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Outline

= Technology Overview

= Disk Slot Inspection

= Blade Dovetall Inspection
= Cracks at Edges

= Bolt Hole Inspection

= Adaptive Life Management and
Risk Assessment

= Optional Baseline Subtraction
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Technology Overview
Sensors, Systems, Software, and Algorithms

MWM-Array FA35 MWM-Array MWM-Array

FA190 FA120

MWM?®-Arrays and IDED®-Arrays

= Patented scanning and embeddable Eddy
Current Sensor
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= Patented IDED sensor and IDED-Arrays
IDED DS07
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GS-HandHeld (GS-HH)

GridStation® Systems

= Portable and Hand-Held versions ==
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J
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GridStation® Software using Hyperlattices“‘"
» Performs multivariate inverse methods —i.e. fast, = . Salve Mfile Unknown Problems
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Fuzzy-Hyperlattices

= Remaining Useful Life Prediction (RUL) and
rapid uncertainty estimation
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“Air” Calibration
Improves Robustness & Ease of Use
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Grid Methods

Automatically Rescales Crack Response with Lift-Off Variation

1.584 MHz, Chan 2 - Conductivity vs. X axis (Moving average)

a 100
2 ABS
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£ S g e -4 Bolt hole responses
e for same crack with
8 oss different sensor positions
| ) g relative to edge
| X axis (deg)
Therefore C-Scan Image Threshold
IS Independent of Lift-off
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Independent Conductivity and Lift-off Imaging

» Grid Methods convert impedance into conductivity and lift-off
at each point in the image
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Automated Blade Dovetail Inspection
Engine Components at FRC-SE Jacksonville, FL

\ | Blade Carousel MWM-Array
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Automated Blade Dovetail Inspection

= Inspect for cracks (goal: 0.015in. x 0.008 in.)

MWM-Array FA57 Sensor Coverage
Aow of Sensing Elements
P Sense 30
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Automated MWM-Array Blade Dovetail Inspection

Sensor position at edge of dovetail

Blade
Dovetails
MWM-Array
Probe
MWM-Array
Sensor
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Conductivity/Lift-off Measurement Grid

Blade Dovetail Inspection

0.0350 . w— Conductivity ==—Lifi-
89-mil crack
BoT cluster with 0045
00244 largest crack 0.040
oo length 40 mils 0035
g 00338 0020
? = 0025
E poass £
D 0020
Number of £
Points on oot
Crack = 250 0.010
0.0326| 0.6
-0.082 -0.060
Real 0.000
0.037 A /
0035 0.0232345
0035 0.03342
= > 0.03339
£ 0.034 £
o S 003236
E E
0033 003333
v

Imaginary vs. Real - Chan 25 at 15.84 MHz, (Grid at 15.84 MHz})
fi-off

Crack
Signature

-0.057 -0.054 -0.051 -0.048

JENTEK Sensors, Inc.

Real
Patents Issued and Pending

0.02220
=

0.03327 ST/,

-0.06

7
T s

e
] N

1
J

g
KL
"' ll"""Ar‘::
I Lt

r
P
4

DORI

7 i PRRY AR o) l
., ’JL. .“l'lt‘f i i

© JENTEK Sensors 2011

DWG 2011 Slide 10



Filtered MWM-Array Results

Note:

Training Set Blade “with Known Cracks”

Convex Side

Results with Lower Threshold*

Concave Side
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*Lower threshold designed to detect smaller cracks by increasing

42-mil Long Crack

sensitivity, but this may also increase false indication rate
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Filtered MWM-Array Results

Note:
Training Set Blade Identified Prior to MWM-Array Inspection as Having “No Cracks”
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Detection of Cracks at Edges
with GridStation Edge Location Correction
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Detection of Cracks at Edges

with Edge Location Correction and Spatial filtering, using Signature Libraries

— Fmarez

Channel 2, Lift-Off Factor = -0.69
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Signature Library
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Hand Held Bolt Hole Scanner

= 1st generation product

- Removable cartridges with
MWM-Arrays

= One rotation

- Plunge to find position

-
Mandrel Assembly FA166 FA182
with interchangeable
MWM-Arrays
[k

JENTEK Sensors, Inc.
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Crack Detection / C-Scan Imaging for Bolt-holes
Without bushings
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Rapid Risk Assessment from NDT Data

Component Adaptive Life Management (CALM) software
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CALM™ Services

Component Adaptive Life Management

= POD curve generation for NDT &
embedded sensors
= Risk assessment & RUL estimation
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Fatigue Specimen and Scanner
for Signature Library Generation
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IN718 MWM-Array Fatigue Coupon

0.034 in. crack cluster on front

Front side scans
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097

Conductivity rx:l.l:m (Hormalized)
2

g3

0.35 040 045 .50 0.55 080
Encoder Positicen {in.)

Back Side Scans

R W O wn -

£

Imihl?m

H

: "Jll 01131 Cluster
Y ke,
J E NTEK. Sensors, In{:. Patents Issued and Pendig © JENTEK Sercors 2011

DWG 2011 Slide 21



Optional Difference Imaging or Baseline Subtraction
Improves Signal-to-Noise Levels to Reliably Detect Smaller Cracks
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A514 Grade B Steel Results

@ larger crack
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Questions?
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