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Method of Magnetizing Rotor with Wide Air Gap
Using Magnetic Circuit that Concentrates Magnetic Flux
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A post-assembly magnetization method was
developed to increase magnetic field strength by
concentrating magnetic flux in the pulse-type
magnetization of small-diameter multipole high-
speed rotors with wide air gaps. By concentrating the
magnetic flux generated by two sets of magnetizing
coils located on the outer periphery of the rotor, a
Y-shaped magnetic circuit that passes through one set
of magnetizing coils can be created that applies a high
magnetic field locally. Magnetizing coils were placed
at locations £135° from the one set of magnetizing
coils through which the concentrated magnetic flux
passes. This magnetizing coil arrangement can form
a large magnetic circuit that passes around the inner
periphery of the rotor. The magnetic flux that is not
concentrated by this magnetic circuit flows in the
direction opposite to the magnetization of the magnet.
Therefore, the similar placement of auxiliary coils
at the £67.5° locations suppressed the magnetic flux
that leaked from the magnetic circuit. This technology
created a high magnetic field in a rotor with a wide
air gap and realized the target magnetization ratio of
99.0% or higher in single magnets.

1. EANVE

VAR, WERBUR O BRBIE A &, EE ) 7 1 ETHIC
HéC%H&MH@ﬁ%EQ@%T#miD,%%EU
SHBWTEEE Ko E N T H 5. BEE KIS

ﬁfféiéi&@ﬁ@%t074 T S0

2 OPRERE P 22T G B 2L L2 D2 H .
7z, MECEINEEBT 5 7-0ICRE0E—-2 88
BLTw3., 2OMTEAkAMAE T — 2 ZHIZHGD &
72 Surface Permanent Magnetic (SPM) IR, 22D/ )L
2Ny A TCRGE & M ih ISl Tk E RIS & B
HO AR 2720, v — 2[5 EBIEROME & v
TR LTV Y. 20w, AF—gtu—-aLk
ek g —

E-mail: toshitaka_kato@jp.honda

https://doi.org/10.69239/hondatechnicalreview.2024 36 3

®17¥%77iﬁ%i058#6INWL<&OTH5
ISHLAGA E M7k ARA & a4 2 8ke LTid
%Mﬂ—ﬁ&ﬁihéﬁﬁé@nfn»xwﬁ%%ié
¥ BEMITAPMEAL HOEh T3, Higa — 27 I3dR
D — 2 DWAREIZN L TEMRA LS4 0
Wl & R CEET 2 Y. B s ku—20TT
Fyo T, EWVEENENICER TE 57280, SERD
SPMU—4DEKIBLTF vy THKENT—ZITHL
THEHT 258, HRCHLREEIILF -2 T 5.
FIINS %790 2R & 5 51213, BB x L ¥ — 250
ti%%#%%jﬁéﬁ%ﬁéé Lo L4 i i %
L — EREIRT B 720 IS BRI & L 5 LA REEEAD
ﬁﬁﬁ%mfé:&%,%ﬁﬁiﬂ~i5%w34»®%



Honda R&D Technical Review

Vol.36 (2024)

BB X 5 3 A WMEREOMNAILT, 24 VW E Kk
EHEMMET TS, £72, BB R LF - 2{KKTE 3
7T7a—F L LTiEa — 2T & iz ak AfdA & oy
MICHBT sk o hTidnsn ™ O SPM T/h
EDPDOLMmT — Ik U CEBA N A 8564 35 2 78 5 L 5
BRI A0S LT AIAOERA Z EhTL
. PEROBEW TRV TR 7 v v THAKE VT —
ZZxt LT, BT L X — EHMERE U 22 IRE T OB S I
BAEM X HE ZERAESTIEE V. ERIIEFET 3L
F—[AI%E LI T D&M B 1) 2 BERRIE O LA & 7 -
TWie, ZOFEA RIS 5120%, 34 L2 5 RET 55
ROGN A 2 WR L K RAWANZE-Z 5 Z L hab
WTHD, TREERTAIE I/ LOREI REEEL
55, 7, A4 LREOATHRABERM EATE 5 L4
PERLN 75 EICKE B EAE 5 Z 0720, FoO B4
ISR 2B A RINRIC T2 2 &N TE S,

