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ABSTRACT 

To effectively monitor the vibration of blades in a rotating machine, a non-contacting method called blade 

tip-timing (BTT) has been used [1]. The method is based on the analysis of the differential arrival times of 

the blades at sensors mounted on the stator to characterize the vibration amplitude and frequency of the 

blades. These sensors can also provide blade tip clearance measurement. A combination of these data can 

provide a robust condition monitoring approach for the early detection of blade cracks. 

Eddy current sensors have shown great potential to assess the health of an engine without any need for 

direct access to the blade and therefore they are insensitive to the presence of any type of contaminant [2]. 

Also, both, tip timing and tip clearance of each blade could be measured by these sensors in real time and 

at high resolution.  

Eddy current sensors measure the magnetic field caused by eddy currents during the blade motion, and 

hence are a coupled mechanical and electromagnetic problem. An eddy current sensor on the casing of a 

machine has been modeled to fully understand how the dynamic response of the blade is measured by the 

sensors. Detailed 2-D and 3-D modeling and simulation of a rotating simplified bladed disk passing an 

eddy current sensor is presented. 

The effect of the variation of the rotation speed and the gap between the sensor and the blade tip on the 

accuracy of the measurement is investigated. Finally, the modeling results are verified using experimental 

results provided by a manufactured test rig and the results are presented. Such an analysis will enable the 

reliable monitoring of blade damage during engine operation. 
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