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Reliability Prediction of Liquid Rocket Engines for Different

Propellant and Engine Cycles
Kyungmee O. Kim*

Department of Industrial Engineering, Konkuk University
ABSTRACT

It is known that reliability of liquid rocket engines depends on the design thrust,
propellant, engine cycle, and hot firing test time. Previously, a method was developed for
estimating reliability of a new engine by adjusting the design thrust and hot firing test
time of reference engines where reference engines have the same propellant and engine
cycle with the new engine. In this paper, we provide a procedure to predict the engine
reliability when the new engine and the reference engine have different propellant and
engine cycles. The proposed method is illustrated to estimate the engine reliability of the
first stage of Korea Space Launch Vehicle IL
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1.Select areference engine

I
i i

2.Find the relation between 3. Determine the failure

reliability and hot firing test contribution of the constitute

time for the reference engine items in the reference engine

L l |

4. Perform similarity analysis between
the new engine and the reference
engine for different propellant and

engine cycle

]

5. Adjustthe failurerate of a new
engine for test time

|

6. Adjustthe failurerate of a new
engine fora design thrust

Fig. 1. Schematic diagram for predicting
reliability of a new engine
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MIL-HDBK 189¢] US Army Material Systems
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Table 1. Contribution of items for the
reference engine failure

[tem Contribution Failure rate
1 »A (W)
2 Do Doy (y)
k Dy, iy (1)
sum 1 Ap (y)

Table 2. Similarity analysis between
reference and new engines

reference o new engine
- similarity .
) failure : ) failure
item analysis ratio
rate rate
1 | pN(y) Analyze ro ()
? p?/\b(y) similarity of "2 r?pQ)\,,(y)
: propellant :
and cycle
between
ko |p(y) | reference o inp(y)
and new
engines
sum | A (y) A ()
4GA:: AT AR AA FEHIY AEAF Al
Zrol Fzx AR Poa spAst A B
¢ B3 WA R FAA FFA2e Fold
2 1FES HAS A EsteE AR
1ZE N\, (y)E deth olu Table 2014 R
Hle} Zo] Table 19 2t HEEE=E F A F
A Ee AoldE Wrlste 1AESY WES
AAgt B4 BF o el Fx Azl A+t
Az1e] zto]dE EAste F dxIAtolo] 1AE
g o e AL F = Bz A
Al Qe FA BE Y 3AES HES UE
Ak dE EoA4 F ARy 1A F=I)F vl
Aohd =1, F2 AR FA FFA2H
A= Y3l Al XY FFALHol= 232
Q% BEFolgy =00zt Trh =3 Fx
AR A A7 Aol RFe] o] Fol7k gk
H o E 594 SSMEOY A= actuator 3+ 77
FEOFE ALHAEE Al o= FEEHA &
goH o]l aEste HlERE 22 & ¢ ot
upAjgto 2 A AR FEF FolA FHx Azl
AAALE 3] o FFol UTH NRPDI1
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6GHA: 5EANA de 1ZE N ()= 24
F8 7,2 AdE dWE 22 T¢ AxAFd
T AR wiAEIAS o] d3d ugEolt
AT Ao FHo] Hx dxel FHI g
A& 1] Q8 F2A, AR AbolF, AAA
g AL Yt AA FEW g2 F e
ARe nH& B 2 AR FHo] 7,9 T
oja 1o g3t nAES A9 AL 5|
2l (6)eF #Zol mEvh 69 HIESE MEE F

At [4,6,8]
A :/\0( T1)6(T0)7(S (6)
20051 W= FEFFH(NASA)ol ExG BhAb
AN2® F2ATF BuAdas A4t/ AZA

FAA S T AL Aol E& AT F 9] H
Alob 4zl NK-333% RD-180% ®lwdte] £2g
A3 §=0.1017S AH83l ATH4,6,8].

Figure 2014 E& nie} ol 7]& F¥o] 7,°]
I ¥m FHo] 7191 A% Tk §9] Fhol
T,>T, °l¥ 38l JA3A ZF7sh
Ty < T, o9 4go] g43A Zagdch %

o] Wold5% 2 6ghe AHgdtolof s 2
< ¢ % Ak webd 548 FA dx A
ol2e ALgd Azle] A Feo] ToliL AaA
@ Aztol pxQ A 1AE

3

AE
©)F ol83tel 4 ()3 Lol THY + k.

large 8

small &

LR
G - - |

T IDesigﬂ thrust (TD)‘

Fig. 2. Engine failure rate for different
design thrusts

Table 3. SSME Hot firing test data [7]

Number Cumulative failure time
1 505
2 10,348
3 10,872
4 15,516
5 15,844
6 48,168
7 48,476
8 55,606
9 78,724
10 97,648
11 158,674
12 206,712
13 270,242

/\=q§x‘/”1 ;;6, a,3,6>0, x>0  (7)
2.3 M gAtE|

2 doAes =y EAAE MG T o
100,000% S A4 AFL 1 dF
g 7HAska 2280 A2 HAjel uet
£ A St 2249 AAE HEIH e 2
}.

