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Introduction /1

A survey study has already been under way in our country for
the past two years concerning the questions: what are LTA craft
and of what use ar: they? The survey has been sponsored by the
Japan Society for “he Promotion of Machine Industry. In this
survey, a general study has been made of the conventional types
of small and large-size airships and of the possibilities of
balloon systems in new applications.

During the ccurse of these studies it was felt that, if the
conventional types of alirships were to be used without any further
modificatiors, their applications would te limited to uses such
as air patrolling in view of their extremely slow cruising speed
in comparison with the HTA aircraft of today and their highly
inferior maneuvering properties.

Nevertheless, LTA craft also have a number of advantages.
Thus, if hybrid LTA aircraft were to be combined with HTA aircraft
in various ways, it might be possible to perfect new types of
aircraft in which the drawbacks of both would be eliminated and
the advantages of both would be displayed to the full. Attention
has been pald to this point in various countries of the world, and
numerous plans for 1ifferent combinations have already been made
public thus far. Naturaily, the drawbacks of the LTA will still
remain. That 1s, since the buoyant gas has little static buoyancy,

the size of the vehicle as a whole will be quite large in comparison

to its total weight, and there will be many problems in handling
them on the ground. In addition, the price of a hybrid LTA will
naturally be more expensive than that of a pure LTA. Even at that,
is there not a demand somewhere for one type of hybrid LTA or
another? As social conditions have been changing, the demands

on aircraft have become more and more multi-faceted. Are there
not some markets somewhere which some sort of hybrid LTA could
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satisfy under more advantageous conditions in a fleld where the
requirements cannot be fully met by conventional HTA or means of
land transport?

Quite recently, the existence of such markets has become
apparent to us with considerable clarity. The chief purpose of
this survey was to sketch out, as vividly as was possible, the
outlines of these markets and to eluclidate the possible technolo-
gles which might be able to meet thelr requirements.

The results of the survey showed that there are markets
where there is a greater possibllity of realization .".at we had
formerly supposed, and that there are social requirerents more
urgent than we had imagined. One possible area 1s that of short-
distance transport of heavy cargoes by hybrid LTA consisting of
a combination of helicopter rotors and LTA. This area has attracted
the attention of speclalists in America and France, where research
is already under way. Furthermore, it was suggested in our survey
that, under certain conditions, hybrid LTA aircraft might be able
to operate to better advantage than HTA STOL cargo planes in the
field of short-distance mass passenger transportation within Japan.

Of course, we have only reached the end of our first stage of
approach to technological studies concerning hybrid LTA. Never-
theless, as far as we can tell from the results of this survey
study, it will definitely be worth our while to move ahead to the
next stage. In the next stage, our study will not be limited to
merely theoretical surveys; in parallel with these, we ought also
to move one step forward in the direction of actually building
something.

Since LTA craft have vanished from the aeronautics world for
a long time, they are quite unfamiliar in general to specilalists,
and there are probably many who, on the baslis of their impressions
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of the 0ld airships of many years ago, have a negative opinion of
them and think that they do not meet the requirements of contempo-
rary soclety. However, we hope that everyone in the various fields
of aeronautics will understand thoroughly that the introduction of
the new concept of the hybrid has opened up possibilities for

the development of a means of transportation which technically
cannot be ignored.

Preliminary Chapter /i1

1. Purposes

In recent years there have been more and more exacting demands
for transportation systems to attain higher efficiencies, to
conserve energy, and to protect the environment. Nevertheless,
it has become difficult to meet these requirements adequately
on the basis of the existing transportation systems alone. What
means of transport (tools) ought to be used to cope with these
requirements of socliety and of manufacturing which cannot be
satisfied by automobliles, railroads, seagoing vessels, and HTA
(heavier-than-air) aircraft alone?

LTA (lighter-than-air) aircraft have been attracting attention
as one of the means of transportation for coping with the new
requirements of soclety. That is, they have good VIOL performance,
large transport capacities, and low noise. They consume little
fuel. Furthermore, the land they require for their bases on land
is far less than the lots required for HTA airports. These
characteristic features of LTA aircraft appear to afford us a
bright ray of hope about fulfilling the social requirements (needs)
which are currently being formulated. These social requirements
include also such items as the airlifting of civil engineering
machinery for the construction of hydroelectric power stations to
be build far inland, the airlifting of heavy cargoes such as
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power station machinery, the airlifting of materials for the
construction of power transmission lines, or even passenger
planes for mass transportation of short-distance interurban
commuters. The craft could als.: be used for transportation to
isolated islands.

In this survey study, we first made a search for the market
conditions in order to find out the scale and contents of the
above-mentioned soclial-requirements in each field. We next made
a study of the technological possibilities of the so-called hybrid
LTA, among the various types of LTA aircraft, as a technological
means which might be able to solve these requirements. Our purpose
in this was to match the "needs" and the "seeds."1

On the basis of these results, we next collected materials
for making an overall decision about the following questions.
Tnat is, what type of a contribution could LTA aircraft make
throughout the entire fleld, and to which social fields could it
make a contribution? If LTA aircraft are to be developed in the
future, what type of LTA aircraft ought to be given first priority?

2. Toplc Studied

Survey studies have previously been made of some types of
aircraft belonging to the LTA aircraft field, such as conventional
types:.of small and large-size airships and balloons. Consequently,
the materials concerning the above-mentioned types of LTA have
alréady been published, and we have used the results of these
survey studies.

Therefore, in this survey study we limited our technological
study to a single toplc: the hybrid type LTA.

1) These words are in English in the original. - Tr.
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3. Organization of the Survey Study

An "LTA Aircraft Systems Committee" consisting of the following
men of experience and learning was set up in the Japan Industrial
Technology Association. We also set up a Working Group composed /111
of specialists {rom various fields and a coordinator. The basic
guidelines of the survey study were determined in the Committee,
which made the final evaluation of the results of the survey
conducted by the Working Group.

Committee Members
[Members] (Not 1listed in order of importance)
® Hidemasa Kimura, Professor Emeritus, Nihon University
Akira Azuma, Professor, University of Tokyo (Institute of
Space and Aeronautical Science)
Ryohei Tsunomoto, transportation critic (Transportation
Economics Research Center)
Makoto Hashizume, chief officilal, Aircraft Division, Alrcraft
Business Department, Mitsubishl Heavy Industries, Ltd.
Tadao Takahashi, director, Planning Department, A_..craft
Business Headquarters, Kawasaki Heavy Industries, Ltd.
Susumu Kuwahara, director, EPDC International
Shinzo Tanaka, president, Airship Development Organizatlon, Ltd.

[Observers]
Hiroshi Shima, director, Technology Research Division,
General Coordination Department, Agency of Industrial
Science and Technology
Hisakatsu Yamada, director, Aircraft and Ordinance Division,
Machinery and Information Industries Bureau, Ministry
of International Trade and Industry

# Committee chairman
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Takayukl Hirano, director, General Coordination Section,
Jechnology Research and Information Division, General
Coordination Department, Agency of Industrial Scilence
and Technology

Hidefusa Miyars, director, Aircraft and Ordinance Section,
Aircraft and Ordinance Division, Machinery and Information
Industries Bureau, Ministry of International Trade and
Industry

Ikuo Toyama, staff speclalist for technology research,
Technology Research ar.d Information Division, General
Coordination Department, Agency of Industrial Science
and Technology

Mitsuakl Takeda, staff specialist for technology research,
Technology Research and Information Division, General
Coordination Department, Agency of Industrial Science
and Technology

Soichi Nagamatsu, assistant section chief, Aircraft Technology
Unit, Aircraft and Ordinance Division, Machinery and
Information Industries Bureau, Ministry of International

Trade and Industry

[Working Group]

Akira Azuma, professor, University of Tokyo

Korin Oka, ch ef officer, Aircraft Basic Design Division,
Second Technology Department, Nagoya Aircraft Works,
Mitsubishi Heavy Industries, Ltd.

Akihiko Onden, Office of Senior Officer for Development
Progra.as, General Coordination Department, Agency of
Industrial Science and Technology

Motohisa Komatsu, director, Heavy Cargo Transport Department,
Tokyo Shibaura Electric Co., Ltd.

Yoshinori Sakal, assistant section chief, Basic Planning
Division, Technology Department, Aircraft Business
Headquarters, Kawasaki Heavy Industries, Ltd.
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Norio Yamanouchi, chlef official, Market Survey Section,
Planning Office, Private Cargo Plane Development
Association, Inc.

Kazumasa Iinuma, researcher assigned by Japan Industrial
Technology Assoclation to post of secretary-general,
Bouillant Aviation Conference Secretariat
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[Secretariat]
Tsuneo Momoda, director, Japan Industrial Technology

Assoclation

Kazumasa Iinuma, researcher, Japan Industrial Technology
Association

Isshl Watanabe, director-general, TA Department, Japan
Industrial Technology Assoclation
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Chapter I. OUTLINE OF VARIOUS LTA AIRCRAFT SYSTEMS
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I-1, Definition and Classificati-n of LTA Aircraft. /1%

Aircraft are classified according to whether they are heavier or
lighter than air: HTA (heavier-than-air) aircraft or LTA (lighter-than-
air) aircraft.

The fixed- and rotary-wing aircraft which are mainly used at pre-
sent are classified as HTA aircraft, while balloons and airships are
called LTA aircraft. LTA aircraft are equipped with air tanks rilled
with gas v - ‘ch 1s lighter than air and which renders buoyancy to the
aircraft sc that it can stay in the air.

LTA aircraft are classified into two broad categories, 1) balloons
and 2) airships. This classification 1s based upon the exlstence or the
lack of horizontal self-navigation ablility. Needless to say, the LTA
aireraft which have horizontal self-navigation abillty are airships and
those without it are balloons. (See Fig. I-1.)

I-1-1. Balloons.

Usually, balloons are categorized into captive balloons (balloons
moored to mooring ropes) and free balloons (balloons not moored). Clas-
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sification of balloons according to their structure, such as rigid and
non-rigid balloons, did not exist in the past. All the halloons built
in the past had a non-rigid structure, like toy balloons. Why rigid
balloons have never appeared in history may be explained by the lack
of demand for balloons so huge that their structure must be rigid.

Amcng the well-known free balloons are those used for meteoro-
logical observation in the upper layer of the earth's atmosrhere, or
those used for cosmic ray observation in its uppermost layer. These
balloons are not manned. Up until the 1930's, however, manned balloons
had been used for otservation purposes. The most outstanding achieve-
ment in this area was that of A. Plccard and Kipfer who reached the
stratophere (15,500 m), in a balloon which had an air-tight chamber
under it.

Recently, manned balloons have gained popularity and riding bal-
l1ocns has become a new sport. The movement of such balloons may be
controlled only in the vertical direction (altitude), by means of
mechanisms which control the buoyancy of the buoyant gas of the bal-
loons. Many of these recreational balloons use hot air as buoyant gas.
The buoyancy 1s controlled by gas hurners which regulate the amount
of the hot air.

Captive balloons were used in Japan for air defense purposes until
World War II. Balloons used for advertisement are the most famillar
captive balloons nowadays. Interest has also been stimulated 1rn the
various applications of captive balloons to many fields - those fields
in which talloons were used frequently even before World War II, i.e.,
meteorological observation, emergency warning, communication, command
relay, etc., as well as new fields in which the use of balloons was
not considered before World War II, i.e., transportation of construction
materials or heavy cargoes, etc. It was immediately after World War /2
IT that balloons began to be used for airlifting lumber from forests.
These balloons have been continually developed and are now under cor-
sideration for use in carzo handling at harbors.

I-1-2. Airships.

Airships are usually divided into three categories; rigid, semi-
rigid and non-rigid airships. The rigid airships have a structure in
which a hull with framework is covered by outer coverings. The hull
includes one or more air tank(s) containing buoyant gas. A rigid struc-
ture conslists of two portions, one which renders durability to the hull
and one which creates the buoyancy of the ship. As the size of an air-
ship increases beyond a certain limit, i1t becomes preferable tc have
two separate structures, each of which fulfills one of the above two
functions. The giant airships which have been built since the Zeppelin
airships are all of the rigid type. .

Non-rigid alrships are, so-to-speak, balloons with horizontal pro-
pelling mechanlisms. They do not have any framework or rigid structure.
These non-rigid airships have alr tanks which contaln buoyant gas und,
at the same time, render durability to the ships.

Since the early 1930's when the zeppelin airships made their debut
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until the explosion accident of the Hindenburg in 1937, most giant alr-
ships had besn of the rigid type. However, since those alrships dis-
appeared, only non-rigid ones have becn built, partially due to the
abandonment of the attempt to scale up the ship size. Nevertheless,
recent development, mostly in the U.S.A., is in such a stage that air-
ships with_non-rigid structure can be built to a size of 150 to 160
thousand m3.

A semi-rigid type alrship, that is, an airship with a hull struc-
ture a part of which 1s of rigid type, or a non-rigid airship, the
lower part of which is reinforced by keels and beams, has been built
in the past.

The types of airships which are in use or under consideration at
present in various countries of the world are summarized in Fig. I-2.
This l1ist was compiled by Brunc A. Joner and John J. Schneider (Boeing
Vertol © LT T e, LaTEY

Cf. "Evaluation of Advanced Airship Concepts," AIAA Paper,
No. 75-930.
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Flg. I~1. Classification of LTA Aircraft.

s e g e

Manned Balloons /3

S—y



[ BOSTON UNIV, (MORSE)

CONRAD CA |
# K AIRFLOAT TRANSPORT
RIGID AEROSPACE DEV
AlIR- CARGO AIRSHIPS
SHIP VERESS ALV 1
MIKHALE
SLATE SMD |

RIGID AIR SHIP
(X oMirk)

| SCACI METAL CLAD

16 X NOVOSIBIRSK 2

i?gfn PAPST RSHIP NON RIGID AIRSHIP|
UCKER AIRS - —~

AlR- L TEC (BRXTHORITE)

SHIP

( RAVEN STAR .
% K SONSTEGAARD ;
NON- CANADIAN CAD 1——————/“
RIGID | GOODYEAQ BLIMP —
gé?; \NOVOSIBIRSK 1
| BALLEYGUIER LGV

Fig. I-2. Classification of Airships.

I-2. Positions of Various Types of Aircraft in the Qverall System of
Aeronautic Technology.

There exist, more or less, some flelds in which demands cannot be
met by the functions of the presently used HTA aircraft. In order to
identify those fields, the basic fuctions of both HTA and LTA alrcraft
as means of aeronautic transportation are summarized in this section.

This summary is rather conceptual, and hence, very qualitative.

Some quantitative characterizations are also made, but they are not
rigorous.

IJ-2-1. Basic Functions of Aircraft.

Basic fuctions of various types of ailrcraft, as tools of air
transportation, are categorized as follows: (See Fig. I-3.)
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$D—axis: Endurance Flight
Distance

Fig. I-3. Aircraft Evaluated by their Basic Functions.

VertiCal Movement.........-.. oooooooo .-............A-aXis.

The ability of vertical take-off and landing, the ability to

stay in the air, and the ability of vertical displacement.
Mass or Heavy Cargo Transportation Ability.........B-axis.

How large a quantity or how heavy a mass the aircraft can
carry.

Endurance Flight Time........- ooooo ooo..o-o.-o.o.ouc-axiso
How long the aircraft can fly in one flight.
Endurance Flight Distance.....cvcveveceeeeeensessn..D=axis.

How far the aireraft can fly in one flight.
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Speed..............‘.l. llllll o-ooo-.oooc..o-oo-cu--E"&XiS.
>w fast the aircraft can fly.

Maneuvering PerformanCe..ccceecetescscacnacsac.s ... F=axis.
How freely or how easily the aircraft can be maneuvered, can
take-off and land at the airport, or can load and unload
cargoes.

basic functions classified into the above categories are gra-

shown on the six axes in the six different directions (See
). Every axis is scaled by the follow .g four evaluation

'poor," "fair," "good" and "excellent." Each grade in

each category has the following meaning:

A-axis: Vertical Movement.

poor: STOL is possible with certain difficulties.

fair: STOL is possible, but neither VTOL nor hovering
is possible.

good: VTOL as well as STOL is possible, but not hover-
ing.

excellent: Hovering is possible as well as VTOL and STOL.

B-axis: Mass or Heavy Cargo Transportation Ability.

poor: Can carry several tons.
fair: Can carry several tens of tons.
good: Can carry around a hundred tons.

excellent: Can carry hundreds of tons.

C-axi< - Endurance Flight Time.

poor: Can fly for only two to four hours.
fair: Can cruise for four to ten hours.
good: Can crulse for ten to twenty hours.

excellent: Can cruise for one day or more.

D-axis: Endurance Flight Distance.

L or: Less than 300 km.
fair: 300 to 1,000 km (within Japan).
good: 1,000 to 10,000 km (approximately from Tokyo to

Hawaii or Tokyo to Los Angeles).
excellent: More than 10,000 km (e.g. Tokyo - New York).

E-axis: Speed.

pour: 50 to 100 km/hour.
tair: 100 to 300 km/hour.
good: 300 to 700 km/hour.

excellent: higher than 700 km/hour.
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F-axis: Maneuvering Performance.

poor:
fair:

good:
excellent:

Cannot approach airports without aid.

Has maneuvering performance comparable to CTOL

aircraft, (Cf. CTOL = Conventional Take-QOff
and Landing)

Hovering 1s possible but only with aid of wind.

Hovering is possible even in windless weather.

I-2-2. Comparison of Basic Functions of Various Aircraft.

Based upon the above-mentioned grading system,

P Y Yo Tan Y
£ N
et e s

fixed-wing aircraft (HTA),
rotary-wineg aircraft (HTA),
airships (LTA), and
captive balloons (LTA),

are evaluated as follows:

Fixed-Wing Al

rcraft.

(Fig. I-4)

A-axis:

B-axis:

C-axis:

D-axis:

E-axis:
F-axis:

Can only manage to
perform STOL, and
hence, have a poor
vertical movement
performarnice.

Have difficulties
in carrying hund-
reds of tons at a
time, but may carry
as much as 100 or
200 tons.

Can fly for many
hours, as many as E
10 to 20, but C
cannot endure a

flight longer than

a day.

Have excellent abllity
to cruise long dis-
tances.

Have excellent speed: Can possibly fly at sonic speed.
Have sufficient maneuvering performance, but are rather
poorly maneuvered at a low speed.

>>

D

Fig. I-4. Fixed-Wing Aircraft.

Rotary-Wing Aircraft.
(Fig. I-5)

A-axis:
B-axis:

Exact VTOL or hovering is possible.

A commercial one can carry at most 10 toi.s, while none,
even of the military type, can carry more than 50 tons
at present,



C-axis: None has more
than a 10 hour
endurance flight
record. Normally,
2 to 3 hours.

D-axis: Around 300 km/hour.

E~axls: Have excellent
maneuvering per-
formance, and
can lcad and un-
load ~argoes
while hovering.

Fig. I-So

Airships. (Fig. I-6)

A-axis: VTOL is possible.
Hovering is also
possible to some
extent. However,
the hovering abi- B
lity 1s considerably
poorer than rotary-
wing aircraft.

B-axis: Can carry around
100 tons at a time
without difficul-
tles and will mani-
fest no significant
technical disadvan-
tage even 1f scaling-
up is attempted up to )
carriers of hundreds
of tons to thousands
of tons.

C-axlis: The endurance flight
record may possibly
excead that of the
ordinary flixed-wing aircraft.

D-axis: Since the speed 1is low, the cruising distance 1is short

D

Rotary-Wing Aircraft.

4A

v

D

Fig. I-6. Airships.

even with long endurance flight time.



E-axis: The speed is lower than rotary-wing aircraft anu almost
the same as railroad trains.
F-axls: Have considerably poor maneuvering performance, as poor

Captive Balloons.

as rallroad systems.

(Fig. I-T7)

A-axis:

B~axis:

C-axis:

D-axis:

E-axis:

F-axis:

VTOL is possible,
while hovering 1is
also possible to
some extent (by

three-rope mooring).

At present, can
carry at most,
tens of tons.

The carrying
capacity has not
developed well,
partially due to
the lack of socilal
requirement.

Are the most exce-
llent in this res-
pect. Some can
float even for
several months as
captive floating
objects.

Can hardly move.
Can move horizon-
tally by means of
mooring ropes con-
trolled on the

Fig. I-T7.

vD

Captive Balloons.

ground, but the speed will be at most several tens km per

hour.

Very poor. Cannot be maneuvered.

The four types of aircraft (tools in the air - aeronautic trans-

portation means) have been evaluated herein.
can achieve a sufficient grade in every function at the same time. Thus,

None

of these alrcraft

it is necessary to compose or hybridize these aircraft in response to
the new needs of industrial socleties.

It is for this reason that hybrid LTA have become a major object

of study in various countries of the world.
1s denoted hybrid ailrcraft composed of LTA and HTA aircraft.
hybrid aircraft are designed to obtain dynamic 1ift as well as buoyancy.

Generally, by hybrid LTA,

These

I-3.Pust Achievement in LTA Alrcraft Research in Qur Country.

Since World War II, it was after 1968 that LTA aircraft begarn to

once agaln be recognized in our country.

At first, a non-rigid-type of

/8
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airship with about h,OOO-m3 gas capaclity was lmported from West Germany
in 1968. This importation was advocated dy Mr. Shinzo Tanaka (presently
representative of the Organization for the Development of Airships).
Thls airshlp was used for advertisement for about seven months. However,
it was heavily damaged during captivity at Tokushima, Shikoku, due to
strong winds. Mr., Tanaka introduced another airship from West Germany3
in 1973. This airship was of the non-rigid type and had about 6,000-m
gas capacity. This ship was likewise operated for advertisement pur-
poses for about one year. Unfortunately, this second ship was also
destroyed during captivity at Okegawa, Saltama Prefecture, due to strong
winds.

There are no examples of practical operation of LTA airships in
Japan except for these two. Hence, despite the two consecutive acci-
dents, the data and the experience obtained during the operation of
these airships are valuable and indispensable.

Based on the advocacy of the late Mr. Sekizo Kondo and others,
Buoyant Aviation Conference (headed by Mr. Hidemasa Kimura, president)
was founded, mainly by non-governmental personnel. By this Conference,
studies have been continued regarding the possibiiity of manufacturing
LTA aircraft in Japan and of their utilization in industries.

The Japan Association for the Promotion of Machine Industry under-
took a survey study on the possibtilities of LTA aircraft, based on the
historical background. :»: This study was appr iched from both technical
and soclal aspects and lasted two years (fiscal years, 1975 and 1976).
In the course of this survey study, the LTA aircraft were classified
into the following three divisions:

(1) small-size LTA (airships with 1 to 10-ton payload),

(2) large-size LTA (airships with 10 to 500-ton payload),and

(3) LTA for cargo handling (balloons with more than l-ton
payload).

The first survey in fiscal year 1975 inciuded: estimation of manu-
facturing costs of small-size rigid and non-rigid LTA's, conceptual
sketch .designs of these LTA's, estimation of the manufacturing costs
of large-size rigid LTA's, estimation of the operating costs when these
LTA's are used in Pacific liners, and overview of maneuvering perfor-
mances of both smali- and large-size LTA's. In additicn, this survey
included studies on social demands in Japan for small- snd lsrge-size
LTA's.

The second survey in fiscal year 1976 summarized: technical studies
on captive ballcons, urmanned airships for meteorological observation,
small-size manned alrships and others, investigations of the necessary
scale of ground facilities for small- or large-size LTA's, and in addi-
tion, conceptual sketch designs for harbor cargo handling systems using
captive balloons.

The "Table of Contents" of the report of each survey study 1s cited
later.
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These survey studles are summarized as follows: /11

(1)

(2)

(3)

There will probably be considerable demand in Japan for con-
ventlonal-type small-size LTA's for observation, monitoring,
advertlsement and other purposes. They are, however, probably
not worthy objects of governmental investment in technolo-
gical developments. If any governmental investment is under
consideration, it should be the provision of aid for the com-
pletion of operating conditions and establishment of stable
operations for LTA's.

Ultra-large-size rigid airships (with 500-ton class payload)
must be considered for development, since future air cargo
transportation is predicted to exceed one million tons per
year and to reach the level of several millions of tons per
year,

LTA's are theoretically inevitably inferior to the conven-
tional fixed- and rotary-wing aircraft (which are both HTA's)
particularly in maneuvering performance. Therefore, in the



A

future developmen. of LTA aircraft, technological development
which will produec: signif!cantly improved maneuvering perfor-
mance must first btz consldered.

(4) Cargo handling LTA systems using captive balloons promise both
technologlical and economlical .ossibilities,

(5) There are probably demands {'or alr transportation of heavy
materials with welght exceading the limit of the convention-
al rotary-wing aircraft.

The resuivs of the past studies which are summarized above will be
described in the following in greater detail:

I-3-2. First Survey Study.

The overall framework of this survey study is shown in Fig. I-8.
(The table of contents of the report of this first survey study appeared
on the previous pages.)

In this survey, by small-size LTA is denoted an airship-type LTA
with a payload of less than 10 tons. Similarly, by large-size LTA is
denoted an airship-type LTA with a payload of more than 100 tons. For
cargo-handiing LTA's, captive-balloon~type LTA's were considered. In
this first survey, only an introductory survey was done for the cargo-
handling LTA's. Further study of these was postponed untlil the second
survey.

One might have noted that in the first survey middle-size LTA's
with 10 to 100-ton payload were not treated, but only small- and large-
size LTA's. The reason for their exclusion is as follows: With respect
to scheduled flights (both passenger and cargo flights), the payload
of conventional HTA's, in particular of fixed-wing aircraft, is around
10 tc 100 tons. In this area, specifically, conventional HTA's have
established unsurpassable surperiority. Ordinary LTA's have very little
chance to surpass conventional fixed-wing alrcraft with respect to
speed, maneuvering performance, and other points. This fact itself
was discovered in the course of the first survey study. Thus, middle~
size LTA's with 10 to 100 tons payload were excluded as objects of
study.

(a) Small-Size LTA's (Airships with_a Payload of 1 to 10 Tons,
a CGas Capacity of 10 Thousand m> or Less and a Total Length
of 100 m or Less).

With regard to social demands, we find that there is a large
demand for LTA's for use 1n observation and monitoring. LTA's can
stay 1n the alr for long perlod of time and can descend to very
low altitudes. Furthermore, they create no nolse. These fea-
tures may almost never be provided by conventional small-size alr-
craft or helicopters. In particular, the functions of LTA's will
be 1nvaluable 1in the case of a huge disaster such as a large-scale
fire or earthquake.
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Fig. I-8. Framework of Survey Study.

14



According to the evaluaticn method which was introduced in
the previous sectlon, "Baslc Functions of Various Types of Air-
craft," advantages along the A- and B-axes are to be sought 1in
LTA aircra.t, Namely, the HTA aircraft which may compete with
LTA aircraft in the filelds of monitoring and observatlon are
aero-commander-class small-s*ze fixed~wing aircraft (with 5-hour
endurance flight time, 1850~xm endurance fllght dilstance and
320 km/hour speed) or hellcopters. The fixed-wing aircraft are
considerably inferior in their capacity for vertical movement
(desifaated by the A-axis). (See Fig. I-9)

On the other hand,

hellcopters are nota-
bly poor in endurance
flight time (C-axis)

and distance (D-axis).

Therefore, 1t is
co.:.ceivable that
small-size LTA's
(airships or captive
balloons, may be sur-
per*ar in the areas
of observation and
monitoring. Quite
recently, over-the-
sea surveillance 1n
order to prepare for
the 200-nautical mile
(360 km) economic
territorial water era
has attracted much
attentlon. The
Maritime Safety
Bureau has a new con-
solidation plan, in
order to establish
"the adapting orga-
nization for the n=2w
nautical order." This
plan includes one
crulser carrying
helicopters, five

Hellcopters
\‘~’/ @

B-axis v F-axis

L |

K

1, N\

' Small-Size
[ Alrplanes

(=)
C-axis

3mall-Size
Airshilps
)

D-axis

Fig. I-9. Advantages of Hybridization.

350-ton c¢lass cruisers, two 30-meter class high-speed cruilsers,
one large-size airplane (Y¥S-11), one middle-size airplane (Skyban)
and cne middle-size helicopter (Bell 212). It is very likely that
small-size LTA aircraft may be used 1n this fleld.

There is no partilcular difficulty in bullding a small-size
LTA (an airship or a balloon). A non-rigid structure is sufficient

for this type of ailrcraft.

However, there were several unsuccess-

ful examples. Highly re’ ‘able operation 1s possible cnly with a
reinforced organization or system for operation. Non-rigid air-
ships of the U.S.A.'s Goodyear Company have carried a t.cal of
about one million passenge:'s during the past 45 years ard have ex-
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perienced no accident. In operating airships, all-weather flight
cannot be expected. In particular, the airship are sensitive to
winu and snow. They are influenced considerably by opposing winds.
It 1s estimated that a flight in wind over c0 m/sec (72 km/hour or
40 knots) is practically impossible.

About a 300 x 200 m area is needed for 2 londing ground for one
LTA alrcraft,

— - —
e 1 G i"
..oo‘ g ‘\_‘\i:‘ ot 1oery
—i | A5 | 0K 5|
— N 500000000|X !
N S 000000000]| |}
238 [ : l
: l
—— 230m m
M
d .5:?:::2:;:2311: “u 8I1—10 € IA~9r-8l
{ALEABADL TATRENZID)
Fig. I-10.
keys: a: Position of Mast b: Hangars

¢: Other Buildings

4: Position of Mast and Mooring Assistance Vehicle
Parking Lots in Temporary Mooring Ground for
Non-Rigid Airships.

Schematic Plan of Tokyo Heliport.

D

In the case that small-size LTA aircraft are manufactured /14
with non-rigid structure, it 1s necessary to keep the manufacturing
cost under several hundreds of million yen per unit and the ope-
rating cost (TOC) under 120 to 150 thousand yen/hour.

The development plan fo. small-size LTA's of this class wi™1
have a scale which corresponds to that of small-size helicopters.
However, since there is little need for technical development, the
development costs will not occupy a large percentage of the total
costs for a new plan. Building small-size non-riglid LTA's of this
class will provide indispensable experimental data for the future
plan of giant LTA's with rigid structure.
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(b) Large-Size LTA's (Airships with 500 to 1003-Ton Payload,

250-Thousand-m3 or Less Gas Capaclty, about 550-m Total
Length and 110-m Maximum Dlameter).

When international
alr cargo trans-
portation attains
the level of 1,500
to 5,000 thousand
tons per year,
giant airships as
cargo airecraft will
be indispensable. B-axis
(Cf. The Trans-
portation of 5,000
thousand tons cor-
responds to the
total imported and
exported cargoes
carried by
container-ships 1n
1973.) For example,
if such alrships
are used in Pacific

A-axis

Giant Airship

F-axis

\Conventionally
Useé Jumbo
Jet Plane

\
)
\

liners, one can ex- c-axis . . E-axis
pect an economical N .

effect which would b O

be equal to that of

railroad systems
established through &D-axis
the Pacific Ocean.

The use of Fig. I-11. Advantages of Hybridization
giant airships is of Giant Alrships.
advantageous with
respect to the three
criteria: vertical
movement ability (A-axis), mass and heavy cargo transportation
ability (B-axis) and long endurance flight time (C-axis).

(See Fig. I-11.)

Even if the conventional jumbo jet aircraft were scaled up to
the class of 200-ton payload, if the international air cargo
transportation lev=l reaches the level beyond one million tons per
year, it would be very difficult to require HTA aircraft to play a
main role in air cargo transportation, due to the anticipated noise,
air pollution and airport problems. Although giant airships tra-
vel at a low speed - 100 to 150 km/hour - , they will be able to
be used in cross-Pacific lines because of their long endurance time.
(Cf. Tokyo to Honolulu is about 6,500 km, while Honolulu to Los
Angeles 1s about 4,000 km.)

Assuming that the current international lines in Japan have g
demand for 1,000-kilo-ton-per-year air cargo transportation, 26
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giant airships with 1000-ton class pa%;oad would be necessarx to /1€
meet the demand., There is no doubt that these large-size LTA's

are a much more energy-conserving means of transportation than
the currently used large-size HTA's, In order to transport a
1,000-ton cargo over the Pacific Occean, a 100~t :a payload jumbo
Jet (Boeing 7%7) consumes 75 billion yen per year for fuel.

On the other hand, a 1000-~ton payload giant alrship will consum»
only 17 billion yen per year for fuel. Based on the types of en~-
gines planned for use in gilant airships, it 1s estimated that
those alrships will not cause more noise or air-pollution than the
currently used large-size HTA aircraft. Furthermore, the VTC.
abllity of the alrships would decrease the area which is contami-.-
nated by the noise pollution.

Similarly, the airport area required by the airships is muck
smaller than that of conventional HTA's, owing to the VTOL ability
of the airships. About a 1000m x 1000m area will be sufficient for
a take-off and landing ground for airships which load and unload
cargo at a pace of one to two million tons. (See.Flg. I-12.)

I-3-3. Second Survey Study.

The second survey study covered technical studies concerning cargo-
handling LTA's. These topics were not dealt with in detail in the first
survey study; their treatment was postponed until the second survey study.
In addition, the second survey included: a study of the ground facili-
ties which would be required when LTA aircraft, in particular airships,
were in operation; laws which control their operation; organizations
which are necessary for their operation.

In principle, the second survey study was intended to cover the
works unfinished by the first survey study. The outline of the second
survey study 1s shown in the following "Table of Contents" of the re-
port of this survey:

SURVEY STUDY ON LTA AIRCRAFT SYSTEMS - SECOND SURVEY STUDY /17
TABLE OF CONTENTS
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(a) LTA's for Cargo~Handling.

In the course ol the T%bst survey, 1t was found that LTA sys-
tems for cargo-~-handling attracted a large demand from potential
users. For cargo-handling LTA's, a large suspending ability 1is
required, but excellence 1in speed and in travelling distance is
not required. (For example, the speed of ground-transportation
large-size tractors is about 5 km/hour and, in most cases, the
travelling distance 1s about 50 km.) Therefore, balloons are more
adequate 2as cargo-handling LTA's than airships. The second survey
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study was carried out based on the above-mentioned findings.

At first, results of overseas studies coccerning cargo-han-
dling systems using balloons were collected. Then, a survey was
made on the harbor conditions in the Middle East and Africa, areas
which are thought to be the most promising future market of such
cargo~handling systems. Many harbors in these areas suffer from
congestion. Furthermore, many harbors are presently under con-
struction in these areas.

As a result of these studies, a conceptual sketch dgsign was
made for a cargo-handling system using a balloon (7000 m>) which
can suspend a three-ton cargo. In this system, the initial in-
vestment 1s relatively small compared with the construction cost
of a pler or the 1ike. Moreover, the operating cost for cargo un-
loading is -estimated to be almost the same as, or less than, the
cost of a crane system on a quay.

The Japan Society of Aeronautic and Space Industries has al-
ready begun studies on the practical uses of such systems, based
on the above-mentioned results. A report in some form is expected
to appear late in March, 1978.

In the process of the survey study of the cargo-handling LTA's,

a survey study on captive balloons themselves was done with res-
pect to their uses, performances and other points. This study is
summarized in Table I-1.

(b) Domestic Production of Small-Size LTA's for Use in Urban Areas.

A study was done on the question of how to r it into effect
a plan for the manufacture in Japan of small-size LTA's of the
type most easily bullt among all LTA aircraft. Two proposals were
made, one for semi-rigid airships and the other for non-rigid air-
ships. In the first survey, a conceptual sketch design was made
for a rigld airship and the price of a l-ton payload airship was
estimated at one billion and fifty million yen. Similarly, 1n the
second survey, a cost estimatlon was made for semi-rigid airships
and the possibility of cost reduction was studied.

The following conclusions have been obtained: The manufactur-
ing cost for a 1l-ton payload ajirship was estimated to be about 700
million yen, Since the manufacturing cost of a non-rigid airship
is 200 to 300 million yen, commerclal alrcraft in the near future
should definitely be of the non-rigid type. However, 1insofar as
the alrships are limited to non-rigid type, no significant improve-
ment can be expected in their slugglish maneuverilng performance.
Hence, 1t was concluded that an "advanced type" of LTA must be
studled in the future so as to attain high overall performance.

I S e L
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(c) Survey on Ground Facilities. /e

Current and historical data were collected with regard to
not only the land necessary for airports but also for hangars,
mcoring towers (masts), mooring vehicles, etc. The facilities for
on-the-water (sea) mooring and the construction sites were also
surveyed.

(d) Laws Concerning Operating Organization.

Currently operating organizations in Japan, the U.S.A. and
West Germany were surveyed. A study of laws pertaining to ope-
ration was limited to a consideration of those laws existing in
Japan. As a result of this study, i{ became clear that the ope-
rating organization is relatively poor in Japan compared to that
of the U.S.A. or West Germany.
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Chapter II. STUDY OF HYBRID LTA (PART 1) - GENERAL STUDY - /2
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II-1. Definition and General Information about Hybrid LTA. /22

The original meaning of the word "hybrid" is "mixed-breed" or
"cross." In the past, the term "hybrid" generally referred to the
hybridization of dynamic 1ift and static 1ift (or buoyant 1ift).

According to the original meaning of the word "hybrid," however,
various combinations can be saild to constitute "hybrids" other than
merely the hybrid of LTA and HTA. For example, a seml-rigid alrship
may be called a hybrid of non-rigid and rigid airships.

Thus, for the sake of future development, extension or re-exa-
mination of tae concept of "hybrid" may be useful. Among the exten-
ded concepts is a hybrid of different kinds of zas nused by airships.
A combination of two kinds of gas may be considered, for example, a
gas which is contained permanently, such as, Hellium, with a gas which
is disposable, such as hot air or hot steam. In this example, the
disposable gas can be used for controlling the 1lift (buoyancy). The
combination of Helium and hot air has already come under considera-
tion for recreational balloons.

According to another idea, the gondola portion is suspended by
long ropes from the main body of an alrship or a balloon and is con-
trolled separately by automatic control means. This type of LTA may
als»y be called "hybrid" in a wide sense. Thus, it was decided that
it be included in the present survey study on hybrid LTA's.

Hybricd LTA's whlich have been proposed In various countrles of
the world are summarized in Fig. II-1. (This is a citation from
"Evaluation of Advanced Airship Concepts," by Bruno A. Joner and John
J. Schneider, Boeing Vertol Company, U.S.A., AIAA Paper No. 75-930.)

In the classification in Fig. II-1, "hybrid LTA" denotes a com-
bination of LTA and HTA, that 1s, a hybrid alrcraft using a combina-
tion of dynamic and static 1lifts. (Cf. This type of LTA is called
"advanced type" in English.)

In Fig. II-1, hybrid LTA's are classified into STOL type and

VTOL tvpe based on thelr take-off and landing mode. Then, both STOL
and VTOL types are classified into the type using fuselage (main body)

25
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11ft and the type using other forces (for example, 1ift rendered by
auxiliary wings.)

Figs. II-2 and II-3 show sketchy views of the proposed hybrid
aircraft which have designed shapes recognizable 1in some way. (The
ones whose shapes are unclear are excluded.)

According to this classification, "1lifting bedy system" denotes
a system in which the dynamic 1ift drag ratio of the alrcraft body
(fuselage) 1s maximized. This type of system usually has a flat
shape like a disc, in order to gain as much 1ift as possible while
maximizing the volume of the gas tanks containing the buoyant gas. )
Aereon Dynairship is representative of this type. /g;;

On the contrary, the Megalifter-type alrcraft is that in which
fixed wings are attached to an airship. In the present classification,
this type is classiflied under auxiliary wing systems.

On the other hand, hybrid aircraft combining rotary-wing aircraft
(helicopters) and LTA's are classified as "combined integrated systems."

Another way of classifying hybrid LTA's is based on a combination
of four tyves of aircraft, i.e., fixed-wing aircraft, rotary-wing air-
craft, airships and balloons, as follows:

(a) Fixed-Wing x Airship ...... Megalifter Type...... STOL
...... Aereon Type ......... STOL
...... Boelng
(b) Rotary-Wing x Airship ..... Helipsoid Type ...... VTOL
(e) Rotary-Wing x Airship ..... Vanguard ............ VIOL
..... Donut Type
. (Donut-Shaped Balloon Portion) :
..... Aero Crane Type ..... VIOL '
(Balloon and Wings Rotate
Together. )

ot r i s ane  r e b -



¢ Aereon Dyna »ship

West Assoc Skyship

Lifting ¢ Havill
 Body Delphin Luftshift
Systems
Carnegie Mellon
\ Dynapod \ Aereon Dynairship
STOL | [Megalifter
Twin Hull
Auxilli-¢ Aereon Triple Hull Megalifter
L:,ry Eriok 3 Triple Hull
ing
Mackroot HZ
Systems
Havill Parawing
l Inflatowing
([ Boeing Helipsoid
Lifting { Boeing Deitoid
r
Body NASA Douglas Deltoid Boeing Helipsoid
Systems 1ng P
Good year Dynasta
| Vanguard Airwing
VTOL ¢
[ Onera Pegase
) . Piasecki /Vanguard
Piasecki Helistat
ined Helistat
Combine { Vanguard Blin-Copter
Integr-
{ ated Aerospatiale Atlas
Systems

All American Aero Crane—/

Vanguard Donut

Fig. II-1. Hybrid LTA's - LTA's Which Combine

Static and Dynamic Lifts
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Aereon Dynairship

Delphin Luftshiff

West Assoc Skyship

Boeing Hel ipsoid

Megal ifter
Fig. II-2
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II-2. Reasons Why Hybrid LTA Are Targets for Development. /21

Why are various ldeas on hybrid LTA's presently being proposed
and becoming objects of study in various countries of the world ?
What is the background of these movements ?

One motivation is an academic curiosity on the part of resear-
chers themselves. Many ideas have been proposed by amateurs. (For
example, Aereon Dynairship.) However, cne should not overlook the
question of soclal background. Specially, there are certaln social
requirements which cannot be satisfied by aircraft curreitly in use.
It 1s expected that hybrid LTA's may satisfy these as yet unfulfilled
requirements.

When those requirements unsatisfed by the HTA aircraft curre t-
ly in use are judged based or the criteria which was introduced in
Section I-2-1, "Basic Functions of Aircraft," one can see that the
most outstanding disadvantage of the fixed-wing aircraft 1s related
to "vertical movement ability" (A-axis). 1In addition, mass and heavy-
cargo transportation ability (B-axis) can also be considered a func-
tion unsatisfied bty these aircraft. (See Fig. II-4.)

Development of VTOL and STOL aircraft is being intensively stu-
died at present as an extension of the current technology for HTA
aircraft. This development is one of the most important objects
in the preseant state of the alreraft sclences. The social require-
ment for mass transportation will be clearly shown by the future
growth of the air cargo transportation.

On the cther hand,

rotary-wing alrcraft A-axis § Field in Which
have a disadvantage re- They Are Dls-

lated to the B-axis di- 4 -~ <advantageous.

rection (mass trans- JT - ALY SN

portatio. ability). At Beaxi PO TENH r T

present, there are only —aXlS  Aagi X x X

a few military helicop-
ters of 50 to 60-ton
parloau class throuout
the world.

F-axis

¥ith regard to the
C-axis (endurance flight
time), currently used
helicopters have at
most one hour net ope-
rating time. Their _
basic disadvantages re-~ C-axis
sides in their inabllity
to fulfill this function
adequately. (See Fig.
II-5.)

E-axis

D-axis

Fig. II-U4. Fields in Which Fixed-Wing
Aircraft Are Disadvantageous.
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LTA's also have disadvantages. Their most outstanding one is
related to the F-axis, i.e., poor maneuvering performance.

Within the fields of monitoring, observation, advertisement and
the like, conventional small-size airships are satisfactory. Outside
of these fields, however, LTA aircraft reveal serious handicaps.

Thus, it has been proposed that LTA's ana HTA's be combined =o
as to minimize the disadvantages of both aircraft. /28

For example, the Megalifter LTA was invented with the intentlion
of providing a means of mass transportation by equipping airships
with auxiliary wings so as to attain STOL ability and also to compen-
sate for the airships' lack of speed.

In short, this type
of LTA 1is designed to
combine the advantages of
both fixed-wing aircraft
and airships.

A Helistat-type LTA
is a combination of a
helicopter and an airship.
It 1s intended to provide
mass transportation abi-
lity and long endurance
fiight time, both cont-
ributions of the LTA,
while improving the LTA's
dull maneuvering per-
formance by incorporat-
ing the excellent vertical
maneuvering ability of the
helicorter.

Alr-Crane-tyne LTA's

>,
are intended to produce a Field in Whiech "1~
similar result by combin- They Are Dis-
ing balloons with rotary- advantageous. Deaxis

wing alrcraft.

Fig. II-5. Fields in Which Rotary-¥Wing
Aircraft Are Disadvantagcous.

ITI-3. Matching of Needs and Seeds.

Each type of aircraft has its own disadvantages, as described
above. Tnen, what social fields have many requirements which are not
belng satisfled due to such disadvantages ? By discovering those
fields and collecting the data on the degree of disatisfaction resul-
ting from the aircraft inadequacles, the appropriate scope for hybrid
LTA development mny be determined.
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From this point of view, it should rirst be pointed out that
that the field of air transport  ion of heavy materials is one of
those in which dissatisfaction = felt world-wide. This 1s the
case i Japan, too. When it cc..:s to heavy material air trans-
portation, nearly always, VITOL ability 1is required, 1.e., ability
to load and unload heavy cargo by vertical take-off and landirg.
Again, one can point out a field in which technical development
is at a very slow pace compared with the pressing demands of that
fileld: short-distance mass passenger transportation means with
STOL or VTOL ability.

Keeping in mind the general background described above and the
stage of research in various countries, we sought answers to the
question: Where and in what forms do those social requirements exist
in Japan ? Our survey study focused on the subjects in which
technical possibilities (we call them "seeds") match social require-
ments (we call them "needs"). Further, we restricted ourselves to /29
the following fields, as those 1in which social requirements are
urgent: (1) heavy material transportation, (2) short-distance pas-
senger transportation, and (3) fire-fighting and air-rescue in times
of disaster.

In addition, technical studles were done on several selected
models of hybrid LTA's which had been already designed elsewhere.

IT-4. Selection of Special Aircraft Models.

We first selected the Helistat-type and the Aero-Crane-type among
those models of hybrid LTA's, for the objects of cur study.

In addition, a fundamental study was done on Megalifter-~type
LTA's in order to understand their performance. A technical study
was also done on the automatic pilot means of suspended gondolas as
rescue and fire-fighting means in times of disaster.

The reason for our selection of the Hellstat-type and Air-Crane-
type is as follows: The demand for air transportation of cargoes
which are too heavy for conventional large-size helicopters is ex-
pected to grow at a ccnsiderably fast rate in Japan as one type of
social need. (Refer to the result of the survey on this demand, in
Chapter III.)

On the other hand, when overviewing the development stages of
hybrid LTA's in various countries, one can see that the Helistat-type
LTA is far ahead of the others. Next come the Aero-Crane-type LTA
and the Vanguard-type LTA.

The Helistat-type LTA 1is the most practical for actual applica-
tions due to the technical level already achieved. 1In addition, the
Helistat-type models have a shape which is convenient both for cargo
and passenger transportation means. For these reasons, we selected
the Hellstat-type first.

However, the original idea by Piasecki and Helistat was to
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directly combine a conventional non-rigid airship with four heli-
copters. Thils structure may have the advantage that the helicop-
ters can be disassembled and used separately. However, this causes :
its total price as an aircraft to be very high. Therefore, we stu- :
died a structure in which only rotor and engine portions of the con-
ventional helicopter are attached to a non-rigid airship. (The model
thus constructed is called Vanguard Blimp Copter. In this report,
however3 we refer to it also as Helistat-type for the sake of conve-
nience.

W e e b et et i e o < o

For the second object of study, we considered the Alr-Crane-type
and the Vanguard-Donut-type. The Aero-Crane-type LTA was selected
because of its superior ability to maintain its body in a horizontal
position at 211 times during flight. However, in order to maintain
the body horizontally, the wings of the Aero-Crane-type LTA's must
have vertical winglets on their ends. If the aircraft is inclined,
the direction of the weight load does not coincide with the aircraft's
center of gravity. Since tihese aircraft are intended for suspending
heavy cargoes, an inclined position 1s undesirable. Thus, the Aero-
Crane-type LTA was judged to be advantageous over the Donut-type. /30
The All American Engineering Company, which presented the original
proposal for the Aero-Crane-type LTA, published a paper which stated
that Aero-Crane-~type LTA may be manufactured at very low cost. The
paper states that a U45-ton payload Aero Crane may actually be manu-
factured at about 700 million yen.

On the other hand, past survey reports already suggested the -
possibility of the use of large-size LTA's (several hundred ton pay-
load class) as a means of cargo transportation in the near future.
For this purpose, conventional types of aircraft are also candidates.
However, it is very possible for hybrid LTA's to also be hopeful can-
didates 1f they have good maneuvering performance and speed. For
this purpose, the Megalifter-type LTA seems very promlising. Thus,
the Megalifter-type LTA was selected for study so as to evaluate its
rerformance characteristics.

The gondola automatic pilot means were selected as an object
for study for reasons which are somewhat different from the reasons
for the selection of the three above-mentioned models. One import-
ant soc¢ial requirement (need) for LTA aircraft is as a means of air
rescue and disaster-prevention. These tasks are expected to be ful-
fililed by the LTA due to 1its long endurance flight time, mass trans-
portation ability and vertical movement ability. With these points
in mind, it is clear that it willi be very advantageous for an LTA to
have a gondola which is suspended from the main body and can travel
by its own power to some extent so as to compensate for the poor
hovering ability of the LTA itself. The disadvantages of the LTA will
be largely improved by its having a gondola portation with high mancuver-
ing performance. In order to study the above-mentioned possibilities,
the gondola control means was selected as an object of study. In this
study, the gondolas were assumed to be suspended by conventional-type
LTA's. However, it 1s also possible for these gondolas to be suspen-
ded by new hybrid-type LTA's.
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ITI-1. Current State of Heavy Cargc Transport and Problems at Issue. /33

=

Besides heavy equipment for power stations, heavy cargoes in-
clude: equipment such as reactor vessels for petro-chemical plants,
heavy equipment for pulp/cement plants, machine tools, bridges, equi-
pment for new super-express railway system construction or water-
supply/sewage systems, etc. Among these cargoes, the transportation
of equipment for power stations and staticn construction are consi-
dered first.

Recently, the scales of the power generating units have reached
the level of 700 to 1,000 thousand kW per unit in modern large-scale
thermal power station and nuclear power stations. Even a 1,100-thou-
sand-kW unit was installed in a nuclear power plant. Accordingly,
over-300-ton cargoes, sometimes 600 to 800-ton cargoes, have been
transported to construction sites. Fortunately, the above-mentioned
thermal and nuclear plants have been constructed at seaside sites.
Therefore, transportation problems have been not so serious as those
in the construction of inland hydroelectric plants or geothermal power
plants, even though ultra-heavy equipment had to be transported. The
means of transportation utilized were coastal marine transportation,
on-the-sea cranes (3,000-ton maximum load) and Zinpole (800-ton ma-
ximum load). 1In an effort to control environmental problems, the
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construction of nuclear plants in isolated mountalnous areas has been
recently brought under consideration. This plan is felt to be reali-
zable by applying the civil engineering techniques which are now used
for constructing pumped-strage hydroelectric plants. When this plan
is more practically examined, it becomes clear that the development
of new inlard transportation means for ultra-heavy cargoes will be
one of the problems to be solved.

With regard to electric power equipment, power transmission line
equipment and power substation equipment should be also listed among
the objects of transportation which may cause problems in inland trans-
portation, as well as power generating equipment. Recently, re-orga-
nization of freight train stations and reduction of freight train
services by the Japanese National Rallways have caused problems even 1n
the transportation of the under-300-ton cargoes. Consequently, inland
transportation problems have become very serious not only for power
generating equipment but also substation and transmission line equip-
ment

III-1-1. Transport of Power Generating Equipment for Pumped-Strage
Power Stations and Station Construction.

(a) Summary.

