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A Study on the Adhesive Properties of Lightweight Primary Mirror
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Abstract

The optical performance of the mirror for satellite camera is highly dependent on the adhesive properties between
the mirror and its support. In order to design a mirror with high optical performance, the mechanical properties of
adhesives should be well defined. In this research, the mechanical properties of three kinds of space adhesives are
studied. In case of the materials which show nearly incompressible behavior such as space adhesives, it is important
to measure shear modulus which governs deviatoric stress components. Shear moduli of the adhesives are
determined by using single lap adhesively bonded joint. For the shear tests, several points have been selected from -
20C to 55C which is operating temperature range of the adhesive. The shear modulus of each adhesive is
expressed as a function of temperature. Characteristics of the adhesives are discussed regarding their temperature
sensitivity. The analysis results of RMS wavefront error w.r.t shear modulus are presented.
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Fig. 1 The shape and size of the shear test specimen
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Fig. 2 Schematic diagram of molds
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Fig. 3 Shear test setting with extensometer
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Fig. 4 Shear stress-strain curve of adhesive A at 20C
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Fig. 5 Linear fitting of shear stress-strain curve at
20C : adhesive A

Table 1 Shear modulus of adhesive A

Temp. Shear modulus Temp. Shear modulus
(MPa) (MPa)
-20C 400.88 20T 213.78
-10C 365.45 30T 192.63
0T 296.59 40C 154.87
10T 279.82 55T 73.42
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Fig. 6 Shear modulus of adhesive A with respect to
temperature
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Fig. 7 Shear stress-strain curve of adhesive B at 20C
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Fig. 8 Exponential fitting of shear stress-strain curve at
10C : adhesive B

Table 2 Coefficient a, b and shear modulus of

adhesive B

Temp. a b Shea(errllc;?qus
-20C 5.559 0.897 802.02
-10C 4.401 0.889 651.25

0cC 5.199 0.999 521.75
10T 2.466 0.821 459.52
20T 1.165 0.829 212.04
30T 0.285 0.749 67.58
40C 0.162 0.811 30.84
55T 0.128 0.853 21.51
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Fig. 9 Shear modulus of adhesive B with respect to
temperature
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Fig. 10 Shear stress-strain curve of adhesive C at 20C
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Table 3 Shear modulus of adhesive C

Temp. Shear modulus Temp. Shear modulus
(MPa) (MPa)
-20C 30.25 20T 17.74
-10C 27.91 30T 14.65
0T 24.61 40C 13.43
10T 20.74 55T 11.89
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Fig. 11 Shear modulus of adhesive C with respect to

temperature
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Fig. 12 Comparison of shear modulus : A, B and C
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