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Nd-Fe-B%tAa NEOMAX® 45 14—Es

Neodymium-Iron-Boron Magnets NEOMAX® Magnetic Characteristics

BERIHEZERLEFU—X

NMX-F Series by using low heavy rare-earth technology
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Low heavy rare-earth NMX-F Series contain about 1~2% lower Dy compared with Standard series.
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NEOMAX® Standard Series

15 NEOMAX® Standard Series
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F Series (Heavy Rare-Earth free or reduction)

TRERHREBE {REEH BAIRILF—IE
Remanence Coercivity Maximum energy product
Br Hg H,, (BH)max
(T) (kA/m) (kOe) (kA/m) (kd/m3)  (MGOe)
NMX- S49FH(*)| 1.36 ~1.43 | 1018~1106 | 12.8~13.9 | =1512 | =19 |358 ~ 397 | 45 ~ 50
| 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
H5?

S41F ()| 1.24 ~1.31 | 923~1018| 11.6~12.8 | =1989 | =25 |294 ~ 334 | 37~ 42
iomenn | SO8F ()| 1.19~1.27 | 883~ 978 | 11.1~12.3 | =2228 | =28 | 270 ~ 310 | 34 ~ 39

quu
Tema | ABF 1.33~1.40 | 990~1083| 12.6~13.6 | =1273 | =16 |334 ~ 382 | 42~ 48

P ress diren:liun‘o e
’ 43F 1.29~1.36 | 978~1058 | 12.4~13.3 | =1512 | =19 310 ~ 351 | 39 ~ 44
THTHFRL raa 42F 1.26 ~1.33 | 954~1035| 12.1~13.1 | =1671 | =21 302~ 343 | 38 ~ 43
=]
i‘ me o\ 87F 1.21~1.28 | 923~1003 | 11.6~12.6 | =1989 | =25 |278 ~ 319 | 35 ~ 40
% 42PF | 1.26~1.34 | 941~1028| 11.8~12.9 | =1273 | =16 |294 ~ 343 | 37 ~ 43
FTOBD

P : 38PF | 1.17~1.25 | 891~ 971| 11.2~12.2 | =1671 | =21 |254 ~ 303 | 32 ~ 38

A IY—RIY—X Standard Series

TREBHREE {RELAH BAIRILF—I8
Remanence Coercivity Maximum energy product
Br H H,, (BH)max

) (KA/m) kOe)  (KA/m) (kJ/m3)  (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
P BEMREY | SA1EH | 1.24~1.31 | 923~1018| 11.6~12.8 | >1989 | =25 |294 ~ 334 | 37 ~ 42
wr | S3BEH | 1.19~1.27 | 883~ 978 11.1~12.3 | 22228| 228 |270~310 34~ 39
48BH | 1.35~1.42 | 1018~1099| 12.8~13.8 | =1114| =14 |350 ~ 390 | 44 ~ 49
suzzmean 46CH | 1.33~1.40 | 1002~1083 | 12.6~13.6 | 21273 | 216 | 334~ 375 | 42~ 47
b Lt 44CH | 1.30~1.37 | 994~1075 12.5~13.5| 21273 216 |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
T 44 | 1.29~1.37 | 835~1075| 10.5~13.5 | > 875| =11 | 310 ~ 351 | 39 ~ 44
o 42BH | 1.26~1.34 | 947~1035] 11.9~13.0 | =1114| =14 |302~ 343 38 ~ 43
tjﬁ” 40CH | 1.24~1.32 | 923~1011| 11.6~12.7 | =1352| =17 |294 ~ 335 | 37 ~ 42
) V25 | 87SH | 117~1.25 | 891~ 979 11.2~12.3 | =1671| =21 |262~303 | 33 ~ 38
P 20 [ 34EH | 1.12~1.20 | 851~ 940| 10.7~11.8 | 1989 | =25 | 238 ~ 279 | 30 ~ 35

(F) RERDFMREE IR TR REFREFICLDELLET,

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

(x) COMEE BEREISEANBRNGDELLEEL,

() Availabilities of these grades(*) are limited. Please contact your sales representative.
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Heavy Rare-Earth Diffusion Technology DDMagic™

Bh I AhEEITIC L DEMEREL

Higher performance by heavy rare-earth diffusion technology

1.5 | — Heavy Rare-Earth Diffusion Series - DDMagic™ —
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Eﬁi;ﬁﬂﬂﬁﬂ*ﬁ UJ!I%'E?E Magnetic Characteristics of Heavy Rare-Earth Diffusion Series-DDMagic™

