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Optimal Design of Low-Stress Mounting for Large Aperture Mirror
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Abstract In order to meet the control requirements of the surface accuracy and structural stability of large aperture
mirrors for laser devices, a multi-point mounting method with decoupling of multiple degrees of freedom of the
mirror is proposed. The control of multiple degrees of freedom of mirror is realized by limiting position to avoid the
additional surface shape caused by mounting. The effectiveness of the proposed method has been analyzed by finite
element method, and the feasibility of the analysis method and the mounting method has been verified through
experiments. The results show that the additional surface shape brought by the mounting method of the mirror is
small, which meets the requirement of the low-stress additional mounting surface of the mirror. On the basis, the
surface shape of the mirror placed at a tilt angle of 45° is simulated, and the influences of the position distributions
of different mounting points on the surface accuracy of the mirror are explored. Simulation results show that in
order to ensure the surface accuracy of the mirror, at least one mounting point should be located on the longer side
of the mirror. These results have important guiding significance for the mounting design of large aperture mirrors.
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Table 1 Simulated material parameters

) Elastic ,
Density Poisson's
Material Jk = modulus .
m ratio v
o E /MPa
K9 2500 82X 10° 0.21
Aluminum 2770 71X10° 0.33

1.42X10° 0. 40
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A: standard earth
gravity: 9.8066 m-s

B: fixed support
C: force of 333 N
D: force 2 of 333 N
E: force 3 of 333 N
F: force 4 of 333 N
G: force 5 of 333 N
H: force 6 of 333 N
I: force 7 of 333 N
J: force 8 of 333 N
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Fig. 3 Boundary condition of finite element simulation
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Fig. 4 Simulated surface deformation contour of mirror
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Fig. 5 Surface deformation contours of mirror obtained by test. (a) No-mounting; (b) three-point mounting

at the front and eight-point mounting on the side
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Fig. 6 Experimental measurement results of mirror surface
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Table 2 Simulation results for different positons of mounting points

Scheme No. Mounting pattern at the front Surface PV /nm
1 Three-point mounting on longer side 246.99
2 Three-point mounting on shorter side 293. 88
3 One-point mounting on longer side and two-point mounting on shorter side 284.15
4 One-point mounting on shorter side and two-point mounting on longer side 291.74

Deformation /(10-° m)

8.7863
8.6807
8.5752
8.4696
8.3641
8.2586
8.1530
8.0475
7.9419
7.8364

Deformation /(10-° m)

8.7632
8.5492
8.6351
8.4210
8.3069
8.1929
8.0788
7.9647
7.8506
7.7365

Deformation /(10-° m)

Deformation /(10-° m)

8.7768
8.4451
8.5133
8.3815
8.2497
8.1180
7.9862
7.8544
7.7227
7.5909

8.7620
5 8.6380
i 8.5139
i 8.3898

8.2657
8.1416
8.0175
7.8934
7.7693
7.6452
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Fig. 7 Surface deformation contours of mirror for different positons of mounting points. (a) Surface deformation 1;

(b) surface deformation 2; (c¢) surface deformation 3; (d) surface deformation 4

M 3 S U v B0 B AT A, K e KR Y T
TE W A5 B /N T T e K, HUK i IE T = e A
(M TH T B AR fe /. KR O KBS AR EE )
MIER T 5 & RSl = AR KB AE . R T 4R
TE S TS B, 2= 0B — A Je f5 i T )
SEER KL .

R T HE— BRI I S A A RS B R
SR AR TR T O % 1 A OR TR e RS T B R
MY PV {EH 2R RAE B0 . PR 5 Je R (0 07 1 bR
LA F R L S B 5 — P e A A 1] B L A5
PR BRI LW 8 iR, n LLE Y, Bl & P e 7
SSCTRVEE A 38, S B TR PV (E e s/ | 5 3
KLY A BE A 260 mm B, #E PV (N B /ME
241,30 nm, H 585 b KRB B o ¥ 5, 24
PR A R B 3k /N B R B Y 30 2 b 4 Hh B R
(AR TE 1 24 o) B et A s, 2 e AR 8 A 1 A K
WA AR AR O IR T B BE . R, e R A i R
T i X 25 S A S BB 0 T L B B A e 1 — i e
R SR T RSB 10 300 2 P, TS e R 1 — i)
R S0 ) B N R RS K 1/3~2/3.

