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Research on the development of semi-active optical technology
based on Warping Harness
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(1. Changchun Institute of Optics,Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences,Beijing 100049 , China)

Abstract : Semi-active optical support is a technology between active and passive support to adjust the low-frequency
error of mirror surface and to improve the cost-effectiveness of support system construction. In this paper,the applica-
tion of this technology in ground-based large-aperture telescopes is reviewed, its development is described, and the
three types of Warping Harness structures and their operating principles are summarized. The structural parameters of
the main mirror system and the sources of main errors on the primary mirror surface of typical telescopes models in the
space , spherical and airborne fields are analyzed and summarized, the structural composition and working status of
shipborne and vehicle-mounted optoelectronic equipment are briefly described,and the factors affecting the main mir-
ror surface shape of shipborme and vehicle-mounted optoelectronic equipment are analyzed. The applicability of semi-
active optical technology based on Warping Harness in the fields of space,spherical and airborne large-aperture tele-
scopes ,and vehicle-mounted and ship-borne large-aperture optoelectronic devices is analyzed. Finally, an outlook on
future domestic applications of semi-active optical support for large-aperture telescopes is given.
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Fig. 1 Keck telescope sub-mirror support system
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Fig. 2 WH structure used in Keck telescope
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Fig. 4 Arrangement and size of GTC sub-mirrors
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Fig. 5 GTC sub-mirror axial support distribution map
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Fig. 6 Schematic diagram of the axial support of the GTC sub-mirror
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Fig. 7 E-ELT sub-lens support
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Fig. 9 TMT's sub-mirror axial support system
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Fig. 10 Principle of WH mechanism in TMT
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Tab. 1 Parameters of 5 telescopes using WH organization
=] Keck GIC E-ELT TMT SEIMEI
M42/m 10 10. 4 39 30 3.78
PHEBTE spares 36 +6 36 +6 798 +133 492 +82 18
FHERS/m 1.8 1.9 1.44 1.44 1.2
FHIE B/ mm 3 3 4 2.5 2
FHEE S/ mm 75 80 50 45 50
Bl o) S 4% 36-pt-Whiffletree 36-pt-Whiffletree 27-pt-Whiffletree 27-pt-Whiffletree 9-pt-Whiffletree
= 4% Central-diaphragm Central-diaphragm 3 Flexures Central-diaphragm Central-diaphragm
WH i 30 6 9 21 3
WH 45 Elastic blade Elastic blade Torsion spring Elastic blade Elastic blade
FEIE Tk Manual Displacement actuator Force actuator Displacement actuator | Displacement actuator
KIEVE Four items of Zernike | Six items of Zernike | Six items of Zernike | Six items of Zernike Six items of Zernike
BEERCR/nm 19 - 10 22.3 -
4 FEFRFEABDEMITHLBIREHRBORIT AW AS [A BRI 5 SRR 5 T H AP sh 7
R W TR BE 7, PR IIE 32 55 TP A BE I SCHE 451
4.1 ZEEZER4 FeE Pk, 2 L O o i R I PR B, R 2 B
AEERE TN TRRIBEZ B HERL S ERRAOREEZEHE ETHES XHERS
PR 2 A B o ok B b i SRR, B8
%2 EATHEREERG XHAGLHK
Tab. 2 The main mirror and supporting system parameters of foreign space telescopes
Tt H HST JWST ATLAST-8 | ATLAST-9.2 | ATLAST-16.8 | ASTRO-F | SENTINEL-2 | Herschel SNAP
F14%/m 2.49 6.5 8 9.2 16.8 0.71 0.6 3.5 2
MG/ | 0. 11 ~1.01 0.6-28 0.11-2.4 - - 2-26 0.433-2.28 | 80-670 |0.35-1.7
R ULE Be - ULE SiC SiC ULE SiC Zerodur
Hi A SE 4 134-Pt - - - - 3-Pt-bipod Rim-bipod - 96-Pt
AT | 3-Pt+ Auta24-Pt | Auto9-Pt + ROC 66-Pt FEF JWST | FEF JWST | 3-Pi-bipod | Rim-bipod | 3-Pt-bipod | 6-Pi-bipod
B baiy Square Square - FF JWST | HF JWST | Triangular | Triangular | Triangular | Triangular
A 1990 2022 - - - 2006 2015 2009 2013
[EP3 eS| B eS| eS| S HA el eS| S|
#HH/m - 18x1.32 g 36 x1.32 36 x2.4 - HIBEL 12 4 12 4%
Mg 2 mlAn A XA, M E X s = H Ehg(tip\tilt\pis—
1) /N85S [ BRI B H AR bipod ZRPESEH ton) A TIETY , M RFEA BT FREF A E

e O e B35 7 A X0 5 1 i BRGF) ER 22

2) 2 BR ] Ti2 BOK H B R BT TR, H
P RE il i foe R PR AR s () B B 11420 8 m, 7E Ml

FPHE IR R W [F I =

BT 2%

Ii) B e 4t T B 1 B
23, HP L JWST i3,

3) PhE B BT S R G M B R IR 2 A 2

IR BT, B AN 1B 4 [ b R, X T
AR T AR 23 ] 2 B B i, >R 2 8l ak
B SN TBE A i B AR R 6, {5
BRGNS R GERA IR TR

4) 73 [A] K 101 A B e 45 7 M 1T 79 = ) B 858 T
T RGN, A K =S 5 R T BRI R
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Tab. 3 Parameters of the primary mirror

system of BLAST and SOFIA telescopes

i H BLAST SOFIA
142/m 1.9 2.7
W38 B/ wm 250 ~ 500 1 ~1000
FHA R CFRP Zerodur
AT 6-pt-Flexures 18-pt-Whiffletree
LS ] Rectangular Hexagon
B fR 76 % 80 %
P 1] 2003 2010
EERES PR B 747
#14/km FE 40 13,5
SIHTEE 3 B BAE TR .

1) BT AR I 55 % S XU e B [mDSC Rt
JIT LA} B2 30 g AR B B R I ) A L A%, LA
BLAST Jy 3] , B A fefi FH a5 2T 4 b4 R} 51 % i i Ak 4%
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