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iv=Tasin( 0 1—27,/3) e (1. 2)
iv=1.¢sin( 6 r—4xn73)
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fEENT-HEOHFRLEAABREGERICEDAENLTWVWD, 1 DOBBIZIIBOKABE
O ER10mm— & X 24mm) O I TW D, S LI, 2BEOPBRNOKRKABEEPIEIER
BRI, 2. 2. 1ICART XS CEHE#HCTHE— RIS (NE-S&, N&-S&) &FEk
LTWd, Leds T, FEOBKERITER IR & BEOEF 23R8 hmicl S
NEAABEET Ty MZbhbd 2003 -7 bR ENS, KABAIZING-Fe-B %/
HThY, BlETHABOMBRIEBEOB S 2 IAI UM TH D,

2.2.2.2 ¥ &

FHAGCGMIIBELREBR THLIOT, ROXH>LBEEBLZ LN TED,

(Bm#Ek)

O TFOBEHBH P KABEOREEE L0, AL, REEELILELETICHE
FEEEGIC TSI ABD, SOREEROHAEEEICL Y 1BAER SN DD TEL
HCRDIESEHFETED,

O LN RETHAIBIEGETFIIHBICHBEMPERCTCEIOTRE - FREO T 2TV
IVAEATES, BEBLICKXVEEGEFOEBREENATMLEL, A -y b/ TE
5, MEZFRPGRAEGHESE CHETIVUI., SOIUERE - BRELLEBTEX 5,
TORBELTERZ. 2. 1 ZEMEE2HBICERALEZAGM2OEEFOERELY T,

#2.2.1 BHMEIPORIBEIEBEFOERERER

El85 T O 8 ElETOEERE
& 21.6kg (100 %)
T2 3 (RIER) 9.5kg (44.7%)
F R P (GE{LERHEBHAE) 6. Tkg (30. 9%)

O FHBROBEICEEAHL O OO ERM CERT ARSI RS S0
ShD, Flo, KABENOALBIBOEBRREIIRTHHOT(I — 7 L RABA M
O : 12mm) . BIBRSI AL 28Z~OAWRHEIIEBRD T/HhTH S,

(H A3 8 7m)

2o0a8 —I7HEICBWT, BETHBRLEEBEEFOE AL Nafvomhike E8MLT

PUTLIEBEICLTHAZEMTE S, o, BEMIKABREOLBMELHDT

BEYLVOHDIEIHIZKRERD, ¥R, SKBBOBEMLVWO T, ZEICRDIZION

THRIMETDHEEZOLND,

(A VT F o Afkmb)

BEFERIIHNETHENTELHOT, BEFOSEBATREEL 2L, HEEO A
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T AMRHET S,

(Fe ) 1)

TT XY v TFIA T 4T EEBELOBNEEREFOERIZIEKDOHRE LIZLT,

OERTRIEBIZIAKAMEBEOBHBABGLEODL DKAMABEHROK 5O —IZ
HAHDT, KAMEOBBAEZERB LELEORBREMETHITREL LD ILERT
X%, ThEb, RERT Uo7 E - RN BLHEEGEEOXRE &L FEEKM L)
WES L2 T (2.1 5H)

OHUEHEREIELLRERDIED, AV E I Z VAT BREBHEROBE rO—BREI
b, EmEEEGEEFONRLEHEIE LTS, (&2 13H8)

@ LENVWED, BEONR—IT VALY, YFIEL AT X
FORAZIERAELSRV, £, KABEE I —7BOEBEII2ZmTH DO, KA
HOEBEOBRERBOEN) . BEFORLICLIBIWAREHEOERIINE 2
D, TNHLPERTELD M2 IRENIM/NNT R D,

@I.STULOEHEAEEL LS8 LENES., HEMOaAA VITEHFLTHDIIZD,
BENAELERD, FIAGMOBUEMOFBIISKLELRH DB E L&KL THME
T60% WD L Tvwah,

2.2.2.3 #RAEHS
BEFON - ABRELITIRBON - AR, FVTAREGEEROEEFABRORE LR
BICEBEOMELERTAEERRI A TA—FTHD 7,
(BEKHH L EEBOBR AT A — % OBEK)
AGMOEBKERB L HEBEIEMACIEKRATREIND,

B:p¢/ [n/’él-(Doz—DiZ)] ............................ (2.2.1)

Ac=~‘2mNpI/ [n/’2'(D0+Di)] ............................ (2.2.2)

TTHT. Act HEBREMGA/m, B HBREM(T), n : EBE&E#HE(ps),

Do : EWNZEREONE (m), Di: EFHEEBONE (@), ¢ @ BH & WD),

P : #%, m : fB#E
IhEY, HAPoKAR TR T LN TESL, (2. 358)

Po:ka(kz—1)(k+1)/k3-n'D03 ............................ (2'2.3)

Z 2T, Po: A (VA), ka=2.74k BAc, k =DoDi,
DoIEEEONABRTELIVEOLNDETHY —EETDE, 0Po/ dk KVEKRKESD
AL ERBEREIT k=173 LD,

(X EAF—v ¥ DBERK)
A F = x&2 ] (Nn)&TDE, Po/  IERKERDDIT k=151DLETHD.

(ft8 2. 4B 8)

UEXY, AGMORBEMHITL.51=k=1.73¢45, 2 i v, RIEH TIHE k =DoDi
=230mm, 150mm=1.53|Z|_E L /ogk i L 7e > T W5,
HIEEITAGM2E, AGM2OHAZEMETEFAE LT3AOEEGEFHBAFOA
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GM(AGM3)Thd, TNHDHETAHFE2.2.2I12F7F, AGM3 TIZTAGM2 DKA
MELIYBR AV -BORVWAKABEE2FEHRLTWS, &HI1IZ, AGM3 Tk, BE
ABRTHIMOKABEOREEINELZY, BBEOAFMA S 10mm, 1lom, 12mmd S £
DAANBEEBEBEL CVDH, ZHIELOBNERIRNBORABEOERELRKETH Z
itk BMKEMEHEML TS, AGM3OWEAEZXK2. 2.5, AGM3OBEEF%*
SELILEEONABAERK2. 2.6, BEEEFER2. 2. TiTpR$ 20 20

£2.2.2 HHAAGMOH¥T

AGM2 AGMS3
o 3 3
LT 8 12 12
oA VEL 18 18
B [kW)] 8 40
B [rpm] 20000 20000
' E (vl 210 420
A [A] 30 6 0
HEONAE  [mn] 250 250
HEOR S (oo 24 2 4
KABEH Nd-Fe-B Nd-Fe-B
T2 N F-FEk]/n’] 285 318
mEwFEE ([T] 1.21 1.29

2. 2. 3 ﬁﬁﬁﬁ (14), (21, (23)

BRERIHMROCFEEELZERETH> L IEGEROREH. BERABREL2MI?EELEHE TH
Do FIHAGMIZEAMORBOBR LB FRMOBRGREAEB ST L0, BEITZKT
T A, SHICKEBRREOLEDBABEIIBER L2, o), FREFELAEV
BRBITICLOEER AIGEOEABHELIRET ILERDL S,
2.2.3.1 XAXABAEZEUCBAMITOKZAR Y @2
T BNICKABEL2 S X OBABITOERARIIUTE 225,

Sm—Co, Nd-Fe-BEDH T HRBAOHMIBHL T I HBH®R CIX. BMEEELBRO®R
SEHEBALTCEY ., KABMEOHEREITQ2.HORELTERYBH I ZenTEn 20 20

B=urH+Br (224)
I, B IWEEE, p.c FTHEERE, H:BROBS, Br: BREBREE
VI AU ADOEFRALY

(\15.
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TZiT. ) EREREE
(2.2.4)%, (2.2.5)X&LH

B
rot — =I+1m (226)
F7AR
oz, ImXEMmRBEEREE T, Q2 DXTERIND,
B
Jm=rot — (227)
u r

B=rot A% (2.2.6) RIZRATHLBITOEAKXBTOLND,
rot (rot % ) =]+]m (228)
DT, ABRERR Y PART v

2. 2. 3. 2 ®WHE-=TE

EFETAIER2. 2. 8IFT XN 1 BAMBITEKE L, AGM2, AGM3iZHoW
THRERELAWEZ KT, ROZKTOBABITZ1T > T\ 5,

TR T OV TR RS, BEFERCBOTHEHEG#H»ORE—FRICEEBEINTCESR
OHRLEEY 1 OOBRIERE TS, IBICBWTAKABERAR»> 48, 38, 2@
LEEBENR TV, LEN-T, 1 BOOMEF CIIATRROS I mbimo Mg 3ETY 2
Lichb, FOIEOBWICIVEBLNAEIBEZMAALE T, 1BYELYVOBKRELRS
5. 7. MEBEREMASYHFEICERL TEFZTY., SEEBEB BT OIRARED
MEASOWEROBE T T2, 2. 9 (a), (DITTT,

S TMENIEE 2. 2.10(), MICARTETATITY, EREHFIEEEZBEHER L L,
ETFAOMBFEOEBRENABOAMICITERRBLER T, TLEEEREREL WD
%@%%@%?ww%ﬁﬁkgiﬁ%%zz 3ICRL. BEFARK2. 2. 10" END

CERICSEIRATVWS, BB, TOERSFXIAABERRN D L) ICEETFH
ﬁ%é%bf%mbf%a

I, FAGCMIBHEE L BEHERLREL EBRo TWHHKRO X 5 RGETHEIT
BEAMmMEL TWD,

FAHOBET A NI AT FRBERVEDRVEITIA NV FHRORENE
Y 3EEHD, LT XX v UL T 40T THY, BERWRERBENLKTH D
DTaf ATy REROBHBEYERTL L3 TERY, LER-S T, EITE7 LTI
REMLEFFRIC AN FEORRDLIIBEOIANTHEHRLEETLELTWD

Fr. IA LB THLHREMBPENO TREBOBMESMIH —TARVWI LN TRS
o, LER-T, BIF TR 1A - BOaf VOEXTHERERDTE 1 ¥~ OBKZE
FOMMLBRETHERLZFEL VD, FEBEERZOHIHWERLMY L. BRHFEEK,
aAf NOEREERL TRD D,

2. 2. 3. 3 MEER

FEFABOBMEEES ST 2. 2.11(), MIZFRTEIICR2D, BRABEIZEY =
ANANNTHEEBEERS—TRVWIEAbMD, AGM2 OBHEEEIIE&GEFHERO = A
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> AGM2 DLEEFIL

lf%ﬁ%ﬂ (1484)) % B

KkAWAR (REFHRE)

