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Multi-layer Rotor Design of Rare-earth Free Interior Permanent
Magnet Synchronous Motor

SEZ | cMSieln FHIEE | HURSA
ol | slothsin

Park, Min-Ro | Soonchunhyang University  Jung, Young-Hoon | Hyudai Maotor Company

Lim, Myung-Seop | Hanyang University

Q o
=2 0= HEIER A0 Ferrite YAME 0180t LIS IPMSM2| oFIXIS EAok= YEE MARIC Ferrite B2 THRAIS Rt HA
S H2AOP | /e TS 2| BAHA BifA[F 18X US| Pt -5 SIPAP XL, Of= 2IHARS| 211N Qg Ko, e &51f, YA 2719 dAtE
O [SIH EICt. W2tA & 0N O2fet S 955 Hfols EA YYS aototn HRICh

Abstract
This paper presents a method for designing a multi-layer rotor of a IPMSM using ferrite permanent magnets, a non-rare earth element, To
compensate for the low remanence and coercive force of ferrite permanent magnets, the multi-layer arrangement of the permanent magnets and
the winding number of stator coils are increased, but this causes a decrease in mechanical stability of the rotor, overvoltage, and permanent magnet

irreversible demagnetization, Therefore, in this paper, a design method considering these characteristics is introduced and verified.

1M E H10] i A7 Q) o]elsh o] g2, Nd A7l e ALe-
THIPMSME: A 7 Sl RIBIET s 3 EF A%t BE

H A7) Ag ALl B wle] smo i U7 ldE Al ek ok AR 2L )l A ARe] B
T okE A7) BES) ek bkl gk e eshs ® RE, A4 AR 57 BE, 7] 2R REL Aol
A7) e @ S el S s 582 F5sloF Aol 450 Nd AR B ARlel B (Ferrite) G4
Sl e Hnol % B&S Ak WA, VIerE &AM Gk B 5] Hejels wE gubs] ol

(Nd, Neodymium) G72H3& AHERE il 74k 7] & Qlok B3, Ferrite 74 9] AR R2 STigkslr] flsko] 444
E] (IPMSM, Interior Permanent Magnet Synchronous Motor)= O] 4%E Spoke HEHIE w3 A} A5 7] B9 974
Ol 5AS DEATIE P AR) BE S Aol T Al thEow wiAle v IPMSM 95T ek TelNE,
el Nd JTAAE Biro] BePEE Tl 990 W b Nd B el ke bR A e Ferrte B4R A}
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( 1. Max. Torque and structural stability

/

2. Power and irreversible demagnetization

- Objective function
A. Satisfy the maximum torque
B. Secure the structural stability
- Design variables
A. PM Shape

- =

B. Ratio of PM thickness and core thickness
C. The number of PM layers
D. The number of bridges

E. Thickness of bridge

- Objective function

A. Prevent the mrreversible demagnetization

B. Achieve the power in high-speed range
- Design variables

A. 1st layer PM thickness

B. 2nd layer core thickness

C. 2nd layer PM thickness

D. 2nd layer side bridge thickness

E. 2nd layer PM fillet radius

\. / o /
211 Ferrite YRAMAIS AFRSHCES IPMSM A oY

45 U} IPMSM2 EeEE A & T (Reluctance torque) S &A= A oFgAo] HAE=AE AASI). U807 4= Jof| A<
20 = ggalo] FEgh vlv|E] 3 (Magnetic torque) g 2. £ T £719 RS WAE | S1g AAIE et B
5}7] wiitol] B8] EF IPMSMO & F=E4ka1 QIrH2)] 7} 31450 & R f7] Ate] 2717t Skt vt Kt

SHAIE oA 1550l Ferrite G7ARAS W IR AR o] 2] w1, oFAkE: Ao R QIR MR 1zte] S7FsHA ek,

AEof WA 7] wzol] o5 ARESE WE] A Al v webA] 31 el A S vt Bt 2R} o5 el

S e EAES vEfElof gt WA, v AR A UER 0|5 sfAdit) vixete 7 AdAlE REE Alsle] A A}
QIS B 7S SEP] 9] SFA AR SAIPIAL, Bl AISK A S SR
G TE STA, rEIMIE B4 A E HAslekl
Rl A2 Afsksiol dhk AR, ol 14 23 A 3] 2,514 3 A =H
] 71A1A PAE A7 1A it Begh, a7 Ak o]
A5 FTHIA 7R 7 1A S FHsto] B33 AR 714 RE9 542 sXakal Al 913 208 th5at 22tk
& Bkl = QAL of= IY'A Ko etE AeAA B BB 14 S deste] Sl dAale ik A das]
g gke = Q1% & AJekE ZellshA ik 12jal Ferrite @7 35PNT600Y7F AHEEIAEE 35PNT600YS] 7= 0.35 mme]
A0 wko- BRI ST A7IA} 7)AE e A AR o 1 e A= 620 MPaelt) a782; Al A7} 0.27 mm
L7 7S A= ddo] Hck 1 27PNX1350Fe]H, A} =7} 10 T, 3377} 400 Hz %

b, B Q= A7) AHga) 580 2 Ferrite A Aol Hg=o] 135 W/kgo T} Ferrite A7AHA] 9] ZHFAk&E U E
& ARk T IPMSMO] &8 9l Eatevk opel B71e) 2 = 100 CollA] 0392 Tol, Ferrite @74 9] Al E7e F

