NDT for Non-Experts

2014 AAA NDT Forum

Jan O. Endrerud, VP Product and Marketing Dolphitech

Page 1 dolphig



Agenda

* Who is DolphiTech?
* Technical background to NDT for Non-Experts

* What we are doing right now...

* What we will be doing next...
* Discussion — Q&A
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Who is DolphiTech?

dolphi



DolphiTech
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* Electronics, FPGA, signal Processing,
ultrasound and software development.
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* Located in Raufoss, Norway.
* Sales office in Chicago, IL USA.

e Ultrasound cameras for NDT of
composite materials.

* Unique ultrasound and transducer
technology.
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Technical Backgrounad

Eskil Skoglund, Head of Development
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The DolphiCam CFO8

 Handheld, high resolution, mobile ultrasound NDT
camera with a dry coupling transducer design, for
Windows PCs and tablets

* 16.000 transducer elements on 31x31mm

* Upto 8 mm CFRP thickness

e 2D and 3D images

e A-, B-, and C-scan (Amplitude & Time of Flight)

* Manual Stitching of larger areas

 Easily operated by non-experts

 Accepted in Boeing 787 NDT Manual
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Transducer

Element size Gap
210x210pum 40p
Pitch
l 250um
e T
......... Yy
> B e £
£
......... [{e]
2
o
--------- [sp]
""""" ¥
| 30,71mm
= gl
o= 30,96mm -
| i

Side view

2,85mm dry coupling

CFRP
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Transmitting on several elements
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System Overview

DolphiCam

Transmit <

: Electronics l :

5 PC/

: Control Unit ; Tablet
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: Signal Processing )/ I I J\
Receive T = =
: g Electronics <

10MHz lowpass filter '
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DolphiCam Expert

D DolphiCam - [user defined]
Eile Tools Help
Unit Millimet -
Start Gate End Gate e
I:l 038+ E‘ 3’35 ‘Time of Flight‘ Amplitude [ ]
B-Scan Vertical C-Scan (Amplitude) Material DEpth :|
3 8.1 mm (sample 360)
Mumkber of Amplitude Gates [ = - ]
Mumkber of Tof Gates [1 v]
Material Socund Speed 3000 % s
Transmitting Elements [4 (default) v]
Analog Gain 391 dE -
Number of Averages [2 v]
Transmitting Pulse Shape [1 (default) v]
Time Corrected Gain [{}H: v] [ Shaw ]
¥ 3 L e L Time of Flight Palette JetColorPalette | [ 411
0 1 2 3 4  mm0 3 6 9 12 15 18 21 24 27 30 .
p— B-Scan Hatisartl Amplitude / B-Scan Palette [JEtCD|DrPa|EﬂE v] ] 81
100— T g,
- ThreeheideM Amplitude Color Focus [C] Auto
80—
s 3 Enable Sleep mode Auto
S 60—
-§ 3 Stitching Overlap :|
e 40_5 6.0 mm (25.0 mm*)
L
20_:/&\ [ Save.. ] [ Load... ] [ Reset ]
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DolphiCam Expert

D DolphiCam - [user defined] = = -
Eile Tools Help

DalphiCam Settings

Start Gate End Gate Unit [Millimeters v]
I:] 0140 D a45f+ |Time of Flight ‘ Amplitude —
B-Scan Vertical C-Scan (Time of Flight) mm Material DEpth J
E ‘_ 8.1 mm (sample 360)
0 Mumkber of Amplitude Gates [1 v]
04
Mumkber of Tof Gates [1 v]
0,8
P—1,2 Material Sound Speed 3000 5 m/s
23,85 mm =
__1’6 Transmitting Elements [4 (default) v]
—2
3 Analog Gail ] . |
54 nalog Gain 3191 4B +
-2,8 Number of Averages [2 v]
A Transmitting Pulse Shape [1 (default) v]
3,6
3 Time Corrected Gain [{}ﬁ: v] [ Show ]
=44 Time of Flight Palette [J.EtCD|DrPa|EHE v] ] 81
3 mm
B-Scan Horizontal Amplitude / B-Scan Palette [JEtCDIDrPaIEﬂE "] ] &4
100—
3 Threshold: 0%
3 T Amplitude Color Focus [[] Auto
80—
s 3 Enable Sleep mode Auto
o 60— L [ ]
3 3 Stitching Overlap J
g 40- E 6.0 mm (25.0 mm*)
< 4 :
20_5/\&\ [ Save.. ] [ Load... ] [ Reset ]
3 - 4-
- Depth o 47/48 [ Close |
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DolphiCam Expert

