; e3eZPPQ, T"TZ6RZTZ SPECCI FI CATI ON  PERVMANENT MAGNET TYPE ROTOR AND METHOD
OF MANUFACTURI NG THE ROTOR Field of the Invention The presengytk j ON
relates to a permanent magnet type rotor having a pernanent IWW{&@”M&WSM
on a rotor surface, and relates to a manufacturing nethod there ,

nmore particularly, the present invention relates to a technol ogyS®®t
enhanci ng the magnetic characteristics and strength of the rotor.
Description of the Related Art A permanent magnet type rotor used in a
dynanotor nounted in an el ectriSPNENFRCATOON hybrid vehi cl SIWW”}W [ to
have magnetic characteristics of high performance and high Wﬂ/m As
materials for such a permanent nmagnet type notor, hitherto, silixggp.steel

pl ate has been used. Since the rotor is tightened and fixed to the engine
shaft, it is requiredPERMANBNGMAGRIOE A YAPH RArldpBss in order to be
tightened firmy. However, silicon steel plate is brittle and low in
strength, and reinforcing neasures akBDdequired to obtain a necessary
strength, and hence, the rotor is increased in its mi%ht and size. It is
difficult to enpl MEITHOD &F MANUEA CEMRBNGHEHELRE TR ght since t he
strength will be insufficient. For reduction of weight, there is known an
exanpl e of a holl ow shape nade by a casting technique such as the |ost wax
met hod bfiéialor}g[hg@ng’t@ﬁil al equivalent to 545C of the Japanese Industri al

St andar d Othe 545C material has a high carbon content, arid
the magnetic characteristics,.ar icient and sati ? act Ortééf unction as
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per manent nagne e rotor conprising. a avi ng an outer

ring por biwihticHredRiRk 98 i Richhyl n_fthaénmtcﬁﬂ%m[gn@ﬁw dHayr8Q@ktistRgnet i sm
and an inner circunference contacting with an outer circunference of the

out er riagd@greh'gmbfamrcgbwal per mmnent magnets di sposed at equal
intervals on thé outer circunference of the outer menber toward the
circunferential direction; wherein at | east one of the inner nenber and the
outer nenber is made froma sintered naterial, and the inner nenber and the
out er nebscriptienmftthalRglaséchat ed and bonded. In a pernanent magnet type
rotor having such a configuration, by forming only the outer nenber for

di sposi ng the Pepormaiinirggeeistype @ temgstst inca sgnemaipr ambftediimg t he

i nner nmenper .of a nmaterial of high strength, a holl ow shape can be realized
Wi t hout g@@aéwghrﬁe\@@étailéylzméw&@ﬂ@feu&tr@w,reéﬁmhavwncfrwél%agnet type rotor
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froma TREfal Avasidy heEPAM Rard s It ﬁﬁﬂﬁgsggt&f%ﬂr:ﬁﬁ’nﬂ%f or m ng

t he inner In a pe. Inthis hollow s exanpl e, the

i nner MepkeycRATRIlICoRSt8 plaRels bl @@Mdnprlnfmérfgmh,aam@éihf@fciﬁ%F hr ough
hole for a shaft, and is fornmed by connecting the outer ring portion and

t he i nnemgalsngespetieqnirey toidigain a nebesdany shehgth, sidieendd)ehé @ isenber
and the outer nenber are ‘ .
increased in its weight and size. It is difficult to employ a hollow shape to
reduce the rotor weight since the strength will be insufficient.
For reduction of weight, there is known an example of a hollow
shape made by a casting technique such as the lost wax method by using a

material equivalent to S45C of the Japanese Industrial Standards.



mutual ly sintered and bonded, at |east one of the two nmenbers may be nade
froma sintered material. For exanple, the outer nenber nay be rmade from an
i ngot steel, and the inner nenber may be nmade froma sintered naterial.

Al ternatively, the inner nmenber nmay be nade from an ingot steel, and the
outer' menber may be nade froma sintered material. Both the inner nenber
and the outer nenber may be nmade fromsintered materials. In this case, in
order to performsintering and bondi ng, one of the outer nenber and the

i nner meRbevevERy(HeeS45 SimhriRd hietelighl cabdntdumtoithandahe magndie a green
conpact, alternatively, both may be green conpacts, and both may be

mut ual | yclartedistind ase nharféidienfrmmd sdisfacerpfehetiablay acdymosedraf pl ur al
connecting ribs disposed at equal intervals in the circunferenti al

di rect i omotandaiing peobfneed. ndheet®rexycbehaebper tevedndedi topmeeddon t he
outer circunference of the outer nenber at the connecting ribs of the inner
menber . 4 petienenivenagnehiypchwtioonpediich dhickheshend weightrefilee conposed of a
sintered material is preferably equivalent to class 3, class 4, or class S
111 SWvr dpewnpiasdisalf gaisbe regsoed aAsditighsutiput ardibigh cHicianenishs beat eri al

is a pure ferrous sintered material containing C. 0.3%by mass or less, a
bal ance #hiFged.and inevitabl e inmpurities. The pure ferrous sintered
material preferably further contains at |east one of Si: 3.5% by mass or

| ess, 3 P. 0.7% by mass or less, B, 0.3%by mass or |ess, and Cu 3. 0% by

monet c: char acter i st DSOS SuREdF RV TIOREnei £ ot Stl.eg' ror more
mahuf actur i ng. HAE RGN 9@%@%@%&#&9@%‘&%3%«%%%9E%é%gtv'goﬁs )
compr oocs APLEd: &8 BrlhErmERTRAC g 28 Rer IRE nIFORCE o7l oy povcer or an

Fe powdefnaRgian 9111@1@1_1%@&%&%@9[15{/9% ¥ &) ARRH ARUNRE Bingrannul ar
outer nmenber having an inner circunference contacting with an outer

ci r cunf egief@@f@entbeonii@ing With AP HUtOGir&iMi&Eehnd 099h8 outeri MALIr ate the

i nner nmenber and the outer nenber; and di sposing and fi xi ng pernmanent
nmagnet s portidig aoudt gur gl paundresmg meegndts tdispaedeat orprabéntervidle ogr en conpact
for the inner menber preferably has a shape in which plural connecting ribs
di sposedouaier egeaimfientrerevafl thet owar dnember toward dreeaircainfeiiendéied i on connect
the outer ring portion and an inner ring portion having a shaft or a

t hr ough tiseelidmrwheshafa lcamdnehe herimmaemembgnang tae euterspentbiovas y

di sposed on the outer circunference of .the outer nenper at the connecting
ri bs. Theagatepmnppinderciayabaidnaad the mes megiersuselheaphiembegnet i
characteristic qh sat ur at ed 88%%ic flux density of 1.0 T or nore.

Al t er nat $¢eNy U HeSIgiRE EHE%E% y be a green conpact fornmed by
conpressi ng an,_outer nenber formng nm.xe owder ,conpased of an Fe powder

i wed w thea TavPRanRaER maatel ik DuE iR Sl £ ERE Tl diofiby s Pater: a
ot her t : . g I C act for

t he innggﬂﬂéﬁ égﬂggg%ngggﬁg%éﬂ?ﬁgﬁ?gﬁgﬂ%ﬁﬁéEﬁﬂgﬁgg?hgﬁ%?ﬁ %gﬁn ering, and a

tensile ﬁ%gﬁ%ﬁc(?ﬁ&t‘é'fﬁl hAdtRemeN, g&geﬁtﬁ ahendRe 't Phfateifeof highondi ng of

both will be nore securer, Howe , e invention 1s not limted to such
manuf act 4ifd ighMEH0kbw 8Rgpéd tah beakatzensvithontheditRigeni@detigbodi ments to
conpose the outer nmenber by using a pure ferrous green conpact formed by
conpr essgliygaare: Buics) ane alsel fafcermbgge iypedopomvbieringanmakeddolcht Fe powder

m xed wwth a formng lubricant. As the outer nmenber, instead of the pure

f errous grckiplcoffpachcyrapleecttanicals Moteved soorpaciesst oe dDEtled so
possible to use a ferrous green conpact produced by an outer nenber form ng
m xed powder mgthbhr hsd auteixed npeids madhé Clom s stierdd anateiaR pulwler, or an
Fe powder and an Fe-P powder, and a formng lubricant, with a P content of
0. 7% by imaes ngmbesand gutey m@mlzﬁfsar@irﬁtl&aég' siokgrgetancobordedyihgi nt eri ng
such a ferrous green conpact. It .is, further possible to use a ferrous green
conpact lb%@ug repgthRebieen bedhie ng?brarﬁ%n@eﬁ@ 100 PoaRkem HFARGHOLEF ¢ her

contains. at |east one of .Si .powder, Fe-S powder,, Fe-B powder, iron alloy
powder Clédpgpﬂﬁ%toé,heé%a&%gp,engmle Uﬁl-@] ﬂ)&ﬁg%‘r",‘l }\}\;ig?lrﬁp;%%-, content of 3.5%
by mass or less, a B content of 0.3%by nass or less, and a Cu content of
3.0% by mass or less, or a ferrous sintered conpact formed by sintering
such ferrous green conpact. In a manufacturing nethod for the permanent
magnet type rotor of the invention, the green conpact for the inner nenber
preferably has a conposition in which the thermal expansion of the inner
menber is greater than that of the outer menber in the high tenperature
range of 800C or nore during sintering process. Mreover, the inner nmenber
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Si: It is preferable to contain Si since it pronotes phase sintering, so
that Fe grain becones coarse and increases the nagnetic perneability, and
al so the specific resistance is increased and the iron | oss of magnetic
force is decreased. However, if Si is contained excessively, the
conpressive property is deteriorated, whereby the sintering density
decreases and the magnetic perneability decreases, and hence, the upper
limt of Si is preferably 3.5% by mass. P. P pronotes sintering and

i ncreases grailn thezigveadohhgickhie igaeiicenlsdrak agids fsim @smareidlmpr oved. P
inhibits diffusion of carbon contained in the inner nmenber into the outer
menber, hddngthighrshicigth nidebveighe chadsersafuceld ynfgneiigatheianact eri stics. It
is therefore preferred to contain a proper content of P. However, when the
cont ent wenidrnarehsbew shrpemagmethis hpHomeslnpd, tfor deenpdsdde iknet her nor e,
when P is contained in excess, inpurities precipitate at grain boundaries,
so that mkabkraompeseshomner dagearopathayingersbaft ohe thppeh holei t of t he
content of P.is preferred to be 0.7/0 by mass. B: B pronotes sintering as
vel | as Pranshafhonshisdorgres by sppeectang thepuisirisng ppfiien enddhe danreyon
contained in the inner nmenber into the outer nenber, thereby denonstrating
t he sané“&ﬂ@&ﬁﬂﬁ@é§’ﬁ 5 and enhancing the magnetic characteristics. It is
therefore preferred to contain %Bgﬁo?er content of B. However, when the
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boundar irgg?uzgﬁas fﬁ%"%ﬂﬁf@%ﬁ%@’ ?}rlg}i@r?‘v Pgtfgeeﬁ%? :%8?‘9538{? H\ﬂg'et?eeby t he
%g;ﬁgrjﬁ?laﬂ?%?éﬁ%} 9&?%%1%?2‘@?5%{5%? %f@?}%ﬁéﬁﬂéfié@?ﬁ%ﬁbfﬁ%@ﬁtﬁggi:ma &::ec
characté?%gggggﬂégﬁnggﬁgﬁ?iig#%?%?yﬂgﬁyg?ﬁg§¥Iﬁé&é@ép?agﬁgﬁhggre thangthat

amount ofinfdted madeRd. Wieraael @h&hﬂ’f@%@ﬁib%ﬁ'irﬁgjf%e%ﬁﬁé iFRIAted due to
expansi on of Cu. When nore Cu is  added, the bonding condition is

det eri oriaiged s(ied, 4l eipan dle®behajHboeradd NemBRSAtdredniatefial.ne cont ent
of Cuis preferred to be 3% by nmass. 'The outer nenber diffuses into and
bonds wi th t heBotingre imeebencrmbot ahdithg oGterandnttenanag bietands fodi f f used
fromthe inner nenber. Wien the content of Cis 0.3%by nmass or |less, there
i s no probtezed snatceiatiecr bates chse,He ardgnét perfonar sict@ingtindbamslisgi ght . As
the outer nmenber. it is also possible to use ingot steel having 7

nmagnet i corhaf Hu eviestimembsuanddbe aneet menelgreniay beot sifternd matiali con st eel
such as SS, SPC, 510C to S30C, SUML1 to SUM 32, SUY, and the like,

