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OLYMPUS

Phased-array instrumentation evolution
1994: Tomoscan FOCUS

20kg, requires computer, low data
transfert

2002: Omnsican PA

5 kg, portable, stand-alone, high
data transfert

Battery operated, modular
1/3 selling price

Designed based on users
comments and expectations




OLYMPUS

Omniscan product line:

The Omniscan Family

* Modular/multitechnology unit

« 1 system all techniqgues (OMNI)

2 channel UT EC Array Phased Array / UT 1 channel

6 different modules commercially available:
PA (16:128 phased array) + UT (1 channel)
PA 32:128
PA 16:16
ECA (Eddy current array)
ECT (Eddy current technique)
UT (2, 4 and 8 channels)



OLYMPUS

Designed for field applications

Weight; 4 kg (8.8 Ibs)

Complete stand alone unit
(no laptop necessary in the field)

Easy to clean

Large visible-everywhere display
(headset display capability) 8.4-in. color
SVGA (800 600 pixels)

User-friendly interface

One software, one system for all
technologies

Back strap, secure strap

Able to sit securely on flats & various
pipe diameters

Battery operated (6-8 hours of operation




Phased Array Features

Electronic scanning

One Ascan at a time:

/linked to the cursor

Typical Linear scan
(cross section) :

different beams

/ generated by consec.

subset of elements  All
beams have the same
angle (Odeg Lwave) and

\focus at the same depth

CScan Amplitude

Image easier to analyse for signal reflection and backwall attenuation in noisy
materials



Phased Array Features

Real-time (60KH) Ascan-Bscan, Sector Scan (20 Hz)
Cscan Amplitude and TOF (2 gates)

Multi-sector capabilities

Multiple displays

Up to 32 elements for beam forming

Can drive probe up to 128 elements

Bandwidth: 0.75 to 18 MHz (-3 dB)

AScan rate: Up to 6000 A-scans per second (512-point 8-bit A-scan) ~
1.5 Mb/s

Max Pulsing rate : Up to 20 kHz (C-scan)

Filters : Low-pass (adjusted to probe frequency), digital filtering
(bandwidth, frequency range)

Max File size : 200 MB ( > 1 GB with Tomoview control)



Eddy Current Array — Basic Concept

In ECA, several eddy current
coils are placed in the same

probe assembly to:

Allows Iar%er coverage in a
single probe pass while
maintaining a high
resolution.

Reduces the need for
complex robotics to move
the probe; a simple manual
scan is often enough.

Improves flaw detection and
sizing with C-scan imaging.
Inspect complex shape with

a probe maae with to the
profile of the parts
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ECA — Signhal Representation

ECA probe over aflaw Each coil produces an The amplitude of the signal
signal Is color-coded into a C-scan view

00000
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ECA — Sighal Representation

The C-scan can only show one component of the signal at
a time (X or Y component).
In the example below, the C-scan shows the vertical

component of the signal (Y axis) and this is why the lift-off,
which has been rotated horizontally, is almost not visible.

Defects \

1

Lift-off signal




General Hardware Features
OMNI-P-ECT4 OMNI-P-ECA4-32

Conventional ECT only Conventional and Array ECT
4 input channel 4 input channel

Frequency range from 20Hz 32 channels

to 6MHz 64 channels with external

multiplexer

Dual Frequency operation
d yop Frequency range from 20Hz to

2-Encoder input 6MHz
3-Alarms output Dual Frequency operation
1-Analog output 2-Encoder input

3-Alarms output
1-Analog output



General Software Features
OMNI-P-ECT4 OMNI-P-ECA4-32

Impedance plane and strip
chart display

Filters and mixes

Bolt hole inspection
Thickness measurement
Conductivity measurement

C-scan capability with 2 axis
scanner

Impedance plane and strip
chart display

Filters and mixes

Bolt hole inspection
Thickness measurement
Conductivity measurement
C-scan capability with 2 axis
scanner

C-scan array capability

Probe ID for eddy current
array

2 - C-scan display



Software Layout

In acquisition mode, the C-scan is the only possible layout
If no encoder, the C-scan will continuously scroll
If encoder is used, C-scan will be filled when probe moves

In analysis mode, an impedance plane and a strip chart display display
the data that is between the selection cursors.

