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BT TR ILE DDMagic® YU—X

Heavy Rare-Earth Elements Diffusion Technology DDMagic®

BRI TR L DEMEREL

Higher performance by heavy rare-earth elements diffusion technology

1.5 Dy Diffusion Series - DDMagic®
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2 Actual magnetic properties may be different from the ones shown above, depending on shape, size and

manufacturing conditions.
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Low Dysprosium NMX-F Series

BIR70Y7 L ERUENMX-FU—X

NMX-F series by using a low-Dy technology

15 NEOMAX® F Series
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® BEIRTOVY L8R % ETDYERERIERM KD 1 ~2%HR

Low Dy NMX-F Series contain about 1~2% lower Dy compared with standard series.
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Nd-Fe-B%ta NEOMAX® 45 1¢—Es

Neodymium-Iron-Boron Magnets NEOMAX® Magnetic Characteristics

FREHREE RE4H BAIRILF—1&
Remanence Coercivity Maximum energy product
Br H. (BH)max
(T) (kA/m) (kOe) kJ/md  (MGOe)
NMX- S52 1.42~1.48 | 835~1122| 10.5~14.1 | = 875 =11 388 ~ 422 | 48 ~ 53
S50BH 1.39~1.45 |1042~1122 | 13.1~14.1 | =1114 =14 374 ~ 405 | 47 ~ 51
S49CH 1.36~1.43 | 1018 ~1106 | 12.8~13.9 | =1273 =16 358 ~ 397 | 45~ 50
S45SH 1.30~1.37 | 970~1058 | 12.2~13.3 | = 1671 =21 326 ~ 366 | 41 ~ 46
S43SH 1.28~1.35 | 962~1042 | 12.1~13.1 | =1830 =23 310 ~ 350 | 39~ 44
S41EH 1.24~1.31 | 923~1018| 11.6~12.8 | =1989 =25 294 ~ 334 | 37 ~42
S38EH 1.19~1.27 | 883~ 978 | 11.1~12.3 | = 2228 =28 270 ~ 310 | 34~ 39
S36UH(*) | 1.16~1.24 | 883~ 962 | 11.1~12.1 | =2387 =30 254 ~294 | 32~ 37
NMX- 48BH 1.35~1.42 | 1018 ~1099 | 12.8~13.8 | = 1114 =14 350 ~ 390 | 44 ~ 49
46CH 1.33~1.40 | 1002~1083 | 12.6~13.6 | = 1273 =16 334 ~ 375 | 42~ 47
44CH 1.30~1.37 | 994~1075| 12.5~13.5 | =1273 =16 326 ~ 367 | 41 ~ 46
41CH 1.24~1.31 | 954~1035| 12.0~13.0 | = 1432 =18 294 ~335| 37 ~42
43SH 1.26~1.33 | 962~1043 | 12.1~13.1 | = 1671 =21 302 ~ 343 | 38 ~ 43
41SH 1.24~1.31 | 954~1035| 12.0~13.0 | = 1671 =21 294 ~335| 37 ~42
39EH 1.20~1.27 | 923~1003 | 11.6~12.6 | = 1989 =25 278 ~ 319 | 35~ 40
36EH 1.16~1.23 | 899~ 979 | 11.3~12.3 | = 2228 =28 262 ~295| 33~ 37
33UH(*) | 1.13~1.20 | 867~ 948| 10.9~11.9 | =2387 =30 246 ~279 | 31 ~35
NMX- 44 1.29~1.37 | 835~1075| 10.5~13.5 | = 875 =11 310 ~ 351 | 39 ~44
42BH 1.26~1.34 | 947~1035| 11.9~13.0 | =1114 =14 302 ~ 343 | 38 ~ 43
40CH 1.24~1.32 | 923~1011 | 11.6~12.7 | =1352 =17 294 ~ 335 | 37 ~42
37SH 1.17~1.25 | 891~ 979 | 11.2~12.3 | = 1671 =21 262 ~303| 33~ 38
34EH 1.12~1.20 | 851~ 940| 10.7~11.8 | =1989 =25 238 ~279| 30~ 35
31UH 1.07~1.15 | 819~ 908 | 10.3~11.4 | = 2387 =30 214 ~ 255 | 27 ~ 32

NMX-F 2 U—X(TU—3)

NMX-

NMX-F Related (Dy free or reduction)

