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Design and optimization of supporting system for
1.2 m lightweight SiC primary mirror
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Abstract; A design based on 1.2 m lightweight SiC primary mirror is presented. An 18 point Whiffle-tree
structure and a pressure bar are used for the axial support, and an A-Frame flexure mechanism and a tangent
link are used for the lateral supporting system. The project of primary mirror design is disscussed in the princi-
ple, and the advantages are given. The parameters of mechanism are analyzed and optimized by the Finite Ele-
ment Analysis( FEA) method. The whole FEA model is established, and the statics and thermal simulation a-
nalysis are accomplished. Experiments indicate that the Root Mean Square (RMS) of the mirror resulted from
the supporting system is 3. 5 nm at reference temperature, and it is 11. 1 nm when the temperature difference
is 40 °C. The results show that the design could suit for the 1.2 m lightweight SiC mirror well, and thermal
effect could be compensated successfully.
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Fig.1 Schematic diagram of supporting system
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Fig.2  Schematic diagram of lateral supporting mecha-
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Fig.4 Schematic diagram of finite element model

3.1 A-Frame BEX/NAZE
Xt A-Frame i FETE 120 ~ 150° 15 0 F #4745
H 15 W KIS s A F190° (455 1 45 1a] R T,

4
3b T N i *
£
=
@ 2
=
£
I L
0 1 1 1 1 1 1
120 125 130 135 140 145 150
010
(a) ffF1 /190° I HIRMS il 2
(a) RMS curve at 90° elevation
4
3k
E
=
» 2fF
=
& hﬁﬂ_"“-—-—o—o—.———’
1 -
0 1 1 1 1 1 1

120125 130 135 140 145 150
0/)

(b) I AHO" I (YRMS H 25

(b) RMS curve at 0° elevation
5 fA 90°LL K 0° B J¢ M 120° & 150° /) RMS
iz

Fig.5 RMS curves at 90° and 0° elevation when angle
of A-Frame is from 120° to 150°

TS AR PAR 0 (BT TS MK, R SCS It
FHIF) B RMS 14k,

MLLEZr Ml DL A-Frame &5 K4 £ B 7
120° % 150° 1560 T, RS2 i AR fL AN, (HAESE
Bror | 5 3 5 3 25 0 RUST il 3 A 3 R AT D i
FEAR, PRI A-Frame £ B34 150°,
3.2 HWEZEETFRTHE

o) S A SR T AT BEOR TR “RE”, K
“HET o BB ORI KR INBSNN 1 R BRI
“CHRT AR 2 U T NIARR AS 3G K L R i )
S ST G R REAFIR R, d5E5EN
AR B AR B B % LA S B AT I T RE T, B /e
JEFFEAEN @ 3 mm, Z56 i) S5 S S5
XS R B AT R B s i AT T AL AT

K 6(a) MSHEIE R 20 C FMFA K 0K,

10-* 2000
—2000F

—6000F

Nodal reaction/ N

— 10000

— 14000
2

0 40 60 80 100 120 140
Pressure bar length/mm

(a) fu IE20 “C R AN A 0° BT LR

(a) Nodal reaction at 20 °C and 0° elevation
1077 8000

6000 ¢
4000F

2000

Nodal reaction/ N

20 I 4.0 . éU 80 100 120 140
Pressure bar length/mm
(b) FLIEAO “C AN 90° 4T RIBS)
(b) Nodal reaction at 40 °C and 90° elevation
P16 T ) S 45 00 ) B2 g AN [ K BE T A2 1k
ek
Fig. 6 Change curves of lateral reaction of axial
supporting point with different long pressure

bars



53 3

i 58,4 :1.2 m Bk SiC ERSCE RS 233

FRAE S A [ B2 A R R AR A i
£

K 6 (b) NI 90° TR K 40 °C (&%
TEIE20 °C ) I, FRAT K B Sof 5 KA 1) 57 o5 2 S
(R RZ

WL PL BT, T AT AR R ST R
FEATKBE S FEAE 80 ~ 90 mm I}, AJ fifi HBEAS 23 A
ST KA BB R B RBINOE ), AN &
H TR Bt N R B ERE A S AR
3.3 BA¥HE

PRGN SR ST, WHZ S P S R AR
J12E BT, T AR A FE 0 ~ 90° A8 fL T 32
BaryE A2, FTLAA S Whiffle-tree 5 52
P AT 25 G a5 ) S22 L) K A-Frame 5 YIFF 4 1%,
R ) S 3 25 K T LAAR - s A AN TR RS TR KT 32
AR SE R HR G BEAIC, (RIS B PR B SR
T S R Gkt T T B I A2 1 AN E T Tl A
BAEIA  RMS 134 3.5 nm,

4

RMS/nm

50 60 70 80 90

6/(%)
F7 RH0A 0° ~90° I B RMS i<k
Fig.7 RMS curve with elevation angle from 0° to 90°

0 10 20 30 40

3.4 REHE

SiC PR LA TR Y U I D) S A 5 R
PE P A B PO IR R B K, 7RI R A AR Ak
mLHAESEERK, FREERENENZ —
S B AR IR 3 B8 A I AR AR 5 1 kA iR
AR R T A T S B Y R AR

XA LR G HATIRE R - 20 ~40 CI1H)
ABRICHEC, Bl 8 SRR 58 T 1 RMS 48
FRNER , 2R U6 T S PEMUAG BT M s B T £ 8%
5 B8 E Z A i T R AS — B0 ok 1A R

