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Optimization and analysis of a primary mirror for a

laser incoherent combining system
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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 47 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

nu\‘

1 7]

FEFOEIN T O 5 55 UK, $2 ki 2
R [F) p i 75 PRAIE R O ™, SR
e Hey 52 B 22 B OC A U 2O 2R R 2
R M RO EEEOR R, SR T RN
SMBHIF L B e B S TERY, DG B
FAE R A A A T A . S LS R
JE 110 i P ] A B RO A T i, (e 5
75 FARSE I L, ATITZRAT i R oL

EBAR A HOCAS DA MY S, FERE
FAZHGE 7RSI OR[N TR
feotte R BOH T TR EEE
xR AR B BT A A S 7 B R
PBETHBIETT, B S5 AR 3 G A A A S
PEATBOTHTSE, LA BRI R B A O iR &
LY, G T R REMHOL A S AR GE, JUHIEE RS 23 [H]
BWRRGN FE BRI R A HIE . T
JeRE R, SO R A 25 R
FICE AR AR, G PIR 22, DT R fER Ay 38
JEEDER TR I, TRIEHOE S S R 5
g R/ -8

ARSCE WO RDE R G R BB T I3

T, WRERL, BE)E | SCFE T AL A IE K 4 4>
Jrnxt @600 mm EFHIEHELT T 4B, IR
A BROCTT LR FEBEat AT T O A 734 Midh
IMIEAL BT, FRJE PEAT T BB T BRI
PRI T, S5 T BT AR A & B

2 EFapRata ok

2.1 FHEMREE

TEMROCYE T, R DA SR R ) e B
Bt 25 FEAT B E RIS A1, 308 75 25 AR} ) $A
ARREME . AR LA LRI R, B T AR T R
VANTIE =X % 355 111 e EA | B e SR A TRy 2
AE 77 B SR AR RN, TR ST AR
/1N, ESE PR RE LR AT

H A E R D42 E5A RN 258 Be, 14
A9, AR . ULE U AKBEE AT SIC, 4 1 4
T BRI R FES

A 1B G TT LA e SiC A4} ) A A8 B
/N, HERIE AR T Be, 54 HERE R4, Hio T2
SiC Wy Tl T2 2%, B Bk & 5t Tl
B 55 (Zerodur) ft) FR T A5  BE B 4, AL IR T SiC
FULE, LIRS BE 22, A4REHFTIN T 9% G o ULE
R MK 3 3 5 S0 T B 3 (Zerodur) £ 5 PR RE A AH



444 i E D &

13 %

B, ULE £ 3R A2 0% /0N 71 35 38 1) L T 32
W, A L T SRR [ Be Y LU EE A 4
HARIET AR RE PR 22, (UL T B8, 1M H. Be 41
TF, N5 9 R e, AP E PRI 5 44
AR LER VERE IR 22, PRI Rp A T A A

R, ARG A PR T v T 24w e, M (T

LA, TSR M B 5 AR, N T
T R, SR A PERB R, AR TE Hh, sk A
535 (Zerodur) 15K FEEAEL

*1 EREEMRBAINESY

Tab.1 Main parameters of common primary mirror materials

PR B (g/om’) SEPEHUR(GPa)  ERIEE(E/p:10°)  HWHAC (kg C)  BUEIK R Ba(10/K)  HFRK(W/mK)  HUEAE(0/K: 10) JA# Ep

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

SEAHE 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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_ 3pg(D/h )2D2
256E

K, 6 A AR S K- 4 (P-V) H (mm),
p R (kg/m?), g A I (m/s?), E A i
PERLHE (Pa), D B BB HAR (mm), 7 Ry EBERE
(mm).

b 5 A EW AL ER R 5<4/20 (1=
1 064 nm); F 5 H 42 D A 600 mm, 1175 HiEH
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Fig. 2 Structural diagrams of lightweight primary mirror
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Fig. 3 Relationship between temperature, P-V value of

primary mirror and irradiation time
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(b) Thermal deformation cloud chart
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Fig. 4 Simulation results of Zerodur primary mirror
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Fig. 5 Topology optimization results of primary mirror
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formation
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