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Aircraft Joint Problem Description

Sensor
1 |
; Lift-off (h)
Layer 1 Thickness
(conductivity, o) y (Aq)
Gap/Corrosion y Gap (Ay)
Layer 2 Thickness
(conductivity, c,) ! (Az)
Cladding layers to be

iIncluded if necessary
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Aircraft Joint Problem Description

" Prior Work
« 2003 Demonstrated independent

f (0.040 in. ski ——
meaiturement_o (0. in. skins) T Litoff(h)
- 1stlayer thickness Layer 1 | Thickness
_ 2nd |ayer th|CkneSS (conductivity, o) y (Aq)
- Gap Gap/Corrosion | Gap (4,)
- Liftoff (paint thickness) Layer 2 | Thickness
« Limitations in 2003 Work (conductivity, o) | (42)
- Slow Cladding layers to be

included if necessary

- High cost of systems

- Limited portability of systems
Goal of ongoing work (thicker layers)
« Scan speed 1 inch per second
« JET for improved portability (<1 pound plus tablet computer)
« (S8200 for wider scans (<15 pounds plus tablet computer)
« Easily adaptable to new and thicker applications (jAl)
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Simple Joint Sample with Material Loss Areas

« Two upper layers (skin) over top of a single lower
layer (spar)

* The upper layers form a “groove” over the lower layer
that can be adjusted to different widths.

* The lower layer contains simulated corrosion defects
of varying shape and percent material loss depths.
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JET with MWM-Array Technology

MWM-Array
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« JET

- 3 frequencies simultaneously

- 7 channels simultaneously

- Up to 1000 measurements/sec per channel
« MWM-Array

- Designed for model based inverse methods

- Drive sense gap determines depth of
penetration
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MWM-Array Technology - Depth of Penetration

Field Variation with Depth = -1,z ,
PIn= e T, =2 /3P + 278
Spatial Fourier Mode Depth of
Penetration = 1/Re(G,)
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MWM-Array Induced Eddy Currents

* Upper images show the

< TR\ pmum :  baseline material

% | S OONSES.

0 » Left plot shows the

Pl current density

; magnitude under the
drive windings of the

oo ww o ow MWM-Arrays.

Depth into the Test Material (in.)
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Model Based Multivariate Inverse Methods (MIMs)

- Lattice is collection of 2-D grids .
(sensor response surfaces) ! ,

Lift-off (h)
. . Layer 1 T Thickness

- Single frequency can estimate up to (concuctivity, o)) § (A1)
two unknowns Gap/Corrosion | Gap (4)

. . Layer 2 Thickness
- Two frequencies can estimate up to (conductivity, o) | (4
four unknowns, etc.

2.56 kHz A, —h Lattice 2.56 kHz Aj~h Lattice
(Layer 2 Conductivity varied) (Layer 1 Thickness varied)

e

128 2:350 ¥ Chan 3 - Imaginary v Real [multiple grids) (=l el 8 2560 kHz Chan 3 - Imaginary vs. Real (multiple grids) = o
— Thickness — Liftof Algorithm Grid, 2.560 kHz, Conducthity = 25.000 %IACS, Thickness = 0.1200 in., Conducthity = 30.000 %IACS, Thickness = 0.0650 in.. Step2b:Gap Lay2s | — Thickness — Lift-of Algorithm Gad, 2560 kHz, Conductiity = 30.000 %IACS, Thickness = 0.1200 in., Conductivity = 30.000 %IACS, Thickness = 0.0400 in., Step2b:Gap_Lay2S ﬂ
— Thckness — Uikl Alorm Gid, 2560 iz, Conhchty = 30.000 KIACS, Trickness = 0.1200in, Conductity = 20000 HACS, Thickness =0.066 in., Siep2h Gap Lay2S 1 — Thickness — Lif-of - Algoitim Gid, 2.860 kb, Conductivty = 30.000 %IACS, Thickness = 0.1200 i, Conductiity = 30000 %IACS, Thickness = 0.0650 n, Step2b:Gap Lay2S +|
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2003 Results on Air Force Material Loss Standard (1)

Ll sl L L T Rl

o o o LRG3 s b

E | | | | | | : 1 : 1 : 1

= H : 1 i 1 i

= | | | | | | i : - . - .

i i ' ) : i '

