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SEneeds for imaging/engineering

A BEER

I Status SE + Envisioned User cases
A ODIN

I Status SE + Envisiongdercases

The next slides will outline

A Thereis dargevariety (and only few standard) sample environmenmts
applications that useamaging & engineering diffraction

A Even if the instruments haweorld-leading performancgthey are notreadily
usablefor all academi@nd industriaheedsg many applications requiresuitable
environment!

I Explore possibilities to buift 9 Q amadir®) Bl Engineerirghead of time (ensure
scientific/industrial drivers and motivation: close collaboration with instruments!)

A A lot of SE is custom built (by users and beamlingégijcally due to:

I Imaging specific requirements due to transmissigaometry and a very broad variety of
applications

I Engineering: A lot of different processes are of high interest: require very specialized S
I Integration of such equipment needs to be ensured
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Includedwithin BEER Budget:

Hexapod: six axis robot:
A payload 14 kg

A x,y:110 mm L
A repeatability:+0.06 mm

A z:4#150 mm

3
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deformation rig: Dilatometer: patt

Afurnace 1200 AC

Ainduction heating:
Amax. load 60 kN

- max. heating rate 4000 K/s
- max. cooling rate 2500 K/s
(hollow samples)
ADSC unit
Adeformation units :
(compr., tension; 25 kN)
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SampleEnvironment with external funding

Ultra high temperaturefurnace for stress rig:

payload 2 t

X, y:£110 mm

z:+150 mm

Collaboration betweeNPI& Chalmergmagnus.colliander@chalmers.se)
~9.5MSEKover 4 years (20X2020) funded bywetenskapsradet
Simultaneous access to as many of the planned detector eskessible
(including imaging)

Preferably it should be transferable to other beamlines (O SKADI

To o To Do Do o I

SampleEnvironment(expected that users + Hkind partners bring it)
A It can be expected that users will bring and or design their custom sample environment
A CKSNBE NS OSNE YIyeée AYRdAdZAGNALFEf LINROSaaSa
to provide suitable devices for everything): We should be prepared to integrate these!
A However: Some key SE devices could be identified

SampleEnvironmentworkshop 23 May

http://chem.au.dk/en/research/conferenceand-workshops/neutrorand-synchrotron .
sampleenvironmentworkshog
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Before the experiment:

A Userneeds sspecsdimension depends on specificips): need standards that are
compatible with standard mechanical testing

A User needs to define requirements (max. load, loading sequence, temperature curves

A In the preparatorylab: welding ofthermocouples, strain gauges, othgotential
sensors (acoustic emission, resistivity measurement) etc

A Prealignmentcan be useful in a preparatory lab, especially when SE is not yet installe
on the samplgosition

Requirements:
A Controlover the rig to maintain stress values during the temperathanges
A Samplecan be sensitive to air, so it needs vacuum or iaémosphere

Be aware:

A Be aware of bending and misalignment issues! (especially with self built rigs)

A Free orientation might be necessary to access scattering vectors f(eetyppare large
rig at VULCAN where restricted vs portable rigs by FRMP&aKdllowing for tilting)

After:
A Thereturn of samples back for further analysisecessary
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In situstudies of the frlctlon stlr weldlng (FSW) process:

PN\ 2. g.f‘ < U

~ mass:
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FlexiStir at the HZG high-energy X-ray beamline
HARWI [|@DESY

Before the experiment:
A Communication between user and instrument team + SAD + DMSC + ICS

A Integrate the SE software in6SSontrol/DAQsoftware 0
A Develop longerm plan if SE will be used many times
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custom strain scanning of a complex sample

A userneeds the access @ 3Dscanning tool which transfers the sample coordinate
system to the instrument coordinate system (exam$teainScanning Simulation
Software:SScangS

A the description of mounting stages (hexapod plate, robot arm interface, etc.) has to be

known to prepare the sample fiximgutine
A Option to import CAD and/or 3D sample volume from tomography experiment