> BT SEE
| !
/ N/
a4 JVER Y,
Ny 3a—7y Nyo3a—74

B2.2.8 MIETI

#2.2.3 HIRHBLERH

o= E N
AGM?2 18, 000~22, 000 | 29, 000~35, 000
AGM 3 23, 000~26, 000 | 37, 000~41, 000
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= = ‘Z"‘*%?a’;i%.\l“ i 'i{‘“ﬂ““"“‘%"“‘f
= A" ﬂrg AvA;'z':" I vﬁvﬁrﬁvaf S 2275
: == J4NE Ny bI—2
e eIl i
i ]
) a4 a4 ) (a) AGM2
(a) AGM2
KA B A My @8~
KA®EA
NgFd =2 (B1&F) HKyad—8
”QQWE &MWM T
i ‘:sg‘i I}‘ ‘g‘é'ﬁ‘!\ X 3 ‘Qil-'g,“\‘k\ ‘;'

=
27

<5
A

1 “-liEQ%i
‘E“ ?‘Z‘

AL

a4 )b a4
Ny 3a—-9 J4 JLER
(b) AGMS3
(b) AGMS3
(2.2.9 HWE»fH X2 2.10 =XRTEBHETIL
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(b) AGM3

X2.2.11 BRBESH
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ATO0.16~0.25T, I — 7R A VTO.17T~0.25T CH Y, I — 7 ORKEFEEEIL0. 29
TThHsd, AGMIOHEEEIIEEFHREBMOa A1V T0.19~0.28T, I —7 a4
NVT0.19~0.28T THH |, 33— ORRKBEEFEIT0.29T THD, EEBNIZAGCM3 O/
HEEIZAGM20D 1. 2~1.3fE<R>TW5,

AGM3IZBWT, BMRIEWNMEBREWMOKE N ZTHEOBITZ2IT> TR LT, =
ANEE/2IZLLTESGE, BEEERBESE FABBMO AV T0.29~0.37TT, 3 -7 @l=
ANT0.29~0.3TTTHY, -7 OHRKRKBEEFEEIT0.46T LRV, 1. 5FOBKE
FPHMFETED,

KICBHTELIVEHRHL-FEEEICODVWTKRHFTD, 23— 278ChHDaA v EEEFH
BRICHOAINHB A NICBIT I#HXTEEOFEHE L REBOFEEEDOHETELRZ2. 2. 4
WY, 3N ERBaA AOHETBEITIZER —-THHZ b, A AL
WICBOWTRABEEL I — 7Rl A A B L THLD e, HREEIZER—T
HHZ EBbhD, Lo T, REaA vEREF2EFBICEZRIZL THERT Z &
FY., BFEOBEEIIZIZERA L THADEZEMTELZ LA#EESI LD,

TRTENEE ZARTHETEARETAERZ. 2.4 XV ITFEEVEXIELNATED .,
SRR SAAE R AERETAEBOBERITE LT, AFEO KRBT bERT D
TERTEDEERDRD,

#£2.2.4 BEAMEFHE

AGM?2 AGM3
ZRED Z®E| KT ZWE

B [Wb] ; ;
a— = A 3.12E-4: 2.74E-4| 3.35E-4: 3.46E-4
N =1 v 2.96E-4 2.59E-4| 3.35E-4: 3.40E-4

_____________________________________________________________________________________

mEFEEE [V] 224.5  196.8 866.4:  886.1

2. 2. 4 HEHROBEGEESMEN S OO

2. 2. 4. 1 @WFE- =Tk

EmEEEETIEEEG EREFT CTHOBEFIRGIB L HOBEHE S KT 5 LR L TER
BRRELND, FOLDEGERELBREELS +SICHEBE ST THESBROTEELRERTD
VENDHDH, BROBEFRERSHETIAEREELFMT 5 ECEELARHFHEBE TCHD, 22
TIXEZEEERH 420, 000rpné L, AREFREICL Y EIE#RDOIRBET 417> T 5D,
HHEZL L TEREZREOIVERLIAVTEBAOEH FERXRLTFTE T S L (2.2.9)K
N/LND,

[ M] 'g+ [K] x=r e (2.2.9)

2o [M] c@ROEETY, [K] :BESTH, x: BT b,
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ERELEHEL

ERIE U IRESHEL

NXEH: 3. 6xX10* (N/m)

1 | 33328 rpm
— ! —
o} =F ; .
-1 e | M
L B L LR
(BIE&F F i)

| ROEFEHE — K

TJLFOTNHR— b

| 1 26664 rpm
R
! ' | t
L Bl B
(EIEEF i)

1 ROEBERBE— K

B2.2.12 Eé#REHR RENENT
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froh~r b
AEHRIIEMZTIILVESIMEIFIR TR EPL ZKRTHELELTRYEZEH 2 &8 T
5, MROBEEFREFBELTFHTL2-DICQC.22OROFRMEERD B,
Thbob, 29X ICBNWTHILIOANRT MvE F=0L LT,
X = u e Jwt ............,..........‘...‘............(2.2.10)
MDD EF B,

2, j=Yy -1, u BEREE-F, o ABREFRSEK
IOEERABE/ELND,

Q)z [ﬁﬁj w = [E{] u e e e e e et e e e e e e e e e e e ..(2‘2.11)
C2INATREINIBEFEMELHTIZ. BEEHER. BEESHT - FRKkdDon 5,
BT ROEGFIIAM2HOMZTLEm 2 VATICERB L, 34 Bos chlis+42 X
TAHEKT, @107 T NVFEITREZKIXQC.2.12) X TBLAE (&2, 538K)
ELTHEITEITo TV 5,

W Fr SUTAME, § TVTAFRAENMNE
2.2.4.2 BWEHE

AGM2IZBT O#MBROWMITOEBRFROMITFERLZK 2. 2. 12177, AGM 2 O[E
BT T3 1 R OEBEEIL3S, 328rpn & 70V . HIEBEK D20, 000rpnk VY +5512KTH 5,
1 REREEPBEEERENO20% U LEALEETHY, BEFIILEICHET S Z &0
TRIND, £, BEBEFE27LVF 0 IAPFR-FE LI L EDOBBREEIL26, 664rpn T
HLH, TRKOBERSHE— FIR2. 2.12(a), MWICTART LS ICEBTH L0, BlEsF
DOEE E S, BEFONRT U ARBRHIZEND Z ENbND,

AGM3 ORIETF CIE 1 KROBBEEEIT26, 146rpmd 72 9 . 20,000rpm £V +5 12 KT
HH, IhEYV, AGM3LFEKRICERE LR ERENSOND I EBNHEETE S,

2. 2. 5 % &(15),@6\

2. 2. 5.1 BEEEEERY

EEF2a@EmEEE L EORE CREFELHZTI-0,. K2, 2. BICTFTBERE
S HERBREB LAV CUTOL )RR REEGEERLTTY., REEoREBT2 7
A —EVOTIZHEBEFMICERBL, =7 - ¥ —vY o 2HHL CBEL T 5 EIEKRE °H
e bRIES, FRICEHEG 78O ERERBMAICH 52 BBHRRNEML L v HicTHETF
DINERET D,

AGM2DEETOMEME L BEHEKOBFREE 2. 2. 141277, 20,000rpmiZIs T 5
Bl F DOEMIZ20~40unTH Y, HERGICBWTEEFIEHLHB I THY . BEL
THMIEEBEL TS, S6, M2, 2. 147 T LI ICEEITRDICHONTIRE T/ &
RoTWD, T, BETERAESES . »OBETEELEVWED TH D,

FIFFIC, @ REERICSWCEIOEMBENEM LAV 2 S0, EONIC X 2 BaEo
ORI LIy BEFOBRELTDICHD 2 EVHERENT,
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& (104 rpm )

I7-49—EY
' " (20, 000rpm)
§mﬁi tl:ﬂl “

| __AGM
(B1E&EF)

i}
Ha
B}
1

2.2.13 BEefOEErREABREE

E
Ll
ia -
- £Y :
& [
100 EliEsFH# DA
- 0—
f TSN TN N TR S DU | TS SR SO S S
0 10 20
B M (min )

2.2.14 BeXRBEGEEFYE
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2.2.5.2 BEERE
HERIERALEHECES L CHEESYE, Fa/ VKB ARTFORBOFEREE 2 B E
FT5, KABMARER T ORBOBMEII-ETHHOT, M2. 2. 157 T IL5CHEE
FiiEERICEFH L., SEBEEHIIROMEBIFBLA TV D,

AGM2 OEMFEEEE : 0.0102 V/rpn

AGM3 O#HMFEREIE - 0.0206 V/rpm

ERE S BIEA BT 5E2K2.2.50f&R5, BARBEICKITDE % DKAR
FRAOANR—I 7 AZRLE RTBEFREITERIERMBICHBEHI—FH LTS, L
P, FERFAOKRKABEEORNWVERALZRE CERVWIEOERBE LV RELS LT D,
CRTCEE I ERMEICH T AEEITIAGCM2 TIE—3.5%., AGM3 TII7.8% ThH Y,
< —FL WA, AGM3DENBENKREL R TV HIERIEFTFETAVOaA L=
VEREBRELADIIHLTEEO ML FIZEHLTEY, #EXBEERRINERD
EHLiEESRS, BHMLAEIAA ATy FEAEELAZEFTACTRIZTERE & ITER— &
nhHEBbib,
SEIZAGCGM2IZBWTE 2HBOT AV RFaA AOHEBEEBEELRK 2. 2. 161277,
-7 flaf @ @LFRaMNO,QOFEBEIXIEIER—THY ., 314 VOHKH
IR —Chd o L ARBSAL, CREE2. 2. AORBMITEREL KL TRy, =
AN (Bl FHEOE) ICHA L CTEEBEEOH NITBNTL P EEESND,

#2.2.5 FEBEEOMHAELIXBREOLE [V]

AGM?2 AGMS3
NS k3 | 224.5(110.0% | 8 6 6. 4 (105. 4%)

kT | 196. 8 (96.5%) 88 6.1 (107.8%)
ERHE 2 04.0 (100%) 82 2.0 (100%)