TRERHEREE (R BRAIRILF—1E
Remanence Coercivity Maximum energy product
HE& o
Material code Br Hes Hey (BH)max
@ (kA/m) (kA/m) (kd/m3)
(kOe) (MGQe)
= = ~
NVAVTl 139~145 |04 =882 o |874~a0s o
= = ~
MDEZEN 136~1.43 (21018 [EV7R0 L 88BTRY o eo
= = ~
NMx-E4sEH  [RECOR TR A R L ot
= = ~
DT 124~131 | =988 =B84E 1B94~Es4
* H_, (3 ASBOBERLET. TR
* Hcy shows edge portion characteristic. g Meas:Jrement boint of He*
C.

(F) REFOFERISE IR TEREREFICKDEELET,
Actual magnetic properties may be different from the ones shown above, depending on shape, size and
4 manufacturing conditions.
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Neodymium-Iron-Boron Magnets NEOMAX® Demagnetization Curves

FEMEOREHE NMX-S IU—X Demagnetization Curves of NMX-S Series
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Neodymium-Iron-Boron Magnets NEOMAX®Anisotropic Ring Magnets
EER IR ERAT 5 ETDYEREERM KDH 1 ~2%HlE

Low heavy rare-earth series contain about 1~2% lower Dy compared with standard series.

HStEE—aR (U 7IVER)

Magnetic Characteristics (Radial Anisotropic)

SRR R BT
B Remanence Coercivity Maximum energy product
Material code Br HcB HcJ (BH)max
m (kA/m) (kOe) (kA/m) (kd/m?) (MGOe)

NMX-K42R 1.28~1.36 | 954 ~1058 | 12.0~13.3 =1114 =14 310~ 351 39~44
NMX-K40CR | 1.24~1.34 | 923 ~1051 | 11.6~13.2 21352 =17 295~ 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 1.24~1.32 | 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 21671 =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-K35CR | 1.15~1.25 | 869~ 980 | 10.8~12.3 1352 =17 246~ 295 31~ 37
NMX-K33SR | 1.10~1.20 | 790 ~ 939 99~11.8 21671 =21 230~ 279 29 ~ 35
NMX-K30ER | 1.05~1.13 | 772 ~ 884 9.7~11.1 21989 =25 207~ 239 26 ~ 30

(F) REOFIERIEF IR TR REREFCIDEELETT,

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

R E—ExR (BEGE)

Magnetic Characteristics (Multi-pole anisotropic)

5%?%?!5’&.‘!5 Cf%mjz

emanence oercivity
Matjflide Br He,

m (kA/m)

NMX-K42M 1.36 21114 =14
NMX-K40CM 1.34 21352 =217
NMX-K38SM 1.29 21671 221
NMX-K35EM 1.24 21989 =25

*BETT U OISR TOBHAENHRE WD EREMEEFEZERLTVET,

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

RN R EHAIELL Preferred ID/OD Ratio and Number of Poles
45
40 | 24pole
a5 ||~ 16pole _—_
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NEOMAX®25 1D > I Al

Characteristics of Neodymium-Iron-Boron Magnets NEOMAX ® Anisotropic Ring Magnets

SYTIVEBIECERTIEDLR

Comparison Table

i = Orientation

— BSI7IVESN
)7 | |
2 / 4 “’.EH |‘$ . @Eﬁ_l’i . Radial anisotropic magnet
Radial Anisotropic Multi-Pole Anisotropic
S N
REW R R =324 25354
Surface magnetic flux density waveform Trapezoidal wave Sinusoidal wave
AT B CEER NBEE Genter of polarity
Number of magnetized poles Variable by magnetization Design specific
ERAE B CEED ElE
Magnetized position Variable by magnetization Fixed Y ol
N S Inter-pol
Z#J—Em m E_" nter-pole
Skew magnetization Possible Possible .*,,"_ﬁ Eﬁﬂ
HESBYVRTE (mm) - - Multi-pole anisotropic magnet
Recommended outside diameterm (mm) ¢15~930 $8~¢43 s N
HESRPISMELE , 0.76~0.95 0.6~0.8
Recommended inside-to-outside diameter ratio N S
#ERE (mm) 5~60 5~40
Recommended length (mm)
(F) RIRDOFFHERIB I TR TE BERGFICRDELLE T,
Actual magnetic properties may be different from the ones shown above, depending on shape, size and
manufacturing conditions.
SEHICOVTIF EEIELECBBUVADELEEL),  Please contact your sales representative.

