; e3e{B{,,-0p0AGATB SPECI FI CATI ON PERVANENT MAGNET TYPE ROTOR AND METHOD OF
, MANUFACTURI NG THE ROTOR Fiel d of the Invention The present im&m i

relates to a permanent magnet type rotor having a pernanent "/mlmﬂﬂﬂ%#sed
on a rotor surface, and relates to a manufacturing method theretc%

nore particularly, the present invention relates to a technol ogy ngr

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 ectri i hybrid vehicle is required to
have magnetic characteristics ofpﬁﬁghfégrﬁm:ance and high p A As
materials for such a pernmanent magnet type notor, hitherto, W’mﬂlﬂw&l
pl ate has been used. Since the rotor is tightened and fixed to the e

shaft, it is required Ve i t ss in order ¥y be
tightened firmy. mﬁ%pﬁ%ﬁﬁﬁgM‘gmrﬁgﬂﬂgWR le and low in
strength, and reinforcing neasures ?{f\ﬁ equired to obtain a necessary
strength, and hence, the rotor is increased in its weight and size. It is

difficult to enpl Sade y ght since the
strength will be ﬁ%ﬂ?@?%%@gﬁ%ﬁu oﬁqg‘w?\a{e?m?‘%ere is known an

exanpl e of a holl ow shape nade by a casting technique such as the |ost wax
met hod by using a material equivalent to S45C of the Japanese Industri al

St andar d¥ield of tHevlaventiohhe S45C material has a high carbon content, and

t he magnetic characteristics are insufficient and satisfactory function as
a dynano or a Thegresentnavehtioahehitesto a Peenmnene maditeéypasotozen demanded
to provide a permanent magnet type rotor in which thickness and wei ght of

t he dynaheving a psemnaneahmagnet dispasedron airgtorcurfade, and relages & &i ci ency can
be achi eved. DI SCLOSURE OF THE | NVENTI ON The present invention provides a
per manenMmamyaeturingmetbod thewsieor, iagdngoraparticidarlyetheepresant ng an out er
ring portion;,an agpproxi mately annuyl ar outer nmber hayi ng soft, magneti sm
and an | HRETItAT ES] S B CRBRIORY gCHiancIag t G PRASNEICEMTAFERISICS t he
outer ring,portiaon; .and plural permanent nagnets di sposed at equal

i nterval éﬂgﬁ?%?%ﬂf@?e&gﬁoéum erence of the outer member toward the
circunferential direction; wherein at |east one of the inner nenber and the
outer nenber is made froma sintered material, and the inner nenber and the

out er mﬁ%%ﬁri?&i?ﬁ%fﬂﬁ%'l?&ﬁéd“@%” and bonded. In a permanent nagnet type

rot or havi ng a confrgura n, by formng only the outer nenber for

di sposing the ?@g@ﬁﬂ%’%ntrﬁfﬁg?&ﬁ}g{ﬁ @t?ﬁggﬁ]?ﬁg%ﬁ@&bﬁﬂ@uﬁt‘éﬂ%% the

i nner nenber o materi a ow shape can be realized
W thout eRbfic RehiElgratd BybHarathi€le iStre§airednd haveuhhgaetiergnet type rotor
havi ng a reduced wei ght and high efficiéncy can be obtained. Moreover,

si nce at chemgteristécsodf hizh perfermancdenddrigh puoductieither Asmaerdalsr om a
sintered material, and the inner nenber and outer nenber are nutually

si nt er edfemsudvagednanpet haghichdype motgr,hitetrimenlibon Istéed platgthasand t here
is no problemif the rotor is nounted to the shaft_ of an engi ne which --
rot ates Beemjughdspddace the TQtﬁrﬂhélghmI@r‘i]t@Itﬂ],fle}ﬂr{@ethﬂﬁélgllﬁMégaﬁ’feﬁﬁér i s nade

the | nnofeQuHHbI0 PV High FERnSHEpad ardReisaniOries > DRafElcReN TBRANp ot ne
i i i i. i on. havi f . h h
ol & f or FIppeh g stEek pAes byt ARddoRHy Seih: abdFeiSiife on and

the | nnefddsIRPRE RN (o Biail BB YRkt BldRELDpE0EY KETDer

and the ou nenber 'ar € nut ua at ’l'east oné of the

two nmenb g8 Fna@é; A ntprediTRLat | &% out er
menber n%éﬁe na elt rpnggggﬁlrilgtl) 'sjtgels?hanéﬁi th{nﬁﬁg? anenfq)@b,egr]rjgyggg made
froma SoiRiccthe/RhGH hidightVihet TS kiehyth hie Vemenfigigher may be made from
an ingot steel, and the %ut er nmenber y be made froma sintered material .

Both the i nner FpRégictiifiof hetight ahefERNgoWAYMe R S SMoblow er ed
materials. In this case, in order to performsinterihg and bondi ng, one of
t he out eshapgrherdedng atdastinprnechmiguieesucheas the lassivatkemethadberusang and t he
ot her one nmay be a green conpact, alternatively, both nay be green

conpact smaedabequivalgntde SifGaifl theJaparescalmlustnaleSmmdatdse ribs are
preferably conposed of plural connecting ribs disposed at equal intervals
in the circunferential direction, and the pernmanent magnets nay be
respectively di sposed on the outer circunference of the outer nenber at the
connecting ribs of the inner nenber. In the invention, the conposi tion of
t he i nner nenber conposed of a sintered material is preferably equival ent
to class 3, class 4, or class 5 in SMF specified in JIS Z 2550. As the
outer nenber, a suitable material is a pure ferrous sintered materi al
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containing C, and hence contains C diffused fromthe inner nenber. \Wen the
content of Cis 0.3%by nass or |less, there is no problem since decrease of
the magnetic characteristics is slight. As the outer nenber, it is also
possi ble to use ingot steel having 7 magneti c characteristics such as

el ectromagnetic soft iron or silicon steel such as SS, SPC, S10C to S30C,
SUML1 to SUM 32, SUY, and the like, specified in the JIS instead of the
above-nenti oned sintered naterial As nentioned above, the pernanent nagnet

type rot i n which east e of t ne menber and t he outer nenber
is made HOWFP¥CTSthe Sﬁ%é meleislasayigh caRieat, and WaBBAtC ragnet
type rotoy in whic menber are nade