2. 2. 5. 3 EHBFEHEER
2EDAGM2OHAEMAERL C—F2BEE L, thhixBERL L TEESET
BUHERLITH, BHERORBHERICIERAEA VA FEERAL. ROXHIZL TES)
T5H, A 3= 2 3KEE (5~10Hz) OBEELZREITLREL L TEIHRLBEHRA
T5, FO%., (HWHEBE/RAEL 2 ECHBEL CAEXL LH L, BEEHEEETED
WAMEST D, ERICAVEA VA FOREH B EBEITBHzTH Y| 12ZBDAGM
2 DI EmEEREIT9, 530rpmE 72 B,
(1) BERRRHER
Bl s —EOREGEH CHRE) SH-RET, BREALERL THEETBRBERSE S, H
B - ZIET 500, EEESAE > T EBI T R X — 28BS EwIE (RE -
BEEE) ORI RAX-LRVEEShDLILOTHD, ZOBERLZFA L CHEHOBEE
BELYPEST D, BREF»HLEILZCTOR., —ERMEICEMEELME L C(HEEK L
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(V)

FEEE

X2

1

0 0F
g ol
6 of
s o)

20F

) | L | L L L | 1
% 2 4 6 8 10

& (102 rpm)

2,15 AGM20FEEE (FRRED

(V)

HEBE

3 AGM B&EF
2

PRyiny -

E&# (108 rpm)

X2.2.16 &34 OFLBE (48)
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BEOmBE S, TOMBROEBEROBETE RO T, Q.2 13)RKXVBREHET D,
WL=06D*%X2.74 (dN_/dt)noXNox10 ° [kW] Creeeee e (2.2,13)
ZZiC, 6bF c EMRERIke n®], AN/dt)no: BEE (M2. 2. 1TON DR
BRI HHBOEROBEE) , No: B#EHlrpnl,

BEL-EEREBHOBEEAR 2. 2. 1TICT7T, ZOWMBR T, 530rpnil BT HER O
X (AN/dt)nolT140THY, (2.2.1)RIZRATEHLEAGCGM2D 2 B OERPKE
D, 1EDAGM2DEXRIIWL/2=1.15 [kW] &7 5,

MhOENHBEOLEOBREBEII/NTHLEEDRLE, DRV KRERELR>TWD, =

OERE LTI, HBHHERL LSS CEATIHOENIELS., YA HE D6

ZECRETAOIHOBMICEZBEPEMLAEZ L, RBICBNL TBE 7 HIEETH

Bl CTHHELR-EZERBELILND,

(2) AW ER

BERLIEE LAREROBR DA ER CHREL (EFHROATHELIEET 5. HEHK
739,530rpm O L EFIZEBELNBEM/EUTIZRT,

- HEBE ) Pg 1 2.6 [kW]
- REBREER WL/2 D 1.15 [kW]
- BEHHFE 3kcI’Rac  : 0.25 [kW]
- REEREM I 0 17.5 [A]

- BEBA (RHEES) 5.7 [kVA]
(E#&E7) :5.6 [kW]

BEHWE /P13 (2. 2. 1)K TRSh, LEOBEELZRALTERYT S,
P..=Pg+WL 2+ 3kcI *Rac R ERRIETERIEE ceeeee 0 (202.14)
Pg: SEEMH /1, Rac: ZZWMEPL. ke @ HE

(2.2.1)K LV, BAP... AR IFKROENRE LI,

P..=4.0 kW, { =0.98

NRFIFHEBE (FEEE) ICBWTH0.8OFEmWMEE 2o TWD, k=T LA LKA
MAILLVEOLNDIEA LV HF I Z L RAOBBITLIDLDOEEZOND,

(18] 5 % 20, 000rpm B¥ DR D H#EE)

HAREESEEICIZFIERFT A 759, 530rpm O EHEME 520, 000rpm OB A E BT
L., ERICIIBEERXSEMTHILOEEOR AR HEEH NI VESIERT T 5,

Po=4.0X 20, 000,79, 530=8. 39 [kW]

(6 ¥ —BroREOHE)
AGM2IZETAELTOREDILD AL NAR—-ZI+HEBVRL, a4 LORAL
BEZLVaA VB VBT ENERINRNTWD, IANE2H UL H —
ICLTeE EOBEBBHEE NIL3/ICD, 25.2kW EHEIND,

(3) BERH

AGM27%9,530rpm CEIEEL TWH EEDEMEORENEFRELER 2. 2. 6 1IT77T,
BT L2BEHHANBEERBOSHOBELEELEMAER2. 2. 6177, IALD
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of f
10,000 -\-\-H?<— W o
AGM,JH AGM
8,000
= 9530-0
g 6,00’0 68- 0
140
ﬁ 4 000 9,530 rpm
a ,
2,000
~N
~N
0 { | }\d ]
150
X2 2.17 F &F i 7
*®226 B E M (C)
FESKEE: 15
) T B o % B
B E & AR -
a4 | JLb—L | B % TJL—L | B %2
BERE 58 34 47 36 53
mEERIE 4 3 19 32 21 38
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BEELREIZQCTHY ., PRV OFERAEERICOL»POOLTIRE EFMEEIMLI LT
Lo TOEBEREL T, HEABEHOMOERCHERLZOT, BAKKOEEROBER N
BALLTWDHZERBEZLOLND, £/o, RIEBO A AV OEEMIIFETH Y 180CE T
BEMICMAZONDID, SHIZERAEML CHAEEMTE S,

(4) &S - BB¥F

BRI A, BEREBEFORBYEFOALATHD, 2L, BEIITEASEN
ERTFRIND,

(5) AGM3 DO¥tEDHEE

AGM3 IEFREEIT A OCE S EEEER LY 20, 000rpn IZ+DIZWit 2 5 2 & S HERR
SH, BRI CIIEEEAMBEL TS, LEN- T, BABHIEKVCEREEEER &
VEIHWFELHET DS, FEBEERI VAN EZE2TEINERE LEZAGMIIZE Y
Tik, 20,000rpm FFOBRMBEILS22VTH AN, SHaA a2 EREREL LILBEE.
BEIZ41IVICA D, F-, BRIZAGM2 LR —OBRBELTH L6005, ZOK
HETEBE L dMBERALBL LT 5 VADCE—F L LTAGM3ZEEH T B &,
AGM3DOHBDIIROEIBTOLND,

Po: =4 3 X411X60=43 [kW]

k. BEBRETERTDEHIITHWOKNEHEEIND,

A EOEN, ZRICED, FRAGMEBRERE CHo-BREREGICEB VT, KEL
TEETAHAZENTEL, EHIC, ERBIVEEFIIRD (BEICTIZLEATETH
D, BEFORERBECZELBPLMNCR ok, ZOL5IC, HIRAGMIIBIIBEBETE
BItEORIEFABONTVWEOT, METREESBRVEEZ2ELEESN D,
SHIZ, BEOBACHELETHREBEE CHLZ L LHLMIEIRTWD,

AMETIIHHABRGEORBETALREL., ERFEL2E8 28 ETHoRB, &
HSIZ, KABAOKHERBROREL., =T Xx v S I9A 0T 47 aADEFIEDOKRE,
A NVERNBEREORORERHFEAKDZLICL0, IBAGMOEH A Bn I Tx 5,

o, FHRACMIBIBEEFHLLEEIGETFSHLALBELC ST CEEFRSEO 2B 3 — 7
EAANBEDOAHA TCHKBIEIABRIND D, HEEs XICBBEBELII=A L, X
AEa, 203 -7 0R) CERTLIBEIEIEBRTRE THDL, ZHIZO>VTIE, 2.3

Tk B,
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2. 3 WmiLBERIEOISBICL 2ER(L

2. 3. 1 EE#OBREORE

BEEHEOREY AT A, BEHAKRE R, BEEY Y OHABRKE RIEEENEXK
ERhTWa, ZOLIBRBABEOKRE REGELE-HO—FikL L TEEBEORE
LeBEIEL RS, L L, BEERIIBESEEATRT 20, BEMOETEIC
BRINS, LER->T, BT 7V —20EREICE VIThh, XIBRBEMIIRE
ThbH, T, BEEOBVEEGBFIBEEGROGREEZET SELIER LD,

2. 2 THRRELEIIHBROBEERACMIT, BFLESEREGRMY - K157 4
VADEMO KT, BHEF A EREM TR CTE O RELFERLET D,

- o, ERMEETFOBEATENTI-OEETF OB LA F R P (Fiber reinforced
plastics: BafbEkiERE) CHR TS Z L ICX WV EEFOBREIARK > T D, RIFEOH
BTz oONTR, B, ERERIOERIC OV TERL TWE BV O

2. 3. 2 mBEMELEHELEEBBOBME

RIEHIZ 2. 2HCBELETI Uy AXy vy TROXKABABEGELIEHT 5. 8
AGMIZEETFOMNBNOKARAE LBEFOI —Z7ICL v EE#MHMICERER LT
Wb, LEdo T, BEFICRBHEM THLELPFEL DD T, BEFORELZFR
PHMTIEDZ EMNATREE 2D, :

FRPOEKEITNLS5X10° kg/m’* E/hTHDHOT, BEFIINRVERLRY . ) —
vy bheh, KREEFORBEFRPESETHELONLBEELZHE TS L. FRPOME
EFOERE. AT — YT LEOREFOBON/2ITRBEEN D,

. BEEEICBONTE, BETFHLCERRVDEORABGESROBEO T T
ML ZIRRETT, BONREEREOND, £, 2/ A EBIECEET SO BRIK
FIEE SN, KRS - BEEVHFTE S,

HERIIK 2. 3. LICRT X9 IC2BOFRPORGETFHBEEE -V FaAf VIRRZEIZ
B ECE O, A AR RFADRER THS, BEFOT7L— AL FRPHTHED
. FRPOZ7 54y Moy sz a— 7RI ohTcnd, a2, 3. 21078
TEHICHBROFRPRICEAE L&, E—A FERATHD, BEFIAMVIETT Xy
P TA LT 4 FFRTHY ., BMEMICKREBE SRS, Ny 73— 730 2mOES
DBEREFRE A5 T VRITEOSTER L TV D,

EHEFIEE 2. 3. 312 R T X9 IC2EOFRP CELR-EETFHENOHERS ., H
7 SEOMEROF TEAABAESEDIATA TR Y., KABRAIXEEETEIC
Bileah s, £, ARIEEOETEKRITRT,

(3 50) 3#H—8#— 4 kW—6, 000rpm

EESFI— 7 ONE ¢ 170mm
ElEs A ONAE—-K S ¢ ¢ 190mn— 24mm
FlEFOEEE D 4.5 kg (GKABEBEES. T kg)
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®2.3.1 FRPZEALE-EEEOEKE
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i IR AR : Nd-Fe-BF, BER xR /L¥—FgF 318k]J/m’
FRHEBHREE 1.29T

