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Analysis and experiment of gravity deformation
for large aperture rectangular mirror set
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Abstract: The surface figure deformation of a large aperture rectangular mirror set in a space optical
remote sensor under the gravity was explored and the accuracy of simulation analysis results by Zerni-
ke polynomial fitting and spherical equation fitting methods were verified and analyzed quantitatively.
The basic principles of Zernike polynomial fitting and spherical equation fitting were introduced, and
the gravity deformation of the large aperture rectangular mirror set under the gravity was simulated
and analyzed by the two fitting methods mentioned above. On the basis of error composition principle,
a calculation method of the mirror surface figure change was proposed according to the two test results
in the grounded turn-over experiment. For the compensation phenomenon between the off-axis magni-

tude and the surface astigmatism of an off-axis mirror in the process of the mirror surface test, a
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method was proposed to determine the relationship between the amount of off-axis magnitude and the
surface astigmatism. Experimental results show that the fitting accuracy of Zernike polynomial meth-
od is 74. 2%, and that of spherical equation fitting method is 12. 6% , which is in good agreement with
the error evaluation of simulation results 10%. It suggests that the polynomial fitting method is not
suitable for the rectangle mirror due to its limitation, however the accuracy of the spherical equation
fitting method can meet the engineering requirements.

Key words: space optical remote sensor; large aperture mirror; rectangular mirror; gravity deforma-

tion; simulation analysis; Zernike polynomial fitting; spherical equation fitting
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1

Tab.1 Material parameters for the mirror set

(g/em®) (GPa)
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Fig.1 Reflective mirror set
3.2 —Y
2 s ) s
H ’ o Y
@y , 2 .
(2) ( : 2
). ; Tab. 2 Analysis results of mirror surface figure
. by the gravity load deformation (nm)
’ PV RMS
8 ’ Zernike 224.6 52.0
o 62.8 11.9
124,150 s
180,020 , 2 o
Zernike .
4
4.1
180°
@ s 0°
RMS,: ;0 0°
2
Fig. 2 Finite element model of reflective mirror set O
6 ’
3.3 2 7
RMS,= /& —+6% . (12)
SiC s o
1 @ . 180
(TC4), , o
RMSISO” H 180
1 ,

6180° ~



1428 24
) ,
0 , ,
RMS 0= /6" +6 +& .13 . 0 '
(3)  180° 0° 1 mm .2 mm s —1 mm
,—2 mm
2 2 2 2 (
0 = VRMSis —RMSi — (8150 — 66 ). )
(14) ’ :
( A/10) )
/ (6) )
( , , 2
, A/1 000) s
) = /RMSi;c —RMS:. . (15) (16) S 1/2
4) , o
, 3 o , 4.2
[l ) ’
A/30(1=632. 8 nm, ), 180°
s 4
3 o
3
Fig. 3 Test sketch of null test theory for the off-axial
asphere
| (@)0° (b)180°
AST, ) 4
Fig. 4 Test results of turn-over experiment
) = /RMS? 180°—RMS: +AST: 3
(16) Tab. 3 Contrast between the two status
5 in the turn-over experiment
° ’ /() RMSQO /mm
’ ’ 0 0.029 487.2
. 180 0. 049 485.9
, 0°



6 s e 1429

4
Tab. 4 Relationship between the off-axial quantity

and the surface astigmatism

(mm) OV
—2 0. 030
—1 0.012
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