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Dauermagnetwerkstoff aus Seltenerdmetall und Kobalt

Vorbemerkung

KOERMAX ist ein pulvermetallurgisch hergesteltter, aniso-
troper Dauermagnetwerkstoft aus Seltenerdmetallen und

Kobalt mit ausgezeichneten magnetischen Eigenschaften. Er ..

Ubertrifft bei hoher Sattigungspolarisation alle bisher einge-
setzten Dauermagnetwerkstotfe im faximalen Energiepro-
dukt und in der Koerzitivieldstarke und bildet daher die sinn-
volle Erganzung der bekannten KRUPP Dauermagnetwerk-
stoffe KOERZIT, KOEROX urid XOERFLEX KRUPP WIDIA
efert die Sorten KOERMAX 130 und KOERMAX 160 mit typi-
schen Werten des maximalen Energleprodukles von 130 und
160 kJ/m>. Uber den Einsatz der Sorten entscheiden die
magnetischen Anforderungen sowie GroBe und Form der
Magnete.

Magnetische Kennwerte

in der Tabelle 1 sind die magnetischen Werte der beiden Sorten
iniren typischen Streubreiten wiedergegeben. KOERMAX 130
entspricht der einzigen in der DIN 17 410 aufgefiihrten Selten-
erdmetall-Kobalt-Sorte SECo 112/100, bei KOERMAX 160
wurde zur weiteren Kennzenchnung der Kurznamein Anlehnung
an DIN 17 410 gewshh. in Bild 1 werden typische Entmagnetisie-
rungskurven von KOERMAX 130 und KOERMAX 160, der
AINICo-Legierung KOERZIT 500 und des Hartferritwerkstoffes
KOEROX 330 dargestelit. Die iberragenden magnetischen
Eigenschafien von KOERMAX sind deutlich zu erkennen,

Tabetle 1: Magnetische Kennwerte von KOERMAX

Kenn- Maximales | Remanenz- Koerzitvieldsiarke Relative
Sorte zeichnung Energie- HuBdichte permanente
nach produkt B aHc He Permeabilitit
DIN 17410 (BHJ.‘{.
kJ/m mT kA/m kA/m 'S
KOERMAX 130 SECo v12/100| 110-140 750-840 520—6_20 > 1000 =11
KOERMAX SECo 140/120| 140-180 840-350 580-730 > 1200 =11
Zur Umvechnung in die bisher gebrauchlichen Einheiten:
1 kJ/m® = 0.126 MGOe. 1 mT = 10 G, 1 kA/m = 12.6 Oe
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FORDERUNGEN AN EINEN TEMPERATURKOMPENSATIONSWERKSTOFF :

1. GEEIGNETE CURIETEMPERATUR

2. GROSSES SBK/OT

THERMOPERM: 3B, /3T = 7 WI/K  Mn-In-FERRIT: 9B,/aT = 3 MT/K
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@ ' MAGNET-
TEMPERATURKOMPENSATION WERKSTOFFE
KRUPP WIDIA



KOERZIT | KOEROX | KOERFLEX | KOERMAX| SmyCoyy | CrFeCo| MnAIC
curistemperatr| 700-900 | 450 700 70 | $00-900 |620-660|300-330
c
| . | -003
THUJ) *R/K | g2 | w020 | -001 -004 -003 bis | - 010
0-100°C -005
TK HJ)% ; 4-0,03 +O,20 -0,20 -0,’5
(HI%/ K e bls «0 0.3 bis | -009 | bis
0-100°C -0,07 +050 =030 -0.20
Max.Einsatz- | .50 300 500 - 250 (-200) | -500 Y
temperatur ' 150)
1°C
igeinstabi ~ |
perughlistatt= | sso mo | 520 250 (250) | 510 | 530
7°C
Y MAGNET-
& Temperaturdaten verschiedener L Ll
KRUPP WIDIA Dauermagnetwer kstoffe
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1. Conventional method
employed for the design of magnet assemblies

Combining the equations of
magnetic flux/magnetomotive force
for the magnet assembly.

g4400-0| |$446-0

Results: Load line; operating point;
' air gap flux density.

Problems: Evaluation of leakage factor;
“accuracy of results.

