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Fig.1 Tracking rack structure
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Fig.2 Finite element model of tracking rack
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(a) Stress nephogram under static wind load

1%
Displacement/mm
Max
RKR 3.2667x10°

B 994 5% 107
s 27222%10°
2.4500x 107
2.1778x 107
1.9056x 107
1.6334x 107
1.3611x10°
1.0889x 107
P 8.166 8% 107
P 54445 % 10°
_— 2.7223x 107
/N 5.6089x 107
Min

(b) AN T AR 2 K]
(b) Displacement nephogram under static wind load
3 BERETHAMBRE

Fig.3 Stress and displacement nephogram under static wind load
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Tab.1 Modal values of the first 6 orders of the telescope tracking

rack structure
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Fig.4 1st-3rd order mode displacement nephogram
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(a) Stress nephogram under dynamic wind load
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Fig. 5 Stress and displacement nephogram under dynamic wind load
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(a) Stress nephogram under sea wave excitation
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Fig. 6 Stress and displacement nephogram under sea wave excitation
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Fig. 8 Specific implementation process
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Fig.9 Test results
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Tab.3 Relative error of calculated modal and test modal
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2 51.43 49.65 3.42

3 68.62 66.86 2.56

4 77.60 78.93 1.71

5 86.58 87.38 0.92

6 112.55 113.89 1.19
4 it

BEXTMSEE 2. 5 m 1 4% 2R e e - IR i AR 1 Ui I
TR R g5 R R e PEAR AL R A BRI T vk T
TR B AR AG SE R AR . AR SRR b AT AR B
25 KA At NS 25 R AT, LA S I TR 8 2 22 A4 i ok
FIREE T A ST -

)R E S12 M sh 23, 4564 FRoC 7 kit
FPBRURIT G A5 AL A I . ARG 1 ~ 6 B iR Y
A 4 51k 40. 15, 49. 65, 66. 86, 78. 93, 87. 38,
113. 89 Hz.

D) IE AR VR T, BB 25 M B B KR g
B K /N K 14.07 MPa, JE 747 & i K 4 0.03 mm;
TESh S KERAAVE T, S50 35 K 1 K 3. 92 MPa,
I KIEAE# 4 0. 01 mm.

3)FEMHIRIIVE R R, 45 F N F106(E R 5. 88 MPa,
B AR WA R 0. 02 mm, 491785 12 45 44 5 B T 1 2SR

4) R0 3000 75 1) R R AR R A ARy 42. 84
51.43.68.62.77. 60.86. 58 .112. 55 Hz, 515 H45 1Ay
AT 22 /N T 10% PRI, 245 A R0 TTF4h # i 12
P B R BT T 0l T R .

2 % L ik (References)

[1] PRABAHAR P, RADHAKRISHNAN N. Thirty meter telescope
(TMT) research as reflected in web of science: a study [J]. Sci-
ence & Technology Libraries,2022,41(4) :440-452.

[2] ITOH N,MIKAMI I, NOGUCHI T, et al. Mechanical structure of
JNLT: analysis of mirror deflection due to wind loading [J]. Ad-
vanced Technology Optical Telescopes IV,1990, 1236:866-877.

[3] DE CICCO D,BAUER F E,PAOLILLO M, et al. A structure func-
tion analysis of VST-COSMOS AGN[J]. Astronomy & Astrophys-
ics,2022,664:A117.

[4] KANF W,EGGERS D W. Wind vibration analyses of Giant Ma-
gellan Telescope[J]. SPIE Proceedings,2006,6271:271-283.



5 47 B4 5

RPN, A ORI A B B R AR O A E 1R A

117

[5]

[10]

[11]

[12]

[13]

YRR KB, B R A, A IR R AR R T AR (1 5
BrlI]. e A ,2005,31(1):41-43.

