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Introduction /I - 
A survey study has already been under way i n  our country f o r  

the p a s t  two years concerning the  questions: what a r e  LTA c r a f t  
and of what use arc they? The survey has been sponsored by t h e  
Japan Society f o r  the Promotion of Machine Industry. I n  t h i s  

survey, a general study has been made of t h e  conventional types 
of small and large-size a i r sh ips  and of t h e  p o s s i b i l i t i e s  of 
balloon systems i n  new appl icat ions.  

During the  ccurse of these s tudies  It was fel t  t h a t ,  i f  t h e  
conventional types of a i r s h i p s  were t o  be used without any fu r the r  
modificatiors,  t h e i r  appl icat ions would be l imited t o  uses such 
as a i r  pa t ro l l ing  i n  view of t h e i r  extremely slow cru is ing  speed 
i n  cdmparison with the  HTA a i r c r a f t  of today and t h e i r  highly 
i n f e r i o r  maneuvering propert ies .  

Nevertheless, LTA c r a f t  a l s o  have a number of advantages. 
Thus, if hybrid LTA a i r c r a f t  were t o  be  combined with HTA a i r c r a f t  
i n  various ways, i t  might be possible t o  per fec t  new types of 
a i r c r a f t  i n  which t h e  drawbacks of both would be eliminated and 
the advantages of both would be displayed t o  the  f u l l .  Attention 
has been paid t o  t h i s  point i n  various countr ies  of the  world, and 
numerous plans f o r  elifferent combinations have already been made 
public t h u ~  f a r .  Naturaily, the drawbacks of the  LTA w i l l  s t i l l  
remain. That is, s ince the buoyant gas has l i t t l e  s t a t i c  buoyancy, 
the s i ze  of the  vehicle as a whole w i l l  be qu i t e  la rge  i n  comparison 
t o  i ts t o t a l  weight, and there  w i l l  be many problems i n  handling 
$hem on the  ground. In  addition,  the  p r i ce  of a hybrid LTA w i l l  
natural ly  be more expenslvc than t h a t  of a pure LTA. Even a t  t h a t ,  
i s  there not a demand somewhere f o r  one type of hybrid LTA o r  
another? A s  soc ia l  conditions have been changing, the  demands 
on a i r c r a f t  have become more and more multi-faceted. Are t h e r e  
not some markets somewhere which some s o r t  of hybrid LTA could 
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s a t i s f y  under more advantageous condition8 i n  a f i e l d  where t h e  
requirements cannot be f u l l y  met by conventional HTA o r  means of 
land t ransport?  

Qul te  recently,  the  existence of such markets has become 
apparent t o  us with considerable c l a r i t y .  The chief  purpose of 
t h i s  survey was t o  sketch out, as vividly as was possible,  t h e  
out l ines  of these markets and t o  e luc ida te  the  possible technolo- 
g ies  which might be able  t o  meet t h e i r  requirements. 

The r e s u l t s  of t h e  survey showed t h a t  the re  a r e  markets 
where there Is a g rea te r  p o s s i b i l i t y  of r e a l i z a t i o n     at we had 
formerly supposed, and t h a t  there  a r e  s o c i a l  requi rerents  more 
urgent than we had imagined. One possible  a rea  i s  t h a t  of short- 
dis tance t ransport  of heavy cargoes by hybrid LTA consis t ing of 
a combination of he l icopter  r o t o r s  and LTA. This a r e a  has a t t r a c t e d  
the  a t t en t ion  of s p e c i a l i s t s  i n  America and France, where research 
i s  already under way. Furthermore, it was suggested i n  our survey 
tha t ,  under ce r t a in  conditions, hybrid LTA a i r c r a f t  might be able 

t o  operate t o  b e t t e r  advantage than HTA STOL cargo planes i n  t h e  
f i e l d  of short-distance mass passenger t ranspor ta t ion  within Japan. 

Of course, we have only reached t h e  end of our f i r s t  s tage  of 
approach t o  technological s tudies  concerning hybrid LTA. Never- 
the less ,  a s  far a s  we can t e l l  from the  r e s u l t s  of t h i s  survey 
study, it w i l l  d e f i n i t e l y  be worth our while t o  move ahead t o  the  
next stage.  In  the  next stage,  our study w i l l  not be l imited t o  
merely theore t i ca l  surveys; i n  p a r a l l e l  with these,  we ought a l so  
t o  move one s t e p  forward i n  the  d i rec t ion  of ac tua l ly  building 
something. 

Since LTA c r a f t  have vanished from the  aeronautics world f o r  f : 

t 

a long time, they a r e  qui te  unfamiliar i n  general  t o  s p e c i a l i s t s ,  1 ? :  i 
and there  a re  probably many who, on the  bas is  of t h e i r  impressions i 1 1 ; 
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of the old airships of many years ago, have a negative opinion of 
them and think that they do not meet the requirements of contemjo- 

rary society. 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 

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 i 

requirements of society and of manufacturing which cannot be I i 
satisfied by automobiles, railroads, seagoing vessels, and HTA 1 
(heavier-than-air) aircraft alone? j 
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LTA (lighter-than-air) aircraft have been attracting attention 
as one of the means of transportation for coping with the new 

requirements of society. That is, they have good VTOL performance, 

large transport c~pacities, 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 



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 alsfl 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 social-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 w3ich might be able to solve these requirements. Our purpose 
in this was to match the "needsn and the "seeds. n 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 field, 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. Topic Studied 

Survey st,udies have previously been made of some types of 

aircraft belonging to the LTA aircraft field, such as conventional 

typestof small and large-size airships and balloons. Consequently, 
the materials concerning the above-mentioned types of. LTA have 

already been published, and we have used the results of these 

survey s tudit?s. 

Therefore, in this survey study we limited our technological 

study to a single topic: the hybrid type LTA. 

1) These words are in English in the orlginal. - Tr. 
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3. Organleation of the Survey Study 

An 'LTA Aircraft Systems Commftteen 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 /ill 

of specialists from 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 t 

[Members] (Not listed 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 official, Aircraft Division, Aircraft 

Business Department, Mitsubishi Heavy Industries, Ltd. ! 

Tadao Takahashi, director, Planning Department, A-,*craft 

Business Headquarters, Kawasakf Heavy Industries, Ltd. 

Susumu Kuwahara, director, EPDC International 

Shinzo Tanaka, president, Airship Development Organization, 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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Takayuki Hirano, d i rec to r ,  General Coordination Section, 
2echnology Research and Information Division, General 
Coordination Department, Agency of I n d u s t r i a l  Science 
and Technology 

Hidefusa Miywia, d i r ec to r ,  Aircraf t  and Ordinance Section, 
Aircraft  and Ordinance Division, Machinery and Information 
Indus t r ies  Bureau, Ministry of In terna t ional  Trade and 
Industry 

Ikuo Toyama, s3aff s p e c i a l i s t  f o r  technology research, 
Technology Research acd Information Division, General 
Coordination Department, Agency of I n d u s t r i a l  Science 
and Technology 

Mitsuaki Takeda, s t a f f  s p e c i a l i s t  f o r  technology research, 
Technology Research and Information Division, General 
Coordination Department, Agency of I n d u s t r i a l  Science 
and Technology 

Soichi Nagamatsu, a s s i s t a n t  sec t ion  chief ,  Aircraf t  Technology 
Unit, Aircraf t  and Ordinance Division, Machinery and 
Information Indus t r ies  Bureau, Ministry of In terna t ional  
Trade and Industry 

[Working Group ] 
Aklra Azwna, professor,  University of Tokyo 
Korin Oka, ch-'ef o f f i ce r ,  Aircraf t  Basic Design Division, 

Second Technology Department, Nagoya Aircraf t  Works, 
Mitsubishi Heavy Industr ies ,  Ltd. 

Akihlko Onden, Office of Senior Off icer  f o r  Development 
Progrags, General Coordination Department, Agency of 
Indus t r i a l  Science and Technology 

Motohisa Komatsu, d i r ec to r ,  Heavy Cargo Transport Department, 
Tokyo Shibaura E lec t r i c  Co., Ltd. 

Yoshinori Sakai, a s s i s t a n t  sect ion chief ,  Basic Planning 
Division, Technology Department, Aircraf t  Business 
Headquarters, Kawasaki Heavy Indus t r ies ,  Ltd. 
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Norio Yamanouchi, chief official, Market Survey Section, 
Planning Office, Private Cargo Plane Development 

Association, Inc. 
Kaeumssa Iinuma, researcher assigned by Japan Industrial 

Technology Association to post of secretary-general, 
Bouillant Aviation Conference Secretariat 

[Secretariat ] 
Tsuneo Momoda, director, Japan Industrial Technology 

Association 
Kazumasa I i n ~ ,  researcher, Japan Industrial Technology 

Association 
Isshi Watanabe, director-general, TA Department, Japan 

Industrial Technology Association 
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Chapter I .  OUTLINE OF VARIOUS LTA AIRCRAFT SYSTEMS 

CONTENTS 

............. 1-1. D e f i n i t i o n  and C l a s s i f i c a t i o n  of  LTA A i r c r a f t . .  l* 
1-1-1. Balloons. . .  .......................................... 1 
1-1-2. A i r sh ips  .....................................,.......2 

1-2. P o s i t i o n s  of  Vario7-a Types o f  A i r c r a f t  i n  t h e  Overa l l  
System of  Aeronaut ic  Technology .......................,.....4 
1-2-1. Basic  Funct ions  o f  A i r c r a f t  ..........................4 
1-2-2. Comparison o f  Bas ic  F u n c t l . n s  of  Various A i r c r a f t . . . . 7  

1-3. P a s t  Achievements i n  LTA A i r c r a f t  Research i n  Our 
Country ..................................................... 9  
1-3-1. O~tline.........................................~....g .................................. 1-3-2. F l r s t  Survey Study 13  ................. ( a )  Small-Size L T A v s . . . . . . . . . . . . . . . . .  1 3  

( b )  Large-Size LTAts......................,...........17 ................................. I-3-3. Second Survey Study 19 .......................... ( a )  L T A t s  f o r  Cargo-Handling 2 1  
( b )  Domestic Product ion  of Small-Size L T A t s  ................. f o r  Use i n  Urban Areas . . . . . . . . . . .  2 2  
( c )  Survey on Ground F a c i l i t i e s . .  ..................... 24 
( d l  Laws Concerning Opera t ing  Organ iza t ion  ............ 24 

1-1. D e f i n i t i o n  and C l a s s i f i c a t i r n  of LTA A i r c r e f t .  *  : . - . :  

A i r c r a f t  a r e  c l a s s i f i e d  according  t o  whether they  are h e a v i e r  o r  
l i g h t e r  t h a n  a i r :  HTA (heav ie r - than-a i r )  a i r c r a f t  o r  LTA ( l i g h t e r - t h a n -  
air) a i r c r a f t .  

The f ixed-  and ro tary-wing a i r c r a f t  which a r e  mainly used a t  pre-  
s e n t  a r e  c l a s s i f i e d  a s  HTA a i r c r z f t ,  wh i l e  b a l l o o n s  and a i r s h i p s  a r e  
c a l l e d  LTA a i r c r a f t .  LTA a i r c r a f t  a r e  equipped wi th  a t r  t a n k s  T i l l e d  
w i t h  g a s  1 .  :ch i s  l i g h t e r  t h a n  a i r  and which r e n d e r s  buoyancy t o  t h e  
a i r c r a f t  s o  t h a t  i t  can s t a y  i n  t h e  a i r .  

LTA a i r c r a f t  a r e  c l a s s i f i e d  i n t o  two broad c a t e g o r i e s ,  1) b a l l o o n s  
and 2 )  a i r s h i p s .  Th i s  c l a s s i f i c a t i o n  i s  based upon t h e  e x i s t e n c e  o r  t h e  
l a c k  of  h o r i z o n t a l  s e l f - n a v i g a t i o n  a b i l j t y .  Needless t o  say ,  t h e  LTA 
a i r c r a f t  which have h o r i z o n t a l  s e l f - n a v i g a t i o n  a b i l i t y  a r e  a i r s h i p s  and 
t h o s e  wi thout  i t  a r e  b a l l o o n s .  (See F ig .  1-1.) 

Usual ly ,  b s l l o o n s  a r e  c a t e g o r i z e d  i n t o  c a p t i v e  b a l l o o n s  ( b a l l o o n s  
moored t o  mooring r o p e s )  and f r e e  b a l l o o n s  ( b a l l o o n s  not  moored),  Clas- 

* Page Nu.nber i n  T r a n s l a t e d  Text .  

Numbers I n  t h e  margin i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  



s i f i c a t i o n  of ba l loons  according t o  t h e i r  s t r u c t u r e ,  such a s  r i g i d  and 
non-rigid ba l loons ,  d i d  not  exist i n  t h e  p a s t .  A l l  t h e  ba l loons  b u i l t  
i n  t h e  p a s t  had a non-rigid s t r u c t u r e ,  l i k e  t o y  ba l loons .  Why r i g i d  
ba l loons  have never appeared i n  h i s t o r y  may be expla ined by t h e  l a c k  
of demand f o r  ba l loons  s o  huge t h a t  t h e i r  s t r u c t u r e  must be r i g i d .  

Amcng t h e  well-known f r e e  ba l loons  are t h o s e  used f o r  meteoro- 
l o g i c a l  obse rva t ion  i n  t h e  apper l a y e r  o f  t h e  e a r t h ' s  atmosphere, o r  
those  used f o r  cosmic ray  obse rva t ion  i n  i t s  uppermost l a y e r .  These 
ba l loons  a r e  not  manned. Up u n t i l  t h e  193OPs,  however, manned b a l l o o n s  
had been used f o r  obse rva t ion  purposes.  The most ou t s t and ing  achieve-  
ment i n  t h i s  a r e a  was t h a t  o f  A .  Piccard  and Kipfer  who reached t h e  
s t r a t o p h e r e  (15,500 m), i n  a  ba l loon  which had a n  a i r - t i g h t  chamber 
under i t .  

i iecently,  manned ba l loons  have gained p o p u l a r i t y  and r i d i n g  bal-  
locza h2s become a new s p o r t .  The movement o f  such ba l loons  may be  
c o n t r o l l e d  only i n  t h e  v e r t i c a l  d i r e c t i o n  ( a l t i t u d e ) ,  by means of 
mechanisms which c o n t r o l  t h e  buoyancy of t h e  buoybnt gas of t h e  ba l -  
loons.  Many of t h e s e  r e c r e a t i o n a l  ba l loons  use  ho t  a i r  a s  buoyant gas .  
The buoyancy is  c o n t r o l l e d  by gas burners  which r e g u l a t e  t h e  amount 
of  t h e  hot  a i r .  

Captive ba l loons  were used i n  Japan f o r  a i r  de fense  purposes u n t i l  
World War 11. Balloons used f o r  adver t i sement  a r e  t h e  most familiar 
c a p t i v e  ba l loons  nowadays. I n t e r e s t  has a l s o  been s t i m u l a t e d  i n  t h e  
va r ious  a p p l i c a t i o n s  o f  c a p t i v e  ba l loons  t o  many f i e l d s  - t h o s e  f ~ e l d s  
i n  which bai loons  were used f r e q u e n t l y  even be fo re  World War 11, i .e. ,  2 
meteorologlca l  obse rva t ion ,  emergency warning, communication, command 
r e l a y ,  e t c . ,  a s  wel l  as new f i e l d s  i n  which t h e  use  of ba l loons  was 
not  considered before  World War 11, i . e . ,  t r a n s p o r t a t i o n  of c o n s t r u c t i o n  I .  
m a t e r i a l s  o r  heavy cargoes ,  e t c .  It was immediately a f t e r  World War /2 
I1 t h a t  ba l loons  began t o  be used f o r  a i r l i f t i n g  lumber from f o r e s t s .  
These ba l loons  have been c o n t i n u a l l y  developed and a r e  now under cor- 
s i d e r a t i o n  f o r  use i n  cargo handl ing  a t  harbors .  

1-1-2. Airships .  

Ai r sh ips  a r e  u s u a l l y  d iv ided  i n t o  t h r e e  c a t e g o r i e s ;  r i g i d ,  semi- - 
r i g i d  and non-rigid a i r s h i p s .  The r i g i d  a i r s h i p s  have a s t r u c t u r e  i n  
which a h u l l  w i t h  framework i s  covered by o u t e r  cover ings .  The h u l l  
inc ludes  one o r  more a i r  t a n k ( s )  con ta in ing  buoyant gas .  A r i g i d  s t r u c -  
t u r e  c o n s i s t s  of  two p o r t i o n s ,  one which r e n d e r s  d u r a b i l i t y  t o  t h e  h u l l  
and one which c r e a t e s  t h e  buoyancy of t h e  s k i p .  A s  t h e  s i z e  of  a n  a i r -  
s h i p  i n c r e a s e s  beyond a c e r t a i n  l i m i t ,  it becomes p r e f e r a b l e  t o  have 
two s e p a r a t e  s t r u c t u r e s ,  each of  which f u l f i l l s  one o f  t h e  above two 
f a n c t i o n s .  The g i a n t  a i r s h i p s  which have been b u i l t  s i n c e  t h e  Zeppelin 
a i r s h i p s  a r e  a l l  of t h e  ~ i g i d  type .  li 

Non-rigid a i r s h l p s  a r e ,  so-to-speak, ba l loons  wi th  h o r i z o n t a l  pro- 
p e l l i n g  mechanisms. They do not  have any framework o r  r i g i d  s t r u c t u r e .  
These non-rigid a i r s h i p s  have a i r  t anks  which c o n t a i n  buoyant gas  cind, I I 

I .  

a t  t h e  same t ime,  render  d u r a b i l i t y  t o  t h e  s h i p s .  ! ., . - 

Silice t h e  e a r l y  1930's  when t h e  zeppe l in  a i r s h i p s  made t h e i r  debut  



": 

u n t i l  t h e  e x p l o s i o n  a c c i d e n t  o f  t h e  Hindenburg i n  1937, most g i a n t  a i r -  
s h i p s  had be2n o f  t h e  r i g i d  t ype .  However, s i n c e  t h o s e  a i r s h i p s  d i s -  
appeared,  on ly  non- r ig id  ones  have been b u i l t ,  p a r t i a l l y  due t o  t h e  \ i  
abandonment of  t he  a t t e m p t  t o  s c a l e  up t h e  s h l p  s i z e .  N e v e r t h e l e s s ,  
r e c e n t  development,  mos t ly  i n  t h e  U . S . A . ,  i s  i n  such  a stage t h a t  air-  
s h i p s  w i t h  non- r ig id  s t r u c t u r e  can  be  b u i l t  t o  a s i z e  of 150 t o  160  
thousand m3. 

i: 
A s emi - r ig id  t y p e  a i r s h i p ,  t h a t  i s ,  a n  a i r s h i p  w i t h  a hull s t r u c -  

ture a p a r t  of which i s  of r i g i d  t y p e ,  o r  a  non- r ig id  a i r s h i p ,  t h e  
lower  part  of which i s  r e i n f o r c e d  by k e e l s  and beams, has  been b u i l t  
i n  t h e  p a s t .  

The t y p e s  o f  a i r s h i p s  which are i n  u s e  o r  under  c o n s i d e r a t i o n  a t  
p r e s e n t  i n  v a r i o u s  c o u n t r i e s  o f  t h e  world are summarized i n  F ig .  1-2. 
Thi s  i l s t  was compiled by 9rur.c 4.  :mer and John  J. S c h n e i d e r  (Boeing 
V e r t o l  . - 7 ,  .)7E , . '.L . . \ .  , L . .  < 

Cf.  "Evalua t ion  o f  Advanced A i r s h i p  Concepts," A I A A  Paper ,  
NO. 75-930. 

Manned Ba l loons  
F r e e  Bal loons  

Unmanned 
Bal loons  

Naviga t ion  
A b i l i t y  i n  
t h e  H o r i z o n t a l  Cap t ive  Bal loons  
D i r e c t i o n )  

LTA A i r c r a f t  

Rig id  Type 

A; : h i p s  emi-Rigid Type 
(With S e l f -  
Naviga t ion  
A b i l i t y  i n  
t h e  Horizon- Non-rigid Type 
t a l  D i r e c t i o n )  

Fig. 1-1. C l a s s i f i c a t i o n  o f  LTA A i r c r a f t .  



Fig. 1-2. Classification of Airships. 
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There exist, more or less, some fields 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 aircraft 
as means of aeronautic transportation are summarized ? n  this section. 
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This summary is rather conceptual, and hence, very qualitative. 
Some quantitative characterizations are also made, but they are not 
rigorous. 

1-2-1. Basic Functions of Aircraft. - 
Rasic fuctions of various types of aircraft, as tools of air 

transportation, are categorized as follows: (See Fig. 1-3.) 



+A-axis: Vertical Movement 

Endurance  light- 

4 D-axis: Endurance Flight 
Distance 

Fig. 1-3. Aircraft Evaluated by their Basic Functions. 

(1) Vertical Movement......... ......................... A-axis. 
The ability of vertical take-off and landing, the ability to 
stay in the air, and the ability of vertical displacement. 

......... (2) Mass or Heavy Cargo Transportation Ability B-axis. 

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

(3) Endurance Flight Time .............................. C-axis. 12 

How long the aircraft can fly in one flight. 
I 

(4) Endurance Flight Distance.. ........................ D-axis. j 

How far the aircraft can fly in one flight. i 



( 5 )  Speed .............................................. E-axis .  

:*7w f a s t  t h e  a i r c r a f t  c an  f l y .  

( 6 )  Yaneuvering Performance.  ........................... F-axis .  

How f r e e l y  o r  how e a s i l y  t h e  a i r c r a f t  c an  be maneuvered, c a n  
take-of f  and l a n d  a t  t h e  a i r p o r t ,  o r  c a n  l o a d  and un load  
c a r g o e s .  

The b a s i c  f u n c t i o n s  c l a s s i f i e d  i n t o  t h e  above c a t e g o r i e s  are g r a -  
p h i c a l l y  shown on t h e  s i x  a x e s  i n  t h e  s i x  d i f f e r e n t  d i r e c t i o n s  (See  
P i g .  1 -3 . ) .  Every a x i s  i s  s c a l e d  by t h e  f o l l o ~  .ig f o u r  e v a l u a t i o n  
:r,rades: "poor," " fa i r s t t  "good" and " e ~ c e l l e n t . ' ~  Each g r a d e  i n  
e a c h  c a t e g o r y  h a s  t h e  f o l l o w i n g  meaning: 

A-axis: V e r t i c a l  Movement. 

poor:  STOL is  p o s s i b l e  w i t h  c e r t a i n  d i f f i c u l t i e s .  
f a i r :  STOL i s  p o s s i b l e ,  b u t  n e i t h e r  VTOL n o r  h o v e r i n g  

i s  p o s s i b l e .  
good: TTOL a s  w e l l  a s  STOL i s  p o s s i b l e ,  b u t  n o t  hover-  

i n g .  
e x c e l l e n t :  Hovering i s  p o s s i b l e  a s  w e l l  a s  VTOL and STOL. 

B-axis: Mass o r  Heavy Cargo T r a n s p o r t a t i o n  A b i l i t y .  

poor:  Can c a r r y  s e v e r a l  t o n s .  
f a i r :  Can c a r r y  s e v e r a l  t e n s  o f  t o n s .  
good : Can c a r r y  around a hundred t o n s .  
e x c e l l e n t :  Can c a r r y  hundreds  o f  t o n s .  

C-axjc Endurance F l i g h t  Time. 

poor :  Can f l y  f o r  o n l y  two t o  f o u r  hours .  
f a i r :  Can c r u i s e  f o r  f o u r  t o  t e n  hou r s .  
good: Can c r u i s e  f o r  t e n  t o  twenty  hou r s .  
e x c e l l e n t :  Can c r u i s e  f o r  one day o r  more. 

D-axis: Endurance F l i g h t  D i s t ance .  

E. sr: Less  t h a n  300 km. 
f a i r :  300 t o  1 ,000  km ( w i t h i n  J a p a n ) .  
good: 1 ,000  t o  10,000 km ( app rox ima te ly  f rom Tokyo t o  

Hawaii o r  Tokyo t o  Los Ange le s ) .  
e x c e l l e n t :  More t h a n  10,000 km (e .g .  Tokyo - N e w  York) .  

E-axis:  Speed. 

poor :  50 t o  100 km/hour. 
l a i r :  100  t o  300 km/hour. 
good : 300 t o  700 km/hour. 
e x c e l l e n t :  h i g h e r  t h a n  700 km/hour. 



F-axis: Maneuvering Performance. 

poor: Cannot approach airports without aid. 
fair: Has maneuvering performance comparable to CTOL 

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

good : Hovering is possible but only-with aid of wind. 
excellent: Hovering is possible even in windless weather. 

1-2-2. Comparison of Basic Functions of Various Aircraft. 

Based upon the above-mentioned grading system, 

(1) fixed-wing aircraft (HTA), 
(2) rotary-win5 aircraft (HTA), 
( 3 )  airships (LTA), and 
( 4 )  captive balloons (LTA), 

are evaluated as follows: 

Fixed-Wing Aircraft. 
(Fig. 1-4) 

A-axis: Can only manage te 
perform STOL, and A 

hence, have a poor 
vertical movement F 
perforrsnce. 

