WLS Design Note

Wireless sensor engineering
ACOEM, a newly created structure inheriting and gathering all expertise from its daughter brands 01dB dedicated to environmental
noise control, ONEPROD for Condition Monitoring, and METRAVIB for NVH engineering and material testing equipment, has
completely renewed the ONEPROD product range featuring among other customer centered deliverables, wireless measurement
solution.
ONEPROD is focused on providing smart and simple to use solutions in the complex domain of condition based monitoring for
rotating machineries. Latest development includes a powerful supervision tool to communicate global warning indicators of
machinery health, easy to deploy wireless online (EAGLE) and offline (FALCON) CMS solutions and the mighty MVX solutions for
application requesting advanced processing and wired measurements.
This paper is not met to cover all the customer benefit of using wireless accelerometer, but rather to cover some of the
performances issues met during the development. The target for FALCON is “offline” condition monitoring based on vibration
measurement, meaning that the entire product has been carefully designed to ease the life of maintenance technicians performing
their inspection routes throughout plants and various production sites.
The intent for ACOEM is to use wireless technologies in a way that the end result is totally transparent to the user as far as
metrological performance is concerned. This is easily stated but requires thorough control of the dynamic behavior of the
transducer.
ACOEM could rely on its METRAVIB brand expertise on material dynamic characteristics, design, and a history of over 50 years of
custom sensor developments for specific applications such as underwater, high temperature, ultra high sensitivity accelerometers,
microphones and pressure sensors.

The FALCON wireless sensor
Our “FALCON” wireless transducer is a wireless unit containing a
three axis accelerometer, signal processing and power management
boards, and rechargeable battery.
Design constrains includes global ergonomics, resistance to harsh
environment, and uncompromised frequency response.
The latter has required extensive simulation and testing, relying on
merely all the engineering knowledge of ACOEM to issue this sensor
in due time.

Wireless sensor construction
As one could expect, the sensing elements are located as close as possible to the measured surface, i.e. on the base of the
sensor, the rest of the volume being occupied mainly by the battery and electronic boards. The assembly is therefore way heavier
than its wired counterparts, bringing along dynamic behavior of all inner components.
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Design & modeling challenge
Once all space claim for all components was fixed and all the tradeoffs
between weight, dynamic response and autonomy had been done, the
detailed design took place along with the first in depth simulations.

The model needed to be representative as much as possible of the behavior at
high frequency, and extreme care had to be taken in the modeling process to
ensure best result reliability. In particular, the elastomeric material behavior
had to be taken into account: how will the modulus and damping factor of the
material would evolve at high frequency and under operational temperatures?

Material Testing

Metravib DMA and close up on a test fixture in thermal chamber
The answer was given quite thoroughly through DMA testing. DMA stands for Dynamic Material Analysis, a historical competency
for METRAVIB. A test sample of material is placed in a specially designed clamp, putting on the sample the desired type of loading:
traction / shear / flexion / torsion…This clamp is inside a volume in which temperature and hygrometry are controlled. A sine
displacement is then applied on one side of the fixture and the transmitted force is measured. The analysis of those quantities,
combined with the dimensions of the sample lead to a complete knowledge of the material modulus and damping factor among
other characteristics.
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Results and modal correlation
Once the initial design intent material was characterized, the Finite Element model was updated with its material properties and
results were analyzed against first modal test results allowing for fine model tuning using dedicated tools.

First mode of the complete sensor in the 8kHz range (left, simulation, right: Test)

Design goals and Improvement methodology
The objective of this sensor is to obtain a 10kHz flat frequency response (+/- 1dB) for the Z axis direction. The first measurement
and computation analysis have shown that the design goals were not fulfilled at particular mode frequencies.

Experimental (left) and numerical (right) vertical dynamic response before design improvement

In order to reduce the sensitivity of the sensor to the dynamic response of critical modes, an improvement methodology using the
Finite Element model has been applied through a sensitivity analysis on stiffness and damping of different parts of the senso r, an
identification of structural parts having a significant contribution on the response of the sensor, an implementation of technical
solutions by adding damping material, a local stiffness increasing and a definition of the properties of the damping materials.
The correlated, and material properties-updated model used pointed out design parameters to put under control or to modify in
order to achieve this objective. In particular for the inner elastomeric parts, the METRAVIB material database was used, and design
goals for material properties (modulus and damping) were then perfectly determined. The properties of the defined damping
materials were then implemented in the computation model to validate the dynamic sensitivity of the sensor.
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Test validation
Testing with a reduced number of parameters could start. For the Z axis, a metrological bench was used with standard procedure
up to 20kHz on standard fixed frequencies. For development and correlation purpose, a standard shaker was used running
frequencies sweeps. The ripples observed in the response curve were then compared to simulation results leading to a validation
of the computation results and the design improvements. Other axes were tested with dedicated fixtures and alternative test
methods (impact test on decoupled mass).

Conclusion
A thorough control of material properties associated with precise simulation and measurement expertise combined with model
updating analysis lead to success for the design of this new sensor, with only necessary testing needed for the time to market
constraints. The obtained performance of our FALCON wireless sensor met the committed targets and opens fields of opportunity
for other applications aside CMS.

Bandwidth: 20 kHz on all axes
Frequency range at 3 dB:

15 kHz (Z)

6 kHz (XY)
Full scale: 80 g
Signal-to-Noise ratio: 80 dB
Accuracy: +/- 3%

