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A Study on Structural-Thermal-Optical Performance through
Laser Heat Source Profile Modeling Using Beer-Lambert’s Law
and Thermal Deformation Analysis of the Mirror for Laser Weapon System
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'Ground Technology Research Institute, Agency for Defense Development

Abstract

In this paper, the structural-thermal-optical performance analysis of the mirror was performed by setting the
laser heat source as the boundary condition of the thermal analysis. For the laser heat source model, the Beer
—Lambert model considering semi-transparent optical material based on Gaussian beam was selected as the
boundary condition, and the mechanical part was not considered, to analyze the performance of only the
mirror. As a result of the thermal analysis, thermal stress and thermal deformation data due to temperature
change on the surface of the mirror were obtained. The displacement data of the surface due to thermal
deformation was fitted to a Zernike polynomial to calculate the optical performance, through which the
performance of the mirror when a high-energy laser was incident on the mirror could be predicted.
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o] A F7]§ WA o] Ay S 5% 7x-49-338t s I
2.2 HHALAOIAM BhAL, &, Tt Table 1 Coating Material Properties
W= 3k A 2 (Semi-transparent materia)S HA} T — Ta,05 Si0,
ANUAE EHAA WAL, AE U FA &5, Wo= Thermal 33(bulk) 1.38(bulk)
FHA7l= AAE oust). ogifiEe 33 aAlE conductivity 0.3 to 0.2 to
HERR AR AD ¢ olon, of w A w [ W/ (m « K)] | 0.6(thin film) | 0.5(thin film)
A, FE, 283 FEEe §A2 ofd A 8)F Heat capacity
o 306 746
Zol Aeojg 4= gt [6]. [J] (kg » K)]
Young’'s Modulus
140 72
R+a+7:1 ...................................................... (8) [GPa]
Poisson’s ratio 0.23 0.17
Density
o) AT e WAL o] wkabgo] F83 A% v/ 6850 2200
Agoleh, WA mR el whALgo] et 2 ()] ) Lg/m )
g F5ES U #HeolAd ¥ &3S oE 4 s 3.6 0.51
[e))] 1 o = 1 ]_O [10 /K]
Aok wEA ol AF719 WAlE e B mES U
o2 HR(High Reflectivity) Z®& F=33lojor &
o B =FdAE HR i‘%gl HALE-S 99.85% 9}
99.95%= 713 Y(7]. 2AvY F4E2 1060 ~ Table 2 Mirror Material Properties
1100 nm H¢& 7110; Aol on, WA A Property Corning
Fse dquAe 4 @ wek warE oA g % : Zerodur SIC
(@ 20 C) 7980
g JUA S AL ko2 7FAFFA Thermal
ol Table 1= WHAFE S®el AREHE TayOp conductivity 1.46 1.38 118
Si0,¢] EAolm, Table 22 WHAMAY AAR A4 LW/ (m_+ K))
Emissivity
+ Corning® HPFS® A€l 7980, Zerodur 1|3l e s 0.72 0.75 1.7e2
sicel 4ok, 10" "ni’/s )
Heat capacity
821 770 672
LAl [J] (kg « K)]
2.3 Zernike CHet4 Young’'s Modulus
S elolil el ol olel oo S e o 90.3 73 414
golA ddely 58 Fd g% Qg S stexie [GPa]
2 3t FIte M e st A Ayr Jde Poisson’s ratio 0.24 0.16 0.14
QJ—A]—ZBI »;::\L-Uli'o’] %9‘4 H]O]Ei—t:: Zernike E}.fg—/ﬂ'—% J_EOH—S} DenSIt;] 2530 2200 3200
o o= SArh deht wAEEA, aelw B Lkg/m’]
shd ek WES AN 5 AvHB]. Zernike vhat Internal 0.99615 | 0.99987 | 0.13584
. o t itt
qeo dwdom wedem 4T 4 on, AF (r@a“jrgéoame (@ 1 mm thickness)
Bepe) ghgre Wb wgpel dw A @ 5 9l i
S W wd wwe o Zerodur) 0.962 | 0.9987 | 2.14E-9
A5t 3Hnormalized)® WA p(p=r/R, R QA=<
(@ 1100 nm, (@ 10 mm thickness)
wael stel 9% Wl 3 O(0), wA B Corning 7980) 1
gol B8 R'(p)2 XA Zernike TR & ) c1e 008 | os2 | 37
s ) ) )
o Q)5 Pol AT & O] 10/ K]

