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The Progress Report Project ARIS and SSR

By
Committee SSR

Abstract: In the former Aeronautical Research Institute, University of Tokyo, successful
-results of fundamental research concerning with the rocketery had been accumulated.

In order to promote such works further, the synthetic division for rocket was orga-
nized by volunteer members in 1960, their original posts remaining unchanged.

At that time, the research group for the structure advanced the design of an extremely
slender radial burning type rocket having outer diameter of 110mm and slenderness ratio
L/D of over 20 for the motor made of aluminium alloy.

On the other hand, the research group for propellant enhanced the development of
polyurethane fuel binder derived from completely domestic raw materials and succeeded
to have the grain of extremely slow burning rate and of high specific impulse.

Based on these and the other activities, there arose an eager proposal for the develop-
ment of a small solid rocket of distinctive performance having no specific mission, and if
necessary for the promotion of basic research, it was proposed also to shoot it in order to
study its flight performance and to feed back the results obtained to the basic researches.

These were the prime motives for the establishment of the Project ARIS and its
succeeding Project SSR.

I. Project ARIS

The committee ARIS was organized at the begiﬁning of academic year 1962 and
headed by Prof. K. Ikeda as the chairman to perform the Project ARIS (Aeronautical
Research Institute Solid Rocket) for the development of high performance single stage
rocket motor having outer diameter of 110mm and slenderness ratio L/D of over 20 with
no specific mission.

The production and loading of the grain was ordered to Dainippon Celluloid Company
Ltd. according to the prescription decided from the research works performed in the
Institute.

The first experimental static test with the motor of full diameter was fired on January
11, 1963.
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After the time of this firing, the length of the motor was gradually increased keeping
the fixed diameter of 110mm for the purpose to ascertain the effects of ballistic constants
of the motor on the range of the stable burning.
The works for the development of such are record making slender motor was continued
through 1964 and succeeded in suppressing so much troubles concerning unstable burning
due to the unexpectedly severe erosivity of the grain. However, it is concluded that
several problems should be yet solved in order to overcome the instability of the burning
including the improvement of the characteristics of the propellant, thermal insulation of
the motor case and inhibitor materials, nozzle design and so on.
II. Project SSR
Having left such problems unsolved after two years’ activity, Project ARIS was suc-
ceeded by Project SSR (Special Small Rocket) with the abolishment of Aeronautical
Research Institute and the establishment of Institute of Space and Aeronautical Science
to reinforce the activity for the space science. '
, Concurrently to stimulate the activity, committee ARIS was also reformed to its.
succeéding committee SSR adding new active members. This committee was headed by
Prof. K. Yamazaki as chairman and promoted by Prof. R. Kawamura as manager.
The principal aim of the new Project SSR was first to develop solid rocket SSR
making full use of the results of the fundamental research so far obtained in Project
ARIS, and second, to make flight test of SSR in the case of the development being in.
success.
With a view to accelerate the pace of the work, Project was divided into the following'
items and the phase leader was designated for individual item as shown in the parenthesis.
A—1 The improvement of the mechanical property of the grain. (Associate Professor
A. Twama).

A—2 The static firing test of the motor using the modified grain obtained from A-1.
(Professor K. Kuratani). ]

A—3 The static firing test of the actual motor to be used for the flight test. (Associate:
Professor B. Tomita).

B—1 The improvement of the composition of the propellant to extend the range of the:
stable burning. (Associate Professor A. Iwama)

B—2 The application of the modified propellant to the motor. (Associate Professor A.
Iwama).

The project was expected to be completed in March 1965, the end of the academic
year 1964.

The manufacture of the hardware and grain were contracted with Mitsubishi Heavy-
Industry Compény Ltd. and Dainippon Celluloid Company Ltd. respectively.

Meanwhile, theoretical as well as experimental study on the aerodynamic characteristics.
of the rocket was carried out by our aerodynamics group with the partial colaboration of
National Aerospace Laboratory.

At this step, the specification for the mechanical properties were established and the:
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redesign of the nozzle was performed.

Through the execution of the project, the joint meetings of the members of the
committee with the executive members of the cooperative companies have been held eight
times in tune with the degree of progress of experiments since the time of the first
meeting held on June 10, 1964 until the final meeting held on July 22, 1965.

After several firings of actual motors, there found as one of the reasons of unstable
burning that some solid fragments born in the combustion chamber might play a roll of
the trigger for the flow disturbance. The fault of the ignition system caused the unu-
sually high ignition peak was also recognized, and let to the conclusion that the ignition
system should be redesigned.

After that, intending to find adequate measure to meet with the situation, experiments
were repeated on the confirmation of the effects of the partial inhibition of the burning
surface and found the optimum area ratio to be inhibited and the critical thickness of the
inhibitor layer for the suppression of the combustion inadequacy.

Thus, with these results and the accumulation of the data after large number of static
firings, the success of the extremely slender radial burning type motor having slenderness
L/D ratio of 20.5 was forcast, and the actual program for the flight test was enrolled in
the observation series which was scheduled to be in August, 1965,

The unique slender rocket thus developed was named as HT-110 (Test rocket for
aerodynamic heating test having outerdiameter of 110mm) by the other committee for
flight test.

It was fired under the command of Assoc. Prof. B. Tomita at Kagoshima Space
Center with the angle of shooting of 75 degree at 909 am on August 22, and shown
quite satisfactory flight.

Due to the unexpected mishandling of the launcher, the second flight test by HT-
110-2 was obliged to be given up.

However, reflecting the enthusiastic hope of the research group for the aerodynamic
heating and the flight performance, it was decided to manufacture again two substitute
rockets of the same design except for the leading edge of the tail wing being sharpened
for the reason deduced from the data of the flight test that the flight performance might
be improved remarkably by the reduction of the drag.

Arrangement for new rockets was proceeded successfully in relatively short term and
were fired at 9.00 and 11.00 a.m. under the command of Prof. M. Uemura on January
22, 1966 respectively with the same launching angle of 75 degree from Kagoshima

Space Center. Their flight performances obtained by means of primary rador and telemeter
were quite satisfactory.

With these successful flight tests, the aim of Project SSR has been completely accom-
plished.

By the reflection of the progress, these projects contributed to the promotion and the
stimulation of the fundamental researches in various fields relating to the rocketery in

spite of the fact that the developed rockets were small in size and had no specific mission.
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In conclusion of this progress report, the committee wishes to express sincere thanks

to Mitsubishi Heavy Industry Company and to Daicel (Former Dainippon Celluloid) Ltd.

for their kind cooperations in connection with Project ARIS and SSR.

The members of the committee were as follows:

ARIS

Chairman : Prof. K. Tkeda

Professors: H. Asada

A. Iwama

. Kawamura -
Kambe
. Kawata
Kuratani
Niki

MR R

SSR
Chairman : Prof. K. Yamazaki
Akiba
Asada
Ikeda

. Iwama

Professors :

Kawata

. Kuratani

ZRRAP NI W

. Mizumachi
D. Mori

N. Niwa

H. Oguchi

M. Okada

B. Tomita

H. Tsuji

K. Yamazaki

Y. Yoshimura (Deseased)

Manager: Prof. R. Kawamura

E. Niki

N. Niwa

H. Oguchi
M. Sunakawa
B. Tomita
H. Tsuji

M. Uemura

The working budget for the project was as follows:

ARIS 1962 ¥ 10,000,000  From special budget for onservation

1963

SSR 1964
‘ 1965

7, 500, 000 From special budget for observation
7, 300, 000 From special apportionment of

fundamental research budget

28, 000, 000 From special budget for observation
6, 400, 000 From special budget for observation
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