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Analysis and experiment of gravity deformation
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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

1 7]

qul

TEIC A S B R (9 2% 5 8 A ik 2 el 4 S 4t
e RG-S I 4 R GEAH HE L PR BRI 4
/ML PRI R =S BDE SR R G2 R 4
AP S g M . EX IO R G SO 8
SR SRR Z — AL TARRES T
AT R B B DR E T 2% A~ 288 SRS 1Y) A% o

=[1-4]

B °
FHLABE « A RO 500 S5 58 T JE A
FERSCHE N 3R o 78 S S B3 A AF B0 39, e it
U7 SHEAT A B IR 1905 BT L B 280 i i i
W RESG B, KATRE S T BN T A & ZF 0
FEBOY O T ARAE BT 7 RN B P A
B R HL 0 45 R A JEE 6 00 AL — RE (1945
PREER

B A BR T 70 M B A 14 6 i LA K A5 00 # A
IS W 52 35 SR 05 23 M 19 05 0k 580 B 5
AAFAE B AT AR R B TR B AL E L BUR
FEFE AN AT 0z B . SR S0 AN TE
1997 4F Xt S S B 20 P4 AE A 3 2o 41 T T A T
AW TITE AT T 05T, IF AT B B 45 21
WRAEHE T 8 KA i B Oy 18] 5 AR AR AN
- THT B 7 2 T AT DA B e e I A B A AR R Y
AL A AT T 058 SCRRL11-12 13 B, [ Sh Y
JeA I FEN BAE S S B SO D7 S B AR
R 5 L0 A 19 T BOR B E B 80 S5 B DE 1Y
SO AEX TR 07 23 B 45 R RO AT
WFFE AR D

AR SCLAHE 73 8] 27 1 S i O R D AR K AR IE e
SRR g % R S AL A B A AR T

T T AR R AN [R) 40045 53 3k 45 21 19 5 B0 Br 45
BT RO BEAT T R AT

2 RAtEE Y RSN Tk

2 45 TR 728 Ak T 5 0 b By i AL A
Zernike Z W LA 35 Bk /oF 1 7 AR LGS
PRI SR | 5 R AR bR AR 4 A L H R
HH BN Zernike 22 WX 400G 1k DL R 3k i /°F
[ X e a7
2.1 Zernike ZWA &%

B B 1 2 T v L% 2k, Uk LA B
JE PR — A S M TIC G 1Y IS BRI B AR (AR SCE R Y
Zernike Z W50 R 41 G ok 6 B 0OUE 2% oK 4k
CHESGAA A v 2 0 22 BB B8 AT b 1> %
IO 87000 e 5 D7 EC 0 i b s B RO 22 R O B
B8 THT 9 RIS SOG4 A3 BT 4 2R o e i S 1Y pR R
TE M 22 G2 19 AR 22 o R BT O M B T 5
B s B 1000 AL LA AT 37 WU Zernike
Z A REG A T 1000 A4S J7 B4R g 37
AR HVE S 3 — A~ B AU Y 75 2T dR /s ek
e ]

PRI T 0C s y) F n i Zernike £ Wiz A]
PLRR N
N, y=2chb=ad(x,y)+ b (x,y)+

e3Py (g y) Aeeeees + . (xoy) s eh)
¢, Zernike 2 ;5 ¢; A Zernike £ Tl
IE

A m A B R Chy T S 508w sy 243
PTEEHR) 8 (s yi) si=1,2, 000000 ,m

L b= (xisy) i=1,2,,msj=1,2,+,
n, e B AR R YRR AR A (D) AT AR P T



1426 e KE TR

5 24 &

PH m=n:
phatbet et td,0,=0
ot bttt b, =0 1
bucrt Pt Pneteotd,,0,=30, J
fAClE: @ = A, Hr . &= () mX n Hirffi
Froe=Cescrnts ) o A= (0300 0 0 T
J& 5 AR A — M AN A7 AE 38 8 SO A, B XA il
Zﬁrjﬁic,*éﬁﬁ A— @70, I AR JH e/ — 5

e (2D

BR T AR E REUN .
E:EW(6—2c¢>n (3
KW, IR S EXT ¢, IISECH 0,8,
gf—22w<a—2c¢>¢ 1)