= ] DolphiCam - [user defined] - o IEH

Eile Tools Help

Start Gate

i o

B-Scan Vertical C-Scan (Time of Flight) mm

‘ Time of Flight

23,85 mm =

B-Scan Horizontal

100
Threshold: 0%

0> ;-

Depth 47/48

®
S
|

Amplitude (%)

ol
(//
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Time-of-flight 3D visualizer
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Color palettes
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“Traftic light” color palette

* Goal: Make it easy for non-expert NDT
operators to interpret results.

 Discrete colors; white, red and blue

* Adjust «thumbs» to set transition
depths.

O No transducer contact
@ Delamination or disbonding
@ Backwall reflection
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Manual Stitching

* Easily covers large areas

* Follow defect edges, or pre-marked grid on
surface, stitch in any direction

* Manual or automatic activation of next tile
* Variable tile overlap

* Tile adjustments

* Cross-tile measurements

* Acceptedin Boeing 787 NDT Manual 51-
00-20 Rev 30 Aug 2014.
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Stitching C-Scan (Time of Flight)




What we are doing right now
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What we are doing right now

* DolphiCam CFOS8 revision

* New DolphiCam CF16 announced!

* DolphiTech TeamCenter
* Remote NDT
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CFO8 gets a new dry coupling

* More robust
 Material depth 8mm

 Updated pulse calibration
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DolphiCam CF16 announced!

 Material depth 16 mm +
e Same SW & FW as CFO8

* Offered separately, or
bundled with the CFO8
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DolphiTech TeamCenter
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Inspection
strategy

Roll-out rate

More models
later

International
resellers

Inspectability

Docum-
entation
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Inspection
procedures

Language

Insurance
companies

Different
countries

Engineering
support



DolphiTech TeamCenter (1)

* Integrating DolphiCam with visual
inspection procedures, guiding,
documentation and automatic reporting

[ TeamCenter Inspector = @ _

r : C
v dolphi
nspection Procedure

P
- = L Tiles in View
: ¥ = IEAN S|
\
sequ aute Trure-woior

MIMIOUO COTSEYUdL DUIS du

* Describe and embed expert knowledge
in inspection procedure.

or an cleaned. When opening
inspection plates and cowling and before cleaning the
take note of any ol or other evidence of fluid

e Same equipment settings, every time.

Visible Damage Size | 1.00 x = 1.00 in

Material Thickness 1.00 '

e Add photos and webcam pictures.

Images of Damage

* Automatic reporting.

I I I I I I
innO 02 04 06 08 12 14 16 18 2 22 24 in

* Designed for handheld Windows "n = N

tablets.
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DolphiTech TeamCenter

TeamCenter/Expert

& TeamCenter / Expert (C:\temp\data\Sample MRO setup 01.DolphiLib) = B _

File Development

TeamCenter/Operator

dolphi [ TeamCenter Inspector -0 _
Brand Model v Year ) Part _ Area . r ‘4 r

Boe:ng Boeing 787 Dreamlin| |787-8 Section 41 ‘ S:in x dolphi
Airbus Boeing 737 |787-9 Section 43 Skin on Stringer
DolphiTech = Add Item 787-10 Section 44 = Add Item Te al I I C e nte r
4 Add Item | 4 Add Item Section 46 . @\

Section 47 LI brary @

¥ Add item @
‘ BOEING® AIRBUS
Boeing Airbus DolphiTech
l Delete ‘ ’ Delete }

Description of the inspection procedure: Additional image / text
1/5

Before starting an inspection, be certain all plates, access K [0olphicom nspection Procedure

doors, fairings, and cowling have been opened or removed
and the structure cleaned. When opening

inspection plates and cowling and before cleaning the area, Eieparation
take note of any oil or other evidence of fluid leakage.