2. 3. 3 MEAMN

(1) fgtrrk

REEOBFII#M IR S A0, BAFMICERE SNIKABRAR CIES R ORI
BERNAEL D, ZORODBESMIIZRTHINCR Y | AT = ROEIT S LE L 2D
ZITHE, 2. 2. SEATTHRNIEAXE D &I ﬁ@%%%%%wm_ﬁmﬁhﬁwﬁﬁ
ﬁ%ﬁ%ﬁofuéo%ﬁﬁﬁiﬁ#ﬁ@1@ﬁ&?éoH2¢y4 \ZBEROEI L T ET
TR ERT, BEEITT, 532, HAKIT0,916TH D

(2) MR

%ﬁf%%ﬂt@ﬁ%ﬁ%ﬁ%l2ﬁ;5:f¢ o VIR OREEEREIT0. 4~0.55T
ThHY . a—ﬁ@&ﬁ&ﬁmﬂ6~0%T? . BMEREELERTLIE, 3 -7 0O
BERIEEO/BREE THEL TX

BI2. 3. 6 I3MITET LD 18RS @%ﬁﬁ%@ TOMEEBEE A TT. A NVH

W@WKﬁgm%%%Eﬂ6ﬁ§béhoﬁfw&ﬁofbéo;ﬁilT%%yfv4
YA TOBRTLHY . BBROBEORNICLDLILDOTHD, o, KABABEDOHE
HOBEORANKENLENDND, 2O LV KABEDOELXS A NVOERLDHK
RITET MBI AR 1) & bic ke Tl IBABENBD L T AR5 2
EIEESND, RICEREBERBITLIVBONLES L BOIA NV EHHZETIMEL
WAL TR, 6,000rpm (BT HBEMOBEBEMII2IIV THY | REHEAIZITH -
LTWaA, EFICHRE L X5 ICIBNBER A R L /- Rk 3o L v S Hic@m< TE D

2. 3. 4 BEEEGEF

RVEHE O FE T TIX6, 000rpm TH H A, B DRFERE 4 50 5 12 O I BB IREVEIT 217V >,
FTOMNERH D, BETFOBEH THLHBI. SIRBEOHMVWC—FRP (I—F
> OsR{LEHERE) TELHh TV D,

fEATIIEE s O T O ZEFRBET CTHY . 2. 2. 4B EFEROFETET AFROIE
T A T3 LICRIETIT O

2. 3. 712 L KOBHRBHT— K251, £/, 1 KOMEBRERET3, 031rpn Th Y .
20, 000rpn F THMICHEEERNFRE L HE SN D, BEREENEVOILF R P ORI
FOEESGFOREL EHBERICIOERMEIZLY . BERBRSKERLO LB
L. Fo, BREMIZE. RIEL/ZC—FRPOS|IEAREIL600~T00N/m° TXV . FERK
& 135920, 000~30, 000rpm OEE F CHENFRELHE SN D

PLE X0 R EEIIFE T O EREIE TIL6, 000rpmTH D03, HEMAYIZIE20, 000rpm F TH 47
CEEE T D LHEESNS,






KA WA KA HA
(BE&F) (BE&F)
3I3—4 a4 a4 b a4J) 3I3—4
- ~ v (BEF) < o J
(BZEF) (BEF)

2.3.4 BHEEFTILOEZRSZ

(T)

KA BR
/o
/ SR ! 1.1
Gu |
T '%7’ i -
Eﬁ%ﬂ@@ iy
“ma“glni 0.
“&ﬁ%ﬂ%,_ 0.4
e e
*;r ’*ﬁx»xu \Q\wg ;"?’ 0 2
“"‘ \ :.m' o b7
// 0

i
=

~

i

/
Zl’f)l/i'ﬁ Ny 3 -7

X2.3.5 EFIOHBEZELSH
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a4 I 5—7

X2.3.6 @WAMMEBOBRERESH

1 ROBEFHEBE : 33031 rpm

C—=—T1 l [
b l

|

! !
LR oo R
(DE&EF F0)

IR B2 T

|
|
I
|

1T ROBEEIRBE— K
X2.3.7T [ERHmAREEREER
(WNREH : 2.1x10* [N nm] )

100

80 - == T
H e
= 60 —— 3000 rpm |4
N

R —-—2000rpm

I ----1000rpm
0 0.5 1.0 1.5 2.0
B kW)

X2.3.8 EE#MSH
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2. 3. 5 FHER
(1) BEBE
FEBEIREEFEAT CREEGL (HEIh. FEBEOERILITIEZE TH
o, ThEy, RIEMATREERBE LD M IIRENII/NE D Z LB TFRE
hb, £~ FEBEREFIEEE AL DEBIMNERENKIZIDZLOTH S,
FEBEEIEGEICHFA L, 2. 14X1077 Ve ThH D, /0, FRBEIZS VTR E
i EREOBRERINOIN THD, ZOBMEIRAERICI — Mt onza v
v Rk EBITET A OB af A FEROBEWNCLDZ LD EBbN S,
(2) EESRH
BEHHRSEOERIIRAFR L EW L LIERMBERLES LT A v —FTCHINE
E/BEE +#—ECHB L CRIEELZEBEN L TfTH. BERIEREEERORKFER
B THH3,000rpm T TETH, ERTHOLNL-BEEMEIIN2. 3. 87 &nd X
H1270 0 | [EIERELS, 000rpm THA 2kWD & &, RAIEFED /1382130.98. R II8T% TH 5
DRI, Fo. EEsROERE - BEII, BOMREENE LN,
AT LV BBAIC X 0 BEEEICH A BD Z EBBPONIEINTEY, ELITHET
Blés L7 & ORI OWVTHRHT S, BREZER LRV SIIWAREERRICHAL T
BT 5, —FH., FBRERKOXIIZRDZZERTEIND, FBIIR—EROI-D—E
Thob, TR, RiE, BEBIENT 2 EEORBREEFOLD I b OEKIX
HALHEL TENTHD, SLOERBER/ I THY, BMEEENRLS LIENENZ &5
O, SEITENREMEBbRs, Lid-o T, A0y L v HAOEMSOE K
LD ENTFRENDLIOT, PFRIFELIIMET D EEDbRS,
PUbXy, BEFPFRPCEEIN-EBRARIEL. BHERDHENT LV SREER
DEFEMD DRI, BRI ERER LV EHRELBRE TH L Z EBRIEE NI,
Eo, SHICHREOBWVEELEFALI-FRPOER, 8REOF R P ORLER#TORH
SNIZED ENICABEHRIIOICEHRIEEICI R I LN TE D,
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2. 4 FTTAXyy SRRSO SEL

2. 4. 1 FVTAX Yy /REEBOREELICETSHRE

AABAEGEIIERER CRETH Y, KABAEOD ZEEFICEBEN WO mERE
WWELTWA, LaL, #EH CTHEE S KARBS & EERRNIR.OIC X Y RET
%, ZOH., KABAEEGE A S RET IR LAOEEFEENREEALRA Vb
Ehr s, HE, BREINTVWIER - oLy rBEoBEERER . 2000282
LZEBETCHERT I KABREEEE “V 12, M2, 1. 1 (@R T X5 ICEERFREICKA
MELZEEL. TOABICERY V723 BS X5 ICEB L TERIICKABRGEEET S
R TWD, 3, BREOT 7 JBESTRABELZ A FLTEEL, H
BFOEELEERL WS, FL T, £BY U 7ITKARE LY V7V TRE LK LA
WEIICIEREMEM EFER L TV b, ZOFETIIEGEEOERERITIELEA EEER RN
7o, PEREREE. BERN. BMETA BT TEATELMEARDD, L, Y
T ROGELERAE DAV FEILERE TH B O T, FEREOBIHEREIIRE Y,
ZERRRE R B IR T L CH A RIBIZRA T2, ;

ZITE, BEE, ELEREBRE CERT I OKARE L BMRIICEE T D EEE
T, BICFZ VT ARy v TRIOKABAEEHED /N - MBI O TEE L T 5,
FOFEL LT, KEMBEEEOBEMOERY 7 L HBRO R LK 2 B4
BEL Y OV BRBITICIVEBEREERKRERY, KRFEREITHL L E
B OMZ LTV D,

2. 4. 2 FIYTABERE

HAZET SFICBEEBERROBARELICHZ 2 kARG EE#ELsERTEN
E. N - BHAOOBEEREEA B L Z ENTEDS, UL, EROKARAREEGREIT
itid LA OO Y v Vi L 0 ERBREEMET T2, £2C. ERBEREELS
KT BORBY VIICREM ZEAE L THRSHERRA2ESTIHFEREZOND, L
MU, FEREERREICAE U 5 KABCE OBKAOE LIS 2 DIERENICY V720 Y
BELTHLERD DD, BEHRAOHIBHEY  JIXKABE #BESAICER L T, KA
FRRETOHREIIBEY v V2 A RS AOBERE L THRVBRAZERTFREND,
ZORNBERIZXZY, THREREERIMETT2OTERRFELHZREIN TR0z, £
IT, IORNBEEAERL CREATHELAOBETE T T AROBEERE
BEAREL TS, UT, FJVTABEEEL*RCGMERT, dBOLEDHFHRRGCMD
FERTOEREREZRK 2. 4. 1177, BEFIIESLOREICKABREYEE L. KARSA
DI RBBFIB R B E OSBRI 2F OO &R Y v VAR TARARE 2@, =
DEHEY 7 X O KABR A BEICEET S, X OICEMBE 4D KABAORBBICK
wT\z@@wi%WE®%Mﬁ@&&ﬁﬁ%mﬁﬁKWMéﬂtﬁA@E&EMLfE
BT, INODOKARB BRI AN Y —BOF TEREYERT S, REAMBE
BEEORMELFFORMEY 7 LCX, BMEEREENKL 5T DSUSe30& AT 5,
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M2.4.1 #FRRGMOEEFDHERK
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X 2. 4. 21TSUS630 & —fRHIIC I — 7 BHITE A S v T S I BEHEAT D S45CORE K FFHE
D8 A R, SUS630MHFBERERIISAACL ¥ —HTRERWZ L b D, FEEAARA
DORBBEFREEIT 1 ~1.4TTHLHZ O ERBEEEIINI TRECRDIZ ENTHE
Ehn, ZREEEEN1 TOL X, SUSE30DHFERBERIZAII00TH S D T, SUS630DRE:
PEY UV OBESIETUIZER (FERR : 1.0) OSBRI B L CERTEXETHH 2
ERbMND, ThED, BIFAOBEKBRERRILY V VOERZE £ TICERNZERE
DIHREBRIRT I ENTED, RICAFEORBIBERIZOWVTHREIT 5, KABRICIERT
BEDLINCHZ DITITBRERICY UV Ea PR VBEL TOILERD D, KABMAENREET D
BEHRIIBINEY TR RAPRBE E LTINS B TFTRINDG, S46CH MY
VITELESRE, BMEEBEN 2 TICBWTHLHBRRIINTIOTCHDLZE L VEEEY 7
ARSI 2 TIInR Y OBENRILD, —F. SUS630TITBEEEE L. 5
TERET MKBERNEL, 2oL THFEBRRIINI0OERVIEFITNERD, /2, 2T
TIREEBRBIZSLLTICRD, (- T, BNBEEIERT 5 BEHITFTBOICHI LML
AL TRAFMORBNBEREMH CEDLHEIND,

