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A Study on the Estimation of Launch Success Probability
for Space Launch Vehicles Using Bayesian Method
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ABSTRACT

The reliability used as a performance indicator during the development of space launch
vehicle should be validated by the launch success probability, and the launch data need to be
fed back for reliability management. In this paper, the launch data of space launch vehicles
around the world were investigated and statistically analyzed for the success probabilities
according to the launch vehicle models and maturity. The Bayesian estimation of launch success
probability was reviewed and analyzed by comparing the estimated success probabilities using
several prior distributions and the statistical success probability. We presented the method of
generating prior distribution function and considerations for Bayesian estimation.
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Table 2. Probability of success for 42 families Table 3. Probability of success with the number
of space launch vehicle of launches for 240 launch vehicle families
Probability of {8t ond 3 4h gh | =g
Families of |Launch|Success success
Launch vehicle (n) (s) MLE Lewis Launches| 240 | 217 | 196 | 178 | 157 | 4911
Estimate
Minotaur 1/455 6 16 000 0.944 Success | 173 | 176 | 166 | 153 | 137 | 4608
Falcon Heavy 3 3 1.000 0.800 p=s/n | 0.721]0.811|0.847 | 0.860 | 0.873 | 0.938
Atlas V 81 80 0.988 0.976
Space Shuttle | 135 132 0.978 0.971 SFaabA o] A A7), AR =7 f/5 '2A
Delta 4 40 39 0.975 0.952 A R, BAA H(stage)d] T, FIA FTH, A
Falcon 9 77 75 0.974 0.962 3 SO wet dAF AFEY xolzb gelxn, 240
Soyuz 1061 1033 0.974 0.973 Fo TAA AlEE x7] dAAY AT 2 Ao
Saturn 26 25 0.962 0.929 ]él% Zz }SHED# WA REEF o] whe} Table 33
Molniya M 280 268 0957 | 094 Zo] AL AFE &-:o].x]t AL AT 4
Voskhod 299 286 0.957 0.953 ol & ﬂz—.‘ﬁ o} A& 229 A 37, 44
Dnepr 22 21 0.955 0917 HA oL} ZE A 29 7HLE 3 ARt e A
Tsyklon 258 246 0.953 0.950 So o3k Ao = AT & QUrh
Thor-Delta 344 328 0.953 0.951 290 SXHMALH AlFE 2AM
prane 5 106 T | o8 0o 23710 AE Oyeel $FRAAE B
Ariane 174 144 137 0.951 0.945 A(ICBM) 71&S 7uoz ARHY=E, S8 A
H-2 > | %2 | 09 | 0D | yqa waAds Bl A% @G adds 5
Kosmos 3 462 436 0944 | 0942 o] a7z o A ﬁg je oM AZs, Ao
cZ14 | O | 297 | 0% | O | gassau s3e gaAss M 858 §4
PSLV 50 47 0.940 0.923 o8 Agsts WAL Austac. THu A%TA
Vega 14 13 0.929 0.875 wl egAae] AaT WA EE HA A &
R-7 Vostok 166 151 0.910 0.905 A oA AMER oke Astoz ol wWaAe
Antares 11 10 0.909 0.846 A we QE Ay} tgng‘;} 2 gomz Aol
Electron 10 9 0.900 0.833 A% Prte] WaMoe] hEHYUT ofTgw mz
Titan 219 197 0.900 0.900 o)M= gl 3 Ba=s 9 pj.%%z_' %7}% A=
Proton M 109 98 0.899 0.899 AT, AFA FE BA o]HLo ol w7
Pegasus a4 | 39 | 086 | 08%6 Al Eh dA T SF2AA Hmoﬂ s e )
Proton K 309 273 0.883 0.883 go] 2a50] A Hoto] I3, WA} o]To= 4
Kosmos 2 164 144 0.878 0.878 g Aulyl Brlssly] mio TAE SZoA 9
Cz 57 8 7| 085 | 087 g BAE B o8 M) 9% FA 9 A
Atlas Variants | 324 279 0.861 0.861 A AFE A&E Q)
Scout 100 85 0850 | 0850 WA Al7]olE d@A A tid ARIE |EARE
Zenit 2/3 84 71 0845 | 0.845 EAHo] WA uAo] thI AR P Z2 A
Soyuz2-1vVolga | 6 5 0833 | 0.833 AA WAA ] 3 A3 BAZ} YAT = 9
Diamant 12 9 0.750 0.750 Qoo WAAH Y AFHA BAL A9 EIIEIR
Shavit 11 8 0.727 0.727 o a8y HAole FFAEAE AR QFAAH
Athena 7 5 0.714 0.714 ¥ "olge I/ & dolgno] 23}, AALE WA
Taurus 10 7 0.700 0.700 A T3 AL dAA e WA} 3 =27} SO
GSLV 16 11 0.688 0.688 2 Q3 ¢FuAA #E dolHE Z/1E4n, H
Black Arrow 2 1 0.500 0.500 e ol olgstyd nA = AFAH ENS Y3}
Safir 1/2 9 4 0444 | 0455 a1, g3 dEel &85t ok Boh FEgE AE
Europa (/1) 4 0 0000 | 0.167 T s SAAe 459 A sk B
VLS 2 0 0.000 0.250 AAE aHsoF stH, ol& H3] e A=A &
Total 5415 | 5048 | 09322 | 0.9321 A g aZdSE F4 7Yl d7EHIL Ao
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Table 4. Comparison of Design Reliability vs.
Mission Reliability

Launch Model Design Mission
Vehicle Reliability Reliability
AV-401 0.9954 0.9867
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Probability Density
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Fig. 2. Beta Distributions for the Prior Distribution
of Launch Success Probability
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Table 5. RMSE between MLE and Estimated o
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Prior Distribution | Mean of Prior| [a+b] | RMSE g " N T .
@ < . e ) N
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Beta(1 01 O) 050 50 14.79% o | ‘/7”./ Scenario lll : SSSSSSSFSSSSSSS (p=14/15=0.933)
Beta(8.0,2.0) 0.80 100 | 21.4% S ;mbthm oo
Beta(7.321,0.657 0.918 7.978 22.5%
( . ) Fig. 5. Scenarios for Success Probability Estimation
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Table 6. RMSE between MLE and Bayesian Estimates of Success Probability for each Launch (Scenario 1)
2 3 4 5 6 7 8 9 10 11 12 13 14 15
Beta(1.0,1.0) | 16.7% | 16.7% | 150% | 6.7% | 95% | 89% | 83% | 78% | 7.3% | 6.8% | 64% | 60% | 57% | 54%
Beta(0.505) | 250% | 16.7% | 12.5% | 10.0% | 83% | 7.1% | 6.3% | 56% | 50% | 45% | 42% | 38% | 36% | 3.3%
Beta(8.02.0) | 227% | 83% | 1.9% | 186% | 6.7% | 36% | 15% | 00% | 1.1% | 1.8% | 24% | 28% | 3.1% | 3.3%
Beta(0.950.05) | 25% | 17% | 1.3% | 19.0% | 08% | 07% | 06% | 06% | 05% | 05% | 04% | 04% | 0.4% | 0.3%
Beta(7.321,0.657) | 315% | 16.7% | 9.9% | 262% | 12.9% | 96% | 7.3% | 56% | 44% | 34% | 27% | 2.1% | 1.6% | 12%
Beta(0.749,0.173) | 11.0% | 68% | 49% | 162% | 34% | 28% | 24% | 21% | 19% | 1.7% | 16% | 14% | 1.3% | 12%
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