2L 71AA P e EAES B8l o) E sk A
Al S ARQESI) [19 118 - 10| A4] A|oks}h= Ferrite <
TA S AHESHE U5 IPMSMe] A A 2b7g9 B3 T12]al Q.

o
R

M7 W55 HelEet WA, BEJS) Ajo] =t A 54
=19} 711 QA sl EAteka ol S 47

g, ofzl Afolz= UlollA] %

fr

4 E ]S

—|a

1= o)
EAS

—40 CelA HE=A
3k A vlE 2t
o %
5 300Arms®] 1280, A5F 9471 90° 27304 731-g-0] 1% m|
ol #71e] 2k wlelA) eisiial Aesisints). 714

A7) EAE in] Zd) 542 vE o Al

LEESEREE
o). 2719 A 714 a2 o) 7
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Ratio of PM usage
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3. 2| E3 ME S OPI ol 2t A

A, 3] 7)A1A P S s ol Ale]= uf
of ks At EAE WA 3 AAE st B
Ele] Ftf E A= WEQ] Fujo} o= ARkl ofs) H]Hlsh,
3 AR F AESS BT SAte Al 9
3l Axdeit) webA, Bt A EAE 24 f19 AR
of 3t uiA], 2L dAe] W T2 AR (17 2= A
A ME5EE BoiFm, E T 300 Arms, 45 ° F71ol) A, 58k o
717#(BEMF, Back Electro-Motive Force)2 1000 rpm 32710
A Alrkesiet

|Rectangular—shaped PM C-shaped PM
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ARG RS ZAIAA S e S 1Al 5 9)
o} 2 2k (37 3010 HelFRo] C o] B AL
$3to] AA2Y Ak A 3o st Sivh 27}
SHIck: S8, (18] 3O 2 5= 9zl C B F7AHA A}
$340] A2 B G R Bold, C B4 A
BEMFS} 52 2L7h o 3] MAIBHE) wheb] o] anelaf C 3
A AN AL BBt

3.2 YRt = of S Hi

ATAA A= YA B0 GEFS nHEE B
& skl A e F10] FA9) HlE-S AR
oju, FAA] FA} SR} HA FA HlES kE A
Ao, G Fre} Fof FAS] Fe YA oA
B 3}

[T7 4= 27} kol whe 347 7t E3 545 VEeRd
o}, [I7 419} 2ol k=10 v HHx EF91 F BT+ F)
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SF
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Normalized torque

03 H
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727777

Number of bridge Number of bridges

JH6 EEX|A0|0E S

33947 B4
G FE B2 545 W1 A aelstel 24
Wk G 57E BhgeN whe G A s
Atk % A T W RN Bderhk 24, wh
A, 8719 714 S G A B 9ge W) o)
ol I AEHAE (19 SIE G7AR S50 02 377
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L 7 AI51] 7178 S SelakA) eslel (19 SlelA] 1
uho} o] 259 E 2 The F3) A v gk e o
A 59 7 37 2] )
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09H g 1051 H9
2 N =
& % =i
0.6 H = 1.00 6 &
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A Study on the Rare Earth Reduction Technology of Permanent
Magnet Synchronous Motors
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Abstract
This article describes motor technology that has recently attracted attention in the rapidly growing market of eco-friendly vehicles. In particular,
technology development strategies according to resource dependence are rapidly changing due to countries trying to reorganize economic order
using resources, At this time, permanent magnet synchronous motor technology using rare earth elements is also developing into a more stable
motor technology in the external market environment through the combination of various technologies. Looking at various permanent magnet
technologies and motor design technologies to reduce rare earth elements will be a very important opportunity to understand future trends in

motor technology development,
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Recently, instability issues regarding rare earth resource prices and supply and demand are affecting many industries. In the motor field,
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Development of the systematization technology of
e-powertrain core parts development platform

SiA
M

AR T
Seol, Hyun-Soo | Korea Automotive Technology Institute(KATECH)
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Abstract

In order to expand the base of the XEV parts industry and enhance market competitiveness in accordance with the expansion of electric vehicle
supply, domestic small and medium-sized parts makers must break away from the existing development process of dependently responding to
the needs of customers. The need for a systemized development platform that supports preemptive/independent development in consideration
of various performance requirements such as vehicle model/class expansion and actual driving conditions is emerging. By using a development
platform that can support performance evaluation/verification of various power loads of XEV and e-powertrain components from single unit to
vehicle level, it is possible to respond to various demand sources of parts manufacturers, Therefore, this article introduces development platform

systematization technology that enables customized support for technology development of domestic parts manufacturers.
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