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Review of the Composite Materials Application to the Solid Rocket Motor Cases

Tae Ho Lee

ABSTRACT

This paper investigated the composite materials application examples and trends in the future to the solid
rocket motor cases. The motor case must be stiff and tolerate at the high pressures, and light weight. In
accordance to these kind of requirements, the composite materials showed the adaptable efficiency, and glass
fibers, aramid, carbon fibers are applied to orderly. The comparison of the motor case efficiencies of the D6AC
steel alloy, aramid, carbon fibers results in the carbon fibers best. Also the capacity of the payload will be
increased more than 20% by using the high strength ones.
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Fig. 1 Scout Launch vehicle.

}
% CESESIL o]sl—}oi:}[z 7]. Fig. 2L BE-3 EH B/l

Fig. 2 BE-3 motor.

Fig. 3 Space shuttle's filament wound case segment.
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Missile Comparison Chart

POLARIS, POSEIDON, AND TRIDENT MISSILES (A1, A2, A3, C3,C4,D3)
DESCRIPTIVE SUMMARY COMPARISON
POLARIS POLARIS POLARIS POSEIDON  TRIDENTI TRIDENTII
Al (A2 (A3) (&)} (4 (D5)
Length 28 feet 31 feet 32 feet 34 feet 34 feet 44 feet
Diameter 34 nches S4inches. S4inches T4inches T4inches 33 inches
Weight 28000 pounds 32,500 pounds 35,700 pounds 64,000 pounds 73000 pouads 130,000 pounds
(approx)
Powered 2 2 ) 2 3 3
Stages
Motor 15t Stage - 1t Stage - Ist Stage - IstStage -Glass  All3Stages Ist Stage -
Case Low alloy Steel Glass Fiber! Fiber KevlarEpoxy Graphite/Epoxy
Materlals  steel IndStage- IndStage - 2nd Stage - Glass 20dStage -
IndStage-  Glass Faber Glass Fiber” Fiber Graphite/Epoxy
Low alloy 3rd Stage-
steel Kevlar/Epoxy
Nozzles  4.exchstage  d.eachstmpe 4, eachsmpe 1, eachstage 1, eachstage 1, eachstage
Controls  Jetevators It Stage - Ist Stage - . Single Movable Single Movable Single Movable
Jetevators Rotting Nozzles  Nozale Actuated  Nozzle Actuated  Nozzle Actuated
2ad Stage - JodStage- | byaGas Generstor by a Gas Geserator by a Gas Genenalor
Rotating Nozzles Fluid Injection
Propellant  Solid Salid Solid Solid Salid Solid
st Stage - It Stage - Cross-Linked Nitrate Ester
Composite Composite Double Base Plasticized
Polyethylene Glycol
Guidance  All Inertial All Inertial All Tnertial All Inertial Stellar and Inertial  Steflar and Tnertial
Range 1,200 NM 1,500 NM 1,300 NM 2,500 NM 4,000 NM 4,000 NM
(nominal) (1380SM)  (LTIOSM) (2880 SM) (2980 5M) 14,600 5M) (4,600 SM)
Warheads  Nuclear Nuclear Nuclear Nuslear Nuclear Nuchear
NOTES. ¥ Fisst large ballistie muissile 15 use glass motor ease for all stages. (Small glass-fber motor ease had previoucly fowa in
Vanguard Program. POLARIS was first large glass-fiber rocket motor case.)
¥ Devised and fist flown by Navy in POLARIS development program
Fig. 5 Missile comparison.
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o]al 3w+S 0.8 m|E|E Trident I(C4H)RT} © 2 ALY
Qi 1970ty ol ZfEslr] AJASE Peacekeeper mAf
S N2 "5 7+ g@= uojAld(Intercontinental ballistic
missile) £ 1986\ 120 Loz 2-gEUrh 3719 1A
ZFA7IY e FAo] g 2.3 w|E|E Kevler-49 olzfuj=
A8t oFAE ARE-SFRITH25-31].
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27 2E A0l FlofAl, 7]EH SR Aol X9 FA=

Fiberglass Carbon

Kelar-49 High  Inermediate —— High

Property EType  $Type  (Aramid)  strength — modulus—— modulus
Nominal tensile 500 065 5% 330 750 275
strength, ksi (MPa) (3450) @0 (3620 (3660) (5175) (1900)
Nominal tensile 105 125 180 40 450 550
modulus, ksi (MPa) (4 (86 (124) (233) (310 (380)
Ultimate tensile strain (%) 48 54 25 16 17 0.5
Density, lbin~ (gem ™) 009 0.0% 0052 0.065 0065 0070
2.6 (25 (144) {1.80) (180) (1.94)

