| E 48 %5 F£ 24 H1/2021 £ 12 B/ E L

SET 0 4 P K TR DR 2 5

EXEST, RERT, MmN, g4, KEE", 74
U [ B 2 B LG SRR S WL ST T S DR O B A S0 iR %, B 201800
P E R B K 2, dbaT 100049

WE T RS SR A RO LR S0 B OGRS 1R R 22 B4 R £R HOEAURE A S R G, B T 4R
Tl 2 B0 I A 4 R AT SR 22 0 SN L B SE O [ R R A BE O TR R R e L B A DR RO
PURS-& SR R 4T, Bei A& RSB PID 42 0 6% . 230 A7 32 30 22 10 2 B0 i 0 't i iz 06 8 19 5% i OF: A8 fb 45 ) =
B W 2% 258 B 2 () 9 A TS A 25 TE 1 AR PID 3l 2 S B e 2y AR VR R RO ROR o AR R Y
S SBHJE 3y 3 W i 9 38 2 d 000 BRI T 22 AL 8 D vk R AR T 75, 900, [n] I Bt Sl BB Bl ) TR Ak L B AT
RARR T 9D 22 1) D) B  HCAT S0 0 22 B G bk AR T 3100 2647 . 2 S BHLJE 3 77 TR 4R % P AR 408 T #0848 22 K/ I 1y R
JIE B 5t 38 2 045 i A AR TE 31,006 ~75. 90038 Rl N AR L SBT3 B 9 R B A5 D RE L S g 45 R S BN — 2L

REIR YHEOLE SRS SRR Mo I s STRM 22

hESES TP29 N ERIR SR A

1 5 =

T 20 3R R AR (ICF) (5 T R IO e B — A
K2 KOG RS T 2 0 KR 2 TR AT A 2R
B 2h 7 ik s BB B 51 R 1Y ot 2 T AR 4 i R
T T G O RG FRE R KR AT R R I o i R
T B4R 4 [ R 7E 38 AR 2 A0 L (PW) & GOt 3
BULUPW BOESE B BN B W 3 R E
A R

AR R R 22 1 B AF AT B OGO R R
(4956 o B 30 40 i 5] 85T, Homoelle %) il Mahdieh
SR H R B R R O 2R &R 4k TE B i O R
it B AT AT . Wang 2504 — b i A i
AR T [ AR RO R A B I AR O R R IE TR B, R
FH T % #5000 B UK B8 1R (PSDs) {5 5 Z H] 1)
KRR IE A A . Chang % I — R 3L T
KA I3 12 W 4% (LSTMD AT 548 28 8. 58 (GRU)
T HE 4 2 v L3l 2 i B A 3R 4R S 0k i
AL MR EEH M E N, ik, E -V K

doi: 10.3788/CJL202148.2401003

o RO PR AR GE Y S8 S B T — A O
PR & 7 58 4 3 2 RE 46 O AL 25 1 119 2 e 1 43t
TR RS FESCHk LT, A A BR T A R X
B 5% 05k %€ B (NTF) (1 45 0 4k 2h il 47 7 43 #r s
SCHRL10 P a8 T NIF S 5 46 308 R 52 iy Fa
P BB Y AR O BE B i B0 BT O O ol R i 4G R
fi 2 © 0, % Ol o A 1) AR e MEREAT A BT R
Xt AR TR B 45 R A% 0 e BE AT 0 A . MO
Il R 5% 8 A PW #0623 8 b 8208 81 2
23 (] 9 0 & b A 3k 4508 B X B Ol S 1]
U i 3L R o B A7 L D6 A% O B AR D' il
MR A ) A P 2 Y IR, AT Y iR R T SRR
T T A A O S o0 P BE R AR R R L X
P f i DR T SRR AN B AR TR T, FLIE R DB R
I 1) B E VE B R OC ML A M R IR B L . TR L T
ZENOEHLZE # 14 I 3l 72 1 2 A T 0O HUER 1A
We S5O B 2E AT F 5T

LRE B IE S RS A R A A B R
Ja + 3z JH 2l 7 W AR A 40 23 18] 9 B A Ot AL 25 A 1Y

KB . 2021-05-13; f&E HHA. 2021-05-26; KA BH . 2021-05-28
BESTH . hEBEEEESERINSER ST E (181231KYSB20170022) . Hr F BF5 B 5k 0& M 56 SR HE £ (A 25

(XDA25020304)