FHR GMOBIT G L R HmEBEBROE LR 4. LLITT,

2. 4. 3 BERENT

2. 4. 3. 1 MMWFHE

BERMRATIC LV K ARG 5E, BEOTBBEEESMEABHLZLTL Y, &FFEL
FHR GMOFEIEICOWTHETT 5, RIS HREEZZE L TR 2. 4. 3177 &
JICEEEOL/ 2By LT 5, &£BY 7 OBKEEIIERE CRKV., BEFSHELO A
oy MIBEBLTaTored s, BIFFONRT A - L CiERIE#EOEE., 2BEEOA
TEAARR ., KABRE OB TR AT N7 A -2 L U TRITE1TS., £/, Bl
DI Y > T OPERBIT >N TH@BT 2175 Y,

BEFRATIZ 2. 2. BEICHR AR EARAREL D LI ZREARERELEA L T T

b, RO NRT A —F e RIGRT,

OFEG#EOBE : 2/, 4/

OXRABER " NdFeBRSA (294 k]/m?)

Sm:Co: -RA (200 kJ/m*)

OFXWA OB | : BFMm, FTEH (2. 4. 3%458R)

2. 4. 3. 2 MWER

T 2BERICOVWTIRETT 5, BRABITICIVBONTHHRRGM & EREDOZER
BREE LT — ) R BEERAOCTRESIT T2, BT CHLN-EERBIREE D LR
Wy AaF2. 4.2, £2.4. 31277,

KABEFRIZSm:Cor R ABA LGS, £2.4. 2LV HBERCGMOERBIEEE O
RIE. BHFAFEB CTIIEE#O127T%., FITER TIIERED104% Lo TWDH, Z0D
O 2BOFHRRGMITERMAORILFMIC L Y BEREREEENRKESBRY, BF
FEBOHIBER GMBAERL TS,
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#2.41 BBHOHET

ae B! B & ¥ BEFNE|VVIOEH
1400kW| 2250 0rpm 36 0mm 8 mm
@fﬁ?ﬁ'[’\\
Eﬁﬁ\
&R VY TT
THE — §

El&F a0 |

(a) EHAEH

(b) EITREH

X2.4.3 f#FETIL (1,/21%)
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KABBICNFeBRERABEA LB E, 2. 4. 3 LY FHRGCGMOERREREEORE
APIX0.921 T TH Y, EREDI2T%H D,

R REEOBRRERTIIFRRGM EEREONTHIZBNTH, 3R, 5KOHE
FEROBKTHD, SKOBRABERDITIBEERITIIFT LD, 5 RIT A7 IRE)
DERE 2L, KABAER, BEFEROBERECIVEBRTHILERDHD, i,
aryFryABHREO—RNCHRTIE. REELERERE. M oEEAKREL L
N T OB L EEE O R EREICII R LRV ETH D,

BHEORVWERIFMEMOFRERGCGM EERBORESMEX 2. 4. 417 Y, TEREIX
BEFRMZIEHECOML T D, —FH, FHR GMIZREEBO I T ERITE T mIC
BET#EX, BESCIIBERIEICRY. BHFRIICBEERERIPRBRL TV ZEB D05,
IRE. KARBEOBMEEEIINIT TS 200, BBPRHCIIHEEY v /DR
BFOEEBTILALE N, L2L, BEETRY I ORFMICBNIBMEIEL Y,
LOTU EICA Y B AT D BEIICET D LESMITINKR T O EMEEND, T
bbb, KEFBEEEORMEY vV EER TR, BEE TR Y v 7 DHEBERITA
10REILRY, BAMOBIBEERR D285,

T, K24, 4 LV BERBAEIRBIFRIICRNABEELREI T TV IRFPDND,
EOICBEBE R OBEIZ L VEEY VoK EMIMMEE IS,

WIZABEIZ OV TRET S, FRRICEREIMC I VB ONTEHRARGM E EREOZE
BERBEOETEMSER2. 4. 4ITFLTEY, KABABIINFeBBAED L X THD,
FHRGCGMOLERBBEEE OEARKIT. BITMER CIXERED116%. FITEHER: TILiE
KEEDI12% Lo TV D, BRITMOBNCLDIEHEBAITY &, 4B TITZER
MEEBEEORERFITFTEROFRES R THY, 2L I1TEOEMIIH D,

Flo, FITEROFRRGCGMOERBIEEEOEARKIL. 0.843T TH D,

TR REEOBFAREBEDIIFRR GM EEREOWTRIZBNTH, 3R, 5ROE
PRIV RKTHDIN, 2BELY LEINTHD,

BHEORWNVETEROTFRERGMEEREOBESMAX 2. 4. 5177, BEESMIT
2B L FHROBEE TH VIR GMITHMEY VOB FICih - TRER RV, &R
FBCHENE LR TWVEZ ENnbnd, £, BEBE L 725 L BBP R BRI
HWHEHATHLRMEY VI LVEAFMOBIWEENROND L, BEIFE 2D LS HITE
W ESFNRE R B (B REER) OREMEM &Y V ICER T ARLERH D,

KICHFRRGCGMOERBMEEENERE LY REARDZBHRIZOWVTHRNT D, ERAL
IERIE Y O A EETFOBE,. FHACBEY VLR AEEBETORE. A
WY Y LB D b AR T OB EIT OV TR AT 21TV B - BET AT
STW5h, W, EEEOBGKR AT —Z)EE—&T 5,

SH ORI THEONT- EMADORE L EREREEOERKOLELER2. 4.5, &
2.4.61Z77, SUSBODBEMEY 72 BAT 2T LICX D RN—I7 U AREP c136.6
~7.3&720 | FEREEY VDR 3.5HETH D, o T, KABEREETIHFIIKRE
D, SHICIRE, BETRIERICL 2 KABEOMBESEME L E EL T, KARKA LR
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SHONEET D, EHRBEEEIXIO~25%EML TR, ZOMITKEY > ZIC XV BER
WEETOHEEOHMELBILBFICIOIBVEDETH D,

BEIBEAE DO RIREY 7 (Y 7+ BRI R) 2T 5 2 LI v n e
2%, £2.4.5RT X 2HWEOEE. ERAICIIELD 2. BRBEREEN S
HIZ5%EMLTVDZ &bk, WBEBEAIIBEEY v ZIC X B FmORNBE R 2K L
TWAHIZ ERbnd, 2. 4. 6 DABETIREREGONN-IT U ARELILITKER
D, ERBEEEIISILIZT%EML TD, 2 LY, BEEAILERA OBEO BN
ERAFHBEEREOBABEORBOEHF ORI H, ABEDH /R — I T v AREHPKE
Ko THHBERIZEKOISICHETE S, ERAOBAFMOBEWITIY E/A & BE
BiE OBAL RO R TRENESEAT S0, BERE ORKIC XY ERIA IR
DEBEXZITDLERbID,

INOLOMITFERLIY . IR GMIEREOEEEERBY 7/ ORI & B L TER
MREEOEARKEIT1. 2FU LS B - mBAE2AEFETE D, T/habb, ek
WL S TnmmbhtEEBELRBICER TS, £/, KABOOBETBES
RPER CERVWREREOREGRIZLEN TH D,

EHIC, FIERGMIZ AT v M EXRABEDHEERTAELD IX 7 M A7 IR Y
LD Ay FOEBPBERIN., aXF S AT OERBLHEIFTE D,
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(2.4.4 2BEEOBRS T



B % F &0
R
HEOEREY VI

FHA

[ &5 F & O

&5 ) B o

(b) HEEH
(2.4.5 4BHEDEERD
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%2.4.2 2BHMOZMBEEEOBMMS (Sn, CokAME)

EHRBMEEE (FEBERERS BXREAICHTIHER (%) )

® & % (T) 3 k| 5% 7T®x| 9%x|11x%
FloEH B 0.754 2.8 | 1222 | 57| 25| 0.8
MR R 0.617 .3 | 20 | 0.1 0.4 | 0.8
R (FH A B 0.592 30.1 | 14.8 | 83 | 49 | 3.1

#2433 2BHBOEMBREEORENS (NdFeB kABHR)
EWMBERE (*MEERD  BAMBS AT ELE (%) )
£ER (T | 3k| 5%k| TR| 9k[11%K

HRGM (& B ) 0. 921 214 | 1.8 | 53| 21| 0.5
R (TR 0. 723 30.1 | 149 | 83| 50 | 3.1
%244 ABROERBREEORERS

EMBEDE (¢ BEMRS  EAMRA T EHE (%))
EE R (T | 3%k| 5%| T%| 9Kk|11%
¥ m e s 0.812 205 | 59 | 1.4 00| 0.3
VIBER:E B 0.843 5.8 | 35| 05| 0.2 0.2
#| =5 A 0. 699 229 | 82| 34| 15| 0.7
Y I —— 0. 750 1.3 | 59 | 24| 11| 0.5
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#2.4.5 KkAHABHELIERBREZEE (2&H#)

A (NbFeB, FFH M) ERBREE

WEBE [T] Pc EEH [T]
R i 0. 773 1. 90 0. 712
Wt 1. 035 6. 59 0. 889
WitE+@EM| 1. 035 6. 59 0. 921

MR Bt Y VU, JERME C SEREME VU VU, B BRMA

#2.4.6 KkAHARHLIEREREE (48#)

FHA (NbFeB, 17 RHE) ERBREE

WEBE [T] Pe EAK [T]

e 0. 775 1. 91 0. 720
W 1. 049 7. 30 0. 798
WtEHERI | 1. 078 9. 28 0. 843

MR Rt U U, JEREM . ERMEY VU, B EBMEA
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2. 5 x&¥

RECII/NE - BHMEEZR S - REGEEOE ROV THRET L, TX v ¥ ¥
v FBLS T AXy v RO 2 00FHROBEEEEEAREL. BT, % LY
EEEIIEEREAABEOBELZ+SCENPLEFLOEBR THY | BRIBEER-> T
WAHZ EERLMTIL,

