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Design and analysis of stress-free clamping of mirrors used

in free-electron laser beamlines
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Abstract: The reflector is an important optical element in free-electron laser beamlines. Deformation error
caused by gravity can seriously affect the image quality of a beamline. To reduce deformation error, a grav-
ity compensation scheme based on the Bessel point theory is proposed and a stress-free clamping device is
designed. Taking a 440 mm X 50 mm x 50 mm mirror as an example, the analysis results indicate that the de-
formation error in the bottom surface of a mirror clamped with the traditional support method is 1.647 prad.

Adopting the newly designed device proposed in this paper, the results of a finite element analysis showed
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that the deformation error reduced to 0.085 7 prad, which is better than the engineering index of 0.1 prad. To

prevent the mirror from moving when switching modes, a small clamping force of no more than 2 N can be

added to the mirror, at which point the surface error of the mirror becomes 0.093 9 urad. Additionally, a dy-

namic analysis of the device is also carried out, which indicates that the device mutes the low natural fre-

quency, which means that resonance will not occur during operation. Therefore, this scheme satisfies our re-

quirements for the beamline.

Key words: deformation error; stress-free clamping; finite element analysis; gravity compensation; free-elec-

tron laser beamline
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Fig. 1 Beam dimensions and top surface deflection notation
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Tab.1 The main parameters of mirror

Substrate material Single-crystalline Si

Coating B,C
Mirror dimension/mm 440x50x50
Footprint on mirror/mm 380x10
Useful area/mm 400x30
Incidence angle/(°) 1.5
Mirror radius 0/>30 km
Slope error/urad 0.1
Roughness/nm 0.3
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FEAR 2R/ N7 224 0.063 1 prad, AT 5=0.220 4;
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Fig.2 Deformations in the bottom surface of mirror calcu-

lated by beam bending theory and plane stress theory
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Fig. 3 3D model of mirror supported by four points
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Fig.4 Vertical deformation of bottom surface when the

space of the support along meridian is 240~250 mm
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Fig. 5 Slope error RMS curve when the space of the sup-

port along meridian is 240 ~ 250 mm
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Fig. 6 Line segment along the sagittal direction at the sup-

port point of the mirror
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Fig. 8 Vertical deformation nephogram in bottom surface

of mirror with four-point supporting
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Fig. 13 3D model of stress-free clamping equipment
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