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Outline

Motivation of heat load simulation in EuXFEL
|
I Virtually reproduce the physical interaction of the X-Ray laser beam with matters for material study

I Setup a damage threshold for the components that have direct interaction with the X-Ray laser beam

Damage threshold setup for general used materials
I Numerical solutions

I Solid: CVD Diamond, B,C

I Gas: N, (gas attenuator)

Summary and outlook
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Motivation T Virtually reproduce the physical interaction of the X-Ray laser beam with matters for material study

Physical phenomena involved

» Conduction
» Convection
» Radiation

« Latent heat

» Beam reflection
» Absorption
* Transmission

Heat
transfer

Heat

source
A

Structural
mechanics

* Flow in liquid * Stress
and gas i
» Surface tension - Strain
o€ 1€ * Fluid-solid
« Vaporization — interaction
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Numerical methods involved

Combination of partial differential equations
Level set method
Hyper-elastoplastic formulation

Deformed geometry

Challenges in numerical simulation

Computing resource
Geometrical and material nonlinearity
Finer mesh

Small time steps

Beam interact with stainless steel
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Motivation 71 Setup a damage threshold for the components that have direct interaction with the X-Ray laser beam

Upgraded frontend (M. D. Felice, F. Yang,
D. L. Civita, N. Kohlstrunk, M. Vanonni, H.
Sinn)

I Selected instruments that have direct interaction with the beam

Beam stop (Daniele

La Civita, F. Yang)

Materials: B,C + CVD diamond + tungsten

(mechanical design will be presented in the

‘ .| Materials:
/ : ‘ B,C+CVD diamond

I Patch test model for solid materials*

poster from N. Kohlstrunk, et al.)

I Dimensions
3 CVD diamond: 40x40x1mm

20 mm
20 mm t 3B,C, copper, graphite: 40x40x20mm
L 1 mm 20 mm I Variables: photon energy, pulse energy, beam size, pulse numbers,
thickness incidence angle

I Damage threshold: stress, strain, temperature

*Zienkiewicz, O. C.; R. L. Taylor; J. Z. Zhu: The Finite Element Method: Its Basis and Fundamentals
I B 0 European XFEL
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Numerical solutions

The patch test model is calculated using multi-physics modules
both in ANSYS and COMSOL, and benchmarked with the

analytical solution* for the single pulse case.

In ANSYS workbench it is only possible to couple thermal

analysis to structural mechanics module but not reversed.

Using APDL in ANSYS workbench it is possible to use
coupled-field element (plane223 or solid226) to solve the
thermoelasticity or thermoplasticity problems directly in

the mechanical solver.
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Beam interaction with matters — B,C
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Example: FEA results
as damage threshold
for beam stop
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Beam interaction with matters — CVD diamond

photon energy — pulse/train — temperature

photon energy — beam size — von Mises stress (1 mJ/pulse, 500 micron FWHM)

(1 mJ/pulse, 100 pulses/train)

hot -b ize —t t
photon energy —beam size = femperature The FEA results of the patch test model with 1 mJ pulse energy can be

(1 mJ/pulse, 100 pulsesitrain) estimated using scaling approach for the other pulse energies accordingly.

1 | European XFEL





