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TESTING OF BALLOON LOADING AND UNLOADING

Toshikazu Ohari#

l. Introduction

The Ministry of Agriculture, Forestry and Fisheries Forestry [1%9
Experiment Station began research pertaining to halloon logging
in 1976 in a 4 year plan. Actual testing was carried out in
the final year, 1979. The purpose of this research was to develop
a method whereby lumber 1s carried out from the skies over the
forest using a balloon 1In order to continue lumber production
without destroying the natural environment ard view of the
forest. For this reason, (1) tests on the best shape for a
logging balloon, (2) development of a bailoon logging system
suitable for cutting lumber and safety plans, (3) tests on
balloon construction and development of netting, and (4) weather
of mountainous areas, especially solutions to prcblems caused by %
winds, were made the four bases of this research. Research |
on (1), (2) and (4) was carried out by the Forestry Experiment g
Station and on (3) by Kawasakl Heavy Industries, who was very
enthusiastic about balloon development at the time, for two
years starting with 1977. Logging is the operation whereby i
lumber that has been cut down is collected at one place. It is '
the operation that is the most tecamical and requires the most
energy in the lumber production process.

¥Ministry of Agriculture, Forestry and Fisheries Forestry
Experiment Statilon.

#¥Numbers in margin indicate pagination of original foreign text.



At the end of 1978, the 3rd year of research, a natural
captive balloon with a capacity of 1,400 m3
Heavy Industries' Gifu factory and actual testing was carried
out using this balloon in 1979.

was made by Kawasaki

2. Balloon Logging System

A test site was ectablished in the Numata Local Forestry
Office Itoshise State Forest at the foot of Yamakita in
Akagl, Gunma-ken. Construction of a balloon gystem and filling
the balloon with helium gas was started in July 24, 1979 and
preparations were completed at the end of the same month. Tests
were carried out during the first 10 days of August. The shape
of the balloon that was used and the main parameters are shown
in Figure 1 and Table 1. With regard to the shape of the balloon,
the best natural shape for using a logging type balloon was
selected, using actual foreign examples as a reference. Moreover,
a PET textlle (polyester), which was developed by both Kawasaki
Heavy Industries and Toyo Spinning, was used as the maln rein-
forcement for the netting of the balloon. A Tedora film
superior in durability when compared to PET and a new material
rivaling PET film with low gas permeability were used.

The actual balloon logging system is shown in Figure 2.
All of the foreign examples are styles where the 2 wire ropes,
namely, the main 1line and the haulback line, are attached tc the /2
lower end of the tether line and a straight line is formed
between the two points. However, in Japan the main purpose of
balloons that are actually being used is to engage in natural
preservation. Therefore, 3 wire line stretching is employed
as a method for carvrying out lumber while preserving the forest,
with a wide surlace area being covered with one stretch of the
line. This method is unique to Japan. Three operation lines are
arranged for balloon operation. Movements in the horizontal
direction of the balloon and in the vertical direction of the
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Figure 1.

Natural Balloon Used in Logging.
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Figure 2. Diagram of Test Site of Logging Balloon
System at the Nimata Local Forestry Office.

balloon are carried out by operating the yarder with three
cylinders. 1t has an acdvantage in that, when inside a triangular
region, cargo can be carried from any spot to any other spot.

As for the equipment used in the system, a torqueless wire rope

4 x RFWS (u40) with a diameter of 12 m/m is used for the tether
line (45 m) and for tne auxilllary tether line (185 m), a wire
rope JIS 12 no. 6 x F1 (25) 12 m/m 1s used for the operation

line [1] (1,000 m), wire rope JIS 3 no. 6 x 19 10 m/m is used

for operation line [2] (1,700 m) and operation line [3] (1,400 m)
and three nylon ropes 9 m/m are used for the cargo carrying line
(105 m). Moreover, a Y-33 HD yarder with 72 horsepower 1s used
as the operating winch end a self-running winch with a horse-
power of 100 is used for balloon movement and balloon anchoring.

The balloon was filled with heliun gas at the local Forestry
Office of Myohata, which was about 500 m away in a straight line.
It took a total of 3 hours and 56 minutes to fili the balloon
with 1,330 m3 of gas over a 2 day period. After the balloon was
full, it was moved to the actual testing spot with the self-
running winch. An area for unloading cargo during the testing
period was looked for and the self-running winch was used for land



anchoring of the balloon during the evening hours and 11 emer-
gencies. In accordance with the Aviation Act Practicing
Bylaws, a landmark must be set up on structure 60 m above the
surface of the land and therefore, anchoring during evening
hours was always kept below this height.

3. Summary of Balloon Logging Tests

The dally operations began by letting out the auxilliary
tether line and letting the balloon float up. When the
auxilliary tether llne was completely released, the operation
of the balloon was transferred to the main 3 cylinder yarder.
The balloon was gulded to the point where lumber was cut,
namely the cargo carrying point, with the transcelver connec-
tion between the yarder handle and operator. As for the
operator organization, a total of 4 operators with one at the
operation handle, 2 at the cargo carrying point ard one at the
cargo unloading point was sufficient. When the balloon reached
the point above the cargo carrying point, the balloon was
brought down with the tension of 3 wires. That is, when 3
operation lines were taken up at the same time, the balloon
was brought down and, on the other hand, when the three lines
were slackened out, the balloon rose. Movement in a horizontal
direction was carried out with the mutual operation of these
3 lines. When the cargo carrying line reached land, lumber was :
attached to the end and the line was again allowed to float up.

PR,

! ast

The cargo wac then tr asported to the cargo unloading area. The
height of the balloon during operations was about 200 m above
land and the towing speed was about 1.2-2.1 m/second. The '
maximum weight of the load was 155 Kg. This was better than ’
was antlicipated because when, in the correlation of computations,

the capacity of the balloon 1s smaller than the original plans.

The surface area of the logging area is a little too wide.



During the actual testing, we focused on the technical
possibllity of a 3 wire system balloon logging method. /U
Therefore, tests pertaining to efficlency and economy were not
carried out. The tension of the 3 operatr ..1 lines, the
three-dimensional location of the balloon, Lhe weight of the
lumber being carried out and the wind velocity ana direction
over the forest were determined. Changes in the operation
tension, which were measured with a static computer and in the
tension during actual operations were compared and thus, data
for planning system safety was obtained.

4, Outlook fer the Future

The tests were safely completed and we obtained the
anticlpated results. The two points of (1) balloon logging
operations are possible with 3 wire system line stretching
and (2) this system can be used to clear away lumber while
preserving nature were made clear as a result of the tests.
Operation efflclency tests were ncot carried out. However,
when compared with the so-called aerlal cable logging method,
whereby lumber is taken up and carried out using the tension »f
the wire loop that was set up, it 1s estimated that Just about
the same efficlency 1s obtained. This method 18 very advantageous
in that lumber scattered over a wide surface area can be carried
out with one stretch of the line. However, with the balloon
and winch used for anchoring, it l1s clear the the repayment
of these devices 1s closely linked to a price increase. However,
chere 1s stilll room for improvement and therefore, it is very
pessible that tests on actual usage of this system will be
carried out in the future.

The main problem with oalloon loading and unloading is
the wind. According to the logging tests using a natural balloon
along the Oregon River of the United States in 1967, operations
can be carried out with a wind velocity of up to 11.2 m/sec.



Moreover, it has been reported that a balloon can be safely
dealt with, with complete anchoring to land, in a wind velocity
of 26 m/sec. A period,when wind conditions were good at the
end of the rainy season,was chosen for these tests. Tests on
wind resistance could not be carried out. However, the limits
of permissable resistance under glven conditions can be deter-
mined with computer calculations. Wher a certain resistance

is exceeded in the case of a 3 wire system, the balance of

the system is destroyed. However, this all depends on the
direction of the wind. A balloon cannot avoid being affected :
when a certain wind velocity 1s exceeded, due to the substances !
floating in the air. The development of a wind resistant system
is necessary for the development of balloon loading and unloading.

Furthermore, there is still room for testing of flotation
zases. Hellum gas 1s supecrior from the points of buoyancy and
safety. However, it 1is an imported good and therefore, a problem
from the aspect of cost, I an inexpensive gas tnat can be easily
obtalned was developed, the eccnomy of balloon loading and un=-
loading would aleo probably be improved.

The possibility of using balloon loading and unloading for
various purposes in the field of forestry was also tested. In the
wake of the announcement by the U.S. Pentagon in 1973, Kawasakil !
Heavy Industries announced a plan for employing captive balloons
in harbor loading and unloading in 1978. We hope to see further
developments 1n balloon loading and unlocadling.

P

We would like to express our thanks to Todal Space Research,
the many professors of the Nihon Daigaku Englineering Department,
the Alrcraft Business Department of Kawasaki Heavy Industries,
Toyo Spinning Joint Research and the Fire Research Institute of
Japan for their help in carrying out these tests. We would also
like to thank the Numata Local Forestry Office and the local |
forestry associations for their cooperation in these tests.
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dalloon anchored to land at balloon base.
(area for unloading cargo)
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Operation line used for operating and the balloon
during flight.
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RESEARCH AND DEVELOPMENT OF THE
CAPTIVE BALLOON SYSTEM

Kaoru Amano#

Today "aerial instruments" that can carry heavyweight
bodies at a flxed altitude in air for long periods of time
can only be found in captive balloon systems. The ability
to take up heavy welght bodies in alr 1s used and transport
system 1s made whereby heavyweight bodies can be moved if
tether llnes (several) are used. Moreover, this can be called
an instrument that answers the soclial needs of an energy saving
device, low levels of pollution, and environmental protection.
In order to respond to these types of demands, captive balloon
technology was tested by the research divisions of the Forestry
Experiment Station and the Japan Aviation and Space Industrial
Association. The problems that need to be considered for the
practical usage of this system in the future will be presented.

l. Logging Balloon System — Forestry Agency Forestry Testing
Station

Testing of a "captive balloon logging system" was carried
out with the 4 year plan starting in 1976. Tests of the Numata
Local Forestry Office were completed from July 24 - August 6
of this year. The detalils were reported by the Forestry
Experiment Statlon. The main points of the balloon logging

#Kawasakl Heavy Industries Aircraft Business Department.
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systems used in forestry are as follow,

(1) Environmental protection such as water resources,
wlldlife and scenery protection;

(2. ’roblems of aging and an insufficient labor force in
the country due to migration of population to the cities;

(3) Intensification of regulations of the forestry logging
rules learing of small areas, selection of areas where lumber is
to be cut, periodic thinning).

The balloon for this logging system is used at relatively low
altitudes (less than about 300 m) and wind velocities (less than
about 15 m/s). A natural captive balloon was chosen for trans-
porting heav, btndies. Please refer to page 4 for the construction
of thlis balloon and the scope of the actual testing by the Numata
Local Forestry Office [1]. The balloon netting is a multi-layered
material with Tedora as the durable surface (38 u), a PET film

as the gas barrier (12 y), a strong urethane resin for reinforce-
ment, and a polyurethane cloth 500 D (329 u) as the coating material
laminated netting, 54 gores, 2 polar caps, and 27 webbings. The
development of this netting material satisfies the netting

planned values. Research will be necessary for a laminating /9
material uslng cabling. Future problems from the aspect of bal-
loon design and balloon construction technology are as follow.

(1) Research to improve the adhesive.

With regard to the gores and gore connection, the surface of
Hamataito S-110 (Yokohama Rubber) was chosen for the surface of
the covering tape because of its peeling resistance at low
temperatures and Bairon 309/Erufan PH 402 (Toyo Spinning/Nihon
Matal) was chosen for the strong side of the tape (reverse side)
to give shearing strength to common netting. However, further
research will be necessary in order to develop an adhesive with

15



a broad range of temperatures because Hamatalto S=110 has poor
thermal properties,

(2) Research on land anchoring methods and operation
met hods.

On land anchoring methods and operation methods appropriate
for the development of a balloon system and for the surrounding
environmental conditions must be developed.

(3) Research on gas emmision valves (including emergency
separation valves).

This type of valve was not installed in this logging
balloon. However, it 1s essential that this type of system be
considered for practical usage of a balloon.

2. Technical Standards for Natural Captive Balloons

As for the technical scope of the practical usage of this
type of natural captive balloon, the following balloon system
scope, which was developed and studled by the U.S. Pentagon
as a Balloon Transport System (ship-to-shore) [2,3] can be
called the natural captive balloon system technical standard.

(1) Removal of an 8' x 8' x 20' container weighing 22.5
tons from a container vessel and unloading on the coast for
a minimum of 12 times/hour;

(2) Transport from the vessel to the coast line, which is
8 km away;

(3) The possibllity of using the balloon system with a normal

wind velocity of 5.14 m/s and sudden gusts of 10.3 m/s in Sea
State 1 (we would like to be able to use 1t with a Sea State of 2

16
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or more where normal wind speed is 7.7 m/s and sudden gusts are
12.9 m/8);

(4) The possibility of using the balloon system in violent
weather conditions (humidity, rain, snow, etc.);

(5) Whether it is suitable for coastal and island topography.

The following parameters were determined as the balloon
parameters that would suilt these needs.

Balloon Capacity 60,000 m3
Balloon Diameter 50 m
Balloon Height 60 m

3. Experimental Research Pertaining to Streamlined Captive
Balloons = Japan Aviation and Space Industries Association

Research on the ba .loon application system programmed from
1977 with the establishment of the Balloon Application System /10
Investigative Committee (Committee Head: Seishu Kimura,
Professor Emeritus). In 1977 tests were carried out on the
applied fleld and production technology [4]. 1In 1978 small
tests balloons were designed and bullt and various types of
flotation and towling tests were carried out in order to gather
structural and aerodynamic data for streamlined balloon designs
[5]. An outline of the construction of the balloon that was
trial produced for this study 1s shown in Figure 1. It can be
sald that an aerodynamic planning method for streamlined captive
balloons was created with this research. Hcwever, a ballonet
with alr bag was not attached to this balloon and therefore,
the internal pressure of the ballon had to be controlled during
the tests (1,005-1,020 atmospheres). A ballonet device and control
system for the internal pressure of the balloon will be installed
in the future for prac*ical usage. The hull construction

17
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and Space Industries Assoclation.

