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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. Building Block Launcher(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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AstE M 7177 q4F 283 f3AEE
13k, BBL(Building Block Launcher)©]
AN nHEH Yot 71EY AME THE
SH MNEEFES A8t WHolY. v

H
o] th¥F<Q BBLE Ares I ¥ Ares V A} H]

)
i

PAE & F Idoh. A2 (Constellation) Z =17
oA T IAAZ V&S FI TES AHESE
712 skar,  olggk FE offoli  RSRM
(Reusable Solid Rocket Motor)S Ares 19] 1T
o], 18]35l Ares V F-2E HE 3= AoH[s,
10]. Ares I9] H2He I3 EH Aolx=
7HE RSRBE AM-8lal FZ1AI= PBANAIES A
ggth. F  GEHdAA AR F2HY
RSRMof| HISl Ares 19] Q7o 237] H3]A
g A A Bebs dtojof 3tk 53] &
s &

S8 N, AR Gy, 247

N dHoez sy, o] 1A ZA F AHNEE
WA Fo] o] FZ(strap-on)dl= A|=HOZ
TA8ka ot FRAAE Ares o)A AFE3SE A
o=z 7] MEsk AL Hud &3tk a1
71 M2 BEFAE 2E Aolx9 HIPB
FAAE A3l A= 13 A6

Fig. 1 Ares V& 37}o|t}.

\\ Altair
Lunar
% \ Lander
N 4
g, e Payload
3 Adapter
EDS

42X
'./ / Loiter Skirt
Interstage 2
‘? " / Solid Rocket Boosters
o » » Two recaverable 5.5-segment
PBAN-fugled boasters (darived
frem current Ares | first stage)

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 Satum-derived J-2X LOXLH,
engine (expendable)

+ 10-m (33-) diameter staga

+ Aluminum-Lithium (A-LI) tanks

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

= Six Delta IV-derived RS-68

LOXLM; engines (expendable)
*10-m (33-H) diameter stage
« Composite structures )
+ ALLi tanks ~ Y~ AS68

Fig. 1 Ares V Configuration
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3 5= (ESA: European Space Agency)<]
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4
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L
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Bls
ol "R A Hel e, FF%E &
HEol AAHEHE A 29 ad FAEHe
FE g WS AT Tle ARG oE 229
t}7, 8]. BBL H WHo=z mzdHE Fe o}
¢t 5& EAPE P80cE thAlslz F A9
Vulcain A4 ZA ARz FAI= AL
Azpsta vk = o resiar AA &l
“314 BBL' 39% 1#stn dEdH, 19
EAP(P240), 29+& P80 18]1 A¢e AL o
o7 FAEE otk Fig 2+ ol¢k e 74

o] BBL #“Jo]th8].

283 FHY F71 ARA TA Al="E of
22t} Vegaol A 7L A& Hog o] &3t=
WY BEBB) o= 2015 W7HA 83l
2020 - 20259 ARAY) WALA|(NGL:  Next

Fig. 2 BBL Configuration in Europe

Generation launcher)& A &gsta o). BBL 1%
de BdAE 24 ZEHE A, NGLAA
T stddls SRAEE AHEE Aolt14].
Ao 2= 9 FoA AdFste F8 Ve
£ 2Ae 293 3L BaH, 27 F9
+ WY EE(Building block)e] 37}4]
g w3 JYp. AEE $FART DG
22 Ve FH% g, Ax Hx9 AF
$4 LARAIQl SLV(Satellite Launch Vehicle)-3
WhAbel] Ao st o, 1980 2%}
FAL A AFFstATh o] TR JIEE 6WA
AFAE TA=7E Hylerw, SLV-3el= 4T
A F371%E ARshath 1=9) ISRO= 7l
&2 02 PSLV(Polar Satellite Launch Vehicle)
of A 19 944 #A A4S HF
57l = HAXE(Sun Synchronous Polar Orbit)ell
AYPA A ©] PSLVE 12589 i R}
37589 HA 29k} 3©e T3 v 4TS
oA ZAoE FAsIoH, 19933 Bl AF
M RE Zlwel Ao ZFIAT9, 15
& 1980t FHHEE o]m] Agni AlE]=9] &
= VA AEsisied, 19el= v o] E %
S 2T BAMNE THE AL Yt E
s AN wiPgA = g5 BF F3 HAAR
(MRCP: multi directionally reinforced carbon
fiber) 7S A& tH16].
gy Az 2= o]l Yehd GSLV
Mk-II9l= 2008428 2709 2 2)(strap-on)