SREBRREE REE7 BAIRILF—HE
Remanence Coercivity Maximum energy product

Br H. (BH)max
(T) (kA/m) (kOe) (kA/m) (kd/m?®) (MGOe)
S49F (*) | 1.36 ~1.43 | 1018~1106 | 12.8 ~13.9 | =1273 =16 358 ~ 397 | 45~ 50
S45F(*) | 1.30 ~1.37 | 970~1058 | 12.2~13.3 | =1671 =21 326 ~ 366 | 41~ 46
S41F(*) | 1.24 ~1.31 | 923~1018 | 11.6~12.8 | =1989 =25 294 ~ 334 | 37~42
S38F(*) |1.19~1.27 | 883~ 978 | 11.1~12.3 | =2228 =28 270 ~ 310 | 34~39
46F 1.33~1.40 | 990~1083 | 12.6 ~13.6 | =1273 =16 334 ~382| 42~ 48
43F 1.29~1.36 | 978~1058 | 12.4~13.3 | =1512 =19 310 ~ 351 | 39~44
42F 1.26 ~1.33 | 954~1035| 12.1~13.1 | =1671 =21 302 ~ 343 | 38~43
37F 1.21~1.28 | 923~1003 | 11.6~12.6 | =1989 =25 278 ~ 319 | 35~40
35F() |1.17~1.24 | 891~ 971 | 11.2~12.2 | 22228 =28 262 ~ 303 | 33~38
42PF 1.26 ~1.34 | 941~1028 | 11.8~12.9 | =1273 =16 294 ~ 343 | 37~43
38PF 1.17~1.25 | 891~ 971 | 11.2~12.2 | =1671 =21 254 ~ 303 | 32~ 38

(F) REROFFMERBE IR TE REFREFCIDELLET,

Actual magnetic properties may be different from the ones shown above, depending on shape, size and manufacturing conditions.

(x) COMEIF EFREIEANBBVEDELLEEL,
(+) Availability of these grades(*)is limited. Please contact your sales representative.




Nd-Fe-B%tAa NEOMAX © Rz iz

Neodymium-Iron-Boron Magnets NEOMAX® Demagnetization Curves

FEMEOREHE NMX-S IU—X Demagnetization Curves of NMX-S Series
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NEOMAX® 25UV I#ia

Neodymium-Iron-Boron Magnets NEOMAX®Anisotropic Ring Magnets

EIZRT70Y0 LieERY 5 ETDYEREIER KD 1 ~2%KHR

Low Dy Series contain about 1~2% lower Dy compared with standard series.

HSHE—8ER (SU7ILESHE)

Magnetic Characteristics (Radial Anisotropic)

SHEMRES R T
HE2 Remanence Coercivity Maximum energy product
Material code Br H. H., (BH)max
o) (kA/m) (kA/m) (kd/m?) (MGOe)
NMX-K42R 1.28~1.36 | 954 ~1058 | 12.0~13.3 =z1114 =14 310~ 351 39~44
NMX-K40CR | 1.24~1.34 | 923 ~1051 | 11.6 ~13.2 21352 217 295~ 343 37 ~43
NMX-K38SR | 1.19~1.29 | 883 ~1003 | 11.1 ~12.6 21671 =221 270~ 319 34 ~40
NMX-K35ER | 1.14~1.24 | 819~ 970 | 10.3~12.2 =1989 =225 246~ 295 31~37
NMX-K40R 1.24~132 | 923 ~1034 | 11.6 ~13.0 =1114 =14 295~ 334 37 ~42
NMX-K38CR | 1.20~1.30 | 891 ~ 1019 | 11.2~12.8 =1352 =17 278~ 327 35~41
NMX-K35SR | 1.14~1.24 | 819~ 970 | 10.3~12.2 =1671 =21 246~ 295 31~37
NMX-K33ER | 1.10~1.20 | 803~ 931 | 10.1~11.7 =1989 =25 230~ 279 29 ~ 35
NMX-K38R 1.20~1.30 | 891 ~1019 | 11.2~12.8 =z1114 =14 278~ 327 35~41
NMX-K85CR | 1.15~1.25 | 869~ 980 | 10.8~12.3 21352 217 246~ 295 31~ 37
NMX-K33SR | 1.10~1.20 | 790 ~ 939 99~11.8 21671 =221 230~ 279 29 ~ 35
NMX-K30ER | 1.05~1.13 | 772~ 884 | 9.7 ~11.1 =1989 =25 207~ 239 26 ~ 30

(F) REORFHERBIF AR A HERHFICKIDELLE T,
Actual magnetic properties may be different from the ones shown above, depending on shape, size and manufacturing conditions.

