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» The big challenge?
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» Different applications

. Delaminations

» Disbonds « Cracks «  Porosities
» Cracks « Pores  Inclusions * Pores
« Inclusions «  Geometry * Inclusions

» Delaminations
w\\.u-‘
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» X—ray tube types

R,

i www.varian.com

Nanofocus- Microfocus-Tube Minifocus-Tube
Tube

www.excillum.com

Focal spot 150 nm 2 um - 300 pm 0,3-1Tmm
size d
Voltage U Up to 190 kV Up to 450 kV Up to 600 kV
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» Focal spots

I

+ Close to the flatpanel « less magnification . C_Iose to the tube
* Big focal spot « less unsharpness » Big focal spot

Em

high magnification
high unsharpness

K
.
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« High magnification

* In the middle * * In the middle * Close to the tube
« less unsharpness

+ Big focal spot + Magnification = 2 . small focal spot

=
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» Basics of X-ray inspection
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» Standards and qualification

» Customer requirements
- Boeing (BSS 7044), Airbus (AITM), etc.

» Industry requirements
- NADCAP, ISO 9100 etc.

» Method standards
> |SO, ASTM, etc.
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» System Performance Checks
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» Long-term eval. - ASTM2737

> DR phantom for detector evaluation

o Containing: Step wedge, two hole
penetrometers, 2 Duplex 10I’s

o Standardized performance evaluation
o Report generation according to ASTM

o Other company specific phantoms
available as well
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» Spatial Resolution (SRb)

IMAGE QUALITY - RESOLUTION

1x 2% 3x

(10 % 10 px) (20 % 20 px) (30 = 30 px)

https://developer.apple.com/ios/human-interface-
guidelines/icons-and-images/image-size-and-resolution/
http://physwiki.apps01.yorku.ca/images/thumb/3/3e/Fig15
_airy.png/400px-Fig15_airy.png
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» Spatial Resolution (SRb)

a) Abbildung des Doppeldraht-BPK in einem Durchstrahlungsbild

-2

—\ l d) Calculation of the dip (in %) by: dip =

\
3 000 /U\ 100 x dip amplitudebackgreund amplitude
st () it
2 000 |
1500 J 1
0 20 40 60 80100 | 140 | 180 | 220 | 260 | 300 | 340 ' 380 | 420
120 160 200 240 280 320 360 400

X
Be aware
b) Aus mindestens 21 Zeilen gemitteltes Profil des Doppeldraht-BPK The dip (2) must be a minimum of
20% of the maximum (1)

This calculation has to be done by
Software and not by human eyes
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» Spatial Resolution (SRb

"¢ ASTM 2737 =
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» Contrast Sensitivity (CS)
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» Contrast Sensitivity (CS)

_ GVacdgisa[hole] - GViean[beside squares]
Sigma[beside squares]

GBV _ MTior
CNR  MT.a

Known Parameter:

CNR

CS[%]= * 100

MTmp — 50mm; MT[Q[ =0.5mm
GBV =25

Measured Parameter:

GV edian [hole] = 4800

GV mean [beside squares] = 4600
Sigma [beside squares] = 50

Calculation:

MT o = 50.5mm

CNR = 4800 - 4600/ 50 = 4

CS [%]=2.5/4* 0.5mm/50.5mm * 100
CS [%] =0.6188%
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» Signal to Noise (SNR)

Tabelle D.1 — Erforderliche SNR ., ureq-VVerte flr ausgewédhite CR-Systeme mit unterschiedlichen
SRy, die den jeweiligen SNRy-Werten dquivalent sind

Standardsystem

System- .
parameter Hochauflésendes System
Doppeldraht-
BPK- 13+ 13 12 11 10 8 7 5
Qualifizierung
Basis-
Ortsauflssung [ 40pm | 50pm | 63pm | 80pm | 100 pm | 130 pm | 160 ym | 200 ym | 250 um
SR,
88, 6um
SNRy SNR easured it
SRy,

