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1. Executive Summary

]

SR=3

T PIEEINEL
RPN ERES

d

HRE-Free =thed| "S|EREMX|YUE=XA" S2|0[SHX| Y=L XHSXHE Nd-Fe-B XA 0| M2 HX}
2 Dy(C|AZ2 %), Tb(E&) S Heavy Rare Earth(HRE) EZ0|HLIA[HSIHA &, 15 ZHO|IEL
UL ERX|St2]=2|=0|C Nd XM=Y EHN O 2 HOIQI© B 2 Rare-Earth-Free 2F=7-26OF3ICE.

UM HRE-Free 2tZSHAIF T EIHH R 2 U2 X2 HSH 2O QUCE KM, Dy/Tb 24X - FH|SZYHSO|CHE AXotE
QPEREEAI. SW|, HEV/EV CHO||L 2t SAHA = QIAH K| == ML] 71 -3 ESd. A, XM 2 XEN| 2| 0
SCHEOIL2E R B 2 XD | 2| 2 - MO DF K| IL2fsH HRE AFE S LU AA17| =271 E. Ui, Y22 - LA DFAXY,
X, BE{ESILIL| M2 S ZUC 2 H I | APINU S X| @S2 0[Ct NEDO £ 2014-2021 A2 8B EEXEI Z A}
UM S S0 2 Dy EALESIX|UED LS SHUTHEFRUL, 2024 HO|=BHAUEZRI|=| T2 0N
HRE-Free/rare-earth-free At4 10} S0l SEEXHMICH 2B S ML= A S AIZRIC

rot

LDV/Tb-S—EEd%} { H-+8HS } [ TSty J [ ZHQHE }

[ HRE-Free Magnet + Motor System Optimization ]

2. HRE-Free o™ ststo|n|

2.1 Rare Earth, Heavy Rare Earth, HRE-Free 2|71 &

r

7|2+

20 o[O| 57|

Nd-Fe-B Magnet Nd, Fe, B £7|2 2 26H=10]| 4 X| ¥ XA =2 B, s2=4UC2H0|[e|

HRE YHPHO = Dy, Th S S EFEXH NdFeB 2|12 H.; &0AE

HRE-Reduced Dy/Tb AtRZFS X2t Grain Boundary Diffusion S22 AME XX
o}

HRE-Free Dy/Tb & HRE EAIESHX| b=ttt XHMO|MZE + RE A2 LRI EHE T

Rare-Earth-Free Nd 7HX| LS50 S| E 2 EAIRSHX|Q4S ferrite, Fe-N H Y SHSCIEXAM/ZEHEAY
o

2.2 2 Dy/Tb E20{¥=01?
ANSXAERE XN 2222 E b A AXA oS A0 . ZEICE. NdFeB =2 =2t SotHE X2 0] Z 4511, Field

[ |

Weakening 2|2&2| I; == Peak/Fault current 0| X=X} 2| 50| demagnetization curve 2| knee Z2 20| 5%t
Ot TSHCZ Dy/Tb Hot=2EXE H,; E50|=2 X QI H0IUCE
B/J

A

HRE &2t knee 2t HAY

HRE-Free: 11&\knee H2|52

» H (reverse field)

HEE=O|HEZXA Grade 2| 2K B-H/J-H +=X|S2|0[SHX[ 4 =L,

3. UL HRE-Free EWsH=71? - QFHIHALN|
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3.1 1) XA B SYE (A3

Dy/Tb X5 A2 1.2 NdFeB 0| MO Q881X | 5| A5t 1 352 0| HEE[0{ QUL Honda & 2016 H HRE-free X}A1Qf
AP BUROINRAYHOMHO ZUHEIILD, SPYZ Lty 26| BHEO|2| 2 2t ICIDBAIST Toyota & 2018
Th/Dy £8|45t11210|HX|7H %*X*EliﬂﬂiS*XHE YaUCH Ot YR ZEAYHOIM HRE-Free =&t 0N HE

[
HEL "HQOH QSIS X SH o 2o Q=0 F'EfE%P |QFAtE| AT O|2R|CY,

<

3.2 2) 2010 ACHO| S ATHSH It ArRiote 2| ety

SERSZEAU2YU RIS ELEZ T ZE M POt 2t B H AKX O 2 H| 2 Q1 M SHH|SHA| 7| 7 H=| UL, 0|27
MECHMZHOHE, AN, Mg, S5 M2 EHASH=L 9 EJHEIO*H NEDO A2 RE{B|ERAMINE-Z AL
A (2012-2014), 122 REHEXEATZ ALY (2014-2021), £|22| HRE-Free/rare-earth-free XA 8l D E{ 2 S IHEIALY
20|2EQH Mo 2EQULY.

3.3 3) EV/HEV SCH0||I2 A Q0| XM =T}
HENYORERHESEEIUE, A5 DBESAPOD|UROINYS NoFeB o/ HAXIXPIACL Honda £ 2016
HA™ SKH2CHof2E Nd Xt 4= 2 ol 5520 Toyota = 2018 HOfl= Dy/Tb 2#0IL|2PY 7| MO 2 Nd AHH =358 S

’t580IUCI 1 E0t Nd *fR%W?:PJfIPHH*H* |E§+ Hs” C} 57|20\ %S HRE AFR 2 — HRE-Free — Nd AR}
Xz - 33 rare-earth-free TEEM O 2 50| X| DULY.

3.4 4) 714831 BOM QH- M

RPS AP S || D 2 R 2L 0| HBHA S S T2 D0l S F AT, Dy/Th O EE SLHERIR A
SFRPHEON |2 A X, B35 SrgH 8N E Y eisel A28 E LT, Hebd HRE-Free = "HXfAIXDY 2o}
SE2b0]t2 . ZHO|ZOh5 442 50| =0l & 2 0fBHeHS 20| = HstC,
3.5 5) YEQAHUAN - E-RE| SN LRSI =Ct

HRE-Free =XtMOHHIIO M 2ISED|O{ . At 0| 1.2 =X} margin O|X0t& 2 R E{Q|X}& A 2, magnet thickness,
bridge/rib, 2, MZ 2t X|CH —1, 7}& R TICt Honda/Daido Ar|Z+CHE X 0|C}. Daido =0|MZ % 9| hot-deformed
NdFeB 7§25t 1 Honda & magnet/rotor &4/t magnetic flux path SXAH 2Lt 2018 AE 60| =2| =X oj|A
£ shaft LIE.Z ATF £335t= rotor X TEZIX| 2Lt O|ME XA H 5o YR EA|A-MA ZH I QICt=H0|Y
=YX 2| HRE-Free =TS =L,

3.6 6) 12AtLeto|o|R

YKL= Tier-1 O] HRE-Free £ RFQ/EH|Q A0S =0 2 A E 2| F 0|02}, T2 DM THM oI 2 Y EMSH
HEI|EE 0t =2|0|7t 20t YAHEIT0f| HRE-free 2 SHH rotor magnetic circuit, demagnetization, cooling,
inverter current limit, durability validation SCHA|SHOF=r = QU D |2 O|C}. [h2tA| X 7| Q AU HRE-Free EPA|SHH
ALt

