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Analysis of Reentry Prediction of CZ-5B Rocket Body
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Abstract

This paper represents a reentry time prediction analysis of CZ-5B rocket-body in China, subject to analysis
of the Inter-Agency Space Debris Coordination Committee Reentry (IADC) reentry test campaign
conducted in May 2021. Predicting the reentry of space objects is difficult to accurately predict due to the
lack of accurate physical information about target, and uncertainty in atmospheric density. Therefore, IADC
conducts annual re—entry campaigns to verify analysis techniques by each agency, and the Korea
Aerospace Research Institute has also participated in them since 2015. Ballistic coefficient estimation
method proposed to predict target reentry time and the result confirmed the difference of 73 seconds,

which confirms the accuracy of the proposed method.
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Keywords : space debris, space situational awareness, reentry prediction analysis,
ballistic coefficient, Inter-Agency Space Debris Coordination Committee
Reentry (IADC)
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Fig. 1. Semi—-major axis profile of CZ-5B rocket body using TLE(Two Line Element) data.
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Fig. 2. Semi—major axis using non-optimized and optimized BC(Ballistic Coefficient) values

(Prediction time = 2 May 2021 16:00:02.344; Actual Re—entry time = 9 May 2021 02:14:00).

S A 4(Non-Optimized BOY= 378 A A 2419 AHE 7I¥He 2 ARt Zolch

2 25} oA AR LarefE(Pattern Searching Method)= ©]-8-8HtH19].
HRAAMA] FaE)Ee F2AE darelF(Heuristic Algorithm)o] §F FF2A 012 5]
Al 79l 7|eksto] A9 s Algshe Wl 1 E(grid = B A1 o]
BAZ1AL WolAY S84 249 siE gk o R XsP|ute] feaY dae|Eo
H|g} H| A FAF o] A2 FAof|A BA o= SiE HAT &= glor, 2 Aok
o WPl S ARk BASE] wiEo] sig FarefEo] Adsirtal wskint. sf
11FE A-8-S 95 MATLABS] Global Optimization ToolboxE AR5

Table 13} 2= AZ=ASE SRt A dat HelA ] FarelEe] XS 242 it

Y

Table 1. Orbit perturbation model

Perturbation Option Value
Central body gravity Gravity model EGM2008
Max. degree 100
Max. order 100
Tides Solid full tide, Ocean tide
Drag Model NRLMSISE 2000
Flux/Ap File SpaceWeather-All-v1.2.txt
Geomagnetic update Every 3 hours with interpolation
Solar radiation pressure Model Spherical
Shadow model Dual cone
Third-body gravity Sun & Moon JPL DE421
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Table 2. PSM(Pattern Searching Method) properties

Properties Value Properties Value
Polling method GPS Positive Basis 2N Grid contraction factor 0.5
Complete poll False Grid expansion factor 2
Max. iterations 100 Grid size tolerance 1.0E-06
Initial grid size 1 Solution tolerance 1.0E-06
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Fig. 3. Flowchart for re—entry time prediction.
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Fig. 4. CZ-5B Rocket Body [20].
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24 9 271202 Aokt

ol AReFZPHAIE(CSpOC, Combined Space Operations Center)l| 4] B E35}= TLE
HlolE|[211E ol-&5to] 5 5YFE oF 124K 7HH 0= 59 8Y 21A17H4] & 6319] AR
A4S AL, ZF B4 Al ARGRE TLE dlofH, 4 23 =&E ARG AR, FofAzk
thH] QAHGH QA= Table 49 ATt 7t BAolA] EebAl= A2 AW m=atd 44 4
HF A=clFe] AAgEE 271H= HEE ARt TLE glojg7h 419 HolH=z wA|==
Aotk B4 AT o] digt A= A Q)3 2ol ALF & AU trep= AA AT Al

A, e AAY o Bk, 1, o5 U AFES 242 ujiet.

— |tref — t|

x 100
trer — tp ©)
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FL al
Lo GRH0R Q1% t/IATe] BEAS Tefstel A dankel Ao Ao TIE
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A2t 71k B & 4 Utk ol AT 54 o R AR AxdS 1Y
I} AA B HlolE Yl TLE HlolE2te] Afol7t Hat F7tok= A0 i 4= Slct. A%

Table 3. Properties for re—entry time prediction

Value
Prediction period (UTC) 05 May 2021 13:48:22 — 08 May 2021 23:39:59
Actual re—entry time (UTC) 09 May 2021 02:14:00
BC constraint (kg/m?) 49.2881 < BC< 416.9079
Initial BC (kg/m?) 102.2727
Number of TLE data 42

Table 4. Properties for re—entry time prediction(Actual re—entry time: 09 May 2021 02:14:00 UTC)

TLE epoch time (UTC) BC (kg/m?) Fitness value Re-entry time (UTC) Relative error (%)

1 05 May 2021 13:48:22 106.3385 0.0406 08 May 2021 19:48:14 7.62
2 06 May 2021 11:59:10  106.5602 0.05640 08 May 2021 22:32:48 5.92
3 07 May 2021 08:37:57 105.5856 0.0610 09 May 2021 00:26:57 4.29
4 07 May 2021 18:55:50  101.5300 0.0687 09 May 2021 02:30:51 0.90
5 08 May 2021 04:00:47 100.5102 0.1218 09 May 2021 02:41:47 2.08
6 08 May 2021 20:34:12  102.9402 0.1328 09 May 2021 02:15:13 0.36
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Fig. 5. International comparison campaign for re—entry time prediction.
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Fig. 6. Re—entry time prediction using the optimized and constant BC.
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