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U METAS
__ Thermal issues I dimensional metrology vs. manufacturing

A Watts A Kilowatts
A Higher accuracy A Lower accuracy

A Off-line corrections A Prior/In-line corrections

euspen thermal issues 22.03.2022 2



U METAS
__ Thermal issues in dimensional metrology

A Temperature change Y t h e expaasion Y change in geometry
A 1SO 1 Reference temperature for the specification of dimensional properties
A Corrections Y added uncertaintiesC(CTE ¢

hap, oo 5‘,’?%"‘__ 7 Die Bezugstemperatur fir Mefywerkzeuge und

Werkstiicke ist einheitlich festgelegt auf

20°C
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U METAS
__ X-ray computed tomography (XCT) for dimensional metrology

A Measure the whole object surface (internally and externally)
A Support precision & new manufacturing techniques, e.g. Additive Manufacturing
A Many influence factors( XCT system, workpiece, oper
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U METAS
__ XCT geometry i key for accurate measurements

A XCT measurement: Forward projection geometry

X-ray rotary detector
source axis
'
. _
_ S
SRD X
SDD *l\,‘

Magnification M = SDD/SRD
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@ METAS

__ XCT geometry i key for accurate measurements

A Reconstruction: Backprojection geometry

X-ray rotary detector
source axis
voxel
volume \ e

Metrology loop (~1 m)
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__ METAS-CT 1 High-resolution metrology XCT

Rotary axis

Detector

Bircher, et al., 8th Conference on Industrial Computed Tomography, Wels, Austria, 2018.
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@ METAS
__ Infrastructure I separate heat sources

Rack (Motion T-stability
control, power 0.05 °C
supplies, PC, (X-ray off)
climate chain,

Sensors)

Temperature (°C)
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: Time (h)
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U METAS
__ Infrastructure 1 29 calibrated temperature sensors

6 X-ray tube

8 metrology frame
4 air

3 object stage

6 detector

1 HV generator
1 granite

| Uncertainty ~ 0.02 K
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U METAS
__ Infrastructure 1 29 calibrated temperature sensors

X-ray CT temperature measurements

23 6 X-ray tube

8 metrology frame
4 air

3 object stage

6 detector

rel Temperature
205 | variations:
- smaller temporal

- larger spatial

Temperature / °C
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© METAS

METAS-CT 7 two major residual heat sources
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U METAS
__ Detector T active water-cooling system

Passive cooling Shielding and cooling Water-cooling

Bircher, et al., 9th Conference on Industrial Computed Tomography, Padova, Italy, 2019 euspen thermal issues 22.03.2022 12



__ Detector T heat influx

Detector Support structure Time constants
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METAS-CT 1 thermal management of x-ray tube

Rotar

T

J
T

axis

D ———
Detector

Bircher B A, et al. 2018 MacroScale (Espoo, Finnland), Lithi M, et al. Meas. Sci. Technol. 31 035002
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@ METAS

__ X-ray tube T thermal considerations

1. Principle
2. Position stability < 1 pum

A Support structure
A Drift compensation (in situ measurement)
A Deformation compensation (numerical modeling)
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© METAS

__ X-ray tube 1T principle

Acceleration voltage

/\/\ 10 kV - 200 kV
o/
Focal spot
Vacuum ~1% polychromatic x-rays
, (E > 5 keV)
g 0>-¢> O -0 O O ~99% heat

electrons

\ Target: Tungsten

Tungsten filament
(Heating current 4.5 A)

1
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U METAS

__ X-ray tube T temperature swings

Temperature / °C
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__ X-ray tube 1

Steel T=215°C
(cathode chamber)

Invar (low CTE)

Aluminum T = 20 °C -

(actively cooled)

Aluminum base

compliant support structure

© METAS

euspen thermal issues 22.03.2022 18



© METAS

__ X-ray tube T compliant support structure

Ttubell)=293.15
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U METAS
__ X-ray tube T compliant support structure

X-ray tube temperature (°C) X-ray tube vertical (z) displacement Sphere @ 1.6 mm
225 3 < ;
s
2
22
1
OU 215 g 0
gz £
g 8 -2
g 7]
et S . .
20 N3 X-ray projection
-4
20
-5
195 -6
0.00 5.00 10.00 15.00 20.00 0 5 10 15 20
Time/h Time/h
¢ Measured
—— Compliant structure (numerical prediction)
Temperature (°C) - 306 Tube cathode ch. —— Mounting block (numerical prediction)
Y t h e expaasion parallel to the beam axis not controlled

euspen thermal issues 22.03.2022 20



U METAS

__ X-ray tube T thermal considerations

1. Principle
2. Position stability < 1 pum

A Support structure Y perpendicular to x-ray beam < 1 pm
A Drift compensation (in situ measurement)
A Deformation compensation (numerical modeling)
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U METAS
__ X-ray tube T in situ metrology system for drift compensation

A Optical X-ray source tracking system
A Sub-micrometre accuracy (s < 0.05 pm)

, E\ ” : X-ray tube
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e CMOS image sensor
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Y
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metrology frame
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U METAS
__ X-ray tube T in situ metrology system for drift compensation

A Optical X-ray source tracking system
A Sub-micrometre accuracy (s < 0.05 pm)

Thermal expansion compensation
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U METAS
__ X-ray tube T in situ metrology system for drift compensation

A Evaluated by scanning a calibrated 22-sphere standard
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A X-ray tube drift uncompensated vs. compensated (data scale corrected)
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U METAS

__ X-ray tube T thermal considerations

1. Principle
2. Position stability < 1 pum

A Support structure Y perpendicular to x-ray beam < 1 pm
A Drift compensation Y p a r ta %-reyebbam < 1 pm at constant power
A Deformation compensation (numerical modeling)
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© METAS

__ X-ray tube T target deformation

A Difference between metrology loop reference position (1) and focal spot position (2) ?

_©®

N
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X-ray tube T target deformation
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Metrology loop ,‘

L

Bircher & Neuhaus, et al., Precis. Eng. 72, pp. 4091 416, 2021 euspen thermal issues

U METAS

22.03.2022

27



U METAS
X-ray tube T target deformation

Inteferometric measurement
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X-ray tube T target deformation

Inteferometric measurement & FE simulation

Target displacement / um
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__ X-ray tube T target deformation

A Total power = target + aperture power

® Interferometer
- - -- Linearised model
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U METAS

__ X-ray tube T thermal considerations

1. Principle
2. Position stability < 1 pum

A Support structure Y perpendicular to x-ray beam < 1 pm

A Drift compensation Y p a r ta %-reyebbam < 1 pm at constant power

A Deformation compensation Y p a r ta x-rayebeam < 1 um at
arbitrary powers
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U METAS
__ METAS-CT T In situ metrology system for geometry compensation

Rotary axis Detector

Qa
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U METAS
__ METAS-CT T In situ metrology system for geometry compensation

X-ray tube Rotary axis Detector
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