Key: a. patch with backward opczration line attached;
b. patch with forward operation 1line attached;

patch with forward load line attached;

patch with backward load line attached;

gondola used as a measuring device;

tall assembly (shown with a 450 turn);

helium filling bulb; h. patch with rings attached;
connecting tape (ledora + adhesive + polyester);
adhesive (Balron 30P); k. netting 1. outside;
aluminum pipe; n. cotton cloth used for aircraft;
dope (illegible); p. Tedora rilm (25 u);

q. polyester film (12 3); re adhesive; s. urethane
resin; t. polyester cloth (255 D) (166); u. cable with
tail assembly (4); v. rirg; x. for aircraft use;

y. CRES (i1llegible) (6 per wing) z. turn buckle (1)
netting layers, (2) netting section (18 sections),
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Key to Figure 1 (cont.)

(3) tail assembly, (4) cross-section A=A of netting adheslon,
(5) cross-section B-B of cloth attachment, bb tail assembly.

MAIN PARAMETERS OF THE BALLOON

Hull Capacity 111 m?
Total Length 1l m
Maximum Diameter 4.5 m

Tail Assemrbly Area 3.75% m® x 4
Balloon Welight 83 Kg
Flotatlion Ability 115 Kg

was made from 18 sections of netting gores (the netting was
trial produced in 1977). As for the adhesion structure and
adhesion method, the same method as was used with natural
balloons was employed. In installing a tall assembly, a ring
of an aluminum pipe was inserted to prevent buckling of the
netting and for dispersion of a concentrated load. Then the
pipe was Joined with 2 ropes to 8 patches joined to the netting.
There were ! tail assemblies where cloth was glued to aluminum
pipes that were 1 inch in dlameter. As can be seen in Figure 1,
a method whereby the tall assemblies stabilized with a 3/32

inch @ cable and an 0.032 inch @ stainless steel wire was used.
Further research on netting properties with netting cylinder
tests, large displacements, efficient hull construction designs
with wireless limited element analysis, rigging designs, inspection
methods, production methods, and on land systems will be
necessary.

4, Technical Standards for Streamlined Captive Balloons

With streamlined captive balloons, a ballonet is installed
inside the hull to maintain the hull shape. In contrast to

19
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changes in the pressure and temperature outside of the balloon,
the inside pressure of the hull is normally held at a constant
level, and thus, the shape of the hull iz maintained (super
pressure type). Ccnsequently, with the stream-lined shape of
the hull, the balloon can be used in high wind velocities
(about 45 m/s) and from low altitudes to very high altitudes
(about 20,000 ft.). For this reacon, it is felt that this
balloon will have many potential uses in the future. Aslde
frcm the technologlical prospect of various balloon structures,
a technological standard for a streamlined captive balloon

is the CBV=-250A communication (television, radio, telegraph,
telephone) relay balloon system [6]. Balloon designs,
manufacturing technology and balloon system development tech-
nology will probably become technological standards. This
communication relay system is as shown in Figure 2. A system
is established when communication relay is set upon land. This
balloon 18 1In the sky for about one continuous week. Then it
18 on land for maintenance for a number of hours (fuel supply,
helium supply, etc.) and again returns to the sky. The balloon
has 5 functions (the following is the case where the balloon
is captive at 10,000 ft.).

- Communication relay with vehicles/aircraft within a radius
of 210 Km around the on land movement command post and the
balloon;

- A television broadcasting service 1s possiblie for televisions

within a 250 km radius by relaying 1 channel from color
televisions from large city A;

- Rz2lay of a 900 channel telephone circuit and 100 channel

telegraph circuit carried out in between large city A and city E,

which are separated by a distance of 400 km;

- The following communications relay is possible between
small cities B and C, city D and city A, which exist within a

20
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CBV=250A MODEL

Hull Capacity 7,560 m3

Total Length 56 m

Maximum Diameter 17 m

Balloon Weight 2,300 kg

Wind Velocity - Above Sea Level 46 m/c

When Balloon Can Be Used - 10,000 ft. 51 m/s

Maximum Altitude at Which Ballocon Can

Be Used - 15,000 ft.

Payload - 5,000 ft. 3,200 kg

- 15,000 ft, W50 kg

210 km radius around the balloon

A-B (distance: 117 km) 20
10
A=C (distance: 295 km) 20
10
A-D (distance: 177 km) 10
10

telephone circuits
telegraph circults
telephone circuits
telegraph circuits
telephone circuits
telegraph circuits

The payload package welght with which these 5 functions are
performed 1s about 1,000 kg. 12 kilowatts of energy are
consumed. It 1s sald that because of these functions, the
ballocon can replace 15 microwave towers.,
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5. Potential Uses of the Captive Balloon System /13

The effective buoyancy of natural balloons is high because
they are used at high altitudes and low wind velocities and
thelir structure is simple, Therefore, they are suitable for
suspension and transport of large heavyweight bodies. 1In
contrast to this, stream-lined balloons are used at high
altitudes and high wind velocities, and the structure of the
hull 1s coirplex. Therefore, the eflective buoyancy 1s relatively
small in comparison to the total buoyancy. The use of these
types of captive balloon systems, which each have their own
characteristics, can be classified into the general categorles
of large scale, large heavywelght body transport systems,
communications relay, supervision, and observation systems and
military application.

(1) Large scale, heavyweight body transport system.

Haiburitto dirigibles are probably more effective as a
trensport system for large, heavywelight bodies on a large scale
than are balloon systems when the transport distance is long.
However, the use of a captive balloon system for logging/transport
(Chapter 1) and unloading and lcading systems (especially when
harbor preparations are insufficient, during disasters, and
when topographical conditions make port construction impossible)
has shown satisfactory results.

(2) Communications relay, supervision and observation system. :

Broadcasting and communications relay systems were intro- |
duced in Charter 4. However, among the potential uses of the i
captive balloon system in communications, supervision and
observaticn are a nolse observatlon system, whereby the nol:ise
level 1s measured with a microphone attached to a balloc: (noise
reconnalssance balloon used for guerllla counterattacks at night
during the Vietnam War), a system for determining the perpendicular
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distribution of pollution due to the wnccumulation of pcllutants
with a wind velocity and temperature sensor and suction pump
installed on the tether line for each fixed altitude, observation
of coastal polluvion, observation of sea traffic, a fire fighting
ald, fire observation system, etc.

(3) Military application.

In the future, balloon systems will probably be used to make
up for the fragility of communications circuit cables. Local
communications command relay, reconnaissance systems, systems
i'sr observing enemy submarines and naval vessels, and systems
for early warning are substitute systems for the energy-savings
era. Moreover, when used as a barrage balloon, this balloon
system can be used for the defense of airfields agalnst slow
landing and quick landing ground attacks. The system has already
been used in the Mid Fast War.

6. Future Research Problems

The technological problems in the development of captive
balloons are

1. Balloon shape......wind tunnel tests in which the
deformation due to alr stress 1s considered-dynamic and static
testing;

2. Stability and characteristics......determination of
dynamic stabllity micro-coefficient;

3. Balloon materials and construction method.....high
quality production technology for air bag netting materials,
ballonet materials, patch materials, and line materials that are
strong, have spreading resistance, are abrasion and bending
resistant, have gas permeation resistance, and can withstand
environmental effects;

U



Figure 1. Water Model Test

Flgure 2. 10 m Model (S 53, L Y
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4, Hull composition design.....development of a large
displacement, wireless analysis program and cylinder testing
method;

5. Development of adhesives and construction technology;
6. Balloon equipment and fitting designs;

7. Each type of data measuring sensor and measurement
met hods,

The following are technological problems encountered with
the use of the balloon.

l. Desligns for desired use, and method and economy of
using balloons;

2. Research on vhe maneuverability of the balloons and on
land facilities;

3. Resistance and safety of the balloons and helium recovery
technology.

When the operation divisions in the development of balloon
employment systems, which are collected in the aforementioned, are
analyzed, they are as shown in Figure 3.
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Figure 5. Indentations Due to Catenary Curtaln.

Figure 6. liydrofoill — the elevator 1is stationary.
Today 1t 1s mobile.
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7. Corzlusions

Research on captive balloons continued with a series of
studies pertaining to the LTA aircraft, whicl began in 1975
under the direction of the Ministry of International Trade and
Industry:

- the Equipment Promotion Assoclation's lst and 2nd
"Investigative Studles on the LTA Aircraft System" (1975, 1976);

- the Japan Aviation and Space Industries Association's
"Investigative Research on Balloon Application Systems" (1977, 1978),
and

- the Agency of Industrial Science and Technology's
"Technology Assessment of the LTA Alrcraft" (1°77), and

- the Forestry Agency Forestry Experiment Station's
"lLogging Method with Captive Balloons (1976-1979)". During this
time a natural captive balloon for practical use was produced
and a stream-lined captive test balloon was trial produced.
Balloon design, netting trial production, balloon manufacturing /16
and flctation and safety tests were completed. Here we have
presented an outline on these points and research problems.
We would like to thank related agencies for their help in developing
a captive balloon system and to those agencles that provided us
with technological information used In the development of the
International Trade and Industry's large scale project, "Haiburitto
LTA". We would also like to thank the committee members who
helped in the research and development of this practical balloon
system.
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Figure 7. Upper Reaches of Oten River.
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HOT AIR AIRSHIP DEVELOPED IN THE
EARLY STAGES OF AVIATION

Miyazakl University Balloon Department
(representative: Kiho Bokusaku)

1. Miyazaki University Technological Research Assoclation /1
(Balloon Department) and Airship Designs

-..J

The Miyazakil University Technological Research Association
(Balloon Department) was established in May, 1974, with the
purpose of teaching various types of englineering to students of
mechanical engineering. From the time the association was
established, the members considered making an airship. However,
manufacturing an alrship 1s d4ifficult both technologically and
from the aspect of money. As a preliminary step they produced
a hot air balloon and in May of thils same year, a balloon unit
was formed. (In addition, there was also a go-card unit.)
The balloon unit completed a hot air balloon called "Sekai No. 1"
with thelr own technology, with polyester film as the raw materials,
on March, 1977 by using model tests, etc. On February of 198
the balloon unit was up-graded to a department called the
Balloon Department. Airship designs were prepared, which had
been a dream since the association was first established, in
April of 1978. The structure of the department had changed
and the constitution of the association had changed. Moreover,
deslgns for producling a new balloon had been started and the
alrship designs were carried out in a new technological association.
Collection of funds and data and testing were started. The Ballcon
Department completed a new balloon, which had concentrated on the
dump valve, etc. in October of the same year. Participation in
airship planning was discussed as the next act. Because a balloon
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1s a passive suspension and should not readily move in the direction
it wants, when suspended from a balloon, objects want to move

freely in the air (this 1s the same wilh the history of balloons

and alrships). Thereupon, the falloon Department, which had
completed a balloon, also participated in airship planning.

(This i1s assumed to have been the case).

Greet progress has been made with airship designs in this
way.

2. Experiment

"Single axis, 2 axls tensile strength ond strain measure-
ments", "water model tests", "airtight tests on cloth", "catenary
tests", "combustion tests with 10 m machines", etc. are tests for
hot alir alrshlps. Moreover, both combustion tests with regard to
burners and stress measurements of gondolas with wire strain gauges
are carried out.

(1) single axls, 2 axls tenslile and straln measurements /18
As for measurements of single axis strength and strain,

data was obtalined durlng the production of hot air balloons,

but for reference sake, tests were carried out.

Two axls tests were carried out in order to measure the
real strength and straln of the cloth and to determine the amount
of pressurization and the length of the suspension tire. With
a tenslon ratio of vertical: horizontal of 2:1, the strength is
550 kg/m and 1s less than a value with a single axis. With regard
to strain, e(vertical) = 1.5% and e(horizontal) = 1.0% with
vert.lcal = 34 kg/m and hcrizontal = 17 kg/m. The volume increase
of the alrship due to extension of the entire airship is almost
equal to the decrease in volume due to indentation with a catenary
curtain.
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(2) Water model test (Figure 1).

The water model test was carried out the most often out of
these tests, The water model length equal to the hull tension
was 1 = 49 cm. Because a hot alr airship using this size water )
model 1s absurd, tests were performed on the necessary amount of
pressurization and on the catenary curtain, raising the amount
of pressurization to destruction, and on the strength of the cloth.
At the same time, differences in variations due to how the cloth
was used (combined use of Toray and Asahl Chemical cloth and
center used on the bias), changes due to differences in the ratio
of length and diameter (L/D = 2,5-3), etc. were studied,.

The part with the maximum computed tension is the peak of
the area with the largest diameter. Th!s is the same as the
destruction point of the water model. However, tension during
dest.uction showed fewer fluctuationg than in the model. With Toray
fabric it is about 450 kg/m and it drops to about B80% of the
value from 2 axls stress test. Because the peak that was destroyed
is equivalent to the machine sewn area, the efficiency of machlne
sewing becomes 80% when we ignore the manufacturing differences
of the model, and in the case of Toray fabric, the strength of
the cloth that was machine sewn becomes 450 kg/m.

Because the strength of Asahi Chemical's cloth is high,
it was noticed that tension was 600 kg/m without increasing
pressure, up to the point of destruction.

An effect on tension up to the polnt of destruction was
not noticed when cloth was used on the bias.

With L/D = 2.5, bending of the hull was not noticed even
when the amount of pressurization was 0 mm Ag. However, because
their was a large identation in the part with a catenary curtaln
attached, pressurization of 5 mm Ag is necessary (converted to
31 m machine). (Pressurization of 5 mm Ag is the amount of
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pressurization necessary for wind pressure resistance.) When
the L/D was 3, bending was not noticed at 0 mm Ag. However, an
increased pressure of 5 mm Ag (31 m machine) was sufficient,.

(3) Adrtight tests on cloth,

In this test, the purpose was to measure the air flow
from fabric and machine aspects and to determine the p.,opertles
necessary for a pressurization engine fan,

As a result of the test, it was disccvered that there
was a large difference in alirtight propertles depending on the
test sample. The value with an average amount of pressurization
(6.5 mm Ag) were

Test Sample Alr Flow (6.5 mm Ag) Ratio
Toray S 112 F (blue) 0.22 ‘m3/m3 . min) 1,700
Toray S 112 F (green) 0,0025 (m3/m3 + min) 20
Toray S 112 F (white) 0.00012 (m3/m> - min) 1

Blue could not be used because the alr flow was too high
and was more than what was required for the burner.

Because 1t 1s not known whether the coating of the cloth
used in this test was, by accldent, irregular or insufficlent,
it was felt that the other types of cloth should be checked pricr
to manufacturing.

