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Influence of temperature gradient on thermal stability tolerance

of large aperture reflective mirror

Yang Xun, Xu Shuyan, Li Xiaobo, Zhang Xusheng, Ma Hongcai

(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: In order to investigate the influence of temperature on the radius of curvature and the RMS
value of the large aperture SiC reflective mirror, a finite element model was established for a 2 m—
aperture SiC primary mirror of a space telescope, and the effects of uniform temperature field, axial
temperature gradient and radial temperature gradient on the radius of curvature and RMS of the mirror
were analyzed. The accuracies of the simulation method and results were verified by experiment
theoretical arithmetic. The results show that the influence of temperature gradient on the radius of
curvature and the RMS value of the mirror is much greater than the effect of uniform temperature. The
change of curvature radius is most sensitive to the axial temperature gradient, and the RMS value of the
surface figure is most sensitive to the radial temperature gradient. The change in radius of curvature
caused by the 1 C axial temperature gradient is 48 times greater than the change in radius of curvature
caused by the same uniform temperature rise. The RMS of surface figure caused by the +1 C radial
temperature gradient can be 202 times larger than that caused by the same uniform temperature rise. The

influence of axial temperature gradient and radial temperature gradient on the thermal stability tolerance
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must be considered in determining the thermal control index of the mirror.

Key words: temperature gradient;

SiC reflective mirror
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Fig.1 Finite element model of SiC reflective mirror
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Tab.1 Material attribute of SiC reflective mirror

Young's . , . Linear Thermal
Poisson’s Density L. ..
modulus . Ik - expansivity  conductivity
ratio ‘m™
/GPa & IW-(m-C) (1/K)
330 0.25 3200 2.5x107° 185

1.2 RIERLFIE TTE
SCHR e/ RS B WK GL RS, X T

BT — A 245 505 4y 20 7 2 5 S WL 128 dx |
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Fig.2 Area weighted factor of node on mirror
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Fig.3 Cloud chart of surface figure of reflective mirror under

steady state temperature field
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Tab.2 Mirror surface shape under steady state

temperature field

Radius of t
adius ot cutvature Surface shape RMS/nm

A LAE W5 EAE S B A 5 A X R 25/ T 0.034%
X0 i e BT 5 B R AU T ik A AR A
RIVTSEBEEG THEFXZETUMEES
HigEXE
Tab.3 Contrast between simulated and theoretical
values of curvature shape radius variation

under steady state temperature field

Simulated value Theoretical

Te;zip;r/zlgjre of radius of value of radius Relative error
) curvature/pm  of curvature/pum
0.01 -0.275 05 —-0.275 14 —-0.033 96%
0.02 —-0.550 12 —-0.550 29 —-0.030 33%
0.1 -2.750 53 —2.75143 -0.032 87%
-0.01 0.27505 0.275 143 —-0.033 96%
-0.02 0.550 12 0.502 87 —-0.030 33%
-0.1 2.750 53 2.75143 —-0.032 87%
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Tempera- . .
ture/C . _ Tab.4 Surface shape of reflective mirror under
Uncon- Three-point Uncon- Three-point
strained  constrained strained  constrained axial direction temperature gradient
-0.27505 -0.: . p .007 35: Radius of t
0.01 0.27505 0.2673 4 0.000 26 0.007 353 al 1u§' 0. curvature Surface shape RMS/nm
Axial variation/ um
0.02 -0.55012  -0.53469 0.000 520 0.014 71 temperature
gradient/C Uncon- Three-point Uncon- Three-point
0.1 -2.75053 -2.67349 0.002 6 0.073 53 s . . .
strained constrained strained constrained
1 -27.5053 -26.7348 0.026 0 0.7353
0.01 13.183 13.196 0.003 9 0.005 5
2 -55.0121 -53.469 9 0.052 1 1.471
0.02 26.469 26.485 0.0102 0.010 5
4 -110.024 -106.940 0.104 2.941
0.1 132.08 132.18 0.0317 0.042 6
5 < 9L = 2 A A2 [ A Ak AT =
1 “lk{mlg%‘l: ’ éﬁﬁﬂﬂ$:‘: J‘E/J/)L/ﬂf‘ il EE AR= 1 1320.8 1321.9 0.332 0.426
RaAT 1311, o R Jy B ifh il 42, o 9 41 BHR K i}
2 2641.6 2643.5 0.658 0.852
FHAT il A i o 3% 3 A i Bl I IKOIR ZS
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Tab.5 Contrast between simulated and theoretical
values of curvature radius variation under

