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HOERE$ilAX i'
-

Da uermagnetuerkstotf a us seltenerd metal I u nd Ko ba lt

Vorbemerkung
KOERIIAX ist ein pulvermetallurgisch hergesteln€r, am6o-
lroper Dauermagnetwerkstotf aus Seltenerdmetalbn uod
Kobah mit ausgezerchneten magnetischen Eigenscfetten. Er
ubertnltt bei hoher Sdfligungspolarisatron alle brsher einge-
e,etzten Dauermagnetwerkslotte im haximaien Energiepro-
dukt und in der Koerzrtivfeld9ike und bild€t claher ctie gnn_
volle Ergdnzung der bekannten KRUpp Dauermagn€twerk-
stolfe KOERZT, KOEROX udd XO€RF|_EX. KRUpp WID|A
irelert dre Sorten KOERHAI't30 und XOERIIAX 160,nit typi_
schen Werten des maximalen Energieprodukles von 130 und
160 kJlm3. Uber den Einsatz der bonen entscheiden die
magnelrschen Anlorderungen sowie Gr6Be und Forrn der
Magnete.

6iia"ifl/p'Fme -50kurven von
160, XOERZT 50O und
KOEROX gto

llagnetische Kennrertc
.ln der Tabelle I sind die magnetls€fien Werte der beiden Sorten
'h ilTen typischen Streubreiten wieclergegeben. KOEFItAX 130
entspricfit der einzigen in der OIN 17410 aulgeltihrten Selten-
srdmetall-Kobalt-Sorte SECo fi2l100. bei KOERUAX t6O
wurde zur weiteren Kennzercfinung der Kurzname in Anlehnung
an DIN 17410gewAhh.'lnBild 1 *erden typische Enlmagnetisie-
rungskurven von I(O€RIAI lO0 und KOERMAX 160, der
AlNiCo-Legrerung XOERidT 5@ und cles Hartterritwerkstoftes
XO€FOX AS dargesleltt. Oe Bberragenden magnetischen
EiTenscfratlen von KO€RIAI sind cleuthclr zu erkennen.

Tabelle t: Magnetische Kennwerle vofl XO€RIAI
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kJlmJ

Maxrnnles
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efl.
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fl"
KAr'm

Relative
permanente
Permeabilitit

/e

SECo r/tol120
SECo 112/1 1r0-r40

1rl0-l@
7fi-840
84H50

520420
580-730

> r(Do
>1200 = 1,1

< 1.1

Zu Urnectrrurg rl dre tistrer g€briucht€fien Ehheiten:
1 lcJlm3 = 0.126 MGOe, t mT = lO G, I kA/m : 12,6 Oe
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l. Conventionol method
employed for the design of mognet ossemblies

r

Combining the equotions of
mognetic fl uxlmo gnetomotive force

for fh,e m,ognet ossembly.

$ /,€=6

Results: Lood line; operoting point;
oir gop flux density.

Problems: Evoluotion of leoko ge foctor;
occurocy of results.

Advontoges: No computer Progrom ond no
mothemqticol experience needed :

Fried- I{rupp GmbH KFt Krupp Forschungsinstitut
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2. Anolyticol methods
employed for the design of mognel ossemblies.

o. Summotion of oll
chorges ond currents:

dH=*.+ dH= *ds*{4ny. -t' 4

b. Solving the Moxwell equotions with
boundory conditions.

gnetic field strength

Problems: Mothemoficol experience needed ;

Only ossemblies of simple design ond
with li nec,r rnoieriol ch o ro cte riz oti o n so I u bl e-

Advontoges: Anqlylic solutions optimizoble-

Fried- Krupp GmbH KFil KruPP Forschungsirrstitut



3. Numericol methods
employed for the design of mognel ossemblies.

o. Summofion method.

Summotion of oll chorges ond currents.. effi'ffii:l"HT:r'
Advontoges: Only subdivision of ,

. rnogn"ti. *oieriols/coils

_ b. finite difference method;

Chonge from differentiol to difference equotions.
nditi rfoces.

c. Finite ele ent method-

Minimizlng the ene rgy/colculus of vo,ri'otion.

Results: Mognetic field strength {o);
Scolor or vector potentiol (b),{c)

Problems: Computer/computer prog ro m needed ;
Optimizing by repeoted colculotions. ,

Advontoges.i Eoch problem soluble.

Fried. Krupp GmbH KF7 KrupP Forschungsinstitut



Hnite element method

Totol energy:f(potentiel ) : Minimum.

Totol ene,rgy: f- EngrgY.
finhe elernents

Energy :f(po'tentiols i'n the nodes)'

i jilll :T{gy-,= :o =+ system of equorions.
O node potentrc,ls

Number of ,nods5:'Niu'mbe.r of unknowns.