Ty X ¥ v FROBE A GMIIH & EEE LS LOENEETFICL Y, (EROE
EECRBR#E THoBEEBEENTREL 2 B TEE LeERBRENELN T
W, ELIKRIGRTE D ZRMB OB ICEEREFF> TV 5D,
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KABR D= T AEHEP LY, KABAOBERICE T H2BHEEEBn, BHRO
58 XHm, BB HUnk KB,

P..=Rm / Rz .......‘...‘....‘...‘...(3.3_6)
Bn = Br / (1+ u . /P..) (1) e (3.3, T)
Hn = Bm (u .Pco) (AT/m)  -ooreeeeee e (303.8)
Um=HmLm (AT) ........................(3.3‘9)

ZZIZ. Rg: EROBKEDL, Rs: BEFOBKES, Rr: BEFOBRIER,

Rz : AHBEKIRPT, Rm: KA A OBKEY, Bn: BIESORBEEE, Br: kA
BMAEOBBBEEE, o KABAORERR, Hn: XABEOBROK S,

Um: KABR ORBES, Lm: KABERDOER
AAREIC L DEROB AR ERD,

Umg = Rg / Rz-Unm (AT) e e (3.3, 10)
3.3.2 F45vsrMA7

HB-STPIX K AR A IZ X YV EEIBERICLEE#MA R T A7 3£ LD, ZOERE
BOBRKHIE NN IZBT 4T MMV I M T ThHD, T4T FMAZIIKABRGOR
BHEERNA-ITUVABICEVELDBOTERRALLELND 7,
Umg” 3P
> a0

Td =

0
= mNp(Nst/4) 2LrUmg*/ 2 a—‘b (Pa+Pb+Pe+Pd)
% — yLrUmg®*2X %]nP,;sin(4n fe) (N-m) ceeese - (303011)

Z4iZ. vy =mNpNstNr, fe=Nr@, Lr: AfiloBEGEF&LOE X
AR LONEEITT 4T h M IEICZAnKOERE - T U ARG 6 4

—
-
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AN
Q
Ua Ual ua| Ua| !
Uso| Pag Pbs Pos Pds Pcs PdS Pas PbS |Uao
Um
Y KABE
Rr E : Rr °
2 s Rm IN{E 2
AN !m&%%: AN ——>
e j bm

(a) 1 1EEHEE OB R i B B

Rs
AAN
! OUa_[. ub] Ua| ub| ua[ ub] ua] up| t }
UaolUbdPa$ Pb3 PcSPdS PcS PdS Pa3 PbS UaoUbo
Um
Y v r-’?&.@ﬁ, Lol
Rr :R E Rr
2 s4gl " INHE 2
| I ém
| DS ]

(b) 2 tHREHEE O & K51 B

B13.3.1  NA TVU v NEOESEME K



(ErTE |

en L] LI [
T 1] Ny
Bl #5 F 55

P (6e) P (8e +mw/2) P (6e +w) P(0e + 3/27)

o

X3.3.2 EEFELIEEGFEOMERR

(0] &5 7 B

(i) 118RhEE

(a) : atBaq W
(b) : b¥aq
Pa : (6e )

P
Pb : P (6e +%)
Pc : P (6e + )
P

(o6e +—§-1r)

Pd : 5

(ii) 2+#8nhek

X3.3.3 BEFIANOREIC K DS
CGkABAD S BRI D &)
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A, Lo T, FAT Uy MMV 2BE T LERSLEALT 7y N5, £721X
NR—=THEL TIBEESA T /AT TOT LI LVEBROIIT T N AV 7 %
BIZITDHZENTED,

3. 3. 3 ®KEBiL+AZ

3. 3. 3.1 1HpEDOIVZ

EREBH L. KABBILLZEBEADIEINI., A NVICXIBBAOEEZZDLLERD D,
X3.3.30atBaArOREMBELILBEEGIZIOVTERD,

L EOEREMOABRIER I VHET S,

ZZC, Uao,VUap,Uam [FatBa A VORBICL D BETHIER T, BRIEHOEIZL
STAAADT L XTE—2 Va ZBOLTKRD D, VaclTatBa A VORIREIC X 5 ER
B (a MBUSAN OB OZBRER . Vapila M A A OFIBEIC X D a BOEE O ZEER
FTUao M D Fif, Vanld a B A LV OBBEIC L D a HOEBE O EHEER 7 Tlao 23 B
HEEDLFEFHR . Unalla oA AV OBBEIC LI 5XKABREROER I TH S,

Ua = Ncla , (3312)
2. Ne 1Yo ADE -, Ta tafBa A ADOER
M3.3.10BASMEE»L, BEROEGREFE IV KRXPEMLD,
Psr(2 Uao+Uma) +Pa(Uao—Ua) + (Pb+Pd)Vao+Pc(Uao+Va)= 0 --------(3.3.13)
Psr(2Vao+Uma)+ (Pm+P.)bma= 0 e (3.3.14)
Z 2z, Psr = 1/(Rs+Rr)
(3.3.12) X, (.3 1)RKLYUnaZxHETDH L, BLIHRVBFBTLND,
Uao= (Pst+Pm+P.) (Pa—Pc)/[ 2 (Pu+PL)Psr+ (Psr+Pm+P.) (Pa+Pb+Pc+Pd)]Ua

--- -+ -+ (3.3.15)
PUIIKABEORN A A—IT U ATHY, PL=0 L ARE50TE.3LIDRITKRAER D,
Uao= kp(Pa—Pc)Ua e (3.3.16)

Z i, kp= (Psr+Pm /[ 2 PuPsr+ (Psr+Pm) (Pa+Pb+Pc+Pd)]

LIz ->T, afaAfLORBICIVELIEREBR IO L, atBaAVDOHDLER
OB Uap, Uam I EMEIR IV KROL DTS,

Uam = Ua — Uas (3317)

Uap = Ua + Uao T EEEY

KICKABAENPLORBBAOLMEL T, SBEICBITHAIEMRNDEKRD S,

BlE F8OLOWITE — 4 OBBRRTM T2 oE I, KABEAONBRSKL S S il
DT1/2 By F TR T A28, afBaA k28BN FR., KABEICLDERS
HimaBEZDLEERBEDIZROLIITRD,
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aAf AVNIR; BESHER : Uavs = Uan+Ung

A VN ; BEANRKE :© Uaww = Uap—Unmg
A NVSHR A SHE : Uass = —Uap+Umg
aAASHER; BEANE © Uasw = —Uam—Ung seeeeeeeee o0 (3,3.19)
WEIBIME A S © Uaes = —Uao+Umg
WENRIE S BEANME © Uaow = Uao—Unmg

ERX0o, 1EBBORKR#HILE AT RD 5,

P(8e) dP{Be+ n/2)
(Uam+ Umg) >+ { Py

Tar= mNp(Nst/4)Lr [

aP(6e+3/2-7) oP(Be+ 1)
Yy } (—Uao+Umg) >+ —BT— (—Uap+Umg)?] --(3.3.20)

Uao=0 & LTEMT S L, BRFLEIMZIX KOXDIZRS,
Tu:r= —NrmNpNstLlr [ (2n—1) ZP2n-:sin{(2n—1) 8 ¢) }Nclablmg
+nXP:.sin(2n6 e)- (Ncla)*
+4nT Pinsinf{4n 8 e) -Umg®] (N-m) ceee -2 {3.3.21)
ERFEOIAZT TG 2DXROF1IHTH=IOMBETH Y, B.3.22)KTRIND,
Ty:+= —NrmNpNstLrP.UmgNcla
= —NrmNpNstLrP:/ (mNpNstPo) -UmPzNcla
= —Nrir(P./Po) (UmPz) (Ncla) e (3.3.22)
3.3.3.2 2HEEO N
2HPBROBEIIKI3. 3.3 R"TatBafr, bHEaALVERETS, afBaA i
I LIEBOBKEIR E bHEaA AV ERBE LR OBKEBIZIEREDEOBEMAER TX
HDOT, TNETNMIILEZ D,
SHBBEORKEILE MV 7 Tdd, ENERDO A K LT, 1EBBOBE L Rk

RO LD,
Ub = Nclb e (3.3.23)
I Ub i bHEIAADT LT H 2, Ib: bHaA ADER
Uam = Ua — Uas e (3.3, 24)
Uap = Ua + Uae e i .2(3.3.25)
Ubm = Ub — Ub, e (3.3.26)
Ubp = Ub + Ubo e e (3.3.2T)
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Ua, = kp(Pa—Pc)’Ua (3328)

Ube = kp(Pb—Pd)Ub e i e 21 (3.3.29)
aff A VN ; BiAaSH < Uans = Uam+Umg—Ubo
afB A VN BEANME : Uany =  Uap—Umg+Ubo
afi2 A NV SHR ; BEESH :  Uans = —Uap+Umg—Ubo
afEa ANV S BANE Uasy = —Uam—Umg+Ubo
b A ANRE; BEESHE  Ubns = Ubm+ Umg —VUao ceeees oo (3.3.30)
b A VN BEANME :© Ubww =  Ubp—Umg+Uao
bfEZ A VSt BAESH < Ubss = —Ubp+Umg—Uao
bR A NVSH  BEANME Ubsyn = —Ubm—Umg+Uao

Tu: = mNp(Nst/4)Lr [dP(8e)/0 6 (Uam+Umg—Ubo)"
+0P(fetn/2)/0 6 (Ubm+Umg—VUao)?
+9P(B6et+n)/0 6 (—Uap+Umg—Ubo)®
+3dP(Be+3/2-xn)/3 6 (—Ubp+Umg—Uao)?] --(3.3.31)
Uao=0, Ube=0 ELaIflL, Ia=Ib=1&,¥ 2 &,
Tue = —yLlr [V 2(@2n—1)ZP2n1sin{n—1)(Be+ n/4)} Nc1Umg
+4Pisin(40e) - {(NcI)*+Ung”} 1  (N-m) ceee e+ (3.3.32)
Z 2. y =mNpNstNr
(4) =—Fo#HHE ">
WE . Uao=0, Ubo=0, Ua=NcIcos{w.t), Ub=Nclcos(w.t+m/2), Be=w.t+
§ =Nrwt+ 0o & LT, 20HERE CHB-STPA EXEHB L/ L&D M7 T2 EHT 5,
2. o BEEAEY, o BEFOEEAEE=2rn. 0§ PLIA

