 imm lapgsdmdvl .ilnmEl thicly, Cppredsimepyed8ite ateddr dl 86°C of
whether it is of the magnetic powder A, B or C Tensile strength of a

f1 exi bl e borRR MRnuring qanditdong aney 486 OnfricRBamés. t A.$en 4 ti nes

that at the. Ayg 6 reen sheet state. The increase of tensile
strength :|n§ ]Eoigss'erﬂvée%él Iaa%'er?"%g% ‘ imr?é’_%et%”é’ P@Wﬂgr":ﬁt%raé’%hgh‘@o?ﬁaﬂfafibc Thi s
seens  t ogligyes heen aausedoby foidid ,”%é&&aofitehanh&gigeﬂ BLAEEPE! the
epoxy group of epoxy oligoner contained inthe conpound in powder state

and the aptie daedlengen ifnlpolivanhds PRYVEIake CORNSHE Ghdditb e gwatdg time
shown in FIG 4B, the optinmm

10 C. Despite the above difference, the present embodiment is
"applicable to any types of the rare earth system magnetic
powders, and implements a flexible bonded magnet whose density

- 1s 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
.be.tween the tensile strength and the heating time of green
.'sheets made £from the magnetic powders A, Band C. 1In 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. 44,
approximately 180°C, regardless of whether it is of the magnetic

powder A, Bor C. Tensile strength of a flexible bonded magnet

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




curing conditions in the present enbodi nrent seemto be 180C for 10 - 30
m n. Next, control of bonded magnet's flexibility by ne3dhdugist?2@ding is
descri bed. General practice of 10 aSSﬁ ling a flexible bonded magnet in a
smal |l notor is first wnding it arou So, the flexibility control is an
I mportant itemfor the flexible bonded magnets. The rolling process

provi des an effective tool for controlling the flexibility. The upper and
| ower rolls used have a 90 mmdi aneter, the roller 15 tenperature is 70C.

i oh lﬁlagn&'sl%%%*#%ﬁg T afbreer g benhl- PO R Hoop s FRBSH R, 1

as a  refaerorepsip Bt e AR A RS ot/ Folg 7L TS JRAHET TROnSt

rel ati ongly ha%obgehh@aﬁgé@ B 4eaUEin® nrahitet ilch HRlKenN§ ddee bethadabi [ ity
of a flexible bonded magnet, and the di nensional change caused in the

fl exi bl ettbmndpdxma@mnp o‘fhepbayeo]aigames cardqrieednia tiod [compawatd inwhi | e
the left longitudinal axis representing windable limt dianeter and w dth,
t he r¥ ghpopsierorifiatisi and ﬁhesapégm@sdmdn@ermgmtp%mmdel Powderchart ,
curve D represents the windabilit curve E the magnet | ength,  and curve F

t he mgngpqﬁwlnﬁhézh?amaé”ﬂgex e shenndindgHer 4Bs the 8H§15‘P8duced

fromthe magnetic
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ratio of HRORGL- Wy a&ﬁesm@éor&ml B B6nddie nalldtn® £10%:5995e

neasures 6.1 mmw de, 65 mmlong, and seen 1 n thg chart,
the wi ndai | hédns apifdl ¥ob1ingr ckes d\ensbblbaase r@éhsﬂam prdd@iddgorate 2 -

10% Mor eover
10 assembllng a flexible 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 terms of limit
diameter of a mandrel, around which a magnet can wind. The
smaller the limit diameter, the greater is the flexibility. The
.dimensional change causedrin a flexible bonded magnet as a
result of relling 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




t he di nensi onal change of a magnet renmains very small when the rolling
rate is within a 2 - 10%range. For exanple, a 1.2 nmm t30 Akgushd®¥t can be
bent to wind around a nmandrel even s ler than 8 nmin the dianmeter. On
the other hand, when the rolling 10 rate is higher than 10% the nagnet

di rension significantly increases in the rolling direction (length). Thus,
a ring magnet smaller than 4 mm di aneter can be manufactured by bending a
1.1 mmthick nagnet using a mandrel of 2 nn1dianeter FIG 6 shows a

relationsh et nmechani cal t 15 f bl e ded t
in thg p%@égﬂg 33em:{$i ﬁ%p?BPErO eaﬁgt igdiiﬁ%e %£$2 gesgﬁgge
the el ongag| Bﬂa Wi 42 t8 ¥8sik $8ak81SH ‘fn %‘n G‘cnﬂﬁﬂckfmﬁs%’é%f‘e Hﬁ&net i's

the one pro uce fromthe magnetic po content: 95 weight %.

