Sensing & Inspection Technologies

with phoenix|x-ray microfocus and nanofocus X-ray systems

in
foundry,
injection moule
sintering,
welding




FAQs about X-ray

How X-ray inspection
warks

X-roy starts with o sample being irradiated by an X-ray source and projected onto o
detector. The geometric magnification M of the image Is the ratio of focus-detector
distance (FOD), Focus-object distance (FODI: M=FDD/FOD, The smaller the focal spot
the greater the resolution. With the nanofocus technology a unique detall detectabil-
ity up 10 0.2 microns can be achieved. phoenix|x-ray systems reach geometric mag-
nifications over 2000x resulting i total magnifications beyond 24000x

Functional principle

of X-ray tubes

In an evacuated tube, electrans ore emitted from a heated filament towords the
‘anode. Through the anode, the electrons enter o mognetic lens which focuses the
electron beam to o small spot on the target. The torget either consists of o thin tung
sten layer deposited on a light metal plate which also s the exit window for the -
radiation (iransmission tube) or a massive tungsten eylinder (directionol tubel, In the
tungsten the electrons are abruptly decelerated whereby ¥-rays are generated. The
focal spot represents o very small X-ray source which enbles sharpest imoging with
micrometer resalution. The latest nanofocus tubes achieve a detail detectabiliy up
to 200 nanometers (0.2 micrans)

Technology

Whatis the difference between
nanofocus and microfocus tubes
Although

Technology

Closed tube or open tube?

Closed tubes: All tube components
ore contained in a sealed vocuum

pletely replaced at the end of their
Iifetime.

cause o half [t

penumbra effect. This resuits i o
residual unsharpness and can be
avoided 2
nology. Nanofocus provides focal
spots well below one micron while

wear-out parts are occessible and
replaceable, the tube is continu-
turbomo:
lecular purp. Open tubes yield
higher resolution and magnifica-
in Ifetime.

needed

‘What makes an excellent
Xray?

n addition ta resolution, maximurm volt-
oge. and power, stabilty is very impor-
tant for reliable results and highest up-
time. One of phoenixjx-ray's key techno-
logy competencies are tube design and
manufacturing

igh power nanofocus X-ray tubes up
t0 180 kV and unipalor microfocus X-
ray tubes up 1o 300KV maximum volt-
age

+ Up to 200nm (0.2 microns| detall
detectabilty

+ Dose-rate stabilization; the emitted
intensity only varies by less than 0.5%
within & hours (see diagrom)

+ Anti-orcing: dedicated surface
treatment dufing fabrication and
outomated warm-up procedures
prevent discharges

+ seif adjustment all tube odjustments
ore performed automatically during
worm-up to achieve optimurm results

+ Plug-in cathodes; pre-adjusted spare
cathodes prevent malfunction due to
wrong filament adjustment and mini-
mize downtime 1o less than 20 min

+ Target check: target condition is
checked automatically; automatic tar-
getweor is Indicoted



GE Sensing & Inspection Technoloaies” prodict line phoenixji-ray of

meet customer requirements for non

— phoenixjuray’s comprehensive

Xlargos

large somples - high resolution

The xlargos is able ta handle samples
Up 10100 kg (220 [b} with ease while
offering micrafocus resolution and high
precision. The xjargos contoins o 6-0xis
manipulation system including a C-arm
for tube and detector, Like all phoenijx-
ray systems, the xlargos comes with
CNC programming ond digital real-time
imaging. The 9" image intensifier digi-
tol camera |2 MPixel) offers excellent
contrast with superior resolution. The
Klorgos combines automated digital 20
inspection with full 30 computed tomo-
graphy ICT) in a single system

As an option the control panel can also
came mounted on an adjustable arm.
In order for the xjargos to meet industry
requirements and safety regulations,
the operator's console was designed In
accordance with (P68,

stru

Microfocus X-ray Systems

Automatic inspection

comes standard
phoenixf«-ray inspection systems come
with o comprehensive softwore pack-
age enabling fost teach-in of automatic
inspection routines. It is easy to cre-
ate or customize solutions for specific
Inspection tasks with Xe' (X-roy image
evaluation enviranment)

How does my company benefit
from using phoenixjx-ray.
Inspection technology?

Unlike many other manufacturers,
phoenisficray's X-roy tubes and gene-
phoenixfx-ray system, you will benefit

fers two sefies of systems In versatile canfigurations

e testing in many industries. Al systems come equipped with qualltylassurence
g processing and CNC programming software pockage

ndtjanalyzer

versatile high-performance system for
small to medium sized samples

The ndtanalyser allows the Inspection
of samples up to 10 kg [221b). It comes
with a versatile 5 or 6 axis manipula-
tion unit. The ndtjanalyser is ovallable
in variety of configuratians and can be
outftted with either o transmission or
directional tube providing detail detect-
abiity os low os 200 nm (0.2 microns)
‘and voltages up to 240KV (320 Watts).
The customer may also chaose from

a wide range of high-quality image
choins, ineluding the fully digital high-
contrast/detector, The ndtjanalyser is
perfectly suited for a wide ronge of
applications — from small, sintered
abjects to medium sized castings.

