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MS-Schramberg. Magnet and Plastics Technology.
The Power of the Whole.
A medium-sized company providing a full range of service. As one of

Across an area of around 28,000 m2, more than 380 employees de-

the leading manufacturers of permanent magnets and modules in

velop and produce approximately 5,000 customer-specific products,

products involved in the manufacture of magnets. Initially focused

tors:

Europe, in the 1960s we specialised on the complete processes and

on the manufacture of sintered magnets, in the 1980s we began to
extend our range of products and services with the development

which are used by companies from the most diverse industrial sec-

Automotive industry

Power tools

Motive power engineering

Household devices

Sensor technology

Textile industry

Since the requirements on magnets and components are becom-

Measurement and control
technology

Medical technology

the entire value chain: from the selection of material to the con-

Apparatus and machine
construction

and production of plastic-bonded magnets as well as plastic and
composite plastic parts.

ing ever more individual and complex, we assume responsibility for
struction of our own tools, equipment and production facilities.

Nothing is left to chance. Our specialists accompany every step
of the process, from product development all the way to on-

time delivery. Comprehensive know-how of shaping possibilities and the mechanical and magnetic properties of materials
are combined in our facilities with the most modern process
and automation engineering. With this approach we create the
basis for high standards of quality.
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The overall view – where our competencies are located

Factory III

Factory III

Production facility for:

· Plastic-bonded injection-moulded magnets
· Plastic and plastic composite parts
· Magnet assemblies
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Factory I and Factory II

Factory I

· Main administrative block

Factory II

· Maintenance and repairs

· Special machine construction

· Sales and product development

Production facility for:

· Tooling and mould construction
department

· Hard ferrite magnets
· Rare earth magnets

· Plastic-bonded pressed magnets
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Thinking in Terms of Solutions

Partnership based on development

Your demands are our challenge – in all phases of product development and batch production.

Quality products

Our goal is zero error production.

Our application engineers have extensive knowledge and many

We achieve this goal, thanks to a rigorous quality manage-

and composite plastic technology as well as in the manufacture of

DIN EN ISO 9001, ISO TS 16949 and our environmental management

years of experience in the areas of magnet technology, plastics
magnet assemblies. In close collaboration with your development
and construction division, technically and economically optimised

ment among other things. Our company is certified according to
system is DIN EN ISO 14001 certified.

solutions can be realised.

For the monitoring of the magnetic and mechanical demands we are

Batch production at competitive prices

on to standard measurement devices for magnetic measurements,

We produce customer-specific products in quantities of up to 20
million parts per year.

On the basis of our large in-house production capacity – beginning
with the powder preparation and compounding – we are able to

optimally influence the design quality of a product at all times.

We achieve efficient production, thanks to a high degree of automation.

equipped with the most modern measurement machines. In additi-

like the Permagraph and Helmholtz coils, we use specially developed
measurement facilities for the determination of surface flux density
for parts with complex magnetisation.

In addition to optical and tactile measuring machines, we use special gear-measurement facilities for checking mechanical dimensions, for instance a double flank gear rolling check.

Furthermore, many products with critical characteristics are today
100% magnetically and mechanically monitored throughout the
process.
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Tools for the assembly of complex products

realisation and simultaneous optimisation of the work processes,

application engineers, machine builders and die makers must work

Our special machine construction department develops, designs,

In the development and manufacture of innovative products,

hand in hand. We have created the best preconditions for that collaboration with our own tool and die making division. With this
combination in the area of magnet assembly we have been able, for
instance, to realise developments like multi-component injection
mould technology.

Our machine-building department is equipped with the most
modern machine tools, like:

• Three- and five-axis processing centres
• Milling and grinding centres

• CNC round and flat grinding machines

• Automated hobbing and spark erosion machines
Automation technology for economic and high-quality production

Those who want to manufacture economically with a minimal
rate of error (zero error strategy), can achieve this goal only with

an appropriate level of automation. Thanks to precision in the

we successfully achieve the desired result.

and assembles feeding, handling, assembly and test devices as

well as complete production facilities. We also carry out the development and manufacture of magnetising coils and the necessary
magnetising devices.
Your advantages

• As a customer you will receive comprehensive advice. Since our
application engineers have practical knowledge in the area of
automation technology at their disposal, we can already lay the

foundation for the most efficient automation at the product
development stage.

• We develop automation concepts for you which are tailored to

the product. We thereby take account of the complexity of the
products, quality demands and the number of units.

• Our special machine construction department ensures maximum facility availability with fastest reaction times in the
case of assembly facility interruptions or product changes.
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Permanent Magnets Compared

The magnetic properties of permanent magnets

may be visualised and compared with demagnetisation curves.

During the measurements, external magnetic fields
are applied to the magnets. They reduce the

magnetic flux density and the magnetic polarisation
in the magnetic material.

The limit values Br (remanence), Hc (coercivity) and

(B·H)max. (energy product) express the most important magnetic properties of a permanent magnet.

The maximum energy product (B·H)max. is the high-

est energy density attainable with that magnetic
material. A general rule is that the greater the energy density, the smaller the volume (V) of the magnet

for any particular task can be, under otherwise identical conditions.

Metallic (rare earth), ceramic (ferrite), and plastic

bonded magnets represent quite specific magnetic

regions. Comparing sintered, anisotropic NdFeB
magnets with anisotropic hard ferrites, and these

with plastic bonded, isotropic hard ferrites, each
group differs from the next by a factor of ten in
energy product value.

The ratings visualised on the curves express, as in

DIN IEC 60404-8-1, the guaranteed minimum values

of the energy products (B·H)max. in kJ/m3 and the

(B·H)max. MG Oe

coercivity HcJ in kA/m (·0.1).

40

Magnetic values are measured as in IEC 60404-5.

35

Various shapes and sizes may lead to deviations in

30
25
20

magnetic ratings for different methods of manufacturing.
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A detailed description of the demagnetisation curve

is found in the technical information on pages
68 - 69.
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Hard Ferrite Magnets

History

Development: End of the 1940s
Use: Beginning of the 1950s

Production begins at MS-Schramberg
1963

Raw material availability

The essential components of hard ferrite magnets

are iron oxide and either barium carbonate or strontium carbonate.

Iron oxide and the alkali earth elements barium and
strontium occur in nature in sufficient abundance.
Iron oxide is also a by-product of industrial steel
processing.

Raw material sources

Iron oxide and alkali earths: From nature by open pit
mining, iron oxide industrially. Warm rolled steel

sheet is pickled. The iron chloride from the pickling is
then converted to iron oxide.

The alkali earths are industrially converted to barium
carbonate and strontium carbonate.
Type of material

Ceramic material
Manufacturing process

Pressing and sintering in oxidising atmosphere.
Application areas and particular properties

Hard ferrite magnets have these advantages:
• economical raw materials

• very good resistance against
corrosion and chemicals

• easy to magnetise
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Hard Ferrite Magnets

Hard ferrite Magnets
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Production of Hard Ferrite Magnets

14
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The Path from Raw Material to Magnet

Iron oxide and barium or strontium carbonate

Magnetising, marking, coating according to customer specifications

Outgoing goods inspection

Hard ferrite magnets are manufactured from iron

oxide and either barium carbonate or strontium carbonate. The raw materials are mixed in the correct

proportions, granulated, and calcined (presintered).
After going through several intermediate phases, a

hexaferrite phase (BaFe12O19 or SrFe12O19) is achieved.

The presintered granulate is ground to a powder. It

can then be pressed wet or dry in a magnetic field

(anisotropic) or in the absence of a magnetic field
(isotropic) and sintered. Hard ferrites are ceramic

materials, with the mechanical hardness and brittleness typical of ceramics. A typical way of processing
them is by grinding with diamond discs.

Surface finishing
(grinding/cutting)
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Hard ferrite Magnets

Sintering

Pressing
without
magnetic field

(isotropic magnets)

Inspection of incoming raw material
Mixing
Presintering

Milling

Wet pressing with
magnetic field
(anisotropic magnets)

Drying/granulating

Axial and transverse
field pressing with
magnetic field
(anisotropic magnets)

Hard ferrite Magnets
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Magnetic Ratings Compared

450

Anisotropic wet-pressed magnets
HF 30/26 Sr

400

HF 28/28 Sr

HF 28/26 Sr
HF 26/24 Sr

Remanence Br [mT] (mean values)

HF 24/16 Ba

HF 24/23 Sr

350

Anisotropic dry-pressed magnets
300

250

Isotropic dry-pressed magnets

HF 8/26 Sr

HF 8/22 Ba

200
150

175

200

225

250

275

300

Coercivity HcJ [kA/m] (mean values)

Forming techniques

Mechanical properties

shapes for permanent magnets produced by pressing techniques.

bending loads under impact, they easily splinter. Processing, such as

Ring, disc, segment, and rectangular magnets are the most common
More unusual shapes can also be produced. It is better to press the

magnets into the desired shapes, since subsequent shape changes
(adding drill holes, chamfers, notches, indentations, and similar) are

labour-intensive and require diamond tools. Note that these shape

features can be produced only in the pressing direction. Since for anisotropic magnets the direction of magnetisation is the same as the

pressing direction, drill holes, chamfers, notches, indentations, and
similar can be produced only in the direction of magnetisation.

>> Further details are found under Typical Magnet Shapes in the technical information on page 64.

As ceramic materials, ferrites are brittle and sensitive to impact and
grinding and cutting require diamond tools because the ceramics are
so hard (Mohs 6 - 7). Water jet cutting is also possible. The tables on
the following pages contain more physical data. You can find more
physical data in the data sheets available on our website at
www.ms-schramberg.de
Magnetic ratings

Depending on the material and geometry, the possible operating
temperatures of hard ferrite magnets vary between -40 °C and
+ 250 °C.

The complete magnetic properties, measured in compliance with IEC
60404-5, can be found in the download section of our website at

www.ms-schramberg.de. In the case of matrix-pressed magnets, the

properties may differ from those stated depending on their geometry
Data sheet download

>> www.ms-schramberg.de
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Hard ferrite magnets

and dimensions.

Background Information

Temperature behaviour

Chemical properties/corrosion resistance

magnets.

SrFe12O19. They consist of about 90 % iron oxide (Fe2O3) and about 10 %

falling temperature (temperature coefficient, - 0.19 % per Kelvin). The

economically available. Typical for oxide ceramics, they are relatively

Temperature changes affect the magnetic behaviour of hard ferrite
The remanence decreases with rising temperature and increases with

coercivity increases with rising temperature and decreases with falling temperature (temperature coefficient, +0.3 % per Kelvin). These
processes are reversible.

Ferrite magnets are oxide ceramics in the stoichiometries BaFe12O19 or

alkali earth oxide (BaO or SrO), raw materials that are abundantly and
resistant to moisture, solvents, alkaline solutions, weak acids, salts,
lubricants, and noxious gases. Normally, hard ferrite magnets can be
used without additional protection, such as a coating. Resistance to

Note, however, that magnets with low operating point and/or oppos-

strong organic and inorganic acids, such as oxalic, hydrochloric, sulphu-

caused by reduction of coercivity at high temperatures.

and time of exposure to the medium.

ing magnetic fields may suffer persistent loss of magnetisation

ric, or hydrofluoric acid, depends on the temperature, concentration,

Hard ferrite magnets
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Rare Earth Magnets

History

Development SmCo: Middle of the 1960s

Use: End of the 1960s/beginning of the 1970s
Development NdFeB: Beginning of the 1980s
Use: Middle of the 1980s

Production begins at MS-Schramberg
1986

Raw material availability

The essential constituents of SmCo are samarium

and cobalt; those of NdFeB are neodymium and
iron.