ZIUHIIM S EESIT constraint QM AAHBI 2 0HE S

4. LA AR ZOf| M A AR XK SPItX]

2010s 2012-14 2014-21 2016 2018 2024
| | | | | —
2249 PNESE-1E-N HRE-free Honda-Daido Toyota AXete K
o A=ty &8 R&D 1R EREATY LUHE Nd X 2 Program

4.2 Phase A - 7|£112 NdFeB: Dy/Tb M2I2QtHOpEIetH

HEV 75 2E{= 1 2RI H7 | M6t S8 I 20| 210l i= Dy SAIIZE SISl 1 B XI2] NdFeB 7 USRI 0| ATt U
=215k (MEXT) 2| Element Strategy 2JHX2 =1t HEV traction motor £XH40{|A| Dy 7t 8-10 wt.% =ZZ Q3H

Ated| EML Ot} O A2 N2 2K 40HA|2F HRE 32 2|A3LHH|E, J2|11 Dy I o||HELFR XS E = EH2| trade-off
STt
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4.3 Phase B -'HHA|MI|": Grain Boundary 542l HRE 2%}

C2 A= HRE EXFATM|0|EE0| 20| 20}, EXE o 20X 1 AF AT HU TS A7 =4 0|Cf. H4l0t0|C|0f= &
2 Dy/Tb EE 28X ZALE5H=20[C}. O|THAI MMM AR | s 2 e e a2 d Ao MO M2 E] - AN F-H 2 20|
=eiC}
o A .

4.4 Phase C-'QtMD|: O|M|AX U AH|0{E S5 HRE-Free

HRE E2tTS| XM H5t2{H NdFeB AHN| 2| XM H LI S 271481 OFHCL Daido 2| hot deformation 244 2 HEA QI
sintered magnet ECHOIRO|MSHAF R SES4U0 HRE 0| = s 2 B AN B St E5H=0| ] 2[3MCE. MEXT At&
O|ltt2™ grain-boundary phase M{S2 %8l Dy 4-5 wt.% SX &%t sintered magnet $£Z2|E/4 & HRE ¢l0| 7231 11,
Honda 2t2| motor S EHESHYLHEL 2 IZCY.

4.5 2016 - Honda x Daido: HRE 2t™ Free 2| At EHA

2016 '3 Honda 2t Daido Steel 2 HRE E™SALESHX| = hot-deformed NdFeB £ Honda FREED 2| hybrid drive
motor | H 2ot I HIUCH S $HH 2 magnet replacement 7t0tL|2} motor redesignO|®ICt. Honda = magnet
shape 2} rotor shape E483ll magnetic flux flow £EZ|&M=3}34 11, conventional HRE magnet motor 255t torque,
output, heat resistance EE4ZUCIIYFICL Daido = METI EXEEH2 MY AMZIRINA 2016 F 8 HEEQFA-E6IE
A ZFZICE,

4.6 2018 - M s tzty|so|odst

Daido & 2018 H Honda 2|5 &2 torque/output 22 +6H= 2-motor hybrid system 0| = HRE-free magnet 0|H-&
SO DL HACE O THA|O| M =X K| =7 | =2 0FL| 2} magnet shape, magnetic circuit, 22|11 shaft LIS ATF 52012/t
rotor direct cooling O|2AIAL2 E|RICt. O] = HRE-Free Q2R SHEHECL & MRYLEES 12 margin 22 0tXLY|
Q2 EA|ZEASIHA A~ F O S S Y52 U E=Z0|CE

4.7 2018 - Toyota: HRE-Free 0|A] Nd-Reduced 2%

Toyota = 2018 & Th/Dy SAMBSIXIS 2 HA Nd AL =Z|T 50% E0|=HSFEZ 3 heat-resistant magnet S
HIMLEL La/Ce SAHHHC 2 ZESII XSt rare earth EE3H A grain refinement 2f grain surface M|0{E ALY
OPHE2 Y= XHHTIZF0| Dy/Th M|HOHX|@41 Nd XA 2|02 E VX[ MM H 2 = N 2517 | A XU S S H A FCT

4.8 2024 0|% - RIS 2 AN

NEDO £ 2024 HHXNUEZ Q72| 4T 2 MM HRE-Free magnet 2| LA - I X}E3} rare-earth-free magnet 2|
MER2HMZ3H, J2| 2XMICH magnet £/4015¢ e motor design SEHIHUSH=AIE S AIRRICE S R=SEHE2td
LSS0 Z YOI Y22 magnet/motor A AW B S FX| - & THEL=Z0|TE. O|THA0|A HRE-Free = HE 2| At 2
7tH47|= 0[Ot 2t ZIHAH S M M| £ 7 | = = Fe| X2 | & UCt D =2+ UCE

5. Y& HRE-Free JHLroiAL: BAY. AY-QAto|gi

5.1 2000 HACH3 4t - Dy 20|27t R&D Bx| 2Tt

J

1=2| HRE-Free &2 2010 HCH2|THAHCHSO[OL|2t, JO|HEE TIME S| AFHIHA|- AT 2 H M A M0 U
t. NEDO 2|5| AZSCHA|- oL X[ ™LA I 2HE = 2008-2013 EHI|2H0| S| EF AR Dy EALR UL =CNIIE R
SHHA R AZHARICE O[A2|20 |2 XMEEE "Dy EQIHLUS B EX0|HN| 22 Q02| X0 Dy EHHX[Z U
S0P I7FACE WM F MO HRE EF EEIMS=L A0 2 A /AN EH S 0[S 2L YA 21 F 40|
O| =MLt

Source: NEDO, Rare Metal Substitute/Energy-Saving Materials Development Project (FY2008-FY2013).

mO

E M

5.2 2010-2014 - 325 20|= Reduce, Recycle, Diversify 2|l

8|5 52 SR HABIE| MM AR T 22 H LR THSIEIACL ATH=XIS0IA Dy/Tb S ZOIHLITSH=AT| %,
STIEAIZSZE{OH No/Dy B8]+ g, Am=2 3 HCHAS(0|Ck NEDO & 2012-2014 AL S REI0|M 145
8|5 BX}A|S 3|40 18| ER AR S XSO0 |SINLSEZINCL 0PRSS HRE-Free SRR I1Z0[0LI2E At
aps =S EEIE L EINCT
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5.3 2014-2021 - 'Dy EMX|QF= TSI O|YA|HSEILE
2, £0| Dy SAFBSHX| = AIH T

NEDO of “AtMICHAS A8 12 S RH A2 2|2E 2357”0253 =
SR E LA ELNNESIH LG & AR DE ELUAHS= NS T HENLL 07| F5 0= magnet
performance 2t motor efficiency ESUE2HE S|t 2 HAJMCH=TO|Ct. ATF2| H,; ?IOtL|2HEN 2ZE 2|3 7] -
Q8 BEOIA RS X EI |2 | Al RFRYC

