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ABSTRACT

Recently the reusable launch vehicle is being a major trend in the worldwide space market, because
a few commercial companies, especially SpaceX, are trying to cut down the launch price through
developing and succeeding the reusable launch vehicles. However, there is still a big controversy
about whether in view point of the launch cost which is more favorable between expendable and
reusable. Therefore, a study and close examination is required for the launch cost in the early
development phase of the reusable launch vehicle. In this study the sensitivity analysis is performed
with respect to the major cost parameters which have great effects on the launch cost and price. The
standard vehicle of this sensitivity analysis is the expendable vehicle having a payload 20 tons. The
cost estimation relationships used in this calculation are referred from the commonly proven cost
models such as TRANSCOST. The major cost parameters chosen in this study are as follows:
development cost, production cost, refurbishment cost, and maximum reusable number.
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Nomenclature
C,  : Launch cost
C5  : Annual amortization of development cost
L : Number of flights per year
Ci : Average production cost of one vehicle
N,, : Number of reusability
C,,15¢ : Production cost of first unit
N, : Number of production unit
T : Learning curve factor of production
C.  : Refurbishment cost
Ty : Learning curve factor of refurbishment
rel : Condition 1 of reusability number
re2 : Condition 2 of reusability number
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Table 1. Baseline Values of Cost Parameters.

Cost Parameter Baseline Variations
Development Cost | $380,165 k | 100~300%
Production Cost $37,494 k | 100~300%
Refurbishment Cost $187 k 100~300%
Reusability Number 10 100~300%

Table 2. Assumptions used in Calculations.

Turn-Around (Days) 30
Cost of USA 1 Man Year, $k(@2019) 302
Annual Inflation Rate 2%

Development Amortization Time (Years) | 10

Learning Curve Factor, Production Cost |0.87

Learning Curve Factor, Refurbishment 1.15

Learning Curve factor, Operation Cost 0.9

Operation Cost/Reference Launch Cost | 5%

Factory Maintenance/Total Production cost | 3%

Site Maintenance/Total Launch Cost 6%
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Fig. 1 Launch Costs with Development Cost Variations.

Table 3. Launch Costs Depending on Development Cost
Variations (@ L = 5).

Development | line | +100% | +200% | +300%
Cost

baunch Cost | 55 76 | 43,543 | 52,008 | 60,472
(%K)

Launch Cost ) 24% 48% 72%

Increment
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Table 4. Launch Costs with Hight Numbers
(@ Baseline & +100% Development Cost).

Flight

5 20 100 200
Numbers

Launch Cost
($k) @baseline
Launch Cost
($k) @+100%
Launch Cost
Increment ($k)

35,078 | 13,833 | 7,011 | 5,687

43,543 | 15,949 | 7,434 | 5,898

8,465 | 2,116 | 423 211
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Fig. 2 Launch Costs with Production Cost Variations.

Table 5. Launch Costs with Hight Numbers
(@ Baseline & +100% Production Cost).

Flight

5 20 100 200
Numbers

Launch Cost

35,078 | 13,833 | 7,011 | 5,687
($k) @Baseline

Launch Cost

39,084 | 17,595 | 10,064 | 8,449
($k) @+100%

Launch Cost |\ 0o 5760 | 305 | 2762

Increment ($k)
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Fig. 3 Launch Costs with Refurbishment Cost Variations.

Table 6. Launch Costs with Hight Numbers
(@ Baseline & +100% Refurbishment Cost).

Flight Numbers | 5 20 100 200

Launch Cost

35,078 | 13,833 | 7,011 | 5,687
($k) @ Baseline

Launch Cost

($K) @+100% 35,335 | 14,089 | 7,267 | 5,943

Launch Cost

257 257 257 257
Increment ($k)
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Fig. 4 Launch Costs with Reusability Variations.

Table 7. Launch Costs Depending on Reusability Variations

(@L=5.
Reuse .
Baseline | +100% | +200% | +300%

Numbers
Launch Cost | oo 0 | 53341 | 32,737 | 32,434

($k)
Launch Cost | 1 00 | 689 | 75%
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Table 8 Launch Costs with Flight Numbers
(@ Baseline & +100% Reusable Nurrbers).

Flight Numbers 5 20 100 200

Launch Cost
($k) @Baseline
Launch Cost
($k) @+100%
Launch Cost
Decrement ($k)

35,078 113,833 | 7,011 | 5,687

33,341 (12,211 | 5,753 | 4,563

1,737 | 1,622 | 1,258 | 1,124
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