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Abstract

In this paper, infrared reflector design targeting infrared stealth effect is presented using structural optimization based on the
phase field method. The analysis model was determined to accomplish the design that an incident infrared wave was reflected to a
desired direction. The design process was to maximize the objective value at the measuring domain located in a target region and

the design objective was set to the Poynting vector value which represents the energy flux. Optimization results were obtained
according to the variation of some parameter values related to the phase field method. The model with a maximum objective value
was selected as the final optimal model. The optimal model was modified to eliminate the gray scale using the cut-off method and
it confirmed improved performance. In addition, to check the desired effect in the middle wave infrared range(MWIR), the analysis
was performed by changing the input wavelength. The finite element analysis and optimization process were performed by using the
commercial package COMSOL combined with the Matlab programming.
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Fig. 1 Design concept of IR reflecting layer
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Fig. 3 Analysis Result of prototype model; magnetic
field contour plot
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Table 1 Refractive index of each material

Material Wavelength Refractive index
Air 1-3um 1.0
2um 1.9200
Zinc Oxide(ZnO) 3um 1.9076
Apm 1.8935
2um 0.2309+ix13.023
Silver(Ag) 3um 1.2535+ix19.567
Apm 2.1392+ix26.027
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Fig. 4 Magnetic field contour plots of optimal results
according to each initial phase field parameter value
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Fig. 5 Optimal configuration obtained by changing
initial phase field parameter value;
(a) 0.5, (b) 0.6, (c) 0.7

Table 2 Objective values from the optimization result of
each phase field parameter value

Initial value Objective(Normalized)
1.0{prototype) -1
0.5 -7.41
0.6 -7.16
0.7 -7.14
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Table 3 Objective values from the optimization result
considering volume fraction effect

Volume fraction Objective(Normalized)
0.6 -4.66
0.7 -4.52
No constraint -7.14
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Table 4 Objective values from the optimization result
considering diffusion coefficient effect

Diffusion coefficient initial ¢ | Objective(Normalized)
0.5 -6.74
1.0x10™ 0.6 -6.46
0.7 -5.72
0.5 -7.41
1.0x107 0.6 -7.16
0.7 7.14
0.5 -7.17
1.0x10° 0.6 -6.89
0.7 ~7.43

Fig. 6 Optimal configuration obtained by changing
diffusion coefficient based on $=0.6; (a) 1.0x10™,
(b) 1.0x107°, (¢) 1.0x10°
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