Rol i ng akreepefiad #o21tisigl 0Crhé elddrra: ihéégu.‘_cés @alickhakatk OB5tie 16agi 0 20 of
magnet thickness before and after the rolling. The nagnet neasures 6.1 mm

w de, 65and1ohmm tinidcK. 1 Asvsebncin tAs demrt, thetvh'mctﬂta‘clit;t rapétidpgat i on
of magnet in the rolling direction increases in an approximte proportion
to tHe rampragesarith thgse xehked @tsa moddiindorabtegnetl tecr Mazesver,

I nver se- proportlonate to 25 the rolling rate. Takin the elon atlon and the

tensile Qf"r‘éH@?’ﬁSWFE%l SO Oft RIRIHHe TEPRINRGVERY th&t er mi ned
to be 5 - é&?& [ ggg@g ghusqyg E% tur useqb n_t he
act ual gh géﬁngédﬁ%t %2 FI %%' & ggFe nshlp gtﬂ%en t he
anount Ofthﬁ.@ﬁemgﬁ'ﬁé@ cat) PeCBLARIAS lw YA buhANA Qﬁa[}ﬁﬂ:éi‘ rdd §phRhgrPonded
magnet in e present I nvention and the elongation before and after the
rol ling. +¥&ar® mt ihvend dikmerant sonhenelovh@at handafwieén ithd Folling
10 rate is higher than 10%, the magnet dimension significantly
increases in the rolling direction (length). Thus, a ring
magnet smaller than 4 mm diameter can be manufactured by bending
al.l mm thick magnet 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 dnd the rolling

rate. Where, curve G represents the elongation, while curve

.H the tensile strength. The sample magnet is the one produced

from the magnetic powder B .(cqntent: 95 weight %). Rolling
temperature is 70°C, rolling rate is calculated 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 p;:oportion to the relling rafe .. 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%. The ring magnets thus manufactured

can be used in the actual motors.




5rolled at a 10%rolling rate, curve | representing the elongation before
rolling. The flexible bonded magnet sanple is the one pibAdusust29iom t he
magneti c powder A (content: 93 - 95 lght % . Rolling tenperature is 70C.
Rolling rate is calcul ated based on e ratio of magnet thickness before
and 10 after the rolling. The magnet neasures 6. 1 mmw de, 65 mm | ong,

and 1.1 mmthick. As seen in the chart, the elongation of nagnet decreases
when content of the rare earth system magneti c powder exceeds 97 wei ght %
However, the rolii r - bl é?gﬂg bt dad t t sult, a
1.1 mmt Eil?:;li ?ragiﬁg?gcgnﬁﬁgé%m\}\#g%%e ar o%l}lgtlgé rer%#\(ﬁ'{rrleﬂl &off I?%en?nsgiq:grret er.
As is al 59a¢¥mknayhet HolkdéPattuiedtint Ber Ddx 1Bl 8Nodad@ mRagaRitt insyst em
magnetic “powder I's identical to that of conventional rare earth bonded
magnet . Magepyeséhe esebion rarshithenehonyatdesnahefdvammaiaf tierathehe sane
density level is nmade available by a | ower 20 conpression pressure.

Fur t her noedlisgengdhend, aurvedsrepreserbadilie edongationnaltendh is
tenperature of a flexible bonded magnet in the present invention were in
appr oxi m&edledt (Rt s@mel0f el g nBeEe of FBMfenti FERTFIEHIH hERGed
magnets used in, the general-pyse s I t oL FlG .8.and FIL.G _9 show 25
donmgnet P12 Lty GePaRE TPit ey, Toe FRERLBLr RIDACa I SeMRES of
magnet s; ;i f i tS.i ] ta DL gRr aduced
fron1the1%aéﬁgt+§éﬂ%ﬂﬁ%?ﬂ%ggﬁaﬁ?%ggnéaﬁg?%gs gé&ggg A,ca conJ%n?Ponal
ferrltE-Bgngéggﬁﬁggst a1 PG LiapStarddb i L1y eRH197ay Fake earth
el enent bonded™magnet. The magnets neasure 7.5 mmw de, 7.5 mm | ong and
1.1 mm t kiadkulGitedebAsaddoncthe erdt i prie senyne tr ddpadiness pefolre ahdxi bl e
bonded nagnets