speci fi etnd e pidie) poeiHaY 5w Breameompave ahernribvly, Both e aaten al . As

oL oned 00KE. LB RELTRIER BTl MRS, URNELL MR L least one of
b | ai-n A t .t tor.in wWhich both.the.i

beer o0 05y A B ENS P Sh R PoPbPal ERaoL el e

expl al nqﬂe%f&{rﬂ@réﬁ{ial dREREESHMY tlie"ﬁf&'?ﬁér?e{htﬂﬂﬁ%ﬁ%’s Iﬂﬁg‘é'edes a per manent
magnet type rotof conprising: ‘an annul ar outer er conposed of a

sinter ec{e@@é’dﬁ\}fg? dé?ﬁﬁed”&m% oﬁ%%lgreﬁcé bpteE 69t8?9ﬁ¥nn)%‘fia'ﬂg a | ower

density than t e outer nenber and an outer circunference contacting
with anthBQﬁﬁn@bﬁﬁ?ﬁﬂﬁI@ﬂQﬁzﬁﬁmﬁh@a@ﬁbﬁf nmenber; and plural permanent
magnet s di sposed at intervals on the outer circunference of the outer
menber toward Ihhdednventibe girt¢ahpdsitiect oothe ihier nmnrebemeshpiosad @t he out er
menber being nutually sintered and bonded; the inner nenber conprising: an
i nner ringinpaetimatera ippreferablygeqoviieon thaldssd, adassut eor daschinfier ence
contacting with all inner circunference of the outer nenber; and plural

radi al rSMY spetibietdyndibahgdedlso s thoogeineembehea suihgblponaicois is wher ei n
the outer nenber has an average thickness |ess than that of the outer ring
por ti on PUKhECTIOHfes MR dNaleTié CpataraHehC: Padfeby 1y @loless, 4 s al so

configured by sintering and honding.the autfer menber and the inner nenber
and disﬁBQ?Wé3Bt ?aﬁ“%gﬁﬁﬂﬁgﬂ?1HH§H€#§-oﬁf%%PéFeﬁ%WﬁB$Suﬁﬁgxinner member is
nounted to a.Ggorrges djng part such as agn engj pe .sh . The outer nenber
on i crgkdigialRERERE H N Rt dead gl S % bt BreuSb isfpact
produced by a pma ferrous powder with low Cal-bO 1 content and superi or
magneti c
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characteristics, and the inner nmenber nmay be a sintered conpact produced by
a ferrous powder with high carbon content and high strength, so that a
rotor having superior nagnetic characteristics and high strength can be
obtained. That is, the inner menber is enployed for strength and the outer
menber is enployed for superior nmagnetic characteristics. The inner menber
conprises an inner ring portion, an outer ring portion, and radially
arranged plural radial ribs. In this configuration, a space is forned

bet ween Ph@ 7% ¢iaaks bs 1&®, BArOTB Bobl aMess 601dshadnvelg ¥ 0 72l ehanoand
conpact design as well as increased strength can be obtained. In the rotor
of the ilevent Agide tiven ithewy sifesrbdrmatedidd)euoingeit stevibaries @ mepmadt ed, and
the green conpacts are fitted each other and sintered, so that these

menber s drarabiended cmhtinted negrtid fluk Kensitptodr 1.6 andndendiagde t her mal
expansi on occurs in both nenbers. Wen the conpositions of the nmenbers, or
t he |i keglsapectadpblytestdso that the thermal expansion of the inner nenber is
greater than that of the outer nenber, pressure in which the outer

ci r cunf er ence ‘Blic presenhmeyentirbirtesepioyigees snaruisaturheg nmibed for
circunference of the outer nmenber is generated., |n particular, the portion
of out erd BEHBARERT BAEBCHEYRCHIOIOULBE MEtHgdaMpHAng: THHAL RAIEEN rib is
affected by | arge vol une eﬁgﬁnsion of the radial rib,, so that the pressure

pushi ng $HBPH A IEGHARCIOREE fRMEh DY RATBPI G Hife TIXCEiRAWESLant Iy | ar ge
por 1 on AR nf BERERS ot R0ro BIFER! i1 f BOrEroATACaRES fllai al i b
ponded at e GRtopERRe s ol AR En et ey pBRBe R e BLR on, ' e
R L R R A G R G R o L

except fr‘i’ﬁgE)\'%gtiéfilpﬁnté’ﬁ‘ﬁ%%oﬂﬂ@ixﬁg??&ltétthé’?ﬂlﬂeﬂI‘ﬂ\é’nﬁ)er ﬂm#nfeet utek S not

retracted rdly 1n the radi al rection by the outer er during

si nteri ngembe! 8HQEsp SRRl dTKiGioNSErhsarfeait TR AL \veeahctdifiet Nner nenber and
the outer nenber. The preSent invention further' provides a permnent

magnet toipeumfdrence ofiphe diutgy; membainul ar out er nmenber conposed of a
sintered conpact; an inner nenber conposed of a sintered conpact having a

| oner densi ty Tlagrddmatompathrahieenneenteenbenprcder ably dias @i shapefiar ence
contactinﬂ‘mjth an inner circunference of the outer nmenber; and plural

per manenvhigigpeirel ehspesng wbs idspersed|a eguat beeovaletowinrd thdf er ence of the
outer nenber toward the circunferential direction; the inner nenber and the
out er mesthRIMBBERGahdtrgalipy cONREEt B QEHET Bolgdertiathand aRdANBRDEr
conprising:. an i nner ri ortion; an outer ring rtion having an outer

i T ount deHeB HORC THGT oF arho gk Kt thi iy R B PCRR@IGUL o1 nember :
and pl ural rq%ial,ribs raiL l.| y arranged so as to connect.the rgng

por t i ondMAGRESEALR TEHE LY aﬁﬁﬂ?g# LB RU S SeIERe GG QLG QM a5 s t han

t hat of tery i Al of the inner nenber, and the contacting area
bet ween EgﬂggéﬁéPéFpggggﬁ%é?ﬁg'outer ring portion is 10% or nore of the

area of the inﬂﬂfoﬁﬁﬁQHgﬁﬁﬁf@ﬁ§¥ﬁé Q@e?Hﬁﬁ%ﬂﬁh@%t@R&ﬁ%@ﬁB&%Q.the per manent

magnet type rotor, the average thickness of the~outer is not |ess

than tthagﬁeﬁ@%hQHkﬁéﬁﬁﬁ@@f@9&&&@6Iﬂﬁgh@ﬁcEﬁﬁ@ﬂmﬁﬁﬁP6fJIVWQH1%@%9 a

structure T's enployed, the portion of The inner nmenber except for the ribs,

whi ch hasltariglaflyvékyoutemntignset shay®ya gseah kyniprick €braed @ by the outer
menber during sintering. In contrast, in the invention the contacting area
bet ween ddmpreading am ohscrandnitiee foutneng mixgdgmow dencompdetd off anoffe of t he
area of the inner circunference of the outer ring pOl t1011. Therefor e, in
a pressyravdendiixedmvitln avdibrohng hebooigr clheyfyeusinge ugid hetenakfa menber
exerts pressure on the inner 10 circunference of the outer nmenber as

nent i ondailethendapdihe; gigepfcommpacsiae the ppiurmmendsedhefgrers outer ring
portion of the outer nmenber gt the radial rib h?s an area sufficient to
recei ve YHBPRG 198 (No RN BEPHHi SPANAs tReIG B@ndinerquier mrankglod@lingecur e
bondi ng can be obtaiped.betmeen t he in?g; menber an hhe oute[ menber
during SYRECEMEn DA% ICRHCISINES Orehbelst YL L RE TR iFon, a
circunferential rib extending along the circunferential direction
contacting with the outer ring portion may be provided between the radi al
ribs. According to this enbodi nent, the vol une expansion of the inner
menber accommbdati ng the bonding with the outer nenber is added not only by
the radial rib but also by the circunferential rib. That is, the
circunferential rib disposed between the radial ribs expands wi th heat
according to its volune during sintering and bonding, so that the portion
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BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1A is a plan view of an enbodi nent
of a permanent magnet type rotor according to the invention, and Fig. 1B is
a cross sectional viewtaken at line 1B-1Bin Fig. 1A Fig. 2Ais a plan

vi ew of anot her enbodi nent of a permanent magnet type rotor according to
the invention, and Fig. 2B is a cross 12 sectional view taken at line
2B-2Bin Fig. 2A. Fig. 3 is a plan view show ng a bonding condition 111

whi ch an inner menber was fitted into an outer nenber and these were then

si nt er echdiptiagherbothivgill BA msreasdduaer. vi Howadveandicherearibads ment of a
per manent magnet type rotor according to the invention, and Fig. 4B is a

cross sdghitedab suickwnhakEttatingimetidid, 4Bdiinisago ki offilg pfeirsda pl an vi ew
of anot her enbodi mrent of a permanent magnet type rotor according to the
i nvent i @mbadinéing.toGBmpose theosisies exdmbeabywisng tiakae fatrdusnaebi- 5B in
Fig. S5A. Fig. 6Ais a plan view of another enbodi ment of a permanent magnet
type rotarmpacidiodineg by cohwressiagtanooy teFingembBr ferming ossed potidenal  vi ew
taken at line 6B-6B in Fig. 6A., Fig. 7 is a cross section showi ng an outer
nmenber awmppsdéchakan disnpew deamikadtwitbd foamangdkhnghet.of the inventi on.
Fig. 8 is a photograph showing the distribution of bonding strength in a
rotor manuf actAy HiE PRICAANeRBEH! 18SkTad Metherpidist esipUSHESTN IMODED FRTCARRY! NG
OUT THE | NVENTI ON The é)q?rnanent magnet type.rotor of the invention is

g g0

descr i bt e CHOUISIN Rty SOPHIAEHT:| SIRlE SApiahyl ST SRiCRYs. Fi r st
Enbodi ment £1.9. 1A 5 B PRt e Soc? BRLTRD SRSl ¥REA Q197 10 2
mixed powder which is mixed an Fe-P powder, or an Fe powder and an
Fe-P powder, and a forming lubricant, with a P content of 0.7% by mass or
less, or a ferrous sintered compact formed by sintering such a ferrous green
compact. It is further possible to use a ferrous green compact produced
by an outer member forming mixed powder which further contains at least
one of Si powder, Fe-Si powder, Fe-B powder, iron alloy powder
containing B, Cu powder, and Cu-B powder, with a Si content of 3.5% by
mass or less, a B content of 0.3% by mass or less, and a Cu content of
3.0% by mass or less, or a ferrous sintered compact formed by sintering
such ferrous green compact.
In a manufacturing method for the permanent magnet type rotor of
the invention, the green compact for the inner member preferably has a
composition in which the thermal expansion of the inner member is greater
than that of the outer member in the high temperature range of 800°C or
more during sintering process. Moreover, the inner member is preferably
fitted into the outer member along a contacting surface by passing fit with a
gap of 51 m or less between the inner diameter of the outer member and the
outer diameter of the inner member, or by tightening fit with a tightening

interference of within 0.0025 times the diameter of the contacting surface.



enbodi nent, and Fig. 1B is a sectional view thereof. In Figs. 1A and 1B,

reference nuneral 1 is an outer nenber and reference nuneral 2 is an inner
menber. The inner nenber 2 is conposed of a ring-shaped outer ring portion
21 and an inner ring portion 22 which are connected together by IJ means
of a disk-shaped rib 23 as shown in Fig. 1. The thickness of the rib 23 is
| ess than that of the outer ring portion 21 or the inner ring portion 22,

and hence the weight is reduced. The outer nenber 1 is shaped like a ring,

and its [QuiRlitieh! gHERE@NPact FotheGRRSELthdMbEr fsﬁﬂ‘é'f@afabl)}Wdﬁﬁé@nghape, and
per mmnent magnets~3 are fixed thereon. Second Enbodi nent Figs. 2A and 2B

show a sgeend ferkodsnebticeit ¢diraimugntinomnd iy sihiabdtihe aubariziighg portion
21 and inner ring portion 22 are connected through a plurality o

connect imgosiphsr®3a di sposed at equal intervals in the circunferenti al
direction, and holl ow spaces 24 are provided and the weight is further
reduced. |n tHHRrcparedeartodmpmes angpharatterissbownh thapEimsneritAnagdetlB or
Figs. 2A and 2B, a ferrous alloy powder or m xed powder is conpressed into
a green lypapatar cbfahhierigvtahaosMﬂémemmpa@m&cal@@ﬁptalmdémdelaa gre ferrous
powder is conpressed to a green conpact having an approxi mately annul ar
shape. Thdhgmsamasemparagicdtypeeoionmdrthpanpeniion, singe odestrengtact for the
outer nmenber or a sintered conpact obtajined.by sintering it, or an outer
menber rEKUPAENGHEFhRF SHPHAUT AR Ot dheriave: IS TR SAUVERS| y annul ar

nd sintered, Since the thernmal. exp i,on anount

h fi d h
o L he ISOe BT B8Nt SPHORS SRRSO G e SRR RE A RaR 10 R out er
m 1, .th diahtl 0 t d suffigi t di ffusi bond
o be bl iR GERe drbb SR F bk ot ¥ishadt Plim & halReBE oonc | 1)
the out or, Gl [SUTHATEAGE. | (hEHOULEL, FRTRSL hod SIBENINRS 0 ydegul ar
polygongﬁaghapé, and permanent ragnets 3 are dr sposed and f1xed tHereto. so
: Sy , _ | .
Lo ot gl Gedded RNTMNGRLCITRATR TS DO 556, 85 I QRRAGR moanst e .