Specify DolphiCam settings file to use during inspection:

Settings File: Airbus highgrade joe sample
Load Settings

Specify images to include in the inspection report:

[+] Time of Flight [¥] B-Scan V
[] Amplitude [V] B-Scan H
O3p A-Scan

71 3D allows zoom / rotate
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DolphiTech TeamCenter

TeamCenter/Expert

& TeamCenter / Expert (C:\temp\data\Sample MRO setup 01.DolphiLib) = B _

File Development

TeamCenter/Operator

dolphi [ TeamCenter Inspector - = -
Brand Model Year Part Area ‘ r
n IC m TR 1 ll!. o
Boeing Boeing 787 Dreamlin| |787-8 Section 41 Skin b4 dolphi
Airbus Boeing 737 |787-9 Section 43 Skin on Stringer
DolphiTech <= Add Item 1787—10 Section 44 = Add Item Te al I I C e nte r
4 Add Item | 4 Add Item Section 46

Section 47 L 1 b
¥ Add item I ra'ry
‘ Boeing 787 Dreamliner

Additional image / text
1/5

g DolphiCam Inspection Procedure

Boeing 737

| Delete | | Delete |

Description of the inspection procedure:

Before starting an inspection, be certain all plates, access
doors, fairings, and cowling have been opened or removed
and the structure cleaned. When opening

inspection plates and cowling and before cleaning the area,
take note of any oil or other evidence of fluid leakage.

Preparation

Specify DolphiCam settings file to use during inspection:
Settings File: Airbus highgrade joe sample
Load Settings

Specify images to include in the inspection report:

[+] Time of Flight [¥] B-Scan V
[] Amplitude [V] B-Scan H
O3p A-Scan

71 3D allows zoom / rotate
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DolphiTech TeamCenter

TeamCenter/Expert

&  TeamCenter / Expert (C:\temp\data\Sample MRO setup 01.DolphiLib) = B _

File Development

dolphi

Brand Model Year _ Part Area
Boeing Boeing 787 Dreamlin| (787-8 Section 41 Skin
Airbus |Boeing 737 787-9 Section 43 Skin on Stringer
DolphiTech 4 Add Item {787-10 Section 44 = Add Item
4 Add Item < Add Item Section 46

Section 47
i Add Item

l Delete ‘ | Delete ‘ | Delete

Additional image / text
1/5

olphiCam Inspection Procedure

Description of the inspection procedure:

Before starting an inspection, be certain all plates, access
doors, fairings, and cowling have been opened or removed
and the structure cleaned. When opening

. . . . Preparation
inspection plates and cowling and before cleaning the area, .

take note of any oil or other evidence of fluid leakage.

Specify DolphiCam settings file to use during inspection:
Settings File: Airbus highgrade joe sample

|Load Settings|

Specify images to include in the inspection report:

[+ Time of Flight [¥] B-Scan V
[] Amplitude V] B-Scan H
[3p [] A-Scan

[ 3D allows zoom / rotate

TeamCenter
Library
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TeamCenter/Operator

TeamCenter Inspector
r 4= =

787-8

r

Section 41
Section 41 Section 43 Section 44
Section 46 Section 47

=

dolphi

dolphi




DolphiTech TeamCenter

TeamCenter/Expert

&  TeamCenter / Expert (C:\temp\data\Sample MRO setup 01.DolphiLib) = B _

File Development

TeamCenter/Operator

dO'phI [ TeamCenter Inspector
: Brand : Model : Year — Part : Area » “ ﬁ s 9;?];1“ r
Boeing Boeing 787 Dreamlin| (787-8 Section 41 Skin x e
Airbus |Boeing 737 787-9 Section 43 Skin on Stringer
DolphiTech 4 Add Item |787-10 Section 44 = Add Item Te al I l C e nte r
4 Add Item < Add Item Section 46 .
Section 47 LI brary
i Add Iitem skin skin on Stringer

l Delete ‘ | Delete ‘ | Delete

Description of the inspection procedure: Additional image / text
1/5

olphiCam Inspection Procedure

Before starting an inspection, be certain all plates, access
doors, fairings, and cowling have been opened or removed
and the structure cleaned. When opening

. . . . Preparation
inspection plates and cowling and before cleaning the area, .

take note of any oil or other evidence of fluid leakage.

