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Topographie Radioscopic Metrology 
for Corrosion Mapping 

John C. Brausen 
Wright Laboratory, Materials Directorate 

Wright Patterson A.F.B. 

INTRODUCTION 

Corrosion of aging aircraft is a pivotal concern in 
today's Air Force as large transport and tanker aircraft 
are utilized well beyond their intended design life. 
The C/KC-135 aircraft, built in the late 1950*s and 
early I960»s is currently projected for service through 
the year 2040. For such geriatric aircraft, corrosion 
is often the life limiting factor. 

_ _ Inspection for lap-joint corrosion on the C/KC-135 
auring depot maintenance has historically been conducted 
in a quasi-destructive manner. Typically, maintenance 
personnel inspect fastener lines for visual indications 
ot corrosion i.e. blistering paint, corrosion products, 
and skin pillowing. If a suspect region is located the 
rasteners are removed and a section of the skin lap-seam 
is peeled open for an invasive inspection. This method 
is both inefficient and costly. 

The Aging Aircraft Disassembly and Hidden Corrosion 
Detection Program1, conducted at the Oklahoma City Air 
^ogistics Center (OC-ALC) is attempting to identify off- 
the-shelf nondestructive inspection (NDI) equipment and 
technologies that can accurately detect and quantify 
corrosion in fuselage lap-joint structures of the C/KC- 
1J5 and E-3 aircraft. OC-ALC requested that the 
Materials Directorate of Wright Laboratory develop a 
laboratory metrological tool by which the corrosion on 
aisassembled aircraft fuselage skins can be accurately 
measured and mapped. This tool would be used to produce 
the solution set by which the vendor "round-robin" 
inspections would be graded. 

The resulting technique, Topographic Radioscopic 
Metrology (TRM), exploits the calibrated gray scale of a 
digitized radioscopic image through image processing. 
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™=r,Q- «SUDPIV a topographical 
The resulting "corrosion maps  supply     *ion> 
quantification of ™te^\^%chni^e  development, the 

This Paper describes the tec* £chnique validation 
corrosion mapping Process, an 
through metallographic analysis. 
BACKGROUND 

.,  ■♦-♦-irm are the two primary forms Exfoliation and P^ting are the    £  lap-joint 
of corrosion found in the aluminum^ corrQsion process 
skin structures of th« K£~iJr%t the seam.  The trapped 
begins by the W™****?*^!   between skin sheets. 
water _ sets UP a  or«s    ce^ ^^ ^   the skin 

Material loss aue uu 
interfaces.  (Figure 1) 

Fasteners 
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0.040-0.080 inch skin 

Exfoliation/Pitting 
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Figure 1.  Lap-joint corrosion schematic. 

^  ^o2    „qpH    for    evaluation    of Nondestructive   methods^    used    fo        ^    include 

material    thickness     ^ S    ,aU
x
e_radiograPhic.     Immersion 

ultrasonic,   eddy  current   and  «   "üi°g     F evaluated 
ultrasonic   and   e^dy   current   technique could provide 

for   lar-joint  corrosion.     However required.     Using a 
III  spatial   and thickness   --^^^C'ime-of-flight 
focused   transducer,    in   the   PUis produce     a     two- 
mode,      immersion     ^"Sonics        thickness.       However, 
dimensional   representation  of  skin z thickness 
in the  time-of-flight-mode the  accuracy        uiar    surface 

measurements    are    ^^   ** ^t    skins.     Immersion 
contours    found    in    thm    1 o s their   slQW 
ultrasonic   techniques   are   also   limiteü     y       excellent 
scan  rates.     Eddy  current  techniques  a surfaces. 
tools    for   thickness   -^^eTd/currents,   the  abrupt 
However,   due to the  n tu e of eooy corrosion pits 

Se  a^&Tu^kSe8Än^  -suiting  in poor 
thickness   resolution. 
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X-ray imaging is less influenced by these geometric 
constraints. Therefore,     an    effort    to    develop    a 
digitized x-ray  imaging technique  was   conducted. 

THEORY 

If a parallel, monoenergetic beam of X-ray photons 
is directed against a thin sheet of material, the 
intensity of the beam will decrease through the 
thickness  of the material  according to  the  law: 

I = Iae -ux o: 

■•»'here I0 is the incident intensity, I is the 
transmitted intensity, x is the thickness of the 
material, and u is a factor called the linear 
attenuation coefficient. The value of u depends on the 
energy of the incident photons and the elemental 
composition of the material. For aluminum at an 
incident energy of .05 MeV the value for u is 2.448 in"1 

(0.964cm-1)4. The transmitted intensity vs. material 
thickness for aluminum is plotted in Figure 2. As 
expected the transmitted intensity rises exponentially 
as the material thickness goes to zero. Over thickness 
ranges of less than 0.25 inches (0.635 cm) aluminum the 
curve  can be  assumed  linear. 

