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Magnetic Materials
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HOW WOrKS
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The highest loading energy of a PM

max(W ——(B H)

min¢ ) max m

Example: for NdFeB-PM with

max (W

min ¢

)/ mass =50J / kg

Comparison: car battery 12V /60 Ah Wel — 104.] / kg
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Manufactured PM
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High energy permanent
magnets

Energy density product (kJ/m?)

Magnet | Year| ,H. T,
(kAm) | (°C)
4001~ Magn. steel | 1890 1
200l AINiCo 1955| 100( 850
Sm(Co,Cu,Fe,Zr), 5 Hardferrite | 1960 | 200| 450
240
(Sm,Pr)Co, Sm-Co 1:5 | 1975 | 3000| 720
1601~ SmMCos Sm-Co 2:17| 1982 | 2000| 820
a0l AINICo ‘ 1990 | 1500( 310
Mag netic steel _wl
1 1 | I I | T T
1920 1940 1960 1980 2000

magnet.atp tuwien.ac.at
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Working at high temperature
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Working temperature

Properties of some Re-TM permanent magnets
Permanent magnet (BH) max B, jHe Manufac-turing Highest working Producer
(kd/m3) (T) (kA/m) method Temp. (°C)
NdFeB 263 1.17 2387 sintering 180 Shin Etsu
NdFeB 190 1.00 3260 sintering 210 Vacuumschmelze
NdFeB/MQl 64 0.61 1200 bonded 125 General Motors e - o
N N\ \
NdFeB-MQll 112 0,80 1600 densified 200 GM g ‘-29
10 -4 10
NdFeB-MQlll 360 1.37 1120 hot worked 150 GM
e 8 108
L
NdFeB 240 1.11 2800 sintering 220 MFS][ ja /”7' s 1 os
1809C 21000///7
SmGdCo, 80 0.64 2400 sintering 250 Ugimag / // id 4 H 04
& A 2 402
SmCos 170 0.93 2000 sintering 250 MFS : / :
L -12 ~10 Zs T % —4 -5 ° 1
Sm,Co,; 215 1.06 2000 sintering 350 MFS 000 - -800 , —800 — 400 —200
/ -2 4-02
L /
// , -4 4-04
//// I -6 1-08
7T 0] e
-t0 4

Typical demagnetization curves B(H) and J(H) of
VACODYM 411 WZ at different temperatures
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Working at high temperatures

Linear approximation: (BH)maX = (BH)maxo [1 T+ Oy (T — To )]
Where: aBH — 0[] + aH Two PM at Te: (BH)maxl = (BH)maXZ
1-k
at AT; —_ 12 ’ k12 = (BH)max1o /(BH)maXZO

klzaBHl —Upyy
Exemple Alnico IUNDKSAA, (B]—[)maXl — 100k]/m3 Oy = —0.04%/ K

NdFeB (BH),.,=300k//m’  a,,, =-0.70%/K

=> AT =100°C
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1) I Working at high

B ) @i temperatures
' |
WA, (7 2 H, pu >>1
1-k
We define Tmax IHC[,UO = Ir from which: ATmaX = k= I, /:uoHc]o
ka, —a,

k—>0=>AT. —-1/a, (1/0.005K~" =200K
k—>1=>AT —0

If  k >k, =>AT_ /AT __, <l

max 1 max 2 That means

— AT =200K)

max

For two PM having the same coercivity, the highest
working temperature has the PM with the Ilower
remanence (sintered /bonded)
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Energy/mass=(BH)__ /| p
Energy/cost =(BH)

PM worldwide

/ p:.cost/kg
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In i1 150
Country! | Anico (ktens) | Hard femite MNdFeB E T = 20°
Prea (htans) (ktons) = 100 /
China IAGBEE) | 5= BOE] 4] | G= 23 (76 %) %50 .
R . [ 1405 %) S —sintered T oo 1T
T=40047 %1 [T=24071 % o=
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Japan 03 (%) |5=16EBY) |8=703 %) o Donded D Cnergy/cost  Lioue/sixi0 2
B=13 (3 %) |B=06(15%) T - total + - PRCo: * - NdFeB: # - Ferrite: o - Alnico
T=200025%) |T=7h (2% ’ ’ ’
LS A, DFCI1%) | S=ME%) | 5=- US S 11.5 Billion
B=41 (6 %) | B=0205%) .
T=m@%  [T=02¢1%) in 2000
Furope DE(12%) |3=& (741 | 5=0401%) Beam Control Oters
B=4(F % B=0308 %) Acoustic
T=801% |[T=07(2% Devices Sotheacillls
Others 106 %) |S=@@%) |5=-
B=11(7%) | B= 14036 %) Magnetic
T=7102%) T=1404%) ﬁ:&ﬂ;”“e
Tatzl BAM00 % | 5= 8920100 %) | 5= 30 (100 %)
B= 156 (100 %) | B= 2.8 (100 %)
T= 2480100 %) |T= 34 (100 %)
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Printers
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PM worldwide