Source: NEDO, Development of Magnetic Materials for High-Efficiency Motors, FY2014-FY2021.

tm

5.4 2016 - Honda x Daido: HRE-Free 2| ¥ADIsA' 250

2016 A Honda 2t Daido Steel 2 HRE EX8{A28}1X|Qt= hot-deformed NdFeB 413 FREED 2| i-DCD S 2 E{0|H
3Lt Daido B2 SHlO| M AE XA YA 2HS Yo EXE S (1, Honda XA D} rotor LXEH Y
SO R0 2F- 8 SH=AXH ES QUL SALHO|A7|E HRE AHMZE{QLES T torque, output, heat resistance E2d3
CtnMHStC} O|Al2|= HRE-Free £X4 Grade 2|thaX[2H0|OFL|2} motor co-design S 2 &IDICH=A G X | E ST
=AY

5.5 2018 - Honda Insight: 2= HAH o 2 st

2018 Hoj| == Y$t HRE-Free A QXA 0| Honda INSIGHT 2| 2-motor i-MMD 22 E[Q{Ct SHEI0|EE|E=AH
i-DCD ECH=2 torque/output 0| R P E|B 2 HEXM B = HZICH Daido ZIHXHZ 0|2 ™ magnet shape £[X 3}, A7
magnetic circuit, shaft LIE 2 ATF S2 3510 A2 0 2 rotor EX|HH24SH= ZAH2H0| AT QICE Ol=x|go|ne
coercivity margin £ cooling design O 2 2 tSH=CH E X AF2|0|C}.

5.6 2018 - Toyota: HRE-Free 0f|Aq] Nd-Reduced 22X} &l T 2k2txt

Toyota 2| “Nd-reduced heat-resistant magnet” 2 Th/Dy EAIESIX|42#0L|2F Nd FEE La/Ce ZLHA|SHO Nd At
2USE|CH 50% Z0|=LSFS XA A2 (1) conventional magnet CHH| 1/10 0|8t=&2]| grain refinement, (2) 2
HEUEM| Nd 5= E20|= two-layer grain surface, (3) La/Ce 2| $2H|0|C}. 0|22 HRE X|H0| 20| = Nd XA
7P| M E F0| 24 QUCH=2HH Ol M Y 2R 2RSS A 2RI

— a0

5.7 2020 ACH - 3ZULQU 0| A ARt HME M I [=2

2020 30| % NEDO A{J2 HRE-Free TASXINOAE, S|ERASYTASIE L DAZ UM, Xp215| 22|
X7FXHRASHRACE 2024 H K Program Of|Al= HRE-Free/rare-earth-free magnet QM Z2X| =3 H ot XIM|CHRIM E
402 = motor designSEMINL =2 Y AIZICE A 2|2+ 2024-2029 H, o Foi| 42 34 AMO|Of AIST, DENSO,
NIMS, Toshiba, Daido Steel, Tohoku University S0|8X| A0 L EICE HRE-Free 7t7HE OEM 2| O{EM S EHO{ =0t
HNEFYEHA =23 S5 UASSEHELDL

Source: NEDO K Program, Heavy-Rare-Earth-Free Magnets with High Heat Resistance and Magnetic Force, 2024-2029.

2008-13 2012-14 2014-21 2016 2018 2018 2024-29

[
1 1 1 1 1 1 1 -

Dy CHA|- X2 3l Mg Dy-free AXf{-2H FREED 4t INSIGHT &CH  Toyota Nd X{2 K Program
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o
HMEXQI LYY NdFeB = Dy/Tb E¢2H A0 A oFe14B 42| anisotropy field E&UCh YH24
2ot D MEtest IR H,; £V Hte HRE JtAYELHENXEXSHHN B, XstE&4t
ARYXPOHAP IR = A Y E EH E W S 2P 0| 101 HRE SAHESHHIEICt. & coercivity margin 23

utilization efficiency 7Pt

_ =
=
(oX
ok

n

H
m

6.2 Step 2 - Grain refinement: ZX} nucleation site XN EZY

NdFeB 2[H[D}H X =2 0| U2 B Y EHUZ EAXA GG M A2 | 7|2t AEE S0t HEL AFE LR
OIXRAHSSH|01F7 || X| 10, HAESHUAA| S tZB L E M coercivity 2F5212tE}. Daido 2| hot-deformed magnet 2%
0l sintered magnet ECHEMOMTHEHE SH =™ SEESICH MEXT A2 =0|0| N 2 Z2X|0{2} grain-boundary phase
HO{EE3H HRE 10| Dy 4-5 wt.% & sintered magnet O AL SH=EA S SR 1A TSHTY
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6.3 Step 3 - Grain Boundary Diffusion: HRE &' 2 9t320{|2F HiX]|

GBD(Grain Boundary Diffusion) = Dy/Tb H Q&AL S XA EHOMUH 2R EA|H, ZHEHEL 0| HRE-rich shell
28g6t=CHEX QI HRE-reduced ?|=0]|Ct. ZA} nucleation SAX|SH=2IX|0| HRE E&S5t2 2 bulk alloying ECHY
© HRE 2 H,; 50| B, 242EU4Ct AAHO 2= HRE-Free ZHIZ0|E617|0{2{2 012 1EH T 2 12H0f|A
O R A QIS ZICHHO|CE £|2XTLE GBD 7| A remanence loss 2 coercivity 2+ thermal stability S40[&=% np&H}
0| X|2F, HRE HI& EE S F =20 AL =l =1tH2t g2 oot

6.4 Step 4 - Grain-boundary chemistry control: HRE 210|X}7| & 22|25}
HRE-Free Ol =2 APIE S S QI TICE MEXT/Daido 7104 grain-boundary phase 9| F|2tx g
Ab =}

Nd-rich/Fe-lean otUHA &S84 HHZ Y7 AFO|2] magnetic isolation O|ZSHz|0f coercivity 2+57tst=2d
% Dy/Tb 2t ESIHAL LR E LAY Z Aot 2 Q 20| HEH=20|CH.

=2Z0ot,
ZEYeIT.

6.5 Step 5 - Hot deformation: O|A|ZX - HiEk HAK| X 0| S5t
=8

VIS 2SR TS YR UM nano-scale ZFEISHIZAID|
A
T

[e3]
[
l=

[0}

=HIAO|C} HRE-Free Of| Q2|80 M 2™ X X
=7 UX|2 traction motor & plate P ihr Zottel, Frtk| 0§ S S A0 JoHOFSIC}. Daido At2|2]7| =% 9|
ATHE ot |2t plate magnet 2| mass production technology7tX| 2t 6104 &K rotor Of| M-8 3CH=G| QUL

mjo

]

6.6 Step 6 - Nd-efficient / composition engineering: S|A ¢ A O|HE L S A %X X 3t

Toyota =AM &S 0|AM|tSHD, coercivity 0| 2 2+ Q1 grain surface 0= Nd & =E%0|&| grain core 0| =&0|
two-layer concept 2X-83Ct. 047|0] La/Ce SIS ZJHIEZOI0 HRE #OtL|2} Nd AH|IIX[ERACE 7=
"HRE £ 0 O 2" Et=CtUE HO||M critical rare-earth intensity per kW £ =8H8k0 2HIHSIIQ/CT.