Specify DolphiCam settings file to use during inspection:
Settings File: Airbus highgrade joe sample

|Load Settings|

Specify images to include in the inspection report:

[+ Time of Flight [¥] B-Scan V
[] Amplitude V] B-Scan H
[3p [] A-Scan

[ 3D allows zoom / rotate
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DolphiTech TeamCenter

TeamCenter/Expert

& TeamCenter / Expert (C:\temp\data\Sample MRO setup 01.DolphiLib) = B _

File Development

TeamCenter/Operator

[ TeamCenter Inspector - _

dolphi

Brand Model Year Part Area = A
. - — — | — . i 878 | SALIARF | siin
Boeing Boeing 787 Dreamlin| (787-8 Section 41 Skin ® s - dolphi
| |
Airbus Boeing 737 |787-9 Section 43 Skin on Stringer
DolphiTech 4 Add Item 787-10 Section 44 = Add Item e al I I e nte r MRO Rarosfly Serial number B788-1234 . Images of Aircraft
4 Add Item | 4 Add Item Section 46 : IVE]
A . i LN-ABC
Section 47 L I b rary Registration
I Add Item Warker 1D Ole Hansen ' Owner DolphiTech AS
‘ Repair Order Number 2014-1234 * Owner Address Enggata 40
2830 Raufoss
l Delete ‘ ’ Delete } Damage Dent on left cargo door frame . Norway
T " ) S Date of Damage [ar22/2012 FLT HRS/Cycles 234 Joydes
Description of the inspection procedure: Additional image / text 19 ¥
1/5
Before starting an inspection, be certain all plates, access DolphiCam Inspection Procedure
doors, fairings, and cowling have been opened or removed 9 ‘ Reasan for NDI MRO Comment

and the structure cleaned. When opening
inspection plates and cowling and before cleaning the area,
take note of any oil or other evidence of fluid leakage.

X[
Dent on left cargo door frame Lorem Ipsum

Specify DolphiCam settings file to use during inspection:

Settings File: Airbus highgrade joe sample
Load Settings

Specify images to include in the inspection report:

[+] Time of Flight [¥] B-Scan V
[] Amplitude [V] B-Scan H
O3p A-Scan

71 3D allows zoom / rotate

Page 26 dolphi




DolphiTech TeamCenter

TeamCenter/Expert

&  TeamCenter / Expert (C:\temp\data\Sample MRO setup 01.DolphiLib)

File Development

- - N

Brand Model v Year
Boeing Boeing 787 Dreamlin| 787-8
Airbus |Boeing 737 |787-9
DolphiTech 4 Add Item !787—10

< Add Item | 4 Add Item

dolphi

Part ) Area
Section 41 | Skin
Section 43 Skin on Stringer
Section 44 = Add Item
Section 46
Section 47

¥ Add Item

[ Delete ‘ ’ Delete ‘ Delete

Description of the inspection procedure:

Before starting an inspection, be certain all plates, access
doors, fairings, and cowling have been opened or removed
and the structure cleaned. When opening

inspection plates and cowling and before cleaning the area,
take note of any oil or other evidence of fluid leakage.

Specify DolphiCam settings file to use during inspection:
Settings File: Airbus highgrade joe sample
Load Settings

Specify images to include in the inspection report:

[+] Time of Flight [¥] B-Scan V
[] Amplitude [V] B-Scan H
[13p A-Scan

1 3D allows zoom / rotate

Additional image / text
1/5

g DolphiCam Inspection Procedure

TeamCenter
Library

Page 27
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Inspection Procedure

Before starting an inspection, be certain all plates,
access doors, fairings, and cowling have been opened
or removed and the structure cleaned. When opening
inspection plates and cowling and before cleaning the
area, take note of any oil or other evidence of fluid
leakage.

1/5

g DolphiCam Inspection Procedure

Image 1

TeamCenter/Operator

TeamCenter Inspector

787-8

<%
pr s

=]

st

dolphi

Tiles in View
;

]

Comments

COMIMIOUG COMSEYUAL DUIS dute ITUre uoior i
reprehenderit in voluptate velit esse cillum
dolore eu fugiat nulla pariatur. Excepteur sint
occaecat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id est laborum.