]1: romhsi nPéPE?d:;Wé?té‘ﬁ e lﬂnstl&e(ﬂ%‘r]]gg{‘ﬂl é?h%@cﬁb’eﬁuhgﬁpé‘ras FHYNAMARNR i nvent i on
Egﬁit’ei;ﬁ. HbLcangp: B OBRIBRY, TG fotdﬁpﬁmgthaﬁat%% B ”‘rg%% > io:ﬁou?rgtgfteﬁr
Ci r)éum‘ e?%&@"%@ﬁ‘?&&ﬁ@ tﬁ/’\f!? hgg)ﬁ F‘Qﬁélrc 'ihﬁ@ﬁfﬁ%g aglgc&%ghe[ Cfmgut er nenber;

i ?cﬁlr%”e? RREITE RREITRATRE RO dRDH YBIhiBR ARRIGIOHan.e  on: (he

i nner Bievagd the outer menber being nutually sintered and bonded; the
i nner ne er 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; wherei n DISChOSURBEORETHRINVMENIdONe thi ckness | ess than
that of the outer ring portion of the inner nmenber. The pernmanent magnet
type rotor is dhepresedtiipyertiohyprevidesra pgrmandeitomdgngt type mioer nenber and
the inner nenber and disposing plural permanent nmagnets on outer nenber.
The i nnecomprisang| an muen me¢mherdhavong esporer nggopettiayd@m as an engi ne
shaft. The outer nFnber on which t er manent, magnet,s are_di sposed may be
a si nt er BAPESHPHIE Yp@%ﬂéé&utﬁ}' raea{heé RS89 tp%\ﬁ;géﬁtlm #Md 3l 18B¢hon

cont ent and s erior qggnet menber may

0

aracterl ics &fdﬁthe i nner

be a si nFEFBH 85?&?&? 0N & )?nap‘t EF FEGUIPETRISE O e OFIGh T bon cont ent
ond i gneotidhoa pliftal BehpfarALaelRls ApSbRER! PhndnRE el SHERE M oyeq ©°
for StreBﬂ&QICS IhﬂﬁeﬂHéSTtﬂgﬁgﬁﬁ1h§nﬁﬂ§“8¥%9dtﬂéC%Hﬂﬁﬁﬁﬂénpyant'C

characterrs pOI’tI on, an outer

ring poth%tloﬂ“G\zHe?Qinaét'l% §¥ 6568 E@hé’ ﬂHé}' ERfHed|a gldl the. odt@r Idiber is

configuration, a space Is orned et ween t e radi ribs to tormholl ows,
so that ﬁﬁkﬁhﬁohﬁd%ﬁhbﬂﬂiﬁﬂﬁeﬁ@ﬂﬁ%@&h63§h6ﬁnﬁﬁnM@ﬂbn@$hé69&ﬁ%§@ﬁﬁﬁﬁrength
can be obtained. In the rotor of the invention, the inner menber and the
out er nmeatermanellycigecdéddnd dotidede green conmpacts are fitted each ot her
and sintered, so that these nenbers are bonded and integrated. In the
sintering and o adienmanené magned xppe sotor having such abenrfigurabtions bywhien t he
conposi tions of the menmbers, or the |ike, are adjusted so that the therngl
expansi ofoBRINg@NIYNherouterHramber &rredtse@sm@ametpﬁmanent meagngats of genber
pressure in whjch the o circunference of the_inner I, exerts
pr essur eMAGHSHE mﬁtrétalmdg{nm@ngrtbe 1BRcE Menaberept mwsrﬂ‘f 2)? ighrated. In

i on,of out circu outer.ring portion at

t |
Do 1 adi Sirepbll DR ow s rahedin e Gl ZoouN e ROR i RE SRS haal T b s

Signi ?53&%@%@5@“?@%@2& s s R FARL b M Be R el o on”anc

bondi [§ t t
onch 16 OSBRIl 488G AR kS U oni e o @

the radi a renar
menber  afg Gapeifiet AAAGALr MerhBer ﬂl‘é‘ﬁeﬁ?éﬁ’i #QintEd Ht%t 41€ andthghe rotor
of the invention, the average thickness o he outer er’'is less than

that of tﬂtﬁer%éﬁfberrlanq AREr n¥mBEr hRem NSy RBteREd akd b@nrdeauttte the
portion of the inner nmenber except for the rlbs whi ch have a relatively

| ow 9 denatrtdg/strexsgtndibetw‘ena@dthdslhn @thd/the"rettbexor@djbaémdufrthetrom by the
outer nmenber during sintering. There secure bonding is forned between
t he i nneis memnted émehe Sleafo of en a:ngtberwhfﬁheromatesamﬂnglmspmd .on further

provi des a pernmanent magnet type rotor conprising: an annul ar outer nenber
conposed of a sintered conpact; an inner nenber conposed of a sintered
conpact having a |lower density than that of the outer nenber and an outer
circunference contacting with an i nneR circunference of the outer menber
and plural pernmanent nagnets di sposed at intervals on the outer
circunference of the outer nenber toward the circunferential direction; the
i nner nenber and the outer nenber belng nutually S|ntered and bonded the

Y .



Fig. 1Ais a plan view of a permanent nmagnet type rotor in a first

_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 13 means
of a disk-shaped rib 23 as showmn 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 Iike a ring,
and its outer & thevedie sircehsciagss membar tegadgrirpn § gepigriakhape, and

tg 3 fixed th S d di nent, Figs. 2A and 2B
Chow = SBEBHLE Biabosir it e NRAERtaNbE SAUFSH i ORIV LEbBIETr | ng- por i on
21 d i i i 22 dth h I L.t f
connect | AETAPES TBatalcypabaRe ot Ta dRkiballne ape. Tor Srnbler dhinaient  a
direction, apd hollow spaces 24. are provided and tﬂe wej, ght hﬁgﬂurther
r educed. "PSTIPHE COBIPHNSS AT WRGHLINE DY 19‘bb8Ym§h%\%ha PTFE gEOUgA NG 1B or
Figs. 2A l : i d int
o een Compabat: ol G oHAeERystoB e M Al ErEBaIOSto S EIFRTTE, | Lo
powder iﬁ“ﬁgﬁgﬁﬁﬁ§s A a green conpact having an approximtely annul ar

e

shape. T een conpact for the inner nmenber 2, and green conpact for the

outer nmenber ofp ghé iR, $pRAHe PRl MGAbEY aftithe'oufér memir A48 outer
menber manufactured froman ingot steel to have an approxi mately annul ar

shape ar ephtubll§tiheged had builed, At @R oneidfabelthe Mt@nb@ls MEpdHRSi on anobunt
of the inner ménber 2 containing carbon is greater than that” of the outer
menber 1mddefomarshetcsed ngitetivl.coRbaekangpie, thefduter erdmblef fiasiler bondi ng
can be obtai ned and hi gh bondi ng strength can be obtai ned. Subsequently,

t he out emade fromi @ananget steetl, e dothtecinnee meembér nsayrhe madedfriom a r egul ar

pol ygonal shape, and pernmanent nmagnets 3 are di sposed and fixed thereto, so
that a wsinjared watersd. pehigmattvaligihetinngp meraber megi/be ghasks fromgnet i c
characteristics and strength is obtainﬁgi Fig..3 shows a(fondition bef ore
machi ni ndNEMeSteeh apd iR mepber May et 2 sHYRERd Materialot or shown

amount of the QR IBFek Rendutamd (NS ysF oS Tty PR St HR ng 1 b
i ng. por MRS RETR" R AR Ehee In 858 nedPBp e g Rle AT RBhaIIE g
pr oot ed o k. duter RRIAET MRS e St REmlt SHAY BeonSfdiba igerper  merber

