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Abstract: To estimate the thermal distortion of a large aperture SiC lightweight primary mirror exact-
ly, the calibration and calculation methods for the SiC lightweight mirror were researched in different
thermal modes. Temperature sensors stuck on the lightweight mirror were divided into three levels a-
long an optic axial direction, and the temperatures at each level were fitted by quasi-Zernike polynomi-
als, respectively. By taking a 4 m SiC lightweight mirror for an example,the Finite Element Method
(FEM) built by MSC. Patran was used to calibrate and calculate the thermal distortion in eighteen
kind temperature fields of the first ninth quasi-Zernike polynomials and the Max deformation, surface
error PV and RMS values due to the lightweight mirror thermal distortion were obtained for different
temperature patterns. Calculation results show that the deformation of lightweight mirror is max un-
der the first quasi-Zernike polynomial temperature pattern, and the surface error RMS value is 278. 3

nm. Using a least-square method, the aberration coefficients of surface errors are calculated by quasi-
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Zernike polynomial wavefront fitting program for each temperature field, and the main aberration

caused by the thermal distortion is piston, tilt, defocus, coma and astigmatism.

Key words: large aperture mirror; SiC lightweight mirror; thermal distortion; calibration;quasi-zerni-

ke polynomial
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Fig.1 Temperature sensor distribution of lightweight mirror

A 32 B 5 T T A B R o0 EFOCHNT 10l 2
W, BRI o Ay [ EESL AR R
XF BEAS 2 T R EE 43 51 R 9 T Zernike £
A AT
Ti(x, =Ky +Ky(x)+Kys(y)+ Ky (225
2y =D+ K (& — )+ K (22y) +
Ky (32 +32y —2x) + Kg (325 y+
3y —2y) + Ky (62" +1225 v+ 65" —
6 —6y+1) , @D)
Kb, i B ALBLCo FTE B A 1Y TR
JE A 2 i 10 52 D B L SR ] e /s e ik B AT 4R A
A EH 4 A UE Zernike WY 9 N RE Ky ~
Ko o AT AT DAFUSE B A b H o A7 A 59 s iR
.

3 BEREEEAWGES

{5 B A BRIT 73 B B S o M A g i Al 5
BRI, — 22 2R FISF- B B0 S AR R 1Y i A
BT 2 AR 2 B R b P b A 3L O ELRE
TS i Z 18] B I B R T MR (T 0 . R X
Fofv R AR O Aff JBE 1 PR 3R A () R ASERL S it
il JEE A7 P R R 45 4 2 Ty 0 i R SR T vk



£ 6 3]

FNELL A R IR SIC BB AL E BRI 02 by 1245

AT P90 B8 5 (2) A J2 T L T ol Ol A% AR 1)
AN F X B, SiC M ORE AR G B 1 IR T R
[185 mW/(mm K) 0 80 £7 iF 5% 5 Ak 32 4% I 45
v B R T 5 v T IR R 25 AR N L K gk £ A5 B A
% DI St/ N A B T TR =2 R4 B B 1Y —
g

LA 2r,=4 m B SiC 2wk F5 0 4
BExE 5, LA 55 1 i i 242 8 R=12 m, BiAk
NGB N Z,=350 mm, 35 % H RB-SiC #1
BHAHC S BT % o4 3. 05X 1077 tone/
mm® ; FMER R E 392 000 MPa; A L 1 A
0.25; 2R MKEE « Jy 2. 5X10 /K e & A Ry
185 mW/(mm K),

L BT BROCAE R B Ar bR R 5 R AR bR
REA ONBUEIAR I 43 7 i 42 0 Ak R B AR R AR
AT ) AT LA E K AR R OR B AR
T AN A T S P S 2 ORI  a)
BB B Ol o Bl B ST v T
XFRRL A, v Bl 1 P 45 SLHEAT o O 1) ) X RR 2
He

4 RAEABRETHEZLIHLMALH

) AR

I T UE Zernike Z2 30 19 1E A8 M DL KOAS [A] R

£ 77 A 1 3 B8 8 08 TR ek & i i, AR

SCHE 0G5 b 25 PP Zernike IR B2 B Y 547

HAER T EREREIRE AETHE W T

E Zernike 2210 3X F 35 MR 19 2% Fh #R 28 Ai 51 R 1Y
BRI .

