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Analyzing thermal deformation of ultra-thin
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Abstract: Thermal deformation plays an important role in large diameter optics system with ultra-thin
mirror. For analysing the specific and quantitive thermal deformation of ultra-thin mirror, a simula-
ting method of temperature distribution by Zernike polynomials is pressented. The temperature is
spreaded to different thermal modes having their own meanings in thermal field. For example, the tilt
thermal mode means that temperature is high in one end and low on the other end. Summing thermal
deformation introduced by different thermal modes to get overall deformation based on two rules is as
follows: firstly, temperature is scalar and could be summed after divided. Secondly, every thermal
mode introduces small deformation which could be simply added. Considering the relative difficult of
theoretical analysis in elasticity, finite element method is used. Mirror model is established for large
and thin systems in space without gravity and thermal gradient along radius. The fixed point locates in

the center of mirror. To demonstrate this method., some geometric parameters are used from NGST
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(next generation space telescope). And finally, calculation reveales that different thermal modes in-
troduces different types of surface errors:thermal modes of piston, tilt, focus, astigmatism, coma,
spherical, mainly create figure errors of focus, tilt, focus, tilt, tilt, spherical, respectively. Also,
thermal deformations could be much different: focus, coma and spherical thermal mode create relative
large deformation, which means mirror is sensitive to these kinds of thermal modes. With the same 2
K temperature difference across whole mirror surface, thermal mode introducing larger thermal de-
formation is coma(56 pym PV), spherical & focus (18 ym PV) and focus (19 pm PV). In contrast.,
tilt thermal mode and coma thermal mode can create figure errors no more than 0. 07 ym (PV) which
almost have no effects on mirror function. Also, to find which kind of thermal mode is more possible,
the environment should be put into consideration. Using Zernike polynomials to simulate mirror tem-

perature distribution can give some meaningful findings and is proved to be useful for analysis of ultra-

thin mirror.
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Tab. 1

Comparison about meanings of Zernike polynomials

used in optics and temperature distribution

. Meaning in Meaning in
Term  Polynomial .
optics thermal
01 Piston Base tvemperaf
ture difference
Hot i
1 peos ¢ X Tilt oromoone
9 in 4 Y Tilt side and cool
psin in the other side
Cool in center
3 201 Focus and hot out-
side
Astigm,
) Astigm.
4 pteos 24 0 or 90 Cetsm
- , . . Thermal
5 o'sin 2¢ Astigm. mode
+45
L. X C ther-
6 (36°—2)pcos $ X Coma and Tile = -0t T
mal mode
; .Y Coma ther-
7 (3p"°—2)psin ¢ Y Coma and Tilt oma ther
mal mode
8 6o — 60t +1 Spherical and Sphercial

Focus

thermal mode
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Tab. 2 Parameters used in finite element analysis

Temperature Young's

Radius  Diameter thickness
difference module
10 m 2 m 2 K 4 mm 1 GPa

7 B S 2E Z 45 U b 1 b T RN 2 1) B0 5 3 BE
AH2ZEH K, 76 Piston $ARE A AR 115 b il 252
20 K, Hp kiU 220 2 K. 7 AR ik R 5K
B le—6,



176 e

%15 &

3.2 Piston #iE
Piston #A8E 3X & Jhl BE 1 3% (R AR b, 5| R 1)
AT 2 TN

2 Piston # A5G4 TE

Thermal deformation introduced by Piston

Fig. 2

thermal mode
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Tab. 3 Zernike coefficients of thermal deformation

introduced by Piston thermal mode

Astigm.
Piston X Tilt Y Tilt Focus
(0 or 90)
0.4998 0.0021 —0.0001 0.4999 —0.0011
Astigm. X Coma Y Coma Spherical
(45) and Tilt and Tilt and Focus
0.000 2 0.001 2 —0.0000—0.0011
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Deformation introduced by Tilt thermal mode

Fig. 3
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Tab. 4

Zernike coefficients of thermal deformation

introduced by Tilt thermal mode

Astigm.
Piston X Tilt Y Tilt Focus
(0 or 90)
0.002 8 —0.004 6 —0.000 1 —0.000 3 0.002 3
Astigm. X Coma Y Coma Spherical
(45) and Tilt and Tilt and Focus
—0.0006 0.0029 0.0009 —0.000 6
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Fig. 4 Thermal deformation introduce by Focus

thermal mode
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Tab. 5 Zernike coefficients of thermal deformation

introduced by Focus mode

Astigm
Piston X Tilt Y Tilt Focus
(0 or 90)
—9.9953 0.0379 0.0031—9.8299 —0.0136
Astigm X Coma Y Coma Spherical
(45) and Tilt and Tilt and Focus

—0.002 2—0.0581—0.004 2 0.3124
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Fig.5 Thermal deformation introduced by Astigma-

tism thermal mode
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Tab. 6 Zernike coefficients of thermal deformation

introduced by Astigmatism thermal mode

Astigm.
Piston X Tilt Y Tilt Focus

(0 or 90)
0. 25 0.007 6 0.0017 —0.0341 —0.02138
Astigm X Coma Y Coma  Spherical
(45) and Tilt and Tilt and Focus

—0.004 5 0.0665 0.0016 —0.018 2
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Fig. 6 Thermal deformation introduced by

Coma&-Tilt thermal mode
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Tab. 7 Zernike coefficients of thermal deformation

introduced by Coma&:Tilt thermal mode

Astigm
(0 or 90)

—4.308 1 11.016 9 0.774 6 —4.3807 —7.11511

Piston X Tilt Y Tilt Focus

Astigm X Coma Y Coma  Spherical

(45) and Tilt and Tilt
—2.1626 3.0220 0.8017 —0.4347

and Focus

24
012147
014171
017198
01822

7  Spherical & Foucs #WELRX 5| AL 14 25 B
Fig. 7 Thermal deformation introduced by Spherical

&. Focus thermal mode
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Tab. 8 Zernike coefficients of thermal deformation

introduced by Spherical & Focus

Piston X Tilt Y Tilt Focus ~ _\stigm-
(0 or 90)
12.888 5 0.224 5 0.0308 2.9999 —0.0379
Astigm X Coma Y Coma Spherical
(45) and Tilt and Tilt and Focus
—0.0259—0.5771—0.022 2 —9.2915

£ 35 2 %0 A] L E 3, Spherical & Foucs
B 51 (1 i T 1% 2% £ 24 Spherical & Foucs,

M Zernike 2BV LLFEF], FEMMIL IR 2EH
LI % & F| Focus SR X 52 1) H 2l Fo-
cus {82, 73 #5 J5 W] F1 Spherical #3225 i
Spherical 182,
3.8 BERATEXSMAEXNERME

AR A Ay AR 2 5 | R 1Y 72 T B L T LUK 25
e AR 5 RS 1 il e 58 22 45 3R 9,

*9 EMEERXFTEMNHRTREITLE
Tab. 9 Comparison of thermal deformation

introduce by thermal mode

Thermal mode Axial deformation (PV) (pm)

Piston 1.003
Tilt 0. 068
Focus 19. 440
Astigm. 0.067
Coma 56. 431
Spherical &. Focus 18. 220
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