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Project to Traverse Paclfic Ocean by Manned Balloon.
Buoyant Helicopter System Project

These two projects have been proposed and studied by the
members of this organization. The project to traverse the
Pacific Ocean by mannad balloon has been examined for moze than
twe years by the research group headed by My, Chuta Wada. The
trans-Pacific project has attracted the interest of balloonists
around the world since the success by the American Double Eagle
in traversing the Atlantic Ocean in 1978, Projects under
research in various countries are still in the paperwork stage,
but there are some which have advanced to the implementation
stage. Japan as well, which has the tradition of a balloon bomb,
truly a unigue concept, has not been silent.

Research has begun this year into the buoyant helicopter
system (BHS) project proposed by Kazumasa Iinuma. A test scale
model of & new type of hybrid lighter-than-air eraft combining
the buoyancy of bags filled with buoyant gas with the vertical
litt-ortf and landing performance of the helicopter is to bhe
produced.

Since this association fortunately has specialists in
vorious disciplines, the results of research by those specialists
in their regpective fields have been gathered in this report.

outdoor flight tests are planned this year since funds forx
the BHS projec% arve assured, but this cannot be implemented
immediately since considerable expenses are required in execution
of a trans-Pacific Fflight. However, research has been conducted
by various members of the organization with the intention of
actual execution.

With our days being filled with plans for trial production
of the BHS and preparations for the trans-Pacific £light, we
invite criticisms and suggestions f£rom everyone.

Hidemasa Kimuya
Chairman of the Buoyant Flight Assoclation
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Trans-Pacific
Summary of project to traverse the Pacific Ocean by manned
balloon

° Period and flight plan

The Pacific Ocean is to be crossed utilizing the jet stream
in the winter months of November through January. The departure
point would be in the northeast (e.g. Furukawa). The target
would be a city on the Pacific coast of North America at north
latitude of 40 to 50° (e.q. Portland, Oregon). The distance would
be 10,000 km and the required time would be 60 hours. The
departure time would be a calm period after sunset. Ascent to a

cruising altitude of 12,000 to 13,000 meters would be rapid.
(Figure 1).

°Balloon system

The _balloon would be a zero pressure type with a capacity of
15,000 m?2 of He, and a two man crew would ride in a sealed cabin
fitted »ith an expandable float. The facilities would be
sufficient for seven days. The ballast would be adequate for
seven sunsets. (Figure 2).

Figure 1. Estimated arrival site

Numbers in the margin indicate pagination in the Japanese text.
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°Communications/navigation

The position would be determined by Omega/VLF navigational
equipment, and the air control system over the Pacific would be
avoided through ATC communications based on HF. (A sextant and
observational chart would be provided for back-up). A
transponder, beacon would be installed to prevent mid-air
collisions. The flight altitude selected would be %the eastern-
most possible VFR altitudes of FL 380 (11,590 m) or FL 420
(12,810 m). A rapid rescue system using satellites would be on
board, and every effort would be made to ensure safety.

°Weight, expense, schedule

The weight of the balloon system would be 3,000 kg, half of
which would be ballast. The direct expense, include production
and purchase, would be 96.9 million yen. Additional expenses
would be 104.5 million yen for support expenses, 100 million yen

for related expenses and 20 million yen for preparatory expenses,
for a total of 321.4 million yen.
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Figure 2. Entire shape

1 exhaust valve

3 radar reflecting tape
5 ballast

7 capacity: 15,000 m3

2 air sac

4 gas tube

6 gondola

8 weight: 3,000 kg
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Figure 3. Gondola structure

1 Gondola for trans-Pacific balloon
3 solar cells

4 floatation and shock absorber

5 interior light

7 rack

9 bed

11 toilet

13 fuel tank

15 heater

17 aperture for photography

2 (Makino proposal)

6 parachute

8 oxyren cylinder
10 battery

12 water tank

14 convertible seat
16 instrument panel
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Total weight/expense in trans-Pacific balloon
[details) [weight] [expense)
air sac 500 kg 5,500,000 ¥ (15,000 m3)
gondola 370 kg 20 300 000 ¥ (l.ll.d cabin)
rigging* 450 kg 33,700,000 ¥ (7 days max)
crew 180 kg (two man)
ballast 1,560 k 500,000 ¥ (for 7 times)
* equipment 163 kg 5,535.666 ¥
instruments 12 kg 2,200,000 ¥
recording 7 kg 300,000 ¥
radio 116 kg 18,100,000 ¥
clothing 14 kg 210,000 ¥
food 41 kg 240,000 ¥
miscellaneous 13 kg 360,000 ¥
rescue 51 k 2,350,000¥%
total ’ 9 ¥ production-purchase

4,000 000 ¥ construction-prep.
4,000,000 ¥ inspection testing
18,900,000 ¥ He gas charging
8,000,000 ¥ design
2,000,000 ¥ project
[direct expenses] cotal ’ ¥
[support expenses] ~.fice operations, litt-off site preparation,
operations responsibilities (training, simulation, ground)
service, insurance, miscellaneous total 104,500,000 ¥
[related expenses] (negotiations with U.S., ground operations,
international communications etc.)
total 100,000,000 ¥
Preparatory expenses (approximately 10% of the total of direct
expenses and support expenses, rescue etc,)
20,000,000 ¥
Grand total 321,400,000 ¥ /5
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1. (General Remarks) LTA Utilizing Natural Energy of High

Altitudes Chuta Wada

1.1 When speaking of "high altitude”

We have experienced the sight of a brilliant midday sun even
when lifting off from an airfield in a driving rain after rising
above thick storm clouds and a tranquility of a separets world
unfolds when rising still higher. This is the "stratwoaphere", in
which there are no severe air currents. The height of the
standard atmosphere exceeds 11,000 m, where the air temperature
is ~56.5°C This is a region of slight vapor and clearness with
low temperature and pressure.

The high speed "jet stream" exceeding speeds of 60 m per
second, occasion=lly exceeding 100 m per second, runs through the
lower part of the stratosphere or the upper part of the
troposphere directly below, It may be termed the ingenious belt
conveyor of the natural world. At the end of World War II, the
Japanese army used this belt to send several thousand balloon-
borne bombs to the United States mainland. The U.S. Army
conducted "tests" of this after the war, and the flight paths
of the balloons dispatched from western Japan are detailed in the
"Angel Report". These tests confirmed the existence of strong
wind bands linking Japan and the United States.

bue to large atmospheric circulation, for example, since

winds of the northern hemisphere circulate endlessly focusing on
the north pole while meandering, it should be possible to travel
around the world, returning to the departure point, if the jet
stream is 'boarded' somewhere. This was proven in the southern
hemisphere in 1966 by the "ghost project", in which an
observation balloon flew a circuit around the south pole over a
prolonged period of time. The British "Project to go around the
world" ({sponsored by ICI) which is being prepared is an attempt
to prove this in the northern hemisphere by manned free balloon.

There is a tranquil zone in which the wind direction
undergoes virtually no movement on balance at altitudes of 206,000
m. The U.S. HAPP and HASPA projects are attempts to float an LTA
in this zone to use in monitoring of the earth's surface or as a
relay for radio waves. This is an "atmospheric satellite", and it
has been called the "Poor man's satellite" since the cost of
launching it at far lower altitudes than those of stationary
satellites in space is much cheaper. The areas above and below
approximately 20,000 m can be considered as individual regions.
For example, a balloon at an altitude of 10,000 to 15,000 m would
ride on westerly winds while one at an altitude of 30,000 m would
ride on easterly winds, eventually returning to the starting
point. This is the concept of the Japanese cycling balloon and
boomerang balloon. Attention has been directed toward this
natural mechanism.
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Conversely, there are no methods of utillzing at present the
properties of "low temperature, low pressurc, low humidity" at
high altitudes, It is a dry environment in which raw material /7
does not decay, a natural cold chain. There are also intellige ¢
methods of utilization in which overflowing mercury and
contaminated water within the cabin can be drawn out, as proposed
by Professer Piceard, since it is also a massive vacuum tank, but
there do not seem to be other effective uses here.

High altitudes are completely abnormal regions for man, even
regions which are comfortable for machinery. At least aly supply
and heating are requirved for life support, and the exterior world
mugt be blocked off from people. Conversely, this could be a
convenient site for work 1f these eonditions are provided, High
altitudes ave far closer than gpace, and great technical results
can be achieved with greater ease., This scems to be a broad
undeveloped region.

1.2 Characteristicg and safety of LTA

LA is for long term endurance flight at low speeds, in
contrast to HIA, and it hag various properties, including large
capacity, but the most striking characteristeic is that it is "for
high altitudes". In short, it naturally ascends to the
equilibrium altitude at which it stably remains as a result of
the natural physical fact of "falling upward" due to buoyancy.
(This is in precisely opposite relation to HIA which initially is
stable on the ground), Furthermore, there are numerous obstacles
at low altitndes. An LTA, which is burdened with a large alr sac
and which is attracted ko unaven terrain or structures through
turbulent air streams, is instantly damaged without being able to
escape. In the history of LTA acclidents, most are cases of
difficnlty in navigation, damage or collisions with the ground
due te bad weather. In short, mechanical degstruction occurs in
the "low altitude" environment, which is most unstable. 'The
defect of the LTA is the low altitude regicn rather than problems
with hydrogen gas.

Higher altitudes are the stable, active regions for the LTA.
This ls considered to be an essentially stable region. For
example, it could be uwsed as a long~term floating platform.
Since there are levels of no winds at high altitudes, as well as
high speed conveyors such as the jet stream, these could be
boarded as required., There are methods of preparation of
separate ferries for connection with the ground. In the past,
moorings have been provided for rapid descent to the ground
identical with HTA for cases of approaching typhoons, but perhaps
opposite measures should be employed. It seems that rising Lo
higher altitudes would be a better escape.



The development of high altitude airships required for the
military was attempted at the end of the first world war, but the
immaturity of peripheral technology precluded success. A high
altitude vehicle was omitted in subsequent LTA technology. Even
in the current LTA redevelopment, the focus is on utilization at
low altitudes for transport of heavy weights and cargogs. There
iy still no conception of vehicles for high altitudes. However,
there have been great advances in the technology which could
support activity at high altitudes, inzluding materials, controls
and systems,

The LTA means of ascent to high altitudes is very pure,
simple and even primitive. Thig can be seen from the long
history of balloon flight, with the Swiss scientist Piccard
ascending to the stratosphere in a very theoretical balloon more
than 50 years ago. A new network of energy saving air transport
could be developed if this could be coupled with the jet stream.
This would make a great contribution to present needs, The
current project is the selection of an actual route for crossing
the Pacific in the implementation of long distance Elight by
manned balloon.