BE1EHE . “wheui@siom. ac. cn; ™ jqzhu@siom. ac. cn

2401003-1



% 48 % % 24 H9/2021 £ 12 /R E

PR3l . A E HC A Rl 26 A 08 R A% 1R L 3 0 Ak A% R
ARBRIN o B | 2 e il 5 K ORE T AR A A Bk
R W AR AT R R R A L IR ROR &
W EBESMEREMIR LR, N TR
R AT 2% 7 O B [A) R, ) 3 Y 5] ABLJE ST R L 15—
S R BE b A W AR A R [R] I O/ R G IR IR
Asami % BEIE T 3 & G AE AL BLJE I B J1 AR 2
A9 DI A 1] 80 Al AT R0 5% 30 3 45 21 30 0 WAk % 1Y
RIS R, B 3 1 W IR A% BT BIE A A 1B o8
¥, T8 TR AR5 ) AR R K R, 3K
) J1 W AR e RE A AR 30 32 2R G Uk 3l R a2 O A5
(AL AL X 1 B 25 K 2 Bt A7 Bk i 98 B L e 4 5
Fy A5 310 P P AR AT 25 0 R DR R L E
JEW R & CADV A 15 3 28 58 F1BH JE Wk 2% 22 ) B
FEtI AR 7, n] DA BRI 5 A /N B A BT 3R
P R I W IR OR

TR T D RO R GV 2 A
O AT S Gl 5 A A O phy 85 A SRR | B e 4 5
A Y [T A RS Ay B A 22 . i 25 R e TP RO
WE A R 25 AL I BE 3 3 BHLE 3 J1 AR A Y
4R W/ . SRS JE B T3 W AR AT L Ok o B
1o 3RO Z B8 B9 O SRR E 1R L H B 2 BT R
JLARGE . ASSCHESE T #0125 % B 42 6 O
WAL BE R, 45 T kT 32 Bl BHLJE 3 ) W AR
4 2 B I8 5 AR L ML & R 40, 4 S 1 25 () IR 0

SG-II facility

SG-119" beam (SG-I1 UP PW ps beam)  X-Ray Target

a4 O A e 08 A S BT T B A W AR PID
F AP LI SO A RE; ST T E 3
5 1 2 B0 i O AR e R 04 (R Y R A, ST
R I Ak T 5 S 8 T A S AR PID
T 1 R R SEBBELJE 1 A R I 3 13X LRSS
2 58 B AL 21 e A AR G 4 B R X ok T &R
G 4% B AT L 22 0 AT T E S B JE 3h 1 W AR .
IS 0 2 TE) U8 U AR TR O 22 T A G Dipiok 1T
E ML SREOCREMMOL I AR EEN
il A BT T 45 8 B b s ) 0 O AR TR0 25 AE R
FI 35 I AR PID 45 il 3 2l BHL JE 3 77 W% % 1 i
Ji I s ) A R L 2 SR AR B A 3E AR PID 4 i B
AT ARAR BN AT 8 R 2%

B #1290 0 2 B A O B HE AT 7R
B BN 2 A i s AR A L A% S TR
T 7 I B M BE 2 R e B A TR RS B . piOR
I1 Z 50 e 28l ol 2% & 40 v i B 4 0 23 ] i
W 2 41 B A 23 1) Uk AR A S A B R
AR RGBS DL, MG I R 9% 4
T O oR AR B R RN B R 2 T S, 25 () R DR A e S
K SE (G=0,1,,n), A A2 35 B 53 )l iy 44
R Loy ML, . AT 0 B RO B R R
n+2 5 HET a1 BN AT R WOk oRE i
A2 (8 Uk 2% SF, s 72 I i — 5 b, Ok ol o
REBE L BEINELL,

' ot ;=—_ .
5y \ o o Target
| YA fEﬁ C‘hambcr
== for SG-II
B UP

 Target
Chamber

Chamber

SG-II 5 PW facility

BT R 1RO RO B HE A R B

Fig. 1 Schematic of overall optical path arrangement of SG- 1l series laser facility

2401003-2



% 48 % % 24 H9/2021 £ 12 /R E

X
£ SF, SF,

SF; SF,, target area

B2 ol 1 2R 90 3 4 i B 't oA i A6

Fig. 2 Full link beam transmission model of SG-1I series facility

2 JEHULM A TSR R Gl B

23 (& 2R EHUAR & E 2k R WE 3 PR,
2% (B 08 I 45 4% il 2 48 B W D (Oby. ) VRT3 Bi (L)
JE /ML filter pinhole) \JF 2B (L., ) A% 1M (Img. )
AR, PR B R A SO B 5T — A (]
AR S PGB BE (L, o) i 6 O A5 T S B i) 2 i
AR R 55— [ A I HT OB B (L, DA

a [ Ca

filter
pinhole

DA O, K3 [A) DR I8 45 S AR AT 2R 1T Ak Ry Jo - 1 85 - B
JEH A B ESE SRR Gn, —k, —cy smy —ky —cy) JTESS
Vi) 8 D0 4 A iy 2R 9 P W 028 A S HE AT A it fn 8 o g
PR (m, —k,—c,— fosmqg—ky—co— fo) FHEICHLLE
OLEIVESESIDIL) €S tE oIk i E S il) i F S F VD)3
SEHLES K e 10, 55 56 ARG ) 22 ] B G G 3R L 38 2 7 2
HE R G 3 W AR F 2 S80S A Ts Yy
SORE R L AR B G T A% i 22 TR DR 25 0 3 B