RMS/nm
(=2

20 —10 0 10 20 30 40
t/°C
K8  RMS Ffifld B AL 9445 i 2k
Fig. 8 Fitting curve of RMS values with different tem-

peratures

T3 AERAE IR A EHOR R 223851 40 “C Y,
ZANE G, X T SR, B EDORS BE RMS 1K 3

11. 1 nm,
4o

K H Whiffle-tree 455 F5 AT 19 il 1] 52 4 DL )
A-Frame 455G VI ] #F B9 ) S8 5 5% 1.2 m
SiC EH L HAH T Tikit, Mimsc#Eh, 5
JEATZE G 1) Whiffle-tree 285 #4) 1] DAAR 43 78 iR %
4t Whiffle-tree 454 11 B2 82 3 Fl RSSO 55 PR 3R %)
B T A 520 5 O[] SZ 4P ) A-Frame 55 8] [w) #T 40 25
A 0 S A 72— T ) [ R S S R R
JER S HOIAE T A AR R FE 0 g, 5 — T T A-
Frame H 1) — 1 BUECEEAT 25 14 AT LUAR S H G TH 4
RN R FER 5 i T AR R T 1.2 m 82
Ak SiC FFEM SCHEBOR, [A] MR 47 M HGTH 1 4
IDFARSIES :05- A B R S L PP (T < S
BUAF , BE IR BE (9 RMS 1l 3K 3.5 nm, #2540 C
B, B TADKE S RMS 3k 11,1 nm, 1Z L HE L5 T
SiC APREE EA B B9 SR 2 1 ~2 m&)
BRI AR R R T oK

BT, 2 RGBT I B ES # E8 53 1E
TEFHATIN T, SiC FHEHEIE T el d, R4
S BR g E 58 BE B X SR BLE 43 B 45 R AT 1B
1E, 01 ~2 m 2% SiC E5gsh RS
%,



234 DA §5 %

Sk

[1] #B¥4 XXZEFREAEIT[M]. I HERFEEROR L R, 2002.
CHENG ] Q. Principles of Astronomical Telescope Design[ M ]. Beijing:China Science & Technology Press,2002. (in Chi-
nese )
[2] E%HE, KRR, HE,F. 1.2 mSiC EFEREABGHTANI]. L5 H% 142,2008,16 (LH#) :117-122.
WANG F G,ZHANG J X,YANG F,et al. . Lightweight design and analysis for a 1.2 m SiC primary mirror[ J]. Opt. Pre-
cision Eng. ,2008 ,16(Special) ;117-122. (in Chinese)
(3] #nfade,#R 5. JF ANSYS UIDL A9 /BEi il i) SC ML CAE RAERIEHL[T]. R LR 5 H A ,2008,5(3) :312-
318.
YANG D H,SHAO L. ANSYS UIDL-based CAE development of axial support system for optics mirrors[ J]. Astronomical
Res. Technology ,2008,5(3) :312-318. (in Chinese)
[4] NEILL D R,KRABBENDAM V,ANDREW ], et al.. Active tangent link system for transverse support of large thin menis-
cus mirrors[ J]. SPIE,2007 ,6665 :66650F.
(5] #ide, et . = ROEA B S RAE BT[], £ FHAK,2005,31(4) :580-582.
YANG D H,XIANG W W. Study on three-swing-jib support system for optics mirror[ J]. Opt. Technique,2005,31(4) .
580-585. (in Chinese)
[6] BITTNER H,ERDMANN M,HABERLER P, et al. . SOFIA primary mirror assembly; structural properties and optical per-
formance[ J]. SPIE ,2003,4857 :266-273.
[7] SOAR Telescope report. The SOAR telescope-status and prospects| EB/OL]J. (2003-09-01) [ 2012-01-18 ]. http://www.
soartelescope. org/observing/soar-status/? searchterm = the soar telescope-status.
(8] #@# RN EIDEFHHIR DR RPGE B ) S RS [ D], st RS a 1IR30 H ,1995.
CUI X Q. Support system of large aperture thin monolithic primary mirror with active optics| D]. Nanjing: Purple Moun-
tain Observatory CAS,1995. (iin Chinese)
[9] YODER PR. kA& %% [M]. 3 M. dbat AU T H iR, 2008.
YODER P R. Opto-Mechanical Systems Design M]. 31d ed.. Beijing;China Machine Press,2008. (in Chinese)
[10]  Es s, FRA&. 23 0] H AR A0 5 s 0 Ol i IR B B2 SR T SR BOGBERCAR 23T [T]. ¢ Bob 5 5 5 R o6
% ,2008,1(1) :36-48.
WANG J L,CHEN T. General requirments and key technologies of ground-based high resolution OE imaging telescope for
space target surveillance[ J]. Chinese J. Opt. Appl. Optics,2008,1(1) :36-48. (in Chinese)

EB® AR 52(1982—) 3 ARHEfm A A5 1:  F9RSE 2] 51, 2 A S B e = B S T AR
E-mail ; shaol@ mail. ustc. edu. cn
B €(1982—) 55 WIHERTTA B B BRAROY A, FE M FOLE RS By T BIESR .
E-mail; yangflying@ 163. com
FEE(1979—) , 5, IARAE A 4, BT 51, FENFOCHL RS Bt 505 545 s,
E-mail ; wfgl09@ 163. com
F/NET (1981—) , 20 JLAERIN W RIWFSE 51, 2B R AR i i £ 3l S R Ge et H S pL B i
T A, E-mail ; wu-xiaoxia@ sohu. com