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

C-axis: Can fly for many 
hours, as many as E 
10 to 20, but 
cannot endure a 
flight longer than 
a day. D 

D-axis: ~ave-excellent sbility 
to cruise long dis- Fig. 1-4. Fixed-Wing Aircraft. 
tances, 

E-axis: Have excellent speed: Can possibly fly at sonic speed. 
F-axis: Have sufficient maneuvering performance, but are rather 

poorly maneuvered at a low speed. 

Rotary-Wing Aircraft. 
q~ig. 1-5) 

A-axis: Exact VTOL or hovering is possible. 
B-axis: k 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-axis : Have excellent B F 

maneuvering per- 
formance, and 
can load and un- 
load cargoes 
while hovering. 

E 

Fig. 1-5. Rotary-Wing Aircraft. 

Airships. (Fig. 1-6) 

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

B-axis: Can carry around 
100 tons at a time 
without difficul- 
ties and will mani- 
fest no significant 
technical disadvan- 
tage even if scaling- 
up is attempted up to E 

carriers of hundreds 
of tons to thousands 
of ton's. 

C-axis : The endurance f 1 ight D 

record may possibly Fig. 1-6. Airships. 
excezd that of the 
ordinary fixed-wing aircraft. 

D-axis: Since the speed is low, the cruising distance is short 
even with long endurance flight time. 



E-axis:  The speed  i s  lower  t h a n  ro ta ry-wing  a i r c r a f t  a n c  a lmos t  
t h e  same a s  r a i l r o a d  t r a i n s .  

F-axis :  Have c o n s i d e r a b l y  poor  maneuvering performance,  as p o o r  
as r a i l r o a d  sys tems .  

Cap t ive  Ba l loons .  (F ig .  

A-axis: VTOL i s  p o s s i b l e ,  
w h i l e  hove r ing  i s  
a l s o  p o s s i b l e  t o  
some e x t e n t  (by A 
t h r ee - rope  moor ing) .  

B-sxis: A t  p r e s e n t ,  c an  
c a r r y  a t  most ,  
t e n s  o f  t o n s .  
The c a r r y i n g  
c a p a c i t y  has  n o t  
deve loped  well,  
p a r t i a l l y  due t o  
t h e  l a c k  o f  s o c i a l  
r equ i r emen t .  

C-axis: Are t h e  most exce- 
l l e n t  i n  t h i s  res- 
p e c t .  Some can  
f l o a t  even f o r  
s e v e r a l  months as 
c a p t i v e  f l o a t i n g  
o b j e c t s .  

D-axis: Can h a r d l y  move. 
E-axis:  Can move hor izon-  

t a l l y  by means of F i g .  1-7. Cap t ive  Ba l loons .  
mooring r o p e s  con- 
t r o l l e d  on t h e  
ground, b u t  t h e  speed w i l l  be a t  most s e v e r a l  t e n s  km p e r  
hour .  

F-axis :  Ve ry  poor .  Cannot be  maneuvered. 

The f o u r  t y p e s  o f  a i r c r a f t  ( t o o l s  i n  t h e  a i r  - a e r o n a u t i c  t r a n s -  /8 
p o r t a t i o n  means) have been e v a l u a t e d  h e r e i n .  None o f  these a i r c r a f t  
can ach i evea  s u f f i c i e n t  g r a d e  i n  e v e r y  f u n c t i o n  a t  t h e  same t ime .  Thus,  
i t  i s  n e c e s s a r y  t o  compose o r  h y b r i d i z e  t h e s e  a i r c r a f t  i n  r e s p o n s e  t o  
t h e  new needs  of  i n d u s t r i a l  s o c i e t i e s .  

I t  i s  f o r  t h i s  r e a s o n  tha t  hyb r id  LTA have become a major  o b j e c t  
o f  s t u d y  i n  v a r i o u s  c o u n t r i e s  o f  t h e  world .  G e n e r a l l y ,  by h y b r i d  LTA, 
i s  deno ted  h y b r i d  a i r c r a f t  composed o f  LTA and HTA a i r c r a f t .  These 
hyb r id  a i r c r a f t  a r e  des igned  t o  o b t a i n  dynamic l i f t  as well a s  buoyancy. 

I-3.P;st Achievement i n  LTA A i r c r a f t  Research  i n  Our Country.  

1-3-1. O u t l i n e .  

S i n c e  World War 11, i t  was a f t e r  1968 t h a t  LTA a i r c r a f t  begar, t o  
once a g a i n  be r ecogn ized  i n  o u r  c o u n t r y .  A t  f i rs t ,  a non- r ig id- type  o f  



airship with about 4,000-m3 gas capacity was imported from West Germany 
in 1968. This Amportation was advocated by Mr. Shinzo Tanaka (presently 
representative of the Organization for the Development of Airships). 
This airship was used for advertisement for about seven months. However, 
it was heavily damaged durlng captivity at Tokushima, Shikoku, due to 
strong winds. Mr. Tanaka introduced another airship from West (termany3 
in 1973. This airship was of the non-rtgid type and had about 6,0004 
gas capacity. This ship was likewise operated for advertisement pur- 
poses for about one year. Unfortunately, this second shrp was also 
destroyed during captivity at Okegawa, Saitama 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 possibility 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 possik~lities of LTA aircraft, based on the 
historical background. r.: This study was appr ~ched from both technical 
and social 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 included: estimation of manu- 
facturing costs of small-size rigid and non-rigid LTA's, conceptual 12 
sketch .designs of these LTA1s, estimation crf the manufacturing costs 
of large-size rigid LTA1s, estimation of the opersting costs when these 
LTAVs are used in Pacific liners, and overview of maneuvering perfor- 
mances of both smali- and large-size LTA1s. In additicn. this aurves 
included studies on social demands in Japan for small- a.hd large-size 
LTA1 s. 

The second survey in f&scal year 1976 summarised: technical studies 
on captive ballcons, unqanned airships for meteorological observation, 
small-size manned airships and others, investigations of the necessary 
scale of ground facilities for small- or large-size LTAVsS 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 is cited 
later. 
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These survey studies are summarized as follows: i l l  
(1) There will probably be considerable demand tn Japan for con- 

ventional-type small-size LTAts for observatton, monitoring, 
advertisement 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 operattng conditions and establishment of stable 
operations for LTAts. 

(2) 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 n t  tons per 
year. 

(3) LTA1s are theoretically inevitably inferior to the conven- 
tional fixed- and rotary-wing aircraft (which are both HTA1s) 
particularly in maneuvering performance. Therefore, in the 



future developaenv of LTA aircraft, technological development 
which will prod>?.\ signif!cantly improved maneuvering perfor- 
mance must first t2 considered. 

( 4 )  Cargo handling LTA systems  sing captive balloons promise both 
technological and economical ,ossibilities. 

(5) There are probably demands !'or air transportation oI' heavy 
materials with weight exceeding the limlt of the convention- 
ai rotary-wing aircraft. 

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

1-3-2. First Survey Study. 

The overall framework of this survey study is shown in Fig. 1-8. 
(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. Similhrly, by large-size LTA is 
denoted an airship-type LTA with a payload of more than 100 tons. For 
cargo-handiing LTAVs, captive-balloon-type LTA's were considered. In 
this first survey, only an introductory survey was done for the cargo- 
handling LTAfs. Further study of these was postponed until 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 LTAfs. 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 HTAfs have 
estabilshed unsurpassable surperiority. Ordinary LTAfs have very little 
chance to surpass conventional fixed-wing aircraft 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 LTAts with 10 to 100 tons payload were excluded as objects of 
study. 

(a) Small-Size LTA1s (Airships with-a Payload of 1 to 10 Tons, 
a Gas Capacity of 10 Thousand mJ 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 LTA1s for use in observation and monitoring. LTAfs can 
s?ay in the air for long period of time and can descend to very 
low altitudes. Furthermore, they create no noise. These fea- 
tures may almost never be provided by conventional small-size air- 
craft or helicopters. In particular, the functions of LTAts will 
be invaluable in the case of a huge disaster such as a large-scale 
fire or earthquake. 



Fig .  1-8. Framework o f  Survey Study.  
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According to the evaluation method which was introduced in 
the previous section, "Basic Functions of Various Types of Air- 
craft," advantages along the A- and %axes are to be sought in 
LTA aircra~t;, Namely, the HTA aircraft wl?lch may compete with 
LTA aircraft in the fields of m~nitoring and observa$ion are 
aero-commander-class small-s!ze fixed-wing aircraft (with 5-hour 
endurance flight time, 1850-m endurance flight distance and 
320 km/hour speed) or helicopters. The fixed-wing aircrzft are 
considerably inferior in their capacity for vertical movement 
(desi~~~ated by the A-axis). (See Fig. 1-9) 

On the othep hand, 
hslicopters are nota- 
bly poor in endurance A-axis 
flight time (C-axis) 
and distance (D-axis). 
Therefore, it is 
co.!ceiveble that 
small-size LTA' s 
(airships or captive 
ba? loons, may be sur- 
per'qr in the areas 
of opservation and 
monitoring. Quite 
recsntly, over-the- 
sea surveillance in 
order to prepare for 
the 200-nautical mile 
(360 km) economic 
territorial water era 
has attracted much 
attention. The 
Maritime S&fety 
Bureau has a new con- 
solidation plan, in 
order to establish 
Ifthe adapt iag crga- 
nization for the n?w 
nautical order .It This 
plan includes one Fig. 1-9. Advantages of Hybridization. 
cruiser carrying 
helicopters, fivn 
350-ton class cruisers, two 30-meter class high-speed cruisers, 
one large-size airplane (YS-.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 in this field. 

There is no particular difficulty In building a small--size 
LTA (an airship or a balloon). A non-rigid structure is sufficient 
for this type of aircraft. However, there were scveral unsuccess- 
ful examples. Highly re:'.sble operation is possible c ~ l y  hith a 
reinforced organization or systea for operation. Non-rigid air- 
ships of the U.S.A.ls Goodyear Com~any have carried a t,tal of 
about one million passenge?s during the past 45 years av2 kdve ex- 



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 is estinated that a flight in wind over 20 m/sec (72 km/hour or 
40 knots) is practically impossible. 

About a 300 x 200 m area is needed for s londing ground for one 
LTA aircraft. 

Fig. 1-10. !. 

keys: a: Position of Mast b: Hangars 
c: Other Buildings 
3 :  Position of Mast and dooring Assistance Vehicle 

Parking Lots in Temporary Mooring Ground for 
Non-Rigid Airships. 

e: Schematic Plan of Tokyo Heliport. 

In the case that small-size LTA aircraft are manufactured /g 1:' 
with non-rigid structure, it is necessary to keep the manufacturing 
cost under several hundreds of mlllion yen per unit snd the ope- 
rating cost (ToC) under 120 to 150 thousand gen/hour. 

The development plan fo.* small-size LTA1s of this class wi'l ! 

hhve 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 i~on-rigid LTA1s of this 
class will provide indispensable experimental data for the future 
plan of giant LTAfs with rigid structure. 1: 

I 
I .  

ORIGINAL PAGE a 
OP POOR Q U ~  



(b) Large-Size LTA's (Airships with 500 to 1003-Ton Payload, 
250-Thousand-m3 or Less Gas Capacity, about 550-n Total 
Lennth and 110-m Maximum Diameter). 

When international 
air cargo trans- 
portation attains 
the level of 1,500 
to 5,000 thousand 
tons per year, 
giant airships as 
cargo aircraft wtll 
be indispensable. 
(Cf. The Trans- 
portation of 5,000 
thousand tons cor- 
responds to the 
total imported and 
exported cargoes 
carried by 
container-ships in 
1973.) For example, 
if such airships 
are used in Pacific 
liners, orle can ex- 
pect an economical 
effect which would 
be equal to that of 
railroad systems 
established through 
the Pacific Ocean. 

The use of 
giant airships is 

Fig. 1-11. Advantages of Hybridization 
of Giant Airships. 

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. 1-11.) 

Even if the conventional jumbo jet aircraft were scaled up to 
the class of 200-ton payload, if the international air cargo 
transportation level 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 use6 in cross-Pacific lines because of their long endurance time. 
(Cf. Tokyo to Honolulu is about 6,500 km, while Honolulu to Los 
Angeles is about h,000 km.) 

Assuming that the current international lines in Japan have a 
demand for 1,000-kilo-ton-per-year air cargo transportation, 26 
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giant airships with1000-ton class pa load would be necessar to /le t L X meet the demand. There is no doabt t t these large-size LT '8 
are a much more energy-conserving means of transportation than 
the currently used large-stze HTAts. Xn order t o  transport B 
1,000-ton car o over the Pactffc Occean, a 100-t ;n payload jumbo % jet (Boeing 7 7) consumes 75 billion yen per year for fuel. 
On the other hand, a 1000-ton payload gtant afrshlp wkll consum.? 
only 17 billion yen per year for fuel. Based on the types of en- 
gines planned for use in giant a$rsMps, 3t 3s estimated that f 

those airships will not cause more nofse or air-pollution than tht 
currently used large-she HTA aircraft. Furthermore, the VTCd 
ability of the airships would decrease the area which is contami- 
nated by the noise pollution. 

Similarly, the airport area required by the airships is much 
smaller than that of conventional HTA1s, owtng to the P O L  ability 
of the airships. About a lOOOn x lOOOm area will be sufficient f ~ w  

a take-off and landing ground for a3rsNps wMch load and unload 
cargo at a pace of one to two million tons. (See.Fig. 1-12.] 

i 

1-3-3. Second Survey Study. 

The second survey study covered technical studies concerning cargo- 
handling LTA1s. 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 
su-vey study is shown in the following "Table of Contentsn of the re- 
port of this survey: 

SURVEY STUDY ON LTA AIRCRAFT SYSTEMS - SECOND SURVEY STUDY 
TABLE OF CONTENTS 
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(ii) Hull Scale .................................... 22 
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(ii) Weight of Each Part of the Hull ............... 33 
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(a) LTA1s for Cargo-Handling. i 

In the course of the first survey, it 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 is 
required, but excellence in speed and in travelling distance 1s 
not required. (For example, the speed of ground-transportation 
Large-size tractors is about 5 km/hour and, in most cases, the 
travelling distance is about 50 km.) Therefore, balloons are more 
adequate zs cargo-handling LTA1s than airships. The second survey 



study was carried out based on the above-mentioned findings. 

At first, results cf 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 d sign was 9 made for a cargo-handling system using a Balloon (7000 m ) which 
can suspend a three-ton cargo. In thls system, the initial in- 
vestment is relatively snall compared with the const.ruction cost 
of a pier or the like. 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 LTA1s, 
a survey study an captive balloons themselves was done with res- 
pect to their uses, performances and other points. This study is 
summarized in Table 1-1. 

(b) Domestic Production of Small-Size LTA1s for Use in Vrban Areas. 

A study was done on the question of how to I: lt into effect 
a plan for the manufacture in Japan of small-size LTAts of the 
type most easily built 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 rigid airship and the price of a 1-ton payload airship was 
estimated at one billion and fifty million yen. Similarly, in the 
second survey, a cost estimation 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 1-ton payload airship was estimated to be about 700 
million yen. Slnce the manufacturing cost of a non-rigid airship 
is 200 to 300 million yen, commercial aircraft in the near future 
should definitely be of the non-r4igid type. However, insofar as 
the airships are liaited to non-rigid type, no signfficant improve- 
ment can be expected in their sluggish maneuvering performance. 
Hence, it was concluded that an "advanced typev of LTA must be 
studied in the future so as to attain high overall performance. 
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(c) Survey on Ground Facilities. 

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

(dl 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- 
ilation was limited to a corlsideration of those laws existing in 
Japan. As a result of this study, it 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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11-1. D e f i n i t i o n  and General  Informat ion  about Hybrid LTA. /z 
The o r i g i n a l  meaning of  t h e  word "hybrid" i s  "mixed-breed" o r  

N c r o s s . w  I n  t h e  p a s t ,  t h e  term "hybrid" g e n e r a l l y  r e f e r r e d  t o  t h e  
h y b r i d i z a t i o n  of dynamic l i f t  and s t a t i c  l i f t  ( o r  buoyant l i f t ) .  

According t o  t h e  o r i g i n a l  meaning of  t h e  word "hybrid,"  however, 
va r ious  combinations can be s a i d  t o  c o n s t i t u t e  "hybrids" o t h e r  than  
merely t h e  hybr id  of LTA and HTA. For example, a  semi-r ig id  a i r s h i p  
may be c a l l e d  a  hybrid of non-r igid and r i g i d  a i r s h i p s .  

Thus, f o r  t h e  sake of f u t u r e  development, ex tens ion  o r  re-exa- 
minat ion of t a l e  concept of "hybrid" may be u s e f u l .  Among t h e  exten- 
ded concepts i s  a  hybr id  of d i f f e r e n t  k inds  of gas  lised by a i r s h i p s .  
A combination of two kinds  of gas  may be cons idered ,  for example, a  
gas  which i s  conta ined permanently,  such a s ,  Helium, wi th  a  gas  which 
i s  d i sposab le ,  such a s  hot  a i r  o r  hot  steam, I n  t h i s  example, t h e  
d i sposab le  gas  can be used f o r  c o n t r o l l i n g  t h e  l i f t  (buoyancy). The 
combination of Helium and ho t  a i r  has  a l r e a d y  come under cons idera-  
t i o n  f o r  r e c r e a t i o n a l  ba l loons .  

According t o  ano the r  i d e a ,  t h e  gondola p o r t i o n  i s  suspended by 
long ropes  from t h e  main body of an  a i r s h i p  o r  a ba l loon  and i s  con- 
t r o l l e d  s e p a r a t e l y  by automat ic  c o n t r o l  means. This  type  of  LTA may 
a l ~ 3  be c a l l e d  ' 'hybrid" i n  a  wide sense .  Thus, it was decided t h a t  
it be included i n  t h e  p r e s e n t  survey study on hybr id  LTAfs. 

Hybrid LTA1s which have been proposed i n  va r ious  c o u n t r i e s  of 
t h e  world a r e  summarized i n  Fig.  11-1. (This  i s  a  c i t a t i o n  from 
"Evaluat ion of Advanced Ai r sh ip  Concepts," by Bruno A.  Joner  and John 
J .  Schneider ,  Boeing V e r t o l  Ccmpany, U.S.A., A I A A  Paper No. 75-930.) 

I n  t h e  c l a s s i f i c a t i o n  i n  Fig .  11-1, "hybrid LTA" denotes  a com- 
b i n a t i o n  of LTA and HTA, t h a t  i s ,  a  hybr id  a i r c r a f t  us ing  a combina- 
t i o n  of  dynamic and s t a t i c  l i f t s .  (Cf. Th i s  type  of LTA i s  c a l l e d  
"advanced type"  i n  Eng l i sh . )  

I 
I 

I n  F ig .  11-1, hybrid LTA1s a r e  c l a s s i f i e d  i n t o  STOL t y p e  and 
VTOL type  based on t h e i r  take-off  and l and ing  mode. Then, both  STOL 
and VTOL types  a r e  c l a s s i f i e d  i n t o  t h e  type  us ing  f u s e l a g e  (main body) 



l i f t  and t h e  t y p e  us ing  o t h e r  f o r c e s  u o r  example, l i f t  rendered  by 
a u x i l i a r y  wings , )  

F i g s .  11-2 and 11-3 show ske tchy  views o f  the proposed hybr id  
a i r c r a F t  which have des igned shapes recoe;rmizable i n  some way. (The 
ones whose shapes  a r e  u n c l e a r  a r e  exc luded. )  

A c c o ~ ~ d i n g  t o  t h i s  c l a s s i f i c a t i o n ,  l l l i f t i n g  bcdy systemv d e n o t e s  
a  system i n  which t h e  dynamic l i f t  d r a g  r a t i o  o f  t h e  a i r c r a f t  body 
( f u s e l a g e )  i s  maximized. Th i s  type  o f  system u s u a l l y  has a f l a t  
shape l i k e  a d i s c ,  i n  o r d e r  t o  g a i n  a s  much l i f t  a s  p o s s i b l e  wh i l e  
maximizing t h e  volume o f  t h e  g a s  t a n k s  c o n t a i n i n g  t h e  Buoyant g a s .  
Azreon Dynairship i s  r e p r e s e n t a t i v e  of  t h i s  t y p e .  /23 ;- - Z 

On t h e  c o n t r a r y ,  t h e  Mega l i f t e r - type  a i r c r a f t  i s  t h a t  i n  which 
f i x e d  wings are a t t a c h e d  t o  a n  a i r s h i p .  I n  t h e  p r e s e n t  c l a s s i f i c a t i o n ,  
t h i s  t y p e  is c l a s s i f i e d  under a u x i l i a r y  wing systems.  

On t h e  o t h e r  hand, hybr id  a i r c r a f t  combining rotary-wing a i r c r a f t  
( h e l i c o p t e r s )  and LTA1s a r e  c l a s s i f i e d  as "combined i n t e g r a t e d  sys tems."  

Another way of c l a s s i f y i n g  hybr id  LTA1s i s  based on a combinat ion 
of f o u r  types of a i r c r a f t ,  i . e . ,  f ixed-wing a i r c r a f t ,  rotary-wing air-  
c r a f t ,  a i r s h i p s  and b a l l o o n s ,  a s  f o l l o w s :  

( a )  Fixed-Wing x Ai r sh ip  ...... M e g a l i f t e r  Type ...... STOL 

Aereon Type STOL ...... ......... 
Boeing ...... 

(b) Rotary-Wing x A i r s h i p  ..... Hel ipso id  Type ...... VTOL 

(c !  Rotary-Wing x Ajr'ship ..... Vanguard ............ VTOL 5 

2onut Type ..... 
(Donut-Shaped Bal loon P o r t i o n )  : 

Aero Crane Type ..... VTOL ..... 
(Bal loon and Wings R o t c t e  
Toge the r . )  

i 
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S t a t i c  and Dynamic L i f t s  



Megal i f  ter 

., 

Boeing Helipsoid 

r ~ /z 
-. . .  . - 

-; . 

Aer eon Dyna i r sh ip West Assoc Skysh ip 

Delphin Luf tshif f 

I 

- 

Fig. 11-2 



A l t  American Engineering 

Aero Crane 

Pisseck i 

Hel istat  

Vanguard 

Donut 

Fig. 11-3 



11-2. Reasons Why Hybrid LTA Are Tsrgets fo? Development. /g :: 

Why are various ideas on hybrid LTA6s presently being proposed 
and becoaing objects of study in various countries of the world ? 
What is the backg~ound of these movements ? s 

! 3 

One motivation is an academic curiosity on the part of resear- I 
i 3 

i :  

chers themselves. Many ideas have been proposed by amateurs. (For j _, 

example, Aereon Dynairship.) However, cne should not overlook the 
question of social background. Specially, there are certain social . . 
requirements which cannot be satisfied by aircraft curre-ltly in use. ! '( 

It is expected that hybrid LTA1s may satisfy these as yet unfulfilled I . : . 
reqcirements. i .  

When those requirements unsatisfied by the HTA aircraft currc .t- 
ly in use are judged based on the criteria which was introduced in 
Section 1-2-1, "Basic Functions of Aircraft," one can see that the 
most outstanding disadvantage of the fixed-wing aircraft is related 
to "vertical movement ability" (A-axis). In addition, mass and heavy- 
cargo transportation ability (B-axis) can also be considered a func- 
tion unsatisfied hy these aircraft. (See Fig. 11-4. ) 

Development of VTOL and STOL aircraft is being intensively stu- 
died at present as an exte-sion of the current technology for HTA 
aircraft. This development is one of the most important objects 
in the presefit state of the aircraft sciences. The social require- 
moent for mass transportation xi11 be clearly shown by the future 
growth of the air cargo transportation. 

On the ether hand, 
rotary-wing aircraft 
have a disadvantage re-- 
lated to the B-axis di- 
rection (mass trans- 
2ortatio ; ability). At 
present, there are only 
a few military helicop- 
ters of 5@ to 60-ton 
pa:vloacl class throuout 
the world. 

With regard to the 
C-axis (endurance flight 
time), cdrrently used 
helicopter5 have at 
mast one hour net ope- 
rating time. Their 
basic disadvantages re- 
sides in their inability 
to fulfill this function 
adequately. (See Fig. 
11-5. ) 

Field in Which 
A-aXiS 1 They Are Dis- 

Fig. 11-4. Fields in Which Fixed-Wing 
Aircraft Are Disadvantageous. 



LTA1s a l s o  have d i s a d v a n t a g e s .  T h e i r  most o u t s t a n d i n g  one i s  
r e l a t e d  t o  t h e  F -ax i s ,  i . e . ,  poor  maneuvering performance.  

Wi th in  t h e  f i e l d s  o f  mon i to r ing ,  o b s e r v a t i o n ,  a d v e r t i s e m e n t  and 
t h e  l i k e ,  c o n v e n t i o n a l  s m a l l - s i z e  a i r s h i p s  a r e  s a t i s f a c t o r y .  O u t s i d e  
of  t h e s e  f i e l d s ,  however, LTA a i r c r a f t  r e v e a l  s e r i o u s  hand icaps .  

