SENIS System for fast testing of permanent magnets SH40.1-0.2T V01

SENIS S_4-3H-0.1-0.2T_VO01 is a system that measures magnetic field vectors at four
points around a permanent magnet and uses the measured values to determine its
magnetization.

Both hardware and software of this system can be easily adapted to various industrial
applications, e.g. fast ‘quality testing’ of permanent magnets, measurement of position
and orientation of assembled magnets, measurement of gradient of the magnetic field,
etc.

Testing of Global Parameters

Ideally, a permanent magnet should behave globally (at a sufficiently large distance
from its centre) as a magnetic dipole of equivalent magnetization that resides in the
mass centre of the magnet, being oriented along one of the main symmetry axes
(depending on the magnetisation).

However, as illustrated in Fig. 1, magnetic moment of real magnets often shows
deviation from this position: On one side the origin of the magnetic momentum (m)
does not reside in the mass centre, on the other side also the orientation of this vector
deviates from the expected position. On the top of that, the absolute value of the
magnetization frequently does not match the specified of desired value.

The main objective of Global Parameter Testing of permanent magnets is to verify
whether the six errors Xe, Ye, Ze, e e and me (Fig. 1) are small enough for a
particular application.

/!

Fig 1: Errors in the magnetization: magnetic moment displaced from the centre and non-collinear with
the symmetry axis z.
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A permanent magnet of a cylindrical form (see Fig 1) shows in reality often deviation
from its ideal magnetization. The magnetic moment tends be situated at a point Me,
which is displaced from its nominal position M for a vector R, with the components
(Xe, Ye, Zo); the magnetic moment m may be also inclined with respect to the
coordinate axes X, and Z, by angles . and , respectively; and the absolute value
of the magnetic magnetisation may have an error me.

Testing of Local Parameters

In some applications, a permanent magnet is used to create a magnetic field of well-
defined properties over a small volume in space. For example, a magnetic linear
position sensor may require locally a magnetic field of a given gradient; or an angular
position sensor may require a very homogeneous magnetic field over a small volume.
In such cases, the four Hall probes of the system may be placed very close to each
other, see Fig. 2.

Fig. 2: The magnetic sensor array placed under the permanent magnet in order to measure the local magnetic field
strength, homogeneity and direction in a small volume of space. The distance b between the field sensitive points
of the sensors may be as small as half of a millimetre.

System Structure

The presented system consists of four SENIS analogue 3-axis magnetic field
transducers (type C-H3A-2m_E3A-2.5kHz-0.1-0.2T), a National Instruments Bus-
Powered M Series Multifunction DAQ for USB (type NI USB-6211), an Ametes test
fixture (type 4-3H_F-01), a Laptop and Ametes LabVIEW-based software. The system
can be easily adapted to various geometries of permanent magnets under test.

The four Hall probes of the magnetic field transducers (C-H3A-2m_E3A-2.5kHz-0.1-
0.2T) are attached to a sensor board. The magnet under test may be positioned at the
sensor board using an adequate magnet fixture. If the response time of the magnetic
field transducers (C-H3A-2m_E3A-2.5kHz-0.1-0.2T) is chosen to be as low as 1ms,
the measurements can be done “on the fly”, i.e. by moving the magnet very fast over
the testing position.

The utilised Hall probes are fully integrated 3-axis Hall sensor integrated circuit
systems. The sensitive volume of the probe is 0.15mm x 0.15mm x 0.01lmm. This
allows for testing of magnets as small as 1 mm?®. The on-chip amplification of the small
Hall voltages renders the output signal of the probe immune to electromagnetic
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disturbances. A temperature sensor is also integrated on the chip, which permits an
efficient compensation of temperature drifts.

Operation

The provided software package is designed for an easy and intuitive use: It has a
graphics user interface (GUI) that allows user to easily select relevant magnet,
geometry and measurement parameters.

The necessary parameters can be specified in two dialogue fields: “System setup” and
“Magnet data” (marked with red in Fig. 3). Those are:

Measurement Range (e.g. 50mT):

Bandwidth (e.g. 10Hz);

Distance between the sensors and the magnet centre (e.g. a=33mm).

Magnet shape and direction of the magnetization.

Ametes LabVIEW-based software automatically reads the signals of all four 3-axis
magnetic field transducers (see “Measured magnetic fields [mT]” in Fig. 3).

Based on the measured signals of the four 3-axis magnetic field transducers and the
entered magnet data, the developed software calculates in real time the vector of the
magnetic moment m and its excentricity Re (i.e. its components). Also in real time, the
software graphically displays the calculated vector in a 3D diagram and calculates the
remanent flux density B;.

Characteristics of the system

Symbol Parameter Type Unit
Xe, Ye, Ze | Accuracy of excentricity components 0.01 mm
er e Accuragy of azimuth and elevation of 0.1 degree
magnetic moment

m Accuracy of magnetic moment intensity | 0.003 Am?
Bnx, Bny, | Accuracy of measured magnetic fields 0.01 mT
ir:z,g,zl (n is the probe numbering index)

B, Accuracy of remanent magnetic field 0.5 mT

Test Conditions

Magnet Height = 5mm

a = 33mm (distance from magnet symmetry centre to the sensor)
Magnet shape: Cylinder

Magnetization direction: Axial

Diameter = 30mm
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Fig. 3. LabVIEW-based software front-panel GUI

SENIS GmbH, Technoparkstrasse 1, CH-8005, Zuria: +41 (79) 3668756 Fax: +41 (79) 3668756. Enmfio@senis.ch 4
USA: GMW, 955 Industrial Road, San Carlos, CA 940Tel +1 (650) 802-8292. Fax: +1 (650) 802-82&8nail: sales@gmw.com

Rev.01 (preliminary) May 31, 2007



SENIS System for fast testing of permanent magnets SH#0.1-0.2T_V01

Fig. 4: Complete test system: Ametes sensor board, Ametes magnet fixture, 4 x SENIS 3D transducers,
SENIS power supply, AD converter (National Instruments), laptop with LabVIEW-based software.
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Fig. 5: Close-up picture of a part of the test system.
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Recommended accessories and options:

- Zero gauss shield ZGS-01
- Custom made sensor boards and magnet fixtures.
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