10 after the rolling. The magnet measures 6.1 mmwide, 65 mm long,
and 1.1 mm thick. As seenin the chart , the elongation of magnet
decreases when content of the rare earth system magnetic powder
exceeds 97 weight 2. 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 conventional 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 magnei:s; viz. flexible bonded magnets in the present
invention produced from the magnetic powder A aﬁd the magnetic

powder B, a conventional ferrite bonded magnet and a




produced fromthe nmagnetic powder A and the nmagnetic powder B 5 in the
present invention; curve C a conventional rare earth el 3mungushadifed
magnet; and curve D a conventional ferlite bonded magnet. Al the magnets
were neasured after they were nmagnetized in a 4 MM m pul se nmagnetic field.
The conparative nmagnet sanples are those generally used for small DC
nmotors or 10 small brushless notors. As seen in the charts, the flexible
bonded nagnets A and B in the present invention provide an evidently

hi gher naegneentibhad demrs eardh tdlempat beinesh magirort. | Me owonedr=d st at or
magnet, as conpared with those of conventional nmagnets C and D. Descri bing
practi campgsuze dhdviEm ¥3-den Fi §. o lapzpasgd 3. Lk ithieksonduavasdy sad
produced fromthe ma neti’(\:@é)ovujer A I n accordance with the present

imvent i off"*¥geRsteHTe eBY . \EPRGCTEVehD K5 eat LexiRl g banded mAGRELS pg
that 1he,caauent ohay LR S, ERAM ELeREIL: ROUdad FRanel, PO KRy JEP of 2

flexible negnet “pro . e magnet "¢~ 2t In accordance
W th g he;pr eAgNbrbBLaR! 1ARehdeBa!t Yurve 40 a MYRBhtidndd KHrBeidie! v, it
i's nore than Imes as high that the conventional ferrite rubber magnet.
When t heeliBfiat Hénds@lagastd didguiReneh coBtditidansdfrive Bonmier, it
I nproves the efficiency of small nmotors. FIG 10 shows demagneti zation 25

. curves. omhafhexi. bl eAbhdndete naggeessprweeve eondasomddeaffhgmet threy possder C in

the present invention. Wiere, curve C represents a magnet of 5.4 My/ nB
density, magngtiggdeind 4Migmpriseqeagneyic fhekd. miheecomparatdvieost t he
~sane coercive force, 690 kAlm 30 Augu i 2006, 22 because both are nade
from { heMSTRERUMBLEE AFRABOSE IPRGEGLLY UFed S5 PRALLNRC HIGRIBRZe | n

densli(}y,__Sk(gflo{)mqgﬁlgggnﬁgtj)és§6 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 rotoxr

- iron core and stétor magnet, as compared with those of
conventional magnets CandD. Describingpractically, as shown

15 in Fig. 9, MEP of a flexible bonded magnet produced from the
‘magnetic powder A in accordance with the present invention
{density: 5.84 VMg/mB).is 140 kJ/m3; namely, it is 1.75 times

. that the conventional rare ea:pth element bonded magnet, 80 kJ/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 rir_lg 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 iﬁvention. 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 ccoercive force, 690 kA/m,




kJ/ nB, while another magnet shows approximately 80 kJ/ nB8. The MEP val ue,
80 kJ/nB, is identical to that of conventional rare 5 ea3d Auglse@lft bonded
magnets. Al though the bonded nagnet | the present invention is a flexible
bonded nmagnet, its density can be rdlised to a |level as high as shown in
FIG 2 and FIG 3; so, it exhibits superior magnetic characteristics.
Further advantage is that the magnets in the present invention can be 10
manuf act ured on the conventional existing processing nachines.
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can be ben I easi ey “can be  used W dé

hi gh-ef f rge@BeYiaGRLhe '@ PfSremtd lin Hanliey, MBPNGE Jdie MiRRe! $shaye sol ved
a crack problemwhich the 15 conventional figid magnets can not totally get

rid of, kbems,psovisandtheghmaghéabiddwsy apbkbxihitelgveso KIgmsenpenat ure
dependencies of the initial irreversible flux-loss of flexible bonded
magnet s MBPtWalype e SdhkJi/m3eni s ciderduirasl Aor thatsehtconvanitionalll eabended
magnet produced fromthe magnetic powder A 20 curve B that produced from
t he ragnegrghpeheeenp bapded Jrageners ¢ hAlthoslc dder bonrdeAemagnAtt i powder

appar at GERPPE PR SR UIOUCLS S LLeEden bPRAE AR | L GrapLey
appar at ut . . te |

rrever spbhenll by L §Segfa 4] il b USROG $167_bhgndSepsesent
invention I's Small, I n so far as ey Tare operating I'n an environment

where thg, Bgnek 40901 84 Wu%e&ﬁ%ﬂﬁag?ﬁéf‘i@@h%@:aét%ﬁ%t‘i@%r F82PndA0C.
However, in order to ensure such a avorabl e magnetic stability, it is

pr ef err eddatrhatagbeisogiat whe3thadnetst i200fe PRedaif dnventtienneafiebe r oom
tenperature of rare earth system