{ Bulk Dy/Tb }» Grain refine }{ GB Diffusion H GB control H HRE-Free }

2 margin HRE 1% =g DI +
=2 HRE Br &4 motor co-design

{ Nd-efficient }

7.1 Honda x Daido: Material-Motor Co-design 2| ul ItA X AL

Honda/Daido 2|34 HRE-Free magnet Q|EHE M52 7|& HRE-rich magnet 1+ Y611 BHE =G| BHQ X| 94 QCE
MEXT Xt2+£ Honda 2|MZ-2 magnet/rotor design 0| XA 0f| 282 5H= opposing magnetic field S 1, 6HA40f| A
demagnetization O /W5 X| = SCH I A YHOHC, Mt A XH= HRE-Free MEHA|CHZ 2| SO A E 0 2{SHOFSICE

rlorir

7. QEAMHHSES

Demag Margin ~ f(HC](T)7 Hreverse,locah Tma_m tmag; Id, Ipeak)

é HC] _6I'L|'7|‘L;’<|'O|'X:IE H’l‘everse7local El- Tmag %L;é'-ﬁ:-?_*'ﬁ%?:}xfo:'%%%ﬂg—?%q Honda *l-EﬂEOl trade-off %fEIX‘”
YoM S FUC

7.2 Honda 2018 Insight: Cooling &' A}AMMS’ o|d R 2|2

Insight M0 A& shaft LI ATF 252+ 4124 20| 8¢t rotor direct cooling 0| = E|ACH 57| AH 20 A magnet
temperature 7PSOMX|HES UXIA O] coercivity 2HAASIE R, A2 M-S At A thermal coercivity gain2 =21 1p2¢Ct,
2t HRE-Free ZE2M EO|M =222 HA0| T BH AP 410|0tL|2F magnet grade EXFHLE HRE EXHY U
St M2 THo| EICE

=T =

7.3 Toyota: XFHAMREE magnetic microstructure 2XH{HHX|

Toyota 2| three-point technology =XAtA LI £ 2|3 E 7R E 7 LSHAH A& Ot=2 | EHF O M OfLY, coercivity O] 7| &
212 fIX[0 Nd EESot=Y&0|Ct. 0|HS2 GBD A=ZSTOIULE. F S|AYAETN LI II0tL| 22| S0 2 st
microstructural location O[HiX|StCt. Motor designer OIH=H 2S5t B, /H,; 7| Grade St=X| 2 ZH 10| M| =%
oflct2t 22 recoil, knee, lot sensitivity 2t 2t QS-S 2|0[PtCt,
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7.4 NEDO: AXi-BE{-B2USSILIQI7 | A|AHICZ M

HE=ZHE=Z3
YA Ho=A
Sh= system

2014-2021 AP Dy-free high-performance magnet 1t soft magnetic material 25312 -4
11, 2024 K Program 2 HRE-Free/rare-earth-free M| X3 2FALMICH magnet O X °.=.*C.>_f motor desig
UL MM L2 02MO| HRE-Free 7=t "MHZ 2" O[OtL|2t 23S YD ZO0 [ ES
requirement =25 A5H=210| X = S|ICt,

=l
ng
HoH

Al NS P Motor/System ?|& MAXtof| | F =2l 0|
Honda/Daido HRE-free hot-deformed Nd- magnet/rotor shape, flux local reverse field ESFHY
2016 FeB, fine grain, GB control path optimization 2 HRE QIEEEZUME SIS
Honda Insight HRE-free hot-deformed magnetic circuit + shaft ATF T,y EHAHFEN IS F
2018 magnet rotor cooling coercivity margin €=
Toyota 2018 grain refinement, two-layer HEREIIL/ A0 [SoHL S| A AALEZEXIA| I motor
grain surface, La/Ce, Nd - KPI Z2}CH
50% target
NEDO 2014-29 Dy-free, HRE-free, RE-free high-efficiency / next-gen AXHIREHEZ2Z|YZF LIS}
=1 motor co-design 210124

8. 7|zl XM O|M Motor System S 2

[ Material }—> Magnet H Rotor J—»{ Cooling }—»[ Control J

grain size B, H; V-angle Trmag,maz 13/1,
grain boundary knee point bridge/rib rotor cooling FW limit

HRE-Free 9|/ 4203 E '—IWOI H.; St X2 AP E| K| 4=t Z2XH40|2HE magnet temperature ESFHLE, AHA
0| & &|= reverse field E&0| = rotor geometry EALESHAHLY, field weakening Q| —1; limit EXSHH irreversible
demagnetization margin OI':*EP‘HZr. h2tA 0 240| HRE-Free £2 76 Magnet Supplier, Motor Electromagnetic,
Thermal, Mechanical, Inverter/Control E/0|5A|0f| 91 £|0{OFSHCT,

9. HRE-Free 7} Motor AA|0f|0| X| .=}k

g=2 7|§ HRE Magnet HRE-Free Of| X o|#5}/2|H HBHERIE

Magnet 212 H,.; &2 80| 12 knee margin Z47ts 258 B-H/J-H

Rotor 7|" magnet|c circuit local reverse field H& T2 edge/corner demag
Peak torque £ armature reaction lpeak O M=ZELUXIIS Tmax + Ipeak

Field weakening 2 -1;5& demag risk 3727t Max speed + Max —I
Cooling margin 2 X 4%t SHA A H S22 Magnet Tmax

NVH 7|& harmonic &4 rotor redesign S 25} cogging/ripple/force
Production H35H grade/+:Lm lot WXt} H,; 22|F582 min-spec material
Supply chain HRE ZEZQ Dy/Tb risk 24 traceability, definition

10. HS2|2A2EeP|=X 20|

10.1 1) Magnet specification O] {Z A" Of| A" @ QI C|0|E{" ZHIRICE

HRE-rich magnet 25212 H.; 20 dELHESHN Y EME margin CES+E+URUCE HRE-Free HMERT
& B-H/J-H curve, recoil permeability, knee pomt lot minimum £-d0|H&Z38HXIC} £3]| catalog 2ICHE H,,; PIO=
'— Maxwell 2| irreversible demagnetization 241 2| UAHTHESH |{ZE Lt 20-180°C 24| curve 2 minimum-spec
data% supplier 2+eo|sHOFSICY,

10.2 2) Rotor geometry 7tXHI2| AT CHS 4 CHO| EICE

Xt edge/corner 2| local reverse field =& air-gap flux Bt 2 H 0| X|4 =L} V-angle, magnet burial depth,
bridge/rib, flux barrier, magnet thickness 2} segmentation X5+ peak reverse field 2 &4/ Ct. HRE-Free
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O M=0| 2R X 20| Ehe electromagnetic optimization O|OfL|2t HRE EX|H5t7 | 9| et AR =2 HEICE, T bridge 2
CHLERFA Q| X814 2 reluctance torque, leakage, mechanical stress, NVH 25 A|0f|#151A|3| 2 2 multi-physics X[ X3}
JPH QBT

10.3 3) Peak torque 2} Field Weakening 2| &AM =27 =0tEICE

Rated point ECHIXIOCIRTIE A2 2S Tmax 04 2| peak current 2t11<; field weakening O[T, 22| I; =Xt 2|
XjstetaknEi Ol armature reaction 24218}, 2t HRE-Free MEHA|&2 & map TH| &M E Z3HH Max torque /
Max speed / Max —1I,; / fault currentE2 = demag corner case Z22|S{OFSICY.