) rlo
[
\O
N
\O
L
Jun
2

¥ Vehicle Configuration;
25200+ L1100+ C25

» Performance - 4.0t plus GTO

% Overall vehicle height - 43 m

» List-off mass - 632t

¥ Leo payload > 10t (400 km)

Fig. 3 GSLV-III Configuration
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A FR712T T 2719 dFE FL 110
E dA F3, 4T FAHL F79 3oz F
=)ol 9l Fig. 391 UEhd 9]

YR WA Fo] HAIAE AFAA 2AL

]
JEZS AYste Aoz, FFI AIEE ze
& ZabAolth d H-IA LAY 58S &
BAIZ H-AIBE =4 5 AAZ(ISS)F 2o
stE +5S EFste Ay JdF FIS 53
2 3ta ok

H-IIB #MAH = 29 2oz FAE glo
o, 2708 AA 2A AW 4§ B Z(strap)
oA ZA FEAE|(SRB-A)E FAH Utk o]
oA 2A F2Eel a# <l HTPB(hydroxyl
terminated polybutadiene)Z o] it} H-IIB
© H-TIAE dadel= Al Aoz 2719
SRB-AS 4|2 L2l T 199 FAZE 4 mol
A 5 mZ 7]1¥eH, Zolx H-IIA Xt 1 mE
8T B gdorn A%se $F B,
AT ZUE, €, d4 FALE st #3 AA
E5 AHEE Aotk ol& ddiAME e A=
o, & A AF AZLEO)NA HE, Z(polar),
B9 Ao A4S Bulx, 99 P4
FAe B Zoln. o3 vt ¢+ FAF
o dE2 AAdH a2 FUAY Aol 3 F

Fig. 4 Japan small Launch Vehicle
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Bl ARE3FAa, 1958 d9lE= NASA7F Scout
Launch Vehicled 7§&3}7] A &3tk o] F
T2 W ZoF BIAQEE ALR3I 3 o A
o] 7§¥E=d|, Altair, Antares, BE-3 ©] 3t}
Altair(X-248) =¥ Aol27} Az e 3
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931 © 2 GEMs(graphite-epoxy motors)& AH&-3}
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20]. GEMsE I E 77] FWo o8 AstE
stlen, S5 ©4E(modulus)?]
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g MR - AFA FEHE 7] 3
Y AelxE AR F ¢ A A
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TH22, 24-38]. 19919 ®©% wAMY o] 7]
(BMDO: Ballistic Missile Defence Organization)
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DC-X A dl= Tt el HAAEE At
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El= HTPB FXAd e 73719 g2 4
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= 7P A BFAE EEoIUT28]. fHe] o
gl2] Avio S. P. A.(A FiatAvio)oll A 20001 %
Hho]l ESA(European Space Agency)®] 4% WA}
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HAlY Al 2Hlo A E e A7) AHEE 7] Al
stk & 503t Polaris AlEd 60 <]
Poseidon ©% WALYolA S BY FHAHAFE
AR T 1970t Zo] 5914 A Trident
[(C4)e] v St o) ©= vAlde] 5HA R
N ATt 3o 1A FRV|HeT FAEH
Rnemw, 1, 2& BEY HAFL 19 HlEe|al 3¢
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o #HAe AnHd AHEEa 2AE REE
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THo= AFsAT. BH FAAL 1, 29L& 21
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2 AYE zta JtH39-45].