10 manufactured on the conventional existing processing machines.
Furthermore, since the flexible bonded magnets in the present
invention can be bent or rolied thinner easily, they can he used

widely in the high-efficiency small motors. 8till further,

since the magnets have solved a crack problem which the

-1:5 conventional rigid magnets can not totally get rid of, they

- provide a high reliability. FIG. 11 shows the temperaturé
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 produced from the magnetic powder C. Temperature of motor

magnets in most of the operatihg 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




magneti c powder after a 4 MA/ m pul se magnetization is 600 KA/m or higher.
In the case of a magnetically anisotropic flexible bondddAngushd®06pr oduced
fromthe magnetic powder A, the 5 ten?grature coefficient of coercive force
is approximately -0.5 % C, nanely, iT7is greater than that of

general ly-used rare earth system nagnetic powder, -0.4 % C. Because of
this, it is preferred that in the case of magnetically anisotropic
magneti ¢ powder A the coercive force in the normal room 10 tenperature
after a m.Qul b zat.l.on J . m .gh ile, a
fl exi bl eéggr?ge&wnagﬁ%?ﬁlg%ﬁ%%e%%?@sgrﬁ%ﬁﬁlg\a\#ﬁ% oérjlf vﬁ%‘% %égt%/ggﬁ\gg%'duced
froman gRgh@tiePpewhiarCaP@ds i 4 MBS R BIBRA RblgheRILHEA onSHE b 045 kR
magneti c powder A, mght have a probl’'emof |0ng term magnetic flux | oss,

t he problbemibhel. 1fn aheachsetsdpl Maghgticapbiyahiswiachpirgebxhidse
Conventionally, the rigid epoxy bonded nmagnets were produced by

conpr essbogdadragaghet alfnodadesbt Evpinc the e remnidticsypowdenadnet ithepowder ,
such as the magnetic powder A, with a conpression pressure as high as
appr oxi mkeRpgregagpLoedf icienty ofi eeerakve forcexisl arpspidnakadiiet in

t he present invgation I s manufactured with a | ow conpression pressure

whi ch as ~Pow *4sCapPeBfivat Lt yLsi@heatendhamhtdint oFaPepetaddypresure. As

the result, danmage on.the nmagnetic er d t-he resultant nergence of

new sur { 5658 SREFRASE S arerers S ot A 5" BEreure 51 58T Roc Wi h

the flexihl ¢sbppdedrpraNEhar UaRd ddMo %g’ﬁ%&&%‘l‘iypﬁwﬁl%téog%“ to

~decrease further in an operating tenperature range |ower than 100C. As
descri bepagaeltier ,péwiter bandae negeetive tHrrde esenthenvesing hasma

favorabl e 30 August 2006 24
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 loss 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 1n the present invention has a favorable




wr ap-around property for formng a ring-shape nagnet, and superl or
magnetic characteristics. FIG 12 shows a cross sectlon@ Aygwi2¥0o a smal |
DC nmotor incorporating a flexible b ed nmagnet produced in accordance
with the present invention. 5 The not'or includes shaft 30, bearing 32,
frame 34, rotor 42, stator (magnet) 50, slot 40, and teeth 41. Flexible
bonded magnet 50 has been shaped to a ring form wapped in iron frame
34, and magneti zed to provi de a permanent fieI d magnet . Rotor 42 is

ljlnngnreE g?ﬁ%ﬁ’ g%rr%ﬁpﬁ el j%‘t’i}‘?ﬁo E?mlggl ow s @% to que consltgnt of

four typagpelisitadie i OEBaratPERiPOLGE | NOFIEESASCIdNRIY . at Beokkexi bl e
bonded nagnets produced fromthe magnetic powder A and the nagnetic powder