Acquisition Analysis



ECA — Standard Probe
Corrosion probe (Transmit-receive)

Corrosion probe can be use to inspect any kind of non ferromagnetic material
Depending on your need, we have probe for:
Small or large coverage

Shallow or deep penetration
High or low resolution

Probe Freq. Cover. # Ch. Res. Penetration in Al.
SAA-056-050-016 2-20kHz 56 mm 16 3.5mm 1.0mm to 3.0mm
SAA-112-050-032 2-20kHz 112 mm 32 3.5mm 1.0mm to 3.0mm
SAA-096-L60-016 0.3-3kHz 96 mm 16 6.0mm 2.0mm to 7.0mm
SAC-128-002-032 0.8-15kHz 128 mm 32 4.0mm 1.0mm to 5.0mm
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Aircraft maintenance applications

Service bulletins

Boeing 737 Scribe marks

Airbus 330 for corrosion inspection
Composite inspection



Maintenance procedures already gualified

Boeing 737 (model 100-500) (737 NDT Manual, Part 4, 53-30-06, July
2005)

Inspection of scribe line
Omniscan PA + 10 MHz PA probe

Boeing 737 (Service bulletin 737 NDT 53-30-25 part 6, dec 2004)
Inspection of doubling edge
Omniscan ECA + ECA array probe

Boeing DC-9 (Service bulletin DC9-32A350, dec 2004)
Inspection of landing gear
Omniscan PA + PA probe

Boeing 777 engines (Snecma) (Service bulletin non-available)
Inspection of dovetail for GE90 engines
MS-5800 EC + ECA probe

Gulfstream (Customer bulletin no 137, August 2005)
Left and rigth stringer 6 between fuselage stations 955-974)
Omniscan ECA + probes



Maintenance procedures in-development

Airbus A330 for corrosion (for Lufthansa) )(To be released before end of
Y2005)

Omniscan ECA + ECA probe

Airbus A320 (developed by Northwest Airlines)
Landing gear
Omniscan ECA

Airbus A340-500-600 (developed by NDT expert)(To be released before end of
Y2005)

Wing box
Omniscan PA



Scribe line backgrounad

Flight Standards Information Bulletin for Airworthiness (FSAW 03-10B)
iIssued on November 2003 titled: Fuselage Skin “Scribe Mark” Damage
on Boeing 737 Aircraft

Reports:

Damage has been reported along fuselage skin lap joints, butt joints,
and other areas of several aircraft caused by the use of sharp tools
used during paint and sealant removal

Use of sharp instruments can result in lines scribed in the fuselage skin

Lines scribed in the pressurized skin, if undetected, can result in
cracks and possibly lead to widespread fatigue damage. |

All commercial aircrafts who went to a repaint and sealant removal
process are susceptible to have scribe marks
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Boeing 737 configuration

Picture of a scribe mark:
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Advantages of phased-array

No paint removal (huge time saving)

Sector scan imaging
Omniscan PA easy to operate

The smallest configuration of the Omniscan
PA 16:16 is enough (economic)



Search for defect

0.200 inches (5.08 mm) long
(or more)

Are in the forward and aft
direction

Are 50% of the skin thickness
in skins that are from 0.032 to
0.044 inch (0.81 to 1.10 mm)
thick

On the outer surface of the

skin and in an area that

begins approximately 0.030

inches (0.76 mm) above the

lower edge of the upper skin

and continues to 0.063 (courtesy of Southwest Airlines)
inches (1.60 mm) below the

lower edge of the upper skin.
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Scribe line inspection

The phased-array probe used
Is an off-the-shelf probe,

The frequency of the probe is
10 MHz

Mounted on a wedge
Sector scan range from 60 to

Side of the

85 SW Wedge Mobe
No encoder needed é/:  englebeam
|

i
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Scribe line inspection



Omniscan PA imaging

Scribe mark indication

Fastener hole indication



Conclusions about scribe mark

Inspection for scribe mark can be done without paint
removal

Omniscan PA referenced in the Boeing NTM manuals, 737
NDT Manual, Part 4, 53-30-06.