2 and the portion o I nner circunference t he

outer nmeghgrhatothdi€ond Pna?};)’ﬁe adgidehROgndi Hﬁeﬁﬁtwﬂbétﬁ rﬁﬁygﬁt@%‘%ﬂ-

However, 1 n the progress “of the diffusion bonding, Since carbon diffuses
from t he cohfjrictsfeimeEboth maytennutelly Thtdtband sitefedragMat irfbscrer act eri sti cs
of the outer nenber 1 are deteriorated. Accordingly, in this enbodi nent,

t he per nmprefierabtygreanposed Dk pturah cohrecting ribsi dispo$edt enequalfintdrealsuner

menber 1 are disposed on the portion of the outer circunference of the --
out er netiecircuntferdndiad shresttam@ndi the E2masent meagnaiemagehber 2 at which
the magnetic characteristics are decreased, and {he side of the permanent
magnet s BeSPECHYElY dpoged @miheopHsE clisumferencenel thsvpwlssdeember 8t t he i nner
menber 2. In the portion Lacin t he hol | ow spaces 24 of the inner nmenber 2
(part B fhe gpRnECing flh?é (ﬁit £IBNERITKIRRE g i s i nhibited conpared to the

A R M R R
e Tt 0 e AR PR LAE 8 % S £BIRY et
suffici e@MP%?%rbﬁeecﬁﬂ FYZH £ b%soﬁ’iteadtﬁéf’méiﬁﬂera apﬁfif%Té’?t%aetgﬁgP?st type

rotor having superior  magnetic characteristics can obt al ned.
Wien fer hjifeFeAos GRRAEd ?nzﬂéﬁal;b@ﬁ@ﬁﬁiﬂgﬁ@gomqﬁdrﬁﬂgﬁrheés, aAs long as

the two nbers are tightly contacted w each ot’her at least in 15 part
of a hi ghalfiteesfaFelr#hd Riedstable aRPULitER! e_TH@Pu?@f&r%ﬂ@sMﬂ@re@l' ntering
process (the required time differs according to the tenperature, but may be
esti mat eghasrial prefurdbly fubthedicbhtsinont deast bnefoft $ie 3ab Yoy enagsomeless, reaches
about 5 i nm, sufficient bonding strength can be obtained. Sintering is
usual Iy solid phase sintering. Wien sintering is performed in a partly

i quid phase state, the diffusion bonding is further pronoted. In this
case, when the generation of the liquidd phase is within 5% there is no
probl emin erosion or deformation. However, it is preferred that this be
kept within 3%in order to naintain a sufficient size precision of the
sintered conpact. Furthernore, by containing zinc in the green conpact for
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a Shape in which the internediate portion thereof between the radial ribs
53 has the maxi num volune. In order to have such a configuration, for
"exanple, the width (thickness in the axial direction) and/or the height
(radial direction) of the circunferential rib 59 may be changed. According
to the configuration, the volune expansion of the circunferential rib 59 is
maxi mum at the internmediate 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 the bonding rate
can be i RhDbl%dey massiar leps By Qidvhhyr mage or fess; nnér@wdfﬁ%tbymass Prg. 6A s
a cross sectiopal viem”iggen.at | j ne 6A-6A of Fig. 6B show ng a permanent
magnet tfﬁ‘éé- r shtAeifHOm thepe Rindprssumaderialsapl 1ngQf Stee) haviags gl i onal
view taken at line 6B-6B in Fig. 6A .n Figs, 6 6B, the reference
numer al SRRt ALF e andiashe Mk-AEaty of AT rore iy Aer morber
32, and tpese genggrs consi st of sintered conpacts. As shown in Fig. 6B

t he i nnef SRIMFETTa8%Y B§€Lonposed of a boss 60 inwardly di sposed and an

22”?'56‘Le§ <"t haRnEmPYOpRE B TORBEY prdV e %Lﬁ%ﬁﬁi%%tﬁﬁatgﬁﬁ?@”%% L
ot or val 8 PeragRAt Miadiler 1 EORRCR et LG Bl 2Bl (e i ner
ci rcunt epshefcPtof Qﬁiﬂ%%e@%%rﬁkd%ﬁgﬁgfﬁ%’sziﬁglat Hﬁxf’cﬁgﬁ(wérr cunt er ence

of the annular portion 61 o e i nner ong circunferentia
di rect i ofnzAhlyeeoiposBl Of\@fcirows by PowRitridrath P8 powdér aikth g the
ribs 62. The "area rate of the bondi'hg portion (portion indicated by nuneral
64 in Fi gutetAing pbrtite intda® approkintutelyuireiulae obesr Bémberthavésgaat to the
inner circunference of the outer menber 31 is appropriately-established so
as to obimer @araunfarerde bontiatimg with {180Mexrcirmmeferahce bf dhe oweerpr act i cal
use for a rotor between the outer nmenber 31 and the inner nenber 32 after
si nt er i ngingl portion; stnteringdeethdionigtegratenther inien negmmbei apdithe owéern nner nenber
32 is a sintered conpact, with_a density |ower than that of the outer nenber
31, and BWRDeE Apek dispPsing NG XN PEITHBAERUMBZRIPMERS OHteIvel | as the
third and. fourth enbodinments. In the fifth enbodi nent, the bonding surface

64 on t heIPHBIEEEHCS e HIERMGBAFL| | y out side of the annular portion 61
of the inner er 32 is directly contacted and bo w thythe.inner

ci r cunt er ence SPErEe soBSATRE e St Thr fp S Be BRARG %2 SBARE i the 23
rib 62 e i LR ' i j surface 64
xerts poadghiplbisl cBRRbcAE PaRRONETal Pl el AP 517
gener at eg; s Qi Fe IR ang.-

appropri g{rgﬁ@fgﬁg ?islﬂ? ng tﬁ%@%}éﬂgguﬁeﬁggﬁgfé???ﬁaﬁa . etr\}\IE%n the ribs
62 and t Bertoon AaviiTRehaftlomd throu@pReslE fbP atdhafand thE peimdneAer
circunference of the outer nenber 31, a required bonding rate which allows
pt act i camaggets are respettivehedispesed ba thetomteneirbemfSenesdftthe duteer nenber
32 after sintering can be obtained. Therefore, both nenbers 31 and 32 are
overal | pmgobet gt thenshethectimgt ibs.embodi nent, the portion in which both

menbers are securely bonded is specified as the bonding surface 64 of the
rib 62, so thathemwaiter membeemayrbomasiesirom an ingot ypeldhavingsa t o securel y