B in theeptdsaal wieenbifoa, smaddnve€nimoabal inevepeaatiingl amédexiblbonded
magnet and a conventional ferrite bonded nmagnet. The torque constant being
t he fundbeadedimigrst producedtipuacceondancemitbh unpraaentsnseniion.
standardi zed in the table with that of a DC notor |ncorporat|ng ferrite

bonde? f IBEdMREGHeinGIUERE Sli‘%?*ér%‘?lcebeal%r&ﬂle"?cforféfta&lﬂ 39 FokBToA2usi ng a
fl bl ded 20 f t he field
rmgnet. P 30%039(Pﬁﬁ@%ﬁegﬁféﬁqﬁn%&re%%t%e SEFLﬁéF‘AP Rgeae 1€
A 0 8 B Sy P R

conpared w L or |nco porating conv rr|te el d
magnet . BQr 0484 GRidHARzH +8 ;rs%@iaélsa perkandntBeieia mrayﬁéa:ed keesrt he
magneti c powder B for the field magnet 1is 1.79 tinmes as high conpared with
a notor rcis pasaritad tto compilenkeiafihibhedinotdand®iefmet o negrates30

August 2006 25
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 flexible bonded magnets
produced from the magnetic powder A and the magnetic powder B
in the present invention, a conventional rare earth element
15 bonded 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. Torque constant of a motor using a flexible bonded

20 magnet produced from the magnetic powder A for the field magnet

is 1.49 times as high compared with a motor incorporating
‘conventional rare earth element bonded magnet. It is 3.12 times

as high compared with a motor incorporating conventional
ferrite bonded field magnet. Torque constant of a motor using

25 amagnet produced from the magnetic powder B for the £ield magnet
is 1.79 times as high compared with a motor incorporating a

conventional ferrite bonded field magnet.




Magneti c Magnetic Conventional Conventional Powder A Powder B RE Magnet
Ferrite Magnet Ratio of 3.12 1.78 2.09 1 Torque Constafl Argust #le Earth
In some of the DC notors, cogging torgue sonetimes may increase 5 when
magnetic flux density is high at the @ r gap between rotor core iron and
stator magnet. The cogging torque here neans a pul sating torque caused by
a change in the perneance coefficient due to rotor revolution; because
there are teeth 41 and slots 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 ill-affect fhe accuracy in position control. In
a flexibl e bonded |Magrestia |dMegpredsine ¢ Convienttionades €nnvenhienal on,
however,| t he greer| Bdwaidr car Havdumodes REdMagnkeave aReundtvenMagoéh jor
uneven t&kIeSse §asi ky12t hils canrde utili zeddld asjneans tp bring jthe air

gap bet wsor |[core ironjand statofl to exhibit & waveformthat fi s
closer tio=dhe:sipg waveform| thereby|suppressing a|possible incredse of
coggi ng tortgue. Tte —conventionat nethod—of——processt nga~ftexirbte sheet

magnet, such as rolling, extrusion, etc., can not REgs&S Faxkddt the 20
above-descri bed way for the solution. In the present invention, however, a
conmpound i n powler state can be conpressed into a green sheet form the

PRC%) bl SR (L BLER | SoBOIAT okl o el ot g, ° °

wi de fl exi yfor the green’s _ _ esired
speciy i Cy,ARARRSy RN &iFTRAS HBAS i t$01d AL gRESE ItHE A19€§48 bR EoRbra MOt Or.
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.core iron and stator magnet. The cogging torque here means a
pulsating torque 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, or ill-affect the accuracy in position 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 statoxr
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-describedway 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 a wide flexibility for the green sheet
to adapt itself to any desired specific shapes and dimensions

25 for meeting a design concept of a motor.




26 SECOND EXEMPLARY EMBODI MENT I n the present enbodi nent, a green sheet
contai ning soft magnetic powder and a green sheet contaphAngust3P® earth
system nmagnetic powder are integrat egﬁi nto a single sheet. The sheet 5 is
cured, and rolled to provide a conpleXx flexible bonded magnet of soft
magnetic material. Since the conplex flexible bonded magnet of soft
magnetic material has been forned by unitizing a soft magnetic |layer and a
magnet wi thout using an intervening adhesive |ayer, it can constitute a

hi gh- ef fi gj I Gyurl | ' De I bi th tically;
i gh-e |gheggépm§%w¥ ﬂMEbPEMEﬁT scribing the process practically

prepare, a oun ch contairns at |east one kind of soft nmagnetic

powder sel ect eqnf tREE¥EYYH Y BRADOASKBNR,, & aykay SoHtHBlif soft
magneti zation 1. 3T or higher, Fe, Fe-Ni, Fe-Co, Fe-Si, Fe-N and Fe-B, in

pl ace of malapetdicepoatdtlh sydbcoraagtiest pOMAining hard edrtlssyeneadi ment .