FENG Shulong, ZHANG Xin, WENG Zhicheng, et al. Study on
deformation of surface figure of large-aperture mirror in tempera-
ture field[J]. Optical Technique,2005,31(1):41-43. (In Chinese)
JEER . R AR B B R G R R A B TR S (D). KA P
Fh2ABE W 50 Az e (R AR 27 K 3 HLBK -5 9 BT 98 T ) , 2011
57-79.

ZHOU Chao. Research on modeling and simulation analysis for
large telescope system[ D ]. Changchun: Changchun Institute of Op-
tics, Fine Mechanics and Physics, Graduate School of Chinese
Academy of Sciences,2011:57-79. (In Chinese)

B, EOCHE BC. 12 m B B IR ER AR A R S A i
(V] KRR TR CARBIEM) ,2019,42(1) :64-67.
ZHAO Yongzhi, WANG Wenpan, DUAN Wen. Structural design
and analysis of the 1.2 m telescope tracking mount[J]. Journal of
Changchun University of Science and Technology (Natural Science
Edition),2019,42(1):64-67. (In Chinese)

AERL. 1 m ARG 2 A ORI BT 5 07 B 1T
FE[D]. KF P EBEBE I A B (K FOLART R LR S Y BT
FE1),2013:61-90.

SAN Xiaogang. Research on optimization design and simulation
analysis for the key components ofIm aperture photoelectric theod-
olite [D]. Changchun: Changchun Institute of Optics, Fine Me-
chanics and Physics, Graduate School of Chinese Academy of Sci-
ences,2013:61-90. (In Chinese)

TR, ZEE dm R, 5. LAMOST £5 mi LI (17 BR JC 43 Hr
SOty E b SR, 2004,33(7):91-93.

WANG Guomin, LI Guoping, CUI Xiangqun, et al. Finite element
analysis and optimization of LAMOST focal mechanism [J]. MIE
of China, 2004,33(7):91-93. (In Chinese)

ZUO H,YANG D H, LI G P. The finite element modeling and ther-
mal analysis of the special focal plane of LAMOST/[ C ]//SPIE Pro-
ceedings", "Ground-based and Airborne Telescopes III. San Diego,
California, USA. Bellingham: SPIE,2010,8:77335I.

S REN, AR 28 R B R BR LRSS M T 5 4
BrlI]. RiFE,2020,41(5) : 885-890.

ZHANG Yan, CHEN Baogang, L1 Hongwen, et al. Structure de-
sign and analysis of tracking frame for horizontal telescope [J].
Journal of Applied Optics,2020,41(5):885-890. (In Chinese)
b, R, MR, A MR A AR B B T A il g | L A
AR S IEIE [T ], Jeshia T4 ,2022,30(23):3021-3030.
WANG Honghao, WANG Jianli, CHEN Tao, et al. Measurement
and calibration of optical axis changes caused by gravity for
ground-based large-aperture telescope[J]. Optics and Precision En-
gineering,2022,30(23):3021-3030. (In Chinese)

LZHE RSO A A ROREEENE ik [T]. Al

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

HL T ,2015,32(12) : 1649-1652.

AN Qichang, ZHANG lJingxu, YANG Fei, et al. Overview of wind
load analysis of large telescope[ J]. Journal of Mechanical & Elec-
trical Engineering,2015,32(12):1649-1652. (In Chinese)

BLUME K,ROGER M, PITZ-PAAL R. Simplified analytical mod-
el to describe wind loads and wind-induced tracking deviations of
heliostats[ J]. Solar Energy,2023,256:96-109.

s . MR S EMHTRBTH M ] IR I R Tl R
JiAl,2014:15-26.

WU Yue. Wind engineering and wind-resistant design of structures
[M]. Harbin: Harbin Institute of Technology Press, 2014: 15-26.
(In Chinese)

LR, LD, RN, 45 . DBl ZR 4 A s F R R 4
TETRITRAE (], e TR ,2017,25(11) :2889-2894.
YANG Libao, LI Yanhong, SAN Xiaogang, et al. Improvement of
resonant frequency characteristics of photoelectric tracking system
with new bearing structure[J]. Optics and Precision Engineering,
2017,25(11):2889-2894. (In Chinese)

A7 A8, AR LS, B . 2 m GCEE I 5 R B AR s T R e B A g
SABTLT]. ek TR ,2018,26(3) :654-661.

