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Optimization Design of TMT Tertiary Mirror Axial Support
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Abstract Thirty Meter Telescope (TMT) is a 30 m Ritchey-Chrétien optical-infrared telescope. It tertiary mirror
(TMT M3) is an elliptical flat mirror with the aperture of 3.594 mX<2.568 m and weight of 1.8 t. The M3 system
reflects the light coming from the secondary mirror system (M2S) to the science instruments that are located on the
Nasmyth platforms, and the M3 System must rotate and tilt as the telescope tilts about the elevation axis and tracks
astronomical objects across the sky. The M3 support system should support the M3 mirror so that the mirror surface
figure will be less than A/5 (wavelength A = 632. 5 nm) or root-mean-square (RMS) slope will be less than 1 prad.
The M3 support system includes axial support system and lateral support system. The axial support system uses 18-
point whiffletree structure, and after optimization the RMS mirror surface figure achieves 118.5 nm. When the
tertiary mirror surface figure error cannot meet the requirement with the support structure, correct moment is used
to corrective the surface figure error.
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Fig. 1 Two different axial support point distributions
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Table 1 Tertiary mirror material properties

Elasticity modulus /MPa  Density /(g/mm®) Poisson’s ratio Thermal expansion coefficient /(1075 K™')
9.1X10" 2.53X107° 0.25 0.05
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Fig. 2 Optimization results of two support plans
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Table 2 Comparison between two different support plans

RMS /nm Force performance Interface rationality to M3PA
Plan A 109.7 General General
Plan B 98.7 Better Better
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Fig. 3 Finite element model of the axial support Fig. 4 Tertiary mirror deformation with the
system for tertiary mirror support system
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Fig. 5 Distribution of correction moments Fig. 6 Tertiary mirror deformation after correction
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Table 3 Correction moments (unit; 10° Nemm)

Number 1 2 3 4 5 6 7 8
Moment —3.9428 —1.3305 44,955 —9.3736 —5.7494 5. 9944 —10.723 —26.512
Number 9 10 11 12 13 14 15

Moment 3.0892 3.0892 —12.032 —8.7002 21.547 9.2521 2.2508
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