Unit Inches v
Visible Damage Size | 1.00 x | 1.00 '™
Material Thickness | 100 ™

Images of Damage
11

dolphi




DolphiTech TeamCenter

TeamCenter/Expert

&  TeamCenter / Expert (C:\temp\data\Sample MRO setup 01.DolphiLib) = B _

File Development

TeamCenter/Operator

dolphi [ TeamCenter Inspector - ° -
. Brand . Model . Year — Part - Area ) B ﬁ 7578 9;?];1“ o r

Boeing Boeing 787 Dreamlin| (787-8 Section 41 Skin v dolphi
Airbus |Boeing 737 787-9 Section 43 Skin on Stringer
DolphiTech 4 Add Item |787-10 Section 44 = Add Item Te al I l C e nte r .
+ Add ltem + Add ltem Section 46 ) Inspection Complete

Section 47 L b Continue Inspection

| i Add Iitem I ra'ry

‘ ‘ Same Area ‘ ‘ Other Area ‘ ‘ Other Part

l Delete ‘ ’ Delete ‘ Delete

Description of the inspection procedure: Additional image / text
1/5

olphiCam Inspection Procedure

Finish Inspection

Before starting an inspection, be certain all plates, access
doors, fairings, and cowling have been opened or removed
and the structure cleaned. When opening

. . . . Preparation
inspection plates and cowling and before cleaning the area, .

take note of any oil or other evidence of fluid leakage.

Specify DolphiCam settings file to use during inspection:
Settings File: Airbus highgrade joe sample
|Load Settings

Specify images to include in the inspection report:

[+ Time of Flight [¥] B-Scan V
[] Amplitude [V] B-Scan H
[3p [] A-Scan

[ 3D allows zoom / rotate
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DolphiTech TeamCenter

TeamCenter/Expert

&  TeamCenter / Expert (C:\temp\data\Sample MRO setup 01.DolphiLib) = B _

File Development

TeamCenter/Operator

dolphi = TeamCenter Inspector = 8 —
I [] Header
Brand Model Year Part Area »
Save and Finish
Airbus |Boeing 737 |787-9 Section 43 Skin on Stringer
DolphiTech = Add Item !787—10 Section 44 = Add Item Te al I I C e nte r
4 Add Item | 4 Add Item Section 46

Library
’ Delete ‘ Delete

Description of the inspection procedure: Additional image / text
1/5

g DolphiCam Inspection Procedure

Boeing Boeing 787 Dreamlin; §787—8 Section 41 | [skin

[ Delete

Before starting an inspection, be certain all plates, access
doors, fairings, and cowling have been opened or removed
and the structure cleaned. When opening

. . . . Preparation
inspection plates and cowling and before cleaning the area, .

take note of any oil or other evidence of fluid leakage.

Specify DolphiCam settings file to use during inspection:

Settings File: Airbus highgrade joe sample
Load Settings

Specify images to include in the inspection report:

[+] Time of Flight [¥] B-Scan V
[] Amplitude [V] B-Scan H
[13p A-Scan

1 3D allows zoom / rotate
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DolphiTech TeamCenter

Navigation
path

-

Inspection Procedure

Before starting an inspection, be certain all plates,
access doors, fairings, and cowling have been opened
or removed and the structure cleaned. When opening
inspection plates and cowling and before cleaning the
area, take note of any oil or other evidence of fluid
leakage.

145

TeamCenter Inspector

BOEING'

~

787-8

{41l

Skin

g DolphiCam Inspection Brocedy

Zooma

Preparation

Image 1

[ - |
0 oiz 04 06 OiB i a2 1i4 16 18 .? —
2A4_§\....|...‘ FYOTY TROPY PRYOY PRYT) YL POYY FPYCPYOYY FYOYY TYOP) FPYOY PRYP) FAYYYPORY) FPYYIYONY YTV YO Stltch mOde
- control

Switch units

»

ble '
0.
0.

b B bl T W i i e ot i ] e L
innO 02 04 06 08 1 12 14 16 18 Webcam
il - support
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dolphi

Tiles in View

BIE
Comments

COMmmouo consequdL puis dute irure aoior i
reprehenderit in voluptate velit esse cillum
dolore eu fugiat nulla pariatur. Excepteur sint
occaecat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id est laborum.

