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Abstract: With continuous increases in the apertures of ground-based telescopes, the size and weight of
the lens barrel structure is becoming greater and greater, and the spatial position change of the primary and
secondary mirrors caused by the finite rigidity of the structure and the change of the gravity field is becom-
ing increasingly obvious. The accurate measurement and correction of the deflection of the primary and
secondary mirrors of a large-aperture telescope is a necessary prerequisite to ensure its imaging quality and
pointing accuracy. Based on the structural characteristics of a large-aperture telescope, the factors affecting
the position and attitude of the primary and secondary mirrors are analyzed, and an optical measurement
method based on the internal focusing collimator is proposed. A telescope with a distance of 5.5 m be-
tween the primary and secondary mirrors is measured as an example. The maximum radial offset in the
horizontal direction is 196 pm, the maximum radial offset in the vertical direction is 16 pm; the maximum

angular deflection in the horizontal direction is 2. 6", and the maximum angular deflection in the vertical di-
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rection is 12.8”. Finally, the measurement uncertainty involved in this method is analyzed. The com-

bined standard uncertainty of measuring radial offset is 9 pm, and the combined standard uncertainty of

measuring angular deflection is 0. 65", meeting the alignment accuracy of large-aperpure telescopes.

Key words: ground-based telescope; large aperture; deflection of the primary and secondary mirrors; ac-

curate measurement; internal focusing collimator
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Fig. 1 Structure of large-aperture telescope
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Fig.2 Schematic diagram of deflection error of primary

and secondary mirrors
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Fig. 3 Measuring principle of radial offset of primary and

secondary mirrors
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Fig.4 Measuring principle of angle deflection of primary

and secondary mirrors
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Fig. 5 Radial displacement measurement
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Tab.2 Position offset test data (pm)
WA 0w a4 a a
/) . : g
88 16 196 16 196 16 196
83 15 192 15 194 15 193
78 14 188 13 192 13.5 190
73 13 182 11 186 12 184
68 12 172 10 175 11 173.5
63 11 165 11 172 11 168. 5
58 10 154 10 158 10 156
53 10 145 9 152 9.5 148.5
48 8 135 9 141 8.5 138
43 7 121 8 131 7.5 126
38 7 105 8 115 7.5 110
33 6 89 7 97 6.5 93
28 5 78 7 85 6 81.5
23 4 66 6 76 5) 71
18 3 47 6 57 4.5 52
13 3 35 3 42 3 38.5
8 0 15 3 22 1.5 18.5
3 0 0 3 10 1.5 5)
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Tab.3 Angular deflection test data (")
fffrm i . Ty, T, Ty, T, T,
/(%) ) ) ' ’
88 2.6 12.8 2.6 12.8 2.6 12.8
83 2.6 12.5 2.9 12.6 2.75 12.55
78 2.5 12.2 2.4 12.4 2.45 12.3
73 2.5 11.9 2.4 12.2 2.45 12.05
68 2.5 11.5 2.3 11.7 2.4 11.6
63 2.3 10,9 2.3 11.4 2.3 11.15
58 2.1 10.5 2.1 10.9 2.1 10.7
53 2 9.9 2 10.3 2 10. 1
48 1.8 9.3 2 9.8 1.9 9.55
43 1.6 84 1.9 9.1 1.75 8.75
38 1.5 7.7 1.5 84 1.5 8.05
33 1.3 6.9 1.4 7.2 1.35 7.05
28 1 58 1.1 6.3 1.05 6.05
23 0.7 4.6 1 5.2 0.85 4.9
18 0.6 3.5 0.8 4.1 0.7 3.8
13 0.3 2.4 0.4 32 0.3 238
8 0.3 1.1 0 1.7 0.15 1.4
3 0 0 —0.2 1.1 —0.1 0.55
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Fig. 6 Position offset curves of primary and secondary

mirrors
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Fig.7 Angle deflection curves of primary and secondary
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(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

N UBEAR B A R e e R 9. 67,
45 K 3. 27, KV 1) Y A BE i e e A Oy
Fo ST AR LN 2 R R /N X T S PR A
Ay phy 0 T S S ) WA A, 32 0 AR I 9 AR B
RECIR 285, 45 161 b Jal Xk Bk 45 48, A7 BR JC 20 A A 7 2
IKAFT7 1 B AR o TR, S5 o 00 e 9 2R T R S
B 3 B A5 LI O

YR B AR X A E A D e 15 2 03 A K S I 4
HAREL /N 3K S 1 T AT A8 K Heaxpod - 5 258 A
B B AT PR R AL BE A8 A1 G 3t A £ TS £
LR

