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ABSTRACT

This paper describes the development for the dual thrust rocket motor with two types of
propellants with different combustion characteristics. We developed the composition of two kinds
of propellant to be applied to a rocket motor, and improved a propellant charging process in a
free grain type to improve the adhesion method and the problems of adhesion between different
propellants. In addition, to meet the ignition phenomenon as a small rocket motor, the ignition
delay was improved by applying a nozzle plug developed in a high density foam. The
propulsion rocket motor reflecting this design and the improved manufacturing process was

evaluated through a ground performance test.
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Nomenclature
APB : Coarse Ammonium Perchlorate
AP : Mid Ammonium Perchlorate
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Hs : Hardness of shore

HTPB : Hydroxyl Terminated Polybutadiene

NDT : Non-Destructive Test

UTM : Universal Test Machine

n : Burning rate pressure exponent
kP : Kilo-Poise

o : Stress

€ : Strain
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Dual Thrust Rocket Motor with two—kinds
propellant.



A aFEE HA 2 43a =44
T8 FHsac.

221 HAE| F7IA|
HAE FAAE 712 974 9 Yegx
HES 9 2AATE AYsiPen, 1 A
+ Table 2} 2T,
Booster-01 F31A42] EA4

=]

Table 1. Propellants requirements.

Requirements
Propellants | Density, Burning .
@ psia
g/cc rate,mm/ sec
Booster 1.820 55 1,000
Sustainer 1.820 18.5 250

Table 2. Booster propellant formulations.

Booster | Booster | Booster
-01 -02 -03
Binder, HTPB etc. 12 11 12
wt% Oxidizer, AP* 69 69 69
Metal fuel, Al 19 20 19
Viscosity(EOM), kP | 4.8 48 2.4

Parameters

Burning rate

(mm/ sec) 6.10 | 6.01 | 553
@ 1000 psia
Density, g/cc 1.808 | 1.827 | 1.795
Re- ' Max stress(a,), bar| 49 | 50 | 5.7
sults

Max strain(e,,), % 44 39 46
Break strain(e,), % | 50 47 53

Young’'s modulus
(¢,), Bar

Hardness(Hs) 60 50 53

* Booster-01, APB:APb = 3.7
Booster-02 APB:APb = 5.5:4.5
Booster-03 APB:APb = 5:5

27 35 35

1% S7HA A
g 20 wt%7b A8 F3
A% A, dFuge o] o
| 2 A ko, ‘QE
Zxe] 1.808 g/cc°ﬂ*1 1.827 g/cc® s A3
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Table 3. Sustainer propellant formulations.
T 4= Sustain -01 | Sustain-02 | Sustain -03 | Sustain -04
Oxidizer, AP 69 69 69 69
Metal fuel, Al 19 19 19 19
wt% Catalyst, BuCN 5 5 4
Plasticizer DOA . - -
1DP - 3 3.2 32
Viscosity(EOM), kP 17 12 11 6
Burning rate (mm/sec) @1000 34.71 34.55 33.88 30.70
Density, g/cc 1.820 1.817 1.813 1.809
Max stress (o,,), bar 7.4 8.4 7.6 6.0
Results -
Max strain (e, ), % 22 23 25 23
Break strain (g,), % 26 25 28 26
Young’'s modulus (e,), Bar 47 52 42 35
Hardness (Hs) 55 55 53 50
Table 4. Designed combustion case. .
Parameters Design values X §
Length(mm) 516.4 . i
Diameter(mm) 47.6 ! o
MEOP(psi) 2110 [ o
Design pressure(psi) 2743 ™
Material Al 7075-T6 P Z:::
3 Fig. 29} o] E&] ¥ (tori-sphere type)oz M -
AR R, RE W52 st Tz L lj;::j
T3 Ay QAASF 28 oL EEFTOEA
ALY HLo NEIL Qg A 2L ) (a) stress of combustion case
——

Aol A H & AAle GEHFE FF 7075-T6°]
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2A7F A E2(KSD - 5506-C5191) <1
(lock-wire) .2 A Ast= HHHE 283t
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Min Value :0.879

(b) strain of combustion case

412366
MaxValue : 822.27
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Fig. 2 The tori-spherical dome and Structure analysis
result for the combustion case.
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Fig. 3 Combustion case.

Table 5. Adhesive strength tests & results.

Maximum |Tensile|  Test
No| Adhesives Load Stress | Speed
(kgf) (bar) |(mm/min)
Propellant :
1 18.5 29 12.7
Propellant
HDI : BZ
2 38.6 5.9 12.7
50:50
HDI : BZ
3 38.0 5.9 12.7
70:30
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Fig. 4 Designed Nozzle configuration.
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Booster
propellant

Interface separation

Fig. 5 NDT result with the separated interface
between propellants.
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EPDM

\

A

- =

Air Hole

)

Insert EPDM Lining Charge Curing  Charge Curing  Decaring
Sustainer Booster Insertin case

Interface adhesion \ - \

Fig. 6 NDT result with the adhesive interface
between propellants.

Fig. 7 NDT result with the crack in sustaining
propellant and adhesive interface status (left
: sustainer, right : booster and interface).

Propellant Grain
Al-Case

Fig. 9 The improved propellant charging process

Fig. 10 The charging tool(left upper), charged propellant

grain (right) and assembly process (left lower).
Sustainer + Booster
High—density Foam

With & without HD! adhesive With Desmodure RE
1144 414

1144 4144
N

AT REXE)

Triplex Disk
Fig. 8 Schematics diagram of the formation of
propellant defects due to the adhesion. Fig. 11 Nozzle plug.
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Separation Pressure of a Nozzle Plug
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Fig. 12 Nozzle plug, pneumatic (upper), ignitor
test (midde) and pneumatic test
results(lower).
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Fig. 13 Ignitor test results with a nozzle plug(upper)
and assembly feature for nozzle -nozzle
plug-ignitor (lower photo).
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Fig. 14 The final assembled dual rocket motor with
two—kinds propellant.

Fig. 15 Ground Test Stand and Firing Test (Seen
from above).
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Fig. 16 Ground Test Results.
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