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Abstract :

In executing the large scale national project, such as development of space launch vehicle, it is most

important to guarantee the technological reliability. However the reliability analysis of launch vehicle is different
from other mass product goods because of the limitation of budget and number of tests. In this study, the
reliability analysis technique of the propulsion system, which is one of the major sub-systems of launch vehicle is
illustrated and applied to the liquid rocket engine of KSR-IIL
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Nomenclature
KSR-III : Korea sounding rocket III
KSLV : Korea space launch vehicle
FMEA : Failure mode and effects analysis
CIL : Critical items list
FTA : Fault tree analysis
RETF  : Rocket engine test facility
PTA-II : Propulsion test article 1T
SQT : Stage qualification test
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Fig. 1 Reliability modelling

olvt $FAUEH Bistel mFo| o ke
A% Ho} el WAl o AWe Al
Aol AA A 42 99 Amsm 2l
o 3 mHt AYH7] AGE AL o}ER

AgeA A=A, XA Frbe o] BEHHA
e o]l NASALH EADS, NASDAGS Al e}
dy #& 47 71%1]*1 b%ZH o] 71H&
[e]]

analysis)= l-ﬁﬂ Al~Ele] 9d F
7?21::(40_:.,_ gersk £ oglok olE UEd A

o] CIL (critical item list)7} ®T}.°

A e
it Failure Mode and Effects Anamn, oy
st — Pl
———— Approved By
! e—— Tanv Etren | Foours [Comprmiaing] Saverny | Smores
emoer | ksesstaton | | Mg Couses | Onoratonsi o Tutecion | urdsions .
e | | e ] =
[ ] |
|
‘ |
1 |
- | ,
‘ | | |
Fig. 2 FMEA sheet

FMEA £4& dutzo = ofgset &L &
e P49 worksheetE ZHd3te] o] Foizl
o}.% o] worksheet®] 42 MIL-STD-1629A
ANA AaEded dFEEe] AL olel f4}
g e g oz gl

FTAT: I45 E42=2 Bell Telephone
Laboratoriesell A 0=+ Fa*¢] Minuteman A] 2=
o] sde] g AREE 7|HEeo|th. o] ®Y
2 Alxd ZAFe dEE E 7 v A 4
3 1 4d @A veEhlFE =8 thold
JMoE A

:IJ-oD:i

27t an FAH ADaiot
bL A}}-Eﬂoﬂk] Tﬁg'c? ME 76“?‘
9% + 2 Yol

r'I

ol &,
‘_\’g
i
ru%‘— i

Fig. 3 Space Shuttle FTA

9F AN DNVIY NEC I



1o > 12
LA
b
j
09-‘-
oX
B

.—u’rgkr}a,'
2

¥

NEES] dFe EAR 4A 540 7k
Feol AANE Uge ANs
AL fAF Azge o
o} FEA ek P2 7
E@ e uES FY3

X ool rfr oo
0
g
1o,

o [y ok X o

a2l
o ﬂ”}ﬂ 2| &= of o}
A= Jrke d
scale test data)ef] 7]
A= FAA Ax
£ H3l Eopxl= il
of tigk Aejrl. o]z }ol o]d 4HA
(binomial count)?} Z& Eﬁﬂ"ﬂ 71 E o83
o 7l5s RE A A4 3 A¥E XS
H ol HFd 53 2= FT(confidence
leve)®] FZ7|# AH=E AN # 4
ojgitd L ANFHol HAF F
Hste o= AT AT
A AFe 52 Jy=E 7
oF. AEE H7ke 9= A7t A=
oS o] =55 v R & o] ofye
A Ald doE vgoez AdEutE #H
o|t}.

o
Y

°. i 1 r}n:
r&
drw e

-

AU

>

N

y

b

}.