Advantages: No computer program and nQ
mathematical experience needed.

Fried. Krupp GmbH [XA] Krupp Forschungsinstitut
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2. Analytical methods
employed for the design of magnet assemblies.

a. Summation of all
charges and currents:

dH- apil. B dH-?-Ldsx =
4nip, .1r° 4 r

b. Solving the Maxwell equations with
- boundary conditions.

Results: Magnetic field strength

Problems: Mathematical experience needed;
Only assemblies of simple design and
with linear material characterization soluble.

Advantages: Analytic solutions optimizable.

Fried. Krupp GmbH KEH Krupp Forschungsinstitut :
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- 3. Numerical methods
employed for the design of magnet assemblies.

a. Summation method.

Summation of all charges and currents.

Problems: lteration for linear
material characterization.

Advantages: Only subdivision of
magnetic materials/coils

b. Finite difference method.

Change from differential to difference equations.
Problems: Boundary conditions; interfaces.

c. Finite element method.

~ Minimizing the energy/ calculus of variation.

Results: Mognehc field sfrengfh( );
Scolar or vector potenhal (b),{c).

Problem:s: Compu’rer/ computer program needed
Ophmlzmg by repeated calculations. .

Advantages: Each problem soluble.

Fried. Krupp GmbH WH Krupp Forschungsinstitut



@

Finite element method

Total ehergy""f(pofenﬁol ) = Minimum.
To’ral energy= X Energy.

Finite elements

Energy ={(potentials in the nodes).

5 total energy .
L—=0 = Sys .
> node pofentials 0 = System of equations

Number of nodes=Number of unknowns.

1.step: Generating the grid;
2.step: Setting up and solving the system of equc’nons
~ 3.step: Computing the magnetic field sirength H;
4 step:Only for nonlinear material charac’rerlzohon
Input of new material data occordlnq to H.

é.step: Compare 3.step

5.step: Compare 2step |
teration
7 step: Compare 4.step

Fried. Krupp GmbH KEH Krupp ForschuﬁgéﬁSi:itut
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Dependence of magnetization
on magnetic field strength

a) lsotropic magnetic material:
Susceptibility y

~~ M=y-H:Measurement

b) Anisotropic magnetic material:

Susceptibility tensor y
My =X xx" Hx qh)(xyHy *szHz
My=xyx-Hx+ nyHy *Xyz -Hz

M= X zx Hy * Xzy Hy *Xzz I_Iz

| Approximation:
My =X xx- Hx: Medsuremenfr'
My =0
M, =0

Fried. Krupp GmbH m Krupp Forschungsinstitut



Abstract:

Using the example of a core magnet system,
consisting of a diametrically magnetized
cylindrical magnet and a concentric
magnefically soft magnetic return path,
the three commonly used methods for

compuhng permanent magnet
~ systems are outlined.

The advcnmges and di scdvcntoges of the
conventional methods, analyfic and numerical
‘computation, are described with
mention of their scope and limitations.

Fried. Krupp GmbH [/ Krapp Forschungsinstitut
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Conventional design method

Mogngfgmohvg force: T-Hpilm=-Hglg; T= 085
Flux relation: U'BmAmfﬂo gAg,-O‘_l,OO'

B T Ag L
Load line: - = ——

Gap energy: ,ungiVQ = "‘roIO'IB,;,HmI Vi

=5 (D) i Ap=(D-d)-h
Lg=Dpe-D i Ag="R(Dp+D)

DF=20mm,D=mm ; d=38(00) mm

il -
h=00=> o=100 ; T=085

B =920 ; pip =100

Bm/(poHm) =584 (472)
Hm=-108 (128) kA/m; By=793 (759) mT

Fned Krupp GmbH KEH Krupp Forschungsmstltut
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- /2 |

Hg 5 4 R | §
Ng=——- ) sinp-dp ; H=—-:
k& n/2 A 9 2 Hg

Hg=272(342) kA/m ; Hg=427 (537)kA/m
Anolyﬁcc"y com puted: 'Hr(9mm;90°)=494(524)kA'/m

Reduction of Hg (h=o00) for finite h:

3

1,04 ’ '

O,S*r I

06 ) | - . . .
k=Hg(h)/Hg(h=29) for D=16mm

0,4_* : ; d_—'-:c

02- - .‘ : Lg=4rrrn

0 T T r e

10 20 _ 30 mm h
Fried. Krupp GmbH /A{/7]/ Krupp Forschungsinstitut
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Analytical solution

Assumptions:

Permanent magnetic mafer:al with up =1
(fixed magnetization).