ZZT, fekoa - a5 E» CRES A S 34 L
BCTRIBABREIZIRAND 2720, ’rido— 2N % E
WK EE L7234 LEEICEH L. BADE
59 & E R AR OPNRIAS T 22 3 A L ECIE & MG L, &
3 — 7 OBUE L R AR DERERF % 36 Z & - 7=,

Z ZTARNE, L ZAREWIZ BT B ERA EEBT 5
FHGE AL OBE &S ERI I1 B A & W 5
B3 A L ORdE & M AaG b 28l A T 5.

2. BHRORIE & RE

2.1, BEWNE

B 13T — X DEFEIZ BT & 7 2 SM % 5%
-2 LN 2REAMHL T ¢58ETH 0,
O — g O L RIS L TEHEAOEM I — 2 2345 5.
BIHMEOBATEEX NS & ISR LS5 Z L T
LR TRE S 720, HEIA N2 ORI M T 5
AT BRI & R 12 & > TRHLDE AW IRE
‘ﬂ‘% (6)'

ffle LCFig. 112 8Mia— 4 &1L LEHI -2 0D
WRERT. v— 2B eEWIANVEEKZTHD, 24

Unmagnetized magnet
Rotor yoke

Pulse coil
esin

Power supply

Fig. 1 Composition of magnetizing yoke

NAZEI N K S ISEIIECEE 2 hTn b, ApEMEEEZE
LEMI -2 —2L1320.25 mm A5 0.3 mm FEEOT
TXY Y TND D, EHMOBGERL LTI, HHaA L
D#RE, B, IANVEEL S D, HRLMFIIHHET L
XF—ThHIBHREELHERELH T O5N, T — 2 DL
ko CHEAEMT — 7 23467 5.

2.2 BRDERIE

BT A VIR KER AR T I ETIAA 255
ELEMRIC K-> THEMEBZ LS. ZOL XA HIZE
WMOKE X TR, o OfEsEr & Lz 212X (1)
NEI12n5 5.

1
H= 2mr (1)

Ko TEHEWHRIZB W TEER 2 1 L L RO AT
TR E S 25N 5.

2.3. EWBE

ShxR E L7z SPM 2L o A FES b — & Ok & 1
LA % Fig. 2 159, x5S IME 67 mm, FEE 33 mm,
WAMEZ Nd-Fe-B REEERAO A AL Tl O, BT
ZERT 5720 ICmblER At L LG 07z9, Bol)
12 & BWARBPGIED -0 DRIRY v 7 %35 L T\ 5.

Fig. 3 ICREALFFE AN T, TAIC W TR AT %

Magnetization direction

Main magnet

Ring
Fig. 2 Small-diameter, multipole, and high-speed rotor
100 OO000—O0—0—0—0——
80
60 %
40 /
NIV
L »

0 1000 2000 3000 4000
Magnetic field (kA/m)

—/— Sub-magnet
—O0— Main magnet

Magnetization susceptibility (%)

Fig. 3 Magnetization characteristics of magnets



WREEN L ABRERICEZ I 7 vy THALVEO— 2 DEREE

1800 kA/m Ll I, BlfGAI1ZHB W\ Tix 1635 kA/m L E&2 5
2T 99.0% U LDOEEREMRDZ N TED 0, Th
FNHARDRAIZ B BRSO B EE & U7z,

24 IT7 X vy THLEVERED— 2 DERKERE

—DHOFHEE U T A SR GBI R A TREE 1E Ot
HED v /W EELTWB I ETHERIA N EWNRBAD
PREEDNAD O FH WA S KIEISRA T 5. Fig. 4 1ZlEA 7
BV S OWEEC & > THAREACT LT Z e
bHhrb.

