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Summary:

In this work, the influence of temperature on the output signal of an inductive sensor for the detection of
geometric changes in rotating magnetically conductive components was investigated. For the study, the
measurement system is modeled and simulated in a numerical field computation software. A radial dis-
placement of the sensor and changes in the magnetic properties of the permanent magnet used are
examined. A signal change of up to 14.9% could be proved over the required temperature range. The
results show the need to suppress radial displacement and to record the temperatures at the magnets.
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l. Motivation

There are many areas of application for monitor-
ing of the air gap in rotating components in in-
dustry like turbines or engines. It is often very im-
portant that geometric changes can be detected
early during operation. An inductive sensor con-
sisting of a permanent magnet and a coil can be
used for local geometry detection of rotating
magnetic conductive components. The rotating
component is magnetized via the permanent
magnet and the resulting change in the magnetic
flux is detected in the coil via an induced voltage.
In field measurements geometric changes could
be determined due to the induced voltage sig-
nals during operation. After the machine had
come to a standstill overnight, the signals
showed strong deviations, which indicates a
temperature influence of the measuring system.
For this reason, the influence of temperature on
the sensor signal is analyzed using a simulation
study. The aim of this work is to be able to com-
pensate the influence via signal processing.

1l Simulation study

The magnetic field simulation program used for
the simulation study is based on the finite ele-
ment method. Firstly, the model of the rotating
system is created on the basis of CAD data.
Then the magnetization characteristics are in-
serted for the used materials. The simulated in-
duced voltage signal of the sensor for a known
geometry at a temperature of 20 °C is shown in
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Fig. 1 and serves as a reference state for further
investigations.
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Fig. 1. Simulated induced voltage signal of the sen-
sor via the angle of rotation.

A change in temperature has different overlap-
ping effects on the sensor system. The two most
significant changes for the sensor signal are the
expansion of the drum cover on which the sensor
is mounted, which leads to a radial displacement
of the sensor, and the change in the magnetic
properties of the permanent magnet. These two
approaches are examined and evaluated in the
study.

a. Radial displacement

The sensor system is attached to the drum cas-
ing. Since the attachment points of the curved
cladding are clearly spaced from the sensor, a
radial displacement can be assumed. The in-
creased distance between the sensor and the ro-
tating component leads to an increased air gap
and thus to a smaller change in the magnetic flux
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density through the coil. This results in a lower
induced voltage in the sensor. Static heating
tests on the real component result in a shift of up
to one millimeter between the axis of rotation and
the sensor due to the temperature expansion of
the drum casing. Fig. 2 shows the differential
voltage between the induced voltage of the
shifted state and that of the initial state.
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Fig. 2. Differential voltage of the induced voltage be-
tween the initial system and the shifted state.

The differential voltages have an almost propor-
tional relationship with the displacement. Fur-
thermore, a slight spread of the extreme points
of the induced voltage signals can be seen,
which results from the extreme point position of
the differential voltage. The changes due to the
considered radial shift in the examined value
range amount up to 9.2% for the maximum in-
duced voltage. Therefore, it can be concluded
from the simulation results that the radial dis-
placement has a significant influence on the sen-
sor signal. If the displacement is known, the in-
fluence in signal processing can be compen-
sated on the basis of the deterministic behavior.
Since the measurement of the radial displace-
ment of the sensor is problematic in terms of ac-
curacy, the displacement should be structurally
restricted in order to be able to optimize the ac-
curacy of the geometry detection.

b. Properties of the permanent magnet

The remanence of permanent magnets is tem-
perature-dependent and can be described in
good approximation in the work area using equa-
tion (1) [1]. The temperature coefficient a is ma-
terial-specific and is specified by the manufac-
turer of the permanent magnet.

Br s=Br 20 °c(7+0(19'20 °C)) (1)

The remanence of the permanent magnet de-
creases with increasing temperature 9. The
lower magnetic field leads to less flooding in the
rotating magnetically well-conducting compo-
nent and thus to a smaller change in the mag-
netic flux density through the coil. As a maximum
temperature, 70 °C can be expected from the
heating of the bearings. A magnet made of neo-
dymium-iron-boron is installed in the sensor un-
der investigation. The temperature-dependent
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remanence is implemented in the simulation
model. Fig. 3 shows the differential voltage be-
tween the induced voltage of the specified tem-
perature and that of the initial state.
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Fig. 3. Differential voltage of the induced voltage be-

tween the initial system and the temperature-varied
state.

The signal of the differential voltage for the in-
vestigated temperatures shows a linear amplifi-
cation of the induced voltage signal. An almost
constant gain factor of -5.7% between 0 °C and
70 °C could be proved in the simulation. This
shows that the magnetic properties of the mate-
rial of the permanent magnet have a significant
influence on the sensor signal. Since the rela-
tionship can be regarded as almost linear, a tem-
perature change can be compensated in the sig-
nal processing. This requires a temperature
measurement on the permanent magnet, which
must be taken into account when designing the
Sensor.

1. Results

The results of the simulation study show the sig-
nificant influence of temperature on the signal in-
duced by the sensor. A maximum change of
14.9% of the maximum induced voltage upon su-
perposition of the radial displacement and the
change in the magnetic properties can be deter-
mined in the examined value ranges to the initial
state. These results show the need for construc-
tive countermeasures to prevent radial displace-
ment of the sensor and to detect the temperature
on the permanent magnet. Due to the almost lin-
ear relationship between the temperature and
the remanence of the permanent magnet, this in-
fluence can be compensated in signal pro-
cessing if the change is measured.
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