-—— - - ——

3 AR AOCHLE G £k RS

Fig. 3 Optomechanical coupling active vibration absorption system in the spatial filter
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PM 70 70 PS PS PM PB PB
PB 70 70 PS PM PM PB PB
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(a) Effect analysis of velocity feedback gain gp;

(b) effect analysis of
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Fig. 9 Control parameter optimization using the optomechanical coupling active vibration absorption system.

(a) Optimization of velocity feedback gain gp; (b) optimization of displacement feedback gain g,
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Table 4 Spatial filter parameters and target deviation control indexes of SG- 1 facility

Spatial filter fie /m m; q; AZ e /pm AZppyy /pm Ax ypva /pm
SF, 1. 000 2.000 0.0034 0.252 0.172 0. 060
SF, 1.956 2.455 0.0043 0.319 0.219 0.075
SF, 1. 860 3.014 0.0137 1.020 0.697 0. 240
SF, 4. 600 3.433 0.0190 1. 410 0.967 0.504
SF, 1.752 1. 000 0. 0499 3.710 2.540 0.874
SF; 3. 950 1. 819 0.0403 2.990 2.050 0.706
SF; 3.231 1. 430 0.0704 5.230 3. 580 1. 230
SF; 9. 856 2.243 0.0518 3. 850 2. 640 0. 907
SF; 14.502 1.470 0.0517 3. 840 2.630 0.906
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Fig. 11 Comparison of shooting error control results of spatial filter in SG- 1 spatial filter
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Table 5 Spatial filter parameters and target deviation control indexes of SG-1I high-energy laser system

Spatial filter fi. /m m; q; AZ g /pm Axppyy /pm Ax gpya /pm
SF, 1. 0000 2.000 0.0061 0. 45 0.31 0.107
SF, 1. 9559 2.455 0. 0076 0.57 0. 39 0.133
SF, 1. 8600 3.014 0.0241 1.79 1.23 0.421
SF, 2.3825 2.960 0. 0556 4.13 2.83 0.974
SF, 1.9971 2.000 0.1327 9. 86 6.75 2.320
SF. 4.0808 1. 500 0.0974 7.24 4. 96 1.710
SF; 4.8643 2.120 0.1733 12.90 8.82 3. 040
SF; 5.6547 1.730 0.2579 19. 20 13.10 4.520
SF; 8. 4876 1. 080 0.1856 13. 80 9.44 3.250
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Fig. 12 Comparison of shooting deviation control results of spatial filter in SG- [l high-energy laser system
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Table 6 Spatial filter parameters and target deviation control indexes of SG- [l upgrading facility

Spatial filter fio /m m; q; AZ g /pm AZppya /pm Ax apya /pm
SF, 1. 800 1. 0000 0. 0400 2.97 2.04 0.70
SF, 2.080 1. 6000 0. 0554 4.12 2.82 0.97
SF, 2. 850 1. 5000 0. 0607 4.51 3.09 1.06
SF, 2.600 2.0000 0. 1330 9. 88 6.77 2.33
SF, 16. 000 6.4584 0. 1396 10. 40 7.10 2.45
SF; 11. 117 0. 9355 0. 1880 14. 00 9.57 3.29
SF; 11. 883 1. 0689 0. 1880 14. 00 9.57 3.29
SF; 11.117 0. 9355 0. 1880 14. 00 9.57 3.29
SF; 11. 883 1. 0689 0. 1880 14. 00 9.57 3.29
SF, 16. 000 1. 0000 0. 1396 10. 40 7.10 2.45
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Fig. 13 Comparison of target shooting deviation control results of spatial filter in SG- Il upgrading facility
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Table 7 Shooting accuracy test data of

SG-1I series facilities

Test system Ax g /pm Axppya /pm Axapya /pm

SG-1I facility 5.41 3.73 1. 30
SG-1I high-energy
laser system
SG-T upgrading
facility
B2 7 A, 2 3 B BH e MR A g 45 1 S st T
BB FTHOS 5. 41 pm FEF] 1. 30 pm, #OE 1T
RO REWATHN EH 7. 67 pm BE 3
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Abstract