6 N =R T S

6.1 FERRBUEFAHEE

78 1) A B 000 i %) AN 0 R S e PR 3R R A
CCD #R M #4555 50 B2 BOHS B2 5 | S 19 A i o i
wy, WA GG 5 30 5 L 0 A 22 BE w., N
FEOC A R 22 28 VR R S5 AL W) 2 5 | RS 9 S 1 R BE e,
DL KR B R 5 R B N B 8 B vy HoHP g T
PLgE it o3 B, 558 36 1 5% 25 0k R AR, MR A
BAVFRE sus, us, us AV LA G207 018 R
ZW AT BUE R B2 ik
6. 1.1 CCDIRM FB48 5 SR BOH E 7] A6 TR

o

IO 6 A8 A5 A AR R A, CCD 30 45 12 B
JDIRIINE 20 G =1L G T 11 =5 [ 0 7 = 2 1
24707 0.004 mm, M) 2,=0. 004 mm.,
6.1.2 WIABELE RIS ARNRHZE

BRSNS R R i R S e 3
B 4 £ Bi 41 5 3 & 5% e O Bl e O B RO 002
mm, Y u,=0. 02/3=0. 006 mm,
6.1.3 AMIABRERZEHEELEMRAE LW

AR

45 K W BE A Ak B 5 h 51 R O A
i 5 X 000 2 %) 5 ) e K, DA B 4 e R R A A
Tl A8 v ™ A% ORI I8 28 G FR oC 43 Hr , #A B e %
a e REEMIAE 0. 5", 6B AR 2% d=5.5 m, i
us=ad/3=0. 000 46 mm.
6. 1.4 BERARG AR

AN B B2 /N F 5 ming, 7825 R KT R
W AT RS REA D), 10 s HR D 25 0
it B /£ 5 min P72 £k (19 B K fH 24 0,009 mm, W

http://www.cnki.net



% 23 ]

MR M, 45 2 R AR B e 5% VR B3 S UL A RS A 0 3019

u;=0.009/3=0. 003 mm,
A IR 22 51 AR A AN B 5 JEE G A EL R ST )
RO RO e, 42 100 i 2% TNk 1) 3 10 o AN 180 2

BEH
4
u= Zulvz =0. 009 mm.
i=1

6.2 AERENETSHEE

61 2 e DN 1) AN A E R R R DR R R AT
DA PR DN A5 A5 B 4R BORS JE 5 1R /Y A 1 S
wy, R RO IR AR % 25 5 7B AN 8 0 2 e, N A
FOLE DL S 3 T A A E B ws, W RO
L2 B 2 ) R A5 R W 5 L B AN R E T e, O SR
L0 S YA R ) S E B s, LA R TR B SR
TG BN E B wse o, w0, w, AT LAGEIT O3
B, FH S 36 bs 1 R 22 R SR AL, MOR A B E
s, s s, ug AN BEFGETTH o0 Mk 55 AR 4 2 g A 0
B, R BT E 7 i .
6.2.1 SEEIRM B &SRB A6 R

L

T A8 (8 AR R AG B A, DI A N 48 41 B
[t 22 U A2 I A SR e ROME, T AR
224017 0w, =0.1"
6.2.2 WIABLEIREIR LT KRG RH T

5 181 7 57 B, 22 UCCH BT R 5 A 1R AR O A A 1R
s BT SR AR T SR A U Y RO T B s
2290.2" W u,=0.2" .
6.2.3 MIABELET MR AN RAHTE

PN ] £ B 21 PR BT B B O it oy
e A £ BT 41 52 3 R e A R I R 2 R OR
0.3", B u;=0.3/3=0.1",
6.2.4 AMIAERERZFAELEMRET ALY

AR
S5k W R AE AR AL g 37 b SR BOLA A

SH LWk

[1] BELY P Y. The Design and Construction of Large
Optical Telescopes[ M. New York: Springer New
York, 2003.

[2] #RA&. RXZZHEREAET[M]. B A
Kz AL, 2020.

CHENG J Q. Principle and Design of Astronomi-
cal Telescope [M]. Nanjing: Nanjing University

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

i Bt o D0 e T 2 TR I, O A S e PR R S
Bt B v A O E I A A BR OT A BT L A R
B REEHIE 0. 57 W u,=0.5",
6.2.5 REEIENE RG] AR H T

A OGS 20 R 208 B B bR E T
L N R RIRZE N 17, W w=1/3=0. 33",
6.2.6 BEALAARIN AR EE

#AS ) H ad AE/NTF 5 ming, 78 255 9 KT
WEE AT RFF ARG A, 0 s R0 &5
HAE AE 5 min AR fb B B R E R 0,37, W) ue=
0.3/3=0.1",

