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» MWM-Array eddy current technology and systems

» Bolt-Hole inspection for challenging holes

» Surface-breaking cracks on complex surfaces

» Sub-surface cracks on curved/variable thickness structures

» Detection of cracks at fasteners
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MWM-Array Sensors & Parallel Architecture Instruments 3
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Right Angle Scanner 4

- 7-channel JET scanner

- Quick-release sensor cartridges for
rapid sensor swap and cost reduction
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Automatic Correction for Part Conductivity
_(and Temperature)
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10.48 MHz - Imaginary vs. Real (Analysis Grid, 10.48 MHz)
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Surface Crack Detection at fillets with MWM-Arrays 6

File View CurrentView Measurement Tools Window Help

P01 alidation T Analysis 1: C-5cans
~e—
28 10.48 MHz - Conduictivity scan - Set | (=== |
Diata off Part 57 e
* Form
08 L . Lg =
g; PRl _ L% . R 4 . =
002 _ 2 T—I 1 ta,l_llé ool ' M. a
nn ne 10 15 20 28 a0 e A AR B0 EE £EN QL
@ 10:48 MHz - 60-mil Filter 2015 Filtered Conductivity scan - 52t | = | =] || £Z
*
+
P 05 =
r il 7 H i &
L T o4 0.0 T T T T T T T T T T T 6
-~'- 0o 05 1.0 15 20 25 30 35 4.0 45 50 5] E.0 ;@_)I
. 53 ~ |- ar m
8 10,48 Mz - 60-mil Fitter 25412 Filtered Conductivity <can - Set | [ &=

Liftoff & coverage erificatio'n

Six EDM notches at fillet ety S E --

@1 |+

0o

T T T T T T T T T T T 1
0o [1R<] 1.0 15 20 25 30 35 40 45 5.0 55 [=301]

81 10,48 MHz - Shape Filter 15¢8 Filtered Conductivity scan - Set 1

Depths 0.030, 0.020, 0.015, 0.010, 0.007 in.

0.5+

4 WM 4 1 ¢ °
T T T T T T T T T T T |
5 30 35 40 45 50 55 B0

0o

Filtered by Size 0o 0.5 1.0 15 20 2.

i = ml
I T T T
010 005 0.00 0.0s 010 015 0.20 025 030 035

All detected, with “air calibration” —- "

o) ko wlal 1+ [E] jo stal 1+

Unfiltered (top) and Filtered C-Scans

J ENTEK Sensors, Inc. Copyright @2025 JENTEK Sensors

Slide 6 All rights reserved




Automatic Rescaling of Crack Response with Lift-off
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Automatic Rescaling of Crack Response with Position within Array 8
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Unfiltered Crack Response
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Subsurface cracks in curved and complex parts o
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« Air Force funded POD study
* Fractography for largest defect shown below

* Real crack generated with starter EDM notch

Crack length measurement Destructive analysis of Specimen 2
Specimens 1, 2, 3 Specimen thickness measured at 0.168 in.

0.371 in. length

0.151 inch

AT T A A, §

r %
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Sub-surface Real Crack Response

10
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Sub-surface Real Crack vs. EDM Notch Responses

o o o
2 3 3

o
=
=)

Conductivity (%IACS) (Normalized)
o o o
g & S

0.84;

0.824

e — — —

b — — — —

— — —— —

327.6 kHz - 20,30,40

11

Slide

0.020 m. EDM

—— — — —

0.040 in. EDM

0.0 0.5 10 1.5 2.0 2.5 3.0 3.5 # 53 Crack (12), Chan 7
Encoder - position (in.)
1.310 MHz - 20 5.242 MHz - Conductivity vs. Encoder - position
101
# 51 Crack (4), Chan 1 1.00=
/51 Crack (4), Chan 2
est /1 Crack (4), Chan 3 B T T R T T,
/51 Crack (4), Chan 4 0 010 B
3 /31 Crack (4), Chan 5 T i 1n.
% 0.99 /51 Crack (4), Chan 6 go80
/51 Crack (4), Chan 7 £
E /52 Crack (6), Chan 1 5085
=099 /52 Crack (6), Chan 2 s
g /52 Crack (6), Chan 3 & 0.80
g; a6 /82 Crack (8), Chan 4 g
< L /52 Crack (6), Chan 5 £075
£ /52 Crack (6), Chan 6 ey .
=
T i Low Frequency 782 Grack (), Ghan 7 Z070 ngh Frequency
B # 83 Crack (12), Chan 1 -
8 /53 Crack (12), Chan 2 5085
095 # 53 Crack (12), Chan 3
. /S3 Crack (12), Chan 4 0.60 :
0.020 1n. i CeakitioY Ehan = 0.000 in.
i = = Semache T L e s S R s e T e e A = #53 Crack (12), Chan 6 R N L I I i o I i
0.0 0.5 1.0 1.5 20 2.5 3.0 35 #§3 Crack (12), Chan 7 00 05 10 15 20 25 3.0

JENTEK Sensors, Inc.

Encoder - position (in.)