Produce a green sheet fromthe conpound, and set the green sheet in a

cavi ty ofmagpolediiegpdivderme tingegraitield inte aminglenshéet he The sheet

enbodi ment' s conpound i n. powder state, and cofr]fpres_s themtogether. In this
: ‘

way, @ céffexedodndbrofled o RFReide RaGrRplex flexdblerbordedpagnet

i ded. _Cu d | 20 the I h , t a flexihl e bonded
or v dedo Ut ot gl 30, L Sommla ot okn shelr LiEh 8.l £ flg bonde
o e=ShaGa beoko b BAt: bV ATk Bog G0 30 ISL iy 1 1

compr e55 h0gloe Anfd tid bl £18980%hATBANEMOE YN AR LESHEn HARdaNhiLLY 5 hus

produced. Still another, formng in advance one or nore kinds of
sel f - adhegdheeilayaayemr,t he canrdanet Dfutden Highldarikdrees maghetilby m xing
bl ocked isocyanate with a polyner having filmform ng function, such
10 circuit. Describing the process practically; prepare, a
compound which contains at least one kind of soft magnetic
. powder selected £rom 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 firsf embodiment. Produce a green sheet from the compound, and
set the green sheet in a cavity of molding die. And then, f£ill
the cavity with the first embodiment 's compound in powder state,
and compress them together. In thisway, a complex body of green
sheets having different functions is provided. Cure and roll
20 the complex green sheet, then a filexible bonded magnet with back
yvoke is 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. Still another, forming
~in adﬁrance 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




30 August 2006 27 as bi sphenol A type epoxy resin. By so doing, it can be
used for joining the magnet ends together or wth other3Ghugyst2006 The

fl exi bl e bonded magnet in the present_jinvention can solve a problem of
orientation deterioration with a magn2e whi ch has 5 been manufactured in
the radial orientation of magnetic field caused as the result of bending-
around a snmall dianeter circle, nanely a problem of deterioration in the
magneti c characteristics. As described in the above, the present

i nvention c leﬁflfeSralaAh%?qﬁéegeﬁ;%% %ryi%_ri BY. ggg&s n%g%%Pﬁao isadas hi gh

as 140 k§F radi-us irrespecti Ve 0 g dranmeter. As

viewed {gm 4BenTRRUEAGt HELAGE dAGE | {dde O BIC kot etlor! igrBRASL 1S

hi gh. Furt nor e, e present 1nvention Is applicable to any kinds of

rare earirhe SYEkeDLEBGSRAEE OMEY Sn EBE SX85PhE, infdrigich Bagnebieal |y 15
I sotropic rare earth system magneti c powder magnets of MEP 40 kJ/nB |evel

can be pmopnckiercohomiealtiayiont debatiobatikena¥isth atmagmpt eheladf hasi ency of
the lowefficiency small notors built wth ferrite rubber magnets. The
present beeammapnfactsradiin il spdiadr exientabhparek magngtdisefiedn 200C,
t hat was needed 20_.in the_conventional manufacturing processestEééol l'i ng,

_e>r<]t r udihn&)a.us‘Pﬁli as tth(?oFeEHﬁFr‘?flbL‘?FEQiPQ around 8RaL L GNP f Brivity.
i an- t eCRABESGy by BREbIEmY' of o EErEraGERHOR A (EhE 0 AEbAB LS

and save CITic poWwers and natura

resour Cegnazackb¥stREL AREL | GEBLELBLaA 1TPt RE AboRRNUT AL Upl-BRedt! | €xi Dl e

bonded magnet in
invention can offer a high-performance ring magnet whose MEP

10 dis 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 isotropic rare earth system magnetic powder magnets of MEP 40
kJ/m3 level can be produced economically. It contributes also

" .to improve efficiency of the low-efficiency sxﬁall motors built
with ferrite rubber magnets. The present invention does not
employ a process temperature higher than 200°C, that was needed

20 din 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 f£lexible bonded magnet in

accordance with the present invention is not restricted by the




accordance wth the present invention is not restricted b t he 30 August
2006 28 magnetic powders used. Mdtors incorporating the3 Eé%% 00exhi bit -a
hi gh efficiency that is higher than tggt of notors using conventional
bonded nmagnets produced fromferritesi®rare earth elenment magnetic
powders, etc. 30 August 2006 29 CLAINB 1. A nethod of manufacturing a

fl exi bl e bonded magnet conprising the steps of 5 conpressing a conpound
consisting of rare earth system magnetic powder and flexible thernmosetting

