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Nonlinear analysis of primary mirror subassembly for

collimator based on finite element method
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Abstract: To improve the analysis accuracy for the optical mechanical structure of a optical system, a nonlin-
ear analysis method is introduced and then a nonlinear Finite Element( FE ) analysis is applied to analysis of
the mechanical model of a primary mirror subassembly. The main source for structural nonlinearity is summa-
rized, and a FE model for the primary mirror subassembly of a collimator is established on the basis of contact
theory. The mirror response based on bolt contact and the mirror deviation based on gravity and temperature
loads are analyzed by contact nonlinear analysis method. Using a practical mesuring result, the linear and non-
linear methods are compared, and it is included that the contact nonlinear analysis indeed reduces the analysis

error. Therefore, nonlinear analysis can improve the analysis accuracy and obtain the results which are close to
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that in real system of engineering analysis.

Key words: collimator; primary mirror; contact ;nonlinear analysis ;finite element analysis
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Fig. 1  Sketch of contact
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Tab.1 Material properties of primary mirror subassembly

B p/ (kg/m’) THFA L v kR E/GPa Pk R o/ (107°/K)
SiC 3200 0.3 400 2.4
TC4 4 400 0.34 114 9.1
Al/SiC 3 000 0.3 180 8.0
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Fig.2  Sketch of primary mirror subassembly
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Fig.3  Finite element model of primary mirror subas-

sembly
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Fig.4 Displacement contour of bolts
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Fig.5 Displacement contour of bolt contact
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(a) Linear analysis
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(b) Nonlinear analysis
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Fig.6 Displacement contour of primary mirror based on gravity load along positive optical axis
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Fig.7 Displacement contour of primary mirror based on loads of gravity and temperature
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Tab.2 Contrast of results of linear and nonlinear analysis
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