
Hard Magnetic Materials
Learning outcome

At the end of this lecture you will be able to:

• List different types of permanent magnets and their characteristics

• Explain the manufacturing process of Neodymium Iron Boron magnets

• Calculate the needed magnet volume for given applications



Hard Magnetic Materials

• Hard magnetic materials refer to materials used for making permanent
magnets
• Characterized by a high coercivity 50 – 1600 kA/m

• Permanent magnets (or hard magnets) are useful for their capability to
generate a magnetic field without continuous expenditure of energy

• They have the property of retaining firmly their magnetization against
external spurious fields and their own demagnetizing field

• From practical point of view a permanent magnet is like a coil with electric
current but, be carful with demagnetization.



Hard Magnetic Materials



Brain storming
• Take 10 min and list the permanent magnets you know about

• we will compile the results during the lecture

• List of permanent magnet types or materials



Hard Magnetic Materials

• Some hard magnetic materials and their properties:

• AlNiCo-magnets (1930s)
• Br > 1T, H_c= 50 kA/m, good corrosion resistance

• Ferrite Magnets (1950s)
• Br = 0.4 T, non conductive, Hc=300 kA/m, low price
• MO•(Fe2O3)6 where the metal M can be barium, lead or strontium

• SmCo – magnets (1970s)
• Br=1 T, Hc=1600 kA/m, high price, low demagnetization with temperature
• SmCo5 and Sm2Co17

• NdFeB-magnets (1984)
• Br = 1 .. 1.4 T, Hc= 1000 .. 3200 kA/m, conductive and prone to corrosion

• Bonded magnets
• Injection molding, compression molding, extruding, Complex shapes, Non-conductive



Manufacturing process

• Vacuum melting and casting

• Crushing and hydrogen decrepitation

• Milling

• Pressing and aligning

• Sintering and heat treatment

• magnetizing



Major manufacturers by countries



Chemical components



Effect Dy on NdFeB magnets characteristics

• Low Dy content
• High remanence
• Low temperature

• High Dy content
• High coercivity
• High temperature

Dysprosium is added as substitute of Neodymium to enhance the material
coercivity and temperature withstand but it is very expensive



Investigation work 20 min
• Look in internet for what are the other components used as substitute for

Neodymium in rare earth magnets (10 min)

• If possible find their price and compare it with Dysprosium price (451 $/kg in 2017)

• List of materials:

• https://www.statista.com/statistics/450164/global-reo-dysprosium-oxide-price-forecast/



Magnetization process and energy product

• Permanent magnets are magnetized to saturation by means of a strong field
transient generated by a Pulsed Field Magnetizer

• The strength of permanent magnets can be measured by the maximum
energy product (BH)max, which reflects the capability to store magnetic
energy in the unit volume.



Energy product and thermal strength



Permanent magnets in use
• Permanent magnets are used in many applications

• The applications can be summarized as follows, depending on the spatial
and temporal variation of the field



Permanent magnets in use



Permanent magnets in use

Honda onboard generator



Operation of permanent magnet in unloaded circuits

• Ampere’s law:

• The flux of the magnet is:
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Operation under load

χhPM ΕχΕρ

IN

PM PM δd 0H l H h NIH χ< ∗ , <〉∠

∋ ( ∋ ( δ0δδδPMPMPM 11 HSBSBS λρρΕ ∗<∗<<

PM
δ PM

h NH H I
χ χ

< , ∗

δ PM
PM 0 PM

PM

δ
0

PM

(11 ) )( S S NI
S

hB H
S

ρ λ
χ

ρ λ
χ

∗< , ∗ ∗

No loadLoaded

Shift

Operating points at 20 0C BPM

HPM



Example:
Short circuit at rated load (100 0C).

Originally Br = 1,1 T (100 0C)
After demagnetisation Br = 1,0 T (100 0C)

Shift by increased MMF

BH-curve after
demagnetisation

Demagnetization
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Magnetic materials and field computation
• Recall line can be approximated by linear single valued curve as far  as the

flux density does not exceed Br

• When Br exceeds, hysteretic behavior takes place and magnet losses
increase

•



Magnetic materials and field computation
• Magnetic materials are non linear but useful in energy conversion device

• The solution of electromagnetic field is required for device design

• Electromagnetic field solution is based on numerical analysis (FEM)

• FE computation requires material models
• Nonlinear magnetic material

– Spline or analytical equation for either HB-relationship or permeability as function of B
– Results in iterative solving of the field
– Newton-Raphson or fixed point method

• Permanent magnet machine
– Linear relationship between B and H defined by Br and Hc

– Thermal effect modelled as linear change in Br and/or Hc

– Does not account for demagnetization risk
– Demagnetization check in post processing