ST SORRGHOSs ASRGEHL AR O AR S bR iR P

recited | Ekh&‘b‘i'tmalhlgﬂeéa%?ci@ﬁc?' £ith 'fs tlgﬁlﬁfeéﬁawgcﬂa%s o2 HBERQSIte

i ncludes an™ solid e I gone roomtéenperature and a

pol yam das@.a\gd@émh@ﬂtmnamrdﬁaéaaﬁagﬁéas PrdRIE D E rBmORSFt i s, Paew ded

- with stickiness in the normal roomtenperature. 3. The nethod of
manuf act earth @lenextbmaghetded powdests, eeci.ted in claim2, wherein t he
flexible thernosetting resin conposite contains at |east one kind of
adhesive agent. 20 4. The nethod of manufacturing a flexible bonded magnet
. recited in claim?2, wherein :




at | east either one anobng a powder-state | atent epoxy hardener and a

| ubricant is further used. 5. The nethod of nanufacturinajéﬂgmﬁ%9%ie bonded
magnet 25 recited in claim 2, furthe% conprising a process for covering
bef orehand the surface of the rare € ?th system magneti c powder with the
epoxy oligomer. 6. The nethod of manufacturing a flexible bonded magnet 30
August 2006 30 recited in claim?2, further conprising a process of

di ssolving the epoxy oligonmer in a solvent and wet-mxing with the rare
earth system magneti c powder, and C?AEM%CGSS of crushing after renoving the
solvent. 5 7. The method of manufacturing a flexible bonded nagnet recited
in claim2, wherein the epoxy oligoner is a novol ak type epoxy resin. 8.
The net hod of manufacturing a flexible bonded magnet recited in claim 2,
wherein 101t he A | exthb@ blEemmaetd¢t@gringi 8 CAHRAYAL Bonded nmaghetaddi tion
product of glycidyl conpound and carboxylic acid. 9. The nethod of

manuf act wompg iz ifnigethlel etepsded magnet recited in claim4, wherein the
powder-state | atent epoxy hardener is a dihydrazide 15 system conpound.

10. The net hod CeMPKEASLELt &r FABPAURE cXPMF LS f mapeeantécsyédeln clai m

i gpner e i UG b5 B LSRSE She e aslected, i apihe golp of
mel ting pointshgg%_ghggﬁg ShaﬂeéﬂesﬂgggiﬁgEf%éﬁ from the ahove step,
and
relling.
10 . 2. The method of manufacturing a flexible bonded magnet
recited in claim 1, wherein
the flexible thermosetting resin composite includes an
s0lid 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 manufadturing 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, fFurther 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




tenperature. 11. The nethod of manufacturing a flexible bonded magnet
recited in claim1, wherein content of the rare earth sy3?&mewadf®tic
powder falls 25 within a range 92 wejght % - 97 weight % 12. The nethod
of manufacturing a flexible bonded nmaghet recited in claiml, wherein
rolling rate at the rolling process is not |ower than 2% 30 August 2006

31 and windable imt dianeter is not larger than 8 nm 13. The nethod of
manuf acturing a flexible bonded magnet recited in claiml1, wherein rolling

rate at the.ralli.ng Rracess i t | r.than 10% 5 and windable limt
dianeternglﬁSP FQrS@P gn %%ﬁef4g%$9§lﬁﬁpﬁod of manufacturing .a

fl exi bl e bonde {4 i [ ey ¢l e S
shaped to havega egés'? %lf%le%%olr#el lﬁ gknl]@ égﬁﬂgn{é\%ﬁéﬁo%gﬁt%{ (;%r Qg?iggﬁtgven

thi cknes %ndlﬁeﬂﬁnifiﬂ?tﬁm the™Aé AdHH BY st emONRYRY L] L PO banded
magnet fornmed of different kinds of materials conprising the steps of

I ntegrati ng a grpeacehsebfcomtishinggafiteteasmoohngsthe salwmentc powder

sel ected fromthe group of those whose saturation nmagnetization is 1.3T or
hi ghe®, Fe7-.FeThi, mpghod, of] mamufctuming gndfFexBplantondgdewiagnnéet
containing a rare earth systen1na%netic powder into a unitized substance,
heat - cur FR§LtRE dRi Cillad® ub¥h&XELN and rolling. 16. The nethod of

nanufacturlng %hL'SébggeoREBgﬁgr”EQ”Etnovolak type epoxy resin.

