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Basic Technology: Flash Thermography

Light

IR
IR 

camera

Flas hla m p 
and  o ptics

inclusi on ,  w at er

mat eri al l oss,  co rr osio n

dela mi nati on

EchoTherm® heats the sample 
surface with a light pulse, and then 
measures the surface temperature 
response to the flash with an  IR 
camera.

Subsurface variations in the 
sample cause subtle changes in 
the way that IR  energy radiates 
from the surface of the part.

Heat surface Capture cooling sequence Identi fy anomalous cooling
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Pulsed Thermography

• Non-c ontact
• Fast 
• Wide ar ea
• Quantitative

• Curv atur e to ler ant
• Real tim e

For many components and materials, 1 
ft2 can be inspected in less than 5 
seconds without any surface preparation.

747 tear stra p disbond inspection

Corrosion in steel hull of Coast 
Guard patrol b oat.
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Pulsed Thermography In Action

• Delam ination
• Adhes ive dis bond
• Impact dam age
• Corr os ion
• Water entrapm ent
• FOD 

• Thick ness meas urement
• Porosity
• TBC coating m easur em ent

For manufacturing, maintenance or R&D…
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Customers (partial l ist)
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A Viable NDT Alternative

Through Transmission Ultrasoun d

X-rayTWI Re co n stru ct e d Im ag e
Side vi ew:

adhesive

0.100” thick 
graphite 
epoxy

disbond

disbo nd

X-RayTWI Re co n stru ct e d Im ag e Through Transmission UT

Teflon 
inserts in a 
graphite-Al 
honeycomb 
panel.

Missing adhesive in a graphite sa ndwich panel.

Conventional Pulsed Thermog raphy
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STA 38 0 STA 36 0 STA 34 0

disbond

• Approved August 2001
• First commercial aircraft approval of Pulsed Thermography inspection
• For detection of 1” x 1” disbonds under 0.10” of skin or less
• For Al –Al doubler disbonds on all 7x7 aircraft
• Uses TWI EchoTherm® and MOSAIQ™

Boeing Service Bulletin 747- 53A2409
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Modern Thermography  Equipment

Imaging Head

IR Camera

Base Station

Operator 
display

Operator 
controls
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Issue s and Problems
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Pulsed Thermography Basics

def ect

Heat conductionHeat conduction

Probe Internal 
Structure

Measure 
Surface ∆T

La mps

IR ca m er a

Excite Surface 
Layer

LightLight

IR radiationIR radiation

to PC

Process

PCPC
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Three Distinct Physical Processes 

Probe Internal 
Structure

Measure 
Surface ∆T

Excite Surface 
Layer

Light

Hot air

Hot water

Cold water

EM induction

Acoustic

Heat conduction IR radiation

Eac h pr oces s must be optim iz ed and understood 
or mis leading and inc orr ect res ults m ay occur.
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Thermography is an Indirect Process

Input:

Output:

x-rays

x-rays

ultrasound

ultrasound

light

IR radiat ion

Radiography Ultrasonics Thermography

In thermography , we only infer what is beneath the surface, 
based on the surface temperature response.
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Industrial Radiography

wall thinning

x-ray source incident beam

target
transmitt ed beam film

less attenuation of the x-
ray beam by the thin wall

image
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Industrial Ultrasonics

coating

substrate

Pulse-echo mode

UT transducer

Through transmission mode

UT transmitt er

UT receiver

UT is reflected at interfaces. UT is attenuated by poor conductors 

disbond

• Contact and UT conductive couplant required.

• Image is built by scanning single point.

• Resolution depends on transducer size.
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A Fundamental Problem!

Heat conduction is a diffusion
process, similar to the spreading of 
a drop of food coloring in water.  

t1

t2

t3

t4 (eq uilibri u m)

We are trying to get precise 
data and sharp images from a 
process that is inherently 
messy and imprecise!   

Blurring and  reduction of signal due to blurring 
becomes more severe as time progresses. 
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Target – Bkgd Contrast May be Extremel y Small
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0.340 C

0.051 C

+

background
Target – signal separation 
is difficult as signal 
amplitude is on the order of 
camera noise. 
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Thermographic Signal Reconstruction
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Semi-Infinite Model

∆T = Q
e   π t√

ln(∆T ) =  ln(    ) – ½ ln ( πt )Q
e 

Q =  inp ut en er gy

e =  th er mal  ef fusi vity (Kρc )

In the logarit hmic domain the tim e dependenc e 
and mat erial propert ies are s epar ated.