1.3 Advances by "Trans-Pacific research group"

This project was conceived by Chuta Wada, Buoyant Flight
Committee Director, at the end of 1%878. A total of 13 research
meeetings were held from March 29, 1979 (Friday) until November
14, 1980 (Saturday). Examinations were frequently carried out by
eight regular participants, and rides on hot air balloons were
co?dfcted after October, 1979, with many members experiencing
£light.

Various unique proposals were put forth in the course of the
examinations, and some are as follows.

(A) Altitude control
affixing baronettes to the balloon
capacity control mechanism including direction mechanism
rapid expansion method using explosive cartridge
buoyancy adjustment by booster balloon
examination of gas ballast method
control by NH4q liquid/air
super pressuré method combining sub-sphere, main sphere
and linkage valve mechanism

(B) Lift off/landing methods
mechanism for large inflation in air after lift-~off of
small form
laugching at great speed from restricted municipal
region
main landing on water, with alternate landing on land

/8’
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system unifying air sac and gondola in a soft mechanism
like a stuffed toy

(C) Exploitation of high altitudes
systemization of technology for high altitude airshhip
steam and sail ship type LTA
floating platform and shuttle
implementation of large capacity super pressure type
exploitation of boomerang routes by LTA

(D) Problems in development
utilization and loading of meteorological facsimilies
technological expansion of infrared heat balloon (MIR)
method of measuring wind speed and direction at distant
points in the air by ultra-sonic wave/doppler radar

1.4 Important points in project

The current trans-Pacific flight project has focused on the
fact that LTA actually exhibits proven safety, and examinations
have been conducted based on techniques which are not dangerous.
Consequently, the method has built on techniques of meteorological
observation balloons with long years of performance. For
example, the super pressure method was not adopted since the zero
pressure structure, with which we are familiar, was used. The
decision was made to employ simple methods involving proven
technologies with high reliability, combined with technologies
such as materials, control, communication/navigation, which have
advanced recently. The crew would be two in a He balloon with a
15,000 m? capacity. The weight would be two to three tons, and
the f£light would be approximately 10,000 km lasting 60 hours at an
altitude of 12,000 m to 13,000 m., One may think of this as a
reinforced obsgrvation balloon with people on board.

There is a strong jet stream above the Japanese archipelago
in the winter, but even if the project is based on such physical
characteristics, the attempt to cross the Pacific 1s of great
significance.

In this current age, where jet passenger airplanes cross the
Pacific regularly, a long distance trans-Pacific flight seems to R
be of little consequence, in contrast to the past. The basic
target is to exploit a new energy saving transportation route at
high altitudes skillfully using nature combined with the
characteristics of LTA. This combines the past technology of the /9
balloon bomb with peaceful shipping means.

A

Similarly, projects to cross the Pacific Ocean by balloon in
1981 include the British "Project to go around the world"
(sponsored by ICI) and the American project "1981 trans-Pacific :
£light" (Rocky Aocki et al.). There are other American projects ‘ !

10
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with different members. The ICI project is an attempt to circle
the northern hemisphere riding the high altitude jet stream, and
its course includes the Pacific Ocean. It is a large capacity
balloon exceeding 20,000 m3 with a four man crew, a gas hybrid
of He and hot air, and it is full of various new devices,
including power and heat supplied by a gas turbine generator,
buoy type pressurized capsule and large amounts of fuel., The
objectives resemble those of our project, but the facilities are
far more elaborate, and it is much more expensive.

The attempt to reinforce an observatory balloon is believed
to be far cheaper. Furthermore, the American proposal involves a
He balloon with a capacity of 11,320 m3 and a four man crew to go
from Japan to the United States at an altitude of 9,000 to 10,000
m for 3 to 4 days. The differences include an open type of
gnndola with passengers wearing air type clothing. This is a
prolongation of the technology of the Double Eagle II which
successfully crossed the Atlantic Ocean, and two of the original
crew would participate here. Another project is believed to be
similar to this one.

1.5 Future limitless dreams

Proposals for new energy development include mooring LTA or
gliders in the jet stream and mounting wind driven generators on
these platforms.

Flights around the world as well as long distance boomerang
flights would be possible if the wind direction at high altitudes
could be skillfully utilized. A trans-Pacific flight would
involve departure from Japan and "disembarkation" in the skies
over the United States. The development of a super pressure type
tc maintain constant altitudes for prolonged periods is very
important for that purpose. Furthermore, the development of
remote sensing technology of the wind direction and speed would
greatly increase the possipbility of LTA utilization.

LTA and high altitude would be a very compatibile
combination, but the problem is human safety. 1If very simple,
reliable life support equipment for air and heat could be
provided, this could be linked subsequently with the air sac.

The development of technology for the individual would facilitate
future development,

Originally, LTA is very familiar technology. 1In the
beginning of this century, Santos Dumont would "walk" in the
skies over Paris in his beloved small airship No. 9, and
occasionally would alight in front of his shop for coffee. fThis
technology is lighthearted enough to virtually permit one to go
in sandals from his garden for a ride to the stratosphere.
Consequently, this is a technology for amateurs.
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The current popularity of the sport of high air ballooning
is based on this concept. In 1979, the altitude record for hot
air balloons of 16,215 m was set, and this is a height entering
the stratosphere. 1In addition, attempts with infrared heated
balloons (MIR) have reached the 25 km level, and such new
developments simply incite our ever limitless dreams.

2, Jet Stream as Medium Xezuhiro Terada

2.1 Major atmospheric circulation

The earth is a sphere with a diameter of 6,370 km. It spins
once daily on its axis which passes through the north and south
poles. It also circles around the sun tilted at an angle of
23.5° to the plane of the sun. Consequently, the energy from the
sun which 1is received at a point on the earch varies in the
winter and summer. Due to this difference, there are four
seasons on the earth. To maintain the heat balance, the
atmosphere on the outer side of the earth usually moves around
the earth. This is termed major atmospheric circulation, and
research into this has been carried out for many years.

The primary force behind this motion is the temperature
difference between the equator and the poles. Specifically, air
heated at the equator rises and flows to higher latitudes in the
upper layers, and this air forms westerly winds in northern
latitudes through the influence of the earth's rotation.
Westerly winds develop near the middle latitudes, and part of the
air descends, flowing in lower layers at the equator, where
easterly winds form through the influence of the earth's
rotation. Thus, the trade winds are formed. This air collides
with air coming from lower latitudes near 60°N, forming polar
fronts.

These air masses rise along the polar front, and part
returns to the poles at higher levels while part flows to lower
latitudes. The air which returned to the poles descends at the
poles, and part then flows to lower latitudes. The air which has
returned to lower latitudes then descends in subtropic high
atmospheric pressure. Thus, three cells are formed. The part
heated at the equator then transfers to the poles, and the low
temperature part at the poles shifts to the middle latitudes
where thermal disequilibria on the earth are eliminated. At
this time, the ocean surface makes a great contribution to heat
delivery. The steam formed through evaporation from the ocean
returns to the atmosphere with steam in the form of latent heat,
and is involved in conversion to heat. Figure 2,1 illustrates a
schematic diagram of major atmospheric circulation.

12

/10



OGP d
OF PODR QUAMY

7. 5

4
— 4
////“%@3>m 3@@
ujV/’ﬁfas :

AT 70 T
o S, 60N
4/

/ 8 '”l"'"@"ﬁ'. “it F."'!‘\.l:

Figure 2.1 Average model of the atmospheric flow on a plane
perpendicular to longitudinal line (when the earth rotates).

1 trade winds 2 westerly winds

3 polar easterly winds 4 pole

5 Ferrel cell 6 Hadley cell

7 subpolar high 8 subtropical high
9 north-east trade winds 10 equator

If the earth were likened to the size of an apple, the
atmosphere would be as thick as the skin. However, the
environment supporting our lives has a high sky in which various
winds flow. The temperature falls at higher altitudes, and the
pressure falls.

It has been quite difficult to understand atmospheric
circulation, and it has first become possible to view the earth

from far away with the recent development of artificial
satellites.

Recently, the movements of clouds have been shown on tele-
vision during the daily weather forecast. These are explained
clearly by the television networks, and the pictures from
stationary satellites illustrate the chronological movements of
clouds simply enough for novices to comprehend.

Clcuds are only seen below 10 km altitudes. Specifically,

they are seen only in the troposphere. We do not know why clouds

are not seen at higher altitudes. Clouds are basically steam
congelation or sublimation, and water droplets or bits of snow
flakes are visible. There is no formation of snow in the
stratosphere, above the troposphere, since there is little
humidity there. A so-called cheerful blue sky is seen there.

13
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There is movement of air at such high altitudes. High
altitude conditions and air conditions in the troposphere etc.
are measured by monitoring stations scattered in various regions
by the meteormlogical agenciec of various countries, which are
organizations of the governments., Usually, small balloons fitted
with radio probes are launched, and data on the temperature,
pressure, humidity etc. from the balloon are radioed back to
earth. The upper air finds can also be measured since the
balloons are blown about by the wind.

There are currently several hundred weather observation
points around the world. Some are located on the ground and on
islands, but since the oceans are far broader than the land,
there are no measurements at oceanic sites. Observations on the
sea are stressed, and high altitude monitoring is carried out by
stationary observation ships. These results are transmitted to
various countries through the cooperation of the World
Meteorological Organization (WMO). At present, data on the upper
air from various countries around the world can be easily and
immediately studied.

Recently, data on the upper air above 100 km altitude has come from
rockets and artificial satellites, but we will present a table on
the average conditions up to 50 km altitude. Fairly fine detail
is presented t¢ the vicinity of 10 km (table 2.1). Furthermore,
a figure of the temperature distribution of the standard
atmosphere of the United States by altitude up to 125 km has been
prepared (figure 2,2).
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Figure 2.2 Temperature distribution by altitude
1 height (km)
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2.2 Jet Stream

The air temperature unjiformly falls at higher altitudes, as
seen in Table 2.1, but the temperature is a constant of 57
degrees belew freezing from an altitude of 11 km to 20 km. The
atmospheric pressure 1s 300 mb at 9 km altitude, and is
approximately 200 mb at 12 km altitude. The values or the upper
winds measured by the Japan Meteorological Station at 300 mb and
100 mb are illustrated (Takle 2.2). The range of wind speeds is
20 m/second to 60 m/second, but the value is far lower in the
summer in lower latitudes. When considering crossing the Pacific
Ocean, the period when the mean wind speed is highest should be
considered.