machi ni rwrehlg]@h 'bBraiABAMPETh Bhtckial fol fige BatdFARBRIhFRARS beld/Pird Ot OF shown
111 Fig. 2. I n this permanent nagnet type rotor; the thernmal expansion

amount  deritong shetekédmatriher awigtered Rtpdal coMaZiingtattlBestaHGLS]:ng ri b
23a during the sintering process is greater than the portion of the outer
ring pord.bémb2imass ohkeskoP] 0W % gacemsR4er 188w Baf(hBs bydinfaks sir desshandi ng i s
pronoted nost at the portion of the outer circunference of the inner nenber
2 and t Heupd£Oh dry miass be l¢ssnaradditionnbdhe peee fpaots Aompdiigon33o of the
outer nenber at the rib 23a, and the bonding strength i s heightened.
However ,thahthen@magnetje ebaraiteripactilferest sraybmaiperiosi nkhe caadseys Igirf f uses
fromthe.inner menber 2 to the outegenenber 1, the magnetic characteristics

of the GlmEingEmsercqrapaneisais 3sdPdaWsaccordingly, in this enbodi ment, the
per manent magnet t he outsr ci rcunf erence gf t he outer nenber 1

are di ﬁposed ith‘g F{ﬂij‘?eringFan??W@“b { SMCE; If PLamaiehi a%?fSlir:FF‘é::b%rts@r nmenber

: . \ . . . ;

char act dPFEFP &b feddiiFs 20048 a&iﬂﬁ%@?@&ﬁgﬁfé%@f@?%ﬂ%@ﬂﬁﬁﬁi %3 1's
ra ¢ . . .5

Phe por it R SeaRBtAfulcR (s RCAR @Yy RRRCTRP ol of MEeh BRETOMRTDR o2 11

Fi 0. 3).is Uoerdistus pRoRdiing o niiiRid edcGRIRAY el uhBRsBRA | 0nS at the

connecting ribs 23a (part A), so that diffusion of carbon fromthe infer

nenber  Zropeflgas ers@doMEH Be MERGNG! din@RAIAGE it PG at@Na R ti@i nt ai ned.
Therefore, by di sposing the side of the permanent” magnets 3, in which the
magnet i anfguic ﬁel‘msabicmp(tkem‘dsz@t:e,danchhenm,shan,qjcpe(rD'ﬁntt @)Si1 isuf fici ent
bondi ng strength can be obtai ned, and a permanent magnet type rotor having
further mepeabbr 315¥grist masshar act eri stics can be obtained. Wien ferrous
green conpacts are sintered and bonded together, as long as the two nenbers
are tightly cdhtBpt@nois finkaeorg andencigas¢egetinisize, 50 thphthe of a high
tenperature range of about nore than Q0Q C in . the sintering process (the
requi r edN2gpeliChRBCECTAHESrACANRIOVERe tTeJBPHS GHEUSIHI Ohe3ibea esti mated as
time until the diffusion depth of the alloy cgﬁPqn?np reaches about 5 i

M, suf [OSEREdHBHAF AgNSt MERYH 184 Ui OB ANA hseehy RIPEBUal | y sol | d
phase sintering. Wien sintering is performed in a partly liquid phase
state, the diffusion bonding is further pronoted. In this case, when the
generation of the liquid phase is within 5% there is no problemin erosion
or deformation. However, it is preferred that this be kept within 3% in
order to maintain a sufficient size precision of the sintered conpact.
Furthernore, by containing zinc in the green conpact for the inner nenber.
and wi thout containing zinc in the green conpact for the outer nenber or an

o, o, o o e - " 4 2 e a4



not apparent, and there is no effect on the bondi ng. Wen the atnosphere is
carburizing and both nenbers contain zinc, the expansion anpunt i ncreases
but is conpensated for, and the result is the same. Zinc nay be added to
the green conpact for the inner nenber, but when added in a form of zinc
stearate to be used also as a formng lubricant, the | abor can be saved,
and it is preferred also fromthe viewpoi nt of uniformdispersion. As the
at nospheric gas, a refined exotherm c gas produced by natural gas or

”Etha”ecﬂXﬂé@ﬁﬁéPﬂﬁ:ﬁﬁgheﬁé%MBhﬁnaﬁéﬁ@MriEH@GhQ@ﬁ@ﬂﬁﬁﬁ%@ﬁeEQEa”e gas) is
preferable. For inproving of bonding strength, it is also inportant to

define tdwtint4 bagpeli cmiishoofP. diHéweeagevidihehdiditenene® Meiywmen, t he

i nside diameter of the hole of the outer nmenber and the outside dianeter of
t he i nnaheneapestic pbancabiity nikercasesbe it urthefrintdredwihehoP iheomatiged irenber. I n
this case, it is preferred to set the outside diameter of the inner nenber
to be sldxgless,yint@ryiees ptéapitete aigrhit boundalips,eosthiii the kiecipeersioenber into
the outer nenber, and the tightening interference should be larger in order
t o achi eseletembigihet. t Hymceette oppdolimit oy eontendoboispioferakdde of the
outer nmenber' which is lowin strength before sintering (green conpact) due
to excedsi V&% dysinassstress, the tightening interference should be
preferably kept within 0.0025 tines tﬂe q%aneter of the contacting surface.
| f passing fiﬂ3ﬁ51§@m@@ﬁéépﬂﬁﬁégg§dN§ [ib] aBélgﬁﬁﬁ$6$g“§ﬂéﬂ@%éﬁK§ within5
i 111. Third, Enhodi.nent. Fig. 4A is a.plan view of per manent magnet type
otor i ANk ARRESBEAabon Shalingd T Wit ReabeEdult HepulfF ow ¢ akon at
| i ne 4B-4-B, |n.,.Fig. reference,nuneral ;31 1S an nul ar, out.er nenber and
35" s & Bpina ERY Aralot i lE R e I hZeBds Y350 BhaiBled-or an
inner ri i , ; er ik - t] 1.Gh t ut er
circunféﬁgﬁggéqgﬁycg%ﬁ¥gﬁfﬁ§#fh]#H%aﬁﬁﬁgﬁééﬁggaaﬁéggﬁ@ﬁhgﬁEH@%%%gter menber
31, and Lal A RbS k¢ hyRORX] : i Eﬁ%é? i nner ring
porti on_d@qg%d()ﬂtfﬁé olglté\é)rjg@lrelg’ng go?¥?E%M@?m%q?%?%%§&$%s : eted>3:teend al ong
the r adgﬁ'rnféa'bﬂ@%‘_ @credek. areydhRASRY vilhe L BHUA cﬁd&%ﬁ'&/\éﬁl’ Sohfhihék® _
circunferential direction. A hollow portion 54 is fornegd between the radial
ri bs 53.imiai@¢Lprdcipeatefattdiaibbodhderieqrandohe(danpicdRivegicyigdisby nuner al
55 in Figﬁth ang i%g of tﬁ%ﬁradial rib 53 and thepoutefﬁgyﬁg portion 52

wi th resjeetiotated hwhergter tha siaterieg donsitptletteasosited the mgagwtid on 52 is
appropriately established so as to obtain a required bonding rate {30% or
nor e) whermeablloysdgerassdésc al Hanee ftbe uppeotl onithdi thearontéret olBes nmenber 31
and the inner nenber 32 after sintering. A recess 56 is forned at the
center ditetdreed fmbe hBAgbpantsson 51 of the inner menber 32, and the
circunference th of | s for to be ick portion 57. The radial rib 53
has appr oxi mat iaﬁﬁ%lgﬁﬁéaﬂgggﬁﬁ’?E%?§+§%hbﬁK%@§%?n qM&Lt hi ck portion
57. Plur.al screw,oles 5 aﬁe_forqed in t@Ffﬁﬁﬁhed nd gﬁrf ce of the
recess SHRTRVITHE HhEETEHCSERAGFISHOS GRS SHECEMY aPBAEd he

Cranam JAPORYEL AhEFF B0l ol 4880 SEHT SRURUETRTIELS ot <o
o 8 s ecthBENE (OB GG TLETGDR G Aioh"R QUL CWIRBR S8k Saual

thi cknesgiqali, HltebOHERTy EBIHELNSS detefoMtd UReb HpaRtRIn shep. that of the
f th menber 3 th

outer ring portion 520 e 1 nner 2, e proportion of the

cont act ifen&, ¢he @ppeh@inidadifahe ldobtént ENCu i protetRYd to RY3IPHBYIAAsP2 Wi th
respect to the inner circunference of the outer ring portion 52 is 10% or
more. As a redliid outchenomiber diffogepionsd iaod Ehdsswiphahicdedewntdmbesuf fi ci ent
area to receive the | arge volune expansion of the radial ribs 53, so that
the 18 contmeingrénbed [Bh@ncbnthmsoUteffusedtierm3he anpespeunietly bonded each
ot her during sintering. \Wen the average thickness of the outer nmenber 31
i s | ess Whan thagonsnittleCoatled 7o bngngsral leas,3hees is he problem savaser 32 (not
shown), the portion of the inner menber, 32 except for the ribs 53, which
have a rdecsgaseedythegnageelds charqcéengicsy stygdted inwardly in the radial
direction by the_outer.nenbﬁrlal.during siqtering“ Ther ef [e,.secure

bondi ng i's forket%eElEdRCTRET thibrISREMSEIDIS 20488 IDRRL BlEerayidier 31,
Fourth Enmbodinent Fig. 5A is a plan view of a permnent magnet type rotor
in a fourth enbodinent, and Fig. 5B is a cross sectional view taken at |ine
5B-5B. The rotor conprises an annuIaL7outer menber 31 and a cylindrical

i nner nmenber 32 as well as the rotor in the third enbodi nent. The inner
menber 32 is conposed of an inner ring portion 51, an outer ring portion
52, and radial ribs 53. The radial ribs 53 have an approxinmately the sane
t hi ckness as the inner ring portion 51, the height of the outer ring

— o o - . o o o b1 o



According to the above pernmanent magnet type rotor, the inner nmenber 32 is
a sintered conpact with a | ow density and superior magnetic
characteristics, and the inner nmenber 32 is a sintered conpact with a high
carbon content and high strength, so that a rotor has superior magnetic
characteristics and high strength. That is, the inner nenber 32 is enpl oyed
for strength and the outer nenber 31 is e.rnployed for superior magnetic
characteristics. The inner- nmenber 32 conprises the inner ring portion 51,

t he out eﬂhagheﬁc ROAEA@Bribdes anch hadie rdh®endii ¥bit Gioipbe st rGnAdibyl arranged
and connect these portions 51 and 52. In this configuration, the hollow

portion SA&N & S8 8PC, Lt en S, rsdMl 1 to BUM33SUNatandehghtkd,educt i on
and conpact design as well as increased strength Call be obtained. 20
Funct i onsffeeifibd mditing JEhenseedd of tlesrbesv Snmantdondwsinteretd merder]. 32 in the
sintering process will be explained hereinafter. In the sintering, thermnal
expansi on occuhs mentbatdd aeoberthe3trarhed? magimet éypheoionnerwimehter 32 has a
| ower rate of thernmal expansion than that of the outer nmenber 31, the

t her mal lerplamst ohtluf inttee mamber madbide el meagnber srmadanratha of the outer
menber 31, so that pressure is exerted by the outer circunference of the

i nner nestBircdMalgrichdap MeeR cxipldigfler hPSIBRIEARNHGNSE LyRGORIPT 3L, | n
particulah, tge p?rtjon_of out er éiﬁcunferenc of the outer rlng_efrtion 52
at the r¥8igh befhhthesinngr pempeean YI§ QLY Wisn R BBHG HIPBSINIRECE adi al
rib 53, so that trg prﬁisurﬁé&yshi_ the inner circunference of the outer
member  3nafediadiyHi pp e é%”@'%bared to other portions. Therefore, the

o o R Ty DT IR k2 Lo o

3 -3 i )
oo, SRR TP BB Ao RROFCH ety ro
119, PO S CORRSRLAOr | e pramaly e e el B piERge of Lhe

bondi ng (hat f WY ehicd! hewh el £ 8lidiserd@nicdeAdd ebnhglineaRithhs out er
menber 31 and the inner nenber 32 after sintering can be obtained.