1A AAIE 93t JA A/ A T4
A9} et A4 Aol E& AREsta AA
o] 7,=2091 kN¢! SSME xS = <z
Aegy,

297: SSME®] dAaAd AIZE y=373,868%
o] a TAANEE Table 37 2}t [7]. A=l
2l (3)2 AL [=0.4228 a=867.0318S A
< F Adh =% 4 QEHE 1ZAES TIH

it
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Table 4. SSME failure contribution analysis

Table 5. lllustrative similarity analysis

item contribution failure
(%) [6] rate

Actuators 0.379235 5.58E-08
Anti-Flood valve 0.001269 1.87E-10
Fuel preburner 0.313312 4.61E-08
:;;Z:Ot gas 42531 6.25E-07
Heat exchanger 0.73366 1.08E-07
HPFTP/AT 24.77431 3.64E-06
HPOTP/AT 14.53142 2.14E-06
Igniters 0.001269 1.87E-10
LPFTP 0.421766 6.20E-08
LPOTP 1.637443 241E-07
LTMCC 16.62253 2.44E-06
Main injector 4.005002 5.89E-07
Nozzle 9.994784 1.47E-06
gﬁgﬁ;r 0.864797 1.27E-07
Oxidizer system 1.789846 2.63E-07
Pneumatic system | 2.775148 4.08E-07
Powerhead 0.368602 5.42E-08
Valves 0.299844 4.41E-08
Other risk 16.23266 2.39E-06
sum 100 1.47E-05

(y) = 147014E-05°|t}. 2] (1)ZH-E] SSME9
PFAIZE 520% 9 ot AlE = th ¥ 2Tk

suEt) =exp =\, (y) X 520]=0.9924

3GAl: SSME dzle] FARER 1A 7]
FRta o) 8 7Htez A A ES
Fo g Igdth SSME ARA A W
2AE " 29 AETE JdoAA o]lHE 7]
287 ZA)5tH o] Table 49 AAIBIITH [6].
o E Eoj4 SSME 7} nAWE uf oF 27.7% =
HPFTP/ATS] 1% wj&olgt= Solth

4GA: =8 BAA = FALS} AR T
23 7t A7) Alo] &S o] &3ttt dRkE o g
$-F ARAZN e B3les A dEE A%
o] 7F¢ $43 RP-1S ARS3IAIRE 3h=3 @A}
Aol A% e JHFd 4&3 FFo] s &
T8 TH7A Jet A1E AESIIE ST
23], ¢H, =¥ HEAAY 19 875

reference similarit new
item failure v ratio | failure
rate analysis rate
1 |558E-08 |similar 1 5.58E-08
2 [1.87E-10 |no valve 0 0
3 |4.61E-08 |similar 1 461E-08
smaller in
4 |6.25E-07 GG than SC 0.75 |4.69E-07
5 |1.08E-07 |less occur 0.1 1.08E-08
kerosene
6 |3.64E-06 |rather than 0.75 |2.73E-06
LH2
7 |2.148-06 |'SS Severe 45 |4 07E-06
environment
8 |1.87E-10 |similar 1 1.87E-10
not exist in
9 [6.20E-08 GG 0 0
not exist in
10 |2.41E-07 GG 0 0
11 | 2.44E-06 |similar 1 2.44E-06
12 |5.89E-07 |similar 1 5.89E-07
13 | 1.47E-06 |similar 1 1.47E-06
not exist in
14 | 1.27E-07 GG 0 0
15 | 2.63E-07 |SIMPe, 18sS 15 143007
pressure
16 | 4.08E-07 |simple 0.25 |1.02E-07
17 |5.42E-08 |not exist 0 0
18 |4.41E-08 |less valves 05 |[221E-08
19 |2.39E-06 |same 1 2.39E-06
1.47014 1.15262
SUm 1 e_os5 E-05

2989.2 KN AJAdstr] 93] F8o] 7473 kNI
Azle 4 Wt AL T2 /AR
48 93] WA =y dAAY A & e
AAFEo] SSMESH FU3 7,=2091 kKNO=
MRS y=373,868% B ARAHE T F
Aol mix&ctar 7Hy kAt

o] zolg 1] s AL B
3t A3l= Table 59 2Tt} Table 5914
AA Ato]Z& AFESE SSMEC IS Af <l
722 @Y7 Abo]lZFE A8 fuel/hot gas
systemo] T ZolA A [6] oF 25%9] ILFES
gt Ba vSgo® 0755 getanh
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LPOTP= AH831A] foma H|EZHS 002 % 888932E-057 Hth. wWala UFAZF t=134%
AsAT BATLSE B2 AFE3 SSMEo] H] o 3k A EE 0.988159% <Az 7 Je] 1A
g A dxlo] ARAL Amz AgIgornz EFL FolX AR WA WHITHE AR AxHo Al

HPFTP/ATS] 1AES 25%WF ZaAAY [6].
T3 Sty AL 9] 19+ Anti-Flood valve
7F AHEE A FET 4gske] BEEE 008
AAstAtt 718 £Fd tisiA = SSME9} vl
st Al Al HE o BEe £, &8 374,
EA ARG5S nHIY HEHe JgsAh
Table 5% FAM 49 AL AT EHo
2 AEE e fAA B Axtes AR
AEH, 4d4 Ao mgt o2 e A48T

Atk Table 59 Ao wekA =
A ) ANt = ii‘?ﬁfiE_gg =0.784 & &
T ATh

5UHA: 4T AN @ nFELS AF AL
ARG y=373,868% B¢ A4 AP Fo ¢
FoaZEoD =¥ TAAE NEF F
100,000% &<t A4 AFITE 1FELS 4 (5)
& o83t tha3t o] dojitt

0.4228
A, (z) =(0.784
o(r) =(0784) 867.0318"4%%*

=2.46746E£—-05

( 100000()442287 1 )

6FA: 5HAA NN Ao uHAEL A AT
el AA FHol T7,=2091 kNI Z--°]th
Sty WA 19e] 8 F F8L 7'=2989.2 kN
olt}, whef @ F & wiEdE e & JA
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2 U 2ok

9989.2 01017
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