bond both nenbers 31 and 32. EXAMPLES First anple A gre conpact for an
in\rll\gr meFRENChie<Charagierisd Cif mumegmagrwglcpgﬁﬂﬁnﬁayﬁ Jﬁﬁ §nag’€fed a

i nj. 1.5 % i : 1.0%
by ngés??\i angines HECPREs BEMP%E nds Ry 3 lhPchip Ao TRREPE e ng ¢ he
' . ' , e ' ig. 7. 1
?ad 7 Pk fte 2R kY pitroPer (iR Ak @é"’éﬁ%@%@p@%ﬁé@f W88 %an i ron
Bonpr essPag deh S AMCE (IR AR, s’ B Ushte g B Leri AR e o
shown i nyfit@riallofter SRARHE g?%srfﬁ(?lg QDAL thEVuten nféthBEr @Egg?éeﬂ 1. Anot her

out er nenber was prepared I'nd the green conpadt r an outer

nmember i BoRipabPSSNt IR TSP hedabat eﬁégn&é fiire IRathel bl fer MehfR Juridg pur €
iron ingot steel in a shape as sho in Fig. 7 was prepared as an 1ingot

steel f osinwrilgg,t &id arepsile s2dss odhiersdneBe ouedmmembat tiigrefomeetherenber was
tightly fitted into the green conpact for an outer nenber, the sintered
conpact for an outer nenber, and the ingot steel for an outer nenber with a
tightening interference of 60 i mto integrate them and this was sintered
in a degenerated butane gas at 1130 C4for 40 minutes. The bonding strength,
the weight, and the magnetic flux density as nmagnetic 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

v o o o o o o e o ..



"N°'C Ce- MV-O OO UO UO UO UO Ud UN UO UCdO UCdd UONGDONONd CCcCCcCCcCc Cc Cc U
cGuccducuccucucCucucducQucucau Ceo
~C

u~cococac~cvcac~cncacucococacucucvcacacocaoi o~i W~0~i si o~nm Sco~0i oi 0oi om
v~i oi oU " ~U 300000000~-NM nNNNOM O O N3 mo ~ 0 ON
OCe-Nd~OF0l'1 O nOX O D7~CO ~I f~LnO ~t C70O330, -ririnri W

nm QpO-0-' "' ~NDaoa~a~a~na~a~a~a~a>a~oa~a~a~a~oa~a~a~a~o

3 UUUUUUUUUUUUVUUUUUUUU CC (OC (9C (BC (0OC CcoC (oC foc (DbC (DC (~C foC (DC
CQCCOCivggdprB§4CfOC(QCCGC(OO - N(O mQ nCQ n( ~

hAnthayill be more securer. However, the invention is not

limited to such manufacturing method, and it is also one of the preferred
embodiments to compose the outer member by using a pure ferrous green
compact formed by compressing an outer member forming mixed powder
composed of an Fe powder mixed with a forming lubricant.

As the outer member, instead of the pure ferrous green compact or
pure ferrous sintered compacts, it is also possible to use a ferrous green
compact produced by an outer member forming mixed powder which is a
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% b)y 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.
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. CO_a~ONM-t f) c~I ~00070~-NM-~c0I ~0007ONOOOOOOCO0~-~r-NNN N _N N As is clear
fromTable 2, in sanple 4 in which the Si content was 3.5% by mass, the
magnetic flux density was slightly reduced although 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 nass, inpurities precipitated at grain boundari es,
and the magnetic flux density was reduced. In sanple 15 in which the B

cont ent Wagdduian.igrasn gospasy fandke inngrunembes ippeetepablatfoamed by ai n
boundaries, and the netic flux densjty s. reduced, and al so the bondi ng
st r engt hUWEE %E@%tﬂﬁt&é&%}é&pnmnwm, f\ggilﬁ SUHEES 1he CetbWdangnt was 3%
by mass, reduction of the magnetic characteristics and slight reduction of
the bondAHPOSRRE gt h were observed due to a Cu expansion phenomenon, and in

verheen ne oot hChealbalBn Y P RERTBN LRIl et 25"
Thus, “as NRPIRE O EE v Eiin bifa@@%@%&féﬁsa?ﬂf‘@éﬁié@%%ﬁﬁ%ﬁ the Ou
ctrengt Yl Behfiufied MEhEL LR FRB06E Phe MV N BinQTbo MR PerltEl 100 1 s
out of thRdRh&SFENEENARRESIHcs!AIR dHMRIN, e indertREnRIREGHIrAELd that the

magneti c characteristics were deteriorated. Third Exanple G e conpacts
for an lmeﬁ%nﬁmﬁaderfﬁbmr@ﬁm@@mmmdfmatearihlcwrﬁain eefborermdathepared in
the sane conditions as in the first exanple, and were Titted and integrated
with in bhterfmthibey rdgbhirengneametic chidracfesiseics ¢s nerlesfrommaimagiétie 3. Then,
these were sintered in the sane conditions as in the first exanple, and the
bondi ng miaterigt.h Thd materiadorthe inteammember snay bewsuevaleat tackds 3and t he
results are shown in Table 3. 28 Table 3

:jn][lfer Conplass td, o cdass5Tin SMErﬁ@ﬁ:ﬁéﬁi@irleS)Zp%)ﬁQ,i S@nﬂi@ﬁ@rﬁﬂﬁifieﬂlti nﬂ

i +10 + 60 75 400 | P i itTi i

o {1 encesto m S meQ mars m 00 il gkor erencelpasoln [T Fionn
avor abi Lempnnpincied Daleiais sifsietmiterinanttiing sl 6o FROLS n & gap
B A e
(ot en o 0% Peidortess i0diton 80 1 Baf: RirdhOeomafidd sdl 1"
surface (fht3he I@%‘%l‘ﬁetﬁgh%ra@eriﬁiﬂs t?;xlé?e&r 1?1‘?1? HeP forMasTiE AkRBnEYor

tightening fit arger tightening interference 400 1 m Fourth
Exanpl e GingigihgCthieBé coppdicrA® atdaefonewker were prepared by using a m xed
powder containing an iron powder, a copper powder: 1.5% by mass, a graphite
powder: 1. 0% b§i:nkss prefedatdddormmtaimcSssiaae at prqrdoteStphass sintering, song

| ubricant to the m xed powder, alternatively adding lithiumstearate - -
(Li-St) swatdd grammhgcbmes eearse aodtihersasgs thoovagmeficapatmeabplits eindg t he

m xed powders in the sane conditions as in the first exanple, For outer
menber s, alsoniheesspestine sesistoncailningreased rod the wosy 10sh @1 Magnefieiisee as a
formng Lubricant, and a n‘ingd owder containing an jron powder and lithium
st ear at elWEeFTCASethar EOWEIs %f%&?rﬁé r X GhdP e&ﬁb?é@ ESHVChe sane

o Wik 60, AR hEaPE B SRR BROPER , o
cort ey, Bl S KD RBMASEII T o o o

at nosphe r but ane gas at nosphere at 1130 C for 40
PR 5275

m nut es. ng strength and the nmagnetic characteristics in the

sampl es wer ¢ _epapyslpsbicanthiching aitiddeaia shotiden sdahhegd Table 4 |
bCom osi ti onFe-1. 5Cu-1. OCnner m er Form n |UbricantZn-St Zn-St Li-St

