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Fig.1 A schematic diagram of the perturbation acceleration
decomposed into radial (S), tangent (T"), and

normal-to-orbital-plane (W) components
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Ak, W] WAEBEIE BT Bk 100 dIBLIE, B 54
B2 ) 22 50l e KA B 2ok, 3R I G — MR B0
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Table 1 Initial Kepler elements

NORAD*
ID

Name MJDP ao/km

io/° Qo/° wo/* Mo/*

47097  Chang’e-5 60189.60450271 351095.8838 0.36923016 29.70014288 4.1759317
60220.57050067 235122.5056 0.49022987 42.75804452 72.26082968 154.9777321 3.29961695

43435 TESS®

237.776945 118.6684837

37755 SPEKTR-RY60219.61989202 195660.3342 0.6008961 46.22243136 107.2504508 219.9365116 357.5358842

# North American Aerospace Defense Command;
> Modified Julian Day;
¢ Transiting Exoplanet Survey Satellite;

4In Russian: C n e ¥ T p-P, also known as Radioastron.
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Fig.2 The trajectory of Chang’e-5, TESS and SPEKTR-R
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Table 2 Initial position and velocity of the object

Component, Value
Zo/km 287301.306497969664633
yo/km —188133.066372667293763
zo/km —62893.610615908612090
io/(m-st) 419.999194881878964
Jo/(m -s71) 34.745345526447295

Zo/(m-s™h) 309.170459778797806
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R FERHRRABUEAFPRSEE S
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Table 3 Initial Kepler elements of the object

Parameter Value

ao/m 295935583.079336

€o 0.8898470995
io/° 27.00950568
QO/° 17.81969120
wo/o 149.23250975
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Fig.10 The trajectory and selenocentric distance of WE0913A
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Fig.11 The inclination and eccentricity of WE0913A
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Fig.12 The position deviation of WE0913A’s ephemerides

calculated by unified elements and Cartesian
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Table 4 Number of right function calculations

Duration/d  Unified elements Cartesian

5 273 559
10 299 637
15 442 845
20 1274 1794
25 1365 1963
30 1391 2067
35 1404 2093
40 1508 2210
41 1547 2262
42 1651 2314

42.5162% 2159154 3184

2 Time when WE0913A impacted the moon
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Fig. 13 Number of right function calculations using unified

elements or Cartesian under different integration durations

®5 FREHMEMAEE THARKTERYK

Table 5 Number of calculations in different

orbital inclination ranges

Number of Number of

1*/°  calculations calculations
when 7 > 3* when ¢ <¢*
160 2154280 4874
165 2153500 5654
170 2150304 8850
175 2143479 15675
179 1625897 533257
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Table 6 Efficiency and accuracy of tests using different computing strategies
Test ID Number of acceleration Deviation of Distance between
calculations impact time®/s  impact points®/km

(1) 11145 0° 04
(2) 3184 —0.0092 0.0116
3) 2159154 0.0476 0.0612
(4) 330029 0.0503 0.0725
(5) 85291 0.0236 0.2212
(6) 63811 —1.0315 5.0319
(7) 83058 0.0572 0.0688
(8) 41856 0.0642 0.1901
9) 40470 —0.9965 5.0181
(10) 18933 0.0492 0.0606
(11) 11613 0.0492 0.0606

2 P Compared with the result of (1).

¢ The impact time is 2022-03-04 UTC 12:29:32.5400.

4 The impact location is at 135.5592°W, 3.5085°N.
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The Application of Unified Orbital Elements for Conic Orbits in
Cislunar Orbit Prediction

WANG Jia-chun'?#  TANG Jing-shi'?3

(1 School of Astronomy and Space Science, Nanjing University, Nanjing 210023)
(2 Key Laboratory of Astronomy and Astrophysics, Ministry of Education, Nanjing 210023)
(3 Institute of Space Environment and Astrodynamics, Nanjing University, Nanjing 210023)

AsstracTt When describing the motion of a spacecraft using traditional elliptical orbital elements, if
its orbit changes from elliptical to hyperbolic, it becomes difficult to continue the calculation. In order
to address this issue, improvements are made upon classical elliptical orbital elements, utilizing a set of
orbital elements applicable to any conic section to integrate the equation of motion. The set of elements is
applicable for any eccentricity e > 0 and inclination 0 < ¢ < 180° , with the singularity occurring only for
i = 180°. The basic conversion formulas and equations of perturbed motion are provided. Subsequently,
orbit predictions for cislunar objects are conducted, and the results are compared with calculations using
Cartesian. The findings indicate that the results obtained from these orbital elements are sufficiently
accurate, and the computational efficiency is advantageous when the changes in the elements are not
particularly drastic. In addressing the issue of the singularity at ¢ = 180° that may arise in the practical
application of orbital elements, various workarounds are proposed, including changing state variables and
fixing integration step sizes, and their applicability is assessed.

Key words celestial mechanics, Earth, Moon, orbit prediction, methods: numerical
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