01
2

2

=
∂
∂−

∂
∂

t
T

z
T

α

1-d diffusion equation:

Solution  for surface temperature due to  
a uniform, instantaneous heat pulse: 

Taking the log of b oth sides: 

Thick, defect free sample
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Transf orm to Natural Log Domain

Slope  = -1 /2

Ln(∆T ) =  Ln(    ) – ½ Ln ( πt )Q
e 

T

t

Log T-t plot o f a defect  free sample is a monotonically decreasing straight line with s lope –0.5.

ln( T)

ln (t )
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Log Curves are “Well-Behaved”

5.3

5.5

5.7

5.9

6.1

6.3

6.5

6.7

6.9

1 .5 2 2.5 3 3 .5 4 4.5

ln(t)

ln
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• Monotonically decreasing

• No transient thermal events

• Function and derivatives 
are continuous

def ect 

intac t

Although the plot of a defect point is not linear, its behavior is constrained 
and relatively smooth. It can easily be approximated by a series expansion.

Slope is bounded by 
conservation of ene rgy.
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Poly nomial Fit of ln(T-t ) Data?
F-18 R udder Polynomi al Fit  (5th Order)
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• 368 data points reduced to an equation with 5 coefficients
• Temporal noise reduced (low pass filter) with low order polynomial

F-18 R udder - Raw Data
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R2 = 0.9996
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Thermographic Signal Reconstruction

• Based on deviation of pixel cooling from  ideal 1-d behavior.

•, Accurately replicates thermal characteristics of s ignal

• El iminates temporal noise

• Fast conversion (< 10 sec)

• Compact representation
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U.S. Patent 6,516,084

A New Approach to Thermographic Signal Processing!
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TSR Temporal Noise Reduction

TSR signal / noise improvement is the result of the 
removal of temporal noise from the pixel time series.  

Raw ima ge  @ 2.5  s ec TSR im a ge @ 2 .5 se c

Th e s mall er  
hon eyc o mb cells 

are  p arti ally 
obsc ur ed  by  

tem po ral  n oise i n 
the ra w i ma ge.

Te mp or al nois e 
has be en  
re mov ed  in the  
TSR i ma ge  
deri ve d f ro m t he 
sam e dat a 
seq ue nce .
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Deriv ativ es of the Reconstructed Signal
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Time derivatives of the reconstructed signal can be calculated quickly and 
without adding noise to the image.

1st derivative:

Reconstructed signal:

U.S. Patent 6,516,084
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Low Thermal Contrast Features
Raw Reco nst ru cte d 2nd D eriv ativ e

GREP p an el w  
teflo n i nse rts

UT C al St d
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Earlier Defect Detection With Derivatives
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Thermographic Signal Reconstruction (TSR)

The Thermographic Signal Reconstruction* (TSR) method gives 
thermography an unprecedented degree of clarity, penetration depth 
and resolution.

Conv en tio nal 
the rm og ra phy

TSR

Application of the 
TSR process (left) 
to the thermal 
image of the  
turbine blade 
(right) results in a 
s ignificant 
recovery of 
subsurface detail 
in the image.

Turbine Blade

U.S. Patent  6,516,084
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Reconstructed Image Sequence

320 x 240 pixels 

x               2 bytes / pixel 

x           300 frames

46 MB

5 Second Raw Image Sequence: 5 Second Reconstructed Sequence:

We can reconstruct an image for 
any time in the sequence from a 
2-d matrix of the coefficients ai,j,n

4.5 MB

U.S. Patent  6,516,084

Conversion time ~ 10 sec
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Large Area Inspection 
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Reconstruction of Large Area Data

Each sub-image in the mosaic contains the N coefficients for each pixel 
so that the time sequence can be recreated for the entire mosaic.

(a0,a1, a2, a3, a4, a5 )i ,j
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Thermographic Signal Reconstruction (TSR)

Inspect the part usi ng 
EchoTherm or ThermoScope.

A MOSAIQ image of the part is bu ilt 
dynamically as the d ata is a cquired.

