= FXFE3] 201295 FA e =73 pp.201~212 2012 KSPE Spring Conference

Review of the Solid Propulsion Trend in the Launch
Vehicle(1)

Tae Ho Lee*'

ABSTRACT

In general solid propulsion offers cost effective, large thrust capabilities comparing to the liquid
propulsion which offers high specific impulse and restart capabilities. Therefore solid propulsion is
well fitted for the first stage and boosters. BBL approach has been studied for the launch vehicle
because of cost effectiveness, limited development time and low risk. Using of the carbon fiber epoxy
resin in the solid rocket motor case is expanded, and specially high strength fibers are more attracted

since its inert mass reduction.
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Gross Liftoff Mass: 3,704.5 mT (8,167.1K lbm)
Integrated Stack Length: 116.2 m (381.1 ft)

Earth Departure Stage (EDS)

+ One Saturn-derived J-2X LOX/LH,
engine (expendable)

* 10-m (33-ft) diameter stage

* Aluminum-Lithium (AI-L) tanks

+ Composite structures, instrument unit
and interstage
+ Primary Ares V avionics system Core Stage

« Six Delta [V-derived RS-68
LOX/LM, engines (expendable)

* 10-m (33-11) diameter slage

» Compostte structures

» Al-Li tanks

Fig. 1 Ares V Configuration
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+ Two recoverable 5.5-segment
PBAN-fugled boosters (derived
from current Ares | first stage)
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Fig. 2 BBL Configuration in Europe
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Table 1. Composite material properties

Fiberglass Carbon

Kela-49  High  Intermediate — High
Property EType  SType  (Aramid) — swength— modulus modulus

Nominal tensile 500 663 523 530 750 25
strength, ksi (MPa) (3450) (490 (3620) (3660) (5175) (1900)
Nominal tensile 105 125 180 340 450 550
modulus, ksi (MPa) (14 (863 (14) (235) (310) (380
Ultimate tensile strain (%) 48 54 25 16 17 0.5
Density, Ibin~? (gem ™) 0.09%  0.09% 0032 0.065 0065 0070
(2.6 (29 (1.44) (1.80) (1.80) (1.94)
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Strengths and weaknesses of case design concepts:

Criterion Steel Steel Steel | Alumi | CFRR | GFRR | KFRR | Hybrid
flow- strip- spiral- | -num Steel-
turned | laminated | welded CFRR

Low mass - - - - + 0 + 0

High burst pressure + 0 ++ 0 g +

High stiffness + 0

Thin wall + 0

Thin interfaces *

+| 4| +|[+]| o
o
+

Mass of internal thermal * 0
insulation

Mass of external thermal +; 0 + - - - 3 0
insulation

Contrib. to insensitivity - heating - ¥ - + + + +

Contrib. to insensitivity - impact 0 - - - + + + 0

Cost 0 - + 0 = 0 - -

++ very positive; + positive; 0 neutral; - negative; very negative;

Fig. 6 Comparison of motor case materials
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Table 2.. Optimum pressure vs Case design parameter

. Range of International
Case design
pressure (MPa)|SRM examples
Metallic 6-7 RSRM, MPS
Segment
) 8-9 SRMU

composite
Monolithic 0411 Castor 120, M
composite 25, SRB-A, P80

dnicture
42%
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16% 5%

Fig. 7 Mass breakdown for an advanced 90t class
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Wide range of options at the motor and component levels
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