Samarium and neodymium occur abundantly as
ores. They are classified as rare earth metals in the
periodic table of elements. Cobalt also occurs in sufficient abundance as a natural raw material.
Raw material sources

Neodymium, samarium and cobalt are mined in
various countries around the globe.
Type of material
Metallic

Manufacturing process

Pressing and sintering in inert gas
Application areas and particular properties

Rare earth magnets exhibit very high energy density. They are indicated wherever maximum force
and magnetic flux density are required in smallest
spaces.

Their high energy density makes it possible to use

miniature magnets, for example in sensor technology, and more compact modules, for example in
motor engineering.
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Rare earth magnets

Rare earth magnets
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Production of Rare Earth Magnets

22

23

The Path from Raw Material to Magnet

Alloying

Magnetising, marking, coating according to customer specifications

Outgoing goods inspection

Rare earth magnets consist mainly of intermetallic
compounds of rare earth metals (samarium, neodymium) and transition metals (such as cobalt, iron).

In contrast to hard ferrite magnets, milling, press-

ing, and sintering is carried out in an inert gas
atmosphere. The magnets are pressed either in an

oil bath (isostatically) or in a die (axially or diametrically). After sintering they may be further processed,
for example by grinding with diamond discs.
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Rare earth magnets

Surface finishing
(grinding/cutting)

Sintering

Inspection of incoming raw material
Breaking up/filtering

Milling

Mixing

Isostatic pressing

Axial and transverse field pressing with magnetic field

Rare earth magnets

25

Magnetic Ratings Compared
1400

NdFeB 342/135 h

NdFeB 300/125 h

1300
NdFeB 270/125 h
NdFeB 250/175 h

Remanence Br [mT] (mean values)

NdFeB 250/125 w

1200
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1100
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NdFeB 200/220 w

Sm2Co17 195/160 h

NdFeB 180/250 w

Sm2Co17 180/160 w

1000

SmCo5 160/143
SmCo5 143/143
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Coercivity HcJ [kA/m] (mean values)

Forming techniques

Magnetic ratings

shapes for permanent magnets produced by pressing techniques.

vary between 130 °C and 220 °C. For SmCo magnets, they are between

Ring, disc, segment, and rectangular magnets are the most common
More unusual shapes can also be produced. It is better to press the

magnets into the desired shapes, since subsequent shape changes
(adding drill holes, chamfers, notches, indentations, and similar) are

labour-intensive and require diamond tools. Note that these shape

features can be produced only in the pressing direction. Since for anisotropic magnets, the direction of magnetisation is the same as the

pressing direction, drill holes, chamfers, notches, indentations, and
similar can be produced only in the direction of magnetisation.

>> Further details are found under Typical Magnet Shapes in the technical information on page 64.

Mechanical properties

As typical sintered metals, rare earth magnets are brittle under impact

and bending loads. Sm2Co17 is the most brittle. Processing, such as

grinding and cutting, require diamond tools because of their specific
hardness. Processing with spark erosion and water jet cutting is also
possible.

The possible maximum operating temperatures of NdFeB magnets

250 °C und 350 °C. The complete magnetic properties, measured in
compliance with IEC 60404-5, can be found in the download section
of our website at www.ms-schramberg.de. Magnetic properties may

differ from those stated due to variations in geometry and dimensions.

Axially, transverse field (diametrically) and isostatically pressed
magnets

Rare earth magnets are either cut from isostatically pressed raw mag-

nets or pressed in a transverse field (h material) or in the axial field
(w material). The different production methods affect the magnetic

properties. The h materials have somewhat higher remanence (Br).

The coercivity (HcJ) is identical. In general, the types pressed in an

axial field fulfil user requirements and for quantity orders, they can
be produced at lower cost.
Temperature behaviour

Temperature changes also affect the magnetic behaviour of rare
earth magnets. The remanence and the coercivity decrease with rising temperature and increase with falling temperature. The procData sheet download

>> www.ms-schramberg.de

esses are reversible. Magnets with low operating point and/or opposing magnetic fields can, however, suffer persistent loss of

magnetisation caused by reduction of coercivity at high temperatures.
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Rare earth magnets

3100

3

Background Information

Chemical properties/corrosion resistance

NdFeB magnets

appear shiny directly after surface processing. Acid ambient condi-

predominant Nd2Fe14B magnetic phase and an intermetallic grain

Rare earth magnets have the properties of metals; for instance, they
tions will lead to the dissolution of the magnets, while they are
somewhat resistant to alkaline media.
SmCo5 and Sm2Co17 magnets

Since they consist only of stable intermetallic phase material, at low

temperatures these magnets are relatively resistant to moisture, solvents, alkaline solutions, lubricants, and neutral noxious gases. Acids
and salt solutions, in contrast, attack the magnets. Sm2Co17, as opposed

to SmCo5, contains iron and can exhibit red rust. Samarium cobalt

magnets are usable without protection for most applications. However, the chemical resistance can be further improved by metallic or
plastic coatings.

The microstructure of sintered NdFeB materials is characterised by a

boundary phase. In traditional NdFeB materials, the grain boundary
phase consists of free neodymium. Like most rare earth metals, neo-

dymium is extremely susceptible to corrosion, and spontaneously
generates neodymium oxide powder or neodymium hydroxide powder, expanding in volume.

In our NdFeB materials, this free neodymium is replaced as far as

possible by a stable intermetallic phase (corrosion-stabilised). The

corrosion susceptibility of the material is thus significantly reduced.
Although the traditional, nonstabilised NdFeB materials are destroyed

by pulverisation in a short time, the corrosion-stabilised NdFeB materials exhibit extraordinarily good corrosion resistance. The behaviour

of the material in a humid environment can be investigated in an
autoclave.

NdFeB is in principle relatively resistant to most solvents, but salts

and acids are very corrosive to it. Hydrogen embrittles the material.
NdFeB contains iron and can exhibit red rust. The reaction is spontaneous, gives off heat, and strongly increases the volume. The mag3100

3200

3300

3400

netic properties are lost.

Corrosion-stabilised NdFeB magnets are usable without protection
for many applications. Their chemical resistance can be further
improved by metallic or plastic coatings.

Rare earth magnets
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Plastic Bonded Magnets

History

Development of plastic-bonded hard ferrite
magnets: End of the 1950s

Use: Beginning of the 1960s
Development of plastic-bonded NdFeB magnets:
Middle of the 1980s

Use: End of the 1980s

Production begins at MS-Schramberg
1985

Compound preparation

Plastic bonded, injected magnets consist of two

components: magnet powder (see Hard Ferrite/Rare
Earth Magnets) and thermoplastic matrix material

(PA 6, PA 12, PPS). The plastic granulate and the magnet powder are compounded in a hot kneader or
twin screw extruder and then granulated.
Type of material

Composite material
Manufacturing process

Injection-moulding and pressing process
Application area and/or distinctive properties

The forming options offered by manufacturing
processes for plastic-bonded, injection-moulded

magnets are similar to those found in the production of technical plastic components.

In contrast to production methods for sintered magnets, the manufacturing process for plastic-bonded
pressed magnets also allows the production of very

filigree parts. Further mechanical processing is generally unnecessary in both cases.

In the case of plastic-bonded injection-moulded

magnets, it is also possible to embed inserted components during the injection-moulding process, e.g.
shafts, bushes or other functional elements.
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Plastic Bonded Magnets

Plastic Bonded Magnets

29

Production of Plastic Bonded Magnets

30

31

The Path from Raw Material to Magnet

Component inserts (Shafts, bushes, spindles, etc.)
Plastic granulate
Magnet powder

Outgoing goods inspection

Plastic bonded magnets are being used in an increasing variety of products. They are produced by

embedding hard ferrite or rare earth magnet powder in plastic. First, the magnet powder and the plastic are mixed in special equipment. Then the mixture

is pressed or processed in modified injection mould-

Curing

ing machines. This process achieves very narrow
tolerances, so that postprocessing is normally
unnecessary.

Magnetising,
marking, coating
according to customer
specifications

32

Plastic Bonded Magnets

Inspection of incoming raw material
Inspection of incoming components

Compounding

Injection moulding without
magnetic field (= isotropic)

Injection moulding with
magnetic field (= anisotropic)
Automated manufacturing processes

Pressing without magnetic field

Automated manufacturing processes, e.g.:
• Feeding of components
• Magnetisation

• Magnetic and/or visual/mechanical inspection
• Packaging

Plastic Bonded Magnets
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Magnetic Ratings Compared
800
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NdFeB 65/85 pw

NdFeB 55/100 pw

600

Remanence Br [mT] (mean values)

NdFeB 55/60 p
NdFeB 48/60 p
NdFeB 42/60 p

500

NdFeB 37/60 p
NdFeB 30/60 p
400

NdFeB 49/80 p
NdFeB 46/80 p
NdFeB 43/80 p

NdFeB 49/100 p
NdFeB 43/100 p

NdFeB 38/80 p

NdFeB 38/100 p

NdFeB 32/80 p
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There are two main types of plastic bonded magnets, differentiated by their manufacturing process.

Pressed Magnets (pw):
		

Injection Moulded Magnets (p):
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• Isotropic NdFeB magnets
• Anisotropic NdFeB magnets
• Isotropic hard ferrite magnets

		

• Anisotropic hard ferrite magnets

		

• Isotropic NdFeB magnets

		

• Anisotropic NdFeB magnets

		

• Isotropic SmCo Magnets

		

• Anisotropic SmCo magnets

Plastic Bonded Magnets

1300

1400

1500

Background Information

Manufacture of plastic bonded, pressed NdFeB magnets

Shaping possibilities for plastic bonded, pressed NdFeB magnets

used as the plastic. The very high filling ratio (97 % NdFeB powder)

filigreed geometries than sintered magnets. For example, thin-walled

Plastic bonded NdFeB magnets are axially die pressed. Epoxy resin is
produces considerably higher magnetic values than for plastic bonded, injection moulded magnets. The dies are more simple and more
economical than dies for injection moulded magnets.

Plastic bonded, die pressed magnets can be produced in much more

rings can be produced with dimensions Ø 27 x Ø 24 x 30 mm and
diameter tolerances as narrow as about ± 0.05 mm. Normally, no further mechanical processing is required. However, for especially exacting requirements, the magnets can be ground to even closer tolerances.

1500

1600

1700

1800

Plastic Bonded Magnets
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Background Information

Manufacture of plastic bonded, injection moulded magnets

Shaping possibilities for plastic bonded, injection moulded

hard ferrite or rare earth magnet powder embedded in a thermoplas-

An important advantage of plastic bonded, injection moulded mag-

Injection moulded magnets are typical composite materials, with

tic matrix material (PA 6, PA 12, PPS). The concentration of magnetic
powder determines the magnetic and mechanical properties.