Thus,  i t  h a s  been proposed t h a t  LTA's ana  HTA1s be combined F O  

as t o  minimize t h e  d i s a d v a n t a g e s  o f  bo th  a i r c r a f t .  /g 
For  example,  t h e  M e g a l i f t e r  LTA was i n v e n t e d  w i t h  t h e  i n t e n t i o n  

LI of  p r o v i d i n g  s means o f  mass t r a n s p o r t a t i o n  by e q u i p p i n g  a i r s h i p s  
w i t h  a u x i l i a r y  wings s o  a s  t o  a t t a i n  STOL a b i l i t y  and a l s o  t o  compen- 

s? 
Y '  

s a t e  f o r  t h e  a i r s h i p s 1  l a c k  of  speed .  

I n  s h o r t ,  t h i s  t y p e  
of  LTA i s  des igned  t o  
combir-e t h e  advan tages  o f  
b o t h  fixed-wing a i r c r a t t  
and a i r s h i p s .  

A H e l i s t a t - t y p e  LTA 
i s  a  combina t ion  of  a 
h e l i c o p t e r  and a n  a i r s h i p .  
It i s  i n t e n d e d  t o  p r o v i d e  
mass t r a n s p o r t a t i o n  a b i -  
l i t y  and l o n g  endurance  
f l i g h t  time, bo th  cont -  
r i b u t i o n s  of t h e  LTA, 
whi le  improving t h e  LTA's 
d u l l  maneuvering per -  
formance by i n c o r p o r a t -  
i n g  t h e  e x c e l l e n t  v e r t i c a l  
maneuvering a b i l i t y  of t h e  
hel:coreer . 

Air-Crane-type CTA1s  
a r e  i n t ended  t o  produce a  F i e l d  i n  Which 
s i m i l a r  r e s u l t  by combin- They Are D i s -  
i n g  b a l l o o n s  wit,h r o t a r y -  advantageous .  9 

D-axis 
win3 a i r c r a f t .  

F i g .  11-5. F i e l d s  i n  Which Rotary-!p!ing 
A i r c r a f t  Are D i s a d v a n t a ~ ~ . o u s .  

I 

11-3. Matching o f  Needs and Seeds .  -- - 
Each t y p e  of a i r c r a f t  h a s  i t s  own d i s a d v a n t a g e s ,  a s  d e s c r i b e d  

above.  Tnen,  what s o c i a l  f i e l d s  have many r e q u i r e m e n t s  which a r e  n o t  
b e i n g  s a t i s f i e d  due t o  such  d i s a d v a n t a g e s  ? Ry d i s c o v e r i n g  t h o s e  
f i e l d s  and c o l l e c t i n g  t h e  d a t a  on t h e  d e g r e e  of  d i s a t i s f a c t i o n  r e s u l -  
t i n g  from t h e  a i r c r a f t  i n a d e q u a c i e s ,  t h e  a p p r o p r i a t e  s cope  f o r  hyb r id  
LTA development mny be de t e rmined .  



From this point of view, 3 t  should iirst 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 is the 
case :;: japan, too. When it cc ... :s to heavy material air trans- 
portation, nearly always, VTOL ability Is requlred, i.e., ability 
to load and unload heavy carco by vertical take-off and landicg. 
Again, one can point out a field in which technical development 
is at a very slow pece compared with the pressing demands of that 
field: 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 whj-ch 
technical possibilities (we call them "seedsw) match social require- 
ments (we call them "needs"). Further, we restricted ourselves to 129 
the following fields, as those in which social requirements are 
urgent : (1) heavy material transportat ion, (2) short-distance pas- 
senger transportation, and (3) fire-fighting and air-rescue in times 
of disaster. 

In addition, technical studies 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 LTAts, for the objects of cur study. 

In addition, a fundamental study was done on Megalifter-type 
LTA1s in order to understand their performance. A technical study 
was also done on the automatic pilot means of suspended gondolas as 
Fescue and fire-fighting means in thes of disaster. 

The reason for our selection of the Helistat-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 
socisl need. (Refer to the result of the survey on this demand, in 
Chapter 111.) 

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

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

However, the original idea by Piasecki and Helistat was to 



1 
: 

directly combine a conventional non-rigid airship with four heli- 
copters. This 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 f 

thus constructed is called Vanguard Blimp Copter. In this report, 
however, we refer to it also as Helistat-type for the sake of conve- 

j 
i 

nience. ) i 
1 

For the second object of study, we considered the Air-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 zll times during flight. However, in order to maintain 
the body horizoritally, 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 these aircraft are intended for suspending 
heavy cargoes, an inclined position is undesirable. Thus, t.he Aero- 
Crane-type LTA was judged to be advantageous over the Donut-type. /% 
The All American Engineering Company, which presented the original 
prvposal 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 45-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 LTA1s (several hundred ton pay- 
load class) as a means of cargo transportation in the near future. 
For this purpose, conventional types of aircr?.ft are also candidates. 
However, it is very possible for hybrid LTA1s to also be hopeful can- 
didates if they have good mzneuvering performance and speed. For 
this purpose, the Megalifter-type LTA seems very promising. Thus, 
the Megalifter-type LTA was selected for stv~dy 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 social requirement (need) for LT4 aircraft is as a means of air 
rescue and disaster-prevention. These tasks are expected to be ful- 
filled by the LTA due to its long endurance flight time, mass trans- 
portation ability and vzrtical movement ability. With these points 
in mind, it is clear that it will be very ad-rantageous 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 dieadvantages of the LTA will 
be largely improved by it3 having a gondola portation with high mateuver- 
ing performance. In order to study the sbove-mentioned possibilities, 
the ggndola 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 is also possible for these gondolas to be suspen- 
ded by new hybrid-type LTA's. 
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111-1. Current State of Heavy Cargc Transport and Problems at Issue. /s 
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 constr~lction or water- 
supply/sewage systems, etc. Among these cargoes, the transportation 
of equipment for power stations and stati?n 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 

i 
means of transportation utilized were coastal marine transportation, 
on-the-sea cranes (3,000-ton maximum load) and Zinpole (800-ton ma- 
ximum load). In an effort to control environmental problems, the 

i 



c o n s t r c c t i o n  o f  n u c l e a r  p l a n t s  i n  i s o l a t e d  mountainous a r e a s  h a s  been  
r e c e n t l y  brought  under  c o n s i d e r a t i o n .  T h i s  p l a n  i s  f e l t  t o  be  r e a l i -  
z a b l e  by a p p l y i n g  t h e  c i v i l  e n g i n e e r i q g  t e c h n i q u e s  which a r e  now used  
f o r  c o n s t r u c t i n g  pumped-strage h y d r o e l e c t r i c  p l a n t s .  When t h i s  p l a n  
i s  more p r a c t i c a l l y  examined, i t  becomes c l e a r  t h a t  t h e  development 
of new in la f id  t r a n s p o r t a t i o n  means f o r  u l t r a -heavy  c a r g o e s  w i l l  b e  
one o f  t h e  problems t o  be s o l v e d .  

With r e g a r d  t o  e l e c t r i c  power equipment ,  power t r a n s m i s s i o n  l i n e  
equipment and power s u b s t a t i o n  equipment shou ld  be  a l s o  l i s t e d  among 
t h e  o b j e c t s  o f  t r a n s p o r t a t i o n  which may cause  problems i n  i n l a n d  t r a n s -  
p o r t a t i o n ,  a s  well a s  power g e n e r a t i n g  equipment .  R e c e n t l y ,  re-orga-  
n i z a t i o n  o f  f r e i g h t  t r a i n  s t a t i o n s  and r e d u c t i o n  o f  f r e i g h t  t r a i n  
s e r v i c e s  by t h e  J a p a n e s e  N a t i o n a l  Rai lways have caused  problems even  i n  
t h e  t r a n s p o r t a t i o n  o f  t h e  under-390-ton c a r g o e s .  Consequent ly ,  i n l a n d  
t r a n s p o r t a t i o n  problems have become v e r y  s e r i o u s  n o t  o n l y  f o r  power 
g e n e r a t i n g  equipment b u t  a l s o  s u b s t a t i o n  and t r a n s m i s s i o n  l i n e  equip-  
ment 

111-1-1. T r a n s p o r t  o f  Power G e n e r a t i n g  Equipment f o r  Pumped-Strage - 
P c w e r  S t a t i o n s  and S t a t i o n  C o n s t r u c t i o n .  

( a )  Summary. 

0 P!tmped-Strage Power S t a t i o n  i s  l o c a t e d  i n  t h e  n o r t h - e a s t  p a r t  
o f  Totsu-Gawa-Mura, Yoshino-Gun, Nara P r e f e c t u r e ,  a t  t h e  c e n t e r  of  
K i i  P e n i n s u l a .  T h i s  s t a t i o n  has  a n  upper  dam and a  lower  dam which 
have a 500-n d i f f e r e n c e  i n  e l e v a t i o n .  The n i g h t  o f f -peak  s u r p l u s  
power i s  used t o  pump t h e  w a t e r  f rom t h e  lower  s t r a g e  t o  t h e  uppe r  
s t r a g e , w h i c h  r e l e a s s s  t h e  w a t e r  f o r  power g e n e r a t i c n  a t  day- t ime peak  
hou r s .  The l o c a t i o n  i s  57-km away from Goj5-Gawa 2a i lway  S t a t i o n  and 
has  o n l y  one c o n n e c t i n g  r o u t e ,  N a t i o n a l  Road 168. The a r e a  i s  one of 
t h e  most t h i n l y  popu la t ed  a r e a s  i n  J apan .  (See  F i g .  111-1.) The power 
g e n e r a t i n g  equipment a s e d  a t  t h i s  power s t a t i o n  3s: 

P ~ m p  Water Wheels 207/214 thousand  kW 6 U n i t s  6,600 t o n s  
Generator /Motors  220/214 thousand  kW 6 U n i t s  6,700 t o n s  
Main Transformers  500 kV/680 MVA 2  U n i t s  2,200 t o n s  
O the r s  500 t o n s  

T o t a l  16 ,000  t o n s  

Bes ides  t h e  above equipment ,  7,000 t a n s  o f  4.3-m maximum d i a m e t e r ,  
50-mm maximum t h i c k n e s s ,  800-m long  p e n s t o c k s  a r e  i n c l u d e d  i n  t h e  
heavy m a t e r i a l  which must be  t r a n s p o r t e d  t o  t h e  c o n s t r u c t i o n  s i t e .  

The s p e c i f i c a t i o n s  o f  t h e  above pump w a t e r  wheels  and g e n e r a t o r /  /1_ 
motors  were d i s c u s s e d  r e p e a t e d l y  w i t h  r e s p e c t  t o  t h e  t r a n s p o r t a t i o n  
c o n d i t i o n s  a s  w e l l  a s  t h e  s h a r a c t e r i s t i c  per formances .  Judg ing  by 
t h e  r e c e n t  t r e n d  i n  t h e  pump w e t e r  whee l s ,  250 t o  300-thousand-kW u n i t s  
u n i t s  were c o n s i d e r e d  a t  f i r s t .  I n  c o n s i d e r a t i o n  o f  t h e  t r a n s p o r t a -  
t i o n  c o n d i t i o n s  f o r  t h e  h i g h  speed r u n n e r  b o d i e s ,  207/214-thousand-kW 
pump wa te r  wheels  v e r e  f i n a l l y  s e l e c t e d .  The s i z e  r e d u c t i o n  of  t h e  
r u n n e r s  was a l s o  unde r t aken  by d e v e l o p i n g  r u n n e r s  w i t h  h i g h e r  speed .  
A s  a  r e s u l t  o f  an  i n t e n s i v e  s t u d y  o f  t h e  h y d r a u l i c  c h a r a c t e r i s t t c s  a f  
r u n n e r s ,  a  514-r.p.m. h i g h  speed r u n n e r  was deve loped ,  and c o i ~ s e q u e n t l y ,  



Fig. 111-1 Transportation Route to 0 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 is 50 tons. The 
57-m road from the GojE-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-lan total length were constructed for the construction 
equipment transgortation. The total cost of the above civil enginee- 
ring works dat calculatec to be approximately 1.1 billion yen. 

Besides 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- 4 

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 achieve. The generator main 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. /s: 
(b) Schedule and Quantity of Heavy Equipment Transportation. 

The transportztion work period started in January, 1977 and is 
planned to end at thc 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 8 8 3 5,500 
40 122 
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 GojtS-Gawa Railway Station) 

Siki 550 (mainly transformers) 9 cars 630 million yen 
(type ) (mainly stators ) 7 cars 210 million yen 



T r a i l e r s  Used 
20 t o n  2 u n i t s  20 m i l l i o n  yen 
3 0 2  30 
40 4 100 

1 
T o t a l :  

3  5  
185 m i l l i o n  yen 

j 
The above-mentioned t r a i l e r s  a r e  s p e c i a l l y  des igned  low-f loor  : '  

1 

rea-wheel -s teer ing  t r a i l e r s  f o r  u s e  on t h e  r o a d s  i n  s t e e p  mountain- I 
i 

ous a r e a s .  These t r a i l e r s  r e q u i r e  a s p e c i a l  d r i v e r  who o p e r a t e s  i 

r e a r - s t e e r i n g  qn ly .  These t r a i l e r s  a r e  p u l l e d  by t r a c t o r s  (35 m i l l i o n  1 i 
2 '  i .  

yen e a c h ) .  T h e r e f o r e ,  when t h e  t r a i l e r s  a r e  used 100 % a t  a  t i m e ,  
t h e  t o t a l  t r a i l e r  c o s t ,  i n c l u d i n g  t h e  co r r e spond ing  number of  neces-  
sary t r a c t o r s ,  i s  185 + 315 = 500 m i l l i o n  yen. The l i f e t i m e  of a  
t r a i l e r  i s  f o u r  y e a r s ,  wh i l e  t h a t  o f  a  f r e i g h t  c a r  i s  12  y e a r s .  

( d )  T r a n s p o r t a t  i o n  Cos t s  . 
The t r a n s p o r t a t i o n  c o s t s  of  t r a i l e r s  must i n c l u d e  d e p r e c i a t i o n  

c o s t s ,  motor v e h i c l e  t a x e s  and i n s u r a n c e ,  b e s i d e s  f u e l  c o s t ,  mainte-  
nance p a r t  c o s t s  and p e r s o n n e l  expenses .  T r a n s p o r t a t i o n  c o s t  o f  a 
20-ton t r a i l e r  i s  e s t i m a t e d  t o  be  130 t o  150 thousand  yen p e r  day .  

T r a n s p o r t a t i o n  by f r e i g h t  t r a i n  t a k e s  10 days  from %he Tokyo- 
Yokohama a r e a  t o  Gojb-Gawa S t a t i o n ,  and t r a n s p o r t a t i o n  th rough  t h e  
mountains  from t h e  r a i l w a y  s t a t i o n  t o  t h e  power p l a n t  s i t e  t a k e s  two 
f u l l  days .  On t h e  o t h e r  hand, t h e  s chedu le  when u s i n g  d i r e c t  t r a i -  
l e r  t r a n s p o r t a t i o n  from t h e  Tokyo-Y~kohama a r e a  t o  t h e  p l a n t  con-- 
s t r u c t i o n  s i t e  i s :  

2  f u l l  days (Tokyo-Yokohama Area t o  Gojo-Gawa S t a t i o n )  
+ 2  f u l l  days  (Gojb-Gawa S t a t i o n  t o  C o n s t r u c t i o n  s i t e )  
= 4 f u l l  days .  

The T r a n s p o r t a t i o n  between ~ o j o - ~ a w a  S t a t i o n  and t h e  c o n s t r u c t i o n  s i t e  /x 
i s  r e s t r i c t e d  t o  t h e  hours  between 10 p . c .  and 5  a.m.,  based on a n  
agreement w i t h  t h e  r o a d s i d e  community d e a l i n g  w i t h  n o i s e  p r e v e n t i o n  
and t r a f f i c  c o n t r o l .  The speed i s  5 km/hour on t h e  way t h e r e  and 1 0  
krn/hour on t h e  r e t u r n  t r i p .  Thus, it a c t u a l l y  t a k e s  t h e  t r a i l e r  t h r e e  
f u l l  days due t o  t h e s e  r e s t r i c t i o n s .  Fur thermore ,  s i n c e  t h e  57-km 
long  mountain road  i s  a  unique r o u t e  connec t ing  Gojo and Niimiya,  t h e  
t r a i l e r s  must p u l l  o f f  and wait by t h e  s i d e  o f  t h e  road  when o t h e r  
t r a f f i c  s o  r e q u i r e s ,  and must be  s t r i c t l y  c o n t r o l l e d  s o  a s  t o  main- 
t a i n  road  s a f e t y .  To f u l f i l l  t h e s e  r e q u i r e m e n t s ,  an  i n t e r m e d i a t e  b a s e  
was c o n s t r u c t e d  a s  Dai-Tz Bash i ,  which i s  t h e  middle  p o i n t  o f  t h e  
r o u t e .  This  i n t e r m e d i a t e  b a s e  a l s o  s e r v e s  a s  a  r e s t  a r e a .  I n  addi -  
t i o n ,  on each  t r i p ,  a  g u i d e  v e h i c l e  i s  s e n t  t o  su rvey  t h e  road  con- 
d i t i o n  and t h e  weather  ( r a i n  o r  snow). T h e r e f o r e ,  a c t u a l  t ~ a n s p o r t -  
a t i o n  i s  c a r r i e d  ou t  by a  c h a i n  of  v e h i c l e s ,  namely, a gil ide v e h i c l e ,  
a  l e a d  v e h i c l e  , a  t r a c t o r / t r a i l e r  and a s a f e g a u a r d  v e h i c l e  which f o l l o w s  
behind .  Thus, t h e  number of  neces sa ry  p e r s o n n e l  amounts t o  30 per -  
s o n s ,  i n c l u d i n g  s a f e g u a r d  p e r s o n n e l .  Consequent ly ,  t h e  t r a n s p o r t a t i o n  



of m a t e r i a l  which i s  h e a v i e r  than  20 t o n s  c o s t s ,  on t h e  average ,  50 
t o  1 G O  thousand yen p e r  ton ;  t h i s  inc ludes  only t h e  d i r e c t  c o s t  from 
t h e  f a c t o r y  t o  t h e  c o n s t r u c t i o n  s i t e  by means of  f r e i g h t  t r a i n  and 
t r a i l e r .  

( e )  Costs  Other Than Di rec t  T r a n s p o r t a t i o n  Costs .  

Those c o s t s  which a r e  not  c a l c u l a t e d  i n t o  t h e  d i r e c t  t r a n s p o r t -  
a t i o n  c o s t  i n c l u d e  t h e  c o s t  of b r idge  re inforcement  and t h e  c o s t  of 
road r e p a i r .  These a r e  shown below (some numbers a r e  e s t ima ted  
values .  ) : 

Reinforcement of Oh-Hashi ( a  b r i d g e )  150 m1l.lion yen 
Reinfolacement of  KO-Rashi (a b r i d g e )  75 
Const ruc t ion  of  Detour Roads ( 8  krn) 300 
S e c u r i t y  Maintenance of t h e  

P r e f e c t u r e  Road 500 
Reinforcement and Repair  of Under- 

ground Pipes and Cables 
( e . g . ,  water  o r  gas p i p e s )  20 

Inc lud ing  o t h e r  c o s t s ,  such a s  maintenance and r e p a i r  of t h e  road 
s u r f a c e  and shou lde r s ,  t h e  t o t a l  c o s t  i s  s s t ima ted  a t  about 1.1 b i l l i o n  
yen. It i s  g e n e r a l l y  s a i d  t h a t  4 t o  5  of  t h e  t o t a l  c o s t  of power 
p l a n t  c o n s t r u c t i o n  is spen t  on t r a n s p o r t a ~ i o n .  I n  t h i s  c a s e ,  t h e r e -  
f o r e ,  t h e  expendi ture  o f  about t h r e e  b i l l i o n  yen f o r  t r a n s p o r t a t i o n  
can be thought  of as an adequate level .  With regard  t o  reinforcement  of  
b r idges ,  t h e r e  are s p e c i a l  problems r e l a t e d  t o  l o c a l  communities. For  
t h e  c o n s t r u c t i o n  o f  t h i s  p l a n t ,  temporary b r i d g e s  were c o n s t r u c t e d  
(Kawai and Sakamaki Br idges ) .  An agreement was made wi th  t h e  l o c a l  com- 
munity t h a t  t h e s e  two b r i d g e s  would be removed immediately a f t e r  t h e  
completion of c o n s t r u c t i o n  s o  as t o  prevent  f lood .  I t  was f u r t h e r  
agreed t h a t  t h e  r a i n y  seasons  and t h e  typhoon season would be avoided,  
and t h a t  a l l  a v a i l a b l e  manpower would be used i n  o r d e r  t o  c o n c e n t r a t e  
t h e  work of  t r a i l e r  t r a n s p o r t a t i m  i n t o  a  s h o r t  pe r iod  of  t ime,  s o  
a s  t o  avoid danger and t o  reduce t h e  a m o ~ n t  of necessa ly  r e i n f o r c e -  
ment work. 

Accordingly, t h e  t r a n s p o r t a t i o n  c o s t  borne by t h e  maker, i n c l u -  
d ing  t h e s e  c o s t s  o t h e r  than  t h e  d i r e c t  c o s t ,  i s  about 50 % of t h e  
d i r e c t  t r a n s p o r t a t i o n  c o s t .  The corresponding c o s t  borne by t h e  
u s e r  w i l l  be 200 t o  300 %. 

For t h e s e  reasons ,  probably an adequate e s t i m a t e  of t h e  c o s t  t o  
t h e  u s e r  of  t r a n s p o r t i n g  m a t e r i a l s  heavimD than  20 t o n s  i s  150 t o  450 
thousand yen. 

( f )  Product Design Div i s ions  Requir ing I n c r e a s e  of T r a n s p o r t a t i o n  
AbiliLv. 

The runners  used i n  0 Pumped-Strage Hydroe lec t r i c  Power S t a t i o n  
a r e  380cm x 295 cm x 303cm i n  s i z e  and 39 t o n s  i l l  weight.  The o u t e r  
d iameter  of t h e  runner  i s  380 cm. I n  o r d e r  t o  meet t h e  t r a n s p o r t a t i o n  
r e s t r i c t i o n  of  4 . 1 - m  he igh t  and 3.2-n width,  t h e  runners  a r e  t r a n s -  
por ted  on t h e  t r a i l e r  p la t form i n  a n  i n c l i n e d  p o s i t i o n .  



The u n i t  c a p a c i t y  of  pump w a t e r  wheels  was a t  t h e  l e v e l  of  100 / 

thousand  kW from 1965 t o  1974. S i n c e  t h a t  p e r i o d ,  t h e  c a p a c i t y  of  
power sys tems  has  been i n c r e a s e d ,  and pumped-strage power s t a t i o n s  
of l a r g e r  s c a l e  have been c o n s t r u c t e d .  Due t o  t h i s  t endency  and t o  
economizfng e f f o r t s ,  t h e  u n i t  c a p a c i t y  of  pump w a t e r  whee ls  h a s  been  
r a p i a l y  i n c r e a s e d .  Today, many pumped-straqe power p l a n t s  have a 
m i l l i o n  ;;W c l a s s  c a p a c i t y .  

I,: 
1 

1965 1970 1975 1980 
The Year When t h e  
Ope ra t i on  S t a r t s .  

The Year When F i g .  111-3. T r a n s j t i o n  of  t h e  
Operat  i o n  Un i t  Capac i ty  o f  Pump Water 
S t a r t s .  Wheels . 

Key: a: Un i t  Capac i ty  ( M W )  
F i g .  111-2. Growth o f  Speed b :  Achievement by Domestic 
and Capac i ty  o f  Genera tor -  Makers 
Mctors Produced i n  J apan .  c :  Achievement by F o r e i g n  

Makers 
d :  Planned 

A s  s e e n  i n  F i g s .  111-2 and 111-3, Japan  h a s  r e c e n t l y  e n t e r e d  
t h e  e r a  when pump w a t e r  wheels  w i t h  250 t o  300 thousand-kW u n i t  
c a p a c i t y  a r e  b e i n g  manufac tured .  I n  o r d e r  t o  r educe  t h e  c o n s t r u c t i o n  
c o s t  o f  pumped-strage power p l a n t s ,  i t  i s  most e f f i c i e n t  t o  p r o v i d e  
g r e a t  w a t e r - f a l l  h e i g h t  by c o n s t r u c t i n g  two s t r a g e  ponds w i t h  g r e a t  
d i f f e r e n c e  in a l t i t u d e .  T h i s  w i l l  produce h i g h  power w i t h  a s m a l l e r  
q u a n t i t y  of w a t e r ,  r educe  t h e  c a p a c i t y  o f  t h e  s t r a g e  ponds and r educe  
t h e  number and t h e  s i z e  of  n e c e s s a r y  equipment .  Fo r  t h e s e  r e a s o n s ,  
t h e  w a t e r - f a l l  h e i g h t  o f  t h e  pumped-strage power p l a n t  has  been  in -  
c r e a s e d  i n  Japan.  T h i s  achievement  i s  a l s o  due t o  t h e  e f f o r t s  o f  makers 
i n  J apan  t o  deve lop  t h e  r e q u i r e d  equipment .  Thanks t o  t h e s e  e f f o r t s ,  
wate ra - fa l l  h e i g h t  i n  J apan  i s  now g r e a t e r  t h a n  i n  o t h e r  c o u n t r i e s ,  a s  
shown i n  FLg. 111-4. The equipment f o r  g r e a t  pum~ing-up  h e i g h t  i s  now 
e x p o r t e d  t o  f o r e i g n  c o u n t r i e s  by makers i n  J a p a n .  Accord ing ly ,  c o s t  



reduction by great pumping-up neight is now a world-wide trend. 
Pumping-up height as great as 1,000 m 13 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 is necessary along with the scaling-up of the pump water 
wheel unit capacity. Accordingly, the transportation required for 
power plant constru~tion becomes more difficult anc! more costly. In 
order to reduce the c~nstruction cost, reduction of tbn transportation 
cost becomes thus essential. Thus, present tasks incl~ds finding more 
efficient methods for constructing roads, improving transportation means, 
developing novel transportation means and new types of equipment and 
reducing Jr decomposing equipment, and thereby, achieving a more ra- 
tionalizzd transportation system for power plant and transmission line 
equipment and construction matepials. 