In any event, the summer winds are more intense at higher
altitudes. 1In contrast, the winter winds are intense everywhere.
These strong winds are termed the jet stream, and their position
differs somewhat between summer and winter. In the upper
altitudes of Japan, the jet stream is 30° N, 38° N and 45° N in
the winter, while it is seen only at 38° N in the summer.

Since measurements at upper altitudes were not made in the
past, atmospheric mass circulation seemed to occur in the
troposphere.

However, the existence of the jet stream in the upper
atmosphere has become clear. In Japan, Europe and America, where
there are many observation sites, the mean conditions became
clear, but since the conditions over the ocean are unknown, they
can only be surmised.

The mean positions in summer and winter are as illustrated
below.

Table 2.1
1 2 ®21 3 4
LR B CTA G S (mb) &I (O ke
n 28%13k  1a15C| 101325 P2950
4 233676 2732 540.48 AT36
N 2362135 —36.785 A36516] ganaTy
§ 1 229736 43264 JOBOOT] wyprue
' i P o233252 —40748 2608090 w1 as
11 i 216771 =54.226 226,999 046180
12 1 21668350 =~ 17350 1989911 u31191
12 ¢+ 218650 —87350 ldiiﬂd! TIRETIRY
15 ¢ 216630 —5735u P221018 01494 7n
20 . 216650 —57.350 552031 ng88al
25 | 211552 —61448 25492] 004008
30 226509 —46.491 1LOTO] 001811
40 250350 —22650 28710 won 0
30 270650 — 2350 0.798| nonjo

1 altitude; 2 temperature (TA®C); 3 air pressure
4 density
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Table 2.2

%22
] = 3 4 3 6
L 2 A14 Ai6 AL 8 AL 10A] 124
"L - ;91 339 1 120 | 231 ) 348 | 373 Km.'s)
219 | 231 | 103 ] 117 269 | 322 .
431 | 374 | 288 | 128 438 | 521
W & 348 206 - 2 . ke
296 150 16 ‘99 18] - :
000
9. % 499 | 352 | 315 62| 41.0 | 594
382 | 293 | 157 25| 285 | 426] F: 15
[y w | 574 [ 350 ] 2051 12 357 [ 639 100mb
451 | 301 | 164 50| 252 | 169
nh " 56.1 | 345 | 292 33| 381 606
496 | 307 | 162 13| 258 | 429
| & e, 596 | 320 | 254 1.3] 310 ] 582
Hi 424 | 284 | 139 64| 209 | 41.0
iﬂﬁ. 426 | 253 1.3 2.7 78 | 339
264 | 165 7.7 |1 129 29 | 230

1 February

3 June

5 October

7 Sapporo

9 Tateno

11 Fukuoka

13 Ishitatejima
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2 April

4 August

6 December

8 Sendai

10 Shionomisaki

12 Kagoshima
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The jet stream is at an altitude of 11 km to 14 km., It has /15
the following characteristics.

1. It flows around the poles in both summer and winter.

2. It is farther north in the summer than in the winter., 1In
the winter, it is located in lower latitudes, from 20°N to 35°N,
while in the summer, it is located from 35°N to 45°N. The wind
speed in the winter is double that in the summer.

3., The location of the jet stream corresponds to the point
of maximum temperature slope in the meridian plane at high
altitudes in the center of the troposphere

4, The jet stream appears at places where the altitude of
the tropopause changes markedly.

5. The difference in wind velocity to the north and south of
the jet stream is marked.

Data based on many grid points and on meteorological
measurements at various sites throcghout the world huve been
analyzed in studying the jet stream, However, since
comprehension of the jet stream is difficult, analysis is usually
gggrigd out from isobaric altitude data ranging from 200 mb %o

mb.

The analysis of high level data in Japan is the work of the
Meteonrological Agency.

First, the Japanese Meteorological Agency has 20 sites from
northern Japan through southern Japan from which high level data
are transmitted daily. Much foreign data is also transmitted to
the Meteorological Agency.

The data are divided by altitude and inscribed on maps which
are the basis of the high level weather maps.

A view of data from the Tateno high level meteorological
observatory which has long conducted high level measurements in
Japan reveals data at all levels upward from 800 mb, 750 mb, 700
mb, 500 mb, 300 mb, 250 mb and 200 mb. There is greater detail
ag 175 mb, are 150 mb, 100 mb, 70 mb, 50 mb, 40 mb, 30 mb and 20
mb.

The following example is an inscription of wind data at
various levels during December 1 through 5, 1974, from Tateno.

The direction is in a c¢ircle from north to east, so that the
wind direction is seen to be 270°., Since the 20 mb data on
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December 2 at Tateno is 17, we know that the wind is nocth noxth-

east and the speed is only 6 m/s. However, the data below 50 mb

ig gsnerally near 270° so that the wind is generally westerly at
n/s.

Such data appear daily and are printed as Aerological Data
by the Meteorological High Level Section. There are currently
data from more than five years ago to 1975. (Subsequent data
have been printed in 198l). The five year averages have zlso
been printed and published.

1 mm] 21 A 32 B ] 43 B 5% 0 65 F
T0mb 7R W|  17°76mss 182°14m,5| 122716 .| 10097 807
; 30 2959 8m/ 246 (9 198 |3 151458 176{12
| 40 | 294112 | 299l15 | 301 (4 218(10 | 23925
50 281016 | 811 11 279 |8 21913 | 24923

1

70 28626 2’!0'20 266 |22 256 |24 249138
100 28638 279 a4 267 |38 258146 254148
150 293161 289 |51 2656 |61 24771 6081
176 291163 285 |68 269 |67 250167 214180
200 291{61 289 172 268 169 265164 267180

Table 2.3 Tateno (Wind direction, speed (m/s) December 1-5,

1974)
1 altitude 2 first
3 sevcond 4 third
5 fourth 6 £ifth

7 observations omitted

For example, a view of the averages from 1971 to 1975
reveals 267°, 48.6 m/s at 200 mb in January in Sendai,
Consequently, the calculations reveal westerly winds at 48.6 m/s,
However, there are fluctuations in these values. Specificaily,
the maximums at that time were 264°, 103 m/s, and the minimums
were 296°, 15 m/s.

2.3 Precautions in using the jet stream

The jet stream may be generally viewed at 200 mb as having a
course of 270° X 15°, and the wind speed may be viewed as 70 m/s
+ 10. However, while thig range is valid to 150 mb, the
fluctuations are greater.

(1) Prior survey
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The statistical flgures for high level data at some
principal points in Japan have been issued by nmonth and altitude
from the table of Aerological Data, and the averages as well as
fluctuations have been published.

Next, the manner of a Pacific crossing, including the
movement and speed along a global rouie, has been studied. The
time ¢o% arrival in America by season has been estimated.

The problem is that there zre no high level data away from
Japan. Data above the Pacifiz Ocean must be analyzed.

Data on high level wzather have been issued by the United
States Weather Service, but old data are on microfilm in
libraries. That datz must be studied.

The difficulty in detailed studies involves the absence of
observation points above the Pacific Ocean.

We czn do nothing other than shift to treatment during
actual £flight.

Once a balloon has been launched, it cannot return. It is
at the mercy of the winds.

The decision of the crew to ascend or descend bas2d on their
position must be based on guidance from the ground.

(2) Ground support

Facsimile data on the ground are used. Such data are
transmitted f£rom Japan, America or Canada. Since the time, call
signal, frequency, details etc. are determined by WMO, it can be
easily received. There are numerous broadcasts daily, as well as
broadcasts at various al.itudes other than 200 mb, (A Japanese
explanation ie found in "Interpretation of Meteorological
Descriptive Broadcast Schedule" Published by Japan
Meteorological Association, 1980).

However, all of these are based on Japanese and American
data, and since data describing weather maps are broadcast,
values for the center of the Pacific Ocean are insufficient.

The ground support personnel must indicate movement to the
balloon with same ambiguity when the balloon is flying in areas
of scant data.

The crew of the balloon must plot the "personal position®
clearly on a map. The meteorological support unit on the ground
would then inscribe the location of the balloon on a facsimile
original drawing.

21
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At this time, the original facsimile drawings should be
centered on 200 mb, with many at 150 mb and 250 mb. Thus,
contact could be made with the balloon and the changes in
latitude and course in the next 24 hours could be indicated.

The data from Canada and the United States could then be
used, At this time, the balloon would proceed in contact with
ground support on the American side.

2.4 Descent after reaching BAmerica

Descent would occur after reaching America, There would be
considerable movement even then if the balloon were xiding the
jet stream. Thus, the helium would be released at an appropriate
sike and the balloon would descend. Meteorological data would
certainly have to be used. Thus, the balloon should be in
contact with meteorological stations on the American side,

3, Pursuit of minimum system based on results of observation /11
balloons Kazuhiko Terada

3.1 Type of balloon

It would take two and a half days to travel by balloon
riding the jet stream from Japan to Nortlt America. There are two
types of balloons, the super pressure type and the zero pressure
type, but therc are problems with adhesion of cloth as the size
of the super pressure tyge balloon increases, The size limit for
such a balloon is 5000 m~.

Observatory balloons currently used are the zero pressure
type, and the balloon skin is polyethylene. At the Space Flight
Laboratory of Tokyo University, research into this has already
been underway for more than ten years, and Lhey have acqujred
experience into balloons ranging from 100 m* to 200,000 m~,
Based on this experience, we would like to examine the minimum
point of just how light the gondola would be in a manned balloon
crossing of the Pacific Ocean.

The problem here is that the total buoyancy of a zero
pressure balloon decreases with fall of ailr temperature after
sunset. It falls Dy 7% in relation to the total weight. Since we
want to continue flight at a constant altitude, an amount equal
to this reduction fraction (specifically the descent fraction)
must be removed from the total load to maintain a constant
altitude. However, if the flight lastg two and a half days, the
load would fall only twice. A ballast load for that purpose must
therefore be installed.

Lead powder (0.5 mm ¢) is used for the ballast load, based

on experiments by Tokyo University. It is restrained by &
permanent magnet. When the ballast is to be released, a current
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is passed through the magnet to compensate for the magnetism. This
method is usually used in experiments. The balloon descent
fraction for two sunsets would be sufficient,

We will next discuss the life of the balloon. In
experiments by Tokyo University, balloons last for 3 to 5 days.
Actually, there are cases of flights to North America, and
balloon life poses no problems.

