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DUAL-BAND INFRARED IMAGING FOR QUANTITATIVE CORROSION
DETECTION IN AGING AIRCRAFT

N. K. Del Grande
Lawrence Livermore National Laboratory
P. O. Box 808, Livermore CA 94550
(510) 422-1010

ABSTRACT

Aircraft skin thickness-loss from corrosion has been measured using dual-band infrared (DBIR) imaging on a flash-heated
Boeing 737 fuselage structure. We mapped surface temperature differences of 0.2 to 0.6 °C for 5 to 14 % thickness losses
within corroded lap splices at 0.4 seconds after the heat flash. Our procedure mapped surface temperature differences at sites
without surface-emissivity clutter (from dirt, dents, tape, markings, ink, sealants, uneven paint, paint stripper, exposed metal
and roughness variations). We established the correlation of percent thickness loss with surface temperature rise using a
partially corroded F-18 wing box and several aluminum panels which had thickness losses from milled flat-bottom holes. We
mapped the lap splice composite thermal inertia, (kpc)!/, which characterized shallow skin defects within the lap splice at
early times (<0.3 s) and deeper skin defects within the lap splice at late times (>0.4 s). Corrosion invaded the inside of the
Boeing 737 lap splice, beneath the galley and the latrine, where we observed "pillowing" from volume build-up of corrosion
by-products.

1.0 EMISSIVITY CORRECTED TEMPERATURE MAPS

Using DBIR image ratios (from DBIR cameras which scan infrared at 3-5 um and 8-12 um) we were able to enhance
surface temperature contrast and remove the mask of surface emissivity clutter (from dirt, dents, tape, markings, ink, sealants,
uneven paint, paint stripper, exposed metal and roughness variations). This clarified interpretation of subtle heat flow
anomalies associated with hidden defects and corrosion. We computed the following DBIR image ratios of enhanced
temperature contrast (T3) and emissivity-ratio (E-ratio) maps:

(T/Tav)5 = (8/Sav) / (L/Lav) 1)
E-ratio = (L/L,y)2 / (S/Sav) 3]

where § is the short-wavelength intensity (e.g., Is), Sav is the average value of the pixels in S, L is the long wavsiength
intensity (e.g., I10) and Lav is the average value of the pixels in L. See Figure 1 for the Boeing 737 images of the above
temperature and emissivity-ratio maps which allowed us to distinguish corrosion-related thickness loss effects and suriace
emissivity clutter (from dirt, dents, tape, markings, ink, sealants, uneven paint, paint stripper, exposed int%:l and roughness
variations).

Figure 1. Maps (left to right) of Boeing 737 lap splice structure with hidden defects showing 10 um and 5 um apparent
temperatures (°C), dual-band infrared (DBIR) enhanced temperatures (relative scale) and emissivity differences from clutter.
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2.0 DYNAMIC TEMPERATURE CHANGES FOR FLASH-HEATED LAP SPLICE

Corrosion within the Boeing 737 (epoxy-~~nded) lap splice causes disbonding. Trapped by-products act as an insulator,
delaying heat transfer by conduction from the front to the back surface. This effect is shown in Figure 2 by the near-constant
temperature contrast from 0.4 to 3.2 s which is based on our measurcments of the FAA owned Boeing 737 which was
inspected at the Aging Aircraft NDI Center (AANC), at a Sandia hangar in Albuquerque, New Mexico.

Corrosion-related material loss effects are best measured at 0.4 seconds after the heat flash. Temperatures at 0.4 s are
sensitive to material loss effects within a lap splice and insensitive (o timing uncertainties. The timing is early enough to
provide a good temperature contrast for sites with and without material loss from corrosion. At later times, trapped materials
mask the temperature-time history which characterizes material-loss effects for corrosion sites.

We established the correlation between percent thickness loss and above-ambient surface tempcrature rise, at 0.4 seconds
after the heat flash, based on our mcasurements for five specimens which averaged a 24 + 5 % thickness loss per °C
temperature rise. These specimens included a F-18 partially corroded wing box (with a 2.9 mm uncorroded thickness) and four
1.0 mm o 3.9 mm thickness aluminum panels with milled flat-bottom holes which had thickness losses ranging from 6% to
62%.
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Figure 2. The dynamic temperature variations for the Boeing 737 lap splice images at 0.04 s, 0.4 s and 0.8 s (top left to
right) and at 1.6 s, 3.2 s and 6.4 s (bottom left to right) based on the 10 um apparent temperature maps.



3.0 THERMAL INERTIA MAPPING

A solution to the heat transfer equation for a thick panel with an instantaneous surface heat flux is:

T(x.) = m ( 4az) ®

where T is temperature, x is the distance from the surface, k is thermal conductivity, P is density, c is heat capacity, & is

thermal diffusivity, ¢ is time and ¢ is the surface heat flux. For a semi-infinite solid approximation, the surface tem Eerature
is proportional to the inverse square root of time. In practice, we map the fuselage composite thermal inertia, (kpc)!

on the (inverse) slope of the surface temperature versus inverse square root of time. Composite thermal inertia maps
characterize shallow skin defects within the lap splice at early times (<0.3 s) and deeper skin defects within the lap splice at
late times (>0.4 s). Late time composite thermal inertia maps depict where corrosion-related thickness losses occur.

We note in Figure 3 (right side) a butterfly-like pattern at the upper right side. This is where the corrosive activity invaded
the inside (upper lap edge) of the Boeing 737 lap splice on Stringer 26, near station F400.7, beneath the galley and the
latrine. Typical visible signs of corrosion were also evident (e.g., pillowing) resulting from the increased volume of corrosion
by-products within the lap splice, between the rivet heads.
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Figure 3. Seven early-time (less than 0.28 s, on the left) and 159 late-time (1.6 s to 8.0 s, on the right) images were used to
produce composite thermal inertia maps of the Boeing 737 aircraft fuselage lap splice shown above. Note the relatively low
thermal inertia for the front-surface cloth tape and masking tape markers (top center and right corner) and the back surface tear
strap (bottom right comer).
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