Use advance d TSR processi ng 
to see h idde n su bsurface detail.
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Example: 757 Spoiler

• 75”x26” sample im aged in 24 - 10” x 10 ” sections. 
• Inspection time 6 seconds per section

75”

26”

MOSAIQ allows you to inspect large structures quickly, 
with a subsurface image of the entire structure.  

Zoom in to  look at problem areas in detail.

wate r
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Case Studies: Manufacturing QA

Nordam Mfg. – Engine Cowl Door

Previous NDI: Ultrasound C-scan
Total Inspection time : 4 hours

TWI inspection  time: 45 minutes

Boeing St . Louis: Defense aircraft part

Previous NDI: Ultrasound C-scan
Total Inspection time : 12 hours

TWI inspection  time: 45 minutes
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Case Study: E2-C Inspection

• Prop elle r c ra cks not  d ete cta ble 
usin g c onv en tion al N DI

– Coin tap used previously
– 16 prop failures
– X-ray and UT ineffective

• TWI NDI i m ple me nte d 19 98
– NADEP Cherry Point
– 100% inspection
– 1 hour inspection
– 17 inspectors trained
– No failures since thermog raphy 

implemented

Acceptance inspection

E2-C Hawkeye Subsurface crack in E2-C propeller

On-aircraft inspection
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Case Study: Large Area Inspection

TWI inspection of U.S. Coast Guard Patrol Boat 
“SAPELO” found corrosion missed by ultrasound.

110 ft.

Previous insp ection: A-scan UT
- Poin t in spection onl y

Thermogra phy
- NADE P Cherry Point
- 100% inspe ction
- 40% more corrosion identi fied 
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LARGE AREA OF BACK 
SIDE CORROSION.

110 Foot Cutter: Hull Inspection



7

Copy right 2004, Therm al Wav e Imaging, Inc .

Ther mal  Wave Imag ing
THE ART OF INSPE CTIONwww.t he rm alw ave. co m

Beijing 2004

Corrosion Under Paint:  F-18 Splitter Plate

• Gray paint / chromate primer
• Paint is  not  IR transparent
• Difficult to inspect with most  methods due to acoustic holes

– 0.1 50 ” c ent er to ce nte r
– 0.0 82 ” di a met er

passi ve IR t = 0 ( du rin g fl as h) 8 m sec

grin d out
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t = 0 
during 
flash

t = 8 
msec

t = 24 
msec

Splitter Plate Section
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Benign Area @ 200x

Bakelite sample holder

primer

topcoat

Al
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primer
topcoat

primer
topcoat

Double Paint / Primer @ 200x

Bakelite sample holder

Copy right 2004, Therm al Wav e Imaging, Inc .

Ther mal  Wave Imag ing
THE ART OF INSPE CTIONwww.t he rm alw ave. co m

Beijing 2004

Double Paint Transition @ 200x

Bakelite sample holder
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pit

primer

topcoat

Bakelite Bakelite sample holder

Corrosion Under Paint / Primer @ 200x



8

Copy right 2004, Therm al Wav e Imaging, Inc .

Ther mal  Wave Imag ing
THE ART OF INSPE CTIONwww.t he rm alw ave. co m

Beijing 2004

Thermographic Inspection of Space 
Shuttle Leading Edge Components
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Th er mal  Wa ve I m agi ng ha s b ee n 
awa rd ed a c ont ra ct t o assis t 
NASA in dev elo pin g p ro ce du res  
and  b est pr actic es fo r 
the rm og ra phic  ins pe ctio n of t he 
the rm al pr otec tio n sy ste m (TPS ) 
on t he  sp ac e sh uttl e or bite r.  T he 
tea m is  usi ng  th e TWI 
Echo Th er m® sys te m t o in sp ect 
the Rei nfo rc ed C ar bo n- Ca rbo n 
(RCC ) p an els on l ea din g edg es 
of t he sh uttl e’s wi ngs .   

NASA: Space Shuttle Return to Flight
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Summary

• Ther e has been a signific ant incr ease in the 
acceptanc e and use of pu lsed thermogr aphy for 
manufact uring and maint enance applications.

• Therm ographic Signal Reconstruction incr eas es 
sens itiv ity, provides s ignif icant reduction of data 
volum e.

• The use of tim e derivatives allows sign ific ant 
impr ov em ent in detection of deep and subtle feat ures.