Ther ef orignchelieunfebaice Sflthrnoud2 ne¢rabereiml plusecpéehandandegnetsn the

enbodi nent, the portion in which both nmenbers are securely bonded is

speci f i edispesdchet poetvadsnioatthe weteacired mielenssd ofshe tadr meentrarea rate can be
easily established so as to securely bond both nenbers 31 and 32. Next,
funct i onovemd thd\cartuagkesespealcdfreetdomytheHanévorambendoditeatteni 1 | be
expl ai ned hereinafter. In the fourth enbodinent, the circunferential rib 59
ext endi ngealtmidaing newuallyf entaied anddiondad; dhe ignerimentyimed bet ween t he
radial sibs 53, As a result, the volune expansion OL the inner nenber 32
acconnod&ﬂpﬁﬂsﬂﬁﬁE%bW@ﬁﬁ@”%iP%”HHEEﬁh@@wlﬁgﬁbggﬁéﬁl SVIREAIHOHBY only by the

radial ri.b 53.but alsougi.thefﬁtécunferentia%Frib 5?. ThaE is, the

ci rcunt SrETHINETTERPE CB G e FA G i £ TR ET G Of 4h§ PRI INEMPur i ng

i nt i ndj: . ; h i f ter i . ti 52 at
he ofr Ol BruAP P PripS Sal By LG8R80 8 5o PReE P Sk PRARES: 87 m® <
bonded t\bﬁéﬁeﬁg-thgggli&f1ﬂ%§1bérhﬁsbé3rpgt'&%§§6lh?Ck@l%%g"?@s@ thig (R4t §F (Eeber 31 and
t he i nner nenber can be

I ncreased affd secured portions and portions

whi ch ar®;epti iRH 6f hedfiargsenbarthe circunferential direction with a
good bal ance. I'n the third and fourth enbodi nents, the radial rib 53 nay be
inclined wth Tigspeahahent hagabr opd Ritentd allso Honeipured bafsihhgingt or .
According to this configuration, the radial ribs 53 stir and cause to flow
the air driiebeadimgnidicchutengnambat and tiod ifie mohdrer aadddispesiaigrplik@iw cool s
the rotor itself. Therefore, reducing of the electrical generation

per f or mgraxenaheat thoagrestpenadutee netrebat.i ofheanndementhdi isedounted tvea f our t h
enbodi nent, the circunferential rib 59 preferably has a shape in which the
i nt er medicatespoacing patthwrcdioss deengsie shidt.r adibgloutebseaaberagn e Clraxi num
volune. In order to have such a configuration, for exanple, the w dth

(t hi cknd8§§ NERMARENARIAANCES PEC HISPRFCANE b PC thenHargropardiipdace@ct i on) of
the circunferential rib 5 nar 56 Cha@ﬁfd' According ta the configuration
the vol UNed SxPadsiioHs FOYY Wthdant e id canlenhad SHECHAL MABHCAC t he
internediate of the radial ribs 53, so that the bonding strength at that
portion balances with that at the bonding portion by the radial rib 53, and
increase in the weight for inproving ¢ he bonding rate can be inhibited
within the m ninumrange. Fifth Enbodi nent 22 Fig. 6Ais a cross
sectional view taken at |ine 6A-6A of Fig. 6B showi ng a permanent magnet
type rotor in a fifth enbodinent, and Fig. 6B is a cross sectional view
taken at line 6B-6B in Fig. 6A. In Figs. 6A and 6B, the reference nuneral
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As shown in Fig. 6A, plural ribs 62 which contact with the inner
circunference of the outer nenber 31 are formed on the outer circunference
of the annular portion 61 of the inner nenber 32 along the circunferenti al
direction at equal intervals. A hollow portion 63 is fornmed between the
ribs 62. The area rate of the bonding portion (portion indicated by nuneral
64 in Fig. 6A ) of the rib 62 and the outer nenber 31 with respect to the

i nner circunference of the outer nmenber 31 is appropriately established so
as to ohflairAct@riseas 41t tHontiengnéaber (#0Pbern diprfetd Wonsihdljrowscat acti ca
use for a rotor between the outer nenber 31 and the inner nenber 32 after
si nteri ngy alferioe poayder watidiighngurbon tdoa dritfdl kiphositerasih, sé ieatiaaner nmenber
32 is a sintered conpact with a density |ower than that of the outer nenber
31, and ipothhaeimgespeaicr mhgheiedhandtdostdschrebhiphosthengthasamiet | as t he
third and fourth enbodinents. In the fifth enbodi nent, the bondi ng surface
64 on thebtaineds2 Thamsd tlenities menhbal s emptleyed fof stréwgthrand tre portion 61
of the inner menber 32 is directly contacted and bonded with the inner

ci r cunf evigat @anbehis eupkeyateiietupe1iorMagnefie chawmcieistinsd bbimeli ng, the 23
rib 62 expand with heat and a ,pressure in which the bonding surface 64
exerts phASEUIGNBAT EHRPIISES ANANPEL NG RIWE® o ANt HECH IN&rPoibiHe @Ngd1 i s
gener at ed

approgrirailﬁli}y égrﬁtagﬁb ﬁv@?ﬁ%}' e tﬁﬁe?z‘éﬁﬁéﬁr@#{%fﬁ%ﬁgﬁgi weén the ribs
62 31. wi i
ci rount dEHE ttfi%rt“fr%?@ Boanidtulibelo BRA hobiByly fadhiondisty rﬁg'ﬁgﬁﬁhi ch al | ows

! | A .
35" at  crin] SRy Bedhgl BEHARTRe! RSBl ChThe AR "l AR5 o5ar e
overal | S8GHGEIN ARUARMn, Ui MR SHDABETSAU hENBOREhATL R whi ch both

menbers are secure I'S” Speci as the bonding surface 64 of the

rib 62, t i 1, shefi securely
bond bot@n@%&gégg%@gﬁgr%% EOE@%%E’%%E% Ia:f?ﬂrtéétye%é(%%g:léel A g?lzlgenl%gb%gact for an

i nner neRRethedeSBARRAS &t Bynded agdqmdgr%dpovmethets@nwrﬁghaﬂ@s added a
powder containing a copper powder: 1.5% by nass a graphite powder: 1.0% by

mass, arsbizding, Sie@ﬁfaateﬁgaﬁsi@nfmmrslgn bobh inganbersandWieipihessi ng the m xed
powder to a density of 6.5 g/cnB into a shape as shown in Fig. 7. In Fig.
7, the umirhpositionsldfrtbeenembetrgrorthetigee, was adfesped ed thyt theithgrmanal i r on
powder to which was added zinc stearate as a form ng lubricant, and

conpr essixgnsion of dedimpwndeember 2 gegaden thaofthat of gie puiaitoembera Shape as
shown 111 Fig. 7 to obtain a green conpact_ for, an outer nenber 71. Anot her
outer nENEEIUTRES WhighalhePWyr sirgrBt ey Gredanct arqgaber ex¥eTtan out er
yrenber In mt_roger]_HaaI nmospher e ,[at 850 g for 30 ml\%ét es. Mreover, a pure

i ron i ngyEeSSHELN [ HINGK eHCURICLEREO the Rigr MCRReT by 85a618E%hs Hh i ngot
Steel t0Q1 al7, oufer nmber, 2~ .The green c act. for an i.nner nber was
tignt y ek T ST Caies sipsate ReERCe AP BB Gl crdinE Po e L i or eq )
conpac : . ef.-. e : o] er w

2 11 ant Aty T R ke BRI iree et ber R LT b B il PR e

sintered,1kd, @ HRBEAS T BehRW A A3En8E o 1R00ltd i Ghe B emigut es. The bonding

strengt h,
significantly large compared to other portion. Therefore, the diffusion and

bonding in the portion of outer circumference of the outer ring portion at
the radial rib remarkably promotes, and the outer member and the inner
member are securely bonded at the above portion.  Furthermore, in the
1otor of the invention, the average thickness of the outer member is less
than that of the outer ring portion of the inner member.  As a result, the

portion of the inner member except for the ribs, which have a relatively low



the weight, and the magnetic flux density as magnetic characteristics in

t he obtai ned sanpl es were neasured. The results of the neasurenent are
shown in Table 1. By way of conparison, a conventional silicon steel plate
was nmachined into a shape as shown in Fig. 1, and a material equivalent to
S45C in the JI'S was cast into a shape having hollow portions by a | ost wax
nmet hod. The wei ght and the nagnetic flux density were eval uated, and the
results are shown in Table 1. In following Tables 1 to 5, [err] good in

practi callet§®), iPnof ARARIE] PhwRF@AGLINGAE 18R Riedidh by i BugGti cal use, and
X: usable. Table 1 Inner nmenber ConpositionFe-15Cu-10C S45CO

t Conposi fneaitfeafRSihg saneahgel (Tadrkyw, sscurertgidiends £6:90&1 ®ehween
conpact Si nt er edl ngot st eel shape) conpact Bondi ng
st r engt hi@eGneMaigghb & Olgnatdranehdeact eri stic (B)OOOO ~ X As is clear

fromTable 1, the sanple fromthe silicon steel plate was superior in
magnet i ¢ char dbhepiadant inventioasutkeavyrovades b iperimasentenagietpyee f rom S45C
material of JIS was light in weight because of the hollow shape, but was
poor i n IohgnedinErshiag aait ennglar esitel megotr amnposed vhe sateptd obt ai ned by
sintering and bondj ng using the green conpact for an inner menber with the
conbi nat¢@npatt; ahdngeearcrobepaemposed odm snteed mombpact havengianosred conpact
for an outer nenber: and the ingot steel for an qQuter 25 nmenber the
vei ght \Aengly thawthat 09t artaignembengnd ameuisr glicndnterenegnet i ¢
characteristics were superior. Second | e

contacting with an 1nner c1rcumeferenceE>o%at[lT{% outer member; and plural

permanent magnets disposed at intervals on the outer circumference of the

outer member toward the circumferential direction; the inner member and

the outer member being mutually sintered and bonded; the inner member

comprising: an inner ring portion; an outer ring portion having an outer

circumference contacting with an inner circumference of the outer member;

and plural radial ribs radially arranged so as to connect the ring portions;

wherein the outer member has an average thickness not less than that of the

outer ring portion of the inner member, and the contacting area between the

1adial ribs and the outer ring portion is 10% or more of the area of the inner

circumference of the outer ring portion.

In the permanent magnet type rotor, the average thickness of the

outer member is not less than that of the outer ring portion of the inner

member.  When such a structure is employed, the portion of the inner

member except for the ribs, which has a relatively low density, may usually

be retracted by the outer member during sintering. In contrast, in the

invention, the contacting area between the radial ribs and the outer ring

portion is 10% or more of the area of the inner circumference of the outei

ring portion.  Therefore, in a pressure condition in which the outer

circumference of the inner member exerts pressure on the inner

10



A green conpact for an inner nenber was prepared by using an iron powder to
whi ch was added a powder containing a copper powder: 1.5% by mass, a
graphite powder: 1.0% by nass, and zinc stearate as a form ng |ubricant,
and conpressing the m xed powder to a density of 6.5 g/cnB into a shape as
shown in Fig. 7. For the outer nenber, an iron powder (Fe powder); an
Fe-20Si powder containing Si 20% by nass; and the bal ance of Fe and
inevitable inpurities; an Fe-20P powder containing P. 20% by mass % and

the bal anggeferEgc@nd thaeMidralt mMbeimumhth@shc@abbee R RGMBIEST Gt ai ni ng
P: 0.6% by mass, and the bal ance of Fe and inevitable inpurities; Fe-20B

powder cantacittigBiend@yicrage: riapdditienbad decsutef nkkemBedai nrvi t abl e
inmpurities; and a copper powder (Cu powder) were prepared. These powders

wer e mi xedidl ogehbeanwi thsaflicent earateevd tha hegblvehdinegxpankias ghdwn in
Table 2, and the obtai ned m xed powder for fornming an outer nmenber in the
conposi tradral ash.shdhardfordasicar@bandmgonpbe sheained hdtecsarthe doneli ti ons as
in the first exanple, and thereby obtaining sanples 1 to 22 of green
conpact sné¢mbeananduherourentembahéunhgsmicomgact s for an i nner menber were
fitted into the green conpacts for' an outer nmenber in the sane conditions
as in the firdn tesaisics mambethagcaiding & MelsEntmhe asgraimierentiahgt h and
the magnetic flux density in sanples, 1 to 22 were evaluated, and the
resul £ THt EXLMSURS TP BlcecEcUmatrendial dirosl SRcas e &ltlﬂra&“so%e(ljorrposi tion
of m xed. powder, mass, % gond netic t t.h . . .
Rermar ke Sl Pettidn TGP ETOBeD. bF arses. Beuetlial e ACFRIEPEIRAN i s arac o
BNoFe powder powder powder powder er er . 01Bal apceBal anceQO
A g R R e
05Bal angfe b%%ld?r?é: %ith the outt? MemBt X abiieénot only by the radial rib but

also by the circumferential rib.  That is, the circumferential rib disposed

between the radial ribs expands with heat according to its volume during

sintering and bonding, so that the portion of the outer ring portion at the

circumferential rib is securely pushed to the outer member and bonded

thereto. Therefore, the bonding rate between the outer member and the

inner member can be increased, and secured portions and portions which

are not secured are arranged in the circumferential direction with a good

balance.