= 1 W 1 i 1 1
s |[E Al L L1 L lomedl st e
S = 315 33.4 4 B35 335 31.7

Directiops * b - i S
= Layer 1 Loss 3 ! Q Layer 2 Loss
E o
FAZ24
T T

A-A Cross Section

31.5 33.4 354 Layer one remaining thickness

39.5 I . ,—tl I Layer one

4 6
39.5 I Layer two 1 IT, 7-¢8
Layer two remaining thickness 35.5 335 31.7
! v v v v v
d1 + d2 71 72.9 74.9 75 73 71.2

Dimensions in Mils (1 mil = 0.001 in.)
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2003 Results on Air Force Material Loss Standard (2)

O | | O | | ‘ ‘ E i ~y i i =% i i =
R W T 1R S P 1Y 1 % 10
o HE
: B R
o | | | | b P P
Directiope * S cEr R ol o
I I N I S S S S S S - "F‘ _'r:_ _— @ _— @ _— @ _________ - 1
B s B
FA24
B-B Cross Section
I_‘_I
39.5 I 31.61 33.6! 35.6 [ Layer one
39.5 I 35.51 33.61 31.6) Layer two
— — —
v v v v
di+d2 75 65.2 65.2 751
Dimensions in Mils (1 mil = 0.001 in.)
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Model Based Multivariate Inverse Methods (MIMs)

15t Layer Loss vs. 2™ Layer Loss
Example Measurement Grid at 10 kHz for a Gap of 0.011 1n.

Ay

T

Galclad

gap of 11 mils
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2003: Results for 4-Unknown Results h, A,, A,, Gap

Independent 1st and 2"

= 72826 =2 B4R1 Walue: 6.5205 mils

layer loss imaging independent of gap

Lift-Off

AG

I
2

il 72 7 74 76 73
Total Remaining Thickness
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2003: Internal Geometric Feature and Hidden Damage
Imaging: C-130 Flight Deck Chine Plate

Inaccessible Side ) Accessible Side

=i

Thickness Image from Accessible Side Surface Topology Image

¥ Thickness scan at 10.00 kHz - 10| x| | ¥ Lift- off scan at 10.00 kHz o =]
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New JET Hand Held 7-Channel System
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Cladding Thickness Assessment

B 2915 % (2)
& 39.05 % (3)

-@- bare Al (4)

7 1.6 mil Alclad (5)
2 3.9 mil Alclad (6)
~4.1 mil Alclad (7)
4 5.0 mil Alclad (8)
< 29.15 % (10)

« Top: Effective -
conductivity values for :’
FS42 measurements on . = ' dai
several clad test S ; i,

(
% B - 3.9 mil Alclad (14)
30 4.1 mil Alclad (15)
d I B g s 1 & ;
CO u pon S a n Seve ra §1.92 kHz 163.8 kHz 327.6 kHz 655.3 kHz 1.310 MHz 2.621 MHz 2 S0 m A (B
Frequency

uncoated aluminum
a”Oy Samples- °r -——-idelalcorrelatilon | /,/+

O measured data correlation

* Bottom: Comparison of
estimated and actual
cladding

Estimated Cladding Thickness [0.001 in.]

MWM ' 1
0 l l l l l Ti
0 1 2 3 4 5 6
. AZ A MRt e g S A Actual Cladding Thickness [0.001 in.]
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15 inch Corrosion Loss Sample

20% | 10% | | 15% 20% material loss
| l
s A 1 | I
0 O | ﬁ| ﬁ ﬁ 0
B | Q__O__Q_Lj _Q___O____Q___Q___Q _____ |
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FA258: 15 inch Corrosion Loss Sample (1)

20% | 10% | | 15% | 20% material loss
~ i I i ~
-—————_:-Q——O——Q—L—Q——Q——Q——IIZ—Q———Q———Q _____ .
I B r— ST oyTIITII_CITITCTICI] -
poorve | | 0 O 1 0! O
| . . Y,
| | [
7 Lift-off/Conductivity T°
n_ o I
\ . g &) !
4_
_....,,_.,!. - ,H._- . . . 'WU A——!
3= T | ] | 1
3 4 5 B
0] T “l
0.000 0.002 0.004 0.006 noog
» Filtered and normalized C-scan of Gap data
across the corrosion defect locations.
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FA258: 15 inch Corrosion Loss Sample Holes (2)

20% | 10% | . 15% 20% material loss
- ! : ™
0 OI l
_______:_g__O_ _Q_|__Q _ O O __Q___Q___Q_____-_

_______ r—— _______l________________-_
|

\nGm/l-\ve:U | O}U J O

—l—(:)
> | OO

/’Scan 6, Chan 2 %
o 02— —"—“q|—"— — — — — — /Scan6,Chan3| 7% O
= A
™ I
e 0017 A
4 a
= T A
20,01/ Flat Bottom Holes f
3 4 5 b T 8 9 10 1 12 13 14 15 =

