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Influence of Adhesive Materials on Stress Characteristics of
Deformable Mirrors Under Thermo-Mechanical Coupling
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Abstract In order to analyze the effect of adhesive material on the stress characteristics of the deformable mirror
(DM) under thermo-mechanical coupling, we establish a DM model with adhesive material by the finite element
method. We analyze and compare the effects of three typical adhesive materials on the stress distributions of the DM
using the sequential coupling method, and discuss the variation law of the maximum stress of the DM for adhesive
layers with different thicknesses. The results indicate that the characteristics and parameters of the adhesive
material greatly affect the stress characteristics of the DM due to thermo-mechanical coupling in an actual DM
system. The adhesive material has almost no effect on the stress distribution of the front surface of DM, as well as
the peak-valley value of the surface shape, but has a significant influence on the stress distribution on the rear
surface. In addition, the stress at the joint between the mirror and the pole is significantly increased. For different
kinds of adhesive materials, the smaller the elastic modulus and the thermal expansion coefficient are, the smaller
the stress on the DM is. Among the three typical adhesive materials, the stress on the DM glued with the amine-cured
epoxy 5222 material is the largest, the stress on the DM glued with the phenolic epoxy resin T300 material is the smallest,
and the stress on the DM glued with the phenolic epoxy resin 4221 material is between those of the two materials. In
addition, the thickness of the adhesive layer directly affects the stress characteristics on the DM, whose maximum value
decreases with the increase of the thickness of the adhesive layer, which means that in the process of the DM

manufacturing, a thicker adhesive thickness should be chosen reasonably under the condition of effective controlling the
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produce of the bubble and other defects inside the adhesive layer.
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Fig. 1 (a) Structure of DM; (b) finite element model of DM
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Table 1 Thermo-physical parameters of DM

Thermal

Specific Heat Young's ,
Density / o expansion Poisson's
Material heat / conductivity / o modulus /

(kgem *) coefficient / ratio

(Jekg 'K (Wem 'K D) i GPa

(10 * K'Y

Si 2329 703 146.000 4.20 131.00 0.28
YbF; 8150 361 0.051 18.90 75.79 0.28
ZnS 4080 1927 0.190 7.10 74.50 0.29

Material [ 1570 1000 0.850 3.000 120.00 0.28
Material Il 2000 960 0.850 5.32 48.00 0.30
Material Il 1570 972 0.720 30.00 126.00 0.33
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Fig. 2 Flow chart of stress analysis under thermal-mechanical coupling
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Fig. 3 (a) Distorted wavefront and (b) fitting surface shape of DM without adhesive material
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Fig. 4 Stress distribution nephograms of DM under thermal-mechanical coupling without adhesive material.

(a) Front surface; (b) rear surface; (c) position at maximum stress
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Fig. 6 Stress distribution nephograms of DM with adhesive material. (a) Front surface;

(b) rear surface; (c) position at maximum stress
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Fig. 7 Stress distribution nephograms of DM with adhesive material Il . (a) Front surface;

(b) rear surface; (c) position at maximum stress
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Fig. 8 Stress distribution nephograms of DM with adhesive material [l . (a) Front surface;

(b) rear surface; (c¢) position at maximum stress
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Table 2 Maximum stress and deformation range of DM with different adhesive materials

) Deformation range of
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Maximum stress in front
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DM /pm surface of DM /MPa rear surface of DM /MPa

1 —6.23-4.36 12.00 33.60
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Il —6.05-4.54 12.10 57.90
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