In case of 0 Pumped-Strage Power Plant, it is estimated that 40 % 
of the tccal cost is spent on civil engineering work, 30 % on electr-lcal 
work and 33 % on land compensation, interest end miscellaneous expenses. 
This last fraction includes the 3 to 5 % road-related cost and 1 to 1 .5  % 
transportation cost. 

( 8 )  Efforts to Red~ce Equipment Sizz and to Decompose Equipment. 

With regard to decomposition oP equipment, the decomposition of /i 
the main transformer into nine parts caused the cost to be doubled. 
Likewise for other equipment, the cost will be increased by 10 to 15  % 
per one decomposition. Furthermore,, there is a technical linitation 
for the decomposition of equipment. 

0'- ' 6 a * 

l gk5  id70 19'75 1940 

The Year When the 
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a: Pumping-up Height 
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Makers 
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Fig. 111-4. Transition of Pumping-up Height 
of Pump Nater Wheels. 



Decomposition o f  a pump wa te r  wheel runner  i s  one o b j e c t  which has  
a t t r a c t e d  a t t e n t i o n .  I n  t h i s  case ,  a decomposed runner  which can  be 
assembled and used a t  a  h igh  speed i s  a c u r r e n t  t e c h n i c a l  g o a l .  Such 
a runner  must endure t h e  g r e a t  c e n t r i f u g a l  f o r c e  which may be a p p l i e d  
i n  a  p l a n t  wi th  a g r e a t  pumping-up h e i g h t .  Recent ly ,  a decomposed run- 
n e r  was incorpora ted  i n t o  a  425-m punping-up he igh t  equipment. However, 
i f  one can develop an  i n t e g r a t e d  runner  which can be used a t  h i g h  s ~ e e d  
and i s  sma l l  i n  s i z e ,  such a runner  w i l l  s o l v e  two problems a t  once,  
nzmely, t h e  problems o f  gquipment c o s t  r e d u c t i o n  a?d t r a n s p o r t a t i o n  t o  
t h e  c o n s t r u c t i o n  s i te .  

I n  t h e  case  o f  OY Pumped-Strage Power S t a t i o n ,  whose c o n s t r u c t i o n  
has r e c e n t l y  been scheduled,  a  240-r.p.m. pump wa te r  wheel runner  was 
s e l e c t e d  and decomposition was thoaght  t o  be necessa ry  i n  t h e  e a r l y  
s t a g e  of p lanning .  L a t e r ,  however, a  300-r.p.m. i n t e g r a t e d  runner  was 
deseloped which enabled both  t h e  r e d u c t i o n  o f  t h e  equipment and of t h e  
Lranspor ta t ion  c o s t .  Never the less ,  i f  new t r a n s p o r t a t j o ~  means u s i n g  
LTP.'s were developed, t t - J  might o f f e r  new p o s s i b i l i t i e s  f o r  t h e  cons t -  
r u c t l e n  o f  l a rge -capac i ty  power p l a n t s .  If such a p l a n  were t o  be 
c a r r i e d  o u t ,  t h e  amoun'; saved on c o n s t r u c t i o n  c o s t  by u s i n g  high-speed, 
high-capaci ty i n t e g r a t e d  runner s  could  be i n v e s t e d  t o  d e v e l o ~  new means 
of t r a n s p o r t a t i o n .  I n  Table 111-1 which shows c u r r e n t  p l a n s  of  pumped- 
s t r a g e  power p l a n t s ,  one can see t h a t  t h e  u n i t  c o n s t r u c t i o n  c o s t  v a r i e s  
from 50 t o  128 thousand yen p e r  kW. If 2 p l a n  i s  r e a l i z a b l e ,  such va- 
r i a t i o n  would be t o l e r a b l e  up t o  250 1. There fo re ,  t h e r e  i s  a  poss i -  
b i l i t y  t h a t  a  huge amount can b e l n v e s t e d  i n  the  development of new t r a n s -  
p o r t a t i o n  means. 

Hydroe lec t r i c  power g e n e r a t i o n  has  e x c e l l e n t  r e sponse  t o  t h e  peak 
power demand, and t h e r e f o r e ,  i s  a  very e f f i c i e n t  means f o r  s t r a g e  o f  
t h e  e1ectr:c power and i t s  op t ima l  use .  It is  s a i d  t o  be adequate  f o r  
comnion h y d r o e l e c t r i c  and pumped-strage power p l a n t s  t o  cover  20 % o f  
t h e  power jemand i n c r e a s e .  According i o  t h l s  f i g u r e ,  1.14-million-kW- 
per-year h y d r o e l e c t r i c  p l a n t s  should be c o n s t r u c t e d  by 1985 and 1.2- 
mil'ion-kW-per-year by 1990. The es t ima ted  c o ~ s t r u c t i o n  c o s t s  a r e  108.5 
b i l l i o n  yen and 114.3 b i l l i o n  yen, r e s p e c t i v ~ i y .  

Accordingly,  power p l a n t  equipment which i s  h e a v i e r  t h a n  20 t o n s  
would be t r a n s p o r t e d  a t  a  pace of about  10,000 t o n s  p e r  y e a r .  



Table 111-1. Cons t ruc t ion  Plans  o f  Pumped- 
S t r a g e  Power P l a n t .  

Const ruc t ion  Continued i n  1977 F i s c a l  Year 

* Unit = Thousand Yen p e r  kW 
** P l a n t s  Pure ly  of  Pumped-Str8age Type 

I n  Prepara t ion  f o r  S t a r t i n g  Const ruc t ion  

Unit* 
Const- 
r u c t i o n  
Cost 

w 

81 

99** 
1 

1 

92** 

65** 

. 
73** 

* 

S t a r t i n g  C o n s t ~ u c t i o n  n e s l r c d  i n  1977 I 

T o t a l  
Const- 
r u c t i o n  
Cost 

103,700 

118,300 

101,000 

78,900 

72,900 

474,670 

Output 
(MW) 

1,280 

1,200 

315 

780 

1,206 

1,000 

5,780 

Name o f  
River  

Takase 
,&ver 

Hocchi 
River  
Tone 

PP 

E o d a  
u e r  
Tomi- 

n a n a  R .  
Asahi 
River  
Seto- 
U&>. 
Kiyo- 
t s u  R .  

T o t a l  

Name of  
Company 

I 

Tokyo 
E l - e c t r l c i t y  

L 

Chiibu 
E l e c t r i c i t y  

I 

Kansai 
E l e c t r i c i t y  

L 

E l e c t r i c  
Power 
Qeve lo~ment  

Main 
Trans- 
former 

367x4- 

335x4 

126x3 
, 

296x3 

680x2 

560x2 

Name of Wster 
P lan t  System 

Shin  Shinano 

E E Y  ne 
v e r  

- continued - 

123,010 
r 
'Kansai 
E l e c t r i c i t y  

k 

Oku- 
Yahani 
Oku- 
-Yahagi 2nd 
Oku- 
Yoshlno 

Oku- 
Kiyotsu 

9 

96** 

I 

Odawars 
River  
Ohrni 
River  

River  

Yahagi 
l s t w e r  

Yahagi 
River  
shing; 
River  

Shinano 
River  

Ogochi 1,280 I c h i  
River 

680x2 



Kyus hu 
Electricity 

Electric 
Power 
,Development 

GROUND TOTAL I 111,960 1 j1,138,940[ 1 

Construction Plan of 
Pumped-Strage Power 
Plant 

Amayams 

Tokuyama 

Increase i1; 
Output per 
Year 

52,500 

75,500 

128,000 

1975 7,100 Thousand kW 
1,140 Thousand 

1985 18,500 Thousand k kW/year 
(Estimated) 

1,200 Thousand 

1990 24,500 Thous2nd kW kW/year 
(Estimated) 

I 

262 

120** 

200 

640 

, 840 

r 

Tokyo 

' ~okkaido Takami Shizu- 

Estimated 
Total 

Rok- 
kaku R. 
Matsu- 
u a  R -  
Kiso 
River 

243,910 

-125x2 

367x2 

- 

Shisu- 

Construction Cost 

Total 
I 

i 

76,500 

44,400 

. 

Total 

Imaishi 

108,552 million yen 

-2,280 

Amayama 
River 
Iwaki 
River 
Ibi 
River 

b 

1281. ' 

111 

114,265 million yen 

nai R. 
Tone 
River 

111-1-2. Transpo~*t of Power Generating Equipment for Hydroelectric 
Power Station and Station Construction. 

600 

400 

nai R. 
Kinuta 
ver 

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. In Japan, due to the lack of appro- 
priate sites for large-capacity hydroelectric plants, the record of 
capacity has not been updated since 1972. Rased on recent developments 
in civil engineering techniques, A Hydroelectric Power Plant with 260- 
thousa~d-kW capacity was planned. The site of this plant is located 
at Wada River of the Joganji Water System in the Hokuriku District. The 
site is in steep mountains and transportation conditions are very poor. 
Strict restrictions on equipment size were set in orde17 that the trans- 

340x2 

240x2 
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F ig .  111-5. T r a n s i t i o n  of  3 n i t  Capaci ty 
of  F r a n s i s  Water Wheel. 

p o r t a t i o n  might be done through small t u n n e l s  f o r  t h e  purpose o f  reduc- 
i n g  t r a n s p o r t a t i o n  c o s t s .  The re fo re ,  when t h e  equipment makers were vy- 
i n g  f o r  o r d e r s ,  whether o r  no t  they  could gua ran tee  s a t i s f a c t i o n  of  
t h e s e  t r a n s p o r t a t i o n  requi rements  was among t h e  p o i n t s  most c a r e f u l l y  
cons idered .  

The number of b l a d e s  of  a runner  usee  on ly  f o r  power g e n e r a t i o n  i s  
much g r e a t e r  t h a n  t h a t  o f  a runner  f o r  a pump wa te r  wheel. There a r e  
u s u a l l y  more t h a n  t e n .  Decomposition of  such a  runner  i s ,  t h e r s f o r e ,  
u n d e s i r a b l e  due t o  i t s  s t r u c t u r e .  Such decomposi t ion i n e v i t a b l y  causes  
t h e  g e n e r a t o r  c o s t  t o  i n c r e a s e  by 10 t o  15  X .  One maker o f  such r u n n e r s  
has  developed a  supe r  high-speed 300-r.p.m. runner  a f t e r  an  i n t e n s i v e  
s tudy  of  hydrodynamics. This  runner  i s  a record-breaking  one as t h i s  
kind of  means. Thus, t h e  g iven  t r a n s p o r t a t i o n  r e s t r i c t i o n  was s a t i s f i e d  I 

z l o r g  wi th  t h e  o t h e r  s p e c i f i c a t i o n s .  Bes ides  r u n n e r s ,  t h e  o t h e r  c a u s e s  
! of t r a n s p o r t a t i o n  problems i n  h y d r o e l e c t r i c  p l a n t  c o n s t r u c t i o n  a r e :  

upper cove r s ,  lcwer cove r s ,  water  wheel /genera tor  main s h a f t s ,  wa te r  , 
j 

wheel i n l e t  v a l v e s ,  g e n e r a t o r  s t a t o r s ,  t r a n s f o r m e r s ,  e t c .  I n  another 
c o n s t r u c t i o n  s i t e ,  t h e  c o n s t r u c t o r  even cons ide red  t r a n s p o r t a t i o n  o f t h e  1 
runner  by a i r .  I n  t h e  c a s e  of A Power P l a n t ,  c i r c u l a r - s h a . ~ e d  t u n n e l s  
a r e  p a r t i a l l y  curved s o  t h a t  t h e  water  wheel i n l e t  v a l v e s  can  be t r a n s -  

I 
p o r t e d  through them. 

Japan  seems t o  have many fewer s i t e s  a p p r o p r i a t e  f o r  power p l a n t s  
e x c l u s i v e l y  f o r  power g e n e r a t i o n  t h a n  o t h e r  countries. I n  Japan ,  how- 
e v e r ,  t h e r e  i s  s t i l l  f u t u r e  demand f o r  mult i -purpose dams f o r  i r r i g a t i o n ,  
f l o o d  c o n t r o l  and water  r e s o u r c e s  a s  w e l l  a s  power g e n e r a t i o n .  Also, 
t h e  development of c i v i l  eng inee r ing  t echn iques  and t h e  r a p i d  r i s e  of  / 4 2  
t h e  p r i c e  of crude o i l  w i l l  s t i m u l a t e  f u r t h e r  u t i l i z a t i o n  of  wa te r  r e -  



sources, together with counterplanning agair~st peak demand increase. 
The hydroelectric plants currently planned or under construction in 
Japan are shown in Table 111-2. 

Table 111-2. Construction Plans of Hydro- 
ele2tric Power Plants. 

(including pumped-strage plants) 

Construction Plans of Increase in Estimated 
Hydroelectric Plants Output per C~nstruction 
of Usual Type Year Cost 

Construction Cost 
(Million Yen) 

247,433 

82,354 

150,171 

139,085 

619,043 

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) 

Output 
(Thousand kW) 

728.5 

220.0 

604.6 

358.2 

1911.2 

Construction 
Continued in 
1g.;7 

Construct ion 
Prepay -sd 

Starting 
Cunstruct ion 
in 1977 
Desired 

St art ing 
Construction 
in 1978 
Desired 

Total 

An inevitable general tendency is for the development sites to move 
into more and more mountainous and isolated areas where transportation 
problems are more sex-ious . 

Number of Sites 

23 

12 

16 

14 



One can  see t h a t ,  i f  a i r  t r a n s p o r t a t i o n  o f  equipment h e a v i e r  t h a n  
20 t o n s  ( s u c h  a s  power p l a n t  c o n s t r u c t i o n  means, m a t e r i a l s ,  p l a n t  equip-  
ment,  e t c . ,  shown i n  Tab le  111-3) were p o s s i b l e  by means o f  LTA, t h e  
r o a d - r e l a t e d  c o n s t r u c t i o n  c o s t  which now o c c u p i e s  4  t o  5 % o f  t h e  t o t a l  
c o n s t r u c t i o n  c o s t  would be g r e a t l y  reduced  and t h e  p r e p a r a t i o ~  p e r i o d  
f o r  t h e  c o n s t r u c t i o n  o f  dams, temporary r o a d s  and t u n n e l s  would a l s o  be 
si,. i f i c a n t l y  reduced.  The u t i l i z a t i o n  o f  LTAts may make p o s s i b l e  t h e  
r e d u c t i o n  of  no t  o n l y  t r a n s p o r t a t i o n  c o s t  b u t  a l s o  c ~ i l s t r u c t i o n  c o s t  
i t s e l f .  Fur thermore ,  i t  may ex t end  t h e  r a n g e  o f  p o s s i b l e  s i tes  f o r  
p l a n t s .  A s  s e e n  i n  T a a l e  111-2, development o f  h y d r o e l e c t r i c  power i s  
s t e a d i l y  p lanned  - 450 thousand  kW by 1985 and 800 t h s a n d  kW by 1990. 
The e s t i m a t e d  c o s t s  a r e  145,748 m i i l i o n  yen and 259,108 m i l l i o n  yen ,  
r e s p e c t i v e l y .  Table  111-4 shows t h e  l i s t  o f  t h e  main equipment used i n  
260-MW A F i r s t  Power S t a t i o n  and 12-MW A Second Power S t a t i o n .  It i s  
c u r r e n t l y  e s t i m a t e d  t h a t  t h e  heavy m a t e r i a l s  o v e r  20 t o n s  a r e  23 pack- 
a g e s  and amount t o  a 724-ton t o t a l  we igh t ,  f o r  t h e s e  t h o  s t a t i o n s .  T h i s  
q u a n t i t y  co r r e sponds  t o  t h e  a n n u a l  ra te  o f  heavy c a r g o  t r a n s p o r t a t i o n  
f o r  h y d r o e l e c t r i c  power p l a n t s .  

Tab le  111-3. C i v i l  Eng inee r ing  Machines Used 
i n  C o n s t r u c t i o n  of  H y d r o e l e c t r i c  Power P l a n t s .  

Heavy Dump Trucks  

B u l l d o z e r s  

Maker I Model I F u l l y  Loaded Weight 

Maker 

Nissan  
Komatsu 

Hino 
H i t  a c h i  

  it sub is hi 
Motors 

C a t e r p i l l a r  ; 
M i t s u b i s h i  

Model 

WD 38 
MD 323-2 
HD 180-4 
ZG 150D 
DH 321DA 
DH 321EA 
DM 15A1 
D 200 
D 320 

Maximum Load 

38 t o n s  
3  2 
1 8  
15  
3  2 
32 
1 5  
20 
32 

D5 D i r e c t  
Power S h i f t  
D6C D i r e c t  
Power S h i f t  
D7P Power S h i f t  
D i r e c t  
D8K Power S h i f t  
D9H 
D50A-15 

Vehl c l e  Weight 

32 t o n s  
26.4 
1 6 - 7 5  
14.775 
27.3  
27 5  
14 .6  
19 
26.5 

-. . 

V e h i c l e  Weight With 1-quipment 

9 .3  t o n s  
9 - 6  

11.25 
11 55 
16 .45  
16.15 

9 .57 

1 11.4 t o n s  

I I ( c o n t i n u e d )  



Table 111-4. Main Equipment in A First and Second 
Syd~~oelectric Stat ions. 

Additional information regarding A Hydrgelectric Plant is as 
follows: the location of A First Power Station is 42 km from Toyama 
Railway Station via Course a, 40 h. via Sourse b, and 36 km via Course 
c. There are four bridges in the courses, and the longest bridge , 550 - 
m, has difficulty with reinforcement, -9 the maximum permissible weight 
must be restricted to its maximum enduidl;e weight. There are two nar- 
row tunnels, 0-Hagi and Wada-Gawa Tunnels. For transporting the water 
wheel runners, the inlet valve bodies and the inlet valve cylinders, 
these tunnels must be curved. The road slope is 14.8 X at maximum. The 
maximum height and width for going through an underpass which crosses 
the Tateyama Railway Line are both 3,800 mm. Therefore, it is necessa- 
ry to transport some eauipment through this underpass by means of small 
rollers. The narrowest part of the road is now located at the 3,500-m/m 
point and extension of the road width along the 300-m length is neces- 
sary. 

Total 
Weight 
(tons) 

6 !. 
70 
70 
70 
24 0 
30 
180 

724 

1. Water Wheel Runners 
2. Main Shafts 
3. Inlet Valve Bodies 
4. Inlet Valve Cylinders 
5. Generator Stators 
6. Thrust Color 
7. Transformers 

Total 

Number of 
Units 

2 
2 
2 
2 
8 
1 
6 

23 

H(~)xw(~)xL(~) 

3. x 1.8 x 5.3 
2.2 x 2.2 x 5.4 
3.2 x 3.2 x 3.9 
3 .  x 3 . 3  x 5. 
2. x 3.5 x 1 ' .  
2. x 3.6 x 3.6 
3.5 x 2.5 x 3.5 

Unit 
Weight 
(tons) 

32 
35 
35 
35 
30 
30 
30 
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Fig. 111-7. Construction Site of A Hydroelectric 
Power Station. 



111-1-3. Transport of Power Generating - Equipment for Geothermal 
Power Stations. 

(a) Present State. 

K Geothermal Power Plant is located about 28 km north-west of 
Morioka City and within Hachiman-Daira National Park. Construction 
equipment for this plant was transported by way of the approximately 
10-km route route along Tazune River, from Shizuku-ishi Railway Sta- 
tion of the Tazawa-KO Line to the construction site. (See Fig. 111-8) 
The following points in 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 Lridges 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- 
er: 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 case (60 tons) due to the transportation res- 
trictions 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 rotor and the turbine rotor, both of which 
cannot be easily decomposed, were 27 tons and 2 1  tons, respectively. 
The heavy materials and their weight are listed below: 

10 to 20 to 40 to Total 
20 tons 40 tons 60 tons Weight 

Turbine Equipment 1 3  4 0 146 tons 
Generator Equipment 2 1 1 416 
Transformer 1 198 
Toto1 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 matel-ials, the Prefecture Road 
was widened so that the road width in the straight section was 4.5 m 
(efficient width: 3.5 n) and every curve radius was greater than 15 m. 
Since the site is located in a national park and in a hot spring I>ecre- 
ational area, the transportation from Abashiri was restricted to night 
time and every vehicle transporting a heavy cargo was escorted by a 
guide vehicle. Full priority was given to riormal traffic. 



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 mate~ial 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 b~dget for the 
plant construction. 

Fig. 111-9 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 mearts us- 
ing LTA1s are expected to be developed not only for plant 9quipment 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 LW by 1985 and 2,500 thousand 
kW by 1990 is feasible. Therefore, one can anticipate development at 
a pace of 100 thousand KW 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 geothe~mal plant construction has begun are listed below: 

Name of Plcnt Total Const- 
Output ruction cost 

Unit Const- 
ruction Cost 

Mori 50 MW 8,210 million yen 164 thousand yen/kW 
(Hokkaido Electricity) 
Tsugenunia 50 7,380 148 
(Tahoku Electricity) 
Haccho Daira 50 11,500 230 
(KyGshG 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, 445.0 billion yen. 



Fig. 111-8. Construction S i t e  of Y Geothermal power Plant. 



, A Tokachigawa 40MW 

Nigorigawa ~ O O M W  

Shikabc 50MW 

Hakkoda lb:~W 
Matsuda 50MW 
Matsukawa 22MW 
Tsutaneda  50MW 
T a k i n ~ u e  lOOMW 

Hanamaki 5Cm 
Onikubi 25r..d 
Onikubi 25YW 

Takenoyu 70 MW G o p e r a t i n g  o r  under  
Nozawk 100 MW c o n s t r u c t i o n  
Ohtake 13MV o  p lanned  
Hacchobara 50YW 

Nanj 5 j ima 50MW 
Kir i sh ima 1 7 0 W  

Rig. 111-9. Candida tes  f o r  C o n s t r u c t i o n  S i t e s  of 
Geothermal Power P l a n t s .  

- Reing Planned f o r  t h e  Per lod  u n t i l  1985  - 
31 S i t e s  I n c l u d i n g  4 S i t e s  Where t h e  P l a n t s  
Ape i n  Opera t ion  o r  Under C o n s t r u c t i o n .  



(b)  crease i n  Equipment Capac i ty  f o r  Geothermal Yower S t a t i o n s .  

The 50-thousani-kW geothermal  g e n e r a t o r  i s  t h e  b i g g e ~ t  one i n  J apan .  
However, i n  t h e  p a s t ,  a  110-thousand-kW equipment was p lanned  by K a i s e r  
Company, U . S . A . ,  and was expor t ed  by a Japanese  maker (Tcsh iba  E l e c t r i c ) .  
A 150-thousand-kW c l a s s  t u r b i ~ , e  r o t o r  m a t e r i a l  has  aa , . ready been deve lop-  
ed .  F u r 4 - ~ e r m o r e ,  a c c o r d i n g  t o  -ecent  i n f o r m a t i o n ,  a g e o t h e r m ~ l  power 
R e n e r a t i o n  o f  500 t o  3,000 thousand  kW i s  now thought  t o  be  p o s s i b l e  by 
u s i n g  2,000 XI t o  4,600 m b o r i n g  d e p t h .  The Kaiser Company, U.S.A., which 
h a s  a  500-thousand-kW p l a n t ,  h a s  unde r t aken  a  p r o j e c t  t o  ex t end  t h e  ou t -  
p u t  t o  2,500 thousand  kW, (See  Tab le  111-5) Development o f  250 thous-  
and-kW c l a s s  p l a n t s  i s  p r e s e n t l y  a g o a l  i n  c:apan. Hotve-~er, t h e  50 thou-  
sand-kW equipment w i l l  be r e p l a c e d  by 110 thousand-kW c l a s s  equipment i n  
t h e  n e a r  f u t u r e .  A t  t h a t  t ime ,  t h e  weight  of  a  g e n e r a t o r  s t a t o r  frame 
w i l l  be  30 t o n s ,  50% h e a v i e r .  The decompos i t ton  o f  t h e  s t a t o r  f rames 
and t h e  weight  of  t h e  decomposed p i e c e s  w i l l  c r e a t e  a s e r i o u s  problem 
t o g e t h e r  w i t h  t h e  weight  o f  o t h e r  eqaipment such a s  t r a n s f o r o e r s .  The 
d e s i r e  f o r  a  new means r f  t r a n s p o r t a t i o n  u s i n g  L T A t s  i s  t h u s  c o n s t a n t l y  
growing. Success  i n  de l l s lop ing  a 250-thousand-kW' c l a s s  equipment a n i t  
can  be s a i d  t o  depend on t h e  f u l f i l l m e n t  o f  t h i s  t a m .  