Furthermore, the type of the balloon may be the same as that
used in Tokyo University experiments. Since people are riding on
the balloon, a heavier type than that used in experiments may be
employed, or a double lined balloon as required may be employed,

Tensile force of the balloon is a problem at the lower end
since heavy weights are fastened, but load tape at the base of
each sheet would be adequate.

A parachute would be effective for landing at a fixed site
when the balloon is to descend for landing, but a vent valve may
be attached at the head of the balloon to vent air while
monitoring a manometer since the initial veloc¢ity is great. This
igs also frequently used in Tokyo University experiments.
Moreover, a parachute may be mounted at the top of the gondcla,
and elimination of the netting of the balloon simultaneously with
opening of the parachute may be employed.

3.2 Size of balloon

The capacity of the balloon, the load (including balloon
weight) and the air pressure at that site to maintain the balloon
at a constant altitude in the upper air would be given using the
following formula.

P = 1013 Tb* L
273 V(P g=Ph!

P  atmospheric pressure (mb?

Tb atmospheric temperature at site of balloon floatation (k)

L load (kg)

V  volume of balloon (m3)

Py density of air

P, density of gas

When helium is introduced, figure 3.1 illustrates the
relation of pg-pn = 1.226 - 0.179.

According to this formula, the weights of the gondola and of
the balloon pose problems.
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Figure 3.1

3.2.1 Minimum weight
balloon (5000 m3, conservative)
gondola (with partial contents)

parachute

net weight of people (two)
temperature maintenance equipment
measurement instruments (radio,
direction search equipment etc.)
food and water

battery etc.

total

iron powder for ballast

Thus,

aforementioried formula.
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100 kg

the result would be L=800 kg based on the
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3.2.2 Capacity

Figure 3.1 indicates that a balloon of 5000 m3 would be
adequate when the altitude reaches 13,000 m.

Moreover, a balloon of 5000 m3 would be composed of 18
sheets, and tension of 900 kg in the load tapes would provide a
sufficient load (50 kg per load tape).

3.3 Gondola

Since the dimensions and weight pose problems in
determination of the aforementioned balloon, we will consider it
here.

The structure would be spherical with a diameter of 1.2 m.
It would be enclosed in plastic (4 cm) and steel reinforcement
would bhe attached ori the outside, The exterior would be
enclosed in 10 cm of plastic foam. The exterior foam is used in
experiments at Tokyo University, and the purpose is to cushion
the shock of landing. Moreover, the exterior would be painted
yellow~brown.

The interior temperature in this structure would not f£all
below -20°C (according to experiments at Tokyo University).
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Figure 3.2 Spherical gondola
20 ¢m diameter in each direction
for seats
floatation
lower metal support
external metal frame with polyethylene
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Furthermore, the bottom of the exterior would be an air bag
lined with plastic considering landing in water. Figure 3.2
illustrates the gondola.
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3.4 Overall mode, lift-off/landing

3.4.1 Gas charging
The balloon must have self buoyancy to rise. Buoyancy

exceeding 9% for a load of 800 kg is required to rise at the rate

of 300 m per second. Specifically, the following formula would

be used:
3 165.8 &
500 m” x 1.1 x ﬁ013?90 kg

(165.8 in the case of 13 km)

9 -
800 kg x 100 72 kg

The aforementioned total would be 972 kg (88.2 m3)
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Fig. .3.3 Wind protective cloth and its use

1 wind
2 34.4 g/m polXpropylene, wnicn nas no friction
electricity with the balloon, would be used
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130 helium gas cylinders of 7 liter capacity would be
required, Loading of these would not be easy. First, gas would
have to be introduced at the head of the balloon.

Fastening of the balloon to the mooring (launcher) is not }
desired with 972 kg of gas (poor to date). Thus, the balloon ‘
should first be wrapped in a cloth on the ground, followed by E
gradual inflation of the balloon, The Eloth would be a thin ;
weave of polypropylene fibers (34.4 g/m*“) with a vent valve in
the center. This would cover the balloon and expand to a certain
degree. The cloth would be removed when a certain amount of gas
had entered, and the balloon would be attached to the gondola.

Finally, gas charging over the gondola would be completed (Figure
3-3)0

The first gas inlet port of the balloon for the introduction
of gas in this method would be identical with that in the
experiments of Tokyo University, and the second inlet port would
be lower than usual. (Probably 22 m below the top, and the /21
length would be approximately 100 m.)

Furthermore, the gas cylinders for gas introduction would
have to be at one atmosphere pressure. 7 is is illustrated in
figure 3.4. Introduction of gas would take approximately 1.5
hours in this method. 1If large cylinders such as those in the
experiments of Tokyo University were used (enough for three
trucks), a charging device vould be required (charging in this
case would take one hour).
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Figure 3.4
1 the diameter is slightly larger than that of the inlet orifice
2 cocks for one atmosphere pressurz

3 water is placed in the center
4 high pressure gas hose 10 m x 20

3.4.2 Mooring on the ground

The entire balloon must be fastened to the ground in order
to affix it to the launcher. Specifically, the central hardware
of the gondola would be the restraint in order to affix the
entire balloon to the ground. This is illustrated in figure 3.5.
The weight of this material and the weight of the entire balloon
would be set at 972 kg, which would be the final weight.
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Figure 3.5

2 iron core

4 wood
5 Only the upper clasp is metal. The rest is wood,

1 hardware
3 magnet
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3.4.3 In the event of forced landing /23

In the event of a forced landing in the water, relay of the
position by radio should be posgsible since the position of the
gondola in the air was known. The same would be true in the case
of landing on land.

3.5 Preliminary £light

In preparation, the degree of descent at sunset and the
corresponding amount of ballast needed as well as the temperature
inside the gondola must be known. For this reason, tests should
be conducted at Niigata. Night-~time launching in this region
sihould result in landing at the coast of Miyazaki Prefecture the
following morning. In these tests, the gas from the balloon
could be vented, and the mode of landing could alsc be checked.
(We decided not to use the base of Tokyo University in Iwate
Prefecture) .

The national weather maps (especially those issued &aily by
radio) produced by the Meteorological Agency as well as the maps
of various meteorological agencies, especially the high level
department of the Sendai and Akita Meteorological Agencies must
be consulted for the preliminary flight and the actual flight.

during the preliminary flight. This would enable the position of
the balloon, the altitude and the air temperature to be monitored
during the preliminary flight. The receiver could be borrowed
from the Myojo Electric Co.
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Reference Tabie 1. Required material and cost

1 {(minimum balloon system)

2 article 3 specifications

4 cost 5 company

6 telephone number 7 site

8 balloon 9 780,000 ¥, 1.5 million ¥
10 142 shinagawa ku, Ebara 2-4-46

13 10 million ¥
15 140 cylinders each time
17 Maruyu Kogyo

11 balloon cloth

14 helium gas

16 1,500 ¥, 1.47 million ¥

18 116 Aragawaku, Higashioku 7-4-8
19 exhaust gas, ballast valve, ballast material

20 three are required; two are required

21 probe receiver 22 Myojo Electric Co.
23 12 Fumikyoku, Kosekigawa 20507 (Sasaki Bldg.)

Table of required personnel
preliminary flight Japan Sea
Pacific Ocean 4 people + a
actual £flight Pacific Ocean 17 people + a
(L) Three balloons were made, one for preliminary, one for
actual flight, one spare

(2) Two sets of ballast were prepared (preliminary and
actual flights)

13 people

Reference Table 2
Changes in balloon shape
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2 total length 71.0 m of a 5000 m3 balloon

in the air

total diameter 22.6 m
length 33.4 m

3 when rising from the ground

4 length 66 m

width 24 m when inflated, 35 m
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4, Various Conditions_and Materials Concerning Balloons
Kazuo Nagamatsu /25
4,1 Characteristics required of materials
4,1,1 Ascent limits
Safety must be ensured in all regions through which passes a
balloon ascending to high altitudes from the atmospheric pressnre

and temperature conditions on the ground to low pressure and low
temperature at high altitudes.

Figure 4,1 illustrates the volumetric increase of the gas
charged in the balloon [He (helium)] when the free expansion is
permitted during this period since the atmospheric pressure falls
in response to the altitude, This figure is a calculation using
the average values over ten years [l] of the actual measurements
of the altitude and atmospheric pressure as well as of the
altitude and atmospheric temperature in November at Sendai,
assuming the meteorological conditions under which this project
is most likely to be implemented.

201

e B RAE S
s

P T

Figure 4.1
1 degree of expansion of charged gas (times)
2 altitude (Km)

In addition, the maximum ascent limits as well as the total

load of the balloon under those conditions (Sendai, November) are
illustrated in figure 4.2. The total load was held under two
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tons for balloons at 15,000 to 3G,000 m3, or was held under four /26
tons. The "latitude" in relation to the ascent limit differed
considerably.

4,1.2 Ambient atmospheric pressure of the balloon

The ambient atmospheric pressure of the balloon must be
examined first as the basis for calculating the pressure imposed
on the balloon,

25
20}
E 15,000
2
[ b1 o
B
4 \\
10§
5 1 2 3 y
2 4 H ’ (tons)
Figure 4.2
1 maximum ascent limit 2 total load ‘

3 balloon volume

(At least) two types of gases must be considered in relation
to the balloon, the k- within the balloon and the air outside.
However, in most considerations, the pressure (atmospheric
pressure) P and the height h at each section are linked as in
relative formula [4.1l]. Specifically,

- \
(P=p, . --e" RT {h—hy [4.1]

Wherein,
P: local pressure at height h
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Po: local pressure at height ho as the standard
R: gas congstant (of ideal gas)

T: absolute temperature

M: molecular weight of gas

g: gravitational acceleration

This formula must use the number (28.98) suitable for the
blending ratio in blended gases such as air since the molecular
weight M of gas is included. However, the result is formula
[4.2] when this number is introduced based on air followed by
correlation, Specifically,

. 18400¢ Log Po-~ LogP) (1 ¢t )~ (h=ho) (4.2]
Wherein, /27
a: thermal expansion rate of air -
t: centigrade temperature

This formula is known as the "Laplace formula" [2] for
determining the altitude of a point from the value of the
atmospheric pressure.

