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Thermal Deformation Analysis of Optical Surfaces Caused by

Environmental Temperature during Interferometric Testing
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Abstract For interferometric testing of optics with surface qualities of approximately 1 nm, thermally caused
deformation of mirror surface cannot be ignored. The various temperature conditions of interferometer environment
are analyzed and temperature distribution of the mirror under test is simulated using I-Deas software. The
temperature distribution was then used as thermal load of linear static analysis to perform mirror thermal deformation
analysis. The peak-valley value and root-mean-square value surface figure error of a $300 mm convex lens caused by
ambient temperature fluctuation is achieved. The environmental temperature fluctuation should be less than
+0.1 C ., temperature difference be less than #=0.05 C in mirror axis direction and =0.1 C in mirror diameter
direction to perform optical test of 1 nm surface figure error, which is instructive to high quality optical testing.
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Fig. 1 Schematic diagram of vertical interferometer and environment temperature field. (a) vertical interferometer,

(b) axial temperature gradient, (c¢) radial temperature gradient, (d) diametral temperature gradient

e R THIE S T A | B N = N TP ¢
Hypermesh F 4 H 4] 53 M 4% , 5 A 2| I-Deas TMG
FROI R B A RN 3 A AR AT AT AR R B A
B A 21 1) I BE 15 0 00 2% 43 B 0 30 SR 7 T
Deas HVHEST 2 73 T BRI e Jin i S 24 5L ok
MD Nastran {1y # 77 2% 53 7 5K £ 2% 5K fi# . 5K i 1
GRS A TDeas W HF1T 5 A BE; e 5 o B 0 ) 2
S BT AR B0 5 1T S0 B (R 35 A8 TE AT A B AR TE
O excel SCHF, g il Matlab 72 )3 1+ 8 10 E .
1B 5B AR B 1 AR TR R/ AR TR SR AT R 2 Bk
17 » >R P B /N e ik EATER 40 5 SR BT I 4571
55 5 HE UL A R T [R] 1 4 43 (PVO{E AT RMS {8 1 8
AR T 5 B 1 B AR L I B R T 2 o BT R
FHR R [A] — AN BEHY L S5 T Map T E 3 B o 1 1
2 [FEHB 78/ &8 T T-Deas TMG #0 BT 19 L 34,
A AT {8 b 17 R I A A A3 A 5 SR A Sy ey 15 L A T

[P0
3.2 HEBERIE

R T B R T 1 nm K B2 B9 TP
SR B LAAE 50 A i 22 %5 S R 51 19 0. 1 nm
AL AL . T B B AL TR e/ AT
REAE 10" ~10 """ m FEZL, [ I AR P % o i 2
SRAR e i L5 8 T A TR A0 ik ) 80 o o G
3 i S A% 1Y A AR R RE AR IR /N B R 4
B Xy LR 2ZEREIAF] 107 m, 0w o 7 ik
ARTE AR T TGRS R e 4 1) iy 1 3 R T4

(1 i 1 o 0 SR P UORS BE A 5. 83330 R HUUR JEE
B i M S R IRZEAE 10 P ~10 Y m L2
SR Y B R LB 100, BENE TSR EOR. BT
Lo S AR A BR TR TR SR P TSR0 0 88 650 e 1 7 T 1
TG WA 2 s Sy 27207 ST AL 25776 S HAOT
K

Bl 2 g ROH ST A BROGEE Y

Fig. 2 Finite element method model of the

mirror and its support
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Table 1 Mirror surface figure under different levels of temperature
Mirror Without Temperature Temperature Temperature Temperature
surface figure temperature load rise 1 C rise 0.1 C rise 0. 05 C rise 0. 01 C
PV /nm 1.5242X7° 2.5786 0. 2579 0.1289 2.5782X10°*
RMS /nm 4,2592X10™" 0. 3011 3.0114 X102 1.5057X107* 3.0155X10°°
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Table 2 Mirror surface figure under different spatial temperature distribution

Mirror Without Axial temperature Radial temperature Diametral temperature

surface  temperature gradient gradient gradient

figure load 1C 0.1 °C 0.05 C 1C 0.1°C 0.05 C 1C 0.1°C
PV /nm 1.5242X107°* 7.5367 0.7529 0.3763 5.2575 0.5259 0. 2630 2. 2559 0. 2560
RMS /nm 4.2592>X107" 1.8819 0.1881 9.3965X107% 0.5326 5.3258X107% 2.6635X107% 0.3256 3.2556X107*
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