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Mirrors of satellite are one of the heaviest parts in the satellite. The maximum weight of the satellite is determined
by the launch capacity of the rocket. Of course, the weight of the main mirror is limited but larger mirror enable
higher resolution observation. A specific stiffness of the mirror material is hence a key factor. Since carbon fiber
reinforced polymeric composite material(CFRP)is superior to not only the specific stiffness also in—plane thermal
stability, it may be suitable to use as mirror. Before applying CFRP to the mirror, several problems should be
solved ; one of them is long—term reliability of mirror surface accuracy. It is reported that there exist a ”print—
through” problem for CFRP mirror surface. To address this problem, a lot of works regarding surface coating
treatment have been done for the mean time. However, the long—term assurance of the surface roughness has not
been discussed nevertheless the mechanical property of CFRP is inherently time—dependent. There is a possibility
that the time—dependent deformation of the material deteriorates the mirror surface accuracy. The deformation
induced by physical ageing, dewater and internal stress relaxation of the matrix may change the surface accuracy. A
deformation induced by temperature change is another problem. In this paper, time and temperature dependence of
the surface accuracy is studied for CFRP sandwich mirror. The effect of different surface treatment on the surface

accuracy is also investigated. (Received October 31, 2011)
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Fig.1 Fiber-print through on CFRP surface.
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Fig.2 Gel-coated CFRP plate surface taken by SEM.
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Fig.3 Fabrication flowchart for CFRP sandwich mirror.
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Fig.4 Gel-coated (and then buff-polished) and Al
evaporated CFRP sandwich mirrors.
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Table I Surface roughness measurement results after various hostile condition durations.

Surface roughness nmRMS

State # Condition Duration
No. 1 (Buff-polished) No. 2 (Gel-coating only)
0 Initial - 20 80
1 Normal room 13 days 50 100
2 Normal room 6 days 40 120
3 80°C 95%RH 1 day 60 180
4 20°C vacuumed 1 day 60 180
5 Normal room 8 days 60 180
6 80°C vacuumed 7 days 60 180
FR244E 3 A — 48 —
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Fig.5 Z-displacement plot measured by Zygo in
approximately1xlinch area.
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Table II History from fabrication to measurement.

Mirror No. No. 1 No.2 | No.3 No. 4
Fabrication Common | Common | Common | Common
Surface treatment  |Gel & Buff| Gelonly |Gel & Buff| Gel only
Initial RMS (nm) 20 80 | 20 100
| After harsh exposure 60 180 | 60 240
1___ Long exposure & - 1 year 1 year
| Re-treatment - - |Gel & Buff|Gel & Buff
| | - | 0.5year | 0.5year

After long exposure |

| Ambient temperature | L | - 53 | 980

| Elevated temperature | - = 54 | 730
/ Heater

Heater Zygo interferometor
Grip

Fig.6 Schematic of measurement system.
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Fig.7 Temperature distributions at measurements.
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Fig.8 Measurement results by Zygo interferometer.
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Fig.10 Relationship between surface accuracy and matrix volume change.
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