DENG Yongting, LI Hongwen, CHEN Tao. Dynamic analysis of
two meters telescope mount control system[J]. Optics and Preci-
sion Engineering,2018,26(3):654-661. (In Chinese)

TR . ANSYS WorkBench 19. 0 ZERiEA ] 5 TRESEE (M. b
A NBHBHL AL, 2019:177-183.

JIANG Minsheng. ANSYS WorkBench 19.0 basic introduction
and engineering practice [M]. Beijing: Posts & Telecom Press,
2019:177-183. (In Chinese)

ZHANG M J,ZHANG J X, CHEN H Y, et al. Probabilistic wind
spectrum model based on correlation of wind parameters in moun-
tainous areas: focusing on von Karman spectrum [J]. Journal of
Wind Engineering and Industrial Aerodynamics,2023:234-237.
CHEYNET E, DANIOTTI N, BOGUNOVIC JAKOBSEN 17, et al.
Unfrozen skewed turbulence for wind loading on structures[J]. Ap-
plied Sciences,2022,12(19):9537.

HUTAHAEAN S. Correlation of weighting coefficient at weighted
total acceleration with Rayleigh distribution and with pierson-mos-
kowitz spectrum [J].
ing Research and Science,2019,6(3):249-252.

MAZZARETTO O M, MENENDEZ M, LOBETO H. A global

International Journal of Advanced Engineer-

evaluation of the JONSWAP spectra suitability on coastal areas[J].
Ocean Engineering,2022,266(P2):112756.

BOCQUET S. Ocean wave autocorrelation function [J]. Applied
Mathematics and Computation, 2022 ,426-432.

HAMIDZADEH H R,JAZAR R N. Vibrations of thick cylindrical
structures[ M |. Boston: Springer US,2010:47-56.



118 HL M L 53 2025 4F

Stability analysis of a shipborne large aperture telescope tracking rack

LI Yingjie'> YANG Libao' CHEN Tao' LI Hongwen'
(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun 130033, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to gain insight into the stability of the tracking frame structure of shipborne large-aperture telescopes,
the stability of typical ground-level telescope tracking frames was studied. According to the external load borne by the
equipment in the case of ship, the external load was parameterized and entered into the finite element software. The pre-
treatment software and finite element software were used to analyze the structural deformation under static wind load. Then,
the natural frequency of the structure was solved, and a simple response spectrum analysis calculation was proposed instead of
the tedious random response analysis to analyze the stability of the equipment under dynamic wind load and wave excitation.
According to the stress and deformation values obtained from the results, it was ensured that the shipborne telescope tracking
frame theoretically meets the strength requirements and design accuracy requirements under shipborne conditions. Under the
static wind load, the maximum stress value of the tracking frame structure is about 14. 07 MPa, which was less than the yield
strength of steel 355 MPa, the maximum deformation variable was about 0. 02 mm, which was less than the design accuracy
error coaxiality ¢0. 1 mm, and the natural frequency 1st-6th order mode value was 40. 15, 49. 65, 66. 86, 82. 93, 91. 38,
115. 89 Hz. Under dynamic wind load, the peak value of structural stress was 3.92 MPa and the maximum deformation
variable was 0. 01 mm, and under the excitation of ocean waves, the peak of structural stress was 5. 88 MPa and the maximum
deformation variable was 0. 02 mm, which was less than the yield strength and design accuracy error coaxiality of steel. The
error between the modal value obtained by the modal test and the calculated modal value is within 10%. Combining
theoretical simulation and practical tests, the tracker structure can work normally under shipborne conditions.

Key words: Shipborne telescope; Tracking rack; Finite element analysis; Modal testing
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