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Abstract: To overcome the limitations of independently calculated thermal and gravitational deforma-
tions, as well as single-attitude analyses, in accurately representing the operational state of the main focal
plane of a cryogenic (4X4) mosaic detector, a cryogenic multi-attitude flatness-error allocation method
based on coupled thermal-structural analysis is proposed. A finite-element model incorporating the detec-

tor, mosaic substrate, shims, and support structure was established. Steady-state thermal analysis was
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first conducted, after which the resulting temperature field was mapped onto the structural model. Gravita-
tional loads corresponding to attitudes of 07, 30°, 45°, 60°, and 90° were subsequently applied under cryo-
genic thermal - structural coupled conditions. Normal displacements at the main focal-plane nodes were
extracted, and peak-to-valley (PV) values were calculated after removal of the best-fit plane. The PV val-
ues of the main focal plane at the five attitudes were determined to be 4. 771, 5. 182, 7.962, 6.100, and
8.099 um, respectively. The maximum PV value occurred at the 90° attitude, representing a 69. 7% in-
crease relative to that at 0°. The 45° and 90° attitudes were identified as the governing conditions. Based
on the cryogenic multi-attitude coupled analysis, the total flatness-error allocation for the main focal plane
was determined to be 38.7 pum. The proposed method enables a more realistic characterization of focal-
plane flatness variations under cryogenic operating conditions, avoids error distortion arising from the inde-
pendent superposition of thermal and gravitational effects, and provides a basis for structural design, as-
sembly adjustment, and engineering-margin determination of cryogenic mosaic focal planes.

Key words: mosaic detector; focal plane flatness; low-temperature thermal coupling; error allocation; fi-
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