7

A IS B AL Zernike ZIM X R, R
] 12 { e} T LA R o 30T 9 2 oK R

LH]{c)={p}, (5)
K
p=2Wédd,, (6)
H,=2W#b,b,, (D
KA e ”rh”/\JQ(S)EP RIAT S0 45 B 1 A 28
HRAE -

B B n n e]’ ‘Zv
RMS = /& = ?;Z;ﬂm+lyg,(&

1 2i#j
2 2i=j
2.2 BKEAFEUEE

X T 25 (] 2 i J A, HL S S 45 455 T 38 A
BRIA Al Bk 1w AF B E 7 AT, BT R R
9 R A g ab B PR AR BR T s AT LA SR BK AT
AR . I AE O B4 A v U BRI T 1
FER AR S HOpF e Bk O R ALA . BR Oy R AL
B I AR T B Ry« B A B A A 1 A B T AR AR )
DA IR A5 T 0 A0 A bR 14 SR 7 3 5 0 A4
AT AR S A B T Y 7R A B e 1 AR e i
i 3 JR R 07 R AR T AR B A R S
(07 B K AR TR S 171 R /D T B LA
— A~ LA B B 2 4R R T R R G 7 E  Bk A AR T
Je 19 A5 BT I BRI 1 1 0 A (A Sk B 1T AR TR
(4 PV (R, 2 ) 2 AR A 09 24 AR Bk Sk 5 1 A8
TE ) RMS {8 . BRI 7 B2 004 75 0 564 o 72 4l A

it':'j:sji:{

mr.
1) 3 A5 THT 79 A5 A D s Al B S
2)EABL I 1 RATEANEAE ] T 28 A i
3K s AR AR AE S AR T AR N L A5 3R 19 BR

R AERAY )
ORE 3) H A L R H S/ 3R R LR 15 F)
ST BR 16

SYMHE (O T 3) 45 B 1Y B A B 1E
SEARRS T 4) v #0045 15 21 B BRI 9 BK T % 1] B

I HE

d,=dz /1= (Z+y) —p(xdx+ ydy). (9)

R 10K 5) it A B 1 iR RE S
He/MERY SR 22 B S T2 B 1) PV (A
PV=max(ds;) —min(ds;) i=1,2,3,",n
(10)

8 KM D XF 5) i 515 B i 22 2 &
Y77 ARAEL B Sy B 1T A8 2 1 149 5 AR AR

1= 192939"'971.

an

2.3 BWEAENILE

Zernike 2 G 1 09 7 FORS BE B T
2 I 2 18] Y OE S8 M TE A2 PR 0 L T SRS
S R Z A s T Zernike 22101 X2 7 B0 [
H % SE 0 25 8] 3 F = E A0, Rt XK AR08 S 5
e B8 10T A 0 B BORCHE AT Zernike 3G, HOt
N BRI

5 Zernike Z 34U A AR L, 2K 1H 7 72 U
B E AR R AR 0 52 5 B8 . R AETE i T8
0 B B2 T BOK KT T T e 0] 8, 2 — 8K
{7 B ELR 0 v 1 T B 5 T TR O R 2 R T 1

3 GGESH

3.1 MRMK

B ]G 38 RS 19 R D AR K SR I e 4
TEE AN AN IE 1 B . 2 R RO BE e S L
S XTI



% 6 1 AR LA R AR R AL O BR AL A A 09 05 15 1A% 1427

B R AR 25 T 5

Fig. 1 Reflective mirror set
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Fig. 2 Finite element model of reflective mirror set
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Tab.1 Material parameters for the mirror set
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Tab. 2 Analysis results of mirror surface figure

by the gravity load deformation (nm)
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Tab. 3 Contrast between the two status

in the turn-over experiment
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Tab. 4 Relationship between the off-axial quantity

and the surface astigmatism
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Tab.5 Contrast between analysis results and test results
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Fig. 5 Comparison between test and analysis contour
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Tab. 6 Errors deduced by material parameters errors
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