0 Pumped-Strage Power Station is located in the north-east part
of Totsu-Gawa-Mura, Yoshino-Gun, Nara Prefecture, at the center of
Kii Peninsula. This station has an upper dam and a lower dam which
have a 500-m difference in elevation. The night off-peak surplus
power is used to pump the water from the lower strage to the upper
strage,which releases the water for power generaticn at day-time peak
hours. The location is 57-km away from Gojo-Gawa Railway Station and
has only one connecting route, National Road 168. The area is one of
the most thinly populated areas in Japan. (See Fig. III-1.) The power
generating equipment used at this power station is:

Pump Water Wheels 207/214 thousand kW 6 Units 6,600 tons

Generator/Motors 220/214 thousand kW 6 Units 6,700 tons
Main Transformers 500 kV/680 MVA 2 Units 2,200 tons
Others 500 tons

Total 16,000 tons

Besides the above equipment, 7,000 tons of U4.3-m maximum diameter,
50-mm maximum thickness, 800-m long penstocks are included in the
heavy material which must be transported to the construction site.

The specifications of the above pump water wheels and generator/ /3
motors were discussed repeatedly with respect to the transportation
conditions as well as the characteristic performances. Judging by
the recent trend in the pump weter wheels, 250 to 300-thousand-kW units
units were considered at first. In consideration of the transporta-
tion conditions for the high speed runner bodies, 207/214~thousand-kW
pump water wheels were finally selected. The size reduction of the
runners was also undertaken by developling runners with higher speed.

As a result of an intensive study of the hydraulic characteristics of
runners, a 5l4-r.p.m. high speed runner was developed, and consequently,
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Fig. III-1 Transportation Route to O Pumped-Strage Power Station
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the transportation problems were solved.

The size of the cargoes to be transported are restricted to 4.1-m
height and 3.2-m width, in the transportation route to this pumped-
strage power station. The restriction on the weight 1s 50 tons. The
57-m road from the Gojo-Gawa Railway Station was re-paved and rein-
forced. Furthermore, reinforcement work was done on 31 bridges
along the road. Seven tunnels were reshaped or enlarged. Detour
routesof a 8-km total length were constructed for the construction
equipment transportation. The total cost of the above civil enginee-
ring works is- calculated to be approximately 1.1 billion yen.

Beslides the above-mentioned selection of the high-speed runners,
the design of each equipment was re-examined with respect to the trans-
portation conditions. For example, a 500-KV/680-MVA main transformer
in a decomposable form was developed for this plant construction.
This transformer is a decomposable large-size transformer which was
manufactured in Japan for the first time. In this transformer, each
phase of main transformer portion is decomposed into three parts (nine
parts in total) a.d attached load-time voltage regulator is decom-
posed into three parts. Before this transformer was developed, the
maximum number of the decomposition was six. Although this transfor-
mer marked a new record, the cost was doubled. Moreover, the stator
of the generator-motor was decomposed into seven parts, which was
also not an easy task to achleve. The generator maln Shafts, the
pump water wheel main shafts and the upper and lower covers of the
water wheel were also decomposed so that every piece to be transport-
ed weighted less than 50 tons.

(b) Sechedule and Quantity of Heavy Equipment Transportation.

The transportation work period started in January, 1977 and is
planned to end at the end of 1979. During this period, 340 packages
will have been transported by trailers, with capacity of 20 tons or
more, as shown below:

Trailer Capacity

20 tons 112 packages 3,000 tons

30 88 5,500

4o 122 ].

70 18 1,000
Total 9,500

The 9,500 tons are 60 % of the total transportation to the site.

(c) Means of Heavy Equipment Transportation and Their Prices.

Freight Car (650 km from the factory to GojB-Gawa Railway Station)

Siki 550 (mainly transformers) 9 cars 630 million yen
(type No.) (mainly stators) 7 cars 210 million yen
39
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Trallers Used

20 ton 2 units 20 million yen
30 2 30
Lo 4 100
70 1 35
Total: 185 million yen

The above-mentioned trallers are specially designed low-floor
rea-wheel-steering trallers for use on the roads in steep mountain-
ous areas. These trallers requlre a special driver who operates '
rear-steering ~nly. These trailers are pulled by tractors (35 million
yen each). Therefore, when the trailers are used 100 % at a time,
the total trailer cost, including the corresponding number of neces-
sary tractors, is 185 + 315 = 500 million yen. The 1lifetime of a
trailer 1s four years, while that of a freight car is 12 years.

(d) Transportation Costs.

The transportation costs of trailers must include depreciation
costs, motor vehicle taxes and insurance, besides fuel cost, mainte-
nance part costs and personnel expenses. Transportation cost of a
20-ton trailer is estimated to be 130 to 150 thousand yen per day.

Transportation by freight train takes 10 days from the Tokyo-
Yokohama area to Gojo-Gawa Station, and transportation through the
mountains from the railway station to the power plant site takes two
full days. On the other hand, the schedule when using direct trai-
ler transportation from the Tokyo-Yckohama area to the plant cone-
struction site is:

2 full days (Tokyo-Yokohama Area to Gojo-Gawa Station)
+ 2 full days (Gojod-Gawa Station to Construction Site)
= 4 full days.

The Transportation between Gojo-Gawa Station and the construction site /37
is restricted to the hours between 10 p.r. and 5 a.m., based on an
agreement with the roadside community dealing with nolse prevention

and traffic control. The speed is 5 km/hour on the way there and 10
km/hour on the return trip. Thus, 1t actually takes the trailer three
full days due to these restrictions. Furthermore, since the 57-km

long mountaln road is a unique route connecting Gojo and Niimiya, the
trailers must pull off and wait by the side of the road when other
traffic so requires, and must be strictly controlled so as to main-

tain road safety. To fulfill these requirements, an intermediate base
was constructed as Dai-To Bashi, which is the middle point of the

route. This intermediate base also serves as a rest area. In addi-
tion, on each trip, a guide vehicle is sent to survey the road con-
dition and the weather (rain or snow). Therefore, actual transport-
ation 1s carried out by a chain of vehicles, namely, a gnide vehicle,

a lead vehicle , a tractor/trailler and a safegauard vehicle which follows
behind. Thus, the number of necessary personnel amounts to 30 per-
sons, including safeguard personnel. Consequently, the transportation
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of material which 1s heavier than 20 tons costs, on the average, 50
to 100 thousand yen per ton; this includes only the direct cost from
the factory to the construction site by means of freight tralin and
trailer.

(e) Costs Other Than Direct Transportation Costs.

Those costs which are not calculated into the direct transport-
ation cost include the cost of bridge reinforcement and the cost of
road repair. These are shown below (some numbers are estimated
values.):

Reinforcement of Oh-Hashi (a bridge) 150 million yen
Reinforcement of Ko-Bashi (a bridge) 75
Construction of Detour Roads (8 km) 300
Security Maintenance of the

Prefecture Road 500

Reinforcement and Repair of Under-
ground Pipes and Cables
(e.g., water or gas pipes) 20

Including other costs, such as maintenance and repair of the road
surface and shoulders, the total cost is =2stimated at about 1.1 blllion
yen. It is generally said that 4 to § % of the total cost of power
plant construction 1s spent on transportavion. In this case, there-
fore, the expenditure of about three billion yen for transportation
can be thought of as an adequate level. With regard to reinforcement of
bridges, there are special problems related to local communities. For
the construction of this plant, temporary brldges were constructed
(Kawal and Sakamaki Bridges). An agreement was made with the local com-
munity that these two bridges would be removed immediately after the
completion of construction so as to prevent flood. It was further
agreed that the rainy seasons and the typhoon season would be avoided,
and that all available manpower would be used in order to concentrate
the work of trailer transportation into a short period of time, so

as to avold danger and to reduce the amount of necessary reinforce-
ment work.

Accordingly, the transportation cost borne by the maker, lnclu-
ding these costs other than the direct cost, is about 50 % of the
direct transportation cost. The corresponding cost borne by the
user will be 200 to 300 ¥%.

For these reasons, probably an adequate estimate of the cost to
the user of transporting materials heavier than 20 tons is 150 to 450
thousand yen.

(f) Product Design Divisions Requiring Increase of Transportation
Abilivy.

The runners used in O Pumped-Strage Hydroelentric Power Station
are 380cm x 295 cm x 303cm in size and 39 tons 1. weight. The ocuter
diameter of the runner is 380 cm. In order to meet the transportation
restriction of 4.1-m height and 3.2-m width, the runners are trans-
ported on the trailer platform in an inclined position.
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The unit capacity of pump water wheels was at the level of 100
thousand kW from 1965 to 1974. Since that period, the capaclty of
power systems has been increased, and pumped-strage power stations
of larger scale have been constructed. Due to this tendency and to
economizing efforts, the unit capacity of pump water wheels has been
rapldiy increased. Today, many pumped-strase power plants have a
million W class capacity.
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As seen 1in Figs. III-2 and III-3, Japan has recently entered
the era when pump water wheels with 250 to 300 thousand-kW unit
capacity are being manufactured. In order to reduce the construction
cost of pumped-strage power plants, it 1s most efficient to provide
great water-fall helght by constructing two strage ponds with great
difference in altitude. This will produce high power with a smaller
quantity of water, reduce the capacity of the strage ponds and reduce
the number and the size of necessary equipment. For these reasons,
the water-fall helght of the pumped-strage power plant has been in-
creased in Japan. This achievement is also due to the efforts of makers
in Japan to develop the required equipment. Thanks to these efforts,
water-fall helght in Japan 1s now greater than in other countries, as
shown 1in Fig. III-4. The equipment for great pumping-up helght 1is now
exported to forelgn countries by makers in Japan. Accordingly, cost
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reduction by great pumping-up height is now a world-wide trend.
Pumping-up height as great as 1,000 m i3 now urder consideration.

In Japan, however, in order to realize a great pumping-up height,
power station sites must be located along rivers in deep mountainous
areas. This 1s necessary along w.th the scaling-up of the pump water
wheel unit capacity. Accordingly, the transportation required for
power plant construction tecomes more difficult anéd more costly. In
order to reduce the ccnstruction cost, reduction of t*e transportation
cost becomes thus essential. Thus, present tasks include findinz mcre
efflcient methods for constructing roads, improving transportation means,
developing novel transporiation means and new types of equipment and
reducing or decomposing equipment, and thereby, achleving a more ra-
tionalized transportation system for power plant and transmission line
equipment and construction materials.

In case of O Pumped-Strage Power Plant, it is estimated that 40 %
of the tccal cost is spent on civil engineering work, 30 % on electrical
work and 30 % on land compensation, interest and miscellaneous expenseg.,
This last fraction includes the 4 to 5 % road-related cost and 1 to 1.5 %
transportation cost.

(g) Efforts to Reduce Egyuipment Siz2 and to Decompose Equipment.

With regard to decomposltion of equipment, the decomposition of /e
the main transformer into nine parts caused the cost to be doubled.
Likewlse for other equipment, the cost will be increased by 10 to 15 %
per one decomposition. Furthermore, there is a technical limitation
for the decomposition of equipment.
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Decomposition of a pump water wheel runner is one objJect which has
attracted attention. 1In this case, a decomposed runner which can be
assembled and used at a high speed is a current technical goal. Such
a runner must endure the great centrifugal force which may be applied
in a plant with a great pumping-up height. Recently, a decomposed run-
ner was incorporated into a 425-m pumping-up height equipment. However,
if one can develop an integrated runner which can be used at high s)eed
and is small in size, such a runner will solve two problems at once,
namely, the problems of aquipment cost reduction and transportation to
the construction site.

In the case of OY Pumped-Strage Power Station, whose construction
has recently been scheduled, a 240-r.p.m. pump water wvheel runner was
cselected and decomposition was thought to be necessary in the early
stage of planning. Later, however, a 300-r.p.m. integrated runner was
deveioped which enabled both the reduction of the equipment and of the
vransportation cost. Nevertheless, if new transportatiorn means using
LTA's were developed, thk y might offer new possibilities for the const-
ruction of large-capacity power plants. If such a plan were to be
carried out, the amoun‘ saved on construction cost by using high-speed,
high-capacity integrated runners could be invested to develo> new means
of transportation. In Table III-1 which shows current plans of pumped-
strage power plants, one can see that the unit construction cost varies
from 50 to 128 thousand yen pver kW. If 2 plan is realizable, such va-
riation would be tolerable up to 250 %. Therefore, there is a possi-

bility that a huge amount can be invested 1n the development of new trans-
portation means.

Hydroelectric power generation has excellent response to the peak
power demand, and therefore, is a very efficient means for strage of
the electric power and its optimal use. It is said to be adequate for
common hydroelectric and pumped-strage power plants to cover 20 % of
the power lemand increase. According co this figure, 1.14-million-kW-
per-year hydroelectric plants shouid be constructed by 1985 and 1.2-
mil’ion-kW-per-year by 1930. The estimated construction costs are 108.5
billion yen and 114.3 billion yen, respectively.

Accordingly, power plant equipment which is heavier than 20 tons
would be transported at a pace of about 10,000 tons per year.
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Table III-1. Constructicn Plans of Pumped-
Strage Power Plant.

Construction Continued

in 1977 Fiscal Year

Name of Name of Water [Name of]Output{Main |[Total |[Unit®
Company Plant System [River (MW) [Trans-|{Const- [Const-
former|ructionjruction
Cost Cost
Tokyo Shin Shinano|Takase |1,280 |367x4 103,700 81
Electricity alBRiver River
Tamahara |[Tone Hocchi }1,200 ]335x4 |[118,300 g%
River River
Tone
River
Chubu Oku- Yahagi |Kuroda | 315 ]126x3
Electricity i River IRiver 101,000 Q28w
Oku- Yahagl |Tomi- 780 [296x3
Yahagi 2ndjRiver naga R,
Kansai Oku- Shingu |Asahi 1,206 [680x2 | 78,900] 65%%
Electricity,Yoshine River River
Seto-
dani R.
Electric Oku- Shinano}Kiyo- |1,000 |560x2 | 72,900] 73%%
Power Kiyotsu River tsu R.
eyelopment
Total [5,780 474,670
®# Unit = Thousand Yen per kW
#® Plants Purely of Pumped-Strage Type
In Preparation for Starting Construction
Tohoku 2nd Agano |Tadami 460 |242x2 48,960[ 106¥¥
cricit wa_lRiver |JRiver
Chub Oku- Kiso. |Itado- | 1,000 |588x2 | 93,900] OU¥#¥ |
Electricity|Mino River ri R.
Neya
River
Shikoku Hon- Yoshino| Seto 600 | 680 99,200] 165%%
ectricity] Kawa River River
Electric Shimogd Agano Agano 1,000 | 584x2 50, 300 BO¥Y
Power River River
velopment
Totsl 3,060 292,360
Starting Construction Nesired in 1977
Kansai Ogochi Ichi Odawaral 1,280 | 680x2 |123,010] 96##
Electricity River River
Ohmi
River
- continued -
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Kyushu Amayama Rok- Amayama] 600 | 340x2 | 76,500] 128%%
Electricity kaku R. {River

Matsu- |Iwaki

ura R, IRjiver
Electric Tokuyama [Kiso Ibi Loo J2uox2 | L4,ho0O} 111
Power River River
|Development

Total 2,280 §ﬂ3,910*

Hokkaido Takami Shizu- ]Shizu- 200 1125x2 52,500] 262

nai R. Inai R. ]
Tokyo Imaishi Tone Kinuta 6ho 1367x2 | 75,500] 120%#

River River

Total 840 128,000
GROUND TOTAL | J11,960 | J1,138,940] |
Construction Plan of Increase in Estimated
Pumped-Strage Power Qutput per Total
Plant Year Construction Cost
1975 7,100 Thousand kW
1,140 Thousand 108,552 million yen

1985 18,500 Thousand k kW/year
(Estimated) 1,200 Thousand 114,265 million yen
1990 24,500 Thousand kW kW/year
(Estimated)
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ITI-1-2. Transport of Power Generating Equipment for Hydroelectric
Power Station and Station Construction.

As a result of investment and operation of large-scale machine
manufacturing means, manufacturing of large-scale machines has been
economized. A common tendency in the world is to use larger-unit-
capacity Fransis water wheels in hydroelectric plants for the purpose
of reducing construction costs. 1In Japan, due to the lack of appro-
priate sites for large-capaclity hydroelectric plants, the record of
capacity has not been updated since 1972. Based on recent developments
in civil engineering techniques, A Hydroelectric Power Plant with 260-
thousand-kW capacity was planned. The site of this plant is located
at Wada River of the Joganjl Water System in the Hokuriku District. The
site 1s 1in steep mountains and transportation conditions are very poor.
Strict restrictions on equipment size were set in order that the trans-
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Fig. III-5. Transition of Unit Capacity
of Fransis Water Wheel.

portation might be done through small tunnels for the purpose of reduc-
ing transportation costs. Therefore, when the equipment makers were vy-
ing for orders, whether or not they could guarantee satisfaction of

these transportation requirements was among the points most carefully
considered.

The number of blades of a runner useé only for power generation is
much greater than that of a runner for a pump water wheel. There are
usually more than ten. Decomposition of such a runner is, therefore,
undesirable due to its structure. Such decomposition inevitably causes
the generator cost to increase by 10 to 15 %. One maker of such runners
has developed a super high-speed 300-r.p.m. runner after an intensive
study of hydrodynamics. This runner is a record-breaking one as this
kind of means. Thus, the given transportation restriction was satisfied
alorg with the other specifications. Besldes runners, the other causes
of transportation problems in hydroelectric plant construction are:
upper covers, lcwer covers, water wheel/generator main shafts, water
wheel inlet valves, generator stators, transformers, etc. In another
construction site, the constructor even considered transportation of the
runner by air. 1In the case of A Power Plant, circular-shaped tunnels

are partially curved so that the water wheel inlet valves can be trans-
ported through them.

Japan seems to have many fewer sites appropriate for power plants
exclusively for power generation than other countries. 1In Japan, how-
ever, there is still future demand for multi-purpose dams for irrigation,
flood control and water resources as well as power generation. Also,
the development of civil engineering techniques and the rapid rise of /42
the price of crude o0il will stimulate further utilization of water re-
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sources, together with counterplanning against peak demand increase.
The hydroelectric plants currently planned or under construction in
Japan are shown in Table III-Z2.

Table III-2. Construction Plans of Hydro-
ele~tric Power Plants.

Number of Sites Output Construction Cost
(Thousand kW) (Million Yen)
Construction 23 728.5 247,433
Continued in
1977
Conatruction 12 220.0 82,354
Prepar-ad
Starting 16 604.6 150,171
Construction
in 1977
Desired
Starting 14 358.2 139,085
Construction
in 1978
Desired
Total 1911.2 619,043
(including pumped-strage plants)
Construction Plans of Increase in Estimated
Hydroelectric Plants Output per Construction
of Usual Type Year Cost
1975 1.780 Million KW
450 Thousand KW 145,748 Million Yen
per Year
1985 2.250 Million KW
(Estimated) 800 Thousand KW 259,108 Million Yen
per Year
1990 2.650 Million KW
(Estimated)

An inevitahle general tendency is for the development sltes to move
into more and more mountainous and isolated areas where transportation
problems are more serious.
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One can see that, if air transportation of equipment heavier than
20 tons (such as power plant construction means, materials, plant equip-
ment, etc., shown in Table III-3) were possible by means of LTA, the
road-related construction cost which now occuples 4 to 5 ¥ of the total
construction cost would be greatly reduced and the preparation period
for the construction of dams, temporary roads and tunnels would also be

sil- ificantly reduced.

The utilization of LTA's may make possible the

reduction of not only transportation cost but also c.astruction cost

itself.
plants.

Furthermore, it may extend the range of possible sites for
As seen in Table ITI-2, development of hydroelectric power is

steadily planned - U450 thousand kW by 1985 and 800 thsand kW by 1990.
The estimated costs are 145,748 miilion yen and 259,108 millton yen,
Table III-4 shows the list of the main equipment used in

respectively.
260-MW A ¥irst Power Station and 12-MW A Second Power Station.

It 1is

currently estimated that the heavy materlals over 20 tons are 23 pack-
ages and amount to a 724~ton total weight, for these two stations. This
quantity corresponds to the annual rate of heavy cargo transportation
for hydroelectric power plants.

Table III-3. Civil Engineering Machines Used
in Construction of Hydroelectric Power Plants.

Heavy Dump Trucks

Maker Model Maximum Load Vehicle Weight
Nissan WD 38 38 tons 32 tons
Komatsu MD 320-2 32 26.4
HD 180-4 18 16.75
Hino ZG 150D 15 14.775
Hitachi DH 321DA 32 27.3
DH 321EA 32 27.5
DM 15A1 15 14.6
Mitsubishi D 200 20 19
Motors D 320 32 26.5
Bulldozers
Maker Model Fully Loaded Weight
Vehicle Weight | With rquipment
Caterpillar. D5 Direct 9.3 tons 11.4 tons
Mitsubishi Power Shift 9.6 11.7
D6C Direct 11.25 13.85
Power Shift 11.55 14.15
D7F Power Shift 16.45 20.3
Direct 16.15 20.0
D8K Power Shift 37
D9H 49.25
Komatsu D50A-15 9.57 11.4
(continued)
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D60A-6 12.55 15.25

D80A-12 17.31 21.54
D150A-1 26.93 32.71
D355A-1 36.10 4y, 41
Table III-4. Main Equipment in A First and Second /44
Hydroelectric Stations.
H(m)xW(m)xL{m) [Number of Unit Total
Units Weight | Weight
(tons) | (tons)
1. Water Wheel Runners 3. x 1.8 x 5.3 2 3z 6.
2. Main Shafts 2.2 x 2.2 x 5.4 2 35 70
3. Inlet Valve Bodies 3.2 x 3.2 x 3.9 2 35 70
4, Inlet Valve Cylinders|{ 3. x 5.3 x 5. 2 35 70
5. Generator Stators 2. x 3.5 x !, 8 30 240
6. Thrust Color 2. x 3.6 x 3.6 1 30 30
7. Transformers 3.5 x 2.5 x 3.5 6 30 180
Total 23 724

Additional information regarding A Hydroelectric Plant 1s as
follows: the location of A First Power Station is 42 km from Toyama
Railway Station via Course a, 40 km via Course b, and 36 km via Course
c. There are four bridges in the courses, and the longest bridge , 550
m, has difficulty with reinforcement, =<~ the maximum permissible weight
must be restricted to 1ts maximum endu:.i.e weight. There are two nar-
row tunnels, 0-Hagl and Wada-Gawa Tunnels. For transporting the water
wheel runners, the inlet valve bodles and the inlet valve cylinders,
these tunnels must be curved. The road slope is 14.8 % at maximum. The
maximum height and width for going through an underpass whlch crosses
the Tateyama Railway Line are both 3,800 mm. Therefore, it is necessa-
ry to transport some equipment through this underpass by means of small
rollers. The narrowest part of the road is now located at the 3,500-m/m
polnt and extension of the road width along the 300-m length 1s neces-
saryi
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III-1-3. Transport of Power Generating Equipment for Geothermal /ﬁ
Power Stations.

(a) Present State.

K Geothermal Power Plant is located about 28 km north-west of
Morioka City and withlin Hachiman-Dalira National Park. Construction
equipment for this plant was transported by way of the approximately
10-km route route along Tazune River, from Shizuku-ishi Rallway Sta-
tion of the Tazawa-Ko Line to the construction site. (See Fig. III-8)
The following points 1n particular were taken into consideration:

(1) Since the transportation was to be carried out in a rain and
snow season, it was decided that the transportation work by
large~size vehicles (trailers) would be concentrated into
the days when weather conditions were good.

(2) For ten .ridges on the route from Shizuku-ishi to Amihara,
the "over bridge method" was used, in which the bridges were
reinforced by additional bridge beams. Temporary bridges,
Genmu and Meguri Bridges, were constructed to cross the
river.

A 50-thousand-kW turbine generator for geothermal power generation
was transported to the construction site. This generator has the larg-
ecT capacity among generators using geothermal steam. The generator
stator was decomposed in the factory into two stator frames (20 tons
and 19 tons) and an inner cage (60 tons) due to the transportation res-

rictions on size and weight. The heaviest material transported to the
site was the 60-ton inner cage, and the next heaviest was a 49-ton main
transformer. The generator vrotor and the turbine rotor, both of which
cannot be easily decomposed, were 27 tons and 21 tons, respectively.
The heavy materials and thelr weight are listed below:

10 to 20 to Uo to Total

20 tons 40 tons 60 tons  Weight
Turbine Equipment 13 uy 0 146 tons
Generator Equlpment 2 1 1 u16
Transformer 1 198
Total 15 5 2 760

(416 tons out of the above 760 tons were transported by
trailers of 20 or more tons.)

For the transportation of the heavy materials, the Prefecture Road
was wldened so that the road width in the straight section was 4.5 m
(efficient width: 3.5 m) and every curve radius was greater than 15 m.
Since the site 1s located in a national park and in a hot spring recre-
ational area, the transportation from Abashiri was restricted to night
time and every vehlcle transporting a heavy cargo was escorted by a
gulde vehicle. Full priority was given to normal traffic.
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The unit transportation cost of trailer transportation was 180
thousand yen per ton. This corresponds to the unit transportation
cost of generator stators for large-scale thermal power plants.
Except for this cost, the maker bore the heavy material transportation
cost of 165 thousand yen per ton, which includes the cost of bridge re-
inforcement and the cost necessary for the construction site survey to
meet government security measures. The total cost spent on heavy mate-
rial transportation amounted to about 2 ¥ of the total budget for the
plant construction.

Fig. III-9 shows 31 sites at which the construction of geothermal
power plants by 1985 is planned. The construction sites for geother-
mal plants are mostly in deep mountainous areas, unlike thermal or nu-
clear plant:. Therefore, the transportation of heavy equipment by in-
land transportation means is the most serious prcblem in the develop-
ment of geothermal power generation. Thus, new transportation mears us-
ing LTA's are expected to be developed not only for plant squipment but
also for construction machinery and materials. According to the inter-
im report by the Demand Survey Division of the Conference of the Elect-
ric Power Industry (in September, 1977), if such plans are put into
effect, the development of 800 thousand ¥W by 1985 and 2,500 thousand
KW by 1990 is feasible. Therefore, one can anticipate development at
a pace of 100 thousand xW per year up until 1985 and 300 thousand kW
per year up until 1990.

The geothermal plants which have been already built and the site
where the geothermal plant construction has begun are listed below:

e Total Const- Unit Const-

Name of Plant Output ruction Cos® ruction Cost
Mori 50 MW 8,210 million yen 164 thousand yen/kW
(Hokkaido Electricity)

Tsugenuma 50 7,380 148

(Tohoku Electricity)

Haccho Daira 50 11,500 230

(Kytushu Electricity)

Onikubi 25 4,130 165

(Agency for Electric

Power Development)

Total 175 31,220 178 (Average)

The estimated total construction cost up until 1985 is 142.4
billion yen, and up until 1990, U445.0 tillion yen.
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Fig. ITI-8. Construction Site of X Geothermal Tower Plant.
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100MwW

-3 Nigorigawa 100MW
;E Shikabe S50MW
hnuma 52 .5MW ~ea Hakkoda 5O0MW
gyﬁto 50MW . : Hakkoda 100MW
Komagatake S50MW = Matsuda SOMW
Doroyu 120MW - Matsukawa 22MW
Usukatsu 150MW N Tsutaneda SOMW
6 Takinoue 100MW
Hakusan 50MW Hanamaki 5CMW
' ' onikubi 25MA4
- onikubi 25MW
.0 Noji 1COMW
7 ‘ Yakedake 20MW
»
G;J' ;
o Takenoyu 70 MW ¢ operating or under
Kurokawa _ Nozawa 100 MW construction
70MW Q’* Ohtake 13MW o planned
Hacchobara S5O0MW
. ,'°4 Nanj5jima 50MW
) Kirishima 170MW
v’ Satsunan 60Mw

Fig. III-9. Candidates for Construction Sites of
Geothermal Power Plants,

- Being Planned for the Perjod until 1985 -

31 Sites Including 4 Sites Where the Plants
Are in Operation or Under Construction.
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(b) Inerease in Equipment Capacity for Geothermal Power Stations. /50

The 50-thousand-kW geothermal generator 1s the bigge:t one in Japan.
However, in the past, a 110-thousand-kW equipment was planned by Kalser
Company, U.S.A., and was exported by a Japanese maker (Tcshiba Electric).
A 150-thousand-kW class turbil..e rotor material has a' ready been develop-
ed. Fur’iermore, according to »ecent information, a geothermsl power
generation of 500 to 3,000 thousand kW 1s now thought to be possible by
using 2,000 m to 4,000 m boring depth. The Kalser Company, U.S.A., which
has a 500-thousand-kW plant, has undertaken a project to extend the out-
put to 2,500 thousand kW. (See Table III-5) Development of 250 thous-
and-kW class plants 1s presently a goal in Japan. However, the 50 thou~
sand-kW equipment will be replaced by 110 thousand-kW class equipment in
the near future. At that time, the welght of a generator stator frame
will be 30 tons, 50% heavier. The decomposition of the stator frames
and the welght of the decomposed pileces will create a serious problem
together with the weight of other equipment such as transformers. The
desire for a new means rf transportation using LTA's is thus constantly
growing. Success in developing a 250-thousand-kW class equipment unit
can be saild to depend on the fulflllment of thls tasx.

The anticilpated amount of heavy material t-an- ortation annually
is 900 tons up until 1985 and 2,000 tons up until 1990. This estimate
was made in accaordance with the plan of development reported by the
Conference of Electric Power Industry.
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Table III-5. Geothermal Power Generation

58

In the World
#In Partial Operation
Country District Output (MW) Under Construction or
In Operation Planned (MW)
Italy Larderello 380.6
Monte Amiata 22.0
Others 15.0
Total 417.6
Japan Matsukawa 22.0 Katsuneda 50.0
Ch-Take 11.0(7.5)% Haccho-Bara 5n0.0
Oh-Numa 10.0(12.5)% | Mori 50.0
Onikubi 25.0
Total 68.0 150.0
New Zezland | Wairakei 192.6 Broadlander 200.0
Karewau 10.0 Waiotapu 564.0
Total 202.6 764.0
Mexico Balla 82.0 Mexicali 295.0
~ | Cerro Brieto 7.0
U.S.A. Kaiser 522.6 Kaiser 406.0
Imperial Valley 65.0
Battle Mountain 10.0
Total 522.6 451.0
Iceland Namahafull 3.0 Namahafull 3.0
Henkir 17.0 Kurafura 60.
Total 20.0 63.0
France Guadeloupe 30.0
(West Indies)
Nairobi Nairobl 15.0
U.S.S.R. Baujyek 5.0 Baujyek 95.0
Baratsunka 0.7 Kunashiri 6.0
Abachinskaya 30.0
Total 5.7 131.0
Taiwan Matou 10.
India Lai 50.0
Indonesia Kamoyan 30.0
Deyen 5.0
Total 35.0
(Continued)




g 7

g

Fhilippines Teiul 220.0
Los Baffos 220.0
Total 4ho.0
Nicaragua Momotombo 175.0
and others
E1SSalvador | Kahuachapdn 60.C Ahuachapdn 60.0
Chile El Tatio 20.0
Grand Total 1453.5 2719.0

The data are those of June, 1976.
Surveyed by:

Division of Thermal Power,

Department of Public Utilitiles,
Agency of Resource and Energy,

Ministry of Internatisnal Trade and

Industry.

Remark: Besides the countriec listed above, the following countries

are being presently surveyed:

Greece, Ethicpia, Algeria, Yugoslavia,

China, Peru, Guatemala, Costa Rica, Colombia and other countries.

Translator's Note:

Certain obscure plane names had to merely be transliteirated from their
Japanese pronounclations, and thus seeors in their English srelling
may have resulted.
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III-1-4. Transport Problems in Construction of Power Transmission Line. /52

(This section is based on the interview with Mr. Masato
Yamamoto, section director, Tokyo Electricity.)

In the transportation of construction equipment, trucks are used
in flat areas, while helicopters and overhead freight-carrying ca les
are used in mountalnous areas. In the latter case, the use of over-
head freight-carrying cables is in general more economical.

As an example of power transmission lines, Shin-Chichibu/Tichigi
Line i5 described as follows: This 6-conductor line stretches 120 kn
from Chichibu City through Saitama Sanri-Mura, Ohta City, Ashikaga City,
Kiryu City, Kanuma and Ugi'ie City of Toshigi Prefecture up to Utsuno-
miya City. This line is a typical large-capacity modern power trans-
mission line which transmits the power of 10,000 thousand kW per route
at 500 kV. The conductors are heat-resistant hard-core aluminum wires.
247 steel towers were constructed at 400 to 500-m intervals. These to-
wers are an average of 80 m high and the total weight of the towers is
31,000 tons. The average welght of one tower is 113 tons and the ave-
rage cost is abcut 200 million yen per tower. The construction period
was three years, from October, 1375 to November, 1976. The total weight
of the equipment which was transported for construction was 216,000 tons.
It was transported by:

Helicopters 36 (17 %) 1,800 (67 %) 49,000 yen/ton
Overhead 1,700
Freight-Carrying 102 (47 %) 600 (22 %) to
Cables 4,000 yen/ton
Trucks 78 (36 %) 300 (11 %) 4,000 yen/ton

thousand tons million yen

In general, more than 17 % of the total transpcrtation for power trans-
misslon line construction is done by helicopters, and in some cases,

as much as 30 to 40 %. Recently, for environment conservation reasons,
the use of overhead freight-carrying cables 1is decreasing.
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Remarks:
am 500 thousand V
- 275 thousand V

Fig. III-10. Shi-Tochigl Line.

j:
m: Oku-Kiyotsu/Chichibu Line
p:
t
w

z:

ey:

: to Niigata b: Shimogo (Power P.)
: Okukiyotsu e: Yagisawa f:
: Shimogo Line h: Fukushima Main Line
¢ Fukushima Higashi Main Line

: Shin-Tochigi 1l: Shin-Mogil

: Tamabara Line 0: Shin-Kuwana

: to Shinana R. r: Anryo Main Line

¢ Shin-Okabe v: Shin-Furukawa

: Shin-Furikawa L. y: Shin-Tsukuba

: Shin-Chichibu ab: Shin-Tama/Chichibu
: Shin-Kelyo ad: Inha Line ae
: Shin-Tama ag: B®s® Line ah
: Shin-Fuji a): Shin-Tama Line ak
: Shin-Sodegawara am: Chiba an
: Anegasakl ap: Sodegaura aq
: Shin-Hatano L. at: Yokosuka

c: - Fukushima
Num: a
Tamabara

Tohkal 2nd (Nuclear P.)

: Shin-Chichibu/Tochigi L.
: Shin-Tokorozawa

Shin-Sahara Line
Line

: Kashima

: Shin-Sahara

: Shin-Hatano

: Goi

: Sakuma (Power P.)
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(a) Foundation Work. /53

The soil must be dug for the concrete foundations of the four legs
of each steel tower. 5§ to 6-ton excavators for this job were disassem-
bled and transported by helicopters. The helicopter which was used
has a 2 to 3 -ton feight capacity. The concrete foot portions of the four
tower legs are about 1,000 tons in weight. The load of 0.9-ton soft
cement + 0.l-ton bucket = 1.0-ton load was transported by one helicop-
ter flight. On the average, the flight distance was 25 km or less and
the flight time was 4 minutes. Usually, 60 tons of soft cement was placed
by four-hours of work. A truck carried 15 tons of soft cement af a
time. The currently used transportation is affected by the weather.

The average period for completing a 1000 ton cement placement 1s about
one month. The removal of the dug soil was also performed by helicop-
ters. The approximate size of the tower feet is shown in the figure
below. The tower feet placed on a mountain slope must be designed to
resist the falling-down moment.

20M , (b) Assembling Work.
- _J 600 to 800 @, 4-ton/meter steel
o ' materlals were decompcsed and trans-
- ported by helicopter to the constru~z-
tion sites. If the steel materials
sMO are made in a panel or block form and

assembled at the sites, the high-place
work for assembling at the sites could
be largely reduced and the construction
cost would be lowered by the greater
efficiency. The height of the steel
towers is 80 m in average, although
some of them are 100 to 120 m high.

The assembling work is done by using on-the-ground pushing-up cranes.

15 TON

3t

S5COKV

100-200 ton Steel Tower On-the-Ground Pushing-Up Crane
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If the new transportation means using LTA's are developed and can /5“
transport heavy materials with 50 to 70--ton weight, transportation of
assembled towers might be possible for 275-kV transmission lines. Of
course, even in that case, the panel or block decomposition method
would also be used. Furthermore, if the above-mentioned cranes can be
replaced by LTA's which are capable of crane work, the assembling work
of the cranes at the construction sites can be eliminated. In mountain-
ous areas, it is difficult to cbtaln sufficient space to assemble the 2
members. Ee necessary amount of space for this task is 2,000 to 4,000 m?
and 5,000 m“® 1s desirable if possible. The panel or block decomposition
method i1s now desired for this reason, too.
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Fig. III-11. Power Transmission Line Steel Towers.
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(¢} Wiring Work.

One unit of tiie drums used in construction is 5 tons in welght.
The drums are piaced at the rcadsldc drum sites. The engines usea for
wiring are 23 tons in weight and are transported by helicopters to the
construction sites.

Helicopter /55

Acting Distance
km

Engine
Drum Site Site

The messenger wire (14 @) is drawn by a heli-
copter. Then this messenger wire 1s replaced by
a 16 to ZU-@ wire. The final main wire is 38.4 4. l 1500 %

C \ Sextuple

The power carrying wires consists of six sex- // Conductor
tupled cenductors (6 x 6 = 36) and two other con- $ o
ductors. In total, they are 38-tupled. The heli- \ //
copters used in the wirling work go from the drum \o g

site to the engine site (about 5 km far) and back
in four minutes and repeat this flight in four
hours.

(d) Summary or Transporiation for construction of Power Transmission
Lines.

(1) Classified Transportation by Helicopter.
(Average Transportation per One Unit of Helicopter)

Soft Cement 1,300 tons (80 %)
Steel Tower Members 240 tons (14 %O
Tools 100 tons (6 %)
Total 1,640 tons

(1%) Estimatec® Total Transportation by Helicopters for
Power Transmission Line Construction.

Ac ording to a middle-term plan (terminating in 1981) of Tokyo
Electricity, the annual transportation will be 80,000 to
100,000 tons. A part of the construction plan is shown in
Table IIT-6.

6l
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State of Utilization Concerning Power Transmission Lines.

In Japan, there are 28 helicopters which can carry a lead’ ever
one ton: fourteen Bell 204-14's, two Bell 214B's and three
Vertol KB 1047's.

At a place within 30 m from each steel tower, a 150 to 300-m2
ground is selected for collecting the materials which are drop-
ped from the helicopters.

The heliport base 1s located at 2.5-km place.

The operating time of a helicopter is calculated to be about
500 hours per year which is equal to :

365 days x (1/1.7) = 215 days per year.

The basic rent of a helicopter is 380 thousand yen per hour /§§
for 0.8 to 1.5-ton load Bell 204B.

Payload (ton) Rent Available
(Thousand Yen/Hour) Units
Bell 204B 0.8 to 1.2 370 14
Bell 214B 2.5 to 3.2 670 2
Vertol KV 107 2.5 630 3
9
Total: 28

Table III-6. Plans of Power Transmission
Line Construction in 1977.

Company 1977 1978

Hokkaido 150 km 37.0 Billion Yen 266 km 26.6 Billion Yen
Tohoku 383 62.1 420 90.1

Tokyo 684 283.9 163 234.5

C.0bu 171 30.4 456 141.7

Hokuriku 126 25.0 45 5.7

Kansail 97 91.7 82 47.3

Chugoku 186 22.1 41 9.7

Shikoku 108 3.5 171 16.2

Kylishu 488 89.3 121 29.9

Electric

Power 216 64.6 26 10.6

Developnient

Total 2,609 km 759.6 Billion Yen | 1,796 km 612.3 Billion Yen

Steel Towers:
Total Amount:

35,000 tons/year
250,000 tons/year
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(v)

(vi)

Refer to the table at the end of Section III-2 for
the current fare of helicopters.

An Effect of New Transportation Means Using LTA's.

The transportation of construction workers to construction sites
is a serious problem. 100 to 150 persons must be transported
for one project. If the weight of a person 1s calculated to

be 100 kg, including tools and small equipment, the amount which
must be transported is 100 kg x 150 persons = 15 tons. If this

transportation can be done safely by new transportation means /57

using LTA's, the working efficiency of the ccnstruction sites
will be improved.

Interview with Mr. Teruyuki Kono, Asahi Heliccpter Company,
Concerning LTA Transportation.

A 500-kV steel tower is about 100 tons in weight. A new trans-
portation system i1s 1likely to be possible, in which this tower
is decomposed into three parts and each part transported by an
LLTA.

With regard to the solt cement placement of about 3000 m3

(700 tons) per one tower (about 180 tons per one foot), about
10-ton a unit transpcrtaticn will be considered for future air
transportation. (Cf. The unit transportation of soft cement

by trucks is now about 2.3 tons x 6 =15 tons.)

At present, the unit transportation of 6 to 7 tons of soft ce-
ment by Sikorsky 64 is under consideration.

If the unit transportation of a 10-ton order becomes possible,
transpc -ation efficiency would be improved by about four times.
The current problem is the decrease of transportation efficien-
cy due to the difficulty in locating helicopters within the

2.5 km distance.

The optimal timing of soft cement placement ls two hours after
it is mixed. Is it desirabl: that a new transportation system
fulfill this requirement.

Fractions of Construction Cost of Power Transmission Line.

The aprroximate fractions of transmission line construction at
present 1is as follows:

Material (Equipment) Cost Lo %,
Land Use Cost "0 to 30 % , and
Construction Work Cost 2C to 30 %.

About 5 % of the above construction work cost 1s transporta-
tion cost.

The soft cement transportation cost is about 28 to 40 thousand
yen per ton and its transportation distance 1s 2.5 km at pre-
sent.



III-1-5. Transport for Construction of Power Substation.

Construction of a power plant 1s always followed by construction
of substations and transmission means which are means of distributing
the electric power. One field 1in which a new transportation system
such as an LTA system is desired 1is inland transportation for const-
ruction of power substatlons and power plants. Transformers for sea-
side thermal or nuclear plants are transported by coastal marine trans-
portation and by in-yard special transportation means. In this trans-
portation, 600 to 800-ton *ransformers are transported in their inte-
grated forms. The transportation of transformers to an inland station
1s carried out by running a specially made freight car to the railway
station nearest the construction site. The limitation on the size of
such a car on the railway is 3,100-mm width x 4,100-mm height x 12,500-
mm length. Within these limits, a transformer up to 240 tons may be
transported by rail. (The capacity in Japan is much less than that in
other countries. For example, it is said that 420-ton railway trans-
portation is possible in Western Europe and 600-ton 1s possible in the
U.S.A.) If the construction site 1s at an isolated location and if
there are many small bridges or many narrow road sections between the
railway station and the construction site, the transfcrmer must be de-
composed into 6 to 9 parts, in order to satisfy transportation condi-
tions, similarly to the equipment for pumped-strage or common hydro-
electric plants. If a 100-ton class transformer is transported under
very poor transportation conditions, additional costs such as bridge
reinforcement cost, road enlargement cost and compensation cost, may
become extremely high, and thus, the unit transportation cost may ex-
ceed 500 thousand yen per ton in some cases. Cases in which the unit
transportation cost is about 250 thousand yen per ton are not

extraordinary. Such a unit transportation cost 1s 3 to 4 times higher /58 )

than that of transportation to pumped-strage plants. Therefore, in

some cases, the transportation ccst, including the road-condition depen-
dent additional cost, amounts to 20 % of the product price. In such a
case, even though decomposition of the equipment causes a 10 to 15 %
increase of the product price, it is more economical to opt for reducing
the road-condition related additional cost by decomposing the equip-
ment. This means that the additional transportation cost must be taken
into account when the product is designed.

(a) Significance of Transportation Problems Resulting from the
Rationalization Plan of the Japanese National Railways.

According to the rationalization plan of the Japan National
Railways, about one third of all freight traln stations will be closed
and old large-size freight cars will b= successively phased out. (Cars
which are older than their estimated lifetime are going to be phased out.
In the first stage, this amounts to 550 50 ton-load Siki cars.)

This plan results in a restriction not only on transformer transportation
but also on heavy freight transportation in g-neral. Consequently, thre
specially added transportation cost will increase, creating a serious
problem related to the increase in heavy freight transportation. At the
same time, spontaneous selection of the transportation period becomes
more difficult.
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(b) Transportation of Transformers fcr Substations.

About 100 power substations per year ire planned for construction
in 1977 and 1978. These are shown in Table III-7. Transportation in
1977 and 1978 is as follows:

Less Than 100 MVA: (47+33)x30 tons = 2,400 tons (average)
More Than 100 MVA: (94+4107)x160 tons = 32,160 tons (average)

Total: 34,560 tons.

Table III-7. Construction Plans of Pcwer
Substations in 1977 and 1978.

> P

Lower Than 100 MVA ‘ gher an h
Hokkaldo Electricity 1 ?
1 oY ¢
Tohoku Electricity 4 2 i
2

Tokyo Electricity 15 31
7 43 -
Chubu Electricity 1 9 .
1 16 ‘,
Hokurlku Electricity 2 :
1
Kansai Electricity 14 .
— 25 :
Chugoku Electricity 12 7 E
16 5 :
Shikoku Electricity 2 1 :
1 3 :
Kyushu Electricity 3 22 ,
1977 47 94 2
Total: .
1978 33 107 ;
Average Weight 30 tons 160 tons :
The main substation construction plans which will begin to be /igA

carried out in 1977 and 1978 are listed in Table III-8. The total
budget (for a two-year plan) is 696,245 million yen. There are 76
construction sites for substations with a capacity larger than 220 kV
and 250 MVA, and the budget planned for them is 384,004 million yen
in total. These large-scale substations are assumed to require heavy
equipment transportation. Assuming that 13 % of the total cost amounts
to 50.7 billion yen 1if a new transportation system such as an LTA
system can reduce this cost by 5 % by reducing the cost increase due
to the decomposition of equipment or by reducing the road-related
specially~added cost, the savings would be amount to as much as 2.5
billion yen.



Table III-8. Construction Plans of Power
Substation - Construction Begins in 1977 cr 1978.

Company

Annual Budget

Heavy

Welght Fqulpment

Sites Budget (200KV-250MVA
or higher) |
Hokkaido Electricity 2,508
L 9,306
Tohoku Electricity 14,860
- 12,252 4 6,870
Tokyo Electricity 717
122.816
ke 157,504 29 186,258
- Chlbu Electricity 28,481 .
- 69,926 1w [ 54,429
Hokuriku Electricity 3,276
5,186 1 3,090
Kansal Electricity 12,462
50,169
68,313 15 51,370
‘ Chugoku Electricity 29,148
- 10,574 5 21,486
Shikoku Electricity 987
2,107
. — 8,406
Kyushu Electricity 69,504
15,630 12 63,501
Okinawa Electricity 732
781
Total: 696,245 76 386,004

million ven

million yen

Refer to Figs. III-12 to III-19 for the locations of planned
substation construction scheduled in 1977 and 1978.
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Keys In Fig., ITI-12,

A: Power Station B: Power Transmlsslon Line
500KV Operatlon/500KV Designed
500KV Step-Up /275KV Newly Consiructed
C: Substation D. Bwitching Station
50CKV/500KV Expanded
275KV/275KV Expanded
E: Construction Begun

a: Kasbhiwazakl b: Togogura ¢: Ohmi

d: Oku-radaini e: Ohtsu-Mata f: Shinanogari

g: Yagisawa h: Shimogd (Power P.) i: Numabara (pcwer p.)
J: Shin-~-Fukushima k: Pukushima 1lst S'. 1: Fukushirm~ 2nd St.
m: Hirono St. n: Shin-Iwakl o: Fukushima Main L.
p: Fukushima West M.L. 1q: Oku-Klyotsu r: Tamabara

s: Imaichi t: Shin-Tochigi u: Shin-Niigate M.L.
v: Cho-Tokyo M.L. w: Shin-Tochigi/Tama M.L.x: Shin-Toshigil

y: Tohkal 2nd (Nuclear Plant) 7 :Ohmachi

aa: Nakanosawa ab: Shin-Takasegawa ac: Azumi

ad: Azuml Mailn Line ae: Azumi ’'outh M.L. af: Shin-Crkichilbu

ag: Shin-Tabe ah: Shin-Furukawa Line al: Shin-Furukawa

aj: Shin-Tsukuba ak: Shin-Sahara Line al. Kashima (Thermal P.P)
am: Kashima &' - Oh-Shima ao: Toshi~-Jdima

ap: Nii-Jima aq: Shikine-Jima ar: Miyake-Jima

as: Mikura-Jima at: Hachijo-Jima au: Acgo-Shima

av: Ogasawara-Chichi-Jima aw: Ogasawara-Haha-Jima
ba: Sakuma East M.L. bb: Shin-Sodegawara L. be: T3¢ Line
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Keys to Fig. TITI-13.

A: Keys B: Power Plant C: Hydroelectric

D: Thermal E: Substatlion F: Switching Station
G: Power Transmission Line

a: Roshin b: Tokeil c: Wakkanail

d: Wakkanai e: Tohfu f: Ashima

g: llaishi h: Horonobe i: Nalragawa

J: Kotonbetsu k: Sakirzi 1: Nishi-Nayoro

m: Nayoro n: Amaryu o: Toyosaki

p: Haboro q: Shibetsu r: Kami-Shibetsu

s: Kenbuchi t: Kami-Shibetsu u: Iwao-Nal

v: Kamui w. Tohma x: Nayoro Main Line
y: Imosegyu z: Nishi-Asahikawa

aa: Takikawa ab: Asahikawa ac: Ashima

ad: Sounkyo ae: Daisetsu af: Rubena

ag: Shimo-Kehfu ah: Sunakawa ai: Sunakawa

aj: Tomimura ak: Muroran West M.L. al: Nishi-Sapporo
am: Ebetsu an: Tomimura Line ao: Iwaaatsu

ap: Yonedaira aq: Ashiyori ar: Uenbetsu

as: Higashi-Kushiro at: Onbetsu au: Nishi-0Otaru

av: Nishino aw: Minami-Kujo ax: Minami-Sapporo
ay: Oiwake az: Niitoku

ba: Onbetsu bb: Tann- Main Line bec: Futaba

bd: Tomakomai be: Tomakomai bf: Higashi-Tomakomai
bg: Higashi-Tomakomai bh: Iwashimizu bi: Niikappu

bj: Shimo-Niik%appu bk: Oku-Niikappu bl: Harubetsu

bm: Shizunail bn: Kita-Memuro bo: Iwamatsu East L.
bg: Okujiri br: Idachi bs: Nishi-Muroran
bt: Muroran pu: Yubutsu bv: Ohno Line

bw: Shichihan bx: Kamiryo by: Higashi-Tomakomail

Thermal Plant Line
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Keys to Flg, ITI-14,

<<V IR QP

ad:
ag:
aj:

aqg:
at:
av:
ay:

ba:
bd:

bg:

O2XRHLLEIO »

: Not Finished by 1976

154 KV Transmission Line

: Underground Line
: Thermal Plant

: Geothermal Plart
: Substation

: Substation of Other Company N: Unit
: Tne numbers in parenthes

will start or started.

B: Operation Starts 1977 - 1978
D: 275 KV Transmlssion Line

F: Hydroelectric Plant

H: Nuclear Plant

J: Power Plant of Other Company
L: Switching Station

es indicate the time when the operation

: Kailhatsu Cement L. b: Shimol:ita c¢: Kamikita

: Aomori e: Hachinohe f: Hachinohe

: Minami-Hachinohe h: Hokubu Main Line i: Ohdate

: Akita k: Aki-Mori Main Line 1: Shizukuishi S.S.

: Morioka n: Miyako o: Partially Completed

: Mitsubishl Metal L. q: Goshono »2: Kitagami

: Ohfunawatari t: Sakata Kyodo u: Sakata Hokko

: Sakata w: Shinjo x: Ichinoseki

: Miyazeki Line z: Miyagi

: Hakuwa ab: Yamagata ac: Sendai
Ishinomaki ae° Sen-En Under-Water L af: Sendsi Harbor
Minami-Sendai al . Sennan ai: Higashi=Niigata
Niigata-Kyodo ak: Niigata al: Ohishi

: Voanezawa ar: Nishi-Fukushima ao: Ryotsu
' .shin T..(Expanded) ar: Fukushima as: Minami-Soma
Yokyo Electricity Shin-Fukushima Station au: Kase
Aizu aw: Kooriyama ax: Xariba Line
Nagaoka az: Kariba ap: Nishi-Niigata
Uwonuma L. (Expanded)bb: Miyashita bc: Honna
Tagokura be: Sugs-Gawa bf: Taira
Joetsu bh: Uwonuma pi: Shinano-Gawa
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Keys to Fig. I1I-15.