Fig. 6 Composite material properties.
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Table 2 Optimum pressure vs case design
Mechanical Properties of PAN based Carbon Fibers
& some typical applications. Range of pressure SRM
6000 1 A = — Case design SRM examples
5500 1 m (MPa) examples
. H Metallic 67 RSRM, MPS
B 4500 +
3 :"““"'“"'""" ¥ " Segment Composite 8-9 SRMU
@ 4000 + X
2 Wiy four ura gh modulus iber . .
% 3500 @@ o : Monolithic Composite 10-11 SRB-A, P80
" 3000 + QW“ ou
A\ high maduius fiber
2500 +
200 250 300 350 400 450 500 550 24,
Tensile Modulus (GPa) i
214 -
# Low cost B Standard Grade A Advanced Grade e -
e 184 i
Fig. 7 Carbon fiber grade vs applications. = L =
*® -
E o 63 J:/ ol
Table 1 Metal material properties CR o =
g % + -7+ i
N = P o S
Metal Properties g P m R e +
I 7 H LEEE o
. . : tensile & el ta x
E(msi), G(msi), p  density strength(ksi) 9 06 "hd +
o s
AISI 4130 [290  11.0. 032 0.283 180 5 sl = R e .
D6AC  [290 110. 032 0.283 220 = E S
0
7075 T6 Al | 10.3 3.9 0.33 0.101 80 0 1 2 3 4 5 6 7 8 3 10 1
64 Titanium | 162 62 031 0.160 160 Length to Dia Ratio
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Fig. 8 Motor case efficiency.
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Note: Vehicles not lo scale

Upper Stage Derived °
Vehicle Systems A

%

J=2X Upper Stage Engine

) g T
= b)) =

| 1IRAF RR.ARR
p— Elements from | From Delta IV RS-68
(5-Segment RERB) RIRE

Ares | Ares V Delta IV
255 mT (56.2K lbm} lo 744 mT (1567 o) o TLI fwith Ares [y
Low Earth Orbit (LEC) 63,0 mT (138.5K &) 1o Direct TLI
1677 mT (412 8K ) b LEQ)

Fig. 9 Heritage hardware Ares Vehicles.
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£ o, A FA718E gads 5ARY o
il QEH% ﬁii AZH v5S 5 FEA o|F A
Adoz A&(Constellation) ZZ 7oA Ares 13} Ares 57}
A= Qe o] WAMAIES 71&9] ATE 7ol s
S0l ASS FHosl Arg] ARgst= BBL(Building Block
Launcher) 7'dS =8t Qlck & Ares LofAe o5 <5
419] RSRM(Reusable Solid Rocket Motor)2 ©]-83}al Ares 5
T Ares 19] 5 ©h#(segment) 1A BAEE 55 dHoRE I
23 Delta Vo2 REES o|§sH= Aoz = ot
[10,46-47]. o|2{3t Ares WALAo| thst 7d-S Fig. 8°] R
FaL Qlh 2|aL Ares oA AER BIAR Ao|AE Al
=3la Eo] QItH39].9-FLE o] RSRMolL; Delta Vol
£ o] eadly waAast welol HgE v Aok
HolA= BBL A WHoZ EAPE P0OR jHsk=
2k ofR|¢k 55 Y Folth E o rEska A aakEd
“13 BBL" 3¢tk m@alal QJu}k. P80L Vegal] 1ttol ARE-
Hi 20 EAP Hobs 2 Zom i AR oEAe) 7
sl ofold FWow THE Alo|AS AEEI 9rh48-50].
E3] 99| FLPP(Future Launcher Preparatory Program)ojjx]
F7] @A WA A2EL oot VegaolH et g

N_l

™, hdisc,

nozde,
0,314

insulation, ignitor,
0,165 0,085

Fig. 10 Mass breakdown of the inert motor.
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831901 H-IBol= 4749] R2H(strap on) EAES AMES}
I 19k HAE dmof|A 5 mE, Zolx %2 H-lIIA Hrt}
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Z Wk 7)s) {.LZHE(MRCP multi directionally reinforced
carbon fiber) 714 ARESIY e 5 E¢HAR T 7|&=
F450] Yok RS 2 W AN ke F
2 7eRE FAL Fen vhIAL o, 3] 5Y F4
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88 olef & B MR R E
=71 Al7|H, 1gko|A] 1600 kg, 2%tol|A] 400, 3gtofA] 320 kg Alliant Tech system, Comprehensive Composite Materials,
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