2025 4F55 6 141 Sl BB AP A NG No.6 2025
AR 4143 MISSILES AND SPACE VEHICLES Sum No.414
XEHS: 2097-1974(2025)06-0072-07 DOI: 10.7654/j.is5n.2097-1974.20250611

BT U R 5T S E SR B S A5 T 5T

REMW, £ F, 2 X, TheE, F B
(P ERE K FTHE AT AR, dbat, 100076)

FHEE © A AL R e d 3 & A8 5T R OO IR ST AL P, R R RS M A b R R Afa F dyie 22 —, @&
LML, TR RBIEEZ AL ERE, AR EILEZMIELREIE Y. TR AIMMmEME R, ATF=HR=
8 o) FAE A A 0 P AR A s M AR FUR S M AT BB R AL, R R A TR £ B3Rk (Finite Difference Time Domain,
FDTD) a9 A4t R F AT AT BREAY, RMEMTAMREE (&G RHA TR R T £, KRG:E
A A A HAENAE A 7 R A BT 6 S 2 AR A, DB R AT AL B AR R ARk,

KHRIR) MR BRINLEM; MRS 18 F . HEAEA

FESHES  TB34; V19 SCREFRIRES @ A

Study on Numerical Model and Optical Properties of Antireflective
Microstructures for Butterfly Wings

ZHAO Xinkun, CHENG Lei, LIU Dong, WANG Jiapan, LEI Bao
(China Academy of Launch Vehicle Technology, Beijing, 100076)

Abstract: Regarding the low-visibility issue of aerospace ground equipment in the visible light band, regulating the spectrum by
using optical microstructures is one of the approaches to achieve stealth. Through reasonable structural design and optimization, the
band can also be extended to infrared or even microwave, so as to realize multi-spectrum compatible stealth. Inspired by the periodic
microstructures of butterfly wing scales, the inclined ridge-rib microstructures and nano-hole structures in butterfly wings are
numerically characterized based on the spatial trigonometric function model, and the anti-reflective optical characteristics are analyzed
by using the FDTD method. The results show that the two structures can provide solutions for the design of stealth metamaterials for
aerospace equipment. Using a generalized model to digitize the structural characteristics is helpful for the subsequent efficient
optimization and selection, so as to quickly obtain the optimal target optical performance.
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Fig.3 Troides helena butterfly and its nanostructures
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Fig.7 3D model and parameters for nano-hole structure
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Fig.8 Simulated reflections and peaks under different k values
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