axial temperature gradient

Axial Simulated Theoretical
temperature value of sag value of sag Relative error
gradient/ 'C /pm /pm
0.001 0.005 73 0.005 5 2.68%
0.002 0.0I116 0.0111 4.13%
0.01 0.057 5 0.055 8 3.19%
0.02 0.1156 0.116 0 3.60%
0.1 0.576 9 0.5580 3.40%
1 5.742 1 5.580 2.82%
2 11.564 11.16 3.49%
4 23.146 22.32 3.57%
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Tab.6 Contrast between simulated and theoretical
values of sag displacement under axial

temperature gradient

. Simulated Theoretical
Axial . .
value of radius value of radius X
temperature Relative error
R of curvature of curvature
gradient/ C
/pm /pm
0.01 13.183 13.519 -2.48%
0.02 26.469 27.037 -2.10%
0.1 132.08 135.186 -2.30%
1 1320.8 1351.855 -2.35%
2 2641.6 2703.711 -2.35%
4 5283.2 5407.422 2.35%
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Ki((3P—2r)sin( 0))+Ko(6r'—67+1) (13)
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Fig.4 Thermal pattern with radial gradient and surface figure of reflective mirror
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R, B2 H B RMS i 5 K A3k 5] 297 nm, 14 2°C
Fa A5 BE 37 % T B RMS B /Y 52 0 K 202 1% o A I AE
T E P A bR i, 6 005 B AR 6] T BE B RE X T B
RMS {520 o B A0 3 A1 e X 8 4, Hp s
Foft A 1 S JEE A L A XXk 5 Tl R o AR 7 AL R i AR
JIN o A% 1] R JBE ol FEE DX A5 T R 2 A2 R TE TP RMS B Y
WS B AR AR T SUOR ARG, A b K B sl 20 R
LT A 1) i RE B R X il 2o 4% A E B RMS (H 1)
MR

T ARAZEEAEEHENX TR RER
Tab.7 Surface figure of reflective mirror under
different thermal patterns with radial

gradient

Radius of curvature Surface shape RMS

Mode of radial variation/pwm /nm
temperature

gradient Uncon-  Three-point  Uncon- Three-point
strained  constrained  strained constrained

1 rcos(6) -0.0029  0.004 2 0.300 3 1.024

2 rsin(6) -0.004 2 0.003 2 0.295 3 1.010

3 2r°-1 -284.70  -296.97 285.1 297.0

4 r’cos(26) 0.098 0.094 6 85.76 83.66

5 rsin(26) -0.0059  -0.003 6 85.79 83.56

6 (3r'—2r)cos(f) —0.3491 0.4077 156.9 164.4

7 (3r=2r)sin(6) 0.01167 -0.0382 155.6 163.3

6r'—6r°+1 -71.153  —64.267 197.5 206.7

co

& 8 G T AR AR [ I BB RE (I K X 4
T T 6 A2 A8 6 R T RMS (5% me A% B, R
B,k L L4 % T 52 e KA 26 = R AR Y
5L AT LUE W A8 IR R R S A T il 2Rk AR AR
W RMS H R AR AR 8 FIk 4 7]
DL A% 1] I 3 B B 6] B THT THT T RMIS {HL 11 5% W) %
R Tl 1) YR A R X B 1T 1T TR RMIS (B A 52 1 Bl )
T A 5 X 45 T i 38 o AR A8 Ak R Y R ) BU AR ) IR R
ol JBE X LA 5 0 K — B

RS EMBEHE TR REEERE
Tab.8 Surface figure of reflective mirror under

axial direction temperature gradient

Radial temperature ~ Radius of curvature  Surface shape RMS

gradient/C variation/pm /nm
0.001 -0.1561 0.1427
0.002 -0.3121 0.285
0.01 -1.5612 1.426
0.02 -3.1223 2.852
0.1 -15.6112 14.26

T B R BLAS R R HERR P, SCE T S B A
Fa g PE g o 15 X 4 o8 B 42 600 mm 1 SiC s G
Bi, BARSIENLNE G, O A REFY) L
FF 20 5% 1 8 30 32 £ Fi = 40 whiffletree 21 A ) 35 355 52
FE LS s o B 20 A i BROG Al K 7 08 5 1 Tk A
BB B b, BT T E A R A A R
T VB A TR g Bt B X AR R B S AT AR E . R
FAD T $5AXI SBE 4H F A A4 e R R R R UK
AL [E AR R A IR A2 4R, W 6 TR o
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Back support

= Flexible strucure
™ -

P=iE—

Frame of type A

V= |

Tangential
tie rod

Circumferential
support

B 5 5B 1R A R TE

Fig.5 Structure composition of reflective mirror components
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Fig.6 Thermal stability test of surface shape of reflective mirror

under radial temperature gradient
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Fig.7 Contour of temperature field of mirror blank
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Tab.9 Mirror surface shape under different load
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