(4) Combustion experiments with 10 m machines (Figure 2).
A testing device was made 1. order to study the combustion
conditions and catenary curtain conditions inside a spherical

shell that had been sealed with a pressurization fan. (L = 10 m,
D=A4m, V=280 m3, and bucyancy B = 28 Kg).
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Four expansion type stabilizers (Figure 6) are added to
the wing assemblies to control pitching and rolling of the hull,
These are reinforced with 10 ropes per each stabllizer. (The
amount of pressurization i1s equal to that of the hull.) Radar
is attached to the back of up-and=-down fins in order to control
directlion and elevators are attached to the back of horizontal
stablilizers in order to keep the hull horizontal. (The role of
up and down movement 1is small.) They are operated with a
moveable pulley. In contrast to the gas airship, the wing surface
area is very large at U4 times that of the gas airship. The flota-
tion medium of this airship (mass of hot air) is about 6 times
that of helium (11.8 times that of hydrogen). The speed is
1/2 as much. Therefore, a surface area that 1s 6 x 22 = 24 times
larger 1s necessary to obtain the same properties, when considered
in simple terms. However, 4 times thies surface area is probably
the actual limit because of the problems ¢’ control and external
appearance, Moreover, the ratio of rudders situated on the wings
is normally 20%. However, we used 35%. The thickness of the
wings 1s maintained with the cloth with holes and the webbing.
The thickest part of the wings 1s near the back where they are
attached and is 1.5 m. The front of the wings (end) is thin,
0.8 m. As for the radar and elevator, the front i1s 1.0 m and the
back 1s 0.8 m. 100 pleces of cloth are sewn together for 1 tail
assembly.

A dump valve 1s sltuated near the back of the gondola
between the catenary curtain of the peak for sudden falls (main
and sub dump valves'). They are operated by 1 rope with driving
force. Lip valves are located on top near the front and back
of the dump valve (total exhausi valve).

There are six round exhaust holes near the gondola (Figure 4).
The number of exhaust holes varies with the combustion conditions.

Moreover, a windmill type pressure gauge is attached to one
of these exhaust holes.
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(1) Hot air airship hull.

The exter: ' appearance of the hull is a circle that
is elongated with the adequate function at the front and back.
The spherical shell is made of 24 leaf-shaped gores. One
gore 1s made from 37 panels. There are some differences because
of the reinforced areas, dump valves, etc., but generally,
the spherical shell is made from 888 (24 x 37) pleces of cloth 22
srewn together,

The size of the hull 1is:

Total length.. L L e ..L 3u m
Maximum diameter...........D 12,4 m, and
Volume...eeesses.V 2,370 m3

A catenary curtaln was dropped g0 that it was separated
from the peak by 2 gores. The load of the gondola was distributed
over the spherical shell by introducing this catenary curtain
with a wire.

In order to maintain the chape of the hull (mainly against
wind pressures), pressurization of 5 mm Ag (kg/me) is carried out
on the bottom part of the hull. The top part of the hull is
pressurized 3 mm Ag higher than the bottom part. Moreover,
due to the effect of the catenary curtain, the maximum tension
is T max = 40 kg/m.

The gondola 1s attached on the lower part in front of the
center of buoyancy. Because the center of gravity is also a
little in front of the center of buoyancy, the hull leans about
5 degrees toward the front when it is at a standstill. The
travelling speed of our alrship i1s 30 km/h. We are planning to
keep the alrship horizontal during travelling with driving power
(40 kg).
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[Gondola]

As for the size of the gondola (Figure 8), the length is /23
2.3 m, the maximum width and height are both 1.4 m, and the weight
of the total equipment excluding passeryers is 310 Kg. Steel
tubing with an external diameter of .17 mm and a thickness of
t=2mm i1s the main frame. The frame has a structure that is a
mixture of steel piping and square pipes.

The drive engine is the Toyota 2U-C (800 cc, 40 PS/5,000
rpm, 3.6 Kg=-m/3,000 rpm). However it does have problems with
the strength, vibrations, noise, etc. of the propeller (external
diameter of 1.2 m, wood product). The maximum rpm is 2,500 rpm.
The driving force was not measured, but it is probably 40 Kg.

The vertical axle model of the Fuji robin EC-10 (maximum
4 PS/1,800 rpm) is used for an engin that transmits the pressure
of the hull and the necessary air for combustion. it is combined
with a Dakuteddo fan. An output of 1/10 1s satisfactory for
pressurization only, but we decided to consider the speed of
inflation.

The burner is situated on top of the pressurization fan.
A heat exchange coil (diameter: D=30 cm) is covered with two
layers of steel pipes. The output 1is 500 Kcal/sec (nozzle: 5mm x 2,
LP pressure: 5 Kg/cma). 2 pllot lamps are used to light the |
plezoelectric and electronic igniting devices, which are the source ‘
of flames for the burner (Figure 10). There is no need for concern
that the flames may gc out during flight,

v

4., Manufacturing
Manufacturing began in June, 1979.
Because this group does not have a long history, was moderate
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in university affairs, the bullding of this department, etc.

was difficult. This group did not have the necessary laboratories
and factories and therefore, during summer vacation, they used

the Engineering Department classrooms after lectures (4:30-7:00)
to make a model of the spherical shell and then cut the cloth

(a total of 1/5). From August (part time from 7/11-8/31) along
with cutting the cloth, they used 3 industrial machines to sew

the cloth (9:00 a.m, - 7:00 p.m.)., Because the arrival of machine
thread was late, only 7 sectlions of the spherical shell could be
completed by the end of the summer break.

Because the classroom could not be used after first term
tests (October), the factory was transferred to the Ryokyu
Cafeteria and operatlions were started once more. Sewing of the
spherical shell, making the catenary curtain, and laying out
the tall assembly were carried out.

In December, operations on the gondola, which were separate
from the shell construction, were started 1n the Mechanical
Science Labs. First welding and drilling were carried out.

Then operations on the frame engine completion, burner construc-
tion, etec., were carried out from U4:30 (p.m.) (during breaks
at 10:00 a.m.) to 10:00 (p.m.).

From the end of January to February, the spherical shell
and gondola operations were interrupted because of finals. During
the spring break, the spherical shell operations were transferred
to the Englneering Department. Completion was set for the middle /25
of March. Several days later sewing of the tail assembly and
insertion of load tape were carried out. The operations were
difficult due to the fact that the machirne broke down and the
spherical shell became larger and larger. We did not progress
as we had planned, and the completion date was set back one week.
In the final two days, the spherical shell and tall assemblies
were sewn together, final sewing of the shell was carried out and
the catenary curtain wire was attached. The balloon was completed
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two days prior to the date that had been set for flying tests.

5. Results of Flying Tests

Flying tests were carried out on March 24 and 25, 1980 at
Miyashiro-shi, Takaboku-cho.

On the first day, sufficlent testing could not be carried out
because a tuck had been sewn in the shell on the top part of the
stern and, therefore, leaks were noticed during spot checks.

We returned to the university to make repairs.

On the 25th, weather conditions were good, and flight tests
were carried out for 1/2 hour.

As a result, satlsfactory results were obtained in the
inclination of the hull at rest and during flight, in the
movement of the catenary curtain, and in the burner properties.
Directlonal changes with a radius of 50 m, which was more than
was antlcipated, were possible, especially with regard to vertical
rudders (the effect of the propeller back flow was hardly
consldered). Because the shape of the front part of the lower
vertical tall assembly changed shapes due to the influence from
the propeller back flow, pressurization was necessary.

According to ti ~ original designs, inflation should not
have been difficult. However, more people and time were required
than in the case of hot air balloons, (if a propeller 1is used for
ventillation, fewer people and less time would be needed).
However, there were no large differences.

6. Expense and Supply

Heretofore, the total cost of designing a hot air airship
(since 1973) has been 2,000,000 yen (including improvements).
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The cost of testing and transport vehicles are included in this
price. The cost of Toray cloth (66 nylon), which is used for
most of the spherical shell was donated by Toray (1,500m), is
not included in this price.

The manufacturing cost of this airship alone (cost of
materials), including Asahl Chemical cloth, (Teijin's flame
retardent cloth), load tape, engine (second hand), propeller,
steel pipes, etc. 1s 1,000,000 yen. (At first there was some
waste, such as loss of materials, etc., but 1t did not amount
to very much.)

The work was carried out by department personnel on a
part-time basils, and funds were donated from the OB club,
various businesses such as Kirishima Brewery and Seiyama
Construction and Miyazakl University Mechanical Science OB,

The plans for this year are to collect data on thermal
testing of balloons (cloth manufacturer: polyethylene film
manufacturer) and hot air airship spherical shells, flight
training, and manufacturing for the future, and to carry out
tests and construction, emphasizing improvements in the present
airships.

Lo}

In concrete terms: 2
1. Pressurization of the Lower Vertical Tail Assembly

The tail assembly is pressurized at 5 mm Ag at the lower
part through the hull. However, the shape of the lower vertical
wing, which is attached 6 m behind the propeller, 1s affected
by the propeller back flow (pressurization: 14 mm Ag) (located
at 6 m). Therefore, a different pressurization is necessary.
The necessary flow has been measured and the fan shape 1is
being tested. (The welght increases somewhat when a duct 1is
installed behind the propeller in order to leave room for the
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driving engine (power necessary for pressurization 1s small.)
However, it 1s probably best if a different fan 1s operated
from the aspect of speed.)

2. Thermal Tests on Balloons and Alirship Spherical Shells

The strength of the alirship and ballcon spherical shells
has been determined at normal temperatures., However, strength
at temperatures actually used 1s a problem, and therefore, it 1s
necessary to study the temperature distribution from the
standpoint of thermal efficiency. Experimental data has been
collected by this group on the distribution of temperature inside
the spherical shells of balloons made of polyethylene and nylon.
However, we would like to measure three machines, because these
materlials are not used in alrships and the experimenters have
not graduated.

3. Making the Elevator of the Horizontal Tail Assembly
Moblle

In the plans,this operated in the same way as the radar did.
However, the pressure had to be maintained at 5 mm, so an unreason-
ably high or low pressure would not be exerted on the spherical !
shell. During the first flights, a micro pressure gauge was |
used. Today a windmill generator type pressure gauge is installed.
The speedometer 1s the same. In addition, a fuel guage (LP gas),
balloon thermometer (today a thernometer 1is installed inside the
shell), an altimeter, and a gauge for ascent and descent are
also used. In connection with the engine, a revolution indicator
and oll pressure gauge are necessary, and

5. Various proposals, such as an over craft, gyrocopter,
etc. have been made for future plans. However, we do not feel
that it 1s 1important to add other devices. This year, we have
carried out the production of a 3-engine balloons or 2-englne
ailrships. The plan is to develop a machine that is lightweight
and consumes a small amount of fuel.
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Lgople Invo}ved in Alrship Designs

Eishl Kagamiyama, Engineering Department Mechanical Englneer-
ing Graduate. He participated in plans for the Miyazaki hot air
alrship. He 1s a member of the Miyazakl University Technological
Research Association. He graduated the previous year. However
he remained at the university for one more year as a researcher /27
in order to complete the hot air airship. He instructs some
3rd and 4th year students, but mainly is interested in teaching
lst year students.

He comes from Fukuoka-ken Fukuoka shi. He has been
interested in Engineering since he was young. While in elementary
school he made a raft resembling a very tiny floating island in
a harbor (he called this treasure island).

This year he will apply t Bodalte Electronics.

Furi Toshimoru

Hiroyashi Eto } 1978 graduates of the Mechanical Engineering Dept.

Main members of the "Sekal No. 1" construction group.
They were on the alrshlp design staff. For their graduating
thesis, these two men researched "Thermal Analysis in Ballons". ,

Seliichi Saijo - Applied Physical Engineering Department Graduate.

When the completion of the alrship was almost near, this
student went to Osaka for employment. He makes very good "white
polar bears" (a "white poiar" is an ice made with all types of
fruits). He walks 1in his sleep. He was one of the Main members
of the Sekai No. 1 group. He worked with Kagamiyama during the
summer. He comes from Kumatail-ken.

Heino Kuruda - Applied Physical Englineering Department Student.
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Photographer during tests and flights. He 1s presently
enrolled in the art department of the university. He 1is
researching avant-garde art. He would like to become a profes-
sional photographer. He comesg from Miyazakl-ken Enoku-shi.

Teiten Tanaka - Engineering Department Mechanical Engineering
Student graduates this spring.

Staff of 1978. Merit student.
Shiho Bakuban = 4th year Mechanical Engineering Student,
Participated in the plans for the hot air alrship. In
charge of wing assemblies. Directed gondola construction. Has
had influence in the program. Comes from Kumatal-ken. 1Is the
present head of the department.
Kishibo Harada - Uth year student of Applied Physlcs Dept.
Head of the department in 1979. In charge of balloon shell.
Directed machine sewing. Carried out tests on safety. Researching
Ocean Balloons. Comes from Kagoshima-ken.

Ken'nichl Seiki - Applied Physical Engineering Department.

In charge of the catenary curtain. Has self-confldence.
Head of department in 1978. Likes bananas. Comes from Kochi-ken. /28

Hirogawa - Applied Physlical Engineering Department.

Helped with catenary curtain. Humanitarian. Helped with
gondola. Comes from Kumatal-ken. Likes fall and summer.

Seini Chifu - Applied Physical Engine:ring Department Uth Year
Student.
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Merit student. Directed destruction of G pan with machine
of (illegible) « Interested 1in comics. Comes from Yamaguchi-
ken Ko=-shl.

Yowa Yamazakl - 2nd Year Art Student.

Has natural gift for sewing. Likes birds. Interested in
comics and children., Comes from Shimatori-ken Belko-shil.

Fun'ichl Matsuma - 2nd Year Civil Engineering Department Student.
In charge of machine sewing. Constructed pressure gauge
of airship. Strong background in electroniecs. Comes from

Nagoya.

Waochi Taiura - 2nd Year Mechanical Engineering Department
Student.

Helped with the gondola. Interested in computers. Comes
from Kojima.

Wajin Yokomatsu - 2nd Year Engineering Department Student.

Helped make the gondola. Would like to be white-collar
worker., Talented welder. Comes from Fukuoka-ken.

Chiko Fujita - 2nd Year Elementary Education Student.

Feels that industry will juickly become an exact science.
Resides in Mlyazaki-shil.

Yama 2nd Year Special Education
Department.