Soft magnetic material with ﬂr»] (up=02°)

chloce equation:

DV 1 ?V 1 dV
AV— 2 : ;'- -+ »2_.
- or  _r COr P Y2

'=0

AI"ISC]fZ v: B
Vo= (V r+Vo T ;".)-_sin'@ do<2r<d
Vi={(Vi*r+ Vi e7)-seP.  d<2r<D

Va=(Vgq r+Vg r'}sin® D<2r SDp,

Fried. Krupp GmbH Z@Fﬁ Krupp Forschungsinstitut



Voldo /2)=0  Vyd/2=V; (dr2)
VaPre/2)=0  V;(Dr2)= Vo D72

Boundary conditions:

(‘bV; bvo) ) Br
- = - -sin®P
\or b_r r=d/2 Mo
( dVa  dV;\ Br
—— = - sin®
br br r=D/2 Mo
Solutions: | |
Bore without iron: o .
- Br D2-4 |
leai (r/P) = L c 41+ DFe t- sn®P
~ Zmo DF 2] ]

Bore filled with iron {d =d,):

jial (.. =B‘--:DZ_dz 41+ Fe b -sin®P
H (r; 5 —— sin
. 2po DFe-d 2r /]

Effect of iron in the bore:
HE” fwith ron) -H without ron) 175
He without iron) —  (Dp_dp]

Fried. Krupp GmbH m Krupp Forschu'ngsinStitut'
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Moving-coil motor
schematic cross-section

7
v
VA

1 permanent magnet (stator)
. 2 steel housing
3 coil
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Demagnetization curves of AINiCo and RECoS-materials

_%:
- {14
KOERZIT V$155 ———— T
KOERZT 450 —-—-= '
KOERZIT 400K —~—=
KOERMAX 160 - &
oo
P
AT L I i B PPE c
——————— [ ]
———— ©
x
=2
R
5
&
5]
=
200 150 700 50  kA/m 0
“ Mognetic field strength H '

Fried. Krupp GmbH Krupp Forschunés'iﬁéiimf
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KOERMAX 160 core magnet system with

various materials of the retum pafh ring

. Retum path mdfh b
] 2 3 mm 4
1002 : : s
0, |
% ol
99 [
>
T 8t
S HYPERM D
r,{L 97| Fixed magnefization y
g HYPERM Co50 -5
|
96t
S 3
T 4
-= . s
‘g, 95 §
F IEER /
T 94t 1
® Mild steel $137 - i
g HYPERM 4 j
& 93+ 3
..a :l
$ 7
S 92t ;
3 !
o i
91t i
!
9 | !
i
i
8ot .
HYPERM 50’
88 )

Fried. Krupp GmbH KEH Krupp Forschungsinstitut
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KOERMAX 160 core magnet system with

various materials of the retum path ring

Air gap field strength Heir=9 mm;1=209 in kA/m

Soft magnetic material Retum path width b in mm
{ - | ;
2 3 4 )
HYPERM Co50 4767 4898 4900
HYPERM 0 | 4663 4887 4898
] _ .
HYPERMA ., | 4613 4875 4900
HYPERMS0 . |- 4379 | 4724 489,9
Mild steel 17 4624 | 4837 487,9

Fried. Krupp GmbH XA Krupp Forschungsihstii;,ut '
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Demagnetization curves
for some permanent magnet materials

1,0

08

KOEROX 100

“KOERZIT 1800

i
Ll v L +

700 600 H — = 200

~ 0
100 kA/m O

Fried.~ Krupp »GmbH U\W Krupp Forschungsinstitut
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Anwendungen

B3 e -Cr-Co E2Z2H

15

Mn-4::c |

120 180
L]

L
L)

—_—

Magnetverschlusse
Schalter

Sonden, Sensoren

Lautsprecher
Mikrofene

Motoren
Seneratoren

Magnetscheider
Filter

Kupplungen - |
[ ager .

