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The Characteristics and its Development Trends of
Thermoplastic Propellants

Kyung-Moo Kim*' - In-Chul Kim**

ABSTRACT

All solid rocket propellants are divided in two basic classes according to chemical state:
homogeneous(double base) and heterogeneous (composite). Today, composite propellants are extensively
used as power sources covering the range from gas generators and small rocket systems to large
launch vehicles in space programs. The development of composite rocket propellants in the past was
mainly directed to thermoset polymers. But, the thermoset composite propellants have the complication
in formulation and fabricating process to adapt to rocket system requirements. In contrast to the
thermoset propellant, the PVC plastisols composite propellants have the advantages in the view of loss
in manufacturing process, low cost of raw material, and stability of the handling process even though
moderate ballistic and mechanical properties. It is predicted that the application field of this class will
be used more widely than any other classes.
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Thermoplastic composite rocket propellant
Step 2: Production of propellant grain
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Fig. 8 Production of propellant grain
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Table 1. Theoretical properties of several propellant

formulations
Composition, weight % A B C D E F
Otidizer (AP) n & BB % B
Metallc fuel (Al) O (AR NS (R T N
PVC Binder 20 16 / / / [
NBR Binder / / 15 / / /
TPE Binder i / / 17 / [
HTPB binder [ / [ / 14 12
Entelpy, H(KIkg) 295 S AN 2 %5 B4
Flame temperature, T, (K) 6 38 3m6 UL M 3M6
Moleculrweight, wa (kg/mol) 2809 34 74 M) %64 28
Specific heat, ¢, (JkgK) - 76431 29713 3019 W8 3462
Ratio of specific heats LSS L9 L 15 LS L
Characteristic velocity, C*(mfs) 1512 1534 1546 141 1366 1368
Sjclicimpuls, [,(Nhg) M6 B0 BB BB 50 5
Density, (kg Mmoo s 1 e
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Fig. 9 Typical specific impulse and density for several
solid propellant categories
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Table 2. Performance levels of BAMO-AMMO thermo—
plastic elastomer

Composition Impetus Density Flame
(J/9) (g/cm3)  Temp.(K)

M30 1081 1.675 3006

BAMO-AMMO-24%,

TAGN-24%, 1166 1.65 2794

Cl20-52%

BAMO-AMMO-24%,

TAGN-24%, 1089 1.57 2493

RDX-52%

Rocket motor grain layouts

Free-standing grain

Structure Thermal lining

Lateral grain
Propellant inhibitor

Forward grain
inhibitor
Insert and grain Clearance

attachment nut
u Free-standing grain: may be removed from
the structure, so that there is a space
between the grain and the structure.

Case-bonded grain
Structure Thermal lining Propellant

Rigid thermal
protection

|> Aft surface

pace Separation designed

for casting stress relief

Flexible thermal protection
bonded to structure

Case-bonded grain: the grain is cast into the
case, and cannot be remove

Fig. 11 Freestanding grain (upper) and case boned
grain (lower) of the rocket motor
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