The decline in pressure in accordance with height is less in
He than in air since there are differences in molecular weights M
as revealed in a comparison of air and He from formula [4.1].

4,1.3 Pressure imposed on balloon

Before applying formula [4.1] to general conditions of the
balloon, we will examine the characteristics using one example.
Specifically, a column of air and a column of He of 33.4 m height
(diameter of By type balloon of the Space Flight Laboratory of
Tokyo Universi%y) which are erected on the ground (1010 mb) are
compared. In this case, the pressure at the head declines to
1005,.8 mb in the column of air, as illustrated in figure 4,3
(a) (b}, while the pressure in He declines only to 1009.4 mb., A
pressure difference of 3.6 mb develops between the two. When
this is transferred to the balloon, as illustrated in figure 4.3
(c), a pressure Ap of 3.6 mb (specifically water column of
approximately 3.6 cm) directed outside from within would develop
at the head if the weight of the balloon skin were ignored even
in the case of an open zero pressure type when a balloon of 33.4
m diameter is filled with He on the ground.
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Figure 4.3 Relation between height of gas and pressure
(a) column of air (b) column-of He

More generally, the pressure differential AP inside and
outside the balloon skin increases with height in light of
formula [4.1].

Ap can be determined from formula [4.3] which is a
modification of formula [4.1] when a zero pressure type of
balloon is at high altitudes. Specifically,

_oh 2N, [4.3]

Wherein 1.954x10° = T
Ah: difference in height between top of balloon and bottom
(units: m)

AM: difference in molecular weights of air and He.

LogPHe—I;ogPair=

Actual values must be inserted and calculated to concretely
examine AP since this formula contains atmospheric pressure Pair
and temperature T. Thus, figure 4.4 illustrates the results of
calculation of the pressure differential AP inside and outside
the head along with the height in relation to balioons of various
sizes (diameters of 30, 40 and 50 m) using the monitored values
in November at Sendai, similarly to the previous case.

In addition, the same relation holds even in a sealed
balloon since the presgure differential above and below is based
on gravity, as illustrated in formula [4.1], and the pressure
differential reaches a peak at the head.
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[

Figure 4.4 Pressure differential P and altitude impoted at
head

1 pressure differential P (mb)

2 altitude

3 diameter of balloon, 50 m

4,2 strength required of f£ilm material
The balloon is generally soft, whether it is the zero
pressure type or the super pressure type. Since it is produced from
flexible material (other than the connecting sections), the sheer
stress [note] poses no problems, and the principle problem
%nvglyes the tensile stress [note], and thus the tensile strength
note].

Conversely, the tensile stress St imposed on the balloon
skin when internal pressure p is imposed on the balloon is given
by the following formula [4.4] [3]. Specifically,

st T RL 9 [4.4]
Wherein r: radius of balloon

This formula can be derived most simply using the symmetry

[Note]: The English terms shear stress, tensile stress and tensile
strength are used in the Japanese test due to marked differences in their
translations depending on the field of specialization.
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of the balloon and the pressure p imposed on a non-compressible
fluid which realizes Pascal's law, but it can also be derived from
a more general standpoint. The following formula materializes in
relation to the pressure differential AP inside and outside at an
arbitrary point and the curvature radius at that point.

St=——p-—Ar 2 “[:4:4|]

Since the right side of this formula is [pressure x length], the
dimension of strength is [force/length], but it is usually
treated as the force required to rupture the skin of unit width
among properties of skin considering a two dimensional body.
Consequently, the units of strength are kg/cm,

4 ad
d
Y sk
2
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|
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22}
2 F
!
1k
0 1 [ 1 J
0 5 10 15 20

1M E (k)

Figure 4.5 Tensile stress St max imposed on head and
altitude of balloon
1 altitude (km) 2 curvature radius

The value at the top of the balloon at which the maximum
tensile stress develops (assuming a perfect sphere) as well as
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the stress could be computed under each set of conditions if
conversion of units were carried out at 1L mb = 1,0197 g/cm2 and
using formula [4.4'] from the values of Ap since the relation
between Ap and altitude was calculated for numerous balloons in
the previous section with the results illustrated in figure 4.4.
This is represented as Stmax and the calculation results are
summarized in figure 4.5. The section of comparatively low
altitude below 1 km is omitted, but this is because that is a
region requiring separate examination as stated in section 4.4.

In this range, the tensile stress imposed on the head is a
maximum of approximately 4 kg/cm, and balloon skin which can
withstand this should have tensile strength above 4 kg/cm. Even
raterial of 0.5 kg/cm could be used under suitable conditions.
The quantitative criterion of tensile strength of the material
used would be an order of magnitude of several kg/cm based on
this Eigure.
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4.3 Selection of film material
There is little data on the dynamic characteristics of the
balloon since it is not mass produced. However, studies have
been conducted and data [4-7] have been accumulated, but there is
not enough for statistical comparisons, Table 4.1 summarizes
typical cases and those approaching the conditions illustrated in /31
the previous section based on this sort of limited study.

Among these, the polyethylene used in (6) from the Japan
National Aerospace Laboratory is the one with which we Japanese
have had the most experience and results, and the material is
unique in that its resistance to cold temperatures at high
altitudes has been confirmgd, but unfortunately, it has tensile
strength of only 0.4 kg/cm“ [1], which is lower than that
required. While it may be used in the design, there is concern
that the safety factor would be inadequate. Moreover, the
instability increases under excessive conditions during lift off
and landing.

Moreover, (3) is material used in a balloon which actually
raised approximately 400 kg of logs in July, 1979, in the study
"Method of collecting material by mooring balloon® [5,8]
conducted in a four year plan from 1976 by the Forestry Agency,
Forestry Experiment Station. It was developed by Toyo Spinning
Co., and the balloon was molded by the Kawasaki Heavy Industries
Corporation. However, there tended to be problems at low
temperatuses with the properties of the adhesive used in molding
the balloon, and the strength for this project was excessive,
with weight as an additional problem. However, the development
of material matching the objectives seems within the technical
capability of Japan since the material used in these experiments
by the Forestry Experiment Station was developed in a short
period of time_.and since approximately 22% of the weight (60 g/m

out of 308 g/mz) is alloted to durability to raise the years of
service.

2

However, if known material is to be used, for example, the
material of G.T. Schjeldahl Co. noted in (9), it should have a
balance of characteristics to match the objectives. Moreover,
aramide fibers publicized as ultra-strong fibers (brand name
Kevlar by DuPont Co.) have not been demonstrated in examples of
use. Thus, it is excessively heavy in regard to the standards of
(5) in relation to the aforementioned required properties.
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In this range of observation, at present, no applicable
domestic material comes to mind. Thus, material from various
foreign countries, especially the United States, should be
selected as the most appropriate material to be used, However,
if the decision is made to import material for the balloon,
extensive investigations would have to be made under various sets
of conditions. Furthermore, the balloon should be produced
abroad to ensure safety and reliability in that case.

4.4 Behavior of balloon during ascent/descent

The balloon should be completely spherical to lighten the
weight. Since buoyancy adjustment in the zero pressure type is
controlled by the weight ratio (weight %) in relation to total
weight so long as buoyancy adjustment is based on discarding of
ballast and on discharge of gas, large amounts of ballast
proportionally would have to be loaded in heavy balloons, and the
vicious circle of increased total load would then result.

However, as illustrated in figure 4,1, since the charged gas
expands with rising altitude, there is no sense in f£illing the
balloon on the ground before 1lift off. Rather, the amount of gas
injected should be regulated so as to form a perfect sphere at
the peak altitude.

For example, approximately 1/7 of the balloon's capacity
(when full) should be injected when a filled sphere is to form at
an altitude of 15 km. This is of course true for a super
pressure type as well, and the amount of gas injected on the
ground would be regulated so that the super pressure type is
implemented at the anticipated altitude range.

Consequently, both the zero pressure type and the super
pressure type would be "deflated" on the ground and at low /32
altitudes, and they would gradually "f£ill" at higher altitudes.
The head of the balloon is assumed to be a hemisphere and the
section below it is assumed to be in conical shape, as
illustrated in figure 4.6, as the simplest approximation to
estimate changes in the stress imposed on the balloon during this
process. In this solid, the length (L) of the circumference from
the apex to the tip of the bottom is assumed to be a constant,
and the volume V becomes a function only of the radius r of the
hemispherical section. 1In this case, the stress could be
calgulated at the apex at which the tensile stress reaches a
maximum.
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Figure 4.6 Model of changes in shape of balloon during
ascent and descent
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Figure 4.7 Changes in shape of balloon

Ratio of volume (V) in deflated state to volume (VO) during
full period

If this model were used, the balloon would rise in rod shape
when the amount of gas 1njected were at a minimum (V=0), and the
height hmax at which the slenderest shape would be exhibited
would be as follows 1n comparison to the diameter 2r, when full.

Dpax:2fg = L @ = 1/2 x (circumference) : 2ry = Trg: 2r,
Spe01llca1ly, the resu?t would be /2 + 1.57.
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Figure 4.7 illustrates the balloon shape when the amount of
gas is calculated to be slight in comparison to the full balloon
(specifically during "deflated" period).

As this figure indicates, a gentle curve is exhibited in
regions in which the amount of gas is 1/3 or less than the full
amount, but at 1l/3 capacity, a "crease" becomes conspicuous at
the seam of the hemispherical section and the conical section,
suggesting that the approximation has worsened.
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Figuré 4.8 (a) Relation between change in volume and height
taken as 1 at full period
1 height ratio
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Figure 4.8 (a) (b) illustrates the results of calculation of
the relation between height and the curvature radius of the top
versus the change in volume of the balloon using a model.

Here, settings for regions of poor approximation are noted by a
broken line. By means of this, the height does not exhibit very
great changes in the "deflated" state, but the curvature radius
of the top changes, comparatively sensitively. This signifies
that the pressure °P acting on the top increases because of the
increased height of the balloon in the "deflated" state, but the
stress at the top is slight since the curvature radius becomes
smaller. The volume of gas introduced on the ground does not
reach 1/100 of the true volume Vo of the balloon even when a
balloon with skin of slight tensile strength like polyethylene
ascends to high altitudes with a small payload [9].
Consequently, great stress does not develop and the balloon can
safely ascend even if, K the atmospheric pressure of the perimeter
is sufficiently low, Ap is small and the curvature radius is

large, even at altitudes at which the curvature radius of the top

increases. Consequently, the amount of gas injected on the
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Figure 4.8 (b) Relation between change in volume and
curvature radius of the apex taking 1 at the full period
1 ratio of curvature radius

ground must increase when the total load increases even using the
same skin material, and the stress increases, rupturing the
balloon before reaching the altitude at which the atmospheric
pressure is sufficiently low since the balloon swells with
increase in the curvature radius of the top. This is the reason
that the strength was inadequate in £light to an altitude of more
than 10 km with a payload of several tons even though
polyethylene has produced good results as the material for
observation balloons.