NEOMAX® ORENE

Surface Treatments

PIWEIA—F4VY
Aluminum coating

—uTIbXyF
Nickel plating

IRFYIA—F1V5
Epoxy coating

VI-+h M-1

Thin silicate coating Passivation

RERE (um)
Standard coating thickness
[ ke 3
Thermal humidity
resistance

&K

Salt spray resistance

5~20 5~25 10 ~30

[p=4
Corrosion
resistance

Adhesive endurance

Dimer:_-rsiifa‘*ll%aguracy O @ @

Compressor motors
HEV

EEMARE O

Compressor motors
HEV

Mild-corrosion
Environmental uses

@ Excellent O Good

Sensors VCM HEV
Actuators Sensors EPS
Various motors Optical pickup Various motors

Bz
Application

Mild-corrosion
Environmental uses

OBFBRENEIRELRTHD BEEIZEEBETT AR EARREECIRUEREFICOVTE
AETHEBRICINUE T o

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

ZIV=A—F 1 >/% Aluminum coating | =W )LXwW=F Nickel plating

&,

IRFI—FT 4% Epoxycoating § V J—I Thin silicate coating

3
A\

o oW
0000 T2 000
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High-Performance Ferrite Magnets NMF™ Series

SEEJISA MNAEVTHRRSUANIVOMSIFEZEIR (201751 8585)

The highest level magnetic properties available in a mass-produced ferrite magnets.(As of Jan. 2017)
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A E—aRR

Magnetic Characteristics

SRR ER ) BEATRILE—IE
MER 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) REORFMERBIF IR A RERMFCRIDELLE T,
Actual magnetic properties may be different from the ones shown above, depending on shape, size and manufacturing conditions.
FEMAHDIV—RICDOVTIE ERIBLEABEVEDELEE L,
Please contact your sales representative about other grades.
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High-Performance Ferrite Magnets NMF™ Series Demagnetization Curves

Demagnetization Curves of NMF-12 Series

FEMBEORBEEE NMF-12 JU—X
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Demagnetization Curves of NMF-15 Series

FEMBOREEE NMF-15 U—X
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High-Performance Ferrite Magnets NMF™ Series

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

0.40 V—
0.35 (B RIRIRE T 0
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
0.05
0.00
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He, (kA/m)

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)

(9/motor)

Nd-Fe-B Bonded NMF-15G E2E(g/motor) Weight comparison

A1) 150 - [ Coil
Coil I Sh
aft

2 A
Shaft : 78 - Yok
= 5100 | [0 Armature
Yoke 48.5 47.7 % I Magnet

)
- - =
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
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Ferrite Anisotropic Ring Magnets

TISAMEEARMUTWA  Ferrite Anisotropic Multi-Pole Ring Magnets

547

Types

RARE

Dry-pressing

EIVEE

Wet-pressing

. NMF-DM1 NMF-WM2
,ﬂte%al NMF-DM2 NMF-WM3
NMF-DM3 NMF-WM4
WasE ®10 ~¢56 $10 ~¢30
OD(mm)
il
Number of Poles
i [@
Orientation N S

X BHFICRTHHERICOVNTIE EFRBIBEANBEVGDELRLEEL,
On characteristics not listed on above table, please contact your sales representative.

HERANREHE AR Preferred ID/OD Ratio and Number of Poles
40
35 -
/
_ 30 7 ,/
E 25 A///
o / ;// —— 24pole [ |
E(?ﬂ 15 ~ // = 12pole | |
4 10 /// —180pole |
= pole
5 _— ——6pole ||
e 2p0le
0 k L p

0 10 20 30 40 50 60
4120.D(mm)

s E—R=R

Magnetic Characteristics

FREAMRER RE4H

HEZ Remanence Coercivity
Material code Br H,
(mT) (kA/m)

NMF-DM1
NMF-DM2
NMF-DM3
NMF-WM1
NMF-WM2
NMF-WM3
NMF-WM4
*BEFMHEAFIREYTOBHAENHREW D, LIS ZERULCVE T,

Above numbers show material characteristics because B-H curves of actual multi-pole anisotropic magnets cannot be measured. 11
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HIDENSE®, NEOMAX-P U—X

Neodymium-Iron- Boron Bonded Magnets HIDENSE ™, NEOMAX-P Series

EAMERY PO OUTHIECIH Y 2. EREEDOEF AR RiEG

HIDENSE™ is Ultrahigh Density Isotropic Bonded Magnets with equivalent magnetic properties to
Anisotropic Bonded Magnets.

