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Analyses for Re-entry Event and Survival characteristics
according to Characters of Re-entering Space Objects
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Abstract

The amount of object which reenter the Earth's atmosphere has been increasing after the Sputnik I launch
in October 1957. Most of reentry objects were incinerated by aerodynamic heating so they hardly survive.
But they may incur casualties and widespread property damages if they survive and fall to surface. The
amount of reentry objects, such as Satellite, Rocket Booster, Pressure Tank, ISS shows continued growth
as byproduct of space activities. Most of the re-entry objects are incinerated at between altitude of
50km~80km and 10%~40% of the objects are surviving and falling to the ground. Therefore, this paper try
to piece together the reentry event and analysis the survival characteristics of re-entry object.
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Fig 1. Disposal altitude according to the
operation altitude
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Table 1. Annual, risks of fatality due to accident
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Table 2. The re—entry object history
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COLOMBIA
STS-107 2003.02.01 USA
SKYLAB 1979.07.11 USA
COSMOS 94 1978.01.24 USSR
UARS 2011.09.24 USA
Italy
BeppoSAX 2003.04.29
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DELTA II'second 1997.02.22 USA
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Table 3. CNUCE Uncontrolled Reentry Scale

Category Risk
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100 0 Negligible
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Table 4. CNUCE Reentry Event Classes

Reentry Event Description Class
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contamination

Complete object disintegration in the high D
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Fall of large fragments(= 10cm) on the .
ground
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Table 8. A comparison of result :
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Table 9. The results of demise altitude

using DAS 2.0
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Table 10. Analysis of survivability Table 11. Survival material of UARS using ORSAT
according to the re—entry object's weight
& AR e | AFkg)
D | AR | Pk || AR | M HCA gimbal | iganium | 2900 | 9881
= reten
Fwd
UARS 8B | | 9% | 1D bulkhead Titanium E12 2491
ol fitting
o |Cosmos 4| 3D ) & | 1A% | 18 SSPP gimbal | Titanum | 298 | 606
o
BeppoSAX | 1341 65 B | 113 SSPP ~ 1
S ° structure Al 2024-T8 ] e 158.30
4 |INDIGO 67| &1 | B | 480 | O® MMS foel | - -
. tanks i
_ Satellite 1,06 4 A% | 108 MMS MPS | Stainless Stecl - J
T MR 15000 | 000 | 1481% | 313 batteries 3041 ° ‘
- Reaction Stainless Steel |
2 wheel rims 304L HdH 20
o
A Skylab TI0R w0 9% | 289 FSS housing Beryllium 1% 313
FHST .
]C{ bracket Beryllium 1% 1.09
= GG.
A} | DRTA T [o20 k%) % | 0% abultr?ent Titanium 3 2.30
- plate
A base plate |  Titanum | B% | 55l
extenstion Titanium Add 3.39
w2t SCALER AEE Ttlle frovst 3
AEE FA A7 dve S DalEr) AT 9 249 7] Bos AAAse] H7]% UARSS] A
SCALES] 22 W& B 5, AKIAA RAZF0E 25y gzojr). elehy, WYE, 2ues 29
o dd 75 AEE Fuglol A& FAT 7} go] do] B AT Fo] wol AEA A4
Au2 714 Y] eldd Al Al tht s o 231}, ol 2o Ao FLuul ol ]a} B}
=2 04]%“3}3’-' Z0]7] ‘%’4‘311 v o) AEE B FHAH ASE Bo| ALLE=E BiAge ==Ho| w
of tie e ol dasid WL viok AR Al o 9 2zkslo] A4
AT ARNGA Y BEL E FFE vAE AL sk 93)9)8o] wWe Ao
Zy FFo AAEH Te] FAVE FaTaL AEE Za0) AELL == A W Gado] HOiE
0o HOo L - A =
o) =& AS o ) Froh 5EH0] £94% §307k 2 Lohinl §
ARAYAE P8 e FEES AAo] B o] Tow LS GHIATEH BE U
NHEFE HELo] ForE ANYA Y] FA R 71 Basy] uEolr}
© RS Aol AEyel 2 9%E A Ae= JHAATARE G| B 5 gL
Holth e Aol M A& 55500 89 2 AAFALT Gall7} 29 Loz gasie A2s
golk Ego] g Aojth.

o 9 AEES Zolt o



o,
Fy
o
rg
2
o
o
)
o
PN
o,
&=
N,
-4
2
™
0,
i_:“
lo,
|t
oX,
=2
=)
it
2
™
A
>
>
ry
S,
ox
N
|t
oX,
M
1%
oo
~

¥ 12 =359 =4

Table 12. Properties of the survival metal

Density Cp T, @,

Metal (kg/m?) (J/kg[() (k) (J/g)

Titanium 4420 750 1900 | 400

Al 2800 751.1 870 385

Ssteel 8030 611.5 1650 274

Beryllium 1850 1925 1546 1133

Inconel 8190 417.1 1570 309

Copper 8960 434.1 1356 243

Silver 10524 234 1234 105

Tungsten | 19350 134.4 3643 | 184.2
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Table 13. Survival material of INDIGO 67 using DAS
2.0
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