—

nit Inches v
Visible Damage Size | 100/ x | 1.00 i
Material Thickness 1.00 in-

Images of Damage




DolphiTech TeamCenter

TeamCenter Inspector

DolphiCam Inspection Procedure

dolphij==

Date 15 Sept 2015

' Written by: Per Olsen

Apprdved by: Jan Olav Endrerud

Proceidure Name Inspection of 4.5 mm XXXXX 268 g/sqm high grade material

Preparation

1. | Remove any chips, use sandpaper is needed

2. Clean the surface with alcohol

3. Using good light, try to identify areas with any visible signs of impact damages, see image below.
4, Mark 1" dots apart on the surface with a permanent ink pen in a contrast color.
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DolphiTech TeamCenter

TeamCenter Inspector

DolphiCam Inspection Procedure

dolphi

Date |15 Sept 2015
Written by: | Per Olsen
Approved by: | Jan Olav Endrerud

Procedure Name | Inspection of 4.5 mm XXXXX 268 g/sqm high grade material

Inspection
1

Add water or contact gel
2. Position the camera onto the top, left marking indicator, using the indicator line on the
camera
Verify good contact in the screen image
Freeze the image using the camera button,
Move to the next marker. Repeat from 2.
Complete all the tiles

OV e w

7. When complete, add the Comments, visible damage size fields on the left side
8. Add Pictures as needed

9. Press "Next”

10. Create the POF report, or perform another inspection as needed

Undamaged material Impact damage
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What we will be doing next
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Remote NDT
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Term

Traditional NDT

A certified inspector performs an inspection
of an object on-site according to a
Inspection procedure.

Remote NDT

A certified inspector performs an inspection
of a remotely located object, according to
an inspection procedure, with the
assistance of one or more helpers at the
site of the object, and aided by realtime
video-, sound- and NDT data transferred
over a communication channel.

Simplified NDT

An individual with neccessary training
performs an inspection with the use of a
procedure, supporting technology and
clearly defined acceptance criterias.

Page 35
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Expected market development

Traditional NDT + R&D market develops with CFRP use.

Manufacturing

e Quick check tool for borehole inspection, bond testing, accidental damages

* Inline manufacturing: will be low volume, tailored, project delivery and needs a
dedicated business model.

Remote and Simplified NDT scales with

* Cost focus; salaries, training, travel and equipment
* Rollout of planned cars/aircraft

* Increasing level of integration between manufacturers, maintenance
organizations and service providers.

* Regulatory changes
Page 36



Remote NDT

Manufacturer & OEM
NDT service provider

A\

NDT Expert

Partici_pant(s)

Expert and
Operator
Catalog

Low Latency
needed!

::-‘f“;'" }'—i o,

i

NDT operator

Camera control
Multiple Video Cameras
2 Way Sound

Real time images and Raw data

DolphiCam

results
Reports,
Images, raw
data

Inspection log
(video, sound)

Inspection
procedures
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bit.ly/rndt2
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View, control and monitor

eeeco ATET 7 10.22 @ 95 % W) 0000 AT&T = 10.23 @ 95 % m 0000 AT&T = 10.35 @ 96 % 4
demo.dolphitech.com ¢ dolphicam.dolphitech.com C

dolphicam.dolphitech.com &

Camera Settings:
Pulse shape: | |~

TOF gating:

You are

now connected to DolphiCam (using websocker)

You are now connected to DolphiCam (using websocket)

A

You are now connected to DolphiCam (using websocket)

O M ™
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..0n any device

® http://dolphicam.dolphitech.com/mirror/stream, £~ ¢ [0 Ustream.Tv * DolphiTech Demo

Fil Rediger Vis Favoritter Verktay Hielp

You are now connected to DolphiCam (using websocket)
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00000 AT&T = 10.35 @ 96 % 4

dolphicam.dolphitech.com &

You are now connected to DolphiCam (using websocket)

Live streaming video by Ustream

M O




Thank you for your
attention!

www.dolphitech.com
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