TOHOBEE U3 AVIMEIC & B2 o CilE 1
ORI 2 0 A NEE £ T A S A 2 5
Zohmn, ZHUIER T A L OMmALOMEAAKL %0
B EE AN BE 6 TH SV

2.5. BT IC & B 1AM ST

Fig. 512200 — #2351 212 & 7= O BREA T 7
MY =7 JMAG THIIMET 26 2 > BT L ERT. E
WA DR EL & RO FE T A L & BliE L7z, ZHIdpeko
BEWIETE Z A B L ORETH 5. BRI
DEMIFER 12,000 A, IANVEZREI L -V LT
Fig. 6 (2 Fig. 5 Ol RE (A NJEEB O SR AE)
1236 2 WG O RS RN OFER AR 3. KR & 0 Rl
ADHRNADOH LN 5\ T & R KL, HigIZ a5
Bz HEEE I3 L Cn s,

2000

1500
1000 @ .

500

0

Magnetic field strength (kA/m)

o 1 2 3 4 5 6 7 8 9
Distance (mm)

T

ig. 4 Relationship between magnetic field and
distance

i Zero angle position

Measurement
position

I\

Fig. 5 Pulse coil position and measurement position

——— Main magnet
- Sub-magnet
—— Main magnet target value

2500 — — - Sub-magnet target value

2000 N\ VaN /TN /

\ / \ /\ A /
B

A ) v A) L A ) U A) L

Magnetic field strength (kA/m)

1000
\/ N N\ N/
500
0
0O 30 60 9 120 150 180

Angle (°)

Fig. 6 Magnetic field on inner periphery of magnet

3. WROENIC L 2 BRHEFROBSERE

X

3.1. O—2AEEB % & % B[ 5.

Fldg 3 4 L ORI A DR TN 53 SRR DK
DEMEELS GABBENRD D, ko THEBIT AL DOHE
RBER, WMEL L #METd 5. Fig. 7I12&@ 21 LOR
B (34 LK) OF T & Z A BT L 22RO 5
MEIVE—XThEDHT. MAMEOMSIE3 4 LR
DIAVEENFIMNZY 7 b 552 &hbr %, Fig. 8I1CF
T & Bl OF G A L ORIFEOENIC K 5 R0 0
79 7 ENY. RIS IO RANEANE L. 2T
T 5 T ANBREDSIAN TR OISR, EEAT
1.5 1%, HIEATH 2.5 (SREEMWZ & br b, 72
O — A EMIE N# & S A HICiE S 5. 20728, it
B9 5 T A LD N Mg, S Mo Mk & wKBRIA

Coil spacmg

Conductor,

Angle

Concentrate on outer
periphery

Extend to inner
periphery

Fig. 7 Coil spacing and magnetic flux density



Honda R&D Technical Review

5 ZLaRETL7. Fig. 9130 A
INE R

EL7.

3.2. R £ & U B 5B BE DB TRERAT

Fig. 10 i@ AETE T — 7 ORK & AN 2 78T

IEWIANIZKD
Mg 2B D < 2 TBEMIA LD EE T
= O 01| =R N el v R e et 0 Qe G0 1] R I e
g A O PRl BRI ST A L A2 HUD B < i O R O
whE Ry, - 23 E & O Z L b EERIC CE
IANETOMBEEILTSZETB, CHEBMIALIED
TR BER S b 0 — 2 NJEER A W 5 K & Al mlk & %8

3.3. WREEH L HSERORE

T ADWRME & > T b,
WX ICHER I N TWBZEA/RL TV, Fig. 1212

DI MRE NI
TRERWNEC -2 b3

ADFEHIA NNEL? S £ 135° O EICHER I A LB,

CEREL 7.

Fig. 11 (2
59DFFTOERETS).