10.4 4) Cooling 2 BOM cost 2t 5L2 2 E|0| =M A MLt

AT 2 10-20°C SHE42UCHH A coercivity margin 0| 571810 %2 HRE = HRE-Free grade 2|X87+5 40|
A ULt YR rotor cooling O] 2 ESHEZ O M EXFM XM Ol 2 LAY H S RFSIAECE WatA ol flow, shaft

cooling, rotor heat path, stator-to-housing cooling 2 magnet cost 2} resource intensity Of| 2] M AL| =42 5|
Ss{OFSHC
=] — .

10.5 5) Br-Hcj trade-off £ torque density 2HE0|A{CEA|2tOFSHTL

Dy 7= coercivity E&0[=CH4 remanence EX &+ ULt HRE M2 M HS|HASIH B, ZHO0|HEHE 275
O|AX|2F coercivity margin O|Z+QICt. AN 2 “ItEEE H.;" 21X X 0|0tL|2}, 27 torque density ETFEHSIHA
worst-case demag £52t5t= minimum sufficient coercivity? P3| X £ A H0|Ct.

10.6 6) NVH 2p7| A £ HRE-Free Q2 FErat=0|C}

LALLM 2 2/81 magnet thickness, V-angle, barrier, bridge EHH cogging torque, torque ripple, radial/tangential
force order 2HHDICE, EEBE N rotor 2| bridge/rib 18283 margin SHHZLY. [2tAM HRE-Free redesign 2 EM ds
DkSOI8 A =0 x| electromagnetic-structural-NVH correlation SEPHEHQISHOFSHT},

10.7 7) YLAEZ2L A EC} lower-tail 22|75 8t}
HRE-Free =AXH margin O|Zt0tE Q! © B 2 |ot-to-lot H,; TX}, XM K|2: AFXHE, rotor ZEQIX|, HAY/DH S X a4l

H| magnet temperature WA L2} risk O 2™ AZEICE CAE = nominal grade ZHOtL|2F minimum-spec magnet +
maximum temperature + maximum current + worst rotor position2| =%t © 2 HZ6H=210[HZH2IS}Ct

10.8 AA| Trade-off Matrix

AAH HRE-Free Of| R2|otatsf d=rit TOIYREE
Magnet thickness &7t permeance coefficient 5! cost, rotor space, flux satu-
demag margin 2§ ration
V-angle / burial local reverse field 5 Zt&t2F  edge demag X torque split, leakage, stress
ESES Ko}
Bridge/rib PN ZARPAY: (E=INENpS T3 flux path o sU st saturation, harmonic g%}t
Rotor cooling Tnagmaz N 12 H.; margin 37t pump loss, oil routing, seal-
ing
—1I limit DS FW K|St D S2EXFAR| max speed/voltage utiliza-
tion X5t
Peak current time  duration X|gt thermal + demag stress X launch/gradeability ‘d&
Pl
O
Magnet segmen- eddy/thermal/local field %| loss %! hot spot XA Z7ts assembly cost, tolerance
tation o}
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11, Aisin SYUEDHL0|7| 2% 0| A2}l

No. =IHQNH 0|8

1 HRE-Free HQ|: Dy/Tb 2t 0 /X[, 5{& ppm/wt.% Supplier/Grade TH7|&

2| & QX

2 X]¥ Magnet Grade YUXN=3'H material model 7|&

3 20/100/120/150/180°C B-H/J-H curve Maxwell nonlinear demag
4 Maximum Magnet Temperature thermal worst case

5  Maximum phase/peak current peak demag

6  Maximum negative I; 3! current angle FW demag

7  Maximum speed / DC voltage FW operating point

8  Fault/short-circuit requirement abnormal demag

9 9{&irreversible flux loss %|F OK/NG

10 CAE 2IA|& 2| correlation &I kAt validation

12. Maxwell HRE-Free Demagnetization Analysis Procedure

DO1 BASELINE }—»[ D02 PEAK DEMAG }—»[ D03 FW DEMAG }

Y

12.1 siMx

[ D04 POST-DEMAG }

12.2 #H% Case Matrix

ID Magnet Temp. Current Operating Point =5
MO 60-100°C Rated MTPA Baseline
M02 120°C Rated MTPA Temperature sensitivity
MO03 Tmax Peak  Max torque Peak demag
M04 Tmax Imax Maximum —1I, FW demag
MO05 Tmax Fault  Short/abnormal ML
M06 Normal Rated  Post-MO03 irreversible loss
MQO7 Normal Rated Post-M04 irreversible loss

12.3 HILKPI

Maxwell 2| demagnetization 7|52 A2 S XL E S| demagnetized operating point 2t Demag_Coef 2XE2IQIoH
C}. T, HAH|2FO 2 IPYSHX| I CHS2BH[ 22| BTt

o —

\Ilbefore - \I/after

A ema
Demag Area Ratio = Ldemag 100, Fluzx Loss =

x 100
magnet \I]before

Tbefore - Tafter

x 100
Tbefore

Torque Loss =

10
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golgte:

e Demag_Coef min

e Demag area ratio

e Post-demag flux

e Post-demag torque

Magnet

N

Corner / Edge
local demag

13. HRE-Free @A ASLEMALAZTEY|E

13.1 Stage-Gate H|QF
1. GO Definition: HRE-Free 2|™¥ZFH 9| (Dy/Tb 0 QIX|, impurity 5{£X|2IX|), supplier/grade/process 7.
G1 Material: 2% B-H/J-H, recoil, B,, H.;, density, conductivity, lot minimum data 2t&.
G2 EM Screening: rated/peak/FW/fault 0f|A local reverse field 2} demag coefficient H| 1.
G3 Thermal Coupling: magnet hot spot 2f transient temperature & EM demag case Of|¢1&.
G4 Rotor/NVH: bridge/rib stress, overspeed, cogging/ripple, electromagnetic force &#35.
G5 Post-Demag: worst case &2 0f|A flux/torque/EMF 2| irreversible loss Q1.

G6 Hardware: min-spec magnet sample 2} worst thermal/current condition @2 CAE correlation.

© N o U A W DN

G7 Production: incoming inspection, traceability, lot monitoring, end-of-line flux/EMF 2 |&47.

13.2 HXOIAIEH Logic

| HRE-Free Grade & }

Worst-case ZHAt OK?

YES

/

[ Post-demag 8483 } [ System redesign }

' !