150 

0.3 1 1.S 

Aluminum Thickness, x, (in.) o 

Figure 2.  Plot of transmitted beam intensity 
versus material thickness for aluminum. 
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variations  in x-ray  intensity due to t"'*™^« 
Material  thickness     can  ^   -corded v^a   ^^J  «y 

S „-«riss? /if-S^S • s 
hp    determined    experimentally    through    tne    use    o 
thicknLsmstTndardsPmilled(from the ^ired mat       al 
the   ranges   of  material   thicknesses   of   interest.      ^cn 
tne   idiiyco v_rav    imaging   system    (intensifier, component    of   an   x  ray    imay-my      ■*        ^     t-hiq     curve, 

^rer/ore,Pt°hisScS
U°rve 'J&'oe^ter^ef  Ä» ^ 

as  a whole. 

EXPERIMENTAL PROCEDURE 

The  instrumentation used , in  this  experiment 
.nrnrnorates a FeinFocus 160 kV microfocus x-ray source 
nS 7 v T  Technologies 600XDF x-ray intensifier to 
ducethevSe^   A charge coupled device 

^ccSr camera generates the analog video signal for 
digitization by a NORAN TN-8502 image processing station 
(Figure 3) . 

Specimens     can     be     remotely     man/pP
u^ed  J^ 

t;ffiA°.nr.   bThr?rmi^ doctor   IZVLlZ? ifg 
ofoniy  16  square   inches per  image.     Processing of data 
for   larger  areas   requires   cutting  and pasting. 

Corrosion 
FeinFocus 
160kV 
microfocus 
x-ray source 

NORAN 
Image 
Processing 
System 

B 

Monitor 

Figure  3.     Equipment  arrangement, 
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in    order    to    define    the    calibration    curve    for 

thiS ^^r^T^J^^ri"Ls^^ 
were milled rrom 0.040 inch (1.016 mm) 7075-T6 aluminum 
fu'lage stin material to represent material loss values 

U
f
Se2%9- 27% (Figure 4). A «dioscopic image of these 

standards was acquired with ^exposure or 47 KVa^ 10 
^A      (Fiaure     5) . The     NORAN     system     captures     tne 
LnsS     image     through     500     frame     continuous 

Concentric image patterns caused ^ the intensity 
aradients of the x-ray beam are eliminated througn 
digital iLge subtraction of a background image acquired 
from  a   standard  of  uniform  base   tmck-ess. nbtained 

Average  pixel   intensity  measurements   were   obtainea 
from  the   center   of   each   step   standard.      Ch^n 
average   pixel    intensity    changes   were    calculated   from 
each gstePp    to    the    next    and    plotted    versus    percent 
material   thickness   loss   as   seen   m   Figure   6      Jhe   best 
fit   line   for   the   data   set   represents   the   calibration 
curve  by  which  an   image  with  corrosion  may  be   scaled to 
derive   experimental   thickness   loss   values.       Note   the 
Correlation  Coefficient    (R=0.98739)      shows   a   good   fit   to 
linearity.      The   slope   of   the   calibration   curve   «i 
affected    by    the    x-ray    energy    as    wel 1    as    mater, al 
-hickness       Therefore,   this   curve  must   be  determined  for 
fach    specimen    inspection    series The    experimental 
thickness losses, calculated via the equation for the 
best fit line, were compared to thickness losses 
measured via micrometer. The standard error was 

f , , , «_„ KQ ,,/_N I o*. the level of accuracy that calculated to  be   ( + /-)   i.^o,   uie   XCVC-L 
can be  expected  from this  method. 
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(a) #1 0.03915 in    10.03820 in 

G #2 0.03885 in     0.03800 in 

#3 

I 0.03710 in     0.03995 in 

0.03480 in     0.03995 in 

,.03255 in    10.03065 in    [o^^JO^^ ^ 

-♦1.0 in  #-kl.0in   ■►k1-01"  "►! 

(b) 

Figure 4.  (a) Schematic of machined thickness 
standards and (b) photograph of standards. 