(Y

Tm:*=— yLr [NclUmgP.sind
ﬁf;ﬁ?@ﬁi i

+1/2{P:sin€26)} (Nc 1)*

TITRI AN
+1/2[P:sin{2QQw . t+ 8)} +2Pssinf{4€w .t + §) 1] (NcI)*
NV REI R 7
+ 4P, [sin{4(w .t+ &)} 1Ung* 1  eeees {3.3.33)
AN EANY

(3.3.33)E ML MNBLHIC., PATREBERSYETF 4T MM T BRENTHD LHE
TAHE, MIHIE /20X IR M ZIIHEKRIZRD,
CHMPBOEBE - ERFERBIKROLIICEHEND, 22, i =lcos(w.t) &7
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e

do (i, 6)
Va=N¢ ——————— +R i
dt

d
=NcNstNsclr | d— {P(6e) (Uam~+ Umg—Ubs)}
t }

d
+ d— {P(Be+ ) - Wap—Umg+Ub)}]+Ri  ------ (3.3.34)
t

ST, Nse: 1AE%F 0 OEFEAf K
Uao=0, Ubo=0 &L LTHUTHE, KABREBELND,
Va= —NcNstNsclLr
X [Nr{Z (2n—1)P:n-1sin{(@n—1) f e} -Umg+ X 2nP2n5in(2n 0 e) -Ua) 3——2
—-Nc{Potngucos(Znﬂe)}j——i] + Ri ceeeeeee (3,8, 35)
B.33B)ANLCHEREBNIAR-IT UV RAOERERSP. LR D, BRAVE T 2
AFNR=IT VADERBDP. MO TWDHI ENbID,
TP, Pi/Pe DEPKEZDEHICTTHRIE, BEA UV E I H L AD/AEL, BED
RVWEBELBOLNLD Z &1L 5,

3. 4 RHELLTOERBREMLT

3. 4. 1 HAXBHELFEERE

(a) BHZBF

3. 3. 1F®DBnk Y, KAMAORETOIMEONIARN LD,

Dm=BHAL e (3.4.1)
ALY EEOHABIBEIMEGeIRA LD,

®g= dmn PgPn a1 (3.4, 2)

I, P EEOEBONSA—-IT X (n=1,2, -, n)
BEFANOEYTFR1IFEHORay bnbnEBORA Yy hETETH L, BEE
PN 1 OIS NVEHRTHBEHEOIIRANTCEEIND,

®c=Nstdm Pg [ 21P{9€+7t0—ﬂ)hn}]

=Nst®m Pg [(n—=1)Po+ky [Picos{fet (n=2)n/(@Cm)}] -~ - (3.4.3)
=R e TS @ ¢ (ac)
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=L, kv = sin[(n—l)n/(2m)]/sin[n/(2m)}, fr#82 : n/(mNpp) == /m
TOBEREEOCOL (3.4.3) Ao b»3 X )CEEBEFOREKICK L TREKRS & E
BWRSEbL-> T Vb, KABEONEBMOBEGFHLE SEBMOEGTSHLOE/2H
o F(BRA MBI T TS ED, B3.4. 1LIRTEIIC, BEFaAAVEHKR
TAHEBEFONBME Y RETIKAREBEO ORI S OAMABIL, SEBALYRE
THRKARMEBEO OXTERAICHL T ThHD, LMo T, Onk @ DL R DH
TR (Ov+ P DEBRYIZEL AR, RiEEST (Pclac) X 2)DHEBPMAEDLEN D,
MEEES TCOHOIRRRONBEEREELRY, HAKFET D,
Pct=Nc(®clac) X 2)
= 2ke®m/Pg [Picos{fe+ (n—2)n/C2Cm)}] oo (3.4.4)
Z 22, ke=NstNckv
(b) FEEBE ' E
E=—d/dt [®ct]
—  2Nroke®m/Pg [Picos{ e+ (n—2) n/(2m)}] oo oreee (3.4.5)
ZIZZ. Be=Nrot, w=2nn. n.:BEKIps)
— ¥V OBER A N EENsctTH E, 1HEOFREEE L.
]Ell==ke'¢>mP1/Po e s et sene e ettt e e e (3.4,6)
Z 21T, ke’ =y 2NrNscwke, (mNpNst)
3. 4. 2 AUYFIEURA
A BB AL AL N EESHENILRDD, B, X—IT7 U AOEREKT. &
DRI EICLIVEATDHASA VE I EZ L ATERL TRV,
L=P .pgz ................................................(3.4.7)
I, N aAf Ao -8, PrIEKEROAS-IT A
KARET O NBMOEE T80 & SEBHMOBEFSLIIBFMICL/2HEY y FAEEBMNT
hCHEHESCEESA TS, FEOEEFOBRT, MAIEINEO I A A TITHIT D ER
R—3IT7 U APgny BRATEREN, BIEGAIIIHLT—ETHDI I LB OND,

P@(9®=Nm;[iiﬂﬂe+n(j—n/m}~+P{6a+n(y—Uhn+n}]

=2{(n—1)NstPo ................}...............(3.4'8)
1BEVDOHEA LV F Y Z ALl Ne” Pen(0e) THY ., KALRD,
Lo=2(n—1)NstNc?P, e e a0 (3.4.9)

QOMEBOBES., aaA AL bHIAARERBICERA T ThiEUEICEES
NHDOT, MEA L HE 72U AMIBEERD, LEWR-T, B#A ¥ 7 &2 ALsiTKRKX
LD,
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Ls=Lo+M=Lo (3410)
SHEB T, BEFHNICUM., VR, WHaA AVIXERA TI20°0 TEMBICEES
nTws, MMEAFIHZ L AMuvy, Mvw, Mwuld, Muv=Mvw=Mwu=Locos(120) =
—Lo/2 L30T, UMICEKRTIRENLO, KOBKRALEHRIND,
Lslu=Lolu+MuvIiv+Mwulw=Lo (Iu—Iv/2—1Iw/2)
=(3/2)LoIu B N G I B )
i, Tu+Iv+Iv=0, Iu Iv,Iv:u v, vOEHEER
LEMN-T, A ¥ 72 ALsERBY 77 2 UV AXsITERATREN D,

it

LSZ(3/2)L0 (3412)
S zaAN: Xs=wli=2wNc?(n—1)NstNscP, ceeeee et (3,4,13)
SHaANL: Xs=3/2wlo=3wNc®(n—1)NstNscPo ceeeee e (3,4,14)

Bl A v E— & AZsik. Zs=4 (r’+Xs?) TRIND,
PLE. HB-STPOSBMRZ#EBH L7, SHICIAHORIVKROZIENRHLNIR ST,
FHEIY 727 2% v AXsORITBW T, PoIEBA—IT LV ADOERS TH Y, HiEsFOMH
ERICKHLTCIEFE—ETHD, 7705, HB-STPIIEEBORBMEHELFoTnH I L
BhND,

3. 4. 3 HAH%FHE

HB-STPIXE#E F O BBMEAZFA L T M 2B ETIH, 4. 2HORF/RIVED
Bokt s L, EEBHORRERSERRE AR T ENTED,

TORERNL, HERREEEKONZ FAR Y 2BV CHB-STPORISE L L TOR
HEZEHT 5,

BI3.4. 210R"THB-STPORZ MAR LD, (3.4.15)K, B 416001 BLILD.
V=Ecosd +Z.1cos(a— 8) ceee e -- (3. 4.15)
Esind =Z. I sin(a — B8) ceeee o2 (3.4.16)
IS, VIAREE. ECHEBEZE. 1 CMEWR, Z.=J {r "+ (o L)},

6 : FAVZ A, a :tan '(w Ls/r)
(3.4.15)R, B.416)XLb, KAXXBLID,
Vsing =Esin{a+ 6§)+Z:1sinf ceeeee e (3.4.17)
Veosa =Ecos(a+06)+Z,IcospB ceee -4 (3.4.18)
HEABITG. 46, 3.4. 1R, 3.4.18)R L a=0LY ., KRAPEIND,
Vsina — Esin(a + §)

8 =tan"'
Vecosa — Ecos(a+ §)
V —Ecos$é
=tan ' | }
Ecosé
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V —ke’ ®m(P./Po)cos d
=tan ' | } ceee o2 (3.4.19)
ke’ ®m(P:/Po) Ecos d
B. 419X XD PL/POBKRELNIE, AFHBII/NERVARERB ETEZENDND,
wiz, 3.4.18)XKE2KRKIZEFRT 5,
Tcosp =V/Z.cosa —E/Z.cos{a+ §) ceeeee -0 (3.4.20)
IHhEY ., ANDWInIERATCRITZENRTE D,
Win=V I cosf

=V I[V/Z.cosa —E/Z.cos(a+ §)] ceeeee o0 (3.4.21)
EFoo G 4A1IDRK, G 418X LERXNENND,
Icos(B—08)=V/Z.cos(a—0)—E/Z.cosa creeee oo (304.22)

(3.4.22) X v, HAWITKXLEAR S,
Wo=E Icos(B—0)

=E[V/Z.cos(a—6)—E/Z.cosa] ceeeee o1 (3.4.22)

L7ed»> T, REEDII®RKXE 25,

d(Wo)/dd =EV/Z.sin(a — 0) e (3.4.23)
I b, MK WelE a = 0=00,XTHLDHZ NI, KXERD,

Wair=ELV/Z.—E/Z.cosa] e (3.4.24)
Flo. M TRERAERS, 2L, n.: Bk

T=Po,/ w=Po/(2% n.) e (3.4.25)
B Ik, B.4.1D)X, G 4.18)XrbEHEND,

I1=E/ 2.y [{(V/E)*—2(V/E)cosd + 1] (3. 4.26)
ZZ T, HB-STPAmMET 5L mKRHEHW¥max, KA PAZ TnaxiTkO X H 1Tk,

Woor =mE[V/Z.—E/Z.cosa ] ceeeee -0 (3.4.27)

Tuar=mWaas/ (27 n o)

£l c B IANDYT I E U AXsEHBELTELIAEIWNWEEE, a=xn/2870
mATHEEEN D,

Wuax=mE V/Z. s (304.28)
KiZ, FREOBHEEEXN LAV THESHFRAZ2EZEE LB HAXN2EHT 5,
EEMMENTIT(3.4.22)3, G460 RLVHBARKKTREIND,

Wo=mE Icos(B—08)=ke (P./Po) dmIcos(p—3§) s (3.4.29)
EBEEME TIE. 3.4.22)3, Q. 4.6)RXLVENIIKRKX LR D,

Wo=mEI[V/Z.cos{a—§)— E/Z.cosa]