The a n t i c i p a t e d  amount of heavy m a t e r i a l  t-a3 - . o r t a t i o n  a n n u a l l y  
i s  900 t o n s  up u n t i l  1985 and 2,000 t o n s  up u n t i l  1990. T h i s  e s t i m a t e  
was made i n  accordance  wi th  t h e  p l a n  o f  development r e p o r t e d  by t h e  
Conference o f  E l e c t r i c  Power I n d u s t r y .  



Table  111-5. Geothermal Power G e n e r a t i o n  
I n  t h e  World 

/= 
*In  P a r t i a l  O p e r a t i o n  

'country  

I t a l y  

1 

Z aparl 

I 

New Zealand 

!4exico 

r 

U.S.A. 

I c e l a n d  

France  

N a i ~ o b i  
v 

U.S.S.R. 

Taiwan 
L 

I n d i a  
L 

Tndonesia 

D i s t r i c t  

L a r d e r e l l o  
Monte Amiata 
Othe r s  
T o t a l  

Mat sukawa 
Ch-Take 
Oh-Numa 
Onikubi 
T o t a l  

Wai rake i  
Karewau 
T o t a l  

Balla 
Ce r ro  B r i e t o  
T o t a l  

Kaiser 

T o t a l  

Namahafull  
Henkir  
T o t a l  

Baujyek 
Bara t sunka  

T o t a l  

L 

Output  (MW) 
I n  O p e r a t i o n  

380.6 
22.0 
15.0  

317.6 

22.0 
11 .0(7 .5 )*  
lO.O(l2.5) '  
25.0 
68. 0 

192.6 
10.0  

202.6 

82. 0 
75.0 

157.0 

522.6 

522.6 

3 . 0  
17.0 
20.0 

5.0 
0 7 

5 .7  

1 

Under C o n s t r u c t i o n  o r S  
P lanned  (MW) 

Kat suneda  50.0 
Haccho-Bara 5Q.O 
Mori 50.0 

150.0 
I 

Broad lande r  200.0 
Va io t apu  564.0 

764.0 

M e x i c a l i  295 0 

295 0 

Kaiser 406.0 
I m p e r i a l  V a l l e y  65.0 
B a t t l e  Mountain 10.0 

461.0 

Namahafull  3.0 
Kura fu ra  60.0 

63.0 
J 

Guadeloupe 30.0 
(West I n d i e s )  

N a i r o b i  15.0  
* 

Bau j yek 95.0 
K u n a s h i r i  6 .0  
Abachinskaya 30.0 

131.0 

Matoa 10 .  

Lli 50.0 . 
Kamoyan 30.0 

Tot  a1 

I (Cont inued]  

Deyen 5 .0  
35.0 



The d a t a  are t h o s e  of June ,  1976. 
3urveyed by: 

F h i l l p p i n e s  

I 

Nicasagua 

ElSSalvador 

C h i l e  
m 

D i v i s i o n  o f  Thermal Power, 
Department o f  P u b l i c  U t i l i t i e s ,  
Agency o f  Resource and Energy, 
M i n i s t r y  o f  I n t e - n a t i  ,rial T ~ a d e  and 

I n d u s t r y .  

Remark: Bes ides  t h e  c o u n t r i e c  l i s t e d  above,  t h e  f o l l o w i n g  c o u n t r i e s  
a r e  b e i n g  p r e s e n t l y  surveyed:  Greece ,  E t h i o p i a ,  A l g e r i a ,  Yugos lav ia ,  
China,  Peru,  Gua ten~a la ,  Costa  R ica ,  Colombia and o t h e r  c o u n t r i e s .  

t 
Kahuachapan 

T r a ~ s l a t o r ' s  Note: 

Qrand  T o t a l  1453-5 
I 

C e r t a i n  o b s c u r e  plarie liames had t o  m e r e l y  be  t r a n s l i t e l a t e d  from t h e i r  
J a p a q e s e  p r u n o u n c i a t i o n s ,  and t h u s  s e e o r s  i n  t h e i r  E n g l i s h  s n e l l i n g  
may have r e s u l t e d .  

2719.0 * 

60.0 

I 

T e i u i  220.0 
Los Baffos 220.0 
T o t a l  440.0 

Momot ombo 175.0 
and o t h e r s  

~ h u a c h ~ p d n  60.0 

E l  T a t i o  20.0 



111-1-4. Transpor t  Problems i n  Const ruc t ion  o f  Power Transmission Line.  /z 
(This  s e c t i o n  i s  based on t h e  in te rv iew wi th  M r .  Masato 
Yamamoto, s e c t i o n  d i r e c t o r ,  Tokyo E l e c t r i c i t y . )  

I n  t h e  t r a n s p o r t a t i o n  o f  c o n s t r u c t i o n  equipment, t r u c k s  a r e  !:sed 
i n  f l a t  a r e a s ,  whi le  h e l i c o p t e r s  and overhead f r e i g h t - c a r r y i n g  c e ' l e s  
a r e  used i n  mountainol~s a r e a s .  I n  t h e  l a t t e r  case ,  t h e  use  of  over- 
head f r e i g h t - c a r r y i n g  c a b l e s  i s  i n  g e n e r a l  more economical. 

AE aK example of  power t r ansmiss ion  l i n e s ,  Shin-Chichibu/Tichigi 
Line is  desc r ibed  a s  fol lows:  This  6-conductor l i n e  s t r e t c h e s  120 k:n 
from Chichibu Ci ty  through Saitama Sanri-Mura, Ohta Ci ty ,  Ashikaga C i t y ,  
Kiryu Ci ty ,  Kanuma and Ugi ' i e  C i ty  o f  Toshigi  P r e f e c t u r e  up t o  Utsuno- 
miya Ci ty .  This  l i n e  is  a  t y p i c a l  la rge-capaci ty  modern power t r a n s -  
miss ion  l i n e  which t r a n s m i t s  t h e  power of  10,000 thousand kW p e r  r o u t e  
a t  500 kV. The conductors  a r e  h e a t - r e s i s t a n t  hard-core aluminum wires .  
247 s t e e l  towers were cons t ruc ted  a t  400 t o  500-IK i n t e r v a l s .  These to-  
wers a r e  an average o f  80 m h igh  and t h e  t o t a l  weight o f  t h e  towers i s  
31,000 tons .  The average weight o f  one tower is  113 t o n s  and t h e  ave- 
r age  c o s t  i s  abcut  200 m i l l i o n  yen p e r  tower. The c o n s t r u c t i o n  p e r i o d  
was t h r e e  yea r s ,  from October,  1975 t o  November, 1976. The t o t a l  weight 
of t h e  equipment which was t r a n s p o r t e d  fcr c o n s t r u c t i o n  was 216,000 t o n s .  
It was t r a n s p o r t e d  by: 

He l i cop te r s  36 (17 % )  1,800 (67 X )  49,000 yenltori  

Overhead 1,700 
Freight-Carrying 102 (47 $ )  600 ( 2 2  % )  t o  
Cables 4,000 yen/ton 

Trucks 78 ( 3 6 % )  300 (11 X )  4,000 yen/ton 
thousand t o n s  m i l l i o n  yen 

I n  genera l ,  more than  17 % o f  t h e  t o t a l  t r a n s p c r t a t i o n  f o r  power t r a n s -  
miss ion  l i n e  c o n s t r u c t i o n  is  done by helico$,ers, and i n  some c a s e s ,  
as much a s  30 t o  40 X .  Recent ly ,  f o r  environment conse rva t ion  reasons ,  
t h e  use o f  overhesd f r e i g h t - c a r r y i n g  c a b l e s  i s  decreas ing .  



MAIN POWER TR~.NSMISSION LINES 
ORIGINAL PA- a 
gel POOR am. 

Remarks : 

r 500 thousand V 

- 275 thousand V 

Fig. 111-10. Shi-Tochigi Line. 
Key : 
a: to Niigata b: shirnog; (Power P.) c :  - Fukushima 
d: Okukiyot su e: Yagisawa f: Num! a 
g: shimog; Line h: Fukushima Main Line 
i: Fukushima Higashi Main Line j: Tamabars 
k: Shin-Tochigi 1: Shin-Mogi m: Oku-Kiyotsu/Chichibu Line 
n: Tamabara Line o: Shin-Kuwana p: Tohkai 2nd (Nuclear P.) 
q: to Shinana R. r: Anyyo Main Line t: Shin-Chichibu/Tochigi L. 
u: Shin-Okabe v: Shin-Furukawa w: Shin-Tokorozawa 
x: Shin-Fur~kawa L. y: Shin-Tsukuba z: Shin-Sahara Line 
aa: Shin-Chichibu ab: Shin-Tama/Chichibu Line 
ac: Shin-Keiyo ad: Inba Line ae: Kashima 
af : Shin-Tama ag: B5s5 Line ah: Shin-Sahara 
ai : Shin-Fuj i aj: Shin-Tama Line ak: Shin-Hatano 
al: Shin-Sodegawara am: Chiba an: Goi 

. , . , , . ao: Anegasaki ap: Sodegaura aq: Sakuma (Power P.) 
c . . 

ar: Shin-Hatano L. at: Yokosuka 
- ? 



( a )  Foundat ion Work. 

The s o i l  must be dug f o r  t h e  c o n c r e t e  f o u n d a t i o n s  o f  t h e  f o u r  l e g s  
o f  each s teel  tower .  5 t o  6-ton e x c a v a t o r s  f o r  t h i s  job  were disassem- 
b l e d  and t r a n s p o r t e d  by h e l i c o p t e r s .  The h e l i c o p t e r  which was used 
h a s  h 2 t o  3 - ton f e i g h t  c a p a c i t y .  The c o n c r e t e  f o o t  p o r t i o n s  o f  t h e  f o u r  
tower  l e g s  a r e  about  1,000 t o n s  i n  weight .  The l o a d  o f  0.9-ton s o f t  
cement + 0.1-ton bucket  = 1.0-ton l o a d  was t r a n s p o r t e d  by one h e l i c o p -  
t e r  f l i g h t .  On t h e  average ,  t h e  f l i g h t  d i s t a n c e  was 25 km o r  less and 
t h e  f l i g h t  t ime was 4  minutes .  Usua l ly ,  60 t o n s  o f  s o f t  cement was p l a c e d  
by four-hours  o f  work. A t r u c k  c a r r i e d  15 t o n s  o f  s o f t  cement a t  a 
t ime.  The c u r r e n t l y  used t r a n s p o r t a t i o n  is a f f e c t e d  by t h e  weather .  
The ave rage  p e r i o d  f o r  comple t ing  a  1000 t o n  cement placement  i s  abou t  
one month. The removal o f  t h e  dug s o i l  was a l s o  performed by he l i cop -  
ters.  The approximate  s i z e  o f  t h e  tower  feet i s  shown i n  the f i g u r e  
below. The tower  f e e t  p l a c e d  on a  mountain slope must be des igned  t o  
resist t h e  fa l l ing-down moment. 6 2 o M  ,q) r 

!. 
( b )  Assembling Work. 

600 t o  800 0, 4-ton/meter s t e e l  
m a t e r i a l s  were decompcsed and t r a n s -  - p o r t e d  by h e l i c o p t e r  t o  t h e  cons t run -  
t i o n  s i t e s .  If t h e  s tee l  materials 
a r e  made i n  a p a n e l  o r  b lock  form and 

SMU assembled a t  t h e  s i t e s ,  t h e  h igh -p l ace  
work f o r  a s sembl ing  a t  t h e  s i tes  cou ld  
be l a r g e l y  reduced  and t h e  c o n s t r u c t i o n  
c o s t  would be lowered by t h e  g r e a t e r  
e f f i c i e n c y .  Thz h e i g h t  o f  t h e  s t e e l  
towers  i s  80 m i n  average ,  a l t h o u g h  
some o f  them a r e  100 t o  120 m h i g h .  

The assembl ing  work is  done by u s i n g  on-the-ground pushing-up c r a n e s .  

5 TON 

100-200 t o n  S t e e l  Tower On-the-Ground Pushing-Up Crane 



I f  t h e  new t r a n s p o r t a t i o n  means us ing  LTAvs a r e  developed and can /s- 
t r a n s p o r t  heavy m a t e r i a l s  wi th  50 t o  70--ton weight ,  t r a ~ s p o r t a t i o n  of  
assembled towers might be p o s s i b l e  f o r  275-kV t r a n s m i s s i o n  l i n e s .  O f  
course,  even i n  t h a t  case ,  t h e  panel  o r  block decomposition method 
would a l s o  b e  used. Furthermore, i f  t h e  above-mentioned c r a n e s  can be 
rep laced  by LTAvs  which a r e  capable o f  c rane  work, t h e  assembling work 
of  t h e  c ranes  a t  t h e  c o n s t r u c t i o n  sites can be e l imina ted .  I n  mountain- 
ous a r e a s ,  it is  d i f f i c u l t  t o  o b t a i n  s u f f i c i e n t  space  t o  assemble t h e  
members. T4e necessary amount o f  space  f o r  t h i s  t a s k  i s  2,000 t o  4,000 m? 
and 5,000 m i s  d e s i r a b l e  i f  p o s s i b l e .  The panel  o r  block decomposition a 

method i s  now d e s i r e d  f o r  t h i s  reason,  too.  

Key : 

a: J o i n t e d  Legs 
53.5 m 

b: J o i n t e d  Legs 
43.0 m 

Fig .  111-11. Power Transmission Lint  Steel Towers. 



( c )  X i r i n g  Work. 

One u n i t  o f  ti ;? drunis u s e d  i n  c o n s t r u c t i o ~ l  i~ 5 t o n s  i n  w e i g h t .  
The drumz are p i a c e d  st t h e  r c a d s i d c  drum s i t e s .  The e n g i n e s  u s e a  f o r  
w i r i n g  a r e  23 t o n s  i n  we igh t  and  are t r a n s p o r t e d  by h e l i c o p t e r s  t o  t h e  
c o n s t r u c t i o n  s i tes .  

Engine 

Drum S i t e  S i t e  

The messenger  wire ( 1 4  0 )  i s  drawn by  a  h e l i -  
c o p t e r .  Then t h i s  messenger  wire i s  r e p l a c e d  by 
a 1 6  t o  24-fl wire. The f i n a l  main wire i s  38.4 0. p + S o o  x 

O - \ - s e x t u p l e  I 
The power c a r r y i n g  c o n s i s t s  o f  s i x  sex-  / \ C o n d u c t c r  

t u p l e d  ;cn2:;ctors ( 6  r 6 = 36)  and two n t ,he r  con- 
d u c t o r s .  I n  t o t a l ,  t h e y  are 38- tup led .  The h e l i -  \ 
c o p t e r s  u s e d  i n  t h e  w i r i n g  work go f rom t h e  drum \ 
s i t e  t o  t h e  e n g i n e  s i t e  ( a b o u t  5 km f z r )  and back 

P 
0-0 

i n  f o u r  m i n u t e s  and r e p e a t  t h i s  f l i g h t  i n  f o u r  
h o u r s .  

( d )  Summary 3f T r a n s p o r t a t i o n  f o r  C o n s t r u c t i o n  o f  Power T r a n s m i s s i o n  
L i n e s .  

( i )  C l a s s i f i e d  T r a n s p o r t a t i o n  by H e l i c o p t e r .  
(Average T ~ > a n s p o r t a t i o n  F p r  dne  U n i t  o f  H e l i c o p t e r )  

S o f t  Cement 1 ,300  t o n s  ( 8 0  9 )  
S t e e l  ?lower Members 240 t o n s  ( 1 4  $ 1  

T o o l s  100 t o n s  ( 6  5 )  

Tot  a 1  1 , 6 4 0  t o n s  

( i i )  Estimate? T o t a l  T r a n s p o r t a t i o n  by H e l i c o p t e r s  f o r  
Power T r a n s m i s s i o n  L i n e  C o n s t r u c t i o n .  

Ac o r d i n g  t o  a  midd le - t e rm p l a n  ( t e r m i n a t i n g  i n  1 9 8 1 )  o f  Tokyo 
E l e c t r i c i t y ,  t h e  a n n u a l  t r a n s p o r t a t i o n  w i l l  be 8C,000 t o  
100 ,000  t o w .  A p a r t  o f  t h e  c o n s t r u c t i o n  p l a n  i s  shown i n  
T a b l e  I IT-6 .  



(iii) S t a t e  o f  U t i l i z a t i o n  Concern ing  Power T r a n s m i s s i o n  L i n e s .  

IR Japar,,  t h e r e  are 28 h e l i c o p t e r s  which c a n  c a r r y  a 1oad:aver 
one tan: f o u r t e e n  B e l l  204-14's ,  two B e l l  214B1s and  t h r e e  
V e r t o l  KB 1047 ' s .  
A t  a p l a c e  w i t h i n  30 m from e a c h  s t e e l  t ower ,  a 150 t o  300-m2 
ground i s  s e l e c t e d  f o r  c o l l e c t i n g  t h e  materials which are drop-  
ped from t h e  h e l i c o p t e r s .  
The h e l i p o r t  bas2 i s  l o c a t e d  a t  2.5-km p l a c e .  
The o p e r a t i n g  time of a h e l i c o p t e r  i s  c a l c u l a t e d  t o  b e  a b o u t  
500 hou r s  p e r  y e a r  which i s  e q u a l  t o  : 

365 days  x (1 /1 .7 )  = 215 d a y s  p e r  y e a r .  

The basic  r e n t  o f  a h e l i c o p t e r  i s  380 t housand  yen p e r  hou r  /% 
f o r  0.8 t o  1 .5 - ton  load B e l l  2 0 4 ~ .  

Pay load  ( t o n )  Rent A v a i l a b l e  
(Thousand Yen/Hour) U n i t s  

Bell 204B 0.8  t o  1 . 2  370 14  
B e l l  214B 2.5 t o  3.2 670 2 
V e r t o l  KV 107 2.5 630 3  

9 
T o t a l :  28 

T a b l e  111-6. P l a n s  o f  Power T r a n s m i s s i o n  
L i n e  C o n s t r u c t i o n  i n  1977. 

S t e e l  Towers: 35,000 t o n s / y e a r  
T o t a l  Amount: 250,000 t o n s / y e a r  

Company 

Hokkaido 
TEhoku 
~ o k y o  
C -1iibu 
Hokuriku 
Kansai  
~ h u g o k u  
Shikoku 
KY l l s  hii 

E l e c t r i c  
Oower 
Developclent 

T o t a l  

7 

1977 

150 krn 37.0 B i l l i o n  Yen 
383 62 .1  
684 283.9 
1 7 1  30.4 
126 25.0 

97 91.7  
186 2 2 . 1  
108 3 .5  
488 89 .3  

216 64.6 

2,609 km 759.6 B i l l i o n  Yen 

1978 

266 km 26.6 B i l l i o n  Yen 
420 90. 1 
163  234.5 
456 141.7  

45 5.7 
82 47.3 
41  9.7 

1 7 1  16 .2  
1 2 1  29.9 

2 6 10. ti 

1,796 km 612 .3  B i l l i o n  Yen - 



C f .  R e f e r  t o  t h e  t a b l e  a t  t h e  end  o f  S e c t i o n  111-2 f o r  
t h e  c u r r e n t  f a r e  o f  h e l i c o p t e r s .  

( i v )  A11 E f f e c t  o f  New T r a n s p o r t a t i o n  Means U s i n g  LTAts.  

Thc t r a n s p o r t a t i o n  o f  c o n s t r u c t i o n  w o r k e r s  t o  c o n s t r u c t i o n  s i t e s  
i s  a s e r i o u s  p rob lem.  100 t o  150 p e r s o n s  must b e  t r a n s p o r t e d  
f o r  one  p r o j e c t .  I f  t h e  w e i g h t  o f  a p e r s o n  i s  c a l c u l a t e d  t o  
b e  10'3 kg ,  i n c l u d i n g  t o o l s  and  small e q u i p m e n t ,  t h e  amount which 
must b e  t r a n s p o r t e d  i s  100 k g  x 150 p e r s o n s  = 1 5  t o n s .  If t h i s  
t r a n s p o r t a t i o n  c a n  b e  done s a f e l y  by new t r a n s p o r t a t i o n  means /57- 
u s i n g  LTAts,  t h e  w o r k i n g  e f f i c i e n c y  o f  t h e  c c n s t r u c t i o n  s i t e s  
w i l l  b e  impl-oved. 

( v )  I n t e r v i e w  w i t h  M r .  T e r u y u k i  KEno, Asah i  H e l i c o p t e r  Company, 
C o n c e r n i n g  LT? T r a n s p o r t  a t  i o n .  

A 500-kV s t e e l  t o w e r  i s  a b o u t  100 t o n s  i n  w e i g h t .  A new t r a n s -  
p o r t a t i o n  s y s t e m  i s  l i k e l y  t o  b e  p o s s i b l e ,  i n  which t h i s  t o w e r  
i s  decomposed i n t o  t h r e e  p a r t s  a n d  e a c h  p a r t  t r a n s p o r t e d  by a n  
TJT A 
With r e g a r d  t o  t h e  s o f t  cement p l a c e m e n t  o f  a b o u t  3000 m3 
(700  t o n s )  p e r  one  t o w e r  ( a b o u t  180 t a n s  p e r  one  f o o t ) ,  a b o u t  
10- ton  a  u n i t  t r a n s p c r t a t i c b n  w i l l  b e  c o n s i d e r e d  f o r  f u t ~ r e  a j  I> 
t r a n s p o r t a t i o n .  ( C f .  The u n i t  t r a n s p o r t a t i o n  o f  s o f t  cement 
by  t r u c k s  i s  now a b o u t  2 . 3  t o n s  x 6 =15 t o n s .  ) 
A t  p r e s e n t ,  t h e  u n i t  t r a n s p o r t a t i o n  3f 6 t o  7 t o n s  o f  s o f t  ce-  
ment by S i k o r s k y  6 4  i s  u n d e r  c o n s i d e r a t i o n .  

If t h e  u n i t  t r a n s p o r t a t i o n  o f  a 1 0 - t o n  o r d e r  becomes p o s s i b l e ,  
t ~ a n s p o  - a t i o n  e f f i c i e n c y  would b e  improved by a b o u t  f o u r  t i m e s .  
The c u r r e n t  p rob lem i s  t h e  d e c r e a s e  o f  t r a n s p o r t a t i o n  e f f i c i e n -  
cy  due t o  t i l e  d i f f i c u l t y  i n  l o c a t i n g  h e l i c o p t e r s  w i t h i n  t h e  
2 .5  km d i s t a n c e .  
The o p t i m a l  t i m i n g  o f  s o f t  cement p l a c e m e n t  1s two h o u r s  a f t e r  
i t  i s  mixed.  Is i t  d e s i r a b l t  t h a t  a new t r a n s p o r t a t i o n  s y s t e m  
f u l f i l l  t h i s  r e q u i r e m e n t .  

( v i )  F r a c t i o n s  o f  Const . ruc  t i o n  Cos t  o f  Power ' ! ' ransmiss ion L i n e .  

The a p p r o x i m a t e  f r a c t i o n s  o f  t r a n s m i s s i o n  l i n e  c o n s t r u c t i o n  a t  
p r e s e n t  i s  a s  f o l l o w s :  

M a t e r i a l  ( E q L p m e n t )  C o s t  40 % ,  
Land Use Cos t  ?O t o  30 X , a n d  
C o n s t r u c t  i o n  Work Cos t  2C t o  30 $. 

About 5 % o f  t h e  above  c o n s t r u c t i o n  work c o s t  i s  t r a n s p o r t a -  
t i o n  c o s t .  
The s a f t  cement t r a n s p o i - t a t i o : ~  c o s t  i s  a b o u t  28 t o  40 t h o u s a n d  
yen  p e r  t o n  and i t s  t r a n s p o r t a t i o n  d i s t a n c e  i s  2 . 5  km a t  p r e -  
s e n t .  



111-1-5. T r a n s p o r t  f o r  C o n s t r u c t i o n  o f  Power S u b s t a t i o n .  