Went to school with Miss Fujita. Also resides in in
Miyazaki-shi.
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Ebiko Shono - 2nd Year Speclal Education Department Student.

She does not want to be known as a super-woman. From Daibu-shi.
Sekko Hagashiko - Graduated in1978 from Art School.

Designed "Sekai No. 1" and this airship. Beautiful
elementary school teacher. Also contributed a bonus to the cost

of manufacturing the alirship. 3She made the shell bag for the
airship.
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' OF POOR QUALITY
TABLE 1,

[hull]
shell cloth (Toray 66 — | 2 ™ \
aylon) 810m" (0.047 Kg/m2) 38.1 (Kg)
shell cloth (Asahi 2 2
Chemical nylon) 160m” (0.077 Kg/m“) 12.5

tail assembly Cloth 2 2
(Toray 66 nylon) 468 m° (0.047 Kg/m“) 22.0

load tape 1.917 m (0.020 Kg/m) 38-4

catenary curtain

cloth (Teijin 2 _
Konekkusu** ) 30m (0.250 Kg/m) 7.5
e 27.8 (.033 Kg/m) 7.5
shackle, ropes, tire l 23.7 L
clip, etc. o
hull weight - 149.7 Kg

{Gondola]

f

rame e85 B
2U-C driving engine 93.5 (batteries, muffler,
) gasoline, etc. included)
propeller and flange 85
EC=10 engine used 168 (gasoline and oil included)
i
for pressurisation 900 (container-25 Kg, gas 20 Kg)x2
2 tanks of propane
33.0
burner, evc.
(1400) 70 Kg/person
* passengers-2

Gondola weight - 310.8 Kg (*449.8 Kg)

Hot air airship total weight - 460.5 Kg (*600.5 Kg)

¥¥Tpanslator's note: term unknown; transliteration of Japanese
phonetic characters.
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Infra-red hot air balloons
from: UP«TODATE CNES BALLCONS STUDIES
by: M. Rougeron (Centre National d'Etudes
Spatiales Centre Spatial de Toulouse Division
des Systgmes de Projets Balloons, Toulouse,
France)

Ichiro Saburo-translator (Balloonist,
Buoyant Aviation Consultation Secretary,
F.A.I. (International Flight Fede<.>tion)
International Balloon Committee)

Various countries have researched the question of whether
or not balloons are cheaper as a platforr for long term flight
in the stravosphere in comparison to man made satellites. However,
tests and observations in space were made simple with the practical
utilization of the space shuttle. This probably weakened the
importance of conventional stratospheric balloons.

As for these conventional balloons, the flight duration
is short and they are not sulitabl. for long term atmospheric
observations. Super-pressure balloons made out of polyester film
with a round shape having a dlameter of several meters (200 mb
level) have been used by France in weather observations. A
pumpkin shaped Kebura balloon, etc. have also been developed
and used.

However, the major disadvantage with this type of pressurlzed
balloon is that they fly only at isobaric levels. At the present
time we are looking for the broadest 3-dimensional flight capacity.
Tests are belng carried out by from Mt. Everest in order to solve
this problem. The balloon descends with packing outside air into
the ballonet with a pump after the ballonet is installed and the
balloon ascends by emitting this air through an open valve.
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However, little altitude control was displayed in the test,.

An entirely new balloon called an infrared hot air balloon
(La Montgolfiere infra-red: MIR) was developed by the Aeronomics
Research Lab (Service d-Aeronomic: SA) of the CNRS in 1976 under
these conditions (Figure 1). Up until that time the Aeronomics
Lab of the CRNS used a super pressure balloon. It seems that
the SA considered the application of this hot air bzclloon for
stratospheric investigations.

A burner is installed in thios hot air balloon as with the
classical Montgolfiere balloon. Thermal energy existing in the
atmosphere 1s taken and converted into buoyancy. The air inside
the shell of this balloon is heated with the shell as a medium.
Elevation 1s controlled with the opening and closing of the
valve,

The first tests on these designs were carried out in 1977.
SA manufactured a solar heat balloon with a black shell. It was
flown from Pretoria in South Africa. The amount ¢! heat produced
from solar energy is very high and the temperature difference
inside the shell at 70 mb 1s 80-100°C. Flight abllity at a
broad altitude difference was displayed and when necessary, quick
altitude changes could be made. The time from the completed
descent with the end of the reaction to elevation with the valve
closing line was very short. We regret that the solar hot ailr 31
valloon could not be flown during the night. The combination
of an open balloon with a transparent shell, a solar hot air
balloon, and a Kebura reinforced pressurized balloon was considered
for excursion flights at different altitudes during the daytime
and for maintaining flights over a long period of time.

Even though the amount of energy that ls absorbed durlng
the evening with this type of infrared ray hot air balloon 1s
small, i1f a fixed altitude can be maintained, a more simple balloon
can be produced. It 1g necessary that this type of balloon be made
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80 that the top half has the lowest heat diffusion ability and
the maximum amount of radiant heat from the convection zune 1is
collected by the lower half, without diffusing the equivalent
amouat of heat at the same time.

In comparison to the amount of heat collected from the sun
during the day, the amount of heat obtalined in this way during
the evening 1s small. However, with a clear sky it can reach 20-30°C.
However, it is difficult to reach even 5-10°C when an altostratus
is present (produced in an incus of cumulo-nimbus clouds; thick
cirrus clouds, etc.). Nevertheless, it 1s essential that super
light welight materials be used and that the surface area of this
infrared ray hot alir balloon be large. However, even if the
capacity of this balloon is too large and the absorption efficliency
of solar energy of the shell i1s poor during the day, this type
of balloon can still have excursion flight ability over a broad
range of altitudes.

Flight Tests

Preliminary tests were carried out by the CNRS, which took
the lead in developing this ball,on for practical usage, and the
CNES, in order to determine the efficiency of infrared ray hot
air balloon. They relied on existing materials, production, etc.
technology for these preliminary tests. The results did not
necessarily display adequate rellability.

The shell was made from two parts. On the outside a 12y
aluminized polyester film was used for the top half and a 15y
polyethelene film was used for the bottom half. An open duct
reinforced with fiber glass is made at the bottom pole (appendix).
A flexible valve reinforced with fiber glass is installed at the
peak. It closes so that 1t extends to the top from the 1lnside
of the shell.
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With regard to the launching of the balloon, the balloon
is elther filled with hydrogen or hellum, reaches the stratosphere
as a gas balloon, and then from there begins free flight as a
hot air balloon, or part of the balloon 1s filled with hydrogen
or helium and from the very first, 1t ascends with its own
strength as a hot air balloon. The hydrogen, or helium, 1s forced
out with the opening of the valve.

Infrared ray hot air balloons (MIR) with surface areas of
6,000 m3 and 13,000 m3 were made and four flights were carried
out. The effective load was 10-20 kG (Figure 5). The following
results were obtailned.

- The balloon theory was displayed wlth the capture of infrared
ray energy from the earth to the convection zone. The average
temperature 1n the shell was about the same as the antlcipated
value. A buoyancy of more than 6-8 g/m3 was obtained at all

times.

- Excursion was possible wlth a difference in altitudes
of 10 km from 18-28 km above earth during the day. There was no
decrease 1in capacity during descent and the maximum cross section /32
for the opening, with which reliability of stable flights would
not be lost, could be chosen.

On the other hand, there ﬁere several problem points and
these became obstacles to carryling out long term flights,

_ The MIR easily shakes in a horizontal direction during rapid
descents. Thils 1s due to the féct that the ratioc of capacity:
effective load 1s much too small. The center of gravity is close
to the center of the balloon.

Wind resistance of the vertical components of the balloon
is weak (the inertia of the MIR is very large). Glass shaped
tears may be produced on polyethylene shells near low temperature
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zones close to the tropopause.

A valve that 1s rigld and light weight has not been
developed yet.

Future Outloock

The first step in the MIR has been completed. In the future
the development of a program emphasizing the practlcal usage of
the balloon in the remalnder of the 1980's is being planned. The
three main uses of the MIR are:

- platform — The daytime flight level (15-30 mb) and night
time flight level (50-90 mb) of a balloon without a valve will
vary wlth changes in outside conditlions., However, because there
is almost no need to be concerned about leakage wlth the MIR
balloon, endurance over a long perlod of tlme can be anticipated;

- sonde — The balloon will have unique excursion ability due
to the opening and closing of the valve, and

- pursuit balloon — Selection of the optimum flight course,
recovery of pllots after mission completion, flights to a specific
point, ete. will be possilble due to the fact that flight controls
and fllight levels will change in gccordance with fixed laws of
isothermal location, etec. or with distant operations, ete,

The effective load is always 150 kg or less with MIR balloons
with several 10,000 of cubic meters, which 1s not very large.
The maximum altitude 1s limited to 30 km and the lowest altitude
is the fropopause.

The following are the conditions of this balloon.
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- The entire balloon is made of polyester has a thickness
of 6~12u and is reinforced with fiber like grid. The top half of
the balloon is aluminzed. The efficlency of this ballcon 1s
somewhat worse than that of the balloon used in the preliminary
tests. However, the relliability is far better.

= The polyester film becomes reddish with time and the
efficiency of the hot air balloon during the day increases.
Consequently, the maximum altitude that is reached is high.

- Flexlble valve
The balloon 1s launched with the inflation method (expansion

of the balloon) in the convection zone using an auxilliary balloon
with small capacity.
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TRENDS IN BALLOON DEVELOPMENT IN AMERICA "/
Chuta Wada (technological consultant; JBFA)

In America balloons are used in place of high priced
stationary satellites. They have been designed to float like
the "familiar atmospheric satellites" and tests on flights of
manned super pressure balloons for observing atmospheric pollu-

tion are belng carrieqd out.
1, The HAPP System as a High Altitude Platform
(1) Properties of HAPP

HAPP (High Altitude Powered Platform) is an LTA being tested
by NASA (National Aercnautics and Space Administration). The plan

'is for an unmanned buoyant body to float at a helght of about 20 km

above the earth's surface for a long perlod time extending over
“years". In comparison with stationary satellites, the altitude

is much lower. However, as might be expected it is advantageous

for detailed uses and is inexpensive.

In the original conception, the use of alreraft continuing

" to eirecle a fixed radius was considered in addition to the

method whereby the LTA is used [11. However, as a result of

studles 1t has been decided that today a flexible alrship will be

used. :The structure and driving power are being discussed in
detail. Because an altitude is chosen where the wind velocity

is zero and the balloon floats to this altitude, the driving power_
for movement should be just as high. An airship with “microwave
beam" driving power has:been suggested. In this method the
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electric waves would be changed and transmitted as 2.45 GHz elec-
tronlc waves from the ground station. Thé airship receiving these
waves would obtaln driving power from a propeller with the turning
of a motor when the beam of microwaves is converted to direct
current power, or would employ an electrical source from other
devices (Figure 1) [2].

The device on the alrship that recelves the beams is called
a rectenna. The rectenna is composed of many small elements that
combine the functions of a rectifier and antenna.

There has alsoc been a great deal of progress made'in tech-

- nology for transmitting power with microwaves. In 1977, tests were
completed on the wireless transmission of 30 kW of electricity

‘to location 1.6 m away. It was also reported that a rectenna
achieving an efficiency of 90% was developed. A substance'in the
air is affected when 1t is irradiated with these beams. The
present safety standard is 10mW/cm2, even in the case of con-
tinuous lrradiation. The example of HAPP designs 1s included
within this range. When neéessary, a wide clear zone 1s set up /39
around the transmitted'electricity and should be isolated from
the effects of the electricity. (The safety standard for micro-
wave leakage used in Japan is 1ess.than-1mW/cm2 with new products
in the case of the electronic range for home use.)

In using this driving system, the employment of a high
performance direct current motor using samarium=cobalt magnet was
- tested. The motor is 95% effective and. is 1ight, with a welght
of about 0.6 Kg/kw. Efficiency of 85% and a welght per output
ratio of 1 5 Kg/kw 1s achieved when this is combined with a speed .
reduction device. ' - o

Mylar is used for the air bag material of the alrship. The
airship is a super pressure airship with a ballonet (air room).

. The gas is helium in an unmanned airship and the recovery operations

for maintaining a fixed locatlon are all controlled from land.
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Two types_of hulls have been proposed (Table 1), one with
a payload of 130 Kg and the other with a payload of 720 Kg, as
standard plans {2]. The cost of each has been computed. Accord-
ing to these computations, the cost of the former is $210,000.00
and the cost of the latter is $410,000.00, including the cost
of the hull, rectenna, driving power device, and helium. The
cost of the land electrical transmission facility of the.former
is $1,300,000.00 and of the latter is $1,600,000.00. Moreover,
the annual cost for operation is $360,000.00 for the former and
$560,000.00 for the latter (provided that the cost of electricity
is 2.6 cents/kWh and restoration of the hull and exchange of the
rectenna are carried out each year). '

-{2) HASPA Plans

The new research plans for high'altitude employment, which
were started by the Pentagon in 1968, are the basis for this idea.
The HASPA,which was sponsored by the U.S. Navy, 1s one of these
plans. Even though 1t has the same purpose, its construction is
unique and the HASPA is promising. HASPA stands for High Altiltude
Superpressure Powered Aerostat. A solar cell and battery system

-is installed in the flexible airship with helium, where Mylar ang

Kebura are used. The plans call for the maintenance of a fixed
altitude while the airship is driven so as to resist the wind.
It is also called "Hi Spot". The speed 1s 46.3 Km/h (25 knots)

during the day and 27.8 Km/h (15 knots) during the evening.

(3) Substratospheric Air

Meteorologically, when moving to a higher altitude, there -

1s an area that is almost calm wlth windless conditions. It is
along the boundary of the 1ayer where a strong westerly wind
blows and the layer where an easterly wind blows. . This height

is a eross over altitude and changes with the season and 1ocation.--'

It 1s not constant. For instance, during the summer in the
northern hemlsphere, a height of 20 Km in a windless zone extends
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from a latitiude of about 30°N to 80°N. It seems that with the
changing of seasons to winter this condition moves south to a
latitude of about 10°N (Pigure 2) [31.

