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Abstract Support structure is one of the most important factor of high— precision optical components. The
relationship between the gravity deformation and caliber and thickness under three-point support is studied. The
combination of numerical analysis, finite element method (FEM) and experimental validation is used to complete
support under its own gravity deformation of three—point support. Firstly, using sheet theoretical to derivate the
relationship between the gravity deformation and caliber, thickness under three—point support; and then, using the
FEM analysis of the gravity deformation plane mirror size in a range of different thicknesses and calibers. Finally,
the correctness of the model is validated by experiment. Under the basic of the sheet theoretical, the relationship
between the gravity deformation and material, caliber, thickness and form is established completely, and it provides
theoretical basis for quickly work out the gravity deformation under three-point support.

Key words optical devices; three—point support; self-weight deformation; finite element method

OCIS codes 120.3620; 200.4560; 240.6700; 080.3620

1 5 7

e R B 6 25 5 W i R O ASE A B R B TP DG B R 6 T O S T A R RS M . SRR A
B T ARG 000 B SR 45 T B AR (RMIS) A2 55 1) 1~2 nm DA P, 330 598 2282 5 2 I ARTAG: 0 T 28 5 1A %) 15 25 /N e A
X SR o R AR 22 AT AR s T 2 SR O AT BEOY TR R By S O 51 R
2 R/MBCT AR KlﬁlE@B‘Z?*ﬁflﬂiﬁ’*%l/\mﬁl%ﬁ:ﬁ”‘“%,E'Fﬁlfﬁ‘iﬂ‘ﬂ‘ﬂ%*iﬁ%**ﬁfﬁiﬂﬂiﬁ:#
A () BT | i 238 O 27 R e A B I3 18 22 19 O, B ARRUAR B 2, TGV Tl 2 O 20 7 oK P

Hﬁ?KIEJE’JEZT’“ﬁT/\%I)\KIEJE’J%EEﬁiﬁﬁ/,ﬁﬁ}u\fﬁzﬁ‘ﬁtiﬁ TIRZ M5 TAER T
SRR AR 34 T 2, DA/ B E AR B X 2 e AR B DR (52 T VL AR o A BR T @ AR i Oy S

Y75 B H#: 2015-05-21; W B1& B 78 B #3: 2015-06-30

E£ B EHZBHEE KL T(20092X02205)
EHE R AR (1989—), B4, BF5T s ) B, 2 N FAF BOL A I AR Dy T A 9E o E-mail : hitwdc@163.com

1212001-1



Dl R R

T OGRS [R] A S SR X6 T T G ] 728 A B AR 5 3R AL 2SR U AT BROTIE T T
AN TR B4 5 AU D5 1R B T AR T A ML 5 T A AR S T = S 0T B TR AR il e i e 2% B = ik
396 2 ) B 75 B85 Slocum A S5 "MIF 5T T AN [R] 9 S48 25 A B A [ 390 5% 0 A T A TR BRI RN 4R A
BB foe e SCHE AR R T

FAEWEFEN AR S 7 SR 26 B R SCHE 5 1 AR H ) AR T A5 O TR T AR Z2 0P 50 AR . HE AR
A NWEFEE T3 AL 5 G2 E T A B 1 RS FEE BE AT AT OG 28 o 6 AR R Hi TS AR 249 A Xk o 1) 22 98 B
(2, X SR i B 45 R B A% T TN AR e o XY 08 B R ) U, 1R 1E B AT S A AT FROT 207, i
1o X T RE RO ITiE, B S8 AR PR B AR IE R B, TR a7 S T 60 AT, O 1 PR
W ARG F E A RN, D PR A T AR I R R A B AR

ASCHEEAR B 1945 5 1 R A BROCTT &0 A 1 F I BE7E A R AR R D4R JBARE , = sS04 5]
B EE AL (A AL o T 5ROB (9 85 5k S 8 AR BRI AR L 7 DR AR BROE 1) T