ST VRS EmRSEDLE

Comparison Table

- BSIU7IVESM
)7 |
Z J J JI{EH E . @EH'& , Radial anisotropic magnet
Radial anisotropic Multi-pole anisotropic
S N
REMRBE RN BRHR E%R N1
Surface magnetic flux density waveform Trapezoidal wave Sinusoidal wave N\ y ) — S
EAREL B CEEO] ®qMEEE || e L Genter of polarity
Number of magnetized poles Variable by magnetization Design specific —
o S
EHAIE ER CEEN EIE el "
Magnetized position Variable by magnetization Fixed J '\ Y 1HRS
Z:\'—'J_Em a a N S Inter-pole
Skew magnetization Possible Possible .Fﬁ iﬁ'ﬁ
ﬁﬁﬂ@ﬂ'fﬁ (mm) 15~ - Multi-pole anisotropic magnet
Recommended outside diameterm (mm) 915~090 ¢8~¢43 s N
HESTPISN R L 0.75~0.95 06~08 = T
Recommended inside-to-outside diameter ratio N 3
HERE (mm) 5~60 5~4
Recommended length (mm) 0
(F) REORFMERBIE R A REFRMFCIDEELET, S '\' r =N
Actual magnetic properties may be different from the ones shown above, depending on shape, size and K\
manufacturing conditions. N s

FICDOVTE EERELHECBSHVEDELEEL,

HERAIMEEHEAIEEHN

Please contact your sales representative.

Preferred ID/OD Ratio and Number of Poles
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NEOMAX®{E2 A1tV A

Neodymium-Iron-Boron Magnets NEOMAX® Multi-Pole Anisotropic Ring Magnets

m%#ﬁ'ﬁ—%ﬁ (FEE75%) Magnetic Characteristics (Multi-pole anisotropic)

SRERRIREE L)
1EBR Remanence Coercivity
Material code Br Hc J
(M (kA/m)

NMX-K42M 1.36 =z1114 =14
NMX-K40CM 1.34 =1352 =17
NMX-K38SM 1.29 21671 221
NMX-K35EM 1.24 =1989 225

* R AIRY TOBHAIEDNHREW ), EREFEFFEZRUCVWET,

Above numbers show material characteristics because B-H curves of actual multi-pole anisotropic magnets
cannot be measured.

NEON AX ORETE

M-1

Passivation

VIi—k

Thin silicate coating

il

Epoxy coating

Zw Tl Ay F

Nickel plating

FI=I—F42Y
Aluminum coating
RERE (um)
Standard coating thickness
[ ke 3
Thermal humidity
resistance

i R 7K 1

Salt spray resistance

BEMAE

Adhesive endurance

et

Insulation

2~20 5~25 10 ~30

[Fp=4k3
Corrosion
resistance

O

TERE

O

Dimensional accuracy

A&

O

Sensors
Speakers
Actuators
Motors for FA

VCM
Sensors
Optical pickup

HEV
EPS
Various motors

Compressor motors
HEV

Mild-corrosion
Environmental uses

Compressor motors
HEV

Mild-corrosion
Environmental uses

Application
PP Various motors

Compressor motors
Totally enclosed motors
OFEXRELEFEEMLRTHD BEREJMZFEETT AR EFRARRBEEICINUIRKRERICOVTIERIERSHRICIHUE T,

Please feel free to contact us to determine the surface treatment specification that fits for your application.

ZIV=d—F«>/% Aluminum coating Ni 3—54>/% Nickel plating BIAEZB3E  Epoxy coating

<
&0

V J—B Thin silicate coating




SHRET TS M/ NMF®IU—X

High-Performance Ferrite Magnets NMF™ Series

EET 151 MEALLTHRRER UV OWTHF T Z2RIR

The highest level magnetic properties available in a mass-produced ferrite magnets.