In the manufacturing process, first the magnet compound is produced. Then the plastic granulate and the magnet powder are mixed

in a hot kneader or twin screw extruder and then extruded and gran-

ulated. The next step is the processing of the compound in modified
injection moulding machines.

magnets

nets is the enormous range of shapes compatible with this moulding

process. In principle, geometries like those achieved for technical plastic components may be implemented. In addition, the high filling

ratio (50 % - 70 % by volume) and the associated minimal shrinkage

allow for very close tolerances in comparison to normal plastic
parts.

When an anisotropic magnet is injection moulded, during the injec-

Plastic-bonded embedded magnets

lar direction. This sets a preferred direction parallel to the field orien-

nents enables the combination of magnets with shafts, bushes or

tion, a magnetic field is applied in axial, radial, diametrical, or multipotation for the magnetic material. Normally, no further mechanical

processing is necessary for finished plastic bonded injected magnets.
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Injection moulding of magnet compound around inserted compoother functional elements.

Hybrid materials

Temperature behaviour

and 570 mT; for injection moulded hard ferrite magnets, it is between

magnetic behaviour of even plastic bonded magnets (see tempera-

The remanence of injection moulded NdFeB magnets is between 470

140 and 295 mT. The range between 295 and 470 mT can be covered
by mixing neodymium and hard ferrite powder. The savings in NdFeB

powder use make this an economical variant for high magnet volumes and large quantities.
Matrix material

The most used plastic matrix in injection moulded magnets are polyamides (PA 6, PA 12). Maximum continuous service temperatures lie

between about 120 °C for PA 12 and about 130 °C for PA 6. For higher
continuous service temperatures up to 200 °C, polyphenylene sulphide
(PPS) is a high temperature resistant carrier material. For die pressed

Depending on the magnet material, temperatures can influence the
ture behaviour of hard ferrite and rare earth magnets).
Chemical properties/corrosion resistance

The chemical resistance of plastic bonded magnets, as usual for com-

posite materials, depends on both the plastic matrix and the magnetic filler. The magnetic particles of injection-moulded magnets are

afforded additional protection by the high proportion of plastic

(approx. 30–50% by volume). Magnets manufactured with a polyphenylene sulphide (PPS) base show a considerably better resistance to
chemical substances (oils, greases, fuels, etc.) than PA-bonded mag-

nets. Resistance to particular chemicals must, however, be tested on

NdFeB magnets, epoxy resins are used.

a case-by-case basis.

Mechanical properties

trast to bonded injection moulded magnets, cannot be produced as

Plastic bonded magnets are much more elastic than sintered magnets, but because of the high filling ratio, they do not reach the

mechanical properties of technical plastics. For example, it is possible
to produce injection mould toothed parts directly with plastic bonded magnetic material. However, they can stand only slight loads, since
the friction properties are less favourable than for unfilled plastics.
Magnetic ratings

You can find the complete magnetic properties based on DIN IEC
60404-8-1 standards in the download section of our website at
www.ms-schramberg.de.

Depending on the magnet and matrix materials, the possible maximum operating temperatures of plastic bonded magnets vary
between +120 °C and +200 °C.

All values indicated were determined on standard samples following

IEC 60404-5. For unfavourable geometries, especially for thin magnets or tight pole pitches, the excessively fast solidification process

or insufficient orienting field strength can cause the material data to
be less than optimal.

Pressed magnets have about 10 %-20 % plastic by volume, and in con-

sealed pieces. The epoxy resin does cover the magnetic particles, but

under corrosive conditions, the pressed magnets show more susceptible surface than injection moulded magnets.

For injection moulded hard ferrite and samarium cobalt magnets, the

same starting material is used as for the sintered magnets. The corrosion resistance is not very different. However, one should keep in mind
that if the environment is very aggressive, even the matrix material
can corrode.

For plastic bonded NdFeB magnets a special magnetic powder is used,
which has a very low ratio of corrosion-sensitive free neodymium. For
these magnets, the metallic part is thus definitely more corrosion
resistant than in the sintered version.

Whether they are plastic bonded and pressed or injection moulded, in
the large majority of cases, the magnets can be used without further
protection. For critical applications, the chemical properties such as
corrosion resistance can be further improved by a plastic coating.

>> Note: All material data refers to a sample form (rectangular magnet with
10 mm x 10 mm x 5 mm) and assume a sufficiently strong orienting magnetic
field. For varying geometries, especially for thin walls and lower orienting
magnetic field, the magnetic properties will be reduced.

Data sheet download

>> www.ms-schramberg.de

Plastic Bonded Magnets
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Plastic and
Plastic Composite Parts
Successful with technical plastic parts

We have been overmoulding sintered or plasticbonded magnets with specialised plastics since the

mid-1980s. Nothing comes more natural than to
also offer you our experience and expertise for the
production of technically demanding plastic parts.

The required quality is not only guaranteed by our

modern equipped tool and mould facility. We achieve efficient production with a high level of automation. The relevant solutions are developed, designed

and manufactured in our own special machines
division.

With the aid of rheological fill and warpage simulations, we make sure, already in the product development stage, that technical plastic parts conform
completely to your demands, so you can be sure
that one fits with the other.

Production begins at MS-Schramberg
1985

Material type

Thermoplastics and composites
Manufacturing process

Injection moulding process

38

Plastic and plastic Composite Parts

plastic and plastic composite parts
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The way to Plastics and Plastic Composite Parts

Component inserts

(magnets or other components)

Plastic granulate
Magnet compound

Outgoing goods inspection

Short cycle times and common process phases for

different products enable a high degree of automation in the manufacture of plastic and plastic composite parts.

Standardised feeding, checking and packaging modules ensure short tooling times and high process
reliability.

The manufacture of products, from plastic granu-

lates and embedded components to the finished
and checked component, takes place in a single proc-

ess phase. In many cases, the components can be
deposited directly into the appropriate packaging
units (tubes, trays, bulk packaging).
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plastic and plastic composite parts

Magnetising,
marking, coating according to
customer specifications

Inspection of incoming components
Pre-treatment
Automated manufacturing processes

Injection moulding:
Technical plastic and
micro injection components
Injection embedding or injection filling

Multi-component injection moulding

Automated manufacturing processes, e.g.:
• Component feed

• Magnetic and/or visual/mechanical
component inspection

• Magnetisation of plastic composite parts

• Magnetic and/or visual/mechanical inspection
• Packaging

plastic and plastic composite parts
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A Comparison of Plastics Properties

Always choose the right plastics

When considering the specific needs of your components, an entire

The tables shown here have been compiled to help you to find the

plastics must be taken into account.

help you make your choice.

range of technical requirements determining the most appropriate

most suitable plastics. Our application engineers are always glad to

Thermoplaste Auswahl
Selection of thermoplastics
Abbreviation

Description

PA6

Polyamide 6

PA66

Polyamide 66

PA12

Polyamide 12

PEEK

Polyether
etherketone

POM

Polyoxymethylene

Trade name
Durethan,
Maranyl,
Resistan,
Ultramid,
Rilsan
Grilamid
Cristamid
Rilsan A

Delrin,
Hostaform,
Ultraform

density in
g/cu. cm

Tensile
strength in n/
sq mm

Long-term
operating temperatures in °C

1.14

43

+80 to +100

1.14

57

+80 to +100

1.04

50

1.32

1.42

Specific properties:

Typical uses

Good sliding properties, dimensional
stability, disadvantage: hygroscopic

Gears, sliding bearings,
screws, housings

+80

Similar to Pa6 and Pa66, slightly lower
melting point, but significantly less
hygroscopic. Better dimensional stability
than Pa6/Pa66

Precise, impact-prone
components, e.g. housings,
gearbox covers, sliding
bearings

97

-65 to +250

Extreme temperature and
chemical resistance

Bearings, gears, seals,
medical technologies,
aviation and aerospace.
Alternative to metals

50 - 70

+95

Good sliding properties, good dry-running
properties, ductile. Disadvantage: extreme
deformation

Gears, sliding bearings,
housing components, snap
connectors
Engine room components
in vehicles, electrical and
electronic components,
plumbing components,
components for industrial
equipment

PPA

Polyphtalamide

Amodel

approx. 1.5

250

+170

Very good physical properties over a wide
range of temperatures. Resistant to
chemicals. Extreme dimensional stability
under heat with low deformation

PPS

Polyphenylene
sulphide

Fortron, Ryton

1.65

70

-200 to +220

Extreme temperature and chemicals
resistance, ‘Adblue’ resistant,
hardness, rigidity

Containers for chemicals,
medical technologies

PSU

Polysulphone

Ultrason S, Udel approx. 1.5

approx. 110

-100 to +190

Extreme resistance to chemicals,
transparency

Medical technologies,
household appliances

Plastics are often modified by the addition of various kinds of fibres to improve their basic properties.
Glass fibres

GF

Aramide fibres

AF

Carbon fibres

CF

Kevlar

2.52

3,400

High rigidity, high heat resistance,
low price

Housings, bodywork
components

1.45

3,400 - 3,800

Lightweight reinforcing fibre, ductile,
fracture resistant

Lightweight, highly
stressed components

1.6 - 2.0

1,750 - 5,000

High tensile, conducts electricity

Housings, ESD-critical
components

Our facilities offer a comprehensive range of specialised equipment for injection moulding:
Equipment
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Displacement

Clamping force

Micro injection moulding

50 cu. mm–1050 cu. mm

50 KN

Single-component injection moulding

3.5 cu. cm–144 cu. cm

350 KN – 1.500 KN

20, 22, 25, 30, 35

Multi-component injection moulding

3.5 cu. cm–72 cu. cm

800 KN – 1.500 KN

15, 22, 25, 30

plastic and plastic composite parts

Cylinders

Background Information

Rheological filling and deformation analyses

Example – filling progress analysis

factor in the structural design process for plastic and plastic compos-

filling during the injection of plastics.

Today, rheological filling and deformation analyses are an essential

ite parts. Such analyses take a wide range of parameters into account,

ranging from component geometries and material characteristics,
the location and number of injection points and tool cooling to the

The sequence of illustrations shows the chronological progress of

After 0.06 sec.:

types of machines used.

The choice of optimum tooling concepts is determined with the aid
of simulations. Weak points in component construction can be discovered and eliminated at an early stage to reduce both development
times and tooling costs.

In addition to higher component quality, this also ensures cost-effective and secure production processes with optimised cycle times.

After 0.13 sec.:

Example – cooling phase

Different colours illustrate the differences in temperature in various
parts of the component.
Blue = approx. 40°C,
Red = approx. 290°C

After 0.22 sec.:

After 0.29 sec.:
Example – deformation analysis

In the case of deformation analysis, the colour differences show
deviations from the nominal dimensions defined.

plastic and plastic composite parts
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Production of Plastic and Plastic Composite Parts
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plastic and plastic composite parts

Background Information

Technical plastic parts

Tooth systems to satisfy the highest demands

temperature plastics, like PPA, PPS, PSU, PEEK, or high-filled plastics,

gears. We design and build the most demanding tooth systems for

We process all common thermoplastics. Furthermore, highwhich contain up to 60% and more fibres and fillers, are shaped
into precision parts.

Perfection is required when it comes to the meshing of parts like
you with up to grade 8 gear tooth quality. This is also possible for
extremely small parts.

We carry out gear tooth calculations and set up entire gear units in
collaboration with experienced external service providers.

The CAD data is fed directly into the machine tools. The quality
control is conducted with gear tooth measuring machines and
double flank gear rolling checks.