300
285 V .
ERq)

=
A 255+
o

\

Q
=§ 240}
n

225}

= 200 240 280 320 360 400
Distance between two mounting points /mm

8 AN [l e i o ] BE A9 I E PV {H
Fig. 8 Simulation results of the mirror surface with

different distance between mounting points
:I.: N
5 4 ©

i 3 o BUA B4 RS e 1 O A AT AR A i
P T —Fh RSB Z 1k BE AR R Y 22 e 1 O
i o FRASE S BROGH S A B 22 1l B 4 L L B
JeAEAlE AR MBI . A ANSYS A BRICH A
ST I T7 AT B SO B R o A B A L O i
TR W UE T I3 M 7 oz Je 15 I7 s AT k. AR
F W < SR P4 T 20 A7 S 9 458 S 455 R 16y BR o Tk

1105004-5



th i

#

G

M AR BN B e A R AL 27 A RS A L U B
FhC DX 3 B o T R AR R R Sy 0, 9 R B A
IS 3 BEI ST 455 TR 9 25K . X 45" R L A S
BLHEIE AT TR R 5T T AN [R] e R AL 2 A 6
B St BTG B B ML, BELAS SRR O T
PRAUE B 5 58 B TR RS 2= /0 58 — A e g i T
B BRI 3 HL S R 0 R AT B 2 A 5 7 B B

)30 %%
5 % x
[1] Zhang X M, Wei X F. Review of new generation of

(3]

[4]

(6]

7]

huge-scale high peak power laser facility in Chinal[J].
Chinese Journal of Lasers, 2019, 46(1): 0100003.
SR/NEG, BRI . T — AN B B U T RO R
BaRREEBL]. HEEOE, 2019, 46(1): 0100003.
ZhuJ Q, Chen S H, Zheng Y X, et al. Review on
development of Shenguang-Il laser facility [J].
Chinese Journal of Lasers, 2019, 46(1): 0100002.
A, BRAAF, AEE, 5F. #O I#OLR E R
(. W E#OE, 2019, 46(1): 0100002.

Bowers M, Wisoff J, Herrmann M, et al. Status of
NIF laser and high power laser research at LLNL[J].
Proceedings of SPIE, 2017, 1008: 1008403.

Li G H, Wang H, Xiong Z,

analysis of large reflecting mirror under assembly

et al. Surface error
fastening forces[J]. China Mechanical Engineering,
2015, 26(9): 1173-1178.

ZEkEAE, THE, BB, . KORG8 B i
BT EIERE S ], PEYL TR, 2015,
26(9): 1173-1178.

Baisden P A, Atherton L J, Hawley R A, et al.
Large optics for the national ignition facility [J].
Fusion Science and Technology, 2016, 69(1): 295-
351.

Yu ] C, YuanJ, Cong S S, et al. Design of adhesive
structure for back-supported space reflector inserts
[J]. Acta Optica Sinica, 2019, 39¢(5): 0523002.
TSR, R, A, 5. 8BRS R A A S AT R
BRI R R S B[] OB # R, 2019, 39(5):
0523002.

Chen X J, Wang M C, Wu W K, et al. Wavefront
distortion control for large aperture mirror[J]. High
Power Laser and Particle Beams, 2011, 23 (12):

3325-3328.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

1105004-6

Mrbedn, T, RoCHl, 5. KRR RS 5 I i
AP B R (1] S EOE SR F 3R, 2011, 23(12):
3325-3328.

Luo S, Wang ] Q, Zhang B.

characteristics of piezoelectric ceramics actuators on

Influence of fatigue

correction ability of deformable mirror [J]. Chinese
Journal of Lasers, 2018, 45(9): 0905002.

B, EREK, M. 5 R K Bl # E O7 R 1 X AE
EBAIERE T RS [T, T EEOG, 2018, 45(9):
0905002.

Zhang Z, Quan X S, Wang H, et al.

mounting configuration design for large aperture laser

Low-stress

transmission mirror [J]. Acta Optica Sinica, 2017,
37(1): 0114002.

KRB, RN, BN, . KRR BOUE BT
NS FF T A I]. JeH Rk, 2017, 37(1):
0114002.

Su R F, Liu H T, Liang Y C, et al. Analysis of
adjusting effects of mounting force on frequency
conversion of mounted nonlinear optics [J]. Applied
Optics, 2014, 53(2): 283-290.
Bathe K J, Ramm E, Wilson E L.

formulations for large deformation dynamic analysis

Finite element

[J]. International Journal for Numerical Methods in
Engineering, 1975, 9(2): 353-386.

Spaeth M L., Manes K R, Wismayer C C, et al. The
national igniton facility wavefront requirements and
optical architecture [J]. Optical Engineering, 2004,
43(12): 2854-2865.

Wu L, Chen N N, Fan Y, et al. Surface
reconstruction of large aperture plane optical
components based on method of relative angle

difference[J]. Acta Optica Sinica, 2019, 39 (6):
0623002.

Yy, B, JuH, . MM MERELRORT
oG e mE [J]. 6% %k, 2019, 39(6):
0623002.
Feng J, Bai Y, Xing T W. Fitting accuracy of
wavefront using Zernike polynomials [J]. Electro-
Optic Technology Application, 2011, 26(2): 31-34.
I, FHL, R . Zernike £ 102X i 1 U1 A OKG BE
WD) . el AR I, 2011, 26(2): 31-34.

Luc A. Optimized axial support topologies for thin
telescope mirrors[J]. Optical Engineering, 1995, 34

(2): 567-574.