From the image

SNR-measured =

Meanvalue

Standard deviation

NDT in Canada 2018 | June 19-21 | Halifax, NS



» Report generation

DDA System voltage| KV
Construction Year tube current| mA
Last Service pre filter (material and thickness)
Deteckor Setdngs focus detector distance| mm
Software object detector distance{ mm
Software Version total exposure time per image ]
[0 Acceptance Test [0 5-Groove-Wedge 0O Aluminium
O Test after Repair or new Software [0 Duplex Plate Phantam . O Titaniurn
[0 Longterm Stabiliy (short version) O DuplexWire |Ql (EN 452-5) I’\::‘;e:;el;f [T CRES
Tesh [ Longterm Stabilty (long version) lsed IMls | 0 Hole iQl Gl
O Wire 1QI (EN 462-1)
O no IEl required
Tests Unit Result (new) Limit Rasult Remark

thin thick | thin thick | thin | thick

Spatial Hesolution| SRl pm

Contrask Sensitivity| CS] %

Nlaberial Thickness Range| MTR{ mm

Signal-to-Noise Hatio| SNA

Signal Level| 8L

Image Lag| Lsg| %

Burn In Bl o

Dffset Level| QL
Bad Pixel Distribution| -

Date of Tests

Conclusion

Operatar
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» Bad pixel report - ASTM 2597
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» Bad pixel report - ASTM 2597

¢ ASTM2597 Dead Pixel Detection

Currrent Detectormode BadPixMap Over respending Under responding Non uniform Noisy I Dead
1 2pF VGL Overresponding
AcgSettings 6 7
w10 {100 wso 100 ka0 100 O
L
mA10 |2 mas0 |3 mABD |4 =
Integration time (s) Useltutigain (if available) O
gl - fal
15
Progress 2
Status
Idle

| Detect Bad Pixel l

Bad Pixel identification according to ASTM 2597

This tool will identify bad pixel automatically by acquiring analyzing
image series.

Please make sure that there is nothing between tube and detector.
Do this analyzation with 0.5mm copper fitering

First usage (for every mode):
- Set kV10, kVS0 and kV&0 to 100

- Select mA10, mASO and mA80 so that the the detector saturation is
10%, 50% and 80%

- Press "Store Defaults” to save default values for this detector mode |
Creation of bad pixel map: ;J‘ ;Jg

- Click "Detect Bad Pixel"

112156x1772 0.25X Signed 16-bit image 0  (0,0)
- Wait until acquisiton and analyzation has finished.

N Check reauk Save Over responding Pixel Map as tiff l

- Press "Save Bad Pixel Map”
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» Alternative: TAM Phantom
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» Digital filters
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» Measurement
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» Digital references images

140 MICRON
REFERENCE IMAGE

ALUMI NUM - GAS HOLES

0.500 0.600 0.750 0.900 1.100 1.200 (inches)
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» Digital reference images

¢ ShowFault.vi
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» Digital overlays
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» Computed Tomography

o QUICKScan

Eol e g )\}
= I I'’4 I\ A‘:

' Material

o Statistics and decisions Materialvolumen [mm?]
Defektvolumen [mm?3]
Veerhaltnis Defekte /Gesamtvolumen [%]
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» Compute Tomography
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» Commercial justification

= Costs through productivity losses
- = Costs through capital investments

Costs

v

Degree of Automation
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» Commercial justification

Inspection by film (RT)

Digital X-ray system (DR)

Costs per part

Automatic evaluation (ADR)

Production Volume

NDT in Canada 2018 | June 19-21 | Halifax, NS



» Thanks for your attention

X

VlsIConsull
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General
Conversion

Intuitive unit converter
including distances,
time, weight and many
more,

X-Ray
Standarts

Comprehensive over-
view aboutall X-ray
ASTM and 150 standards

NDT X-ray Toolbox

Geometric
Calculations

Calculate geometric/
optimal magnification,
unsharpness and many
more within seconds

Ql

Calculations

Overview and converter
for mary different Image
Quality Indicators,

[ oo oo 1he
;-9 App Store

GRTITON

F" Gocegle Play

Computed
Tomography

Quick calculation of
projections, required
energy, geometric values
and much more.

Formulas
& Glossary

Extensive overview and
explanstions of commaon

formulas and terms,

VisiConsult
X-ray Systems & Solutions GmbH

+49 (0) 451 2902860
|.schulenburg@visiconsult.de
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