C o n s t r u c t i o n  o f  a  power p l a n t  i s  always fo l l owed  by c o n s t r u c t i o n  
o f  s u b s t a t i o n s  and t r a n s m i s s i o n  means which a r e  means o f  d i s t r i b u t i n g  
t h e  e l e c t r i c  power. One f i e l d  i n  which a new t r a n s p o r t a t i o n  sys tem 
such  a s  an LTA s y s t e m  i s  d e s i r e d  i s  i n l a n d  t r a n s p o r t a t i o n  f o r  cons t -  
r u c t i o n  o f  power s u b s t a t i o n s  and pouer  p l a n t s .  T rans fo rmer s  f o r  sea- 
s i d e  t he rma l  o r  n u c l e a r  p l a n t s  a r e  t r a n s p o r t e d  by c o a s t s 1  mar ine  t r a n s -  
p o r t a t i o n  and by in -yard  s p e c i a l  t r a n s p o r t a t i o n  means. I n  t h i s  t r a n s -  
p o r t a t i o n ,  600 t o  800-ton t r a n s f o r m e r s  a r e  t r a n s p o r t e d  i n  t h e i r  i n t e -  
g r a t e d  forms.  The t r a n s p o r t a t i o n  o f  t rans fo i -mers  t o  an  i n l a n d  s t a t i o n  
i s  c a r r i e d  o u t  by runn ing  a  s p e c i a l l y  made f r e i g h t  c a r  t o  t h e  r a i l w a y  
s t a t i o n  n e a r e s t  t h e  c o n s t r u c t i o n  s i t e .  The l i m i t a t i o n  on t h e  s i z e  o f  
such  a  c a r  on t h e  r a i l w a y  i s  3,100-m w i d t h  x  4,100-mm h e i g h t  x 12,500- 
mm l e n g t h .  Wi th in  t h e s e  l i m i t s ,  a t r a n s f o r m e r  up t o  240 t o n s  may be 
t r a n s p o r t e d  by r a i l .  (The c a p a c i t y  i n  J a p a n  i s  much l e s s  t h a n  t h a t  i n  
o t h e r  c o u n t r i e s .  Fo r  example, i t  i s  s s i d  t h a t  420-ton r a i l w a y  t r a n s -  
p o 2 t a t i o n  i s  p o s s i b l e  i n  Western Europe and 600-ton i s  p o s s i b l e  i n  t h e  
U.S.A.) If t h e  c o n s t r u c t i o n  s i t e  i s  a t  a n  i s o l a t e d  l o c a t i o n  and if 
t h e r e  a r e  many s m s l l  b r i d g e s  o r  many narrow r o a d  s e c t i o n s  between t h e  
r a i l w a y  s t a t i o n  and t h e  c o n s t r u c t i o n  s i t e ,  t h e  t r a n s f c r m e r  must be  de- 
composed i n t o  6 t o  9 p a r t s ,  i n  o r d e r  t o  s a t i s f y  t r a n s p o r t a t i o n  condi-  
t i o n s ,  s i m i l a r l y  t o  t h e  equipment f o r  pumped-strage o r  common hydro- 
e l e c t r i c  p l a n t s .  If a 100-ton c l a s s  t r a n s f o r m e r  i s  t r a n s p o r t e d  under  
very  poor  t r a n s p o r t a t i o n  c o n d i t i o n s ,  a d d i t i o n a l  c o s t s  such  a s  b r i d g e  
r e in fo rcemen t  c o s t ,  r o a d  en la rgement  c o s t  and compensat ion c o s t ,  may 
become ex t remely  h i g h ,  and t h u s ,  t h e  u n i t  t r a n s p o r t a t i o n  c o s t  may ex- 
ceed  500 thousand  yen p e r  t o n  i n  some c a s e s .  Cases i n  which t h e  u n i t  
t r a n s p o r t a t i o n  c o s t  i s  aSout 250 thousand  yen p e r  t o n  a r e  no t  
e x t r a o r d i n a r y .  Such a  u n i t  t r a n s p o r t a t i o n  c o s t  i s  3 t o  4 times h i g h e r  /g * 
t h a n  t h a t  o f  t r a n s p o r t a t i o n  t o  pumped-strage p l a n t s .  T h e r e f o r e ,  I n  ! 
some c a s e s ,  t h e  t r a n s p o r t a t i o n  c c s t ,  i n c l u d i n g  t h e  road -cond i t i on  depen- 
den t  a d d i t i o n a l  c o s t ,  amounts t o  20 % o f  t h e  p roduc t  p r i c e .  I n  such  a  
c a s e ,  even though decompos i t ion  of t h e  equipment c a u s e s  a  10  t o  1 5  % 
i n c r e a s e  of  t h e  p roduc t  p r i c e ,  i t  i s  more economical  t o  o p t  f o r  r e d u c i n g  
t h e  road -cond i t i on  r e l a t e d  a d d i t i o n a l  c o s t  by decomposing t h e  equip-  
ment. Th i s  means t h a t  t h e  a d d i t i o n a l  t r a n s p o r t a t i o n  c o s t  must be  t a k e n  
i n t o  account  when t h e  p r o d u c t  i s  des igned .  

( a )  S i g n i f i c a n c e  - .  o f  T r a n s p o r t a t i o n  Problems R e s u l t i n g  from t h e  
R a t i o n a l i z a t i o n  P l a n  o f  t h e  J a p a n e s e  N a t i o n a l  Rai lways.  

According t o  t h e  r a t i o n a l i z a t i o n  p l a n  o f  t h e  J apan  N a t i o n a l  
Rai lways,  abou t  one t h i r d  o f  a l l  f r e i g h t  t r a i n  s t a t i o n s  w i l l  be  c l o s e d  
and o l d  l a r g e - s i z e  f r e i g h t  c a r s  w i l l  b? s u c c e s s i v e l y  phased o u t .  (Cars 
which a r e  o l d e r  t h a n  t h e i r  e s t i m a t e d  l i f e t i m e  a r e  go ing  t o  be  phased  o u t .  
I n  t h e  f i r s t  s t a g e ,  t h i s  amounts t o  550 50 ton - load  S i k i  c a r s . )  
Th i s  p l a n  r e s u l t s  i n  a  r e s t r i c t i o n  no t  o n l y  on t r a n s f o r m e r  t r a n s p o r t a t i o n  '1 
b u t  a l s o  on h e a t y  f r e i g h t  t r a n s p o r t a t i o n  i n  g - n e r a l .  Consequent ly ,  t h e  
s p e c i a l l y  added t r a n s p o r t a t i o n  c o s t  w i l l  i n c r e a s e ,  c ~ e a t i n g  a  s e ? i o u s  
problem r e l a t e d  t o  t h e  i n c r e a s e  i n  heavy f r e i g h t  t r a n s p o r t a t i o n .  A t  t h e  A ,: 
same t ime ,  spontaneous  s e l e c t i o n  o f  t h e  t r a n s p o r t a t i o n  p e r i o d  becomes 
more d i f f i c u l t  . 



( b )  T r a n s p o r t a t i o n  o f  T rans fo rmer s  f ~ r  S u b s t a t i o n s .  

About 100 power s u b s t a t i o n s  p e r  y e a r  I r e  p lanned  f o r  c o n s t r u c t i o n  i 
i n  1977 and 1978. These a r e  shown i n  Tab le  111-7. T r a n s p o r t a t i o n  i n  
1977 and 1978 i s  as f o l l o w s :  

Less  Than 100 MVA: (47+33)x30 t o n s  = 2,400 t o n s  ( a v e r a g e )  ; 
More Than 100 MVA: (94+107)x160 t o n s  = 32,160 t o n s  ( a v e r a g e )  ; 

T o t a l :  34,560 t o n s .  

Tab le  111-7. C o n s t r u c t i o n  P l a n s  o f  Pcwer 
S u b s t a t i o n s  i n  1977 and 1978. 

The main s u b s t a t i o n  c o n s t r u c t i o n  p l a n s  which w i l l  b e g i n  t o  h e  
c a r r i e d  o u t  i n  1977 and 1978 a r e  l i s t e d  i n  T a b l e  111-8. The t o t a l  '%; 
budget  ( f o r  a two-year p l a n )  i s  696,245 m i l l i o n  yen.  There  are 76 
c o n s t r u c t i o n  s i t e s  f o r  s u b s t a t i o n s  w i t h  a c a p a c i t y  l a r g e r  t h a n  220 kV 
and 250 MVA, and t h e  budge t  p lanned  f o r  them i s  384,004 m i l l i o n  yen 
i n  t o t a l .  These l a r g e - s c a l e  s u b s t a t i o n s  a r e  assumed t o  r e q t l i r e  heavy 
equipment t r a n s p o r t a t i o n .  Assuming t h a t  1 3  % o f  t h e  t o t a l  ~ o s t  amounts : 
t o  50.7 b i l l i o n  yen i f  a new t r a n s p o r t a t i o n  sys tem such  as ac LTA 
sys tem can  r educe  t h i s  c o s t  by 5 % by r e d u c i n g  t h e  c o s t  i n c r e a s e  due 
t o  t h e  decompos i t ion  o f  equipment o r  by r e d u c i n g  t h e  r o a d - r e l a t e d  
s p e c i a l l y - a d d e d  c o s t ,  t h e  s a v i n g s  would be  amount t o  as much a s  2.5 
b i l l i o n  yen.  

Hokkaido E l e c t r i c i t y  

TEhoku E l e c t r i c i t y  
B 

Tokyo E l e c t r i c i t y  
D 

~ h c b u  E l e c t r i c i t y  

I Hokuriku E l e c t r i c i t y  

Kansai  E l e c t r i c i t y  
- 

Chugoku E l e c t r i c i t y  

Shikoku E l e c t r i c i t y  

~ y u s h u  E l e c t r i c i t y  

1977 
T;t a 1  : 

1978 

Average Weight 

' Lower I n a n  IUU M V A  

4 
1 

4 
2 

1 5  
7 
1 
1 

1 8  
16 

2 
1 
3 
5 

47 

33 

I 30 t o n s  

- Higner  m a n  luu MVA 

5 
8 
6 
31 
- 
9 

16 
2 
1 

14 
25 

4 

7 
5 
1 
3 

22 
3 

9 4 
. 

107 

160 t o n s  
I 



T a b l e  111-8. C o n s t r u c t i o n  P l a n s  o f  Power 
S u b s t a t i o n  - C o n s t r u c t i a n  Begins  i n  1977 c r  1978 .  

Refe r  t o  F i g s .  111-12 t o  111-19 f o r  t h e  l o c a t i o n s  o f  p lanned  
s u b s t a t i o n  c o n s t r u c t i o n  s chedu led  i n  1977 and 1978.  

company Annual Budget 
3 Heavy Weixht E a u i ~ m e n t  

I 

Hokkaido E l e c t r i c i t y  
b 

2,508 
9.306 

S i t e s  

~ E h o k u  E l e c t r i c i t y  

I 

Budget (200KV-250MVA 
o r  w r )  

1 

4 
14 ,860  
1 2 , 2 5 2  6,870 

186,258 
, -  --,- 

54,429 

3,090 

51,370 

- 91,486 
I 

63 ,501  I 

386,004 
m i l l i o n  yen  

Tokyo E l e c t r i c i t y  
I 

ChTibu E l e c t r i c $ t y  

717 
122,816 
157.504 

I 
29 

28 ,481  
69,926 1 0  

1 

1 5  

5 

12 

76 

Hokuriku E l e c t r i c i t y  

Kansa i  E l e c t r i c i t y  

. 

3,276 
5 ,786 

12 ,b62  
50,169 
68,313 

~ h u g a k u  E l e c t r i c i t y  29,148 

Shikoku E l e c t r i c i t y  

Kyushu E l e c t r i c i t y  

Okinawa E l e c t r i c i t y  

T o t a l :  
t 

10,574 
987 

2,107 
8.406 

69,504 
15,630 

732 
781 

696,245 . m i l l i o n  yen  
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Keys In Fig. 111-12, 

A: Power Station B: Power T-ansmission Line I. 

5OOKV Operatlon/500KV Designed 
5OOKV Step-Up /2'/5KV Newly Cor~siructed 

C: Substation D; Switching Station 
50GKV/500XV Expanded 1 

275KV/275KV Expanded 
E: Construction begun ;, 

2 :  Kashtwazaki b: Togogura c: Ohmi 
d : (Xu-i'adaini e: Ohtsu-Mata f : Shinnnogari 
g: Yagisawa h: Shimogz (Power P . )  i: Nuliiabara (pcwer p. ) , 

j: Shin-Fukushima k: Fukushima 1st S' . 1: Fukushiir.5 2nd St. 
m: Hirono St. n: Shin-Iwaki o: Fukushima Yain L. 
p: Fukushima West M.L. q :  Oku-Kiyotsu r: Tamabara 
s: Imaichi t: Shin-Tochigi u: Shin-Niigate Y .  L. 
v: Cho-Tokyo M.L. w: Shin-Tochigi/Tama M.L.x: Shic-Toshigi 
y: Tohkai 2nd (Nuclear Plant) z : Ohmachi 
aa: Nakanosawa ab: Shin-Takssegawa ac: Azumi 
dd: Azurni Main Line ae: Azumi 'outh M.L. sf: Shin-Cl-ichibu 
ag: Shin-Tabe ah: Shin-Furukawa Line ai: Shin-Furukawa 
aj : Shin-Tsukuba ak: Shin-Sahara Line al. Kashima (Thermal P.P) ; 
am: Kashima s* Oh-Shirna ao: Toshi-Jima 
ap: Nii-Jima aq: Shikine-Jima ar : Miyake-Jima 
as: Mikura-Jima at: ~achijo-Jima au: Acgo-Shlna 
av: Ogasawara-Chichi-Jima ew: Ogasawara-Haha-Jima 
ba: Sakuma East M.L. bb: Shin-Sodegahara L. bc: ' c ~ c  Line 





Keys to Fig. III-13. 

A: Keys B: Power Plant 
D: Thermai E: Substation 
G: Power Transmission Line 

Roshin 
Wakkanai 
I;aishi 
Kotonbetsu 
Nayoro 
Qaboro 
Kenbuchi 
Kamui 
Imosegyu 

aa : 
ad : 
ag: 
aj : 
am : 
ap : 
as : 
av : 
ay : 

ba : 
bd: 
bg: 
bj : 
bm : 
bq: 
bt : 
bw: 

Takikawa 
ScunkyE 
Shimo-Kehfu 
Tomimura 
Ebetsu 
Yonedaira 
Higashi-Kushiro 
Nishino 
Oiwake 

Tokei 
Tohfu 
Horonobe 
Sakirzi 
Amaryu 
Shibetsu 
Kami-Shibetsu 
Tohma 
Nishi-Asahlkawa 

ab : 
ae : 
ah : 
ak: 
an: 
aq: 
at : 
aw: 
az: 

Onbetsu bb: 
Tomakomai be : 
Higashi-Tomakomai bh: 
Shimo-Nii!cappu bk: 
Shizunai bn : 
Okuj iri br: 
Paroran DU: 
Shichihan bx: 

Asahikawa 
Daiset su 
Sunakawa 
Muroran West M.L. 
Tzmimura Line 
Ashiyori 
Onbetsu 
Yinami-Kuj 'o 
Niitoku 

Tann7 Vain Line 
Tomakomai 
Iwsshimizu 
Olcu-Ni ikappu 
Kita-Yemuro 
Idachi 
Yubutsu 
Kamiryo 

C: IIydroelectric 
F: Switching Station 

c: Wakkanai 
f: -9shima 
i : Na:-.gawa 
1: Nishi-Nayoro 
o: Toyosaki 
r: Kami-Shibetsu 
u: Iwao-Kai 
x :  Nayoro Main Line 

ac: Ashima 
af: Rubena 
ai: Sunakawa 
al: Nishi-Sapporo 
ao : Iwa,lat su 
ar: Lienbetsu 
au: Nishi-Otaru 
ax: Yinami-Sapporo 

bc: Futaba 
bf: Higashi-Tomakomai 
bi: Niikappu 
bl: Harubetsu 
bo: Iwamatsu East L. 
bs: Yishi-Muroran 
bv: Ohno Line 
by: Higashi-Tomakomai 

Thermal Plant Line 





Keys to Ffg.  111-14. 

A :  Not Finished by 1976 
C: 154 KV Transmission Line 

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

E: Underground Line F: Hydroelectric Plant 
G: Thermal Plant R :  Naclear Plant 
I: Gsothermal flart J: Power Plant of Other Company 
K: Subscation L: Switching Station 
M: Substation of Ot5er Company N: ITnit 
0 :  The numbers in parentheses indicate the time when the operation 

will start or started. 

a: Kaihatsu Cement L. b: 
d: Aomori e: 
q :  Yina~i-Hachinohe 1.1 : 
j: Akita k: 
m: Morioka n : 
p: Mitsubishi Metal L. q: 
s: Ohfunawatari t: 
v: Sakata w :  
y: Miyazeki Line Z:  

Shimo1:ita c: Kamikita 
Hachinohe f: Hachinohe 
Hokubu Main Line i: Ohdate 
Aki-Mori Vain Line 1: Shizukuishi S.S. 
Miyako o: Partially Completed 
Coshono 2: Kitagami 
Sakata Kyodo u: Sakata Hokko 
Shinjo x: Ichinoseki 
Yiyagi 

aa: Hakuwa ab: Yamagata ac: 
ad: Ishinomaki ae. Sen-En Under-Water L af: 
ag: Minami-Sendai at. Sennan ai: 
aj : ~iigata-~yzdo ak: Niigata a1 : 
am: Vonezawa an: Nishi-Fukushima ao: 
aq: ' ..shin T,. (Expanded) ar: Fuku~hima as: 
at: 'iokyo Electricity Shin-Fukushimz Station au : 
av: Aizu aw: Kooriyama ax : 
ay: Nagaoka az: Kariba ap : 

Sendai 
Sendpi Harbor 
Higashi=Niigata 
Ohishi 
Ryotsu 
Minami-SZma 
Knse 
Iiariba Line 
Nishi-Niigata 

ba: Uwonuma L.(Exganded)bb: Miyashita 
bd: Tagokura be: Suga-Gawa 
bg: Jsetsu hh: Uwonuma 

bc: Honna 
bf: Taira 
bi : Shinano -Gswa 
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Keys t o  F ig .  111-15. 

A :  Keys F: Vol tage  C: Transmis s ion  Line  
D: S u b s t a t i o n  E:  Swi tch ing  S t a t i o n  F: I n  Opera t ion  
G :  Planned H :  Our Company I :  O t h e r s  
J :  Transformer  K :  S p e c i a l  V a n s f o r m e r  L: Ope ra t ion  S t a r t s  

i n  1977 t 3  1981 
M: Opera t ion  S t z r t i n g  N :  C o n s t r u c t i o n  Cont inued 
0 :  Const ruc t io t l  S t a r t i n g  Date 

a: Shin-Hokushin 
d: Nagano 
a :  E a s t e r n  Area 
k :  Nothern D i s t r i c t  
n: Se ibu  
q:  Eas t  !,lain L i n e  
t :  Denyen-Nagoya 
w :  Higashi-Nagoya 
z :  Nakase 

Toshin c :  Chinano Eas t  L .  
Mase-Gawa 1st f :  Takane i s t  
Chu-Shin j :  West Main Line 
Kansai D T s t r i c t  m: Seibu-Minami-KyGto L.  
SPI-Ni5 p:  S e k i  
Nishl -Nagoya s :  Tnuyama 
Shiq-YE Yain T,ine v :  C h i t a  Thermal P .  
K i  ca-'i'oyot a  y :  Tse Main Line 
Shinano switch in^ S. 

aa :  2nd C h i t s  T.?.Line aC: Shin-Mikawa Line ac :  Sakuma 
ad:  Kavane :,e: 2nd 9wase-Ise Line a f :  Ise 
ag:  S a n s e i  Branching C. ah:  S a n s e l  a i :  Atsumi Thermal P .  
a j :  Kohda a k :  Yikawa a l :  Sun-En Nain L.  
am: Hamaoka Nuclear  r l a n t  



Fig .  111-16. Construction P 1 - n ~  of Power 
P l a n t s  and Transmission L i n e s .  

(Higher Than !54 kV) 



Keys to Fig. 111-16. 

A:  (Higher Than 154 KV; B: 

C: The nunber attached to each 3: 
transnission line denotes 
the date when the opera- 
tion started. 

E: Keys F: 
G: Thermal Plant H: 
I: Switching Station J: 
K: r Transmission Line (275 KV) L: 

The numbers attached to each 
power station or substation 
denote the date wher the ope- 
ration started or will start. 
The one marked by the red 
denotes that its operation 
will start in 1977 to 1981. 

Hydroelectric Plants 
Substaticn - Transmission Line (154 KV) k Transmission Line (500 KV) 

Nanao Thermal P. b: 
Kita-Kanazawa e: 
Toyama h: 
Shin-ChEj isan k: 
Minami-Kanazawa n: 
Ikenowo q: 
Shin-Komatsu t: 
Kitanojo w : 
Nishi-Katsubara 3rd z: 

Shin-Noto 
Shin-Toyama 
Eguchi 
Kita-Sasazu 
Kaga 
Higashinachi 
Fukui Thermal P. 
Shin-Fukui 
Yugami 

c: Toyma Shinko T.P. 
f: Toyama T.P. 
i: Fucan 
1: Wada 2nd 
o: Maki 
r: Tochio 
u: Mikuni ~yzds T.P. 
x: Matsuoka 

aa: Nagano ab : Shin-BuyG ac: Shin-Suruga 





Keys to Fig. 111-17. 

A :  Construction Budget 
C: Fiscal Year 
E: Transmission Line, 

Substation, Distributing 
System or the Like 

0 :  Innovation Work or Others 
I: Fuel Cost 
K: - 275 KV 
M: 500 KV 
0: Thersal Plant 
Q: Substation 

B: IJnit=100 million yen 
D: Power Station 
F: Sub-Total 

H: Total , . 

J :  Grand Total 
L a 275 KV Operation, 500 KV Deaign V. 
N: N~clear Plant 
P: Hydroelectric Plant 
R: Switching Station 

a: Takahama 
d: Suruga 
g: Gku-Tataragi 
j: Ina-Gawa 
m: KO-Toh 
p: Shinki 
s: Oku-Yoshino 

b: &aka c :  Miham& 
e: Shin-Ayabe f: Sun-Nan 
h: Nishi-Hari i: Hoku-Setsu 
k: Nishi-Kyoto 1: Kei-Hoku 
n: Minami-Kyoto o: Shin-Ikoma 
q: Tana-Gawa 2dn r: Ki-no-Gawa 
t: ShEnan 





Keys t o  F i g .  111-18. 

A: Keys B: H y d r o e l e c t r i c  P l a n t  C :  Thermal/Nuclear P.  
D: S u b s t a t i o n  E: Swi tch ing  S t a t i o n  F: J apan  Sea 
(3: Yamaguchi P r e f e c t u r e  H :  Shimane P r e f e c t ~ ~ ~ e  I : T o t t o r i  P r e f e c t u r e  
J: S e t o  I n l a n d  Sea K :  Hiroshima P r e f e c t u r e  L :  Okayama P ~ e f e c t u r e  
M: Shikoku 0 :  Hiroshima C i t y  N:  I k i  I s l a n d s  

S h h a n e  Nuclear  P. b : ~ a k a i - K ;  
Mat sue e:  Izumo 
Anrai  h :  Yonagc 
Niikawa-Daira k:  Se 
Yubara 2nd n :  ~ a n e j g  
N i i m i  q : b-sahikawa 
Kamami u:  Cbiigoku E a s t  M.L. 
Shin-Okayama M.L. x :  K-,-- o 
Hagi s : Fa.  ' y c?m& -Gawa 

a a :  M u ~ k a i c h i  ab  : 
ad:  Yoshin,se ae . 
ag:  SEsha ah:  
a j  : Higashi-Y a ~ a g u c l l i  ak  : 
am:  Fukuyama an :  
ap:  Yanobara aq :  
as: Og6ri a t :  
av:  NangE aw: 
ay :  Shimomatsu a z :  

Y ~ s i ~ ~ w a s e k i  
Tlanbara 
Nishi-Okayaina 
Iwakuni 
Yagake 
Shin-Ohuchi 
~ h 6 n o  
Shin-Tokuyama 
Suet  2-ke 

c :  Sumiyoshi 
f :  Sugawara 
i: Chiigii  
1: Yubara 1st 
r :  Kannose 
r: Sumikawa 
v :  Shin-Naribagawa 
y :  Okayama 

a c :  Dari 
a f :  Mihara 
a i :  Shin-Yamaguchi M.L. 
a l :  Shin-ii irchsima 
a o  : Yamaguchi 
ar :  Nakayama 
au :  REfu 
ax :  Nisshin-ShGnan 

ba:  Minami-Iwakuni bb: Iwakuni bc:  Iw%klAni 
bd: Tsukuba be:  Nishi-Hiroshima b f :  Kita--Hiroshima 
bg : Kanii-Hirahara bh: Kure b i :  Mits~: 
b j  : Or iha ra  bk: Takehara Power S. b l :  Shin-Hiroshima 
bm: Iyo  bn: Innoshima bo:  Shin-Hazamazima 
bq: Matsunaga b r :  Kasaoka b s  : Tamanoshin~a 
b t  : Mizushima bu: Tamano 





I 

, . , I: 

9 
, - 

: 
: g: 

Keys t o  Fig.  111-19. t r 

t 7 
, . 