Zn- St O t nifgaiBrieseHdrosieeRticoRie ¥mprbPEd] NP inhibits diffusion of carbon

| ubri cant Zn- St Li-StLi-StZn-StSintering at nosphereDeconposed ammoni a
asDegenetehednédimtee gaspPagendeatiat the aner aséabenahatehy tmkibittngasBondi ng
st rengt hOOOOO~gneti ¢ characteristics (B)~ ~O00 As is clear from Table 4,
favorabl e bondi ng strength and magnetic characteristic were observed in the
conbi nati on of the green conpact for an inner nenber using zinc stearate as
a formng lubricant and the green compact for an outer menmber using zinc
stearate as a formng lubricant and being sintered in a deconposed ammoni a
gas at nosphere; in the conbination of the green conpact for an inner nenber
using zinc stearate as a formng lubricant and the green conpact for an
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cofrppact for an outer nenber using lithiumstearate as a form ng | ubricant
and being sintered in a degenerated butane gas atnosphere; and in the
"conbi nation of the green conpact for an inner menber using 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 in 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
strength is extrenely high when the sintering was perforned in a

degener atlearasse ohdhgamagnetiseheyactesisgicsen It enihwaefareprafereed 80 nember usi ng
lithiumstearate. Fifth Exanple Rotors sho in Fig. 5 in_which the rate of
t he cont 80Py apeRepeontay alle r Bewever Wgé&rmet%t@m ANGEEaEe%:t i on wi t h
respect t.0 the area of the.inner circunferential of, the outer ring portion
was. var | P BYREREHC RGMGAD THINEECTeaRes. ol REHFHROFs 5¥heR Puis Camtaingd gl er

di aneter of the outx%r nenber., t o %55 .w varﬁi Qﬁ t he average thickness
of the ofFEFSSaLipEFItGSRTCGIRIfalE AT gD, 6% HS Ak B SR gTEdRA%n of t he
i th hi f the. hal | ribs. f

mner menpavieriapisty ATbES 83 udlengitiic fEIE ssbll oGP IR PERERAELT { on

equi val ept d.?%%ﬂlﬁ‘ﬁa .i n SM- and zinc stearate as a formng lubricant, and
conpr essi ng e ed powder to a density of 6.5 g/cnB. Green conpacts for
outer menbers B?@p?%@%sgﬁpﬁriﬁ' a8Gv@l] AL s PolERseY LihiRidd gpgponder and

zinc stearate as a ritant, and conpressing e m xéd powder to a
density aihibif9 diffe’fon dheafsumPésitalid BNtHeitler FREBBEr RS thetdiger i nto the
conpact for an outer nenber with a tightening interference of 60 i mto

i nt egr at eserhber, ebérebyndembeytragng the sharecatlvantagercge Reamal eshdndiape gas

at nosphere at 1130 C for 40 m nutes. The condition of the centacting
surface Hut megmneticecharaeteristicher Iarsdthenefore peefemedbier contaithe proper was
observed by an ultrasonic crack detector (M500, produced by CANOCN

Cor por at content ©fdbt aHowaeehavitimther codentrpnt B ueasesathe sragneticn Tabl e 5.
The bonding rate. was obtained in 31 the fol.l.ow ng manner. Fig., K 8 shows
data of PREMBabdityglesreassst h Mirthermnre; srhamBuisiexgessirehoerptagiesbndi ti on
al ong the circunferentjal direction s out thgg?é the ultrasonic .crack

I
det ect or !mPH:’gWé_HSF&ItIQtﬁQQ&E@IPf%H% . FRUANS MR HERIBES i on 1 n
B i
contr 25! pe MpalTIQIRYBRGY! Clidicd hOREY JBROT SRR eyt P e

bondi ng g?éf%n\é,@stoo@é BB PmdEeasuring the area of the white portion based
on the data of the bonding strength distribution. 32 G .Dcd ~n L v~

o~n ~n olLL _ LCwe WhenaCe is Beded Byaupsto E.3% byntase dlelest Yfa7lo~ E ~ E v~
E~E.~~.~" _~a'" a-c¢c+nolLcN—~-CclLOxLOQXCLC?.C4- G ~~n ~p
-'QO hg@ﬁn&;@e%agﬁeﬁt Chafadtenisti€s caro bt iciehfig! otitaioMC7 O000C7C0C ¢
O ~rrrcfl Crlr00 CCCOr M-Lc~r00~-MML OnOCL O C LkC O ~NO .~ _ WD ' "'~ " += L
~' C ~' OHgweer, @hgronorotiviciha) asmenorof ooscaded, the magididec A pLf Ln~ O
OOOONMVM ~ Or OOONNL. . cNNNr M-NNNFNNet NNNO ¢ Lt .ULNp ~ L NE |

0s Eo00oc Fhauetaisic-todusuoratedducrig-expansionon o WhemsnorenQuisc o

o+ 00 NAHAES, The RgmelDBGBISBED GO SELBLTENE b ate FexpARyIPn AL Ry [ 1 O - o0 EL
700} IBGE T LR OB ERARRRRRAGDE O Lt IS PELGTRANPIHE S A BBIBFS t o Tabl o
outer ring por APBDWE PRANPRRRTstgaR bE0 PR SHi B R ey Ve
obt ai ned |, fy; 12) E236d Hnt! i Aig AUEFASS FUG KRE Sin Y mERfh QUL er  menber
was not Fess {‘ gn f%a? ofnthe outer ring portion o?r?? e I nner nenber, in

sanpl e 48yh&Y kg cBn kPR iAL iié‘g.%qgrr Has@BragtyaRard R36d ggénl?len{ kfnzeand outer

ring portion wth respect to the ea of the’inner cir erence of the
outer ri gecRALE 09Mhe dFaSietiIcharattedistfes(is@liighportion), the bonding rate was
scarce with 18% and the bonding strength was insufficient. However, in