A: Keys R: Voltage C: Transmission Line
D: Substation E: Switching Station F: In Operation

G: Planned H: Our Company I: Others

J: Transformer K: Special M™ransformer L: Operation Starts

in 1977 to 1981

M: Operation Starting N: Construction Continued

0: Construction Starting Date

a: Shin-Hokushin b: Toshin ¢c: Shinano East L.
d: Nagano e: Mase-Gawa 1lst f: Takane 1ist

g: Eastern Area h: Chu-Shin J: West Main Line

k: Nothern District 1: Kansail District m: Seibu-Minami-Kyoto L.
n: Seibu 0: Seil-NB p: Seki

q: East Main Line r: Nishi-Nagoya s: Tnuyama

t: Dencen-Nagoya u: Shin-No Main Line v: Chita Thermal P.
w: Higashi-Nagoya x: Kica-Toyota y: Ise Main Line

z: Nakase 1: Shinano Switching S.

aa: 2nd Chita T.P.Line at: Shin-Mikawa Line ac: Sakuma
ad: Kawane wxe: 2nd Owase-Ise Line af: Ise
ag: Sansei Branching L. ah: Sanseti ai: Atsumi Thermal P.
aj: Kohda ak: Mikawa al: Sun-En Main L.

am: Hamaoka Nuclear Plant
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Keys to Fig. III-16.

xR QO

*s se ee e

<<NT TR AP

[+V)
3]

(Higher Than 154 KV} B: The numbers attached to each
power gtation or substation
denote the date wher the ope-
ration started or will start.

¢ The number attached to each D: The one marked by the red
transmission line denotes denotes that its operation

the date when the opera- will start in 1977 to 1981.

tion started.

Keys F: Hydroelectric Plants

Thermal Plant H: Substaticn

Switching Station J: e Transmission Line (154 KV)

e» Transmission Line (275 KV) L: ¥ Transmission Line (500 KV)

Nanao Thermal P. b: Shin-Noto ¢: Toyama Shinko T.P.

Kita-Kanazawa e: Shin-Toyama f: Toyama T.P.

Toyama h: Eguchi i: Furan

: Shin-Chujisan k: Kita-Sasazu 1: Wada 2nd
¢+ Minami-Kanazawa n: Kaga o: Maki
Ikenowo g: Higashimachi r: Tochio
: Shin-Komatsu t: Fukuil Thermal P. u: Mikuni Kyodo T.P.
: Kitanojo w: Shin-Fukul x: Matsuoka
¢ Nishi-Katsubara 3rd z: Yugami
: Nagano adb: Shin-Buyu ac: Shin-Suruga

79




T30Ta3STA  FESUBY UT
AM puesSnoyl 00§ J9A0 SIUTT UofssTwsueal °LT-III 314

Y ven u
o Bdad 0
Jd vy O
O vrvux
N o3t BS
by rvoos am
BEATSILUT A3 nes W2

d Ks.-a: ——

e

1 73 QO e . . d

e
}

i

_ T 1ery 090 .Nﬁs o
_ twe e . otes I » - »!
m Rgue ottt 4 asT \.\: 4
———— ] . e’
cez L X2 N X WOGQOHCO_
- —— SR
$01 ¢ rYg: C ot ] L 4 L.
L181 sosT ke L D27+ B BY L_...
fwti ’c e szt qﬁ D
€ ts o ATV ?t
:u.v"novm

.IIH‘

r—y iy b,

80

.




Keys to Fig. III-1T7.

maQ>x

G:
I.

Construction Rudget
Fiscal Year
Transmission Line,

Substation, Distributing

System or the Like

Innovation Work or Others

Fuel Cost

K: — 275 KV

M: @B 500 KV

0:

Thermal Plant

: Substation

Takahama
Suruga
Oku~Tataragi
Ina-Gawa
Ko-Toh
Shinki

: Oku-Yoshino

a3 RSO

ee 28 *0 se oo

6saka

Unit=100 million yen
Power Station
: Sub-Total

s o

'ngow

H: Total

J: Grand Total

L & 275 KV Operation, 500 KV Deaign V.
N: Nuclear Plant

P: Hydroelectric Plant

R: Switching Station

¢: Mihama
Shin-Ayabe f: Sun-Nan
Nishi-Harl i: Hoku-Setsu
Nishi-Kyoto 1: Keil-Hoku
Minami-Kyoto o: Shin-Ikoma
: Tana-Gawa 2dn r

: Shonan

: Ki-no-Gawa §
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Transgiésion Lines Over 110 kV
in Chubu District.

ITI-18.

Fig.
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Keys to PFig. III-18.
A: Keys

D: Substation

G: Yamaguchl Prefecture
J: Seto Inland Sea

M: Shikoku

a: Shimane Nuclear P.
d: Matsue

g: Anrail

J+ Niikawa-Daira

m: Yubara 2nd

p: Niimi

t: Kamami

w: Shin-Okayama M.L.
z: Hagl

aa: Muxkaichil
ad: Yoshin.se
ag: Sosha
aj: Higashi-Yamaguciii
am: Fukuyama

ap: Yanobara
as: Ogdri

av: Nango
ay: Shimomatsu
ba: Minami-Iwakuni
bd: Tsukuba
bg: Kami-Hirahara
bj: Orihara
bm: Iyo
bg: Matsunaga
bt: Mizushima
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Hydroelectric Plant
Switching Station
Shimane Prefectu.e

: Hiroshima Prefecture

Hiroshima Cilty

: Sakai-Ko

Tzumo

¢ Yonagc

Se  _
Kanejo

: Asahikawa

Chugoku Fast M.L.

: Koo
: Ta. ‘yeme -Gawa

Yos..awaseki

. Manbara

: Nishi-Okayama

Iwakuni

: Yagake

: Shin-Ohuchi

: Shono

: Shin-Tokuyama

: Suetake

ocooUv
rooo

oovo
(ol B |

Iwakuni

: Nishi-Hiroshima

Kure

: Takehara Power S.

Innoshima

: Kasaoka
: Tamano

20HT0

e 0o 9o oo ss oo

R T R S o

Thermal/Nuclear P.
Japan Sea

: Tottorl Prefecture

Okayama Prefecture
Iki Islands

Sumiyoshl
Sugawara
Chiigu
Yubara 1lst
Kannose
Sumikawa

: Shin-Naribagawa
: Okayama

: Dari
: Mihara

Shin-Yamaguchi M.L.
Shin-Hirchsima
Yamaguchi

: Nakayama
: Bofu
: Nisshin-Shunan

Iwakuni
Kita--Hiroshima

: Mitsu
: Shin-Hiroshima

Shin-Hazamazlima

: Tamanoshima
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Keys to Fig.

III-19.

J: Switching Station

Shin-Kagawa Main Line, Section
13.8 km, July 1981

Honkawa New Main Line, New Ccanstr.

Naruto/AwajJi, “ection Altntn.

120 Thousend kVA, Dec., 1977

A. Keys B: Construccior Conpleted
C: Operaticn will Start by the End of 1977.
D¢ Operation will start by the End of 1978.
E: Operation will start by the End of 1979.
®: Ope-ation will start by the End of 1981.
G: Facllities cf glectricity Development.
H: Power Station I: Substation
K: (Stations Which Starts Operation by tne End of 1981.)
L: Asa S.S.,New Construction M: Takamatsu S.S.,New Construction
200 Thousand XVA,July,2980 300 Thousand KVA, July, 1377
N: Kawauchl S.W.S.,New Construction 0: Min~bugawa S.S.,0verhaul
July 1978 from 60 to 200 Thousand KVA
July, 1977
P: Sakaide Thermal P. Llne, 2nd Q:
Section Altern~tion, 7.2 km Alternation,
July, 1977
R: Ohsu Kita Main Line, New Constr. S:
U7 km, April, 1081 42 km, Feb., 1980
T: Shin~Sakaide 1st, Section Altntn.U:
16 km, July 1980 2.6 km, July, 1381
V: Naruto S.S., New Construction W: Ohsu S.S., Extension
200 Thousand KVA, July, 1981
X: Menzan f.S., nNew Constrct. Y: Honkawa P.S., New Constret.

[&]

AA:
AC:

AE:

20 Thousand KVA, Tuly, 1980

: High Voltage Main Line, New Cnstr.

29 km, Feb, 1981

Ohwatari P.S., New Cnstrctn. AB:
33 Thousand XKW, April, 1980

Kohfu S.S., Main Equp. Altntn. AD:
from 120 to 30¢ Thousand KVA

July, 1977.

Kochi S.S., Expansion AF:

200 Thousand kVA, July, 1977

: Nanbari S.S., New Cnstro2tn. AX:

60 Thousand KVA, DEC., 1977

300 Thousand KVA, June, 1981

Tenzu P.S., New Cnstren.

11.8 Thousand KW, Feb., 1980
Suzakil M~in Line, New Cnstrectn.
30 kxm, July 1977

Kochil S.S3., Fxvansicn of Mair Trsf.

300 Thousand . VA, July, 1980
Nanbari Branch Line, N2w Cnstrctn.
4.1 ¥m, Dec., 1¢77.

a: To Chugoku Electricity. Hiroshima S.S b: Mitsubishi Kase
c: Sakalde d: Asa e: Makamatsu

f: Matsuyama g: Mitu-Gawa h: Kagawsz

i: To Nishi-Tan S.S., Kansai Electricity J: Matsuyama

k: Kawauchi 1: Iyo m: Niihama

n: Nishijo 0: Mishina p: Yoshino-Gawa
q: Kokufu r: Naruto s* Ohashil

t: Bulchi 4a: Prsan v: Somyo-Ura

w: Kage-Daira Xx: Anaa v Nipnon D=nko
z: Tsuga aa: Saga ab: Suzalki

ac: Sagawa ad: .Kochi ae: Shingkal

af: Uwohase ag: Futamata gh: YNooyama

ai: Nabaril
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III-1-6. Problems of Heavy Cargo Transport in Connection with /68
Rationalization glan of the Japanese National Rallways.
ceording to the rationalization plan of the Japanese National
~Railways, the condition planned for October, 1978 is as follows:

(a' Reduction of Freight Train Station.

- Freight train stations will be reduced from 1,60C (at present)
to 1,000 {63 %) by the end of the year 1980. The time schedule for
. tha reduction 1is:

Year 1977 1978 1979/1980
: No. ~~
) Stat.-us 180 96 300

(b) Freight Train Schedule.

The 4,600 trains scheduled at present will be reduced by 1,100
tra‘ns to become 3,500 trains (76 %). The reduction of locomotives
snd freight cars 1s planned as follows:

Locomotives: from 3,300 units to 2,700 units (81 %),
a 600-unit reduction.

Freight Cars: from 120 thousand cars to 100 thousand cars (80 %),
a 20-thousand-unit reduction.

(c) Freight Cars.

Large-size heavy freight cars are going to be successively phased
out, starting with the oldest cars (ones older than 20 years). The 41
large-size cars belonging to the Japan National Railways are scheduled
to be reduced to 19 cars by 1980. 22 cars will be phased out in the
meantime. (According to the latest agreement, however, the overhaul of
these cars is planned for 1977 and 1978, and their phasing out will not
be done until the middle of 1979.)

36 large-size cars are possessed by the maker of the products to
be transported. Supplementation of the cars discontinued by the
Japan National Railways is, however, difficult due to the conditions
set by the makers. At the present stage, heavy cargoes over the road
transportation limit of 30 to 60 tons can depend on transportation means
other than the railway system. Hence, an LTA transportation system is
worth serious consideration in this respect, too.

Estimated Cost of Cars Which are Scheduled to be
Discontinued by 1980,

Type Load Estimated Unit Price x Units Total Price
Siki 40 30 tons 30 million yen x 3 90 million yen
Siki 70 30 30 x 8 240

=~ continued -
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Siki 80 30 30 x &4 120
Siki 90 30 30 x 3 90
Siki 100 80 80 x 1 80
Siki 500 100 80 x 1 80
Siki 550 50 70 x 2 140
Total 22 840
Demad for Heavy Cargo Temporary Transportation /69
in 1978
Ultra Large-Size Cargoes: 132
Type A Cars: 73

Besides the above demand, there are 12 planned construction sites
for power substations (with more than 500 thousand kW capacity) which
require heavy freight temporary transportation in 1978 to 1981, and
there are 19 construction sites of pumped-strage large-scale power
plants planned up to 1984 which wiil also demand temporary heavy freight
transportation.

III-1-7. Bridge Building, Penstocks, and LTA.

(This section is based on the interview with Mr. Ukon Toriumi, director,
Division of Bridge Building, Nippon KOkan Company, Ltd.)

The annual demand for bridge building and penstock related products
is about 400 thousand tons.

In product design of bridge related materials, assembling has the
first priority. Next to this, the manufacturing process 1in factories
and the question of transportation must be considered. Recently, in
order to use sea transportation means for heavy products, sea-side
grounds have been prefeircd in the selection of the factory sites. How-
ever, the heavier» the product , the more important the assembling
design is. The bLasic design prccess must include calculation of the
stress during assembling as well as the design stress when installed.
Therefore, the stress of the bridge bodies durlng assembling and trans-
portation must be precisely calculated and controlled in a well-organi-
zed system. In addition, the factor of the safety of materials during
assembling must not be overlooked either. Due to the uncertainty asso-
clated with the building techniques, an effort to attain the maximum
safety must be made. In this res:-ect, pre-assembling in factories is
preferable, siiace it will reduce construction site work and will elimi-
nate many uncertain factors. Pre-assembled large block systems are the
most desirabie in this respect, and using these systems, assembling im-
mediately aftes transportation will become possible. In such a system,
a 50-ton class Llock 1s transported. Recently, even weldling work at
construction sites has been under strict control of working conditions.
Since a 300-ton ground crane was developed, transportation of 50-ton
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blocks has been carried out without difficulty. On the sea, a 3,000

ton floating crane is used at present. These examples of progress in

means of transportation will continue to encourage pre-assembled. large-
; biock systems. Large block systems are also advantageous in their abi- i
‘ lity to reduce the materials necessary for assembling work at the con-

struction site,

The blocks of a tower are usually less than 50 tons in welght. In

{ the most common case, blocks of 15-m length and 10-ton welght are tran-
sported, while 1in one recent case, a 20-m x 7-m. 30-ton block was tran-
B sported. The recent trend concerning the penstocks of hydroelectric .

- power plant dams is to replace l-m, 2-ton blocks by 6-m, 12-ton blocks.
Similarly, in the case of bridge beams, l-m, 1 to 2-ton blocks &are be-
ing replaced by 15 to 30-m, 30-ton blocks.

The arnual product of 400 thousand tons correspondsns to the cost 3
. of about 250 billion yen (625 thousand yen per ton). 85 % is trans- :
N ported vy ground transportation means, and 14 to 15 £ by ship. Products

up to 50 tons are transported by trailer. The normal weight carried by
trallers 1s 20 tons. The transportation cost of bridge beaus is 10 to

15 thousand yen per ton. The construction cost is approximately 10 %

of the product price and about 62.5 thousand yen per ton.

According to the survey by the Japan Association of Bridge Const-~

A ruction, the annual demand for bridge construction is 320 thousand tons

: and 2,000 bridges. One third of this demand of for bridges in urban

: areas. The demand is itemized below: /70 ;

i -
Regional Construction Bureau 33,500 tons

f Development Bureau 6,000 i

R Japan Road Corporation 55,000 v

. Honshi-Shikoku Bridge 60,000 :
Metropolitan Transportation 67,000 :
Ranshin Transportation ’ p

; Railway Bridge 36,000 :

: Others 62,000 !

: Total 320,000

The demand for penstocks and related materials is estimated to be
{ at most 100 thousand tons per year. Usually, a 5-m, l2-ton block of
% penstock 1s carried by a truck or the like, and the transportation cost
is 5 to 10 thousand yen per ton. As an indication of the quantity of
penstocks used in one plant, the following examples will be of use:
Second Numazawa-Mura Pumped—Strage Power Plant (with 460-thousand-kW
output) used 7,000~-ton penstocks. Oku-Yoshino Pumped-Strage Power plant

WY g e L,
i S Vs e

» (R

used the same quantity of penstocks. These examples suggest that an g
LTA transportation system would be an appropriate means of transporting
these materilals. ;
In addition to the penstocks, press-trusses and concrete beams are ?

heavy materials transported to the construction sites. The annual i
88: :
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demand for these materials is 2,000 of 20-m§ 50-ton blocks and about
100 thousand tons.

Penntock Fig. III-20.
Installation of
Penstock.

clo

I1I-1-8. Heavy Cargo Transport in Dam Construction and LTA.

(This section 1s based on the interview with Mr. Tomo Narita,
Technical Commitee Member, EDPC International.)

In the construction of a dam, the decision to construct is made

after survey and planning is done, and practical designs are drawn.
Then, after a contract is made, actual construction work is begun.
A common schedule of dam construction is briefly described below:

Survey and Planning Practical Designs Main Works
x- ¥ - X

Preparation Works Temporary Facilities

Transportation . Temporary Roads
Roads Diversion of

Temporary Power River Stream
Transmission Excavation of
Line Dam

Living Facilities
for Workers

The power station and dam construction site of Owashl Hydro-

electric Power Plant is located at the 20-km pcint from Owashi-Machi
(a town). If the transportatio: of heavy material by LTA were possible,
a variety of benefits might be obtained with respect to road and dam

construction.

A clearer -example ‘is"the construdtion’of Ohtsamat& -Fower RY4nt -
Based onia 'decision by the Conferénte-ufrElectric Power Devalopment after
survey, planning and design studies, a contract was made in December,
1965 and the plant began to be operated in December, 1968. The construc-
tion: site is shown in Fig. III-21. Construction equipment and workers

ORIGINAL PAGE B
OF POOR QUALITY
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Fig. III-21. Oku-Tadami Hydroelectric Power Plant.

Key:

a: Plan of Oh-Tsumata Power Generatling Stations

b: To Koide c: Nakanomata-Gawa d: Futamata-Zawa
e: Koinomata-Zawa f: Nokogiri-Yama~Daira

g: Oku-Tadami Dam h: Starting Point: Oku-Tadami

i: Tadami-Gawa j: Road for Construction

k: Starting Point (Oh-tsumata) 1l: Ohtsumata-Gawa
m: Dai-Yoppi Water In-Take Dam n: Ohtsumata Dam
o: Takisawa Water In-Take Dam q: Hinoemata Tunnel
r: Monokokuri Water In-Take Dam

s: Oku-Sodezawa Water In-Take Dam

t: Hinoemata Water In-Take Dam

u: Funamata Vlater In-Take Dam

ORIGINAD PAGE W'
OF POOR QUALITH
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were transported on the dam water of Tadaml Power Station and through

a temporary construction road, to the dam construction site. The snow-
fall in the winter season is about 6 to 7 m in this area. The 1ice melts
late in March and the snow begins to melt in May. Although the contract
was made in December, 1965, the dam-site construction work did not be-
gin until June, 1966 when the temporary construction road was completed.
The road construction began in March, 1965. If the equipment and work-
er transportation could have been accomplished by using an LTA, the pe-
riod from December, 1962 to June, 1966 would not have been wasted. For
the construction of this dam, helicopt=rs were also used to transport
equipment. The most sign!ficant use ol helicopters was construction of
the longest tunnel, 6,957-.1 Hinoemata Tunnel, in the transportation
route. After the trees were cut down, a heliport was constructed using
the necessary equipment which was transported by helicopter. This work
started on April 20, 1966. After the snow on the heliport was removed
on May 1, 13966, transportation by large-size helicopters began on May 5,
1966. Compressors, diesel engines and other necessary equipmert had
been transported by the large-size helicopters, when the excavation of
the tunnel started on May 21, 1966.

The construction ¢f Omcro Power Station is another example. The
dam construction site was about 7 km from the construction base. By
means of large-size helicopters (Sikorsky S56-C) which were used for
75 days, the total weight of 664 tons was transported. On the average,
4,16 rounds of transportation were done in an hour and the average load
transported per round was 0.7 ton.

On the other hand, in case of the Hasan Ugurlu dam, in Turkey, th
contract was made on November 1, 1571 and a 145-m high 9000-thousand-m
rock-fill dam was schedu- -
led to be filled with wa- Dam Top P

ter. A road was const- Road

ructed for building the ’
dam top. This rcad was w§§;>7é( Dam Top 1//i/,
constructed on the left “;-\\\\\\‘-_"/////’ /
bank of the river and <-- /
was 140 m high. It is A /

2 km long and is connec- ~
ted with an existing A~ -7
road to Carsamba. Base
(See Fig. III-22) The Steady Rock
construction of the

road began in 1972 and
the dam construction In constructing a rock-fill dam, the soil is

excavated to the rock base, designated by a
;igglztigtgilin :?i broken curve in the above figure. Without
months later ’Ip the the dam top road, transportation of equip-
workers and the ;qu*p_ ment and the soll evacuation cannot performs

ment could have been ed on the left bank.

transported to the left

bank by means of LTA for

the construction of the dam top, the construction period might have been
shortened by six months. Moreover, the construction of a temporary .
stream diversion way on the left mank might have been completed in a
shorter period of time.

91

Y G AR T opom——— S e m————

/12



B 54
Left Bank Road for “WET
DR} Dam Top Construction s
‘OR QUAL[u ’ J ' )
To 'l")g’:-=e == s S d A
- “‘:“”‘\. -~
Soil Ty T =
Excavating Nl Bt Y S ¥
”‘L Site ",’;’ ,”,’.- . . ! T
_:- - l: /
I’ /
B 4 *
if \§_,—//, /
’
Spttus, - ;"‘—\\-—/—.
5% » - Existing Road
3‘ oy B g fris i
RIS i S ey R
]
Fig. III-22, Hasan Ugurlu Dam, Turkey, and the Nelghborhood.
Key: “. i
}
| a: Siquirres Plan
. i b: the Atlantic Occean
¢: National Road
: d: Limon Harbor
: e: Upper Beles Plan
t ~ f': National Road
: g: To Addis Ababa
ORIGINAL PAGE 18
; Of POOR QUALITY
32 Fig. III-23. Upper Beles Plan of Ethiopla.




In the case of the Upper Beles Plan in Ethiopla, a survey of the
area for a planned 200-thousand-kW hydroelectric plant was carried out.
(See Fig. III-23.) The area is 300 km away from Addis Ababa and 60 km
from Daugla. The road from Daugla is a winding mountain road and the
actual distance along the road is 60 km x 1.4 = 84 km. It is conceiva-
ble that the utilization of LTA might have greatly facilitated the work
of surveying in such a mountainous area.

New transportation means using LTA may even eliminate the need
for road construction. In the case of the previously mentioned Hasan
Dam, 60-ton dump trucks were going to be used according to the origi-
nal plan. However, for some reason, 35-ton and 45-ton dump trucks
were used instead. Consequently, the construction work on the right

bank was significantly delayed. 1In a case like this, 1if an LTA system /74

had been used, such a delay might have been avolded.

In some cases, dam construction work includes construction of
stream diversion tunnels. In these cases, tunnels are excavated from
one side, However, if an LTA system could transport equipment and
workers, tunnel excavation from both sides might be possible and the
construction period might be shortened, without the need for additlon-
al roads for excavation of tunnels from both sides. Furthermore, an
LTA system might eliminate the necessity for the road for transport-
ation of construction equipment between the power station and the dam
or between the power station and the water pool.

Besides the above-mentioned potentfal advantages of using LTA's,
the following points should be added:

1. By use of LTA's, the road reinforcement and repair cost could
be reduced . Such a cost 1s 1lnevitable when heavy equipment
such as transformers, water wheels and water wheel generators are
transported on a road. Moreover, in some cases, the transporta-
tion limitations might be modified and heavier or larger equip-
ment could be transported. By using a larger capacity of genera-
tor unit or equipment, the amount of necessary equipment will b2
reduced.

2. The efficlency in heavy cargo handling at the harbor would be
improved. For example, the unloading of equipment for 150-thou-
sand-kW Alleluna Power Station in Costa Rica had to be done by
means of barges.

3. In the construction of Oku-Kiyotsu Pumped-Strage Power Station,
transportation efficiency was improved by using 60-ton dump
trucks. These trucks have a deadweight of 60 tons and a net load
of 60 tons. The roads travelled by such a heavy car must be re-
inforced with particular care. The load and deadweight or the
dump truck ordinarily used is about 30 tons. The use of LTA's
would reduce the reinforcement and repalr cost significantly.

4, Ethiopia has many sites where 2,000 to 3,000-kW hydroelectric

power plants are under consideration. At present, the road pro-
blem 1s an obstacle which is hindering the development plans. In
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general, a new LTA system would be very useful for water :iesource
development in developing countries where transportation means
are generally in poor condition. -Simildrar clrcumstances can
be pointed out in Middle or Near East countries.

- Welght of Civil Engineering Equipment for Construction
of Hydroelectric Power Plants -

The welght of civil engineering equipment was already shown in
Section III-3. The truck has a capacity of 32 tons at most. The
bulldozer has a truck unit of 36 tons or less and 1s 50 tons or less
including other attached equipment, It is desired that the LTA sys-
tem to be devcloped provide these capacilties.

- The Merits of Construction Period Reduction
for Hydroelectric Plant Construction -

In general, the construction cost of a hydroelectric plant ine-
cludes 7 to 8-% interest and 5 to 6-% construction expenditure., If
the total construction cost is 50 billion yen, the interest plus the
construction expenditure is 50 billion yen x 13 ¥ = 6.5 billion yen.
Then, if the construction period, say 5 years, is reduced by six
months, 6.5 billion yen x (6/60) = 650 million yen will be saved. The
saved ccst is 1.3 § of the total cost, 50 billion yen. The merit of
the construction period reduction by means of LTA is illustrated by
the above example.

III-1-9. Transport Data for Reference in Connectlion with LTA Use.

In Japan, even when LTA's are used for heavy cargo transporta-
tion, it will be economically efficient to use coastal marine trans-
portation means to the shore nearest the construction site. This is
understandable when one realizes that most thermal or nuclear plants
in Japan were constructed at sea-side sites in order to alleviate the
problem of transporting equipment, and when one realizes that 50 & of
the total transportation is coastal marine transportation. The great-
est problem in heavy cargo transportation by means of coastal marine
transportation - -+ 1s the unloading and loading of the cargo. These
harbor works are very costly. If this problem can be solved by the
effizient use of LTA's, an excellent economical transportation system
will be established, in which heavy cargo 1is transported to the near- /7

est harbor by ships and then transportated to the construction site by -
LTA.

A9

In a case of plant transportation in Kyushu District, in 1974, a
total weight of 2,8GC0 tons of plant products was transported by ship
from the Tokyo-Yokohama zarea to KyUshl District, and after unloading
at the harbor, it was than transported by land via a 21-km route. The
marine transportation cost was 57 million yen and the so-called unit
transportation cost was a little over 20 thousand yen per ton.

According to a recent estimation, if 3 packages of 160-ton trans-
formers are transported from the Tokyo~Yokohama area to a harbor in
Kyushu District and then by land along a 22-km road to the installation
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site, the transportation cost will be U4l thousand yen per ton. If the
land transportation cost and unloading/loading cost are not included
in the zalculation, per-ton cost 1s about 27 thousand yen.

According to the abcve data, cost of transportation by ship to the

rrearest harbor can well be estimated at around 30 thousand yen per ton
or a little less.

III-1-10. Anticipated Annual Demand for LTA.

According to "Estimated Operating Cost of Sky Crane," which 1is
among the separately provided reference literature; the unit transpor-
tation cost by a 70-ton Sky Crane is estimated to be 70 thousand yen
per ton in a 50-km transportatlon operation, assuming that the annual
flight is 1,200 hours and the loaded flight is o000 hours. Based on
this data, the demand for the transportation of the previously mention-
ed heavy equipment 1s estimated as follows:

(1) Pumped-Strage Powesr Plant.
Anrual Heavy Cargo Transportation (Over-20-Ton Equipment)
9,000 to 10,000 tca
If 40 ton x 250 cases,
4 H x 250 = 1,000 H/year.

(2) Commen Hydroelectric Power Plant.
Annual Heavy Cargo Transportatior (Over-20-Ton Equipment)
23 Cases
4 H x 23 = G2 H/year

(3) 3eothermal Power Plant.
fnnual Heavy Cargo Transportation (Over-20-Ton Equipmant)

If 20 ton x 25 cases,
4L Hx 25 = 100 H/year.

(4) Power Transmission Lines.
250,000-ton Helicopter Transportaticn per Year.
10 ton x 25,000 rounds
(1/10) H x 25,000 = 2,500 H
If 50 % is in an area where LTA cunnot be used,
= 1,250 H

(5) Power Substations. /76

30 ten x 40 cases per year
60 ton x 300 cases per year
4 H x 340 cases = 1,360 H.
If 60 % is 1n the area whereuﬁTA cannot be used,
544 H.

With respect to the above-mentlioned five kinds of plants, the es-
timated total annual demand 1is:

2,950 H®3,000 H.
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Besides the above, 1t 1s understandable that the advantages of
LTA transportatlion will be evaluated in every case and will induce de-
mand, alsc with respect to the transportation of heavy equipment for
bridge construction, penstocks, dam construction and others.
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III-2. Current State of Large-Size Helicopters and Problems at Issue. /77

Table

III-9

and Fig. III-24 show representative middle- and

large-size helicopters which are available at present. When payload is
not llsted, the difference between fully loaded weight and dead welght

can be thought of as the payload plus fuel.
lead is reduced when the rligh% distance 1s increased.

Needless to say, the pay-
at present,

Table III-9. Representative Middle- and Large-Slize

Helicopters.
a A Enginez | AMUE [2EAR |BAEAX l}ﬁﬁl FRAR) W
R oa = CE nw € ton |€ton mh) | “km, ton [WANS
GE T58-710
- 86 5.1 235 444 -_ t
1 §-61 1500%2
GE T58~-110
— - 86 5.1 270 346 —
2 KV-107-2 15002
R-R Gnome H1400-1
. 95 55 228 L120 — -
3 Sea Xing 1660%2
Izotov TV-2
. 12 — 245 493 40 | —
M8 1500x2
Tur Turmo A7-60
5 X 13 68 | 275 | s29 -
SA321(S.Frelon) 15703
6 S-65(CH-53F) | O 04 G418 1o | 116 | 314 | 965 | as|—
4380x2
Lye. TS5-L~11D ,
7 CH- i 21 10 306 | 695 —
47C(Chincok) 3750x2
P&W JFTDI12A-5A
8 S—B4F 21 89 | 193 | 370 | 100 —
64F(Skycrane) 45002
9 MIL Soloviev D-25V 42 . 299 634 — | = ’
Mi 6 5500x2 :
1o MIL Soloviev D-25V 43 | 21 | 200 | 249 | 150} — l
Mi 10 5500x2
i MIL Soloviev D-25V 97 | 67 | 260 | 260 | 300|—
[\m 12 5500x4
Keys:
a: Name of Model b: Name of Engine '
c: Horse Power HP d: Fully Loaded Weight (ton)
e: Deadweight (ton) f: Maximum Speed (km/hour) i
g: Flight Distance (km) h: Payload (ton)
1: Endurance Flight Time ;
PAGE I8
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Fig. III-24. Representative Middle-and Large-Size Helicopters.
- continued -
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Fig. III-24. Representative Middle- and Large-Size Helicopters.
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two types, S-61 and KV 107, are used in Japan. These types of helil-
copters can suspend a load of about 3 tons. T™he flight time 1s only
1 to 1.5 hour.

Among the helicopters which are available within the free nation
bloc, S-64 has the maximum payload, 10 tons. On the other hand, in
the Soviet Union, the 15-ton payload class of helicopters is now used
for practical purposes and test model Mi-12 1s cstimated to be able to
carry 30 tons or more. Although this class of helicopters was once
planned for use in the U.S.A., the plan will probably be discarded
after several test models are manufactured. ™herefore, helicopters
cannot be used for transportation of heavy cargo which is more than 10
tons in weight, in the near future in Japan.

However, helicopters have actually been very important means of /80
cargo transportation, and they will remain so in the future as well.
In an operation for which helicopters have most bpeen used , load of
around 1 ton or less are transported with great frequency within a
short period of time, 20 to 30 minutes at most. ™he loading and un-
loading takes very little time. Usually, 2 load is prepared, and is
equipped with a rope or a wire before a helicopter arrives. Then,
the helicopter descends and stops over the load, When the hellcopter
is hovering, the suspending hook of an outside holst is stretched and
engaged with the load. At the time, if the helicopter 1s middle-size,
the pilot adjusts the position of the helicopter according to the in-
structions given by a ground cre -y, so that the hook may be easily en-
gaged with the load. The instruction is given to the pllot in a way
similar to a crane operation in which a person working on the ground
gives instructions to the crane operator. In the case of large-size
helicopters, an assistant crew member 1s on board and 1s 1n charge of
adjusting the position of the hook. After the pilot roughly deter-
mines the position of the hook, the asslistant crew member, watching
the load, positions the hook precisely. The adjustment of the hook's
position is done by means of a Joy stick. In these operations, the ..
helicopters are so stable that work members can attach the hook to the
load under the helicopters with no danger.. In other words, the heli-
copters are extremely stabilized and controlled.

When the load is suspended by the helicopter, 1t ascends according
to the instructicns of the ground crew and begins forward flight im-
mediately. ™he helicopters do not need runways, although lcading of
the cargo needs a certain area of ground. As wide an area as possible
is desirable for t! 1loading ground. The reason is this: Although
the helicopters are capable of ascending and descending vertically,
they can la~d with more safety - for example, in case of emergency,
when the engine stops abruptly - if they have a furward speed component,
Moreover, less fuel is consumed if the hellicopters move forward
After the loading is completed, the helicopters ascend to an altitude
which guarantees the safety of the ground workers. However, as soon
as possible, they start to move forward while ascending, for the rea-
sons mentioned above. ™herefore, it is desirable for a loading area
not to be surrounded by tall obstructlons, such as mruntains or bulld-
ings, which may force the helicopters to ascent rapidly. Rapid ascent
is dangerous as well as fuel consuming.
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Ing amplitude will cause difficulty in maintaining the stability of

On the way to his destination, the pilot must make certain that
the load does not begin swinging. The swinging of a load with grow-

the helicopter. Disorders in the air condition, sudden wind and others,
induce the load swing. 1In order to prevent this, the helicopter must

be sufficiently stable and have excellent control ability so that the
pllot may maintain the desired movement of the helicopter at all times.
The flying position in which control 1s most difficult is the hovering
position in which the helicopter is loading or unloading a cargo, as
mentioned before. Thus, if the helicopter can withstand a sudden wind
to some extent, while in forward flight, stability and controllability
ensure almost riskless travel.

Hellcopters are not good for long flights. One reason 1is the

I PN N S

shape of the wing. Helicopters have rotary wings which have a circular
or disc shape when in the: air. - This shape of wing 1s not efficient ,
in long flight. And in general, due to the constant vibration and :
the nerve-wracking task of piloting, helicopter pilots are apt to tire
easily. Moreover, helicopters are not allowed to carry .suspended loads
above city or town areas and must choose a flight course over rivers,

farming fields, or streams if they fly over the mountains, with a sus-

pended load.

When a helicopter reaches 1ts destination, ground workers watch
the helicopter and its load. ™he helicopter then begins hovering ac-
cording to the instructions glven by the ground crew. After gradually
lowering the load to the ground, the load 1s disengaged. Sometimes.
the helicopter itself descends. T'sually. this unioading procedure is
easler than the loadlng one.

After completing this operation, the helicopter returns to the /81
original loading spot. Sometimes. it carries an empty bucket or the
like. The helicopter is much easier to pilot on the return trip since
it is not carrying the load. It is said that helicopters are used
most efficiently when they make frequent round trips carrying a load
each time, as described above, particularly in mountainous freas
where truck transportation 1s difficult. As mentioned later, at pre-
sent, since renting a helicopter 1s very expensive, ground transpor-
tation means such as trucks a:re used as much as possible, while heli-
copters are used only when nc nther means of transportation can be used.
For example, in lumber-cutting, it would be convenlent to transport -
lumber by hellcopter directly from the mountain onto the ship decks.
However, for financlal reasons. this type of transportation 1s not used
unless the harbor is very close to the deforestation site.

The necessary ~osts for helicopter operation are described below:
Table ITI-10 lists the rent per hour, including pilot,and the maximum
load by middle- and large-size helicopters, which are most frequently
used in Japan. As seen from this table, helicopter rental is very ex-
pensive. It 1is much more expensive than that of airplanes. The reaions
are, first, the high price of helicopters themselves, and second, the
high maintenance cost and low demand. Table III-11 includes the prices
at which helicopters are sold. The average price rer ton is U4 to 5
times more than that of alrplanes. These high prices result from the
complicated component consisting of a rotor, a dynamic part, and e
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rotor driving means. In addition, the helicoptor equipment must endure
constant and intensive vibration. The vibration is much greater than
that of airplanes. The material and manufacturing costs of helicopters
are consequently very high.

With regard to the demand for helicopters, a strong trend of sea-
sonal change 1s observed in Japan. In particular, the demand for small
helicopters for farm work rises sharply during the season when insecti-
cldes are sprayed. It 1s now difficuilt for middle- and large-size he-
licopters to attract a stable demand. If the demand for them were
stable, many helicopters of the same model could be maintained by each
transportation company so that rents would be reduced due to the im-
proverient in operational efficlency.

Table III-10. Summary of Economy and Performance of
Representative Models of Hellcopters.

Model Name Maximum ] Flight} Crulsing Price of Rent
Load Time Speed Helicopter

KH-U4 0.45 2.5 140 ca. 65 I YA
(Small Size]

Bell 204B 1.50 2.5 186 ca. 240 41y
(Middle Size

KV-107-2 3.37 3.0 236 ca. 1000 688
(Large Size)

ton hour km/hour million yen] thousand yen
A i per hour
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Table III-11l. Fare and Rent of Hellcopters, /82
a L lexsER £ I ECEC
[ ] n RUE RN & e E— CE- ()
Al A g R [
p Ao w) ks w) hkm s Ra/n)| §
(dkR)
H-300 130000 | 1030 720 | 117000 79 ) 34000 | (S )
G-2 146000 | 1,030 720 | 133000 | 78000 | 34000 | (S )
G-2A 159000 | 1030 720 | 146000 82000 | 34000 | (.S )
KH4¢ 173000 | 1030 720 | 160000 90000 | 34000 | ( S.)
ALl 211000 | 1,030 720 | 192000 | 114000 | 34000 | ( S )
206 (H-500)] 220000 | 1030 720 | 201,000 | 126000 34000 | (S )
ALE(3158) 297000 | 1030 720 | 268000 ] 166000 41000 | (M)
§-62 361000 | 1,030 720 | 323000 | 206000 | 56000 | ( M )
2048 414000 | 1,030 720 | 376000 | 231,000 56000 | (M)
204B2 467000 | 1,030 720 | 429000 | 279000 56000 | ( M)
BO10S 384000 |} 1030 720 | 355000 | 255000 | 41000 | ( S )
212 540000 § 1030 [ 720 | 502000 | 347,000 56000 { (M)
vio? 688000 | 1030 720 | 637000 | 397000 64000 | ( 1.)
2148 740000 | 1030 720 | 689000 | 465000 | 64000 | (L )
SA-360 421000 | 1030 720 | 384000 | 287000 ] 56000 | ( m:)
Key: a: Mode. b: charter charge c: Passenger Fare
d: Adlt e: Children f: Cargo Transportation
Charge
g: 3ojourn Charge h: Daytime 1: night time
1: Size - k% yen per hour 13 Rotary Wing
S: Small Size m: yen per one night

M: Middle Size
L: Large Size

(Fares Approved On January 27, 1978 : Rotary-Wing Aircraft Division)
Cf. Rules for-ealculating fares and rents are shown in a separate table.
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In summary, helicopters have the following chracteristics:

(1) They cannot carry very heavy cargo (over 10 tons), at least
for the time deing.

(11) They cannot fly fo: long distances. Flight time of 1 hour
or more is impossible at present.

(111) They do not need an airport and can fly even in very moun-
tainous areas.

(iv) Loading and unloading can be carried out safely and essily
while the helicopters are hovering.

(v) They can fly with sufficient safety against anticipated wind
speed or sudden disorder of the air stream.

(vi) They do not have any problem flying over even the highest
mountains (3,000 m) in Japan.

(vii) The operating costs and charter charges are very !’gh.

The rest of this section will describe the anticipated problems
which may be caused by future hybrid airships in similar operaticns.

First, (i) a hybrid airship is not an attractive prospect unless /83

it can carry a load heavier than 10 tons using its buoyancy. Further-
more, (ii) it is desirable that such an airship carry certain kinds ¢f
loads directly onto ship decks, without using barges. Airships, however,
are large in size and have poor maneuvering performance. Hence, (ii1)
some alrport equipment for mooring the airships as well as take-off and
landing grounds are necessary. It will be dangerous for airships to

be operated in very mountainous areas. (iv) Loading and unloading will
not be carried out as easily as by helicopters. Since the cargoes.:"
handled are heavier, crane-like means should be used rather than hoist
means. It 1s difficult for airships to hover, and therefore, preven-
tion of the load from swinging will be impos:ible @f maneuvering the
airship bodys Thus, load-fixing means or load-capturing means will

be necessary. Silnce the alrships cannot safely stay in the air at very
low altitudes, load-suspending ropes must be very long and rope-hand-
ling means will be very complicated. (v) It is not easy to keep the
airships-stable against anticipated wind speed or disorder of the air
stream. In some cases, mooring of the alrships themselves must be
necessary. (vi) With higher design altitude, the 1liftable load must

be lowered. Therefore, high altitude flight is not economical. In .
ordar to overcome the above-mentioned disadvantages and to attract a
practical demand, the operating cost must be at least the same as, or
preferably lower than, the cost of conventional truck transportation,
including road and bridge reinforcement and repair expenses.

But, what will the cost be if a large-size helicopter 1is developed
in Japan ? The model BK-117, whose development is now being planned
by Kawasaki Heavy Industry, will have a fully loaded weight of 2.7 tons.
This development 1s estimated to cost about 10 billion yen. Based on
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this data, it is estimated that the development cost of a 10-ton
payload, 25-ton fully loaded weight helicopter will cost more than
50 billion yen.

III-3. Current State of Short-Distance Aviation and Passenger
Transportation and Problems at Issue.

As one of the potential uses of hybrid LTA's, one can point to
passenger transportation. Of course, due to thelr low cruising speed,
hybrid LTA's cannot compete with other transportation means in long-
distance alr transportation. Therefore, one possible application of
hybrid LTA's can be found in short-distance air transportation. Short-
distance air transportatlion, however, has many problems at present.
The short-distance transportation sector is the least profitable among
air transportation sectors and the service has become inferior in
quality. 1In the following sections, problems in short-distance air
transportation will be described together with specific conditions
which are required of short-distance alr service. As an 1llustrative
example of short-distance air transportation, the problems and issues
related to short-distance air services in the environs of large cities
will also be discussed. The last part of this section is a discussion
of the problems involved in transportation to isolated islands.

IIT-3-1. Problems at Issue 1n Short-Distance Air Transportation and
Materials Which Are Belng Sought.

At present, about 15 § of the world's air transportation
(passengers x transportation-distance) is done by lines with distance
less than 500 km. Of course, these include those short-distance lines
which are part of long-distance trips, such as the Osaka-Tokyo line
which must be used as part of the trip from 0Osaka to the U.S.A. This
means that, although air transportation is most advantageous for long-
distance trips, short-distance alr transportation means are also very
important, and actually compete with ground transportation means.
Short-distance air transportation, however, has many serious problems
at present. The improvement of the service quallty of short-distance
air transportation is one of the most important tasks in future air /84 -
transportation.

(a) Problems in Short-Distance Air Transportation.

The biggest problem in short-distance air transportation 1lies 1n
its profitability. Most of the present short-distance lines are the
so~called local lines. These have less demand than middle-distance
main llnes. On the other hand, short-distance air transportation must
compete with many other ground means such as raillroads, buses and pri-
vate vehicles. Hence, 1n order to survive competition and to provide
better service to passengers, more frequent flights must be scheduled.
Thus, for these short-distance lines, small-size aircraft must be used
to transport passengers with great frequency. As shown in Fig. III-25,
however, the unit operating cost (the cost per passenger per km) rapid-
ly becomes higher as the line distance becomes shorter. Thus, the
operation of smaller sized airplanes 1s more costly. This igi.due tditthe
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fixed costs, such as the airport take-off and landing fee, which are
indeperdent of flight distance. 1In addition, the 500-passenger
Boeing 747 can be operated by three crew members (two pilots and one
mechanics), while the 60-passenger YS-11 needs two crew members. Thus,
the transportation cost includes fixed costs which are independent of
the number of passengers carried by an alrpiane. Therefore, short-
distance transportation means with small capacity are very disadvan-
tageous.

8
E
£ 1
\ -
i /r_-YS-ll (60 ﬂgssengerk)
0 ]
c 6 A < N
) B & |
¢ \

N - Double Engined

g 5 \ > f Lot pl%h&g
& \ - - -/(120 Pagsengers
-

3

2 5 0 5 )

Line Distance (nautic mile)

Fig. III-25. Comparison of Direct Operating Cost.

On the other hand, the revenue corresponding to the cost, that is
the fare, has an unfavorable condition. Due to the short line distance,
the benefit of high speed cannot be fully utilized in competition with
other ground transportation means such as railroads, buses and private /§§
vehicles. Tn order to survive this competiticn, as low a fare as po-
ssible 1s necessary; thus the air transportation fare is kept very low
in many cases. In relatively undeveloped areas, short-distance air
transportation means are mildly competitive due to delayed development
in road and railroad networks. However, in many cases, air transpors
tatior is a unique means of transportation and the fare is kept low.
In each case, the air fare is not determined by the cost, but is kept
low for other reasons. Inevitably, the profitability of the operation
is very low. The extraordinarily low profitability forced by public
policy 1s gzenerally compensated by the government, as in the case of
small-size airplane operations like South-East Airline and Japan
Short-Distance Aviation in Japan and certain local lines in the U.S.A.
In such cases, however, cost reduction or revenue maximizing efforts
by the enterprises are not directly connected with imnrovement of the
profit factor. In many cases, business efforts are discouraged and the
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enterprises themselves tend to be unattractive. Under such conditions,
the financial margin 1s generally very narrow and the enterprises lack
the ability to make capital investment such as the introductilon of new
airplane models. There is no hope for drastic improvement in profits

by any new model of aircraft with a low operating cost. Consequently,
in such an airline 0ld models ~cannot be replaced by new jet airplanes,
and sometimes, old propeller or turboprop engine airplanes are used past
legally determined lifetimes. Even to short-distance airlines, turbofan
Jet planes are very attractive in terms of their efficiency (unit trans-
portation cost per hour) and their public apreal. In many short-dist-
ance airlines, however, an improvement in orofits cannot be hoped for

by the introducticn of new turbofan jet planes. Such a new investment
will probably directly result in management difficulty. Basically, low
demand cannot support an operation of ailrplanes with more than 100
seats. At any rate, the introduction of jet planes to short-dlistance
lines 1s practically impossible.

Another factor which makes the introduction of Jet pvlanes diffi«
cult is that of airport problems. In many cases, short-distance local
lines provide air service mainly to relatively underdeveloped ‘aress.
Therefore, many airports used by such airlines are in generally poor
condition. Usually, the runway is short and the airport is rnot equip-
ped with advanced facilities, such as automatic landing means or air-
plane guidance means. Jet planes in particular require much longer
runways than propneller planes. Geographical conditions do not permit
long runways and make it difficult .o find an apr—opriate plane, in
many places. A typical illustration is the prob 'm of a substitute
airplane for the YS-11 in Japan. Air transportation in Japan has been
increased at a rate of 20 % a year or more. But, with the exception
of the airports for main lines and several main airports for local lines,
airport equipment has not been improved in proportion to this growth.
In addition, the development of airport equipment, including runways,
have been delayed by pollution problems and the public reaction agalnst
the Japan Island Innovation Plan, that 1:, reaction against an excessive-
ly rapid pace of regional development. ™hese 1ssues will be dealt with
later 1n greater detall. The YS-11l was develoned for local airports
with 1,200-m runways. However, some of the ¥YS~1ll airplanes have been
used for over ten years. Since the efficiency of the ¥S-11 is only
about one third of that of the Boeing 737 and the Docuglas DC-9, which
are a slze larger than the YS-11, 1t has recently been proposed to re-
place the YS-1ll by an appropriate jet plane for popular locel lines,
such as the Osaka-Tokushima or Osaka-Takamatsu lines. The past in-
troduction of jet planes into Japan caused a remarkable 1ncrease in /§§
demand for manyv lines. Such an ir.crease in demand was induced by the
comfortable service and the mass transportation which were made pos-
sible by Jjet planes. Thus, the replacement of the YS-11 has been a
matter of great interest to the airline companles. However, no jet
plane 1s equipped with the &bility to use 1,200-m runways, with *igh
economical efficiency at the same time. Consequently, the airline co
companles have continued to use the ¥S-11 against their will.

Recently, as common problems of air transportation, environmental
problems, particularly that of noise, have been seriously discusied.
Particularly, the number of airplanes uslng airports within the environs
of large cities have increased rapidly. Most airplan:s using these
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airports now are jet planes. In addition, with the enlargement of the
city environs, the residences around airportsihaveiincreasdd:iin number.
Consequently, the airplane noise problem has recently been drawing
attention as a kind of pollution. Several efforts to solve this prob-
lem are underway at present. These efforts include noise reduction of
airplanes themselves, restriction of the number of airplanes which
take-off arnd land at the airport, other restrictions such as time )
limitatlion, and removal of the airports tc less populated areas. The
last plan was alsc discussed in connection with airport enlargement.

The environmental problem represented by noise is one of the most se-
rious problems that every airline company faces at present. Shoru-
distance airiines are not exempt from environmental problems. A short-
distance airline, however, cannot use an airport which 1s far from the
cenver of a city. For example, when travelling from Nagoya to Tokyo

by alr, if the flight time to Narita is 50 minutes and 1t takes two
hours to go from Narita to Tokyo, it makes no sense to take an airplane.
For this reason, a short-distance airline must use an airport which is
close to the thickly populated center of the city for the cunvinience-of its
passengers. In this respect, short-distance airlines are facing tough-
er problems than middle- and long-distance airiines.

(b) Airplanes Which Are Being Sought and Overview of Future Conditions.

At present, turboprop airplanes are mostly used by short-distance
airlines in Japan. Of course, even among short-distance airlines, many
Jet planes such as Boeing 737 and Douglas DC- are belng used. The
airlines using these Jet planes have sufficlient demand to support the
operation of jet planes and have alirports large enough for them. There-
fore, such airlines have little problem in enlarging airline capacity
in response to demand increase, for example, by replacing those Jet
planes by a size larger Boeing 727 or the like. In other words, they
have no problems in obtalning suitable airplanes.

Turboprop airplanes were introduced into many airlines around 1960.
In 1975, about 1,100 turbo prop planes, including sbout 700 YS-1l1 class
short-distance turhoprop planes, were used in various airlines in the.
world. These alrplanes are used mainly in short-distance airlines
which have the above-mentioned problems. Airplanes by which those turbo-

prop planes can be replaced are now thus being sought by various short- /§1

distance airlines. The geographical distribution of those turboprop
alrplanes is as follows: 23 % in Nothern America, 17 ¥ in Europe, and
6 % in Japan and the remaining 54 % in developine countries. Since the
number of developing countries is less than 20 ¥ in terms of geograph-
ical distribution of passenger transportation or in jJet planes, it is
understandable that the turboprop planes have a very important role in
those developing countries. At any rate, by analyzing the present con-
dition of the operation of these turboprop planes and by clarifying its
characteristics, the type of alrplane which 1s being sought by short-
distance airlines will become :2learer.

First of all, in what kind of airlines are turboprops used ?
Figs. III-26 and TiI-27 show the relationship between the distance of
the airline which is uses turboprop planes and the length of the runway
which those planes use. According to Fig. III-26, the average distance
of airlines in which turboprop planes are used 1s about 300 km and 80 %
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of the seat-km (the number of secats multiplied by the flight dis-

tance in km) is provided in airilses shorter than 500 km. On the other
hand, the average length of the runways vhich the turboprop planes use
is 1,500 m, while 20 % of the vurboprop planes must use runways of
1,200 m in length or less. This daia sugy~sts that the performance of
the airplanes desivred is characterized by ake-off and landing ability
rather than cruising speed. Namely, airp-unes with excellent STOL
ability are being sought at present.

Normal operation of conventional jet planes of the Nouglas DC=-9
or the Boein, 737 zlass requires a runway length of about 1,500 m or /88
longer. As shown in Fig. TII-27, these jet planes can be used by only
50 £ of the sirlines witich are now using turboprop planes, solely for
the reason of take-off and landing performance.