SRS & B, B ME Zernike 7 AR 2 it
nAerp a2 B b 50 i A H S 2R T R A Y
B AT B 5 25 AR /I PR, SO FEEERGR T
DA 18 R B T 8 1 A8 T8 1 pr i h 5. (D &
B AR EE R 200C(ZH WD , B 7R 2 % iR
(3 o B 43 BN AT 9 TE Zernike 22 301 X [ B
BT (Kpy =1 "Chj=1,2, - 295 (2) B
T B2 20 °C L8 7R 2 7% 10 B (Y 3 1 | 43501 it
JNAT 9 Wi Zernike £ T X B B 2 fif (K, =
1°Caj=1.2.0,9),

TE MSC. Nastran A7 FR 76 F {4 19 #4 53 #7 A5 B
i s PCL pRESCEE 7 4% B0 &0 T B2 441 T 5%

T AR, 2D Py o Ay (B 0H
=T/ To s Y= Y/ Tos (2)
Hrb a, v, AR B m s v, 20 IR BRIA .
255 7 55U v A TED AN TR AV IR EE S L G
RS Bt R 15 B AR e 1 AR L JF
AT 485 R b A T R AR BE LA S 45 A AR I 41
B v A A 2k A e B B 2 BE AT AN |, 18 A R
B EATVE T SiC % Ak 3 55 1Y B 1 B KB B
i Max BT 1% 22 PV {H 1 RMS {8 7 #7 45 R W
FK1ME 2, B2 PAFN T AR 20
C o4 T A5 BE 43 3R R 6] B HE Zernike T B
IS 5 T R ) 45 v 2k 1 AR T Gl 1) 110 78
PN

£1 TEAH20 C,E@ALRRH Zernike
BREEARNIREETHENERER
Optical surface errors caused by different quasi-Zernike

Tab. 1

patterns on faceplate in rear plate temperature of 20 °C

Wk Zernike 2 j W Max/pm PV/nm RMS/nm
1 4. 00 1029.0 278.3
2 2.30 1596.8 185.1
3 2.31 1597.1 185.1
4 0.63 596. 8 113.6
B 1. 54 692. 6 163.5
6 1. 54 687.9 163. 3
7 1.27 537.2 136.9
8 1. 27 549. 6 136.9
9 0.49 676. 4 219.6

*x2 EEA20 C,EEARRE M Zernike
BEEEARNTIEEETENERER
Optical surface errors caused by different quasi-Zernike

Tab. 2

patterns on rear plate in faceplate temperature of 20 C

Wk Zernike 2 j W Max/pm PV/nm RMS/nm
1 1. 80 1209.0 278.3
2 1. 18 1577.7 183.4
3 1. 18 1578.0 183.4
4 0. 80 495.0 115.8
B 0.92 1775.1 189. 3
6 0.91 1762.1 189. 6
7 0. 89 687.7 85.1
8 0. 89 686. 8 85.1
9 0. 30 322.7 52.5
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Fig. 2 Temperature contour and deformation pat-

terns of optical surface at different quasi-

Zernike patterns on faceplate in rear plate

temperature of 20 ‘C
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Tab. 3 Quasi-Zernike polynomial parameters of surface errors caused by different

quasi-Zernike patterns on faceplate in rear plate temperature of 20 C

B A 1 2 3 4 5 6 7 8 9
Piston 3.3X1071  55X107Y 5.3X107°  4.6X107°  4.9X107Y  5.IX107° 4.9X107°  4.9X107Y —1.6X107°
TileX  —2.0X107" =8,0X107" —1.8X107" —2,0X107"  2.1X107" —5.5X107" =6, 0X107"  1.1X107° —2,1X107 "
TiltY L3X1071  1L8X107* —1.6X107 " 1.4X107"  41X107"  4.7X107" 1LIX107°  9,0X107' —1.4X107"°
Defocus  —7.9X107°  7.6X107""  9,4X107"  1.8X107*" —1,0X107"" 1.3X107" 6.9X107"° 7,0X107"  3.6X107°

