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Studies for Reliability-corrected Cost Estimation Methodology of

Launch Vehicle Development
Hong Rae Kim*, Dong Seo Yoo* and Young Keun Chang**

ABSTRACT

The purpose of this study is to perform the reliability-corrected development cost
estimation of the launch vehicle at the conceptual design phase. In order to estimate the
launch vehicle development cost, the estimation method based on the independent variable
such as the rocket performance and dry mass has been mainly implemented up to now.
This approach has made the approximate cost estimation possible, however, the cost
variation according to the reliability requirement could not be reflected. In this paper, the
cost estimation methodology that introduces the reliability factor in addition to the
performance and mass in the TRANSCOST model is presented in order to improve the
limitation of current cost estimation method. The development cost of KSLV(Korea Space
Launch Vehicle)-Il is estimated on the basis of this newly implemented concept with
reliability as an added parameter.
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Table 2. Mass Allocation of KSLV-II

1st ond 3rdStage
Item (+800kg,
Stage Stage ..
Fairing)
Total Mass(kg) | 150,000 | 36,000 12,300
Propellant 135,000 | 31,500 | 9,700
Mass(kg)
Structure +
Residual Mass(kg) 15,000 4,500 2,600
Engine Mass(kg) ZOS% 1,000 120
Burn Time(sec) 134 134 5
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Table 3. Estimated Mass of KSLV-II

Subsystem | Mass(kg)
Ist Stage
Structure 10,700
Power 49
Avionics 180
Separation 71
Engine 4,000
Total 15,000
2nd Stage
Structure 3,038
Power 38
Avionics 205
Separation 174
Engine 1,000
Total 4,500
3rd Stage
Structure 1,192
Power 143
Avionics 167
Separation 178
Engine 120
Total 800
Fairing 1,800
KSLV-II Dry Mass 22,100

Table 4. Launch Failures by Subsystem Root
Cause of US-Built Expendable
Vehicles 1984-2004 [12]

Failure Type BsotZEtee,r Fairing E}f;‘t;;cral Avionics
Failures 6 1 2 2
Total Events | 2577 357 470 470
Individual
Percent 0.233% | 0.280% | 0.426% | 0.426%
Failure Rate
Reliability | 0.99767 | 0.9972 | 0.99574 | 0.99574

Table 5. Subsystem Reliability of each
stage of KSLV Il

Subsystem ‘ Reliability
1<
Structure 0.99907
Power 0.99574
Avionics 0.99574
Separation 0.99767
Engine Variable
2%
Structure 0.99907
Power 0.99574
Avionics 0.99574
Separation 0.99767
Engine Variable
3k
Structure 0.99569
Power 0.99574
Avionics 0.99574
Separation 0.99767
Engine Variable
Fairing
0.9972
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Fig. 7. KSLV Il Fault Tree
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Table 6. Factor Values considering Korean
Development Environment

F A

i Rk 744

£y 1.125 1.125

1,2¢ az 1.1 1.25

3g AR 0.7 0.9

f1 19 B2 1.1 1.4
2% A 1.1 1.2

3g EA 1.1 1.1

1,2 Az 1.0 1.1

3g Az 0.8 0.9

f5 19 2 1.1 14
2gk B 1.1 12

3k B 1.1 1.1

fe 1.04 113

f; 1.0 1.0

fs 0.53 0.53
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