Overmoulding or injection moulding

We automatically feed and overmould insert parts, like sintered
or plastic bonded magnets, spindles, bushings, etc. If required, the
finished part can be qualified with an integrated 100% test.

plastic and plastic composite parts
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Background Information

Multi-component injection mould technology

The multi-component injection mould technology enables us to

In a second step, by turning one of the tooling halves, the hollow

plastic with a high degree of precision.

being injected in a third step. The processes “injection of the plas-

efficiently combine magnet compound material and technical

Concerning the realization of the multi-component injection moulding technique there exist several tooling concepts. The tooling on the

photo below, shows how in a first step the plastic material is being
injected in 4 cavities.
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space for the magnetic component is being created which is then

tic part” and “injection of the magnet” are effected contemporaneously.

Micro injection mould parts

We are in a position to offer you economical small injection mould

parts produced by our micro injection mould machines. The part
3

3.

volumes are between 0.30 mm and 1,100 mm

The advantages of the micro injection process in comparison to
the standard injection process are:
• fast cycles

• no thermal damage to the plastic caused by longer periods in the

The tooling on the photo below shows how in four cavities
high-strength parts for micro-switches are being produced. By
cycle times of only 4 seconds and a minimum loss of sprue an

economical production of high quantities with low tooling costs
is possible.

The tooling has an overall size of approx. 60x60x80mm.

injection mould machine

• the smallest gate system and thereby optimal material
consumption

• higher precision and integrable image processing control

• more economical tools due to the lower number of cavities
• clean room module can be integrated into the machine

With micro injection procedures like overmoulding or injection

moulding, multi-component injection-mould technology and MIM
(metal injection moulding) are also possible.

full size

plastic and plastic composite parts
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Magnet Assemblies

By magnet assembly we mean a “product”, which

through the processing of sintered and plastic
bonded permanent magnets becomes a customerspecific “magnetic system”.

We combine magnets with other technical components, which significantly simplify further assembly for you. Because of their brittleness and, in
part, enormous magnetic forces, the handling and
processing of permanent magnets is very critical.

We have at our disposal various equipment neces-

sary for the processing of magnets, or we can develop and custom build equipment in our special

machine shop. Due to many years of experience we

are in the position to offer efficient and total solutions.

Production begins at MS-Schramberg
In the early 1990s

Manufacturing process

• Adhesive methods – we employ:

The following adhesives are processed:
- Epoxy resins and polyurethane

		 (One- and two-component)

- Cyanoacrylate and methyl methacrylate
- Anaerobic adhesives

- Radiation-curable adhesives
• Other adhesive methods:

- Component mounting or press fitting
- Shrink-wrapping
- Bandaging
- Clinching

- Clip mounting
- Laser welding

- Ultrasonic welding
- Pouring

- Caulking
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magnet assemblies
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Production of Magnet Assemblies

50
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The Path from Magnet to the Magnet Assembly

Magnets
Assemblies/Components

Outgoing goods inspection

In the Business Unit ‘Component Assemblies’,

permanent magnets are combined with other

components to create customer-specific solutions.
The methods used are:

• Adhesive technologies

• other joining methods, e.g. ultrasonic

welding, mounting and press-fitting of

components, shrink-wrapping, laser welding,

bandaging, clinching, clip mounting, pouring,
caulking

Magnetising,
marking, coating according to
customer specifications
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Bonding

Ultrasonic
welding

Inspection of incoming components
Surface treatment (if requested)

Automated production
cells or lines

Automated manufacturing processes, e.g.:
• Component feed

•Magnetising, magnetic and/or visual and
mechanical inspection

• Surface pre-treatment

• Application of adhesive and component joining
• Adhesive curing

• Magnetising, magnetic and/or visual

and mechanical inspection and labeling of
component assemblies

• Packaging
Other joining
methods

Magnet assemblies

53

Adhesive technology

The use of adhesives is the best way of connecting sintered and plas-

The following process steps are decisive in ensuring high-quality and

ing and over a wide range of temperatures. We possess many years

• Choice of adhesive

tic-bonded magnets to technical components – without force lockof extensive experience in the field of industrial mass production.

Members of our staff, specially trained in adhesives technologies,
guarantee professional results and consistent high quality.

cost-effective production:

• Component surface treatment
• Adhesive application method
• Curing process

• Testing equipment
We offer appropriate systems for not only manual and/or semi-auto-

mated short-run manufacturing, but also fully automated manufacturing of larger production volumes.
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Choice of Adhesives

The choice of an appropriate adhesive depends both on the required mechanical, chemical and physical properties, as well as on the
requisite degree of automation.

Selection of adhesives
Adhesives

Curing activated by

Tensile/shear
strength at RT

Resistance
to
chemicals

Breaking
strain

1C epoxy resins

Heat

20–40
N/mm2

Very good

<5%

-50 to +200°C

Ferrite, ceramics,
plastics, metals

2C epoxy resins

Component mixing

20–30
N/mm2

Good

up to 10%

-50 to +130°C

Ferrite, ceramics,
plastics, metals

2C polyurethane

Component mixing

15–25
N/mm2

Average

up to 50%

-40 to +100°C

Ferrite, ceramics,
plastics, metals

Cyanoacrylate

Airborne moisture

15-20
N/mm2

Poor

<10%

-20 to +80°C

Ferrite, ceramics,
plastics, metals

Methyl methacrylate

Accelerator coating
method (No-mix)

15-30
N/mm2

Good

up to 50%

-40 to +100°C

Ferrite, ceramics,
plastics, metals

Anaerobic adhesives

Metal contact and
exclusion of oxygen

15-30
N/mm2

Good

up to 5%

-40 to +150°C

Ferrite, ceramics,
plastics, metals

Radiation-curable adhesives

By UV irradiation

10-25
N/mm2

Good

up to 50%

-40 to +100°C

Ferrite, ceramics,
plastics, metals, glass

Adhesive tapes

No fixing mechanism

05-10 N/25mm

Poor

-20 to +120°C

Ferrite, ceramics,
plastics, metals, glass

Operational
temperatures

Applications

Magnet assemblies
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Surface pretreatment

Surface pretreatment

The surface pretreatment required depends on the adhesive to be

Thanks to the high energy level of the plasma, the structures of or-

ments of the finished assembly. The following methods are avail-

ed and broken down. The surface is completely freed of undesirable

used, the components to be connected and the operational requireable:

• Laser irradiation

ganic and inorganic substances on the surface can be directly targetsubstances and offers ideal conditions for subsequent bonding.

• Atmospheric plasmas

Characteristic advantages:

• Water-based industrial cleaning systems

• Potential-free pretreatment

• Particle blasting (corundum, glass etc.)

The aims of surface pretreatment are:

• The removal of loose surface layers/particulate matter
• Improvement of wetting properties
• Improvement of adhesion

• Improvement of long-term endurance
• Guaranteed reproducibility
Laser irradiation

Surface pretreatment by laser irradiation is the preferred method

in the case of metals. It may also be employed for the treatment of

• Gentle treatment with no residues
• Dry treatment without additional media

• Increased polar proportion of surface energy
• High reproducibility and process monitoring

• Precise positioning and automation capability
Particle blasting

This pretreatment method is employed for metals. Due to considerable process costs and the accumulation of residues on components,

the preferred alternative methods today are laser or atmospheric
plasma treatment.

plastic and ceramic components. Adjustment of the intensity of the

Characteristic advantages:

structure modification by point-focused melting. Top and dirt layers

• Surface structuring

laser beam allows either surface cleaning (= low intensity) or surface

on the substrate surface can be removed completely by vaporisation.

• Removal of insoluble surface layers to reveal the basic material
• Increased surface area

• High reproducibility and process monitoring

Characteristic advantages:

Aqueous cleaning

• Gentle treatment with no residues

form of alkaline, neutral and acidic cleaners. They are most frequent-

• Removal of oxidised layers

• Dry treatment without additional media

• Surface structuring for increased adhesion area
• Increased polar proportion of surface energy

Environmentally compatible, aqueous cleaners are available in the
ly the preferred medium when large volumes are to be cleaned and/
or for the fulfilment of fine and ultra-fine cleaning tasks.

• Enables high reproducibility and process monitoring

These cleaning processes combine a water-based cleaning step fol-

• Precise positioning and automation capability

performed in a spray-cleaning tunnel in which jets spray cleaners

• Ablation rates of up to 15 cm2 per second

Atmospheric plasmas

Pretreatment with atmospheric plasmas is one of the most effi-

cient pretreatment methods for plastics. This method may also be
employed for the treatment of metals and glass. This pretreatment

method permits immediate further processing of the components
and guarantees a clean and cost-effective overall process.
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lowed by one or more rinses with aqueous solutions. This is often
agents on to the component assemblies. Further cleaning options

are immersion tank systems with ultrasonic cleaning or pressure liquid circulation.

Adhesive application/Curing Methods

Adhesive application methods

Curing methods

hesive connections. We have the following methods at our disposal:

adhesives:

Correct dosage is an essential requirement in ensuring optimum ad• Pressure/time-controlled dosing
• Volumetric dosing
• Jet dosing

• Spray dosing

Pressure/time-controlled dosing

The pressure/time-controlled dosing method is extremely cost-effective and sufficient for many applications.
Volumetric dosing

The volumetric dosing method allows very precise dosing of adhesives
and is particularly effective in safeguarding consistent quality when

Various different methods are used to activate the curing process in
• Heat

• Component mixing
• Humidity

• Accelerator coating method

• Metal contact and exclusion of oxygen
• UV irradiation
Heat

The curing reaction in single-component epoxy resins is activated by
the application of heat. In this type of adhesive, the resin and curing

agent are already delivered as a homogeneously mixed product. The
curing agent, however, is protected against reaction with the resin.

only small amounts of adhesive need to be applied. Volumetric dosing

The application of heat energy melts the layer protecting the curing

and the viscosity of the flowed medium.

applied to the adhesive bonding location in an oven or by induction.

methods are not dependent on temperature, material flow pressure

Characteristic advantages:

• Extremely precise feed quantities
• Reversible dosing streams
• No dripping

• Extremely gentle flow
This method also permits the application of filled adhesives and
sealants to the workpiece.
Jet dosing:

A high-velocity, piezoelectric dosing jet applies individual adhesive fluid droplets. This method allows the contact-free application

agent and activates the curing process (polyaddition). Heat may be
Oven curing is generally applied for batches or in continuous ovens

in which the components are exposed to the curing temperature for
a predetermined period of time.

In the case of induction curing, the heat is applied by means of a

specially designed coil system. This method makes it possible to reduce the curing times of heat-curing adhesives by up to 90%. The

method may be employed for all electrically conductive materials.
Reduced curing times enable continuous processes from component
pretreatment and application of adhesives to final curing.

This method is particularly advantageous for use in fully automated
processes.

of dots or lines of adhesive. Precise dosing is also possible at high
speeds.

Characteristic advantages:

• Precisely dosed individual droplets
• Contact-free application
• Extremely fast jet
• Extremely precise
Spray dosing

Spray dosing allows the application of activators, primers, accelerator paints and adhesives on large areas.

Magnet assemblies
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Curing Methods/Testing Methods

Component mixing

Testing methods

polyurethane adhesives, the curing process is activated by contact

nents before the joining process and the finished assemblies after

In the case of two-component epoxy resins and two-component

between the resins and curing agents (mixing proportions 1:1). The

additional application of heat energy accelerates the polyaddition,
but is not absolutely necessary.