As mentioned previously, the most serious problem of short-dist-
ance airlines i3 profitability. Therefore, these short-distance air-
lines are seeking highly economical airplanes. In order to evaluate
how economical an airplane is, direct operating cost is usually used.
By dirsct operating cost, is denoted the cost which 18 mainly deter-
minzd by airplane performance, that is, the cost which includes the
cost of crew members (pilot, etc), fuel and lub.icating oll, mainten-
ance, insurance, and depreciation of equipment. Fig. III-28 shows this
direct operating cost which is calculated according to the formula used
to estimate operating cost by the domestic airlines in the U.S.A.

According to this, the direct operating cost of a turboprop plane
is lower by about 15 % than that ‘of }jet::planes ‘with the same scale&h{The
direct operating cost of the 60-seat ¥S-11 is 20 % higher than that of
the jetplanes with twice as many seats, such as the Boeing 737 or the
Douglas DC-9. This is due to the fact that the urit cost per seat can
be reduced by using larger airplanes. In other words, even if the num-
ber of seats is doubled , the number of necessary crew members remains
almost the same. The main motive for replacing turboprop planes such
as the YS-11 by jet planes such as the Boeing 737 or the Douglas DC=-9
is this reduction of direct operating cost rather than passenger comfort.
When future demand is estimated to be able to support the increase in
seat numbers and the rurway 1s long enough for jet planes, there is /8
little problem in introducing these jet planes, and higher profits will
be obtained. However, if future demand 1is insufficient, or if the -
runway 1s not enough, the introduction of jet planes is very difficult.
If the introduction of jet planes is forced despite the above diffi-
culties, the cost will increase. by 15 ¥ and a breakdown of management
will result. Since the difficulty of managing short-distance alrlines
resides in the circumstances described above, the desired type of air-
plane must ensure a direct operating cost which is at least less than
that 4f the currently used turboprop planes such as the ¥S-11l. If
possible, an airplane which 1s as economical as a 120-seat class Jjet
plene (such as Boeing 737 or Douglas DC-9) is desirable, namely, an
airplane with 20 % lower operating cost than turboprop planes.

In addition, as mentioned previously, airlines managing short- .
distance transportation are less able to make capital investment due
to their weak finaneial bases. Therefore, in many cases, even 1if
there exists a model of airplane which meets the future demand and
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Fig. III-28. Comparison of Direct Operating Costs
Between Turboprop and Jet Planes.

Key:

(a) STOL Turboprop Plane
(b) Turboprop Planes

(¢) Plannc.d

(d) Jet Planes

Remarks: The figure was made based on the data of the U.S.
domestic airlines in 1972. The cost is calculated
for a 550-km line operation.
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promises greater profit, such an airplane cannot be purchased and ope-
rated for financial reasons. In fact, more than 400 old propeller
planes (a half of which zre DC-3) are still operated in “he world at
precrent. This fact indicat2s that there are many airplane operators
who are unable to make capital investment and cannot afic»d to pur-
chase even turboprop planes. If, as a goal, an airplane is produced /90
for this market of short-distance air transportation, low cost has

the first priority. A lcw price can also reduce the deprec¢iation:cost
which occupiaes 15 to 20 % of the direct operating cost and is there-
fore suitable for short-distance airlines which have l1ilttle purchasirg
abllity.

As a replacement for the currently used 40 to 60-seat turboprop
planes, the capacity of the airplane must correspond to the demand.
A 80 to 120-seat airplans will be appropriate, considering the future
incresse in demand. In Japan, the currently used YS-11 has 6C seats
and the zrowth in passenger demand there is greater than the world
average. Therefore, an alrplane with slightly larger capacity, namely,
a 120 to 150-seat airplane is desiratle for short-distance airlines
in Japan.

In summary, the following conditions are required of an airplane
which is irntended for use as a means of short-distance air trars-
portation:

- Economical -

The airplane must be at least as economical as the currently
used turboprop planes. 20% improvement is desilred.

~ Capacity Corresponding to Demand -
The desired capacity is 80 to 120 seats par plane, when the
fvture demand increase 1s considered. In Japan, slightly
larger capaclty 1s prefe-able.

- Excellent Take-Off and _anding Performance -

The airplane must be able tc use an airpert with a 1,200-m
runway and an incomplete flight guldance system.

The future demand for airplanes which satisfy the above condi-
tions is described below:

As previously mentlioned, there are about one thousand turboprop
airplanes used 1in short-distance airlines at present. In these alr-
lines, the currently used turboprop planes cannot be replaced by Jjet
planes such as the Boeing 737 or the Douglas DC-9 because the runways
are too short or because the passenger demand is too low. From the
passengz2r's point of view, t.- turboprop plane service, which has the
same alr fare system, is not dattractive when the the factors of speed
and comfort 1n the airplanes are taken into consideration. From the
airlines' viewpoint, it is not desirable to operate airplanes whose
ages are reaching their limit and which are not economical. Hence, as
soon as circumstances permit, thelr replacement by jet pianes is desired
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by the airlines. Therefore, in about half the airlines using airports

with surficiently long runways, turboprop plane: will gradually be re-

placed by conventinnal jet planes or improved models of them in the near

future. Therefore, the remalning 50 % of the market will be open to

some type of airplane which will be developed. Within this fraction

of the market, about 300 turboprop planes are used in lines shorter

than 300 km. The replacement of these planes may he said to constitute
likely market for hybrid LTA's whi~i huve excellent STOL ability.

This market wlll grow as passengers increase in rumber. If the num-

ber of passengers doubles in ten years (with about 7 % growth rate), /9.

the demand in this market 3s estimated to correspond to about 600 turbo-

prop planes. Moreover, if LTA aircraft have twice as many scats as the

turboprop planes or slightly more, the scale of this market will be

200 to 300 LTA's.

This market, however, has basically low passenger demand, and
hence, whate 2r model of alrcraft is introduced, a significant improve-
ment in prroritability cannot be expected. In particular, in order to
maintain the airlines with poor profits, some economic policies are
essential, such as joint sale with other popular lines, financial zid
or specilal fare. Without the aid c¢f these special economic policies,
the profit seeking enternrises operating these airlines will lose in-
terest in continuing operation. Consequently, the effort to improve
air transportation services will vanish and the market will be reduced
in size. Thus, the future of these markets 1s largely dependent on
whether or not the passengers, the local communities or the government
will acknowledge the necessity of local airline services, and whether
or not each group of people are prepared to bear the increased cost or
public financial aid.

On the other haad, what model of airplane should be used for the
replac~ment of the turboprop plane 1s the problem under discussion in
Japan at the present. In short-distance airlines using ¥YS-11, espe-
clally the airlines connecting airports with 1,200-m runways in iso-
lated 1slands, a replacement will be enthuslastically sought in the
near future. At present, the third five-year plan for improving .
airports has been in effect since 1976 and many zirports in Japan will
soon have completed the improvement of their equipment. However, even
if all the plars have been carried out by the end of this plan, many
airports, especially those in isolated islands, still have only 1,200-m
runways. On the other hand, the YS-11 planes currently in use have
been operated for 6 to 12 years, and hence, they must give way to
another model of airplane since the ¥S-11 is no longer being produ-
ced. At present, about 70 ¥YS-11 planes are beins operated in the
private transportation sector. Although some of them will be repla-
ced by jet planes according to passenger demand increase and improvement
of airport equipment, about 20 to 30 planes will have to be replaced
by another type of alrcraft which has a larger crvoacity (120 to 150
passenger seats class) and can be operated with 1,200-m runways. How-
ever, as mentioned in the previous descriptions in which these problems
are discussed in general terms, a< world problems, similarly in Japan,
whether the alr transportation s¢ 1ces with low profitability can be
continued by introducing new types of planes or not, is strictly depen-~
dent on the decislons made by local communities and the goverrment.
Hence, the demand for a new type of alrcraft 1s very much dependent on
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the government's policy on transportation problems in Japan.

II1I-3-2. Short-Distance Air Transportation in the Environs of
Large-Citles.

Short-distance air transportation in the environs of large-cities
has developed along with the enlargement of the areas caused by the ;
growing city zones, the cogestion of ground transportatior means caused -
by the centralization of city functions, and others. Along with city
expansion and increase in the air transportation, the relocation of
many main airports in places which are remote from city centers is
now being planned. A new demand for transportation between the remote /92
maln airport and the central area of the city, or between new and old 5
airports, has been thus introduced into the realm of short-distance air
transportation. In one case, the main alrport of a large city has re-
cently been moved to a place which is very far from the center of that
city, and consequently it takes longer to go from that airport to the
center of the city than it takes to fly from that airport to another airport.
In order to solve this problem, a new attempt is now being made to use
VTOL or STOL airplanes as transportation between such an airport and
the center of the city. The operation of New York Airways Company in
New York City is an example of the former (VTOL), and the operation by
Air Transit Company in Canada is an example of the latter (STOL). In
the following, these two examples will be described in order to 11—
lustrate the present state of short-distance air transportation in
the environs of large-cities.

(a) Operation by New York Airways Company.

New York Airways was estabilished in 1949 and started passenger !
transportation in the environs of New York Citv in 1953. Afterwards,
the company began air transportation service connecting Kennedy Inter-
national Airport, LaGuardia Airport and Newark Airport, with finan-
cial assistance from New York City and major U.S. airlines, Pan American,
TWA and others. Since 1971, the company has used Sikorsky S-61 heli-

Table III-12. Operation by New York Airways.

Dis- No of Operating Flight Fare
Line tance Flights| Hours Time
Kennedy Airport
- La Guardia Airpord 18 20 £:30 - 21:30 o) 23.15
Kennedy Alrport
- Newark. Airport 34 23 i 6:30 - 22:00} 10 29.63
La Guardia Airport
— Newark Alrport 30 23 7:00 - 21:00 8 29.63
Pan Am Building
- Kennedy Airport 20 37 8:00 - 21:001 7 23.15
Pan Am Building
- Newark Airport 16 19 8:00 - 21:00] 5 23.15
Pan Am Buillding
- La Guardia Airportl 13 26 8:00 - 21:00 5 17.36
km per day minutes| dollars
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Remark to Table III-12: The competing ground transportation means
are taxis, buses, limousine services and others, in each of the lines.

copters to provide transportation between the above three airports and
the Pan Am Buiiding in the center of the city. (See Tatle III-12 for
the condition of each lina.) However, company's financial condition

has not been gond. In 1976, the revenue was 6.8 million dollars while /93

the expenditure was 7.48 million dollars - a loss of about 10 %X. The
reason gilven is as follows: Although about 550 thousand passengers use
the service, the seat occupancy rate is as low as around 35 ¥. Further-
more, 99 £ of the passengers use the service to connect with domestic
and international long-distance airlines. According to the contract
with the airline companies, these passengers receive a fare discount.
Consequently, the reveniue of the company has been suppressed. An
effort was made to balance the revenue with the cost by reducing the
operating cost while using four 30-passenger S-61 helicopters. Un-
fortunately, the operating methods used for decreasing the operating
cost, in which helicopters do not stop the rotors while loading or un-
loading passengers, resulted in an accident on the roof of the Pan Am
Building last year. At present, transportation from the Pan Am Bull-
ding is not in operation. The New York Airways Company's operation is
a typlcal example of the fact that short-distance airlines cannot easl-
ly be profitable. However, this case will be an important object of
study in connection with the problems in the environs of large-cities,
especially. the question, what 1s the efficient means of connecting
airports and city centers, when- the distance between the center of the
city and the airport is becoming longer, as a general prevailing
tendency.

(b) Operation by Air Transit Company.

As a general trend, the distance between the center of a city and
its airport is becoming longer both temporally (due to traffic conge-
ticn) and geographically (due to environmental problems). The cpera-
tion by the Air Transit Company 1is beling exp=rimentally supported by
the Canadiar goverment 1n order to research new transportation means
which are capable of matching different requirements by different groups
of people, l.e., passengers, residents around the airpoert and airline
companles. Air Transit Company was established as a subsidiary com-
pany of Air Canada which is 100 ¥ financed by the Canadian government.
This company operates an experimental line (180 km) between Ottawa, the
caplital, and Montreal, the center of busliness. For this operation, not
the regular alrports but newly constructed airports are used. These
new airports are exclusively for STOL alrplane , the ll-passenger
Dehaviland DHC-6 , which connects the two airports and provides a shu-
ttle service (about 30 rounds a day). Each of these new airports was
constructed in a city area not far from the cent » of the city. (about
ten minutes by car.) The financial ccndition has not been made
public. However, since the seats in the DHC-6 are halved.for experi-
mental reasons and the company bears extraordinary costs such as public
display or demonstration costs, a large deflcit is probably being re-
corded. (According to one source, the deficit is almost 50 % of the
revenue.) Nevertheless, the Canadlan government evaluated the three-
year experimentali operation as follows:
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(1) The necessity of alr transportation was proved even 1n
a short-distance transrortation situation in which competition 1s in-
tense. (There are two raillroad lines, cne-hour-freaquency rapid bus
service and private vehicles.) According to the estimate by the
Canadian goverument, the shae of the air tramsportation imong all the

3.3 % to 5.4 %, owing to the operation of this STCL transpcrtation
service,

(2) By not using the existine airport for the existing airlines
and by constructine new airports especially for ST0OL planes, hipgh ef-
ficlency was achieved without interfering with other air transporta-
tion crerations.

(3) Although the newly built airports are located in city areas,
the majority of thelr residents are in faver of this STOL ovlane orera-
tion. This transportation svstem was thus proved to have created no
serious environmental prroblen.

(4) However, the service is very costlv Mo solve the protlem of
this high cost 1s 1 future goal.

Based on these evaluations, the exrerimental operation 1s still
going on. There is a nlan to exverimentally operate a plane, one slze
larrer, the 50-passenger Dehaviland DCH-7, in the future. Profitablie
lity 1s expected to be imrroved by thls new operation. Thus, STOL
plane transportation is still in the exrerimental stages. However, 1t
promises the vossibliity of providing inncovative transportation means
in the future. ™he operation of Air T™ransit Company is actually pro-
moting the development of this new system and 1s certainly valuable.

The performance of NOH-6 and DCH-7 1s described in the following
(Tabl:» TIT-13):

Table III-13.

794

NCH - 6 NDCH - 7
[

No. of Seats 20 54

Cruising Speed 290 - 230 km/h 434 km/n

Endurance Flight Distance}1,280 km 1,200 km (PL: 12.2 t)*%

Required Runway Length ca. 600 m ca. 770 m

Maximum Load 5.7 ton 19.7 ton

Engines 650 HP x 2 1,174 HP x 2

Crew Member 2 2

Price 2.7 billion yen ca. 10 billion yen

Remarks I units are in Used in actual operation,

Japan, now.
(South-West Not used yet in Japan.

Airlines, etc.)

* 2,700 km with 6.6=ton payload.
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III-3-3. Current State of Transport to Isolated Islands and . .
Problems at Issue. :

Japan consists of approximately 5,000 islands, including four :
main islands, Honshu, Kyushu, Hokkaido and Shikoku, which toget*er are R
the so-called ™mainland.” The islands other than these four may e - ;
called "isolated islands." Among the 1solated islands, Sado Island is
the largest. The number of the inhabitated islands 1s around 420.
According to the Act for the Development of Isolated Islands which is
effective for ten years, the estimated number of isolated islands 1s
722. Each of these isolated islands is in a unique natural condition
which is different from others. These islands ave classified into
four types, 1solated tyre, group type, adjacent type and inland .,pe.
Within ope type, the islands are further classified into sub-catego-
ries according to their size, master-dependent relationship, etc. Na-
turally, the problems involving each island -vars. 7i-eatly 4., cunding
on individual natural conditions. The most serious problems may be
saif to be those involvineg the isolated type of isiands. By isolated
islands, is meant islands with a population of 5,000 or less and se-
paraced from the nearest island one hour or more by a ship with a
speed of 10 nautical miles per hour or more. The majoraity of the
isolated 1slands of this type, however, have populations of 1,000 or
less. The 722 islands which are denoted "isolated islands" by the
previously mentioned Act have an area of 6,750 km“ in total and occupy
1.8 % of the total land area of Japan. The populaticn in these 1islands
is about 1.04 million (1970) and about 1.0 % c¢f the total population /95
of Japan.

The most serious problem for the people living in the: e islands
is the lack of mediczl facilities. Recently it has become difficult
to maintaln sufficient medical service in some places even on the
"mainland." The gravity of such a problem on the isolated islands is
an obvious threat to daily life. On the main islands, although it
might take a certain amount of time, one may expect ambulance service,
or at least, that a medical doctor be sent to the patlient. Transport-
ation to the isolated islands, however, 1is prohibited by rough sees,
and no ambulance service is available. In many cases, the island does
not even have a heliport or a hellcopter route leading to it, and hence;.
patients sometimes die without any medical treatment.

The second problem of the isolated islands 1s that of transporta-
tion. Since those 1slands are thinly populated, they themselves do not
have sufficient economical means to support, or invest in, a transpor- :
tation system. 2

The third problem is product distribution. People in those isolated i
islands must purchase wroducts at so-called "isolated-islands-prices" :
which are substantially higher than those on the "mainland." In addi-
tion, the products in those isoiated islands, such as fish products,
suffer from unfair competition, since those products have lost their
freshness 1In the market due to the lack of adequate means of transpor-
tation.
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These problems of isolated 1slands were Investipmated by the
Japanese government in 1972. In the next year, 1973, based on a se-
ries of land development plans in Japan - Japan Island Innovation
Plan, New National General Development Plan, etc. - which were pro-
moted by the cabinet headed by Prime Minister Tanaka at that time, it
was decided that transportation networks be arranged so that every
isolated or remote place might be reached from the regional center
within two hours. Based on these plans, a 150-passenger Hovercraft
was trial built and used for the Marine Fxposition in 1975.

However, the present condition is such that many islands can
hardly insure a daily ship communication schedule. Even for the re-
latively well-known Seven Izu Islands, only a weekly stop of a ship
is available, with the exception of Ohshima and Miake Islands. In
the case of isolated islands, there is no source of financing and no
sufficient transportation demand to support the operation of any trans-
portation means. E.en if some transportation means are established,
the cost of buillding and operating ships inevitably causes a large
deficit. Therefore, at present, the government assesses the deficit
of such a transportation system and compensates 75 % of the assessed
amount of loss.

In the following, the problems in the use of Hovercraft, introduced
in an attempt to speed up the lines connecting isolated islands, will
be described:

If a line has the conditions necessary for the use of Hovercraft,
namely about 18,000 nassengers ner month and about 220,000 passengers
per vear, one can say that thc line is in relatively good condition.
The lines satisfying the above-mentioned zonditions must be around
125 km long and be able to insure an annual average utilization of 70 %
be a two-round-a-day operation with an overating percentage of 75 %.
Fig. III-29 shows the total transportation of the representative lines
connecting isolated islands. One can see from the figure that about
10 lines in Japan have this condition. Even if a line satlsfles this
condition, it 1is very difficult to operate the Hovercraft with a high-~
er frequency than two rounds ver day. Only a few lines can afford 2.5
rounds per day. Usually, Hovercraft must share the passenger demand
with other means such as a ferry or a passenger ship, and hence, the
operation of Hovercraft is restricted, even when the line has suffici-
ent passenger demand.
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In the following, examples of actual operation of Hovercraft will
be described: The GEM (@Ground Effect Machines), or the air cushion
becats, which are generally called "Hovercraft" in Japan, were first
developed for practical use in England in the 1950's. In Japan,
Mitsublshi Heavy Industries imported a_Hovercraft in 1967 from Westland
Company in England and leased 1t to Kyushu Shosen Company. This Hover-
craft was used on the Shimabara - Kumamoto line (a triangular route).
The name of the model was SRN-6 and the capacity was 38 passengers.
This operation failed since its proflts were pocr, due mainly to the
fact that the Hovercraft was not known to the public. Thus, the oper-
ation was terminated about one year later. The same craft was leased
to Shima Sightseeing Company in 1968 and used in a line connecting
Shima and Katsuura in Mie Prefecture. This operation also falled and
the craft was scrapped in 1969.

Mitsul Ship Building Company had been engaged in the design and
manufacture of a Hovercraft during those years. In 1969, the company
succed  * in building the first craft, a 55-~passenger MV-PP5. This /98
Hovercraft was used in a line connecting Toba, Mie Prefecture, and
Gamagori, Aichi Prefecture, for the first time. Since then, this model
of Hovercraft was gradually sent into the mission in Ohita/Beppu - Ohita
Alrport Line, Kajiki -~ Kagoshima Line, Sakura-Jima - Ibusukil Line,
Ishigaki-Jima - Yaye-Jima Line and Uno - Takamatsu Line. The company
also built a middle-size Hovercraft, 1£5-passenger MV-PP15, and sent
it to the mission in the "International Marine Exposition," whi:ch was
held in Okinawa from July, .975. Three Hovercraft of this model were
used in a line (59 xm on the sea) connecting the exposition ground (Expo
Port on the tip of Honbe Peninsula) with Naha Airport. Tabla III-14
shows the present state of the Hovercraft in Japan.

Table III-14. Hevercraft in Japan.

Line Operating Company Model Perilod Remarks
~Rumamoto - Shimabara | Kyushu shosen Go., SNR=6 Qept.,b7 T
Ltd. to Sept.,68
Shima - Ratsu'ura Shima Sightseeing SNR-6 from 2
Ships Co., Ltd. Oct.,1968
Toba - Gamagoril Meitetsu Sea MV-PPS from 3
Sightseeong Co.,Ltd. 7/25/69 _
Ohlta/Beppu - Alrport|Ohlita Hovercrarlt MV-PP5 from 10 LN
Co., Ltd. 10/15/11
I'RaJTkT - Ragdshima AIrport Hover MV-PP5 from 5
- Ibusuki Co., Ltd. 7/23/72
Ishigakl - YayeJima Yayejima Sight- MV-FP5 from b
seeing Ferry Co., Ltd. 7/25/72 .
Uno - Takamatsu Japanese National MV-PP5 from T
_ Railways 11/18/72
Ohsaka - Tokushima Japan Hover Lines, MV-PP5 from 8
Co., Ltd. 12/21/74
EXpo Port - Naha yukyu Sealines, MV-PP15 from 9
Co., Ltd. July,1975
(planned)
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Remarks co Table III-14.:

1. Leased from Mitsubishi. Terminated due to deficit.
2. Leased from Mitsubishi. Terminated in about a year, and
scrapped afterwards.

3. Leased from Mitsul. 1 ship

L, Leased from Mitusi. 3 ships

5. Leased from Mitsul. 3 ships

6. Leased from Mitsui. 1 ship

7. Leased from Mitsul. 1 ship

8. Leased from Mitsui. 2 ships

9. Leased from Mitsui. 3 ships

In the following, individual cases of these Hovercraft lines will
be described in more detail:

(a) Beppu/Ohita to Shin-Ohita Airport.

Beppu/Ohita ~ Shin-Ohita Airport Line was opened in October, 13971,
when the former Ohita Airport was moved from its location in Ohita
City to a new location. (The name was changed to Shin-0Ohita Airport.)
The route, the fare and the required time are shown in Fig. III-30,
the required time being compared with other transrortation means. Many
of the construction works connected with the operation,s»ch as :construc-
tion of arrival and departure bases, were partially financed by
Ohita Prefecture. 90 % of the investment for the line operation was
financed by Ohita Prefecture, while the rest was financed by Nippon
Yusen (Mallship) Company (44 %), Ohita Kotsu (Transit) Company (45 %),
and others (2 %#). Thus the total zapital contributed amounted to
260 million yen. In 1974, the company had three Hovercraft including
one stand-by craft. These hovercraft are all the MV-PP5 model, have
a gross tonnage of 22.80 tons, a capacity of 51 passengers, power of
1,050 HP and a speed of U5 knots. The purchase price was 560 million
yen per three craft excluding equipment. The equipment cost and other
costs amounted to 90 million yen. Thus, the initial cost was 650 mil-
lion yen in tetal.

The actual passenger transportation was 133 thousand in 1972 (pas-
senger utilization percentage: 30.8 %), 216 thousand passengers in 1973
and 258 thousand passengers 1ii» 1974 (passenger utilization percentage:
60.6 %). Passenger transportation has thus been growing. On the other
hand, a high operu.ting percentage, 89.8 % in 1972, 94.9 % and 95.6 %
in 1974, has been maintained. In general, Hovercraft are sensitive to
rough weather. However, this Ohita route (29 km and 24 minutes) is a
coastal route (or semi inside-bay route) and relatively calm weather
has kept the operating percentage at a high level. The vroute has its
orlgin and destination at the alrport , the center of the city.
The operation has been able to make full use of the advantages of Hover-
craft, namely, (1) the ability to arrive and depart on land (essentilal-
ly requiring no harbor facility) and (2) the high speed which is -
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b: Special Route ¢: To Kita-Kyushu
e: Usa f: Hogo-Takada
1 :Usa-Hachiman J: Fuki-Ji
1: Aki m: Ohita Alrport
o: Tateishi p: Kinuzuki
r: Hlda s: Yuhu-In
u: 26 minutes v: 10 minutes
x:.To Aso y: Ohita City
aa: Saganoseki g: Takedazu
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Required Time

Ohita Alrport - Beopu | Beppu - Ohita Airport]
Hovercraft 26 min. 24 min.
Bus 55 min. 1 hour 25 min.
Taxi 50 min., 1 hour 10 min.
Cf. Distance: Ohita Airport - Beppu by Land
42 km
ORIGINAL PACE I3 Ohita Airport - Ohita by Land
OF POOR QUALITY P e

Fare (Passenger)

Ohita Airvort Port
NDivision

Ohita 1,300 yen Fare
29 knm Distance

Beppu 500 yen 1,300 yen Fare
12 km 31 km Distance

available whenever natural conditions allow. The passengers using the
Hovercraft constitute 30.3 % of the total passenger transvortation
(including bus, taxl and Hovercraft) between the city and the airport.
The schedule has 13 rounds per day and is arranged to connect with the
arriving and departing airplanes. This Ohita route of the Hovercraft
marks the best management condition in Jar>n. The reasons are:

(1) The prefecture offered a great amount of financial aid, (2) the
competing operators offered _conomical back-up to the Hovercraft ope-
rating company, and (3) the Hovercraft is the minimum time transport-
ation means connecting the city and the airport. However, the problem
is that. maintenance and repalir operation is time-consuming and thus

a sufficient number of stand-by crart is required. For example, the
overhaul of parts takes & substantial amount of time: 2,250 hours
(about three months) for an engine, 4,000 hours (20 days) for an engine
gear and 1,500 hours for propeller.
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(b) Kajiki to Kagoshima/Sakurajima to Ibusuki.

The Kajikil - Kagoshima/Sakurajima / Ibusukil Route was started
when thz present Kagoshima Airport was moved from its old location at
Komanoike ard new rapid transportation means to the new location of
the airport were sought. The route is shown in .Fig. III-31. The
used model 1s MV-PPH. At present, three Hovercraft are belns used.
The Hovercraft stops at four rorts. None of the four ports, however,
is equipped with a Hovercraft slip way, making it impoussible to exploit
the advantage of the Hovercraft, namely, "the abili.y of on-the-ground
loading and unloading ~f passengers." The fare of the Ibusuki route
is about half as much as the taxi fare via the land route. However,
since Kajiki is located at a place about 20 minutes from the airport
by bus or taxi, about 50 % of the airplane passengers use bus service
to Kagoshima. Only a fraction of passengers who use-taxis take Hover-
craft. Passenger transportation between Ka®iki and Ibusuki was 46,308
passengers in 1973 (passenger transportation utilization percentage:
16 ). 70 to 80 % of the passengers are tourists. The boarding per-
centage was 20 % in 1973 and was 60 % in 1974. The business is in such
poor condition that the operating cost 1s about 3.9 times higher than
the revenue. The reasons are: (1) insufficient advertisement, (2) the
lack of slip way, and (3) the increase in the operating cost which is
suspected to be caused by the operating rules set by the Ministry of
Transportation.

According tc the present operating standards of Hovercraft, ope-
ration must be stopped if one of the following conditions is observed:
the field of vision of 1,000 m, the wave height of 150 m and the wind
speed of 18 m/sec. Although a Hovercraft is actually a ship, the
operating standard set by the Minlistry of Transportatlion is not clear-
ly defined since it uses an aircraf* engine. Operators of Hovercraft
feels that the maintenance cost 1is lower if the Hovercraft are legally
treated as aircraft. Due to the engine nolse during the maintenance
service, 1t 1s a disadvantage to locate the berth on the sea rather
than on the ground.
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Kagoshima
gRa
Sakurajima
«
H
=
143}
IS
o
Ibusukil 5
o
o
£
=3
92}
£
Yamakawa =
Alrport - KaJikil - Kagnshima ~ | Kajik1 -
Kajiki Kagoshima Ibusuki Thusuki |
Time |} Fare Time | Fare Time | Fare Time | Fare
(min)) (ven) | (min ! (ven) | (min)| (yen) | (min)} (yen)
Hovercraft 25 900 55 1,900 70 2,600
Taxi 17 1,000 4o 2,500 120 112,000
Bus 20 120 60 koo
Railway 35 120 75 250
Distance (By Sea) 18 km 43 xm 60 km
(By Land)
Fig. III-31. Ibusnlil Route.
ogﬂﬂNAL;PNGE]S
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(c) Niigata to Sado. /102

The Niigata - Sade line 1s about 70 km long. The majority of the
600 to 700 thecusand passengers are summer tourists. With a target of
one million passengers per yea», a Jet-foil was introduced. Jet-foil
is manufactured by the Boelng Company. At the time when it was intro-
duced to this line, Jet-foll had been used only in Hawaii. Afterwards,
however, Jet-foll was introduced to the Hengkong - Maccao Line. The one
which was used in the Sado Line was the No. 8 or No. 9 mach*ne. The
purchase price was 2.8 billion yen. The introduction of Jet-foil by
Sadc Steamboat Company was financed 50 % by the Prefecture. Since the
lease was very expensive (5 billion yen for ten years) at that time,
the Jet-feoll craft was purchased by a long-term loan. The Jet-foil
started 1ts mission in May, 1977, and since then, the oreraticn per-
centage has been almost 100 %. This proves that this craft can be
operated in almost any weather condition. Actually, the craft can be
operated in 3.5-m waves, without disturbing the comfo:rt of the pas-
sengers. Comparison of the available transportation means in the line
is as feollows:

Transportation means Required Time Fare

Conventional Ship 2.5 hours 720 yen
Jet-foii L0 minutes 3,680 yen
Airplane 25 minutes 4,900 yen

Each time and fare in the abov. is froum Niigata to Sato.

Since the start of the mission at May 1, 1977 until the end on
January, 1978, the operating percentage was 95 % and the total number
of the passengers was 243 thousand. The initial target of total pass-
engers was 230 thousand. Hence, the operatlon was considered to be a
success.

The mos. important reason for this success is the fact that this
craft can be operated under almost all weather conditions. The con-
ventional Hovercraft, on the other hand, cannot be operated on the
open sea due to its sensitivity to high waves. According to the ope-
rating company, Sado Steamboat, the other reasons for the operation's
success are these: First, the nolse during navigation is very low.
Secondly, since the ship is not a "sunken-bottom" type, but a "semi-
fioating-bottom" type, the water spray does not reach the windows so
the passengers can fully enjoy the window view.
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: Tada

Akadomari

Oh'hashi

: To Naoetsu, 2 hours and a half
: To Teradomari, 2 hours

: To Nilgata

To Niigata, 2 hours and a half
To Niigata, 30 minutes

J: Ryozo Bay

k: Mano Bay
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Key to Fig. III-33-1.

A: Island of Sado

B: Even in a rough sea, with waves 3.7 meter high, our
super-high speed ship 1s fast, does not rock ana you
will not be sea-sick.

C. JET FOIL

D: First Sailing in May. The first time in Japan.

55 Minutes from Niigata to Ryozu.
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Key to Fig. III-33-c.

: Smooth Sailing on the Sea.

Passenger space 1is divided between the first and second levels.
The rooms are spaclious, the corridor being 92 cm wide and the
celling 2 m high. The seats are large and _comfortable and the
room temperature stays between 20 and 25 C~, so everyone can
enjoy a pleasant ride.

Capacity : 278 passengers Tonnage: 296 tons

Length: 30.7 m Maximum Speed : 89 km/hour
Propelling Means: Water Jet Engine

Water Wings with Flaps

Automatically Contrclled by Computer

: JET FOIL - 55 Minutes from Milgata to Ryozu

: Even on rough seas with 3.7-m waves, moving at a speed of 80 km/hour,

you will not be sea sick !

Comfortable Sailing: Because of the movement of the automatic computer
controlled fully submerged water wings in front and back of the jet-
foil, the body of the ship is completely removed from the surface of
the sea. Thus even in rough weather conditions, with waves 3.7 meters
in height, there is no pitching and roliing and passengers will never
experience sea sickness.

: Safety: The water wings of the jetfoll are equipped with shock absorb-

ing means which have been developed by applying space development
techniques, so that even when moving at a speed of 80 km/hour, Lf the
vessel collides with buoys (for instance logs 30 cm in diameter)
safety 1s assured ; passengers will not even reel the impact. Every
essential system has self-detecting mechanisms as well as dual struc-
ture, so that even in the case of a mechanical failure, the operation
of the ship will remain unaffected.

: High Speed: Due to the propelling action of the jet water pump which

thrusts about 100t'tons 6f water (a podl.of .water with a .midth of Um,
depth of 1 m and length of 25 m) per minute with high pressure, the
jetfoll can move at the high speed of more than 80 km/hour.

No Pollution: The jeifoils' facilitiev are equipped with a mechanism
which prevents the expulsion of waste materials into the waters, Just
as the mechanism in an airplane. The Jjetfoil's exhaust is clean and
thus there is no fear of its causing either air or water pollution

problems. Furthermore, the ship's noise is insignificant, and a wake
is not created, and thus there 1s no fear that other vessels or those

living along the shore will pe inhconvenienced;: i
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aa: From Niigata to Ryozu
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AR n 2,200n 4.180m 1.760n 3.340n 1.980n 3.760n 1,540n 2.930n
Jﬁ —
: 1,800n 3.600n 1.800n 3,600n 1,800n 3.600n 1,800n 3.000n
C mums2 EIMAR v M7 41 IR - HNR
DrEiem (wn-n®) - =z aa ad ‘
L) m [ waR—-Rew | men-wne] [ o M | Mag-sise | Nien-wae }
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aL. sANB-s ANy | 13:05—=14:00] 14 25—15: 20 13:05~14:00 14 : 25-15: 20
OMENROLLANS 16:00—16:55{17:20-18. 15
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Key:
A: Table of Fare B: Ryozu Route C: Time/Fare Tavle, 1977
D: Ryuzu Route Sado Steamboat's Jetfoil
D: Ryozu Route
a: classification b: regular fare ¢: group fare
d: fare e: one way f: round trip
g: Seasonal discount h: one way i1: round trip
J: one way k: round trip 1l: seascnal discount
m: one way n: round trip o: JETFOIL fare
p: itemization q: regular fare r: express charge :
s: period t: 5/1 - 7/20 and 8/21 - 8/31 (discontinued :
from 6/20 to 6/24 for inspection) u: 7/21 - 8/20 :

v: From Niigata to Ryozu

x: period

w: From Ryozu to Niigata :
y: 9/1 - 11/5 iz: 11/6 - 2/31(/78) i

ab: From Ryozu to Niigata
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Table III-16 JET FCIL

No. of Passenger 280

Crulsing Speed 80 km/hour

Cruising Distance 500 to 700 km

Engine 2 Units of 3800~-HP engines
Displacement Tonnage 115 tons

Crew Members 2

Ship Price 2.8 billion yen

Operating Percentage 95 % (cf. 1)
Total Passengers 243,000 (cr. 2)
Fare 4,000 yen/person (Cf. 3)

Remarks: 1: from 5/1/77(operation started) to 1/78
2: from 5/1/T77 to 1/78 (initial goal 230,000
: passengers)
3: Niigata - Ryozu

(d) Hakata to Iki/Tsushima. /107

On the Hakata - Iki (73 km)/Tsushima (147 km) Line, steamboats are
operated by Kyushu Yusen (Mallboat) Company. It takes 6 and a half
hours from Hakata to Tsushima Island. The Hovercraft may reduce this
time to two hours. However, it cannot be used in this line due to the
high waves on Tsushima Channel. Consequently, airports for STOL plane
are now under consideration.

(e) Tanegashima to Yakushima.

The two islands, Tanegashima and Yakushima, are located 115 km
and 130 km from Kagoshima City, respectlvely. The distance between
these two islands is about 30 km. On this line, three companiles,
Kagoshima Merchant Ships, Orita Steamlines and Kyushu Merchant Ships,
are competing with each other. None of these companies 1s in good fi-
nancial condition. Both islands have ailrports. The airport on Tane-
gashima Island is now extending its runway from 1,200 m to 1,500 m.
The line may be said to be havingtthe.same idffftcultiescas the Iki -
Tsushima Line.

(f) Problems in Alr Transportation to Isolated islands.

With respect to transportation to isolated islands, the airlines
have remained totally undeveloped, in contrast to the sea- lines.
Table III-17 briefly shows the present condltions of the airports in
isolated islands. Presently, 14 airports are being used. Among these
airports, the ones 1in Hachijo and Amami Islands are the most utilized;
in 1970 the number of passengers using these two airports together
amounted to about 200 thousand. The populations of Hachijo and Amami
Islands are about 10 thousand and 90 thousand, respectively. The ratio
of alrport passengers to population is about 20 times and about twice,
respectively. It 1s obvious that a large number of tourists visit
Hachijo Island for sight-seeing. At the other airports except those
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on Rishiri and Sado Islands, the number of passengers 1ls several times
more than the population. The airport in Rishirl and Sado Islands are
used only by small Cessna-class airplanes which operate on 1irregular
sciedules. For this reason the passengers using these airports are
far fewer than those using airports 1in other isolated islands.

As seen from Table III-17, airports in isolated islands are equip-
ped at most with runways of only about 1,200 m in length, and the larg-
est alrplanes that can use these alrports are YS-}i's. The minimum
length of runway for a YS3-11 take-off and landing is said to be 1,200 m,
although this may also depend on flight distance, weight, temperature
and other factors. Many of these 1solated islands have airports which
cannot be used even by ¥S-1llts,

As a typical example of construction works based on the 3rd Airport
Innovation Plan (1976 - 1980), the construction work of Tsushima (Tsu-

Island),. Nagasakil Prefecture, will described..The total construction
budget is about 6 billion yen and the following works are being planned:

(1) Extension of Runway:

The present length of the runway, 1,500 m , is extended to
2,000 m. (Cf. Regular flighis began in October, 1975.)

(2) Extension of Airport Aprons:

There are two YS-11 clacs (60-passenger) fingers at present.
They are increased to three fingers and extended in size so as to
accomodate B-727 class (178-passenger) airplanes.
(3) Construction of Aero-Meteorological Observation Equipment:

(4) Future Plan Associated with Extension:

Extension works for receiving airplanes which directly fly
to the Kansail District are being planned.
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State of Alrports on Isolated Islands.
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Key to Table III-1lT7.

A: Name of Island B: Population C: Name of Airport

D: Date of Authollization E: Runway (Length x Width)
F: Model of Airplane G: Passengers per Year H: Line Distance (km)
I: DHC=6 J: ¥S-11 K: Islander

L: BN-2A-6 M: Cessna

a: Rijiri b: Okujiri ¢: Ohshima d: Miyake

e: Hachijo f: Niijima g: Sado i1: Fukue

J: Tsushima k: Tki 1: Tanega m: Yaku

n: Iwo o: Suwanose p: Amami : Kikal

r: Tokunoshima s: Okino-Erabu t: Yoron u: Iye

v: Minami-Daito w: Kita-Daito x: Kume y: Miyako

z: Tarama

aa: Ishigaki ab: Hatema ac: Shimoji ad: Okinawa

ae: Hezakibara af: Nasi ag: 6/1/61,3rd ah: 7/1/73,3rd

ail: 6/15/64,3rd aj: 3/1/66 3rd ak: 5/1/62,3rd al: take-off and
am: 4/1/60,3rd an: /2“/65 3rd landing grouna
ao: 4/1/60,3rd aq: 3/27/63 3rd ar: 7/20/62,3rd as: 12/25/58,3rd
at: 2/73, not publicly open au: 8/75, not publiicly open

av: 6/1/64,3rd  aw: 4/1/71,3rd ax: 8/1/71,3rd ay: 5/1/69,3rd
az: 5/1/76,3rd

ba: 7/20/75,3rd bb: 5/15/72,3rd be: 5/15/72,3rd bd: 5/15/72,3rd
be: 5/15/72,3rd ©bf: 5/15/72,3rd bg: 5/15/72,3rd bh: under construction
bi: 5/15/72,2nd

ca: Wakkanal ¢cb: Sapporo ¢cc: Sapporo cd: Hakodate

ce: Tokyo cf: Ohshima cg: Tokyo ch: Nagoya

¢i: Ohshima ¢J: Chofu ck: Ryugasakil cl: Niigata

cm: Izumo en: Yonago co: Ohmura ¢q: Fukuoka

¢r: Fukuoka ¢s: Kagoshima ct: Osaka cu: Kagoshima
cv: Kagoshima cw: Kagoshima cx: Kagoshima cy: Osaka

¢z: Okinawa

da: Amaml db: Kagoshima dd: Naha de: Minami-Daito
df: Ishigaki dh: Yonakuni

At present, the models of airplanes used by the airlines connect- /10
ing isolated islands are the 60-passenger YS-11, the 20-passenger DCH-6
and the 4 to l0-passenger Cessna. The YS-1ll plays the main role among
these airplanes. When the ¥S-11 will be discontinued is not certailn,
but it is thought to be around 1980. The airplane model which will
replace the YS-11 has not yet been decided.

In the future model of airplane, naturally vTOL or STOL ability
is deslred. The development of VTOL and STOL planes has already been
started in Europe and the U.S.A. 1In Japan, the study of these planes
has already begun.
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Helicopters, as VIOL planes, and Twin Otter DHC-6's, as STOL
planes, have been in practical use already. However, each of these
alrcraft can carry at most about 20 passengers. It can be said that
these aircraft have not been established as genuine modern:passenger
transportation means. The following problems can be pointed out in

connection with the development of these short-distance means of air
transportavion:

(1) Technical Development of Aircraft, Particularly,
STOL Aircratt.

The first step in the development of STOL aircraft has been
successfully completed and about 20-passenger class alircraft are
now in practical use. The main steps of development toward the
goal of about 100-passenger class craft are now under way. Table

III-18 summarizes what is required of VTOL/STOL plane manufac-
turers in various countries of the world.

Table III-18. Required Specification for V/STOL Aircraft.

Americal | Eastern | Alr Canada] Lufthansa [M.T.%¢¥
(U.S.A.) (U.S.A.) (Canada) KW. Germany JG.B. ¥¥#k
Kind of Plane Propeller-§y VIOL or OL or
STOL STOL VTOL VIoL STOL
Desired Date 197k 1973 to late after
for 1st Flight 97 1975 1970's 1980
Passengers 4§ or 100 to around 80 to around
more 120 130 100 190
Cruising Speed 415 or 650 to 830 to 740 or 720 or
(km/hour) more 920 930 more more
Flight Distance{ 920 020 830 800 720
{km)
External Noise 95 g5 90 95 95
(PN _dB/150 m)] (To Side)
Required Length| 610 [75#®
of Runway (m) HoQ*#*
cf. * on the ground
** clevated
kae M, T,

Ministry of Technology

*x%% G B, = Great Britain

(2) Development of an Alrline Network for STOL Planes.

STOL planes areé bullt for shortsdistance transportation and
their flight altitude 1s much lower than that o€ usual alrplanes.

Therefore, the airline network and the airplane control systems
must be re-organized.

(3) Matching the Operating Cost and the Fare.
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The operating cost of STOL planes 1s much higher than that
of usual airplanes. The direcct operating cost (the cost per
alrplane per km of flight) varies according to a variety o{ condi-
tions. Table III-19 shows a comparison of the direct operating
cost of STOL planes with that of usual airplanes, according to a
tentative estimates. By dividi::g the costs in the table by the
number of seats, one obtains the per-seat, per km cost which
basis for calculacing the alr fare. The table does not show a
direct comparison of the air fares. However, based on the esti-
mates shown in the table, the fare of STOL planes tu be about
twice as high or more thrn that of usual alrplanes.

Table III-19.

Naune

of Model Direct Cost pe:r km

Usual
Airplanes| F-27 (48 seats) 0.914 Average of 7 Co's,

1S=11 (G4 seats) 0.959 Dollars Piedmont Co.,
U.S.A., 1976

in the U.S.A.
Convair (53 seats)| 0.85 Average of 3 Co's,

daotue V.S.A, 4

STOL

0.85 (240 km%)
¥ Annual Operating
DHC-6 (20 seats) 0.891(160 km*) Time = 2,000 hours

1.025(80 km*) Estimated by
Dehaviland Co.,
1959.

Rt
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Cf. ¥ Line Distance

In fact, the STOL operation in the U.S.A. is not at ai. pro-
fitable at present and 1s able to continue only due to a subhstan-
tial amount of governmental aid.

In Japan, the STOL plane operation started in 1972 with DCH-6
Twin Otters which are used by the airline conneccting Yonakuni,
Ishigaki and Tara Islands. Due to the poor proritability, the
Japanese government subsidized the operation with 140 million yen,
about 68 % of the purchase price of the alrcraft.

At any rate, the STOL plane operation will require substantial
financial aid for at least the immediate future.

In Japan, 1n keeping with the basic policy tc improve the
speed and the frequency of service among the airlines connecting
isolated islands, the intrcduction of STOL planes to those lines _
will be subsidized by the govermment with 50 % of the purchase pr.ice. :

The construction of hellports for emergency 1s also under way
in many 1lsolated islands. The number of i1slands which have heli-
ports is at present 50.
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Cargo transportation among isolated islands is so irregular /111

that it may be concluded that only charter flights and not sche-
duled flights can be profitable. The carge transportation to and
from isolated islands has reached the level of 40 million tons (to)
and 38 million tons (from) per year, at present. The construction
if a harbor at which 500-ton class ships can anchor costs more
than one billion yen. For an island with a population less than
1,000, it is considered impossible to construct such a harbor.
Therefore, airships which do not need such harbors will be very
advantageous in this field.

III-3-4. STOL Aircraft Development in Cur Country.

The study of STOL aircraft began in Japaa in the fiscal year 1977
in the Aeronautic and Space Technology Research Laboratory which belongs
0 the Cclience and Technology Agent. The first flight of an experimental
model is now being planned for the spring of 1982. The investment in
the Jdevelopment cf the STOL aircraft will have finally amounted to 17
billion yen through about ten years from fiscal year 1975.

According to the plan of the same laboratory, the required runway
length will be 900 m, namely ,p¢ shorter than the 1,200 m length which
is required by the YS-11 and about half as long as that required by
conventionally used jet planes. The plan is for STOL aircraft to use
not the main runways in large airports but runways specially construc-
ted for STOL planes. According to this plan, the aircraft will have
150 pascenger seats, a speed cf 0.7 to 0.8 Mach number, low noise and
economical efficiency, and will guarantee almost the same profitability
as that of jet vlanes conventionally used by 200 to 800-m airlines.

In the fircal year 1977, after the study began, the 190-million-
yen budget included basic designs, calculation of aerodynamic charact-
eristics and flight performances, etc.

A 1.5-billion-yen budget for completing basic design and for trial-
manufacturing aircraft parts is being planned for the fiscal year 1978.

This model of STOL aircraft will use the body of the transportation
plane C-1. It will be equippred with newly developed engines specially
designed for STOL planes. It was decided that the STOL planes be fur-
nished with the approximately 5-ton-thrust fan-jet engine, FJR-710,
whose development has been promoted by the Ministry of International
Trade and Industry as a large-scale national project. The transporta-
ticn plane C-1 was chosen as the basis for the future STC™ aircraft in
an attempt to reduce development costs and the amount of time necessary
for its development. Thus, the C-1 plane with new STOL engines will
be the first STOL plane which is trial-built. However, this plane will
te built mainly for . experimental reasons. The expectations are
that a genuine STOL aircraft with about 150 passenger seats will be
further developed based on the experimental STOL plane. I case the
demand for STOL aircraft increases rapidly, the STOL aircraf: based on
the C-1 plane will be used as a 60 to B80-passenger aircraft.
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The development schedule 1s as rfollows:
ORIGINAL PAGE I8
Flscal Year DE POOR QUALITY

1978: Rasic designs completed.
1979 to 1980: Detalled deslgns and trial-manufacturing of

the alrcraft parts.

rJ
s 7

—
—

1978 to 1¢

r‘[‘t‘ﬁt S

= -]
—
.e

1979 to 19 Manufacturing off a test plane.

1982, Spring: The first flight of the test plane.

Photograph of Experimental Plane Manuractured by
STOL Research Laboratory ot Aercnautic
Technology Research Institute.
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Key to Table III-22.

a: Classification b: Date of Earthquake c¢: District or Name of
Earthquake

d: Magnitude e: House Damage f: Totally Destroyed

g: Totally Burned h: Washed Away i: TPotal

J: Dead k: No. of dead per 100 destroyed houses.

1: Cases where totally burned down or washed away houses were not

recorded.

m: 1/15/24 n: 6/26/30 o: 6/21/31

p: 7/11/35 q: 5/1/39 r: 1/3/45

s: 7/26/49 t: 2/2/61 u: 4/30/62

v: 6/16/64 w: 2/21/68 x: Tanzawa Mts.

y: Kita-Tzu Earthquake 2z: Nishi-Tama Earthquake

aa: Neighborhood of Shizuoka City ab:0Jjika Peninsula

ac: Mikawa Earthquake ad: Imaichi Earthquake

ae: Near Nagaoka af: North of Miyagl Prefecture

ag: Niigata Earthquake ah: Ebino Earthquake ai:Total

aj: Cases vhere totally burned down houses were recorded.

ak: 5/23/25 al: 3/7/27 am: 9/10/43

an: 6/28/48 ao: 5/16/68 ap: 5/9/74

aq: North of Hyogo Prefecture ar: Kita-Tango Earthquake

as: Tottori Earthquake at: Fukui Earthquake au: Tokachiokl Earthquake

av: Izu-Peninsula Earthquake aw: Total

ax: Cases where washeC away houses were recorded.

ay: 9/1/23 az: 3/3/33 ba: 12/7/44

bb: 7/21/46 be: 3, 4/52 bd: 5/23/60

be: Great Earthquake Disaster of Kanto District

bf: Sanriku Earthquake and Tidal Wave bg: Higashi-Nankai Earth-
quake K

bh: Nankal Earthquake bi: Tokachliokil Earthquake

bj: Chile Earthquake Tidal Waves bk: Total

bl: Remarks:

1. The record is cited from the "Scientific Chronological Table,"
published in 1976. The disasters where the number of destroyed
houses is more than 100 are listed in this table.

2. ® totally destroyed by tidal waves.

3. The number of the dead includes the number of the missing.
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III-4, Social Requirements for Means of Airborne Assistance in /11
the Event of Emergencles.

In this section, recent disasters in Japan will first be described.
This will be followed by an examination of the necessity for emergency
and rescue systems which have free three-dimensional accessibility. The
advantages of alrships in this field will then be described.

Thls section begins with a description of storm and flood damage.
Table III-20 shows the major storms and flood disasters in Japan since
World War II. The table shows the disasters which caused more than 50
persons to die or be missing. Our country 1s very mountainous and has
very complicated geographical features. In summer, many typhoons ap-
proach Japan causing intensive heavy rain as well as strong winds. For
example, the heavy rain which struck Japan in July, 1974 left 447 per-
sons dead or missing, 813 injured, about 3,000 houses totally destroy-
ed, and about 20 thousand land-slides. About 40 thousand public faci-
lities such as roads and bridges were damaged. The total damage amounts
to about 300 L"1lion yen. In mountainous areas, land-slides occured
frequently and many rescue personnel, and even reporters, became vic=-
tims of them. In disaster areas, the Act of Assistance to Jlaster .
Areas was adopted and the government assisted the area in the construc-
tion of refuges, supply of first-aid medical care, rescue of the trap-
ped people, burial of the dead, etc.

Next conflagrations will be described. Table III-21 shows the fire
damage since World War II. The number of people who die in fires 1s said
to be about 10 to 15 ¥ of the number of people killed in car accidents.
Due to the increase in high buildings and general congestion in' the-éi-
ties, the number of people who die in fires has gradually increased.
Since 1973, the annual amount of building  and forest damage by fire
has surpassed 100 billion yen. The annual amount of forest damage
alone was over five billion yen in some years. The destroyed forest
area amounts to 180 thousand ha.