Fioure 5   Digitized radioscopic image of thickness 
Figure 5.  uigi~i , rpr„ine the calibration 
standards.  Image used to determine ^        material 
curve relating image intensity and percentage materia 

thickness loss. 
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Thickness   Change   vs.   Intensity   Change 
Radioscopic    Technique 
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Figure 6.  Plot of Percent Material Thickness Loss 
versus Percent Average Pixel Intensity Change. 

A radioscopic image of a corroded region (Figure 7) 
on a 0.040 inch (1.016 mm) 7075-T6 aluminum fuselage 
lap-joint specimen and a 0.03009 inch (0.764 mm) 
thickness standard was acquired with an x-ray exposure 
of 47 kV at 1.0 mA The image was digitally corrected 
for x-ray beam non-uniformity (Figure 8). Figure 9 
represents the histogram of the image of the specimen. 

Measuring average pixel intensities for the 
thickest and thinnest regions (uncorroded base material 
and thickness standard respectively), provides end 
Points for histogram contrast expansion. The primary 
peak represents the corrosion specimen and the secondary 
Peak represents the thickness standard. The peaks of 
these spikes are selected and the data between these 
peaks are chopped and stretched to fit the TN-8502's 
full dynamic range of 0 and 256. Colorization of the 
image is accomplished by dividing the dynamic range by 
24^percent (thickness standard) resulting in a 10.4 
Point^ intensity change for a 1 percent change in 
material thickness. Assuming a linear relationship 
between material thickness and image intensity, the 
image's histogram is scaled and color banded 
^-cordingly. A colorized histogram will appear similar 
r-° Figure 10 with the resulting image as shown in 
figure 11. 

7 



Fioure 7.  Photograph of corrosion site on 0.040 inch 
H^OIS  mm) 7075-T6 aluminum fuselage skin from a 

C/KC-135. 

pic image of corroded Figure 8.  Digitized radiosco. 
aluminum specimen.  Image is unenhanced. 
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Figure 9:  Representative histogram 
of radioscopic image. 

Material Loss 24% 

grey 

jJ 
Intensity 255 

Figure 10.  Resulting histogram after 
expansion and color scaling. 
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Figure 11.  Digitized radioscopic image of corroded 
specimen after contrast expansion, calibration and 
colorization. 
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VALIDATION 

Correlation to physical data was achieved through 
Lorreicu.   rrn<Ts:sect ional measurement of the 

metallographic cross^ectio  t0 topographical data. 

12)     Two cross-section samples were CUT. 
' '  ,      _   ThooP QPrfions were mounted, polisneu, corrosion area  ^hese sections        microscoPically 

and percentage thickness 10Sb    lenqth.  Comparative 
measured along the crosb-sectional lengc      £    S_ 
data are illustrated in Figures 13 and 14 ro 
sections A-A and B-B "-^ively^ It c   be se   ^^ 
the physically measured data correlate veiy 
the experimental  results. 

'ffl&k )*&p-te&'Ä 

Figure 12.  Photograph and scaled «dioscopic image 
a ^rr-sion site or. a 0.040 inch (1.016 mm) 7075 T6 
^minum sfcin.  Bars A-A and B-B indicate segments 
data forcomparison to physical measurement. 
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Data Comparison: Section A-A 
Topography vs. Physical Measurement 
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Figure 13.  Plot of percentage thickness loss for 
cross-section A-A verses experimental topographical 
data obtained from Figure 12. 

Data Comparison: Section B-B 
Topography vs. Physical Measurement 
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Figure 14.  Plot of percentage thickness loss for 
cross-section B-B verses experimental topographical 
data obtained from Figure 12. 
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CONCLUSIONS 

Topographic Radioscopic Metrology has demonstrated 
the ability to quantify and map material thickness 
losses on the order of 2.0% ( + /-)l.Zo. 

TRM has been shown to be an effective 
miant-ification of thickness changes on 
sheets  The technique's high spatial resolution make it 
ideal for accurate quantification and mapping 
complex topography associated with corrosion. 

SUMMARY 

tool for the 
thin aluminum 

of the 

Oklahoma City Air Logistics Center identified a 
need for a nondestructive metrological tool for 
corrosion  quantification  of  thin  aluminum  skin, 

""^ifplper ^c^ed^he^dfveiopment of an x-ray 
imaging teSique, Topographic ^dioscopic Metrology, 
which exploits the calibrated gray scale of a dl?^^^ 
radioscopic image for deriving material thickness 

ValU6The process by which the calibration curve for x- 

^pula^^ 
and an example of corrosion maps given ^ shed 

Verification of the technique was accompi^sneu 
through metaliographic examination. 
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