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Heavy Rare Earth-free Hot-deformed Magnet for Traction Motor
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ABSTRACT

A technology has been developed making it
possible to do away with the use of the heavy rare
earths dysprosium and terbium, which are added to the
magnets employed in traction motors for application in
electric vehicles and hybrid electric vehicles in order
to increase heat resistance. The research focused on
the hot-deformation method of magnet manufacture,
which offers greater potential for the realization of
heat resistance than the sintering method, the main
method of manufacturing the magnets currently in
use. The magnetic properties of the developed magnet
were boosted by reduction of the temperature for hot-
deformation and the optimization of the rate of hot-
deformation and the composition design of the magnet
material. These approaches made it possible to develop
a completely heavy rare earth-free magnet able to be
employed in mass-production vehicles.

1. EANVE

1982 FFICHAADFBH L 2 L —$— R o v Righ
(34 Y WA 13, AT FLE - ((BH) . ) »BGT
BARAGATIRE KE L, BEATKEICAEEN X 72
WAL B/ LTWB Y, EVR HEV OR#IHE — 2 12H
WHENTWDE 1AV ATADBASEIZL28DTH 57,
KB &R0 R, SEGOREE 570, WAl
RO EVED IR & 2 2 /167 (H,) Ak 5N 5. 2D
79, WA FEHOEZ G MR % & 2R e 63 2HM T
MARMT2ZLETH, 2 EXETW3. & AIXER
tHHoOv2Tar s Dy) THHIE 5 wt%-10 wt%, FC
KERTFEDOTFLE Y 4 (Th) THIUE 1 wt%-5 wt% &7
ms2 2. ULal, Ef S ECE LEahIcE
Fh2HEEDRHO—LITTHD, FEHEIREEINS. &
BOBHHEM ORI A ZE L -84, BREAN, 508K
% PUG R&D £ ¥ & —

* * KFEFFER R A 2t

https://doi.org/10.69239/hondatechnicalreview.2016 28 2 11

V22 BLVZ FOBE»OHHEEA KT 5 Z &8
HEB->TL 5. KoT, EBATHOTMUSNOFETH,,
FHEXEBEZENRDENS.

Fig. 1 ICib M ORAM A2/Rd. FHE Zh & D &
RIFHEL B > T D, REANZFMEROBALE Sl &

Direction of

Main phase Grain boundary orientation

(NdFe.,B) (REE-rich)

Fig. 1 Schematic image of crystalline microstructure
of magnet



Honda R&D Technical Review

Vol.28 No.2 (October 2016)

H#LTWE, ZOTHEMEREHEMICT 22 &%, MNAHE
JEL UFMM S ZBICl 25 2 812Kk Hy, &R
LTEBZ b5 TNE ),

L2 U, BEREE C OB O WML, B{br L 7=
D, 1000°C LA SRR MENEIC#EEA 5 nm BB ISR L
TLE D EOEENPRS TRV, Z 2 TR TIEER

TVEICHEE Uz, B L3 sAa R O 35 & 8 aim 3
2Z28LTH /A= (am) 4 — X OFEE» S 75 5 H#H %
fEBLL ) Zh & 700C R OIKIE CEBIM T § 5% 7 7=
&, BERE L D50 — L BRI A2 B0E nm &0 S #RE A
KBWHETH 5. LA L, B LA IS EEO R R 2
bR RO 2 KRICENE T 5 Z RS TEL,
INETOLZAMKRNRE N EHTHRHAINSIZH
ERS NG RV

2. EEORS WV

WERERG A 3o K OER DO BB LG & ARBHFEIZ 551) 5 B
TR A OFEE% Fig. 2 15T

el 23 SR € — & DRI i SR IS B S Hy,, fEl
MEHEAL (B,) Tdh 5. BRE)E — 2 123K 5 I 5 Rk aisk
(Fig. 2 XIFh DR st M) 1R U, BeSREA 3 s A 8 (FE0C
Dy) #iRM$ 5 Z & TRAMMA LI LT L Tk
D, BERTHE T ) —TORMBIZTE TR, 72, sk
OFEA T ) — BN TR A 1T ) — OBk A
LT 2L H 3@V 00+4Tida<, i€ —4
ISEHATZ 28D a7 Z 2 TLENOEuEL &
WAREERT 28D e TRtk & e, B#t—4x &
U TR mTRE 2 il & HAE L 7=

Sf"’efed,,, ‘ New Dy-free hot-deformed magnet
ag

Required performance
for traction motor

Br

H¢j at maximum motor temperature

Fig. 2 Relationship between magnetic properties

3. MADELESE ERE

MAOEE BRI E T DR BN, 24D
LA OBEYEE UTREN ikl K ORI THLY Lk
72BN LIS O T E R T DR A Fig. 3 1287,

3.1, iEHA

BERGIED IV TBIFOR & 722 B 1T, JFORHE S DAY % Mk
RIZHHI U712 H EHMIIZEL 228 DT, 2 um 25 5
am ORARRE LS. ZhEmE 7V 2 TERRICEET
B, ZOEEEROF v €T 1 WITHES % R84 X B8}
DOWACE S % 2 A 2 THEIA & & 5. WRHEE 4 OFAR
—ODFERMP S S TWBEOEIAINES TH D, LA
DIFIROEHENEN. D=0, K70y 2 &R
T 5 Z LA URECA D EO. BE TINEME TR, 1
Wt T ELDER T B,

3.2. #ENTHA

AWM TERERAEOESE 10°C/s 206 10°C/s @
HECREICHE AL AR 5. ZORmRIRIC K
D, 40 nm FRE O LG ME LRI EL I ENTE S,
Z DGy A& 150 um FEE O L EEFIROBIARIZ L TFER
T & 9 5. il % OFRNEBO BRSSO 1A 2 13 HT5 1T
» %O THIA & B THLES A A A2 BBEBH 5. 7=
7L, BEREED &5 1Ml 4 OBR A —DDfEED 5 & 5T
WEDLFTIEHEVWDT, ML TR E5ZLiETES
FFIERRICRIE L 72 S ICBB TN T4k 255 C
X E 5. ORI X H = x40 Wk Fig. 4 1557,
A ZEBD D 2 EWALEZ M T d % ¢ flii ot U
HENZEERE U T EAIRIC > Tl 208K, —
5 DA A i 2 % & T F 22 A5 S B L 2 23RO T lalis
L, DIFE L 2= 51 fidin g 2 10, DLbko x5 = X a5

Magnetic powder Process
®® @ Room temperature
o ®
c S
=
@ 2-5pym Sintering  Aging
Single crystal Molding in magnetic field
(Pulverization) (Orientation)
c 100-300 pm Room temperature
| o |
©
£ 0% =)
<,
3 36 2
i
°
S | 40nm )
T Polycrystal Compaction Hot d'eform.anon
(Rapid quenching) (Orientation)

Fig. 3 Magnet manufacturing method comparison
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Fig. 5 Grain size of hot-deformed magnet for differing deformation temperatures
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Fig. 9 Temperature-dependence of H, in hot-deformed
magnet and sintered magnet
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