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Extending your Gas Turbine Operability with CAPABLADE Solutions FOGALESensorS‘

Gas Turbine Blade Health Monitoring Sensors

especially for harsh environment app are i

Part-load or Flex-Op Performance Optimization by fine

Reduction of Life Cycle Costs (LCC)
Improved utilization/operability

nes Active Clearance Control Low Temperature BTC + BTT measurement sensors High Temperature BTC+BTT measurement sensors

~ Turbine blade tip rubbing prevention ~Increased efficiency ~ Reduction of consumption Up to 200°C Up to 1400°C without cooling

(in running condition or prior warm restart in turning gear condition) ~ Increased power output ~ Reduction of CO2 emissions Up to 200 bar Up to 200 bar
~ Blade vibrations monitoring Maximum measurement range from 0.05mm to 20mm Maximum measurement range from 0.5mm to 12mm
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~ FODs and DODs detection G ,ﬂ : INITIAL Various casing fitting applicable (flange, screw-in, clamps, etc.) Various casing fitting applicable (flange, screw-in, clamps, etc.)
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Mineral cable extension (<500°C and >200°C) up to 2m + Teflon cable extension

(source: ‘Gas Turbine Technology: Challenges, Achievements, Outlook’; Menapace, IGTC2008) o,
H Y # Powergen GT train layout: example of sensors applicable (<200°C) up to 10m

Calibrated vs. representative target surface

Blade Health Monitoring (BHM) is performed by mean of Real-time Blade Tip Clearance (BTC) and Blade Tip Timing (BTT) instrumentation
based on non-invasive Capacitive technology.

Possible applications are Aero-engine ground testing, Gas turbine validation test rigs, Turbochargers static and dynamic test stands,
Operational industrial gas turbines (trouble shooting and condition based monitoring), and even Aero-engines flying test beds. FOGALE Sensors releases software suites dedicated to the BTC+BTT measurements. The CAPABLADE software suite enables a number of

specific real-time monitoring and analysis functions of the measurements.

Software/Real-time analysis

FOGALE Sensors proposes complete measurement solutions as well as components such as capacitive sensors, capacitive

conditioning electronics, systems and software to perform effective BHM. The proposed solutions are developed and adapted to Clearance monitoring Blade vibrations monitoring
meet customer’s requirements. Clearance monitoring generates at every rotation data of all measured  Blade vibrations monitoring enables the characterization of
blade tip clearances variation due to thermal and centrifugal effect, with  synchronous and non-synchronous vibrational response of all
specific warning and alarms to prevent blade tip rubbing. Exclusive = measured blades.
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composed of conditioning electronics, acquisition system with real-time processing and analysis software. lifetime Of the GT TO o tewme rorties fmsmrst- ses: stsn-Sanssr 5 10631 i iibvahin amplitudes of the Eigen modes to detect blade failures.
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FOGALE Sensors‘

FOGALE Sensors offers a number of services to support customers in successful application of the BTC+BTT measurement technology.

Sensor dimensioning optimization and custom design Sensor Calibration

FOGALE Sensors capacitive experts provide an efficient support in FOGALE Sensors performs sensor calibration with a dedicated
optimizing the sensor design to meet the customers measurement Automated Calibration Bench simulating the passage of the blade in
specifications (range, accuracy, conditions, blade geometry) taking in front of the sensor at different

account the whole measurement chaln (sensor, cable, MC925, blade passing

Example of Sensor on holder Blade sample
blade sample on translation table

Reference MC925 in

Raw waveforms Calibration Bench

BIC(inmm)=a,+a-1/U+a,-1 U+
a, VP 4 4 a_-1/U" + Mechanical Offset

System maintenance and upgrade -
FOGALE Sensors provides after sales service to maintain availabili A > (s

Calibration law
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