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Life of an aeroengine is dictated by individual lives of the most critical components in the 

engine. It is well known that these parts generally involve high manufacturing cycle costs, time and 
design effort, thereby placing great emphasis on utilisation of these components to their fullest life 
potential. Discs and blades of the Gas turbine are such critical components whose lives are 
therefore tracked/ monitored in operation. Retirement of these critical parts could be based on a 
conventional design philosophy, viz., the ‘safe life design’ where end of life (hard time) is based on 

design point calculations and mission cycle conversion factors possibly leading to conservative life 
usage assessment. In other words, the components could have been called for withdrawal from 
service even while certain life potential exists. Alternatively, there also exists a possibility for 
premature failure of components within the hard time declared. It is precisely these aspects that 
have led to the evolution of accurate and efficient life monitoring methodologies and structural 
health monitoring techniques that aim at exploiting the useful life to the fullest without jeopardising 
the safety. Towards development of effective life monitoring strategies for a Gas turbine engine, life 
methodologies developed for a Turbine disc and Compressor blades are discussed here. 

 
As the aircraft operates under varied conditions, i.e. under different combinations of altitude 

and Mach numbers during its mission, the loading (Speed & temperature) on the turbine di sc also 
changes as per the same and the Low Cycle Fatigue (LCF) life consumed has to be as per the 
prevailing stress state in the disc for economical usage. A generic LCF life response model based 
on stress analysis for various DOE load cases with operating speed and temperature as the critical 
parameters is developed. This model on integration with actual flight data and cycle counting 
algorithms is capable of predicting the LCF Life potential of the disc for any given operating flight 
condition and serves as an improvised effective tool for on-condition life monitoring of the disc. 

 
Structural integrity and durability of blades is another important aspect with fatigue being a 

major failure mode and especially High Cycle Fatigue (HCF) being a critical design concern. HCF 
failures in blades are mainly attributed to resonant excitations where the dynamic stress amplitude 
in the blade increases as the exciting frequency approaches the resonant speed. These excitations 
could be due to integral orders, i.e. as multiples of rotational speeds and also due to nozzle or blade 
pass frequencies. The frequency of these excitations is very high and under these excitations, the 
blades are subjected to highly complex modes or deformation patterns resulting in a multi -axial 
state of stress. Other causes for multi-axial state of stress may be attributed to anisotropy in 
material, presence of stress raisers and end fixity/ support mechanism of the blade in context. 
Assessing severity of this multi-axial stress state in the blade from HCF point of view is very 
important from the designer’s perspective and these blades have to undergo specific intentional 

HCF tests before being certified flightworthy. The methodology of arriving at the acceptable dynamic 
strain in the blades using multi-axial distortion energy based life model to ensure infinite HCF life 
capability is discussed. Data acquisition to assess the stress state in the blade through strain gages 
and/or Non-intrusive Stress Measurement system apart from other engine response measurements 
are employed for overall structural health monitoring during developmental engine testing. 
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