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Developement of CFRP mirror having nano-order accuracy
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Since carbon fiber reinforced polymeric composite material (CFRP) is superior to n
ot only the specific stiffness also in-plane thermal stability, it may be suitable to use as mirror. Befor
e 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
. The long-term assurance of the surface roughness has not been discussed nevertheless the mechanical prop
erty of CFRP is inherently time-dependent. There is a possibility that the time-dependent deformation of t
he 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 tem

perature change is another problem. Time and temperature dependence of the surface accuracy is studied for
CFRP sandwich mirror.
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Fig. 1 Fiber-print through on CFRP surface
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Fig. 2 Gel-coated CFRP plate surface
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1. Fabricating front sheet 2. Fabricating back sheet 3. Bonding both side simultaneously
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Honeycomb core
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4. Demold 5. Gel-coating (6. Buff polishing) 7. Aluminum evaporation
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Fig. 3 Fabrication flowchart for CFRP sandwich mirror
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Tablel Surface roughness measurement results
after various hostile condition durations
Buff-polished Only gel-coated i condiion Duraton Surface roughness  nmRMS
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
NO. 6 80°C vacuumed 7 days 60 180
Fig. 4 Gel-coated (and then buff-polished) and Al
evaporated CFRP sandwich mirrors 5 CFRP No.l
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Table 2 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
(a) Just after arrival Initial RMS (nm) 20 80 20 100
After harsh exposure 60 180 60 240
gblidue Plot 2 Long exposure - - 1 year 1 year
+5.00000 Re-treatment - - Gel & Buff Gel & Buff]
wave After long exposure - - 0.5year 0.5 year
.2.00000 Ambient temperature - - 53 980
240 Elevated temperature - - 54 730
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Fig. 6 Schematic of measurement system
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(d) 1 day under 20°C, vacuumed condition No.4 +
Fig. 5 Z-displacement plot measured by Zygo in
approximately 1x1 inch area
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Fig. 7 Temperature distributions at measurements
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Fig 8 Measurement results by Zygo interferometer

Fig. 9 Out-of-plane deformation of CFRP
sandwich structure
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and matrix volume change
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