B, C2 54 Ui NEN SN TANG
haZeTu—aNEEEMSKE L b+ 1ES.
WA OREREZ R T (ET L ORNMELD 12
187 DOWHRPEE M

Conductor

Magnet position

Main magnetic number

Vol.36 (2024)

CZCHELEBDIDONPEHNENRTOEWVEKETH 5.
Fig. 11 DA OMBRICE VT3 L 4idZzhTh~ A
AR DOREAL 71 & 1%

ENTOEOVHEIRD S &R T. XA T — & NFEER
A 2L TP S5 W TRV O XURIFE O S TR
WEUCREEZONS. 72, Vv 7 N X DBHEDBHR
R e LTidasl->TLESZ

BOTERADRNERT 113 290.42%, 7 1% 222.86% oireut
ORFREE O AR SN, BIRGD 213 296.3%, 6183 (A
363.2% Ol EAMHERE T % 72, MEFTASR & 0 R O HER IS
Ko TS SR & 5 2 % R alEE 2 Gl il © % 72,
3000 Wide l\)liddle : Narrow Fig. 10 Magnetic circuit
£
i 2500 ‘
= 2000 AAA AAA 5000 C——1All-pole magnetization
IS} ™ W —= High magpnetic field magnetic circuit
E A{ /——u\n\u\ % . | |[——Main magnet target value
@ 1500 g 4000 | ]-H--- - Sub-magnet target value
3 W/ \""“"“’“‘ = 3000 M
E 1000 7 Thbpke “ = EA A aol] = O —
2 j.»l € 2000 N
g 500 e § O Ee e e
E1om{ A { {
()
0 =
0 15 30 45 60 2 0 ] [I]
o C
Angle () £-1000 }4
Fig. 8 Comparison of magnetic flux density of -2000
magnets 1 2 3 4 5 6 7 8
Magnet position number
Fig. 11 Magnetic field analysis results

Fig. 9 Investigation of expansion of coil spacing

‘\\/'.

W LSO

MWMMCZ)'
, /llll\\ @ ),

i '— Leakage flux
1

sox\,w / )}l\\\ﬁ el ﬂr())

/0 ‘&
R

Fig. 12 Leakage flux analysis

Main flux C|rcun



WREEN L ABRERICEZ I 7 vy THALVEO— 2 DEREE

3.4. #HB O L ERWERNER O

RO AT 2R E2H$5 Z & 2H0wEe L
T, WSRO A L 4 3R L -G ARIRE & Z R USRI &
B Z %57 Fig. 13 IR 24 3 EF L E25RF.
T4 N0 5 RAET IZWAEIFEOIIRICEK S TS, 207
WElEA 4 OFFIAOMERM LICFRET 5 Z & TEMA
3,5 LEIgA 4 ICIMARAE AN AEE LTA
M6+ 675 DMEICHEIZIA LD, E2ZhZhi%EL
7z, #EBI 3 A L h S R4 BRI R AN & S 7z
Wi E DR AMET S, £72, ZOMEIT A L OFRE IS
ko5T3,4, 5DWAICIELVAEZDOBAEE % 5. Fig.
14 12 3 A4 I & BTSRRI O RS R 289, ffilh 2
AL DR FN TR KU % P9 2 O TREABREIZ T2 -
TLEIH. ARBEOSHABLIZONTIE, 11370.66%,
71X 77.68%, 2%, 77.13% 12K T L 7=, BEAEEROSHIC
AL 72 RGPS K AR IS DWW Tid, 313 78.44%, 413
93.81% IAl I L SGE A ERR T % 7.

A

=3 \\H“”I/ Ie?

T @ IAN NS =
9

k_\ \ i.bln\\\ﬁ\.\\‘&;
E ¢ e~

Auxiliary coil

c\=—#*— Support flux

-5,_‘ L
/ V=" Leakage flux
G

=
)
X~

=——t==\1

= . 1 3 \\
(p'ﬂll\'\] ' 4
0

47l s
Sy a
// "’aa

il

Fig. 13 Suppression of leakage flux

== High magnetic field magnetic circuit

— High magnetic field magnetic circuit with support
—— Main magnet target value

---- Sub-magnet target value

5000

4000

3000 -

2000 | | |

1000 | |

S of A

Magnetic field strength (kA/m)
o
11
-t
1
2
\:y‘ .
| :
= |

-2000

4 5 6 7 8 9
Magnet position number

Fig. 14 Results of reverse magnetic field suppression

4. RERIER

4.1, SHRABERKI -7

IT7 X vy THENE — ZNDOBREHAH T & 2 & A
RIEE D% 2 — 2 & 84E L 7=, Fig. 15 125 EIBATE L 72
WREW I -2 277, BWREAENTI 2O L L H
KU 7-Bk 20 Lo a4 L np#El e g s x>
Tk, ZOHEIS NI HBI 24 L 2RET 5. &
TR TR AR L T B,