Quality assurance of adhesive bonds involves checking the compojoining. Here, we differentiate between qualification testing, production-related testing and first- and last-piece inspection for approval purposes:

Testing for the qualification of adhesive bonds:

Polyaddition

• Surface energy

• Roughness measurement

• Determination of bond strength by tensile and pressure
testing between –40 and +200°C

• Constant-climate test
• Condensation test

• Climate-change test
• Salt-spray test

Reaction

• Temperature shock test
• Cataplasm test

Monomers (liquid)
	Resin monomer

Polymers (solid)

• Water removal

Curing agent
Production-related testing:

Humidity/accelerator coating/metal contact and exclusion
of oxygen/UV irradiation

• Monitoring of the adhesive caterpillar by sensor or camera
• Adhesive quantity monitoring by sample testing on scales

The solidification process (polymerisation) is activated by contact

First- and last-piece inspection for approval purposes:

be humidity (cyanoacrylate), an accelerator coating (methyl meth-

• Roughness measurement

between the adhesive and a curing agent. The activating agent may

acrylate), metal contact and exclusion of oxygen (anaerobic adhesives) or UV irradiation (radiation-curable adhesives).
Polymerisation

Monomers (liquid)
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• Determination of bond strength by tensile and pressure testing
The test to be applied must be specified for each application upon
receipt of orders.

Reaction

	Resin monomer

• Surface energy

Polymers (solid)
Curing agent

Magnet assemblies

Other joining technologies

For certain assemblies, fixing techniques such as ultrasonic

know-how which we have acquired from the widest range of projects.

welding, clinching, clipping in, casting or press fitting are to be

product and processing recommendation.

welding, pressing components in or on, shrink fitting, laser
preferred to adhesive technology. You benefit directly from the

Based on your specific needs you can always count on an optimal

Magnet assemblies
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Technical

Information

In this section, you will find further technical information about

permanent magnets and also about our quality and environmental
management.

Geometries of Magnetisation

Magnetisation
Poles marked on request

magnetised
through its
height

Materials

any

axially magnetised

axially magne-

magnetised in

sectors,

surface,

tised through by
e.g. 6 poles

any

any

sectors on one

radially magnetised

d

HF isotropic sintered;

a

m

e.g. 6 poles

any

HF isotropic p;

HF anisotropic p;

NdFeB isotropic p;

NdFeB anisotropic p;
NdFeB isotropic pw

Preferred direction for
Anisotopic Magnets
Magnet Shapes

along the height

axial

axial

axial

radial

d

Trapezoidal,

Disc, ring, ring

Disc, ring, ring

Disc, ring, ring

Ring, ring cut-out

D

rectangular,

rectangular with
inside radius,

rectangular with
outside radius

pw = plastic bonded, compression moulded magnets
p = plastic bonded, injection moulded magnets
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cut-out

cut-out

cut-out

r

P
diametrically
megnetised

any

P

magnetised on

two or more poles,

magnetised in

magnetised

e.g. 6 poles

inner Ø,

surface

stripes

circumference,

magnetised on
e.g. 4 poles

HF isotropic

HF isotropic

HF isotropic p;

HF isotropic p;

sintered;

HF anisotropic p;

NdFeB isotropic p;

NdFeB anisotropic p;

sintered;

stripes on one

p = pole distance

any

through in

radially

diametrically

any, except h

any

magnetised

magnetised

p = pole distance

any

materials

(isostatically

HF anisotropic p;

pressed rare earth

NdFeB isotropic p;

materials)

NdFeB anisotropic p;

NdFeB isotropic pw; NdFeB isotropic pw;

diametrical

Disc, ring,

ring cut-out

SmCo isotropic p

SmCo isotropic p

pole oriented

pole oriented

Disc, ring,

ring cut-out

Ring,

ring cut-out

along the height

along the height

radial

diametrical

Disc, ring, ring

Disc, ring, ring

Segment

Segment

dal, rectangular,

dal, rectangular,

cut-out, trapezoirectangular with

inside radius, rectangular with

outside radius

cut-out, trapezoirectangular with
inside radius,

rectangular with
outside radius

>> Special magnetisations, such as several magnetised
tracks (coding) on a face or the circumference are
available on request.

Technical Information

63

h

h

D

Typical Magnet Shapes

D

d
d

h

Item designation at MS-Schramberg

h
D

Magnet shapes:

D

Magnet assemblies:

b

d

h
Ra

Ri

Sensor exciter ring assembly

dd

(for sensor applications

d

such as motor
b

Disc magnet

hh

D
D

D
dd D
D d
Dd
Rad D

h
Ri

hl
hh

h

Dbb
D
DDD
b

Ring cut-out magnet

b
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Preferred direction

The preferred direction is the direction in which magnetic grains are
oriented in a magnet. The requirements for this vary with the type of
magnet.

However, it is not possible to magnetise anisotropic magnets perpendicular to their preferred direction.

Isotropic magnets

Isotropic magnets have no preferred direction. Since the orientation
of their magnetic grains is statistically random, they can be magnet-

ised in any direction. However, only those magnetic crystals are magnetised that are oriented in the direction of magnetisation.

The shape anisotropy possible for isotropic ferrites is remarkable.
Depending on the powder properties and the moulding process, it

can be up to 10%. The main reason for this is the hexagonal, laminar
structure of the powder, which can orient itself in the compression
direction upon axial pressing.

Anisotropic magnets

This can be compared to the difference between pairs of dice and a

deck of playing cards. If we toss each “system” onto a table, the dice
will be oriented stochastically, that is randomly, because of their
shape. Quite a contrast to the playing cards; they fall in a distinct flat

pattern, which will be further intensified if you apply pressure to
them.

There are three main types of anisotropic magnets.

Magnets with axial
preferred direction

Mainly, they are ring and disc magnets

with axial preferred direction and rectangular magnets with preferred direction along their height.

Magnets with diametrical
preferred direction

Magnets for special applications, such
as motors or pumps, whose preferred

direction is made perpendicular to the
Isotropic magnets

Anisotropic magnets

Anisotropic magnets are pressed or injection moulded in the presence of a magnetic field, and all grains are thereby rotated into the

future direction of magnetisation. They have very good magnetic
properties in their preferred direction, and attain nearly double the
magnetic flux of isotropic magnets.

axis (diametrical).

Magnets with pole-oriented
preferred direction

Plastic bonded magnets whose grains
are oriented to be multipolar (pole-ori-

ented) via a magnetic system in the
injection mould.
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Magnetisation of Permanent Magnets

Special magnetisation coils are used to magnetise permanent mag-

nets. They are designed differently for each type of magnetisation.
Magnetisation is carried out with a current surge from discharging a
capacitor.

soft iron
Magnetisation coil for 8-pole

magnetisation on the inside diameter

Magnetisation coil for

magnetisation in stripes on one surface

Magnetisation coil for

magnetisation in sectors on one surface
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Magnetisation coil for 8-pole

magnetisation on the circumference

Magnetisation coils for axial

and diametrical magnetisation

Magnetisation coils for radial magnetisation

Magnetising Field Strengths

The field strength required for full magnetisation (to saturation) vari-

values, and show the field strength for the initial magnetisation (ini-

ry field strengths for the various materials.

that have been demagnetised in alternating fields require consi-

es with the material of the magnet. These figures show the necessaThe curves are typical of the material groups, based on experimental

Hard ferrite magnets

tial curve). Altering the magnetisation or remagnetising components
derably higher field strengths.

Plastic bonded magnets
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As a rough estimate for the magnetisation of hard ferrite magnets,
the triple coercivity HCJ has to be applied.
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Bonded hard ferrite magnets and bonded SmCo magnets require the
same magnetising field strength as sintered magnets of the same

materials. Bonded NdFeB magnets require slightly stronger magnetising fields than sintered NdFeB magnets.

SmCo magnets

NdFeB magnets
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SmCo magnets require the highest magnetising field strengths.
For these magnets, magnetising multiple poles is very difficult.

Saturation
in percent
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in %
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in percent
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The magnetising field strength for NdFeB magnets depends on the

coercivity. NdFeB magnets with high coercivity are easier to magnetise than those with low coercivity (high remanence).
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Hysteresis Loop – Demagnetisation Curve

A hysteresis loop is a plot of magnetic induction B and magnetic polarisation J as a function of the magnetic field strength H.

The second quadrant of the hysteresis loop is the demagnetisation
curve. The shape of the demagnetisation curve and its initial and

final points, giving remanence Br and coercivity Hc, represent the

The first quadrant shows the behaviour of the material when it is

most important magnetic properties of a permanent magnet. All

applied, the magnetic moments are oriented parallel to this field.

tities.

being magnetised. When an external magnetic field of strength H is
When all magnetic moments are oriented, the magnetisation is said
to be saturated.
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curves in the figures of this brochure show average values of quan-

The B and J curves in the third and fourth quadrant are the same as

in the first two quadrants, reflected through the origin. Here the
magnetisation is rotated by 180 °C (in the opposite direction).

1 X axis: Magnetic field strength H [kA/m]
The x axis gives values of the external magnetic field strength H.

2 Y axis: Magnetic flux density B/Magnetic polarisation J [mT]
The y axis gives values of the magnetic flux density B in the magnet
and the magnetic polarisation J.

3 B curve: Magnetic flux density (magnetic induction) B [mT]

The B curve shows the magnetic flux density B in the magnet,
depending on the externally applied magnetic field strength.

4 J curve: Magnetic polarisation J [mT]
The J curve shows the contribution of the magnet material to the
magnetic flux density, depending on the externally applied magnetic field strength (J = B - µ0 · H).

5 Remanence Br [mT]
The remanence Br is the remaining magnetisation in a magnetic

iron, the angle of the operating load line depends only on the magnet

geometry. In systems with magnetically soft pole pieces, the angle of

the operating load line depends on the relationship of the air gap to

the magnet’s length. When an external magnetic field (H =
/ 0) is
applied, the new operating load line is displaced parallel to the
former one.

11 Operating point

The operating point is defined as the intersection of the operating

load line and the B curve. It is the point on the demagnetisation curve
whose coordinates are the magnet’s magnetic flux density and the

magnetic field strength in an operating state. The operating point of
a permanent magnet must always be in the linear region of the
demagnetisation curve, taking the effects of temperature (tempera-

ture coefficients of Br and HcJ) and external opposing fields into

account. If the operating point comes into the nonlinear region near
the knee, the magnet will become partially demagnetised (irreversible losses).

material at field strength H = 0 kA/m, after it has been magnetised 12 Length-to-diameter ratio h : D
to saturation in a closed path.

In our figures, there are auxiliary lines for determining the operating

6 Coercivity HcB [kA/m]
The coercivity HcB is the magnetic field strength required to bring the
magnetic flux density back to 0 in a ferromagnetic material which

has been magnetised to saturation.

7 Coercivity HcJ [kA/m]
The coercivity HcJ is the magnetic field strength required to bring the
polarisation back to 0 in a ferromagnetic material which has been
magnetised to saturation.