According to preferable embodiment of the invention, the

circumferential rib may have a shape in which the intermediate portion

thereof between the radial ribs has the maximum volume. According to

this embodiment, the volume expansion of the circumferential rib is

maximum at the intermediate of the radial ribs, so that the bonding strength

at that portion balances with that at the bonding portion by the radial rib,

and increase of the weight for impioving the bonding 1ate can be inhibited

within the minimum range.

According 1o a more preferable embodiment of the invention, the

11



Balance J J 4 0 O X S~ Content out of a er limt-06Bal ance0

5Bal ance0. 100 _ 07 ~Bal ancel. 5 Bal ance0. 300008 09Bal ance Bal ance3 0 3
5Bal ance Bal ance0 6 0 7-O ~_ ~~ _ - 10 balance 5 OBal ancel 00-XP Cont ent
out of upper nmm71 12 13 14 15

radial 1ib may be inclined with respect to the circumferential direction of
the rotor. According to this embodiment, the radial ribs stir and cause to
flow the air therearound during rotation of the rotor, and the air flow cools
the rotor itself. Therefore, reducing of the electrical generation
performance due lo temperature elevation can be inhibited.

Materials for the outer member and the inner member in the
permanent magnet type rotois in which both the inner member and the
outer member are made from sintered materials will be mentioned
hereinafter. Compositions equivalent to class 3, class 4 or class 5 in SMF
specified in JIS Z 2550 are preferable for the inner member.

Compositions containing C: 0.3% by mass or less, a balance of Fe, and
inevitable impurities are preferable for the outer member. The pure
ferrous sintered material may further contain at least one of Si: 3.5% by
mass or less, P: 0.7% by mass or less, B: 0.35 by mass or less, and Cu:
3.0% by mass or less.

In the permanent magnet type rotors, in order to ensure the bonding
strength, the inner member may be fitted into the outer member along a
contacting surface by passing fit with a gap of 51 m or less, or by
tightening fit with a tightening interference of within 0.0025 times the

diameter of the contacting surface before sintering.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A is a plan view of an embodiment of a permanent magnet
type rotor according o the invention, and Fig. 1B is a cross scctional view
taken at line 1B-1B in Fig. 1A.
Fig. 2A is a plan view of another embodiment of a permanent

magnet type rotor according to the invention, and Fig. 2B is a cross

L
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sectional view taken at line 2B-2B in Fig. 2A.

Fig. 3 is a plan view showing a bonding condition in which an inner
member was fitted into an outer member and these were then sintered
together.

Fig. 4A is a plan view of another embodiment of a permanent
magnet type rotor according to the invention, and Fig. 4B is a cross
sectional view taken at line 4B-4B in Fig. 4A.

Fig. 5A is a plan view of another embodiment of a permanent
magnet type rotor according to the invention, and Fig. 5B is a cross
sectional view taken at line 5B-5B in Fig. SA.

Fig. 6A is a plan view of another embodiment of a permanent
magnet type rotor according to the invention, Fig. 6B is a cross sectional
view taken at line 6B-6B in Fig. 6A.

Fig. 7 is a cross section showing an outer member and an inner
member manufactured in an example of the invention.

Fig. 8 is a photograph showing the distribution of bonding strength

in a rotor manufactured in an example of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The permanent magnet type rotor of the invention is described in
detail while referring to the accompanying drawings.

First Embodiment

Fig. 1A is a plan view of a permanent magnet type rotor in a first
embodiment, and Fig. 1B is a sectional view thereof. In Figs. 1A and 1B,
reference numeral I is an outer member and reference numeral 2 is an inner
member. The inner member 2 is composed of a ring-shaped outer ring

portion 21 and an inner ring portion 22 which are connected together by
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means of a disk-shaped rib 23 as shown in Fig. 1. The thickness of the rib
23 is less than that of the outer ring portion 21 or the inner ring portion 22,
and hence the weight is reduced. The outer member 1 is shaped like a
ring, and its outer circumference is processed in a regular polygonal shape,
and permanent magnets 3 are fixed thereon.

Second Embodiment

Figs. 2A and 2B show a second embodiment of the invention, in
which the outer ring portion 21 and inner ring portion 22 are connected
through a plurality of connecting ribs 23a disposed at equal intervals in the
circumferential direction, and hollow spaces 24 are provided and the
weight is further reduced.

In the permanent magnet type rotor shown in Figs. 1A and 1B or
Figs. 2A and 2B, a ferrous alloy powder or mixed powder is compressed
into a green compact having the shape of the inner member 2, and a pure
ferrous powder is compressed to a green compact having an approximately
annular shape. The green compact for the inner member 2, and green
compact for the outer member or a sintered compact obtained by sintering
it, or an outer member manufactured from an ingot steel to have an
approximately annular shape are fitted together and sintered.  Since the
thermal expansion amount of the inner member 2 containing carbon is
greater than that of the outer member 1, these members tightly contact, and
sufficient diffusion bonding can be obtained and high bonding strength can
be obtained. Subsequently, the outer circumference of the outer member 1
is machined to a regular polygonal shape, and permanent magnets 3 are
disposed and fixed thereto, so that a weight-reduced permanent magnet
type rotor having both magnetic characteristics and strength is obtained.

Fig. 3 shows a condition before machining the outer member 1 of

14
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i0 2i2.00- O 27 As is clear from T Table 2, in sanple 4 in which the. Si
content was 3.5% by mass, the magnetic flux density was slightly reduced
al though within a practical range, and in sanple 5 in which the Si content
was nore than 3.5 % by nass, the magnetic flux density was reduced. In
sanple 10 in which the P content was nore than 0. 7% by mass, inpurities

preci pi tgiceseataginimadesngaciresor ditdvi e Fipgphet ilg thiswerdensity was
reduced. In sanple 15 in which the B content was nore than 0.3% by nass,

i npuriti mgpeecygm tabedhatthgrmaihe heumden nasouranst thBeportignedf hefdwgr densi ty
was reduced, and al so the bonding strength was slightly reduced. In sanple
18 in whiinf pdréo@R kenthentcomesti3ts by 2asdyring due sindering prbecssaignet i ¢
characteristics and slight reduction of the bonding strength were observed
due to ag@atexihanshempapienafghemutantngrpardiopl 21 20thexkbekbawspRes By. mass,
due to excessive expansion of Cu, the gap between the outer nenber and the
i nner rreTEb@refprﬂ;r@ﬂpsléw,n aaadmgeisyyeaoigdsnp st the\per tigacefddiseiteand al so
the magnetic characteristics were reduced, Thus, as |long as the Si content,
the P copifewmnicicnse@idbatBper Memabeihé and (BemosHon e Wiheli n a preferred

[ange of Neouention, KoLl o0d pg, sLienath aud gnen L6, charpeier ot e
e s R e D gt
commac s sk BB B SRR Db 2P UROe o o T e

di ffere”&%?nl?c{]r 1',%%%5%1‘;?] '@Ehé&c%él‘?é’ﬁbsﬂr#éth}?&h@r ﬁlerﬁﬂﬁgla}é‘ese were

sintered 1n e 'sane C itrons as I n irst exanp and t he bondi ng
st rengt hgaadiotxgdmagnetic characteristics were evaluated, and the results
are shown in Table

Accordingly, in this embodiment, the permanent magnets 3 fixed on
the outer circumference of the outer member 1 are disposed on the portion
of the outer circumference of the outer member 1 at the connecting ribs 32a
of the inner member 2 at which the magnetic characteristics are decreased,
and the side of the permanent magnets 3 is positioned to be opposite to the
hollow spaces 24 of the inner member 2. In the portions facing the hollow
spaces 24 of the inner member 2 (part B in Fig. 3), the diffusion bonding is
inhibited compared to the portions at the connecting ribs 23a (part A), so
that diffusion of carbon from the inner member 2 is decreased and the
magnetic characteristics can be maintained. Therefore, by disposing the
side of the permanent magnets 3, in which the magnetic flux is most
concentrated, at this area (part B), sufficient bonding strength can be
obtained, and a permanent magnet type rotor having further superior
magnetic characteristics can be obtained.

When ferrous green compacts are sintered and bonded together, as

long as the two membets are tightly contacted with each other at least in
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28 Tabl e 3 I nner ~ConpositionFe-1

5Cu- 1. 0OCnenber Qut er Conposi ti onFenenberFitting difference+1l0 yin +5 yin-60
yin -375 yin-400 yin(Interference)Passing fitTightening fitBrokenBondi ng
strengt h~ ~O0O Magnetic characteristics (B)OO ~O- O ~- As is clear from
Table 3, in the passing fit with a fitting difference 5i m a favorable
bondi ng strength was obtained, but in the passing fit with a gap of 10 i m
suf ficient bonding was not obtai ned and the bonding strength was reduced.
In this pasof anigh tehepatharetengeibitibeucanirrahan@EUTCdgehvamiéhdgmm a
favorabl e bondi ng strength was obtained by tightening fit wth the

ti ght eni mgcers ehtacqnoeddim6.diff2ts ncomslingéo diatehperavfre, et cont bet i ng
surface (0.375 mm = 375 i m, but the green conpact was broken by

t i ght eniesgirhatedvis timehentilathgediffusgin daptigof Hteealley enowpotamts reachesur t h
Exanpl e Green conpacts for an inner nmenber were prepared by using a m xed
powder cadmuini ny, antficient pondierg steengipman poabiined. s&inigringsis, a graphite
powder: 1.0% by mass, and adding_zinc stearate (Zn-St) as a a _formng

| ubr i candSuddly frlihpRase paeiens. aWaenastiteang isgeirymed Hi apagiBar at e

i e poHSRSPISe: s B OEbRRIPDGHE S 1 AURRE' PRaiotGhantl BIS Fafout o
T P PR LR SSPRRY S5 O BLRS ARSI %52
SLear et < MRS PSP, DUIFLRRS] B HRIBRE bBHDS ST,
menber. JACKE,LRIMEHhFintAh 4 MEIcifRYEL Hrédsion of the sintered compact.
Furthermore, by containing zinc in the green compact for the inner

member, and without containing zinc in the green compact for the outer

member or an ingot steel for the outer member, both members may be fitted

together and sintered in a carburizing atmosphere. As a result, in the

green compact for the inner member containing zinc, carburizing from the

atmosphere occurs and contraction of its volume due to progress of

sintering is suppressed, and the thermal expansion amount is greater than in

the case in which zinc is not contained.  Accordingly, diffusion bonding is

promoted by sintering in a condition of the outer member 1 relatively

tightening the inner member 1, and the two members are bonded more

securely.

While the atmosphere is not carburizing in the sintering process,

although the green compact for the inner member contains zinc, the effect

of increase of expansion amount does not occur.  When the atmosphere is

carburizing, the expansion amount of the gieen compact is slightly

increased if zinc is not contained. However, in a composite component of

inner member and outer member, this phenomenon occurs similarly in both

the outer member and the inner member, so that the relative difference is
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and outer nmenbers were conbined, and were fitted by tightening fit with the
tightening interference of 60 i m Then, they were held in a deconposed
anmoni a gas atnosphere and a degenerated butane gas atnosphere at 1130 C
for 40 m nutes. The bonding strength and the nmagnetic characteristics in
the sanples were evaluated, and the results are shown in Table 4. Table 4 |
bConposi ti onFe-1.SCu-1. 0Cnner nmem erForm ng lubricant 'Zn-St ~ Zn-St ~
Li-St ~Zn-StOt bConpositionFeu er nmem er Form ng

| ubr i cantadnppdreniStakid-thezn isShSiefifeer bnghatbmpeipher eDebonphs atnaspinica
gasDegener at ed but ane gasDegener at ed but ane gasDegener at ed but ane
gasBondiigsgasbnengighandObONa grehbersadmarntact einicsthesxfB)sion@dwsst i s clear from
Tabl e 4, favorabl e bonding strength and magnetic characteristic were

obser vednicreashe buo nbconatpensaied fioeand denrasopiachefsamean Zimemayember usi ng
zinc stearate as a formng |ubricant and the green conpact for an outer
nmenber uxldegl i he geearcamepae for e Mgy mabricabut whentpsldeg isimtered in a
deconposed anmoni a gas atnpsphere; in the conbination of the green conpact
for an ifemer ohgiiseyteaiite do bertscetadso a8 @ Tagmang dubiiggn(, the 1ahuntcaanke t he

green conpact fqr. an outer nmber using.lithiumstearate, as a formng
[ ubri cart@v§és ﬁ@géilfﬁléf @rrﬁﬁgiscaﬁ‘@@h&aeavwmmé@é Lﬁ’éﬁ“’é@ﬁ%ﬂ%@@@; in the

253 T or A B RLBPTRLHRC SAt 4 o lapsbiRo Mernic Bas Produced By Tl gas™ S #2 2©
or methane hydrocarbon (for example, carburizing degenerated butane gas)
is preferable.