)

% e

2, ofl _g‘ e ot
E ‘
i
ol
>

™
e o
\-

P=7FA 1945 =

N8 Faelzs FAH WS Edstel 3
A QHUAE Aol EASE Aol vk

A AL A
m NASIIRILOfIorAT

Aajch. H4E 100(-a)%e B4 4 @
Aol thet olg BE 4L g 2o,

E( n—x)’x*)ﬂu_Lu e @

9, fe 4F9 A% 85, 0 DA Y
8%, 23 Le H4 A8, pel-aclth,
wep, Agel BF AFAAcd ¢ A&

qes go) Feld 2 % 9.
L:(a)l/" (3)

2} o] o F A el E 7hH
ol EAlgch. WA, de o oig A
o7} H&a= 22 Alge “-]'31' =24 v
e = Qlth 9 E Sof 2 dlde] dAaA
@ Az, FEeolu vl5Fd, O\jﬁ‘—)"e] g W3
T4 2 FF BEAY F AN aFF2dAA
goje A8, sdate] ZHAAE dujeta
A 4 Qo o ARV BAbE e &4
(loss of wvehicle) =& ©]A  AH(loss of
mission)Z 7}A] ¥ Folg} TdEF o] A9l A
S A 283 AES AT 5 UdH 9
g At 237 o8& £x do. o
A H7rRbe] FHAEQ g@tre] Eo]d 7hEA
o| ¢9lc}. ]?sl-A |

He e @

]
< Fysted A T4
A7A] Fgg AP Aot
o] dojd ALdE W doE Aol ¥
o AAG AF, A FH, AFHY e)F,
FAL Zhg ol W g 27 Foll SlojA Ape]7t
o Al sl d3E vE 5 g, o]y
ot ZAle] o8] olaabd e EF4Ao] ¢E
7HE & Ak, EZ A|F e BREL 9
o 22 AL Brle Aojx Hoje] kol
gd 4 g, dF3d 859 AP glole
A1 %] % (high reliability)3 EAE 4= g},
5 =& 2EF] FF SelMe df E &

19

ofN 9 2

r}m
PR lﬂ

]
ikl o] HLeE Al e =
=4 #&A %aA4 frc), mﬂE Zo] 9kA 9]
|83t A= FE 50%90 4] 95%2)

7|(sample size)7} LT7-% AT HRALE] ALY

Ze dF MM e 1 2 FE& 2FE

Ao B7bsstet, o] “Hﬁ-ﬂl %‘H Hog &
H
AT

AR R s

e
[



FleE vehl7] HEiME 1432 Ajdm) A
@rtolH 7hFstA T 4lZ4FE 95%el A 95%2
AEEE Yepd7] Yl E 609 Algol
Zaste] Mz FEo] 99%2 &elrbd g3
T2 9032 F7letA "k o] wiZe] wA}
A ke dalrt egE MAFME w7
A4 AlE (short duration test) Z3}E E 33}
ALt o] el kel FHe FAF AR Ag
A w3 AFolee] AGAEE EFEE
Aog BE FAVE 71¥E HHE AHEST.
53] @7 di ANFY A= dF AT
(weighting factor)S 0] Aei7) = )"
ojejgt A&, WA AFE A4 Ao 23
2 ZAR’YE 5 3ld. 54 g9 4o
2 Aelgr),

'=pz+€(1—pi) (4)
Yopkte(l—py)

w2 AAE 5k pi=l...k 2L ¢ =
Ak ob gk, o] & 3] s Heolgho),

Ni= i H# groupol A9 dxAE H4

fi= i #HA groupell A o] A= 35

fij= AlZF 24 (Tj-1, Tj)elAel 24 3

5‘,:
3
H=N—fi~ Y, (5)
=1
k
E= 3y (6)
=]
k
G= Y B+E+7) Q)
=1
' k
A i
€ =— =l (8)
;Iﬁ Z]lf
= g Fl—p;_
Di=pit i P, ) (9)