Laser tracker alignment

Radial
collimator

Fig. 2. 3D model of ENGIN-X generated by the software, ¢,
and ¢, indicate the strain directions measured by the instru- ll
ment.
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ODIN:Optical andDiffraction Imaging withNeutrons
Technische Universitat MUnchenm L,_———
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Budget:~ 11.6 Mioce
TG2 approval 31.05.2017
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Approved for first 8 instrument
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Contrast mechanisms

lefractlon Phase Magnetlc Attenuation
- (White Beam Imaging)

o Device inspection:
Pad: Hydrogen particle filters
§ in metals Monolith _ Soot
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o Contrast mechanisms length scales

A nm < Em mm cm > 15

Kardjilov et al., Advancas Neutronimaging, Materials Today, accepted (2018)
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A Imagingis unique compared to othetechniques
I transmission based: samplased to be as close to the detector as possible
A ImagingSE usually has requirements differifigpm scattering techniques
i Little involvement in generdtSSampleenvironment pool
i ManyG2y S 2F¢ &az2fdziA2ya ¢ koinfunilyfOneR stadtian$ sar F dz
A Instrumentproject focus currently clearly is WU 02, 05 dridGuide Choppers, Shielding)
A NonethelessODIN was designed with potentially large Sfstems in mind

A Imaging users often come from very broad disciplines, e.g.
i Biology (plant growth, HD water exchangers)
I Electrochemistry (charging/discharging devices for batteries, fuel cell operation stands)
I Physics (magnetic fields and spin manipulations)
I Engineering (isitu welding, therme@mechanical testing)
I Industry (often specific requirements)
A Experience from existing neutron imaging beamlines:
I Most of the times, users bring their SE equipment to the beamlines

I Key is integration (mechanical and software!) for flawless user experience and successful
experiment 16
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A typical example from the imaging community:
A This furnace was developed during PhD proje@&t(in collaboration withES$
A Control viaLabView(furnace is still used at beamline, including V20): needs integration

Makowskaa | O 3 2 Gliet ali Flexible sample environment for high
resolution neutron imaging at high temperatures in controlled
atmosphere." Review of Scientific Instruments 86.12 (2015

Heaters

a
) Beam for fixing the heater

Water -cooled plate
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Heafer

r - \l T -
\ = \ -
detector \
quartz tube, sample Window (double or single
depending on requirements)

The state of theart ToFimaging beamline iIRADEN

at JPARC

A They recently commissioned a new furnace
(partly based on experiences with tiarU
furnace)and offer it in their Sfpool

A Optimized for transmission, but also suitable for
diffraction
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Another typical example (naturally applicable to BEER):
A Custom designed and build mechanical loading systemfhersity of Tennessee,

Knoxville, USA)
A 3 systems operational and used (1 x ORNL, 1 x UTIHZB/ESS: at V20)
A Control viaLabView(furnace is still used at beamline, including V20): needs integration
A Onesystem currently used at JPARC by ESS/DTU/NPI/RSt-FD/diffraction

0 2 Y 2 3 NI EBSanflasteuttire project)
A Coulda simlar asystem bebuilt by ESS/ikind partner?

Gearing and stepper motor,
for torque and rotation
of specimen

ATension: up to 44kN
ACompression: Up to 10kN

ATomography: sample rotates freely under load
Specimen

AFlexibility to test different specimens (materials,
shapes) using custom grips

70cm

Specimen can rotate
under load

Axial Force capaity:
44 kN
Z= ]

AMobility of the system (Dimensions: 70 cm x 26 cm x 17
cm, Weight: approx 32 kg)

Aproper alignment: protocol + samples + software

18

Gearing and stepper motor,
to create axial vertical force
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Woracek, R., et al. "Method to determine hkl strains and shear moduli under torsion using neutron diffrakB&h00.19 (2012