B, H. T, BH . | Rel cost Row material
W-steel 10 0.07 1000 0.31 10 critically(W)
Co-Steel 9 0.2 1200 1.0 20 critically(Co)
Alnico 5 12 0.5 850 5.0 15
critically(Co) |
Ticonal 11.8 1.3 850 11 30
Ba-Ferrite 3.9 1.8 450 35 5
very good -
Sr-Ferrite 3.6 3.6 450 4.2 8
SmCo, 11.6 26 700 27 100 critically(Co)
Sm,Co,- 11 14 800 32 a0 limited(Sm)
Nd,Fe B 14.1 13.5 300 48 65 good
Sm,Fe -N 6.8 12 550 12 75 limited(5m)
CoPt 10.3 6 720 10.4 250 critically(P't, Co)
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Recoil line/minor histerezis loop

Equation of the recoill lne: B - u (u, H + M)

i

N — demagnetization factor of the PM
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ldeal Permanent magnet

H," p“','; -LI'.:-._-._- ff.r” | 1',1' IJII ll’lrec =1 - Bm :IUO(Hm +Mr)
(main demagnetisation curve)
Bl"
) i
An ideal permanent magnet :
Working poini \ B
Recoil line no irreversibil losses until Hd= intrinsec
e coercivity!
poH o Ha 0

(BH) 0 = (B,)" /(41
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Energy Relations in PM

AM =AH + Al
A= the work done by the
field
Al = Surface (O5"15") =the
real work necessay o
magnelize & Suraionthe PM

- AM = Surface [O5'BS') =the
tola workto magnetizethe PM

After remowving of the magnetizing field, the workdng point of the

permanent magnet moves to Ir resp. Br
The energy densty 5“5 "and 5" ES'Sr send backiothe cumrent supply
by the permanent magnet &l one resp.

permanent magnet together with the magnetic fiel d.
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The circult 1s Open

when we openthe magnaising circait | the working point of

the permanent rmagnet mowes, done by the shearing introduced
by the demagnetizing field of the vhole circuit to the points Al resp
AB inthe second quadrant of the hysterezisloop
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Action of demagnetising fields

-if the permaneant
magna hasthe working
point Ml resp A8 | than
a demagngiang
field of YHIbnng=sthe
working point
g Al andifthefieldis
cancalled
then the working point
vdll Qo backto M.
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PN magnetised In the circult

SAHA Vv =BA EFHA+EFHA

. In the auter space of the P,
the energy SA~A s ([ lw The

volume of the PM) & stored

L [ abuays equal and withan opposite
zign wiith the energy inzide the magnet, because I BaH =10,

composed from the usetul energy in the air gap,
proportional fup to afactor 21 to (24 —27 A
= A

and the le3di age energy BFHA
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Magnetic temperature losses

at T H=H_ (l+a (T -T)a_ 0
at I=IL(1+a (I -T).a .20

. Ifthe load line of the PM is PT —

If thetemperature becomes again T4,
the working point goes
backto ,a", because the vanation of
the induction was

identically with that of the
magneti zation.

Ifload line i= P2 (at T the working point iz in *6™, it iz under

the "knee’, =b that etumingto T0, B can be restored only to
point “C}——irreversible los=zez a-c
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Ferrites at low temperatures

(PH\ 05N U.E?\. 08N | 10N 5t 120 %500 (o '_::-|:|
03 400
| If T— -40C, A—A2
| on the load line
1300
2 |
520[1
If Hd is applied,
. = A-B at 20C
| resp. B1at -40C

T4 -

|

4 , A el ] |
1005 0

T R e s
300 200

400 -
If Hd =0, than B—A1resp B1—A3 along the corresponding recoil lines.
A1 is not restored because the induction (magnetisation)

If ]-'—40 — T;O’
even become smaller at higher temperature
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Applications

Different types of magnetic materials

Type of SOFT MAGNETIC MATERIALS HARD MM Magn. Transport
;?;gn'mate memory Magnetostriction properties
material
Field of | E-tron. Sensors EMC E-techn. | E-techn. | E-tron. IT Actua- Sensors Sensors
appl. tors
TM- FeSi, Nano Compo | FeSi, AINi- FeCoZr Permalloy
alloys Nano FeNi sites FeNi, Co
&am M+pol | FeCo,
FeNi ymers Fe
RE-TM NdFeB NdFeB TbFeCo RE-Fe,
SmCo SmCo

Ferrit. Soft Soft Soft Magn. Hexa- Hexa- Fe,0; LaREMnO;
Mangani | ferrites ferrites ferrites | liquids ferrites ferrites Cro,
tes

i 2 =3
- g =3 O o @ 3 m -
SR < 3 =L 7 O ~ z
Multi- M-mu. Mu.- Metall &oxid PtCo RE-TM,TM-TM’ TM/nonmag/
layers layers lay.+in systems TM,TM/insu

sulater 1./
™
Nano Am.(Co) | Fe,0; Comp.with exch. Magn.
interaction wires

TM=3d-transition metal,RE=rare earth, M=metal
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Magnetlzmg & shapes
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Applications of high energy PM
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sin(2z/ N)

PM Applications

Generating mag. fields =~ " /¥

Hallbach (magic) cylinder }
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field in Teslas

Axia

.65

Hallbach Cylinder
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B(x) = B, . (0)| 1= P, (geometry)(—)°

—

R, Outside notch

¥ .