# 51 Crack (4), Chan 1
/51 Crack (4), Chan 2
# 51 Crack (4), Chan 3
# S1 Crack (4), Chan 4
#31 Crack (4), Chan 5
# 51 Crack (4), Chan 6
# 51 Crack (4), Chan 7
# 52 Crack (6), Chan 1
# 52 Crack (6), Chan 2
# 52 Crack (6), Chan 3
# 52 Crack (6), Chan 4
/52 Crack (6), Chan 5
/52 Crack (6), Chan &
# 52 Crack (68), Chan ¥
# 53 Crack (12), Chan 1
/53 Crack (12), Chan 2
# 83 Crack (12), Chan 3
# 53 Crack (12), Chan 4
# 33 Crack (12), Chan 5
# 53 Crack (12), Chan 6

= | #51 Crack (4), Chan 1
/51 Crack (4), Chan 2
/51 Crack (4), Chan 3
/51 Crack (4), Chan 4
/51 Crack (4), Chan 5
/51 Crack (4), Chan 6
/51 Crack (4), Chan 7
#52 Crack (6), Chan 1
/52 Crack (6), Chan 2
/S2 Crack (6), Chan 3
# 52 Crack (6), Chan 4
# 52 Crack (6), Chan 5
# 52 Crack (6), Chan 6
# 52 Crack (6), Chan 7
/53 Crack (12), Chan 1
# 53 Crack (12), Chan 2
# 53 Crack (12), Chan 3
#S3 Crack (12), Chan 4
# 83 Crack (12), Chan 5
#S3 Crack (12), Chan 6

Encoder - position (in.)

Slide 11

35 /83 Crack (12), Chan 7

Copyright @2025 JENTEK Sensors
All rights reserved



Subsurface crack modeling 12

Slide

Smaller Flaw Larger Flaw Y2 of FA258 MWM-,:rray

2 of physical
> geometry
(using
symmetry)

A j

Induced
current
density
contour plots
> [100 kHz;
0.05 in. lift-off;
0.4 in. long
larger notch]
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GS9000 Surface-Breaking Crack Detection 13
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* 79-channel MWM-Array
« Simultaneous £45° scan for improved defect
detection
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Surface Cracks at Holes, Away from Holes, at Edges 14
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JETi Bolt-Hole Inspection System 15
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Example Result: 3 Layer Stack-up (50 x 25 mil; mid-wall flaw) 16
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Study Specimen 1701 Hole 3 (30 x 15 mil; mid-wall flaw) 17
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Real Crack Specimen Fabrication 18

Slide

Material Thickness (in) Hole Diameter (in)
6061-T6 0.125 ¥ (0.250)
Note: Conductivity measurements are NOT consistent with 6061-T6
Maximum Load (lbs) Minimum Load (Ibs) Frequency (Typical) Max. # Cycles
3000 300 25Hz 19,773
Left Right
Length in Hole (in) Length on Surface (in) Length in Hole (in) Length on Surface (in) —) t
0.000 0.000 0.044 0.018
oo e i T Front
: face\P
Sample 1
. - Left
Photos of front and back i T
face for measurement of _._;'1 Replicas of left (9 o’clock) and right (3 o’clock) Right
crack length on surface " | sides for measurement of crack length in hole
(back shown) A - — —
]ENT El(u Sensors, Inc, Copyright @2025 JENTEK Sensors
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Real Crack Specimen 1 19
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« Yain. hole; Al alloy
 Leftinside: No defect

* Rightinside: 0.044 in. corner crack

Note the jagged

| nature of real cracks
(0.018 in. external surface crack)

]EN TEK SCHSOI'S, II'IC. Copyright @2025 JENTEK Sensors
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Real Crack Specimen 1 — (44 x 18 mil; corner crack) 20
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Real Crack Specimen 2 21
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« Yain. hole; Al alloy

+ Left inside: No defect

* Rightinside: 0.093 in. crack near edge
(no external surface crack visible)

* Appears to be three nearly coalesced
cracks of lengths 0.040 in., 0.016 in.,
and 0.034 in.

>
o)
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Real Crack Specimen 2 — (93 mil mid-bore/coalesced)

0.093 in. total length

22
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T i ° Filtered Crack [ /5= =1 3
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Example: Subsurface Cracks Near Fasteners 23
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B For the FAA in ~2003 JENTEK participated in a performance study for the Probability of Detection (POD) of
2"d [ayer cracks in lapjoints for 727 aircraft. JENTEK had the best POD performance in the initial blind tests.

- Representative response images are shown below for a single pass of a sensor array across the fasteners.
These scans were very slow but demonstrated excellent detection capability for the multiple crack sites; the
current program would extend this work to accommodate a variety of fastener types and increase speed.
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Improved Lift-off Tolerance o
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BenefItS FA354 Notch Response vs. Liftoff
 Reduced false indications

. o

) o
e o
vl

|

o
-
7

» Less surface preparation required
* Inspection through paint

-
oL
N

Peak Conductivity Change (%IACS)
o o

« Use of thicker protective coatings on  :--
the SenSOr to improve durability O === 30 mil Notch ;litgflfhfrzi}iS) lGDOmM\!mch )
Sample Notch Sizes 30 mil shape filtered conductivity, no added lift-off
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Summary 25
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» MWM-Array crack detection for bolt-holes
and complex structures:

= Air calibration (ASTM E2338; ASTM E2884)

= Three frequencies simultaneously

= All sensing elements simultaneously (fully parallel)
= Automatic crack response rescaling for liftoff

= Automatic rescaling for defects between channels

= Surface and sub-surface crack detection

» Additional applications include: detection of cracks at
fasteners, corrosion imaging, coating characterization,
and in-process layer-by-layer sensing for additive
manufacturing
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