In the HASPA plans the veloclty 1s determined wilth a planned
altitude of 50 mbar (about 21 Km). However, according to the
results of observations, it is often difficult to return to former /U4l
locations because the wind speed picks up once again. When this
is the case, changes must be made because of the fact that the
annual operation perlod is limlted and there 1s a loss of utllity. B

One countermeasure 1s to chahge the aititﬁde:to 30 mbsr
and 70 mbar. Then the alrship should be moved to a layer where
winds are weak as quickly as possible. However, this has more of
an effect on the service capabilities and therefore, it cannot
be called a satisfactory method. If there is efficiency in
improving the location recovery ability by increasing the speed
of the hull, for instance, 1f the system driving of the HASPA is -
intensified and increased to 55.6 Km/h (30 knots), the operation
time 1s almost doubled. |

If a fixed location maintenance is emphasized, for instance,
' 1f control posts are situated in the east-west direction, or if
more operation control posts are lnstalled, the utility will be
improved from land. | | |

In the HAPP research of NASA wind conditions from the ground
to an altitude of 10 mbar (about 31 Km) were studied in the United
States, the Pacifie Ocean and in Europe. In partlicular, the most
important point was situated between 100 mbar (about 16 Km) to
25 mbar (about 25 Xm) [4]. According to these studies, a method
has been proposed whereby the altitude that is employed would vary
-wilth the seasons. During the summer it would be lower and during
the other seasons the altitude would be higher.
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Figure 3. 13 HAPP covering the entire U.S5. /42

Figure 4. Pattern of HAPP covering the % Great Lakes.

200 knot sea limit
\

Figure 5. Covering the 200 knot sea limit.



When we look at the maximum wind velocities at an altitude
of 50 mbar (about 20 Km), which were collected from 7 representa-
tive observation areas in the United States, one velocity was
31 m/s and the rest were from 26 m/s to 19 m/s. This data showed
that if the velocity was a maximum of 30 m/s (speed per hour:

108 Km), the area that 1is used is limited, for the most part, to
the sky above the post [2]. We should develop HAPP microwave beam
technology to counter a large driving power.

(4) Employment of Platforms

The HAPP 1s used as a stationary satellite for "low altitudes".
In particular, it is widely used for the two fields of "communications"
and "remote sensing". The various requirements for this type of
system were collected at NASA through questionnaires and interviews.

A television station with an antenna at a height of 305 m
(1,000 ft) can only directly service an area that 1s about 90 Km
(55 miles) away. However, the altitude of the HAPP is about 20 Km
and therefore, the antenna reaches a broad area and can directly
serve an area 520 Km (322 miles) away. If expanded, there should
be 13 HAPP for television broadcasting that covers the North
American continent. (Figure 3) [5].

From the viewpoint of planning, it 1s possible to 1ncrease
the payload of the HAPP to 6,000 Kg. This will probably lead to
complex and high function broadcasting equipment. The HAPP can
also be used as a new medium for combining on land networks and
communications satellites.

The NHK was interrupted with the testing of the broadcasting
satellite. Both parabolic antennas and adapters had to be installed.
In comparison to these, the direct reception with HAPP 1s very
inexpensive. The advantages of HAPP are clear even when compared
to cable T.V. /43
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Concrete studies have been carried out on remote sensing
such as "observation of forest fires". "Flight Alds and
Freezing Reconnalssance Over the Great Lake Reglons", and "observa-
tion of 200 knot fishing limits".

Early discovery of forest fires 1s a large problem to
controllers. The infrared ray device can look over a broad plece
of land instantaneously from the sky. It i1s not certain whether
or not this method is economically advantageous.

Traffic over the Great Lakes has a large effect on local
industries. In particular, heretofore there has been concern
over the occurrence of problems due to dense fog and ice. If
3 HAPP with radar were set up, these problems could be greatly
improved (Figure 4) [5].

In comparison with carrying out observations of coastal
and fishing limits using ships and alrcraft patrols, the use of
HAPP 18 much more effective in endurance, discrimination from
high areas and continuity. 8ix should be installed to cover the
United States (Figure 5) [5,6]. The HAPP would also be useful
in sea disaster training. Therefore, we expect good results in the

future.
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2. Plans for an ATMOSAT Used to Study Pollution (Atmospheric
Pollution)

(1) ATMOSAT

The conception of the ATMOSAT 1s called that development
of a new LTA. However, past records are not satisfactory.
Manufacturing and test related to this ATMOSAT have been carried
out, It is a project where the technology of several years have
been accumulated.

ATMOSAT stands for Atmospheric Satellite. Basic research
was started in 1975. From 1976 to 1978 flight tests were
gradually carrled out. Improvement operations are being
continued. The Aerospace Corporation developed and owns the [ﬂﬂ
ATMOSAT system, Because this is actually progressing as a business
development, the conditions in its progress vary somewhat.

In this project a manned super pressure balloon was made.
Kepura and Mylar are used and the helium level i1s maintained with
stable pressure. This system has shown very reliable flight
ability over long periods of time. Moreover, 1t can carry skilled
observers. Therefore, atmospheric data on the ozone, Nox, 802,
temperature, turbulence, etc. can be accurately collected. A
balloon with a diameter of 3.5 m and the ATMOSAT "America" with
a diameter of 10 m well produced during the test stages.

(2) Prototype Stages

The first prototype was a direct series wiring between a
towing balloon and an ATMOSAT balloon. The prototype had enough
buoyancy to raise the entire device to a height of about 15,600 m.
Flight control was carried out from a control center, and a radar
for missile pursuit was used (Figure 6) [7]. According to the
flight results, the super pressure was more than 100 mbar all
day long and data on temperature differences at daytime and night
time, etc. were obtalned.
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TABLE 2 TEST FLIGHT CONDITIONS

Heading

launchiag time

launching area

Flight 1

Feb, 18, 1976
Los Angeles

Flight 2

April 18, 1976
San Angelo

Flight 3

July 2, 1976

Los Angeles

(California) (Texas) (California)
landing area Goodland Death Valley
(Arizona) (Kansas) (California)
flight time 30 hrs. 24 min. 31 hrs. 44 min. 32 hrs.30 min.
maximum altitude 1,922 m 2,349 m 2,532 m
(above sea level)
straight line flight
distance 559.2 Km 1,088 Km 322.3 En
flight course
distance 712 Km 1,616 Km 504 Km



(3) ATMOSAT "America"

The purpose of the ATMOSAT was tc carry out marned flight
operations at different low altitudes. The ¢ m ATMOSAT is
called "America". The height, including the balloon and gondola,
1s 18 m. The air bag capacity is 525 m3 and the total weight
is 575 Kg. It is filled from the top to the bottom with helium
using a flexible pipe. The super pressure 1s set at 50 mbar
before flying and 40 mbar during flight (Figure 7).

The diameter of the helium valve at the balloon peak 1s
61 em (24 in.) and the balloon operates with a direct current
motor. At first all measurements of location, altitude, temperature,
azimuthal angle of the sun, rotation percentage, etc. during flight
were taken by manually. However, afterwards a auto.iatic data
recording device was Installed. Of course, communications for
aircraft/navigation devices, transponder, altimeter, ascent
and descent gauges, etc. are installed in the gondola. Three
independent lithium batteries are used for the direct current
electrical source.

(4) Flight Tests

Three tests were originally carried out on basic technology
(Table 2).

"Flight 1" and "Flight 2" were practice flights. During
"Flight 3" the device was flown from Los Angeles to Death Valley
as a simulation for using atmospheric polluticn observation.

(5) Pollution Observation Flights

"Flight 4" was launched from Farmington (New Mexico) at
5:14 p.m. on December 8, 1976. This balloon was steady even along
mountain terrain during the evening and landed 7 hours and 16 U6

e

minutes later.
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"Flight 5" started at 6:30 a.m. on June 27, 1977 and was
completed at 12:30 p.m. of the same day. The purpose of this
flight was to follow the smog that was produced from Los Anzeles
during the day.

"Flight 6" lifted off from Long Beach (California) on
September 8, 1977 at 8:09 a.m. It landed in the western siue
of the national forest at San Beraadino at 5:20 p.m. on the
same day. This aircraft collected important data, such as
measurements related to the ozone, measurements concerning the
accumulation of HC (Hydrocarhons), etc.

In October of 1977 Long Beach published a "Environmental
Impact Report" (EIR), The report presented the serious effects
of the emission from tankers carrying petroleum, which was
stocked at facilities in Long Beach, from Alaska on the atmos-
phere. The city of Long Beach entered a contract with the
Aerospace Corporation, which had developed ATMOSAT. In particular,
the effect on the Santa Barbara area was studled, In order to
carry out this plan, a balloon had to be launched from the coast
to a distance out over the ocean.

Two methods were suggested for this. In one method, the
traller for helium gas to fill the balloon and the collapsed
balloon were placed on the ship and transported to the launching
area. The balloon was inflated on the ship and launched. The
other method involves the inflation of the balloon on land. The
balloon is then towed out to sea with a tugboat and launched to a
fixed location. This method 1s not complex and, as a result of
tests, the second method was Jjudged sultable and was employed.

"Flight 7" was carried out the two days of October 10 and 11,
1977. When the balloon was launched over the ocean after 1t was
towed with a boat from the U.S. Coast Guard, it moved in a south
east direction along the coast at a speed of about 15 Km/hr. It did
not move very much during the evening. It landed near the beach

13
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about 26 hours later. A flight altitude of from about 60 m to
75 m was maintained. This 1s a typical height for the flow of
a polluted atmosphere (Figure 8),

There are many sclentific demands that must be met in order
to make the ATMOSAT plans useful. At first, it was necessary that
the payload exceed 60 Kg with scientific devices of 10 Kg or 20 Kg,
for example, as shown with the contract with the Environmental
Protection Agency (EPA). The flight plan had to bhe revised and
"the two member crew" was reduced to "1 person".

Since 1978, ATMOSAT flights have been very important, espec=-
ially in studying the air that 1s down stream from large carbon
burning power plants. Various demands “ave increased, along with
intensification of the energy problem.

"Flight 8" was first a pursuit flight. The purpose was to
actually study the height of soot and smoke. The ATMOSAT was
launched for this altitude. The flight took place at 10:24 p.m.
on August, 1978. Reports were sent from the aircraft and the
height of the soot and smoke was recorded as from 340 m to 580 m
(above sea level). The balloon floated up to the level of 540 m.
Each hour it moved about 15 Km to the siuthwest due to the winds.
Observation became gradually worse, until the studies were
concluded after 8 hours and 21 minutes of flight. The conditions
of SFe (sulfur hexafluoride) were studied during flight (Figure 9).

"Flight 9" was carried out from August 25, 1978. It was a
continuatlion of the work done by the Environmental Protection
Agency (EPA). The study continued for 6 hours and 18 minutes.

(6) Future Plans
There 1s a plan for using buoyant balloons to probe the
surface of Mars. However, we are not certain that ATMOSAT will

be advanced in the fleld of space research by the second half of
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the 1980's. The Jet Propulsion Lab (JPL) of NASA is pondering
this plan.

For instance, several ball shaped "planet surface probing
bodies" made from strong materials have been scattered throughout
the universe. The balloon naturally expands and contracts or
operates by control from earth, These balloons will probably fly
on the strong winds of the surface of Mars. A driving device
may also be installed inside the balloons.

If the balloon must be stopped during the flight, it will
probably set down on the indented area when part of the balloon
contracts in the shape of a kick ball that 1s punctured. This
ldea 1s somewhat promising because of the low cost and long life
span.

There are varlous ideas for shapes for the balloon, such
as a balloon with a large ball shape with a diameter of from
3m¢to 10 m and a payload of 20 Kg to 30 Kg. It can move by
rolling from 100 Km and 200 Km. There have been some detalled
suggestions, such as a balloon that is filled by a blower with
002 (carbon dioxide), which 18 the main component of the atmos-
phere of Mars, or a balloon where the stability and manueverability
can be increased or decreased by adjusting the height of the
center of gravity. This balloon can easlly clear a height one
ithird its diameter.

The ATMOSAT was originally a manned super pressure balloon
system, It was first developed to observe ailr pollution, etc.
Practical usage of the system will probably require further
improvements. Employment of thils technology in future space
development 1s indeed a dream.
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PLANS FOR LARGE AIRSHIPS THAT
EMPLOY SOLAR ENERGY

Takeshl Ishigooka

(Assistant Professor of Narimichi
University, Engineering Department—
Electrical Engineering)

1. Introduction

The cost of an airship as an energy saving transporting
device has been noted in the midst of a worldwide energy crisis.
The airship itself has a medium speed range (50-200 Km/h) and is
better than other transporting devices in transporting efficiency.
The amount of fuel needed to drive the airship can be greatly
curtalled if energy from solar cells on the surface of this huge
hull of the airship are used. The use of solar energy is one
advantage of the hull of the airship. Electrically driven air-
ships that use solar energy show promise for future transporting
devices. In this chapter the basic structure, operation per-
formance, uses, and future pruspects of the alrship will be
discuissed. Furthermore, basic data on the hull is used. This
data was collected from the thesis of Professor Tosho of the
Tokyo University Space and Aviation Research Lab (Japan Aviation
and Space Society Report Volume 24, no. 270, July, 1976).

2. Outline of the Plan

2.1 Basic Structure

A large airship with a payload of 1,000 tons and 100 tons
has already been designed by Professor Tosho. Based on these
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plans, the basic data and appearance of an electrically driven
airship with solar cells are shown respectively in Table 1 and
Figure 1.

On a clear day flying can be carried out at a speed of
80 Km/h with only the output of the solar cells. When output
cannot be obtained from solar cells during the evening, etc.,
it obtains power when a light welght superconduction generator
is driven with a gas turbine with hydrogen as the fuel. Reduction
in welght with a super conductor is planned. Because a strong
magnetic field 1s used due to the super conductlion current by
the super conduction rotary device, it 1s possible to reduce the
weight to less than 1/10 of conventional rotary devices.

He gas 1s preferred as the buoyancy gas from the point
of safety. However, it cannot be sald that there is a sufficient
supply of helium. In the future, it seems that it would be best
i1f hydrogen were used. Furthermore, the buoyancy of Hydrogen
is 13% greater than that of He. It i1s also advantageous from
the point of effective loads.

The gas turbine of the driving engine uses hydrogen as
fv2l. If liquid hydrogen and hydrogen gas are used as fuel in
the proper ratlo, there 1s the advantage that regulation of
buoyancy during operation can be carried out at will. The basic
structure of the electric propulsion system from this 1ldea is
shown in F'gure 2.