City fires often claim many victims at a time. This kind of fire
disaster in a skyscraper was depicted in the movie, "Towering Inferno"
which was recently made in the U.S.A. The fires in the department
stores in Kyushu, Japan, and in Brazil remain vividly in one's mind.

In such city fires, transportation cogestion hinders fire engines and
ambulance cars from immediately reaching the fire or the nearby hydrants.
As in the case of fires in the two above-mentioned department stores,
sometimes, the fire engine ladders cannot reach the uppermost floors )
and many victims die before the eyes of helpless fire fighters. ,

Japan is one country which has a number of volcanoes. The Japa-
nese Islands have eight volcanic chains including Fujl Volcani~ Chain.
The volcances belonging to the Quaternary of the Cenozoic Era number
almost 200. Among them, about 70 volcanoces are active volcanoes, 1n
a wide sense, which may possibly explode even with slightest probabi-
lity. These comprise almost 10 & of all the active volcanoes in the
world. Meteoric stones, volcanic ash, lava streams, etc., cause tre-
mendous damage in terms of human lives, houses and agricultural products,
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(Citation from Fire-Fighting White Paper,

Table III-20-1. Record of Storm and Flood Damage Since 1946.
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Key to Table III-20-1.

Date of Disaster b:
Dead e:
Damage of Houses h:

Partially cestroyed J:

Typhoon 14

Kind of Disaster c:
Missing f:

Personal Disaster
Injured

Totally Destroyed (Washed Away)

Flood over the Floor

Flood under the Floor 1:
number ¢ houses n: 9/11/48 0:
1/10/50 q: 7/7/51 r:
6/4/53 t: 5/3/5h u:
4/17/56 w: 6/27/57 X1
7/13/59
flood ab: Irene Typrhoon ac:
Typhoon Judith ae: Typhoon Kitty af:
storm/flood ah: land-slide al:
storm/flocd and land-slide ak:
Typhoon Kijia am: flood an:
Typhoon Dinah ac- Typhoon 2 ar:
flood at: flood au:
storm aw: Typaoon 5 ax:
: Typhoon 14 a2: Typhoon 15 ba:
flood and land-slide be:
: Typhoon 22 be: storm/flood bf:
flood/land-slide bh: Typhoon 5 bi:
storm/high-wave bk: Typhoon 21 bl:
flood/land-slide bn: Typhoon 7 bo

person

6/18/L9
6/22/52
2/19/55
1/26/58

Typhoon Della
storm

flood and land-slide
Typhoon Jane
Typhoon Ruth
flood

TYphoon 13
Typhoon 12
storm

fog

fi.od

Isahaya Flood

Typhoon 22
flood/land-slide
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Record of Storm and Flood Damage Since
1946 (2) - continnation from Table III-20-1.

Table III-20-2.
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Key teo Table I1I-20-2.

a: Date of Disaster b: Kind of Disaster ¢: Personal Damage
d: Dead e: Missing f: Injured

g: Damage of Houses h: Totally Destroyed (Washed Away)

i: Partially Destroye. Jj: Flood over the Floor

k: Flood under the ficco 1: No. of persons

m: number of houses

n /26/59 o: 5/2U4/€60 p: 6/24/61

g: 10/25/62 r: 1/63 s: 7/17/64

t: 9/10/65 u: 6/27/66 w: 7/8/67

x: 8/17/68€ y: 6/24/6€9 z: 7/16/71

aa: 8/3/71 ab: Typhoon 15 ac: Typnoon 18

ad: Tidal ''ave - Chile Earthquake ae: Typhoon 16

af: Coal Mine Accident ag: flood/land-slide ah: Typhoon 13

ai: flood/land-siide aj: flood/land-slide ak: snow damage

al: flood/land-slide am: Typhoon 20 an: Typhoons 23, 24 and 25
ao: Typhoon 4 aq: flood/land-slide ar: flood/land-slide
as: flood/land-slide at: flood au: flood/land-slide
av: Typhoon 19 aw: flood/Typhoon 25 ax: flood/Typhoons 6,7 & 9
ay: flood/Typhoon 20 az: flood/Tynhoon 8

ba: flood/Typhoon 17 bb: 7/3/72 bec: 5/29, T4

bd: 9/8/76 be: Remarks: only the disasters which

caused 50 or more persons to
be dead or missing are listed
in this table.



3

)

-’

156

Key teo Table I1I[=-21.
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Year b: Claasiflcation ¢c: No. of Flres

Total e: Bulldings f: Forest 5

Area Destroycd by Fires h: Buildings (m<)
Forest (a) J: Lead end Injured k: Dead

Injured m: No. of Families that Incurred Filre Damagc
Total o: No. or Persons who Incurréd Fired Damage
Damage (Thousand Yen) q: Total Amount
Butlding Damage s: Forest Damage

Years are counted by Showa.

Showa A.D,
20 1945
25 1950
30 1955
35 1960
40 1965
45 1870
50 1975
55 1980

e A g SRR RR ALY e e

[ ——




s

7.512,58¢ 3, M

16. 295 2, 92:, 12.95

al A e ,’5, ¢x B ” % ns"??o
: i =¥
Eér REFAD | HEKLRE \"-): PRy (f) “;3
| ¥ By Py B () i,
T ELIS G R 2 1,208 !
Whilsg R W R| 7.2 159 L2 19 1.46
SRS 6X/T B INMER 70216 2165 2721256
ponls seafEnznml 1o 2 m]‘ e 7.7
L BRI AL EE NN 814 2.48
o ol ®m x &l 720 s s 27) 4.62
oK « DA 3Z,0 B B 7112102 12.142 1,961, 16.15
2B 2;“7. % 8,% 1. & 64 &3 | 8 o052
Y IR z‘ 20 5 27
Fo - vAnBRARE 65 %9 % 3 08
B - 0510058 » B 7.5 1060 Loy 2 133
'-a.zzx;xvoax. 5.7 368 " I Y
voa5, ac i | =m0 | Ruof239 119
| 7.0,1.205 2180 3.41si tzE; 12.32
|
)

!

. ]xﬂaui.sgzsi EERIE
t

.EEKI nitﬁ 22:

. ED, ¢ 10210 A 24745 50 | 7,790,088 107

B . ncenm xoe R, 7355020 3690 39.111'3.395: 9.9

oy o 416 REFTEERE 4 63 13 66 52 7.73

PR L pzradin] 69 13¢ 5 139 30 21.58

| & aw 3t | puanlesd o5 8413 124

L REZ GT R MR R T MM WD 658 TN 108 2082

Looesa=nkRen 83 4,817, 4.917) 3,008, 61.18

< E: T ENGRER 802,130 3,03329,189 998 3.42

AFE - agam ghe g sl 258 1160 1,432 00

Blengaltegng o a5 1 9 s 3 36

w|cHB53 Y XZ, 85LSTL l1.239| 280 13 91

S0 s Ak M| w06 eus e 23,57

M 0 GEIFERRFNI I 2 TERR GHEREYSL) 10F 10
tﬁ;ffio

(2) o BMIZLI25H

(3 EIDRaRTHRExcs,

Table III-22. Big Earthquakes Since the Great

Earthquake Disaster in Kanto District.

(Citation from Fire-Fighting White Paper, 1977)
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in their vicinity.

Japan 1is also located on the circum-Pacific Ring of Fire and is
one of the world's most famous earthquake countries. Table I1II-22
lists major earthquakes since the time of the great earthquake disaster
in the Kanto District. In great earthquake disasters, buildings, roads,
bridges, water-supply/sewage pipes, gas pires, etc. are destroyed all
at the same time, and often followed by fires, or floods caused by
damage to river banks or by tidal waves. Various kinds of disasters
take place simultaneously and muitiply damages. In particular, with
recent trend of congestion in citles, a whole series of disasterc, such
as fires, etc., becomes more likely. In addition, a so-called state
of panic may be responsible for further damage.

The Japanese government subsidizes the local communitles so that
they may prepare earthquake-proof water pools, portable engine pumps,
electric power supply vehicles, heat-resisting rescue vehicles, etc.
This aid is based on the Subsidizing Project for Preparation ror Great
Earthquake Disasters. However, this emergency equipment 1s not suf-
ficient at present. Particularly, the transportation means which may
be used in great dilsasters are not sufficiently developed. Such
transportation means must carry the above-mentioned equipment, sup-
plies or food and medicine, the injured, the refugees, etc., in an
event of disaster. In January, 1978, the earthquake in the Izu Dis-
trict destroyed all ground transportation means in the area. The only
transportation means available were ships and helicopters. Helicopters
were able to reach the area only when weather conditions were good.
Therefore, transportation was severely limited and many people were
trapped in 1isolated disaster areas waiting for rescue ships.

OQur next toplc willl be a comparison of hellcopters to alrships
with regard to ability to perform the wcrk of rescue and fire fighting.
For example, the Tokyo Fire Department has five helicopters for fire
fighting. The activity area of these helicopters covers a circle with
a radius of 360 km and its center at Tckyo Heliport. The helicopters
can reach Aogashima, one of the Leven Izu Islands, which 1s 362-km
away, within one hour and a half. When hellcopters fly to such an
isolated island to fight a fire, however, two helicopters make a for- /124
mation flight as a precautionary measure, in order to avoid a double -
disaster 1n the event. Besides fire fighting in 1lsolated i1slands,
other tasks during great disasters are required of helicopters. How-
ever, as shown in Table III-23, hellcopters have certain dlsadvantages
in that their flight distance and payload are limited, and they will
fly only in good weather conditions 1in order to avoid a secondary
disaster such as a crash. On the other hand, hellcopters are signifi-
cantly advantageous tecause of their excellent maneuvering performance.
Therefore, 1f airships were provided with good maneuvering performance,
they would be ideal rescue and fire-Iighting aircraft. As a concrete
means of realizing such a vehlcle, a rescue LTA 1s proposed in this
report. (See Section IV-6.) This LTA consists of an LTA mether ship
and of a gondola which 13 suspended from it and may move freely in space
by means of a Jet engine which drives it. The LTA mother ship can be
maintaine on the fire's windward side where it 1s not (ffected by tre
upstream cr the flame, while the suspended gondola approaches the fire
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Chapter IV. TECHNCLOGICAL STUDIES CONCERNING SPECIFIC
SELECTED RYCRID LTA
CONTENTS
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IV-4-2. Determining Skycrane SpecificationS....cccooeveses 232
(a) Specifications of Hull Structure...........c0...235

(b) Specifications of Engines and Propellers........243
IV-4-3. Performance PropertiesS....ccceeesescccccnes e es 246
(a) Payload and Distance of Cruise......... ceeses e 246
(b) XAscending PerformancCe.....tceeoesccssessoccssccscs 248
(c) Sudden Failure of One Engine.....¢cicvvviienns .. 248
IV-4-3., Stabilitv. i i Cheeerestret sttt anesnans 248
(a) Maximum g when Hovering 245
(b) Dynamic Characteristics When Moving
Forwardly....eeeeeeniennnnns .3 Y4
(c) Damping and Control Power When Hovering......... 261
IV-4-5. Reference Materials......... Ceesaesann Crteeraeeas 263
IV-4-6. Methods of OperatioD......cceesennnn Cereecieeanas 260k
(a) Base for SKycrane€s........... ceeeeaan cieeeseass 265
(b) Forwarding to Cargo Handling SiteS........ceeu.. 267
(c) Cargo Airliftina Work at Cargo Handling Sites... 267
(d) Cargo Transportation......... Certiieesaeneanan 268
(e) Unloading of Cargo at the DestJnatlon ........... 268
(£) Refill of Fuel and Helium, and Exchange .
of Crew Members.....eeeeeee.. PR 268
(g) Necessary SpacCC...eesescscnns et saesereareannn 268
IV-4-7. Development PlaN.....cceeceoencensencccnsans e 269
IV-4-8. Estimates of Operating Costs of Skycrane ......... 270
(a) Assumptions for the Estimation .........cc.eean. 270
(b) Necessary Expenses for Ten YearsS.......... cee.. 270
(c) Estimates Made by Asahi Helicopter Company...... 274
IV-5. Estimates of Operating Properties of Megalifter
Type Aircraft........... Cerecteaae et Cereaeeeaaans 277
IV-5-1. Resistance....... Ceteteeanena ceeeen Ceetereeeanas 277
IV-5-2. Lift Resistance Characteristics..... Ceeteaetaann 282
IV-5-3. Performanc Properties.....ecceecess 4 4
1V-6. Technical Studies of Automatic Operating Devices
Of Suspended GONAOLaS. .ueereeenaeeaenosesscancassananannns 287
IV-6-1. Suspended Maneuvering Module (SMM)...... ceeene... 287
IV-6-2. Study of Concept of Suspended Maneuvering
System with SMM Suspended by LT ™ ...... Lo L. 291

IV-1. Qutline.

As a resuit of the studies on "needs" (social requirements)
in Chapter II1I, requirements regarding technological developments,
or technological possibilities (we call "seeds"), are summarized
as follows:

(A) Concerning Heavy Cargo Transport.

Is there any means of air transportation which has payload

over the limit of the presently used helicipters and which

can carry about 100 tons of heavy cargo?
In addition, it is important for such a means to possess

VTOL ability.
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In such transportation of heavy cargo, the cargo will usually
be suspended outside the aircraft. Therefore, the transportation
speed must be very low. When considering the present heavy cargo
ground transportation means which mcve at a speed of about 5 km/hour
(which is the speed at which men walk), it will be desirable to lim-
it the speed of heavy cargo air transportation means to about 30
km/hour - 60 km/hour. 1In other words, high speed is not required;
on the contrary, low speed transportaticn is preferred for the safe-
ty reasons. However, the transportation speed by usual truck may
be desirable rather than the ultra-low speed, 5 km/hour, at which
the present heavy cargo ground transportation means are operated.

It is very possible that very narrow valleys of deep mountains
will be transportation routes. Therefore, the LTA bodies preferably
have as compact size as possible.

When loading and unloading cargoes, hovering in the air is
required. 1In such cases, hovering by means of self-equipped power
is not necessarily required, but the aircraft may hover with the
aid of mooring ropes. The required time of cruise is several hours.
Preferably, the duration of cruise should be long enough to trans-
port heavy cargoes directly from the nearest harbor to the sites,
even to the sites which are located in the deepest mountainous areas
in the Japan Islands. It can be said that the maximum widih of the
Japan Islands is less than 300 km and the width is less than 200
km in most places. Therefore, the required transportation distance
is about half of the above width if the cargoes are transported
in straight courses. Namely, a straight line distance of 10C km
to 150 km, or a flight distance of 200 km to 300 km, will be satis-
factory.

According to the evaluation criteria which were introduced in
Section I-2-1, "Basic Functions of Aircraft," in Chapter I, the
characteristics required of heavy cargc air transportation means
are shown as follows:

¢ A-axis A-axis: Vertical movement /131
ability must be
excellent.

B-axis: Mass transportation

B-axis ability must be ex-
cellent. The aircraft
can carry up to about
100 tons, preferably.

C-axis: Duration of cruise may
be at a common level,
i.e. several hours.

F-axis

E-axis D-axis: Distance of cruise can

be short

E-axis: High speed property is
noc required.

F-axis: Maneuvering performance

1 may be at a common level,

D-axis

C-axis

Fig. IV-1,
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(B) For Passenaer Tiansportation

As transportation means connecting isoliated islands or large
cities, a line distance is expected to be around 300 km. At the
present stage, there is no appropriate mass transportation means
for such short lines.

The passenger demand for those short lines, however, is inf
creasing sifnificantly not only in Japan but also as a world-wide
trend, as shown in Chapter III.

It may be concluded that the required property of aircrai- for
such short lines is not high speed. 1In other words, tune high speed,
500 km/hour to 700 km/hour, of the presently used fixed-wing air-
craft is hardly advantageous in those short lines. For example,
the US-11 used in the approximately 130-km Fukuoka-Tsushima Line
has a cruising speed of 475 km/hour and a flight distance of 2,330
km while the actual flight time in this line is only 40 minutes,
implying that the practical speed for passengers is less than 200
km/hour.

The required properties for air transportation means used in
those short lines are also VIOL ability and excellent mass trans-
portation ability.

An attempt at providing the presently used fixed-wing aircraft
with mass transportation ability, however, requires high speed of
the aircraft. Thus, the disadvantage that a long runway is neces-
sary is inevitable.

Particularly in lines connecting isolated islands, air trans-
portation means are competing with ships. While air transportation
in inland lines is required to compete with other ground transpor-
tation means such as railroads and motor vehicles, requirement of
nich speed of the air transportation in such lines connecting iso-
lated islands is not very strict. For example, even though their
speed is as low as that of buses, 80 km/hour, the Jetfeoil used in
the Sado Line has proved a remarkable success.

The functicis desired of the aircraft for short-distance lines,
which have been described above, can be schematically shown in
Fig. 1IV-2.
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Fig. IV-Z.

A-axis:

B-axis:

C-axis:

D-axis:

E-axis:

F-axis:

Vertical movement /132
ability must be ex-~
cellent. The direct
connection of the
regional centers is
preferred., VTOL abil-
ity is desired.

Mass transportation
ability equal to

that of ships is re-
guired. Namely, 100
to several hundreds ©of
passengers.

¥Flight time does not
have to be very long,
since the line dis-
tances are short.

Flight distance does
not have to be very
long, since the line
distances are short.

Speed of buses and
trucks is required in
over-the-sea lines,
while speed slightly
higher than that of
railroads 1is re¢ 1ired
in inland lines.

Maneuvering perform-

ance should be excei-
lent.
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F1 .m the viewpoints which have been described above, we have
selected Aero Crane and Helistat type LTA's among other hybrid ITA's
for our studies on the technical possibilities of LTA's.

On studying technical possibilitiec, when an appropriate heli-
copter or a fixed-wing aircraft is provided by a domestic maker, the
combination of a LTA with such aircraft or a part of it was consid-
ered first.

Helicopters or fixed-wing aircraft which have already been de-
veloped in Japan are naturally for their own purposes. Therefore, the
combination of those aircraft with other machines, such as LTA's,which
are the objects of this survey study,is not primarily aimed at,and will
be inferior to optimally designed hybrid LTA's.

Nevertheless, without sufficient prospect of future hybrid LTA's,
design of new engine and the new rotors connected to it will not be an
appropriate object of pursuit in the first stage.

Therefore, it is for this reason that the utilization of the al-
ready developed machines and systems was first taken into cons Jera-
tion for studies o: technical possibilities. This characterization of
the approach can be clearly seen in the works by the group which has
studied Helistat type aircraft under the leadership of Mr. Yosninori
Sakai (Kawasaki Heavy Industry).

On the other hand, the group headed by Mr. Yoshiki Oka (Mitsuoi-
shi Heavy Industry) has studied Aero Crane type aircraft. This type
of aircraft is so novel that it is very hard to find any presently
available machines which can be applied to this type of hybrid LTA's.

Helistat or Aero Crane is the name of the group which is now /1
engaged in the development of such an LTA in the U.S.A. Therefcre,
these are not appropriate names for referring to types of aircraft.

In particular, the coordinators of this survey study were strongly
of the opinion that appropriat~ names should be given to the LTA's
which would be developed in Japan. Thus, it was decided to call them:

tne Helistat type LTA "Rota Ship" and

the Aero Crane type LTA "Sky Crane."

Several studies on Megalifter type airships were done as prelim-
inary work prepared for the future maia work of the survey study and
are included in this report. When the regular cargo transportation
enters the era of mass transportationsi.e. reaches the level of several
millions of tons per year, giant airships will be required. (Cf. ‘Sur-
vey Study on LTA Aircraft," Japan Association for the Promotion of
Mechanical Industries, September, 1975.) 1In such a case, the Megalifter
type of airships, whichn are hybrid of airships and fixed-wing aircraft,
will attract much atctention. In this survey study, preliminary work
was done in preparation for such a future case.
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Automatic piloting means for suspended gondolas, as means of
air rescue in the c¢vent of disascers, were studied for to- following
reasons:

Apparently the maneuvering performance of balloons or airships
is significantly inferior. Improving the maneuvering performance of
the gondola portion instead of improving the overall maneuvering perfor-
mance of the LTA is one way of compensating for this disadvantage.

According to this idea, an LTA which has satisfactory maneuvering pro-
perties will be produced.

Whether an LTA is hybridized or not, means for improving the
maneuvering performance of the LTA force it to be economically inferior.

According to the idea of the high maneuvering performance gondola,
the low price of the conventional type airships w.ll be preserv:d. Thus
a moderately priced, highly maneuverable LTA can be expect:d.

I1f this type of suspended gondola can be develuped in combination

with the conventional type of airships, they may be used with various
types of hybrid LTA's.

Based on the viewpo. ats mentioned above, suspended gondolas were
selected for the fourth oniject of our study.

IV-2. Determining the Required Pecsformance Properties.

For Helistat type airships, the required performance properties

were studied only in the case of its being used as a cargo transpor-
tation means.

In each case, the survey on the demand in the market was done
prior to the determination of the required performance properties.

The result of this survey has been described in detail in Cuaprer
III.

Evern though determination of the required performance properties
based on the market demand is being attempted, these properties cannot
be pinpointed exactly since they are conracted with new fields which
did not exist in the past. It is a common procedure irn such a case to /134
start with a study of the "seeds" (technical possibilities) and then
to examine the "needs" which correspond to them, and afterwards to start
again with a study of the "seeds" based on the results obtained and so
forth, repeating this rcocutine several times in order to converge on the
most desirable result. This kind of work is probably typical in the
development of a new device such as this.

For this reason, it should be clearly understood that the required
performance properties as set forth in this report must be regarded
only as the first result of this kind of work.
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IV-2-1. For Heavy Cargo Transport.

LTA's for heavy cargo transportation requiring greater payload
will be described lirst.

(a) Payload.

The sector of heavy cargo transportaticn which faces difficulties
at present is that which carries cargoes heavier than 20 tons, i.e. the
limit, as determined by the Ru.e for Limiting Vehicle Weights. Even
though over 1,000-ton cargoes ave transported at present, such cargoes
consist mainly of equipment which is tranported to and installed in
plants in sea-side industrial areas.

Conditions in heavy cargo tranportation in inland areas have been
getting worse year hy year due to road conditions (the sharp increase
in traffic), the reduction cof railroad services, the protests of road-
side residents against such transportaticn, etc. Such heavy cargo tran-
sportation is required in connect.:on with large scale construction works
such as dam construction. In such cases, civil engineering equipment
must he moved in first, followed bv hcavy equipment for nlants such as
penstocks. The pavload required for this kind of transportation ranges
from 20 to 100 tcns.

The number of over-ZCG-.ca trailers possessed by N. Transpcrtation
Company, which specializes in heavy cargo transportation, is listed in
Table 1V-1. Table IV-? shows a commc example of tne number and the
Kinds of trailers which are delivered to the construction site of a hy-
drouelectric power plant. Based on the atove data, the initial target
of the pavload was set at arourd 30-70 tons.

© e e — s
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Table IV-1. Trailers.

Type 500 TG Trailer

Type 350 TG/TS Trailer (Type 500, Decomposed)
Type 250 TG/TS Trailer (Type 500, Decomposed)
TG/TS Trailer

TG/TS Trailer

TG/TS Trailer

TG/TS Trailer

TL Trailer

TG Trailer

TG Trailer

300
210
160
150
150
120
1060
80
75
70
70
60
45
40
30
25
20

TL
TL
TG

Trailer
Trailer
Trailer

TG/TL Trailer

TL
TL
TL
TL
TL
TL

Trailer
Trailer
Trailer
Trailer
Trailer
Trailer and Others

Takle IV-2.

7%--ton
40-ton
30-ton
20-ton

Trailer
Trailer
Trailer
Trailer

Number of Units

U = b DO e et s RO b bt b ok et

Number of Units—-—w

N b =

ot

al

o

(b) Cruisir Speed

which pull the trailers which were described above.

Table IV-3 shows the performance properties of the tractors
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Table IV-3. Tractors
Number of Units

W400 Class (Fifth Wheel Load: 40 tons) and

heavier ClassSesS..cccieriensencnscnnccacnsnss J O
W250 Class (Fifth Wheel Load: 25 tONS) ..cceeeteceeesecroanans 2
W150 Class (Fifth Wheel Load: 15 tONS) cieeieeeecineecnvennnes 14
Others (Except High-Speed Container Vehicles).v.eeeeeesos .175

Specificationc of Tractore (Standard Specifications)

Name of Model IHitachi | Mitsubishi | Mitsubishi | Mitsubishi
HTH 50 w400 W250 W1l50
Name of Hitachi | Mitsubishi |{Mit ubishi | Mitsubishi
Manufacturer Heavy Heavy Heavy
Industry Industry Industry

Nu. Her of
Passengers 3 3 3 3
Vehicle
Weight (kg) 23,900 17,565 12,480 9,695
Fifth Wheel
Load (kg) 53,500 40,000 25,000 15,000
Dis c¢i- (front)
bution (kg) 112,780 8,620 6,280 4,400
of Load
over (rear)
Axles (kg) |11,120 8,945 6,200 5,295
(Unloaded)
Distri~- (front]
bution {kg) {20,910 1.,585 7,590 5,120
cf Load
over (rear)
Axles (kg) |56,655 46,145 30,055 19,740
vLoaded)
Total Length

(mm) 8,485 7,665 6,925 6,680
Total Widta

(mm) 3.370 2,940 2,840 2,490
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Total Height

(mm) 3,350 2,945 2,830 2,720
Minimum
Rotaticn

Radius
(m) 10 10 10 10

Maximum
Engine
Output

(PS/rpm) 330/ 250/ 250/ 250/

2,000 2,200 2,200 2,200

Maximum
Engine

Torque
89/ 89/ 89/
(km-m/rpm) 12960 1,200 1,200 1,200

Maximum
Speed
(Without
Trailer)
{km/hour}

40 70 52 44

Transporta-
tion Speed
with loaded
trailer

(km/hour) 5 5 25 25

T’ res 14.00-24{12.00-20 12.00-20 11.00-20
‘s1ze/ 20PR/12 }16PR/18 16PR/18 14 PR/18
Number)

Winch Cap-
acity (kg) 8,000 18,000 13,000 8,000

According to this table, the transportation speed when
tracting loaded trailers is 5 to 25 km/hour. Therefore, the
speed requirement is not at all severe. On the contrary, such
low speed may cause aircraft to be economically inefficient if
they use conventionally used aircraft engines. As a common re-
quirement of transportaticn means, however, higher speed is de-
sirabie. Thus, a speed of 50 km/hour was selected as th= initial
target. However, considering anticipated head wind speed and
performance properties of enginaes and rotors equipped to LTA's,

a speed of over 50 km/hour will be inevitable.
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(c) Distance of Cruise.

Since the freight car transportation on the railroads has
become difficult, it s very probable that heavy cargoes will be
transported to the nearest harbor by sea instead of railroads when
the trailer transportation on the roads around the construction sites
is replaced by air transportation. In this case, considering the
transportation trom the nearest harbor to the deepest mountain areas,
half of the cross distance of the Japan Islands will be the required
distance of transportaion. This distance is calculated as ranging
from 150 km to 200 km. When loading and unlcading cargoes, the air-
craft must hover for a long time. Ip addition, considering emergency
cases, such as one in which the aircraft cannot reach its destination,
the initial target for the cruising distance was determined to be
150 to 300 km.

Other than the performance properties specified above, the /136

initial target must include craft price, eccnomic efficiency, var-
ious specifications of the aircraft, etc. 1In this conceptualizing
design of a future aircraft, however, the target was given only
for payload, cruising speed and distance of cruise, as an initial
trial.

Our intention is to obtain an answer which will result from a
conceptualizing design given only those performance properties, and
to extract more specific requirements from potential users by show-
ing them that inswer.

IV-2-2, For Passenger Transportation.

The requirements of passenger transportation were estimated
with reference to those of STOL short-distance airplanes which
are now required in Japan.

The requirements are the ability to use about 900 m of runway

length, to be as economical and as low-noise as the ¥S-11, 120 to
150 pazssengers, and about 300 km cruising distanc:.

IV-3. Study of Rota-Ship Hybrid Airship.

Co..ceptuali-ing designs have been made for rota-ship hybrid
airships of twc types, one for passenger transportation connecting
isolated islands and one for heavy cargo transportation. Rota-
ship airships are combinations of conventional cigar-shaped non-
rigid airships filled with halium gas and of rotor lift helicopters.
They are provided both with the abili.y to carry heavy carcoes and
to hover. The idea of this type of aircraf“ is basically that of
improving the disadvantages of helicopters (high fuel costs, etc.),
while providing helicopters witn the ability to carry cargoes whicn
are heavier than the present limit. In this study, the scope is
limited to the rotor systems of helicopters which are now used in
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Japan. The technical problems in the develcpment of rota-ships,
the estimates of the development ccsts and possible development
schedules will be described.

IV-3-1. Study of Rota-ship for Passenger Transportation.

{(a) Required Conditions of Design.

(1) 4 units of rotor systems of the helicopter, BK-117,
which is now in the development process in a Japan-
Germnany corporative project are equipped. (See IV-12
for the photographic view.)

(2) The payload is 120 passengers (10.56 tons).

(3) The cruising distance is 300 km with a margin of an
additional 270 km and 10 minutes of hovering, consider-
ing the head winds of 20 knots (10.3 m/s).

(4) The operational ascent limit is 10,000 feet (3048 m).

(5) The airship body selected is of the non-rigid type, for
cost feduction purposes.

{b) Outline.

A three-side drawing of a passenger rota-ship is shown in
Fig. IV-3. This rota-ship has a total length of 80m, maximum
hull diamete~r of 27 m, a total width of 52 m and a total heigbt
of 30.5 m. The fineness ratio selected is 3, since the ship has
a non-rigid hull structurve. The front portion of the hull has
an ellipsoid shape while the rear3portion has a paraboloid shape.
The hull volume is about 27,300 m~. The ballonet volume is abcout
26% of the hull volume, being determined by the operational ascent
limit, 10,000 feet.
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4

The gross weight of 32 tons is divided into 21.44 tons of /138
buoyancy and 10.56 tons of rotor lift. The maximum rotor 1lift
is 12.7 tons so that about 2.1 tons of rotor lift can be used
for maneuve.ring and controlling the airship.

There are five crew members -- two pilots, one or-board me-
chanic and two stewardesses.

The basic size data and performance properties were calcu-
lated based on the computing procedure shown in Fig. IV-4. The
weight data were statistical or computed data. The data about
the rotors were those of helicopter Bk-117. The major specifica-
tion is listed in Table IV-4, while the fundamental performance
propertiecs are shown in Figs. IV-5 and IV-6.
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Table IV-4. Fundamental Specifications of Passenger Rota-Ship.

/140

Basic Size Data:

Equipped Power
Means:

Specifications
of the Hull:

Weight Data:

Total Length:
Total Width:
Total Height:

Engines:

Rotors:

Hull Length (L):

Maximum Width (D):
Fineness Ratio (L/D):
Hull Displacement
Volume:

Ballonet Volume:
Gondola Size:

Number ot Seats:

Dead Weight:
Passengers
Fuel Carried
Payload

Gross Weight:
Gas Buoyancy:
(At Sea Level)

80m
52m
30m

Laikaming LTS101-650B<1
600 SHF x 8 units

4 units of 1ll-m diameter,
four-blade rotors.

80m

27m
3

about 27,300m§

about 7,100m

2.5m (H) x ém (W) x 25m (L)
120

17,300 kg

400 kg
3,740 kg
10,560 kg
32,000 kg
about 21,500 kg
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Specific Range ~ Km /K¢

1.5

amd
o
T

o
[4,]

5,000 rt

ISA Condition

Per One Rotor

Installed loas = 1,5 £ + § HP
No SFC Increase

Max Range

Max Endurance

L i A |
50 100 150 200 250

True Air Speed ~ Km/H

Pig, IV=5, Flight Endurance Characteristios,
(Estimated)




157X 1,000
‘ Payload vs, Distance of Cruige
/142
| 120 passengers
ok Std. Day
Altitude:
about 1,500 m
Speed:
—s zbout 150 Im/H
e 5 L o
o 42 passengers %
o - - - —mmmm e mmmem—— e —————
<]
-
|
P
1 S )
0 1.0%0 2000 3000
Cistance of Cruise (km)
Pig, IV-6, Basic Performance Property.
(Passenger Transportation)
Maximum Speed: about 170 km/hour
Cruisiny Speed: about 150 km/hour
(Cruising Altitude: about 1,500 m)
Ascent Laimit: aboat 3,000 m
Distance of Cruise: about 700km
Duratior of Cruise: about 6 hours
(c) Flight Control and Piloting Systems. /143

The flight control means are shown in Fig. IV-7.
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Key to Fig. IV-7.

A: Ascent and Descent B: Forward Flight
C: Pitch Control D: Co
. ntrol
E: Counter-Torque Mechanism Taw
a: Buoyancy b: Rotor Thrust
c: Gravity G: Increase in Thrust
e: Decrease of Thrust f: P..ching Moment
g: FR Rotor h: FL Rotor
i: AR Rotor : AL Rotor
k: Front View l: Rear View {(rear rotors)j

In order to improve maneuvering performance when taking
oft and landing, arnd to improve stability when hovering in
winds, this ruip is provided with four vnits of rotars, wne
cn each front side and one on each rear uside, which control
the direction and the posture of the ship by changing iiie
tinrust and itg direction,

When the ship ascends or descends, the thrust of the four
rotors are increased or decreased simultaneously. The rotors
provide a margin of thrust which is about 10. of the gross
weight when hovering with full 1lcad.

The forward movement of the sh.p results from the rotor
thrust horizontal component which is created by either inclin-
ing the ship b~dy or flapping the rotors by mears of cyclic
pitch control.

The pitch and yo control of the ship budy is obtained by
adjusting the thnrust of the fcur rotors individually. For the
yo control, the thrust of each rotor is adjusted, as well as
the rotor thrust horizontal comvonent which is v.ried via the
cyclic pitch control.

The anti-torque moment is crea:z=d by providing slightly
different angles at which the rotor: a-e attached to the
ship body.

The four ro ors must be capable of individual thrust
control and of direction and intensity corntrol in response tc
each steering nmovemert, such as ascending, forward move, etc.
For this purpos‘., each rotor is equiuvped with 2 control-rose-
and mixing box which conveits e2ch command from a pilot to the
appropriate steering ope: .kion of corrective } 'tcn and cyrlin
pitch control of each rotoxr. The command is transmitted from
tnis box to each rotor by means of [.y-by-wire mechanismz, so
that the ship is controlled aporopriately.
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As described above, the propelling and the steering of
the ship are done mainly by varying the rotor thrust. If
greater propelling or steering power is desired, the rotors may
be attached to the ship body by gimbal means.

Discussions of the stability and control properties of the
rota-ship are not included in this study. However, according to
the calculation results of dynamic stability/control computer
simulation which was done by NASA, based on the wind tunnel data
of Helistat in Phase II, it may be concludeu that desirable dy-
namic stability/control properties can be obtained by appropriate
atomatic control means for the four rotors. Fig IV-8 shows an
<ample of hovering response to a sharp edge sudden cross wind
£ 50 ft/sec. In this example, the lateral displacement is
about 0.55 ft (17 cm).

In the future, a computer simulation/analysis program for
analyzing the dynamic stability/control characteristics based
on the wind tunnel data must be developed, together with a de-~
sign based on further studies of fly-by-wire control means and
automatic control devices.
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(d) Structure /14

The main construction of a rota-ship consists of rotor
supporting structures, a non-rigid hull structure including
ballonets and helium gz2s, a gondola structure including pass-
enger cabinets and a cockpit, suspension structures which
support the rotors and the gondola, and leg and tail structures.

Although load transfer mechanisms should be studied so that
the elasticity and the strength of the structures may be safe
under all the possible load conditions which are anticipated,
an initial idea of them can be gathered from the following
discussion.

Rotor Supporting Structure: With a sudden wind increase
rate of 2 and a safety factor of 2, the design final rotor
load is 3.2 x 2 x 2 = 12.8 tons, considering the case where
an upward sudden wind was received when the rotors put out
the maximum thrust. The maximum bending moment at the root
portions is 244 t-m (= 12.8 t x 17.7 m). In the case where
pipe materials of aluminum alloy 6061 are formed in truss to
constitute the beams, as shown in Fig. IV-9, the diameter of
the pipe material should be 60 to 90 cm and should have excel-
lent long-column buckling strength. 1In addition, in order to
avoid resonance with the oscillation exciting force of the rotors,
the design should be done so that the lowest order natural fre-
quency is higher than the required frequency, 30.7 Hz.

Non-rigid Hull Structure: The inner pressure of the hull
must be sufficiently high within the load limitation in order
to avoid crease formation. The film material load is 40 kg/cm
if the film material load limitation is about 10 kg/cm and the
safety factor is 4. If the film is composed of tedra film for
weather resistance, two layers of mylar as gas barriers and shear
resisting materials, and dacron cloth as main materials render-
ing strength is used. Those materials are stuck together to
form a multi-layer structure. Such material with a weight of -
about 300 g and a tensile strength of about 40 kg/cm may be
produced in Japan. If kebura cloth, a new material, is used as
the main strength-bearing material, the 40-kg/cm strength multi-
layer material can be reduced to be about 200 g/m” in weight
and the film material, including gore adheiive portion and re-
inforcement portion, will be about 300 g/m".

The creep of the film material and the gore adhesive por-

tion is another design target. Hence, further studies of film
materials must be done in the development of rota-ship.
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¢ondola Structure: A frame type of structure (shown in Fig. IV-10)
which is usually used for fugelages has been selected. The size is 6-m
width, 25-m length and 2.5-m height so that 120 passengers may be ac-
commodated in six-column, 20-row seats with sufficient room. This gon-
dola scructure is attached to the front and the rear rotor supporting
structures so that a H-shaped structure is formed. (See Fig. IV-11.)

Suspension Structure: About 60 joint portions are provided for the
H-shaped structure in order to distribute the approximately 60 tons of
the load over the hull when the safety factor is 2. At each joint por-
tion, two ropes are sharing about 500 kg/rope of the load. Each rope
distributes half of the load to the upper portion of the hull. As an
additional load, a bending force and torque is applied resultiing from
the rotor thrust. These factors were not associated with conventional
airships, and hence, further studies must be done to analyze the sus-
pension rope systeri, 1n order to avoid undesirable transformation of
the hull resulting from the overall load appliled to it.
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Key to Fig. IV-9.

a: These diagonal materials are used only in the beams which are

adjacent to the gondola.

b: This portion has 15-m interval reinforcement.

c: This portion has 2-m interval reinforcement.
d: Rotor Supporting Portion

f: Material 6061

g: Size

h: Common Cross Section

i: Cross Section of Rib of Main Portions
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Key to Fig. IV-10
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Representative

Outer Plate 2024-T3, t=.032'' (Representative)
Bead Reinforcement

Outer Plate

Bent Plate

Upper and Lower Caps

Ceiling Beam

Rope Fitting

Outer Plate Bead (For Reference)
Frame

Wind Frame with Bent Plate

B~B Direction, Ceiling Structure
Outer Plate

Upper and Lower Caps

Floor Beam

Seat Fitting Beams

A-A Section, Cross Section of Gondola

Bulkheads are necessary at the front and the rear ends of

the gondola.

of the gondola.
The floor plates are not shown.

: C-C Direction, Floor Structure.

: The inner cover is necessary on the side wall and the ceiling
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Key to Fig. IV-11.

Rotor

The Points Attached to the Hull.

Rotor Supporting Structure.

Gondola Structure

Remark: The portion mounting engines and transmission means
must be provided with fair-rings for rain sealing.

[( ANV o RN o ]

ee se s

{(e) Rotor System and Power Transmission System. /150

Each o1 the four rotor systems is a unit consisting of
engines, a gear box and a rotor of the helicopter, BK-117. These
systems are manipulated by fly-by-wire means. Each rotor is
driven by two eagines and provides about 3.2 tons of thrust in
the upward direction and about 1 ton in the downward direction.
The thrust is controlled by corrective pitch control means.

The specifications of the rotor system and the engine are
described in the following:

Rotor System (one Unit):

Diameter: 11.0m
Blade Code 0.31m
Number of Blades 4
Rotation Speed 383 RPM
Maximum Thrust 3.17 tons (upward)
1 ton (downward)
Engine:
Name: La:ka Ming
Number of Units per
rotor 2
Output per Unit 600 HP (Take Off Power: 30 mi.)
512 HP (Max. Cont. Power)
Rotation 6000 RPM

The schematic diagram of the rotor system is shewn in Fig. IV-12.
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Key to Fig. IV-12.

o))

Imaginary View BK-117 Which is Under Corporative Development
by Kawasaki Heavy Industry and MBB Company
Engines

Weight (kg)

Rotor System

Control System

Transmission and Mount

Input Shaft

Engine (Two Units)

Cooling System

Frame

Total: 820 kg/rotor-system
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IV-3-2. Study of Rota-Ship for Heavy Cargo Transportation. /1

Concerning the rota-ship which uses the rotors of the helicopters
used in Japan and has the the ability of hovering and carrying heavy
cargo heavier than 20 tons, two alternatives have been proposed besides
the rota-ship described in this section. One of these alternatives is
the rota-ship which has four units of tandem rotors (KV-107 nelicopter,
See Fig III-24 in Section III-2.) all rotating around axes attached to
the hull so that each rotor provides a local forward speed component.
This preposal was made for the purpose of fuel conservation when hover-
ing. Such a rota-ship was considered advantageous in heavy cargo trans-
portation to an isclated mountainous area. Ro*ation of the rotor sys-
tem is carried out by inclining the rotor surf: es by means of cyclic
pitch control. (rotation speed: 7.72 rpm) The ..ecessary power can
reduced by about 10%. However, fuel conservation will probably no.
be able to easily overcome the increase of the weight resulting f.>. he
additional rotor system rotation mechanisms, and hence, this altecnative
was discarded.

The other alternative is the rotor-ship with three units of tandem
rotors. This ship has a payload of 20 tons and was proposed for the pur-
pose of the cost reduction. However, it is difficult to obtain appro-
priate positioning of three units of tandem rotors. When they are com-
bined with a cigar-shaped hull, two units will be placed on both sides
and one in front or rear portion. This structure requires a long lon-
gitudinal rotor supporting structure which causes weight increase and
makes the suspension structure connected to the hull very complicated.
Thus, this alternative was also discarded.

(a) Outline.

The rota-ship described in this section has four units o€ tandem
rotor systems, two of them being placed on bota sides of a front rotor
supporting structure and the other two being placed on both sides of
a rear rotor supporting structure. The rotor supporting structures form
an H-shape together with cargo compartment structure.
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The fundamental specifications of this ship are as follows:

(1) Four units of rotor systems (with maximum lift of about
40 tons) of KV-107IIA support a payload of 30 tons and
6.7 tons of fuel. The renaining lift is used for the
posture control of the airship.

(2) 30 tons ¢. cargoes are loaded and unloaded by means of
winches with which the airship is equipped.

(3) The airship has the cruising ability of 5,000-feet
(1,500-m) cruising altitude, 100-km/hour cruising
speed, 200 km-cruising distance and a l-hour hovering
abilicy.

(4) There are four crew members -- two pilots, one on-board
mechanic and one op .ator of a loading/unloading system.

Based on the above fundamental specifications, the rota-ship
shown in the three-side drawing in Fig. IV-13 was designed. It is
a scaled-up version of the rota-ship for passenger transportation and
has a size of 90-m total length, 30-m maxigum hull diameter and 37-m
total hgight. The hull volume is 35,800 m™ and the ballonet volume is
6,250 m~ (about 17.5% of the hull), providing the operational altitude
limit of 6,000 feet {2,000 m).

31.1 tons out of the 68-ton gross tonnage is supported by the
gas buoyancy and the remaining 36.7 tons is supported by the rotours.

The main specifications are listed in Tablz IV-5 while the main
performance properties are shuown in Fig. IV-14. The amount of fuel
consumed during a one-hour hovering is about 40 % of the total fuel
carried, 6.7 tons. If this amount of fuel is used for flight, the
airship can fly for about 330 km.

The payload vs. flight distance characteristics are shown in
Fig Iv-14.
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Main Size Data:

Power Equipment:

Hull Specifications:

Crow Membeors:

198
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Engine:
Power:
Rotors:

Hull Length:
Maximum Diameter:
Fincness Ratio:
Rull Displacement
Volume:

Ballonet Volume:

Dead Weight:
Fuel Weight:
Payload:

Gross Weighto:
Gas Buoyancy:

four persons

Table IV-5. Main Specifications. /154
Total Width 60 m
Total Length 90 m
Total Height 37 m

GE-T58-IH1

1,400 SHP x 8 units
3 blades x 15.2 m

90 m
30 m
3

35,800
6,250 m

31,100 kg
6,700 kg
30,000 kg

68,000 kg
37,000 kg

{at Sca Level)
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Cruising Speed: 100 km/hour
{(Cruising Altitude: 1,500 m)
Ascent Limit: 2,000 m
Distance of Cruise: 300 m (Without hovering)
Duraticn of Cruise: about 3 hours
load Distance of Cruise
330km
30 ©-
20

~~

")

-]

0

i

~10t

s

g Cruising Alttd.:

~—

%7 |Cruising Spd.:

Be

0 1,000 20 3000

00
Distance of Cruise (km)

Fig. IV-14. Basic Performance Property.
(Cargo Transportation)
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(b) Pilccing System and Piloting Method.

(1) Construction (See Fig. IV-15)

The piloting of the ship is done by varying the intensity
and the direction of the thrust by each of the four rotor sys-
tems. The thrust of each rotor and its direction are control-
led by swash plates. The vertical movement of swash plates ad-
justs the thrust while the direction of the thrust is varied by
inclining the swash plates.

The swash plates are connected to the piloting means by push-
pull rods, bell cranks, cables and electrical lines.

In addition, in order to compensate for the lateral inclin-
ation resulting from the variation of the flight speed, speed trim
means are provided, by which longitudinal .nc¢lination of the swash
plates are automatically controlled in response to the change in
speed.

(2) Piloting Method.

In the following, a total system of a KV-107 II helicopter
including front and rear rotors is denoted by "one unit of rotor
system. "

(1) Ascending and Descending.

The ship ascends or descends by means of simul-
taneous increase or decrease of the thrust by the four
u. its of the rotor systems.

(ii) Forward and Backward Flight and Pitch Control.

When flying forward, the thrust by the two units
of the rotor systems in the front portion is decreased
by means of pitch control while the thrust by the two
rear units of the rotor systems is increased so that the
airship body is inclined forward. Backward flight re-
quires the same procedure in the opposite direction.

(iii) Flight in Side Direction and Roll Control.

These are performed by adjusting the thrust of
the right and the left units of the rotor systems.

(iv)  Yaw Control

The thrust of the two front units of the rotor
systems is directed in the same direction (right or
left), while the thrust of the two rear units is dir-
ected in the opposite direction.
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(v) Hovering around a Fixed Position.

When hovering around a fixed point for cargo
handling is required, more precise control is possibile
if the thrust of all the rotor systems can be simul-
taneously directed to all directions by an additional

control system. This kind of control means is a goal of
future studies.
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Rear
Rotor

Synchronouse
Driving Axis

Front Rotor

mission

Engine

Pront Transmission

Rear 7
Control
Front Control

Fig. IV-15. Rotor System, Power Transmisszsion System
and Rotor Control Means,
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(c) Structure. /158

The structure is almost the same as that of the »assenger
rota-ship which was previously described. The only difference
is a cargo compartment which replaces the gondola for passengers.
Methods for leading and unloading cargoes and the structure of
the cargo compartment have been discussed.

The cargo ccmpartment has a size Qf 30-m length, 10-m width
and 2-m height, its volume being 600 m~. The cargo compartment
has an open bottom and a cross section having a rectangular shape
without a bottom. Five rails are attached on the ceiling and one
rail is provided on each side wall. Cargoes are fixed by 15-units-
per rail carriages with fitting means and five winches (attached
only to the ceiling rails), as shown ir Fig. IV-13. The cargo com-
partment has passage ways on both sides so that it is accessible

from the cockpit for the supervision and the handling of the cargoes.

The variation of the gravity center caused by loading or un-
loading of cargoes is expected to create no problem since the rotor

arms are sufficiently long in both longitudinal and traverse dir-
ections.

(d) Rotor System and Power Transmission System.

The rotor system, the transmission system and the engines are
all of KV 107 IIA. (See Fig. IV-15.)

(1) Rotor System

The rotor system is of the tandem type, which is
advantageous in that the rotor diameter can be
lessened and the rotor system supporting frame
can be shortened so that the weight is reduced.
Each rotor is of the three-~blade totally arti-
culate type, and is rotated in the opposite dir-
ection in order to neutralize the anti-torque.

The main specifications of the rotor system are as follows:

Type: Two-Rotor, Tandem Type
Diameter: 15.24 m

Blade Type: NACA 0012

Blade Chord Length: 0.46 m

Number of Blades: 3 (per one rotor)
Rotation Speed: 264 rpm

Distance Between
Centers of Rotors: 10.16 m
Directionr of

Rotation:
Front Rotor: Clockwise Viewed from Above
Counter Clockwise Viewed from
above
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{(2) Driving System.

The power is transmitted from two units of
engines placed in the rear portion through the in-
dividual driving axes to intermediate reducing
gears, thereby directly driving the rear trans-
mission and simultaneously driving the front trans-
mission through a synchronous driving axis. The
frent and rear transmission means reduce the ro-
tation speed and transmit the pwer to the rotor
shafts. Owing to an over-running clutch, even if
one of the engines fail, the other engine rcan
transmit its output independently.

(3) Engines.

For each rotor system, two units of free tur-
bine type turbo shaft engines are used. The output
rotation speed is selected by an engine control
lever and maintained constant over the entire range
of the engine load.

tlame of Engine: CT 58-IHI-140-1

Output (per unit): 1,500 HP (2.5 minutes)
1,250 HP (continuously)

Number of Rctation: 19,500 rpm

Fig IV-15 shows the construction of rotor /159

system and the driving system.
(e) On-Board Equipment.

This aircraft is provided with electronic devices for communi-
cation and navigation means, a computer for flight control and a
cargo suspending winch system, as a set of main on-board equipment.
The communication and navigation means are of the same type as those
carried by civil airplanes in domestic lines. The computer is cap-
able of reading and storing the data of the external environment
conditions and the control data of the gas bags, and of controlling
each rotor based on the data in the memories. The cargoe suspending
winch system can handle an arbitrary shape of cargoes a4 can suspend
more than 30 tons along the height of 100 m.

(f) Mooring Means.

In many cases, when mooring conventional airships, their tips
are moored to mooring masts. If airships are fixed in this way,
reinforcement of leg structures or the like is indispensable, as
well as mooring ropes. The present aircraft has a pivot type mcor-
ing means in a central position which is slightly ahead of the cen-
ter of the wind pressure. This mooring means includes a winch
(which can be designed so as to be used also as a cargo suspending
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winch and render tension to the mooring rope together with the rotor
lift during mooring operation, thereby ensuring the safety of the
operation and reducing the necessary area for the mooring ground.

(g) Considerations on Engine Malfunctions.

As described in the section concerning flight control means,
the present aircraft has four units of rotor systems which enable
the aircraft's manipulation. The aircraft must be operated safely
even when some of the engines fail. Each rotor system of this
aircraft has two engines, and hence, eight units of engines are dis-
posed around the aircraft body, as a whole. The rotor system, KV-107,
is so designed that one of the two engines can encure enough power fcr
cruising when the other fails to function. The rotor systems have
enough power capacity so that flight control ability may be maintain-
ed even when some of the engines fail to function. The design has
been altered by increasing the initually selected rotor power in
order to ensure safety.

IV-3-3. Problems of Mooring Sites, Sites for Landing ana Take-Off, Etc.

In this section, ground facilities, training of on-board and
ground crew members, etc., which are necessary for the operation of
the rota-ship, will be discussed.

(a) Mooring Site and Mooring Means.

It is necessary to provide a hangar in order to avoid the
dangers of high-place works in order to be able to take refuge in
case of storms (typhoons), to perform major overhaul works, and
for other reasons. Besides the hangar, it is also necessary to
provide ground facilities by which the rota-ship is moored in an
open space for the usual maintenance operations (including refilling
of gas and fuel, inspection and replacement of on-board equipment,
simple repair work on the hull and the structures, etc.).