One of the results leading from the aforementioned
examination is that the size of the original sphere should be
great enough so that the curvature radius does not increase until
a sufficiently high altitude is reached and also so that a
complete sphere does not form until the target altitude is
reached, This is the method of flight assuming the shape of an
ice cream cone. This is the shape actually used by Double Eagle
II and in other examples, but the weight of the balloon itself is
greater than that in the case of a complete sphere.

Polyethylene identical to that used in the balloon of the
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Space Flight Laboratory could be used if an ice cream cone shape
could be used and if the total load could be held to
approximately two tons. However, such factors as the safety
coefficient would have to be thoroughly examined in research into
the feasibility of this.

Another method of restraining the curvature radius in this
region would be to have a squash shaped balloon through design
and use of suitable load tape. This is the shape of many
balloons, but advanced techniques to prevent distortions during
molding are required.

Another conclusion derived from examination of the changes
in shape during ascent is that the horizontal cross sectional
area of the balloon during ascent and the corresponding
circumferential length have important significance in terms of
the sites at which vertical stress is imposed for supporting the
load, but they must decrease in comparison to the case of a
complete sphere (and the "deflated" shape must decrease markedly
at very low altitudes). Consequently, a design which supports
the load solely by the skin is unreasonable. The design must
have the total load supported by load tape as a strength member.

W
(8]

4.5 Handling during lift-off/landing /

The balloon to travel at high altitudes must have a volume
in the "deflated" state approximately ten times greater than the
amount of gas on the ground, as mentioned previously.
Consequently, the effects of wind on the ground must be
anticipated to be much greater than in the case of a balloon
which is virtually filled on ihe ground and which is used at
conventional altitudes. Lift-off would be possible during
periods of good conditions sinee this measure is the result of
many years of experience with observation balloons at lift-off.
However, we have little experience with landing and recovery of
observation balloons, and must rely on the feeling of the
operator. Consequently, in considering problems arising during
landing, a landing site with desirable meteorological conditions
must be selected and that site as well as the time of landing
must be incorporated into the plans.

4.6 Possibility of super pressure type

Polyethylene was excluded due to its inadequate strength at
the target loads and altitudes, as indicated in selection of the
skin material, and other materials must have sufficient strength.
Since this indicates that the super pressure type could be used,
it was reexamined and evaluated. While a slight amount of
ballast would be adequate fox safety in the super pressure type,
one must be prepared for the greater amount of super heating
(high transparency) than in the case of an observation balloon
with materials other than polyethylene. Consequently, the
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ballast would have to be increased, and a considerable
difference in total weight would thus be anticipated between the
zero pressure type and the super pressure type.

Furthermore, the r per pressure type has superior handling
?ng room for improvemeni.. Conseguently, it has a promising
future,

Whether zero pressure or super pressure type, we know that
the dynamic behavior in the course of swelling and deflation of
the balloon during lift-oif and landing would be complex. We
suspect that many of the accidents occurring directly after lift-
off or landing involved inadequate caution regarding these
transient phenomena. Detailed reexamination using accurate
models is essential in the stage of determination of the balloon
material and pay-load. At the present stage, only static dynamic
characteristi¢s have been considered, but the dynamic (impact)
characteristics such as force imposed on the load tape during
lift-off/landing must be considered.
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5. Gondola Structure and Equipment Mitsuo Makino /37
5.1 Type of gondola
There are open and sealed types of gondolas. In the open

type, there is no pressure differential between the interior and

outside, and even if it appears to be insulated from the outside

air, it actually is not. In contrast, the interior of the sealed

type is completely blocked off from the outside, and the pressure

is maintained at virtually the ground atmospheric pressure.
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Flight at low altitudes poses no problems for the open
type, but the sealed type of gondola is essential at high
altitude (e.g, above 8,000 m) flight to protect the occupants
from low pressure and low temperature. Of course, an open
gondola may be used even at high altitude flight for short
periods of time if warm clothing is worn, but such clothing
restricts movements during long term £light, and a sealed gondola
is reguired for comfort. The 1931 flight by Piccard was the
first case of use of a sealed gondola in a high altitude balloon,
and the U.S. Navy had the Stratolab project in 1961 as an example
of use of an open gondola in high altitude flight., An altitude
record of 34,668 m (nine hours) was recorded at that time.

5.2 Sshape of gondola

When using a sealed dgondola, the internal pressure is
designed to be one atmosphere while the external pressure is
designed to be zero atmosphere. The logical shape would be
spherical or cylindrical for pressure resistance at light weight,
but a unique design is always desirable for esthetic purposes.

Figure 5.1 illustrates some of the various shapes which have
been considered, and the long hexagonal shape of (5) is the best
shape in terms of comfort. However, the force imposed on the
structure due to the interunal pressure was unexpectedly large,
although the calculations are somewhat simple, and this shape
proved to be disadvantageous in terms of structural strength and
light weight. Thus, the spherical shap# (1) or the cylindrical
shape (2) had to be adopted. Based on tonsiderations in the case
of the long hexagon, a cylinder laid sideways was judged to be
best for comfort, but there have been no cases of use of such a
gondola to date.

5.3 Size of gondola and interior arrangement
The size of the gondola is determined by the crew number.
In this trans-Pacific flight, the crew number was initially set
at one cor two, and either would be permissible. The type of
balloon is the determining factor. Specifically, the minimum
would be a two man crew, the pilot and navigator, in the case of
a zero pressure balloon. 1In contrast, only a pilot is required
since there is no high degree of maneuvering in the case of a /38
super pressure ballcon. However, a minimum of two people is
essential to deal with unexpected events.

Since the trans-Pacific flight would last three to four
days, the interior of the gondola should provide those facilities
required for comfort during that period. Specifically, a bed
should be provided. However, only one bed should be provided
since both crew members should not sleep at the same time. A
toilet is not provided, but there should be space for a portable
facility and measures should be provided tc vent cdors cutside.

49



ool P 45‘3
OF PODR QLALITY

/)
4

) 5

Fig. 5.1 Shape of sealed gondola

In addition, a work table and rack should be provided.
Consequently, the interior dimensions of the gondola should be

3.2 m in length by 2.2 m in diameter.

5.4 Structure of gondola

Tlie shape should be cylindrical to lighi{en the weight, as
indicated in section 5.2. A monocogue structure was adopted
since the original significance was lost due to the use of a
skeletal structure even with a cylinder. There is no skeleton in
a monocoque structure, and the load is borne by the outer
plates. A pure monocoque structure without using longitudinal
members can be employed in the case of the yondola of this design
in which the length is shorter than the diameter and in which the
outer plates are not too thin for ease of handling. However, a
semi-monocoque structure incorporating longitudinal members was
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employed since four windows were opened on the sides of the
cylinder, The frame has one plate near the edges, and two plates
incorporated in some places, and this part of the frame is
suspended under the balloon.

The heads (end plates) which form both edges are the parts
posing problems of strength in the gondola with a cylindrical
monocoque structure. There are conical and revolving curved
types of head shapes, as illustrated in figure 5.2, and the
former is preferable in terms of production. However, very large
local torsional stress develops in the part connected to the
cylinder, as illustrated in the figure, if roundness of quite
large radius (r>0.06 D) is not provided. Adoption initially of a
rotating curved surface which would be useful for strength would
be best since the advantages in production would be reduced by
half if roundness is provided.

Finally, aluminum alloy was selected as the material to be
used in the outer plates, frame an¢ penetrating members, and
honeycombed sandwich material wculd be used for the floor inside,
thereby minimizing weight. FPFurthermore, the entire exterior
surface of the monocogue structure would be enveloped by
adiabatic material (foaming plastic), with polyester fiber on top
of that.

T=006D

)

Fig. 5.2 Shape of head

5.5 Strength calculations of gondola
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The strength of the monocoque structure could be calculated
applying the shell theory. A shell is a thin curved plate which
is generally capable of withstanding tensile and compressive
stress, torsion stress and perpendicular shearing stress. The
tensile stress and compressive stress are paramount in a shell
using internal pressure such as a gondola, and the torsion and
shear stress are generally low. These are termed secondary

stresses, and may be considered only as required. Specifically, the

strength can bhe calculated in this case considering a
membrane which cannot withstand torsional or shearing stress.

The following relation develops according to the theory of
membrane stress taking p as the pressure difference between
internal and external pressure, the plate thickness as t, the
curvature radius in the circumferential direction as ry, the
tensile stress as g, the curvature radius in the meridian
direction as ry and the tensile stress as o (refer to figure).

R T N
t

'm Iy

tn

Determination of a shell structure of uniform strength is a
significant problem. Here, we will consider production of a
gondola of uniform strength. The maximum shearing stress
throughout the shell should be uniform since the maximum shear
stress is a standard based on undulation of stretched material
according to the theory of maximum shear stress. Here, we will
attempt to determine the shape of the head of the gondola
following this method so that it will have the same strength as
that of the cylindrical section. This method was first employed
in 1922 by Biezeno in design of a cylindrical boiler. However,
while Biezeno determined the shape by the diagram method, we
decided here to advance further and to analytically determine the
shape.
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5.5.1 Determination of external plate thickness from

cylindrical part

The tensile stress g, operating in the circumferential
direction on the outer plate of the cylindrical section is
obtained in equation (1) by assuming r o, and ry +R (R is the
radius of the cylinder. Specificallv.

.. PR
O't ot T 2)

Conversely, the tensile stress gp acting in the meridian
direction, specifically the longitudinal direction of the
cylinder, is determined from balancing the pressure prRZ2 acting
on the head of the gondola with the pressure gp«2pR acting in the
meridian direction of the cylinder (refer to figure). The result
would be as follows.

I

L.

Comparison of equations (2) and (3) reveals that op %%
1/2 ¢,. Consequently, equation (2) may be used in calculation of
the strength. The thickness of the outer plate from equation (2)
would be as follows taking g, as 40 kg/mm? since the diameter of
the cylinder is 2.2 m, the differential pressure between interior
and exterior is one atmosphere and the tensile strength of the
2024 aluminum alloy is 40 kg/mmz.

