H18% 4510 e K TR Vol.18 No. 10
2010 4F 10 Optics and Precision Engineering Oct. 2010

XEHS 1004-924X(2010)10-2199-07

B RS 3R T BR 2 BT =R

vt KER VERKMAE L FRE L ERE
(LPERFER KAELFEENRSDEFR. M K& 130033;
2. P ER ¥R R AR ALE 100039)

FEE X A B] O A% 0 S 1R B S S 45 A 22 2 o e v 2 iy T 2R T MRD B I A M 2 7 12 A U B AR A B ™ A R BR N g DA T
FHE AR FRAR 25 (FEERINRHO - LA 0 B2 38 8 M b ORI 52 5 455 T T 742 A AS W] 336 DA T g A1 45 A4 7T 58 2 45 7]
LB T T BRC A A TC R S T . %7 TR AR e/ B AR DR R o S Pk e DA B A 1 O 2 I . SR
R R LTSRN T IE A9 0. 03 mm) A B BRIT 7 T AL 92 bR T A5 B0 B T W AR LR 00 . R A B
2 AT IR A SR, A T 9 O B B AT R . IR BN IR AR Mk =4 CHEL BRI E R RMS B R KN
0. 018X FF B W E SR (RMS H<0. 020 , T35 B R B I 3 5652 J1 3957 L ToAR 105 78 0 B 4G 21 30 30 v R S 4 T O A8 4k vl
Wi, XS R X (B SR L SR A JC B S ik BB AR L A o TR A Ak ke B v e T 1) S R R

* 2 WENASEAEANARSARLE;LARS RO EW

hE4 RS . TP73; TH703  SCEkKRIEAS:A  doi:10. 3788/0OPE. 20101810. 2199

Application of zero clearance support method based on circle mirrors
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Abstract: In the secondary mirror mounting procedure of a space-borne remote sensor, the method of
clearance fixation with auxiliary adhesive is used to fix the mirror usually, which will cause the asym-
metric aberration and influence on the imaging quality when the temperature is changed. Moreover,
variation of the surface shape is irreversible due to the adhesive layer come from nonlinear materials.
To improve the imaging quality and structure reliability, this paper proposed a zero clearance support
method based on the lowest potential energy principle . Via the method of interference fixation with
flexible blocks, the astigmatism aroused by non-symmetrical stress was avoided theoretically, and the
irreversible problem was solved. The appropriate interference value (0. 03 mm) was obtained by the
finite element analysis. By using the interference value, both gravity and temperature variation( 44
‘C) were considered and the surface shape test was performed using an interferometer. Experiments

show that the RMS value of the surface shape is 0. 018\, which meets the design requirements (RMS
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value<C0. 02)). obtained results demonstrate that the zero clearance support method for the circle mir-

rors can relieve the adverse effect of the surface shape caused by temperature variation.
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Fig. 1 Structure of mirror component
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Fig. 2 Interferogram of temperature increasing test
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Fig. 3 Interferogram of temperature decreasing test
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Fig.4 Trend of surface shape variation during heat-

ing up cycling test
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Fig.5 Trend of surface shape variation during cool-

ing down cycling test
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Fig. 6 Theoretical illustration of zero clearance fixation
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Fig. 7 FEM model of secondary mirror component
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Tab.1 Material properties of secondary mirror components
Elastic Linear expansion
Density Poisson o
Material modulus ) coefficient
(kg/m*) ratio
/GPa (1X107%)
SiC 3200 400 0.18 2.4
TC4 4 400 114 0. 34 9.1
Al/SiC 3 000 180 0.28 8.0
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Tab. 2 Surface shape variation following interference values

Interference

value PV() RMSO)  value

Interference

PV(D) RMSQO

/mm /mm

0.01 0.020 0.001 0. 06 0. 066 0.003
0.02 0.026 0.001 0. 07 0.075 0.003
0.03 0.036 0. 002 0.08 0. 085 0.004
0. 04 0. 046 0. 002 0.09 0.095 0.004
0.05 0. 056 0.002 0. 10 0. 105 0. 005
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Fig. 8 Surface shape variation trend along with inter-

ference values
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Fig. 9 Deformation of secondary mirror when tem-

perature increases 4 C
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ing up cycling test

