T. Magn. Soc. Jpn. (Special Issues)., 8, 64-68 (2019)

<Paper>

VSO B ARy FT—Y BITICEDSL
ERFAHEE I O—R—ILE—SOREGEFREDAERBRE

Calculation of Eddy Current Loss on Rotor Surface of Field-Winding type
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A field-winding type claw-pole motor has a three-dimensional complicated structure. In addition, its

characteristics depend on not only an armature current but also a field-current. Therefore, to estimate the

characteristics of the field-winding type claw-pole motor, three-dimensional electromagnetic field analysis

combined with its drive circuit is required. In a previous paper, three-dimensional relcutance network

anaysis (RNA) model of the claw-pole motor was proposed and the validity of the proposed model is proved by

comparing with the results of torque characteristics obtained from finite element method (FEM). This paper

presents a method for calculating eddy current loss on the rotor surface of the claw-pole motor based on RNA.

Keywords: Reluctance network analysis (RNA), field-winding type claw-pole motor, eddy current loss

1. IXL&HIC

AR, E— AR 3 otk T 52 & T, S EBBO
ZERIFIAEZ @D, ML & LS5 FERW D0
REXNTNG D2, 20D —>Th 3 REEEM Y o —F
—LE— 2L, BT W B R A5 A K o [R)
B &R UHEE 2 AT 228, FUREAINEITCR O 2 A o
T2 KBk 7 R O [AlE -8 D O I, O FRRIS B 72 AR
BMRAEND TS E G T D720, FRECERO SHEEE D
HIENTED. £, MEERERETLZ LT, i
B2 K ARG BRI DT —2 L0 &, K5 IR 723
MRAREIZ 72D, LI LEENRD, 7 a—KR—/LE—X Dk
PEREICI, 3 RITERIIRIT SN CH D 2 &, Ei-dhik
FEFICINZ, FERGHE AT A =2 e bib, G
BEARET D70, BRENEK b & ml - S
TRfRMT DL EAR TR CTHD.

IR L TEEGIE, N T ARE— X I YO
LEEBOBEFIZHEIL, 58 L EREBKIRIUCE &
Wiz D2 &T, "BEelRE —>ORKEPREE TR LT
T35, V7720 A%y bU—27fEHT (Reluctance
Network Analysis : RNA) Z#42Z L CT\5 3. RNA L, &
FTOVME CEAESEL, SO BRIEE-CHEEIR & O
OB EDHEEAATSH. ZNET, RNAIZL A4
B X OB ETIEICOWTEE A Rt 21TV, 20
FAEZ A SN L T& 7 30, £, KRB R R
7a—R—LE—XIZbEMA L, MWKETM 7 EZRE
FRETHDLZ EEZH LT LS.

AFmILTIE, MV I R L RIS, T— X OEERMERE
MO —>Th HNROEBMNFEZHME LT, 7

2 — R — /LT — X OREEE T F i CRAT DB O E
FIEIZOWTHRFZITo 7. K7 v —FKR—/LE—% OlAllx
TAXRBIAD ANV IR TH D Z LD, Al FREIZAED
LiMEREIIEE TS RN EEZE I LD, AT TR, £
FAE—H D RNA ET/VOEHFIEIZONTIERS, K
T, EETREOMERB LTS 5720, RERIZES
RAEHMS £ CEERERER - MKUEE T VA28 1T
LHEEHIT, 3WITARERE (3D-FEM) & OL# - st
ATl D THET .

2. HO—R—IVE—RDEFIERL

Fig. 112, B8R E Lz v —KR—E—F%2RT. [
ETIL 48 Ary N THY, EETEHLOMEITES 0.35
mm DS EMEST A B TH D, Bl -1X, LT 8>
DOJVRDOBNR INBHEDL S > TR D, WNEIZFELHRISE

Rotor

\bﬁr“VZza

Stator Field winding

Winding method | Distributed
Stator teeth 48
Rotor pole 16

Stator core material | 35A210
Rotor core material S10C

Fig. 1 Specifications of a claw-pole motor.
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Field winding

(a) Vector plot of field flux.
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(b) Magnetic-pole distribution on the rotor surface.