1.033 21072 1.1 2103
40

Specifically, it would be 0.3 mm. However, the stress collects
in this region since windows are opened. Since the local stress
approximately triples in the case of round windows, the plate
thickness would be triple, 0.9 mm, when the plate thickness is
determined based on this local stress. Consequently, the
external plate may be 1 mm thick. Conversely, the stress Ot
determined for £ = 1 mm would be 11.4 kg/mm?. This value falls
in the middle of the circumferential stress of 7 to 13 kg/mm2
used in current aircraft.

=0.284( mm).
<

5.5.2 Determination of the shape of the head
The plate thickness of the head is constant, and the maximum
shear stress due to membrane stress obtained from the membrane
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stress theory is assumed to be equal to that at the cylinder.
The equation of the membrane stress theory could be depicted as
follows when intersecting coordinates are adopted as in the

figure. , /AL

0
P
t
g, g
e )
2T rt 0y, sinf=wr’p (5)

Here, equation (4) is identical with equation (1).

d=ds=—2—, r= —
Imd0=ds cosf | Y sing

Consequently, the following can be written.

L _ cosfd@  dsind 1 _ sing.

l'm d r d r ' I't r
When these are introduced into equation (4), the result is

Opdsing Jisin
i A LI

dr r t
Furthermore, the following results from equation (5).

(6)

pr
O = n
m 2tsind
In addition, assuming u = sin 9, equations (6) and (7) would
become
pr r du
oy = (2 —tree 8
LT u dr) ®
pr
Oy == 9
m 2tu o
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From these two equations, the meridian stress is usually tensile,
but the circumferential stress 2-r/y.du/dr = 2 - rt/rm is
negative, Specifically, compression develops when rts2r._. The
maximum shear stress tmax would be 1/3 the difference befween the
two principal stresses according to th« stress circle of Mohr.
The result would thus be

Oy Oy 1 pr rda
2]

Rl G e, (:m

2 2 2ty ydr

The result would be as follows in relation to the cylindrical
section.

Tmax =

gy=pRA )
~0, =pR/(2t) )

This is tensile stress in both cases. Consequently, the maximum
shear stress here is 1/2 the difference between the maximum
principal stress op and zero. Specifically,

Tmax = %-'J?- 3

Assuming that the shear stress on the cylindrical section and the
shear stress on the head are equal everywhere, the result is

du _ u u?
Fraliaiie +2R—rg 149

This equation can be solved with the following results.

P L,
8= 8inf = SR e "

The integration constant using r=R at & = /2 as the boundary
condition would be

C=—R(1+24nR) g

Consequently, /42

sin @ = — 5 a2

1—-22n

* (Note) Maximum stress theory

Also termed the theory of Guest. This theory asserts, "Rupture occurs
when the maximum shear stress within the material is equal to the maximum
shear stress at the yielding point during simple tension". Since the
maximum shear strese is half of the difference between the maximum and
minimum principal stresses, the conditions for rupture would be ig1—g3|
1/2 = gY.P/2 -
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Based on these results. the ultimate quation is
Ay R
dr

-tang - am
: o L e X2
Jr}1 uﬁnR;(R)

i

The §°i“t at which oy changes from compression to tension is
found to be

..L.-.._!.._::, 65
R‘fe_" 0. 6065
When r/R is smaller than this value, gy is tension. Moreover,
the value of r, at r/R = 1//€& is equal to R. 1In regions in
which o, is tension, the maximum shear stress would be 1/2 ogp.
Specifically,
pry

T max —— i
4t

Since this should be equal to the maximum shear stress pR/(2t) at
the cylindrical section, this woulg be equalized as follows.

ry = 2R
When this result is used, the Eollowing would result in this
region, rm = 2F
Specifically, this section would be a spherical surface of radius
2R.

Figure 5.3 illustrates a graph of the meridian cross
sectional shape of the head summarizing these results.
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Figure 5.3 Meridian cross sectional shape of head

5.6 External equipment of gondola

A zero pressure balloon must load quite heavy ballast. Sand
ballast may be used as well as water ballast in water tanks below
the floor. Sand ballast would be packed in bags which are
suspended from hand rails surrounding the bottom of the
gondola. In addition, a combination air expandable float and
shock absorber would be installed below the hand rails, and this
would usually be folded, but it would be inflated by compressed
air when required.

The gondola would be suspended by four cables, but a
parachute would be fitted between it and the balloon, a so-
called “"cargo parachute”., 1In the event of an emergency, an
electric charge could be sent to the explosive separation device,
and the gondola could be separated from the balloon. The gondola
could have an exterior painted with a red and yellow checkered
pattern for easy visibility from the air when the gondola has
landed or been forced down in the water.

% 44!'\./ ?
\ %‘%‘W/// g
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The entrance-exit would open outside from the windows on the
left or right of the seats, but during an emergency, the round
windows above and below the seats could be opened outward and the
crew could escape from there. There are two windows at the front
and one window at the rear, and the shape would be fan-shaped /43
with rounded corners. In addition, there would be a total of
seven windows since there would be four round windows
incorporating exits as mentioned previously (Figure 5.4).

Figure 5.4 Exterior view of cylindrical gondola

5.7 Internal equipment of gondola

Cylinders of liquid air or liquid oxygen would be on board
in order to compensate for oxygen deficiencies in the gondola.
Furthermore, an air purification device would be provided to
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reduce consumption, Liquid fuel in a fuel tank below the floors
would be burned for heat, and the interior would be heated via a
heat exchanger.

The seats would be reclining seats, and one would be a joint
seat and bed. The other seat would switch forward and backward,
and would face the work table and rack. Figures 5.5 and 5.6
illustrate the arrangement of the internal and external
equipment., The equipment is as follows.

(1) work table

(2) Rack (primarily containing communication and navigation
equipment) .

(3) Housing rack (primarily containing sleep gear, clothing
and food).

(4) Portable toilet

(5) Fire extinguisher (two)

(6) Drinking water-thermos bottle

(7) First aid kit

(8) Illumination gear

(9) Personal parachute /44
//// | \‘\A‘\\
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-
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Fig. 5.6 Arrangement of equipment in cylindrical gondola

1 solar cells 2 float-shock absorber
3 parachute 4 rack

5 oxygen cylinder 6 bed

7 battery 8 water tank

9 fuel tank 10 adjustable seat

11 heater 12 instrument panel

13 reading light
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5.8 Communications equipment, navigational equipment, i

distress signal equipment /46 !

The HF-transmitter receiver usually carried on long distance
aircraft is on board as the communications equipment.

The navigation equipment receiving and using the signal
radio waves sent by local stations is suitable as the simplest
and cheapest equipment. This uses the so-called radio navigation
method. Flight over ground by VOR using radic waves from a VHF
(ultra=-short wave) station would be possible, while omega
navigation using radio waves from a VLF (ultra-long wave) station
would be required when over water. This receiving equipment is
the most commonly used navigational method at present since it
is inexpensive. 1In the trans-Pacific project, VLF/Omega
navigational equipment using radio waves from VLF stations and
omega stations, as well as ADF equipment (automatic directional
finder) using VOR (ultra-short wave) and NDB (intermediate wave)
are to be on board if possible.

Notification of an emergency would be carried out by
issuance of an S.0.S. by an HF receiver on board, but dispatches
using artificial satellites may also be sent as used by N. Uemura
in the polar expedition. This is termed EPIRB (emergency
position indicator radio beacon)., In the event of an emergency,
when a distress signal is issued from this eguipment, a satellite
picks this up and relays it to a ground station where the
position is calculated and GRAN (rescue organization) is
notified.
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5.9 Instrumentation, power source

The instrumentation and power source are as follows.

(1) altimeter (aneroid altimeter and radio altimeter)

(2) ascent meter

(3) barometer (for external pressure and pressure in gondola)

(4) thermometer (for external temperature and temperature in
gondola)

(5) humidity meter (for external humidity and humidity in
gondola)

(6) meter for gas pressure in balloon

(7) thermometer for gas in balloon

(8) clock

(9) magnetic compass

(L0) flight camera

Power source:

(A) batteries for communications equipment, navigational
equipment (24 V.D.C.)

(B) batteries for interior lights (12 V,.D.C.)

(C) solar cells

(D) gasoline generator

[Data] Example of calculation of balloon course during
ascent (m)
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In the case of a balloon of 30 i diameter, 900 kg weight and

174 kg of free buoyancy (fraction of buoyancy devoted to lifk,
the result following subtraction of weight from total buoyancy)
(19.3% of weight), the course of flight if this balloon were to
rise wiriie subjet to winds was calculated, and the results have
been depicted. The wind velocity on the ground is assumed to be
zero, and it is assumed to increase linearly, reaching a peak of
80 m/s at an altitude of 12,000 m. This is followed by a linear
decrease to 20 m/s at an altitude of 20,000 m (Figure 1l).

It would take approximately 30 minutes for the balloon to
reach an altitude of 12,000 m according to the calculations, and
it would travel approximately 73 km from the starting point.

(Fig. 2)
m | FLIGHT PATH
200004 ¥
T=2500
§
Stratosphete
T=2000
11000
1ot Troposphere
T=1500
T=is
] ' 50360 ! : 100000 m
DISTANCE: X
Fig., 2
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Strength calculations based on membrane theory of
cylindrical shell X ¥

A ne 4

7T A
—

A

The following proportional equations develop taking the
differential pressure inside and outside of the cylinder as p,
the weight per unit area as y and the shear stress acting on the
cross section in the circumferential and longitudinal directions
(the sizes are equal) as 1.

1

ox R a0 0 (1
! T

ix TR ag Ty sind @

R
”t”';(p—Tcmo) )

The following results from equations (2) and (3)
at 27

Ergaiiralil

When C,(g9) is taken as an integration constant and integrated,
the result is

T=— 2:* sing +C,

When the Loundary conditions of ¢ = 0 at x = 0 are used, the
following results since C;(p) = O,

27x

T=—

sing ()

When this is introduced in equation (1), the result is

dom _ 27x

0x Rt

When this is integrated and C5(8) is used as an integration
constant, the result is

cos §

om =

2
;’: cos@ +Cy(6)

When both ends of the cylinder are assumed to be blocked, the
result is as follows since gm = pPR/2t at x = & 1/2
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Consequently

) L T .
om= X 4Rt('€' 4x“) cosl &

The aforementioned results are summarized and written as follows.
O'tz-% (p=Tcos g )

4Rt

Y ),
T=— .?.%’i sing torsional stress

“‘E‘{' --L (L2~ 4x2) cos 0
WNWVWW

When the total weight of the gondcla is taken as W and this
weight is assumed to be uniformly distributed on the cylinder,
the result is

T (©)

Here, the result is as follows assuming W = 1,500 kg. R = 1,100
mm, 1 = 1,800 mm and t = 1 mn.

