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ABSTRACT 
Advances with sensor technology, miniaturization of electronics and wireless communication makes it possible to 

utilize structural health monitoring (SHM) as a tool to trigger comprehensive NDE which may presently be rigidly 

scheduled or based on estimated or expected service of critical components.  In all of these cases actual service 

experience may differ from that which is expected and if it does without the use of SHM there may be no awareness 

of a serious threat because reasonable expectations were incorrect. This presentation will describe a sensing scheme 

designed to guide cost-effective application of inspection of fatigue critical components.  This technological 

approach holds potential for application in aerospace and transportation, and other areas where risk-based 

component inspection is necessary. 

 

BACKGROUND 
In some industry sectors a requirement may exists, perhaps in the Code of Federal Regulations, which establishes 

when critical systems or structures must be inspected.  Typically this will be based on chronological time periods 

and not actual service use periods. In other instances these are established by asset management approaches and in 

others only after expected premature failures of structures which might cause harm.   

 

The process of inspecting in-service is inherently contentious because if an inspection is performed and no 

imperfections which might be of concern are found then there may be concern about the quality of the inspection, 

but there is almost always the sense that the inspection was a waste of precious resources of time and money.  The 

challenge for those using NDE as part of a safety assurance program is to know where and when to conduct the 

inspection so that any detectable, but still not critical imperfection can be discovered.  When one considers the 

inherent variability of materials the magnitude of this challenge becomes clear, conducting NDE at the ideal time is 

fortuitous, if done too soon wasteful, and too late potentially disastrous.  Of course the NDE practitioner will 

observe that knowing that no detectable defects are present is valuable, because damage mechanics can be used to 

estimate based on expected service, the remaining safe-life.  Unfortunately unless the actual use is less demanding 

than the expected use, this estimate while reasonable may be wrong, so inspection intervals will be set to provide a 

margin.  This highlights the dilemma between expected and actual service as the basis for triggering NDE. 

 

Over the past decade or so the term structural (or system) health monitoring has come into usage to describe in-situ 

nondestructive measurements where often the data is collected and transmitted wirelessly to the location where it is 

analyzed and used for a variety of purposes.  In that there is no generally accept definition of “health” at times the 

monitoring may simply be collecting data which confirms the status quo or some deviation from it. Fundamentally 

the most powerful use of SHM is when an engineering basis for interpreting the data has been developed which can 

be used to assess the health of the structure or system and the monitoring is carried out with a collection interval 

which allows for determine the “rate of change of health.” 

 

In that SHM is used to describe essentially all forms of monitoring of structures or systems the discussion here will 

describe monitoring which does not fulfill the loftier goal mentioned in the previous paragraph but meets the more 

common usages.  However the process which will be described that combines SHM with nondestructive evaluation 

(NDE) does. 

 

CHRONOLOGICAL TIME VERSUS DETERIORATION TIME 
For many structures or systems service may involve variable loading for example loading of an aircraft component, 

or a bridge structure, cantilever sign support, etc.   The variations may not be repetitive, or deterministic; the elapsed 
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chronological time may not actually reflect the magnitude of the service.  To illustrate this point consider the time 

series data for a leaf spring, Fig. 1 

 
Fig. 1. Mechanical strain as a function of time for a leaf spring 

 

These strains can be used to determine the stress and in turn the amplitude of the cyclic stress.  The stress amplitudes 

can be dissembled into block of similar stress amplitudes, Fig. 2. 

 

 
Fig. 2. Blocks of cycles of similar stress amplitude on the left.  The curve on the right is stress amplitude versus 

cycles to failure for the component material and the equation is the Palmgren-Miner rule for determining fatigue-life 

due to cumulative damage. 

 

By monitoring the strain it is possible to continuously update the estimate of the expended life by quantifying the 

actual service. This estimate can serve as a rational basis for determining when to nondestructively examine the 

component to determine if a crack has formed. The alternative to such monitoring is to estimate the service, or to 

establish the inspection time based on an elapsed time in service.  Of course the advantage of monitoring the actual 

service is that it might be substantially different than the expected service.  If it is less demanding it may allow for 

increasing the chronological time between inspections, or if it is more severe it will allow for shortening the time 

between inspections. 

 

IMPLEMENTATION ISSUES 
For large or complex structures or systems it may be necessary to monitoring the strain in carefully selected 

locations because the strains might be different in different locations.  Of course strains measured in a single 

location might be used to improve the estimate for locations throughout a structure if monitoring at multiple 

locations is too costly. 



 

Monitoring of strain also necessitates logging until the data can be dissembled into the blocks to enable, by means of 

the Palmgren-Miner rule and appropriate S/N curve for the material, to estimate the remaining life of the component. 

It can be dissembled as it is collected and the dissembled blocks logged which requires less space for data storage.  

Ideally the device to perform this function can be powered via energy scavenging and the data communicated 

wirelessly.  In some application the data might be logged and collected by polling the device to determine if 

sufficient service has occurred to warrant nondestructive examination. 

 

SUMMARY 
Conducting nondestructive examination cost-effectively depends on determining appropriate times within the usage 

history when service induced deterioration will initiate detectable flaws. SHM can be used to accomplish this and in 

turn trigger the NDE to detect and characterize the flaws. 
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