Pri Astig.-X  4.0X107" —5,6X107 " —3.2X107" —1.6X107 " —2.5X1071  1.6X107" 8.4X107 ' —9.2X10" " 6.0x10" M

Pri Astig.-Y —7.4X107" —1,1X1077  9.6X107 " —4,0X10°°% —16X10* 2.4X107" —8.3X107 1 8. 1X107 " 1.9x10 "

Pri Coma- X

L7X107" —9,1x107° —5,2X10~ " —2.9xX10~ "

2.9X107M" —6,1X107" 1.3X107* —1.4X107 " =8, 5X107 "

Pri Coma-Y ~ 2,0X107'"* —5.7X107" 9, 1X107° 2.1X107 " —2,3X107"  1.9X107" —=3,5X107 "  1.3X107" —5,2X10" "
Pri Spherical —8,5X107""  6,0X107" —2,2X107" —=7,6X107" —3,4X107"" —4,1X107""  51X107"  1.5X107"  §.1x107"
. Piston Tilt Tilt Piston ) : Tilt Tilt Piston

Y Astig. Astig,
Defocus Coma Coma Defocus Coma Coma Defocus
R4 BEEAH2C,ETMARRBE Zernike BEERXNETEEMRZZENPARY
Tab. 4 Quasi-Zernike polynomial parameters of surface errors caused by different
quasi-Zernike patterns on rear plate in faceplate temperature of 20 C
#E G 1 2 3 4 5 6 7 8 9
Piston 3.4X107% 0 3.8X1077 4 IX107T 43X107° 40X107° 4,.0X1077 41X1077 3.9X1077 9.2X10°°
Tilt- X 3.0X107™ —1.2X107"1° —1,9X107"  L7X107"% 8,2X107" —6.3X107"F —2.6X107 " 2.3X107°  6.2X107 "
TileY  —1.3X107  1.9X107" —1.3X107" —1.2X107"" —9,7X10~""  1,0X107'"  2.3X107° 3,8X107'"  1.5X107"
Defocus 2,0X107%  9.7X101° 6.8X10°1  2.1X10°! 1.5X107° 1.4X1077  1.2X107° 1.6X107° 1.5X107°
Pri Astig.-X  L9X10 ™  1.7X107' 01.3X107 " —9,0X10™ "  1.8X10° "  1.6x10°* 8 1X10 ' —8.8X10 " —1,1X10" "
Pri Astig.-Y  7.5X10° ' 6.5X10 1 —5.4X10° "% —4.1X10° % —1.6X10 " —=1.7X10 1 —1.0X10 ' 1.4X10° " 8. 7X10 '
Pri Coma-X —1,9X107"°  14X107* —6,0X107 " —=7.9X107 " —9,3X107 " =7, 1X107"*  7.3X107° —5,4X107"* —1,8X10~ "
Pri ComaY —6.5X10 " —=3.4X10° " —1.4X10"" 55X107 "% —=3,6X10" " —1.4x10" " 1.6x10 " 7.3X107° —=7.8X10 '
Pri Spherical ~ 9.7X10" ' —4,0X107 ' 1.1X10° "  3.4X10° " 6.6X10 " 1.5X10°*  2.0X10° ' 6510 6.5X10 "
. Piston Tilt Tilt Piston Tilt Tilt Piston
FEGE Astig. Astig.
Defocus Coma Coma Defocus Coma Coma Defocus
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