| 41 % %21 8/2021 £ 11 B/RF2R

EEERIK

Je T e R EE AR E 4 1 P R R e T o2
EXOEVY, KRBT, I RN, 244, AHE, $34)

b [ B e B ﬁ%ﬁ&ﬂfjﬁﬁﬁﬁ@?mﬂj@%ﬁ;‘c%ﬂ%%% 2%, ¥ 2018003
PR E BB R, dEET 100049

WE RTINS T G AT 1) 8 AT SR 4 [0 851 LR v AR 4 S 56 118 7= ) o o, 42 HB 6 R RO B
Je# (TLCD) S IF 624 6 T R A BRI, IR SR O IR R 42 1) RN S ks (9 3 7 & 28Xt TLCD A7 R BE
ST S A R RS o6 TLCD [R5 i F R & R G T B S s X R E A
FRGE AT W N R BT B S B A s 35 J5 %o B Selm o7 Y2 SRS HEA T IR UE A3 B . 25 SRR EH , M B AR b — 2 i
AEAE— I RS H T DL AR SOR BT 5 AR, FE ARG AL (IR BCRIA B 66. 76 %6 ; [l 1 P8 45 /NFLAR 7T LA AR
TLCD WidR & Gid & Se sl 0 T.00 SR 622 65 30 7 W B A8 0 i A R 2 e ST hE B, A RG22 S0 3
FEERTHRHE T — B0 A 25k il Bt .

EEIR BT RIPEFTA WIRIRAEBRE RS WERRS Rtk S5k

hESES  TP29 XEERERE A doi: 10.3788/A0S202141. 2122001

Stability of Air Floating Optical Platform Based on
Optimal Tuned Liquid Column Damper
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Abstract In order to solve the problem of ultra-low frequency vibration reduction of air-floating optical platform in
horizontal direction and improve the output quality of ultra-precision experiments, the fluid-structure coupling theory of air-
floating optical platform based on tuned liquid column damper (TLCD) is proposed to achieve optimal tuning control and
improve experimental accuracy. First, the principle of TLCD is analyzed and the design range of natural frequency is
deduced. Second, the fluid-structure coupling system of TLCD air floating optical platform is modeled and deduced. Then,
the response characteristics and parameter optimization of the convection-solid coupling system are analyzed. Finally, the
time-domain response and optical experiments are verified and analyzed. The results show that when the natural frequency
ratio is constant, there is an optimal damping ratio which can make the maximum vibration reduction efficiency, and the
vibration reduction efficiency at the resonance peak reaches 66.76%. At the same time, the TLCD damping system can be
suitable for broadband excitation by adjusting the keyhole plate, and the effective control of the dynamic response of the air
floating optical platform is beneficial to improve the experimental accuracy, which provides an effective control means for
the improvement of the quality of ultra-precision experiment.
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Fig. 2 Fluid-structure coupling system of air floating optical platform with tuned liquid column damper.

(a) Embedded TLCD air floating optical platform; (b) trial TLCD air floating optical platform
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Fig. 5 Vibration reduction control model of fluid-structure

coupling system of TLCD air floating optical platform
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(a) When ¢ =0.95, variation curves with frequency ratio w/w, and TLCD damping ratio &;; (b) when ¢ =1.00,

variation curves with frequency ratio @/w, and TLCD damping ratio &4; (c¢) when ¢ =1.05, variation curves with

frequency ratio w/w, and TLCD damping ratio &;; (d) parameter optimization curves of TLCD damping ratio &,
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Fig. 7 Analysis of time-domain response characteristics of air floatation optical platform. (a) Slope excitation response;

(b) harmonic excitation response

2122001-6



%41 % &£ 21 81/2021 &£ 11 B/RFFR

j H T R s R DX, F T 7 Ch) R R T 9 Ul e
7 (4G A i DX R 4% 1 5% il 288 9 B 1% T B 1) i
WA S22 B A Ak, 24 TLCD A9 FHJE Fb B s A
B, 2l e )7 e L4

PR 5 3 3 A S 8500T LUR B <7 e
PRI e /NS ER, SE R T80 A ml b 18 3 LA 52 R f ARG
Pl IR E T B AR R B A T B A
A3 EE iR
3.2.2 RF RS

Sy 2 T ZEMAX Y 7 401 1 455 750 3 47
RTS8 h— A R TE RIS B B iE S
RELEOGH R G, LRGP L 22 m
FEHA Y 7 B AW CCD (Charge-Coupled Device)
M. ZEMAX /R FIRRL > Hr v B4 706 A0
MCCDAN G, % A3 A P 6251 6 B 7K P %

N 2 FETCHE A TLCD SR e L S 808 6 T & 5
BB L. KiEMN TLCD MRS
WILR LRI N 10 pm, B ZEMAX K45 3% 5
BERG, MY ¢ 43N 0.95.1.00 F1 1. 05 i, %
A1 TLCD B JE b 2 500 il T 8 5% 45 05 0 I #2
LA 9 i, o dse ™ 5 9 S FRAR SR AR TS
He L7 A TR B BT A SR A7 A, Hp TE) A B
ANTR] [ 0% L AR S DR BR e S B0 T 175 a5

lens
—_—
laser __7_':_‘:::7 . CCD
==
{=.

