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Figure 1 Definition of the sub-reflector coordinates.
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Figure 2 Changes of pose of the sub-reflector.
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Figure 3 (Color online) Adjustment mechanism of RKZ40m’s sub-
reflector.
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Figure 4 (Color online) X-direction translation of the sub-reflector.
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Figure 5 (Color online) a corner direction of sub-reflector.
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Figure 6 (Color online) Z-direction translation of the sub-reflector.
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Table 1 Sub-reflector initial position
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Table 2 Fitting results of sub-reflector Z-direction of different

elevations
WA ) %‘%ﬂjﬁ e iﬁﬁa‘f%
10.69 6.31 0.91 0.026
11.01 5.99 0.94 0.023
13.30 5.95 0.91 0.026
13.65 5.91 0.92 0.026
15.47 5.85 091 0.028
15.82 5.75 0.92 0.026
17.58 5.67 0.92 0.025
17.94 5.56 0.93 0.022
20.91 5.44 0.93 0.024
22.62 5.26 0.94 0.024
28.12 4.16 0.96 0.029
30.60 4.33 0.98 0.029
35.59 3.81 0.98 0.028
40.50 3.50 0.99 0.026
45.28 3.10 0.95 0.049
50.57 2.50 0.90 0.029
64.82 1.72 0.99 0.035
70.36 1.58 0.99 0.030
70.77 1.64 0.99 0.029
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Figure 7 (Color online) Z-direction scanning power.
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Figure 8 (Color online) Optimal Z-direction position of all
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Table 3 Impact of sub-reflector Y-axis position on pointing accuracy

Rl YRR HRFR A Rz WG AR ZE - PR 2=
(mm) ) ) )

8 83.84 83.84 83.84

6 60.03 60.03 60.03

4 43.44 34.81 39.12

2 23.28 7.31 15.29

0 —2.50 -9.17 —5.83
-2 -28.57 -38.0 -33.32
—4 —45.62 —-54.71 —50.16

BB RE"
8 85 3 8 g
‘ :

=)
T

-20(

40+

6 s ‘ , .
-4 -2 0 2 4 6 8

BIEY @ E/mm

B9 (M hior BRI T YT P72 0T 8 1) 52 01

Figure 9 (Color online) Influence of the Y-direction translation of

sub-reflector on pointing.
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Table 4 Fitting results of sub-reflector Y-direction of different

elevations
g ) REOE gy SRR
10.88 —42.34 0.98 0213
1237 ~36.81 0.99 0.168
15.02 ~36.88 0.98 0222
30.73 —25.08 0.96 0.281
33.06 ~23.00 0.93 0297
35.47 —20.87 0.96 0312
36.18 ~20.98 0.96 0.262
37.33 —23.09 0.97 0253
50.64 -8.75 0.96 0.238
52.28 —9.24 0.98 0.172
54.87 —6.82 0.98 0.165
57.27 —4.24 0.95 0.241
59.74 ~1.57 0.90 0313
61.86 025 0.96 0216
64.80 3.64 0.94 0276
72.80 572 0.96 0233
75.10 8.65 0.95 0.264

data
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1851 R?=0.9794

RMSE = 0.165

. . . . . . .
‘40 -30 20 -10 0 10 20 30 40
fiz{8/mm

B 10 (MoK vz R

Figure 10 (Color online) Y-direction scanning power.
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Figure 11 (Color online) Optimal Y-direction position of all
elevations.
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Sub-reflector modeling of Shigatse 40-meter radio telescope
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In large radio telescopes, precise adjustment of the sub-reflector’s position and orientation can effectively compensate for
gravitational deformations in both the main reflector surface and sub-reflector supporting structure. This compensation is
crucial for maintaining optimal antenna efficiency and pointing accuracy across the full range of elevation angles. This
study focuses on the Shigatse 40-meter radio telescope (RKZ40m), systematically analyzing how sub-reflector
adjustments influence antenna gain and beam pointing. We developed a novel scanning-based method to establish a
unified tracking model for sub-reflector positioning in both the Z- and Y-axis directions, specifically designed for
RKZ40m’s unique adjustment mechanism. The model was implemented using real-time measurement data from the
telescope’s enhanced correlator system and sub-reflector control computer, with results cross-validated against finite
element simulations. Comprehensive performance tests, conducted by comparing system performance with and without
the sub-reflector model, demonstrate significant improvements in antenna efficiency, particularly at extreme elevation
angles. In the X-band operational mode, the implemented model achieves and sustains antenna efficiency above 70%
throughout the entire elevation range, representing a substantial enhancement to the telescope’s observational
capabilities.

radio telescope, correlator, sub-reflector model, pointing, antenna efficiency
PACS: 95.55.Jz, 84.40.Ba, 06.30.Bp, 07.05.Fb
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