For improving of bonding strength, it is also important to define the
fitting dimensional difference (the difference between the inside diameter
of the hole of the outer member and the outside diameter of the inner
member) when the inner member is fitted into the outer member. In this
case, it is preferred to set the outside diameter of the inner member to be
slightly larger (tightening fit), and press-fit the inner member into the outer
member, and the tightening interference should be larger in order to
achieve a higher tightness of both. Howevel, to avoid breakage of the
outer member which is low in strength before sintering (green compact)
due to excessive tensile stress, the tightening interference should be
preferably kept within 0.0025 times the diameter of the contacting surface.
If passing fit is selected, the gap should be smaller, pieferably within 51 m.

Third Embodiment

Fig. 4A is a plan view of a permanent magnet type rotor in a third
embodiment, and Fig. 4B is a cross sectional view taken at line 4B-4B. In
Fig. 4, reference numeral 31 is an annular outer member and 32 is a
cylindrical inner member. The inner member 32 is composed of an inner

ring portion 51, an outer ring portion 52 of which the outer circumference
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conpact for an outer nenber using lithiumstearate as a foring |ubrication
and being sintered 117 a degenerated butane gas atnosphere; and 117 the
connbi nati on O the green conpact for an inner nenber wusing zinc Stearate
as a formng lubricant and the green conpact for an outer nenber using 30
zinc stearate as a formng lubricant and being sintered 111 a degenerated
but ane gas at nosphere; the bonding strength and the nagnetic
characteristics were good. In particular, it was confirmed that the bondi ng
st r engt hcostaek tvigmeeyinmeglei ndnenfel tieces b htley dnigr wasmper Bt ard rhdiad

degenerat ed butane gas by using the green conpact for an outer menber using
|'i t hi um sbeadBawaiciFtdanabyanpirecRahdnstegiatonthiennkegringgomiontd thntihe rate
of the contacting area between the radial ribs and the outer ring portion
wi th respecouteo riutgepartazn 6. t Adhd radkal Bbs Sdrfdertniaig dfe tatealout er ring
portion was varied by setting the nunber of the radial ribs to 12 and the
out er di dieeiepnoind pie dispescdahbanak mtammls i theiciramafesnyiahg t he aver age

t hi cknesa_ of .the oukehﬂmanber, tﬂe_ verag t hi ckness of the outer ring
portion BFCEhani ndeAOHEMHEPILIGIa+tIRdOtREE bsbweenihe rrdiphmibsIS3.i bs. Green
conpacts_for inner rs were prepared.by.usin m xed powder with a
COMpoSsi tII?ﬁ %%Fﬂlﬁlﬁ%t r@‘%&@%thE?BWI%E & lpﬁﬁg?dg?)é&f‘l&%eéagggénform ng

| ubri can nd c essi,ng the m er- to.a density.of.6.5 g/cnB.

G een coﬁ{’%?t@ af‘gr Pah"%@ﬁﬁﬁlrgbﬁf %&gmﬁpafléﬁ‘d ThhE BQF%@lﬁzrﬁvktgd powder Wi th
an iron Zl , S form.nng. | ubricant, .and conpressi ng
the m xege%ﬁg%t@?&][%olﬁggggﬁéﬁﬁﬁg&% %fa‘&ec e %ﬁ'{g B%%B%{{;#Zfl%r all inner
menber fit ] : . : Igﬁﬂﬁ Wi t i.ght eni ng
interfer clgpt(g#a? é &%@%ﬁﬁgﬁ@ gépd{lﬁggrggﬁiﬁl%gn g‘? 1v\\g{'t/eé; @@%n@ler ed in a
degener ahfle PUIRAR aA8% b RERAPLG: Alr 4 1Hr bel@bed thdbitrGRenite onditi on

of the contacting surface between the outer er and the 1 nner nenber in

t he r ot ofndvese ghﬁ@rm@ﬁlbt@y;@naﬂgéltgjg%m@ crack detector (M 500, produced by
CANON Cor poration) to obtain the bondinhg rate. The results are shown in

Tabl e 5 The boAdicogsy 86 ¢s ¥asnebuatliwedentor 31 the theerfiohg portign Farger . Fig. 8
shows data of the bonding strength distribution in which the bonding

condi t i othealnmeg nidraber B2uaheé tlentiralindereantei therewdsis dotpet! tbybet héhigkt r asoni ¢
crack detector. In the data, the white portion is a securely bonded portion
i n whi chpotisrd 7 f udihenraanal tibé oloardipryonematadyfthe sheret hgight ¢axiabsed and

there is no boundary surface between_the outer nenber and the inner nenber.

I n cont rddeknaessg ag tho gk pertionrdT.s Blurgbserey bakget pes farored m i ch a
ponai ng PRREHERK BHIAFREN (b RS RyUHBIGH BRI ORALGSHEE por 1 on based
on the data. ol § o%gbt%%dci:ilncqmsltferr%pl L dflrieg i(r)}l.bm]ih%nfolgrz is malu%?éc? t07, for

example, a transmission using the screw holes 58.  Plural permanent

magnets (not shown) are secured on the outer circumference of the outer

member 31 at equal intervals.

In the embodiment shown in Figs. 4A and 4B, when the average

thickness of the outer member 31 is equal to or greater than that of the

outer ring portion 52 of the inner member 32, the pioportion of the

contacting area of the radial rib 53 and the outer ring portion 52 with

respect to the inner circumference of the outer ring portion 52 is 10% or

more. As a result, the outer ring portion 52 is provided with a sufficient

area to receive the large volume expansion of the radial ribs 53, so that the
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Sampl e No. Quter dianeter of outer nenber (M) Average thickness of
outer nenber (mm) Average thickness of outer ring portion of inner
menber

inner member 32 and the outer member 31 are securely bonded each other
during sintering. When the average thickness of the outer member 31 is
less than that of the outer ring portion 52 of the inner member 32 (not
shown), the portion of the inner member 32 except for the ribs 53, which
have a relatively low density, is not retracted inwardly in the radial
direction by the outer member 31 during sintering. Therefore, secure
bonding is formed between the inner member 32 and the outer member 31.

Fourth Embodiment

Fig. 5A is a plan view of a permanent magnet type rotor in a fourth
embodiment, and Fig. 5B is a cross sectional view taken at line 5B-5B.
The rotor comprises an annular outer member 31 and a cylindrical inner
member 32 as well as the rotor in the third embodiment. The inner
member 32 is composed of an inner ring portion 51, an outer ring portion
52, and radial ribs 53. The radial ribs 53 have an approximately the same
thickness as the inner ring portion 51, the height of the outer ring portion
52 (axial direction) is approximately the same as that of the outer member
31. A hollow portion 54 is formed between the radial ribs 53. In the
embodiment, the area rate of the bonding portion (portion indicated by
numeral 55 in Fig. 5A) of the radial rib 53 and the outer ring portion 52
with respect to the inner circumference of the outer ring portion 52 is also
appropriately established so as to obtain a required bonding rate (30% or
more) which allows ptactical use for a rotor between the outer member 31
and the inner member 32 after sintering. In the embodiment, a
circumferential rib 59 is formed between the radial ribs 53, and is integrally
formed with the outer 1ing portion 52 and is extended along the
circumferential direction. Plural permanent magnets 33 are secured on the

outer circumference of the outer member 31 at equal intervals.
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(m) Wdth of nb (mmRate of bonding area between radial ribs and
outer nng portion wth respect to inner circunference of outer nng
portion (f) Bonding rate (~) Bonding strength

The permanent magnet type rotors in the third and fourth
embodiments aie manufactured as follows. First, a green compact for the
ouler member 31 is obtained by compressing a pure ferrous powder into the
shape of the outer member 31, or a sintered compact for the outer member
31 is obtained by sintering the green compact. A green compact for the
inner member 32 is obtained by compressing a ferrous alloy powder or
mixed powder into the shape of the inner member 32. In this case, the
density of the green compact for the inner member 32 is lower than that of
the green compact for the outer member 31 or the sintered compact for the
outer member 31. Then, these compacts are fitted each other and sintered,
and subsequently, the outer member 31 is appropriately machined and the
permanent magnets 33 are arranged and secured thereon. In the sintering
process, atomic dispersion occurs al the contacting surface between the
outer member 31 and the inner member 32, whereby both members are
bonded.

According to the above permanent magnet type rotor, the inner
member 32 is a sintered compact with a low density and superior magnetic
characteristics, and the inner member 32 is a sintered compact with a high
carbon content and high strength, so that a rotor has superior magnetic
chaiacteristics and high strength. That is, the inner member 32 is
employed for strength and the outer member 31 is employed for superior
magnetic characteristics. The inner member 32 comprises the inner ring
portion 51, the outer ring portion 52, and radial ribs 53 which are radially
arranged and connect these portions 51 and 52.  In this configuration, the
hollow portion 54 is formed between the 1adial ribs 53, so that weight
reduction and compact design as well as increased strength can be

obtained.
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contacting area between the radial ribs and the outer ring portion with

respect dinet hembee3 dfis sixaifionety ¢arpewdrepenrcetonvdicr pertiffs.or nmore to
obtain the above advant ages. 34 CLAIMS 1. A permanent nagnet type rotor

conpri sifgereforel tnediffestbarbdmaliinggn dhe potteon oif ihe patdn ancurafier@ppe oxi mat el y
annul ar outer nenber having soft magnetism and an inner circunference

cont act iofgheiatiearingyiationi 32 ahfher mael Bb X3hie remakablyngraoetédyrandand

pl ural permanent magnets di sposed at equal _intervals on the outer

ci r cunf dhemaéciomentzciodt apdiBateRct BRARETt heatd seawelr berded abihcect i on;

& ol nt erwVaRatioR . Hha TR BedioNERbER AEHT RECSETR NGt HRRe. mut ual |y
1 ”&EEE& I8 RRG Faebiri BB abaeRRes TR Brrg O She ?‘%%F%Lgk?ggtg Shat
or 2 bRk e B DR in G SRR B IR ISR St e o
accor di nfl,{ 9 60y BonthIS! Bl L RRI IIRSWELEGAIMARETPL, Ay BLisRRNECt I NG

ri bs di sposed at equ toward e circunferentt al rection, and

the per mREMkcMBIABS 3 ndithRosSst QRNINE IWAREr SitEYAE RAANKE of the outer
menber at the connecting ribs of the inner nmenber respectively. 4. The

per neneribtad@et Th@efsel dotiresandeng3t and 3 arclovutadlr ficuréRebewd@r. nenber
is conposed of a ferrous sintered material containing C. 0.3% by nass or
| ess, a lhahareebodinket, dnslportemi trakbtech mpth intérmber3ére securely bonded
is specified as the portion at the radial rib 53, so that the area rate can be
easily established so as to securely bond both members 31 and 32.
Next, functions and advantages specified by the fourth embodiment

will be explained hereinafter. In the fourth embodiment, the

circumferential 1ib 59 extending along the circumferential direction is
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5. The pernmanent magnet type rotor according to claim4, wherein the
ferrous sintered material further contains at |east one of Si 3.5% by nass
or less, P. 0.7% by mass or less, B: 0.35 by nass or less, and Cu: 3.0% by
mass or |less. b. The pernmanent nagnet type rotor according to claiml,
wherein the outer nenber is conposed of an ingot steel having a magnetic
characteristic of saturated nmagnetic flux density of L.O T or nore. 7. The
per manent magnet type rotor according to claiml1l, wherein the inner nenber
has a cdimpagidtbaweauheahdi] 1ilss §8asA3a redidgshé vlugleasgansion SVF
specified in JIS Z 2550. 8. A manufacturing nmethod for permanent magnet
type rotthe,inhbenmenbad3 2 acpoimsnodatifig thé hgndigy eeth denpaet ni@nban i nner
menber formed by conpressing a m xed powder nminly conposed of a ferrous

al | oy pdﬁbé@a@&ahnoF@nbohméheamﬂaha&ﬁﬁ@bahabmubyth¢ngtpnﬁbknﬁkﬂmﬂn an
approxi mat el y annul ar outer nenber having an inner circunference contacting
wi th an DUt elhel isc tiv¢ stenodesgntidaibh ARexanglg wishthieah aceonshieg itagtsbot h t o
integrate the inner nenber and the outer nenber; and di sposing and fi xing
per manentolranduEngsinissingang bendngrserlbat iepotian alithe owisiberg 9. The