2 =RERGARIC B il
2.1 ZEXHTAETHHERH

I B AE ST ST IR B AT, — 0N P T BB R 13 9 (D SRR BERE 7 B T 5
b, — R B AR 5 R RN R 4 T AR DK LS b B/ 5 B B R ) T 5
2, R £ th B L, B A e DS ST M SR A8 P L g % A G I A

X T A SR B 43 R A B SR B A B G R

_, A(AY
61(MS =Y. k\N} ’ (1)

B 8, R T B BRI IR, A REBR AT, N A2 SCHE AR, o REAR R FE  hJ AR KO 25 U EE  , 2 S PR
RO, =5 T, y,=1.19%107)

q=p'h (2)
ExNK
__Exk 3
12(1-0%) .
Azwx(g) , @)

A HBIMEEE, p’ HHE , E BRI o MR L, D AR
D, ¥ X12xm X (1 -v)xp’

6RMS =

h Ex2'x N’
il
D' (DY
L (Yl xpr
8I€Ms oc hz (h) (6)
R=L 5 <R XD (7)
h RMS M

AR IS T T T USRI AR ok B B 0 T 2 S S A, B TR X AR B IR, TC v SR A i 2k
B 53 BT, HRESR S =M U8 . BRI A2 e o X E 2 A i 4 . iRl EXA KA H, RMS
AR DR IR T BIE L, 5IE B R O s #E—P AR, SRR RIE TR IEL, S AR DR
PO R F o K B i HAE T AR, kT R AR S A TE D 2%
2.2 BRTEREBENT

SR RSP T B SR FH = a5 S R TR RS i 2 SR T R BB B B, PR IEAS I S B A5 B A i B
B3 TR A T B /0N A I i A R R ) D) R o T A e LA )y T BT DA AR | R R
GEmy "y oK o P TR BB BRI HT LA R DL O 2 B AL R LU X, AR K/ A (25~300 mm) 728 Ak, J5 i AR
AR (5~50 mm), il [7] = 53557 43 A7 SCEE V- BE DU T AT — 5 T BR A, SR IE T B AN SR L R A BR T4
BT 19 S5 360 5 R FH a1 0 9 1 T B8 A RS S0URN 39 iE , B80S A R S 80 22 1 TR o AR B AT BR o6 43 A A A
S L5 1R .

1212001-2



B (a) 11088 = 05 SCH (b) A7 BROT R A% 3] 3
Fig.1 (a) Plane mirror under three—point support; (b) FEM meshing
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Table 1 Material parameter of lens (fused quartz)

Material Young's modulus E /GPa Poisson ration Density /(kg/m”)
Fused silica 72.7 0.16 2201
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Fig.2 Plane mirror (a) FEM model and (b) surface shape under three—point support
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Table 2 Material parameter of common glasses

Material E /GPa v p /[(Kg/m3)

Fused silica 72.7 0.16 2201

Zerodur 91 0.243 2530

Cak, 89.9 0.26 3180

ULE 67.7 0.17 2200

K9 81.32 0.209 2530
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Table 3 Specific stiffness of common glasses

Material

Fused silica Zerodur

Cak, ULE
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Table 4 Gravity deformation of lens

Material Fused silica Zerodur CaF, ULE
rms/nm 178.4 168.8 215.6 191.7
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Fig.3 (a) Plane mirror’s PV; (b) plane mirror’s RMS under three—point support
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Table 5 Structural parameters and the gravity deformation of the different shape of the lens(fused silica)

Form D /mm h /mm R, /mm Ry /mm RMS /nm
Flat 300 40 % %© 14.086
Plano—convex 300 40 ®© 572.5 25.683
Double-convex 300 40 572.5 1130 30.562
Plano—concave 300 40 % 572.5 9.014
Double-concave 300 40 572.5 572.5 7.497
Positive-meniscus 300 40 1130 572.5 10.469
Negative-meniscus 300 40 572.5 1130 16.011
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