O IREHEHFL
High flexibility for shape.
@EHBEBREDLFL ‘
High flexibility for magnetized patterns. 1.0 .
ONUEREHAL CRVERENE ' HIDENSE
High Electric resistivility than Nd-sintered magnets.
OERTHETIU— 500
Heavy rare-earth free. 0.8 600 -00
1000
— qpill
L:, P9
Q 06
P6
0.4 NEOMAX-P __|
0.2

02 04 06 08 10 12
H.,(MA/m)

WRsN—E8BR Magnetic Characteristics

SREBHRERE RE RE BAXIXRIF—1E

Mg Remanence Coercivity Coercivity Maximum energy product

Material code H,, H.g

390-450

HIDENSE-500 830-900 450-550 5.7-6.9 97 ~107 |12.2~13.5

HIDENSE-600 790-860 550-650 6.9-8.2 430-490 5.5-6.3 97 ~107 |12.2~13.5
HIDENSE-700 760-830 670-770 8.6-9.8 470-530 6.0-6.8 95~105 (12.3 ~13.6
HIDENSE-1000 720-790 950-1050 | 11.9-13.2 470-530 6.0-6.8 87~97 [10.9 ~12.2
NEOMAX-P11 690-730 =716 =9 445-478 5.5-8.0 79 ~ 88 10 ~ 11
NEOMAX-P9 630-710 =636 =8 374-454 4.7-5.7 63 ~ 80 8~10
NEOMAX-P8H 570-650 =875 =11 374-454 4.7-5.7 55 ~72 7~9
NEOMAX-P6 510-590 =636 =8 320-400 4.0-5.0 40 ~ 56 5~7




HIDENSE® iEifZhis HIDENSE™ Demagnetization Curves
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Material cod (%/T) Recoil permrability Thermal expansion Electrical resistivity Ring crushing strength Density
aterial code
Br H,, M o (x10%/C) (uQ-cm) ((Y[eED) (x10%g/m3)
C

HIDENSE®

HIDENSE®+ =2
HIDENSE+Resin impregnated

NEOMAX-P

NEOMAX-P+ I =3
NEOMAX-P+Resin impregnated

FREULE Surface Treatments

RELIEDESE HERE EEt [p=g3
Surface treatments Recommended thickness Adhesive property Corrosion resistance
T ey sogting 10~30 um © ©
Epon P aation saaig 10~30 um O ©)
oot pisting 5~20 um O @)
Resiﬁrﬂﬁr?git%ng?j %c%e}i)aling) 5~20 um O O
Simﬁiﬁﬁﬁg ;hju_l;:tfg cgo“ating 1~10 um O A

KBS, CHERCEDBBRICLOTELEDET,
HMRMEE, HHHERICKIDBDT. FRARBPHBRRMICKOTELEDET,

*Adhesive property is depending on yours.
*Corrosion resistance is depending on your environments, and on your test conditions.

IRFVRMI—T105 | TRF¥VERI—T VT
Epoxy s

pray coating Epoxy electrodeposition coating

I w25 O

ZyTIbXyF

==
Nickel plating Resin impregtaned

9



S A (CKSC®)/EERA (CKSR®)

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

e

ZHBUREEDNEL GEEREEICEN.,

Ub A UL asEasREwG

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 #iADHER Characteristics of Fe-Cr-Co Magnet

<CKSC/CKSR>

® 7L OHAaOHHZERUEHS . ZEBHREEHSL.
CoZHENDEWV
High remanence with low cobalt content,
while maintaining characteristics of Alnico magnet

@ EEHMREEDREHRENIINEL(-0.03%/K)
Small temperature coefficient of remanence (-0.03%/K)
O FRICL77—RAZFERALTES T, BEREHEICEND
Stable supply of raw materials because no rare earth
elements are used

<CKSR>
® FZREREHFV
High capability of forming

I —BR

Magnetic Characteristics

1.§55Fe-Cr-Coffia Fre-cr-co magnets (casting)