520
480 15G
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6D - 9G
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400 6F
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360 | I T T b T
200 3.0250 300 4.0 350 45 00 450 6.0
H.j (kA/m)

A E—aRR

Magnetic Characteristics

500 H,,(kOe)

SRR ER ) BEATRILE—IE
HE Remanence Coercivity Maximum energy product
Material code Br HcB (BH)max
(mT) (kA/m) (kJ/m?) (MGOe)
NMF-15G 470 ~490 | 342~ 382 43~48 =382 =4.8 41.4~446 52~56
NMF-15J 460 ~480 | 342~382 43~48 2440 =55 39.7~43.0 50~54
NMF-12E 460 ~480 | 294~ 334 3.7~4.2 =310 3.9 39.7~43.0 50~54
NMF-12F 450~470 | 318~ 358 40~45 =342 =4.3 382~414 48 ~5.2
NMF-12G+ | 450~470 | 318~ 358 40~45 =382 =4.8 382~414 48 ~5.2
NMF-12G 440~460 | 310~350 39~44 =382 =4.8 36.6~39.8 46 ~5.0
NMF-12J 430~460 | 300~ 350 38~44 =430 =54 35.0~39.8 44 ~5.0
NMF-12K 420 ~440 | 300~ 350 38~44 =462 =5.8 334~ 36.6 4.2 ~4.6
NMF-9D 440~460 | 262~ 302 3181318 =286 =3.6 36.6~39.7 46 ~5.0
NMF-9E 430~450 | 310~350 39~44 2334 =24.2 35.0~38.1 4.4 ~4.8
NMF-9F 420 ~440 | 302~ 342 3.8~43 2374 4.7 33.4~36.6 42 ~46
NMF-9G 410~430 | 294 ~334 3.7~4.2 =398 =25.0 31.8~35.0 40 ~4.4
NMF-6C 420 ~440 | 230~262 29~33 =230 =29 33.4~36.6 4.2 ~4.6
NMF-6D 410~430 | 246 ~286 3.1 ~3.6 =270 234 31.8~35.0 40 ~4.4
NMF-6E 400~420 | 278~318 35~40 =310 =3.9 30.2~334 3.8~4.2
NMF-6F 390~410 | 270~ 310 34~39 =342 =4.3 28.6~31.8 36 ~4.0
NMF-6G 380 ~400 | 262~ 302 3131=-13'8 =382 =4.8 27.0~30.2 34 ~38

(F) RERDFMERIBE IR TE RERMGFICRIDELLET,

Actual magnetic properties may be different from the ones shown above, depending on shape, size and manufacturing conditions.




ST IS1 MEG NMFOYU—X R

High-Performance Ferrite Magnets NMF™ Series Demagnetization Curves

Demagnetization Curves of NMF-9 Series

FEMBOREEE NMF-9 JU—X
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Demagnetization Curves of NMF-12 Series

FEMBOEFEE NMF-12 2U—X
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SHRET TS MR NMF®IU—X

High-Performance Ferrite Magnets NMF™ Series

{REEFI(H:o) DiREREL Temperature Coefficient of H,,

0.40 V’

0.35 (B 2R /o
emagnetlzatlon resistance

0.30 at low temperature
¥ 025
g |
B e NMF-9 series
;3 0.15 o 5%
g NMF-12 series igher

0.10 — !

NMF-15 series ‘
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1 5*2.('_&:6_;1._ *ﬁ'j’ft%(l\q y—NEE— gmiﬁé) Design Comparison between Nd-Fe-B Bonded and NMF-15G

(Power Seat Motor)

ONdRY FREALEHE L. E—5EEERDTTHE,

Reduce motor weight by using ferrite 15 material.

4B TS5 {f5fFE—%4  4pole brush motor

©
~

E—99Z: 038 (EFE) Motor OD: ¢38 (fixed) ”

SRETSRE: Design condition:

BA—E— 15 Same motor performance -

(rpm, torque, demagnetization
resistance etc)

(BIERE. MUV D Rt %)

Nd-Fe-B Bonded NMF-15G
3 (#LNERETIC KB /by our own design)

(gr/motor)

Nd-Fe-B Bonded NME-15G E=E(gr/motor) Weight comparison

Coil I Shaft
2 A
Shaft : 78 - Yok
= 100 | [0 Armature
Yoke 48.5 47.7 I Magnet
7 — 74
e 66.8 56.3 50 -
z:gﬁej k 19.8 22.0(4pcs)
0 T
157.9 146.0 Nd-Fe-B Bonded NMF-15G




IS FEREVIIHA

Ferrite Anisotropic Ring Magnets

TISAMEEARMUTWA  Ferrite Anisotropic Multi-Pole Ring Magnets

47 W MIURNE

Types Dry-pressing Wet-pressing

NMF-DM1 NMF-WM2
] NMF-DM2 NMF-WM3

Material

NMF-DM3 NMF-WM4
HASE 010 ~¢56 »10 ~¢30
OD(mm)
iker 6~24 2

Number of poles

fic @

Orientation

AF 31— Skew

LEESERERSMIRICOVTIE EFEIBHEEABBULEHDELEEL,
On characteristics not listed on above table, please contact your sales representative.