In a conventional method for mooring an airship on the ground,
the tip of the airship is tied to a fixed or moveable mooring mast,
while the airship is fixed to a truck on the ground {(sometimes rid-
ing on a rail) at a position in the rear of the center of the buoy-
ancy. In this method, the airship can move 360 degrees and has the
stability property of a "weathercock" against winds.

For this method, a mooring site must have at least the area /160
of a circle with a radius equal to the airship body length.

According to this method, the airship is controlled by a
working rope which is suspended from the airship body and is pulled
by a number of ground crew members, while the airship is descending.
Thus, this conventional method has b:en associated with the danger
that the airship might collide with the mooring mast or others, since
the large body of the airship has poor maneuvering performance and is
very sensitive to winds.
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The above considerations suggest that one must note the
following points when designing ground facilities for the
rota-ship:

(1) Reduction of the necessary area for ground facilities,
(2) Reduction of the necessary members of ground crew,

(3) The ability to moor the rota-ship under any weather
condition, including the most severe temperature
and winds (all-weather property),

{4) Ground mooring land which can also be used as
a take-off and landing ground {compatibility),
and

(5) The ability to take-off and land on the ground mooring
facilicies.

Ground facilities of the rota-ship have been discussed based
on the above-mentioned requirements and the result is shown in
Fig. IV-~-16.

In the oroposed method for mooring, the rota-ship is con-
nected with a ground mooring means at a position in the neighbor-
hood of the center of the buoyancy. The necessary area for the
mooring site has been reduced to 7800 m™~, namely, the area of a
circle with a radius of about 50 m, which is about a half of the
aircraft length. This area is about one fourth of that needed by
the conventional mooring method for airships.

The morring method using this mooring means is as follows:
First, the mooring means usually contained in the ground is taken
out while a guide rope is suspended from the rota-ship which 1is
hovering above this mooring means. Then, a ground crew member
engages this guide rope with another guide rope which is coinected
to the ground mooring means and the rota-ship descends with its
buoyancy being controlled. The carge handling system operator
on the rota-ship operates the winch and winds up the guide rope.
Finally, a circular fitting in the mooring means on the rota-ship
is engaged with a concave fitting in the ground mooring means and
both fittings are fixed by a nut, thus completing the connection
of the rota-ship with the ground mooring means.

The ground mooring means has an escape which is about as long
as a buggering stroke of the landing means, thercby absorbing the
shock of the landing.

Owing to the ball joint connection, the aircraft can be moored
securely even when the body is inclined slightly by sinds in any
direction. The rota-ship is also supported by a front and a rear
landinag means which enable the rota-ship to rotate around the ball
joint and to face the wind direction, therecby ensuring a safe ground
mooring with the stability property of a "weathercock."
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Furtaer studies must be done on this method for mooring. However,
this method satisfies almost all the requirements mentioned previous-
ly. Namely, accoraing to this method,

(1) tbhe necessary mooring land is 7800 m2, is about one
fourth of that needed by the conventional method,

(2) only two ground crew members are necessary, while
five or more ground crew members are needed by the
conventional method,

(3) the mooring land can also be used as a take-off and
landing ground and the rota-ship can take-off and land
on the mooring means, and

(4) the mooring means may be operated under all weather

conditions if the mooring means on the ship and on
the ground have reinforcement provisions.
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Pig. IV-16, Mooring Means for Cargo .Rota-smp.
(A patent application has been filed,)
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Fig, IV-17. Hangar for Cargo Ro’ hip.

Fig. IV-17. Hangar for Rota-Ship for Cargoc Trzasportaticn.

Building Area:
Building Size:

Equipment:

9,500 mz

95 m (width) x 100 m (length)

x 50 m (height)

Rails, high-place work carts,
working stands, tools for replacing
rotor systems, tractors, winches
(four 30-ton units), sealing means
for gas tank systems, maintenance
tools, office and communication

devices.

The hangar accommocating the rota-ships for emergency or over-
haui is required to have the size and the equipment shown above.

This kind of hangar is also necessary as a final assembling

factory for the rota-ship.

(b) Take-0ff and Landing Ground.

The rota-ship has hovering ability as well as vertical take-

off and landing ability.

Therefore, it can land on ground mooring

means in a base or can take off directly from the mooring means.

In additior, the rota-ship can land on a take-off and landing
ground, as helicopters or STOL planes, and then may be moored in
the mooring site after travelling by means of a tractor. It may
also be moved from the mooring site to the take off and landing

gr und by the tractor after being disengaged witn the mooring means.
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In the folluwing, a rota-ship base in which the ship takes
off from and lands on a ground mooring means without using a han-
gar is tentatively called a "ground mooring base." A base equipped
with a take-off ard landing ground, a mooring site and a hangar is
called a "rota-ship base." Figs IV-18 and IV-19 snow designs of
a "ground mooring base" satisfying the specification of the B-class
ground heliport and of a "iota-ship base" satisfyiig the specifi-
cation of the A-class ground heliport, according to a method which
is almosc the same as the method for determining the sizz of a
grourd heliport for KV 107 IIA.
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Key to Fig. IV-18.

ow

se ae o

.0

0 M

Admission Surfacc (slope: 1/10)

Admission Zone (Projection of the admission surface)
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Transition Surtface (Slope: 1/4)

Landing Zone

Horizontal Surtace (height: 45 m, radius: 600 m)
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Key Lo Fig. IV-19,

A: Admission Surface (slope: 1/20)
: Admission Zone (Projection of the admission curface)
: Landing Zone

D: Runway

E: Transition Surface

F: Horizontal Surface (height: 45 m, radius: 800 m)

B-Class Ground Rota-Ship Base for Cargo Trarsportation /165
(Ground Mooring Base):

— 3

- Runway Length: 90 mx 2 =180 m

~ Twice as long as the total lengt" of

the rota-ship.

Runway Width: 60 mx 1.5 =90 m
1.5 times as long as the total width

Landing Zone Width: 180 m + 15 mx 2 = 210 m

Landing Zone Length: 2 x 90 m = 180 m
Based on the minimum ratio 2
flanding zone width/runway width)
required by Avietion Law.

Landing Zone Area: 210 m x 180 m = 37,800 m“

Landing Zone
Strength: The landing zone mBst endure the im-
pact of 14.1 kg/cm™.

Cargo strages, maintenance vehicle garages and offices in a ground
mcCcring base must be located in the neighborhood of the landing zone
but the buildings should not interfere with the admission surface or
the transition surface.

A-Class Ground Rota-Ship Base for Cargo Transportation:

Runway Length: 1.84 x 180 m = 331 m
Calculation based on the landing dis-
rtance, 50 feet, which KV-107 needs
when one of the «<ngines fails.

2 A-Class Runway Length

9
Cf. 1.84 = 50 = B-Class Runway Length

Runway Width: 1.5 x 90 m = 135 m
1.5 times as long as that of the B-
class runway.

Landing Zone Length: 331 m + 2 x 15 m = 361 m

Landing Zone Width: (50 m/40 m) x 180 m (B-Class Landing

Zone Width) = 225 m
214



Landing Zone Area. 36l m x 225 m = 81,225 m2

Landing Zone
Strength: The landing zone mgst endure the im-
pact of 14.1 kg/cm™.

A rotor ship hangar (S:e Fig. 1V-17.), cargo strages in a rota-
ship base, etc. must be located in the neighborhood of the landing zone,
but they should not interefere with the admission surface or the tran-
sition surface.

Fig. IV-20 shows an example of layo.t of a rota-shio bar~ for
cargo transportation. As seen from the figure, a wide area is neces-
sary for 2 rota-ship base. “owever, if the rota-ships take refuge in
rota~-ship bases just as large-size civil airplanes do when a typhoon
approaches, it is possible to operate 15 rota-ships with 3 rota-ship
baszs. It is also possib}e to operate 10 :c¢i.a-ships with one rota-
sgip base (176 thousand m”) and five ground mooring bases (area: 44,000
xa”, ¥ of the area of a rota-ship base).

(c) Training of On-Board and Ground Crew Members.

There are four on-board crew members of the rota-ship (for cargo
transportation): two pilots, one on-board mechanic and one cargo hand-
ling system operator. The pilot, must at least have a license which
allows him to operate a KV~107 helicopter and a conventional type of
airship. 1In addition, it will be indispensable for pilots to receive
special training for operating the cargo transportatinn rota-ships.

The following numbers of ground crew members are necessary per
one ground mooring base:

1) three flight navigators to analyze meteorological con-
ditions at various places: one chief member, one plan-
ner and one office worker, and

2) twelve members ~- five maintenance engineers for the
four-unit rotor systems and seven for the ship struc-
tures -- who must have sufficient training in ship take-
off and landing, mooring ships on the ground, and load-
ing and unloading the cargoes, for these operations to
be safely and efficiently performed.
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Flg. IV-20. A Layout of Rota-Ship Base for Cargo Transport,

Key to Fig. IV-20.
a: Landing Zone
C: Guide Ways and Ground
Mooring Land
e: Office
g: Hangar (Entrance Height: 40 m)
Total Area:

Landing Zone Area:
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b: Mooring Means

d: Maintenance Equipment Strage
f: Strage

about 177,000 m3

3 (24,640 Tsubo)

(53,640 Tsubo)

about 81,300 m
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K

Building Area: 20,000 m> (6,060 Tsubo)

Number of Aircraft that the
Hangar can Accommodate: 2

Number of Aircraft that can
be Moored Outdoors:

(v

~

IV-3-4. Development Plans and Development Expenses. /16

The rota-ship, which is a combination of airship techniques and
conventional aircrart techniques, including helicopter technology, 1is
the most realizable among various plans of hybrid LTA's, and hence it
is promosing as a future heavy cargo transportation system for carrying
heavier or more voluminous cargoes beyond the limitation of convention-
al helicopters.

It is not easy, however, to establish a development plan and to es-
timate the corresponding development expenses based on conventional aero-
nautic techniques, due to the lack of experience in this field. Despite
this difficulty, the following estimate was made:

{a) Develorment Plan.

The technigues to be developed include techniques concerning air-
ships, namely, aerodynamic characteristics of airship body shapes, ma-
terial characteristics and load/strength analyses of non-rigid hull st-
ructures, suspension means and structures, means for controlling the
center of helium gas buoyancy, manufacturing and maintenance of non-
rigid airship bodies, etc. These techniques may bc realized within the
conventional range of aircraft techniques in Japan. Specifically, they
will be developed through wind-tunnel tests, partia structure tests,
manufacturing of and tes-s on reduced scale models, aaterial charactevr-
istics cylinder tests, etc.

After individual techniques have been completely developed, they
will be integrated and will be followed by demonstrations of flicht pro-
perties, i.e., dynamic stability characteristics of the rota-ship, hover-
ing characteristics, maneuvering performances, etc., by experiments us-
ing reduced-scale models.

The following two proposals for the development plan for the rota-
ship were made:

First Plan: A three-year development plan using a rgduced-scale
model with a hull volume of about 100 m~,

Second Plan: A four-year development plan, using a reguced-scale
model with a hull volume oi about 5,000 m~ and with
two small-size helicopters which will be borrowed dur-
ing the test period.
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Fig. IV-21, Rota-Ship Development Plans,

Key tc Fig. IV-21.

A: Fiscal Year X B: Fiscal Year X + 1

C: Fiscal Year X + 2 D: Fiscal Yecar X + 3

a: Basic Designs b: Detail Designs

c: Maintenance Designs d: Wind Tunnel Tests

e: Development and Tests of Various Kinds and Techniques

f: Manufacturing of Jigs and Tools

G: Manufacturing of Parts h: Assembling

i: Manufacturing of Reduced-Scale Model

j: Tests of Reduced-Scale Model

k: Plan of Reduced-Scale Model 1l: Design of Reduced-Scale Model
m: Part Manufacturing of Reduced-Scale Model

n: Assembling of Reduced-Scale Model

o: Tests

(b) Development Expenses. /168

Estimate of development costs of one passenger rota-ship and one
heavy cargo rota-ship based on the three-year plan (the first alterna-
tive) are shown in the following, where ground mooring equipment and
assembling hangar are excluvaed and all the monetary values are calculae. .
ted by the 1978-1980 price base:
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Estimate of Development Cost of the Rota-Ship

(Three-Year Plan)

Per one Passenger Per one Heavy Cargo

Rota-Ship Rota-Ship
Development and Test
Costs for New Techniqueg 660 million yen 660 million yen
Direct Material Costs 670 2040
Processing and Jig/Tool
Costs 600 780
Other Expenses, Profit,
Etc. 330 600

. . ) |

TOTAL 2,260 million yen 4,080 millicen yen »

The estimated development costs are about 2,260 million yen and
4,080 million yen per one passenger rota-ship and per one heavy cargo
rota-ship, respectively. The fractions of the prices of helicopter
rotor systems in the direct material costs are akout 60% and 80%, re-
spectively.

When ten aircraft of each type are manufactured, the average unit
prices of the passenger rota-ship and the heavy cargo rota-ship are
about 1,500 million yen and 3,300 million yen, respectively. In this
calculation, the fixed costs, including the technical development and
test costs and the costs of jigs and tools, are divided among ten air-
craft of each type.

The second alternative of the four-year plan will require an addi-
tional =2xpense of about 500 million yen besides the development expenses
required by the first alternative.

Discussions regarding the design and the manufacturing of the rota-
ship have been presented above. However, many aspects concerned with |
the operation of the rota-ship will also have to be developed. These ;
aspects are objects of further studies, together with others such as the :
rota-ship design requirements related to its operation.

IV-3-5. Estimates of Operatiig Costs of Rota-Ships for Passenger Use.

Since the rota-ship has never been operated, it is extremely dif-
ficult to estimate its operating cost. However, in this section, the
operating costs will be estimated based on the information provided by
the operation of YS-11 airplanes in the domestic airiines of Japan.
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(a) Assumptions for Estimation.

For operating costs, the following assumptions are made:
(1) Main Specifications.
The main specifications of operating conditions are shown
in Table IW~6 in comparison with those of the YS-11.

(2) Line Distance.

300 km
(3) Line Flight Time and Annual Total Flight Time.
Take-Off: 5 minutes
Ascent: 10 minutes
Horizontal Cruising 2 hours (including the cruising mar-
gin)
Descent: 5 minutes
Landing/Mooring 10 minutes /169
Total Line Flight
Time: 2 hours and 30 minutes

The annual total flight time is about 1,700 hours, which
is about 70% of the average annual total flight time of the
YS-11 operation in Japan. This estimate was made considering
the fact that the rota-ship is sensitive to bad weather con-
ditions and requires more time to be handled on the ground.

(4) Other costs.

The operating costs, measured by 1977 Ziscal year yen value,
will be calculated. The YS-11 operation in Japan is supported
by an extremely-high-standard operation assistance organization
which is primarily designed for the jet plane operation. As
short-distance transportation, it might be said tha*t the YS-11
operation is too costly, particularly in terms of management
expenses. Therefore, in the calculation, particular attention
has peen paid to this fact. This will be seen in the folowing
description.

The fuel cost is calculated as:
47,000 yen/1 k1 (including 13,000 yen of aircraft
fuel tax).
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Table IV-6. Comparison of Basic Specifications.

BRt|

Rota-Ship ¥S-11
Gross Tonnage (ton) 32 24,5
Payload (ton) 10.3 6.5
Number of Seats 120 60
Cruising Speed
(km/hour) 150 475
Flight Distance (km) 600 2,330
Engines 600 HP x 2 x 4 3,040 HP x
Total Length (m) 80 26.3
Total Width (m) 52 32
Total Height (m) 30.5 9
Crew Members two pilots and
one mechanic two pilots
Price (million yen) 1,500 650*
130*

*In case a new plane is built.
**The accounting price for calculating the operating cost

(b} Direct Operating Cost.

(1) Cost of Crew Members.

The crew member cost of the US-11 operation in Japan is

74,000 yen per hour for a 300-km line. This cost is approximately
twice that of similar local airlines in the U.S.A. and includes

the crew member training cost which is primarily required for jet
plane operation. The corresponding cost for the rota-ship is es-
timated to be equal to 0.6 times as much as that of the YS-11 oper-
ation. The cost corresponding to the mechanic required for the
rota-ship operation is calculated at 0.8 of that of the pilots,

Thus, the cost of the pilots of the rota-ship is: /170
74,000 x (%) x 0.6 = 22,000 yen per one pilot, 44,400 yen

per two pilots, and the cost of the mechanic of the rota-

ship is: 22,200 x 0.8 = 17,760 yen per one mechanic. The

total cost for the crew members is: 62,160 yen, i.e., about
62,000 yen per hour.
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(2) Fuel Cost.

Since the fuel consumption rate per hour is 620 kg
(0.77 k1), the fu ' cost is,

0.77 x 47,000 = 36,000 yen/hour.

(3) Maintenance Cost.

The spare part cost is calculated to be 3% of the aircraft

price and is,

1,500 million yen x 0.03 /1,700 = 26,000 yen per hour

The labor cost 0. the maintenance work is calculated to
be the same as that of the ¥YS-11 operation and is,

35,000 yen/hour

The cost for managing the maintenance work is calculated
to be 0.6 of that of the ¥S-11 operation and is,

28,000 yen/hour

Summing up the above costs, the maintenance cost per one
flight hour is,

89,000 yen/hour.
(4) Insurance.

The average insurance rate of the rota-ship is calculated
to be 1%, twice as much as that of airplanes in domestic air-
lines in Japan, 0.5%. Thus, the insurance cost is,

1,500 million yen x 0.01 /1,700 = 9,000 yen/hour.

(5) Depreciation Cost of Aircraft.

Considering the ten-year constant depreciation and the
10-% final price, the depreciation cost is,

1,500 million yen x ¢.9 / 10 / 1,700 = 79,000 yen/hour.
Summing up the above costs, the direct operating cost is,
275,000 yen/one hour oif flight.

If the ratio-ship is operated in a 300-km line (flight
time: 2.5 hours), the direct operating cost is,

275,000 x 2.5 = 687,500 yen.

The direct operating cost per seat per km is 19.1 yen and
about 45% higher than that of the YS-11 operation, 13.2 yen.




(c) Total Operating Cost.

In the YS-1l operation in Japan, the indirect operating cost is 80%
of the direct operating cost, on the average. When the rota-ship is
used, in particular in a short-distance airline, it will be essential
to try to reduce this indirect operating cost; such reduction will be
possible through prudent management. Thus, the indirect operating cost
is calculated to be 50% (80% x 2.6) of the divect overating cost.

Conseguently, thc total operating cost is,

—

s

687,500 x 1.5 = 1,031,000 yen. /171

The total operating cost per seat pe- km is 28.6 yen and about 21%

higher than that of the ¥YS-11 operation, 23.6 yen. Fig. IV-22 shows

various kinds of operating ..osts, compared with those of the YS-1i
operation.

* Operation in a 300-km

Yon ORIGINAL PAGE I
* Domestic Airline OF POOR QUALITY,
Cperation in 1977 Fiscal Year,
132 L
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Flg, Iv-22, Comparison of Operating Costs of P
Rota-Ship and YS-11. assenger



Key to Fig. 1IV=-22.

: Operating Cost (yen per seat km)

a: YS-11 (60 passengers)

b: Rota-ship for Passenger Transportation (120 passengers)

¢: Crew Member Cost d: Fuel Cost

e: Maintenance Cost f: Insurance

g: Depreciation Cost h: Indirect Operating Cost
i

IV-3-6. Estimates of Operating Costs; of Ro!a-ship for Heavy Cargn

Transgort .

The estimates of operating costs of a rota-ship for heavy cargo
transportation are shown in Teble IV-7. These estimates were calculat-
ed by the Asahi Helicopter Company, Ltd. based on the current stardara
for calculating the air fare of the helicopters.
these calculations are based on the standard applied to "Irregular Air

Transportation Operation."

More specifically,

The main assumptions on which the estimates are based are,

(1) 30 tons of payload,

(2) 3.3 billion yen aircraft cost,

(3) 400 working hours per year.

and

According to the currently applied standard, the costs are as

follows:

(A) Variable Costs.

(i) Labor Cost for Flight: 4,000 yen per person per hLour
(ii) Fuael Cost: 340,000 yen per hour
(iii) Maintenance Cost: 800,000 yen per hour /1
(B) Fixed Cost.
(i) Personnel Cost: 160,50u _ ... .er hour
(ii) Depreciation Cost: 990,000 yen per hour
(iii) Aviation Insurance: 990,000 yen per houi
(iv! Fixed Asset Tax: 70,000 yen per hour
Sub-Total: 3,350,000 yen/bPour

(C) Miscellaneous Operating Cost:

8.5% of the above subtotal: 285,000 yen/hcur

(D) General Management Cost:

10% of the above subtotal: 340,000 yen/hour

(E) Profit:
5% of the sum up to (D): 190,000 yen/hour
(F) Interest Payment:
50% of (D): 170,000 yen/hour
Grand Total: 4,240,000 yen/hour
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Some of the above data are explained below:

Paid Work Hours: In Javan, due to the very strict Aviation Regula-
clon Rule, it is dirfficult to keep even 300 hours per year of paid work
hours. (Cf. 1,000 hours/year is not rare in the U.S.) However, even in
Japan, 700 hours per year was once recorded. Considering the fact that
the rota-ship will be used exclusively in construction sites of power
plants, annual work hours have been set at 400 hours.

Fuel Unit Cost: This is determined to be 107,000 yen per kl. The
average fuel cost for helicopter uses is 7,200 yen/kl. A tax of 1,300
yen/kl is added to this. In addition, since the fuel is usually trans-
ported ir drum cans on the ground to the area where the helicopters are
used, the fuel unit cost becomes 30% higher. Thus, the final urit cost
1s1107,000 yen/kl.

Maintenance costs The maintenance cost of KV-107 was used, i e.,
800,000 yen per hour.

Aviation Insurance: This is estimated at twice as much as the
labor cost of helicopters of the largest size, @ssuming that the neces-
sary number of personnel for operation is about 15:

160,000 ven per hour.

Miscellaneous Operating Cost: 8.5 %, the same as that of large-
size helicopter operation.

Note: The above estimates were made by Mr. Michiaki Kunihiro,
dir~ctor, department of development, Asahi Helicopter Co., Ltd.

Translator;c Note: Page 173 of the original text is missing.
Page 185 of the original text aonpear:. where pag2 173 should
be. Table IV-7 and Table IV-, a-e also missing. Perhaps
They should have appeared on .age 173.
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IV-4. Study of Skycrane Hybrid Airship. /174

IV~ 4-1. OQOutline.

Requirements for efficient means of transportation and handling
of large-size heavy cargoes have been outstandingly growing. Probably,
they will keep growing in the future, too. The conventional means of
transportation, however, cannot satisfy such requirements for the
following reasons:

(1) Since the conventional means of heavy cargo transportation
are very expensive, they are sometimes not available at the time
when they are urgently r.eeded.

(2) They are not capable of carrying cargoes which are heavier
than certain limics.

(3) They are subject to several external restrictions.

As a possible novel transportation means which can satisfy such unful-
filled requirements, the Skycrane has been selected for the survey study.
The possibilities of its uses will be discussed in this section. A
Skycrane consists of a bdll-shaped gas cell containing helium gas, wings
attached to the exterior of the gas cell and a cockpit which is connect-
ed to the bottom of the gas cell through a swivel joint. (See Fig. IV-
23.)

Cockplt

.y {3 Variable
Fig., IV-23,

ITranslator's Wote: Pages 174 and 185 have beer printed
on the same page (overlapping) in the original text.
Fortunrately, page 174 is readable. It should be noted,
however, that Fig., TV-23 of page 174 overlaps Fig. IV-33
jof Page 186,




Each wing has a propelling means prcvided in a position near its
tip. The wings rotate along thk~ ceatral axis of the ship body with the
thrust of the propelling means Thus, the wings which rotate (refer-
red as "rclary wings," hereinbe .W) generate dynamic lift. In the Sky-
crane, the ship weight is supported by this dynamic lift created by the
rotary wings as well as the static buoyancy of the balloon. The support
of the ship body is, in general, distributed, as:

Static Buoyancy of the Balloon = 40% of
(Dead Weight + Fuel Weight + Payload), and
Dynamic Lift of the Rotary Wings = 60% of the Payload.

The rotary wings are used to control the ship body as well as provide
the partial lift. 1In usual LTA's, when loading and unoocading cargoes,
the buoyancy or the lift must be controlled by adjusting the gas volume
or ballasts. The Skycrane is able to control the lift promptly by means
of the pitch control of the rotary wings. The ascent, the descent and
the hovering are performed by cortrolling these rotary wings, while a
horizontal propelling force is provided by winglets on the tips of the

rotary wings for the forward flight. The winglzats are adjusted by cyc-
lic pitch control.

The Skycrane suspends a heavy cargo by a wire while hovering, tira-
vels to the destination with the suspended cargo after ascending, and
then hovers again while unloading the cargo. Therefore, the stability
and the manuevering pa2rformance as excellent as those of helicopters
are required to the Skycrane. This requirement is satisfied by provid-
ing the Skycrane with the rotary wings which have a large rotary surface.

The maneuvering of the ship body is performed by the cyclic pitch
and the corrective pitch angle control. Cargoes are suspended by a wire
which is suspended from the bottom of the cockpit. The wire is wound
by a winch provided in the cockpit. /175

Conceptualizing designs of a 40-ton payload and a 70-ton payload
Skycranes are shown in Table IV-9 and Fig. TV-24, followed by a detail
discussion. The speed in those designs is 50 + 18.5 km/h and the flight
distance is 150 km. As a result, it was concluded that the Skycrane is
sufficiently satisfactory as a new means of heavy cargo transpcrtation.
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Table IV~9. Specifications of Mitsubishi Skvcrane.

Specifications Unit 40-Ton Payload Type 0-Ton Payioad Type
Gross Weight kg 74,742 123,482
Dead Weight kg 31,240 48,050
Useful Load kg 43,559 73,476
(Fuel Weight) (4,283) (6,989)
Maximum Cruising
Speed km/h 50 + 18.5 50 + 18.5
Flight Distance km (*) 150 plus (*) 150 plus 30
30 min. of Hoverin min. of Hovaring
Balloon Radius m 24.68 29.07
Radius m _+5.72 48.76
Rotation rad/s 1.0 1.25
Wings [Wing Tip
Speed m/s 45,72 60.95
Solidity - 0.1 0.1
Diameter m 6.1 6.1
Rotation rps 10.66 10.66
Pro- Number of
pell- |Propellers - 4 4
ers Average
Efficiency - 0.77 0.83
V_(**) 3
g m 61,090 99,900
Winglet Area m* 35.72 27.87
Max. Take-Off
Power HP 1,800 x 4 2,800 x 4
Price (***) ‘yen 3.1 billion 4.6 billion

Notes: (*)

Winds of 10 knots are considered.

(**) At the altitude of 1,000 m and the temperature of STD

+ 20°

C.

(x*x*) The unit price when ten aircraft are manufactured.
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Key to Fig. IV-24.
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Polyester/Aluminim Film Lamination

Pclyester

Engines and Propeller

Winglet

Cotton Cloth/Rubber Lamination

Rubber

Cotton Clcth

Swivel Joint

Cockpit

Synthesized Photograph of Aerocrane (for reference)
By the courtesy of All American Engineering Company.



(1) 40=-Ton Payload Type
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(2) 70-Ton Payload Type
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Fig. IV=25, Ship Body Size.
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Translator's Note: Pages 178 and 182 of the original
text have been printed on the same page (overlapping).
Page 178 is not readable. Fig. IV-26 on Page 128 over-
laps Tables IV-11l and IV-12 on Page 182 of the origincl
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Fig, IV-28, Magnus Force of Rotating Ball

(7) The rotor blades are four constant tension lenoth blades of
Wing Type NALA 0012, having no down twist. The shape of the blades
are characterized by,

Lift Inclination: a =0.10 1/deg,
Minimum Shape Resistance Coefficient: S0 = 0.008, and
Maximum Life Coefficient: Climax = 1.7

Cf. Type NACA0012 is the most used blades among the blades used for
helicopters.

(8) The resistance coefficient of the suspended cargo (payload)
have been determined as shown in the following figure, using Cho =
1.2 and considering the cargo as a ball with a specifig wéight of
3 g/cm. Cf. The specific weight of the iron is 8 g/cm™.

ODRIGINAL PAGE IS
DR POOR QUALITY
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(9) The shape of the winglets which provide horizontal thrust has
been determined as follows: The wing type is NACAOOl2 and constant-
length type with the aspect ratio of AR = 8. The wing shape is charac-
terized by,

Lift Inclination: a= 0,10 1/deg, and
Maximum Lift Coefficient: Clmax = 1.7 (gmax = 17°).

Letting the maximum speed of the Skycrane by 1.2 times as high
as the maximum cruising speed, 1.2 x (50 km/h + 10 knots wind) = 82
km/h and considering the balance of the thrust ‘thorizontal thrust)and
the resistance, the arcs Sw of one winglet is,
2 Ca x Strf + fpay X AR + 2
Sw = (%)fl max agymax AR, /18.

where

ca = 0.2,

Sref: Balloon Front Portion Area,

fpay: Payload Resistance Area,

agmax = 1.7,

AR = 8, and

pumax = V/SLR. (Cf. V is the forward speed and the (LR
has been determined based on the rotor
tip speed.)

(10) The weight of the Skycrane was obtained according to the
formulae described in Appendix I.

(11) The engines are turboprop engines with SFC = 0.3 kg/eshp/hr
and Normal eshp = 0.81 x T/@ eshp.

These specifications are based on those of the currently used
engines. The engines are placed at the 75% pecsition of each rotor blade
outside the balloon. This position corresponds to the node of each blade.

(12) The performance properties may be calculated according to the
formulae in Appendix II.

(a) Specifications of Hull Structure.

As mentioned previously, the shapes of the following members have
been fixed from the beginning in order to reduce the amount of the cal-
culations:

(i) Rotor Blades.
(1) Number of Blades: b = 4,
(2) Blade Length: constant,
(3) Wing Type: NACAOOl2 (Most Frequently Used in Helicopters),
(4) The blades do not have down twist, Ysince the blades must
provide up load as well as down load.)
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{ii) Blade Winglet.

(1) Asp

ect Ratio = 8,

P ey W w s e o

(2) Winglet Length: constant, and

(3) Win

g Type: NACAOO1l2.

The rotor equivalent shaft power HP rotor has been calculated with
R (rotor radius), L (rotor angular velocity) and o (rotor solidicy)

as variables, where & = bc/)T R and ¢ is the blade length. 1In this
calculation, the following restrictions have been provided:
Translator's Wote: Pages. 182 and 178 of the
original text have been printed on the same
page (overlapping). Neither page is readable,
except ror Tables IV-10 to IV-12 on Page 182
of the original test.
Table IV-10. Specifications «f Rotors.
40-ton Payload Type 70-ton Payload Type Symbols
Rotor Radius 150 feet 160 feet R
Rotation Speed 1.0 rad/s 1.25 rad/sec
Rotor Solidity 0.1 0.1
Mumber of Blades 4 4 b
Blade Length 11.78 feet 12.57 feet c
Engine Po.ition
Radius 132.8 feet 143.85 feet Re
|
Table IV-11. Specifications of Balloon.
40-Ton Payload Type 70-Ton Payload Type Symbol
Balloon Radius 81.0 feet 95.4 feet
Balloon Displace- 6 6
ment Volume 2.22 x 10 3.64 x310
ft3 ft vh

o s e s o4
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Table IV-12. Specifications of Winglets.

40-Ton Payload Type 70-Ton Pavload Type Remack
Minglet Area 385 ft2 300 ft2 per blade
Aspect Ratio 8 8

Fig. 34 shows required horse power of the designed Skycranes, in which /183

HPi denotes the induced horse power, HPo the Blade Shape Horse Power
and HPp the horse power required to move the balloon forward plus the

horse power used by the winglets.

weights.

Table IV-13 shows the assorted
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Table IV-13. Assorted Weights of the Skycrane.

Pow&gow (kg)

2h2

-continued-

40-Ton Payload Tyre 70-Ton Payioad Type | Remarks
Rotor Lift 23, 538 39,671 Ny5010
(kg) Output
Balloon Buoyancy 51,258 83,814
(kg)
WGross Weight 74,796 123,485
(kg)
Balloon Radius 24,68 29.07
(m)
Rotor Radius hs. 72 48.77
(m)
Balloon Displase-
ment Volume (m~”) 62,975 102,966
Outer Coverings 1,410 1,958
Ws (kg)
Balloon Wires L13 676
Waw (kg)
Blades 7,671 12,106
Wb (kg)
Blade Supporting 1,100 1,977
Wires Wbw (kg)
Side Beams 4,222 8,383
Wsb (kg)
Central Pole 1,154 2,301
Web (kg)
Others L,754 8,15"
wn (kg)
Swivel Joint 940 1,298
Wsj (kg)
Crane 1,232 2,156
Wil (kg)
5,336 8,000

~
—

I
@
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Gondola 3,000 3,000
Vg (kg)
Operators 272 272
(kg)
Fuel 4,283 6,989 (*)
(kg)
Payload 39,004 66,215
(kg)
Useful Load 43,559 73,476
(kg)
Lead Weight 31,237 50,009
(kg)
Re*or Lift . 0.540 0.540 Rotoy Lifo
A1 >tment . Useful Lozd

* 150 km of Flight + 30 Min. of Hovering + Margin.

{b) Specifications of Engines and Propellers.

The engines are turboprop engines. In determining them, the
Hamilton Standard was used. (Cf. Ref. 8) The relationship among
the propeller efficiency # p, the Skycrane equivalent axial horse power
HProtor and the Cp of the Hamilton Standard is:

where

_ 1372.5 x HProtor x (1 4 sin ¢ ),

Cp =

PnBD5 XN 5 (¢)

/189
A

'UU.Q Re,
Re = Engine Position Radius (feet),
V = Forward Speed (feet/s) of the Skycrane,
Ll = Rotor Rotation Angular Velocity (rad/s),
?/ = Anticipated Attachment Angle of Engines With Respect

to the Blades (The leeward is designated by # =0 and the

angle y'is measured along the rotor rotational direction),
np (f’): The Propeller Efficiency at the Angle ¢,

HProtor = The Horse Power Which is Converted from the Torque
§e8uired to Rotate the Skycrane with Efficiency
VMV

243
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Air Density (Slug/feet’),
Rotational Speed of Propellers (rps), and
Fropeller Diameter.

When the propeller diameter was calculated according to this
fornula, such a large value was obtained that the propellers cannot
be installied. Therefore, considering the upper limit of the propeller
= 20 feet was decided.
The upper limit of the blade tip Mach number was decided to be suppres-
sed to 0.6, considering the noise.

diameter from the viewpoint of the design, D

In addition, in order to reduce the amount of calculation, four-
blade propellers were selected over three-blade propellers, in the

Hamilton Standard.

Table IV-14. Specifications Propeller.

m————_—_—- — ————
40-Ton Payload 70-Ton Payload Remarks
Type - Type
Wumber of
Propeller Blades L L
Activity Factor 80 80
Integrated Design 0.30 0.30
Cli
Propeller
Rotation Speed 10.66 rps 10.66 rps
Propeller Diameter 20 feet 20 feet
Propeller Average
Efficiency (*) 0.8¢ 0.877 At Hover-
ing (*)
p 0.77 0.83 At 37
knots (*)

(*) At sea level and on standard day.

The relationship between the Eshp of the turboprop engine and the

HProtor which is mentioned previously is,
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its average is,

. HProtor
Efx,ﬁp

Eship

The T/¢ power of the engine is obtained by,
T/# Power =(Eshp) max /0.81.

The fProtor is determined by Fig. IV-34 at (50 km/h + 10 knots
wind) = 37 knots, and then T/f power is selected to be 1.3 times as

much as (Eshp) /

0.81 in order to obtain some margin. (A too large

value will be obtained if the T/f power at 37 knots x 1.2 is used.)

Table IV-15.

Engine T/d Power

10-Ton Payload Type

70-Ton Payload Type

T# Power 1,800 HP 2,800 HP
Table IV-16. Weight of Power Equipment.

40-Ton Payload Type 70-Ton Payload Type Remarks
Fngines |650 x 4 943 x 4 Weg
(kg)
Control (253 x &4 381 x b Wpp
Means
(kg)(etc.
Fropelleré
(kg) 220 x 4 329 x &4 Wprop
Nacelle
(xg) 211 x 4 347 x 4 Wnac
Total
(kg) 5,336 8,000 Wpow

Note: The number of engines is four.
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IV-4-3. Performance Properties. /101

The payload and the tlight distance are discussed in Section (a)
and whether the Skycrane can ascend up to the 1,000-m altitude in
Section (b). In Section (c), discussions concerning one-unit engine
failure will be done.

(a) Payload and Distance of Cruise.

Fig. IV-3% plots the relationship between the payload and the
distance of cruise in case that the cruising speed is 50 km/i. {with
10 knots of wind).

As the payload is decreased, the rotor blade pitch angles appro-
aches to be flat, and hence, the distance of cruise is increased due
to the decrease in the required horse power. As the payload is further
decreased, however, the rotor musi provide down load, and hence, the
distance of cruise is decreased.
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(b) Ascending Performance.

In order to see whether the Skycrane can ascend to the altitude
of 1,000 m at 50 km/h (with 10 knots of wind), the required horse pow-
er of the turboprop engines has been discussed using Fig. IV-36.

Table IV-17. Required Horse Power at H = 1,160 m.

40-Ton Payload Type|70-Ton Payload Type | Remarks

Propeller )

Efficiency 0.77 0.83 At H=1,150 m
np

HPreq at

H=1,160 m 1,040 HP 1,640 HP per one tur-

boprop engine

Engine Take-Off
Power 1,800 HP 2,800 HP at S.C. per
one engine

As seen in the above table, the engine horse power is sufficient,
aven when the engine available power is decreased as ascending to the
altitude of about 1,000 m.

(c) Sudden Failure of Cne Engine.

Fig. IV-36 shows that,
HProtor when Hovering & (3/4) x HProtor at 37 knots.
Therefore, the hovering is possible even when one of the engines fails
suddenly.
IV-4-4 Stability.

The discussion in this section is only with regard to the 40-ton
payload type.

The maximum possible g when hovering; the dynamic characteristics
when forwardly travelling and the damping and the control power when
hovering have been studied and the results will be shown in Sections
(a), (b) and (c), respectively.
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{a) Maximum g when Hovering.

The maximum possible g in the horizontal and the vertical direct-
ions when hovering (at sea level in a standard day) will be described
in this section:

(1) Horizontal Maximum g.

The winglet area has been selected so that the Skycrane may
travel forwardly overcoming the resistance even at the maximum speed
(which is 1.2 times as high as the maximum cruising speed considering
the wind of 10 knots). The winglets can thus provide the thrust of
27,380 1bs.

The mass(including the apparent mass and the payload) of the
Skycrane is,

m= 2,670 + 3,050 + 2,647 = 8,368 Slug,
and hence, the maximum horizontal g when hovering is,

2 80

g = ,38}(32.2:0'10'
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If the calculation is done ignoring the payload, /194

27,380 -
g= 5,697 x 32.2 ~ °:15

(2) Upward Maximum g.

The rotor thrust when hovering is rep.c.sented by,

T _
ag 1:_‘3 % *)'ot.?,,

where

The blade terminal elevation angle ‘(T is,
A T 9o +20.

It follows from ithe above ‘tha‘tothe trim value is 6 = 0.2945
rad, 7, = - 0.09834, and ¢y = 17°. The Oq appesa. s a%;b

= -0.1226, and the increase AT in the irust at CT = +.02130 is,

0.02130 - 0.01371
0.01371

AT = 51,901 x

=28,720 1bs,

and the vertical g when hovering is,

_ 28,720
8,368 x 32.2

= 0.1066.

Consequently, the Skycrane has tha ability of providing the
accelation higher than o.1 g both in the horizontal and in the vertical
direct. 's when hovering.

Note: Although the rotor blade tip loss ccefficient B = 1.0
in the calculation of the Eerformance properties and in this section,
B= 0.97 1s used 1n the snalyses of the stability in the following sec-
tions. (Probably, the actual B is almost 1.0 since the blades are
251



4y

b

provided with the end plates.) It is for trbis reason that the trim

value in Fig. IV-37 is different from that ©_ which appears in these
sections. °

{b) Dynamic Characteristics When Moving Forwardly.

~ The dynamic characteristics when moving forwardly have been cal-
Cuiaved according to the formulae shown in Appendix I1I. The main
assumptions necessary fo.- deriving those formulae are

(1) The payload is 40 tons,

(2) The rotor is fixed by blade supporting wires and can be re-
garded as a perfectly rigid body which never flaps,

(3) The movement can be decomposed irto the vertical and horizon- /195
tal movements,

(4) The skycrane can he regraded as two bodies, the mair body
(including the gondola) anid the payload which is assumed to
swing a:ound the main body,

(5) The center of gravity of the Skycres .e main body is assumed
to be identical with that of the balloon, (a ball), i.e., the
center of the balloon.

(6) The motions are calculated hy considering the perturbations of
the displacements, and

(7) The Maguris force applied to the balloon is 0.6 times as much
as the resistance.
Y The results of the calculations are shown in Fig-. IV-37 *hrough
IV-433

Fig. IV-37: The trim values are shown, whe.e 60 Bis Ais is the
the rotor corrective/cyclic pitch which is represent-
ed by,

6 =6, -Ais los ¢- bis sin ¢,

where P’is measured from the downstream in the coun-
ter closkwise directlion, and O is the blade tip

plate pitch angle which is represented by,
@ = 6 cos (¥ +§).
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Figs, IV-38 and IV-3%; The oscillatory roots of the horizontal and the
vertical directions are compared with the MiL-
F-83300 Level 1 at various speeds (with the SAS
being off),

Figs. IV-40 to IV-43: The oscillatory rcots of the horizontal and the
vertical directions are compared with MIL-F-
83300 Level 1 when the damper strength is var-
ied (with the SAS being on), at V = 5, 37 knots,

As seen from these figures, the ship body is unstable when the SAS
is off (there are non-oscilla‘ory unstable roots.).

When being equipped with the SAS, the vertical stability satisfies
the MIL-F-83300 Level 1 at V 65 km/h (= 35 knots),.

In the horizontal direction, the Level 1 cannot be satisfied, but
the Level 2 is attained. (See Fig. IV-41.)

It should be noted that the structure of the SAS considered in this
analysis is very simple (as shown in the following diagram) and should
be re-considered in the further studies.

Block Diagram of SAS

G, .

Po| O — |aBis(aP) — | BikEH — P

I—_———Z{) Po ZE&E&

Mq &
+
qo‘*?j ‘“N@w)l - | mkxE®H | ~ j
Key: a; Ship Body Movement b: Refexr -<ce Value
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(¢) Damping and Control Power When Hovering.

The pitch damping when hovering is represented approximately by,

2 M A ad 3
>4 = - T282 x 2 xle

(1 R)2,

when the SAS is off, which is followed by,

Pireh Damping _ 2M/ 9 q
" Inertia h

-16,266,850

4,169,344 + 1,279,134 +37,186,159 +6,819,372

= - 0.33 1/s.
On the other hand,
t o5
aM -_-_L'_x ag xXpX R3 (ELR)“
o Ais 2L N

gence. when the cvclic pitch Ais or Bis varies within the range of
+ 257 (40-ton payload type), the pitch control/inertia is,

Pitch Control oM/ 2 Ais . 2
Tne: Ta - = T AAis = 0.141 1/s°,

The result of the calculation is shown in Fig. IV-44, One can
see that the pitch control when hovering is better than that of the
Heli-Ship.
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Fig. IV-44, Control Moment and Damping When Hovering.
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IV-4-6. Methods of Operation.

When the Skycrane is used for heavy cargo transportation, a base
should be constructed and the Skycrane is operated around that base.
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(a) Base for Skycranes.

A base for the Skycrane is built for housing, maintenance, sup-
ply of helium ar ' fuel, alternation of crew members -nu equipment
which are used for guiding, and communicating with, the Skycrane in
flight. The aircraft are usually maintained in this base and are for-
warded to transportation sites at request.

Since the Skycrane support the cargo weight by the he.ium gas buoy-
ance as well as the rotary wing dynamic 1ift, the ship body will free
without fixing means when it does not carry a load. Therefore, in or-
der to keep the Skycrane on the ground, it is necessary to evacuate the
helium gas and to accommodate it in a hangar or to moore it. In case
of mooring the Skycrane in a base, it is moored to a mooring tower. In
this case, it is necessary to take sufficient precaution to prevent
the Skycrane from colliding to the ground due to sudden winde.

The mooring of the Skycrane will be performed as follows:

First, the Skycrane travels to the space above the tower with the navi-
gation 1.ft of its rotary wings. Then, the Skycrane lets a rope out
from the bottom of its cockpit and the rope is engaged with the tip of
the tower. When the rope is completely connected wi. . the tower, the
Skycrare stops its rotors. Thus, the Skycrane is fixed to the tower by
means of the helium gas buoyance. In cz3e of accommodating the Skycrane
into a hangar in order to take refuge from a typhoon or to undergo a
maintenance work, the Skycrane is taken down to the ground by the rope
manipulation snown in Fig. IV-47 (4), and then, it is ({ir2d in the han-
gar with jigs after evacuating the helium gas.

(™ ~ Mooring
Tower

Hangar
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When a typhoon approaches, Skycranes take refuge away from the /209
base except the one accommodated in the hangar (which can contain one
unit of the Skycrane;. When the Skycrane is forwarded from the base
To a t;an*portation site, the same manipulations are performed as those
shown in Fkig. IV-47 but ir a reversed order. The supply of the helium
and the fuel is performed while the Skycrane is moored to the tower, as
well as loading of the crew members.

. Like other LTA's, the Skycrane is very sensitive to winds due to
t.e low speed. It is necessary, therefore, to determine from which
oase a Skycrane. is forwarded to the site mcst efficiently considering
the wind speed and direction at the base and the site.

(b) Forwar.ing tc Cargo Handling Sites.

When the Skycra.ae is forwarded to a cargo handling site, it travels
by ccntrolling the buoyancy by tne navigative 1lift of its rotary wings
without using ary ballast. In case that the site is very far, the Sky-
crane may be transported by ground or sea transportation means to which
it is moored.

In forwarding. =ince the Skycrane travels with no load suspended
outside, there ma} no seriouc problem if it travels on an urban area.
In forwarding the .. .rane, twc crew members are on board. In case of
VFR, the Skycrane flys mainly with vision to the cargo nandling site. It
may also be guided by radar or radio systens.

(c) Cargo Airlifting Work =zt Cargo Handling Sites.

After the Skycrane is forwarded to a cargo handling site °t
should be moored to a place which is as much as higher than t. other
grennd is possible in order to prevent it trom being thrown to the
ground, while waiting for the work. (See Fig. IV-48.)

Cargo
Handling
Site

e —

> 1
ST

Fig. N"" 48
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In airlifting a cargo, as shown in Fig. IV-49, the Skycrane hovers
above the cargo and lets a ro,e out from the cockpit by manipulating
the winch first, and then, the ship body is fixed to the ground by
ground crew members or equipment on the ground. After the cargo is
fixed to the cargo suspending rope and the ship body fixing rope is
disengaged, both ropes are wound up by winches and the cargo is trans-
ported to the destination. As shown in Fig. IV-49-(4), it is possible
to use a suspended maneuvering module (SMM) which is specially design-
ed for suspending cargoes.

(d) Cargo Transportation.

When traveling with a cargo being suspended to the ship, the
tlight should be allowed cnly under good weather conditions in order
to maintain the safety. The travelling route should avoid the resi-
dent areas and should be selected to be above rivers and mountains,
or, in some cases over the sea.
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(e) Unloading of Cargs at the Destination.

The cargo is unloaded according to ithe same manipulatiops in a
rev e order. The Skycrane may install the cargo to an eguipment
while suspending it, for example a member of a plant equipment.

{f) Refill of ruel and Helium, and Exchange of Crew Members.

Basically, the refill of helium gas or the exchange of the crew
members is performed at the base. If necessary, however, it may be
done at the cargo handliing site while the Skycrane is moored.

1g2 Necessary Space.

In a Skycrune base, one unit of Skycrane needs one tower and an
area wnich 1s about 16 times as much as the rotary wing area. The
necessa.y space for a hangar is such that it may accommodate two unite

268 i



aur |

of Skycranes. Besides, the base must have a space for a flight control
room, facilities for ground crew and flight crew members, etc. At a
cargo handling site, an area which is about 16 times as much as the
rotary wing area will be necessary for a temporary mooring site. For
loading and unloading cargoes, however, only about 4 times as much as
the rotary wing area will be sufficient.

IV-4-7. Development Plan.

A feasible plan for developing the Skycrane is shown in Fig. IV-50.
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Key to Fig. IV-50.
at The First Fiscal Year bs The Second Fiscal Year
cs The Third Fiscal Year d: The Fourth Fiscal Year
~t The Fifth Fiscal Year
ts Survey on Technical Possibilities
g1 Studies of Elements
h: Trial-Manufacturing and Tests of Reduced-Scale Models
i1 Manufacturing of Test Models
(1) Survey of Teshnical Possibilties (f) /211

Survey studies must be done in order to determine whether the
concept of *he Skycrane is technically feasible or not, or whet-
her reasonable price will be realizable or not, in connection of
the aimed uses of the Skycrane.

(2) Studies of Elements (g).

Studies of materials of the Skycrane and the functioal elemente
such as rotation control means, and wind tunnel tests and simu-
lation te~ts for determining the stability and the maneuvering
properties.

(3) Tri .”-Manufacturing and Tests of Reduced-Scale Models (h).
Reduca. -~cale models will be trial-built in order to make an
overall evaluation of performance properties, stability, maneu-
vering properties, functional characteristics, etc.

269



o I

-

-

(4) Manufacturing of Test Models (i).

Based on the results ohtained through the above procedures, test
medels will be built and a number of tests will be performed in
connection with the practical uses of the Skycrane.

IV-4-8. Estimates of Operating Costs of Skycrane.

It is extremely difficult to estimate costs for operation such as
the per-hour operating cost based on the actual operation of the conven-
tional airplanes, since the concept of the Skycrane is completely dif-
ferent from that of the airplanes. 1In this section, every itemized
expense will .¢ estimated in order to estimate the operating cost when
5 units of the Skycranes are used for 10 years (which is the life time
of the Skycrane).

(a) Assumptions for the Estimation.

(1) Annual Flight Time.
The total annual flight time is 500 hours, 250 hours (50%) of
which is used for actually carrying cargoes.

(2) Actual Cargo Handling and Annual Trensportation.
If on the average, 65% of the maximum load, 70 tons, is car-
ried actually, the annuzl transportation is,

7?0 tons x 0.65 x S0 km/h = 570,000 ton-km.

(3) Others.
When calculr ;ing with the 1977 yen value, the fuel unit cost is,
85,000 yen/kl (including the aircraft fuel tax, 13,000
ven per kl).
The interest is estimated to be 7%. In the following calcula-~
tions, however, 9% will be used for the interest in order for it

to include the taxes such as Fixed Asset Tar.

(b) Necessary Exvenses for Ten Years.

(1) Depreciation Cost and Interest of Purchase Tayment.
Considering ten-year constant depreciation and letting the
remaining value of the aircraft by zero, the purchase price of
five aircraft is,
4,6 billion yen x 5 = 23 billion yen,
which will be the total depreciation cost.

Thus, the interest is,
23 billion yen x (0.09 + 0.09x0.9 + 0.09x0.8 +0.09x0.1)

= about 11 billion yen.

(2) Personnel Experses. ] _
The necessary personnel per c¢ne alrcraft is:
5 on-board crew members (pilots and cargo operators)
L0ground assistant members

10 maintenance engineers, and
5 managing personnel members.
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Besides the above personnel, one crew of on-board members
and 3 crew of ground members are necessary for the shift person-
nel. Consequently, 40 persens are necessary for operating one
unit of the Skycrane.

The annual personnel expense per one aircraft is,
4C persons x 7 million yen/person = 280 million
yen, and
14 billion yen for ten years for five aircraft.

(3) Maintenance and Spare Part Costs.

These costs are said to be about 3% of the aircraft price
for one year in case of usual airplanes. In an exanple of non-
rigid airship operation, however, theyv are about 20% of the air-
craft price. Thus, the annual costs of maintenance and spa.e
parts of the Skycrane is estimated to be 10% of its price and,

4.6 billion yen x 0.1 x 5 aircraft x 10 years =
23 billion yen.

(4) Aircraft Insurance.

The annual insurance cost is about 0.5% of the aircraft
price for airplanes in most airlines. Considering examrles of
non-rigid airship operations (15-20%), however, it is estimated
to be 1C% and 23 billion yen.