{RR7: He

Coercivity
T kA/m
(kOe)

SREBHRER: Br

z Remanence
Material code

42 ~51

CKSC-5508B (053 ~0.63)

1.35~1.45

BAIRIVF—FE: (BH)max

Maximum energy product

IN—=7 2 R {FH— Pc(Permeance coefficient)(B/LioH)
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Temperature coefficient of By

(%/K)

BR

kJ/m? Features
(MGOe)
42.1 ~ 50.2

(53 ~6.3) Loy

46 ~ 53

CKSC-600 (0.58 ~0.66)

1.30 ~1.40

437 ~51.8 Anisotropy

(55 ~65)

14

1.2

1.0

2. F#EFe-Cr-Colfa Fe-cr-co magnets (rolling)
TRERMIRZE: Br

Remanence

RMﬁ _Hc
Coercivity
kA/
T (kOen)1

Material code

BRAIXRIVF—FE: (BH)max

Maximum energy product

BrDim EfREL
Temperature coefficient of By

3
kd/m (%/K)

(MGOe)

Features

CKSR-150 0.80 ~0.90 (090~ 098) ST -0.05 s
CKSR-550 1.30~1.44 oot R -
CKSR-400H 0.88 ~1.08 " ooz 323 ) (22:2 N 3%3) o0 e
CKSR-H5B~H308 [ERTZ PP (008~ o80) - = g 0
CKSR-HOSL 1.00~1.35 (001 ~ 6.05) - - e

(F) RIEROFERBE IR, T, RERM, FARREFICLDE(ELET,

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 DRELE

Types of Demagnetization
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Phenomenon

Explanation

Reversible Loss

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.

Cause

Temperature Coefficient

Irreversible Loss(A]
A but it is recoverable by re-magnetization.

An irreversible loss of this type is a net loss that does not
recover even when the environment returns to the original state

Low and high temperature demagnetization
due to age-related change or an external
magnetic field

Irreversible Loss(B) € |
when the magnet is re-magnetized.

An irreversible loss of this type is a net loss that does not
recover when the environment returns to the original state nor

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

EBLSRIC K DRl

HABUROEEERTT BB HEEEOMILORSERIJHA—T &R
WET HAEERRO/(— 7Y FHDPcDEE. BHH—T DR EPOR
REEBpCHAREELET.

PEDSDEREJHN—TEDTAEQELET . Q. ABHAD0(E0) B
OHHEDBEERL. P’ (=Pc+1) EJHA—TEDTEE—BULET .
ABEFHex B EICEME NBE. ) —S 7 ¥ ZRED SR T
FREPC U e EZ5NET, Ui hoT. QEdPc"EJHA—TDRARIC
BEILE T RIC HBHERERD B SE. RAGJHA—T [CHUTFTEE
LPCEDZEQICEDET QRN S TS U EBREPcEDREP b S ERRE
REBI BOWAEESCOMRBEBP [CHEDFT . OFD . BHH—T&
PctDRAPICREST, (Bp-Bp’) B MEREEMETFLE T CNEIRE
B AL (M EBRLSRIC K DAL | &LV REDJHA—T DRBEEB LD BTICHED
BACERINET.

In order to examine the effects of an external magnetic field on demagnetization
characteristics of a magnet, JH curve that describes the relation between the
internal magnetization of the magnet and the external magnetic field is used.
When the permeance coefficient (-B/u0H) of a given magnetic circuit is Pc, the
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
the point P and the JH curve is defined as Q , the point Q represents the intensity
of magnetization of the magnet when an external magnetic field is zero. It may be
noted that the slope of the line OQ is Pc’(Pc’=Pc+1). When the external magnetic
field Hex is applied in the opposite direction to the magnetization, the line OQ is
shifted toward negative direction without changing the slope Pc’ by the external
magnetic field. If the point Q moves to the intersection R on the JH curve beyond
the knee point, an irreversible demagnetization occurs. Namely, after the external

=i D F TR

WREE (Br) DEERHa=-0.11 % /KOFLEHAD20CTH LV 140TD
WHERZEZNZNAB® TRUET,
< BAERBO/IN—Z7 U AFHDP1DBEE>
20CTIERBHRAEP1 DK HaDWRZAEBaTHAIFBIELE T F 1.
140C TlERBHRB EP1 DR RbDHRZEBL CHIAIFEIELE T . CDE
ETHADRERMaF(-0.11%/K)TFDT.
Bbld Bb=Ba{1-0.0011x120} TKHSNET