{Rotor - Cooling — Cortrol - Magnet fﬁl’ﬁér}

Flux/Torque loss OK? NO

1. Magnet: grain/microstructure, thickness, width, magnetization direction, B,./H.; balance

11
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2. Rotor: V-angle, bridge/rib, magnet position, flux barrier, local reverse-field reduction
3. Cooling: rotor/magnet direct cooling, oil flow, thermal path, Tmax reduction

4, Control: MTPA/FW current angle, —I limit, peak-current duration

5. Validation: min-spec magnet + max temperature + max current + worst rotor position

15. HEZE=E 2L EE

—_

{ HRE-rich NdFeB HRE Reduced }{ HRE-Free }{ Nd Reduced }

{Rare—Earth—Free =1

-

O|ZEMR2ZEYNIIE LSt MZO0|SSCH=2|0| =0T MM AU =d s, HIE
HRE-reduced 2 HRE-free 7} &&= QICt, Ef'ﬂ%%QlO#;LJHHm IS5ES S| ASIAA ST QSIS
O, SA[0f| motor system TH|S

T
——
nx
=
Ot
rir
o
09k
rl-_|
Hr
<2
$0
E‘_

16. j|*)k-|$59|-otoj|-| |:|I-'6<'3t

16.1 HRE-Reduced 2} HRE-Free =Et22tZ2 =S5 AM0| =L}

HRE-Free 7t M2fH 0 25 QS 2t = 2 = traction motor 7}EA| HRE-Free 2 M2tE| =2 20tL|Ct &2 magnet
temperature, 0122 peak current, =&t Q1112 field weakening 2 6= 2 1 20f| A= GBD 7|gt HRE reduced
magnet O|A|ARIH|E2HY risk ZHOIMCI R, ULE BHHZE A2 RIE3 10 magnetic circuit SX 22 £ X ok
U A ZAHZ0| M= HRE-Free 2| AX|-JO[HZICE Wt 2|82 "HRE-Free 2HEMTIH" 0|2h=Tha & 2|20t 2F
required demag margin CHH| critical-material intensity 2} system cost 2| X| Mg} 2 THEHSHOFSHT

16.2 J|aSMEACHH|

e HRE AL 22Xt B, 24 rkd 49
oj
Bulk HRE NdFeB =3 o2 s e=s M 2 mar
ginO|3LtZ
=/ 7} risk
=
GBD HRE- s 22| =2 == IM8s5EVY
Reduced GANAES
oF
HRE-Free  sin- =] A E == NS/ g A A
tered A|1Y of 2 ro-
tor/cooling
ESESlel el
HRE-Free  hot- S [E|HERH == Honda/Daido ¥AHal® o 4f - B &F -
deformed = capa-
bility 2FsiAl
Nd-Reduced HREQIS  7|29= EMo|= x gt Nd 22 risk
WXI KPI ol
=3t
Rare-Earth-Free = AXHEA0| LEPN O Z NdFeB QLS AL/ X088 motor
topology At
X & A 2t
5388

12
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16.3 2026 HA|H | HAXZ0IE ot

Xm, magnet supplier 2|X{ 2H|0|E{S Maxwell material model 225t 12 =H knee EHSSt=520[Ct EM,
electromagnetic 8§41t thermal network/CFD Z1tE2S Y worst-case duty 0| 91ZsH=5Z0|Ct. ARy, rotor stress
2F NVH EZ g3t multi-objective optimization O[T SR, XA 0| o8t X A OtLI2tR| 2 Z Y, lot, traceability S47
B2 | o LetsH=Z M| A o|Ct. CHAIRY, 22U risk 2 motor BOM 2t¢1 460 kg-HRE/KW EE= critical-material
cost/kW Z2X|EZ22|5t=5=0|Ct.

16.4 BEI| s

NEDO 2| 2024-2029 K Program O| EH{F=Z U2 Z M2 Lt HRE-Free NdFeB O|HEX| =Lt DY - DXt HRE-Free
magnet, Nd-free rare-earth magnet, ™ rare-earth-free magnet 2t2f2tQ|E40{|S¢3= motor design O|HEHO 2 %I
SHEITA0ICt. Honda YJA|$IXHEIH7 | &Xt=2 0| A HRE-free magnet 2|X 2 EITHRIED|H O 2 rare-earth-free magnet A
SIEX|YOICt N EFS| T UL Motor engineer YU M =57 magnet chemistry Of| 078 = A | 2Ct magnet property
window £ 20 240} topology/cooling/control SXHZ|X5tet4 Q=M A Ze1Z 0| 57| 234 20| EICt.

13
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17. Aisin Z2HEX222|stA a7

I E MO ZX0| U2 M| HRE-Free 8 124X motor development Of#t¥5H=210|2HH, AT action 2XHAS
MHsH=210|otL|2t 12HO| HRE-Free 2|2t demagnetization acceptance criterion 24&X|21748H=210|Ct. "Dy/Tb
intentionally added = 0" QIX|, M4 HE &= trace impurity 7HX[H|eHSH=X| Of| T 2tZ S AFEPE 2tA T Q1S A 0| FH 2
Ct.

FHM = Maxwell € material data £ representative curve 20tz minimum coercivity lot 7| £ 22t H 5=
O|Ct. 2= =%|4 20/100/120/150/180°C SEHESIHAMIZ M E Tmax 0| X E=0{=H2EH S I}$ICH Peak current 2f
maximum negative I; = inverter/control &2| limit 2t U3HH | E AL SHOFSICE,

M= rotor redesign 2|2M#=2IE "Xt Grade o HLHYHOF=210|TE ZXIH=E corner Of|AA[ZFOITIEATA|
magnet H.; E=0|=2EC} local reverse field 253 = V-angle, barrier, burial depth, magnet thickness Z0|H=
88X ULt SA|0] cooling B2t magnet Tmax MZAU7HS 28 2|6104 electromagnetic margin 2 22HAHSHOFSHT Y,

| mt= HRE-Free O AP ST demag area ratio StLEZSHX| Q=210 L. 2N DI ZE|= post-demag
back-EMF/flux linkage, torque loss, efficiency, NVH BstS &4 gsOFstCt, 2EEQIZL2 demag YOI =Y
SEHOGIEX|O|LHYE U1, HITH2HAM 2O critical flux path Of| M5 FEF0| S +ULt

A\

17.1 JHes|o| MRS 8 oY

1. I2MO0|USH= HRE-Free 2|3t M Y| E 223101017

=

o

ILHS S gRt0|o s etot?

X8 magnet supplier/process 2t} =7t

Tmax = steady-state Q17 transient peak @17, ZXQ|X[=0{C|210}?
Imax 2t —I; max 2|X|&HA|ZHEHE duty =0{EAHZL|E=21?
short-circuit/inverter fault 0flA&] demag retention 217tU=21?
irreversible flux loss S1&X|=%2% O|HENYH223QIT}?

CAE correlation € magnet lot &= nominal 17} minimum-spec ¢!2}?

© N o u A~ W DN

rotor cooling EE= magnetic circuit B ZHCHRHEA AR EIHRU=F?