8. The method of manufacturing a flexible bonded magnet
recited in claim 2, wherein
10 the flexible thermosetting'resin composite contéins an
addition prodﬁct of glycidyl compound and carboxylic acid.
9. The method of manufacturing a flexiblerbonded 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 lubricant is at least one item selected £from the group
of a higher fatty acid, a higher fatty acid amide and a metal
20 gsoap 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 23,




20 recited in claim1, wherein the rare earth system nagnetic powder is a
magnetically isotropic Nd-Fe-B system spherical powder a?éag@%aO%& t he

spi nning cup atom zation nethod. 17. _The nethod of manufacturing a flexible
bonded magnet 25 recited in claiml, erein the rare earth system

magneti c powder is a magnetically isotropic Nd-Fe-B system fl ake-shape
powder produced by the nelt spinning nethod. 30 August 2006 32 18. The
nmet hod of manufacturing a flexible bonded nmagnet recited in claiml,

wher ei n &Hﬁl Eéﬁgﬁi” Ii:.ﬁ%g %gg?t %gf ngedigrhgra%h%ﬁagtmgne magnetical |y

i sotropiC rom ano e group of

a- Fe/ Nd- Fg3 B STﬁéefﬁbtﬁgﬁB/oﬁdfﬁiﬁa%ﬁfﬁrﬂg %“fféﬁﬁl’étﬁaﬂldé@dmégﬁéﬁ:sm Fe- N
system produced by the melt spinning method.  19. The nethod

manuf act vetnged fihexiblim bondRdramgnet recited in claim1, wherein 10 the
rare earth system magnetic powder is a magnetically anisotropic Nd-Fe-B
syst em massi verpbhileg natedat éthebyodlihggutoceass hemaihdowéerttharhd03upset ti ng
nmet hod and the HDDR net hod. = 20. The nethod of manufacturing a flexible
bondéd nﬁ@ﬁernﬁéBFLﬁeéllmﬁtcfiétﬁﬁﬁtgr U\ﬁeP@Fnlisgé%FBﬁvezf@ﬁce at 200C of

T nor 1ol (it nSThORRRR e BB o bl L Be 6 RN Dl "
bonded ngggfked in c¢laim 1, wherein
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.

16. 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

isotropic Nd-Fe-B system flake-shape powder produced by the

melt spinning method.




recited in claiml, wherein 20 the rare earth system nagnetic povvder s a
magnetically anisotropic SmFe-N system fi ne powder pro&é@&“ 9 %he RD
(Reductive D ffusion) nethod. 22. The get hod of manufacturing a flexible
bonded nmagnet recited in claim?2l, rein 25 coercive force at 20C of the
magnetically anisotropic SmFe-N syst emfine powder after a 4 MA/ m pul se
magneti zation is not lower than 0.6 M m 23. The nethod of manufacturing
a flexible bonded magnet 30 August 2006 33 recited in claima1l, further

o ; i
ol ow ng2Phe FBFI g sl BB fadilr s s PRk Rk BReOPR B4GRECh i o
bonded r_rg.g@gtte(ﬁlheeu_bgﬁ{ hn ghair@ia3, Wherein the self-bonding layer is a

hot nelt type. 25. The nethod, of manufacturing a flexible bonded magnet

recited in cl atHé23aré/ﬂQ&£tﬁ bi}gtéml fmabfBdiBgpbRier €8Nkei Ne8asdt bgast one
kind of 10 polyner which has a filmform ng ?unctlon and m xed wth a

bl ocked  magopdhiatdly. is@6ropi@dilekerghapegpetvdey pee hedoed frver amonbghe

fl exi bl e bonded nagnet of claiml1l is used for at |east either the stator
or tHe ftbeogroup of/c-Be fd1iteBisyisdent,abfedB/Nd-Be pBrawatem, SmgRetNt ype
motor, conprising_a process of joining the flexible bonded nmagnet with a
count er p&¥€ tRE e@?‘&la'gwg‘&k?ﬁgl\‘a‘éﬁv%{h%f&gémﬂdw b¥| he Fedithgpinning

method.
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 p:;oduced 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 af 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 Qf 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 biffusion) 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




layer recited in claim23.. 28. A nmethod of nanufacturln%@a per manent
magnet type notor, 20 corrprl sing a process of joining bdf Augig20®f t he

fl exi bl e bonded nagnet wound-around ég a ring shape by taking advantage of
the self-bonding layer recited in clarm 23.

recited in claim 1, further comprising
a process for forming-a self-bonding layer on the surface,
following the rolling process.
24. The method of manufacturing a flexible bonded magnet
5 recited in claim 23, wherein
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.
viin 26. A perménent 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.