Fig. 2 Magnetic-pole distribution of the claw-pole motor.

DT FBEEAR LD S AL TN D . B T BT IE TR o
YN= BB MV, AR Y v T T
LT T VBN UCHE TR ETT O .

Fig. 2(@)iz, 3D-FEM TKiz, SRR D7 L7
oy MYAERT. RBSEIC L0 RAE LRI, [mS T
RS 6 X v v 72N UCHE FISiA Li-#, B
LR FARICES . Zic kv, FRKOGIRT L 9 Eis
TIRF LR AIZ NSNS g s, Lizi»T, &
HFEIIC L > T, Z ORI L7z B O fRE & [ U
BoOREERR 424 U S g, [mE 73 EEsE RS R L
THEEET 5. T72bb, REERE S o —FR—1LE—XD
IR, — MRS HE Ly, EERRNLHL
Lo, 7 a—RK— VIR NE ORI, —
W7 E— & LTV, diFmIZ LS. LeR- T,
T EEOREIIE 3 RITIRT A MZE L 72 D

3. YO0—FR—ILE—LDRNAETFTLY

Fig. 8 (@)IZ, RNAIZHESK 7 m—KR—/LE—& D55 HEIX
B RO S E R BEEAEN S 1/8 BT L& E
LTz, EEICOWTI, i (i) 1ok
ETHY, Fig.2@26 b 607 X 51, sihdrmicidminR
I & A BTN T=®, BFAICIESE Ly, —5F,
gHm (r ) Ea—r, T4—A, 2FESE L 2, 1
OFF4pEIE L, AFm (0F1A) 1% 60 mEIE Lz, [alis
TIZOWTIE, MNEDEEE TOMER 2 B E T 5720, [
BN RT LD Il 5 FicoBIL, BERISTET %
Z L CINOIRERSE Uiz, DI CHE, dilyaicaE Lz
HEE, FXOENSIAIC Layer-A~Layer-E EFr9 5.
Fo, FlEe bR 4nBIL, BARIEENLER 156
yEIE Uiz, ZORGIIC 4 8 L-EE, DT

I_'_l I_'.I
Stator Stator

P St:ator teeth yoke
brim
r 0 z
Stator 4 60 1
Gap 1 60 5
Rotor 6 15 5
Rotor
(Yoke) 12

(a) Division of the motor based on RNA.
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(b) Three-dimensional unit magnetic circuit.
Fig. 3 Motor division and unit magnetic circuit based
on RNA.
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Fig. 4 Magnetic circuit of Layer-A .
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Fig. 5 Magnetic circuit of the stator considering the
rotational motion.
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Fig. 6 Contour plot of eddy current loss density
calculated by FEM.

Magnetic circuit Electric Circuit

(b) Equivalent electric-magnetic couple analysis model
Fig. 7 Equivalent circuit model for calculating eddy
current loss.

Fig. 8 Eddy current network model of the rotor surface
considering the interaction between adjacent elements.
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Fig. 9 Divisions of a conductor and its dimensions.
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Fig. 10 Electric resistance when an element has
adjacent element (in direction of x-axis).
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Fig. 11 Electromagnetic-motion coupled analysis model
of the claw-pole motor.
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(b) Simplified shape

(a) Actual shape
Fig. 12 Comparison of the shape of the analytical models.
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Fig. 14 Comparison of torque characteristics calculated
by RNA and FEM.
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Fig. 15 Comparison of eddy current loss on rotor surface
calculated by RNA and FEM.
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Fig. 16 Contour plot of eddy current loss density for the
actual and simplified model calculated by FEM.
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Fig. 17 The ratio of eddy current loss on rotor surface to
output power calculated by RNA.
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