T =1206 X 10" kg mr’
The maximum value of gt occurs at § = . The value is
(Ot )mar = 13, 5 K9/ mnt

The maximum value of O occurs at ¢ = 7 in the center of the
cylinder.

(o) max = 5,77 kg/mm?

In addition, the maximum value of ¢ occurs at both ends of the
cylinder, at 6 = /2 and at 3y/2

Tmax =0, 217 kg/ mn’

In any event, the effect due to the gondola weight is slight and
poses no problem.

6. Various problems in Elight Qparatlons Saburo Ichiyoshi /50

6.1 Grouna'support

Ground support centers at Tokyo and San Francisco were
established, and these support *he ballcon during f£light through
24 hour surveillance. Botlk centers are capable of contacting the
Civil Aviation Bureau, the Japanese Air Self Defense Forces, the
U.S. Air Force, the Japanese Naval Gelf Defense Forces, the
Maritime Safety Agencies, the U.8. Coast Guard, the
Meteorological Agency, the Weather Bureau, the Ramos NASA
computer or amateur radio groups. The position of the balloon is
periodically received, the course is tracked, weather information
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is received, weather forecasts are mad: the ultimate course is
projected and calculations of the ballazv nf the balloon are
conducted independently of the balloon crew members,; and these
results are periodically conveyed to the balloon,

6.2 Preparations until lift-off

The lift-off site would be along the Pacific Coast of
Honshu. A point was selected from which the winter jet stream
could be easily boarded, and where protection from the wind would
be possible. The time of lift-off would be the winter, from
November through March, when a stable jet stream (polar jet)
could be expected, and when the weather would bhe stable and the
ground winds would be moderate. Deviationg in weather conditions
were also considered during the lift-~off period.

6.3 Balloon master

The balloon master with considerable exberience in launching
of large capacity balloons and in gas injection is responsible.
The balloon master has total responsibilty during gas injection
in the balloon and until the balloon is safely launched. The
bal%oon crew and other people work following the orders of the
master.

The work begins with preparations of the sealed capsule.
Instruments, power source, food, water, ballast, emergency
provisions etc. are loaded, and various tests are conducted.
After determination of "GO" based on the final weather
information, the capsule is connected to the balloon by a winch
while held down. This is to prevent spinning or other problems
due to a strong ground wind. Next, gas is injected into the
balloon. After the completion of gas injection, the crew boards
and a final pre-launch check is conducted by the crew following a
check list. ‘rhe amount of gas, ballast and buoyancy are checked.

After the completion of the check, the crew receives
permission from the control tower, and the balloon master orders
Lift-off at the moment of greatest meteorological stability. The
winch rope is released and the balloon is launched.

6.4 Maneuvering
Maneuvering of a zero pressure balloon (balloon with
virtually equal pressure inside and outside) is accomplished by
gi{iually the same method as that of a conventional sport gas
alloon.
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The balloon descends by opening the valve at the apex of the
balloon, releasing some of the gas, while it ascends by
discharging some ballast. However, direct release of ballast or
opening~-closing of the valve by pulling on a rope is impossible /51
because of the sealed capsule, All operations are carried out by
remote control from within the capsulre by electromagnetic valves
etc,

Lift-off at a rapid ascent rate is not carried out because
it is a manned balloon. The balloon ascends at a controlled rate
while excess gas is controlled by the ballast.

6.5 Lift-off

The balloon would ascend ko the optimum £light level after
approximately 30 minutes of ascent at a contrxolled rate of
approximately 5 m/s based on analytical results of pilot balloons
and meteorological data. The time of lift-off is evening when
there is no effect of solar heat as in the day in order to
economize on ballast.

The crew members would conduct ATC contact, monitor the
instruments, observe the state of the balloon and would confirm
the flight path until the cruising flight level is reached.

After the cruising altitude is reached and the altitude is
stabilized, all equipment is checked, and the results are relayed
to the ground support center. The crew members alternate
monitoring of the craft on four hour shifts.

6.6 During cruising

The greatest work during cruising is maintenance of the
altitude. Contraction and expansion of gas due to the
temperature difference in the day and night must be contended
with. The overall flight project is affected by the amount of
ballast ejected during this time and the amount of gas
discharged. A stable flight for a longer period of time can be
ensured by economizing the amount of balloon and gas discharged.

Equipment which issues alarms to the crew should the upper
or lower limits of the cruising flight level or the standard
ascent rate be exceeded are incorporated in the altimeter and the
ascent meter.

The responsibility of the crew during usual £flight is to
prepare logs pertaining to the hourly position, altitude, balloon
state and amount of ballast, as well as to maintain contact with
the ground support center at regular intervals and to receive
meteorological information, forecasts and flight advice.

Another impurtant item with maintenance of altitude is to
maintain strength and mental faculties while fighting fatigue
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under severe environmental conditions for prolonged periods of
time. The crew must rest &s much as possible while off duty.

6.7 Flight profile

A trans-Pacific flight from Japan to North America is
projected to take approximately 100 hours, covering approximately
10,000 km at an altitude of 12,000 m. Enough food for two weeks
would be loaded to ensure enough in the event of recovery on the
sea.

There would be a two man crew, with people experienced in
balloon maneuvering, flight communications and the flight air
control system.

The balloon would be launched from eastern Japan at night,
would would ride on the stratospheric jet stream at an altitude
above 10,000 m if favorable currents are boarded, and would fly
across the Pacific to North America. The crew would spend three
or four days in the capsule, and would land in Oregon or
California.

6.8 Landing

The landing site can vary from Alaska and Canada in the
north to the western coast of Mexico in the south due tn changes
in the meteorological condi! !~ns,

Landing at night is awnided due to night surveillance

conditions. First, the balioon would descend to an altitude of 2,000

to 3,000 m following instructions of thé nearest control tower
based on ground conditiuns at the landing site and meteorological
information obtained from the ground support center, and the wind
direction would be monitored while flyirig at a constant level and
a landing site would be sought visually. The balloon would then
descend to an altitude of 1,000 m at a controlled rate, and it
would then descend at a controlled rate while the concrete
landing site has been determined. The balloon would then descend
to 30 m in level flying two or three times until the final
landing approach is carried out, and the balloon would make an
approach at the descent rate of approximately 1 m/s after
confirmation that landing at the site would be safe. The drag
rope would be dropped while opening the gas valve, and the
balloon would be detached by quick release immediately after the
capsule touched ground. Thus, movement of the capsule on the
ground would be arrested. When the atmospheric state near the
ground is very calm, the balloon need not be released and landing
could be accomplished by the capsule alone.

6.9 Landing in water

Landing on the water has been envisioned due to unexpected
circumstances, The capsule has been designed so that it can
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safely land on the water. The procedures in that case would be
virtually identical with those in the case of landing on the
land. After touch down and separation of the balloon, a sea
anchor would be thrown overboard and the capsule would be
steadied. Neither sail nor engine for navigation on the water
was provided. The capsule would be recovered by helicopter or
ship in the event of landing on the water.

6.10 Rapid landing (landing in water)

In the event that safe lending is impossible due to tearing
of the balloon or some other unforseen occurrence, the altitude
would be gauged, the balloon would be detached and rapid landing
would be effected by the capsule using the large parachute for
the capsule which is attached outside of the capsule. In the
event of emergency in the ocean, there are no provisions for
indiﬁidual parachutes for each crew member after escape from the
hatch.,

6.11 Practice

There are many cases in which reliance on the judgment of
the crew members is required. Practice by the crew and by ground
support crews is the most important key to success of the
project.

The crew of the balloon must have the ability to make calm
judgments under various circumstances rather than have extraordinary
physical strength. Extensive training using the capsule,
including activity training within the capsule, practice on
various devices and simulated descent to a safe altitude while
receiving air under low humidity, low pressure in a decompression
chamber, as well as practice while the capsule floats on water is
essential. The final suitability of the crew would be determined
on the basis of these tests.

6.12 Flight traversing the Pacific

Success in this flight would break the existing record for
distance of manned balloon flights and the record for long term
duration in the stratosphere. A new record for manned balloon
speed would also be set since the jet stream is used.

This project would serve as the opportunity for the concrete
development of future super pressure balloons and infrared heated
balloons in the field of LTA.

6.13 Conclusion

This balloon flight is a project to send a message to the
President of the United States and the Secretary General of the
United Nations Iin an appeal to them to halt environmental
destruction and to promote world peace as we face the 2lst
century, beset with a variety of complex problems.
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[Data]
"Figure illustrating the shape of the balloon for crossing

the Pacific and the structure of the gondola", and "List of
weights of balloon equipment", devices.
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Table 2 /57
Weight list balloon equipment, devices (units: kg)
balloon skin B 15 (15,000 m3) 80
connection equipment, wires, valves 15
quick release, four sets, 5 kg x 4 20
load frame 5
ondola wire 4
canaa%x 124
puralumin or carbon fiber, frame 70
FRP or GRP sealed wall 70
foaming plastic, adiabatic, shock absorber,
floatation material, air-tight windows,
window frame 30
double, sandwich structure, four layers, 10 kg x 4 40
Crew 210
two men, 70 kg x 2 140
clothes, installed machinery, shoes, harness,
5 kg x 2 10
miscellaneous cl.thes for two .en
poncho, parka, down jacket, down pants, insulated cap
underwear, goggles, sunglasses, gloves 3
schraf* da%1.35K= 3
wet suit 2 x 4, K= 8
helmet 2 x 1. kg = 2
parachute (passenger use) 2 x 7 kg = 14 27
Oxygen 180
liquid oxygen (with container) 5 liter capacity
36 1b (Gas 4150 1)
mefabolicrate 800 ml/miss, 1152 1/day, taken as MAN
6 day's worth x two men, 18 kg x 3 54
regulator, valve 2m x 2 6
mouthpiece, bellows pipe, body clip 4
emergency use high pressure gas oxygen, mouthpiece,
valve, tube 5 kg x 2 10
Miscellanécus <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>