Clai m &, PUHBRcT ot (e GFeuRTEBRbaLeIt 39 beelERnBrs el wuia shape i n
whi ch pl I L i,bs di t intervals t d th
i ount APERIE s PRRICB NIRRT A bGlRLBFr PRGN SRR, nmer i ng
[ ' f hr. h_hoal.e f haf
agnet o ORGP TR G el b QPR P ol BB A Erner et ¢ ne
connect ig, (1 PSALESREELs ¥akiond Qe SRONLASHUL A0 JEENA] {Hh per manent
gnet type Totor accordfng to clarm g, erern the “ou menber is a green

conpact f: : L RG: er form ng m xed powder conposed
np e&g%%ﬁbrréﬁuﬁpgﬁ&éﬁ h gglft@? %&Pﬁgﬁ!&?@. g p nmp

of an F m xed W icant for. 11. The manufacturing

met hod for perpaRenhir@BANREfodIPeniRIdmches,ahdirpdid @ite53imaBbewherei n the
outer nmenber is a sintered conpact fornmed by sintering a ¢green conpact

formed hyiclinedveisls regpean tothecireamfererfitl ingtiorxefltheomsder. conposed of an
Fe powder m xed with'a formng lubricant. 12. The manufacturing nethod for

per manenAcomgiteg té yips cootlrurationr dicgdial 1tbadthstid, arvhensertothewahter nmenber
form ng m xed powder is a mxed powder mxing an Fe-P powder, or an Fe
powder andthareEmuRdpdudeg rotattbmof tharatgr,l anst itheamit fleanmdobhetheormtent of P in
the outer nmenmber formng m xed powder is 0.7% by mass or |less. 13. The
manuf actitfelhg Theredarefregeemgnehthenglgatcal weacraian padesmanag dues tol ai m 10,
wherein the outer nmenber t01-m.ng. m xed powder further contains at |east

one of JEMPSRARIES creyagionebe INkdiigdyownder

In the fourth embodiment, the circumferential rib 59 preferably has
a shape in which the intermediate portion thereof between the radial ribs 53
has the maximum volume. In order to have such a configuration, for
example, the width (thickness in the axial direction) and/or the height
(radial direction) of the circumferential rib 59 may be changed.
According to the configuration, the volume expansion of the
circumferential rib 59 is maximum at the intermediate of the radial ribs 53,
so that the bonding strength at that portion balances with that at the
bonding portion by the radial rib 53, and increase in the weight for
improving the bonding rate can be inhibited within the minimum range.

Fifth Embodiment



37 all oy iron powder containing B, Cu powder, and Cu-B powder, and the Si
content is 3.5% by nmass or less, the B content is 0.3%by nmass or |ess, and
the Cu content is 3.0% by mass or less in the conposition of the outer
menber form ng m xed powder. 14. The manufacturing nethod for pernmanent
magnet type rotor according to claim@8, wherein the outer nenber is an

i ngot steel having a magnetic characteristic of saturated nmagnetic flux
density of 1.0 T or nore. 15 The manufacturing nethod for pernmanent magnet
type rotor acdapdorgid o cobssisecBonwheiei nakdieachnposiHifonf dfigtbB green
conpact for the inner menmber is equivalent to class 3, class 4 or class 5
in SMF syheovifiged permah & Zmagacet type mher naadff&lmﬁmbotgmmtthmdd fog. @Br manent
magnet type rotor according to claim8, wherein the green conpact for the

i nner neffiecrohascelicontpasit fadwenlat lid 6B-0Rentkigr ). ekphfes. 6 ohdt he i nner
menber |s greater than that of the outer nmenber in the high tenperature
range of6IBodE isfeience raumenag 3di ﬁtaék@lhyﬂpr outyygnemberpng Fdrutact uri ng

Mner meHEHTIG T D e gk $hems (heme fanBBe oY ShoboMEEE ng surf ace. by
Eﬁf o et tpgv'%ﬁsg ?%galg%wermﬁlgwége#hgiﬁaﬁgﬁl‘r@eﬂﬁwﬁ}%@r%egé@? fi ghteni ng
IR AT e OOSAES i,
et e R ARy M R, lﬁﬁgﬁ%ﬂfﬁﬂﬂﬂc@ﬁf o R 2 n. and- i s
Si Nt er edpy) | g%&zlnnu dt%hgg?&%r@sﬂléesreﬁné@on BQ%}[UW@I”@L“%? ‘ﬁrceto\f% rotor

conpri sing: menber conpose ere conpac an
i nner ”QﬂR@fnﬁﬁﬁBQﬁ@@z@% ﬁaﬁhﬂéﬁﬁﬁg conpact having a | ower den5|ty t han

that of the outer nber an an outer circunference contacting with an

i nner circunf %@@B@w@fmt . O 85 luPE ey 62 ankichl cimhcd@itemmeThnepgnet s
di sposed at intervals on the outer circunference of the outer menber toward

the cirairfignfnthed ofitheoutarmentberidingre foemeel oankle bheerout er member  bei ng
mutual |y sintered and bonded;
circumference of the annular portion 61 of the inner member 32 along the
circumferential direction at equal intervals. A hollow portion 63 is
formed between the ribs 62.  The area rate of the bonding portion (portion
indicated by numeral 64 in Fig. 6A ) of the rib 62 and the outer member 31
with respect to the inner circumference of the outer member 31 is
appropriately established so as to obtain a required bonding rate (30% or
more) which allows practical use for a rotor between the outer member 31
and the inner member 32 after sintering.
In the rotor according to the fifth embodiment, the inner member 32
is a sintered compact with a density lower than that of the outer member 31,
and both members are sintered and bonded each other, as well as the third
and fourth embodiments. In the fifth embodiment, the bonding surface 64
on the rib 62 formed on the radially outside of the annular portion 61 of the

inner member 32 is directly contacted and bonded with the inner

circumference of the outer member 31, During sintering and bonding, the



the inner nmenber conprising: an Inner ring portion; an outer ring portion
havi ng an outer circunference contacting with an inner circunference of the
outer nmenber; and plural radial ribs radially arranged so as to connect the
ring portions; wherein the outer menber has an average thickness |ess than
that of the outer ring portion of the inner nmenber. 20. A permanent nagnet
type rotor conprising all annular outer nenber' conposed O a sintered
conpact; an inner nenber conposed of a sintered conpact having a | ower

density tib&#2 ¢qypincbivithheeaiutiel a peedsare anevtaoh obit doncing suffecetde 39
contacting with an inner circunference of the outer nenber; and plural

per manentxaragmessudi epobsedradr dinttenfataconf the oatdrencoitrer @if Br ence of the
outer nenber toward the circunferential direction; the inner nmenber and the
out er negEratee, ng thut baih mesibie 3ddarahd2bondedyrd pdondedr Myrber

conpri sing: an inner rin?_portion; an outer ring portion having an outer

ci r cunf erpgrioprigaly astashang hhematerfdhe slonéaeting errsebeifvadnetheutiles nenber ;
and plural radial ribs radially arranged so as to connect the ring

por t i ons®2 aRdribe wuitememker eRGEY rasREChIP HikeriggeoltthedRAGEs not | ess than

that of the outer ri ortion of the inner menber,. and :
circumerence of 1hE duter member 1, a required bonding rate which

allows ptactical use for a rotor between the outer member 31 and the inner
member 32 after sintering can be obtained. Therefore, both members 31
and 32 are overall securely bonded. In the embodiment, the portion in
which both members are securely bonded is specified as the bonding
surface 64 of the rib 62, so that the area rate can be easily established so as

to securely bond both members 31 and 32.

EXAMPLES

First Example

A green compact for an inner member was prepared by using an
iron powder to which was added a powder containing a copper powder:
1.5% by mass, a graphite powder: 1.0% by mass, and zinc stearate as a
forming lubricant, and compressing the mixed powder to a density of 6.5
g/cm’ into a shape as shown in Fig. 7. In Fig. 7, the unit is millimeter.
Outer member was prepared by using an iron powder to which was added
zinc stearate as a forming lubiicant, and compressing the mixed powder to
a density of 7.0 g/cm’ into in a shape as shown in Fig, 7 to obtain a green
compact for an outer member 71.  Another outer member was prepared by
sintering the green compact for an outer member in nitrogen atmosphere at
850 °C for 30 minutes. Moreover, a pure iron ingot steel in a shape as

shown in Fig. 7 was prepared as an ingot steel for an outer member.
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t he contacting area between the radial ribs and the outer ring portion is
10% or nore of the area of the inner circunference of the outer ring
portion. 21. The pernanent nagnet type rotor according to claim 19, wherein
a circunferential rib extending along the circunferential direction
contacting wwth the outer ring portion is provided between the radial ribs.
22. The permanent magnet type rotor according to claim?2l, wherein the
circunferential rib has a shape in which the internmediate portion thereof
between the rdbhalgredrbsomasct her aeximammenibereva?@ghilpeiped imoeht nagnet
type rotor according to claim?21, wherein the radial ribis inclined with
respect greenhmmpactuiof ememtucahnambectthemmtaracheom(p)act fii0ar0duter~I
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I oMVN\N O OCOO
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s sl an stsnie erlles i stlanlie, oo
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c aJcalUc aJca]jc”alc alJca zA'l9
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As is clear from Table 1, the sample from the silicon steel plate was
superior in magnetic characteristic, but was heavy, and the lost wax sample
from S45C material of JIS was light in weight because of the hollow shape,
but was poor in magnetic characteristics. In contrast, in the sample
obtained by sintering and bonding using the green compact for an inner
member with the combination of the green compact for an outer member;

the sintered compact for an outer member; and the ingot steel for an outer
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forming lubricant, and compressing the mixed powder to a density of 6.5
g/em’ into a shape as shown in Fig. 7. For the outer member, an iron
powder (Fe powder); an Fe-20Si powder containing Si: 20% by mass, and
the balance of Fe and inevitable impurities; an Fe-20P powder containing
P: 20% by mass %, and the balance of Fe and inevitable impurities; an
Fe-0.6P powder containing P: 0.6% by mass, and the balance of Fe and
inevitable impurities; Fe-20B powder containing B: 20% by mass, and the
balance of Fe and inevitable impurities; and a copper powder (Cu powder)
were prepared. These powders were mixed together with zinc stearate in
the blending ratios shown in Table 2, and the obtained mixed powder for
forming an outer member in the composition as shown in Table 2 were
compressed in the same conditions as in the first example, and thereby
obtaining samples 1 to 22 of green compacts for an outer member. The
green compacts for an inner member were fitted into the green compacts
for an outer member in the same conditions as in the first example, and
they were sintered. The bonding strength and the magnetic flux density in

samples 1 to 22 were evaluated, and the results are shown in Table 2.
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XYMYYYY&ZAEMN/  f 10%448* 10%44&" () - S&10%H&' () - s$- 10%4&' ()- "10%4& ()- s
s109%4& ()- 10%4& ()- &ZgZzZZ\\\\dE:/ 10H
10H3<10%48' () - s3& 10%4&' ()- 11 10%4& ()- "/ 10%& ()--10%4& ()- +Y10%4& ()-
W11 bsQ@/ 19! 109& ()-M d9 10%-9%-9& ()-9 109%& ()-'VL@ 109%& ()-s
VL@ 10%&' ()-sL@ 10% ()-s 10Hbccccce>fh~\= 19L' ! 10%& () -
ITL, ! 109 ()-L,!10% ()- 10 10 10Y=109&' ()-! 9! 10% % %' ()- Mni jcj dj ejfj
M- @ 193-109& ()- 9,:!10% ()-G 10 10 10l <10%&' ()-!VL-T 10%&' ()-M.-T
10%&’ () - Mvhopadgqestany GromIPable Y& sehrpld @ kOwhich the Si content was
3.5% by mass, the magnetic flux density was slightly reduced although
within a practical range, and in sample 5 in which the Si content was more
than 3.5% by mass, the magnetic flux density was reduced. In sample 10
in which the P content was more than 0.7% by mass, impurities
precipitated at grain boundaries, and the magnetic flux density was reduced.
In sample 15 in which the B content was more than 0.3% by mass,
impurities precipitated at grain boundaries, and the magnetic flux density
was reduced, and also the bonding strength was slightly reduced.
In sample 18 in which the Cu content was 3% by mass, reduction of
the magnetic characteristics and slight reduction of the bonding strength
were observed due to a Cu expansion phenomenon, and in sample 19
exceeding 3% by mass, due to excessive expansion of Cu, the gap between
the outer member and the inner member increased, and the bonding
strength was decreased, and also the magnetic characteristics were reduced.
Thus, as long as the Si content, the P content, the B content, and the Cu
content were within a preferred range of the invention, both bonding
strength and magnetic characteristics were superior, but if any element was
out of the preferred range of the invention, it was demonstiated that the
magnetic characteristics were deteriorated.
Third Example
Green compacts for an inner member and green compacts for an
outer member were prepared in the same conditions as in the first example,
and were fitted and integrated with in the fitting differences or interferences
as shown in Table 3. Then, these were sintered in the same conditions as

in the first example, and the bonding strength and the magnetic

characteristics were evaluated, and the results are shown in Table 3.
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Inner