ot her sanpl es, Ashtde duter essthbet, iing dkeadsbidilvesnst ivgowsteel having and out er
ring portion with respect to the area of the inner circunference of the
outer ring portion were 10% or nore, the bonding rates were 30% or nore,
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 sanples 35 and 45 as typical sanples. As is
clear fromthe figure, in the data, the proportion of the white portion
(bonding area) is large, and this denonstrates high bonding strength. The
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an'inner circunference contacting with an outer circunference of the outer
_ring portion; and plural pernmanent nmagnets di sposed at equal intervals on
the outer circunference of the outer nenber toward the circunferenti al
direction; wherein at |east one of the inner nenber and the outer nenber is
made froma sintered material, and the inner nenber and the outer nenber
are mutually sintered and bonded. 2. The pernmanent magnet type rotor
according to claim1l1, wherein the inner nmenber conprises an inner ring
portion having,a shaft or, a through hole for a shaft, and.is conposed by
connect i ﬁ@agnﬁgl%m@@cmrw%whcﬂ@ daetropmgneticiwibyon grsibgonisteel 3. The
per manent

conposed SBf %gg%fgﬁénsgbﬁ tr‘nggﬁ? glsmgsmét?ugﬁl g%"gﬁij\[ﬂgg&ﬁ‘iﬁgjva?(rjet he
Shigﬁni?%ﬁgéi'ff@dewcaf d:@%gﬁ s Bt b R iADe Loy e o0 AAETBE of the. :h ner
T oher et n ¢ he AuEntpsdab R T BBbuiRERCh-RNRS ol it f BT SUGRAL P '
cont ai ni g, Fofd PANTBS ik €574 e BAlAREnRorTe mAricheyi tabl e
:mrrpurltl gest o R e herHanen magn](ca yPE T ot of TAecording to cl al][n4,

: e ! . S .
3 2o by Rungi &l iHE Al RACREG ERORIAG. W pEfhaf SfReClyrei b AP 20 Sond

Cu: 3. 0%yhyicHBRsthQhe liB8€r ne mbUdtCaBIHRHEIRY HEQIMRT abdy RPadefrom 8ifeFed N9 to
claim1l1, wherein the outer nenber is conposed of an i1ngot steel having a

magnet i ¢ ngderiat ixatli tsé bgp]gﬁn@jahgf@hgﬁefmgneti c flux density of 1.0 T or

nore. 7. The permanent magnet type rotor according to claiml1, wherein the
i nner menber hdhespresepomivientioneuthealprovides & pamrmafentcinagaedtype cl ass 5 in
SMF specified in JIS Z 2550. 8. A manufacturing nmethod for permanent nagnet
type rot ootortdeamprisingd anoamrilsi ayterfmembey conypesed ebapinderddbody; i nner
menber formed by conpressing a ni xed powder nmin|ly conposed of a ferrous

al | oy powdenngr mgmper goupesed od asintergdodyubaying slpwer dersity Han an

appr oxi ely.' annul ar outer nber havin n inner circunference

cont act %afvxgﬁ 'iheawtsammgﬂ el r‘é‘ﬁ@éCHPU?’#ET‘?%?OM?HB“S&Y%“;@H; sintering
both to i.nt at he i th t nber ; d di [ d
Fixi g pF B GFF UGS B ERB GBI GHAUR S IBTATIoRG TR nmmber - .
Th f ' . di t
e o IR BTGRP RS miigr2ocor i o o
whi ch pl b @b OBELRFerd MR GikRARAL B ifRANCRE IR e oyRtd the

circunferential direction connect t er ring por n and an inner ring

portion hgyinBer Beﬁ){g’ﬂ‘fﬂutﬁéll? siftefstd Bnd Yondeer tife BliRfrimeAdért he per manent
magnets are di sposed on the outer circunferéence of the outer nenber at the
connect i egmiprsingeandanerhg pokfion]as dmertiagt portiod h@tinghn ehteper manent
magnet type rotor according to claim@8, wherein the outer nenber is a green
conpact fcorcmadfebgn coopntastnggveh anuineer certenferencd ofjthe eetér poenderconposed
of an Fe powder mixed with a formng lubricant for. 11. The manufacturi ng
met hod f endpdnramedialmdeadiallparrangsd scavtalicagned theaing portiis;ei n t he
outer nmenber |s a sintered conpact fornmed by sintering a green. conpact
formed byResgHr Hisonigr Mewmbes hagarpsierage ﬁhw&nﬁﬁ&EéS;sg@\méhatdaﬁ@@sed of an
Fe powder m xed wit 1 | ubricant. 12. The manufacturing nethod for

f .

per manenPUHgHBE Wgegﬁﬁbglg BLMEMPCL o clai m 10, wherein the outer nember
formng m xed gowder. is a. m xed powder  m Xi an Fe-P(gBWder Qr an Fe _
powder and an er‘?)rMEInt magnet BFrFPﬁ(br IISL?H%)EQH 18Ul Vr?én@(Smgent of Pin
th t . i 1 H 0 ' Th

manut act APEHRAPRaRe SR Ehat e e firdy Fie el AT BopofiRE A1, ai'm 10,
wherein bRemaHbRE & oh Sk hemiEd PPYUSIndUNERMeraeMah iR d east one

po e- powder , alTo

of Si er, I Jbowder, Fe- y 1ron powder containing

B, Cu po\(’:@ﬁrespéﬁéir%g@rtF&%H%rs’arﬁé‘ﬁ’gﬁl@%hﬁift.CUFhé'@)tutélsm%n?B/elbdn NEfshor |ess,

the B content is 0.3% by nmass or Iess, and the Cu content is 3.0% by nass
or less ilfe Pbﬁnﬁﬁﬁﬂpﬁiatgm@fs &fe dibposed alayBeassinfepedicogpck pdodoveter . 14.
The manufacturing nmethod for pernmanent nagnet type rotor according to claim
8, wher eby 4 parofdreousipobveler ivei th o wngarbosateeite taan dguperiog negnetic
characteristic of saturated magnetic flux density of 1.0 T or nore. 15. The
manuf act uri ng nmet hod for permanent nagnet type rotor according to claimS8,
wherein the conposition of the green conpact for the inner nenber is
equivalent to class 3, class 4 or cla$s 5 in SWF specified in JI'S Z 2550.
16. The manufacturing nethod for permanent magnet type rotor according to
claim8, wherein the green conpact for the inner nenber has a conposition
in which the thermal expansion of the inner nenber is greater than that of
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density than that of the outer nmenber and an outer circunference 39
contacting with an inner circunference of the outer nenber; and plural
"permanent magnets di sposed at intervals on the outer circunference of the
outer nenber toward the circunferential direction; the inner nmenber and the
outer nmenber being nmutually sintered and bonded; the inner nenber
conprising: an inner ring portion; an outer ring portion having an outer

ci rcunference contacting with an inner circunference of the outer nenber;
and plural radial.ribs radially arranged so as,to connect the rin

porti onss:hwaéﬁeerilsmsnéndaﬁéﬂnﬂ@nﬁ@mb@smaﬁs@v@.smj@rec%%rma%pmuq ss than

that of fhe puter rin ortion of the inner nmenher, and the contacting area
bet ween PH& ¥EAERUS pw%gP ith Prah gux 9@1#5%8955%}1 SHCRgY,GO B918 of the
per maneniOE GASLIS SHRCTE D1 ERe daraeieBo e s 1B e 3 be