Mikrowellgnfdhren
Jonenoptlik

Schwebetechnik
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SWITCHABLE LIFTING MAGNET

CONTROLLED BY TURNING
THE PERMANENT MAGNET

WEIGHT: 11k
MAXIMUM FORCE: 10
FORCE AT 1m: 24

CALCULATIONS: NUMERICAL
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(ELBA) Nr.71490

COAXIAL SYNCHRONOUS COUPLING

NUMBER OF POLES: 120
“AIR GAP: . 2 Mo

"MAXIMUM TORQUE: i kM

CALCULATIONS: ANALYTICAL
NUMERTCAL




(ELBA) Nr.71490

Ened 7

4

COAXTAL SYNCHRONOUS COUPLING

TORQUE
A COUPLING LENGTH A=%m

IN m NORMALIZED TO

MEAN POLE DISTANCE B=135m

NUMBER OF BACK-CIRCUITS

AINM]| AB
2 1 0

ANALYTICAL 10 05 | 2.8 | 2.5 1.81 .
45 % % |71 | 453 3.4 2.60

" o0 |oo 4e4 3.9 2.62
NUMERICAL 00 00 4,615 | 3.412 | 2582

: ) : 3.488

MEASURED % |70 | 4.65 - -
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RADIAL MAGNETIC BEARING

AXTALLY MAGNETIZED CONCENTRIC
"RINGS WITHOUT IRON |

AIR GAP: g gt e 2m
RADIAL STIFFNES& 22/ M

CALCULATIOHS AHALYTICAL WITH
NUHERICAL INTEGRATION
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LIMITING VALUES OF MAGNETIC FORCES

ATTRACTION OR REPULSION WITH PERMANENT MAGNETS
ATTRACTION WITH SOFT MAGNETIC MATERIALS M-A-x

K=1
SHEAR FORCE ' M-A-K
K -0./5
T MA-kcR
| K=~0.75
Rap1AL BEARING | M-Ax
: K +0.32
Mf\TEmAL FacTor M= Bh/’z}b
MPREAOFAIRGY.  A- .
Mean Rapius oF AIR GAp R
X

GearETRIC FACTOR
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COMPUTATIONAL METHOD

ASSUMPTION: FIXED MAGNETIZATION

FLUX DENSITY OF A BAR MAGNET:

- : Jx=xX").(y-y")_ |+A {+B | HH

B,(x.v.2) = R arcTAN ( - )

oy = P . |+A | +B | +H |
B (x.¥,2) = B (N (Ly=y"#s)| |

i © " |-A|-B |-H

Joo oo fea 4B |+
B (x,v.2) = RN ((x-x")+s)] |
. gi - e {-A] B {-H

s = CoexD2 + y2 + (222 )12
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7=0;220) = 1- 1 (re/2)" §.
Hé_ 0;2-0) J{ 1/V 1+ z)}

H(r-0;2:0)= 0.88¢] - §(2./2)

fcr z2=0 arnd 2o = 1095°
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PERMANENT HEXAPOLE "MAGNET

_—

_£=0HPOSED 0F

. —
m—

E_RARE'EARTH COBALT BAR

MAGNETIC REMANENZ 910 MT

DIMENSIONS: INNER DIAMETER 80.0m

LENGTH | ~700.0 mm

MAGNET WIDTH  -17.0mi

MAGNET HEIGHT . 42,1 m
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PERMANENT HEXAPOLAR MAGNET
CROSS SECTION
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HFWl r17EPACK.|"D

8 800 :

BETRAG DER INDUKTION B EINES HEXAPOLS. PERMANENT HEXAPOLAR MAGNET

INNENRADIUS RL= 4@, 8081 MM INDUCTION |B(R.R2)|
1780  POLBREITE B= 17 MM L

MAGNETHOEHE He= 42.1 MM

LAENGE DES HEXAPOLS L= 708 MM

sgg  REMANENZINDUKTION BR= 818 MT -

1 500 ; . @20°%R. 'f;
,40mm

4008

~

} 3pg i 4 : ,35mm

|
! .
!




