W13% 3 thEDEA Vol. 13 No.3
2020 4 6 H Chinese Optics Jun, 2020

NEHRE  2095-1531(2020)03-0442-09

HRXZEERERRLIZTES N

B ALK AU B REF
(LR EMFR KELEEEIME WEF L, FH KA 130033;
LHAEMFEREEREXE R LR E, F4 K& 130033)

FEE A SOMEOEZS WA TR EB TR 54007, DAHsRBO6 W& IR A G E AR, SRR E. o
Fg, X H A b TS BN FATRME b IR AL ELE, WIS Eo2b e T E5a R BEIRRE | i Uiz s s
G SR, R PRI %28 () & SR BB HE AT T 4R AR 3T, FH 25 & PG AR 25 S SR iR 540 8 s A Tam M AL 1%
T B, X EBTIEATE 7 . FRBEE N AT T, B R A . T SRR 6 YL AR AR 10 kW
JGER T, Bifi g A R] A 18 0, SR AR TR P-V (B 38 I 3 min Je 97T R mEE X 83.4 °C, P-V{EH N
155 nm, SZEEIREEFISZ 00, 0 IR X PN P AR (BN — 3, 25(8 29 S BRI P-V {HIY 1/6; GG 28 A —S0:, 32 S amiAig
B, 6 BRI TR ML, AR R R IR 54.5%, R X B AR — S0Pk b, B T SRR AR SN T AT 1/3; AR
R, FEESTAGFEAHMF, AR 10 nm; AEHRE S 25 R F 55 IS FPER, FRASREER, 350
Y P-V {H AN A% i s B4 BT B/ R BRIt I R TR o AN SCHIFGY 45 b X e 2= IEUAEE%ZEE’M}%&:
HEARARE

X B ORI RO DRGSR A O A R B2 F ikt

hE S 2S5 :TN244 XRKARESAD: A doi: 10.3788/C0.2019-0161

Optimization and analysis of a primary mirror for a

laser incoherent combining system

TANG Wei'?, LIU Li-sheng', LIU Yang' ", SHAO Jun-feng'?, GUO Jin'?
(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of
Science, Changchun 130033, China;
2. State Key Laboratory of Laser Interaction with Matter, Changchun 130033, China)
* Corresponding author, E-mail: Liuyangdk@ciomp.ac.cn

Abstract: A primary mirror for a high-power laser incoherent combining system was designed and analyzed.
Firstly, the material and the thickness of the primary mirror, it's supporting way and it's lightweight scheme
were determined through theoretical analysis. Then, the thermal deformation of the primary mirror was calcu-

lated by the finite element method, and the topology optimization was executed according to thermal deform-
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ation results. Finally, the impact of gravity, base frequency and ambient temperature on the P-V value of the
primary mirror was analyzed. The calculation results show that the temperature rise A7 and the P-V value of
the primary mirror gradually increase when irradiated by six lasers with a power of 10 kW over a greater
amount of time. When laser irradiation time reaches 3 min, the temperature rise A7 and the P-V value of the
unoptimized primary mirror are 83.4 “C and 155 nm respectively, resulting in thermal deformation values in
the irradiated area that are inconsistently affecting by the structure. Its D-value was about 1/6 that of the
primary mirror. After topology optimization, the lightweight rate of the primary mirror was 54.5%, the
thermal deformation value in the laser-irradiated area was consistent, and the P-V value of the primary mir-
ror reduced to 1/3. The gravity deformation value of the primary mirror at different pitching angles was ba-
sically the same and the maximum P-V value was less than 10 nm. The ambient temperature causes distor-
tion and defocus aberration, and with an increase in ambient temperature, the aberration grows. Modal ana-
lysis shows that the base frequency of the primary mirror meets the system requirement. These conclusions

have a referential value for high power laser incoherent combining systems.
Key words: high power laser; incoherent combining; primary mirror; laser thermal deformation; light weight
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Tab.1 Main parameters of common primary mirror materials

ML EE(gem’) FIPEBLR(GPa)  HLRIEE(Ep:10%)  HIAC (kg C) IR FEa(10/K)  HPBRK(WmMK) AR (wK: 10°) At

SiC 3.05 400 12.6 680
Zerodur 2.5 92 3.7 821
ULE 22 67 3.1 766

Be 1.85 280 15.1 1925

S 22 74 3.36 1210

22 185 1.3 0.16
0.05 1.46 3.4 0.24
0.03 1.3 2.3 0.17
11.4 160 7.2 0.05
0.56 1.38 40.5 0.17
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Fig. 2 Structural diagrams of lightweight primary mirror
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Fig. 5 Topology optimization results of primary mirror
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