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Material Magnetic Properties
__ MagneticPermeability | Bamples

Free Space: p. =1

Paramagnetic: > 1 Tungsten, Cesium, Aluminum, Magnesium, Sodium

Diamagnetic: u <1 Bismuth, Mercury, Silver, Lead, Graphite, Copper,
Water

Soft magnetic: B = f(H), Supermalloy (16Fe:79Ni:5Mo)

H, = 10...103 A/m Permalloy (Fe:4Ni)
Elecrtic steel (96Fe:4Si)
Hard magnetic: B = f(H), Ferrite (Zn, Fe, Ni, O)
H, = 104 ...106 A/m Disk drive recording media (Cr, Co, Pt)
Neodimium magnets (Nd, Fe, B)
Samaruim Cobalt magnets (SmCox)

WEEK 6. STATIC MAGNETIC FIELD 3



Tvpical hysteresis loop

B Flux density
Saturation
Remanence Br
— ’ '//
Coercive I.f |
field strength Hc ‘
-H — H

Magnetic field in
opposite direction

Magnetic field strength

Saturation in -B
opposite direction

WEEK 6. STATIC MAGNETIC FIELD 4



Hard and Soft Magnetic Materials

B Flux density

Hard

plied
Magnetic
field




Magnetic properties of Hard Magnetics

Definitions by |EC

Magnetic Remanent magnetic flux density in a
remanence  substance, when it departs from magnetic
Br saturation by monotonic reduction to zero of

the applied magnetic field strength

Coercive Magnetic field strength to be applied to a
(magnetic) magnetic substance to bring the magnetic
field strength  flux density to zero.
H (any intersection with H-axis of the
C . . .
magnetization curve (for flux density,
polarization or magnetization)
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Material Magnetic Properties in QuickField

Non magnetized state (H.=0) : Magnetized up to maximum (H.=147.3 kA/m)
B=f(H) B = f(H+M)

Alnico Alnico magnetized

09 4 09 ,
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H-field, kA/m H-field, kA/m
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Material Magnetic Propertles in QU|CI<F|e\d

Block Label Properties - M35

The modern magnets,

both Neodymium

and Samarium-Cobalt,

are almost linear:

i, = 1.05 = const

b= [105 |
[ ] Monlinear

Coercive Force of Magnet

orson: [§——

Conductivity for transient ana
T = [5/m]

Magnitude: A

() Absolute
[ ] Anisotropic

Coordinates

Field Source
=0 | taim? | F
Curmment Density Conductor’s Connection
Total Ampere-Tums In Parallel
Current density varies as 1.7 In Series
QK Cancel Help

General The constant permeability
Pemeability /
M= | | (®) Relative

d The magnitude and

direction of initial
magnetization
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Examples of Magnetization Direction

. (®) Cartesian () Cartesian
Cartesian - Polar o
M
a=0 ‘ Horizontal
M
o.=0) Radial
oa=45° Sloped
2.38125
M
a=90° Vertical
o=90° Tangential

M

a=180° _ Horizontal
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Example: Pulling Force of Disc Magnet

Manufacturer’s Data: 5
Neodymium Disc Magnet — €
Cos e 200 s
Price: 0.06 $ d 4.7625 mm (R = 2.38125 mm)
t 0.7937 mm
6 h/20 =0.04 mm
_— — D 100 mm
Magnet
W, 1.05
Exercise: | B,  12800Gs=1.28T
Flggor?g;llrr;gni:orce with Ho B,/ (Kok,) =970 kKA/m
§=0.08 mm F 0.491lbs=1.8 N

6=0.12 mm
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One Side Magnet: The Halbach Array




Example 2: Refrigerator Magnet
(Triangle Halbach Array)

S /

H = 1mm

B = 20mm

r AVE = Magnet material - N35,
Ste Ifdg d r thickness 1 mm,
relative magnetic perme ny1000

Coercive H.=100 000 A/m
TEATEN /*\ /‘\ /
V. O V. V.




Refrigerator Magnet (Halbach Array)

UpeToBan w... =

MHAYKUMA
B (Tn)

lEI.821 o

0.7383

— W4 pe \ / ’,.. ¥ F e : \ 05566

!
St || //‘\\&

\Illllll | [T ] ] LR T TTT [FILLEHT] L S LT | lIIIH‘IJ o [ ERLE LT L IELN AL [ 1% [NL ANE NN Il'fll

1
Rt s a nﬁ;ﬁé ‘ |
0.4105
L

0.5747

0.4926

- T

0.3284

;I
LJ"—_'_'_'_'_'___..-.-

0.2463

r—————

01642

0.0521

0.0000




Comparing pulled force

Manufacturer Data QuickField Calculation

PART NO. & DESCRIPTION

Film size = 2cm * 0.5cm = 1cm?

E689 =-L] Mechanical force

210mm x 145mm x 1.5mm - SUPER STRONG Anisctropic, Brown

colour - 88g/fcm2 Artractive Force \{ﬁ f=4.28324N

E691 A 9=89999"

200mm x 100mm x 0.8mm - Vehicle grade/brown colour - 4dg/cm2

Attractive Force ----- |~ fﬂ = 3.0233e-3 N
LA f, = 48524 N

ER30A 2

1000mm x 620mm x 0.8mm - Vehidle grade/brown colour - £4g/cm2
Attractive Force
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How to magnetize the fridge magnet?

M Magnum

Magnetics.

The Force in Flexible Magnetics

Hand-held Magnetizer




How the magnetizer looks like?

"Ring" writing element

- Longitudal recording (standard)

s | s | e— | f—| — | [ COrdING 2yEr

Perpendicular recording

G0

1]

1

|

1

|

1

1

l

I

1

|

1

J|{f} = Recording layer
= Additional layer
l ye