BEZESD (A
THOIGEEZ20TCICRY & GBHBHE B EP1 LD Falc RO RZEBa TEE
UF T LREDTICRNIFEDEITLE T INZAH R I EVLVET,
< HAERFDIN—Z7 VA FHHP2DIFE>
20CCIERBHREAOEP2EDRRCDHRAEBc CHAIFEELE T F .
140CCIFRBHEOEP2ENKERADWRZAEBI CHAIFEIMELE T . E5IC
BEZ20CICRY & WREE A DREREIDHRED . Be TEMELFT . D
EOHHHIRAEP2E DR HCITIFRS . (Be-Be) RITHMRZBEIME TUET .

Demagnetization by External Magnetic Field

Pc” P&(=Pc+1) 4B
[EHEER t----mmmmmmm E
Knee point V3 Q Br
----- Q’
RY - Pc
JHA—=T
JH Curve P, ---I---IBP
PQ- -\ - "\ Bp’
(Bp—Bp’)
SERRESRICKR D
i
Demagnetization
BHH—T Due to External
BH Curve Magnetic Field
Hey Hce !: Hex 0
-HkaA/m)  VEBELSE

External Magnetic Field

magnetic field is removed, the point R moves on a recoil curve RQ’ to the
intersection point Q” with OQ.
The magnetic flux density in the magnet corresponding to the
magnetization at point Q' can be obtained by determining the new
operating point P’, which is the intersection point between a vertical line
drawn from the point Q" and the load line OP. In other words, the magnetic
flux density does not return to the intersection P between the BH curve
and Pc but it decreases by (Bp-Bp’).

Demagnetization by High Temperature

COFIC. EEFICEV CHAEFROVREZRIROEMERZ X | SRR
DT TREL. REZRUCEOTDOMREEDFSNENC EZ[RAFEE(L
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B(T)
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D ()1 i IO e
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Pl Bl1.0 410
a Ba
""""" -t <> (-0.11%/K)
P2 b -0.8 0.8
QT )Bb
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O\ [ Be Bd
d 404 — 0.4
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For characteristic change (Demagnetization) of the Permanent Magnets

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

(SRR D T\ %

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

WREE (Br) D;ER#a=—0.18 % /KDT 51/ MEED20TH LDV
-B0CORHHHREZNZNAB® TRLFI .

< BAERROIN—Z7 Y AFEHP1 DIFE>

20 CTIFFEHHHFEAOEP1EDR RaDHREEBa THARSEMELT T F/e.
-60CTIFRREIRB EP1EDRRbDOWRBEEBb THAIFEIELE T .CD
CEHADRERBald(—0.18%/K)TIDT.

Bbld Bb=Ba{1-0.0018 X (= ?0))?3}2&)5*’[?30

EEZE{ED (A

EHITREZ20CICRY & RREAEP1£DR malC RO R ZEBa TE)
ELET SEEDTTICRNEFMBETUE T . CNETR I EVWVET,

<HAERFOIN—Z 7Y RFHDP2DES>
20CTIFFMEHRA EP2& DR PR DHIRZEEBCc THAIREELE T &z,
-B0CTIEHBEIE®LP2E DR AADHRZEBI CTHAFBELET . &5
ISREZ20CICRT & MREZERBADBERMHDHRED . Be THELF
T DFEDHHHIREBAEP2E DR HCITIFRS T, (Be-Be) RIFHRZE MR
TUET . ZDKXIICERIFICH VW CTHAEMER DR EIRDOEHMEZ#EZ | B
LD T TREL. BEERU CHITOMREENMESNEVNT L& FAEE
L RERED | EVLWET .

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
-60Cp |- --a_
= /A1 S TT==-a__
FEEEE 200
Knee point 04
P1 0.4 .
b~ A |- - _Bb P1<2>(-0.18%/K)
Ve
\ [
P2 103
c-|--A--—— |- - e e e =T - - - - = _
Bd
aQ---\¢ - Jo2” ™~
P o N e ey — = A
(Bc-Be)
(R
Low Temperature
A Ho.1 0.1 - Demagnetization
CiBD
1 1 L 1
1000 500 -60 -40 -20 0 20

BE(C)
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 ¢ 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 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 Low Temperature, or
simply, Low Temperature Demagnetization.)"
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