Southwest Airlines , United Airlines, USAIr, KLM are using
the Omniscan PA

Extremely fast payback



Airbus A330 for corrosion

Corrosion represents a major threat to aircraft structural
integrity. Various type of corrosion can be seen on airplane
such as:

Pitting corrosion (fast growing, very dangerous)
Crevice corrosion (at lap joint)

Intergranular corrosion

Exfoliative corrosion occurring at edges

Stress corrosion including stress corrosion cracking

Eddy Current Array provide the ability to detect hidden
corrosion in single or multilayer structures, especially at lap
joint.



Airbus A330 for corrosion

Airbus used the OmniScan ECA to perform corrosion detection on the
A330/340

Corrosion in between the first layer and an internal acoustic panel.
Benefits:
Simple manual inspection
C-Scan allows easier detection of
small corrosion in large area
Better reliability
Better reproducibility
Time saving:
Area : 12 m?
Normal time: 9 hours
With ECA: 1 hour



Airbus A330 for corrosion

In acquisition mode, a scrolling C-scan shows in real time the mapping
of the part under inspection

In analysis mode, selection cursors are used to show data in an
impedance plane and a strip chart display to make detailed
measurement.

/ ;

- Corrosion
Rivets
\ -

Acquisition Analysis



Corrosion application — Available probes

Standard Corrosion probe Deep corrosion probe (SAA-096-
(SAA-112-050-032) L60-016)
Probe coverage of 112 mm Probe coverage of 96 mm
(4.4in.) in one pass (3.78in.) in one pass
Penetration in aluminium of Penetration in aluminium of
1.0mm to 3.5mm (0.040in. 3.0mm to 7.5mm (0.120in. to
to 0.120in.) 0.295in.)
Detection capability Detection capability
5% corrosion under 10% corrosion under 5mm
2mm (0.080in.) with a (0.200in.) with a diameter of
diameter of 6mm 12.5mm (0.5in.)
(0.25in.)

10% corrosion under
3mm (0.120in.) with a
diameter of 6mm
(0.25in.)
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Composite inspection
Skin
Stringer
Spar

Defects:

eDelamination
*Porosity
sImpact damage




Flat surface inspection (skin, stringers,...)

 Linear scan: 0 degree LW
* Probe:

* 5 MHz - Near wall inspection probe (no
dead zone on the edges of the probe
(available in 3.5 MHz version)

64 mm long — 64 elements of 1 mm
pitch

 Hard wedge with water inputs

Movie



Different views

-A+Sscan

-A+S+C

-Cscan Amplitude
-Cscan Time-of-flight
-Different color palettes
-Off-line gating

-Save Data (A or CScan)
-Reporting

Cscan Amplitude Cscan Time-of-flight
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Near Wall Inspection (NWI) probe and wedge

* Near wall inspection probe (no
dead zone on the edges of the
probe

* 1 mm wall on each side

64 mm long — 64 elements of 1
mm pitch -

3.5 and 5 MHz versions

 NWI Hard wedge with water
Inputs



Flexible wedge

Soft material to conform to local variation
Soft material embedded in a hard wedge
It slides very well

Do not lose coupling with local variation



Waterbox for automated inspection

Designed for vertical inspection
(+/- 45 degrees)

Adapted for +/- 4 deg of local
angle variation

Travel speed: up to 250 mm/s
Water column: 25 mm

Water injection (water loss)
Constant pressure

With membrane (not in contact)

Material foam to conform to the
part
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Waterbox for automated inspection

With membrane (not in contact)
Material foam to conform to the part



Solution for the radii

Array of 5 probes (5MHz)

Oriented at -90deg, -45deg, 0 deg, 45deg  Junction box PA 16 conven. UT
and 90 deg to cover the whole radii

Stainless steel wheels to ensure a constant _
positioning and smooth movement Movie
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Typical image with 5 probes for radii
Inspection



Curved PA probe for radii inspection

Curved phased-array probe
5 MHz, 32 elements
Curvature of 25 mm
Inspect radii with curvatures



Water box for the curved PA probe for radii inspection

Waterbox with membrane
Water supply

Foam material to conform the
surface

Can be used manually with an
encoder

Can be mounted on a scanner



Flexible scanner

Travel distance X:940 mm, Y:530 mm
Encoder resolution: 0.1 mm
Minimum curvature on X: 355 mm

Version with ventury, it requires
compressor

New version with manual
succion cups
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Come to see us at our booth for live
demonstration and discussions with our
personnel
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