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A Case Study on Upper Stage Liquid Propellant Rocket
Engine Developments

Chang-Ho Nam*' - Eun-Seok Lee*

ABSTRACT

Development cases of space launch vehicle upper stage engine were studied. HM-7, Vindi,
LE-5, RL10 engines are representative upper stage engines of Europe, Japan, and United States. It
was realized that upper stage engines were developed with more than two engine test facilities

and the development period was 5 to 8 years accompanied with 10~11 engines.
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Fig. 1 HM7A development history[2]
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Table 2 LE-5B engine schedule
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No1 qualification engine —® O o
No.2 qualification engine (CFT) [ 1
No.3 qualification engine *m) = [m]
No.1 full-power engine 01 Tashiro [ I
No.2 full-power engine e C = @
No.8 H-Il launch vehice engine H: Kakuda L ol
No.1 test launch vehicle engine | g?:sfwo ===
No.2 test launch vehicle engine | C 7]

Fig. 3 LE-5B development history[6]
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Fig. 4 RL10 high altitude test facility schematic[13]

& s,
2.4 RL10

AA Hze dAFLE FAAZ AHEE A
Fo g RLI0L oJ2dy Alo|E 2 u|=9] Pratt
& Whitney A7} 1958\ d5-E] 7ol 2=t

_1

A0 17 AP 98l TFA FBL A
& F4o2 v 29 oAHZ AFL BEol
13 BN H3 AL wEdon Ay
gelo] =9sY 29 oldEE na Ak 7
2ol TFAG os) AFetE delE ol gad
t}H13].

At 2ol dF AlFL £HF AduloA] 230
2 ux]3 2709 QA
Centaur?]

F

=
b X

=
™
rlo
i)
ﬂll
N
N
i
X
e &2 2
9

N FAE 204 £¢7)0 99 sz X
7} Loy,

QA D27 BA AAed @7 25
2 AsE AT AT W] Roe) Bow
Sa7} Solrbe FEAY FAAEAAE 29
gol WolAT. FRAHNAE a2
gtol HHE T solz Edole Ba He

of T Fa/2a EGVIZF M) F90
Q)

N
=

o5

on
O

)

ot

N

N

o

2
lqi

l

3t ZAE s 23 d13].
RL10S Atlas®} Titan® 2©2 Centaurol] 27§

|
—
—
\e}
|



o] Aol A2 E3 Saturn-I] 2Tl SIV
FRERon dAAlE RLI0B27F 9 dxo=
Delta IVS] Aeto 2 A5 a1 QQoh[14]. w]=-
AHA 9] Bego R oY 7HA Yl FUHe AT
dadel=rt FFE5 o]Fojx AP, BlFY
&, 28" B2 E AAS D e A A7

4g, A% 7h5d =2 48 Fo| oFe] Am

A7
9 1128, =% A 2859 34
%

[19].

A7 FLARQ]l Pratt & Whitney & 1996 8
¥ RL10B-2& AEDC(Arnold  Engineering
Development  Center)ol] @& Z&x
SnecmaAt2FH HE T2 A HEdA =F
$AR7E AgE 19979 29 J4 AuloA w)
=4 3ol 38 HA

X-stage?tl EZ = Delta 39 GAIHLS
NASA LRC(Lewis Research Center)®] Plum
Brook Stationoll Al B-2 & A& Hw A 1998
9 295y A S, WEAES 2Fete
133]9] A AP 339 A3}, F 860x<]
HlE RAF AR e s AT17].

Aue SV TE&E ATeE HAA AL
TR AAR GdAd H 248% AY
TSR B2 AHlY AR FH=SH=
zZhahA] ol A AF Qlol AAAE
F97] A5s Zlste AFES FHsHATHIS

RL10B-2 7§Eo] o] &% AEDCS] J-4 4]

=

ro o o >

[0

—_
[

[c] [e] = Ollj“f_ %}]\—9—
A4 vAg v s 4% AL AR

25 % £4

Table 3. Upper stage engine development summary(21]
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