(5) Fuel and Lubricant 0il.

Letting the fuel unit consumption be 2,500 1/h, the fuel
and lubricant oil cost is,
2.5 k1/h x 500 h/year x 5 aircraft x 10 years x 1.1%
x 85,000 yen/k1 = 6 billion yen,
for ten years. Notes* 1.1 is the coefficient introduced for
including *re lubricant oil cost in the fuel cost.

(6) Depreciation Ccst and Purchase Payrient Interest of Ground
Facilities.
Required Ground Facilities:
Mooring Bases: 5 places >
Ground Area: 200m x 200m = 40,000 m
Mooring Equipment: one set
Maintenance Base: 1 place (adjacent to the moor-

ing bases) >
Ground Area: 150m x 150m = ca. 20,000 m
Hangar: 120m x 120m x 150m (height)
Purchase Expenses: 2 >
Land Area: 40,.00m" x é + 20,000m
= 2.0,000 m

Unit Land Price: 25,000 yen/m 5
Total Land Cost: 220,000m¢ x 25 thousund yen/m
= 5.5 billion yen
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Interest:

Mooring Equipment: five sets (100 million yen
per one place)

500 million yen (in Total)
i20m x 120m x 170,000 yen

x 1.6% = 4 Dbillion yen

Hangar:

(Note:* It is said that construction cost of a
hangar is usually about 170,000 yen per m?. Since
the hangar for the Skycrane is much higher than
usual hangars, the cost is estimated 1.6 times
higher. )

Depreciation and Depreciation Cost:

The land is not depreciated.

20-year constant depreciation is used for the
mooring equipment, while 34-year constant dep-
reciation is used for hangars according to the
nrovision of the law.

Depreciation Cost of
Mooring Equipment: 0.5 billion yen x (1/20)
x 10 years = 250 million
yen

Hangar: L pillion yen x (1/34) x 10
years = 1.25 billion yen

Total Depreciation

Cost: 1.5 billion yen
Land: 5.5 'billion yen x 0.09 x
10 = 5 billion yen

Mooring Equipment: 500 million yen x (0.09 +
0.09x0.95 + 0.09x0.90 +...
...+0.09x0.55)

360 million yen.

Hangars: 4 billion yen x (0.09+
0.09x0.97 + C.09x0.94 + ...
..+0.06x0.74)
= 3.14 billion yen ca.
Total of Interest: 8.5 billion yen

(7) General Management Expenses.

The general management expenses i1s assumed to bg 5% of the
sum ot the experses listed hereinabove and be 6 billion yen.
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(8) Total Expenses for Ten Years.

Depreciation of Aircraft: 23 billion yen
Interest of Aircraft Purchase Payment: 1i
Personnel Expenses: 14
Maintenance and Spare Part Expenses: 23
Aircraft Insurance: 23
rfuel Cost: 6
Depreciation Costs of Ground Facilities: 1.5
Interest to Purchase Payment of Ground
Facilities: 8.5
General Management Exvenses: 6.0
Total: 116 billion yen
Operating Cost per one Aircraft
for ten years: 23.2 billion yen
Unit Operating Cost per 1-ton cargo
per kmsi 23.2 /10 years/ /21k
570,000 =
4,100 yen
Average Unit Operating Cost: 4,100 x 50
(with average transportat’on distance = 205 thousand
being 50 km and with the annual tetal yven

flight. time being 500 hours)

According to the above result, the operating cost per 1-ton
cargo per 50-km transportation distance varies with the
annual total flight time as follows:

Annual Total Flight Time Operating Cost
per one ton and
per 50 km

500 hours ca. 200,000 yen
800 hours ca. 130,000 yen
1,000 hours ca. 100,000 yen
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{c) Estimates Made by Asahi Helicopter Company.

The Asahi Helicopter Cempany was asked to eritically evaluate
the estimates described above and to make simil .r estimates when the

conventiopa} helicopters are used in the same operations under the
same conditions.

The result of this evaluation is summarized as follows:

Initial TUstimates Estimates by
Asahi Helicopter
Company

Depreciation Cost

of Aircraft: 23 billion yen 23 billion yen
Interest of Aircraft

Purchase Payment: 11 12.1

Personnel Expenses: 14 13.4

Maintenance and Spare

Part Expenses: 23 Ls.4
Air-oraft Insurance: 23 28
Fuel Cost: 6 29.5
Depreciation Costs

of Ground Facilities: 1.5 L.s
Interest to Purchase

Payment of Ground

Facilities: 8.5 8.5
General Management

Expenses: 6 8.5
Others: -—- 1.5
Total 116 r*1llion yen 179.4 b»illion

yen

The explanations given by the Asahi Helicopter Company to the
above exntimates are summarized as follows:

(1) Interest of Aircraft Purchase Payment:
The initial ectimate, 7%, is too low and it will amount



at }east at least to 9%. Correspondingly, these estimatcc wuld
be increased by about 1.1 billion yen for ten years.

(2) Personnel Expenses:

The estimate, 7 millicn yen per year per person, is adequate,
altpOugh the average annual increase of the personnel expenses is
estimated to te 11% (average among 17 representative enterprises).

(3) Maintenance and Spare Part Rxpenses: /215

The Initial estimate, 10% of the aircraft price, is an under-
estiration. It should be 20% for a year. For example, the main-
tenance and spare part expenses are 30% of the aircraft price for
the aircraft »ody and 25 teo 30% for the engines, in a case of a
helicopter made in the Soviet Union. In addition, an overhaul
must be performed once every 1,000 to 1,500 hours of flight, and
once every three years if the total annual flight time is 400
hours.

(4) ANircraft Insurance:

The estimate should be slightly higher than the initial
estimate, 10% of the aircraft price. 1In case of the cunventionally
used small-size non-rigid airships, the insurance is 15 to 20%
of the aircraft price. F.r example, if a new helicopter transpor-
tation company starts its operation,

9% (fcr helicopters with reciprocal engines), and

8% (for helicopters with jet engines)
of the aircraft prices are spent for the insurance. In addition,
insurance for the damage to the third person is necessary. Ac-
cording to the estimate madc by an insurance company, this kind
of insurance is about 1,200 thousand yen per year for an ultra-
large-size helicopter (with the aircraft price of 10 billion yen).
Tt should be noted that th:s amount is only an estimate at present.

(5) Fuel Consumptions

According to the initial estimation, the fuel consumption
has been estimated to be 2,500 1 per one houwr. The Asahi Heli-
copter Company, however, estimates it to be 3,270 l/hour.

Furthermore, it is estimated that the fuel unit cost at the
sites where the aircraft are used is 107 thousand yen per kl,
as being shown in the following:

Average Fuel FPurchase Frice: ™,200 yen/kl
Tax: 1,300 yen/kl
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Cost of Drum-Can Trans-

portation to the Site

Where the aircraft are

used: plus 30%

Total: 10,700 yen/kl

Tpe gstimate by the Asahi Helicopter Co. is consequently 29.5
billion yen and is much higher than the initial estimate, 6 bil-
lion yen.

(6) Ground Facilities:

Accor’ing to the initial estimation, the periods of depre-
ciation are 20 years and 34 years, for mooring equipment and han-
gars, respectively. The Asahi Helicopter Company used 10-year
depreciation which has been adopted for the aircraft. Consequently,
the estimate by Asahi Helicopter Company is 4.5 billion yen and
is three times as much as the initial estimate, 1.5 billion yen.

The estimates by the Asahi Helicopter Company have been ex-
plained schematically as above.

However, the estimates by the Asahi Helicopter Company have
been made based on the operation of the conventional helicopters
and there remain several questions pertaining to whether it is
appropriate or not to estimate the costs of the aircraft operation
based on the helicopters since their payloads are one order smal-
ler than the Skycranes which have been reported here.

Nevertheless, the author feels that the estimates by the
Asahi Helicopter Company are worth while sharing a section in
this report for a reference.

Furthermore, performance properties and economic effigiency
are compared among the rota-ship, the Skycrane and large-size
helicopter in Table IV-18.

Table IV~-18. /216
—
Aircraft Rental Charge | Payload { Flight Time | Distance of Speed
(per hour) Cruise
Skycrane | 6 million yen | 70 tons {3 hours 150 km 50km/’
Rota~Ship | 4.24 m. yen 30 tons |3 hours 330 km 190 km/h
KV~107 0.74 m. yen 3.4 tons]2 hours 700 km 36 km/h
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IV-5. Esvimates of Operating Properties of Megalifter Type Aircraft. /217

. The'Megalifter aircraft is a hybrid of an airship and an airplane.
It ie being planned by tne National Aeronautics and Space Administration
in the U.S.A. NASA's goal is a 180-ton (400,000-1b) payload aircraft
which can carry the payload for 16,000 km (10,000 miles). An aircraft
body as shown in Fig. IV-5i has been proposed. (Cf. Reference 1) rhe
speclfications of this aircraft are given in Table IV-19. In this sec-
tion, simple calculations on its performance properties will be described.

IV-5-1. Resistance.

When the resistance is divided into shape resistance CDo and incduced
resistance CDi, the former consigts of several components, i.e., wing
resistance GDW, tail resistance UDT' fuselage resistance cDB', engine
resistance “DE and the interference resistance resulting from the inter-
action of these resistance components, written as:

o = Cpw " Cpr+ Cps+ Cpg * Cpoy

i

0.0043 + 0.0041 + 0.0149 + 0.0032 + 0.0015 = 0.028
(1)

Induced resistance is written using the efficient aspect r~tio ARe as,

Cz
Di L /q1rARe

H]

2
0.034 CL. (2)

When defining the efficient aspect ratio, the wing length is assumed to
be extended into the fuselage. The efficient aspect ratio is the aspect
ratio multiplied by the efficiency e, considering a perturbation from
the elliptic shape of the wings. If this efficiency e is 0.8,

ARe = Ar x e = 11.7 x 0.8 = 9.4. (3)

The reascn for the assumption that the wing is almost elliptic regard-
ing it as being extended into the fuselage, (thus setting e = 0.8) is
as follows:

Fig. IV-52 shows a lift distribution along the wing width direction
in terms of the product C,xC of the secondary lift coefflcient.Ce and
t?e winﬁ chord C. This_dfstribution c?n be seen as a cyclic distribution
a the

ong wing w.dth.” In the figure, (a) srows the_result when calculat-

ed with the assumption that the fuselage cross-section is circular and
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there is no warp, while (b) whows the result when assuming that the
fuselage cross-section is rectangular and the wing shape is as same
as the NACA-4418 with some warps.

As seen from this figure, with the appropriate fuselage shape and
the main wing attachment angle, the cyclic distribution may approach a
desired distribution, i.e., an elliptic-shape distribution, regarding
the fuselage as a part of the wing. It is for this reason that the
assumption that the distribution is almust elliptic and the assignment
e = 0.8 are reasonz“le. Thus, AR has been selected to be 9.4.
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Table IV-19. Specifications ot Jezalifter.

—

Specifications

Fuselage Length 1
Firselage Width d
Fuselage Height h
Fuselage Cross-section Area p

Efficient Fineness Ratio

;/m

Mair Wing W'dia b

Main Wing Thickness Ratio <3t/ C
Main Wiag Area S

Aspect Ratio AR

Gross Weight WG

Deaa Weight wE

Fuel Weight wf

plus paylenad Wp

Engines TF39-%E-1

198 m
54 m

35m
1,485 m?

-
N
N

-
=

2,240 m
11.72
510 tons
329 tons
181 tons

100 teors x 4
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Key to Fig. IV-52 (2).

as Wing Tip Angle b: Wing Root Angle
c: Elevation Angle d: Fuselage of Wing Shape

IV-5-2. Lift Resistance Characteristics.

Using the resistance values determined in the previous section,
the wipg lift resistance characteristics including the fuselage, C1/Cp
and L / Cp have been calculated and the results are shown in Fig.
IV-53. In Fig. IV-53, the corresponding characteristics of a cargo
transportation airplane, Kawasaki C-1, are shown by broken curves.
Those characteristic values of the Megalifter are both higher than
those of the C-1 when Cr, is high. A high Cy / Cp 1is_gdvantageous in
flight distance for propeller aircraft, while a high,C Cp 1is advan-
tageous for Jjet planes.
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IV-5-3. Performance Properties.

The required thrust and the useful thrust are plotted for the
Megalifter in Fig. IV-54. The conditions for the calculation are:
The flight altitude is 5,500 m (18,000 feet) and the gas buoyancy
supports B= 124 tons out of the gross weight Wg = 510 tons, while the
remaining L=Wg - B =386 tons is supported by the dynamic 1lift of the
wing. If all the payload is used for carrying the fuel, Wy = 181
tons, and if the cruising speed is constant and specific fuel cost is
constant, (% j/Pj) /e = 4.5 {by analogy from the case of the C-35A).
The maximum distance of cruise 1is,

(¢

[~ W
- N ‘L 1 /}3_ 1 - 1 - = 4,850
R = 15.55 B3 o e = ( - ) ) »850 nm,

where the cruising speed is U = 190 knots and CL = 0.53.
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In this calculation, it is assumed that the Megalifter starts to fly /233

at the al}itude of 5,500 m. However, since tne buoyance, b= 217 tons,
can be utilized at sea level, the maximum distance of cruise in an
actual flight will be more than that in the above calculation.

For the calculations of performance properties, the following
three cases have been selected and are supposed to represent three ex-
treme cases. In the first two cases (i) and (ii), the gross weight is
the same. In case (ii), however, the buoyance is B = 217 tons and is
greater than that of case (i), while the support by the dynamic 1lift,
L=Wg -B = 293 tons, in case (ii) is less than that of case (i). In
the third case (iiis, the fuel weight W is increased to 274 tons, and
correspondingly, the gross weight Wg 1is increased to 603 tons which is
supported by greater dynamic 1lift L= 386 tons and greater buoyance
B =217 tons. Table IV-20 shows the results of performance property
calculation of these three cases (i) to (iii) with parameters used for
calculation in each case. In addition, these results are summarized
in Fig. IV-55 which whows the relationship between the cruising dis-
tance and the payload. In the reference literature 1, it is stated
that the maximum cruising distance is 10,000 miles. Probably thi.
result correspoudr to that of the calculation using the assumptions in
the above case (iii). Since the parameters in cases (i) to (iii) are
extreme ones for the calculation purposes, the actual maximum cruising
distance will be between those of cases (i) and (iii)/ More precise
calculations are the goals of future studies.

Table IV-20. Parameters for and Computed Result of Performance
Property Calculation.

Cases (i) (11) ©i1)
Gross Weight Wg 510 tons 510 tons 603 tons
Dead Weight W 329 tons 329 tons 329 tons
Fuel Weight W 181 tons 181 tons 274 tons
plus paylcad gp

Buoyance B 124 tons 217 tons 217 tons
Dynamic Lift L 386 tons 293 tons 386 tons
Cruising Speed 190 knots 163 knots 190 knots
Lift Coefficient | 0.53 0.53 0.53
Maximum Cruising | 4,850 m 5,940 m 8,230 m
Distance with Wp

= 0
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Reference.

1. Anon., "Hybrid heavy 1ift vehicle under study,” Aviation Week
and Space Technology, July 29, 1974,

IV-6. Technological Studies of Automatic Operating Devices of Suspended
Gondolas.

The concept of the Rescue LTA will be described in this section.
The Rescue LTA is a combination of a conventional type LTA and a sus-
pended maneuvering module (referred as SMM hereinbelow) and is designed
for use in rescue works.

IV-6-1. Suspended Maneuvering Module (Si¥M).

The SMM has the construction shown in Fig. IV-56. When it is con-
nected with an LTA, it is a goldola which is suspended from the LTA by
a cable and which accommodates rescue or fire-fighting members as well
as victims. The SMM can make a self-determined motion independent of

the LTA which suspends it, and thus, approaches the fire or the places
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where victims are located, owing to the winding control of the sus-
pending cable, the thrust vector control by vectorable nozzles are
provided on both sides of the SMM and are rotated by means of air
motors operated by the bleed air of the engine, so that the vector of
the thrust may be selected freely within the X-Y plane. The function
of these nozzles enable the SMM to move to or stop at any place in
the X-Y plane. (See Figs. IV-59 and 60.)
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A stabilizer thruster provided on the
SMM controls the thrust by an on-off
control and prevents the gondola from
rotating along the Z-axis. (It can
also be used to rotate the gondola.)
(See Fig. IV-59)

When the engine stops accidentally, a
cold gas system prevents the gondola
from swinging. (See Fig. IV-61.)
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IV-6-2. Study of Concept of Suspended Maneuvering System with SMM /22
Suspended on LTA.

(o.9]

. For the study of the concept of suspended maneuvering system
wplch.has a SMM suspended by an LTA and is used for rescue and fire-
fighting works, the following specifications have been selected:

Specification

(1) Payload: Mother Ship:
Gondola:

(Both kinds of loads are not carried at the szme time.)

(2) Mother Ship Speed:

(3) Mother Ship Endurance
Flight Time:

(4) Work Period:
(5) Flight Crew:

8 tons (of water)
1 ton (rescued persons ete.)

15 knots

12 hours

1 hour

2 persons in Mothership
2 persons in Gondola

As a system which sat sfies the above specifications, a suspended
maneuvering system is designed as follows:

Specifications of Mother Ship

Type:
Total Length:
Diameter:
Engine: Type:
Horse Power:
SFCs

Payload: Water:
Gondolaz:

Dead Weight:

Buoyance at Sea Level:

(Gas Volume:s

Non-Rigid Ship
120 m

24 m

Gasoline Engine
1,300 HP

0.2 kg/HP/h

8,000 kg

872 kg
19,800 kg
30,700 kg
3.1 x 10% m3)

Notet: When discharging the water, the ship i.- con*>olled by

abandoning the helium gas.

Gondola Weight

Payload: 1,000 kg (including crew: 75 kg x 2)
Engin .3 145

Fuel 168

Structure 293

Cable: 116

Communication/Electronics

Devices: Ls

Total: 1,722 kg
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Engine on Gondola

William Research Engine
Bypass Ratio:

S.F.C.1

Thrust:

Gondola Acceleration:
Gondola Load Factor
with Winds:

Estimates of Price

Mother Ship LTA:
Condola (SMM):

WR 19-9

511

0.53 1b/HP/1bf
249 kg

0.1 g

13.2 ke/m°

2,000 to 2,500 million yen
800 to 1,000 million yen
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Chapter V. Studies of Two Anticipated Problems. /230
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V-1. The Problem of Supply and Demnand for Helium. /231
Introduction.
The decline of the airships began with the explosion accident of

the Hindenburg on May 6, 1937. It has become very coummon to use helium
gas for buoyant gas instead of hydrogen gas. As shown in Fig. V-1,
besides helium and hydrogen, kinds of gas which can be used as buoyant
gas include methane, natural gas, hot air, vapor and ammonia.

Buoyancy Gas

Parameters to be Compared

Density (and its heat and pressure

Helium :
characteristics)

Methane fLComparison-——————i> Combustible Composition

Natural Gas Physiological Effects to Human
Beings

Heated Air < Selection——-—% Price

Vapo

aper Supply Conditions
Ammor..a
Hydrogen

rétudy on Gas Which can Replace Helium Gas
*Steam System

*Method for Containing Hydrogen Safely

Fig. V-1. Selection of Buoyant Gas.
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Table V-1. Buoyant Gas Craracteristics.

Buoyant Combustible Densit
tibl i Buoyanc Lri
Gas Composition (ISA Si) (1 N
] SA SL 1975 U.S. § Unit
(Volume Ratio kg/m3 § ' phe
(v Air§ g/ kg/103m 1033 gg;ce
L(_)wgr Upper Buoyancy
Limit Limit ¢/ kg
Hydrogen Hp | 4.2| 74.2 0.085 1.140 144.8 12.7
———— . LN}
Helium He Q 0 0.109 1.056 1687.8 159.7
100¢ ¢
Vapor Q 0 0.537 0.629 3.5 6.
LMethane 5.01 15.0 0.678 0. 547 70.6 13.0
NHy
Ammonia 16.01} 27.0 0.720 0.505 194.2 37.9
NH
3
Natural Gas
(Average) L.s| 14.5 0.300 0.4253 k5.9 10.6
Air 120°C 0 0 0.897 0.327 75.9 23.7
1000C 0 0 0.9406 0.279 60.0 22.0
159¢C ¢ 0 1.225 0 0 -—--

However, when safety, supply conditions and easiness of system

/232

design are taken into account, it is concluded that helium gas is the
For reference, alternative
Fig. V-2 shows the temperature

most appropriate, at least at present.

buoyant gases are shown in Table V-1,
characteristics of the buoyancy of various kinds of gas.
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V-1-1. History Background of Helium.

The history of helium production has a peculiar background. Namely,
its development has not been supported by private sectors but has been
highly dependent on governmental policies. In the following, historical
events surrounding the uses of helium will be described, starting with
the discovery of helium.

OF POOR QUALITY



The boiling point of helium is -269° C, which is four degrees of
absolute temperature. At this temperature, most other materials are
in a solid or liquid form. This peculiar property has induced the recent
use of large amounts of helium for pressure feeding the rocket propellant,
i.e., liquefied oxygen and hydrogen.

Helium was first discovered in the spectrum of the sun beam in
1868, In 1881, helium was also observed in the eruption blaze of Mt.
Vesuvius in Italy. Two Englishmen, Lord Rayleigh and Sir William Ramsay
succeeded in extracting helium out of ground ores in 1895, Three years
later, it was proved that helium can be separated frcm the atmosphere.
The earth's atmosphere contains 0.0005-% volume percentage of helium. In
principle, extraction of helium from the atmosphere can be done by repeat-
ing adiabatical exvansion and by obtaining ultra-low temperature. This
technique, however, is very difficulc, and had been practically impossible
until Linde invented an efficient method for extracting helium in the be-
ginning of the 20th century. Tne principle of this technique is basically
the same as that of fractional distillation, which is a method for sep-
arating composite liquid. According to this method, composites of dif-
ferent boiling points are extracted at their own boiling points in a pro-
cess of liquefying the air, The boiling points of nitrogen and oxygen
are -196°C and -184° C, After these gases are liquefied, composite gas
of neon and helium remains in a distillation tower, as a main component.
Then this composite gas is absorbed to active carbon and is distilled at
each boiling point. (The boiling point of neon is =-250°C,)

Mass consumption of helium started in the U.S. and England around
World War I, when helium gas was used for the buoyant gas of air-raid
defense balloons in England. A survey for helium resource was done,
sponsored by the British Minicstry of the Navy. This survey was performed
throughout the British Commonwealth, and as a result, helium resource was
discovered in Canada. In 1918, a small-scale plant was built at Calgary
in the State of Alberta and the excavation was started. (60,000 ft3 was
excavated by this plant which was closed in 1920,)

On the other hand, in the U.S.A., C.W. Seibel reported to the
American Society of Chemistry in 1917 that the natural gas discovered
in Kansas contained helium gas. In this report, he stated that he did
not feel that helium is a useful resource. P,B. Moore of the Mining
Agency, however, pointed out that helium extracted from natural gas would
be a potential source for the future helium demand which he predicted

would expand. Afterwards, the U.S.A. participated in World War I, and /233

like England, considered the use of helium for balloons and airships.
The U.S. army offered a fund to the Mining Agency for a survey of helium
resources. As a result, the first large-scale helium-gas production
plant was build in Fortworth, Texas, in 1921 with financial aid from the
Navy, thus helium gas began to be extracted from natural gas at low
temperature.

Helium is generated from alpha particles which are radiated accord-
ing to the decay of heavy elements. It is for this reason that helium
gas has been stored in the old rock formations of the earth's crust.
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For example, heavy elements, uranium and thorium, generate 1.16 x 10"7
cc and 1078 ¢cc of helium gas per gram per year, respectively. Thus, in
the whole earth, 8,000 to 30,000 thousand md per year of helium gas is
constantly generated under the ground. Such helium gas is dissipated
from the ground to the atmosphere and ascends to the upper layer of the
atmosphere. Therefore, the helium density in the upper layer of the at-
mosphere is increasing. In the lower layer of the atmosph=re, however,
it was said that the density of helium is held constant since the amount
coming out of the ground is equal to the amount dissipated to the upper
layer.

In the earth’'s layers, combustible natural gas is stored. This
gas is now used for gas supply in cities or power generation in the form
of -162° LNG (i1iquid na’ :ral gas). It was C.W. Seibel who discovered
that this natural gas contains helium gas. The U.S. government realized
the military importance of helium gas and enacted the Helium Act in
1925, According to this Act, the production and the distribution of
the helium gas was exclusively managed by the Mining Agency. 1In the
1930's, non-governmental demand started to increase (e.g., deep-sea op-
eration, caisson work, ultra-low temperature research, etc.). A part
of the Act was amended so that helium gas might be sold for medical,
research and engineering uses. However, helium gas is still regarded
as military material and its export is strictly restricted

The second uprising of mass consumption 9f helium gas was provoked
by World War 1I. In the early stages, its main use was for welding
light alloy. However, large amounts of helium were also used for air-
ships. Accordingly, th= Mining Agency built four new nelium wells and
tried to increment the production of helium. At that time, the U.S.
Navy had 150 anti-submarine patrol airships which guarded vessel fleets.
It was said that the guarding efficiency of those airships was very high,
almost 100%. In the 1i950's, as space development projects started fol-
lowing missile development projects and as muclear energy development
plans began to be carried out, helium consumption began to increase at
a vary rapid pace. Thus, the helium used in the U.S. and Europe had
all been extracted from natural gas and not from the air until the be-
ginning of the 1960's. Since then, several new uses of helium have
been introduced. For example. helium is now a most convenient agent
for detecting leaks. Since helium can be easily detected by a mass spec-
trograph, it is an ideal agent for detecting leaks of pipes or the like.
Helium has begun to be used in copper welding and as a carrier gas in
a gas chromatography as well. In addition, helium is used as a coolant
gas for novel nuclear reactors. In deep-sea works, helium is a conven-
ient gas which is combined with oxygen for respiration. Furthermore,
in research institutes, ultra-low temperature laboratories use liquid
helium as a cooling agent.

The U.S.A., startled by the first artificial satellite, the sput-
nik, launched by the Soviet Union in 1957, started to make full-scale
efforts in space development competition. ICBM's such as Atlas and
Titan, or space ship rockets use liquefied fuel and large amounts cof
helium gas. Thus, helium consumption was greatly increased.
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Fig. V-3 shows the record of helium use in the U.S.A. The 1960's

increase of helium use was stopped in 1966 when 948 million ft3 of
Since that year, helium consumption has been de-

lHelium was consumed.
creasin,.
™ 1257k
s
N ~ t
: -
o} o
wt S50
~— 1
- d
3 g
e ¢ - . R S
e c 50z & 35 s0 43 80 85 Wl 65
- v AL PAL . T
' QELG‘N 2 QUALL Y yea
OB OO Fig., V-3. Record of Helium Use
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V-1-2. Uses of Helium.

The uses of helium in the U.S.A. in 1966 and 1967 have been stud-
ied. In these years, helium consumption was at its peak. Fig. V-4
shows tl.e fractions of helium use in 1967, and Fig. V-5 shows the frac-
tion of helium users in 1966, bcth in the U.S.A. Fig. V-5 indicates
the surprising fact that 90.6% was used in governmental projects, in-
cluding 59.4% by NASA, 20.3% by military agencies and 8.9% by nuclear

industries.
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Key to Fig. V-4. Key to Fig. V-5.

a: Helium for Rockets: 40.8%

b: Welding: 10.7%

c: Safe Atmosphere: 11.6%

d: Laboratory Researches: 11.1%
e: Buoyant Gas: 7.6%

f: Leak Detecting: 7.1%

g: Low-Temperature: 5.6%

h: Gas Chromatography: 2.4%

j: Cthers: 3.1%

NASA: 59.4%

Military Agencies: 20.3%
Nuclear Power: 8.9%
Meteorological Agency: 2.0%
Others: 0.1%

Non-Governmental Agencies: 9.3%

D RBOQUODo

It can be seen from the above figqures, how peculiar helium gas
is as a resource. The main uses shown in Fig. V-4 are described in
the following:

(A) Helium for Rockets (Pressurizing and Pruging Gas):

This use occupies about 40% and is mainly connected with
space development. The Pressuri:z .ng gas is the gas which sends
the liquefied fuel to engines with pressure. Purging gas is the
gas used for pushing the air out of vessels and pipes before fil-
ling them by liquefied hydrogen or oxygen.

(B) Welding:

In Japan, argon is mostly used in welding. In the U.S.,
however, helium is widely used for this purpose.
(C) Safe Atmosphere:

Mainly, helium gas is used for guarding active metals in
a nuclear reactor taking advantage of its inactivity.

(D) Laboratory Researches:
Helium is used in laboratories for research. Mainly, it

is used as liquid in wind tunnels and gas for space chambers. /235

(E) Buoyant Cas:
Mainly for balloons.
(F) Leak Detecting:
(G) Low-Temperature:
As liquid helium, it is used in ultra-low temperature re-
searches in developing ultra-low temperature techniques.
(H) Gas Chromatography:

(J) Substitute Composite Air:

In deep-sea works such as caisson works or marine development
operations, since the use of the air (which is the same as that in
the atmosphere) may cause nitrogen poisoning, artificial air con-
taining helium is used.

(K) Medical Uses:

Helium is used in high-pressure tank for curing submarine

sickness.

V-1-3. Helium Resources.

In this section, helium resources are avaluated briefly.
One 200 million-th of the atmosphere is helium. Helium, as a
resource, however, is that contained in the natural gas. Almost all
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kinds of natural gas contain a small amount (several tenths to several
hundredths %) of helium. 1In some cases, natural gas contains up to

9 § of helium. At present, the natural gas source containing 0.3 %

or more helium and having a deposit of 100 million ft- or more can be
regarded as a helium resource._ According to the 1969 survey on helium
resources, about 20 billion ft3 of helium was evaluated as an eristing
resource, based on the above criteria. In order to evaluate the re-
source more precisely, productivity of each well, market conditions,
land conditions for plants, uniformity of the gas, continuity, etc.
should be taken into account. Thus, various estimates of effective
(usable) amount of helium resource have been made. At present, the
following estimates are considered reliable: Laverick of Argonne Nu-
clear Institute evaluated the resource in 1969 level to be 28.56 bil-
lion ft3. According to the evaluation made by Hogan of the CTi Com-
pany which is well~-known worldwide for helium 1liguefying machines, it
was estimated to be 10 billion ft3 or more. Professor Agohchi of
Japan University and others made an estimation that it is around 15
billion ft3. 1In the U.S.A., 87 % of the helium resource is concentra-
ted in three states, Kansas, Oklahoma and Texas. Fig. V-6 shows pipe
lines for collecting helium gas. Except for the U.S.A., detailed data
are not available. However, Canada produces 120 million ft~ of helium
annually and exports a part of it. European countries and Japan are
almost completely dependent on the U.S.A. and Canada for helium re-
sources. It is estimated that countries in the communist bloc, especi-
ally the Soviet Union, produce a large amount of helium. This estimate
is based on the achievement of space development in the Soviet Union.
Therefore, those countries must have a significant amount of helium
resource. However, details are not known.

;
Key to Fig. V-6. I ‘5 .

a: Colorado I ask

b: Kansas :

c: New Mexico iﬂ?"‘§7*~»

d: Texas ] Za-A%YD

e: Oklahoma j w‘;mf{?'%‘/f

f: helium pipe line /ﬁﬁqjs &

g: Gallup i t?vucx@" "‘ 'I]

h: Amarillo I SRS |

i: Helium Plant - )'\*J*JA’S% nz'!. o

j: Helium Storage Plant

k: Na;gralGGas Source Containing Fig. VI-6, Map Showing Helium Col-
Helium Gas lecting and Preserving Plants in the

1l: Well for Storage. U.S.A.

As mentioned previously, a large amount of helium is being wasted with /236

natural gas. 5 The amount of wasted helium in 1960 was estimated to be
6 billion ft~. 1If this condition continues, the resource helium is
predicted to be exhausted in 30-35 years.

In summary, 100 billion ft3 to 180 billion ft3 of helium resources
now exist in the U.S.A. As the demand for the natural gas increases,
new sources of natural gas are being developed in various countries.
Accordingly, new sources of helium gas are being discovered. For ex-
ample, natural gas sources containing large amounts of helium were
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recently discovered in Algeria and Poland. 1In these places, the col-
lection of helium gas has already been initiated. Furthermore, if
sources in Siberia of the Soviet Union and in China are included, the
amount of helium resource may be increased. On the other hand, if the
collecting technique is improved in the future, the evaluated percent-
age, 0.3 8%, will be largely improved. According to Laverick's evalua-
tion, helium up to 0.015 % will be able to be recovered in the future.
Of course, this possibility is actually dependent on future economic
conditions, ige., dependent on how high the helium price will be.

V-1-4. United States' Plan for Preservation.

Recognizing the peculiarity of the helium resource, the U.S. gov-
exnment realized the importance of the helium gas mass-preservation
p'an and enacted the bill "Helium Preservation Plan" in 1960. Accord-
ing to the bill, it was decided that helium plants will continue to be
operated under the management of the Mining Agency, and that the gover-
nment will preserve helium in storage owned by the government. The
helium for preservation is purchased from companies whic.1 make cont-
racts with the government. The preservation storage is a gas source
called Cliffside Gas Field wh§ch is the site where natural gas in the
total amount of 58-billion-ft has been extracted s-nce 1929. Natural
gas is still being extracted. For preservation purposes, the emptied
well is fed with helium gas (strictly speaking, the gas called "coarse
helium" consisting of 71-% helium, 27-% nitrogen, 1-% hydrogen and 1%
methane) through pipes, thereby preserving the helium gas under the
ground. This gas source has the ability of storing 100 billion ft3
of gas. This ability is more than the expected amount for storage,
63.6 billion ft3. The government purchases the annual amount of
3.5 billion ft3 of "coarse helium gas" with the price of 18 billion
yen annaully. It was planned to preserve 63.6 billion ft3 in 22
years. This preservation plan began to be carried out in 1962. After
the success of the landing of a manned space ship on the moon accord-
ing to the Apollo Plan, critics spoke out against the space development
and public opinion tended to be more in favor of social welfare than
technological development. According, the scale of space development
was forced to be reduced. Naturally, the government's demand for
helium gas was largely reduced. The governmeantal use of helium de-
creased rapidly from 946 million ft3 in 1966 to 222 million £t3 in
1970. Even including non-governmental congumption, the tot.l consum-
ption of helium in 1970 was 222 million ft°, a sharp decline from the
1966 level of 948 ft~.

According to this fundamental change of situation, in 1971 the
U.S. government declared a termination of the plan to preserve helium.
Accordingly, the U.S. government cancelled coarse helium purchase con-
tracts with four companies which had provided it to the government,
reasoning that circumstances had changed fundamentally. The main
cause of this termination was the drastic decrease in governmental
helium consumption, corresponding to the large reduction of space de-
velopment projects. However, other reasons can be pointed out beside
this:
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(1) It was judged that the future governmental (storategic)

need for helium gas had already been stored under the preserva-
tion pl%n which had been carried out to that time. About 28 bil-
lion ft° of storage was achieved in 1971 and this amount was jud-
ged to be more than necessary. Including the amount, 30 billion

£t3, preserved by non-governmental agencies, the totally stored /237

amount will support 30 years of helium consumption at the present
level.

(2) As the economic conditions in the U.S. become worse, the gov-
ernment could ignore the expenses for purchasing coarse helium,
18 billion yen annually. The above two reasons should be added
for the reasons of the termination of the preservation plan.

V-1-5. Prospects for Future Helium Supply and Demand.

Accorging to an estimation, out of the total_consumption 13.3
billion ft° of helium gas in 1971, 8.5 billion ft3 was dissipated
with natural gas, about 4 billion ft~ was stored and 800 million ft
was actually used. Therefore, if the consunption level continues to
be at the present level, or even if it increases to twice or three
times as much as the present consumption, the demand will probably be
fulfilled at least for about 30 years.

One of the crisis feelin~s which were introduced in the 1970's
was induced by the energy problem. Alre .y, the U.S. had been changed
from 0il exporter to importer. Energy crisis was warned by many people.
Besides this energy problem, sulfur pollution induced by the o0il uses
has made more dependence on the natural gas which contains much fewer
sulfur component. Thus, the natural gas consumption has been increased
year by year. Therefore, instead of preserving helium, preservation of
the natural gas is felt to be more urgent. 1In this way, the preserva-
tion of helium has been challenged with increasing pressure by the ef-
fort of preserving natural gas against the wasteful use of it.

On the other hand, having started to deal with the energy problems
and the social welfare, the scientific technology in 1970 has realized
its new mission in developing ultra-low temperature techniques and
ultra-conductivity techniques. The ultra-conductivity techniques are
expected to be applied to magnetic floating trains, large-capacity gen-
erators with the capacity more than 3 MW and power transmission system
over 3 MW. In addition, this technique is indispensable to ultra-con-
ductivity magnet which corfines the high-temperature plasma in a nuclear
fusion reactor. The critical temperature is at most 20° K at the pre-
sent level. If it could be increased by 15-10° K, ultra-conductivity
techniques would be possible using liquefied hydrogen (with boiling
point of 20°K)without using helium.

Development of a technique for separating helium from the air is
one of the future possibilities. According to the present estimation,
it will result in about 30 to 60 times higher price. However, consid-
ering the future when helium can be obtained only from low-content
sources, it will be realized that increased value of helium -may be bal-
anced with decreased cost owing to the development of new techniques
for separating helium from the air.
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V-2. Study of Laws Concerning Suspended Transport. /238

————n

Concerning suspended transport in the air, there is no description
in Aviation Law (hereinbelow, referred as "the Law"). However, there
are some descriptions concerning suspended objects connected to aircraft
in Articles 240 and 242 of Aviation Administration Rule (hereinbelow,
referred as "the Rule").

When the aircraft carry suspended cargoes, a route approval must
be given according to the provisions in regard to an irregular trans-
portation service, and an application must be filed for permission to
land on a place which is not an air field and to fly at low altitude,
according to Articles 79 and 81 of the Law, respectively.

With regard to conditions under which an irregular air transpor-~
tation service connecting two points is permitted, there is no descrip-
tion in the Law, but the permission is given based on the judgment made
by the Civil Aviation Bureau. This judgment is made after examining
whether the following conditions are saticfied or not: 1In general,
the route must avoid thickly resident area, and even when it crosses
mountainous area, it must avoid the spaces over resident houses. When
the route crosses over a National Road, a responsible agent such as a
regional police department must be informed of it and a safe-guard pro-
cedure such as stopping the traffic must be taken accordingly.

Along the route, there must be sufficient number of open spaces to
which the aircraft can make an emergency landing when the engines fail.
Furthermore, the aircraft must keep sufficient altitude so that such
an emergency landing may be done safely, and the aircraft's ability and
the transportation conditions must be such that the above requirement
may be satisfied.
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With regard to landing outside air fields, Article 172 Number 2
of the Rule requires an application for the permission and it must
be filed to Minister of Transport. According to Article 240 of the
Rule, however, the director of each regional Civil Aviation Bureau is
authorized to give such a permission. Whenever an air transportation
service requires such a landing, an application must be filed giving
the reason for it. With regard to rotary-wing aircraft (helicopters),
the criteria for giving a permission of landing on a place which is not
an air field are described in Article 75 of t!l.: Rule. These criteria
are the same as those for ground heliports. According to the minimum
condition required to such a place for landing, its length must be 1.2
times as long as the aircraft length and must be longer than 15 m;

With regard to loading and unloading of cargoes, besides the above
requirement for the land, the admission slope criteria of Article 2 of
the Rule and the transition surface slope criteria ot Article 3 Number
3 of the Rule are applied.

In case of helicopter transportation for construction works of
power transmission lines in mountainous areas, the slope of the as-
mission surface must be at least one tenth and the slope of the tran-
sition surface must be at least one fourth. 1In case of transmission
line construction, the horizontal surface radius provision of Article
3 of the Rule and the heliport admission zone length provision of Art-
icle 1 Number 2 of the Rule are not applied.

An application for low-altitude flight based on Article 81 of the
Law must be fiied according to the procedures described in article 175
of the Rule and the applied criteria for this application are described
in Article 174 of the Rule.

The above criteria for the permission of the operation are now
applied to helicopter transportation for power transmission line con-
struction. In order to comply with these requirements, before starting
a suspended bucket transportation of soft cement or transportation of
tower frame members, trees are cut down to clear the required spaces
in the neighborhood of the loading and unloading sites.
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Legal Provisions Concernirg Suspended Cargo Transport. (in Japan) /2

The Aviation Law.

-Landing and Take-0ff Ground -

Article 79: Aircraft (excluding the aircraft classified by the
provisions in the Ministerial Ordinance) shall neither take off from
nor lana on any ground which is not in an air field or on any water
surface which is not in a place appointed by the Ministerial Ordinance.
Provided that permission is granted by the Minister of Transport, such
aircraft may take off or land in a place which is not an air field.

-Minimum Safe Flight Altitude -

Article 81: Except for take-off and landing, the aircraft shall
not fly at an altitude lower than the altitude which is prescribed in
the Ministerial Ordinance, for the sake of the safety of men and pr.p-
erty on the ground or on the water. Provided that permission is grant-
ed by the Minister of Transport, this provision may be exempt.

The Aviation Administration Rule.

-Commission of Authorization -

Article 240: The following authorities of the Ministry of Trans-
port, prescribed in the Law and the present Ministerial Ordinance, are
committed to the director of the Aviation Bureau of the appropriate
district:

25. The permission prescribed in the proviso of Article 79 of
the law.

27. The permission prescribed in the proviso of Article 81 of
the Law.

305




- o

Article 242: The authorities listed in the upper portion of the

following table are committed to the directors of the local Aviation
Bureaus, Airport Offices or Airport Branch Offices whica are listed
in the lower portion of the same table.

2. The authority prescribed in Article 240 Paragraph 27 Number

1. (Exclusively with regard to aircraft used in air cargo trans-
portation services, aircraft which are operated by instrumental
flight or night-time flight, and rotary-wing aircraft which sus-
pend object outside their podies or tow obiects in the air.)

The director of the local Aviation Bureau whose district of con-
trol includes the place where the action requiring this permission
will take place.

- Aircraft Which can Take-0ff ard Land at tion Which is
not an Air Field -

Article 172-2: One who seeks the permission prescribed 1in the

proviso of Article 79 of the Law must present to the Ministry of Trans-
port two copies of an application form for permission to take-off and
land at a location which is not an air field.

1. Name and Address.

2. Aircraft Model, Nationality and Registered Number.

3. Date and location of take-off or landing. (An outline map
showing the vicinity of the location must be attached.)

4. Reason for take-off or landing.

5. Precautionary measures for preventing accidents.

6. Outlined flight plan. (The objective, the date and the route
of the flight must be clearly described.)

7. Name(s) of pilot(s) and his (their) qualification{(s).

8. Other matters for explaining this application.

-Kinds of Air Fields and Classes of Landing Zones -

Article 75: Airfields are classified into the four categori:s:

ground air fields, ground heliports, on-the-water air fields and on-
the-water heliports.

2. To which class a landing zone belongs is determined by the

length of the runway when it is of a ground air field or a ground

helioprt, and by the length of the landing zone *f it is of an on-
the-water air field or an on-the-water heliport, according to the

following table:
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Ground Heliport | Runway Length

Class

!

90 m or longer

o 0o w »

from 40 m to 90 m
from 15 m to 4L m

15 m or shorcer and 1.2 times as lcng as the pro-
jection area of the aircraft or longer.

-L2ngth of Admission Zone of Heliports -

Article 1.2: The length of the admission zone of a heliport, pre-
scribed .n Article 2 Paragraph 6 of the Law, is determined by the kind
of the heliport and the class of the landi~g zone thereof, according

to the following table:

Kind of Heliport | Class of
Landing Zone

Length of Admission Zone

Ground Heliport

o 0O w ¥

2,000 m
1,500 m
1,000 m

2,000 m or less

Length is specified by the Ministry

of Transport.

- Slope of Admission Surface -

Article 2: The slope of the admission surface with respect to the
horizontal surface, prescribed ir Article 2 Paragraph 7, is determined

as follows:

1. The slope of a landing zone through which aircraft land using

instrumental landing means or through which aircraft land by -

landing guide using precise admission radsr means is one fiftieth.
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2. If a landing zone does not correspond tco the description pre-
scribed in the above paragraph, the slope is determined by the
kind of the air ficld and the class of the landing zone according
to the following table:

ind of Air Field Class of Landing Zone Slope

— T

round Heliport A 1/20
B and C 1/10
D 1/10 or greater and 1/4
f or less.

The slope is specified
by the Ministry of Trans-
port.

—_— i

-Slope of Transition Surface of a Heliport-

Article 3-2: The slope of the transition surface of a heliport,
prescribed in Article 2 Paragraph 9 of the Law and determined by the
Ministerial Ordinence, is one fourth.

2. Even wher a heliport is applicable to the description in the
above paragraph, the slope of one longer side(hereinafter referred
to as Side A) of the landing zone can be determined according to
the provisions prescriboed in the following twe sub-paragraphs,

if, in the range which is outside the other longer side (herein-
after, referred to as Side B) and within the distance twice as
long as the length of shorter sides of said landing zone, there is
no building crossing the surface which includes Side B and has the
slope of one tenth.

(i) The slope specified by the Minister of Transport.
Said slope must be mcre than one fourth and the provision
in this paragraph is applicable only when, in the range which
1s outside Side A and within the distance three-fourths of
the diameter of the rotary wings of the helicopters which are
expected to use said heliport, there is no object protiuding /240
from the horizontal surface including the highest point of the =
landing zone.

(1i) The slope specified by the Ministry of Transport.
Said slope must be within the range from 1/4 to 1/1 and
this provision is applied when the above provision is not
applied.

-Radius of Horizontal Surface -
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Article 3: The radius of a horizontal surface, prescribed in
Article 2 Paragraph 8 of the Ministerial Ordinance, is determined
by the kind of the air field and the class of the landing zone (the
longer iandinc zone if the air field has two or more landing zones),
according to the following table:

Kind of Air Field | Class of Landing Zone Radius

Ground Heliport A 800 m
B 600 m
C 400 m
D 800 m or shorter

The radius is specified
by the Minister of
Transport.

~-Lowest Safe Altitude-

Article 174: The lowest safe altitude prescribed in Article 81
of the Law is determined as follows:

1. If the aircraft is operated by visual flight, the lowest safe
altitude is the altitude from which the aircraft can make a safe
landing without causing any danger to men or property on the ground
or the water when the power means fail during the flight, or the
altitude which is the highest among those described in the follow-
ing sub-paragraphs:

(a) The altitude 300 m or more higher than the top of the
tallest obstacle within the range of the circle with
the center at said aircraft and the radius of 600 m,
when the aircraft is above a thickly populated residen-
tial area or an area crowded with people.

(b) The altitude at which the aircraft can fly keeping the
distance of 150 m or more from men or property on the
ground or water, if the aircraft is above an area without
any man or any property or above wide open water.

(c) The altitude 150 m or more higher than the ground or the
water surface, if the aircraft is above an area which is
not described in the above two sub-paragraphs (a) and
(b).

2. The altitude determined by a Ministerial Order, if the air-
craft is operated by instrumental flight means.
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-Permission of Nimimum Safe Altitude Flight -

Article 175: The one who seeks the permission prescribed in the

proviso of Article 81 of the Law shall submit an application to the
Ministry of Transport which describes the following items:
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Name and Address.

Aircraft model, nationality and registered number.

Outlined Flight Plan (The objective, the date and the route
of the flight must be clearly described.)

Reason for flying under the minimum safe altitude.

Name (s) of pilot(s) and his (their) qualification(s).

Name (s) of on-board member (s) other than pilot(s) and the
reasons for boarding.
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Key to Fig. V-7.
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Fig. (a) Ground View of Landing Zone, Admission Surface and Tran-
sition Surface.

Transition Surface

Admission Surface

Landing Direction

Take-Off Direction

Fig. (b). Cross Section of Admission Surface and Landing Zone.
Admission Surface (Landing Direction)

Admission Surface (Take-Off Direction)

Landing 2cune

Fig. (c). Perspective View and Cross Section of Admission Surface,
Admission Zone and Transition Surface.

Horizontal Plane Including 20-m Height Point.

Admission Surface.

Transition Surface

Admission Zone

Region 10-m outside the Landing Zone Where There is No Obstacle
Protruding the Extensions of Landing Zone Surface.

Case Where Obstacle is in the Restricted Region. Ground View of
Admission Surface and Transition Surface.

Case Where Obstacles Protrude the Transition Surface. Perspective
View.

Admission Surface

Case Where Obstacles Protrude the Transition Surface. Perspective
View.

Transition Surface.

Landing Zone.

Definition of Minimum Safety Altitude.

Area Crowded with Men and Houses.

Area Without Man or House or Widely Open Water.

Area Not Classified into (i) or (ii).
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Chapter VI. Comprehensive Evaluation
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The comprehensive evaluation presented in this chapter has two /24
main objects. One of them is the evaluation of the hyb~id LTA chosen
as targets for this survey.

The other object is to review various LTA aircraft which have

been surveyed for the past three years and include the hybrid LTA
aircraft surveyed for this report and to make an overall evaluation.

VI-1. Evaluation of the Hybrid LTA Chosen as Objects for This Survey.

VIi-1-1. Outline.

The objects chosen for this survey study and their functional
characterizations are as follows:

(1) Passenger Rota-Ship: Regular Passenger Transportation
Payload: 10-ton class (120 pas=--
sengers)

(2) Skycrane: Heavy Cargo Transportation

Payload: 40 tons and 70 tons
Aero Crane Type.
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(3) Heavy Cargo Rota-Ship: Heavy Cargo Transportation
Payload: 30 tons
Helistat Type

(4) Megalifter Type Airship: Heavy Cargo Transportation
Only the performance proper-
ties have been studied for
this report.

Among the above aircraft, it is (1) Rota-Ship (for passenger
transportation) that is technologically the most realizable and econ-
omically the most marketable.

At the time when we started this survey study, we felt a sus-
picion that LTA aircraft might be infeasible as passenger transpor-
tation means and an anticipation that LTA aircraft might be used only
in a very special field where there is no alternative means. However,
as a result of the study, we came to conclude that the LTA aircraft for
regular passenger transportation are the most promissing among other
possible uses of LTA's.

Actually, in Japan, the Heli-Stat type hybrid airships are very
promising candidates for the future aircraft of passenger transportation.
Needless to say, conceptualizing designs presented in this report are
not necessarily optimal designs. However, the result of the study on
Heli-Stat type airships (for passenger transportation) has made it clear
that, when a new type of transportation aircraft is sought for develop-
ment, comparative studies of LTA aircraft will be indispensable as well
as studies of conventional HTA aircraft, and that, at least, LTA air-
craft are qualified to be compared with conventional HTA aircraft.

On the other hand, considerably expanded market demand in the
future is anticipated in the field of heavy cargo transportation.
However, within the scope of this survey study, we have concluded that
corresponding technical means (we call "seeds") will not reach the
market in the near future. Nevertheless, the distance between the
"seeds" and "needs" are not too long to make linkage between the two.

It may be rather concluded that accumulation of the technical achieve- /246
ments is now too little in Japan and that, consequently, there is no
technology which matches the needs exactly. As further studies of the

kind presented in this report are repeated, a new type of craft which

can satisfy the needs will appear. Strictly speaking, it is more likely
that ‘he needs will be satisfied by a new type of craft than the possi-
bility that the needs will never be satisfied.

Between the‘ Aerocrane type and the Helistat type, the latter will
probably be more easily built with less cost than the former. The Aero-
crane, however, include uncertain elements - As a flying object, it is
possible to maintain the stable flight?
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On the other hand, many feel that the Helistat type airships have
little problem in technical realizability. However, the Helistat type
airships will be more expensive than the Aerocrane of the same ability
of carryling heavy cargoes. This is one of the results of this survey
study.

The study on Megalifter type airships was done only for looking
over the possibility of its use in regular cargo transportation means,
as stated in the section explaining the scope of this study. Within
this scope, we did not study the feasibility of the airships of this

type.

The auto-pilot means for suspended gondola will be a very con-
venient tool when LTA aircraft are widely used. This device will be
combined with hybrid LYA's as well as with conventional airships.

VI-1-2. Hybrid Airships for Reqular Passenger Transportation.

The outlook of the specifications, the performance properties and
the economical efficiencies of the Rota-Ship for passenger transporta-
tion are summarized in Tables VI-1, VI-2 and VI-3.

