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Summary:

Intelligent sensors, that can monitor the condition of critical machine components, are an essential
“enabling technology” for availability-oriented Product-Service-Systems (PPS). Furthermore, intelligent
sensors can provide information that can be offered as a service. Pay-per-Use business models are
now appearing in the machine tool, printing machine and packaging machine industries, which rely on
accurate information about machine condition, in order to guarantee an agreed level of machine avail-
ability [1,2]. Many different approaches are applied to gather information about the condition of ma-
chine elements, such as gears, rolling bearings or ballscrews. Magnetoresistive (MR) sensors in com-
bination with newly developed algorithms open up interesting new opportunities for more cost-effective

and accurate condition monitoring.
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A classic approach for condition monitoring of
Spur Gears is to measure vibration and an as-
sociated method is to measure acoustic emis-
sions. Furthermore, the temperature may be
measured or wear debris monitored. [3,4] How-
ever, new approaches such as the measure-
ment of ,Instantaneous Angular Speed® (IAS)
are gaining in popularity [5]. This method
makes special demands of the sensors used.
They must not only be small, precise and ro-
bust, but must also have a wide bandwidth and
a low power requirement. In addition to this, the
machine builder often wishes to use existing
sensors or measurement points for this extra
functionality, that is, they wish to avoid the im-
plementation of additional sensors if possible.
Magnetoresistive (MR) sensors fulfil this com-
plex set of requirements to a very high degree

(6].

For condition monitoring of spur gears, accel-
erometers mounted on the gearbox housing are
still the state of the art. However, these have
limitations due to transfer path effects and vi-
brations caused by other machine elements
and the environment. Therefore, to distinguish
the damage-related frequencies from noise is a
major challenge. Recent research has shown
the potentials of measuring IAS for condition
monitoring. In previous papers, optical encod-
ers have typically been used to measure IAS
[7,8]. With MR sensors the IAS can be meas-
ured at the gear wheel, i.e. near the source of
the damage inside the gearbox, so a high signal
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to noise ratio can be achieved (see Figures 1
and 2).

In a joint project with the Institute for Product
Development and Machine Elements (pmd) of
the Technical University of Darmstadt the appli-
cation of MR sensors for the condition monitor-
ing of gearboxes has been investigated. This
paper describes the integration of MR sensors
in a single-stage spur gear and presents meas-
urement results from these sensors for both
undamaged and damaged conditions (Figure
4). Different measuring positions are evaluated
according to measuring concept and location,
including the use of a spur gear as measuring
standard (see Figure 3). A comparison of the
acquired IAS signals to accelerometer meas-
urements shows that MR sensors are a promis-
ing alternative to conventional vibration meas-
urement. Finally, an outlook of further condition
monitoring applications of MR sensors is
shown.
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Fig. 1: GMR Tooth Sensor Module (Source: Sensitec
GmbH)
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Fig. 2: Application Example (Source: Sensitec GmbH)

Fig. 3: Implementation of MR sensors using the spur
gear as measuring standard (Source: pmd, TU Darm-

stadft)
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Fig. 4: Spectrum of IAS signal clearly shows side-
bands around gearmesh frequency. The spacing of
the sidebands correctly indicates a fault on the input
shaft side of the gearbox (Source: pmd, TU Darm-

stadt)
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