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Abstract: Following the increase in the aperture of space optical telescopes, the inconsistency in space
and ground mechanical environment results in serious degradation of the system image quality in orbit.
Gravity needs to be compensated during the alignment and test procedure of a space telescope.
However, quantitative analysis and optimization methods for unloading the point coordinate have not
been completely developed. First, the deformation mechanism of a large-aperture telescope under 1g
gravity was studied. According to the separate closed-loop location and closed-loop mass, a
mathematical algorithm was developed to optimize the position of the unloading points. By performing
co-simulation, we were able to optimize the coordinates. Subsequently, simulation experiments were
performed to verify the actual effect of the telescope model under different unloading parameters. The

closed-loop location analysis method improves the displacement of the highly sensitive optical
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components from 370 pm, 36" to 72.9 pm, 0. 3". The maximum relative deviation of the closed-loop

mass method from the set value is approximately 7.4%.

The closed-loop location gravity-

compensation method can achieve a value closer to 0 g. However, its error sensitivity is high, and

realizing the engineering results is difficult. The total unloading rate is approximately 75% based on

the closed-loop mass gravity-compensation model, and the sensitivity is low. This model can satisfy

the demand for mechanical environment of semi-physical simulation experiments using gravity

unloading.

Key words: large-aperture spatial optical telescope; alignment and teasting; 0 g gravity simulation;

unloading point coordinates
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Tab.1 Finite element analysis results of each subassemblies inmodel applied by 1 g gravity
A/ Rl fL 38/ um M/ pm
bRl
X Z X Y 7z PV RMS
R M1 —2.641 0.209 —9.46E-03  1.25E-02 1. 254 4,03E-01  5.90E-02
M3 0. 398 —0.931 2.81E-02  —8.87E-01 1.215 1.174 0.109
Het & sk Ml —1.57E+01 —7.45E-02 4,01E-01  2.96E-01 6.038 2,205 4, 14E-01
M3 —4.98E-01  —5.168 1. 76E-01 —6. 354 7.314 7.673 7.13E-01
A & M Ml —7.11E+01 —6.63E+00  8.34E-01  6.44E+00 2.55E401 1.54E+01 2. 75E+00
M3 —1.86E+01 —4.07E+01  —4.40E-01 —2.49E401 2.69E+01 3.73E+01  5.03E+00
M2 —7.22E+01 —1.40E+00  4.89E+01 —1.40E+01 1.09E+03 7.50E+00 1.83E+00
et & g% QM M1 —1.02E+02  —9.085 9. 55E-02 5. 061 3.33E+01 1. 62E+01 3.239
M3 —2.32E+01 —2.89E+01 —1.501 —3.81E+01 —3.41E4+01 4 41E+01 4,66
M2 —8.67E+01  2.103 —4, 84 —8.837  1.17E+03 7.29 1.784
Eor iR Ml —1.00E+02 —3.07E+01  5.738533  8.951 613  3.70E-+01 1. 59E-+01 3.039
M3 1.09E+01 —3.77E+01  2.31E—01 —2.42E+01 4.56E+01 3. 78E+01 4,724
M2 —5.19E+01 —2.00E+01  2.04E+02 2.04E401 8. 93E+02 8.479 192 2.038

9.20-001
8.59-001
7.97-001
7.86-001
6.75-001
6.13-001p
5.52-001
4.91-001
4.29-001
3.68-001
3.07-001
2.45-001
1.84-001
1.23-001
6.13-002

0.
default Fringe:

Max 9.20-001 @ Nd 66940
Min 0. @ Nd 67328
default Deformation:

Max 9.20-001 @ Nd 66940

() BRI =
(a)Distorted nephogram of modle applied by 1 g gravity

2.75-001 0.00-002
2.56-001
2.38-001
220-001
2.01-001
1.89-001 ¢
1.65-001
1.46-001
1.28-001
1.10-001
9.16-002|
7.12-002]
6.49-002,
5.96-002,
1.85-002]
0

2.60-000
0.

default_Fringe:
Max 0.0 2 @ Nd 66940
Min 0. @ Nd 67328
default_Deformation:

Max 2.75-001 @ Nd 66940

default_Fringe:
Max 2.75-001 @ Nd 66940
Min 0. @ Nd 67328
default_Deformation:

Max 2.75-001 @ Nd 66940

(b) FeAR IR} 2= AL &8 20 A 1R 5 ) A8 T8 = 8]
(b)Distorted nephogram of basal plate and instrument
combined applied by 1 g gravity
K3 AERUREIECRE T A2 I i 2R

Fig. 3 Analysis results of model without gravity unload
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Fig. 5 Unload ponit layout based on location-closed loop

Fig. 4 Synergy analysis flow based on location-closed loop

AR D RREEE 2y = bR AE B E X B A B I X A D I AT R
BN, AR TA 2 N i Formak s JUPTSZ R SCE R AT Uy AT ARAS 1 4 AR
i AR FR EER A TR ey DRI 3 ST SRR 2 B

®2 BETMEANRGEGE RS LR RN TR

Tab. 2 Coordinate and force of unload ponit calculate based on location-closed loop
B B s 1/N B 2/N B i 3/N & J1/N
Ji 1) X Y 4 X Y V4 X Y Z z

THES) —89.213 267.279 —52.438 37.724 —130.080 31.602  51.489 —137.199—137.199 —158.035
JiEIE= % 5 1029 089) % S 2(58 624) HIEH 3(62 617) Z

S —351.570(z []) —1 056. 682(= 1)) —682. 664 (2 [[]) —2 090.92
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Tab. 3 Simulated experiment data of displacement and surface figure with unload gravity

/D WA #2 / pm M/ pm
Sy Hi H
X Z X Y Z PV RMS
M1 A —1.85E+01 —3.278 0.376 1.177 4.919 6. 649 1.139
M3 i 6.5 —6.421 7.25E-02 6.261 4.926 8. 875 0. 865
M2 i 2.44E-01 3.45E-01 9.084 —3.279 2. 13E+02 5.130 1.163
3.89-001 7.97-002
3.63-001 7.44-002
3.37-001 6.91-002
3.11-001 6.38-002 -
2.85-001+ 5.84-002 -
2.60-001 5.31-002 -
2.34-001 4.78-002
=SS 2.08-001 4.25-002
1.82-001 3.72-002
1.56-001 3.19-002
—— 1.30-001 2.66-002
1.04-001 2.13-002
o 7.79-002 1.59-002
5.19-002 1.06-002
2.60-002 5.31-003
default Fringe: 0. default Fringe: 0.

Max 8.89-001 @ Nd 42154
Min 0. @ Nd 67328
default Deformation:

Max 8.89-001 @ Nd 42154

(a) 2 T B TP E ) H 5 B IR = A

Max 7.97-002 @ Nd 39543
Min 0. @ Nd 67328
default Deformation:

Max 7.97-002 @ Nd 39543

(o) Efy #I35 B W 5w AR TE = 18

(a)Distorted nephogram of modle with gravity unload (b)Partial distorted nephogram of basal plate with gravity unload

P07 BT E P ER 0T Y B ) A A 4 S 4

Fig. 7 Simulated experiment results with gravity unload based on location-closed loop
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Fig. 8 Synergy analysis flow based on partial mass-closed loop
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Tab. 4 Coordinate and force of unload ponit calculate based on partial mass-closed loop

GEY A 1/N HER A 2/N H R 3/N &7H1/N
yao| X Y Z X Y Z X Y Z Z
TS —114.62 1240.78 —105.82 200.47 —609.03 —123.76 —85.85 —631.75 —325.27 —554.85
EIE HH AL 1/N A 2/N HH AL 3/N z
" —382. 599z [fi]) —691. 253z Jf1]) —575. 443z [fi]) —1 649. 295
x5 WHEHNHEE(ETRAREAIN) & F IR AR ERHE X
Tab.5 Simulated experiment data of displacement and surface figure with unload gravity
i/ R AL / pm i/ pm
ik e
X Z X Y V4 PV RMS
M1 H —6.19E+01 —1.75E+01 1.984 948  5.984 259  20.225 84 12.024 7 2.443 586
M3 i —7.546079 —3.42E+01  0.453 909 7 —16.979 181 21.948 68 24.421 53  2.608 705
M2 T —4,98E+01 —1.20E+01 61.597 5 11. 289 58 985,486 5 6.760 836  1.617 145
7.18-001 2.49-002
6.70-001 2.33-002
6.22-001 2.16-002
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