ci rcunfergnt.i ri X1 i.ng_along the circunferential dir Lon

cont acti R@&)\P?‘%‘. tﬂglagﬁﬁ’gﬁ [lpﬁ%r B]&n?l?gnl ieéanoé'\ﬁdd%)&%m&nﬁﬁher adi al ribs.
22. The Ing: .t I,¢ rein the

ci rcunf e?g%{fﬁg?ﬂfrbleg‘?ﬁgg{pébggggéplgﬁﬁ%ﬁ%ﬁ{%neglicn é‘??@&ﬂéﬁé&p%%n t her eof
bet ween ragdi rd AP RN magnet
type rot %)ﬁr]fearcrggr_ ierrlgo?%)ﬂgse;ﬁ é#gq M@g?:oxﬁ%’ﬁ’gg’? gg‘lgearlr-{ﬂr?gg%?{slalﬁhc Ined with
respect hfdihﬂg a‘ftaﬁ%@ﬂf A%Slﬁl?ﬁ'lt fa%iial?'x'ib@.(?t !@'@hi@fc\dﬁf@ﬁﬁtion, a space is .
AT@QA . As.AL.As. A A . As.AL.A . As. A . A A ATA . AsSCAAA . A AL ALLA.A
~ A AL fdrdéd befwedik i tadial 1Bk téfoAA hdllowt, APthkt vElight redi®tion
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particular, the portion of outer circumference of the outer ring portion at the

radial rib is affected by large volume expansion of the radial rib, so that the

pressure pushing the inner circumference of the outer member is

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

rotor 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
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10s9! 10%ufdr #AfYkrfidn 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 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 outer
ring portion. Therefore, in a pressure condition in which the outer

circumference of the inner member exerts pressure on the inner
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embddifisrit( fhe Wélame expansion of the inner member accommodating
the bonding with the outer member is added not only by the radiai 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 improving the bonding rate can be inhibited
within the minimum range.

According to a more preferable embodiment of the invention, the
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liquid phase state, the diffusion bonding is further promoted. In this case,
when the generation of the liquid phase is within 5%, there is no problem in
erosion or deformation. Howeuver, it is preferred that this be kept within
3% in order to maintain a sufficient size precision 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 green 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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saved, and it is preferred also from the viewpoint of uniform dispersion.

As the atmospheric gas, a refined exothermic gas produced by natural gas
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. However, 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, preferably 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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The area rate of the bonding portion (portion indicated by numeral 55 in

Fig. 4A and 4B) of the radial rib 53 and the outer ring portion 52 with

respect to the inner circumference of the outer ring portion 52 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.

A recess 56 is formed at the center of the inner ring portion 51 of

the inner member 32, and the circumference thereof is formed to be a thick

portion 57. The radial rib 53 has approximately the same height (axial

" thickness) as the thick portion 57. Plural screw holes 58 are formed in the

opened end surface of the recess 56 in the thick portion 57 at equal
intervals along the circumferential direction.

example, a transmission using the screw holes 58.

Plural permanent

The rotor is mounted to, for

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 proportion 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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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 5i3-5B.
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 ring 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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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 at 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
characteristics 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 radial ribs 53, so that weight
reduction and compact design as well as increased strength can be

obtained.
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l)he}nbérog/f? fe(thermal expansion of the inner member 32 is greater than

that of the outer member 31, so that pressure is exerted by the outer

circumference of the inner member 32 on the inner circumference of the

outer member 31.

In particular, the portion of outer circumference of the outer ring

portion 52 at the radial rib 53 is affected by large volume expansié)n of the

radial rib 53, so that the pressure pushing the inner circumference of the

outer member 31 is significantly large compared to other portions.

Therefore, the diffusion bonding in the portion of the outer circumference

of the outer ring portion 32 at the radial rib 53 is remarkably promoted, and

the outer member 31 and the inner member 32 are securely bonded at the

above portion.

The rate of the contacting area 55 between the radial ribs

53 and the outer ring portion 52 with respect to the area of the inner

circumference of the outer ring portion 52 is appropriately established, so

that a required bonding rate which allows practical 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 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 rib 59 extending along the circumferential direction is
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portion 52 at the circumferential rib 59 is securely pushed to the outer
member 31 and is bonded thereto. Therefore, the bonding rate between
the outer member 31 and the inner member 32 can be increased and
secured portions and portions which are not secured are arranged in the
circumferential direction with a good balance. ‘

In the third and fourth embodiments, the radial rib 53 may be
inclined with respect to the circumferential direction of the rotor.
According to this configuration, the radial ribs 53 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 to
temperature elevation can be inhibited.

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
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compacts. As shown in Fig. 6B, the inner member 32 is composed of a
boss 60 inwardly disposed and an annular portion 61 outwardly disposed.
The thickness of the annular portion 61 is less than that of the boss 60.
Plural permanent magnets 33 are secured on the outer circumference of the
outer member 31 at equal intervals. ’

As shown in Fig. 6A, plural ribs 62 which contact with the inner
circumference of the outer member 31 are formed on the outer
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 o
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
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c1rcumference of the outer member 31, 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 lubricant, 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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the weight, and the magnetic flux density as magnetic characteristics in the
obtained samples were measured. The results of the measurement are
shown in Table 1. By way of comparison, a conventional silicon steel
plate was machined into a shape as shown in Fig. 1, and a material
equivalent to S45C in the JIS was cast into a shape having hollow portions
by a lost wax method. The weight and the magnetic flux density were
evaluated, and the results are shown in Table 1.

In following Tables 1 to 5, ©: good in practical use, 0: capable of

practical use, A: limit to practical use, and X: usable.

Table 1

Inner .

member Composition Fe-1.5Cu-1.0C S45C

0 Composition Fe Fe Stlicon steel (hollow
uter Sintered shape)

member Condition Green compact compact Ingot steel

Bonding strength O O O - -

Weight @) O O X O

Magnetic characteristic (B) O O O O X

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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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.  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 coﬁtaining
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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E :r&NtX< 10%Q & ()- 10%Q & ()-1,- 10%Q & ()-1,- 10%Q & ()-1, 109 & ()-1,
109%Q & ()-1, 10%Q & ()-1, 109 & ()-1,tX< 10%Q & ()- 109 & ()-1, -
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10960 & 8 1, 1088 &f‘qérzfmmﬁ .82,(1;25@111111@0/&3%&“(};2:11,th&&vgl@rgwas

109%Q & ()-1, 10%) & ()-1, 109 & ()-1,. 109%) & ()-1, 109%Q & ()-1,

1090 & 8‘ Pbbbﬂfgs& %rﬁe.@,agz;m@)ﬁf&@éé@%tx )Végﬁﬁéﬁ%y ® e?aﬁ‘@éﬁ«g%& ()-1, X E
T @ANE X< 10%Q & (). 109 & () -1, - 10%Q &. ()-1,: .10%Q & ()-1, 109 & ()-1,
10%g & (PRI sopiaclich] TS Sl SommLe S deeh 4 O copitakeg mEre” |
109 & ()15 0% & ()-1, 10%) & ()-1. 10%0 & ()-1, 109%) & ()1

