F16% 1M e A AR Vol. 16 No. 1
2008 4F 1 H Optics and Precision Engineering Jan. 2008

XEHS 1004-924X(2008)01-0022-07
ZENERBEENHAIE

B AR, Z28Y ., 585
(PEMFR KELFRENRET WET L. EH K& 130033)

FEE N T 2 m HRZH N F AR SR &850 RS R /MEEN R T A BRITH N Hr ik . s i R
R 1A ek s T ) R AL e i AL 5 4 L AR B 0 B L B3 L S AR 2 42 0 889. 5 mim, i P B 2 4%y 235 mm, H ] LA
PRER AR 720~730 mm Al 610~620 mm; NER AL R E AL BB AL 4544 T35 70060 BRI FLE5H 2 5020 L B 5 Bh A ik
o B T A T A A R Ak B A AL 5 L A R Y O 300 Hz 245 X T S2 AR EE . A R TR AR £ . 2 SiC B
25 I S AL A5 R 1 B T AR TR AN T A AR AT IR AL Al 3 50 43 A A0 A S 0O 45 R 0 AT 62 F8 Ry (0. 42~0. 45) X
107 mmy, BB FL 34 53 4370 F1FF 7S 2 4544 2 (0. 58~0. 59) X 10 ° mm; BB FLIH 5 43 10 45 4 i 45 % 2 1 200 Haz, [/
TEALAE 5153 45 A1 680 Hz, NIITE S5 R 1 620~1 670 Hz 47 . Mg SR 510 & S 3 fr o A R E R be iy B2y
R GEAR o3 A R AR ST L XA R T B T AR T R A R e ik R e i S

X 8B W28 ERRENARABIN TR EEBAME;ELRESH

hE 4SS . TH703;V556.5 MERARIRAD : A

New technology for lightweight large primary mirror of theodolite
TAN Fan-jiao, QIAO Yan-feng,LI Yao-bin,GAO Hui-bin
(Changchun Institute of Optics and Fine Mechanics, Chinese Academy of Sciences , Changchun 130033 ,China)

Abstract: In order to optimize conceptual lightweight structure for the primary mirror of a 2 m aper-
ture theodolite, the conceptual lightweight structure was optimized with Finite Element Algorithm
(FEA) topology according to minimum flexibility principle. From the computation result, major re-
main radial is close for different mirror materials, in which the outside radial is 889. 5 mm, the inner
of 235 mm, and the middle radial places are 720~730 mm and 620~630 mm. The mean lightweight
rate of non-circular type is about 70% , and the circular is above 50%. From optimization data of Zero-
dur mirror, natural frequency comes to 300 Hz,and the location reaction force declines largely accord-
ing to a traditional mirror. Comparing the deformation of SiC mirror surface with uniform lightweight
structure, the displacements of non-uniform circular structure and closed hexagon structure are about
(0.42~0.45)X10"° mm, while the uniform circular and open hexagon are (0. 58~0.59) X 10 ° mm.
The natural frequency of uniform distribution circular is 1 200 Hz, while the non-uniform one is 1 680 Hz,
and the hexagon is 1 620~1 670 Hz. The results show that for the gravity load distribution on mirror
surface is nonlinear, and the distribution of lightweight structure is uniform, which is advantageous to

the control of mirror surface deformation and natural frequency, and the design of lightweight structure.
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(a)Center section equivalent load
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(b)Ring surface equivalent load
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Fig. 1 Equivalent load distribution on mirror surface
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Tab. 1 Analysis of material performance Z.RETERILEAE 4,
. 4 E A at 06 12 182430364248 5460 66 7278 84 90
Material ) P -
kg/m* N/m?* X 10° W/mK 1/KX10"° 8215 Radius R2 Angle
Glass 2 456 61  0.20 1.40 3.2 7195 R3 R3 R3
: ) ) 6095 —R4 RS — R4 Ulighting rate
SlC 600 430 0. 15 150 277.5 RG RS >70%
Zerodur 2 530 91  0.24 1.61 0.05 150~160 " N
Fused quartz 2 200 66 0.17 1.13 0.05 gg}g ________ R =
719.5
609.5 R4 RS R4 >50%
e —_ s _ . 277.5
TR R H SR B 5 T 2% b AR AR Caow ) BT R 150~160. R6 Ro
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Fig. 2 Profile of mirror surface equivalent load
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Concept chart of opened lightweight distribution
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Concept chart of closed lightweight distribution
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Axial and ring lightweight distribution
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Fig. 3 Concept map of lighweight distribution
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Fig. 4 Developed map of axial and ring lightweight

distribution
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Tab. 2 Radial lightweight distribution of various materials

ring radius No. 5 No. 6
No.1  No.2 No. 3 No. 4

Material /mm (inner) (center ring)

