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Abstract With the increasing demand for space technology services and the realization of active
space debris removal technology, space debris will frequently re-enter the atmosphere in the future with

the characteristics of large quantity, high quality and difficult decomposition, causing more threats to

* EZRARFEREETE (12003075 ) , PEEEERSAELSTH (2021 M703487 ) FIHEKACHE KH#AA 51 #E5 H
(20 JDKJC-B018 ) F:[F¥% B

2021-02-22 W EIJFERG, 2021-10-08 YE & E R

E-mail: liu-jh@whu.edu.cn


http://cn.cgwic.com/LaunchServices/LaunchVehicle/LM3&nbsp;B.html
https://doi.org/10.11728/cjss2022.02.210222020

278

Chin. J. Space Sci. = 1AF 5 IR

the safety of people and property. Therefore, there is an urgent need for early warning of atmospheric
reentry of large spacecraft such as rocket body. However, due to the lack of appropriate atmospheric
drag coefficient model, it is difficult to achieve high-precision atmospheric reentry prediction. Therefore,
an atmospheric dynamic model based on Reynolds number is introduced for simplified spacecraft model,
and the prediction results are obtained by numerical integration of the differential equation of motion
through RK6(7), which are compared with the prediction results of high-precision numerical orbital
propagator HPOP and semi analytical orbital propagator WHU-SST. The experimental results show
that using the differential equation of motion with the atmospheric dynamic model based on Reynolds
number to predict the reentry of the rocket body 30 days in advance, the accuracy of prediction is
significantly improved, and the prediction error of an object is reduced from 96% to 7.8%; Using the new

model for ground risk assessment with TLE data only, the real decayed location can be located in the

2022, 42(2)

predicted statistical decayed location.
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Altitude changes with time during the objects of 40145 and 41027 reentry atmosphere
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Influence of the incident angle on the reentry prediction of the rocket body and the prediction error

percentage of the rocket body when the incident angle is 12° (Red solid line is baseline with 0 prediction error,

the red dotted line deviates +10% from the baseline, and the magenta dotted line deviates +20% )
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34840 CZ-2CR/B 9749 148 133 0.002326 2014-12-14 0.1838 0.1103 0.0464
37942 CZ-2CR/B  97.06 128 115 0.001491 2014-03-19 0.4401 0.3047 0.1075
38253 CZ-3B R/B  54.71 257 119 0.112676  2017-08-18 Fail 0.8361 -0.1591
40120 CZ-4B R/B  98.12 153 137 0.002277 2017-05-27 -0.7333 Fail 0.0397
40138 CZ-2D R/B  97.95 155 133 0.014247  2015-06-14 0.3437 0.1375 0.1610
40145 CZ-4B R/B 9747 164 132 0.016632 2014-10-23 0.552 0.4127 0.0068
40550 CZ-3C R/B  54.54 390 86 0.389825 2016-03-23 0.3484 0.2091 —

41027 CZ-4BR/B  97.35 155 127 0.014069  2015-12-26 0.9655 0.7586 0.0781

¥ FailFR iR 2214 100%.
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