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®1 BEWMRRENEATS
Table 1 The axis related errors (AREs) and their symbols

Errors Symbols
East-west inclination of azimuth axis @
South-north inclination of azimuth axis B
Horizontal pointing collimation error 1
Elevation axis inclination ol
Azimuth encoder fixed offset A
Elevation encoder fixed offset m
Axis offset e

2 REHEELZERX T5 L IR

Fig.2 The effect of telescope collimation error on the azimuth angle

3 RN RIS

Fig.3 Derivation process of correction model of telescope axes
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Table 2 The applied 22-polynomial coefficients of Nanshan station in 2011 (unit: ")

Azimuth correction coefficients

—Py P Py —Fs P Pi3 Py Pr7 Pig
13.65 94.26 22.13 —8.99 4229 -19.35 —-291 264 6.68

Elevation correction coefficients

P P Ps, Py Ps, P2 Pis Pig P Py Py Ps, Prio
—376.48 151.76 42.29,0 8.99, 0 0.10 —8.71 0 0 22.73 103.73, 0

&3 WMARIREJRIXE EFAERITFAELARLEE25 mREMBIRERBI(BAL: )
Table 3 Magnitude evaluation on the pointing of the ARE quadratic terms in the

case of 25 m telescope in Nanshan (unit: ')

Quadratic terms ex el e 7%e? up Wy %)\a %)\5 %)\'y

Values 0.007 0.031 0.069 0.016 0.076 0.040 0.002 0.009 0.005
Quadratic terms S A %aﬁ iaﬂ ad %a’y Bd %ﬁfy oy
Values 0.006 0.154 0.001 0.000 0.000 0.000 0.003 0.002 0.001

3.2 Hihzm

Fd (1-144T A%k X 77 7 48 B B IE T, 15-3647 J9 &5 f B0 B E 30 45t T A
[F) 5 1) 4 I A 78 o 8 5% 2 p4 IE T0UBIT Ko I P 5 il R AR A SR TR BRI L. b il
RARZE T 5 E AR AN EIE AR 1 B A IR BT S hras, 1X U0 AR [R5 22 IR 2E AR
FE T R B BRI — e A PE. X B 5%k R AR 25 M O R TR % N R B 3, H

I FH 22300 8 7] M IE A AL 0L & BT SR R B MA, AR B UG ik 2 2077 125) ) Bz K T 17/ B ALk
FE. RIME Ak, 7575 Rk B T 255 SRIEAN Bl R % 22 DLAIM R 22 I8 0T Fi8 1m) (1 52
MFRAT]FN, AL R AR ZE A FERTE, TR Prs APy I LS T-0, 1H e 3L bRl A 25 R
N-8.71", NS R R ETTHE R IEA S M, %% Rl ek 2 E. X F W3
R LRI AE TS NI, B A7 A 5 5l R R ZE R A R ZE 8.

FeAr 38 0 R 78 TR Xt DU 6 i 40 27 A7 ARFATR 2L R 2% P 40 A AS R U 2 A 25 1 T
T EE RN, NP ARGTR O S 5o B Y T AN AR ) fe B 1 AR AR AL
S, TR 125 m R 2K U, AN TN AR (R4 3247 ) % 18 I [ 520 AT 1A 24"
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Table 4 The meaning of each item in different pointing correction models

No. Category Items 7-item 22-item Supplementary This Explanation
model model items model
1 Axis 1 o Py 5 ex Horizon.tal c?mponent of
collimation error
2 cos E Ca Py —X — py + %aﬂ Azimuth encoder fixed offset
3 sin E Cs P3 -y + An Elevation axis inclination
4 cos Asin E Cy — Pg —a West inclination of azimuth axis
5 sin A sin E Cs P5 -8 North inclination of azimuth axis
6 cos Acos E — P13 —po
7 sin Acos E - Py —upB
8 cos2A cos E - Py 7%[!5
9 sin2A cos E - Pig %)\aﬁ
10 Gravity Acos E — Pyo - Azimuth linear item
aq, by are the linear Fourier
11 Steel-track sin A _ _ — ‘171 *_ B8~y coefficients of steel-track irregular
deformation. The same below.
12 cos A B N by *_osny p is the radius of the horizontal
P steel-track. The same below.
ag, by are the coefficients of
13 sin3 A _ _ ip& _ Fourier triple term of steel-track
irregular deformation.
14 cos3A - - b3 -
o
Elevation component of collimation
15 Axis 1 Cy Py T~ %A’Y error and elevation encoder fixed
offset
16 sin B - Py e+ XS Axis offset
17 cos A Cs Ps, Poy -8 + %Xa South inclination of azimuth axis
18 sin A —Cy Pg, Pag a + %)\ﬁ West inclination of azimuth axis
19 cos Acos E — - —efB — ad
20 sin Acos E - - eax — 36
21 cos 2E - - %)«y
22 cos Acos2E — - %Aa
23 sin A cos 2E - - %/\5
24 cos Asin2FE — — %a'y
25 sin A sin 2E - — %B'\/
26 cos 2A P15 %O{B’Y
27 sin 24 - Pig tnap
28 cos 8E - Pig -
29 sin 8E — Pyo -
30 Gravity E Py Elevation linear item
Asymmetrical deformation relative
81 cos B Cs P8, Pro il to ideal position
32 Steel-track cos Asin E — - “71 *— B8y
33 sin A sin E - - —% *ady
ag, by are the quadratic Fourier
34 cos 2A cos E — — — 2a%< 0 coefficients of steel-track irregular
’ deformation.
¢ is height difference between the
35 sin 2A cos E — — 2b%< 0 reference point and the upper
4 surface of steel-track.
36 Atmospheric refraction cot E Co Residual atmospheric refraction

*
means the identical harmonic coefficients concerned with

regarding to ARE

the gravity-related deformation and the steel-track deformation
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The Complete Expression of the Axes Related Errors
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AsstracTt In order to improve the target tracking accuracy of radio telescope, the
impact of axis related errors (ARE) on the pointing of the radio telescope is derived di-
rectly, and the complete expression of the ARE pointing correction model is given. The
definition of the axis parameters in the pointing correction model is clarified. The items
of ARE derived from the traditional splitting item and spherical harmonic function are
the exactly simplified form of our model. Thus, the evaluation results show that the
pointing accuracy loss due to neglecting high order ARE terms in the basic parameter
correction model is ~1”, which depends on the magnitude of the ARE. At the same
time, the physical meanings of some high order harmonic coefficients regarding to ARE
in the basic parameter correction model, e.g. the 22-item model, are also clarified. It
provides a theoretical basis for the establishment of the model of high precision ARE
pointing correction.

Key words radio telescope, error, pointing correction, coordinate system
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