Glass  889.5 820~830 719.5~728 609 218~235 150~167
SiC 889.5  838.5 754 575 235 150~160
Zerodur  881.5  821.5 719.5  609.5 2775  150~160
Fused quartz 889.5 830 735 583.5 235 150~158
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Tab. 3 Circular distribution angle of various materials

Material ~ >70Y% >50% >40%

Glass  24-30,60-66  30-36.54-60  6-12,24-30,42-48,60-66,78-84
SIC 24-30,60-66  24-30,60-66  18-24,30-36,54-60,66-72
Zerodur 12-18,72-78  12-36,64-78  0-6,12-24,36-48,66-78,84-90
Sj::i 24-30,60-66  24-36,54-66  6-12,24-30,42-48,60-66,78-84
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Tab. 5 Comparison of optimizaton data

after changing mirror thickness

Lightin,
grng Solid
Opened Closed
Minimize flexibility 23 077 15 430 89 322
Surface def i
Surlace deformation 0 »¢ 0.005 91 0.005 96
PV /mm
Based f
fased frequency oy 368.512 134. 65
/Hz
Reaction force in ~ y Y X Y X Y

center location
Hole /mN  —55646 13479 —27912 8600 —84403 13993
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Mirror surface thick /mm 30

Lighting type opened closed
Minimize flexibility 27 156 17 621
Surface deformation PV /mm 0.00 550 0.00 433
Based frequency /Hz 100. 391 119.083
Reaction force in center X Y X Y

Location hole /mN —81339 16 779 —71727 14 740

Mirror surface thick /mm 20

Lighting type open close
Minimize {lexibility 23077 15430
Surface deformation PV /mm 0.00 528 0.00 591
Based frequency /Hz 310. 632 368.512
Reaction force in center X Y X Y

Location hole /mN —55 646 13479 —27912 8600
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treatment



WL 55 2 A R B AR T ik 27

R6 EMEMPEENLOILE

Tab. 6 Comparison of various lightweight rates

520.420.320 mm L & 220 mm; 5] 4k 4b 3,
F B AR B A X 245 R 820,720,620 A M

Lighting Volume Volume remained Lighting  Lighting 235 mm, PRAZER UK 5, R L L L 6,
structure rate 6 rate %9 type MW 6 F I mE At oSig =g
R g w0
Circle 2 234 946 752.3 42.49 57.51 open R DU D A 6026 2 AT JEA AR AL
Circle 3 369 082 115.8  66.75 33.25  open TE 7090 VA Lo HEH & L JF R i Al 3 i 2t
Circle 4 321 048 566.2  58.07 11.93  open S R AR I R 10 %0 AR EDE AL 25 4
Heragon 107 460933:2 1944 80.56  open (42 B AL SR AE 60 % ~80%  EHI1E 70% ; F B AL
620G 2680 2047 7055 cose gty i (R DR AT L T BB 50% L)
o P
Quadrangle 122 481 142.6 22.15 77.85 open 4.5 X ﬁ?mﬂiﬁ ’?,ﬂ%%EE"J ttﬁﬁijﬁ# .
177479 175.6  32.10 6790 close BEFE SIC BPRL 15 BRIAT BT ] B 3 A0
gy P1719534.94 1116 88. 84 open YRV S L R e T A BB FL &S
20150742 38,01 6199 dose g JFHCE B T4 R R 0 T A
WL RIWNE T,
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Tab. 7 Comparison of result data
Solid body Circle 1 Circle 4 Open hexagon Closed hexagon
PV /mm 0.687X10~" 0.587X10°° 0.451X10°° 0.441X10°° 0.382X10°°
RMS /mm 0.321X107° 0.210X107° 0.173X107° 0.169X10°° 0.113X10°°
Based frequency
935.8 1244.7 1678.5 1753.6 2019.9

/Hz
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