4.2. BEFREERITE

EWMARUADETE-0ICEWIT — 7 H» 6 RET B
RS OWE % B Z 78 - 7=, WSS A PR S R n%
P —F AL N LIS D ERWS HEE T
OP BT LEMKXSHDO Y —F 3 4L (20 turns, fiiE
filfl: T = 142.9 X 10°) 2Lz 2O¥—FI4 L%
BRHIZE > THR I N BEELIGET 5 ®. Fig. 161
T FREAS D 5 1 LM E R I3 L =R & n g, — 2
A DA WIE (& T IS R O REAL 71 & IS L 72 IRRE Tk
B UBAZHUST 5. X (2) ICBED b RRE O HE
RERT.

4xm
1000 (2)

H=Tx [vdt x

WA « H[kA/m] &IT : v[V]

Measurement :

Mheasurement
-— component
component P -
L _~ Search coil
3 5

|
) s *
25 "

.- ~— Magnetic flux

s— Conductor

Fig. 16 Measurement method by search coil



Honda R&D Technical Review

Vol.36 (2024)

Fig. 17 (a) I2¥ —F 2 4 L CHUS L 2 EIE1E %, (b) I
WRBED 7 5 7 &4, B L 2iFREEERIIR LT
R (2) 2O TR 25 L 72, Fig. 18 IS4 llE
AT i (EfeA), i (FREA) IS\ T, fEAEE 5000
nF, BHEEEL 1, 2, 3 kVERELHAEEBZ Ko7
F 72 HENE i XEEORE XN D BT Eh SR
NRFBO I & i RARIE MK T A BS T X 2. 207
¥ CAE 2 & A WA NJEEBOWEA MRS & S5 & 4 5.
Fig. 19 1ZHIE A5 (U@ M 5 Ml F¥ME) & kSR O
Wi %2R, FAICHEOTIEFEIE CAE D34 9 kA
T 13.6% I=xt L, EI6120.89% &> T3, ERAD
AR RIEDOIEHIE CAE Otk E LT, CAE O MK
o TW5, L L, MAMEIZIZINIZH T 1800 kA/m
PLEAFICER L TWB Z Eh 5, RIA DRI
HHT 2. BIREAT O FRE B L CIZZEE A 1% LIRS
INEHS>TWD., ZOZ e omEFORNFICIK T SR
W O A K & < PHITE 5. GO O RE O R
JE1£ 12,700 A T 1635 kA/m YU LEHohsZ 520
AWML U,

0.8 T\E‘ 3000 I\
<
X
06 < 2500 \
< S 2000
2 04 5 \
% g 1500
s 02 2 1000
> “é \
0 S
\— % 500
-0.2 = 0
o 0.01 0 0.01
Time (sec) Time (sec)

(a) Voltage waveform (b) Magnetic field strength

Fig. 17 Conversion of voltage to magnetic field
strength

Measurement
direction

Measurement point at i

Measurement point at ii y
(x: 0 mm; y: 23.4 mm)

(x:-13.2 mm; y: 23.1 mm)

Auxiliary conductor

Conductor\@ @

Fig. 18 Measurement points

4.3. ERER T

SR & LA, M8 :Nd-Fe-B RBEMKA (5B
b2 MRS 4E N44Z-SGR #HY) A L 7=, Hh L 7%
A DO EIZ Y —F 3 A L THIE L 72, BRI R
AL SN EA WA 2 720 IC V5. Fig. 20 (2
HIE DR EERT. MAREKRE» N2 —F 34 LD
YLzt b UL AT G 2 & TRIRDZEIZ & -
THRIN-BEEMP T THIETE S, HiEL 7
B, 22824 (¢ 100 mm X 100 mm OHFPAIZYI—IZ
4376 kA/m ORER % E U X8 2388 CRMIE T 5. &%
HIZONWTUIA (3) IR T & S ITHEBRTHEW L 720 D1
b & BRIE TG U 7= b & i35 Z & TR L 72,