Kl 8 BHRHELRADLH AL

Fig. 8 Optical path system of lens focusing experiment

(a) @ 2,999, 3.9 %) (b) @ 5,999, 3.9 1w
Suatacn: 93 o0: 3.0, 2.9 Sutace: 9 o0: 3., 2 e
Spot Diagram Spot Diagram
22/5/14 Taits are . Airy Radias: €12.9 = 222/5/14 Taits are . ey Ratias: 6229 =
Field  : 1 Field  : 1
5 cadias @ .20 B cadi €.00
@0 radizs : 12002 LENS . MX @0 radias : 10024 LENS . X
Scale bar_: 82 Feferesce : Chief Ray Conz4 tion: A1l 3 Scale bar_: 80 Referesce : Chief Fay 24 tion: A1l 3
@ 2,999, 3.9 1a5h @ 2,999, 3,99 1w
© (@)
Suatace: 23 20: 2.0, 3.9 e Zuatae: 22 20: 3.0, 3.9 e
Spot Diagram Spot Diagram
220/5/14 Caits are . Airy Radias: €129 = 2225114 Gaits are . Aiey Ratizsz €009 =
Field  : 1 Field 1
5 radias : 6.5 S cadiss 5.5
@0 radizs : 10024 LENS . 2MX @0 radizs : 10024 LENS . 2MX
Scale bar_: 82 Teferesce : Chief Fay Conzi ion: A1l 3 Scale bar_: 82 Referesce : Chief Fay Confi ion: A1l S

Bl 9 ZEMAX B4 B HAEARR ¢ (T M RELI 0 450 SO =FE LA BERXT L. (2) $=0.95; (b) $=1.00;
(©) $=1.05; (D)l ()~ () ECRXS e
Fig. 9 Experimental analysis results of focusing lens with different ¢ values in ZEMAX software and comparison of its

effects in three cases. (a) $=0.95; (b) $=1.00; (¢) $=1.05; (d) comparison of effects of Fig. (a) —(c)

FH L 9 WY, 385 5 1 SR BB N AR A [R] 1) i1 A 0
R R BT KR R T Y A S L R 1. 00
B, 72 B2 b2 805 i 19 1% 00 R 07 & i Ry S
3.324 pm M B PN B EEH LR T A
67 % s S EA BRI N 0. 95 I 7EBHJE L S8 Al
PG T BB A SR N A 4. 152 pom s i 25 FRAEA

BTG RTE T2 58 %6 s A BR LA 1. 05
I FERHE HE S B I A1 B a2 458 13 152 3% 1 7
5. 216 pm, fl B BELAE A7 BB G LR T T4
49% . ZEMAX a5 R 5 F 6 i1 il
BORAA—Z, UL F 15 3 7 Wi 17 B9 A % 4%
] A M) T v a2 1) SR A R Dy K 4 S i S

2122001-7



AT AL T A R T
3.2.3 TLCD #h /1 ¥k 5 3 o7

J T HEEH WM EAE TLCD % BAR S F6
FR 3 7 e R Ak R L BE B 10 9 TLCD $5 761 5256 &
G, R RIEEEFA (1) . TLCD(2) . PCB il
FEALIRES (3) LRI DASP(4) J 422 DASP 43 #r
BRI AL B, SE 50 4% BTS2 F1 2 %€ TLCD
PR T TR 62T 65 0 BE AL R 3464 7% L
G3HT . AR A S Y SR A AR « I A A
SIFIEF- 5 B BEALR R A5 -55 1% 326 45 4R 1 DASP,
AL 3 B ENLE) DASP S0 81 rh #EA7 RAE L 43
BT Ab 3, LA L A A 25 SR AN 11 s . 49

0.15

0.10

0.05

Amplitude /m

-0.10

-0.15
0

t/s
10°

— —
S S
IS 9

Amplitude /(m-s™)
-
15

108

10° 10! 102
Frequency /Hz

B AEEes P G R BEHLIE A LS5 74T .

() TeH ) 5 TLCD 24 k38 m 17

%41 % &£ 21 81/2021 &£ 11 B/RFFR
JilA A 0. 25 Hz B, SO 622 & 1 Bl ATL e 3 455
T LESE IR A5 SR R 2 FoR .

=

T

E 10 TLCD #5286 2 40

Fig. 10 TLCD control experimental system
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Fig. 11 Comparative experimental analysis of random response of air floatation optical platform. (a) Comparison curves of

time domain response without control and TLCD control; (b) comparison curves of acceleration frequency domain

response without control and TLCD control; (c¢) comparison curves of velocity frequency domain response without

control and under TLCD control; (d) comparison curves of displacement response in frequency domain without

control and under TLCD control
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Table 2 Experimental results of random response control of

air floatation optical platform at 0.25 Hz excitation

frequency
Uncontrolled TLCD Damping
Parameter o

(NO) control  efficiency /%

Acceleration /(mes ) 0.06009  0.01668 72. 24

Velocity /(mes™ ') 0.03825 0.01189 68. 91

Displacement/m 0.02435  0.00757 68. 91
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