=mEV/Z.sind
=ke” (P:/Po) ¢ mV /(kzPo)sind s (304.30)
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(3.4.29)3%. (3. 430X LV, HALP/POICHBMLTEMT LI LBOND,
3. 5 ®Eitrrie

3. 5.1 BMI{LtoRFTEHFHE

HB-STPOH A1X (3. 4. 30) IR T L VI P/POICHBI LR TR T Z LN TE D,
TREYVENATEERDICIZE /POERETAEES, BRICARLE ETDHZ LB
G.41DRXEVb2MD, Pi/P)ERKETHICE, PABEOERKRSY THDL Z LIDLIR
NEEARBTUSBEBVWEHEESRS, 22T, FTH M I2BLE M IZILERFT 5,

P
T= Nr[k _.1_ (meCI] (351)

TIT, k BR¥E N aA oEK, 1 B
TIT, BERFOBMAEBLYYVDO NI E M ZEEL LTI, TREE, KOXHITRD,
To=T,/{(x/4)Dro’L}
= k oNr(P:/Po) AcBg N G )

M7 BEZEL T 50, G.5.20RE Y HEBEBKEMNAC, HBEKEMBgE K& < THiT
Lo eabmnd, LaL, AcliPa—VBICE Y B LE L Z0EGYOMAFE. B
XA EOMERCIBANSLOT, BRIV ELW MV EEORIMIBF T2,
FIT, 352DROEBYONRT A —FIHONTHENT D,

(a) Nr&x®¥d,

(b) P./PoDfEEREL T D,

BELOHEOBIEEN BT OB TIX, P/PoIBK (¢ /0e, Tw/ 1) TREND,
ZZiC, t HwEyF, dg: ZBRE, Tv: HIE
(@I oW Tit, t/6g TwW B —EDLEEFP /PN —ETHDLIDT, ez BqRT,
Mz HWTHE. e —ED L =13, BEXATELBH CSgh/ha L. ZERBRERE %
w75, FKIP/PibRKELSTE D,

LL, BRA52TFEEaAfNOBEEXABEOBRNPERIN T, FLHICHK
BRI AE U TP /PoD I/ E 70D, FriCAe, BeAKTHDIHE., BENL A ZIIHL
T. BEEMIZLY "AVIZBELRVERTTIE8EZOND, ZHEARITHICHRHT D
., AREREFER LEBRENZ2IToC0ad Y Y HB-STPOEE F & B+
OHFELELSLERBICBITAMESHLAZKS. 5. LITRLTWD, §=n/2 OLEDNK
KIEAVZEELDELEETHY, BHAFHMTIBISICHEENEFLTND I LBDID, B
EAERTAIH S TRABICHISBNA AL CERRIZET L, HMEH» D ORABIORN
MmT 5, $ibb, Pu/Pui/h RS, FIT, BOBKEMIZ X ARARBE KB
HZ XY, HB-STPO®E MV {LEARZKRDOFEEZREL T D,
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[Fe-Co-VE&&DELIT LB HE] Y
BHS/PIBRBEICBVWTYL, BXARATLIHES CREREENES L TRFTHICHK
BEMEL LY, BOBHRBIET TS, AT vy €U 7E— 213, BIIEROEEZFH
LT M 2RAIRLED, BREROBETICIVEBELERL T M7 BBLT S,
COMBEFELLT, L5~ 2 TORBEEERR CHVEREEL L OFe-Co-VEELH
WCEEL, MEARMICEIRIABEAKEBL T, M7 EZBNSE D5,
RIEMICHEA L7-FeCoVEEDBKBMELAH3. 5. 2127 L TRV, BMBREER
#2.3TTh 5D,
RIS AR AR 28E+T5HE] Y 0
KBEBEOHB-STPR/NE - B AL T - OBMKER - EREWMERE LIERFZRB IR
S 7=HB-STPCIX. WOMEEEIIREICIH2 TITRD, 0L THIIWIICHEI BT
L., ZRBEEEOEII/ I LD, Thbb, BICL2ZEROEHMARKIIETL, &
BIo T2 M7 OBMBEAET TS, F2C, 3.5, 3IART I ICHMOBEBIZHAB
B () v PR ABEORE) EEFMICKABEEHEEL T, EREEEEOLE{LEX
<15, Thbb, ESMEMICBIEROE{ERE LT, MAZHEMT 5, 72,
B3.5. 47T X CHFmICBES i kABRANBEIBMIC XY IR D EZ R
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Studies on High-Performance and Practical Evaluation of Rotating Machines
with Rare-Earth Permanent Magnets
Kazuto Sakai

In recent years, innovative research and development with the aim of effective, acceptable
utilization of energy resources and protection of the global environment have been conducted
from the viewpoint of energy consumption. Under these technological backgrounds, it is
considered that mechanical systems should be converted into electromechanical systems.
Electromechanical systems which effectively utilize high-speed or high-efficiency electric
machinery can have an improved the efficiency of the overall system. Furthermore, electric
machinery can be driven at variable speeds in order to operate a system under optical
conditions. Therefore, the efficiency of the system is maximized. Along with these
advantages, production of industrial waste such as exhaust gas and machine oil can be
reduced upon adopting an electromechanical system. In order to realize such an effective
electromechanical system, high-performance rotating electric machinery is required.

In this thesis, innovative rotating machines using high-energy rare-earth permanent
magnets are studied experimentally and theoretically. The newly proposed rotating machines
have noteworthy features such as high speed, high power and high efficiency, and they
operate stably over a wide range of speed. In addition, theoretical analysis of the
characteristics and evaluation methods of the rotating machines with permanent magnets are
carried out to obtain high performance.

This thesis is summarized as follows.

Chapter 1 describes the significance and the purpose of this study which focuses on the
enhancement of the performance of rotating machines. Conventional techniques and their
practical problems, as well as an overview of previous related studies on permanent magnets
and rotating machines with permanent magnets, are reviewed and compared with the present
work.

Chapter 2 describes a rotating machine equipped with permanent magnets to realize high
speed and high power. In high-speed drive systems, a super-high-speed machine is required
to rotate in the range of 20, 000rpm. Two original super-high-speed rotating machines with
new structures are proposed: axial gap (axial field) and radial gap (radial field) machines.

The axial gap machine is a synchronous machine with permanent magnets that form a

magnetic field in the axial direction. This machine incorporates the following basic






components. The rotor without a core is composed of two or more nbnmagnetic discs. A
number of cylindrical rare-earth permanent magnets which are axially magnetized are
embedded in the discs. The stator without a core is composed of resmn-molded air gap
winding coils. This construction allows us to fabricate a lightweight rotor which can
withstand a large centrifugal force to attain high speed. The prototype machine with 12
poles rotates at 20, 000rpm and its output power ranges from 20 to 40 kW. The results of
analysis and a feasiblility experiment have confirmed that the new axial gap machine has
outstanding features including excellent high-speed characteristics. Furthermore, FRP
(fiber-reinforced plastic) is used to fabricate the rotor in order to take advantage of the
features of nonmagnetic discs. The analysis and feasibility tests prove that the new axial
gap motor with lightweight rotor rotates stably at high speed.

Next, in the radial gap machine, since permanent magnets are mounted on the surface of
the rotor, it is necessary to employ a nonmagnetic retaining ring to prevent detachment of
the permanent magnets due to centrifugal force. Use of this nonmagnetic retaining ring
results in a long air gap and low flux density. Therefore, the power of the machine is
reduced. The new high-speed rotating machine has a rotor with permanent magnets, which
are retained using a magnetic ring made of SUS630 to obtain the maximum flux of the
machine. In addition to this, other permanent magnets which are magnetized
perpendicularly to the above-mentioned permanent magnets are installed between the N and S
poles. A magnetic field analysis using the finite-clement method is carried out in order to
evaluate the characteristics of the proposed machine. It is confirmed that the output power
of the new high-speed rotating machine is about 1.2 times that of a conventional rotating
machine.

Chapter 3 describes the results concerning high-torque motors applicable to
electromagnetic actuators of robots which require a large force within a short stroke range.
A torque calculation method and the synchronous motor characteristics are clarified for a
hybrid stepping motor. Furthermore, in order to enhance torque, a newly developed motor
is proposed, which has a core of Fe-Co-V alloy and rare-earth magnets embedded between
the core teeth. It is confirmed that this newly developed motor has twice the torque of a
conventional hybrid stepping motor, due to reduction of the magnetic saturation in the teeth.

Chapter 4 describes the enhancement of the performance of a variable-speed drive using a
permanent magnet motor. An extended range of variable speed is required for the electric
propulsion system to function in an electric vehicle. In order to extend the high-speed range

while keeping the voltage almost constant, the magnetic flux of the permanent magnets






should be varied.

Recently, equivalent flux-weakening control, which effectively utilizes the armature
reaction of the negative d-axis current, has been originally proposed as a promising method.
It is proved that a permanent magnet motor is appropriate for this control method. The new
permanent magnet motor has a rotor with permanent magnets, which are covered with a
magnetic ring. It is shown that the new permanent magnet motor performs within an
extended speed range with an upper limit of twice the maximum speed of a conventional
motor. In addition, the physical behavior of the motor under flux-weakening control is
clarified.

Chapter 5 describes torque analysis of the machine for improving the characteristics. In
order to improve the performance of rotating machines with rare-earth permanent magnets,
torque characteristics should be fully elucidated and evaluation techniques including
measurement methods must be established. In particular, it is important to analyze torque
ripple in the permanent magnet motor or torque of a machine with a long air gap.

The permanent magnet motor has cogging torque due to interaction between the magnets
and the stator teeth. Under driving conditions, cogging torque causes torque ripple. Thus,
torque analysis for application to permanent magnet motor design, in which the shapes of
teeth function to minimize the cogging torque, is carried out. In practice, the analyzed
torque is in good agreement with the experimental torque. Furthermore, this analysis is
effective for reducing the cogging torque.

Next, the torque analysis of permanent magnet coupling is described. Rare-earth
permanent magnets with high energy products allow us to obtain the large permanent magnet
coupling for high-speed systems. However, accurate designs are difficult to produce using a
permeance method for large magnet coupling with a long air gap. The torque analysis
employs the magnetostatic finite-element method, and calculation which compensates for the
decrease in torque resulting from leakage flux at axial ends. The analysis shows good
agreement with experimental results within an error of a few percent. Thus, this analysis is
useful for achieving large permanent magnet coupling. Furthermore, this method can be
applied to the design of other rotating machines with permanent magnets.

Chapter 6 summarizes the results obtained in the present research and describes prospects
for future study. New rotating machines with enhanced performance are expected to be
realized through the optimum design and development of a suitable innovative power

converter system.