1096 & 8}131’ 3% fﬁ)@aé%,(t%)_e %5%%? @‘1-"1‘:1@“5156%3&'(%9‘-1&?&- 1&/&}‘&(&’3% 19

109 & ()5 frnidRtR  {ritdnt 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, réduction 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 demonstrated 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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10%Q & (Table 30%Q & ()-1, 10%Q & ()-1, 10%Q & ()-1, tX<0%Q & ()-1,
109Q & ()-1, 109%Q & ()-1, 10%Q & ()-1, 10%Q & ()-1, 109 & ()-1,
109 & (e, 10%J & ().-1,[VV6et X<09%) & ( 109 & ()- 1, 109 & ()-1, X
L1 & N_208@@e ( LTOTFEN)-1, 1000 & ()-1, %ﬁ/‘éﬁ%@ -1, 109 & ()-1, i
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10960 & ( Fittidg diffbRAe) & () -1, 1 () - 35 und 0% &0(upr 1,] 10EIM& () ~4D0 um
1096 & ( JintcderéRiex>U9 10%Q[& () - TRasskig¥Y & ()1, XTightening fit Broken
Bonding strength A 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 bondir{g 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 i 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 (Li-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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shown in Tab]e 4.

Table 4
Composition Fe-1.5Cu-1.0C
Inner member Forming lubricant Zn-St | Zn-St | Li-St | Zn-St
Composition Fe .
Outer member Forming lubricant Zn-St Li-St Li-St Zn-St
. Decomposed Degenerated Degenerated Degenerated
Sintering atmosphere ammonia gas butane gas butane gas butane gas
Bonding strength 0 @) 0 0
Magnetic characteristics (B) @) 0 0 0

As s clear from Table 4, favorable bonding strength and magnetic
characteristic were observed 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 green 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 member using zinc stearate

as a forming lubricant and the green compact for an outer member using
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109Q & Qiééenejrgt@ l§ht(a)ne]gas by using the green compact for an outer member

using lithium stearate.

Fifth Example

Rotors shown in Fig. 5 in which the rate of the contacting area
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 s;:tting 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/cm’. 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/cm’. 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 member
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 are shown in Table 5. The bonding rate was obtained in
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between the outer member and the inner member. In contrast, the colored

portion is a loosely bonded portion in which a boundary surface exists
between the outer member and the inner member. The bonding rate was
obtained by measuring the area of the white portion based on the data of

the bonding strength distribution.
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portion of the thner mem%er 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 scarce 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 drea 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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inner circumference contacting with an outer cncumference 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 portion 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 permanent magnet type rotor according to claim 1, wherein the

outer member 1S 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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6. 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 o
annular outer member having an inner circumference contacting with an
outer circumference 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 rotor

36



109Q & ()-1, 109 & ()-1, 10%Q & ()-1, 10%Q & ()-1,cC 10%Q & ()-1,

109Q & ()-1 100/@!&'() 1, 10%Q & ()-1, 109 & ()-1, 109 & ()-1,

109Q & ()-1,vZ: 109Q & ()-1, 10%Q & ()-1, 109 & ()-1, X E :r&NcC
109 & ()-1, 109%Q & ()-1, 109 & ()-1, 109%Q & ()-1, 109Q & ()-1,
109 & ()-1, 109%Q & ()-1, 2 10%Q & ()-1, 100/@!&() 1, 109%Q & ()-1,
109 & ()-1, 109%Q & ()-1, 109 & ()-1, 100/@!&() 1, ? 100/@!&() 1,
109Q & ()-1, 109%Q & ()-1, 109 & ()-1, 109%Q & ()-1, 10%3&()

109 & -1 Z>" ? 109 10% r &N
$&?) +c8356@ jigg ty Glamig/&yf@)resn %&@%@W%ﬂ?@@ éﬁfzr) mfm%d@S& (-1,

e s ST

i | ot i e O e

100 & (1 E PRBTRY B EE et d rovet ol §h§ftnﬁ&%a&€é@sﬁa%n9
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 composéd 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 powder 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



1090 & ()- 1090 & ()-1,- 10%) & ()-1,- 109 & ()-1, 10%Q & ()-1,

1090 & ()-1, 10%Q) & ()-1, 10%) & ()-1, TUMKt X< 10%) & ()- 109 & ()-1, -
109 & ()-1,- 1090 & ()-1, 1096 & ()-1, 109 & ()-1, 10%) & ()-1,

109 & () -1, XYZ[\vZ>"t X 109 & ()-1, 109 & ()-1, 10%) & ()-1, X E
r& N ]~ *abct X< 109%Q & () - 100/@!& ()-1,- 1090 & ()-1,- 109 & ()-1,
109 & ()-1, 10%) & ()-1, 10%) & ()-1, 10% & ()-1, cdefghijtx< 10%) & () -
109 & ()-1,- 109 & () 1 - 100 & ()-1, 109%Q & () 1, 1090 & ()-1,

109 & () -1, 10%) & j kI 0% 1,- 10%Q & ()-1, -
100/8 & Egallpy li@n/gow s@ﬂ aimaé umg %@3@@1 pé%y &1? nog% VVV:
109 & ()-1, 1 1 &1 %) & ()-1,
10%Q) & 8 1 %@;%&Cé%te@t 151%3@‘) QY(‘Q%S Oig%ﬁ &h? ?L‘?m}fm/&j @%gﬁp’()

10%) & ()- 1, cC 109 1094 10% 1. 10%0 & ()1

Tooey & (Jss oiayanthint Cu sopset s SI0%by s tesd in ToepBridsidon
100/@! & V& ()-1, 10%) & ()-1,vZ:

10%) &' 8"-@}’ %g(ﬁ@e@eifoég%@& %’0"%{? r&’(‘?\l_’? 109%) &' (§) 1,

109 & ()-1, 10%) & ()-1,

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

JIS Z 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 in the high temperature range of

800°C or more during sintering process.

17.  The manufacturing method for permanent magnet type rotor
according to claim 8, wherein the inner member is 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.
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an annular outer member composed of a sintered compact;

an inner member composed of a sintered compact having a lower
density than that of the outer member and an outer circumference
contacting with an inner circumference of the 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 less than that of

the outer ring portion of the inner member.

20. A permanent magnet type rotor comprising:
an annular outer member composed of a sintered compact;
an inner member composed of a sintered compact having a lower

density than that of the outer member and an outer circumference
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thereof between the radial ribs has the maximum volume.

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

the radial rib is inclined with respect to the circumferential direction of the
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