*Coefficient of Thermal Expansion
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wm] = v/n+1R"(p)v/2 cosmf ,m =0 3. EAKY oM 2 3! Ao}
Zoga § = = v/n+1R"(p)v/2 sinm ,m=0
Z,  =+vn+t1R](p) ,m=0 3.1 HHY A 2y
................................................................................. 9) W B A woUx #o] A7t WAL WX =
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714 n& W WFe] A =(Radial degree)o] ABAQUSE °]&3te] 01209 F74 7.0 mm<el ¥3t

(6]
me W7o A9 (Azimuthal degree)th. ¥ A FE

4 109 2AL wSekse WY W FE o
+ A QD3 o] AT
<
{m LS (10)
n— |m|=even
m & (_1)S(n_5)' n—2s
R”(p) 0 n+m n—m "
$= | —gl! — gl
ERRLE | LA
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Noll #ist W& AHg3le] Zernike thE4e] 7
Fo] Az AwaaA 59 g4 ED Hedo,
SHex Wp,0)= e A(12)9 2ol Zernike T

2] 2

x28d + A6].

A71A C= Zernike trdA el Alsrolt. 4 (12)F
Gl distel gelabd thg 4 (13)37 o] vehd 5
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(a) temperature (b) temperature

(2 beam superposition) (3 beam superposition)

(c) stress

(2 beam superposition)

(d) stress

(3 beam superposition)

Fig. 7 Analysis Result(material : Zerodur)
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Fig. 8 Analysis Result(material : SiC)
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Table 3 Analysis Result by Condition - 1t d-grzelly 247k Aol oA v Al n|
gle] SiC Ad el Wkalgo]l & v e a7k B A skt

=E O WAE g[SRI R SE ) G e me gaman g 546 SaaAw,
(kW] | [%] [AC] [nm] [Pal BAeS Sod 2 owvie)

7980 0.28 0.739 1.53e4

o S
wAstdt. UmA Zerodur®t Corning
99.95 | Zerodur 7.43 2.34 6.61e4 79809 AH$- FIEo] w2 AAol7] wEe] A 2

7 8 5 Sl = =
000 SiIC | 2337 | 209574 | 1.38eg | FF FeITIR EskE WSk 247pA Aol AR el

3%7] A Ao olak FRHol st olke] wAE T
7980 0.84 2.19 4.59¢e4 _
1) © 93} % Zernike TFAe] FARE(1~3HANE A9

99.85 | Zerodur | 22.29 7.01 1.98e5 3l Defocus(4®#)ate] tjiie] AlRole Folg

%0,
32
=
[0}
o
=
to,
.%
ob]
=3
[©]
w
I
rlr
i~
:.Ol:g'
1%
N
A
e
1=
2o

SiC 7009 | 8885.89 | 4.14e8 T

Q%

-

P93} 2E 45, 999 AL wr

7980 0.05 0.14 2.69e3

99.95 | Zerodur 1.28 0.47 1.17e4

4.8 B
000 SiC 331 | 40026 | 1.897
253
%) 7980 | 015 | 04l | 8073 P oERe dold d9e) Zesd madgs ¢o]A
99.85 | Zerodur | 3.84 1.40 3.49e4 718 WAl diEte] Fx-d-3e-de £4E
=35 A= slod )] 7 )
SIC | 993 | 121494 | 5687 | T AAE AN wlolA wel wApgel o
AR Wl Ao o 94 Agn ew yrs g
QSR olol mel WA WA A} Ewlo
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