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Abstract: This paper presents a method for large-range, high-precision, and automated co-phasing
alignment of segmented space telescopes. The approach satisfies the demands of millimeter-level range,
nanometer-level precision, and operation without reliance on external interferometric measurement de-
vices. Initially, the optical characteristics at various co-phasing stages-confocal alignment, coarse co-
phasing, and fine co-phasing-are analyzed. Enhancements are made to the confocal alignment method, a
coarse co-phasing detection technique based on a dispersion fringe sensor is developed, and a fine co-
phasing detection method employing phase diversity is introduced. These advancements establish a com~-
prehensive accuracy convergence chain for segmented mirror co-phasing alignment. Subsequently, an
experimental system is constructed to validate the automated processes of confocal alignment, coarse co-

phasing, and fine co-phasing. Experimental results demonstrate that when the relative position and ori-
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entation errors of sub-mirrors lie within =0.5 mm and £0. 1°, respectively, the proposed method suc-
cessfully achieves automated co-phasing. Following co-phasing, the system attains a wavefront error
RMS better than 0. 1A(1=632.8 nm). The proposed co-phasing method provides a broad alignment
range, high accuracy, and low resource consumption, rendering it highly promising for applications in
segmented space telescopes.

Key words: space telescope; segmented mirror; co-phasing alignment; dispersed fringe sensor; phase di-
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Tab.1 Correspondence between calibration dimensions and phasing stages for segmented mirrors

Principle block diagram of on-orbit co-phasing
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Fig. 2 Co-phasing measurement precision chain
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Fig.3 Schematic diagram of rectangular spiral scanning
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Fig.4 Workflow of image point focusing
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Fig.5 Schematic of dispersed fringe sensor
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Tab.3 Experimental results of segment-image identification and search
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(b) Negative-angle fringe between segment 3 and segment 2
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(c) Positive-angle fringe between segment 1 and segment 3
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Fig. 18 Dispersed fringe images acquired by DFS (before

coarse-phasing )
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(a) Fringe between segment 2 and segment 1
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(b) Fringe between segment 3 and segment 2
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(c) Fringe between segment | and segment 3
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Fig. 19 Dispersed fringe images acquired by DFS (after

coarse-phasing)
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Tab.5 Experimental results of coarse co-phasing (pm)
S N TES 3 15 % 2%
WAL PrppsEs PEprE 22 PEpEaEE3 Prppses] PEpEE£2 BEEE4EES
1 32 —70 38 0.137 0.024 —0.219
2 17 —52 35 —0.185 —0.124 0. 358
3 —9 —25 34 0.164 0.139 —0.25
4 —22 3 19 0.202 —0.083 —0.157
5 14 —8 —6 —0.074 —0.175 0.215
T (A=632. 8 nm) LA, AT L) 52 i R 2L AH AL o 3]
W B A 7 B R A R B, U R
DRSS s For e B 3 3o 0 A LSRR R R
5 #98 PSF B X HL & 21 frow
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Fig. 20 Segments number and slits number
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(a) Hil B B PSF (b) [ RS EEPSF (c) HTE IR (d) EEERER
(a) Forward defocal plane PSF  (b) Backward defocal plane PSF  (c) Forward defocal plane image (d) Backward defocal plane image
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Fig. 21 Comparison between theoretical PSF and acquired images
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Tab.6 Experimental results of fine phasing
S IREL RGP AR 22 I 25 R (632, 8 nm)
0.083 19
Z 0.078 85
0.092 68

1
2
3
(a) TR B AT AR (b) 12 zh/E H R E 4 0.083 82
(a) Pre-actuation focal plane (b) Post-actuation focal plane
image image 5 0. 085 96
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Fig. 22 Focal plane image changes before and after actuation W7 L D T 22 B RS R v b
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Fig. 23 Test result of interferometer after fine phasing FHk . BR T ERIT, I HEERE
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