32 ZE Ao|29} B3t A7
AG7HA LA FA718S AF2 195005
H AZFEe BdAE ZF AoAE9 Y 3
& AHIES AT A8 27lde fEA
Frob oA FA RS ARRSY] Al AEEAT. 1 F
o otfpri= ALY BLHERFE Ho] o]Fo]
Hol ety ok 24 2H AAlo SlolA,
7NBHORZ Aols AAY FA= 7HHE Ael
a7 otk v AAAS YA BW
w5 AEe W ARE GA7E 3l HiolEu o]
27F A Y. ddiFer RdAEE A
544 (non-homogenity),  ¥l5 ¥4 (anisotropy)
v g5 ~E#2-2~EF S (non-yielding stress
strain)®] A do] 3o} o]F # olsfsta HA S}
oo} 3= Fdo] Utk I X9k A4 o
st F&AE Hoh vgE Wol ItH44-58].
Table 1°] 2l EFAs 54
st S-EY #2 A L e

o

Ho R
>

[e}

i

aL
o

=
T2 ARERE EYH7] ANFetd, 2719 5 &
A9}, M=, de, Wl mAlde 2A EH
Aolze] HEHAt A9 240 S-EY 2
625 E-EHIET 3540% © S AFF
=9}, 20-25% & ¥EFAE, 183 18-20% © £
2 BA4ES Rolx QY. EE JHEL 568 &
< Ao® vEhta TH20].

ol HfHe A UE, 1 AF Z= 29
3 3 HAE 2 gy £59 AAHS Y
Bl ok 28y EAES Aed=e

Table 1. Composite Material Properties

Fiberglass Carbon

Keviar-49 High Intermediate High
Property EType  S-Type  (Aramid)  swength modulus modulus

Nominal tensile 500 663 525 530 750 275
strength, ksi (MPa) (3430)  (4%90) (3620) (3660) (5175) (1900)
Nominal tensile 10.5 125 18.0 340 450 550
modulus, ksi (MPa) (12.4) (86.3) (124) (235 (310) (380)
Ultimate tensile strain (%) 48 54 z5 1.6 17 0.5
Density, Ibin~* (gem ™) 0094 0090 0032 0.065 0.065 0.070
(2.6) (25 (1.44) (1.80) (1.80) (1.94)




H162 H[5& 2012. 10.

ALY 22X FE7H Y EFQ) 103

ez vre Holt) Kevler= Du Pont A 3
AL otgm| = Adfo §F Asolth olEgt B
ANEEE HAR ol AM&st= Ao AFE
2 A¥HEY, {YAHdHF  E-glasst  Owens
Corning®] ©¢& FH7F A, FHAARF
S-glass®= Owens Corning 3JAF2] S-901, S-2
type-4497} Wi A o|tH27]. BAMNFEZ HF(HE
€) B4 #HFE A= AFoEE T700
(Toray), G30-700-12K, -24K(Toho), AS-4(Hexcel),
Grafil 34-700WD(Grfil) 5ol dth 53+ &4/2
4= AFL  T-800-12K, M30SC-18K, -24K
(Toray), IM-6, IM-7&PV42-850  (Hexcel),
G40-800-12K, -24K(Toho)7} 2xe]31 ow, FIt
g 23 E AFSZ= T-1000GB(Toray),
IM9(Hexcel) &, 11 84E& ©HAHFE= M36),
M40] & M46](Toray)7} AH&-5 3 AeH22]. ofz}
v = A H3EAHQ  Dupont 3IFAFY
Kevler-29¢} -497} 31, AKZO®S] Twaron®] A
b3 vk EdAsY 4 AR, &FvE Al
S5 AHEste 2 Aol29 7c}l-:-91r kg H
wate] 7+s] wiEstate] Hlalgk 3lo] Fig. 6°]

27]. 9714 RRL Reinforced Resin caseE
=%tk & CFRR2 carbon fiber reinforced
resin case®]T}.