« Normalized B-scan of Gap data across the
flat bottom hole defect locations.
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FA258: 15 inch Corrosion Loss Sample Slots (3)

20% | 10%

1 15%

. | J
!

s p024d “Scan5 Chand | _ _ | ol
N 4 | = a
£ 0.01 . [A)
< (.00 pESndhaiond e ML = . AR XS BT ]
< 001 Flat Bottom Slots "
S 3 4 | 6 7 8 9 10 11 12 13 14 15+

Encoder 1 - position (in.) =]

* Normalized B-scan of Gap data across the
flat bottom slot defect locations.
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New MWM-Array Sensor FA296

First Prototype Sensor Capability

« FA258

« Detection of corrosion up to 0.060 in. 1st layer
New MWM-Array Sensor

« FA296

 Operates at lower power
 Lower frequency operation
« 2"d Jayer thickness measurement feasibility for thicker layers
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FA258 and FA296:
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FA296: 15 inch Corrosion Loss Sample (1)

20% | 10% | | 15% !
( | | | 0 )
|- Zle o Olo o Olo o O |
- — s el -
nGrol\veiU J O/0 0 O J
. i J

2 3 4 7 7 8 3 10 M 12 13 14
0| | L —
0.000 0.002 0.004 0006 0.008 0.010

» Filtered and normalized C-scan of Gap data
across the corrosion defect locations.
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FA296: 15 inch Corrosion Loss Sample Holes (2)

20% | 10%

| | 15% 20% material loss
: ™
|
I

e []
e 0 Ole o Ola o O |

. /
Step 2: Gap vs. Encoder 1 - position (Moving average]

0.034 ~ Scan 5, Chan 3
ﬁ ~ 3can b, Chan 4
% 0.02+— el OGN D, CIEND | et et i s -
g ~ 5can b, Chan 6
=
= 0.01;
E 000 [ ;‘% cr I

5 3 4 5 6 7 8
Encoder 1 - position {in.)
« Normalized B-scan of Gap data across the
flat bottom hole defect locations.
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FA296: 15 inch Corrosion Loss Sample Slots (3)

20% | 10% 20% material loss

| l

s 1 1
|
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1 15%
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DGroove|[] U O : U U O U U O 0

Step 2: Gap vs. Encoder 1 - position (Moving average]

0.03- A Scan 4, Chan 3
i ~ 5can 4, Chan 4
'TE,] i ] ASramid ThawB | ey e i v s | howe ol ipe s s e ooy e g
£ .~ Scan 4, Chan 6
=
= 0.01
E i'F'.'.':"'-u'-"u'"..-'i“-" e i il R T

2 3 4 g G i 8 9 10 11 12 13 14
. Encoder 1 - position {in.)
* Normalized B-scan of Gap data across the
flat bottom slot defect locations.
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Holes: FA258 at high power vs FA296 at low power

/ Scan 6, Chan 2 A
%‘U'Dz ___________________ | ~Scan6, Chan3[ — ~— 7% @
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FA296 = |
En_nn (o
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20% | 10% | | 15% | 20% material loss
- i i | ~
0 O | | | 0
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. I | i y,
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Slots: FA258 at high power vs FA296 at low power

20% | 10% | . 15% 20% material loss
- i i ~
O ' ”
I
_____:::Q__O__Q_I__Q O___O____Q___Q___Q______
"__7]'\_ |_______l'__ _______ |' ______________ .
a o0 0 O
Groove U U O
0 | | | 0
~ | i : /
= Il Scan5 Chand | __ __ __ __ _| e *)
3 0.02 ) | - I3
%
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FA258 = =/ S ool ol al
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S 3 4 é 6 7 8 9 0 11 12 13 14 15 +
Step 2: Gap vs. Encoder 1 - position (Moving average) =]
0.03 ~ Scan 4, Chan 3
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FA296 con . Chn
= 0.0
2 3 4 5 6 ¥ 8 9 10 11 12 13 14
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Summary JET + JAI

Demonstrated Capability

« 2003 Demonstrated independent |
1st and 2"d layer corrosion loss detection
capability but system was slow and costly

2019 Demonstrated increased speed and
iImproved ease-of-use and portability.

Ongoing

* Improving portability of method for varied
applications using augmented intelligence
methods (jAl)

* Improving signal to noise to address second
layer exfoliation detection, as well as improved

wall loss sensitivity for thicker skins
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