A = - X100 [%] (3)

T o DAY TR & 500 6 B FPHIZREN TH 5 7=
W, u— 4 ONMH%E KX EAF4ROERKEB 255,

Fig. 21 1ZfVAH % i3 2 ¥ & 99.0% D351 T % 7=
WA 20 . BEA AT IS BRI R0 23 5% iE T X
oIt u—2ENIRX S L TRTEEET 5.

Fig. 22 12O D EWMBOMERE RS, RITMIZ SR
5 Z BMEICHANRESNS Z & THEMBEN EH LT
WBZENRDNSL. TNTOMANZ B TEREO B EE
TH599.0% LI LERKT LI ENTE .

e \leasurement point at i
= @ = CAE point ati

0= \easurement point at ii
= « = CAE point at ii

Main magnet target value

£

g 4000 — — — - Sub-magnet target value m
% 3000 -
=L M

— -,

% 2000 ,'4‘3' o

2 —— e ——
‘o 1000

D

c

2 0

= 0 3000 6000 9000 12000 15000

Current (A)

Fig. 19 Measured and analyzed magnetic field
strength

- >

Search coil

Fig. 20 Measurement of total magnetic flux



WREEN L ABRERICEZ I 7 vy THALVEO— 2 DEREE

(c) 3 position

(d) 4t position

Fig. 21  Rotor phase rotation procedure

m st o 2nd o 3rd a 4th

100 =1 o [

98

96

94

92

L B
12 6 7 8

3 4 5
Magnet placement number

N
\

N\

Magnetization ratio (%)

9

Fig. 22 Magnetization ratio measurement result of
99.0% or more

5. ¥&8

L7 X vy THEVMESRRERE T — & DL 2 E
BB\, R AN 5 2 & TR 21 L X1 5
PGB AT 72,

(1) EWIALORE KRG LERAEN 2L T
FEEOENC @R E 525 2 &N TE X,

(2) BRI IZHER X N 5 2 REHRIZ & 5 R A
U BIEANORER I T o 72 TR % SR
T3 3MOIf DI Eh T4 L ERE
THZLETHRMERAAMHT L Z &N TE

(3) v — 2O % 3IIAE S &5 Z & TREE DT IC
Hrh 5 SR ERAETIC G AEWMIE L Z &
T&E 7.

FALOKEE, HIEEOEH 99.0% M E AR L /2.

SE XMk

(1) e, R, mRalese, RS, SRR —E:
oS NECHIGE AT & iV 2= m i B4 VR4 — L
T — 2 ORYE, ABHEEAE 2022 £ EiT6H
TSR TR, No. 74-22, No.20225324, (2022)

(2) KHER, DHE—IF, s, ZOKF9E, @R Hg:

R m | — & & EBT B s R, <
TR, Vol. 93, No. 6, p. 11-14, (2019)

3) https://ims-jp.com/column/02/

4) F§BH 2018-182118

5) ##BH 2020-092484

6) TG, L, ML, KRG, YoRERR, A

o TG - IR - T TR A B E L 7 Ak AR A R B
D =TSR, B F 2 GE D, Vol. 123, No.
4, p. 401-408, (2003)

(7) Ekbifaee, o, ek, MER K /N E -
AH Nd-Fe-B K YV FEAIZHT 2 HERK Y 27 40
BH¥S, FHAEB L U ARES, Vol. 57, No. 1, p. 19-26,
(2010)

(8) =ili% : b O FHEA, Sl WM, Vol. 26, No.
6, p. 520-527, (1987)

(
(
(
(

:
T ROPHIE

g B & A



https://ims-jp.com/column/02/



