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Damage threshold of ultrathin mirror

WANG Yi, YU Jing-chi
(Institute of Modern Optical Technology. Soochow University, Suzhou 215006, China)

Abstract: The aspheric primary mirror of new generation space camera is made up of some
ultrathin segments. Since the mirror is ultrathin and the material of the mirror is brittle, it will
be broken easily if the force exerted is not proper. Therefore, the damage threshold of ultrathin
mirror should be studied. The concept of stress intensity factor in elasticity was applied to active
optics and stress intensity factor was proved to be the material’s damage threshold. It is put
forward that microcrack in the material is the major reason for breaking. A method to calculate
stress intensity factor is introduced. At the end, the model of an ultrathin flat mirror was
actually calculated, the relation between the damage threshold and the size, thickness,
mounting and roughness of ultrathin flat mirror was achieved.
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Fig. 1 Schematic diagram of ultrathin segmented mirrors and their actuators for support
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Table 2 Variation of stress intensity factor with thickness .
a=10 nm [=50 mm s ;
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K(N/em**)  3.349 0. 808 0. 388 0.14 .
o/MPa 18. 89 4.559 2. 189 0.79 ’ . ’ ’
status ’ ’
’ 30%~40% ; s
H ’
s
s 4 s 4
o 3 o D) ,
3 K
s s
Table 3 Variation of stress intensity factor
with support condition '
K(N/ecm*?) ’ |
/=20 mm [=30 mm [=40 mm [=50 mm ’
4 0. 624 0.640 7 0.673 6 0.677 6 ’
4 0.819  0.8057 0.8851  0.956 3 2) “ » a/L~0, hfa=
51 25.7 31.4 1.1 10° ’ ’
3 i i s s
(
s
30% ~40% . )
3) s
s
C 3. ’
10 °
= ] [1] (M.
< .1997.
0 ) WEI De-jun. Material mechanics performance and
0 a?gl?n 1000 stress testing [ M ]. Changsha: Hunan University
Publishing Company, 1997. (in Chinese)
[2] KNOTT. [(M]. s
3 : ,1995.
Fig. 3 Variation of stress intensity factor KNOTT. Crack mechanics applications [ M .
with width of crack Translated by ZHANG Yun-quan. Beijing: Science
3 s Press, 1995. (in Chinese)
( ) . [3] (D) M.
,1979.
XU Zhi-lun. Elastic mechanics: board and shell
3 mechanics [ M ].  Beijing: Higher Education
’ Publishing Company, 1979. (in Chinese)
[4] [(M]. .
D) ; 1987.

LIU Hong-wen. Higher material mechanics [ M J.



114 - 2008,29(1)

(6]

(7]

(8]

Beijing: Higher Education Publishing Company.
1987. (in Chinese)
GRIFFITH A A. The phenomena of flow and rup-
ture in solids[J]. Phil. Trans. Roy. Soc.,1920,12
(1):171-173.

, . [l

,1982,12(4) :346-359.

LIU Chun-tu, LI Ying-zhi. Progress of flat board's
bending and cracking [ J ]. Mechanics’ Progress,
1982,12(4):346-359. (in Chinese)
IRWIN G R. Analysis of stresses and strains near
the end of a crack traversing a plate[]J]. Journal of
Applied Mechanics, 1957,48(12):361-364.
TADA H, PARIS P C, IRWIN G R. The stress
analysis of cracks handbook[ M ]. Hellertoen Pa: Del

Research Corporation, 1973.

[9]

(10]

[11]

[12]

KNOWLES J K, WANG N M. On the bending of an
elastic plate containing[J]. Journal of Mathematical
Physics,1960,48(39) :223-226.

HARFRANFT R J, SIH G C. Effect of plate thi-
ckness on the bending stress distribution around
cracks [ ] ].
Physics, 1968, 48(47): 276-291.

SIH G C., PARIS P C, ERDOGAN F. Crack tip,

through Journal of Mathematical

stress-intensity factors for plane extension and plate

L] Applied
Mechanics, 1962,48(29) :306-310.

bending problems Journal  of

[J1. .
2005,26(5):67-72.
WANG Yao-xiang. Development and applications of
optical glasses[J]. Journal of Applied Optics, 2005,

26(5): 67-72. (in Chinese)