Objective

The high power laser facility for inertial confinement fusion (ICF) is a large scientific project with

ultraprecision, long optical path, and many precision components. Any optical interference caused by environmental

vibration, acoustic vibration, or thermal gradient reduces the aiming accuracy and success rate. The confocal lens

pair in the spatial filter is the most important component of SG- I series devices. Considering the phenomenon where

the beam propagation of the confocal lens pair of the long optical path spatial filter deviates from the ideal optical axis

and causes poor pointing stability, the existing solutions involve processing the optical elements with higher accuracy

or using the beam stabilization technology. Neither of the two solutions starts from the root, and the vibration
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response of the optomechanical structure affects the beam-pointing stability. The beam-pointing stability has been
analyzed by assuming that the structure’s vibration is known but the structure’s transmission characteristics under
excitation have not been analyzed. Further, active damping dynamic vibration absorption can be used to analyze the
pointing stability of the ICF facility, but the theoretical analysis has not been reported. Therefore, studying the
beam-pointing convergence accuracy from the perspective of optical mechanical structure vibration control is
necessary.

Methods The full link beam propagation model of SG- I series facilities was established, and an optomechanical
coupling system of spatial filter based on active damping dynamic vibration absorption principle was provided. The
peak value formula of the spatial filter's output optical angular response was derived, and an adaptive fuzzy
proportional-integral-derivative (PID) active controller was designed to realize control parameter self-tuning. The
influence of active control parameters on the peak value of output optical angular response was analyzed. The control
efficiency was defined, and the control parameters were optimized. The adaptive fuzzy PID control algorithm
realized the adaptive tuning of the damping. The active damping dynamic vibration absorption control was conducted
for the shooting deviation of SG- Il series facilities. The calculation formula of the shooting deviation of the spatial
filter was derived. It analyzed the control effect of space filter shooting deviation of SG- Il series facilities before and
after active damping dynamic vibration absorption by adaptive fuzzy PID control.

Results and Discussions The peak value of output optical angular response degenerates from two formants to one
formant with the change of excitation frequency, and velocity feedback gains control parameter g,. With increasing
control parameters, the maximum value of output optical angular response first decreases and then increases,
indicating that there is an optimal velocity feedback gain to minimize the peak value of output optical angular
response. The response amplitude of the entire frequency domain is controlled below the optimal parameter’s peak
value [Fig. 8(a)]. When g, is 80, the parameters are optimal, and the control efficiency is the highest, reaching
75.9% [Fig. 9(a)]. When the excitation frequency and the displacement feedback gain control parameter g,
change, the peak value of the output optical angle response is positively correlated in 18—-20 Hz and above 28 Hz and
negatively correlated below 18 Hz and in 20-28 Hz. The overall tuning control amplitude is small, and the narrow-
band excitation frequency band even increases the peak value of the output optical angle response, making it
unsuitable for peak value control of the output optical in the full frequency domain [ Figs. 8(b) and 9(b)]. The
maximum target deviation of the spatial filter of the SG- [l facility appears in the sixth stage, and the output deviation
after optimal control of active damping dynamic vibration absorption is 1. 23 pm (Table 4 and Fig. 11). The
maximum target deviation of the spatial filter of the SG- [l high-energy laser system appears in the seventh level, and
the output deviation after the optimal control of active damping dynamic vibration absorption is 4.52 pm (Table 5 and
Fig. 12). Compared with the later spatial filters, the 0-, 1-, and 2-stage spatial filters can achieve the function of
shooting deviation without dynamic vibration absorber, and the 3-stage spatial filter only requires a passive damping
dynamic vibration absorber. The maximum target deviation of the SG- [l spatial filter upgrading facility appears in
the fifth to eighth level. After optimal control of active damping dynamic vibration absorption, the output deviation is
3.29 pm (Table 6 and Fig. 13). After controlling the active damping absorber, the shooting accuracy of the SG- Il
facility is reduced from 5.42 pm to 1.30 pm, the shooting accuracy of the SG- I high energy laser system is reduced
from 7.67 pm to 1.87 pm, and the shooting accuracy of SG-II upgrading facility is reduced from 6.52 pm to
1.57 pm. After designing the passive damping absorber, the active damping absorber can tune the damping to the
optimal value according to the specific working conditions. Therefore, the effect of dynamic vibration absorbers is
better than that of passive damping (Table 7).

Conclusions When the active damping dynamic vibration absorber is tuned to optimal damping, the shooting
deviation is reduced by 75.9% compared with the traditional method. At the same time, the passive damping
dynamic vibration absorber reduces shooting deviation by about 31% compared with the traditional method.
Additionally, the active damping dynamic vibration absorber can adjust the velocity feedback gain based on the
shooting deviation. Consequently, the control efficiency varies from 31.0% to 75.9%, which realizes the feedback
function of adaptive adjustment. Therefore, this method has a good application prospect for improving the shooting
performance of laser facilities in service.

Key words physical optics; optomechanical coupling; dynamic vibration absorption; SG-1II; target deviation
OCIS codes 140.3490; 220.4880; 220.3630
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