Lstep: Gen,eroting the grid; ',

2.siep: Setting up ond solving the system of equotions;

3-sfiep: Cornputi'ng th'e mognetic field shength H; ' ,

4.step:{3rdy for nonli neor m ote ri o I ch o ro cteri z oti o n :

lnput of new moteriol doto occording to H'

S.step : Cornpo,re 2.step
6.step: Compore 3.step
7.step : Co,rnipo re 4.step

Iterqtion

Fried Kru1ryr GmbH KFD Knrpp Forschungsinstitut
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Dependence of mognelizotion
on mognelic field strength

o) lsotropic mognetic moteriol:

Suscepribility X

:. M=1.H: Meosurement

b) Anisotropjs ns oteriol:

Susceptibility tensor 1
lA=x.H

MxFXx*. H' * X*y,H, *Xxz'Hz

M;XXx'Hx: Xy y"Hy * Xyz 'l-.lz

M== Xzx. Hx " Xry.iHy * Xzz.llz

roximGti,on:

Mx =X xa : H1 ! Meosune'rn,enit

Y

Mz=0

fried- Krupp GmbH req xo.pp Forschurrg"io"tit.t



Abshoct:

r

Using the exomple of c core mognet system,
consisting of o dio'm,etricolily mognefized

cylindri,co,l m.og,net,o,r-rd o con,ce,ntric
m o g neti c ol I y so ft l'.p,etgro€ti,c,retu rn p oth,
the three cornrrnonly used methods for

com,puti'ng permo nent mc g net

.

The odvo,n,ioges o,nd disodvontoges of the
converitiqngil{,}*-'ilhods,onol'yticondnumericat

computotion, ore described with
mention of thei,r sco,p€ ond limitotions.

Fried- Krupp crnnUn KFC Krqpp For:schurrg"io"-tit rt



Conventionol design method

Mggnetomotive force: t.H, L*=- HgLg ; t =Q85

Flux relotion: o.BrA; =FoHSfo ;o -<l,OO

r

Lood linet
Bm T ,Ag Lm

#oHrn o. Am Lg

,roHg'vg =rcla,on,.,.,l -v,nGop eneroy:

lt
Lm {1l= (D- d) .h

rh
(Dn". D)Lo

4D

DF"- D
4

ft.= 2Ornrnj D=16r,rrn ; d 
= 

3,8 (QO) mm

Br=9ZOrnT ; 1p =100

Bm / (-AoHr) =9,84 {4/2}
Hm= -lOB (128) kArm; Bm=793 (759)mT

Fried. Krupp GmbH KFC Krupp Forschungsinstitut

r4tt,=Q-/) / i/ n'"Lr,/J

4,,, = 2 4 t,/ .t ji),4,N /or.,
/-4,t

U 4= r(4@4) = 
o(t,illA,lt

An- tl@Z



$12

tt/2

t
o

Hg lt

2
Hs ting-drp t Hg ru

th=2r2{U2) kArm ; l{s=427 {537)k/1rm .

An o I ytico I I y co m p ute d : Hr (9nrry Wl=tgtp2\k Ar m

Reduciion of Hg (h-oo) for: finite h:

k=Hg1h)rHn(h=oo) for D=l6mm
d=Ohrnl

I

:10 rc rn{n h

Fried. Krupp GmbH KFt rGupp For-schungsinstitilt
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Anolyticol solufion

9=0
f

- .Qp" 
_.__:=-_-

Assumpfions:
Permonent mognetic moteriol with Fp=!
(fixed m o gnetizotion).
Soft mognetic moteriol with Fr>>l (,,.rf *)
Lool eo

b2VlbVlbrv
AV=--*' +-br' r br 12' btp2

Ansglz: ',

Vo=(Vo* .r *Vo-. , -l), iin p
Vi={Vi--r * Vi-.r.)- s.#p.

=Q

do{ 2rSd

d{ 2r(D
Vo =(Vo*-r *Yo- r-'f sing D<2r{Dru

Fried. Itrupp GmbH KEil I(nrpp Forschung sinstitut
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Bou o

Vo(do /7)=g

Vo (Dp"/2)= O

u6ff.r2) = vi Fn)
vi\Dr2) = Vo pn)

Br
= - 'dn9

k
Br

=
k

ns

'bvi bVo\ ''
b, / r=dr2br

{o'o bvi\
\bf T) r=DrZ

Solutions:

Br D'-&
Hl-ot (t;9)

Ztto Dd

2

I +

I

- sin(P

.sin9

2r
Bore filled with iron (d = do ) ,

. Dr_d,

Dr3 -d'
ron n the re

Hfd(,;9+
zPo {'"ffi

2

of

Hfl1,nthior{-Hflpat o* lr*)

f^ffiort' i*) (%dF-l

Fried- r<rupp GmbH ffi Itnrpp Forschungsinstitut
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flrsr t l/ tr

Moving-coil motor
schemotic cross-section

3

2

b

I permonenl mognel (slolor)
2 sleel housing
3 coil

x

L
d
T

Fried. Krupp GmbH reil Knrpp Forschungsinstitut
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Demognetizotion curyes of AlNiCo ond RECo5-moter:iols

t(o€RZtT \6t55
KOERZIT 1800 -:--
KOERZIT 450
KOERZTT 400 K '---
KOERi/{AX 160

----'--i--'--'-

2m 150 ,l 50 kAlm 0
Mogrrett field itengft H

t

f

I
@

'a
coT'
xt
IJ
oc
CDo

=

1,1

T

1,2

1,0

0,8

0,1

0,2

Friea Knrpp GmbH W Krupp Forschunjsinstitrt
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KOERMAX 160 core rnognet system with
vorious moteriols of the ietum poth ,ing

0
Rettrrn po$r width b

2 3 trlm IIlm
o/o

w
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96
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HTERM Cofi i

HYPERfuI O
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It
t I,t

tt I
t
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I
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Fried- Krupp cilrbH KFf Krupp Forschungsinstitut
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