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Target Application"

§  Wireless strain gauge for an aircraft flight test!
§  28.5 J per flight is required!

§  Peak power consumption: 100 mW at 3.3 V!

§  Dimensions: 9 x 6 x 5 cm!

 

Press Release 

Science and technology in aeronautical engineering – autonomous communicating sensor 
networks 

The StrainWISE project acclaimed at the Mechatronics Awards 2013  

1HXFKDWHO, October 30, 2013 – The Clean Sky project StrainWISE has been awarded the 
“Research” prize of the “Mechatronics Awards 2013” at the European mechatronics meetings 
held in Toulouse on 25 and 26 September 2013. The consortium responsible for this success is 
made up of CSEM (coordinator), Imperial College London and Serma Ingénierie. 

This particularly ambitious project resulted in the development of a high-performance and ultra-low-
power wireless sensor network platform meeting the requirements of the aeronautical industry. Such 
wireless communication devices open up new possibilities for the preventive maintenance of aircrafts, for 
improving cabin supervision and passenger comfort, as well as for better monitoring the aircraft critical 
structures and equipment such as the engines or landing gears. The proposed solution allows the 
installation of a large number of sensors, without any restrictions on their location, hence providing 
additional or more precise data. The new information, provided without any additional wires, allows for an 
improved control of the aircraft and presents major advantages compared to traditional solutions, notably 
in terms of fuel consumption and maintenance costs. Owing to these achievements, the project won the 
top prize in the “Research” category at the Mechatronics Awards 2013. 

The StrainWISE project, initiated by Airbus as part of the “Clean Sky” program, clearly demonstrates the 
wide range of use of wireless sensor networks in aeronautical applications. Each sensor is equipped with 
a radio transceiver and an independent power supply. Energy consumption, both during flight and while 
the aircraft is on the ground, has been reduced to a minimum by a combination of energy-efficient 
electronic components and by the optimisation of the communication protocol: using the right protocol is 
a key enabler, as radio transmissions represent by far the biggest power drain. The combination of the 
various selected techniques made it possible to solely power the sensor by harvesting from a 
thermoelectric energy recovery unit, therefore avoiding the need to change batteries throughout the 
sensor 35-year life. Thanks to this unlimited autonomy, a wide array of sensors can now be placed very 
close to the structures to be monitored, at places that would be very difficult to access for maintenance, 
such as in the fuselage, the wings and the stabilizer. Each sensing node allows the measurements to be 
timed with an accuracy of less than a millisecond, for sampling rates ranging from 120 to 500 Hz, and 
carries its information by radio to the plane computers. They do not interfere with the operation of the 
pre-existing devices, as the system successfully passed the qualification tests related to radio 
interferences – qualifications which are subject to extremely stringent criteria.  

A demonstrator has been delivered to Airbus and is currently undergoing tests. The partners are 
pursuing their collaboration as part of a new Clean Sky project called “FLITE-WISE”, the objective of 
which is to create a new platform of high-speed autonomous sensors intended for use on the outside of 
the aircraft, both on fixed and moving parts. 
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Aircraft Energy Harvesting"

§  Motivation:!
•  Reduce internal wiring!
•  Recharge batteries of wireless sensor nodes!

§  Available power sources in an aircraft: !
•  Vibration!
•  Solar!
•  Radio frequency radiation!

•  Thermal!

!
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Thermoelectric Generators (TEG)"

§  Conventional approach: !
•  In direct contact with a hot and a cold surface!

•  Heat availability is unlimited!
!

!
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Thermoelectric Generators (TEG)"

§  Efficiency: !

§  Electrical output power:!

 !
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New Approach: Aircraft Application"

§  Exterior temperature: +20°C to -25°C and back!
!
!

Can we store the thermal 
energy and delay!

ΔT changing sign?!

Cabin wall

Heat storage unit

Mounting plate

Tout

Insulation

Air gap

Phase change
material

 

Tin

TEG

Aircraft fuselage

Exterior Heat flow

7 of 19!



New Approach: Phase Change Material (PCM)"

§  Phase change material: !

!

§  Heat storage unit (HSU)!

!

Characteristic" Water" Radiator oil"

Heat capacity [kJ/kg/°C]! 4.2! ~2!

Latent heat (melting) [kJ/kg]! 334! ~100!

Melting temperature! 0°C! < 0°C!
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Device Characteristics"

§  PCM: 23 ml water!
§  Marlow TEGs: TG12-2.5, ZT = 0.72, Rteg = 5 Ω!

!
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Harvester Interface Electronics"

!
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New Rectifier Topology"

!

Vgen Rteg

M1 M2

M3M4

TEGs

TSM9119
comparator

MAX1720
voltage inverter

Vrect

Vteg

Vdd

Enable 
signal from 
TSM9117

Vdd
ascent

descent

0 V

+4 V

ascent

descent

0 V

-4 V

§  Polarity of Vteg is known beforehand!
§  Depletion: !

•  Vgs(th) = -1.4 V, Rds(on) = 1.7 Ω!

§  Enhancement:!

•  Vgs(th) = 1.6 V, Rds(on) = 3.7 mΩ!

!

!
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Duty Cycling the Voltage Inverter"

§  Use reservoir capacitor to maintain the negative gate voltage!
§  Negative gate voltage is kept between -4 V and -2.5 V!

!
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Prototype"

!

!
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Experimental Results"

§  Instantaneous power at the TEG output, rectifier output and 
battery input!

!
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Experimental Results"

§  Cumulative energy: TEG output, rectifier output, battery input!
§  Thermal energy = 2*(c�ΔT + L) ≈ 21 kJ!

!
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Experimental Results"

§  Instantaneous efficiency of the interface electronics!

!
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Conclusions"

§  Heat storage thermoelectric energy harvesting is a promising 
energy solution for aircraft wireless sensor nodes!

§  Rectifier topology does not require bias voltages to start and 
potentially less Rds(on) losses in the depletion devices!

§  TEG generated 126 J and 81 J delivered to battery: ~3x the 
28.5 J required by the sensor node!

§  Overall TEG-to-battery efficiency of 64.3% !

!
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 !
✓ 23 ml PCM è 126 J 
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