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Figure 1 (Color online) (a) Position of the light spot after matrix con-
vert; (b) raw position output by PSD.
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Figure 2 The angle caused by nonconcentricity of mechanical and en-
coder axises.
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Figure 3  (Color online) Pointing error from 2 sensors.
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Figure 4 (Color online) The output difference of the 2 sensors.
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Figure 5 (Color online) The output difference of the 2 azimuth sensors
and compensation curve.
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Figure 6 (Color online) The output difference of the 2 elevation sensors
and compensation trace.

AL S ANE BUH B JIAEAE, S BN B S A 58 42 [F]
A, FATTET ELSE SR AT AL 485 Bl (1) AN [ 25 B 4/ <[]
B, 3 I ) [ N 22 420 m A b AR S E B B B
&, AR B, HLAR ARSI D 3 B4R )
i 2 ELAG 87 30 1, 7 v R P i 1) SR 0 B SR .

TETM65 m b T 452 000 5 400 b 9 00 s G 1) 3 3 2
43 VRIS P, FRATTOA S A0 AP Sl R 0 A0 05 5 1) i e R
U (0 A T 2, R FE OREAVD 445 6 10 242 (14 m), LA A
b5 20 1 % A B e 45 N 0 % B2(0.068 mm), 8 15 &
HATATYE, 7T LR T RAEMHI R 5 56 F E
R, UL L7, W A 2 ) R 2R AT AR TR R A RN 1
AR T R A B, RIS 8 oe 4 —#E, id
N R EREL, UAT 2 3 B U A5 — R W R A
AU 2l 0 288 el 75 1) B A, e I B A BE P A
(T3 2 B0 Ak, o] DAME R G B 45 H 8] B ) K /0.
LA [A] 7 B 49.95° R, 245 H T 2 IR 245 R,
YO B I, 406 VR 35 I AREATD ML 49.87° 5% 1149.95°, 4R Ji5

129504-5



TGS, PEBIY: WHEY: % R3C¥ 20174 476 H12M

5 i K 28 31150.03°, fix 5 ik R 2k # $149.95°, il F
A0 E 49.87° F1149.95°, 50.03° F149.95° I} (1) T 43 % i3
Ban 3, ol LLE B, 75 [F FE49.95° 0, A J5 P Ik T
S REEA 0.4 mm 2 A4 I ZE SR, JF B B R T
(0.16°/38.52 mm)%i&, 0.4 mmXf N.£15.6" () [8l fR. £ %
AN BB AT a0 B, 2390 3% T 41129.92°, 49.95°
F170.87° b B A ZE RAB I, 2 U0 1 [ i — Bk
FAb, AT I ALEAT T RFRE I 2 OO, LIS, 7
ALE I B XA 217, WK R 4.

BT (2% RRCRE JBT) A T A 05 A 1 i 2.2.3 STESEG AL MFIRD BN E P
Figure 7 (Color online) Elevation backlash measurement by microm- B N
eter. SR AT R BR AN B, FRATR A A2 L EAE S,

F2o TR BRI R

Table 2 Backlash measurement recorder

N E1I=49.873 % (mm)  EI=49.95i£%( (mm)  E1=49.9532%( (mm) E1=50.03 1% (mm) 5] [ (")
1 ~19.444 0.108 -0.342 19.125 6.720
2 -19.338 —0.026 —0.433 19.185 6.086
3 -19.425 0.04 -0.279 19.167 4.761
4 -19.387 0.03 —0.345 19.148 5.605
5 -19.378 0.088 -0.331 19.129 6.268
6 -19.36 -0.001 -0.374 19.109 5.585

F3 AR AN

Table 3  Backlash measurement on different elevations

El & (mm) B B (mm) =] B (")
29.92 37.271 0.369 5.703
49.95 38.569 0.450 6.720
70.87 33.139 0.309 4.699

F4 o T7AnE RGN R

Table 4 Azimuth backlash measurement

N Az=301.003E% (mm)  Az=300.95i% %L (mm)  4z=300.953 L% (mm)  A4z=300.901% %L (mm) BB (")
1 -19.498 —0.047 —0.18 19.283 -1.235
2 -19.499 —0.054 —0.184 19.318 -1.206
3 -19.51 -0.078 —0.184 19.264 —0.984
4 -19.511 -0.078 -0.206 19.29 -1.188
5 -19.502 —0.069 -0.203 19.272 —1.244
6 -19.537 -0.079 -0.199 19.264 -1.113
7 -19.532 -0.077 -0.221 19.271 -1.336
8 -19.496 —0.087 -0.195 19.264 -1.003
9 -19.496 —0.092 -0.193 19.262 -0.938
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Figure 8 (Color online) Azimuth backlash measurement by microme-
ter.
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Figure 9 (Color online) (a) Azimuth pointing difference vs. scan
speed; (b) elevation positive and negative pointing difference vs. scan
speed (blue: measured; red: linear fitting).
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Figure 10 (Color online) Pointing error fitting before conjunction axis
change.
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Figure 11  (Color online) Pointing error fitting after conjunction axis
change.
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Figure 12 (Color online) Azimuth and elevation trace for source
J2344+8226.
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Figure 13  (Color online) Pointing error from cross scan vs. tiltermeter.
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Figure 15 (Color online) Track unevenness and model’s residual error.
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High precision pointing error detection method
for large radio telescope

WANG JinQing"*”", YU LinFeng"?, ZHAO RongBing"”, KESTEVEN Michael',
FU Li"?, JIANG YongBin'"’, GOU Wei'?, GUO Wen"* & JIANG YongChen'’

' Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
* Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210008, China;
* Shanghai Key Laboratory of Space Navigation and Positioning Technology, Shanghai 200030, China

In the paper, the main factors influencing pointing precision of large radio telescopes are discussed. Then the TianMa
radio telescope (TM65 m) is selected for demonstration. The methods of detecting and separating the pointing errors
which produce in all the segments from the subreflector to the track rail of the telescope are introduced. They includes:
(1) half power point tracking to evaluate the overall antenna pointing error; (2) detecting the pointing error due to position
changing of the subreflector support; (3) detecting the deviation of the antenna mount due to temperature changing; (4)
detecting the asynchronization of the mechanical axis and the encode axis; (5) high precision pointing modeling based on
the uneveness of track rail. A few measurement methods and their respective results are discussed.

pointing, delay, backlash, temperature, tiltermeter
PACS: 06.30.Bp, 07.87.+v, 07.05.Fb, 07.57.Hm, 07.50.Qx
doi: 10.1360/SSPMA2017-00077
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