8 Energy product (B · H) max. [kJ/m ]
The figure shows hyperbolas 9 , whereby all points on any hyper3

bola have the same energy product B · H (product remains constant).

load line of a disc magnet without surrounding iron. To construct the

operating load line, connect the origin of the graph with the factor
h : D. The factor h : D describes the ratio of the height to the diameter

of the magnet. Note that the angle of the operating load line varies

within a magnet; our figures show average values. For a very small
h : D ratio (< 0.3) one should take into account that the operating

point in the centre of the magnet is much lower than the average
value.

13 Initial curve

An initial curve shows the magnetic flux density (or the magnetic

polarisation), as a function of the externally applied magnetic field
strength, for the initial magnetisation of a magnet.

The hyperbola tangent to the B curve has the maximum energy den- 14 Saturation polarisation
sity (B · H)max..

10 Operating load line
The operating load line describes the properties of the magnetic loop.

When a magnet is fully magnetised, the polarisation does not continue to increase with increasing field strength.

Its angle depends on the magnet geometry and the magnetically

soft pole pieces used. If a permanent magnet has no surrounding
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Coatings

If an application requires special protection, virtually all magnet

Wet painting and passivating coatings can be applied to nearly all

application determine which coating is suitable for it. An universal

however, require larger layer thickness tolerances. For special corro-

materials can be coated without difficulty. The magnet’s material and
coating equally suitable for all possible uses has not yet been developed.

sion requirements, two-coat systems of passivating paint and top
coat are possible.

A Teflon coating is more a niche product because of the higher pro-

Table 1

gives an overview of the coatings and their main applications. We
monitor coating quality during series production.
Table 2

lists the available corrosion tests.
Note that a nickel coating always causes a “magnetic short”. This
reduces the magnetic properties (remanence Br, the energy product
(B · H)max., and the coercivity HcB) by 5 - 7%.

Metallic coating

Metallic layers, usually applied by electroplating, protect the relatively

brittle material from edge damage. Good plated coatings have multiple layers; they protect better than single layer systems.

Suitable for SmCo and for NdFeB magnets, they offer very good pro-

tection from moisture and steam. However, to protect from corrosive
media, plastic coatings are usually superior to metal.

Small components are usually coated in bulk, without contact points,
because, except for passivating coatings, damage to the metallic coat
could accelerate corrosion.
Plastic coating

Organic coatings are characterised by their coating technology and

coating material. In contrast to metallic coatings, they are suitable for
all magnet types.

The disadvantages of plastic, as compared to metal, are lower application temperatures and the lower resistance to steam. An advantage
of plastic is the better resistance to corrosive media.

The most resistant and even coating is obtained with electro dipping
(E-coat). However, it can be used only for conducting magnets, and
the process leaves small contact spots on the magnet.
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cess temperature, about 300°C, and the higher price; but it offers the

highest corrosion protection, extensive chemical resistance, and high
temperature resistance.

Parylene, a relatively soft plastic deposited from a gaseous state, is
suitable to coat all magnet materials; it forms a watertight, contour-

faithful, closed covering. It is safe for food, guarantees effective protection against moisture, and makes magnets highly resistant to
chemicals. The only shortcoming is that it cannot be exposed to
mechanical loads.

Table 1
Coating

Metallic
Metallisch

Short form

Purpose

Suitable for

Nickel

Ni

Decorative coat, edge protection

Sintered rare earth magnets

Nickel/Copper/Nickel

Ni/Cu/Ni

Moisture protection, good corrosion protection

Sintered rare earth magnets

Nickel/Tin

Ni/Sn

Moisture protection, good corrosion protection

Sintered rare earth magnets

Zinc/Chrome

Zn/Cr

Moisture protection, passive corrosion protection

Sintered rare earth magnets

Electro dipping

E-coat

Very good corrosion protection

Sintered rare earth magnets

Wet painting

Wet

Good corrosion protection

Sintered and plastic bonded
hard ferrite and rare earth magnets

Passivating coat

Zn/Al layers

Moisture protection, very good corrosion protection

Sintered rare earth magnets

Teflon

PTFE

Very good corrosion protection, chemical resistance

Sintered and plastic bonded
hard ferrite magnets

CVD polymer

Parylene

Moisture protection, good corrosion protection,
food safety

Sintered and plastic bonded
hard ferrite and rare earth magnets

Organic

Table 2
Corrosion test

Short form

Standard

Conditions

Standard test
duration, series

Unbiased Autoclave Test

UAT

EIA JESD 22-A102-C

121 °C · 2,05 bar · 100 % rF

24 h*

Temperature humidity bias life test

THB

EIA JESD 22-A101-B

85 °C · 85 % rF

24 h

Salt spray test

SST

DIN EN ISO 9227 SS

35 °C · 50 g/l NaCl-Lösung

24 h

Condensation moisture test (condensation climate
with alternating humidity and air temperature)

AHT

DIN EN ISO 6270-2
AHT

40 °C · 100 % rF
18-28 °C · < 100 % rF

8h
16 h

* Longer test duration possible by agreement
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Toxicology and Radioactivity

Ferrite magnets belong to the oxide ceramics material group. They

Radiation effects on permanent magnets*

should be noted. Under some conditions, for example with acids,

defects. Structure-dependent properties such as coercivity, induction,

pose virtually no health risk. The barium content of some magnets

traces of barium can become dissolved. Since barium is a heavy metal, it is preferable for some applications to use strontium ferrite magnets instead.

The toxicity of rare earth metals and their compounds is not well

understood. They were long considered completely harmless, and
some have even been used therapeutically for medical purposes. In

mechanical processing, it has been recognised that breathing the

magnetic dust, especially together with cobalt, is a hazard. Breathing
the soluble salts in air-borne dust results in a small elevation of blood

Exposure of permanent magnets to radiation can cause structural

and remanence are directly affected, and intrinsic properties such as
saturation magnetisation and curie temperature are indirectly affected. Detectable magnetic changes are seen only above a threshold

irradiation level that varies between materials. Currently no reliable

irradiation level limits have been established. However, deterioration
or change has been observed in a small number of experiments at

high irradiation levels. For example, irradiation by 5.4 · 1018 thermal
neutrons per square centimetre and 1.2 · 1017 fast neutrons per square

centimetre at 50°C resulted in a 3% decrease in the saturation magnetisation of Fe2O3, the essential material in hard ferrites. NdFeB mag-

levels. Resorption of traces by ingestion is, by contrast, considered

nets lose more than 50% of their magnetisation at a proton dose of

nances. Investigations showed that SmCo magnets have good chem-

SmCo magnets begin to exhibit significant demagnetisation at high-

harmless. There are no limits for cobalt in the drinking water ordiical resistance in neutral and alkaline media. Of course, these metal

compounds have no acid resistance. Natural samarium, a main com-

4 · 106 rad and practically all of their magnetisation at 4.5 · 107 rad.
er doses, around 109 to 1010 rad. Sm2Co17 is less sensitive than SmCo5.

ponent of SmCo magnets, has about 15% abundance of the

isotope147 Sm. Despite this, external contact is completely harmless.

The constituents of NdFeB magnets are not hazardous. Nonetheless,
one should avoid intake of dust and dissolved material.

* Source : Concise Encyclopedia of Magnetic and Superconducting Materials, J. Evetts (edt.), pp. 451 ss., Pergamon Press, Oxford, New York, Seoul, Tokyo (1992).
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Couplings and Brakes

and wear. Also, the driving and driven coupling components can be
separated by a closed container wall. There are different types of per-

Magnet

Soft iron

Torque

Permanent magnet couplings can transfer forces without contact

manent magnet couplings, which will be described in the following.
It is always important to keep the air gap between the components
of the coupling as small as possible, to maximise efficiency.

Soft iron

Torque

Magnet

0

Rotation angle

Hysteresis material

Hysteresis coupling or hysteresis brake

In a hysteresis coupling or hysteresis brake, a magnet with multiple

poles is placed opposite a disc made of hysteresis material (perma-

nent magnet material with high remanence and very low coercivity).

0

This type of coupling is normally used for operating drive units with

different rotational speeds. Then the driving and driven units will
have a constant torque between the two couplings, independent of
Rotation angle

Non-magnetisable material
Soft iron

Disc coupling

In a disc coupling, two multiple-pole, often anisotropic, disc or ring

the relative rotational speed. The torque is dependent on the magnet

material, the hysteresis material, the air gap, and the number of
poles.

magnets, magnetised on the circular face in sectors, are placed face
should be selected to avoid skipping of the magnetic poles. The

Magnet

Torque

to face. High axial forces must be considered, and the starting speed

Soft iron

torque is dependent on the magnet material, the magnetised area,
the air gap, and the type of magnetisation.

Torque

Soft iron

0

Rotation angle

Magnet

Copper
Soft iron

Eddy current coupling and brake

In an eddy current coupling with brake, a permanent magnet with

0

multiple poles is placed opposite a copper or aluminium disc, in con-

tact with a soft iron disc of the same diameter. It is also used when a

drive unit and a driven unit are operated with differing rotational
Rotation angle

Non-magnetisable material

Radial coupling

In a radial coupling, two ring magnets move concentrically, one inside
the other. The inner magnet is magnetised in multiple poles on its

outer cylindrical surface, and the outer magnet is magnetised in multiple poles on its inner cylindrical surface. The starting speed should
be selected to avoid skipping of the magnetic poles. The torque is

speeds. The torque varies linearly with the relative rotational speed
between the driving and driven units. The torque is dependent on the

magnet material, the air gap, the relative rotational speed, and the
number of poles.

>>Permanent magnet couplings can be dimensioned and calculated with finite element calculations. We will be pleased to advise
and support you in technical application questions.

dependent on the magnet material, the air gap, and the number of
poles.

Technical Information

73

Motors and Generators

Permanent-magnet-excited electrical devices

Cogging torque/torque curve/electrical properties

and more important as demands for improved mechanical and en-

nent magnets, cogging torque effects occur that may or may not

Permanent-magnet-excited electrical devices are becoming more
ergy efficiency grow. Nevertheless, the required properties can no
longer be determined or simulated exclusively by classical analyti-

cal methods. The use of software tools based on the finite element

method (FEM) is therefore particularly useful. The use of such methods enables the correct determination of the non-linear behaviour

of materials – particularly in the case of complex laminations and
saturation – and enables their optimisation to achieve the device parameters required.

In the case of grooved laminates used in combination with permabe desirable, depending on the intended application. The cogging-

torque curve and its maximum are determined by material properties and the geometry. As a result of the pole/groove combination,
the following example shows a cogging-torque period of 30°.

Cogging-torque curve
Tcogg [Nm]

The simulation of the magnetic field at the beginning of a development process is essential to ensure the optimum design of the
magnetic circuit. In addition to the ideal utilisation of the materials

employed, this step is also used to determine other important properties, such as the rotor-position-dependent induced voltage.
Typical examples of simulation and design

Calculation of induction distribution and demagnetisation

In the example shown here, it is noticeable that the stator teeth at
certain rotor positions are too strongly saturated. The logical con-
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-6,0E-03
-7,0 E-03
-8,0E-03
a [˚mech]

sequence is that the stator teeth must be made wider to avoid this
problem. It can also be seen that there is no risk of demagnetisation
for the magnets.