Image chain or digital detector?
intensifier and o digital CCO comera.

tubes), ‘The image intensifier amplifies the
- Hig iges provide g sigr D comera
o feeds nto the image

‘and significontly reduce image arti-
fiacts due to high-intensity X-rays,

+ Ulra-stabilized high-tension for
‘even crisper nanofocus images.

* Active temperature-stobilzed high-

processing device. Image chains pr
vide high gain, high spatiol resolution
ond real-time mages.

Fully digital detectors, which consist
of ascintilator foil and a diode array,

higher contrast resolution

+ High up-times and fast respanse-
times due to in-house monufactu-
fing

the need for extra equipment, They
provide o contrast resolution seve-
al times higher than regular imoge
chains



Inspection and Analysis

y useful inspection toc

Foundry

Traditionelly, X-roy testing hos been used to
non-destructively find defects in aluminum,
magneswum. iran, and zinc costings includ:

ng gos holes, shrinkages, foreign materials

and discontinuities. Computed tomography

provides arother important aduantoge — it

The colour ndicates th .

shows the exact location of the defect nside.
the sample. The exact three — dimensional

30 viuotizoton ofshinkage
-tay imoge of s pores i coutesn o plostic geor
an jection metded plastc  whes. e coour ndicates the somple. This provides information on size,
port. _thesze

data allows quantitative defect anaiysis of

volurhe and density of inclusions and cavi-
ties. Lastly. CT images are richer in contrast;
therefore, revealing even smaller defects

Injection Moulding and Sintering

2D ¥-roy inspection and computed tomo
graphy are used In production and process
n detect defects like gas holes,

forelgn materials, and disconti-
nuiies. CT images clearly show fil materials
and enforcement fibers; therefare, helping to

nanaCT image of glass - Shrinkage covtes n & sinter preve both BRidctan pracess dnd 166k
419 30umlond il motsrial sompl o revesled by .

Ina reforeed plastic.

Micsotocus oy imoge ef s
ekt seom finng oluminm  Mctolocus T lc sross o
lotesshowing smallgos  Jaserspot weld D<)
ares, wih wirepenetra.  revealing gas poresond o

meter EN 462-3 W3AL. S lyer eteeen the loes.

Welding and Brozing

Another typical ¥-ay application s the
inspection of weld seams and brozing joints.
Process control and optimization of today’s
loser and friction welding technalogles
require defect detection i the micrometer
range and 30 visualization.

o inconsl tubes wthasteel tubes D=12mmk A crackis gap o b neary ampty.
elinder:porslis and s detected.
e crocks are revesie.




3D-Dimensioning

able advontages compe

espe:

igh density of measurement paints

en of the complete

3D-dimensioning is performed in 2 steps:

1. Measurement
The acquired X-roy data sets are used to reconstruct @ 30 rendering
of the sample from which the workpiece surfoce is then extracted for
further evoluation

The a

racy of the final results depends greatly an tha

precision af the measured CT dato.

With superior -ray technology and mechanics working in conjunc
d software tools, the systems in the phoenidjx-ray

tion with advar

€T line are ideally suited for 30 metrology. The tracebiity and opti
mum accuracy of the CT measurement results i ensured by cali-

brated and DKD-cerlified test specimen.

2. Evaluation
Extensive software packages are available which allow eg. the fitting
of geometric primitives, geometric dimensioning and tolerancing (GO
&T)according to DIN/ISO and also the camplete automatic genera:

tion of first artcie inspection reports within one hour,

S onopysisond
meosurement of
Uhee eatures of
eylnder head

—

Precision & Compliance
phoenix-ay specifications are in o

orice with the upcoming
stondard VDI 2630, For @ 30 mm object position tolerance = 15 pm)
‘and a1 a vasel size of 40 um, the vltomelx L shows o sphere distance

error SD af <1um. Both parameters where determined

ter measurement error PS of <3.5 m by using o special sphere plote
designed and callbrated by the Germon Mes

Jogy Institute PTE.

Precision comparable to CMMs
In order to demonstrate the occuracy of the CT doto, on akuminum
valve block was analyzed in paraliel by means of a high precision

CMM. The toble contains a small extracti

of the first article inspec-

tion report shawing @ very good carrespandence of th
Ideviation < 6 microns for diameters and distances).

For further analysis, the surface extractions can be oligned
with the CAD data, Differences are displayed sing pseudo-
colors and may also be virtuolly sectioned apart.

Example of CAD variance analysis

Injction mauided plastc connector
ey of phdanin

What is it that makes an accurate CT
measurement system?

The basis of dimensional measurement using CT is the
tomagram from which the geometric surface is extracted
The measuring uncertainty is mainly determined by voxel
size and focal spot size. Further, in X-ray tmography locol
wall thickness and shape of the workpiece may couse
measurement errors due to beam hardening effects which
should be minimized; therefore, essential fectures for an
accurate CT system ore as follows:
* Minimized focal spot and voxel size
* High mechanical and thermal stabilty including dedi-
cated compensation methods.