A.  Kegs B: Construc cior. Cospleted , . 
! .  

C: Opera t ien  w i l l  S t a r t  by t h e  End o f  1977. . . 
D! Operat ion w l l l  s t a r t  by t h e  End of  1978. : t 

8 - 

E: Operat ion w i l l  s t a r t  by t h e  End of 1979. I r 
I :  

?: Ope-ation w l l l  s t ~ r t  by t h e  End of g981. I 

Q: F a c i l i t i e s  cf d l e c t r i c i t y  ~ e v e i o p m e n t  . ! '" 
! Ij 

H t  Power S t a t i o n  I: Subs ta t ion  J :  Switching S t a t i o n  
K: ( S t a t i o n s  Which S t a r t s  Operat ion by ti ie End of 1981.) 
L: Asa S .S. ,New C o n s t r ~ i c t i o n  w :  Takamatsu S.S.,New C o n s t r i ~ c t i c n  

1 ' 
! ; 

230 T h o u s a ~ d  KVA,July,1980 300 Thousand KVA, J ~ l y ,  1377 I / 
N: Kawauchi S.W.S.,New Const ruct ion  0:  Minsbugawa S.S.,Overhaul 

; * ~ l y  1978 from 60 t o  200 Thousand KVA 1 .  
Ju ly ,  1977 

P: Sakaide Thermal P.  Llne,  2nd Q: Shin-Kagawa Main Cine, S e c t i o n  f : 

S e c t i o n  Al ternr- t ion ,  7.2 km A l t e r n a t i o n ,  33.8 km, J u l y  1981 
J u l y ,  1977 

R: Ohsu Ki ta  Main Line,  KPW Constr .  S: Honkawa New Main Line,  Nev Ccnst r .  
47 h, Apr i l ,  1981 

i i 1; 
4 2  km, Feb.,  1980 

T: Shin-Salialde 1st , S e c t i o n  A1tntn.U: Naruto/Awaj i, dectioi! A l t n t n .  
16 km, J u l y  1980 2.6 km, J u l y ,  ~ : J R I  

V: Naruto S.S., New Consfructioli  W: Ohsu S.S. ,  Extl?nsion 
200 Thoufand KVA, Zdiy, 1981 120 Thouscnd kVA, Dec., 1977 

! i 1 
1 1  

X :  Menzan P.S., l iew Cons t rc t .  Y :  Honkawa P .S  New C o n s t r c t .  . ~ 

20 Thousand KVA, Tuly, 1980 '.-. 300 Thousand nVA, June ,  1981 
2:  High Voltage Main Line, Yew Cnstr .  

29 km, Feb, 1381 

XA: Ohwatari P.S., New Cns t rc tn .  AB: Tenzu P.S., New Cnst rsn .  
33 Thousand KF?, A p r i l ,  1980 11.8 Thousand KW, Feb. ,  1980 

AC: Kohfu S.S., Main Eqqp. Al tn tn .  AD: Suzaki  Mrin Line,  New Cns t rc tn .  
from 120 t o  30i  Thousand KVA 30 h, J u l y  1977 
July ,  1977. ' j  I <  

AE: Kochi S.S., Expansion AF: Kochl. S. S . ,  F x y a n s i ~ n  of Mair T r s f  . 
200 Thousand hVA, J u l y ,  1977 300 Thousand . irA, J u l y ,  1980 !; 

AG: Nanbari S.S., New Cnst r2 tn .  AB; Yanbari Branch Line, N,?w Cns t rc tn .  t :  
60 Thousnl?d PVA, DEC., 197'1 J .  1 km, Dec. , I?-7. i 

a: To Chugoku E l e c t r i c i t y .  Hiroshima S.S b: Mi t sub i sh i  Kas; 1; 
c :  Sakaide d:  Asa e : Takamat s u  I: 
f :  Matsuyama g:  Mibu-Gawa h:  Kagav? 1 
i: To Klshi-Tan S.S.,  Kansai E l e c t r i c i t y  j: Matsuyama b 
k: Yawauchi 1: Iyo m: Milhama 
n: M!.shij?i a :  Mishilna p:  Ysshino-Gawa 
q: Kokufu s: Ohashi ! r: N a r ~ % o  
t :  Buichi a: E;.aan v:  Somyo-Ura i 

w: Kage-naira x : Aria .I : : NIp?on D?nko 
z: Tsuga aa: Saga aS: Suzzkl i. 

ac:  Sagawa ad: . ~ ; c h i  ae :  PbSnkai 
a f :  Uwohase ag: Futamats sh: \.Tc_.~;.~arnz 
a i :  Nabari 

1 
i 



111-1-6. Problems of Hea-ry-Cargo Transport in Connection with /6J 6  ̂
Rationalization Flan pi the Japanese National Railways. P. 8 .- i 

Azcwding to the rationalization plan of the Japanese National t. 
. i - .  

. - -Railways, the condition planned for October, 1978 Is as follows: 

(a'' Reduction of Freight Train Station. 

-. Freight train stations will be reduced from 1,600 (at present) 
to 1,000 (63 # )  by the end of the year 1980. The time schedule for \i 

. , . tt.3 reduction is : I! 

Year 1977 1978 1979/1980 
No. ~ 1- 

Stat, 11s 180 9 6 300 
t - i- i 

I 6 .  
jb) Frel~ht Train Schedule. 

.if<- 
2 4 

1 
., -, 

- I ,  
The 4,600 tralns scheduled at present will be reduced by 1,100 

: :&: . - trqqns to become 3,500 trains (76 $1. The reduction of locomotives P 
.:. : . , - 8 .- snd freight cars is planned as follows: i. 
_. I 

:! 
.'; t 

i Locomotives: from 3,300 units to 2,700 units (81 %), I 

a 600 - unit reduct ion. 
-? Freight Cars: from 120 thousand cars to 100 thousand cars (80 %I, 

a 20-thousand-unit reduction. 

(c) Freight Cars. 

Large-size heavy freight cars are going to be successively phased 
'r out, starting with the oldest cars (ones older than 20 years). The 41 

.r 
large-size cars belonging to the Japan National Railways are scheduled 

E t 

I to be reduced to 19 cars by 1980. 22 cars will be phased out in the 
i meantime. (According to the latest agreement, however, the overhaul of 

these cars is planned for 1977 and 1978, and their phasing out will not 
' i 

I 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 i 

transportation limit of 30 to 60 tons can depend on transportation means i 

other than thqrailway 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 3 0 x 8 240 

,- continued - 



s i k i  80 30 
S i k i  90 30 
s i k i  100 80 
S i k i  500 100 
S i k i  550 50 

T o t a l  

Demad f o r  Heavy Cargo Temporary T r a n s p o r t a t i o n  
i n  1978 

Ultra Large-Size Cargoes:  132 
Type A Cars: 73 

Bes ides  t h e  above demand, t h e r e  a r e  1 2  p lanned  c o n s t r u c t i o n  s i tes  
f ~ r  power s u b s t a t i o n s  ( w i t h  more t h a n  500 thousand  kW c a p a c i t y )  which 
r e q u i r e  heavy f r e i g h t  temporary t r a n s p o r t a t i o n  i n  1978 t o  1981, and 
t h e r e  a r e  1 9  c o n s t r u c t i o n  s i t e s  o f  pumped-strage l a r g e - s c a l e  power 
p l a n t s  planned up t o  1984 which w i i l  a l s o  demand temporary heavy f r e i g h t  
t r a n s p o r t a t i o n .  

111-1-7. Bridge Bu i ld ing ,  Pens tocks ,  and LTA. 

(Th i s  s e c t i o n  i s  based on t h e  i n t e r v i e w  w i t h  M r .  Ukon Tor iami ,  d i r e c t o r ,  
D i v i s i o n  o f  Bridge Bu i ld ing ,  Nippon KEkan Company, L t d . )  

The annua l  demand f o r  b r i d g e  b u i l d i n g  and pens tock  r e l a t e d  p r o d u c t s  
i s  about  400 thousand  t o n s .  

I n  product  d e s i g n  of  b r i d g e  r e l a t e d  materials, a s sembl ing  h a s  t h e  
first p r i o r i t y .  Next t o  t h i s ,  t h e  manufac tu r ing  p r o c e s s  i n  f a c t o r i e s  
and t h e  q u e s t i o n  of t r a n s p o r t a t i o n  must be cons ide red .  Recent ly ,  i n  
o r d e r  t o  u se  s e a  t r a n s p o r t a t i o n  means f o r  heavy p r o d u c t s ,  sea-side 
grounds have been ~ r e f e ~ r c d  i n  t h e  s e l e c t i o n  of t h e  f a c t o r y  s i tes .  How- 
e v e r ,  t h e  heavie?  t h e  p r o d ~ c t  , t h e  more i m p o r t a n t  t h e  a s s e m b l i ? ~  
d e s i g n  i s .  The L a s i c  d e s i g n  prGcess must i n c l u d e  c a l c u l a t i o l ~  o f  t h e  
stress d u r i n g  assembl ing  as w e l l  as t h e  d e s i g n  stress when i n s t a l l e d .  
The re fo re ,  t h e  stress o f  t h e  b r i d g e  b o d i e s  d u r i n g  a s sembl ing  and  t r a n s -  
p o r t a t i o n  must b e  p r e c i s e l y  c a l c u l a t e d  and c o n t r o l l e d  i n  a wel l -organi -  
zed system.  I n  a d d i t i o n ,  t h e  f a c t o r  o f  t h e  s a f e t y  o f  materials d u r i n g  
assembl ing  must n o t  be over looked  e i t h e r .  Due t o  t h e  u n c e r t a i n t y  a s so -  
c i a t e d  wi th  t h e  b c i l d i n g  t e ~ h n i q u e s ,  an  e f f o r t  t o  a t t a i n  t h e  maximum 
s a f e t y  must be  rnzde. I n  t h i s  res : . ec t ,  p re -assembl ing  i n  f a c t o r i e s  i s  
p r e f e r a b l e ,  s i : ~ c e  it w i l l  r educe  c o n s t r u c t i o n  s i t e  work and w i l l  elimi- 
n a t e  many u n c e r t a i n  f a c t o r s .  Pre-assembled l a r g e  b lock  systems are t h e  
most d e s i r a b 2 e  i n  t h i s  r e s p e c t ,  and u s i n g  t h e s e  sys tems ,  a s sembl ing  i m -  
med ia t e ly  a f t e l .  t r l a n s p o r t a t i o n  w i l l  become p o s s i b l e .  I n  such a  sys tem,  
a 50-ton c l a s s  block i s  t r a n s p o r t e d .  Recen t ly ,  even weld ing  work a t  
c o n s t r u c t i o n  sites has  been under  s t r i c t  c o n t r o l  o f  working c o n d i t i o n s .  
S i n c e  a 300-ton ground c r a n e  was deve loped ,  t r a n s p o r t a t i o n  o f  50-ton 



blocks has been ca r r i ed  out  without d i f f i c u l t y .  On t h e  sea ,  a 3,000 \". t o n  f l o a t i n g  crane i s  used at present .  These examples af progress  i n  
means of t r anspor t a t i on  w i l l  continue t o  encourage pre-assembled,large- 
block systems. Large block systems a r e  a l s o  advantageous i n  t h e i r  abi- r 

l i t y  t o  reduce the  ma te r i a l s  pecessary f o r  assembling work a t  t h e  oon- 
s t r u c t i o n  s i t e .  

The blocks of a tower are usual ly  l e s s  than 50 tons  i n  weight. In 
t h e  most common case, blocks of 15-m length and lo-ton weight a r o  t ran-  
spor ted,  while i n  one recent  case,  a 20-m x 7-m. 30-ton block was t ran-  
spar ted .  The recent  t r end  concerning t h e  penstocks of hyd roe l ec t r i c  . 
power p lan t  dams i s  t o  rep lace  1-m, &ton blocks by 6-m, 12-ton blocks. 
S imi la r ly ,  i n  t h e  case of  br idge beams, 1-m, 1 t o  2-ton blocks are be- 
i n g  replaced by 15 t o  30-m, 30-ton blocks. 

The annual product of 400 thousand tons  corresponddnp t o  t h e  cos t  5 

of about 250 b i l l i o n  yen (625 thousand yen pe r  t on ) .  85 % is t rans-  
ported by ground t r anspor t a t i on  means, and 1 4  t o  15 % by ship .  Products 
up t o  50 tons a r e  t ranspor ted  by t r a i l e r .  The normal weight  c a r r i e d  by 
t r a i l e r s  i s  20 tons.  The t r anspor t a t i on  cos t  of br idge b e h a  i s  10 t o  
15 thousand yen per  ton.  The cons t ruc t ion  cos t  i s  approximately 10  % 
of t h e  product p r i ce  and about 62.5 thousand yen pe r  ton.  

According t o  t h e  survey by t h e  Japan A s s o c i a t i m  of Bridge Const- 
ruc t ion ,  t h e  annual demand f o r  bridge cons t ruc t ion  is 320 thousand t o n s  :- 

and 2,000 bridges. One t h i r d  of t h i s  demand of f o r  bridges i n  urban 
areas .  The demand Is itemized below: /70 - ; 

Regional Construction Bureau 
Development Bureau 
Japan Road Corporation 
Honshii-Shikoku Bridge 
Metropolitan Transpor ta t ion 
Hanshin Transpor ta t ion 
Railway Bridge 
Others 

To ta l  

33,500 tons  
6,000 

55,000 
60,000 

The demand f o r  penstocks and r e l a t e d  ma te r i a l s  is es t imated t o  be 
I 

a t  most 100 thousand tons  per  year. Usually, a 6-rn, 12-ton block of : 
penstock i s  ca r r i ed  by a t ruck o r  t he  l i k e ,  and t h e  t r anspor t a t i on  cost ,! 
i s  5 t o  10 thousand yen pe r  ton.  As an ind ica t ion  of t h e  quan t i t y  o f  F 

penstocks used i n  one p l an t ,  t h e  following examples w i l l  be of use: < 
i 

. I Second Numazqwa-Mura Pumped-Strage Power P lan t  (with 460.,-thousand-kW 
1 ou tpu t )  used 7,000-ton penstocks, Oku-Yoshino Pumped-Strage Power p l a n t  

used t h e  same quant i ty  of penstocks. These examples suggest  that sn i 
LTA t r anspor t a t i on  system would be an appropr ia te  means of  t r a n s p o r t i n g  $ 
t he se  materials. 

4 

I n  ada i t i on  t o  t he  penstocks, p ress - t russes  and concrete  beams are j' 
heaw rnatei~ials t ranspor ted  t o  t h e  cons t ruc t ion  sites. The annual a . , 

:.. . -. : 1 . . + " 
, ?.:Cm ., . 2: 

i 
.j 

. .  . . ~ - .  
, 

, , ., +~ 
. , ,- . . 

, ,. - - -  , 
, . ., . r . I .. 

-. . ~.. . . - , . a  . .. . "#i*& .c .*  ,.,. , -- .* - -, ." .. #'?----------' - 
-+*T.';,%' *-" 'a - - \* - - 2  . , . , Z ~  .. 's.: , . , ,, .,? :.?+;z, i; ;:*L ,: 

" ;,,.*., , JI . . - .  , . . -- .: .Q 



demand for these materials is 2,000 of 20-rn! 50-ton blocks and about 
100 thousand tons. 

Fig. 111-20. 

Installat ion of 
Penstock. 

111-1-8. Heavy Cargo Transport in Dam Constructim and LTA. 

(This section is based on the interview with Mr. Tomo Narita, 
Technical Cornmitee 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 !lain Works 

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 Owashi Hydro- 
electric Power Plant is located qt the 20-km point from Owashi-Machi 

171 
(a town). If the transportatio: of heavy material by LTA were possible, 
a variety of benefits might be obtained with rospect to road and d m  
construction. 

A . eloarer *.example '\the caws%rldt$on :OF- :Ohbs;l~~at&?Fdwef 1BMnt b'., 
Based on l a  :de,clsion by' ,Me.  ConPe-nGe t*eP rEPectsW Fowes ,DeveEoplrcsmti;after 
survey, planning and design studies, a contract was made in December, 
1965 and the plant began to be operated in December, 1968. The construe- 
tion: site is shown in Fig. 111-21. Construction equipment and olorkers . 
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Fig .  111-21. Oku-Tadami Hydroelectric Power P l a n t .  

Key : 
a: Plan  of Oh-Tsumata Power Generating Ctations 
b: To Koide c: Nakanomata-Gawa d :  Futamata-Zawa 
e : Koinornat a-Zawa f :  Nokogiri-Yama-Daira 
g: Oku-Tadmi Dam h: S t a r t l n g  Point :  Oku-Tadami 
i: Tadmi-Gawa j: Road f o r  C o n s t r u c t i o n  
k: S t a r t i n g  F o i n t  (oh-tsumata) 1: Ohtsumata-Gawa 
m: Dai-YoppI Water In-Take Darn n: Ohtsumata Dam 
o :  Takisawa Water In-Take Dam q:  Hinoemata T u n n e l  
r: Monokokuri Water In-Take Dam 
s: Oku-Sodezawa Water In-Take Dam 
t: Hinoemata Water In-Take Dam 
u: Funamata \later In-Take Dam 



were t r a n s p o r t e d  on t h e  dam w a t e r  o f  Tadami Power S t a t i o n  and th rough  
a  temporary c o n s t r u c t i o n  road ,  t o  t h e  dam c o n s t r u c t i o n  s i te .  The snow- 
f a l l  i n  t h e  w i n t e r  s e a s o n  i s  abou t  6  t o  7  m i n  t h i s  a r e a .  The i c e  melts 
l a t e  i n  March and t h e  snow b e g i n s  t o  melt i n  May. Although t h e  contract  ; 
was made i n  December, 1965, t h e  d a n - s i t e  c o n s t r u c t i o n  work d i d  n o t  be- 
g i n  u n t i l  June ,  1366 when t h e  t e n p o r a r y  c o n s t r u c t i o n  r o a d  was completed.  
The road  c o n s t r u c t i o n  began i n  March, 1965. I f  t h e  equipment and work- 
e r  t r a n s p o r t a t i o n  cou ld  have been accompl i shed  by u s i n g  a n  LTA, t h e  pe- 
r i o d  from December, 1965 t o  June ,  1966 would n o t  have been  was ted .  Fo r  
t h e  c o n s t r u c t i o n  o f  t h i s  dam, h e l i c o p t 2 r s  were a l s o  used  t o  t r a n s p o r t  
equipment .  The most sign!.f icant u s e  of  h e l i c o p t e r s  was c o n s t r u c t i o n  of 
t h e  l o n g e s t  t u n n e l ,  6,957-1.1 Hinoemata Tunnel ,  i n  t h e  t r a n s p o r t a t i o n  /72 - : <. 

r o u t e .  After t h e  t r e e s  were c u t  down, a h e l i p o r t  was c o n s t r u c t e d  u s i n g  
t h e  n e c e s s a r y  equipment. which was t r a n s p o r t e d  by h e l i c o p t e r .  T h i s  wark 
s t a r t e d  on A p r i l  20, 1966. After t h e  snow on  t h e  h e l i p o r t  was removed 
on Miiy 1, 1966, t r a n s p o r t a t i o n  by l a r g e - s i z e  h e l i c o p t e r s  began on May 5, 
1966. Compressors,  d i e s e l  e n g i n e s  and o t h e r  n e c e s s a r y  equipmer t  had 
been t r a n s p o r t e e  by t h e  l a r g e - s i z e  h e l i c o p t e r s ,  when t h e  e x c a v a t i o n  of 
t h e  t u n n e l  s t a r t e d  on May 21, 1966. 

The c o n s t r u c t i o n  o f  Omcro Power S t a t i o n  i s  a n o t h e r  example. The 
dam c o n s t r u c t i o n  s i t e  was about  7  km from t h e  c o n s t r u c t i o n  base .  By 
means o f  l a r g e - s i z e  h e l i c o p t e r s  (S iko r sky  S56-C) which were used  f o r  
75 days ,  t h e  t o t a l  weight  o f  664 t o n s  was t r a n s p o r t e d .  On t h e  a v e r a g e ,  
4.16 rounds o f  t r a n s p o r t a t i o n  were done i n  a n  hou r  and  t h e  a v e r a g e  l o a d  
t r a n s p o r t e d  p e r  round was 0.7  t o n .  

an  t h e  o t h e r  hand, i n  c a s e  o f  t h e  Hasan Ugurlu dam, i n  Turkey, 
i 

th? c o n t r a c t  was made on November 1, 1571  and a 145-m h i g h  9000-thousand-m 
r o c k - f i l l  dam was schedu- 
l e d  t o  be f i l l e d  w i t h  wa- Dam Top / 
te r .  A r oad  was cons t -  
r u c t e d  f o r  b u i l d i n g  t.he 

dam c o n s t r u c t e d  t o p .  
Th i s  on road  t h e  l e f t  was ww$ Dam Top 

bank of  t h e  r i v e r  and 
\ was 140 m h igh .  I t  i s  

2 km long  and i s  connec- \ / 
\ / 

t e d  w i t h  a n  e x i s t i n g  /---/ @ 

road  t o  Carsamba. 
(See  F ig .  111-22) The 
c o n s t r u c t i o n  of t h e  
road  began i n  1972 and 
t h e  dam c o n s t r u c t i o n  
work s t a r t e d  i n  t h e  
middle  of J u l y ,  s i x  
months l a t e r .  I? t h e  
workers  and t h e  equfp- 
ment cou ld  have been  

S t eady  Rock Base 

I n  c o n s t r u c t i n g  a  r o c k - f i l l  dam, t h e  s o i l  i s  
excava t ed  t o  t h e  rock  base ,  d e s i g n a t e s  by a 
broken cu rve  i n  t h e  above f i g u r e .  Without 
t h e  dam t o p  road ,  t r a n s p o r t a t i o n  o f  equ ip-  
ment and t h e  s o i l  e v a c u a t i o n  c m n o t  perform- 
e d  on t h e  l e f t  b a n k .  

t r a n s p o r t e d  t o  t h e  l e f t  
bank by means o f  LTA f o r  
t h e  c o n s t r u c t i o n  of  t h e  dam t o p ,  t h e  c o n s t r u c t i o n  p e r i o d  might have been  
s h o r t e n e d  by s i x  months. Moreover, t h e  c o n s t r u c t i o n  o f  a temporary .. 
stream d i v e r s i o n  way on t h e  l e f t  mank might have been completed i n  a . A .  

s h o r t e r  p e r i o d  o f  time. 



Left Bank Road for 
Dam Top Construct ion 

* 

To 
Soil 

Fig. 111-22, Hasan Ugurlu Dam, Turkey, and the Neighborhood. 

Key : 

a: Siquirres Plan 
b: the Atlantic Occes 
c: National Road 
d: Limon Harbor 
e: Upper Beles Plan 
f : National 30ad 
g: To Addis Ababa 

Fig- 111-23. Upper Beles Plan of Ethiopia. 



I n  t h e  c a s e  of  t h e  Upper Beles P lzn  i n  E t h i o p i a ,  a  survey  o f  t h e  
a r e a  f o r  a  planned 200-thousand-kW h y d r o e l e c t r i c  p l a n t  was c a r r i e d  o u t .  
(See F ig .  111-23.) The a r e a  i s  300 km away from Addis Ababa and 60 km 
from Daugla. The road  f - o ~  Daugla i s  a winding  mountain road  and t h e  
a c t u a l  d i s t a n c e  a l o n g  t h e  road  i s  60 km x 1 . 4  = 84 km. It i s  conceiva-  
b l e  t h a t  t h e  u t i l i z a t i o n  o f  LTA might have g r e a t l y  f a c i l i t a t e d  t h e  work 
of s u r v e y i n g  i n  such  a  mountainous area. 

N e w  t r a n s p o r t a t i o n  means u s i n g  LTA may even e l i m i n a t e  t h e  need 
f o r  road  c o n s t r u c t i o n .  I n  t h e  c a s e  o f  t h e  p r e v i o u s l y  ment ioned Hasan 
Dam,  60-ton dump t r u c k s  were go ing  t o  be used a c c o r d i n g  t o  t h t  o r i g i -  
n a l  p l an .  However, f o r  some r e a s o n ,  35-ton and 45-ton dump t r u c k s  
were used i n s t e a d .  Consequent ly ,  t h e  c o n s t r u c t i o n  work on t h e  r i g h t  
bank was s i g n i f i c a n t l y  de l ayed .  I n  a  c a s e  l i k e  t h i s ,  i f  an LTA sys tem /c 
had been used,  such a  d e l a y  might have been avoided.  

: i 
I n  some c a s e s ,  dam c o n s t r u c t i o n  work i n c l u d e s  c o n s t r u c t i o n  o f  i .  I .. 

s t r e a m  d i v e r s i o n  t u n n e l s .  I n  t h e s e  c a s e s ,  t u n n e l s  a r e  excava ted  from i .; . . 
one s i d e .  However, i f  an  LTA sys tem cou ld  t r a n s p o r t  equipment and . %: 

1 .  , .. 1 ;. 
workers ,  t u n n e l  e x c a v a t i o n  from bo th  s i d e s  might b e  p o s s i b l e  and t h e  I . . F 
c o n s t r u c t i o n  p e r i o d  might be s h o r t e n e d ,  w i thou t  t h e  need f o r  a d d i t i o n -  : ,; 

a1 r o a d s  f o r  e x c a v a t i o n  o f  t u n n e l s  from b o t h  s i d e s .  Fur thermore ,  a n  ! 
LTA sys tem might e l i m i n a t e  t h e  n e c e s s i t y  f o r  t h e  r o a d  f o r  t r a n s p o r t -  ? 
a t i o n  of  c o n s t r u c t i o n  equipment between t h e  power s t a t i o n  and t h e  dam 
o r  between t h e  pawer s t a t i o n  and t h e  w a t e r  poo l .  . . 