Torque curve
T [Nm]

|B| [T]
2,00
1,80
1,60
1,40
1,20
1,00
0,80
0,60
0,40
0,20
0,00

3,0
2,5
2,0
1,5
1,0
0,5

-H [kA/m]
526,29
473,66
421,03
368,40
315,77
263,14
210,52
157,89
105,26
52,63
0,00
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a [˚mech]

Modifications to various parts of the geometry are an appropriate solution for the reduction of cogging torque. However, this also causes

changes in the induced voltage and its harmonics, which must also
be appropriately analysed.

Additional analyses

Further computations and evaluations in the time domain, e.g. with

PWM-controlled motor voltage, complement and finalise the simula-

tion model. The following illustrations show the dynamic motor behaviour in the starting phase with the depiction of rotational speed,
torque and phase current simulated for the rotor position and in the
time domain.

Induced voltage harmonics

Rotational-speed curve
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Phase-current curve
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Motors and Generators

Design examples for PM-synchronous motors and generators
Internal rotors are employed when applications demand extreme
speed ranges and dynamic properties, and when motors are to be
designed for a high protection class.

Some typical applications for this type are servo-motors, actuators
in automated systems and in packaging technologies.

An external rotor is the appropriate choice for slow-moving drives

with the highest torque requirements.

They possess good speed constancy as a result of their higher moment of inertia. They are suitable for all applications in which the

rotor can be directly employed as the power take-off, for example, as
it is usually the case in ventilators or pumps.

Internal rotor motor with 15 grooves and 14 surface magnets

External rotor motor with 9 grooves and 12-pole ring magnet

Internal rotor motor with 6 grooves and 4 embedded magnets

External rotor motor with 6 grooves and 8 rectangular magnets

Internal rotor motor with 15 grooves and 14 embedded
magnets, ‘spoke design’
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A linear motor is employed when a transverse motion without trans-

mission components is required to achieve extreme positioning accuracy and high positioning speeds.

By the combination of two axial directions, it is easy to realise arbitrary motion and positioning in a single plane. Linear motors are
therefore predominantly employed in automation technologies.

Linear motor with 6 grooves and n magnets

Single-phase motors with bipolar ring magnets are generally
employed as reluctance motors.

They are therefore suitable for applications requiring a rotational
direction that only needs to overcome a low starting torque. They are
typically employed as cooling-fan motors in electronic systems and
as aquarium pumps.

Single-phase motor with bipolar ring magnet

Practical example

Internal rotor motor with 6 grooves and 8 surface magnets
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Reed Switch

A reed switch consists of two ferromagnetic contact tips (reeds) in a
capsule filled with inert gas.

if the magnet moves about in the region between the outer and

inner lobes. This example illustrates the switching behaviour with a
rectangular or disc magnet. The same behaviour can be achieved with

Contact tip
Inert gas

a ring magnet slid over the reed contact.
Glass capsule

Reed switches are used for touchless switching. To trigger the contact,
a permanent magnet approaches in such a way that one contact tip

receives flux from the north pole and the other from the south pole,
until they are sufficiently magnetised to attract and make contact.
When the magnet is removed or turned so that the two contact tips
have flux from the same pole, the switch opens again.

Y

The figures illustrate the functional interaction between reed swit-

X

ches and magnets. The switching behaviour of a magnet-reed contact
arrangement exhibits hysteresis, means, the closing position is diffe-

rent from the opening position. The continuous lines show the clo-

sing position when a magnet approaches. The dashed lines show the
reed contact opening position.

Fig. 2:

Moving the magnet parallel, the outer lobe can also be approached
as a magnetisation region.

= Switch is closed

= Switch is open

Y
X

Y
X

Positions and movement during
an opening and closing cycle

Fig. 1:

Fig. 3:

reed switch is the greatest. This results in a single throw switch.

tact, either centrally or in the region of the outer lobes.

In the arrangement at the top of Fig. 1, the distance from magnet to
If the magnet moves closer to the reed contact (lower arrangement),
or if a stronger magnet is used, the result is a triple throw switch. In
this arrangement, very tight switching point tolerances are achieved,
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The magnet may approach in a path perpendicular to the reed con-

S

Y
X

Positions and movement
during two opening and closing cycles

REED CONTAKT
Y
X

Fig. 4:

Fig. 6:

reed contact plane (Z = 0), or alternatively displaced along the

ding on the x position. That is, when the magnet moves centrally over

The magnet may approach perpendicular to the reed contact in the
Z-axis.

The arrangement in Fig. 6 results in double throw switching, depenthe reed contact (x = 0), it does not close.

Y
X

Fig. 5:

Fig. 7:

contact.

magnets are used.

In Figs. 5 and 6, the magnet is oriented perpendicular to the reed

Other switching arrangements can be implemented. Here, rotating

The arrangement in Fig. 5 results in double throw switching, depending on the y position. That is, when the magnet moves centrally over
the reed contact (y = 0), it does not close.

REED CONTAKT

IRON SHIELDING (magnetic)

S

Fig. 8:

As an alternative to moving the magnet, iron shielding can be used.
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Hall Sensors

A Hall sensor works via the Hall effect. In a conductor, when current

is flowing and a magnetic field is perpendicular to the current, a Hall
effect voltage difference is generated perpendicular to both.

Hall sensors may be unipolar, sensing only a north pole or only a
south pole, or bipolar, sensing either.

Fig. 1,2, and 3: Disc or rectangular magnets with different directions
of magnetisation and motion.

Fig. 1:

Magnetic flux
Fig. 2:

Ha

o
ll v

ge
lta

Cu

r re

nt

0

The figures illustrate some functional interactions between Hall sen-

sors and magnets. The graphs represent the behaviour of the flux
density at the sensor position.

We a l s o o ffe r y o u t h e o p p o r t u n i t y o n o u r w e b s i t e ,
www.ms-schramberg.de, to calculate automatically the flux density
of disc, ring, and rectangular magnets.

80

Technical Information

Fig. 3:

Fig. 4:

Fig. 6:

o

< 360°

Fig. 5:

Fig. 7:

o

< 360°

< 360°

Fig. 4 : Ring magnet with multi-pole magnetisation on

circumference.

Fig. 5: Ring magnet, magnetised on the surface in sectors on one side,
or magnetised through the thickness in sectors.

Fig. 8:

Fig. 6 and 7: If a Hall sensor and magnet are mounted in place, the

flux density changes are caused by moving an iron plate between the
Hall sensor and magnet. The iron plate shields the magnetic flux.

Fig. 8: A Hall sensor with a magnet affixed is called a pretensioned
Hall sensor. Here, when the gearwheel dynamically diverts the field
lines, a modulation of the flux density is generated.

< 360°

Technical Information

81

Quality Management

We operate a quality-management system from a holistic point of
view that considers quality, safety, training and environmental issues
as a single entity.

The essential aspects include:
• Customer satisfaction

• A professionally competent and dedicated workforce
• Occupational and operational safety
• Environmental protection

For us, the principle of constant improvement as defined by the rules
of the Deming Cycle applies in all areas.

Act

Plan

Check

Do

Our quality-management system is certified in compliance with

DIN EN ISO 9001 and ISO/TS 16949, and our environmental-management system is certified according to DIN EN ISO 14001 standards.

3-D measuring machine
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Roll-off testing

We employ the latest quality-assurance procedures:

Endurance-testing centre:

We also operate a comprehensively equipped endurance-testing

SPC

Ishikawa

APQP

Poka-Yoke

• Temperature variation testing

Pareto

• Climatic testing

FMEA
QFD
DoE

MSA

IMDS

PPAP

SMED
5-W

Various quality centres can be found throughout our modern
facilities.

Measuring competence centre:

centre in which we can perform the following:

• Temperature shock testing
• Salt-spray fog testing

• Condensation testing

• Autoclave testing (UAT)
Further testing options are offered in collaboration with external
laboratories.

Appropriately designed and air-conditioned measuring laboratories

Residual-dirt, damage and component analysis:

ble measuring errors.

clean-room facility.

are an essential initial factor in satisfying demands for lowest-possi-

We operate state-of-the-art facilities that enable precise and efficient
investigation and analysis of physical and magnetic parameters.

Measurement control and documentation is performed with the aid

Residual-dirt analyses are carried out in a specially equipped

Damage and component analyses, e.g. microsection preparation and
microscopy, CT, DSC, IR and TGA analyses are also performed on-site

or in close cooperation with our collaboration partners.

of a WEB-based CAQ software system. The data gathered by measuring instruments is transferred directly to the CAQ system during testing. Data formatting in QDX-format enables direct communication
with our customers.
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Technical Delivery Conditions

Physical damage

Packaging

slight physical damage caused during the production process is not

ible packaging. We therefore avoid the use of nonreturnable blister

Sintered magnets are extremely brittle by nature. This means that

always avoidable. The effects of such damage on the magnetic and
physical properties are insignificant. All magnets and systems rou-

tinely pass through a final, visual, surface inspection before packaging. Fine cracks or traces of damage on up to two per cent of the

surface are not regarded as reasons for rejection. Rejection thresholds

may be agreed on customer’s request.

Adhering particles

Small amounts of dust and magnetic particles from the production
process may be found adhering to the surfaces of magnets.

Formal and geometrical tolerances

Unless special agreements are in place, tolerances are compliant with
DIN ISO 2768 T1/T2 standards.

Dimensional tolerances

Tolerances for unfinished magnets are compliant with DIN IEC
60404-8-1 standards.

Magnetic properties:

Unless specific values have been agreed in writing, the magnetic
values stated on our website are binding.

The magnetic properties are oriented on DIN IEC 60404-8-1 standards

and are measured on cut specimens in accordance with IEC 60404-5.
There may be deviations from our stated magnet specifications due
to differences in shape and dimensions. If particular applications
demand a full, 100% magnetic-testing programme, this must be
agreed in advance.
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We are fully committed to employing only environmentally compatpackaging as far as possible and deliver our magnets separated by
cardboard blanks and layers of cardboard sheet. Should it be neces-

sary to package products in plastic tubes or protected on metal plates,
we will coordinate the return and reuse of such packaging with our

customers. By agreement, we can also provide small load containers

and Galia and/or barcode labelling. We would be pleased to advise
you on any questions relating to packaging and shipment of magnets
to ensure the mutual realisation of economical, ecologically sound
and reasonably producible packaging solutions.

Technical – Up to date – Transparent

www.ms-schramberg.de

The optimal supplement:

On our website you can find contact details and information of all trade fairs, plus downloads
of material data and operating instructions, as well as magnetic field calculations.

Products

MS-Schramberg
GmbH & Co. KG
Max-Planck-Straße 15
D-78713 Schramberg-Sulgen
Tel.: +49 7422 519-0
Fax: +49 7422 519-1100

Company

Contact

Download

Careers

DE EN

MS-Schramberg
Magnet and plastics technology. The power of the whole.
Everything under one medium-sized roof: as one of the leading

manufacturers of permanent magnets and components in Europe
we have specialised in products and overall processes involved in
the manufacture of magnets already in the 1960s. Initially focused

on the production of sintered magnets, we began in the 1980s to
expand our service portfolio to the development and production of
plastic bonded magnets as well as plastic and composite parts.

Since the requirements on magnets and components are becoming
ever more individual and complex, we assume responsibility for the

entire value chain: from the selection of material to the construction
of our own tools, equipment and production facilities. Nothing is left

to chance. Our specialists accompany every step of the process, from

product development all the way to on-time delivery. Comprehensive
know-how of shaping possibilities and the mechanical and magnetic
properties of materials are combined in our facilities with the most

modern process and automation engineering. With this approach we
create the basis for high standards of quality.

