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Effect of initial temperature and pressure on the burning rate of GAP
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A lab-scale hybrid rocket has been used to characterize the burning of GAP and PEG mixtures under pressure higher
than 6MPa and different initial grain temperatures. Unlike most binders, for example HTPB, it has been shown by many
groups that the burning rate is independent of chamber pressure. However, due to the complicated chemical reaction
within condensed phase, the decomposition of GAP is not well known. In the previous studies, under intermediate
pressure range (3—6 MPa), when oxidizer is absent, the burning rate of GAP and its mixtures are almost the same and
increase with the increase of chamber pressure. After transition pressure (> 6MPa), the decomposition property
exchanged, the burning rate became pressure independent but depends on GAP ratio. N. Kubota (1988) had reported
the high sensitivity of initial temperature on the burning rate of GAP in the range of 243-343 K. These are important
characteristics to be studied for a real application of GAP as a solid grain.
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The Epsilon launch vehicle, the newest version of Japan’ s solid propulsion rocket, has successfully had its maiden
flight on September 14, 2013, carrying the extreme ultra—violet planetary telescope satellite “HISAKI”. The purpose of
the Epsilon rocket is to provide small satellites with a responsive launching, which means in this study we focus on a
cost effective, user friendly and ultimately efficient launch system. To realize this, the design concept of the Epsilon
involves various innovative next generation technologies: highly compact mobile launch control and the enhanced
user—friendly characteristics. In another aspect, such innovative design concept can be considered equivalent to
enhancement of reliability, performance and cost effectiveness. This paper outlines the results of the first flight
development of the Epsilon that validated the effectiveness of the innovative concepts.
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The first Epsilon launch vehicle was successfully launched from Uchinoura Space Center (USC) on September 14th,
2013. This flight has achieved full mission success by injecting SPRINT-A into the planned orbit with high accuracy.
After the launch, the development of the enhanced Epsilon has started. This paper describes the system design and
the development plan of the enhanced Epsilon.
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The epsilon rocket has been launched and development of enhanced propulsion system for the next epsilon rocket is
being progressed focusing on a low cost and a high performance as the second step. The main changes of the
propulsion system are exposure of the second motor, disuse of the extension nozzle of the third motor, and unification
of propellant of liquid propulsion system. Currently, the preliminary design has been finished. In the future, the
performance verification by prototype tests will be conducted and detail data will be obtained by element tests for the
critical design.
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Epsilon rocket (Epsilon Launch Vehicle) has been launched from a launch pad at the Uchinoura Space Center,and the
the advanced rocket which we call the Epsilon Enhanced (Enhanced Epsilon Launch Vehicle) is going on the design
development phase. As for the avionics system, we considered development aiming at the improvement in capability
and operability. This paper shows the overview and the development status of the avionics system of the Epsilon
Enhanced, which extended the more high performance.
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The first Epsilon Launch Vehicle (Epsilon-1) was successfully launched from Uchinoura Space Center (USC) on
September 14th, 2013. The structure subsystem for the Epsilon—1 made full use of the heritages of M-V and H-IIA
launch vehicle structure for the effective development. After the launch, the development of the enhanced Epsilon has
started. The strcuture subsystem for the enhanced Epsilon is newly developed except for the nose faring and the end
ring. This paper describes the design and the development plan.
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Japan Aerospace Exploration Agency (JAXA) launched the first Epsilon Launch Vehicle (Epsilon—1) with the
Spectroscopic Planet Observatory for Recognition of Interaction of Atmosphere (Sprint-A) on September 14, 2013
(Japan Standard Time) from the Uchinoura Space Center, and the Post Qualification test Review (PQR) was finished
on March, 2014. Currently, JAXA has been developing the Enhanced Epsilon Launch Vehicle, which achieves high
performance and low cost. This paper provides the developing progress of Guidance and Control System of Enhanced
Epsilon Launch Vehicle.
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Observation of the wind at high altitude during rocket launches is one of the critical factores for the flight analyses.
The conventional observation method using sondes on meteorological baloons is common. However, JAXA is now
investigating the use of doppler lidars as a new method of the wind observation for Epsilin rockets. This report shows
that we have comfirmed that the doppler lidars have the sufficient capacity as a promising observation system.
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After the first flight of Epsilon, the development of the enhanced Epsilon has started.This paper introduces the plan of
launch operation and launcher improvement of Epsilon-2(enhanced Epsilon).
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For developing the final configuration of Epsilon launch vehicle, which will be brought to the international market, its
conceptual study has been started in JAXA since the beginning of this fiscal year. A study team has begun their first
activity in order to interpret the future customer’ s needs based on international marketing researches and interviews
with domestic users, providers, and operators of small satellites. After setting the mission requirements and system
specification within the current fiscal year, the team aims to begin the development from the year after next.
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Study of GAP as a gas generator
Garg Akshay (EX-F%)

Hybrid rocket is said to be the future rocket for its excellent safety and combustion efficiency. Many groups are now
working to develop more efficient hybrid rocket system, but the drawback of low regression rate sets back the use of
this rocket for the current applications. Various methods and fuel combinations for example: port configuration; use of
high energetic material GAP (glycidyl azide polymer); mixing HTPB with AN/AP to enhance the regression rate have
been discussed in many papers before. Also, swirling flow of oxidizer has been found to be one of the methods to
increase the regression rate of the solid grain in hybrid motor. GAP’ s use as a grain was found to be effective for this
type of rocket system but its use as a gas generator is needed to be studied more. This study discusses the
combination of GAP as a gas generator along with creating a swirling effect of oxidizer, hence increasing the
regression rate in the lab scale hybrid motor test.
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