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ABSTRACT

Engine is one of the most important parts in a rocket for completing its mission
successfully. In this paper, we provide a methodology for estimating reliability and
development cost of a liquid rocket engine newly developed. To estimate reliability, a
baseline engine is selected considering factors whose effects on reliability are
unquantifiable. Then reliability of a baseline engine is adjusted to reflect the effect of
factors that can be modeled quantitatively. Using the previous Transcost engine cost
expressed in terms of mass and the number of hot firing tests, the engine development
cost is reexpressed in reliability and thrust requirements. Finally, a numerical example is
given to illustrate the application of the methodology to a turbopump rocket engine using
staged combustion cycle with LOX/LH2 propellant.
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Table 3. Development standard factor f;

Classification fi
first generation system, new 1.3-14
concept

New design with some new 1.1-12

technical features

state—of-the—art 0.9-11
modification of existing systems 0.7-09
minor variation of existing projects 0.4-0.6

Table 4. Team experience factor f,

Classification fs

new team without experiences 1.3-14
partially new project activities 1.1-1.2
team with some related experiences | 1.0

developed similar projects 0.8-0.9
superior experience with this type of | 0.7-0.8
projects

Table 5. Development cost of SSMEI[9]

year | 1972 | 1973 | 1974 | 1975 | 1976 | TQ
US §| 45 41 56 94 135 | 36
MYr | 1023 | 820 | 1018 | 1597 | 2045 | 545
year | 1977 | 1978 | 1979 | 1980 | 1981 | 1982
Us $| 182 | 197 | 173 | 141 134 | 127
MYr | 2528 | 2472 | 2005 | 1530 | 1357 | 1206

11

o

In{mass)
Pz

In{thrust)

Fig. 2. Relation between thrust and mass
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Table 6. Comparison of engine development
costs for different thrust and
reliability requirements

Thrust
N 1500 kN 2000kN

Reliability # of cost # of cost

firing (MYT) firing (MYr)

0.85 130 6359.2 | 132 71522

0.87 143 66106 | 146 7450.6

0.89 160 6913.3 | 163 7783.6

0.91 183 72840 | 187 8209.0

0.93 216 7755.0 | 220 8727.0

0.95 269 84011 | 274 9451.8
0.97 375 94285 | 382 10604.0
0.98 486 10271.4 | 495 11548.5
0.99 756 11791.0 | 770 13251.8
0.995 1173 13409.0 | 1196 15066.0

Reliability Requirement

Fig. 3. Engine development cost and
reliability for different required thrust
levels

T2 U= 2o

Cp,=9451.765 f f

ek fi=1,f;, =15 7H9ddd gdst 87
FEI A= S wet A AERE ALt
g 4 9lonm 1 ATE Table 63 2T}

Figure 3 Fo]3 @7 FgFFdAN 7415
T7F F7FskE QIR AEnvE AFEH o R FhE
< A AgT

m. &2

2 AFolAMe At Jidste HEPZA oA
AzA AR A= E FHst= HHS AAS
Aok 2 Fze] JEFE v A= AAE FA|, A
A AbolE, 27FY, AXLAPIASE 17s Y
th 2o FAA Y AdAh Alo]EFE ALgdIE V&
o] S wojxgle dRow My 275
H2 ALA G 3Igol s wo]2gl Ao Al
s BHASE A AR AHEE FAHIA
. FF g2 JAES FrHHez a1y
SO M= WReE 1 Q1AL AF =] v
e QS AFHow HAZE F e AE7}
o] &7t5g7te] o Ho uwhl wo] ekl X A
A gAY wo] ekl A A EE B
Fote dlol 18T 4 AL Aol

T3 Transcost BHS o] &3t Al 73t
= AAdRe AL ES eFFHy 1FE]
gz ZEIAT. AAFE D AARLE A}
£33l gddi Alo]F dXE JMAsla A E
EXE EA7 = NDHES FY5e WHES
A FFATE o]# e WHELS WS JHAH



42 4 2B 5 4R, 2014, 5.

9 e g 34 4

-LOX/LH2: - 443

]_01-/\1 oﬂ;q]gaj\ ] ]g] H]%—
A A& F Aok FF A
A&} Ato]Zell o sf 1LJ
e MmEs 2 & 9 %
S uehs @A KSLV-I
g EF A A}%
2 A7olA Ak o
0 4 Ee F83

2 7]d gk

o] =& 2013d= AR (A EFE, W
FH)9 AdeR FIAFAEY JNxAFAY
(ZHAME 2011-0013718) 7} $-FF3 41 7] &7 AL
(AWM E 2012-033521)2] A DS ol FaP= G
om AFH AUE A=Y

References

1) Chang, 1S, “Investigation of Space
Launch Vehicle Catastrophic Failures”, A/AA
Journal of Spacecraft and Rockets, Vol. 33, No. 2,
1996, pp.198-205.

2) Sutton, G.P, and Biblarz, O. Rocket
Propulsion Elements, John Wiley & Sons, Inc.,
2010, pp.194-244.

3) Jennings, C.N.,
Spacecraft  Propulsion  Systems, Space
Plant, California, 1967, pp.360-364.

4) NASA, Exploration Systems Architecture
Study, Final Report, 2005.

5) Young, D.A., An Innovative Methodology for
Allocating  Reliability and Cost in a Lunar
Exploration  Architecture  Ph.D.  Dissertation,
Georgia Institute of Technology, 2007.

6) Emdee, J.L.,
Test

Design  Criteria  for
Center

“A Survey of Development

Programs for LOX/Kerosene Rocket

Engines,” 37" AIAA/ASMESAE/ASEE  Joint
Propulsion Conference and Exhibit, Salt Lake City,
UT, AIAA Paper 2001-3985, 2001.

7)  Strunz, R, and
“Reliability as an

Hermann, J.W,,
Variable
Applied to Liquid Rocket Engine Test Plans,”
Journal of Propulsion and Power, Vol. 27, No. 5,
2011, pp.1032-1044.

8) Ning, J.F, Yan, X.Q., and Zhang, SF.,
“Study on Reliability Analysis Method for
Liquid Rocket Engine in the
Zero-failure Data,” Journal of National University
of Technology, Vol 28, No. 5, 2006, pp.22-28.

9) Koelle, D.E., Handbook of Cost Engineering
with

Independent

Case of

for  Space Transportation  Systems
TRANSCOST 8.0, TransCost System, 2010.

10) Seo, Y.K.,, and Oh, B.S. “KSLV-II Cost
Estimate using TRANSCOST 7.1,  Aerospace
Engineering and Technology, Vol. 6, No. 2, 2007,
pp-119-125.

11) Yoo, LS., Seo, YK, Lee, J.H, and Oh,
B.S., “Application of Cost Estimation to Space
Launch Vehicle Development Program”, journal
of the Society of Korea Industrial and Systems
Engineering, Vol. 30, No. 3, 2007, pp.165-173.

12) Barlow, R.E., and Proschan, F. Statistical
Theory of Reliability and Life Testing Holt,
Rinehart and Winston, New York, 1975, pp.56.

13) MIL-HDBK-189C,  Reliability = Growth
Management, 2011,
pp-31-32.

14) Kim, HR., Yoo, D.S,, and Chang, YXK.
“Studies of Reliability-corrected Cost Estimation

Department of Defense,

Methodology of Launch Vehicle Development,”
Journal of the Korean Society for Aeronautical and
Space Sciences, Vol. 40, No. 4, 2012, pp.364-374.

15) Sutton, G.P,, History of Liquid Propellant
Rocket Engines, AIAA, 2006, pp.821.