G
4714 Hit AF A5, Fir 49 257}

A,

2.2 I8tz 7 359 HL

2
ox

9] ol&F AHx Hrier #HE JE
QI 7 7)) H Rl AIRE B
4TH. KSR-I9 F7]# 2L 9
$FATLNE Ao} AEE 9
RETF(rocket engine test facility)h
2] Y A% AF R AN A2
3+ dH]¢l  PTA-II (Propulsion Test
Article No.2)E FA3te AdES Fa33ich
PTA-IIOIA A7 A4 AlEE opd 9
ARAle] eRIFE A% AlESQl SQT(stage
qualification test)yE TSI oo H] & 4]
Fo| HFd olFq@ct. FA7|HY 2F
T HibollA 28" A e A7 A4
Aldukg ok gt o] 5o TEE
Ae A A7 AURA KA
YT AT ds A =7 Bo
AA Aok, wakA kX AF3gE npe} go
7] 44 AY AAE XSG, 53

27359 dAFE FHe I AF}

data?} §17] Wi FAH AdE A3
A Al =88 A4 A|¥34 PTA-L SQT, H]
YA E HAAE TFI=F AT

AL Agd lojA & E4= 4

ggoldnh. o] A4 wES o3l &2
g = gdem® olF 3 A A (design
freeze)o] o] Fo] Httm 2E 4 31& Aol
o oldel E4YNE 2A FF oA
235 25 EFst E43T A B
A P 24 ARE AT wE VFEe=
ol Alatstetk. 7 A doji gk 41F
TF 0%l A AE =7 60%ETIE F2 G

KS

=
%

£
x o%
o ok

¥

A

It

r_!
jl

Loy

oo o oo

o
tle of

25 TR 10

o B 900 oy

2

it

i =
e Aoz yehdo. zey o)g 22 A
= WHe dA 2F olFe muy w2 4
A% g Ak Racke Bol Ytk
olel £ AFdME 24 B4 o)F APE
RhE o) 83t AEHEE EAE

Agtel AH&® data® chE3 @oh. <l

AEE A A)Fe #HA 283 AlFola o]F
AA B3 o)Fe Alge 2002 49 o]FER
B e 1239 Algwte A
PTA-IIYNA = 839 94 AdE Fds8n
olF 589 Algo] AA FAH o]F g AFo]

ATk o714 238 Al Azt dojwint,

9 YA ZTFA MR TV



o]%, "WelFe 9% sQr, 2y HF v
Al @o] F=Y AT, o
A A= F 1937 ®@d.

HiE e AHEE A7) e o

we AY dolEz aTH. oHd e
toz A PLAA AL ofg2 $

o du} o] TALH F7|HAM] AHE
H7t 71ed EHBEAR o]F A AEEY
27350 FU7| A ALAE Aol HE
AlA Bokth A= Bl glolA 71 FA8
gk Ae diojEuo]| 29 Rt @EHP of
A7A Fule] AL ojFe] Azl HlF]
glo] #Fsicte Ao A7 £ AL

i oo g g A dALA(KSLY) Al Z2]
e Ea vl AFAe] FESE A}
A2 g £ s Aoz 7ged

I. Chang, I. S., “Investigation of space
launch  vehicle catastrophic  failures,”
ATAA j. of spacecraft and rockets, vol.
33, No. 2, 1996.

2. 244, 8L, 259, “qA=23 FA
718 Alz=Elo M) A= £ 43
FFUALA 7| & A EAF, 2003

3. Christenson, R. L., Whitley, M. R., and
Knight, K. C., "Comprehensive design
reliability activities for aerospace
propulsion systems,”
NASA/TP-2000-209902, Jan., 2000.

@ “or

L2, 34, S84

SAE ARP4900, "Liquid rocket engine
reliability certification," 1996

O'Connor, P. D. T., Practical reliability
engineering, third edition, Johm Wiley &
Sons Ltd., 1991.

. Mohr, R. R., "Failure modes and effects

analysis," lecture note of  Sverdrup
technology, Ltd., 2002

Lloyd, D, K., Lipow, M., "Reliability:
management, method, and mathematics,"
ASQC., 1989.

(s} )
“KSR-IIT Rocket £3F Ald AH]eA
AE F7] A4 EokHo] #Ek A
T9-F8k3] FA = 3], 2002
Aol AEL 0 5F, cfalz] F37)
=

Fell oigh A5 Als3

ot
H

o L N
o
>
¥ g
)
~