HERANREHE AR Preferred ID/OD Ratio and Number of Poles

40
35 =
~
E > //A///
E 20 /’7/ —— 24pole ||
E(?ﬂ 15 / // = 12pole | |
e 1 0pol
£ =
5 _— ——6pole | |
. k — 2pole

0 10 20 30 40 50 60
520.D(mm)

HEIFIE—5ES Magnetic Characteristics

TRERIRER R BRAIRILF—E

HEg Remanence Coercivity Maximum energy product
Material code Br (BH)max

(mT) (kA/m) (kA/m) (kd/m?) (MGOe)

NMF-DM1
NMF-DM2
NMF-DM3
NMF-WM1
NMF-WM2
NMF-WM3
NMF-wWM4
HBRGEH AR TOBHAEDEFREVL s, LEFMEFEZRLTVET,

Above numbers show material characteristics because B-H curves of actual multi-pole anisotropic magnets cannot be measured. 11
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HEkA(NKS®-CKSC®)/EERA(CKSR®)

Cast Magnets (NKS™:CKSC™)/ Rolled Magnets (CKSR™)

EREHREEDNEL EEREECEN. UYL IILY
BZFERREHA

Cast and Rolled magnet have high remanence and excellent temperature
stability, and are resource-saving material as they can be recycled easily.

Fe-Cr-Co liEDISE

Characteristics of Fe-Cr-Co Magnet

< C KS C/ C KS R > IN—= 7 2 A {FH#— Pc(Permeance coefficient)(B/LoH)
—_ W o— Ly 22 24 26 28 30 35 40 50 70 100
® 7L AaDHHZEEULEHS . FRBHREEN L. :
CoZHEhWEL) 14 CKSC-600 14
High remanence with low cobalt content, —| L —
while maintaining characteristics of Alnico magnet 2 /?7@0/ 2
O EBURZBEDRERLHINEL(-0.03%/K) 1 o
Small temperature coefficient of remanence (-0.03%/K) ” -
8 / 0.8 E
® FHICL 7P —2EEALTHSF BELEMCENS [] B
Stable supply of raw materials because no rare earth I CKSR-180_~
elements are used 4 A 04
<CKSR> 11 Z
® FREHEHEL ll] /
High degree of freedom in forming S - o & & % 2 0
-H (kA/m)

I —BR

1.85&Fe-Cr-Cofia re-cr-co magnets (casting)

Magnetic Characteristics

Material code

CKSC-550B

CKSC-600

8%

Material code

SREERIRERE: Br

Remanence

T

1.35~1.45

{REEA: He

Coercivity
kA/m
(kOe)
42 ~51
(053 ~0.63)

BRAIRIVF—IE: (BH)max

Maximum energy product

kd/m®

(MGOe)
42.1 ~ 50.2
(63 ~6.3)

1.30 ~1.40

46 ~ 53
(0.58 ~0.66)

43.7 ~ 51.8
(65 ~6.5)

BrDiEEfREL
Temperature coefficient of By

(%/K)

Bk

Features

E751E

Anisotropy

2.F%&EFe-Cr-Cofiffa rFe-cr-co magnets (rolling)
TR EBRUERERE: Br

Remanence

T

{RE7: He

Coercivity
kA/m
(kOe)

BAIRIVF—I&: (BH)max

Maximum energy product

kd/m?
(MGOe)

BrDimEfREL
Temperature coefficient of By

(%/K)

B

Features

CKSR-150 0.80~080 (090~ 028) TS -0.05 St
CKSR-550 el (B G et =51
CKSR-400H 0.88~1.08 (0o0 = om3) pee s o e
CKSR-H5B~H30E R Pr (008 ~ 080) - - N HRRE
CKSR-HOSL 1.00~1.35 ( 001~ o os ) - - RS