Compasition Fe-15Cu-1.0C
| member
Outer Composition Fe
member
Fitting difference +10 pum ] +5 um -60 pm | -375 um -400 um
(Interference) Passing fit Tightening fit Broken
Bonding strength Jay O O O
| Magnetic characteristics (B) O O O O

As is clear from Table 3, in the passing fit with a fitting difference 5
i m, a favorable bonding strength was obtained, but in the passing fit with a
gap of 10 1 m, sufficient bonding was not obtained and the bonding strength
was reduced. In this test, when the diameter of the contacting surface was
150 mm, a favorable bonding strength was obtained by tightening fit with
the tightening interference of 0.0025 times the diameter of the contacting
surface (0.375 mm = 375 1 m), but the green compact was broken by
tightening fit with the larger tightening interference 400 1 m.

Fourth Example

Green compacts for an inner member were prepared by using a
mixed powder containing an iron powder, a copper powder: 1.5% by mass,
a graphite powder: 1.0% by mass, and adding zinc stearate (Zn-St) as a a
forming lubricant to the mixed powder, alternatively adding lithium
stearate (1Li-St) as a forming lubricant to the mixed powder, and
compressing the mixed powders in the same conditions as in the first
example. For outer members, a mixed powder containing an iron powder
and zinc stearate as a forming lubricant, and a mixed powder containing an
iron powder and lithium stearate were prepared. These mixed powders
were compressed in the same conditions as in the first example to obtain

green compacts for an outer member. These compacts for inner members
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and outer members were combined, and were fitted by tightening fit with

the tightening interference of 60 i m. Then, they were held in a
decomposed ammonia gas atmosphere and a degenerated butane gas
atmosphere at 1130 °C for 40 minutes. The bonding strength and the
magnetic characteristics in the samples were evaluated, and the 1esults are

shown in Table 4.

Table 4
Inner member Composition Fe-1.5Cu-1.0C

Forming lubricant Zn-St | st | Li-St [ Zn-St

rOuter emper |-Composition Fe
Forming lubricant Zn-St LI-St Li-St Zn-St
. Decomposed Degenerated Degenerated Degenerated

Sintering atmosphere ammonia gas butane gas bulane gas butane gas
Bonding strength 0 © 0 0
Magnetic characteristics (B) | © 0 0 0

As is clear from Table 4, favorable bonding strength and magnetic
characteiistic were obseived in the combination of the green compact for
an inner member using zinc stearate as a forming lubricant and the green
compact for an outer member using zinc stearate as a forming lubricant and
being sintered in a decomposed ammonia gas atmosphere; in the
combination of the green compact for an inner member using zinc stearate
as a forming lubricant and the gieen compact for an outer member using
lithium stearate as a forming lubricant being sintered in a degenerated
butane gas atmosphere; in the combination of the green compact for an
inner member using lithium stearate as a forming lubricant and the green
compact for an outer member using lithium stearate as a forming lubricant
and being sintered in a degenerated butane gas atmosphere; and in the
combination of the green compact for an inner membe1 using zinc stearate

as a forming lubricant and the gieen compact for an outer member using
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between the radial ribs and the outer ring portion with respect to the area of
the inner circumferential of the outer ring portion was varied by setting the
number of the radial ribs to 12 and the outer diameter of the outer member
to 155 mm, and varying the average thickness of the outer member, the
average thickness of the outer ring portion of the inner member, and the
thickness of the radial ribs. Green compacts for inner members were
prepared by using a mixed powder with a composition equivalent to class 3
in SMF and zinc stearate as a forming lubricant, and compressing the
mixed powder to a density of 6.5 g/em®.  Green compacts for outer
members were prepared by using a mixed powder with an iron powder and
zinc stearate as a forming lubricant, and compressing the mixed powder to
a density of 7.0 g/lem®. The compact for an inner member was fitted into
the compact for an outer member with a tightening interference of 60 i m to
integrated thereof, and they were sintered in a degenerated butane gas
atmosphere at 1130 °C for 40 minutes.

The condition of the contacting surface between the outer membet
and the inner member in the rotor was observed by an ultrasonic crack
detector (M-500, produced by CANON Corporation) to obtain the bonding

rate. The results ate shown in Table 5. The bonding rate was obtained in
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According to Table 5, when the average thickness of the outer
member was less than that of the outer ring portion of the inner member,
overall high bonding rate was obtained. In the case in which the average
thickness of the outer member was not less than that of the outer ring
portion of the inner member, in sample 42 having a contacting area of 6%
between the radial ribs and outer ring portion with respect to the area of the
inner circumference of the outer ring portion, as shown in Fig. 8 (left
portion), the bonding rate was scaice with 18%, and the bonding strength
was insufficient. However, in other samples, when the contacting areas
between the radial ribs and outer ring portion with respect to the area of the
inner circumference of the outer ring portion were 10% or more, the
bonding rates were 30% or more, and the bonding strength were sufficient.
Fig. 8 (right and center portions) shows data of the bonding strength
distribution output by the ultrasonic crack detector for samples 35 and 45
as typical samples. As is clear from the figure, in the data, the proportion
of the white portion (bonding area) is large, and this demonstrates high

bonding strength.

The above example demonstrates that sufficient bonding strength
can be obtained when the bonding rate is 30% or more, and that the
contacting area between the radial ribs and the outer ring portion with
respect to the area of the inner circumference must be 10% or more to

obtain the above advantages.
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CLAIMS

1. A permanent magnet type rotor comprising:

an inner member having an outer ring portion;

an approximately annular outer member having soft magnetism and
an inner circumference contacting with an outer circumference of the outer
ring portion; and

plural permanent magnets disposed at equal intervals on the outer
circumference of the outer member toward the circumferential direction;

wherein at least one of the inner member and the outer member is
made from a sintered material, and the inner member and the outer member

are mutually sintered and bonded.

2. The permanent magnet type rotor according to claim 1, wherein the
inner member comprises an inner ring poition having a shaft or a through
hole for a shaft, and is composed by connecting the outer ring portion and

inner ring portion by ribs.

3. The permanent magnet type rotor according to claim 2, wherein the
ribs are composed of plural connecting ribs disposed at equal intervals
toward the circumferential direction, and the permanent magnets are
disposed on the outer circumference of the outer member at the connecting

ribs of the inner member respectively.

4. The peimanent magnet type rotor according to claim 1, wherein the
outer member is composed of a ferrous sintered material containing C:

0.3% by mass or less, a balance of Fe, and inevitable impurities.
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5. The permanent magnet type rotor according to claim 4, wherein the
ferrous sintered material further contains at least one of Si: 3.5% by mass
or Jess, P: 0.7% by mass or less, B: 0.35 by mass or less, and Cu: 3.0% by

mass or less.

0. The permanent magnet type rotor according to claim 1, wherein the
outer member is composed of an ingot steel having a magnetic

characteristic of saturated magnetic flux density of 1.0 T or more.

7. The permanent magnet type rotor according to claim 1, wherein the
inner member has a composition equivalent to class 3, class 4 or class 5 in

SMEF specified in JIS Z 2550.

8. A manufacturing method for permanent magnet type rotor, the
method comprising:

fitting a green compact for an inner member formed by
compressing a mixed powder mainly composed of a ferrous alloy powder
or an Fe powder and having an outer ring portion into an approximately
annular outer member having an inner circumference contacting with an
outer circumnference of the inner ring portion;

sintering both to integrate the inner member and the outer member;
and .

disposing and fixing permanent magnets on the outer circumference

of the outer member.
9. The manufacturing method for permanent magnet type rotoi
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according to claim 8, wherein the green compact for the inner member has
a shape in which plural connecting ribs disposed at equal intervals toward
the circumferential direction connect the outer ring portion and an inner
ring portion having a shaft or a through hole for a shaft, and the permanent
magnets are disposed on the outer circumference of the outer member at

the connecting ribs respectively.

10. The manufacturing method for permanent magnet type rotor
according to claim 8, wherein the outer member is a green compact formed
by compressing an outer member forming mixed powder composed of an

Fe powder mixed with a forming lubricant for.

11. The manufacturing method for permanent magnet type rotor
according to claim 8, wherein the outer member is a sintered compact
formed by sintering a green compact formed by compressing an outer
member forming mixed powder composed of an Fe powder mixed with a

forming lubricant.

12, The manufacturing method for permanent magnet type rotor
according to claim 10, wherein the outer member forming mixed powder is
a mixed powder mixing an Fe-P powder, or an Fe powde1 and an Fe-P
powder, and a forming lubricant, and the content of P in the outer member

forming mixed powder is 0.7% by mass or less.
13. The manufacturing method of permanent magnet type rotor
according to claim 10, wherein the outer member forming mixed powder

further contains at least one of Si powder, Fe-Si powder, Fe-B powder,

37



& ()-110%! & ()-hHvU4/ KXSI1110% ! & ()-110%! & ()-!110%! & ()-!10%!
& ()-110%! & ()-110%! & ()-xX8vU4/ K 10% ! & ()-!110%! & ()-!10%!

& ()-110%! & ()-110%! & ()-/KXSI!esRlvU4/ “~3940% & ()- ' - SH10% & ()-
1109 & ()- !10%!!

alloy iron powder containing B, Cu powder, and Cu-B powder, and
the Si content is 3.5% by mass or less, the B content is 0.3% by
mass or less, and the Cu content is 3.0% by mass or less in the composition

of the outer member forming mixed powder.

14.  The manufacturing method for permanent magnet type rotor
according to claim 8, wherein the outer member is an ingot steel having a

magnetic characteristic of saturated magnetic flux density of 1.0 T or more.

15.  The manufacturing method for permanent magnet type rotor
according to claim 8, wherein the composition of the green compact for the

inner membe is equivalent to class 3, class 4 or class 5 in SMF specified in

JIS 7 2550.

16. The manufacturing method for permanent magnet type rotor
according to claim 8, wherein the green compact for the inner member has
a composition in which the thermal expansion of the inner member is
greater than that of the outer member 1n the high temperature range of

800°C or more during sintering process.

17. The manufactuiing method for permanent magnet type rotor
according to claim 8, wheiein the inner member is fitted into the outer
member along a contacting suiface by passing fit with a gap of 51 m or less
between the inner diameter of the outer member and the outer diameter of
the inner member, or by tightening fit with a tightening interference of

within 0.0025 times the diameter of the contacting surface.
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10% & ()-  f 10 mney meghpsard the outeronegiidr beingopeiually siajqredus L3
%& ()- %& ()- %& ()- “+&10% & () - 10% &' () -
10%& () 110968 () /10% & () 6 & ()- s) 6 & ()
the inner member comprising:
an inner ring portion;
an outer ring portion having an outer circumference contacting with
an inner circumference of the outer member; and
plural radial ribs radially arranged so as to connect the ring
portions;
wherein the outer member has an average thickness not less than
that of the outer ring portion of the inner member, and
the contacting area between the radial ribs and the outer ring
portion is 10% or more of the area of the inner circumference of the outei

ring portion.

21. The permanent magnet type rotor according to claim 19, wherein a
circumferential rib extending along the circumferential direction contacting

with the outer ring portion is provided between the radial ribs.

22. The permanent magnet type rotor according to claim 21, wherein
the circumferential 1ib has a shape in which the intermediate portion

thereof between the 1adial ribs has the maximum volume.

23. The permanent magnet type rotor according to claim 21, wherein

the radial rib is inclined with 1espect to the circumferential direction of the
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