2.2 Solar Cells

The most appropriate method for using solar energy from
the point of welght 1s the method whereby thin film solar cells
are used. In comparison with conventional solar cells, the thick-
ness of the thin film solar cell i1s very small at 0.1 mm and a high
surface area can be covered. The cost 1s also lower. One example

T0
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solar cell area

<]

cabin :llquid hydrogen tank

Figure 1. Appearance of an airship that employs
solar energy.

TABLE 1. DETAILS OF AIRSHIP THAT USES SOLAR ENERGY

[owe=al  Tmed]

length (m) 550 240
diameter (m) 110 48
gas capacity (m”) 2.45% 10% 216108
passengers ‘
empty weight (tons) 1.160 ‘
total weight with ' 110
equipment soke 23
(tons)

effective load (tons) 1.400 | 110
engine (HP) 7,000 1,350
fuel hydrogen hydrogen
generator (Kw) 4,720 | ano
motor (HP) 6270 | 1.210
solar cell efficiency (%) 10 10
cruising speed (Km/h)

e B8O | RO

of a thin film solar cell that is being developed for use in a
solar driven satellite by NASA is shown in Figure 3. Furthermore,
NASA estimates that the elficiency of this solar cell is about
18.2%.

The amount of heat from the sun that comes to earth on a

clear day is about 1 Kw per lm3. On the other hand, when the
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Figure 3. One example of a thin fllm solar cell.

total efficiency of a solar cell (value when loss of lead sires,

)
etc. is considered) 1s 10%, solar energy of 100 W per 1 m*©

can be obtained on a clear day.
"
The weight of thin film solar cells is about 30 g per 1 m.
It is possible to use the outside shell of the alirship as the
base of the solar cell. Furthermore, this would reduce the welght
even further. In any case,_when compared with the weight of the

)

airship shell (about 1 Kg/m“) the solar cells are so light that
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they can be disregarded. In general, even though the thin film
solar cells are installed on the hull of the airship, an increase
in welght due to the cells will probably present no problems.

The lost cost of the solar cells was announced by the U,S, ¥ ok
DUE (Department of Energy). According to the announcement, in
the last half of the 1980's they expect the cost to drop to
$0.5 per an output of 1 W,

2.3 Hydrogen Fuel Gas Turbine

Solar cells cannot produce output during night-time or
when 1t is raining or cloudy. In this case, other auxilliary
sources of energy are necessary. For this reason an electrical
sourc. w#ith a gas turblne as the motor 1s used. Today gas turbines
are very light weight and thelir weight per output 1ls about
0.2 Kg/kW.

As was previously mentioned, hydrogen is used as the fuel.

The density of hydrogen liquid is very light at 0.071 Kg/l1l and
therefore, it is sultable as fuel used for aircraft. The use
of hydrogen as a jet engine fuel 1s belng tested in the U.G.
by Boelng, Grumman and Lockheed. Moreover, a hydrogen
energy system has been propo:.ed as a future energy system.

It seems that in the future hydrogen fuel systems will be used.
The buoyancy of hydrogen is 1.12 Kg per 1 m3. Therefore, in

rder to fix the buoyancy, in relation to weight, a ratio of
liquid hydrogen: 92.6% and hydrogen gas: 7.4% should be used
as fuel. When we consider flying with only a 10 hour gas turbine,
about 4.3 tons of liqulid hydrogen (about 61 m3) and about
0.35 cons of hydrogen gas(under standard conditions about 3,870 m3)
should be usged for fuel for aircraft Type A in Table 1 (payload
of 1,400 tons).
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2.4 Superconduction Rotary Device

In addition to the fact that output from solar cells 1s used,
the following can be mentioned as advantages of the electrical
propulsion system:

1., Exchange of slow speed adjustment during take off ¥
and landirg and front and back revolution is easy;

2. Automation and control are simple;

3. Arrangement of motor and propulsion devices are chosen
at will;

4, Gear reduction is unnecessary;

5. Pitch control of the propeller is unnecessary;

6. A generator for supplying electricity inside the hull
is unnecessary.

Nevertheless, when conventiona® generators and motors are
used there 1s a large increase in weight. This problem can be
solved with superconduction. The U.S. GE Company's plan 1s one
example of a plan for superconduction genzrators used for flight.
It is an AC generator with an output of 20 MW and rotational
frequency of 12,000 rpm. The weight per output 1s about 0.05
Kg/kW. There are no examples for pians for a motor that 1s propel-
ler driven for use during flight. However, judging from the
examples of plans for a vessel propulslon, it 1s possible to have
a welight /output ratio of less than 1 Kg/kW.

With today's technology, the use of liquid He 1s indispens-
ible for the use of superconductors. Therefore. it is necessary
that an He liquefaction device be installed. It must be possible
to use liquid hydrogen fuel for heating and cooling and the He
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liquefaction device should be very small. Moreover, in the
future, if meterials that attain superconduction conditions
with the temperature of liquid hydrogen (about 22 K @) are made,
an He liquefaction device will not be necessary.

The results of computing the weight of each device in a
propulsion syttem are shown in Table 2. Furthermore, for reference
sake, the estimated weight of the engine parts of a Type-A
alrcraft (excluding the propellers and gears) 1is 120-250 tons,
based on data from past aircraft. In comparison to this estimate,
the welght of tnis propulsion system in this plan is very small
(9.7 tons).

TABLE 2. WEIGHT OF ELECTRICAL PROPULSION SYSTEM

Type A Type B
metor (Kg) 940 180
super conduction generator (Kg) 240 50
super conduction electric motor (Kg) 4,720 900
solar cells (Kg) 2,300 440
helium liguefaction device (Kg) 1,500 500
Total (Kg) 9,700 2,070

3. Motlion Properties

According to the studies of the Transportation Ministry
Electronic Technology Research Lab, the annual amount of direct
sunlight 1is about 106 Kecal per 1 m2. When the average annual solar
energy is computed from this value, it is about 130 W per 1 m2.
With the aircraft in this plan, when the cruising speed is 80 Km/h,
regardless of weather conditions, the economy of fuel with solar
energy is about 13%. Nevertheless, 1f the flight of the aircraft
is limited to 8-9 hours during the day, an average of 38% of the

fuel can be saved.
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The aforementioned computations are estimates of only
domestic flight in our country. When flights are carried out /53
in low longitude areas (for instance, the South Paciflic,
North America, the Arabic Penninsula, and Northern Australia),
the amount of sunlight is clearly large. With the appropriate
flight plans it 1s possible to save more than 50% of the fuel.

With concrete flight plans, the number of days of flight
is about 1.5 days for long distance flights of about 3,000 Km,
If flying begins in the morning, so that arrival is the next
evening, the efficiency of using solar energy can be large.

Even with longer flight distances, flight plans should be made
so that as many flight hours as possible will be during daylight
hours.

As was previously mentioned, regulation of buoyancy can
be carried out during flight by proper ratio of liquid hydrogen
and hydrogen gas. Furthermore, when the buoyancy needs to be
adjusted in emergencies, it is necessary to emit hydrogen gas
into the atmosphere. When hydrogen is used as the buoyancy gas,
the fact that this operation can be carried out with ease 1s one
advantage.

4, Uses and Future
4.1 Long Distance Transoceanic Transport of Liquid Hydrogen

The Pourshe plan, which was suggested by Professor Jidan
Fuda of the Yokohama National University, is a method for finally
solving the energy crisis. According to this plan, a large raft
floats on the South Pacific Ocean, where there are the most number
of daylight hours and the solar rays are strong, and generation of
electriecity 1is carried out with solar energy. Hydrogen is obtained
by electrolysis of the ocean water with this electricity. In this
plan, there is a problem with how the hydrogen that 1s produced will
be transported to land for consumption.
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The density of liquid hydrogen is very low at 0.071 Kg/l.
When this 1s transported with a common tanker, the surface area
i1s very large in comparison with the welght, and the travelling
resistance of the vessel 1s too large. When liquid hydrogen is
transported only about 1/14 of the welght of petroleum, which
has a specific gravity close to 1, can be transported with the
same size vessel.

In contrast to this, because originally the size of the
hull of aircraft was large, the capacity of the liquid hydrogen
cargo was so small that it could be disregarded in comparison
with the capacity of the hull itself. There was hardly any change
in the travelling resistance. That is, aircraft are probably
the most appropriate type of vessel for transporting substances
with low densities, such as liquid hydrogen.

Now, we will try to consider the transport of liquid
hydrogen with Type A alrcraft. Because the effective load 1is
1,400 tons, when this is converted to energy it becomes 4.72 x 107
kWh per 1 ship. If liquid hydrogen supplies a power plant with
an output of 1,000,000 Kw (heat efficiency of 40%), it is neces-
sary that an average of 1.27 ships arrive each day. When the
transport distance is 5,000 Km, there must be 8 alrcraft. According
to the 197C's long term energy supply and demand forecast of the
Ministry of Transportation's Industrial Technology Department,
the annual amount of petroleum that is imported 1is 366,000,000 kl.
When this is replaced with liquid hydrogen, it is about 233 air-
craft per day. When the transport distance is 5,000 Km, it 1is
necessary to use about 1,500 Type A aircraft, provided that the /54
welight of material per 1 aircraft does not exceed about 1,000
tons, and construction of the aircraft could be carried out domes-

tically.
Furthermore, in comparison to common tankers (LPG vessels),

when we considered the fact that the capacity of 1,400 tons of
liquid hydrogen is about 20,000 m3 and the flight speed (80 Km/h)
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1s about 3 times that of common tankers (about 27 Km/h), the
transporting abllity of a Typn A aircraft is the equivalent
of a 60,000 ton tanker,

4.2 Transport of Hydrogen to Inland Areas

As was previously mentioned, plans are being established
by the U.S. companies of Boeing, Douglas, and Lockheed to fly
private subsonic speed aircraft carrying several hundred passen-
gers with liquld hydrogen as the fuel. According to the report
where Boelng and Douglas received a commission from NASA, a 400
passenger plan (0,85 Mach) will fly 59 times/day inside the U.S.
and 11 times/day oversea. Out of the 11 overseas trips, 5 will
be to Japan. Therefore, Japan will have to supply some liguid
hydrogen.

The liquid hydrogen capacity of one plane is 28 tons (about
390 m3). Therefore, several hundred tons of liquid hydrogen
will have to be supplied each day. The international alirport
in Japan is the Narita Alrport. Because it is inland, the
ceanseort of liquid hydrogen to the alrport will be complicated.
Tan.. nust be used to transport this liquid hydrogen inland at
ttis wime. However, because of the restrictions on road transport,

3

large amount of hydrogen would be effectlive without the restric-

a maximum of only 50 m® can be transported. The transport of a

tions on road transport.

In particular, because the emission of evaporated hydrogen
gas into the atmosphere is forbidden and transporting must be
carried out with all valves closed during travelling to insure
safety, In contrast to the fact that the tank must be a pressure
resistant type (2 atmospheres with absolute pressure), during
transport with aircraft, the hydrogen gas that has evaporated can
be emitted into the atmosphere, or can be released into a hydro-
gen gas bag. Therefore, aircraft transport has an advantage in
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that it 1s not necessary to make the tank into a pressure resistant
type.

With liquid hydrogen transport using alircraft, the operation
of transshipment at the airport, as in the case with tanks and
tank trucks, 1s not necessary. Moreover, there is an advantage
in that transvort to land can be continuous with the same alrcraft
used for ocean transport,.

Furthermore, the results of comparing the liquid hydrogen
transport efficiency with aircraft with the efficiency of tankers
(LPG vessels) and tank trucks is shown in Figure 4, This 1is the
case, provided that during transport with aircraft, it 1s possible
te save 30-50% of the fuel by using solar energy. Therefore,
from the aspect cf fuel consumption, efficiency is much higher
with aircraft transporting.

5. Conclusions /55

The plan for aircraft that employ solar energy has been
explained above. The following can be said in conclusion.

(1) The hull of the aircraft 1s employed as the solar cell
area covering the largest surface area. During clear days the
aircraft can fly at a speed of 80 Km/h using only the output from
the solar cells.

(2) An electriclity propulsion system using a superconduction
rotary device 1is light weight and can be easily controlled. The
output from solar cells can be efficiently employed.

(3) The combination of hydrogen energy system has been
considered for the future. In comparison to other types of
transporting systems for liquid hydrogen with a low density, this
system has a high transporting efficiency.
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Furthermore, the technological problems that must be
solved 1in the future are:

(1) Development of inexpensive thin film solar cells;

(2) Development of superconduction rotary devices with
high reliabllity that are light weight, and

(3) Establishment of a broad range of safety counter-
measures, including a thunder damage prevention system.

There are many problems and risks with the development of
new technology. However, today Japan feels that 1t 1s necessary
to develop new technology in order to solve the energy crisis.
It 1s felt that one of the most important developments is that
of alrcraft as devices for energy-saving transport,
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In conclusion, we would like to thank Professor Tosho of the
Tokyo University and Aviation Research Labs for its technical
information, and we would also llke to extend out appreciation
to Mr. Wasel Bansho of the Buoyant Aviation Committee for his
help in presenting this text.
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ON THE CONSTRUCTION OF A METALCLAD AIRSHIP

Yolchl Heino¥*

This text will briefly explain the construction of a
metalclad airship.

1., Introduction

Metalclad alrships have longerons reinforced in a vertical /56
direction, ring frame reinforced in the direction of the cir-
cumference, and a metal outer shell. Theyare used by exerting
internal pressure. The original shape of the metalclad airship
was made by Schwarz of Australla in 1887. The airframe had a total
length of 155 ft., an maximum diameter of 44 ft., and a capacity
of 130,000 cu.ft. The outer shell was made from aluminum. This
airship was destroyed because it could not land due to obstruction
of the propulsion system during the first flight. An airframe
of metal called the ZMC-2 was made by Upson and Fritsche in
the U.S. in 1929, 32 years after this airship of Schwarz. The
airframe had a total length of 149 ft. 5 in., a maximum diameter
of 52 ft. 8 in., and a capacity of 202,200 cu.ft. Its performance
is as shown 1in Table 1, The ZMC-2 was dismantled 12 years after
its first flight. Consequently, during this time there were
probably no problemes with the airship. Upson and Fritsche consi-
dered making a practical MC-25 using this airship as the basis for
thelr work. The MC-25 had a total length of 472 ft., a maximum
dlameter

¥Assistant Professor Tokyo University, Space and Aviation
Research Labs.
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of 105 ft., and a capaclity of 2,540,000 cu. ft. The plan was for

the MC-25 to fly between California and Hawalil. However, this
was never reallized. This report will describe the construction
of a metalclad vessel based on the 2 detalled reports on the
ZMCc=2 [1,2].

