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Recently, utilization of payloads into space applications in a wide range from several
kilograms to several tons has been required. According to the important demand, space
app‘lications have changed to be initiated by some private sectors under the recent legal
developments and the political supports. To accelerate the change of the space
developments, the cost of launch vehicle should be reduced for the future. There are
two launcher propulsion systems of vehicles which already used practically: (i) solid
rocket propulsion; using solid propellants; and (ii) liquid rocket propulsion; using
liquid propellants. According to the density of the propellant and the simplicity of the
engine structure, the solid rocket propulsion is the most desirable system for launch of
small vehicle that transporting a small payload. Solid propellants are integrated in a
solid rocket motor which is usually disposable, therefore it is important to improve the
mass production and to reduce their production costs for the future space applications
using solid rocket propulsion system. The present solid propellant and composite
propellant are mainly composed by oxidizer particle, metal fuel powder and
polybutadiene rubber binder. The production process of the composite propellant
roughly divided into three unit operations; the components kneading, the propellant
slurry casting and the propellant curing. Actually, the process is operated as batch
system. In addition, the de{relopment of solid propellants can be considered as explosive
manufacturing, meanwhile, the process should be kept safe as the first obligation.
Following these backgrounds, this study proposes a revolutionary and safe propellant
kneading device. The current study focuses on the use of the unique peristaltic pumps
and peristaltic rubber pump in the production process. It can even convey viscous fluid
and powder content by peristaltic motion while it is just segmented double concentric
rubber tube. With compressed air (10s kPa) being impressed into the chamber between
the two rubber tubes, the outer tube reinforced carbon fiber (one of the artificial
muscles) is contracted and the inner tube is constricfed. These tube expansions imitate
a peristaltic motion of a digestive tract. In a digestive tract, a digest is peristaltically
conveyed to the discharging port and simultaneously mixed with digestive juice,
however the mixing mechanism of the peristaltic motion still remains unclear. By the
peristaltic rubber mixer (PRM) improved from the peristaltic pump, the research topie
demonstrates a revolution-ary idea of composite propellant continucus peristaltic
kneading. The idea can contribute to the cost reduction of propellant manufacturing,

especially in terms of the plant operation safety and the productivity. Due to the



kneading of PRM by the rubber tube expansion, fundamentally, there is no erroneous
ignition source of the solid propellant. Moreover, the continuous kneading of composite
propellént can generally lead the continuous and automatic plant operations,
indicating that it can reduce the number. of processes and the hazardous operations.
The continuous kneading also can increase the productivity by the long period
continuous plant operation. This can contribute to promote the propellant mass
production safely and efficiently. Consequently, the safe and continuous kneading
technique of composite propellant by PRM, while it is a new mixer, could be one of the
candidates of the drastic propellant manufacturing cost reduction method. In this
paper, PRM was developed based on the existing peristaltic rubber pump and derived
the optimum conditions of the composite propellant kneading by PRM. Finally, it was
confirmed that the propellant grain- which had been produced under the optimum
conditions combusted with the anticipated combustion pressure in the small solid
rocket motor. In Chapter 1, the research background, a review of the liferatures about
the technical development of the existing composite propellant kneading and the idea
of the composite propellant continuous kneading by the PRM were described.
Furthermore, viscous slurry made from sodium polyacrylate aqueous solution and glass
particles was actually kneaded by PRM. This result showed the composite propellant
kneading potential of PRM. In Chapter 2, the durability of a PRM segment was
improved for the kneading by the repetitive peristaltic contractive motion. Also, a disk-
shaped heat exchanger was supplemented to increase the kneading efficiency and some
rapid exhaust valves was supplemented at the compressed air chamber exhaust port to
improve the exhaust efficiency of the compressed air. In Chapter 8, to derive the
optimum kneading operation conditions of PRM, the relation between the PRM
kneading mechanism and the composite propellant particle packing structure and
physical properties was considered. Based on this considelration, especially about the
compression of the non-flowability propellant mixture, the optimum impressed air
pressure was experimentally indicated. In Chapter 4, the optimum condition of the
charged amount of the propellant and the kneading time condition were derived. The
propellant kneading experiment was carried out under the five charged amounts (500;
550 and 600 g) as the first experiment parameter and the four kneading times (‘30; 40;
60 and 80'min) as the second parameter. The kneaded propellant slurry was casted into
a curing case and cured. Thus, the presence of void in the cured propellant samples
were estimated by an X-ray radiography. The combustion characteristics were
measured using the strand burner method. From these results (the X-ray transmission
images and the combustion characteristics), the optimum charged amount and
kneading time were discussed. In Chapter 5, the propellant was kneaded under the
optimum kneading conditions from Chapter72-4 and the propellant grain was produced.
The result seems to indicate that the grain production succeeded. In Chapter 6

(conclusions), the results of Chapter 5 suggest that the composite propellant kneading



by the improved PRM under the optimum conditions normally proceeded.
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