Tables VI-4 through VI-11 show the condition of the competition
of the Rota-Ship and the conventional aircraft in several existing
short-distance airlines in Japan assuming that the Rota-Ship were
introduced to such lines. (Several lines will be cited from the North
to the South of the Japan Islands.)

(a) Comparison of Conventional Transportation Means and the Rota-Ship
in Existing Transportation Routes.

Brief explanation will be given to each of Tables VI-4 through
VI-11 which show the result of the comparison.

-Fig. VI-4: Sapporo to Hakodate/Aomori Line -

The existing airline does not reach Aomori. Long distance tra-
vellers, for example, from Tokyo to Sapporc, will prefer the direct
flight to the destination. However, judging from the present (poor)
conditions of transportation in the area between Sendai City and Hok-
kaido, it will be advantageous for this district to have large-size
aircraft transportation services, even when such transportation means
are compared with the existing railway and ship networks.
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Table VI-1. Basic Specifications of Passenger Rota-Ship.

Specifications Remarks
Gross Weight 32 tons
Payload 14 tons
(Fuel Weight) (3.7 tons)
(No. of seats) (120)
Cruising Speed 150 km/h
(max: 170 km/h) Ascent Limit: 3,000 m
(Cruising Altitude: 1,500 m)
Distance of Cruise 600 km 10 minutes of Hovering
Duration of Cruise 6 hours
Hull Length 80 m
Maximum
Diameter 52 m
Size Maximum Height 32 m 3
Hull Volume 27 thousand nm
Gondola Length 25 m
Gondola Width 6 m 6 Seats x 20 Columns
Engines 4 Units x 2 x 4 units of Rotor Systems
600 HP of BK-117 Helicopter
Pro-
pul-
sion
Rotors

Crew Members

4 persons

Price

150 million yen
(226 million yen)

When Ten Aircraft are Built.
(When one aircraft is built.)
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Table VI-2, Comparison of Performance Properties.

~
[\8)
=3
[oo]

Rota-Ship Ys-11 DHC-6 DHC-7 Jetfoil
No. of Seats | 120 60 - 64 20 54 280
Cruising
Speed (km/h) | 150 475 130-190 434 8C
Distance of
Cruise (km) 600 2,330 1,280 l'1,120-
| 2,900 500-700
l
Take-Off and j
Landing (500 m) [1,200 m 600m | 770 m Harbor
Runway (ca.) I (ca.)
y
Engines 600 HP 3,000 HP 650 HP 1,174 HP 3,800 HP
X 2 X 4 x 2 X 2 x 4 X 2
No. of Crew
Members 4 2 2 2
Price
(million 1,500 650 270 1,000 2,800
yen)
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Table VI-3.

Comparison of Economic Efficiency

Rota-Ship Ys-11 DHC-6 DHC-7 Jetfoil
Craft Price
(million yen)| 1,500 650 270 1,000 2,800
(ca.)
Price per
Seat (mil-
lion yen) 12.5 10 (ca.) 13.5 18.5
Direct
Operating
Cost 19.1%* 13.2*
yen/seat yen/seat
/km /km
Total
Operating 28.6% 23.6%* Fare 67 yen
Cost yen/seat yen/seat /seat/km
/km /km
Scale of
Mass
Production 10 180 491 25
(*%) (*%)
No. of Seats | 120 60-64 20 54 ﬁJL 280

Remarks:
(*)

(**)
Rota-Ship:
¥YS-11:
DHC-6:

DHC-7:

Jetfoil:

320

1977 yen. 300-km lines in Japan.

Orders received up until the end of 1975.

The operating cost is 21% higher than that of the ¥S-11.
Production has stopped. At present, substitute aircraft
are being sought.

At present, used in an airline connecting isolated islands.
Manufactured in Canada. 68% of the purchase price was paid
by the government.

19 aircraft had been sold by the end of 1975. 25 aircraft
orders had been received by that time. According to one
source, this aircraft will be introduced into a certain
airliae in the near future. However, this information has
not been confirmed.

Successful cruise in Niigata - Sado Line.

Manufactured by the Boeing Company.



Substitute Aircraft for the ¥S-11i: The folluwing pr.perties are desired:

(A) Economical efficiency comparabl-:
to the YS-11. (20 % bette: if pos-
sible)

(B) Noise level as low as the ¥S-11.
(C) The abhility to take-off and land
on a runway shorter than 1,000 m.
(STOL ability)

(D) Use of common aircraift body

and parts.

Tuble VI-4. Sapporo - Hakodate/Aomori Line. /24_
IFare Required ] Line Line No. of Passenger
Time Distance | Speed x No. of rounds
Railway/Ship | 7,300 yen 8 hours 432 km £z km/h ca. 700 x 6
15 min. rouids per day
land: 4h land:
25 m. 319 km
sea: 3 n sea:
! 50 m. 113 km
| —_—
g‘i’;“o’ig;;‘mal 5,500 yen |50 m. 160 km | 192 km/h | 120 x 3 rounds
i (Sapporo - per day (1) 60
Hakodate!) x 1 round per
day (?) 20 x 1
rourd per day
(3}
Passenger | —=-==—=-- 2 hours or | 26C = -
Rota-Ship Slightly 150 + 150 km/h 120 x ?
less lllO
Remarks:
Railway/Ship: 1) Fxpress train, first class.
2) Muroran Main Line.
3) 1,300-passenger and 55-frnight-car ferry hovat.
Conventional Aircraft: (1) DC-9

(2)
(3)

YS-11/ Total Operating Cost = about 25 yen per
seat per km
DHC-6

321




Passenger Rota-Ship: 1) Total Operating Cost = about 30 yen per seat
per km

2) The cruise to Muroran and Hakodate is possible.

Making rough assumptions on the relationship between the fare and the
total operating cost as follows, a formula has been derived to represent
this relationship: (It should be noted, however, that the actual fare will
be determined also by competitive transportation means. Even an operation
with deficit will be possible if the company has other very profitable
lines. %hese factors are neglected in this derivation.)

D
F

A x
D +

B xC , and
E.

where

A: the total operating cost per seat per km,

B: the passenger capacity,

C: the line distance (km),

D: the expenses required for operating one aircraft in the line,

E: the profit plus other admissible expenses for growth and others,
and,

F: the total amourt that the airline company must collect from the
passengers for operation of one aircraft.

In the U.S.A., it is estimated that (E) is about 12% of (F). Letting
the load factor be denoted by L (%),

G=bx L,
where (G) is the antual number of the passengers, and
H = F/G
where (H) is the fare which must be paid by the actual passengers.

Applying the above formula to the Sapporo- Hakodate Line (¥YS-11)

shcwn in Fib. VI-4, we have, /250
A: TOC: 25 yen/seat/km

B: Passenger Capacity: 60 passengers

C: Line Distance: 160 km

D: 240 thousand yen

E: 20% of F (Probably, 20% is an over-estimate.)
F: 240 thousand yen/0.8 :300 thousand yen

G: 60 x 66% :40 passengers

H: 300 thousand yen/40 :7,390 yen

where (L) i 66%.
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However, the present fare is 6,500 yen. Probably , this fare is
equalized to that of the DC-9 (130 passengers x 3 rounds per day).

Maybe, the ¥S-11 ( 1 round per day) and the DHC-6 (1 round per day)
in the Sapporo - Hakodate Line are both not profitable for the airline
operating company.

On the other hand, if the Rota-Ship is operated between Sapporo and
Aomori under the same conditions, we have,

A: Total Operating Cost: 30 yen per seat per km
B: Passenger Capacity: 120 passengers

C: Line Distance: 260 km

D: 936 thousand yen

E: 20% of F

F: 983 million yen / 0.8: 1,170 thousand yen

G: 120 x 66% 80 passengers

H: 1,170 thousand yen / 80: 14,625 yen

where (L) is 66%.

The computed fare is about twice as much as that of the reailway/
ship, while the required time is reduced to the one fourth.

The Shimonoseki - Pusan Line is an international . ne. However,
its character is very similar to that of the Aomori - Hakodate Line.
The Shimonoseki - Pusan Line is about 200 km long.

-Table VI-5: Sapporo-Abashiri (Memanbetsu) and
Table VI-6: Sapporo-Kushiro (via Obi.airo) -

In both lines, Sapporo is the origin. The two lines have a common
chara~ter. The Sapporo - Wakkanai Line may be similarly characterized.
In these lines, if the Rota-ship is scaled up so that it may accommodate
180 to 200 passengers and the cost may be reduced to the level of the
¥S-11, transportation by Rota-Ship will be sufficiently competitive with
the railways.

Table VI-5. Sapporo - Abashiri (Memanbetsu) Line. /251
Fare Required Line Line No. of Passenger

Time Distance | Speed x No. of Rounds

Railway 7,500 yen | 5 hours 375 km 66 km/h |ca. 700 x 2 rounds
40 min. per day

Conventional 7,700 yen | 55 min. 250 km 273 kn/h |60 x 4 rounds per

%ircraft day

assenger | =—==--- 1 hour 250-260 150 km/h {120 x ?
Rota-Ship 40 min. km (*)

(WS}
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Remarks:

(*)

Railway:

Conventional Aircraft:

Passenger Rota-Ship:

Via
1) E.

iahikawa
ress Train, First Class.

2) Via Asahikawa
1) ¥S-11, Total Operating Cost = ca. 25 yen
per seat per km.

1) Total operating cost = ca.
per km.

30 yen per seat

Table VI-6. Sapporo - Kushiro (Via Obihiro) Line.

Fare Required | Line Line No. of Passenger x

Time Distance | Speed No. of Rounds
Railway 7,700 yen | 5 hours 396 km 69 km/hjca. 700 x a

40 min. 3 rounds per day
Conventional 8,000 yen | 40 min. 240 km 360 km/h{130 x 4 rounds per
Aircraft (*) day (1) 60x
Passenger @ | =——==-- 1 hour 240 km 150 km/h|1 round per day (2
Rota-Ship 40 min. 120 x 2 .
Remarks:
(*) Straight Line Distance
Railway Express Train of the Japan National Railways

Conventional Aircraft:

Passenger Rota-Ship:
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(1) DC-9

(2) ¥YS-11: TOC = 25 yen per seat per km.
30 yen per seat per km.

TOC = ca.
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Fig. VI-1l. JNR Super-Express Network Development Plan.

Remarks:

1) Total line length planned: 4,000 km.

2) The lines now under construction or survey work will be the only
lines which will be operated in the future.

3) The start of the operation is planned for 1980 for those now under
construction and 1985 for those now under survey work.

Furthermore, in connection with the super-express network develop-
ment plan of the Japan National Railways (See Fib. VI-1), the operation
of the Rota-Ship should be studied with respect to the comparison of the
huge budget for the railway construction plan with the introduction of
the Rota-Ship, especially as part of the general plan for develcoing
the transportation network in Hokkaido after 1985.

©
KR G?JXT“
,3%10?‘5;'% QY p

ra

ta)

/252



e,

i

~Table VI-7: Tokyo - Izu-Ohshima/Miyake-Jima Line -

In this line, the Rota-Ship roughly designed in this report may
be sufficiently competitive. Although there is an air transportation
demand of over 1.5 million passengers per year at present, the air ser-
vices are substantially restricted by the problems of the airports on
the isolated islands (runway length) and of the airports on the mainland
(airport capacity). Thus, the possibility of the introduction of large-
size HTA aircraft is very limited. However, the possiblity of introdu-
cing high-speed ocean liners such as the Jetfoil in the Sado Line is
great.

Table VI-7. Tokyo - Izo Ohshima I /Miyake-Jima I Line.

Fare Required Line Line No. of Passenger
Time Distance | Speed x No. of Rounds
Ships [Ohshima I. | 3,380{ 4 h (day) 120 km 30 km/h ica. 1,700 x 2
yen| 7 h (night) - (17) rounds per day
(*) i
Miyake I. 4,970/ 7 h (*) 180 km 26 km/h {ca. 1,200 x 1
yen round per day
Ohshima I. |-6,610] 2 h and 120 km 48 km/h |ca. 300 x 1
Tokyo - yen| 30 min. round per day
Atami
Conven- |Ohshima I. 3,500} 40 min. 120 km 180 km/h ;60 x 1 round
tional ye per day
Air- Miyake I. | 5,500 55 min. 180 km 196 km/hi60 x 1 round
raft yen per day
Passen-|Ohshima I.J --~--- 50 min. 120 km 150 km/hf120 x 2
ger |Miyake I.| -----41 h and 180 km 150 km/h{120 x 2
Rota- 10 min.
Ship
Remarks:
(*) Direct Route:
Ships: Ohshima I.: 1) 3,000-ton-class passenger-only
ship.
2) 1,700 passengers.
3) 800 thousand passengers of annual
demand.
Miyake I.: 1) 2,300~-ton-class.
Ohshima I.-Atami-Tokyo: 1) Ohshima - Atami: 300 passenger

high-speed ship
Tokyo-Atami: Super Express Train



Conventional Aircraft: 1) ¥sS-11, TOC = ca. 25 yen per seat
per km.
2) There is no cruising line.
3) Ohshima Airport: 1,200 m x 30 m.
Miyake Airport: 1,100 m x 30 m.

Passenger Rota-Ship: 1) TOC = ca. 30 yen per seat per km.

-Table VI-8: Kochi - Osaka Line - /254

Every line connecting main cities in the Kansal District and Shi-
koku has the same character as the Osaka - Kochi Line. The largest num-
ber of and the most frequent service of YS-11's are provided by this
group of airlines. Since every line crosses Seto Inland Sea, it has a
great advantage over railway transportation. The Osake - Matsuyama Line
has the longest line distance, about 270 km. This distance implies that
the introduction of large-size jet planes may not be motivated by high-
speec, but only by mass-transportaton ability. The Osaka - Tokushima
line has a distance of about 120 m. 1In jits case, demand has reached the
limit and furthermore the line is struggling with the problem of noise.
The major lines connecting Osaka and the ci:ies is Shikoku are:

Osaka - Takamatsu: 10 rounds per day, 140 km
Osaka - Tokuyama: 12 rounds per day 120 km
Osaka - Matsuyama: 6 rounds per day 270 km

Table VI-8. Kochi - Osaka Line.

Fare Required Line Line No. of Passenger

Time Distance | Speed x No. of Rounds
Railway/ 9,130 5 hours 390 km 66 km/h |ca. 500 x 3 rounds
Ship yen 30 min. - per day

6 hours
Conven- 6,100 55 min. 225 km 240 km/h |60 x 23 rounds
tional yen per day
Aircraft
Passenger | ———-- 2 hours 225 km 150 km/h 120 x ?
Rota-Ship
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Remarks:

Railway/Ship: 1) Express Train.
2) Takamatsu - Ube: Hovercraft.
3) Okayama - Osaka: New Super Express JNR Train.
4) Passenger Capacity: 500 - 1,000.
5) Express Fare plus First Class Fare.
6) Uko Ferry Boa%* Line: 2,350 passengers plus
27 freight cars.

Conventional 1) Osaka and Kochi Airports: 25 min. from the center
Aircraft of the city by taxi.

2) ¥S-11l: TOC = ca. 25 yen per seat per km.

3) Cruising Speed = 475 km/h.

Passenger 1) TOC = ca. 30 yen per seat per km.
Rota-Ship:

Although the Osaka - Yonago Line, the Osaka - Izumo Line and other
lines connecting Osaka and the cities in the Sanin District are all on-
the-ground lines, air transportation is significantly advantageous in
these lines. The railway networks run through very mountainous areas and
their line distances are much longer than straight-line distances. How-
ever, the growth of air transportation has been limited, mainly by the
saturation of the airport capacity.

Osaka - Yonago: YS-11: 1 hour, 5 rounds/day, Straight-
Line Distance: 230 km. /255
Railway: 6 hours, Line Distance: 345 km.
Osaka - Izumo: YS-11: 1 hour, 5 rounds/day, Straight-
Line Distance: 270 km.
Railway: 7 hours, Line Distance: 407 km.

-Table VI-9. Fukuoka - Tsushima/Iki Line -

The Nagasaki - Fukue Line (Goto Is., 3 rounds per day) will be
characterized similarly to the Fukuoka - Tsushima/Iki Is. Line. The
Kita-Kyushu - Pusan Line (about 210 km), an international line, is also
a similar line. The disadvantage of the conventional HTA aircraft is
in its inability to cruise along the islands due to the short distances
between islands. If the Rota-Ship is operated in a cruising line con-
necting the islands, the Rota-Ship designed in this report may be com-
petitive in these lines. (cf. The extension of Tsushima Airport's Run-
way from the present 1,500 m to 2,000 m, in order that jet planes may
take-off and land is included in the Third Airport Consolidation Plan.
The construction budget is 6 billion yen.)
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Table VI-9. Fukuoka - Tsushima/Iki Is.

Line.

Fare Required |Line Line No. of Passengers
Time Distance |Speed x No. of ''rounds
Ship Iki I. 2,280 | 2 hours {76 km 2% km/h |ca. 500 x 1 - 2
yen 40 min. rounds/day
Tshushima{ 3,980 | 4 hours |147 km 30 km/h |ca. 500 x 1 ~ 2
I. yen 50 min roinds/day
Conven- Iki I. 3,000 { 30 min. |76 km 150 km/h}60 x 3 rounds/day
tional yen (*)
Aircraft | Tsushima [ 6,000 | 40 min. |147 km 220 km/h|{60 x 4 rounds/day
I. yen (*)
Passen- Iki I. |=-=-=--- 30 min, {76 km 150 km/h|120 x ?
ger
Rota- Tsushima |----- ca. 1 h,[147 km 150 km/h 120 x ?
Ship I.
Remarks:
(*) Direct Flight
Ship: 1) 7 ships of 500-ton to 1,500-ton class.
2) Passenger Capacity: 200-600.
3) Annual Passenger Transportation:
250 thousand passengers (Tsushima)
300 thousand passengers (Iki)
Conventional
Aircraft: 1) ¥S-11: TOC = ca. 25 yen per seat per km.
2) Iki Airport: 1,200 m x 30 m
Tsushima Airport: 1,500 m x 45 m
Passenger
Rota-Ship: 1) TOC = ca. 30 yen per seat per km.
2) Cruising line is possible.
-~ Table VI -10: Kagoshima - Yaku/Tanega Is. Line -
This line has a character similar to that of the Fukuoka - Tsush-
ima Line. Probably, the Rota-Ship designed in this report might be

competitive in this line, too.

In this line, the flight services are

low compared with the annual passenger demand, the line distance is too
short to introduce large~size jet planes, and the runways are too short
to be used by jet planes.
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Due to che distance between the two islands, Tanega ané Yaku Is.,
the triangular line connecting these islands and Kagoshima City is

impossible for the conventional HTA aircraft.

The operation of this

triangular line will be made possible by the Rota-Ship.

Table VI-10. Kagoshima - Yaku/Tanega Is. Line. /256
Fure Required|Line Line No. of Passengers
Time Distance|Speed x No. of Rounds
Ship Tanega I.}4,000 |3 hours [120 km 40 km/h |ca. 2 - 3 rounds
yen (*) per day
Yaku I. 4,930 |3 hours {153 km 38 km/h |ca. 2 rounds per
yen (*) day
Conven- Tanega I.{4,500 |35 min. |130 km 223 km/h 60 x 3 rounds per
tional yen (*) day
Aircraft | Yaku I. 5,100 |45 min. {150 km 200 km/h |60 x 2 rounds per
yen (*) day
Passen- Tanega I.|=----- 1 hour 130 km 150 km/h {120 x ?
ger
Rota-
Ship Yaku I. |----- 1 hour 150 km 150 km/h 120 x ?
Remarks:
(*) Direct Route
1) 3 ships of 1,000~ton to 2,000~ ton class.
2) 790 - 1,000 passengers plus 700-ton cargoes.
3) Annual Average of Load Factor = 40%
4) Cruising line service exists. Distance between
the islands is 50 km.
5) Annual Passengers:
230 thousand: Tanega I.
150 thousand: Yaku I.
Conventional
Aircraft: 1) ¥YS-11l: TOC = ca. 25 yen per seat per km.
2) Tanega Airport: 1,500 m x 45 m
Yaku Airport: 1,200 m x 45 m
Passenger
Rota- Ship: 1) TOC = ca. 30 yen per seat per km.
2) Cruising line service is possible.
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-Table VI-1i: Okinawa - Miyako/Ishigaki Is. Line -

The line which is about 300 km to 500 km long is a field in which
it is difficult for the Rota=-Ship to be competitive. This line, how-
ever, can use only the ¥S-11 plane due to the runway limitation. There-
fore, the Rota-Ship might possibly be competitive. If the Rota-Ship
is scaled up, for example to a 180 to 200 passenger aircraft, so that
the TOC may be reduced to the same level of the ¥YS-11, the operation
of the Rota-Ship can be said to be very promising. Considering the
required time, 10 - 16 hours, by the ships in the line, the air fare
at present is sufficiently competitive with sea transportation,

Table VI-11. Okinawa - Miyako/Ishigaki Is. Line. /257
!
Fare Required |[Line Line No. of Passengers
Time Distance {Speed x No. of Rounds
Ship Miyako I.| 4,600 10 hours |330km 33 km/h |ca. 1,000 x 1
yen round/4 days
Ishigaki | 6,000 16 hours |330km + |30 km/h |ca. 1,000 x 1
I. yen 170km round/ 4 days

Conven- |Miyako I.| 8,600 1 hour 280 km 280 km/h |60 x 10 rounds/

tional yen (*) day
Aircraft |Ishigaki | 11,700 | 1 hour 400 km 300 km/h |60 x 10 rounds/
I. yen 20 min. day
(*)
Passen- [Miyako I,; ====- ca. 2 h. |280km 140 km/h |120 x ?
ger (*)
Rota~ Ishigaki | ====- ca. 2 h. |400 km 140 km/h |120 x ?
Ship I,
Remarks:
(*) Direct Flight
Ship: 3,800-ton Class (1,000 passengers plus 1,200 tons

of cargoes)
Okinawa - Ishigaki I. Direct Route: ca. 12 hours

Conventional
Aircraft: 1) ¥S-11: TOC = ca. 25 yen per seat per km.
2) Miyako and Ishigaki Airports: 1,500 m x 43 m.
3) Cruising Speed of the ¥YS-11: 475 km/h.
Passenger
Rota-Ship 1) TOC = ca. 30 yen per seat per km.

2) Ishigaki Is. if possible.
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(b) Possibility of Cost Reduction of Rota-Ship.

According to the conceptualizing design of the Rota-Ship, described

in this report, the payload is restricted to 10-tcn class (120 passen-
gers) and the aircraft price has been calculated when ten aircraft are
manufactured, as 1.5 billion yen per one aircraft.

The ¥YS-11, the aircraft selected for comparative study in this
chapter, is the model, 180 aircraft of which have been already manufac-
tured. Likewise, if the aircraft price of the Rota-ship is calculated
for the case in which 100 aircraft are manufactured, the estimate would
be considerably reduced.

In addition, the Rota-Ship in this report uses the engines and the
rotors of the BK-117 helicopter which is now in the development stage.
These elements may be an important object for further study. These en-
gines and rotor systems might be too sophisticated for airships. Is
there any inexpensive, high-performance engine which is not as compli-
cated as a helicopter engine and which is capable of tilting the rotor
axis?

Besides, further study must be done on the mass-production affect
on the aircraft parts.

Another possibility of cost reduction is the scale-up of the
aircraft and passenger capacity. With a simple-minded calculation,
if the passenger capacity is doubled, the operating cost may be halved.
One basic difference between LTA and HTA aircraft is the fact
that there are fewer technical difficulties in building large-scale
or giant LTA aircraft. Of course, this fact is a relative finding
comparing LTA ané HTA aircraft. However, at present, 500 to 1,000-
ton class giant airships for cargo transportation are proposed in
various countries in the world. Therefore, it may not be unreasonable
to assume that 10-ton Rota-ship may be easily scaled up to the 20-ton
class without increasing the cost significantly.

In the conceptualizing desigr of the Rota-Ship for cargo trans-
portation, the price of a 30-ton paylovad (about 360 passenger) Rota-
Ship is estimated to be 3.3 billion yen per one aircraft when ten air-
craft are manufactured.

However, whether the aircraft should have a capacity of 120, 200,
or 360 passengers, depends totally on the passenger demand.

In this regard, "Circumstances Surrounding Civil Aircraft Indus-
tries and Their Trends" (published by the Japan Society for the Pro-
motion of Machinery, March 1976) pointed out that "A peak of the trend
of cost reduction by scaling up will be soon seen. In the near future,
it will become very difficult to reduce the effective cost by the scale
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up." This statement, however, was directed to the HTA aircraft industries.
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Concerning the LTA aircraft, "a peak of the trend of cost reduction
by scaling up" has not been predicted yet. It should rather be pointed
out that the future possibilities are still open.

(c) Noise Problem.

The noise of the aircraft is determined by the correlation of the
engine output and the take-off and landing mode. One target of the
STOL aircraft which is now part of a development plan in Japan is the
low noise property comparable to the YS-1l. The engine output and the
take~off/landing mode of the Rota-snip are compared with those of the
¥S~-11 in the following:

(units) = 4,800 HP, VIOL (within 500 m)

Rota-Ship: 600 HP x 2 x 4
2 = 6,000 HP, 1,200 m Runway

YS-11: 3,000 HP x

Since the engine output is about 4/5 of that of the ¥S-11 and the
take-off/landing mode is almost VTOL, the absolute level of the noise
and the area of i.oise pollution will be surely reduced by the Rota-Ship.

(d) Problem of Fuel Consumption.

As shown in Fig. IV-22, the fiel consumption of the Rota-Ship is
about 5/7 of that of the ¥S-11. Therefore, although the aircraft price
is high and the initial investment is expensive, the fuel cost can be
expected to be low.

(e) Marketability in Oversea Markets.

The aircraft which are desired around 1990 and their change in
demands as a world-wide trend are cshown in Fig., VI-2. As seen from this
figure, the most desired aircraft is the so-called wide-body middie/
short~distance jet plane. 1In short or middle distance airlines, the
high-speed provided by jet planes can hardly be expected. The basis
of the demand for jet planes resides in the wide body which can carry
a lar e capacity and the jet engine whose large output can support this
body. Thus, it .an be said that the essential demand is for large-
size (wide body) short-distance aircraft.

The Rota-Ship has the basic characteristics which can satisfy
these requirements.
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Fig. VI-2. World-Wide Prediction of Future Demand for Aircraft,
(Cited from "Circumstances Surrounding Civil Aircraft Industries
and Their Trends," published by the Japan Society for the Promo-
tion of Machinery, March 1976)

Key to Fig., VI-2,

Number of Aircraft.

Standard Middle/Short-Distance Jet Planes

Wide-Body Middle/Short Distance Jet Planes

Standard Propeller/Turboprop Planes

Wide-Body Long-Distance Jet Planes

standard Long-Distance Jet Planes i
STOL Jet Planes

Super Sonic Passenger Planes

TQ O 0 0w
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The growth rates of air transportation are the highest in the Mid-
dle/Near East and the Asia/Oceania Areas. According to "Circumstances
Surrounding Civil Aircraft Industries and Their Trends," which was cited
previously, the growth of the air transportation demand in 15 years from
1975 is predicted as follows:

)}
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1. Middle/Near East 11.2%
2. Asia/Oceania 9,2%
3. Canada 8.7%
4. Africa 7.7%
5. Latin Amcrica 7.4%
6. Europe 7.0%
7. U.S.A. 5.8%

Among Asian countries, the Philippines and Indonesia have numerous
islands and straits and their geographical character is similar to that
of Japan.

Therefore, if an aircraft model is adequate for domestic lines in
Japan, it may be introduced to the markets in those countries without
difficulty.

(f) Influences to Fields outside Passenger Transportation. /260

As mentioned earlier in this report, the predicted influence by
the development of the Rota-Ship includes heavy cargo air transportation,
In this field, it mev be said that conventional HT2 aircraft cannot
satisfy the demand any longer. More specifically, the present demand
of the tz2avy cargo air transportation requires thre augmented payload
of helicopters. If helicopters have already reached the limitation of
their ability to carry heavy cargoes, there is no other air transpor-
tation means which can carry the heavy cargoes (20 to 100 tons) and
which can satisfy social demends, other than hybrid LTA aircraft. Thus,
the Rota-Ship possesses a real potential for beccming a transportation
menas which has no alcternative technique. However, it should be noted
that the Rota-Ship is only one of the hybrid LTA aircraft which may be
applied to this field of heavy cargo transportation and that perhaps
another model of hybrid LTA aircraft with higher performance properties
will be develop-:14.

Finally, the author wiches tn point out that hybrid LTA aircreft
have a basic character which can be applied to a wide range of fields
including passenger air transportation and heavy cargn air transporta-
tion.

Supplementary Remark: According to a recent report oan wind tunnel
experiment data on Helistat by NASA, a stability/control simulation
program shows that the final side displacement is abou: 17 cm (0.55 ft)
in the hovering response to a sharp edge sudden side wind of 16 m/s
(50 £:/s).
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VI-1-3. Hybrid Airships for Heavy Cargo Transport.

40-ton payload and 70-ton payload Skycranes and 30~ton payload
Rota~Ships are studied in this section. Refer to Tables VI-12 and VI-
13 for the comparison of specifications, performance properties and
economical efficiency. ;

(a) Rental Charges of Skycrane and Rota-Ship.

Table VI-13 shows the rental charges (per hour) of the Skycrane
and the Rota-Ship which are calculated based on those by tle conven-
tioaal largest-size helicopters. The actual rental charges may be
much less than the estimates in this table. The scale of 30-ton or
70-ton payload Rota-Ships is about 10 to 20 times as great as the
KV-107 helicopter. Therefore, the fuel cost will naturally be reduced
by mass purchase of the fuel. Helicopters such as the KV-107 are oper-
ated on an irregqular traisportation basis. However, the Skycrane or
the Rota-Ship is designed for the exclusive use of transporting equip-
ment in dam construction or the like. Consequently, the target of the
annual paid flight time has been set at around 1,000 hours. Neverthe-
less, the rental charge, 6 million yen per hour or 4.24 million yen per
hour, of the Skycrane and the Rota-Ship, is directly calculated based
on the operations of conventional helicopters.

Thus, this estimate has been made in a way in which the cost of
a dump truck used in dam construction in deep mountains is calculated,
based on the calculation base for taxis in the cities. The results
shown in Table VI-13, hcwever, are only numbers which result from a
certain standard. The author feels that these numbers are almost the
upper limits of tle possible estimates. Nevertheless, one cannot ex-
pect that these numbers may be halved according to another estimate. 1
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Table VI-12

SKYCRANE ROTA-SHIP (CARGO)
Gross
Weight 47-Ton 7G-Ton Remarks | 30-Ton Remarks
Payload Payload Paylcad
75 tons 123 tens 68 tons
Payload 44 tons 74 tons 36.7 tons
(includ- (Fuel: (Fuel: (Fuel:
ing Fuel) 4 tons) 7 tons) 6.7 tons)
Cruising 50 + 50 + 100 km/h
Speed 18.5 18.5
km/h km/h
Distance 150 km 150 km Ascent 330 km Ascent
of plus plus Limit: Limit:
Cruise 30 min, 30 min.
of Hov- of Hov- 1,000 m 2,000 m
ering ering
(*) (*)
Size IBalloon; 25 m 29 m 90 m
Radius (total
Length)
Wing 46 m 49 m (**) 30 m
Radius (Total
Width)
Rotas [1.9 1.25 | ] ==~--
tion rad/s r.p.Se
of wing| (10
Balloon| r.p.m.)
Gas ca. .| ca. 3
Volume | 60,000 m”| 100,000 36,000 m-
m->
Pro- jEngine Rotor System
pul- 4 x 4 x 8 x of KV-107
sion 1,800 HP | 2,800 HP 1,400 HP Helicopter
Pro- 4-Blade 4-Blade 3~Blade
peller | (D: 6m) (D: 6m) {(D:15m)

~-continued-
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No. of Crew
Members 5 5 4

Price per 3.1 bil- | 4.6 bil-

one lion yen | lion yen | (***) 3.3 billion (k%)
Aircraft ven (4.1 bil-
lion yen)

Supplementary Remarks:

(*) Winds of 10 knots (5 m/s) are considered.
(**) The distance from the center of the balloon to the wing tips.
(***) When ten aircraft are manufactured.
(****) wWhen ten aircraft are manufactured.
The amount in parenthesis is that in the case where one air-
craft is manufactured.

Table VI-13.

Duration| Distance
Model Rental Payload of Cruisdof Cruise Speed
Skycrane per Hour | 70 tons 3 hours {150 km 50 km/h
600
millicon
yen
Rota-Ship 424 mil-
lion yen | 30 tons 3 hours [333 km 110 km/h
KvV-107 74 mil- 3.4 tons | 3 hours {700 km 236 km/h
lion yen

In the following, the performance properties of each aircraft
will be described.

(b) Performance of Skycrane.

The ascent limit, 1,000 m, of the Skycrane is unsatisfactory in
connection with its considered uses. Among planned hydroelectrical
power plants, pumped-strage plants will be constructed at a high al-
titude, possibly up to 2,000 m.

In this study, the basic question concerning the Skycrane was
whether an object with the shape of the Skycrare can actually fly or
not, Therefore, sufficient study has not been maa=z concerning the
performance of the Skycrane when loading and unloading heavy cargoes
and the accommodation of the Skycrane on the ground.
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Hence, more detailed studies must be done with further conceptual-
1cing designs in order to make the idea more concrete.

The results shown in this report must be considered as the first
representation of an image of a flying object which may be a tool for
transporting about 70-ton payload.

«¢) Performance of Rota-Ship (for leavy-Cargo Transportation).
E N £

The cruising speed, 100 km/h, of the Rota-Ship fc. heavy cargo
transportation is probably more than the required performance property,
compared with its uses. As seen in the report made by the Asahi Heli-
copter Company, when a helicopter transports a suspended cargo, the
operational speed is at most 30 km/h. When an aircraft carries a sus-
pended cargo outside its body, it cannot fly at high speed. Therefore,
the speed of 100 km/h is not adequate for heavy cargo transportation
means such as the Rota-Ship. This inadaquacy results from the fact
that the conceptualizing design of the rota-ship was made under the as-
sumption that it uses engines and rotor systems of a large-size heli-
copter which is available in the Japanese market. The selected rotor
and engines cost 400 million yen per unit and 1.6 billion yen per unit,
respectively. These elements must be replaced in the course of further
development of the practical uses of the aircraft.

In addition, for a flying object which travels at a low speed,
30 to 50 km/h in deep valleys or mountains the fineness ratio of the
airship portion had better be chosen so that the body is almost a
ball and is more compact.

{(d) Demand in the Market.

Perhaps it is too early to present an estimate of the demand in the
market in terms of yen-value at the present stage of study. Among the
committee members responsible for this cahpter, there was a strong feel-
ing that such an estimate should not ba made at the present stage.

However, anticipating heavy criticism, the author dares to present
a computed result for the following two reasons: First, a rough esti-
mate of the scale of the market may be necessary. Second, for the next
stage of the study, it may be useful to present a methodology which is
prepared for the further critics.

It should be repeatedly pointed out, however, that the following /263

estimates are based on a set of assumptions whose validity has not been
proven, and that there may be many errors in the data used.

The objects of the survey are limited to the electric power in-~
dustries. They are the fields of inland construction of power plants,
power transmission lines and power substations.
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Of course, there is demand for heavy cargo air transportation in the
industrial fields outside these areas in Japan. However, in this sec-
tion, such demand is excluded.

In addition, in various countries in the world, power plants are
being constructed by Japanese or foreign companies. This survey, how-
ever, excludes such oversea markets.

Table VI-4. lists the possible cost reduction by the potential
air transportation means which can carry cargoes from 20 tons to 100
tons in construction works concerning electric power industries in
Japan.,

According to this estimation, the demand is anticipated to be
11 billion yen per year and 110 billion yen for ten years.

The amount of the construction works and the total construction
cost are based on the Electric Power Development Plan and are the most
cz-i tain values.

The objects of cost reduction are classified into two categories:
(1) cost reduction of civil engineering works due to the reduction of
construction period, and (2) reduction of transportation cost.

It is estimated that the cost of civil engineering works occupies
about 50% of the total construction cost on average including pumped-
strage, common hydroelectric and geothermal power plants. This frac-
tion, however, varies according to the type of the construction. For
example, it is estimated to be more than 50% in common hydroelectric
power plant constructions.

(1) Cost Reduction of Civil Engineering Works Due to Reduction
of Construction Period.

The estimate of this cost reduction is based on the following
basis.

In a case of constructing a power station with 50 billion yen of
the cost of civil engineering works, the construction period is estima-
ted to be 5 years (60 months) and 6 months are estimated to be consumed
for the civil engineering works _ncluding construction of tunnels and
bridges. If civil engineering equipment can be carried to the mountain
side by air, the work can be started from the both sides. Assuming
that the construction period is thus reduced by 3 months and that the
interest and the expenses are 7% and 5% respectively, (in total 12%),

50 billion yen x 12% x (3/60) 50 billion yen x 0.6

=300 million yen

can be saved. It is for this reason that cost of the civil engineering
works is estimated to be reduced by 0.6%.
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Table VI-14. Estimated Annual Amount Saved /264
Construction Costs Which Saved Amount] Estimated Payload
Objects and can be Saved | by LTA Total Amount | Required for
Total Const- Aircraft Saved LTA
ruction Cost
(1) Pumped- (a) Civil 0.6%
Storage Power |Engineering 330 million
Plant Works: yen
110 billion 50% of the ca. 1.2 bil- {50 tons
yen total cost lion yen (most
55 billion desired)
yen
(b) Heavy 40%
Cargo Trans-
portation 800 million
1,200,000 Cost yen
kW 2% of the
total cost
2.2 billion
yen
2] Common (a) Civil 0.6%
Hydroelectric Engineering 450 mmillion
Power Plant Works: yen
150-250 50% of the
Billion yen total cost
45,000 - 75 billion ca. 1.7 bil- |50 tons
80,000 kw yen lion yen (most desired)
(b) Heavy 40%
Cargo Trans- | 1.2 - 2
portation billion yen
Cost
2% of the

total cost
3 -5
billion yen

(3) Geothermal | (a) Civil 3%
Power Plant Engineering
? billion years| Works: ? billion
300,000 - 50 % of the yen
500,000 kw total cost
? billion yen 1.1 billion 50 tons
(b) Heavy 40% yen (mostly
Cargo Trans- | 1 billion desired)
portation yen
Cost
2% of the to-
tal cost
2.5 billion
yen
-continued- 30T



(4) Trans- Transporta~ 10%
mission Lines tion Cost of | 4.2 billion 4.2 billion 20 tons
and Iron Members yen yen is
Towers 6% of the sufficient
700 billion total cost (*)
yen 42 billion

yen
(5) Power Heavy 5%
Substations Equipment

Transpor- 2.8 billion 2.8 billion 100 tons
Heavy Cargoes: | tation yen yen is desired
390 billion probably.
yen 13% of the

total cost
Total:
700 billion In Total:
yen 390 billion

yen x 13%

= 50.7 bil-

lion yen

Remark:

In this case, the following question has been raised:

(*) The

maximum payload of the conventional helicopters
is 3.3 tons and they cost 740 thousand yen per hour.

Can the total construction, 50 billion yen, be borrowed only for the

initial construction works such as tunnel or road constructions?

correction must be made through -:he future course of the study. 1In
obtaining the estimates represen.'? in this section, the estimating
method mentioned akove has been accc.ted as a tentative calculation.

(2) Since the members who were engaged in the survey concerning
this section are actually in charge of management of the heavy cargo

transportaion in power plant construction, the estimates of heavy cargo

transportation cost can be thought to be most accurate.

The following is cost analysis of an example, 0 Pumped-Storage
Power Station which is now being constructed in the deep mountains
in Kii Peninsula:

*Station Scale:
*Total Construction
Cost:
*Transportation Dis-

tance around the

ca. 1,200,000 kW

78.8 billion yen

Construction Site: 57 km
*Total Transportation

of Electric Power
Generating Equipment:

342

16,000 tons (100%)

Some
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*Cargoes Heavier Than

20 tons (Object Limited

by Vehicle Weight
Limitation Rule):

*Direct Transportation
Cost:

(From Factories in
Tokyo -~ Yokohama

Area to Construction
Site)

*Indirect Trans-]
portation Cost:

*Total Transportation
Cost, the Sum of the
Direct and the Indir-
ect Transportation
Costs:

*Fraction of Heavy Cargo

Transportation Cost in
the Total Construction
Cost of Power Station:

112 packages: 20 tons or lighter
80 packages: 30 tons or lighter
122 packages: 40 tons or lighter
18 packages: 70 tons or lighter

50,000 -100,000 yen/ton

(x 3,500 tons = 480 - 950 million
yen)

Total: ca. 1.1 billion yen
Reinforcement of Bridges:
230 million yen

Detour Routes (8 km):

300 million yen
Compensation for Prefecture
Road:

500 million yen
Reinforcement Works for
Underground Equipment:

70 million yen

ca. 1.6 billion yen to
2.0 billion yen

1.6 billion yen/78,.8 billicn yen
to

2.0 billion yen/78.8 billion yen

= ca.2 %

According to the above statistics, it was concluded that the
fraction of heavy cargo transportation in the total construction cost
is estimated at about 2%.

The judgment that the cost of heavy cargo transportation can be
reduced by 40% by the LTA (or 60% cannot be reduced) was made by the
committee members in charge of this section, taking a glance at the
conceptualizing designs ¢ ¢ the Skycrane and the Rota-Ship for heavy
cargo transportation.
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The number, 40% should therefored be accepted as a variable with
substantial uncertain factors. Rather, this number can ke interpreted /26(
as an index showing the lower limit which enables a transportation
tool to be feasible in the construction sites.

(3) The estimates concerning with the power transmission line con-
struction are based on an example, S. Line Construction Plan (T Elec-
tricity Company) which is now being carried out.

The outline of this construction is seen in the following:

*Total Line Length: 126 km

*Power Transmission

Capacity: 10,000,000 kW
500 kv

*Total Construction Cost: 45 billion yen excluding land use
costs.

*Construction Period: 3 years

*Total Weight of Construction

Materials: 216,000 tons

*Transportation Means:

Weight Transportation Unit Cost
Cost
Helicopter 36,000 tons 1,800 million yen| 49,000 yen/ton
(17%) (67%)
Freight~
Carrying Cable | 102,000 tons 600 million yen 1,700 - 4,000
(47%) (22%) yen, ton
Truck 78,000 tons (36%)[ 300 million yen 4,000 yen/ton
(11%) -

* This construction plan is one of the largest scale among power
transmission line constructions in Japan. However, the fraction
of the helicopter uses (measured by the transported weight) in
this construction works sceems to be very low. This fraction is
expected to be about 30 - 40 % in the future.

* The fraction of the matcerial transportation cost in the total
construction cost is:

2,7 billion yen

45.0 billion yen
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*Helicopters Presently Used in Power Transmission Construction

Works:
Payload Charter Fare Available No.
of Units

Bell 204B 0.8 - 1.2 tons 414,000 yen/h 14
Bell 214B 2,5 - 3.3 tons 740,000 yen/h 2
Vertol KV107 2.5 tons 688,000 yen/h 3
Others = | ======== | ===————==- 9
Total 28

*Annual Weijht Transported by Helicopter
(Tokyo Electricity Company):

80,000 tons - 100,000 tons.

*Annual Weight Transported by Helicopters
(10 Electricity Companies in Japan):
about 250,C00 tons

Based on the data above, the fraction of material transportation
cost in the total construction cost is estimated to be 6%.

A question is: What percentage of this transportation cost can be
saved by using a new air transportation means (hybrid airship)? 1In
this study, this percentage has been selected to be 10%., Unfortunately, /267
there is no definite ground for this estimate. However, considering
the time of introducing the aircraft with the payload which is about ten
times as great as that of the presently used helicopters, 10%, or 4.2
billion yen, might be an under-estimation. Anyhow, in this report,
10% has been selected for a tentative calculation,

($) Tn case of construction of power substations, the estimation
was done also based on the data from the actual constructions. (The
detailed description is omitted here.) Unfortunately, the resultant
estimate, 5% and 2.8 billion yen, has no definite ground.

When comparing transmission line tower construction and power sub-
station construction, the former may be carried out by only using trans-
portation means of 20-ton payload with less difficulty. Due to many
heavy equipment installed in a power substatioun, transportation tools
which have the payload of 100-ton-class are hoped for in its construc-
tion.
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In each case, no definite ground for each estimate has been shown
in the stage of this survey study. More reliable estimates are left
to the further, more elaborate studies.

Nevertheless, the members who are in charge of this section feel
that there will be a total annual demand which is greater than 10 bil-
lion yen. This conclusion is rather intuitive based on the exneriences
which the committee members have accumulated in the past works in the
relevant fields, than a result obtained from a statistical analysis
of the data.

VI-2, Cororehensive Evaluation of LTA Aircraft as a Whole.

The committee members of this survey study have been studying
technical possibilities of LTA aircraft, market conditions for them,
their social impacts, etc., for the past three years. The objects of
the study were:

(1) Small-Size Non-Rigid Airship...........S5urvey on Presently
Used Aircraft. |

(2) Small~Size Rigid Airshipeececececees. . .Conceptualizing Design

(3) Small-Size Semi-Rigid Airship...e¢......Conceptualizing Design

(4) Large-Size Rigid Airship

(5) Balloon System for Cargo Handling

at Harbor............ ceescsaseacaas ««..Conceptualizing Design
{6) Balloon System for Observation

and Monitoringe........ ctesese e .Conceptualizing Design
(7) Hybrid Airship (for Passenger)....... . .Conceptualizing Design
(8) Hybrid Airship (for Heavy = Cargo

Transportation) .......iceiviiernrnenens .Conceptualizing Design
(9) Hybrid Airship (Rota-Ship for

Passenger Transportation).e..ceceeecesns Conceptualizing Design

(10) Hybrid Airship (Rota-Ship for

Heavy-Cargo Transportation and

SKYCIrane) ceseeeessessnnacenesacanssnns .Conceptualizing Design
(11) Hybrid Airship (Megalifter Type)
(12) Auto-Piloting System for Suspended Gondola

Table VI-15 shows the technical possibilities (the circumstance
of the "seeds"), the market conditions (the circumstance of the "needs")
and the environmental conditions of a whole society for each of the
above objects of this study.

After such a discussion and after having investigated the develop- /268
ment stages in foreign countries (Cf, Oversea Reference Material I),
it was concluded that the objects are classified into the following
groups which are ordered by their priority status as objects which
Japan should deal with.

340



1st Group: (7), (8-i) and (8-ii)
2nd Group: (1), (5), (6) and (10)
3rd Group: (9) and (4)

It should be noted that the development of (1), (9), (4) and (10)
would be largely done in the course of the development of the objects
in the first group. Also, the objects (1) and (6) will use a similar
hull shape with different propulsion means and may be included in one
developmrent plan.

The ground for the fact that the first group includes only (7)
and (8) is not very firm, It is mainly based on the fact that the
Helistat type aircraft are ahead of other type of LTA aircraft in
their development stages in France and the U,S.A. LTA aircraft other
than the Helistat type aircraft will change their status in the course
of the future detailed studies.

Nevertheless, despite of many uncertainties in the predictions,
it is concluded that, if overall study and a.velopment of LTA aircraft
are desired, the promotion of the development of the LTA aircraft
in the first group is the best in terms of preferable impacts to the
development of all useful LTA aircraft.

Table VI-15. Comprehensive Evaluation of LTA Aircraft as a Whole./269

(1) Small-Size Non-Rigid Airship.

Technical Possibility: Is sufficiently technically feasible.
There is no significant technical in-
fluence to other fields.

Is feasible also economically.

Market Condition: Considerable demand exists in the fields
of monitoring, observation, advertisement,

sight-seeing, etc. Also, the demand in

the markets of ocean survey and surveil-

lance will grow significantly.

Problems and Remarks: *The present task is to reinforce the
operating organization and systems.
*Poor maneuvering performances are the
biggest problem to be questioned.
*At present, several aircraft are being
used in foreign countries. In Japan,
it was used twice in the past.

(2) Small-Size Rigid Airship.
Technical Possibility: A conceptualizing design was done.
Is technically feasible,
However, the economic efficiency is
questionable.
Market Condition: Same as (1)
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Problems and Remarks:

*It is important as an experimental
aircraft in preparation for the de-
velopment of large-size rigid airships.

(3) Small-Size Semi-Rigid Airship.

Technical Possibility:

Market Condition:

(4) Large=-Size Rigid Airship.

Technical Possibility:

Market Condition:

Social Influences:

Problems and Remarks:

A conceptualizing design was done.
Is technically feasible.

However, the economic efficiency is
guestionable.

Same as (1)

No conceptualizing design was done.
Perhaps economically efficient.

The detailed discussions on the tech-
nology are left to further studies.

In the future era when large amount of
air cargo are carried by regularly op-
erated aircraft, this aircraft may be-
come very important.

Energy conserving

Low noise property.

Requires less airport land.

*In "View on Aircraft in the 21st century,"
which has been recently publisted . by
NASA, one of the three realizable impor-
tant targets is a cargo transportation
aircraft of 1,000-ton class. (The other
two are super sonic aircraft for inter-
national lines and VTOL aircraft for
connecting cities.)

*The technique may be interconnected with
that of the Megalifter.

*If a nuclear engine is developed in the
future, this aircraft may attract much
attention.

(5) Balloon System for Cargo Handling at Harbor.

Technical Possibilitv:

Market Condition:

Problems and Remarks:

343

Is technically feasible.

A conceptualizing design was done.

Is economically efficient.

There are promising markets in develop-

ing countries.

The domestic markets cannot be hoped

for much.

*A survey study is being done by the
Japan Soc: vy of Aeronautics and Space
Industries.

*The one for forestry use is now in the
stage of trial manufacturing in a plan
by the Ministry of Agriculture and For-
estry.

*The balloon is ball-shaped or tear-
drop shaped.
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(6) Balloon System for Observation and Monitoring.

Technical Possibility:

Market Condition:

Problems and Renarks:

Is sufficieutly technically feasible.

More advanced techniques are now sought.
Is economically efficient.

There are promising domestic markets for

marine sucvey and pollution monitoring.
*The balloon may provably be stiream-
line-shaped.

*A study is being done by the Japan
Society of Aeronautics and Space In-
dustries.

(7) Hybrid Airship (Passenger Rota-=Ship).

Technical Possibility:

M=rket Condition:

Social Influences:

Problems &ud Remarks:

A conceptual design was done.

The technical possibility is verv sure.

The economical efficienc will soon

enter the region where it is competitive.

There are expected manv influences to

other fields.

Is promising in short-distance airlines

in Japan.

Aslo, in island countries around Japan.

1s also promising as short-distance

mass—-transportation aircraft in the
world's markets.,

Znergy conserving.

Low Noise property.

Requires less airport land.

*One of the three big targets described
in "View of aircraft in the 21st contury"
by NASA is VTOL aircraft for connecting
cities.

*Some problems wmuch as the ability of
regular operation in airline are left
to fnrther studies.

(8-i) Hybrid Airship (Heavy-Cargo Rota-Ship).

Technical Possibility:

Market Condition:

A conceptualizing design was done.

The technical possibility is very sure.
The economic efficiency is slightly
short.

There are expected many influences to
other fields.

There arc big markets in Jcpan.

There are no alternative means.

If beirg successful, the aircraft will
be desired from the oversea markets.
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Social Influences:

Problems and Remarks:

Is deeply connected with the government's
energy development p!lans.,
May prevent pollution, environment destroy-
ing, etc, in connection with road const-
ructions.

*Contains a possibility of inducing a

kind of “technological innovation."

*The devlopment is greatly desired by
electric power and heavy equ.pment
industries,

(8-1ii) Hybrid Airship (For Heavy-Cargo Transportation) : Skycrane,

(9) Hybrid Airship (Megalifter

Technical Possibility:

Market Condition:
Social Influences:
Problems and Remarks:

A conceptualizing design was done.

The technical possibility contains many
unicertain elements,

Economical Erficiency 1s expected.

Same as (8--1)

Same as (8-i)

Same as (8-1)

Tvpe).

(10)

Technical Possibility:

Market Condition:
Social Influences:
Problems and Remarks:

The detailed technical studies are left

to the future development.

Economic efficiency has not been confirmed
Same as (4)

Similar to (4)

*The development is now at the stage of
basic technological study.

*If a nuclear engine is developed, this
aircraft will o tract much attention.

Auco-Piloting Means for Suspended Gondola.

9

Technical Possibility:

Problems and Remarks:

Is technically feasible.

Economic efficiency has not been confirmed.
*This device is msed in combination

with the aircraft (1) through (9).
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