S % Lk

[1] #FAKR.ZANL MREBEZRARERBEHEK [M].
et Elﬁﬁliktﬂﬁﬁﬁ 2002:39-42.
HUANG B C, MA Y L. Space Environment Test

ing down cycling test

BETETE PV, =0. 3820, RM S, =0. 018X, i £ 1%
THE R Ay RMS<C0. 022,

B X SR T[] Bt T 5 M 4 7 1 2 A A R 2 7
AAGE, DL R T 2 S AR SRR ) {8 S S5 T
T it it B 728 A AN T 330, DA e I 295 g T 1 4 i)
RO AR SCHR TSR 3 8 T A 1 T B S AR O AR
BEBREC G . 5 BB bk A 2 IR AN B
BY R BN X FRNE g o A T AR AR TR T RS
B8 THT B 78 Ak B AN AT 6 (0] A, 3 A BR G i
E VAR R 0.03 mm), 7RI B R R ik
11 7B I . T35 18 AT D BRBA 7 ARG
TR AR 4 CRROLT . A B E PV
B KA 0. 3820, RMS {H K R0, 018, 35 & ¥ i
R g RMS<0. 022,

JC B SCHETT 1 IR AR 3 T AL 2 R 58
REMMRRE PRGN IEIR A b e T
T E 8 A 05 T TR T 4 52 ) L 35 T/ BLAR R
S 1) 300 % ] R L O HG SCHE O sCER AL TR AR

Technology of Spacecraft [M]. Beijing: National
Defense Industry Press. 2002:39-42. (in Chinese)

[2] ®EXEVE. RAPMAILTHBEENITE S
Re b [J]. %% #% 142.2007,15(3):384-389.
ZHANG Z J, YUAN Y B. Design calculation and



5 10 19 W S R 7 o 4 2205
analysis of half corner-filleted flexure hinge [J]. Acta Mechanica, 1994,105:173-187
Opt. Precision Eng., 2007,15(3); 384-389. (in (7] ZesEnm, REOF, 52, 5. o &G M0 %80
Chinese) SR [T, RE4E 1 F R, 2003,24(3)

(3] k.2t . FE. 25 B H5EE Rt & 1-8.
Ak [J1. &% # % 14,2007,15(6) :818-823. WEI'Y G, SONG Y X, LI J, et al.. Study of
QI Y C, JIN G, XU Y J. Design and optimization stress concentration and edge-effect of interference
for shape of space membrane mirror [J]. Opt. Pre- fit joints [J]. Jowrnal of Dalian Jiaotong Univer-
cision Eng. . 2007,15(6) :818-823. (in Chinese) sity s 2003,24(3) :4-8. (in Chinese)

(4] mea&. JET SRR ALR AR R THEE M 0 2 & (8] ZE#k.#pstak, MRRAE. JLH R IHIE 0155 MG 5
MRk (], AL 3R 2, 2003,25(5):519-522. [J]. 3 3EAutr 5L, 2007,24 (2):298-301.
CHEN L. New method to calculate and choose in- WANG D, YANG H B, CHEN C Z. Computer
terference fit based on the reliability and optimiza- simulation of the optical surface [J]. Computer
tion technology [ J 1. Journal of Mechanical Simulation, 2007,24(2):298-301. (in Chinese)
Strength , 2003,25(5) :519-522. (in Chinese) [9] KULCHYTSKY-ZHYHAILO R D,OLESIAK Z S,

[5] PAULI PEDERSEN. On shrink fit analysis and de- YEVTUSHENKO O O. On thermal contact of two
sign [J]. Comput Mech , 2006,37:121-130. axially symmetric elastic solids [J]. Journal of E-

[6] KOVACS A. Thermal stresses in a shrink fit due to lasticity, 2001,63:1-17.
an inhomogeneous temperature distribution [ ] ].

R

W #1984 —) B R
A, 2007 4F F 1 ifg 3 K 2E k2 5
A7 s 32N EE 23 DG 27 18 IR A 25 4 1
K CAD/CAE T % 4 #7F 0 #F 58, E-

mail : sha. phe(@ gmail. com

WEHAQITT ) B KEA L &I
¥R ,2000 4F F 35 AR Tl K 5 ML
B2 1 24 460, 2006 4F T i BB K &
GG 2 LK 5 B BB T T 3R T L A
AL s 35 DEE G 2 3 R0 = R AR A6 AL
L5 W A 5¢ . E-mail: zxx_jan @ 163.

com

BIIEE

BRACAE (1976 —) . 5 o Ll ARTEM A+ 6l BT
FEI 2000 4R Mg /R I Lol R 2E 3R
2L, 2007 AR T REBE K B OGO
BB S Wy BT 50 BT 0 1 2+ 2 B
FEI7 ) AL AL AR R 5 . E-mail.
may328@163. com

WHEFEQ976—), NS RIE A Bl
FEAFE 51,2001 4F 2006 4F F 5 Mok 2%
Gy AARAG W, R R T
1] 2y 7 ) D' 2 18 S AR il R I 5
E-mail : xuyj@2008. sina. com

BT A 0, BRSO [ o2
1 S B BT A A BE ST A . E-mail : re-

ny(@sohu. com