- 608
+ 700
- 620

- S8

400

- 300

+ 208

- 188

MT

HFW!"T!EPQL‘K!F"
BETRAG DER INDUKTION B EINES HEXAPOLS. PERMANENT HEXAPOLAR MAGNET
INNENRADIUS RL= 40. 2281 MM INDUCTION IB(R.QRZ=0)I
POLBREITE B= 17 MM '
MAGNETHOEHE H= 42.1 MM
LAENGE DES HEXAPOLS L= 788 MM
REMANENZINDUKTION BR= 918 MT -
|
|
| |
| i
| |
I I .
| i
] - |
i |
i |
| |
| | @
: :\ 00
=1 | 150
: l = 30°
| |

WM 18 28 38 0 52 g2 78 6o 88 R 128 @




+ Boo

+ 708

4 608

4 4o

4 38

+ 288

BETRAG, R~ UND PHI-KOMPONENTE
DER INDUKTION EINES HEXAPOLS.

INNENRADIUS RL= 40,0001 MM '
POLBREITE B= 17 MM :
MAGNETHOEHE H= 42.1 MM

LAENGE DES HEXAPOLS L= 728 MM

REMANENZINDUKTION BR= 818 MT-

»
HEWIE E PACKAKD

PERMANENT HEXAPOLAR MAGNET
INDUCTION |B@)|: B_(@): _Bq'@)
WITH Z = 0 mm AND RADIUS R = 25; 35; 40 mm

35mm
40mm

25mm

GRAD % io
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MPWLY FU KAl

LINIEN GLEICHER INDUKTION B PERMANENT HEXAPOLAR MAGNET.
BEI EINEM HEXAPOL-MAGNETEN. LINES WITH CONSTANT INDUCTION IB(R:@:Z=0) |

400mr  450mT

mro g -

| i
INNENRADIUS RI= 40. 2821 MM .
_ POLBREITE BM= 17 MM
MAGNETHOEHE He=' 42.1 MM -
LAENGE DES HEXAPOLS L= 788 MM

REMANENZINDUKTION BR= 918 MT

R f@a 15 ED 35 PHI



+ 80a

- 700

+ 488

BETRAG, R- UND PHI-~KOMPONENTE
DER INOUKTION EINES HEXAPOLS.

INNENRADIUS RL= 40,2381 MM -
POLBREITE B= 17 MM '
MAGNETHOEHE H= 42.1 MM '
LAENGE DES HEXAPOLS L= 70@ MM

REMANENZINDUKTION BR= 918 MT

* PERMANENT HEXAPOLAR MAGNET

INDUCTION 1B@)|: Br@); Bv(@
WITHR = 40 mm., Z = 0 mm AND

MAGNET WIDTH B = 10; 17; 40 mn

|
1
l .
!
5

GRAD

[ P

40mm ‘

17mm

10mm



BETRAG, R- UND PHI-KOMPONENTE PERMANENT HEXAPOLAR MAGNET
B DER INDUKTION EINES HEXAPOLS. INDUCTION IB@|: B (®): Bv(‘p’
’ r ’
- 788 INNENRADIUS RL= 40,2081 MM ' WITH R = 40 mm, Z = 0 mm AND

POLBREITE B 17 MM =) - ;
MAGNETHOEHE Hw 42,1 MM : MAGNET HEIGHT ‘H = 20: 42.1: 100 mm
LAENGE DES HEXAPOLS Le 700 MM | -

T 899 REMANENZINOUKTION BR= 918 MT

+ 188

o W -

==

. 308
i H
208 100m m
421mm
20mm

" GRAD 5"_. 1o L IT— : .



PERMANENT HEXAPOLAR MAGNET WITH -
GREAT MAGNET WIDTH AND HEIGHT.,

- 808 ST D HELC
BETRAG, R~ UND PHI-KOMPONENTE REMANENZINDUCTION BR = 910: 1050 MT,

8 DER* INDUKTION EINES HEXAPOLS .I | : 105 omr

+ 782  INNENRADIUS RL- 40, 9201 MM
POLBREITE B= 48 MM . fd ]

MAGNETHOEHE H= 108 MM . . :

LAENGE DES HEXAPOLS L= 7za MM

+ 888  REMANENZINDUKTION BA

910mT

1 422

+ 308

+ 200

+ 188
MT
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