14
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18. Aisin C{-SA 2T Magnet Grade 0|A] Demag Margin 71X

232 HRE Magnet, HRE-Reduced, HRE-Free EtH M2 S22 2H| WoHXA|@4 1, 2= B, /H,; - rotor 32 AXA| - 2
HHF - H2h - HIIY AR S 5SSOI A M| QI 2 1 ASH | 2|t £ guideline O|Ct. Honda/Daido 2 AHAIZ| A
H A40tO| X|£t0|OtL |2} magnet/rotor &AH=22tH|= 60 magnetic flux flow EX|M3t6E0 7| ZXHA motor 2F
orgue, output, heat resistance S€tEotAIH|0|2 2, Aisin CHS 0| M E system-level AE 27| 2{XIO 2 =LY,

2
m.
i
=
D
@D
Ral

ojn
oln
ro
=

Material Rotor Operation Post-demag
B,.(T), H.;(T) local Hyeo Iq,14, Trmag Flux/Torque

Z8: offH| 5 M2E% Aisin magnet grade 2| A S X|210tL|2HEH =2 EEF5|2lot FH2PHE 2 0|CH AX|5¢!
IOl M= supplier ZtXIE ¢t minimum-spec J-H/B-H curve E2 - HZ 2SI 5L Ao T2 I 2 wX|sHOFStTt,

18.2 B,/H.-2&-ZX} Margin H[1l
Dy/Tb QPP EAL2 020 M 2] intrinsic coercivity H.; margin Z=0|C} 2t bulk HRE MIt=Y48tA O 2 B, ZHO|

M trade-off 7t/ OB 2 HRE-Free 7HHEA| "Xt 0|2 SEXA" SE6HX| @=Lt Motor BHMMZ 282 B, ot
FolotL|2t worst-case 2E0l|A| knee 7} | operating point 2CtHOHLFEO{ XL =70]|Ct

T T T T T T T

=1
o
0]
N
©
£
o
=
0.2 I I I I I I I
20 40 60 80 100 120 140 160 180

Magnet temperature [°C]
| —e— HRE Magnet —#— HRE-Reduced —— HRE-Free |

PIPHEEXT HRE-Free 2|8y risk =120 M H,; 7H0tX|=17t0l| A peak armature reaction = field weaken-
ing S|YXIA Pt X|=2d0|Ct, [M2fM I 2 H| W =022 Demag Margin IndexZ2Q1ZsH=210| 42X 0 22 826|C}.

H nee Tma - Hrev mazx
Mdemag = ‘ b ( g)| ‘ : ‘ x 100%.

|Hknee (Tmag) ‘

Memag ?HEAHLES I =2I K= irreversible demagnetization $E2QA0|Ct. T, MX|THE2 nonlinear recoil £-42f
Maxwell 2| demagnetized operating point A|tHSAESHOFSIH @A 24| screening X|E=ALEICY,

2= HRE Magnet HRE-Reduced HRE-Free

12 H.jmargin  2PEEES |4 GBD/YAM Z2 22t TH=/0|MZE]5! system A
O|E3t

B, g& HRE Z/JOf|itE trade-off 4 H|WXM=2 B, RX7ts =2 B, T3, T grade B2t

E Q=

Rotor AAIXRISE AIHHCZZE ZEAXA 22| R edge/corner, bridge/barrier
Mtz

Cooling 2|Z& HXHS =9 sHA demag AA|HH4

Control A|2f H W M2 —I;limit 4& peak/FW current map Zt&1H
s

Aisin S18  5/20t HRE 213 + 85 HRE F o + 2 of & &
demag+post-demag g

o

15
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19. IPM Rotor 2| Edge/Corner 23X} H| 2 ZEXFA[=HH

19.1 MY XA IOIL| 2t =72t S 2 O0LO0FSH=2t?

IPM rotor O] XM M M| 7 operating point 7t S = XFM B EE flux barrier Q1™ &, bridge 24 0f| A= armature
reaction 2f leakage flux If 20| =& reverse field 21U SE ULt £E3|102 HRE-Free magnet 0| M=0|=Z£H0| knee
EHX S50 corner demag 7HA|ZE| 0| E R BRI E A AR HAESQICE M2EM "magnet average H" 2t 25015}
04 O| S B}C}
Tla .

[l ] Lialal o od S
LULarircveroTTITiu 1t SpuUtLs

y

V-shaped PM V-shaped PM

HEE: ANRIX]/=2/E2 rotor topology 2f current angle A2 2

19.2 Edge/Corner ZXIE3|2=4HAQIX}

QIxt HARIE S HAHUS HELS
Magnet edge/corner flux crowding 2tL9XHAIE S corner field probe + Demag_Coef map
V-angle / burial d/q3 reluctance 2} leakage B2z} torque 2t demag E3A| DOE
depth
Bridge/rib thickness  saturation 22 local flux path #3} stress constraint 2FePA| x| M3t
Flux barrier shape barrier tip Of|A{ field concentration ?t& radius/chamfer/air region sensitivity
Magnet thickness permeance coefficient 2t operating point B, &&82} H.; margin SA[H|1

iy
—I;/currentangle  ArAXtoiISHITHE 235t max speed/FW map 0|4 worst angle EfA4
Magnet temperature knee 7}2HESFIC 20|5 thermal Tmax map 2 EM model Of|
Rotor position slotting/MMF ACHRI X[} local peak 1 electrical period sweep

gt

(EERPEFEERES

TEUAIE YU SUHSA| D E X grade 22[FOHX|L, (1) hotspot fIX[&HQ! — (2) RXIAI LU EE] — (3) geome-
try/cooling/control CH2 — (4) material grade E2} =AM ZFISHSICE Corner Of|2HE S 2™ magnet end chamfer,
barrier tip, burial depth, V-angle S2|=Z5 geometry 7t2 MU 4QICt B Z XA S 2340 | M-S A|0f| margin 0|2
SHHINE H.; EE= Tmax/ZF limit JFX|HHQIXI2 2 H5 - O| = Lt.