Across an area of around 28,000 m2, more than 350 employees

develop and produce approximately 5,000 customer-specific products, which are used by companies from the most diverse industrial sectors:

Products

· Automotive industry

Company

Contact

Download

Careers

DE EN

· Motive power engineering
· Sensor technology

· Measurement and control technology
· Apparatus and machine construction
· Power tools

· Household devices
· Textile industry

Products

· Medical technology

Sintered magnets
Plastic bonded magnets
Plastic and plastic
composite parts
Magnet assemblies
Home / Sitemap / Imprint / Contact

Copyright 2010 MS Schramberg

Standard holding magnet systems
Magnetic field calculation
Flux density
Holding force

MS-Schramberg
GmbH & Co. KG
Max-Planck-Straße 15
D-78713 Schramberg-Sulgen
Tel.: +49 7422 519-0
Fax: +49 7422 519-1100

If you cannot find certain subjects and information when you visit us online, let us know.
We gladly listen to your suggestions in order
to optimise our Internet presentation on an
ongoing basis.

Magnetic field calculation
Magnetic flux density

Calculation for disk, ring, and rectangular magnets magnetised in the z-direction. The origin of the calculated field point is located centrally on
the horizontal face. The z (axial) component of the magnetic flux density is calculated.

Determination of flux density
Magnet shape:

Z

Ring magnet

Please select a material:
Type of material:

HF 8/22

Remanence:

220.00 mT

D
d

h

Please enter the dimensions:
Outside diameter D

mm

Inside diameter d

mm

Height h

mm

Air gap Z

mm

Back

Home / Sitemap / Imprint / Contact

Calculate

Reset

Copyright 2010 MS Schramberg

Last Update: 02.08.2010 14:52

Technical Information

85

Technical Expressions
Anisotropic magnets: See Technical Information/
Preferred Direction		
page 65.
B curve: See Technical Information/Hysteresis
Loop - Demagnetisation Curve
pages 68-69 .

Field lines: Field lines are a visual representation
of a magnetic field’s magnitude and direction. The
field line density indicates the magnetic flux density. The magnetic flux between two adjacent
field lines is constant.

Calibrating: Usually the magnetic flux is determined to a tolerance of about ±10%. For more exact
technical applications, the magnetic flux must be
set to tighter tolerances.

Field strength, magnetic, H [kA/m]: See Technical
Information/Hysteresis Loop - Demagnetisation
Curve		
pages 68-69 .

Coercivity (coercive field strength) HcB : See Technical Information/Hysteresis Loop - Demagnetisation Curve		
pages 68-69 .

Flux density, magnetic, B [mT]: See Technical Information/Hysteresis Loop - Demagnetisation
Curve		
pages 68-69 .

Coercivity (coercive field strength) HcJ : See Technical Information/Hysteresis Loop - Demagnetisation Curve		
pages 68-69 .

Flux, magnetic, F: See Field lines
Hysteresis loop: See Technical Information/Hysteresis Loop - Demagnetisation Curve pages 68-69 .

Curie temperature: Above the curie temperature
of a ferromagnetic material, it becomes paramagnetic, i.e. it loses its magnetisation entirely. Usually, the maximum operating temperature of magnetic materials is much lower than their curie
temperature.

Induction, magnetic, B [mT]: See Flux density,
magnetic, B [mT]

Curvature (knee): See Technical Information/
Hysteresis Loop - Demagnetisation Curve, Operating point		
page 69 .

Irreversible losses: Irreversible losses occur when
the operating point is not on the linear part of the
demagnetisation curve.
See Technical Information/Hysteresis Loop Demagnetisation Curve
pages 68-69 .
Irreversible losses are also possible wherever the
actual demagnetisation curve differs from the
theoretical, linear behaviour. Some irreversible
losses are inevitable with rises in temperature and
in external fields. By a one-time stabilisation, magnets can be set to a constant value. The disadvantage is that the induction is lowered.

Demagnetisation: Demagnetisation can be caused
by temperature effects, an opposing magnetic
field, or ionising radiation.
Demagnetisation curve: See Technical Information/Hysteresis Loop - Demagnetisation Curve		
			
pages 68-69 .

Earth’s magnetic field: The earth’s magnetic field
ranges between 0.03 - 0.05 mT.
Energy product (B · H) max. [kJ/m3]: See Technical
Information/Hysteresis Loop - Demagnetisation
Curve		
pages 68-69 .
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Initial curve: See Technical Information/
Hysteresis Loop - Demagnetisation Curve
			
pages 68-69 .

Isostatic pressing: See Material Specification
Isotropic magnets: See Technical Information/
Preferred Direction		
page 65 .
J curve: See Technical Information/Hysteresis Loop
- Demagnetisation Curve
pages 68-69 .

Length-to-diameter ratio h: D: See Technical Information/Hysteresis Loop - Demagnetisation
pages 68-69 .
Curve		

Magnetising: See Technical Information/Magnetising field strengths		
page 67.
Magnetism: Magnetism is associated with moving
electrical charge. Magnetic moments are generated by the motion of electrons around the nucleus
in atoms, and also from the internal spin of the
electrons. Together they make up the magnetic
moment of the atom, adding vectorially. If they
sum to zero, the material is called diamagnetic. For
paramagnetic, ferromagnetic, antiferromagnetic,
und ferrimagnetic materials, the moments sum to
a quantity different from zero.
1. Paramagnetism: Paramagnetism occurs in
materials whose atoms have at least one electron
shell that is not completely filled. Examples are O,
Al, Pt, Ti, various transition metals, rare earth
metals, and actinides. These atoms possess a permanent magnetic moment. Neighbouring atoms
are not coupled to each other. In an external magnetic field, the atoms align their magnetic
moments in the direction of the external field.
Here 1 + 4 · 10 -4 > µr > 1 + 10 -8.

2. Ferromagnetism: Ferromagnetism occurs in
materials whose atoms have a particular electron
shell occupation and also a particular relationship
between their interatomic spacing distance and
their atomic radii. Examples are Fe, Co, Ni, and
compounds such as Alnico. Neighbouring atomic
magnetic moments couple parallel to each
other and form domains with a total magnetic
moment of a cer tain size and orientation.
Here 5 · 105 > µr > 100.
3. Antiferromagnetism: Antiferromagnetic
materials also form domains. However, they have
two dif ferent sublattices, whose magnetic
moments are antiparallel. That is, they are of equal
magnitude and opposite direction. These materials behave like paramagnetic substances. Examples are a-Mn, FeO, Fe2O3, FeS, CoO.
4. Ferrimagnetism: Domains with magnetic
moments from different sublattices, pointing in
opposite directions, characterise ferrimagnetism.
The magnetic moments are of different magnitude, so the material behaves like a ferromagnet.
(Cubic ferrites, such as MnO·FeO, are soft magnetic materials, whereas hexagonal ferrites such as
BaO·6Fe2O3, are hard magnetic materials).

Operating load line: See Technical Information/Hysteresis Loop - Demagnetisation Curve		
pages 68-69 .

Operating point: See Technical Information/Hysteresis Loop - Demagnetisation
Curve		
pages 68-69 .

Passivating (cathodic, sacrificial anode)
corrosion protection: Passivating protective coatings such as zinc, chrome, and
aluminium, are electrochemically more
active than the metal they cover. When
new, they bear the corrosive attack alone,
acting as sacrificial anodes. As long as
they are intact, the covered metal has
cathodic corrosion protection, and the
component remains fully functional. If
small defects and small holes are in the
coating, the surrounding sacrificial coating provides protection. Once larger areas of the coating are abraded, the covered
metal will corrode.
Permeability µ: The magnetic permeability µ, sometimes referred to as “conductivity”, is defined as the ratio of the magnetic induction B to the magnetic field H.
The permeability in vacuum is a constant:
µ0 = 1.256 mT / kA/m. The ratio in matter
is the substance’s characteristic absolute
permeability µ = µr · µ0. (µr = relative permeability).
Substances may be diamagnetic (µr < 1),
paramagnetic (µr > 1), or ferromagnetic
(µr >> 1), with values ranging from 1 to
over 100,000.
Permeability, relative permanent µrec :
Permeability µrec gives the average slope
of a regressive loop whose flux point P is
normally on the demagnetisation curve.

(µrec = 1/µ0 · ∆B/∆H). See Technical Information/Hysteresis Loop - Demagnetisation Curve, Operating point
page 69 .

Br

Demagnetisation curve and
regressive loop
Entmagnetisierungskurve
und rückläufige Schleife

∆B

P

∆H
HcB

HP

Magnetische
Magnetic
fluxFlussdichte
density B →B —>

Max. operating temperature: Maximum
temperature at which a magnet with
length-to-diameter ratio h : D r 0.5 may
be in operation, under normal ambient
conditions. The maximum operating temperature is reduced for smaller length-todiameter ratios and/or when opposing
magnetic fields are present. Our Technical
Applications Department is happy to support you with maximum operating temperature calculations.

<—Magnetic
Magnetische
H
←
fieldFeldstärke
strength H

Polarisation, magnetic, J [mT]: See Technical Information/Hysteresis Loop Demagnetisation Curve
pages 68-69 .

Preferred direction: See Technical Information/Preferred Direction
page 65.
Remanence Br [mT]: See Technical Information/ Hysteresis loop - Demagnetisation Curve 		
pages 68-69 .

Reversible losses: Reversible losses occur
when the temperature increases, and
then are recovered when the temperature
decreases again. Material behaviour in
different temperature ranges depends on
the temperature coefficient Tk.
Saturation polarisation: See Technical
Information/Hysteresis Loop - Demagnetisation Curve		
pages 68-69 .

Shearing: Angle of the operating load
line, resulting from opening or closing a
magnetic loop. See Technical Information/Hysteresis Loop - Demagnetisation
Curve, Operating load line pages 68-69 .
Stabilising: A treatment of a magnet at a
defined temperature or a treatment in a
magnetic field, to prevent the magnetic
flux from being altered by external influences afterward. See also Calibrating.
Susceptibility, magnetic x: Susceptibility
defines the relationship between magnetisation and magnetic field strength. Here
M = x · µo H and µr = x + 1.

Temperature coefficients: Temperature
coefficients describe the temperaturedependent behaviour of permanent magnets. The remanence temperature coefficient of hard ferrite magnets is about
-0.19%/K. That is, a temperature rise of 1
Kelvin reduces the remanence by 0.19%.
Sm2Co17 magnets have the lowest temperature coefficients, at -0.03%/K.
Transverse field pressing: See Material
specification.
Material specification: Quality specification as in DIN IEC 60404-8-1
Example: NdFeB 200/220 w:
NdFeB = Material designation
200 = Minimum allowed value for
the max. energy density; here,
200 kJ/m3
220 = 1 /10 of the minimum allowed
value for the coercivity H cJ ;
here, 2200 kA/m
w = c ode for the manufacturing
process; here, die pressed
Abbreviations for our manufacturing processes:

		

w = axially die
pressed

		

h = isostacically or

		diametrically die
pressed

		

pw = plastic bonded, compression
moulded

		

p = plastic bonded,
injection moulded (isotropic /
anisotropic)

		
		

Pressing direction
Magnetic field (H)
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