2 T 15 25 5| R (A8 A8 BE 43 o AH Bk N7 D)
AHOC R B, DU o A% 1 A A% 19 5 180 T AN 1

6
u= > u,>=0.65".
i=1

AR SR ORI AR B B S R B D0 B Y
R B — R PN O RO A A5 5 - T 5 AR
I 45 B 56 Tl0 27 B PRI OAL A I 8 7 3k, e A 1
PROTVE B B AR SRR IR X — [E] R 5.5 m A FE IR
B PR AT A5 LRG0 , A5 2K P 5 1) B AR 1] i
# #5 Ko 196 pm, T B 5 1] B 4% 1) fif 7% f KA
16 pm, 7K - J7 [ B 3 J3E Qi % Be K 2. 67, T8 LT
I 1) A B Al 2 e K ok 12,87 Tk 45 L (1% 5 & 1k
B o B a0 s ik B N E R AT AT
T 7 A28 1) i % 11495 WG RS B AE BE Ol 9 o, T
FF1 I A 7 1) 5 JOPR THEAS B E BE R 0. 657 0 %7 1%
- K R R L R R T AR B BRI 2 &R G X U
K2R

Press, 2020. (in Chinese)

(3] A, skigok, & 24, & RO RN B &

FHR R EAEIT] bF mE LA, 2014,
22(1): 85-91.
SUN H, ZHANG H B, CAO L. H, e al. Error
compensation for primary mirror shaking of large ap-
erture optical detection equipment[J]. Opt. Preci-
sion Eng. , 2014, 22(1): 85-91. (in Chinese)

(4] FT %, F75F, BE, F. 1 mZHKHBEEEE

http://www.cnki.net



3020

e

K TR

030 %

[5]

(8]

I T 22 OB R e AL o AT L), s EOK
2016, 38(10): 870-876.

DONG X Y, XU F Y, CHEN J, e/ al. Analysis on
optic axis deviation induced by lens position disorder
of 1 m new vacuum solar telescope [J]. Infrared
Technology, 2016, 38(10): 870-876. (in Chinese)
M, AL, RER, F . MAZEAR 123 m BT
BECHLRGE M), #kb bd 5k,
2012, 49(3): 136-140.

YANG F, MING M, CHEN B G, et al. Influence
of diversification of elevation to the opto-mechanical
system of 1.23 m telescope [J]. Laser & Optoelec-
tronics Progress, 2012, 49(3): 136-140. (in Chinese)
BT AL MRS B R AT ERIT] RS
A, 1989(5): 29-35.

BAO K R. Deflection control for reflector tube of tu-
bular struts[J]. Optics and Precision Engineering,
1989(5) : 29-35. (in Chinese)

S ExE, TEE, BE, F . T Hexapod F 5 HY
b R T Sl A G g e R 15 2% E A AN T]. R
My A2, 2020, 28(11): 2452-2465.

CAO Y Y, WANG J L, CHEN T, et al. Active
compensation of aberration for large ground-based
telescope based on Hexapod platform [J]. Optics
and Precision Engineering, 2020, 28 (11) : 2452-
2465. (in Chinese)

R, Mtk , RO, F . MR D4R B BT 4f

EE R

BRERI(1982— ), 5 W dbfik A, il
W5 50, LB 5E2E L 2005 4F 2008 4
TA L T K2 23 AR A 2 A
2L, N K AR A B
PR AG I L5 S Bl o S O A A . E-
mail: cbg0813@163. com

[9]

[10]

[11]

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

M PERE M BT (T]. k% #r % 242, 2011, 19(1) :
138-145.
ZHOU CH, YANG H B, WU X X, et al. Struc-
tural analysis of ground-based large telescopes [J].
Optics and Precision Engineering, 2011, 19 (1) :
138-145. (in Chinese)
GEg, T, TEE,F . AT RN
b A S A B 5 XA Sl i AR AR AL 5 i
[J]. k% W& 42, 2022, 30(4): 442-454.
CAO Y Y, WANG J L., WANG Z CH, ez al.
Wind disturbance simulation and optical performance
prediction for large ground-based optical telescopes
based on two-dimensional stochastic fields[J]. Op-
tics and Precision Engineering, 2022, 30(4) : 442-
454. (in Chinese)
MR R, AR GE, el R E AR IR T T
JE B ORS B B [T]. ke TR, 2015, 42(8) -
14-19.
CHEN B G, SHAO L, LIJF. Precise measure-
ment of flatness for large diameter narrow zone an-
nular plane [J]. Opto-Electronic Engineering,
2015, 42(8): 14-19. (in Chinese)
Tk REZALHBELE[M] TR JLE:
HUBK Tl th AL, 2015.
FEIL Y T. Error Theory and Data Processing
[M]. 7th ed. Beijing: China Machine Press,
2015. (in Chinese)

FEIZ(1971—), 5, i ARl B w0t
ST 00, A B, 2002 4E T v [ A2
Wit 1 A o2 RS 2 BB ) AT 5% T 4K
(28 18 wi=2X VAN S VN Dy I NS R 7 of
B NI B N B R =2 B =N

omp. ac. cn

E-mail: wangjianli@ci-

http://www.cnki.net