B.7)L=38A Anico magnets (casting)

b ‘H BAIXIL¥—IE (BH .
ME% ﬁEM§%E Br 1%(%Zgivity - E*Max;l?m, um*;nerﬁ pr(oduc)tmaX B rfD 711511&%& ﬁ E
; Remanence 3 Temperature coefficient of By
Material code kA/m kJ/m Features
| (kOe) (MGO®) (%/K)

NKS-iso

NKS-550

NKS-600

NKS-550H

NKS-600H

NKS-750

CE) RERDFIERIB(E I, TIE, RERM ERREFCLDELLET,

43 ~ 88 87 ~ 20.7
053~073 (055~ 1.10) (1.1 ~28) -0.030 Sotropy
49 ~ 56 39.7 ~ 4758
123~1.33 (062 ~0.70) (50~60) e
I 51 ~ 59 453 ~51.8 o
: . (065~ 0.73) (5.7 ~865)

_ 111 ~ 128 397 ~ 478 R
0.85 ~0.95 (1.40 ~ 1.60) (5.0 ~ 6.0) 0.020 Anisotropy
0.65 ~0.75 143 ~ 152 35.8 ~ 438 o

: : (1.80 ~ 1.90) (45 ~55)
54 ~ 60 51.8 ~ 56.0
125~135 (068 ~ 0.75) (65 ~70) -0.021

Actual magnetic properties may be different from the ones shown above depending on shape, size, manufacturing conditions or operating conditions.
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For characteristic change (Demagnetization) of the Permanent Magnets

L DTERE Types of Demagnetization

RROFA

REDZE(LITNSHEREIIZE(LT D o - T
BB RN B MHER OHHEEDEEZEE

BRIEDR > CHITDIEICET LEL) SHERESR IC K i
BERINEETOEICEET R SR
RIENR D CHIDIEICETT LFL) BR. B BLIF E(C K D1
BE# L CH. TDEICEE LEL HEZEE

Phenomenon Explanation Cause

A reversible loss is a change (decrease) in magnetic flux that
takes place according to a change in environment (such as
temperature) and that recovers to its original value without any
net loss when the environment returns to the original state.

Reversible Loss Temperature Coefficient

An irreversible loss of this type is a net loss that does not Low and high temperature demagnetization
recover even when the environment returns to the original state | due to age-related change or an external
but it is recoverable by re-magnetization. magnetic field

Irreversible Loss(A)

An irreversible loss of this type is a net loss that does not
Irreversible Loss(B) recover when the environment returns to the original state nor
when the magnet is re-magnetized.

SNEREGSR(C &K Bk Demagnetization by External Magnetic Field

Changes in structure and/or composition due
to corrosion and/or heat

HERHR DHEZRT T D HE R WABBFOHMILDEEZRIJHI—TZH . P ePost) J,B(T)

. . - . o ” c’(=Pc+ e
VETHERABO/(~SPYARKOPCOBE BHA—TEOZRPOM o0\ qesesaaaea \
ﬁ@EBpthH@JﬂE LET,. Knee point D Q Br
PEHOSDEREJHN—TEDTRZQELF T QG ABRHAHO0(E0O) B J Q
DHbDEEERL. P’ (=Pc+1) EJHA—TEDRHE—HULET, R---""7"" Pc
SEBHE R Hex N E A AICEIMENIBE. I\ —Z7 Y RREDNABHRIE T JHH—T
TBBPC’ Ut EEZXBSNEFT . Lo T. QuldPc e JHA—T DR AERIC JH Cuw\ PRY \ - 1 -IBP
BEUE I RIS OB ZI DRV IS RRIFJHA—T (R U THETEE PRX T '\ Bp
ULPC'EDRZRQICEDE T QRHSTBUICEREPCEDR AP H . SLERHE (Bp—Bp’)
REZ(ITcBROBABERCOBREEBP’ ICEDET . DFED.BHA—T& %%M?F(CJ:Z)
PctDRAPILIBRST. (Bp-Bp’) EFMREEMETLE T CN&E[FA Demagnetization
WZE (SHEBHESR(C K B3R | LW RADJHA—T ORES LD BTFICKED BH71—3J Due to External