TABLE 1. ZMC-2 PROPERTIES

Total buoyancy 12,242 1b,

Empty welight 9,115 1b.
Effective buoyancy 3:137 1B,
Travelling radius 680 miles
Cruising speed 502 mph
Maximum altitude 9,000 ft.

Total length 149 ft. 5 1in.
Maximum diameter 52 ft. 8 in.
Capacity 202,000 ft3

2. Outline of the Structure of AMC=2

The outside of a so-called flexible vessel 1s made from
an outer shell, a shearing wire, a gas pressure wire, and a gas
bag. It 1a complex and there is a lot of waste. Thereupon,
the ZMC-2 was designed to replace this flexible vessel by using

a metal pl te. By using metal, improvements such as flame retard-

ence, durabllity, reslstance to secular changes, etc. were obtalned.

Three sides of the ZMC-2 and a photograph are shown in
Figures 1 and 2, The ZMC-2 is made from 24 longerons, arranged
in regular intervals, 12 ring frames and an aluminum alloy chin

plate for the outer shell (refer to Figure 3). The aluminum alloy

longerons are omega () @ shaped. The flange is connected to
the outer plate with rivets. The helght of the longerons cross-

section is 1 in. at the bow and stern and 2 in. at the other areas.

Holes to meake the ship lighter are found on the longerons with a
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ORIGINAL PAGE 19
OF POOR QUALITY

helght f & ih. 'he longerons are .014 In, (0.36 mm) to 0.032
Iy B .0 mn thick. he ring frames are divided into main
ring frames and 7 auxilliary ring frames. All of the cross
sectlions are triangular. The helght of the cross section of the
main ring frame 1s ¢ in. The base is =10 in. 'he 3 sides of

the triangle are connected at the peak with channel materials.
'he thickness of the channel materials is 0.025 in. (0.64 mm).
The thickness of the wave is 0.020 (0.51 mm). 'he thickness
of the base is 0.014 in. (0.36 mm). Each ring frame 1s
divided intc arcs. Then they are assembled. The outer shell
1s an aluminum alloy plate with a thickness of 0.0095 1in.
(0,24 mm). First, 142 cone shells are Joined with rivets to
make a airframe shape. Aluminum wire 1s used for cvhe rivets
with a diameter of 0.035 in.(0.89 mm). An automatic riveting
device 1s used for this purpose. The total number of rivets
used is 3,500,000. A shiranto is inserted after rivet Joining

in order to maintain airtightness.
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ORIGINAL p
3. Consideration of the Metalclad Hull OF POOR Qdﬁfi#?

The author considers the metalclad vessel to be flexible
vessel from the point of structural dynamics. Longerons and
ring "rames were used in the ZMC-2 and therefore, at first
glance it seems to be a rigid vessel. However, the longerons /60
are used for shape maintenance when there is no pressure difference
between the inside and outside of the a.irframe. It is difficult
to consider longerons used for btending moment because of the
total surface area. Moreover, the ring frames maintain the shape
when there are no pressure differences and disperse the load
of the gondola and tail assembly to th? airship. Even with a
+.2x1ble vessel the load 1s sufficiently dispersed through the
alrframe. Consequently, the outershell made from a thin plate
of an alumiium alloy 1is nothing more than the counterpart of the
outer shell of a flexible vessel. As shown in Figure U4, when the outside
pressure in the vessel 1s not maintalned, the outer shell collaspses. Unde:r

this type of condition, the outer shell cannot obtain campressive force due to
bending moment, Campressive force 1s obtalned inslde the cylinder of airplanes

by maintaining shape when the outside plate (outer plate) 1s firm.
For example, because the longerons are inserted, even though the

B

outer shell is indented, compressive force is obtained in part

e s ale® B

of the outer shell with the longerons. However, in the ZMC-2
the longeron intervals are very large and compressive force 1s
obtained only with the longerons when the outer shell 1s collapsed. 3
As can be seen in the photograph in Figure 1, the cuter shell that

is collapsed 1s made taut by building inside pressure. Next,

we can consider whether or not the bending moment can be obtained

e

with a shell when inside pressure 1s exerted.

A so=-called air film construction is a constructicn that
is used by exerting inside pressure on the construction made from
a film. It seems that one of the restrictions to the use of this
type of structure i: the stuge wherein wrinkling 1s produced due
to compressive force. Research was carrled out on how the axial
curvature of the ring rrame changed with the axial tension caused
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Figure 5. Correlation between the bending movement
and curvature of the cylinder affected by axial
strengih [3].

by pressure when the bending moment was exerted after pressure
was buillt in the cylinder made from the film [3].

The correlation between the bendi:ng moment M and curvature
K when bending moment M 1s placed on the cylinder made from a
film with radius R, thickness t, and material Young's mcdulus E,
which are shown in the figure also, 1s shown in Figure 5. Here
F 1s the axial tenslon. With only the internal pressure p,
F-nRZp. Moreover, b 1s the distance between the reglon where
wrinkling 1s produced and the region where wrinkling is not
produced, which were determined at vhe lowest area. According 61
to Figure 5, when the point where wrinkling is produced on the
compressed slde of the cylinder by exerting moment M, becomes
the usage 1limit

M/FR = 0.5 (1)

i3 obtained. Of course, if the axial tensior is 0, bending
mowen: M can not be exerted.
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With airships, when the difference in pressure from the
outside of the lowest part of the hull (sur oressure) is made
Pos the height from the lowest part i1s made h, and the buoyancy
per unit capacity 1s made k (with He, about 1 Kg/m3), the
difference in pressure between the outside and inside is

Po= Py * kh (2)

Thereupon, by considering the shape of the alirship to be cylinder
with radius Kk, when axlal tension F, which is caused by the
aforementioned pressure difference p, is computed, it becomes

2 3

F = aR°P_ + kK (3)

The production of wrinkles when bending moment M 1s added to the
hull, to which this tension has been added, 1s one of the usage
limits. We have decided to use the bending moment Me [H4],

which 1s given with the equation, as the bending moment exerted
on the hull.

Me = 0.01 qv2/3L (4)

Here q 1s the dynamic pressure (1,2) 0V2 is the hull capacity
and L 1s the total length. 1In the case of the ZM(C-2, when

V = 2,022 x 10° £t3 = 5,73 x 103 m3, L = 149 £t 5 in. = 45 m,
and the dynamic pressure is v = 60 m.p.h. = 2,67 x 10 m/s, g
4,46 x 10 Kg/m2, Consequently,

Me=0.01x4.46x10x(5.73%10°)°/3x45=6.42x10°(Kg * m) (5)
Me 1is smaller than the critical moment
M = 0.5 R (ﬂRzpo + TkRS) (6)

which is found from equations (1) and (3). That 1is,

6.42 x 103(Kg - m) <0.57R> (p_ + kR) (7)
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Now, with R = 7 m and k = 1 Kg/m3, the necessary super pressure is

. 6.u2x103._
0.5%R

b, kKR = 11,9 — 7 = 4.9 (Kg/m°) L

when found from equation (7). That 1s, the wrinkling is produced
with Me when there 1s a pressure difference of more than 4.9 Kg/m2
at the lowest part of the hull. This corresponds to an 0,2 in.
column of water. Normally, this pressure difference is sald to

be a 1 in. column of water with conventional flexible vessels.

In the aforementioned 1t 1s clear that the ZMC-2 1s made from

a structure where internal pressure 1s exerted.

Next, we will try to consider the differences between an
outer shell that 1s ccmmenly used 1n flexible vessels and the
outer shell of aluminum alloy plates. In Figure 5 the axis of
2Etk/F. Young's modulus E,the materials of the
f4lm,1s included in this. Consequently, if E is large in contrast
to the bending moment that 1s glven, the curvature K 1s small.

abscissus 1is 2R

Because E of aluminum alloy plate is larger than E of common
'lexible hulls, there are fewer changes in the shape of metalclad
airships due to bending than with common flexlible vessels.

Pinally, we will briefly consider weight. Because the /62
weight of an aluminum alloy plate with a thickness of 1 mm is 2.8
Kg/m3, the outershell of the AMC-2 with a thickness of 0.24 mm 1is
0.67 Kg/me. Because data on outer shells of flexible vessels is
not available, we will consider a water proof nylon canvas.

The weight of o nylon canvas with a thickness of 0.8 mm (tension
in the direction of the clircumference is sufficiently withstood,
due to internal pressure of an airship with a diameter of 14 m)
is 0.6 Kg/mg. Therefore, from the view point of weignt, the
metalclad airship 1s a rival of the flexible vessel in all ways.



4, Conclusion

The authors state that the metalclad alirship is not
constructed on the basis of the construction of conventional
alrships. This 1s due to the fact that only the aluminum alloy
outer shell of the metalclad airship corresponds to the common
flexible airship outer shell. Today, flbers with a relatively
high tensile strength, such as Kevlar are used. The properties
of these composite fibers improve on the aluminum alloy. There-
upon, the cloth made from Kevlar reinforced fibers 1s used for
the shell and when necessary, longerons and ring frames made
with carbon fiber composite materials are used. A flexible

airship made in this way 1s probably one candidate for the future,

Furthermore, please refer to reference [5] for an explanation
of the general construction of an airship.
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SUMMARY OF INVESTIGATION RESEARCH REPORT ON THE

dnd LTA BY THE UATIONAL AERONAUTICS AND SPACE
ADMINISTRATLION (NASA)%

Kingo Chodaku - translator (Aviation and
Space Technology Research Lab New Aircraft
Research Group)

/This article was not translated into English/

¥Translator's note: The original source is not given.

100



CHAPTER II

ACTS AND OPERATIONS CF THE BUOYANT FLIGHT ASSOCIATION

CONTENTS

Fiscal Report for 1979

Balance Sheet for 1979

Business Plans for 1980

Budget for 1980

Assoclation Laws

Association Expendlture Regulations

Nam:3 of Members

Names of Officers

Page
102

108

112

114

117

122

124

133

101



FISCAL REPORT FOR 1979

(1) Trends in Japan

(2) Acts of this Committee

(3) Membership

(4) Financial Affairs of this Assoclation

(1) Trends in Japan

The following are the 3 trends for 19'9 in the LTA aircraft.

l. The large scale project of LTA aircraft, which was teste
by the Transportation Ministry's Industrial Technology Agency,
failed.

2. France, America., etc. participarved in a technological
symposium to facilitatz internatlional exchanze. Face to face
communication exchange was opened upon the research done by each
coantry. The head of the American Coast Guard visited Japan to
discuss development of aireraft for ocean patrol, etec.

3. Propaganda flights were carried out semi-annually 1inside
Japan with the airship of West Germany's WDL Company. This was
planned by TV companies in observance of the International Year
of the Child.

(2) Acts of this Association
Four regular meetings of this association, including the

general conference of May 28, 1979, well opened and this associa-
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tion participated also in the Tokyo University Space and Aviation
Research Symposium,

The 1lst of the 4 regula- neetings was co-sponsored by the
Aviation and Space Industries Association. Rear Admiral Manning
of the U.S. Coast Guard delivered an address to this meeting.

A total of about 200 people participated in this meeting.

Moreover, the association Journal was issued twice, in May
and July. They were entitled "LTA for Passenger Transport"
(73 pages total) and "Overseas Investigation Report" (82 pages).

In additlion, the members compiled 2 pamphlets as reference
materials. One 1g "Addresses and Reports by Members of Foreign
Aviation and Space Industries" (Japan Aviation and Spare Industries
Association). This details the aforementioned lecture of Rear
Admiral Manning. This assoclation planned the lecture and invited
Mr. Manning. Thils assoclation was in charge of the details of
the address. The other reference material is "Preliminary
Manuscript on the Tokyo University LTA Symposium". This was
compiled with the funds from this association, after obtaining
permission from Tokyo University Aviation and Space Research
Department.

The aforementioned 2 1979 pamphlets appeared as reference
materials in magazines at the end of April, 1980.

The main studies and lectures of the 4 regular sessions, /Th
with the exception of the Tokyo University LTA Symposium, are as
follow.

May, 1979 regular meeting: annual regular conference
"Overseas Observation Report"
Mr. Azuma (Tokyo University Professor)

Mr. Harabo Shomatsu (Tokyo Shiura Production Department Head)
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May regular meeting: "Supply and Demand of Helium"
Shomitsu Tanaka (Japan Helium - business department)
"Participation in U.S. Ballcon Contest"
Mr. Mitsuro Shiyashi (balloonist - Japan Balloon Leagve)

October regi.lar meeting: "Possibility of Using Airships
for overseas Patrol"

Rear Admiral P.A. Manning (U.S. Coast Guard

Research and Development Division Head)

January, 1980 regular meelLing: "Operation of WDL Airships

and Future Prospects"
Mr. Taiben Tominaga (Japanese Representative to the WDL
Company of West Germany)
"On the Conditions of Hydroplanes and their Possibilities"
Mr. Tekiumu Shoya (Shinmeiwa Aviation-technology division
head)

Furthermore, many members of this committee made presentations

at the Tokyo University LTA Symporium, which opened on March 6,

1980.

(3)

(%)

Membership (figures in parentheses are for the previcus year)

individuals 109 (95)
corporations 11 £11)

Financial Affairs of the Assoclation (please refer to the

balance sheet)

104
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income for this period about 2,870,000 yen (balance from
previous fiscel yeur + 280,000 yen)

expenditures for this perilod about 2,950,000 yen (balance
from previous fiscal year + 400,000 yen)

difference beivween income and expenditures -80,000 yen

total of balance forwarded up to previous period
320,000 yen

balance forwarded to next period 320,000 yen - 80,000 yen
= 240,000 yen.

With rer.rd to income and expenditures, the committee was
in the red for 80,000 yen this period. This was due to the payment
for the manuscript (6 people) of the first committee Jjournal, which
should be published in 1980. The balance forwarded to the next
period 1s a large sum. Since we would prefer to have a balance
(usual practice of corporations, etec.) we will pay for the
manuscript soon.

b) over-all condition of receipts (total of 2,870,000 yen) /75
balance of corporate fees from previous year - 100,000 yen

balance from previous year for individual fees - 0 yen

balance from previous year for regular meeting cost
- 50,000 yen

balance for previous year from miscellaneous expenditures
+ 350,000 yen.
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There was a decrease in receipts in comparison to the previous
year with regard to the cost of regular sessions. This was due
to the fact that the first regular meeting was free. This was
the &-3sion that was co-sponsored by the Aviation and Space
Industries Association. This assoclaticn was in charge of the
basic idea and business of the meeting. The former was in charpge
of the meeting location cost, the lectures, and cost of printing,
etc. For this reason, the "receipts from the annual meetings"
decreased.

