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World energy consumption* 

The lifestyle in the 

developed world 

depends on energy. 

 

SOME ISSUES 

 

• Sustainable 

development 

 

• Greenhouse gas 

emissions *Pickens Plan 
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Some examples of energy systems 

http://www.offshore-job.net/pictures.html
https://www.google.com/imgres?imgurl=http://conserve-energy-future.com/Images/Geothermal_Energy.jpg&imgrefurl=http://www.conserve-energy-future.com/GeothermalEnergy.php&docid=FmlzGqlN-B81IM&tbnid=0bXwsSn_PVo0oM:&w=847&h=567&ei=DovzVNmWFqiwsASf_4LwDg&ved=0CAIQxiAwAA&iact=c
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What is nondestructive evaluation (NDE)? 
Medical NDE - ultrasound on people 

Engineering NDE  -  ultrasonic, radiographic, thermographic, 

electromagnetic, and optic methods to probe interior microstructure 

and characterize subsurface features.  Goal is to ensure initial 

quality, reliability in service and retire items before failure occurs. 
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Trends in “traditional NDT/NDE” 

• Present:   hand held 

+ C-scan and XYZ 

 

• Tomorrow:      

Robotic 

 

• Future:  SHM with 

embedded, 

continuous and real 

time data evaluation 

 
Attributed to Dick Bossie (2012?) 

Guwahati, Assam, India 
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Sioux City, Iowa, July 19, 1989 :  United Airlines Flight 232 
 

A defect that went 

undetected in an engine 

disk was responsible for 

the crash.  
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Life Cycle Management  

--- effective NDE now critical 
• Retirement for Cause was projected to result in 

life cycle cost savings in excess of $1 billion 

(1987) using the F100 Life Cycle Cost Model.  

Not smallest 

flaw  ever   

Detected 

But largest 

flaw ever 

Missed 

Detection Importance 
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Mechanical, thermal 

and electrical

propertiesProcess “signature Remaining service life

Inverse models Forward models

Performance

Processing

Structure Properties

Sensed by NDE Controls performance

Degradation mechanisms

Measurements
Material

properties

Structural

performance

Microstructure

parameters

NDE Materials Science

NDE and Materials Science* 

*after Ensminger & Bond (2011) 

Process monitoring/NDE 

Monitoring, diagnostics  

and prognostics (SHM) 
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• Local damage detection 
– NDT widely used 

 

• NDE methods have 
difficulty when large 
areas or lengths need 
inspection and limited 
assess 

 

• More global damage, 
quantifiable and 
automated methods 
needed 

Motivation for NDE  and Structural Health 

Monitoring 

Penetrant 

inspection 

Ultrasound – c-scan -composite 
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• Increase in need for life extension 
and maintain legacy systems 

 

• Periodic NDE methods challenged 
by aging systems – frequency of 
inspection and inspection 
technology need to be reviewed in 
light of known (and unknown) 
degradation mechanisms 

 

• Condition-based maintenance (CBM) 
philosophies, on-line monitoring and 
diagnostics can reduce operation 
and maintenance (O&M) costs 

 

 

NDE – SHM and the  

Motivation for Prognostics 

San Bruno (2010) 

Petrobras 36 (2001) 
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Structural Health Monitoring (SHM) 

Indian River Inlet Bridge, Structural Health Monitoring System, Univ. Delaware (2012) 
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Hess (Darpa) 

Goal is to proactively address potential future degradation in operating  

plants to avoid failures and to maintain integrity, operability and safety   
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Some common components & issues 

• Pipes 

• Pressure vessels 

 

• Some issues 

• Cracks 

• Corrosion,  erosion, 

thermal and load 

cycling 

• Composite materials 

(e.g wind blades) 

• Steel 

• Concrete 

• Semi-conductors 

(photovoltaics) 
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NDT & NEW ENERGY 
Under the new energy economy the Nation (USA) is faced with 

an enormous task if it is to make the least painful transition from 

its current energy sources (chiefly coal, petroleum and natural 

gas) to ones more abundant, and ultimately to those that are 

inexhaustible.  This transition will require an unprecedentedly 

large and rapid shift to different, if not new, technologies.  In this 

transition, the role of nondestructive evaluation (NDE) is 

certainly clear to its practitioners, but unappreciated or ignored 

by almost everyone else.  It will not be possible to rely on 

accumulated wisdom to predict the safety, reliability and 

predicted lifetime of the new components that must be 

developed.  Yet such knowledge (or lack) can have a major 

effect on the cost of the new energy systems as they are 

deployed industrially.   
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NDT & NEW ENERGY 
In this transition, the role of nondestructive evaluation (NDE) is 

certainly clear to its practitioners, but unappreciated or ignored 

by almost everyone else.  It will not be possible to rely on 

accumulated wisdom to predict the safety, reliability and 

predicted lifetime of the new components that must be 

developed.   