20. Maxwell 2D/3D Demagnetization Design Guideline

20.1 SHM@EIo|7| = QAN

Maxwell 2] Demag_Coef &= nonlinear permanent magnet §|CHSH 0-1 2| scalar field 2X|5=|H 2D/3D Magnetostatic
% Transient O MAFEE 2+ QUCE 1 2L AXIOM XIS S, 0 22 AXE2|0]oHCt St source design 2]
demagnetized operating point £ target design @ 21 25}0] post-demag HEIQ|H 52 H LM OO 2, stress
case A SINLILE L[S 2-design workflowEHESIC}
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B]0[0]
Material QA

D10
2D Screening

D20

Peak/FW Demag

D30
3D End Effect

e

D40

{Post—demag Validation}

20.2 #% Case Matrix - Aisin 2.8

ID Solver Trmag Current/Speed Z8 Output =S

D00 Material A42r - B,,H.j,J-H knee supplier/min-spec ¥=E&HZ

D10 2D Tran- Normal Rated MTPA torque, flux, baseline correlation
sient Demag_Coef

D11 2D Tran-  Tmax Peak Imax min Demag_Coef, peak torque &t
sient hotspot

D12 2D Tran-  Tmax max —I;, max hotspot, flux loss field weakening ZtXt
sient speed

D13 2D Tran-  Tmax 1128 fault case irreversible demag short/abnormal 24|
sient

D20 2D sweep Tmax current angle worst rotor an- worst-case Y

sweep gle/time

D30 3D Tran- Tmax D11/D12 worst end/corner axial end effect &¢l
sient Demag_Coef

D40 linked target  Normal Rated MTPA W, BEMF, torque post-demag d&

D41 linked target  Normal NVH points ripple/force UXIZ NVH H3k

20.3 2D 2} 3D Q| et

2D = current angle, rotor position, temperature, magnet grade, geometry DOE EHW2 | sweep +0{ worst case
EX=THDAZAEOICL 3D =2 E case EP=0IY| 2Lt 2D 0| MA4%HEl worst 2-3 JHZEHO||CH3H magnet axial end,
skew/segmentation, end leakage, 2A| end geometry 7} demag hotspot S&tC{SH=X|2H215H= verification model
ZALETICE OHA O A| LA ZF I A T Q| ZH 0| F L.

20.4 Post-demag 7 KPI

KPI

Aisin @o|EQIE

Minimum Demag_Coef
Area/Volume
threshold

Flux linkage loss
Back-EMF loss
Average torque loss
Torque ripple / force

below

HYFEXEXS
KA XEESEO|AI™ correlation X|H
D250 X R 1A

HICHE /=2 24X NVH d%

mesh sensitivity 2FeHE 10
threshold £ ZH0tAH O]

before/after & operating point H|u
2 L5 BEMF £8100180ts
rated/peak 2=&t0!

L2 Al harmonic order H|u
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21. Aisin Design Review € Demagnetization 2t Flow

21.1 Gate HAlo|501HX}

Y

Gate 0: HRE-Free H2| + Supplier/Grade + min-spec curve EPS}

Y

[Gate 1: Tmax / Imax / —1I4 / speed / fault duty ZPSJ

!

{Gate 2: Maxwell 2D worst-case + hotspot %?_l—i—&"}

!

[Gate 3: 3D end-effect + post-demag flux/torque 7;1%}

!

Gate 4: Prototype thermal/demag/BEMF correlation + %U.*_%?_I}

=

21.2 02H0j|H|rofoFet x| A = H| 0| B
1. HRE-Free 2|"8&742|: Dy/Tb intentionally-added zero @!X|, ppm/wt.% upper limit 21X|.
. X|’¥ magnet grade/process 2+2 =4 minimum J-H 2 B-H curve. ?}&51H lot variation L&
. Magnet Tmax 2|d9|, 2IX|, X|&A|2HS! thermal transient profile.

. Maximum phase/peak current, 1;/1,, current angle, X|&A[2H BtE 2l

2
3
4
5. Maximum speed, DC-link voltage %! field-weakening control limit.
6. Short circuit/inverter fault & abnormal condition 2| ZAt21E A,
7. Irreversible flux/BEMF/torque loss 8187 |&ntE Xk

8

. CAE correlation € prototype magnet 2|&X| material certificate A [ 2=,

21.3 Aisin MZXI=H% 1-page Summary

%|& design review HIM =2 field plot ECICHE AR S 200 1Y S0 version-to-version H| W2} St= EotCt:
(1) magnet grade/HRE definition, (2) Tmax, (3) worst current/speed, (4) min Demag_Coef 2} hotspot 2{X|, (5)
post-demag BEMF/flux loss, (6) post-demag torque loss. 047|0f| rotor £t2H2| hotspot map IHAAHEHAT /S 2FSLt
ZHS|HiX|SHH 0 2H0| "X 2 #HZO| K| motor risk 20{EAAAL[=2}" SHE AT QUL

Review item Baseline HRE HRE-Reduced HRE-Free Candidate

Magnet grade / pro- U U

cess

Dy/Tb definition U U= UH

B, /H.; @ Tmax YA e YA

Worst operating point SUXTHOZH|W

Min Demag_Coef At A1t A1t

Demag hotspot 21t AL} 21t

Post-demag BEMF Z1} At 21t

loss

Post-demag torque Zot At ALt

loss

Decision Reference Alternative Approve / Optimize / Re-
ject
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22. 22 2H

ULTEI|H A} HRE-Free SNHOH=O0|R “HEBATN 2H=325 02 Mol |0jYC), BH2 NHSHET| oY
AR ESYS|AUAI T I12S YO REER 25t AT AR HZO|LL, I T O RE Dy/Tb M| ZolH 1 2Ex|

margin 20|A|ZZ], magnetic circuit, rotor geometry, cooling, current control 22&6H=1A1 O 2 S HRAC

Aisin ZEAMNLO| M =CHS MK ERMEHE A SX|CHRICE (1) HRE-Free 2| F~HH, (2) 2 ='E X demagnetiza-
tion curve 2F minimum-spec material data, (3) irreversible flux loss 2| 12HTH247| =, O|AM|T=S 22 SHE Maxwell Of
A Peak X FW demag — post-demag A5 S H51% HRE-Free O| 58715 A S H2H 0 2RITIE A9/},

=A2

1. Honda Motor / Daido Steel, “Daido Steel and Honda Adopt World's First Hybrid Vehicle Motor Magnet Free of Heavy Rare
Earth Elements,” 12 Jul. 2016. https://global.honda/en/newsroom/news/2016/4160712eng . html

2. Toyota Motor Corporation, “Toyota Develops New Magnet for Electric Motors Aiming to Reduce Use of Critical Rare-Earth
Element by up to 50%," 20 Feb. 2018. https://global.toyota/en/newsroom/corporate/21139684 .html
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8. NEDQ, “Rare Metal Substitute / Energy-Saving Materials Development Project,” Dy reduction/substitution activities, FY2008-
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10. NEDO, “Materials substitution and usage reduction technology development/demonstration,” supply-chain resilience
program. https://www.nedo.go.jp/activities/ZZJP_100189.html

11. NEDO, K Program implementation structure for heavy-rare-earth-free magnets, project P23030, 2024-2029. https:
//www.nedo.go. jp/koubo/EF3_100218.html

12. Honda, “Evolution of the e:HEV Powertrain,” HRE-free magnet and magnetic circuit development. https://global.
honda/en/tech/Honda_eHEV_next_generation/
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ansys.com/public/Views/Secured/Electronics/v261/en/Subsystems/Maxwell/Content/Maxwell/DemagnetizationCoefficient.
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(= =

2 AR AZS
2EMESMARL |2 HEEHIY S 2 2/dSt engineering guideline O|CH £ MO| HRE-Free &7 |&, Xt Grade,
LA EESDUHSAALMIILUBITE OA 222 H—H$E*’SEIOEEH'ER¥LM%* |SEA| =B OFotCt.
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