Abojouysal

« High tube voltage and power lup to 300KV/ S00W o

Feature @ 21(mm) _Dist, D1 mm]
enoble bear fitering
Nominal CAD | 26,000 70500 :
Toeronce | 0050 0100 < software
+ Stirfoce extraction with local gradient aigorithms
Messured CT | 28035 70882 U ocol dracken sigenil
TR e . , wing 1S0 10 360/VD1 2617/ 2630
Devaton
ao0 0005
[ (R (]



How does a CT system

work?

FAQs about CT

Cone beam CT:
Generating three-dimensional images

using microfocus CT starts with acaquir-
ing a series of images.

Fan beam CT
For each slice, @ set of X-ray line profiles
ore acquired whie rotating the sample

What s the voxel resolution in CT
systems?

In order to reproduce on accurate
of the volumetric dat

The images are progressively rotated
360 ot increments of less than 1° per
step. The projections contain nforma-
tion on the position and density of the
sample. This accumulation of dota is
then used for the reconstruction of the
volumetic data

How does reconstruction of

the volumetric image works?

360" at less than 1° per-
step. The line profiles contain nforma-
tion on the position and density of the
Internol features of each sample siice
This data is used to reconstruct the
tomographic imoge. By vertically shift-
ng the sample through the fan beam
repetitively, o set of siices ore compiled
to create a representation of the vol-
ume.

The CT image is reconstructed using three-dimensional fitered back projection

depth and diameter, the sample should
remain within the field of view and
cane/fan of radiation throughout the
entie 360° ratation. This also ensures
that the full sample is completely dis-
ployed in each projection of line profile
captured in the acquisition process. The
magaification s limited by the sample
diameter d and detector width D to M =
D/d. For o detector with the pixel size P,
this results in o voxel resolution of V =
Pl

What is ROI CT?

For optimum image quaty the
Sample should remain i the con
beam during the full 360" Ths
canition i stritly opped would
imit the mognificotion and therefore
the archievoble voxel sze. Advaniced

resolution with o minor foss of image
qualty



Computed Tomography Systems

GE affers  varlaty of €T systems ranging from campact laboratory € ranlte-bosed walk-in systerms, All ystems
ate designed for high-precision metralogy and analysis and are equipped with phoenisls-ray's proprietary tata acqus
sition and tomagraphy software datosjx fo

systems to

sy system control as well os rapid and accurate volur

dota reconstruction,

vitomelx L 300

highest magnification for 300 kv

The yltamel L 300 benefits from a new
unipolar 300 KV / 500 W microfocus
source. Due to this unique technique
the system can be used for high mag-
nification applications as well as scans
of strongly absorbing samples. Mojor
components of the system, like the X-
ray tube and the temperature stabilized
detector are proprietary technology of
GE . The vltomelx L 300 comes standard
with @ granite-bosed manipulation ond
an air conditioned X-ray safety cobinet
allowing samples of up to 50 kg (1101b)
and up to 600 mm length / 500 mm
123.6x 19,6 in] diameter ta be scanned

vitomelx s
compact and versatile

The vitomel s CT system s suitable for
a wide fange of 20 and 30 applications
for samples up to 10 kg (22 Ibsl. To give
customers a very high versoltilty, it may
be outfitted with a 240 kv micrafocus
and on additional 180 kV high power
nanofocus tube.

nanotom?®

highest resolution i three dimensions

The nanatom® comes standard with
180kV/15W ultra high-performance
nanafocus tube and precisian mechan-
fes for maximum stabilly. With voxel
resolution 0s low 0s 500 nanometer and
below, the nonotom® is the inspection
solution of chaice for 3D €T applications
in a wide range of fieids. With its smoll
footprint, the nanatom is sultable for
even the smallest labs.

For many applications, the nanatom®
offers o vioble alternative to synchra-
tron-based computed tomography

vitomelx L 450

highest precision for large somples

With its granite-base 8-axis manipula-
tion unit, the vltomelx L handles large
samples up to 100kg (2201b in weight,
Up 10 1000 mm (39.4 n) In diameter and
Up 10 1250mm (49.2 In) In height with
great precision. The 300kV/S00W micro-
focus directional tube enables voxel
resolutions of only a few microns. In dual
tube cambination, the vltamelx L comes
equipped with an additionol 450 ky.
closed minifocus tube for high absorb-
ing samples. The wide range of available
extras Iike fine or mult-ine detector as
well os ts full 2D inspection capability
allows the vltomelx L to adapt to almost
any kind of 2D or 30 application.

Detectors used in computed tomography:

Digital Arroy Detector

rs are used for cone-beam CT. They alfow the aequisi-

tion of several hundreds to thousands siices in only o single inspection cycle,

which drastically reduces acquistion times even for lorger samples. Digitol
bol

‘and 20-capable. In multi-ine configuration, so high prec

formed with an arroy detector

th €T
10 20 CT ca be per-

Digital Line Dstectors ore Used for fan-beam CT. They acquire the data for
one CT siice n ane u(qulsmun ycl. bt e more ccurle resils, which (o

ton time.

igital

ore 0 more budget-oriented option suitable for lower requiraments.

They
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