Miscellaneous receipts include planning receipts, including
overseas investigation corporation dispatches (about 440,000 yen),
ete.,

¢) over-all 2ondition of expenditures (total of 2,650,000 |
yen)

the costs related to the assoclation journal will be forwarded
to next year.

. . e e - —

There has also been a gradual decrease in the business office
expenditures.

The assoclation Journal expenditure 1s - 80,000 yen.

The 450,000 yen overseas extension cost is a new neading.
(This is counterbalanced with the cost of planning, including
overseas investigation delegate dispatch.)

d) difference between expenditures and recelpts

For this term only, the difference in receipts and expenditures ]

was - 80,000 yen. The reason for this was already explained in
(a) "over-all conditions".
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The total of the balance forwarded up to the previous fiscal
year was 320,000 yen Therefore, the balance forwarded tc the
following year 1s (320,000 yen - 80,000 yen ) = 240,000 yen.
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BALANCE SHEET /16
STATEMENT OF PROFIT AND LOSS ( APRIL/79-MARCH/80)

(the figures in parenthegses are for the previous
fiscal year (units:yenzs

(1) Reports

Cecrporate annual fees

(11 corporations) 1,800,000 (1,900,000) 12 corporations
Individual annual member-

ship fees (67 people) 328,950 (342,000) 69 people
Regular meeting fees

(4 times/year) 217,500 (366,500) 3 times/year
Miscellaneous receipts 528,485 (181,240)
Total receipts 2,874,935 (2,789,740)

S

(2) Expenditures

Meeting lectures (regular
meeting, management

meetings) 291,705 (371,880)
Lecturer renumeration 32,000
Journal publication 336,000 648,000 (652,171)
Printing expenditures 280,000
Data expenditures 69,071 (112,696)
Business expenditures 1,414,952 (1,427,330)

a) business experiditure 214,925
b) business office

expenditures 1,200,000
Part time expenditures 78,750
Overseas extension 450,000

i . it B e im
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Balance sheet continued.

Price reduction 0 (414,000)

Total Expenditures 2,952,451 (2,550,077)

Difference between exvenditures and receipts for this period —
(1)=(2) 477,516 (239,663)
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(1)

(2)
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BALANCE SHEET FOR 1979 (S 4/79-3/80)

figures in parentheses are for previous

fiscal year (units:yen)

Assets
Cash 144,506 (9,306)
Ordinary bank account 96,389 (220,085)
Postal savings 3,385 (182,405)
Total of Assets 244,280 (411,796)
Cebts/surplus
Balance forward from

previous term 321,796 (82,133)
Difference between receipts

and expenditures for

this term 477,516 (239,663)
Total of debts/surplus 244,280 (321,796)

N
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AUDITING REPORT FOR BUDGET FOR PREVIOUS PERIOD /18

Auditing Report

With regard to the 1979 fiscal year budget of the Buoyant Flight
Assoclation of Japan, the budget was audited and the receipts
and expenditures seemed to be in order.

1980 May 1, 1980
Committee Chalrman - Seimi Bokubura
Buoyant Flight Assocjiation of Japan

Association Budget Auditor Jisuil
Nagamura
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PLANS FOR 1980 /19

This association will enter its 7th year. It has made
progress as a research association. The regular meetings will
continue and there will be a slight increase in their frequency.
There will also be an in~.rease in the publications of the
assoc.ation Journal and reference pamphlets,

There will also be a sponsored study, which was "Buoyant
Aviation Conference" last year. This will oe "Foreign Trends
in LTA Technology", which will be entrusted by the Japan Aviation
and Space Industries Associuation. This will be published in
the new year and will be entered in the "New Year" as an operation.

The committee will carry out basic research and studies in
the new year. In fact, we have already been doing this.

From this viewpoint, the 2 basic new year operations are
the following.

1. Establishment of a Pacific Ocean Crossing Balloon
Research Committee.

2. Establishment of a "Buoyant Hellcopter System" Research
Committee.
[Explanation]

Last year a small group participated in 1. This year a baslc
report will be issued and the members in charge will be determined.

As a result of tests on 2, plans for producing and testing
a helistat will be made. A helicopter veteran group (3 people,
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head of agencies for civilian transport) participated in the
association (at the end of last year). This pgroup can develop

a new model airplane by combining rolar operation and the knowledge
of the model aircraft group. They will also receive help from
aircraft experts, such as Mr. Azuma (Tokyo University professor)
and Mr. Gikyoku Beni (Kawasaki Heavy Industries). We anticipate
the first basic plan and summary reports by this fall.

We would of course like to continue previous operations
along with new ones this year.

As was previously explained, based on the new year operation

plans, we would like to propose the following budget for the
new year.
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BUDGET FOR 1980

Income and expenditure plans for the new year (1980)
(April 1, 1980 - March 31, 1981)

Receipts

II

III

IV

VI.

114

Corporation membership fees (annual)
(Y 200,000 x 11 corporations + 10 corporations)

Individual membership fees (annual)
(Y 5,000 x 90)

Meeting fees (5 times/year, Y 80,000/one time)
Balance Forwarded
Investigation and research funds

Miscellaneous receipts

Total

4,200,000

450,000

400,000

240,000

2,000,000

10,000

7,300,000

g
(e o]
o

yen

yen

yen

yen

yen

yen

yen
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Expenditures
) Lecture expenditures (regular meeting, management
meetings) 450,000
II. Lecturer reimbursements 100,000
I.I. Journal publication (printing, manuscript, etc.) 400,000
IV, Printing (regular committee reports,etc,) 300,000
V. Reference pamphlets 300,000
VI. Business office expenditures 1,900,000
a) busiress expenditures (mail, telephone, travel,
entertainment, etc.) (4c0,000
b) business office expenses (salaries, rent, etec.) (1,500,000
VII. Part time expenses 100,000
VIII. Studies and research (entrusted by the Space and
Aviation Industries Association) 1,300,000
a) research (600,000
b) manuscripts (700,000
(planning, manuscripts, compilation, proofreading,
etec.)
IX. Experiment and research plans 2,150,000
a) Pacific Ocean crossing balloon plans (150,000
b) buoyant helicopter system plans (250,000
¢) changes in plans (1,750,000
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Experiditures continued.

R Balance forwarded to next year 300,000 yen

Total 7,300,000 yen
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BUOYANT AVIATION ASSOCIATION LAWS (as of June 1978) /82

Section 1

Clause 1. This association 1s called the Japan Buoyant Flight
Association.

Clause 2. This association will encourage the exchange of scientiflc
and technological knowledge 1n buoyant flight and related fields.

In addition, it will strengthen general recognition of the importance
of these flelds.

Clause 3. In order to accomplish the aforementioned purposes, this
association will carry out the following operations.

1) opening of research meetingt, training courses,discussion
groups, etc.

2) publication of Journals, bibliography summaries, etc.

3) collection of information both inside and outside of
Japan dealing with buoyant aviation and rezlated filelds.

4) carry out related activities with printed materials,
group discussions, etc.

5) anything in addition to the aforementioned that is neces-
sary to achieve the purpose of the associatlon.

Clause 4. The business office of this association will be located

in the Scilentifle and Technological Development Center of the 17th
Hayashi Bullding at 1-26-5 Sonomon, Minato-ku, Tokyo-to.
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Section 2. /83

Clause 5. There are 3 types of members of this association,
individuals, stulents, and corporations.

Clause 6. The individual members should ~upport the purpose of
the establishment of this committee and should be admitted to this

assoclation in accordance with the following headings.

1) research for scientific technology pertaining to buoyant
aviation.

2) participation in studies, statistics, bibliography
summaries, etc. pertaining to buoyant aviation.

3) participation in operations pertaining to buoyant aviation.

4) participation in other fields pertaining to buoyant
aviation other than the 3 aforementioned items.

Clause 7. The corporate membership 1s members or corporations
paying membership fees, in accordance with the purposes of this
assoclation.

Clause €, The individuals and students must pay membership fees.

Clause 9. Individuals, students, and corporate members may attend
all technical and scilentific meetings of this association.

Clause 10. The members may receive coples of printed materials
issued by this assoclation.

Clause 11. Anyone wishing to become a corporate, student or
individual must apply in accordance with stipulated regulations.
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Clause 12, Any individual, student or corporate member wishing /84
to withdraw fr°m the association must report to the 1jead of the
association,

Clause 13. Any individual who has beer Judged inadequate as a
member of this assoclation by the managing committee and any
corporate member who has not paid funds for 1 year will be
removed from membership of the association.

Section 3.

Clause 14, Th2re will be 1 chairman of this association. He will
represent this association.

Clause 15. There will be 1 vice chairman of this committee. The
vice-chairman will asaume Lhe role of the chairman when the present
chairman is unable to fulfill his duties.

Clause 16. There will be a management committee of this association.
Management will be selected by the entire committee through a
discussion of the management association consisting of the chairman,
vicr=chalrman and members#,

Clause 17. 2 members will form the association accounting committee.
The accounting committee members will be chosen by the chairman,
after discussion of the management committee.

Clause 18. The chairman, vice-chairman and management and accounts
auditing committee will serve for a period of 1 year and will not
be allowed to serve a second term.

¥Translator's note: the number of members is left blank in Japanese
text.
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Section 4. Composition and Operations of the As ation

Clause 19. This assocliation's general meetings will include
individuals and corporate members. The general meeting can be
called by either the chairman or vice-chairman.

A general mecting can be called upon the request of more than
half of the management committee.

A general meeting must have 1/3 of the total individual and
corporation membership.

A general meeting 1s to be held at least one time a year.

Clause 20. The chairman and vice=chalirman will be chosen at the
general meeting.

Management and management representatives will be chosen at
the general meeting.

The auditing committee members will be chosen at the general
meeting.

Clause 21. Management meetings will be held.

Clause 22. The basic policles of the operations of this association
will be determined at the management meetings. The head of the
business office will also be chosen at these meetings.

Clause 23. A management meeting will be called upon the request

of the chairman, vice«~chairman, or managenent or business office
heads.
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Section 5.

Clause 24, The fundes necessary for the operations of this associ-
ation will be received from individual and corporate fees, grants,
and other receipts.

Clause 25. This committee can accept other aid necessary to carry
out operations, such as aid from public organizations, provided
that they are not opposed to the established purpose of this

association.

Clause 26. The chairman will be in charge of the assets of this /86
association.

Clause 27. The fiscal year of this association is from April 1,
of each year until March 31 of the following year.

Section 6. Changes in Law, etc.

Clause 28. Changes in these laws cannot be carried out unless
half of the manager. nt agrees in the management meetings.

Clause 29. Necessary by-laws for executing these laws will be
determined in discussion of management meetings.
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COMMITTEE FUNDS REGULATIONS (revised on April, 1979)
Corporate membership fees: 200,000 yen/1 company for 1 year
Individual annual membershlp fees: 5,000 yen/person for 1 year
Student annual membership fees: 2,000 yen/person for 1 year

Furthermore, fees will be requested on attendance during regular
meeting and other meetings,

(table on following page)
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Corporate Members

Company

Address

Phone

Asahi Chcmical

Hitachl Production
Futaba Electric
Kawasakl Heavy Ind.

Japan Carbon
Nihon Sanso

New Japan Steel
Showa Productlon

Onaru Construction

Fuba Industries
Tokyo Shiru Denkl

Yokohama Ruboer
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100 Sendaida-ku Yuzai-cho
1-1-2 Hihitani San'i Bldg.

100 Sendalda=ku Ote=cho 2=6=2
297 Shigen-shi Oshiba 629

105uM1nato-ku Hmaamat su=-cho
2=4=1

104 Chuo-ku Hachichoban 2-6=1

105 Minato-ku, Nishishinhashil
1=16=7

100 Sendaida-ku Ote 2-6-3

105 Minato=-ku Sonomon 1=1-12
Sonomon Bldg.

160-91 Shinbo-ku Nishi Shinbo
1-25=-1

153 Meguro-ku Toyama 3-22-1

100 S8ern'aida-ku Naltekl-cho
1-6 Hihi:ani Denden Bldg.

105 Minato-ku Shintashi 5=36-11

507=-2285

270=-2111
O4T752=4=1111
435-24L65

5652-6111
503-2271

242-4111
591-2078

348-1111

711=-2111
501-5411

432-7111



Names of Officers (April, 1380-March, 1981) /94
Assoclation Chalirman Bokumra, Tosei (Japan University
Professor Emeritus)

Association Vice Chairman Nishiban, Fumiro (Japan Yamagun
Association Chalrman)

Managers

1. 8Sho Azuma (Tokyo University Space and Aviation Recearch
Professor)

2. Jita, Ima (Balloonist - National Fire Prevention Center-head)

3. Shomur, Kinuma (Kawasakl Heavy Industries, Aviation Business

Divislon Head) [new]
4, Komatsu, Genshi (Tokyo Shiura Denki - Product Division Head)

5. Seino, Kouma (Japan Univ. Aviation Science Professor)
6. Fuyoshi, Michiro (Ballgonist - Japan Balloon Assoclation Head)
[new

7. Cinyu Kino (Fuba Industies - Technology Division Head)

8., Ttal, Wada (Technology Consultant - Wada Technology Buslness
Office Head)

9. Ido Chodkau (Technology Consultant)
Auditors

1. Giten Snagaban (Aviation Engineer, Health Technology Assoc.)
2. Fugen Kanshl (Meisho Denki - Business Office Head)

Business Office Head

1. Wasel Banseil (Journalist - Science and Technology Development
Center Representative)
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Buoyant Aviation Vol. 6,No. 1, (published: September 20, 1980)

Place of Publication: Buoyant Aviation Association

T 105 Tokyo, Minato=ku Sonomon 1=26=5 17th Hayashi Bldg.
Sclence and Technology Development Center

TEL 03-503-7481

Banking - Mitshibishl Bank Sonomon Branch
Regular no. O41-4284141

Transfer savings - Tokyo B8-137945
Publisher: Buoyant Aviation Assoclation Head - Tosei Kimura
Frinting place: Yugi Co., Mishihiro Printer
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