BH Curve Magnetic Field

BRICEIbFT,
In order to examine the effects of an external magnetic field on demagnetization 0
characteristics of a magnet, JH curve that describes the relation between the Hes Hes !: Hex
internal magnetization of the magnet and the external magnetic field is used. -H(kA/m) SERRLSR
When the permeance coefficient (-B/pu0H) of a given magnetic circuit is Pc, the External Magnetic Field
permanent magnet operates with the magnetic flux density Bp at the intersection
P of the load line with the BH curve. If an intersection between a vertical line from magnetic field is removed, the point R moves on a recoil curve RQ’ to the
the point P and the JH curve is defined as Q , the point Q represents the intensity intersection point Q” with OQ.
of magnetization of the magnet when an external magnetic field is zero. It may be The magnetic flux density in the magnet corresponding to the
noted that the slope of the line OQ is Pc’(Pc’=Pc+1). When the external magnetic magnetization at point Q’ can be obtained by determining the new
field Hex is applied in the opposite direction to the magnetization, the line 0OQ is operating point P’, which is the intersection point between a vertical line
shifted toward negative direction without changing the slope Pc’ by the external drawn from the point Q’ and the load line OP. In other words, the magnetic
magnetic field. If the point Q moves to the intersection R on the JH curve beyond flux density does not return to the intersection P between the BH curve
the knee point, an irreversible demagnetization occurs. Namely, after the external and Pc but it decreases by (Bp-Bp’).

=D BT EF SR Demagnetization by High Temperature

WEREE (Br) DiEER#Ma=-0.11 % /KOFHLEBAD20CTH LU 140TD COKSC EERICBV CHAE EROBEEIROEHMEZ A | EHEL

RS TN ZNBBO TRLET. DR TREL BEERLCHTOMREENMES NV &R
< BEEREO\—Z 7Y X FEHP1 OBE> (BERE) | EVWET, om
20CTHBHERAEP1 DR HRaDHREEBaTHEREIELET . E1. d14 ~ "
1 40CTIHHRMEHRE &P1 & D3 AbORREEBL CHERBELET. COE 20C foeeefone B ot of B
EHADBERMA(0.11%/K) TIDT, B A2 R
R Knee point P1 140°C|
Bbld Bb=Ba{1-0.0011x120} TRHOSNET, Blvo |, 410
BEZR{ED (AY) 2 7 T @ conw oo
*BICREE20CICRY & MMERGEP1 £ O Ral ROMREEBa T N s A R PR (44
LE T BN TCRNSESETLE T Ol VVES. e\ 2N ' o
< WARERBO/IN—Z7 VR FBDP2DIZE> d 404 \E:E:JEEM(BC-Be) 0.4
20CTIFRHHRAEP2EDRACHMRZEBC CHAIBEELET E. 1o High Temperature Lo
140CTIRFBEHREEP2E DX AADMFREEB THAREIELET & 5(C Demagnefization
BEE20CIIRY & MRBEFHADEERMS OHRD BeTHELET.D 552 - - T T
14 0 HHERAEP2EDRTACITFRS . (Be-Be) I MREENME FLET. -H(kA/m) BE(C)

Temperature ('C)
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For characteristic chan

The demagnetizing curves of the Rare Earth magnet with the magnetic flux
density (Br) temperature coefficient a=-0.11%/K at temperatures of 20°C and
140°C are represented by @ and B), respectively.

<A case free from thermal demagnetization: when the permeance
coefficient is P1 while the magnet is in use>

At 20°C, the magnet operates with the magnetic flux density Ba at the
intersection a between the demagnetizing curve @) and the load line with the
permeance coefficient P1. At 140°C, the magnet operates with the magnetic
flux density Bb at the intersection b between the demagnetizing curve B and
the same load line. In this case, since the temperature coefficient of Br, a, of
the magnet is -0.11%/K, Bb can be determined by the following formula:

Bb =Ba {1 -0.0011 x 120}
the temperature change (At)

When the temperature returns to 20°C, the magnet returns to the intersection
a between the BH demagnetizing curve @ and the load line (with a slope P1)
and operates with the magnetic flux density Ba. When the temperature

(R DR TURFER

e (Demagnetization) of the Permanent Magnets

returns to its initial level, the characteristics are restored. This phenomenon is
referred to as “reversible change”.

<A case in which thermal demagnetization occurs: when the permeance
coefficient is P2 (P2<P1) while the magnet is in use>

At 20°C, the magnet operates with the magnetic flux density Bc at the
intersection ¢ between the BH demagnetizing curve @) and a load line with a
smaller permeance coefficient P2 compared with P1. At 140°C, the magnet
operates with the magnetic flux density Bd at the intersection d between the
BH curve B and the load line beyond the knee point. When the temperature
returns to 20°C, the magnetic flux density does not return to the original value
but to Be from Bd by only an amount corresponding to the magnet’s
reversible temperature coefficient of the magnetic flux density. In other words,
an irreversible loss by (Bc-Be) occurs. This phenomenon is referred to as
“irreversible change (or, Thermal Demagnetization at High Temperature, or
simply, High Temperature Demagnetization."