European School on Magnetism,September 8-18", Cluj Napoca



PM Applications

(I

|
¥ |
CLobJ-d k]

- +

_ + Hﬂ- = A" (fora sphere, but fora cﬁnder,
+
H =M 12

Applications: PM powaer pressing tools
for anisotropic PM, built
from ferromagnetic steels
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dB/dT=0 winthermocompensating alloys

n(R*—r*)=s Ut

o o s B S =BS+B.S.
b B i3
| <1 e dB,  dB dB,.

il S ar “ar 0TI gr
M dB/dT = 0
B,(T)=B,(l+a,(T-T) .
STK d—]T-{{ — SmBm(To)am

_SBa

m mo m

S =
™ dB,. dT

Thermoflux
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dB/dT=0

Kw-meter

permanent magnet

Mbreak D B2 /pAl
PuT0=p, (T)H)+a,  (T-1)))

&, =—0,4%/"C
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Field Generator
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Holding magnets
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Holding magnets

R=1/A Q] 5

)
-
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D — ® -Demagnetisation curve
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Axial coupling

M max geom (B H )mag p Vmag

_ _ Non-magnetisable material
Disc coupling

Softiron
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Multiple Radial Coupling
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Eddy current coupling

Magnet

Tahometer

Copper
Softiron

Eddy current coupling and brake

M _ [ R’B;/p

max
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Hysterezis couplings

Soft iron Magnet

3

Softiron

Hysteresis material

N Y
A S AP LS T4

Hysteresis material

Hysteresis coupling or hysteresis brake

non-magnetic material
Schematic design for a hysteresis coupling and break

M~ p Vhyst

j HdB
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Loudspeaker

Magnetic material system
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Voice coil motors
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Steel Captured Field

eally Strong Magnet

Current Comes Out on Left and In on Right Side of Flat Coil
Force Goes Right in Both Cases, Cansing Caoil to Move Right

Reverse the Current and Coil Moves Left

E|.'.
I."'H.
S Il‘?l,._l'.. 1:" '_'.'_'
B
i 2

magnetic circuit Theé wirkl’'s Siralkest hand dsk diree
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Motors win Nonferrous
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Magnetic separators
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Actuators with PM
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High speed motors

Eotor poles B Stator teath 12
Eotor outsr diameter 145mm Stator bors diametsr 14%mm
Mlagnet thickness at cenme Imrs Slot openmg to tooth pitch ratio 0.5
Contamment thickness 7 Smm Stator core outer diameter 225mm
“ermanent maznat niaterial ~dFel ([Necmas Stator slot depth 25mm
[NdBaB) SN Stator core axial length Smm
Slagnet sezmens axial lenzth I dSmm Stator core materzal grade (Silicon NO20 (0 2mm)
Irom)
Ca Loaf-shaped
segment
T

Arc segment

11007 7

G. W. Jewell, 2002, UK
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PM motors
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250 kW Generator

Phases 3
Slots 20
Pole-pairs 12
Stator outer diametsr 540 mum
Stator bore diameter 416 mm
Mechamecal awrgap 3 mm
Magnet radial thickness 32 mm
F.otor mner diameter 317 mum
Active length 190 mm

Stator and rotor core matenial

49% Cobalt Iron lamnations

hiarnet

Sm.Coyq [ Amold 53-2235)

Liaznet mazs 6.6 kg
L amination mass 168 kg
Copper mass 43 ks

Orverall mass of active components 2029ke

G. W. Jewell, 2002, UK
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Very high temperature motors

1.6y

1.4 Lmis
1.2-
1.0°
081
0.6-
0.4-
0.2-

B {T)

5m,Coy,
D ] ] ] | ] ] T
0 00 200 20 300 330 400 500 360

Temperature ("C)

E: European School on Magnetism,September 8-18", Cluj Napoca
=i




Micromagnets

CETEHOR
SmCo O 0.85 x0,25 mm @ 2x L7 mm PM for e.m. watch
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S Chou, J Vac. Scl Techn. B16 (1994) 38235
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Magnetic orientation

Magnetotactic
bacteria

Magnetic navy compass
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Measuring Equipement
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Magnetic recording
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Medical Applications
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Eros Patroi

Mircea Ignat

lulian lordache

Mihai Mi
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