A& Aeiv A& #AE BA ojn] A
H AMge & 54 Ass FHPCd =23
sty 53 Alse ARl s o A
Aol Folde 7] @A ]°ﬂ Aot 2y &
A #Ho=Zgr BH FW(filament winding)

/\-IOE__

ﬂ w M 4z

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 - - = o) ++ 0 + 0

High burst pressure + 0 ++ 0 I F

High stiffness + 0
Thin wall ++ 0

Thin interfaces +

+|+| +|+|o
o
+

Mass of internal thermal + 0
insulation

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

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

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

Carbon/Epoxy= w&A8 A% o &d Fx
el & Aol i A= H= A5 @Al
AT

R, %
2 e o 279w

=Ry ?ﬂ@(mter-segment ]ommg)

s sl Aot 2 A

= Aol ok

= gil} =t = *>=
Aol S A&kl Azteta lom, ﬂ] Al 4
TEdolZ=  Cadwind[47], FibergrafiX[48],
3k

Patternmaster[49]7} 3ttt 7= HEL = W
o] A9 NEE fFAGY dAF WIFo =

F= 3k 7+7)(Hoop winding)9t, Z&}(polar)e
aeretd 3 s J_7§/~]ﬁ e

- =
Lo

=2

T AR FR71HY H2 ZEH A
B He 1A F718/Y Ve stuE I
WE 7] EH Aolzrt EFEHO USE E
o BAHRE ol FIVHRE HAE St
g Aot F&EARE Aol M (FHEHH
i 239 F)/(aA —ir%l?(ﬂ?ﬂ"]fi Aoz
FAHE EEACNE & Fo] 5udl €3y,
AAFo 2 1E 9 %5\_ EAAFEZE o]
Aeolet el Sk ®EAOl: AES e X
@] ol AA HholA Hlwste BH¥ thE A
Ql F% AE D6ACH, 183 Kevlar-49, IM-7
oju IM-69] BAEFY £oF JEo| FolA
L A% Bo] ZU6. E GaHT HPAR
& vl Z % (specific strength)y= T4 A3 B3}
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Table 2. Optimum Pressure vs Case Design Parameter

Case desien Range of International
& pressure (MPa)|SRM examples
Metallic 6-7 RSRM, MPS
Segment 8-9 SRMU
composite
Monolithic 0-11 Castor 120, M
composite 25, SRB-A, P80
TWC hdsc
% 2%
nozzle sructure
30% a42%
insulation ignitor
16% 5%

Fig. 7 Mass Breakdown for an Advanced 90t Class
SRM
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Carbon Fibers: Product types by Mechanical Performances
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Wide range of options at the motor and component levels

Dark - Steel case
Light - Composite case
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Vehicle tion in. Weight Type | Loaded TVC Modern ;" Shuttle
klb. Segments 2 1000 SRS >
Ariane V 2 Strap-on 120 8.7 522 }-?'?;/OB 3 sg%en;?nts Elye;rsaeuahlc j //
RV et | [T e | | e o %0 Vel
HIl-2A 2 Strap-on 98 47 143 86% 1 Segment | Flexseal, g 500 X T'“”“Eh\bz/ Older - "'"
HTPB Composite EM £ 7 . / SRMS’/,. e
HII-2 2 Strap-on 71 10.5 131 }-?%:/vﬁ 48;%;?ms Elfdxrs:ual\lc % 400 ¥ Ariane V| P
Shuttle | 2 Strap-on 146 104 1107 86% 4 Segments Flyexseal. S‘ /, I
PBAN Steel Hydraulic 7 Veg 5
RN TR R
Titan IVA | 2 Strap-on 122 10.0 591 84% 9 Segments Fixed, O AiagV
i PBAN Steel LITvVe O 2 4 6 8 10
anlivB] 2 Step-on = B I (R Sl i Number of Segments
o e e D I O v B i
Fig. 10 SRM Configuration Trend
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