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Abstract: Passive hydraulic support units (PHSUs) are frequently used in the in-situ fabrication and testing (in-situ
support). However, the difference in PHSUs’ stiffness will affect the mirror surface figure, especially for those thin
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meniscus mirrors. In order to solve this problem, the joint optimization method of layout, stiffness and active
correction is studied. Firstly, for the difference of PHUS' stiffness, a hierarchical layout optimization method for
support stiffness and support position is proposed to obtain the initial optimization solution of the support system.
Then, the mode calibration method and the least square method is used for active correction of support system to
obtain the final optimized solution of the mirror surface figure. Finally, the effectiveness of the method is verified by a
numerical simulation experiment with specific cases. The results show that, for 4 m thin meniscus mirror, after layout
optimization, with the hydraulic passive support system, the root mean square (RMS) of the mirror surface errors of
60 point axial support system is reduced from 150.6 nm to 32.9 nm, and the RMS value of the mirror surface errors
of 78 point axial support system is reduced from 45.2 nm to 22.6 nm. The optimization effect is remarkable. After
active correction, the RMS value of the mirror surface errors of 60 point axial support system is 14.6 nm, and it is 6.9
nm for 78 point axial support system. The requirement of the RMS value of the mirror surface error is less than A/40
(A=632.8 nm). The support systems meet the requirement. Finally, the 60 point axial support system was selected.
Through the joint optimization of layout, stiffness and active correction for supporting points, it can greatly increase
the applicability, flexibility and reduce the difficulty of implementation for the in-situ support system.

Keywords: layout optimization; active optics; hydraulic Whiffletree; stiffness difference; in-situ support
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Fig. 2 Schematic diagram of axial layout of two schemes. (a) 60 point axial support system; (b) 78 point axial support system
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Table 2 Results of layout optimization for 60 point axial support system
60 Ky K> K3 Ks Ry R R3 R4 PV RMS
points /(N/mm) /(N/mm) /(N/mm) /(N/mm) /mm /mm /mm /mm /nm /nm
Before 2002 1918 1978 1935 465 910 1315 1780 633.0 150.6
After 1978 1918 2002 1890 471 921 1355 1818 169.0 32.9
A3 78 Bihe) A A A B R
Table 3 Results of layout optimization for 78 point axial support system
78 Ki K Ks Ks Ks Ry R> R3 R4 Rs PV RMS
points /(N/mm) /(N/mm) /(N/mm) /(N/mm) /(N/mm) /mm /mm /mm /mm /mm /nm /nm
Before 1890 2002 1918 1978 1935 425 775 1125 1475 1825 300.0 45.2
After 1935 1978 2002 1918 1890 412 756 1135 1468 1826 120.6 22.6
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Fig. 3 The first twenty vibration modes of the mirror
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Table 4 Results of mode calibration for 60 point axial support system

Mode Fimax/N Fomax/N Famax/N Famax/N Srms/nm
1 -0.5 1.3 -3.2 5.6 1000
2 -0.2 -2.1 5.9 15.5 1000
3 0.1 -3.1 -14.5 401 999
4 -0.04 -4.2 -27.2 90.4 1000
5 0.007 4.7 -39.0 -126.6 1000
6 1221.0 693.85 66.9 -701.9 999
7 185.8 233.5 117.9 -137.4 999
8 -156.2 257.0 -180.2 115.51 999
9 -305.6 69.4 181.9 -94.1 999
10 -0.2 4.2 69.8 -312.9 1000
1 48.7 341.2 376.7 -148.7 1000
12 -609.3 163.4 392.8 -136.8 999
13 -0.08 -3.33 94.7 492.5 999
14 213 -74.7 -646.8 200.4 999
15 708.1 -510.3 614.5 -179.8 999
16 502.3 -705.9 436.0 -99.1 999
17 -0.6 1.7 124.2 723.5 1000
18 -7.5 -438.9 1080.0 -268.2 1000
19 625.2 934.3 -741.2 -147.4 999
20 -1578.0 1157.3 -506.9 -91.1 999

%
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Fig. 4 Mirror deformations after active corrections. (a) Mirror deformations after active corrections of 60 points;
(b) Mirror deformations after active corrections of 78 points
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Overview: With the increasing requirements for the sensitivity, resolution and angle of view of space telescopes, the
aperture of space mirror are getting bigger and bigger, which greatly increases the difficulty of mirror fabrication sup-
port. For the space mirror in the in-situ fabrication and testing, besides the influence of other factors such as tempera-
ture, the self-weight deformation has a great influence on mirror surface figure. And the larger the aperture and the
higher the precision, the more difficult the support is. The self-weight deformation is mainly affected by factors such as
the number of support points, the position of the support points and the stiffness of the support unit. Passive hydraulic
support units (PHSUs) are frequently used in the in-situ fabrication and testing. However, some studies have found that
the number of supporting units of large-aperture mirrors is too large, resulting in a large difference in the stiffness of
each group of hydraulic support units, and has a great influence on mirror surface figure. It has become a hidden danger
affecting the accuracy of in-situ fabrication and testing. In order to reduce the number of supporting units and increase
the accuracy of the supporting surface, the joint optimization method of layout, stiffness and active correction is studied.
Firstly, for the difference of PHUS' stiffness, a hierarchical layout optimization method for support stiffness and support
position is proposed to obtain the initial optimization solution of the support system. Then, the mode calibration me-
thod and the least square method is used for active correction of support system to obtain the final optimized solution of
the mirror surface figure. Finally, the effectiveness of the method is verified by a numerical simulation experiment with
specific cases. The results show that, for 4 m thin meniscus mirror, after layout optimization, with the hydraulic passive
support system, the root mean square (RMS) of the mirror surface errors of 60 point axial support system is reduced
from 150.6 nm to 32.9 nm, and the RMS value of the mirror surface errors of 78 point axial support system is reduced
from 45.2 nm to 22.6 nm. The optimization effect is remarkable. After active correction, the RMS value of the mirror
surface errors of 60 point axial support system is 14.6 nm, and it is 6.9 nm for 78 point axial support system. The re-
quirement of the RMS value of the mirror surface error is less than /40 (1=632.8 nm). The support systems meet the
requirement. Finally, the 60 point axial support system was selected. Through the joint optimization of layout, stiffness
and active correction for supporting points, it can greatly increase the applicability, flexibility and reduce the difficulty
of implementation for the in-situ support system.

Citation: Xi X H, Zhang C J, Hu H F, et al. Layout-stiffness-correction force joint optimization of support system for
ultra-large thin meniscus mirror(J]. Opto-Electronic Engineering, 2020, 47(8): 190551
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