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The number of spacecrafts in Earth orbit continues to increase, leading to growing density

in near-Earth space. Statistics show that existing space debris primarily originates from approximately
640 breakup events. Studying satellite breakup events is crucial for maintaining space environment safe-

ty. On 15 November 2021, Russia conducted an anti-satellite test, destroying a defunct satellite — COS-
MOS 1408. The event generated a debris cloud consisting of approximately 1800 trackable debris dis-
tributed across altitudes ranging from 200 km to 1400 km, which disperses and evolves over time, posing
threats to Low Earth Orbit (LEO) satellite operations. Based on the Two-Line Element (TLE) data of
COSMOS 1408 breakup event debris released by the U.S. Space Surveillance Network (SSN), this paper
utilizes the Simplified General Perturbations 4 (SGP4) model to analyze the evolution of the debris
cloud. The analysis primarily covers the cataloged quantity and spatiotemporal changes of the debris
cloud, variations in main orbital parameters, and the impact of breakup debris on the space environ-
Key words

ment. Taking the International Space Station’s (ISS) four debris avoidance maneuvers as examples, this

=

study investigates the evolution patterns and resulting impacts, preliminarily reconstructing the evolu-
tion process of the COSMOS 1408 anti-satellite event debris cloud and its consequences.
Space debris cloud, Satellite breakup, Debris distribution, Environmental impact,
Maneuver avoidance
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Table 1

Orbital elements variations of the parent

body before and after the breakup event
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body before and after the breakup event
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Table 2 Basic information of ISS, CSS, StarLink-1007 and COSMOS 1408
EAS EliY s A1 /min i /() TEH R B /km T Hh S R /km
COSMOS-1408 1982-092 A 91.92 82.56 376 362
ISS (ZARYA) 1998-067 A 92.93 51.64 425 411
CSS (TIANHE-1) 2021-035 A 92.17 41.47 384 378
STARLINK-1007 2019-074 A 95.59 53.05 548 546
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WAERER, %t 1SS 5 COSMOS 1408 R = %I
FAFUEAT AT A X R AL Sl RS T I AL
FEIESEA T8 SEVPAS, FIAEIEIE T 25 (A1 R0k ek 114
AR
4.2 ET SGP4 #%EH) ISS-COSMOS 1408 #

B TERIE XU 2 AT

FAGHT ISS FERBATHLEN LRI E LT, 5
4~ COSMOS 1408 1 7 75 P K N A9 AH X IR 2 25 £k
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3 SGP4 B FUN A K JLK 1SS 5 UAN#E A
Z B E/NE S & 8 AT LLE B, 45 A 52590 1)
W R #E 2022 4F 6 J1 17 H 09:50 UTC, LA K K
1 s TR — A 2 (1) P & 8] e /R B AR 4.178 k.
HoAth, = YR B AL Bl AR A 2 ANk, 1SS 5 NORAD ID
1 51561, 49982 F1 52808 AU A LIz 1 s THA A B
/MBS HIEAE] T 11.589 km, 7.078 km H116.744 km,
AI UL TSS HLBh 1 wh BEE.

TE43HT 1SS 5 COSMOS 1408 i F & ML 3h Bt ke
A IR AL 2 I, B TR AL S I S — IR &
A TLE #7315 B, LAiEpLsh 2 A
fofi HERR ARG T R XU . 1SS SR% A AT AL S e 2 )
MR B 7 & A 1) TLE 3 A ds i, Sopidictis & 424 H
Wi Z 18] B B e i £ 31 300 km A2 4, LA 1s 2K
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ISS 5 COSMOS 1408 T F HLBIHLkE 5 TE i ME
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Table 4 Distance between ISS and COSMOS 1408 debris based on pre-maneuver TLE
NORAD ID BLahimfa) (UTC) TCA (UTC) — SRR /e -
HLEFITLE HLahETLE
52590 20224F6 A 16 H 00:00 20224E6 H17TH 09:50:40 4.178 6812.028
51561 20224E10 24 H 19:25 20224£10H 25 0 10:10:36 11.589 6184.815
49982 20234F3H 14 H 11:54 20234F3H 15H 13:53:01 7.078 8354.855
52808 20234E8H6H 02:03 20234F8H6H 18:11:07 16.744 8941.203
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Fig. 9 Relative distance changes between ISS and

debris 10 minutes after TCA post-maneuver
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