 

Yet such knowledge (or lack) can have a major effect on the 

cost of the new energy systems as they are deployed 

industrially.   

 

James Kane (1978). Associate Director, DOE - Basic 

Energy Sciences – at a DARPA/AF meeting (La Jolla) 
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State-of-the-art - monitoring 

• Nacelle Monitoring 

• Displacement 

Monitoring 

• Temperature 

Monitoring  

• Vibration Censors 

• Accelerometers Ludeca, Inc 

The green arrows indicate sensor 

(accelerometer) locations for standard 

wind turbines. 
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Wind turbines:  Inspection 
• Rope access 

technicians 

• Blade access 

platforms 

• Telescope and 

camera 

• Inspect for damages 

and leading edge 

erosion 

• 3-4 turbines per day 

• Thermography 

• Ultrasound 

Performance Composites 

UK Daily Mail (2014) 

Windaction (2010) La Salle, IL   Performance Composites 
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Example of Wind Turbine Blade 

Typical wind turbine blade shape – 47.5m average length 

LM Wind Power 

Cross-section of Sandia CX-100 9m blade 
Primary Materials 

• Glass Fiber 

Reinforced 

Polymer 

• Balsa Wood 

• Epoxy Paste 
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Examples of blade structure 

(a) the sandwich structure leading up to the trailing edge 

and (b) the complete  GFRP spar cap connected to 

wooden shear webs, which are 5 cm thick. 
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Blade Damage Type Damage 

Type 1 Adhesive debonding between 

spar cap and shear webs 

Type 2 Adhesive debonding along 

leading and trailing edge 

Type 3 Adhesive debonding between 

core and laminate materials 

Type 4 Delamination in the laminate 

sections 

Type 5 Fiber breakage in the 

laminate sections 

Type 6 Adhesive debonding due to 

buckling 

Type 7 Gel coat cracking Ciang et al.,  “Structural health monitoring for a wind turbine 

system: a review of damage detection methods,” Measurement 

Science and technology. Vol 19, 2008. 



Center for Nondestructive Evaluation 

Wind Operations & Maintenance 

O&M costs  - average share over the lifetime of the 

turbine of approximately 20%-25% of total levelized 

cost per kWh produced.   

Monitoring and then condition based maintenance 

(CBM) of wind turbine blades has the potential to 

reduce the overall cost of wind energy, for example by 

simply reducing, or even eliminating, the need of 

sending maintenance personnel to remote locations to 

examine increasingly longer blades.  
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Condition monitoring approaches 

• Fiber Optic Sensors (FOS) 

- Integrated optical fibers provide strain, 

temperature, displacement, and 

vibration measurements. 

• Acoustic Emission/Ultrasonic Sensor 

(AE/US) 

- Bonded sensors detect AE or investigate 

with ultrasonic 
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Condition monitoring for blades 

Costs (2014 USD) 

Besnard and 

Bertling (2004)  

Costs (2014 USD)  

Nilsson and  

Bertling,  (2007)  

Inspection        276 

Minor Repair      4,823     4,554 

Major Repair    48,230     6,072 

 

Blade 

Replacement 

 537,240  303,600 

Condition  

monitoring System 

   20,670    30,360 

Van Dam & Bond (2015) 
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Economics of Condition Monitoring for Wind 
Study 1: On-line CBM optimal for crack rates higher than 0.006% 

and crack time to failure lower than 1.1 years 

- US $75,784 in savings per turbine ---- [2] 

 

Study 2: O&M ~54% reduction from corrective maintenance (CM) to 

preventative maintenance (PM) ---- [3] 

 

Study 3: O&M savings ~47% conversion of CM to PM  

-  0.43% increase in availability ---- [4] 

 

Study 4: Return on investment achieved for SHM 

- Worst Case – 19 years 

- Most Likely Case – 3-4 years 

- Best Case – 1 year ---- [5] Van Dam & Bond (2016) 
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Creation care & good economics! 

Advanced NDE and structural health monitoring 

for energy systems and managing costs of 

operations and maintenance, minimize 

environmental impact, and reduce risks.  

 

Creation care, good engineering practices and 

economics can all align as we address climate 

change and meet the needs of a growing 

population, (at least up to some limits!) 
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NDT Resource Center   www.ndt-ed.org 

• International resource 

• 230,000 + unique 

visitors per month 

 

Resource for people 

ranging from high 

school to university 

researchers 
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