Demagnetization by Low Temperature

HERZEE (Br) D:RER#¥a=—0.18 % /KDT TS5/ MEED20TH LDV
-0 COREHERZEZNZTNAB®TRLET,

< BAERROIN—Z7 Y AFHHP1 DIFE>

20CTIFEMHEAOEP1EDR RaDREEBa THAIFEMELE T &/,
-60CTIFFHREO EP1EDR RO DHRZEEBb THAFEMELE T D
EEWADEEFRBalE (- 0.18%/K)TIDT.

Bblx Bb=Ba{1-0.0018 X (= ?0)}?3}?&351’1&"3’9

EEZE{ES (A

ESITEEZ20CICRY & RlIEAEP1 £ DR MalC RO R ZEBa TEY
TELE T BEDTTICRNSEFEBETUE T . CNETREEIEVVET,

<HAEERED)\—= 7V FHHP20DIEE>

20 CTIFFHEHRAO EP2& DX HRcDHRZEEBCc THRAIREELE T e,
-B0C TR EP2E DR AADWRZEBI CHAFBELET . &5
ISREZ20CICRT & MREZERBMADBERHHDHRD . Be THELE
T OFDFHHREAEP2E DR HCICIFRS T, (Be-Be) RIFHREENME
TULET . CDKIICHERIFICH VLV CTHAEMER DR RO EHEZEZ . B
HB LD T CREL. BEERU CHTOMREENESNEVNT L[ FEEE
{EUERRHR) IEVLWET,

The demagnetizing curves of the Ferrite magnet with the magnetic flux
density (Br) temperature coefficient a=-0.18%/K at temperatures of 20°C and
-60°C are represented by @ and ®), respectively.

<A case free from thermal demagnetization: when the permeance
coefficient is P1 while the magnet is in use>

At 20°C, the magnet operates with the magnetic flux density Ba at the
intersection a between the demagnetizing curve ® and the load line with the
permeance coefficient P1. At -60°C, the magnet operates with the magnetic
flux density Bb at the intersection b between the demagnetizing curve B and
the same load line. In this case, since the temperature coefficient of Br, a, of
the magnet is -0.18%/K, Bb can be determined by the following formula:

Bb = Ba {1 - 0.0018 x (-80)}
I

the temperature change (At)

When the temperature returns to 20°C, the magnet returns to the intersection

B(T)
0.5 0.5
-60C4 T =--o__
FEHER R
Knee point 20C 04
P1 0.4 .
bif - ---—-——Bt—) P1<>(-0.18%/K)
’
\ -l — - - -
P2 103
c-|l--A--—=-——|-—— e e e =T - - - - = _
Bd
aQ -\ -- Jo2m =Y
P N U o e — v
(Bc-Be)
(KRR
Low Temperature
A 0.1 0.1 | Demagnetization
C?D
1 1 1 1 1
1000 500 0 -60 -40 -20 0 20

BE(T)

Temperature (‘C)

a between the BH demagnetizing curve ® and the load line (with a slope P1)
and operates with the magnetic flux density Ba. When the temperature
returns to its initial level, the characteristics are restored. This phenomenon is
referred to as “reversible change”.

<A case in which thermal demagnetization occurs: when the
permeance coefficient is P2 (P2<P1) while the magnet is in use>

At 20°C, the magnet operates with the magnetic flux density Bc at the
intersection c between the BH demagnetizing curve @ and a load line with a
smaller permeance coefficient P2 compared with P1. At -60°C, the magnet
operates with the magnetic flux density Bd at the intersection d between the
BH curve @) and the load line beyond the knee point. When the temperature
returns to 20°C, the magnetic flux density does not return to the original value
but to Be from Bd by only an amount corresponding to the magnet’s
reversible temperature coefficient of the magnetic flux density. In other words,
an irreversible loss by (Bc-Be) occurs. This phenomenon is referred to as
“irreversible change (or, Thermal Demagnetization at Low Temperature, or
simply, Low Temperature Demagnetization.)"
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