Besides  t h e  above-mentioned p o t e n t : a l  advantages  of u s i n g  LTA1s, 
t h e  f o l l o w i n g  p o i n t s  shou ld  be  added: 

' + 

1. By u s e  o f  L T A f s ,  t h e  road  r e in fo rcemen t  and r e p a i r  c o s t  cou ld  
be reduced . Such a  c o s t  i s  i n e v i t a b l e  when heavy equipment 
such  a s  t r a n s f o r m e r s ,  w a t e r  wheels  and w a t e r  w h e e l  g e n e r a t o r s  a r e  
t r a n s p o r t e d  on a  road .  Moreover, i n  some c a s e s ,  t h e  t r a n s p o r t a -  
t i o n  l i m i t a t i o n s  might be  modi f ied  and h e a v i e r  o r  l a r g e r  equip-  
ment could  be  t r a n s p o r t e d .  By u s i n g  a  l a r g e r  c a p a c i t y  of  genera-  
t o r  u n i t  o r  equipment,  t h e  amount o f  n e c e s s a r y  equipment w i l l  bz  
reduced .  

2. The e f f i c i e n c y  i n  heavy ca rgo  h a n d l i n g  at  t h e  h a r b o r  would be 
improved. For  example, t h e  un loading  o f  equipment f o r  150-thou- 
sand-kW A l l e l u n a  Power S t a t i o n  i n  Cos ta  Rica  had t o  be done by 
means of  ba rges .  

3 .  I n  t h e  cons t r auc t ion  o f  Oku-Kiyotsu Pumped-Strage Power S t a t i o n ,  
t r a n s p o r t a t i o n  e f f i c i e n c y  was improved by u s i n g  60-ton dump 
t r u c k s .  These t r u c k s  have a  deadweight o f  60 t o n s  and a n e t  l o a d  
o f  60 t o n s .  The r o a d s  t r a v e l l e d  by such  a  heavy c a r  must be  r e -  
i n f o r c e d  w i t h  p a r t i c u l a r  c a r e .  The l o a d  and deadweight of t h e  
dump t r u c k  o r d i n a r i l y  used i s  about  30 t o n s .  The use  o f  LTAts 
would reduce  t h e  r e in fo rcemen t  and r e p a i r  c o s t  s i g n i f i c a n t l y ,  

4. E t h i o p i a  h a s  many s i t e s  where 2,000 t o  3,000-kW h y d r o e l e c t r i c  
power p l a n t s  are under  c o n s i d e r a t i o n ,  A t  p r e s e n t ,  t h e  road  pro-  
blem i s  an  o b s t a c l e  which i s  h i n d e r i n g  t h e  development p l a n s .  I n  



g e n e r a l ,  a  new LTA system would be very u s e f u l  f o r  water  l e s o u r c e  
development i n  developing c o u n t r i e s  where t r a n s p o r t a t i o n  means . 
a r e  g e n e r a l l y  i n  poor cond i t ion .  ,.Slml%br3r circumotances can 
be pointed  out  i n  Middle o r  Near Eas t  c o u n t r i e s .  

- Weight of  C i v i l  Engineering Equipment f a r  Const ruc t ion  
of  Hydroe lec t r i c  Power P l a n t s  - 

The weight of c i v i l  eng inee r ing  equipment was a l r e a d y  shown i n  ' 
i 

Sec t ion  111-3. The t r u c k  h a s  a  c a p a c i t y  of 32 t o n s  a t  most. The 1 

b c l l d o z e r  has a  t r u c k  u n i t  o f  36 t o n s  o r  less and i s  50 t o n s  o r  l e s s  
inc lud ing  o t h e r  a t t a c h e d  equipment, It i s  d e s i r e d  t h a t  t h e  LTA sys- 
tem t o  be devdloped provide  t h e s e  c a p a c i t i e s .  

- The Merits o f  Const ruc t ion  Per iod  Reduction 
f o r  Hydroe lec t r i c  P lan t  Const ruc t ion  - 

In  genera l ,  t h e  c o n s t r u c t i o n  c o s t  o f  a h y d r o e l e c t r i c  p l a n t  i&- 
cludes  7  t o  80% i n t e r e s t  and 5 t o  69% c o n s t r u c t i o n  expendi ture .  I f  
t h e  t o t a l  c o n s t r u c t i o n  c o s t  i s  50 b i l l i o n  yen, t h e  i n t e r e s t  p l u s  t h e  
constructLcn expend i tu re  i s  50 b i l l i o n  yen x 13 % = 6.5 b i l l i o n  yen. 
Then, i f  t h e  c o n s t r u c t i o n  pe r iod ,  s a y  5 yea r s ,  i s  reduced by s i x  
months, 6.5 b i l l i o n  yen x (6/60) = 650 m i l l i o n  yen w i l l  be saved. The 
saved c ~ s t  i s  1 . 3  % of  t h e  t o t a l  c o s t ,  50 b i l l i o n  yen. The m e r i t  of 
t h e  c o n s t r u c t i o n  pe r iod  r e d u c t i o n  by means o f  LTA i s  i l l u s t r a t e d  by 
t h e  above example. 

111-1-9. Transpor t  Data f o r  Reference i n  Connection w i t h  LTA Use. 

I n  Japan,  even when LTA1s a r e  used f o r  heavy cargo t r a n s p o r t a -  
t i o n ,  it w i l l  be economically e f f i c i e n t  t o  use  c o a s t a l  marine t r a n s -  
p o r t a t i o n  means t o  t h e  shore  n e a r e s t  t h e  c o n s t r u c t i o n  s i t e .  T h i s  i s  
understandable when one r e a l i z e s  t h a t  most thermal  o r  n u c l e a r  p l a n t s  
i n  Japan were cons t ruc ted  at  sea-s ide  s i t e s  i n  o r d e r  t o  a l l e v i a t e  t h e  
problem of t r a n s p o r t i n g  equipment, and when one r e a l i z e s  t h a t  50 % of 
t h e  t o t a l  t r a n s p o r t a t i o n  i s  c o a s t a l  marine t r a n s p o r t a t i o n .  The g r e a t -  

, '  est problem i n  heavy cargo t r a n s p o r t a t i o n  by means of  c o a s t a l  marine 
! 

t r a n s p o r t a t i o n  -. . - , t .  i s  t h e  unloading and load ing  o f  t h e  cargo. These 
i harbor  works a r e  very c o s t l y .  If t h i s  problem can be so lved by t h e  
i e f f i c i e n t  use of LTA's, an e x c e l l e n t  economical t r a n s p o r t a t i o n  system 
i w i l l  be e s t a b l i s h e d ,  i n  which heavy cargo i s  t r a n s p o r t e d  t o  t h e  near- 

est hs rbor  by s h i p s  and then  t r a n s p o r t a t e d  t o  t h e  c o n s t r u c t i o n  s i t e  by / LTA . 
I 
I I n  a  case  of  p l a n t  t r a n s p o r t a t i o n  i n  KyGsh6 D i s t r i c t ,  i n  1974, a 

t o t a l  weight of  2,860 t o n s  of  p l a n t  products  was t r a n s p o r t e d  by s h i p  
e 
F from t h e  Tokyo-Yokohama z r e a  t o  KyGahG D i s t r i c t ,  and after u n l o a d h g  

a t  t h e  harbor ,  i t  was t h z n  t r ans2on ted  bd land v i a  a  21-km r o u t e .  The 
1 marine t r a n s p o r t a t i o n  c o s t  was 57 m i l l i o n  yen and t h e  so-ca l led  u n i t  
t t r a n s p o r t a t i o n  c o s t  was a l i t t l e  over  20 thousand yen pe r  t o n .  
I 
f 
L According t o  a  r e c e n t  e s t i m a t i o n ,  i f  3 packages of 160-ton t r a n s -  
! formers a r e  t r a n s p o r t e d  from t h e  Tokyo-Yokohama a r e a  t o  a harbor  i n  

1 Kyushu D i s t r i c t  and then  by land a long  a  22-km road t o  t h e  i n s t a l l a t i o n  

f 



s i t e ,  che transportation c o s t  w i l l  be  44 thousand yen p e r  t o n .  I f  t h e  
land  t r a n s p o r t a b i o n  c o s t  and u n l o a d i n g / l o a d i n ~  c o s t  are n o t  i n c l u d e d  
i n  t h e  c a l c u l a t i o n ,  per - ton  c o s t  i s  about  27 thousand yen. 

According t o  t h e  abcve d a t a ,  c o s t  o f  t r a n s p o r t a t i o n  by s h i p  t o  t h e  
riearest h a r b o r  can well Se  e s t i m a t e d  a t  around 30 thousand yen p e r  t o n  

I o r  a l i t t l e  less. 

111-1-10. A n t i c i p a t e d  Annual Demand f o r  LTA. 

According t o  "Est imated Opera t ing  Coat o f  Sky Crane," which is  
among t h e  s e p a r a t e l y  provided  r e f e r e n c e  literakune;. t h e  u n i t  t r a n s p o r -  
t a t i o n  c o s t  by a 70-ton Sky Crane i s  e s t i m a t e d  t o  be 70 thousand yen 
p e r  t o n  i n  a 50-km t r a n s p o r t a t i o n  o p e r a t i o n ,  assuming t h a t  t h e  a n n u a l  
f l i g h t  i s  1,200 hours  an3  t h e  loaded  f l i g h t  i s  000 hours .  Based on 
t h i s  d a t a ,  t h e  demand f o r  t h e  t r a n s p o r t a t i o n  o f  t h e  p r e ~ ~ i o u s l y  mention- 
ed heavy equipment i s  e s t i m a t e d  as fo l lows :  

(1) ?umped-Strage Powbr P l a n t .  
Annual Heavy Cargo T r a n s p o r t a t i o n  (Over-20-Ton Equipment) 

9,000 t o  10,000 tc:1 
If 40 t o n  x 250 c a s e s ,  

4 H x 250 = 1,000 H/year. 

( 2 )  Comcn H y d r o e l e c t r i c  Power P l a n t .  
Annual Heavy Cargo T r a n s p o r t a t i o r .  (Over-20-Ton Equipment) 

23 Cases 
4 H x 23 = 92 H/year 

( 3 )  9eothermal  Power P l a n t .  
!.:inual Heavy Cargo T r a n s p o r t a t i o n  (Over-20-Ton Equipmsnt ) 

I f  20 t o n  x 25 c a s e s ,  
4 H x 25 = 10il H/year. 

( 4 )  Power Transmiss ion  Lines .  
250,000-ton Y e l i c o p t e r  T r a n s p o r t a t i c n  p e r  Year. 

1 0  t o n  x 25,000 rounds 
(1/10)  H x 25,000 = 2,500 H 

I f  50 X i s  i n  an  a r e a  where LTA c ~ n n o t  be usecl, 
= 1,250 H 

( 5 )  Power S u b s t a t i o n s .  
3G t c n  x 40 c a s e s  p e r  y e a r  
60 t on  x 300 c a s e s  p e r  y e a r  

4 H x 340 c a s e s  = 1,360 H. 
I f  60 % i s  i n  t h e  a r e a  where LTA cannot  be used ,  

544 H. 

With r e s p e c t  t o  t h e  above-mentioned f i v e  k i n d s  o f  p l a n t s ,  t h e  es- 
t i m a t e d  t o t a l  annual  demand i s :  



Besides  the above,  it i s  unde r s tdndab le  t h a t  t h e  advan tages  of ' 

LTA t r a n s p o r t a t i o n  w i l l  be e v a l u a t e d  i n  eve ry  c a s e  and w i l l  i nduce  de- 
mand, a l s ~  w i t h  r e s p e c t  t o  t h e  t r a n s p o r t a t i o n  o f  heavy equipment f o r  
b r i d g e  c o n s t r u c t i o n ,  p e n s t o c k s ,  dam c o n s t r u c t i o n  and o t h e r s .  



111-2. Cur r en t  S t a t e  o f  Large-Size  H e l i c o p t e r s  and Problems a t  I s s u e .  /= - 
Tab le  111-9 and F i g .  111-24 show r e p ~ e s e n t a t i v e  middle- and  

l a r g e - s i z e  h e l i c o p t e r s  which a r e  a v a i l a b l e  atpreaent .  When pay load  i s  
no t  l i s t e d ,  t h e  d i f f e r e n c e  between f u l l y  l oaded  weigh t  and dead we lgh t  
can be t h s u g h t  of a s  t h e  pay load  ; l u s  f u e l .  Need l e s s  t o  s a y ,  t h e  pay- 
h a d  i s  reduced  when t h e  i ' l ighf  d i s t a n c s  i s  i n c r e a s e d .  A t  p r e s e n t ,  

Tab le  111-9. R e p r e s e n t a ~ i v e  Middle- and  Large-Size  
H e l i c o p t e r s .  

Keys : 

U 
m a %  

1 S-61 

2 KV-107-2 

3 Sea King 

4 Mi 8 

5 SA321(S.Frelon) 

6 S-65 (CH-5 3F 1 

7 CH-47C(Chinall) 

8 S-64F(Skycrme) 

MIL 

Mi 6 

10 
M i  10 

11 

a: Name o f  Model b :  Name of Engine 
c :  Horse Power HP d: F u l l y  Loaded Weight ( t o n )  
e :  Deadweight ( t o n )  f :  Maximum Speed (km/hour) 
g: F l i g h t  D i s t a n c e  (km) h:  Payload ( t o n )  
i: Endurance F l i g h t  Time 

4 Engine% 

C I  n I?' 

CE T58-710 
86 5.1 235 444 - - 

l.SOOX2 

CE T58-110 
86 - 

1.5 00x2 

R-R Gnome M400-1 

4660x2 

Izotov w-2 

1 .500~2 

Tur hrrno 307 -6 0 

1,570X3 

CE T64-cb.415 

4380x2 

Lyc . TS 5*+11 D 

3,7 50x2 
PBW SFID1 2A- 5A 

4,s 0 ox 2 

Soloviev D25V 

5,500X2 

Solwiev D-2% 

5.500x2 

~olovi& D25V 

9.5 

12 

1 3  

19 

2 1 

2 1 

42 

4 3 

9 7 

5.5 

- 

6.8 

11.6 

10 

89 

- 

2 7 

6 7 

225 

24 5 

275 

314 

50 6 

1 9 3  

299 

200 

26 0 

- 

4.0 

3.6 

10.0 

- 

15.0 

30.0 

1,120 

4 9 3 

829 

965 

6 9 5 

370 

634 

249 

260 

- 

- 

- 

- 

- 

- 

- 

- 
- 
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Fig. 111-24. Representat ive Middle- and Large-Size Helicopters. 



two t y p e s ,  S-61 arid KIT 107, a r e  used !n J apan .  These t y p e s  o f  h e l i -  I 

c o p t e r s  can suspend a l o a d  o f  about  3 t o n s .  The f l i ~ h t  time i s  o n l y  
1 t o  1 .5  hour .  

Among t h e  h e l i c o p t e r s  which are a v a i l a b l e  w i t h i n  t h e  f r e e  n a t i o n  
b l o c ,  5-64 has  t h e  maximum payload ,  1 0  t o n s .  On t h e  o t h e r  hand, i n  
t h e  S o v i e t  Union, t h e  15-ton payload c l a s s  o f  h e l i c o p t e r s  i s  now used  
f o r  p r a c t i c a l  purposzs  and tes t  model Yi-12 i s  c s t i m a t e d  t o  be  a b l e  t o  
c a r r y  30 t o n s  o r  more, Although t h i s  c l a s s  o f  h e l i c o p t e r s  was once  
planned f o r  use i n  t h e  U.S.A., t h e  p l a n  w i l l   roba ably be d i s c a r d e d  
a f t e r  s e v e r a l  t es t  models a r e  manufactured.  " h e r e f o r e ,  h e l i c o p t e r s  
cannot  be  used f o r  t r a n s p o r t a t i o n  o f  heavy cargo  which i s  more t h a n  10  
t o n s  i n  weight ,  i n  t h e  n e a r  f u t u r e  i n  Japan .  

However, h e l i c o p t e r s  have a c t u a l l y  been very  impor t an t  means o f  /a 
cargo  t r a n s p o r t a t i o n ,  and they  w i l l  remain so  i n  t h e  f u t u r e  as w e l l .  
I n  an  o p e r a t i o n  f o r  which h e l i c o p t e r s  have most been used , l oad  o f  
around 1 t o n  o r  less a r e  t r a n s p o r t e d  w i t h  g r e a t  f requency  w i t h i n  a 
 art p e r i o d  o f  t i m e ,  20 t o  30 minutes  a t  most. "he l o a d i n g  and un- 
l o a d i n g  t a k e s  very  l i t t l e  t ime .  I Jsua l ly ,  9 l oad  i s  p r e p ~ r e d ,  and i s  
equipped w i t h  a  rope  o r  a  wire b e f o r e  a  h e l i c o p t e r  a r r i v e s .  Then, 
t h e  h e l i c o p t e r  descends  and s t o p s  o v e r  t h e  l oad .  When t h e  h e l i c o p t e ?  
i s  hover ing ,  t h e  suspending  hook o f  an  o u t s i d e  h o i s t  i s  s t r e t c h e d  and 
engzged w i t h  t h e  l oad .  A t  t h e  time, i f  t h e  h e l i c o p t e r  i s  midd le - s i ze ,  
t h e  p i l o t  a d j u s t s  t h e  p o s i t i o n  of  t h e  h e l i c o p t e r  a c c o r d i n g  t o  t h e  i n -  
s t r u c t i o n s  g iven  by a  p;round c r ~  ., s o  t h a t  t h e  hook may be e a s i l y  en- 1 
gaged w i t h  t h e  l oad .  The i n s t r u c t i o n  i s  ~ i v e n  t o  t h e  p i l o t  i n  a  way 
s i m i l a r  t o  a  c r a n e  o p e r a t i o n  i n  which a  pe r son  working on t h e  ground 
g i v e s  i n s t r u c t i o n s  t o  t h e  c r a n e  o p e r a t o r .  I n  t h e  c a s e  of l a r g e - s i z e  
h e l i c o p t e r z ,  an  a s s i s t a n t  crew member i s  on board zrld i s  i n  cha rge  of 
a d j u s t i n g  t h e  p o s i t i o n  o f  t h e  hook. A f t e r  t h e  p i l o t  roughly  d e t e r -  
mines t h e  p o s i t i o n  o f  t h e  hook, t h e  a s s i s t a n t  crew member, watch ing  
t h e  l o a d ,  p o s i t i o n s  t h e  hook p r e c i s e l y .  The ad jus tment  o f  t h e  hook 's  
p o s i t i o n  i s  done by means o f  a j o y  s t i c k .  I n  t h e s e  o p e r a t i o n s ,  t h e  .. 
h e l i c o p t e r s  a r e  s o  s t a b l e  t h a t  work members can  a t t a c h  t h e  hook t o  t h e  
load  under  t h e  h e l i c o p t e r s  w i t h  no d a n ~ e r . .  I n  o t h e r  words,  t h e  h e l i -  
c o p t e r s  a r e  ex t remely  s t a b i 1 i : ~ e d  and c o n t r o l l e d .  

When t h e  load  i s  suspended by t h e  h e l i c o p t e r ,  it a scends  a c c o r d i n g  
t o  t h e  i n s t r u c t i ~ n s  o f  t h e  ground crew and b e ~ i n s  forward f l i g h t  i m -  
med ia t e ly .  The h e l i c o p t e r s  do n o t  need runwsys, a l t h o u ~ h  l e a d i n g  of 
t h e  ca rgo  needs a c e r t a i n  area of ground.  A s  wide a n  s r e a  as p o s s i b l e  
i s  d e s i r a b l e  f o r  t l  l o a d i n g  ground.  The r e a s o n  Is t h i s :  Although 
t h e  h e l i c o p t e r s  a r e  capab le  of a scend ing  and descend ing  v e r t i c a l l y ,  
t h e y  can l n , ~ ~ 3  w i t h  more s a f e t y  - f o r  example, i n  c a s e  o f  emergency, 
when t h e  e n f ~ i n ~  s t o p s  a b r u p t l y  - i f  t h e y  have a  f v ~ w a r d  speed  component. 
Moreover, l e s s  f u e l  i s  consumed i f  t h e  h e l i c o p t e r s  move forward 
Af t e r  t h e  l o a a i n ~  i s  completed,  t h e  h e l i c o p t e r s  ascend  t o  an  a l t i t u d e  
which g u a r a n t e e s  t h e  s a f e t y  of  t h e  ground workers .  However, as soon 
a s  p o s s i b l e ,  t h e y  s t a r t  t o  move forward w h i l e  a scend ing ,  f o r  t h e  Pea- 
sons  mentioned above. "he re fo re ,  i t  i s  d e s i r a b l e  f o r  a  l o a d i n g  a r e a  
no t  t o  be surrounded by  t a l l  o b s t r u c t i o n s ,  such  a s  rnquntailis o r  bu i ld -  
i n g s ,  which may f o r c e  t h e  h e l i c o p t e r s  t o  a s c e n t  r a p i d l y .  Rapid a s c e n t  
i s  dangerous as w e l l  as f u e l  consuming. 



On t h e  way t o  h i s  d e s t i n a t i o n ,  t h e  p i l o t  must  make c e r t a i n  t h a t  
t h e  load  does not  beein swinging. The swinging of a  load  w i t h  grow- 

. i n g  ampli tude w i l l  cause  d i f f i c u l t y  i n  mainta in ing t h e  s t a b i l i t y  of 
t h e  h e l i c o p t e r .  Disorders  i n  t h e  a i r  c o n d i t i o n ,  sudden wind and o t h e r s ,  
induce t h e  load  swing. I n  o r d e r  t o  prevent  t h i s ,  t h e  h e l i c o p t e r  must 
be s u f f i c i e n t l y  s t a b l e  and have e x c e l l e n t  c o n t r o l  a b i l i t y  s o  t h a t  t h e  
p i l o t  may mainta in  t h e  d e s i r e d  movement of t>e h e l i c o p t e r  a t  a l l  t imes .  
The f l y i n g  p o s i t i o n  i n  which c o n t r o l  i s  most d i f f i c u l t  i s  t h e  hover ing  
p o s i t i o n  i n  which t h e  h e l i c o p t e r  i s  load ing  o r  anloading a cargo,  as 
mentioned before .  Thus, i f  t h e  h e l i c o p t e r  can wi ths tand  a  sudden wind 
t o  some e x t e n t ,  while  i n  forward f l i g h t ,  s t a b i l i t y  and c o n t r o l l a b i l i t y  
ensure  almost r i s k l e s s  t r a v e l .  

He l i cop te r s  a r e  not  good f o r  long f l i g h t s .  One reason  i s  t h e  
shape of t h e  wing. He l i cop te r s  have r o t a r y  wings which have a  c i r c u l a r  
o r  d i s c  shape whenLin  t h e : a i r .  :, This  shape of  wine; i s  not  e f f i c i e n t  
i n  long f l i g h t .  And i n  g e n e r a l ,  due t o  t h e  cons tan t  v i b r a t i o n  and 
t h e  nerve-wrackiag- t a s k  of p i l o t i n g ,  h e l i c o p t e r  p i l o t s  a r e  a p t  t o  t i r e .  
e a s i l y .  Moreover, h e l i c ~ p t e r s  a r e  not  allowed t o  c a r r y  .suspended loads  
above c i t y  o r  town a r e a s  and must choose a f l i ~ h t  course  over  r i v e r s ,  
fsrming f i e l d s ,  o r  s t reams i f  they  f l y  over  t h e  mountains,  wi th  a  sus- 
pended load.  

When a  h e l i c o p t e r  reaches  i t s  d e s t i n a t i o n ,  around workers watch 
t h e  h e l i c o p t e r  and i t s  load .  The h e l i c o p t e r  then  begins  hovering ac- 
cording t o  t h e  i r l s t r u c t i o n s  g iven by t h e  ground crew. A f t e r  g r a d u a l l y  
lowering t h e  load t o  t h e  ground, t h e  load  i s  disengaged.  Sometimes. 
t h e  h e l i c o p t e r  i t s e l f  descends. TJsually. t h i s  u n i o a d i n ~  procedure i s  
e a s i e r  than  t h e  load ing  one. 

A f t e r  completing t h i s  o p e r a t i o n ,  t h e  h e l i c o p t e r  r e t u r n s  t o  t h e  /81 
o r i g i n a l  loading s p o t .  Sometimes. i t  c a r r i e s  an  empty bucket o r  t h e  
l i k e .  The h e l i c o p t e r  i s  much e a s i e r  t o  p i l o t  on t h e  ~ e t u r n  t r i p  s i n c e  
i t  i s  not  c a r r y i n g  t h e  load.  It i s  s a i d  t h a t  h e l i c o p t e r s  a r e  used 
most; e f f i c i e n t l y  when they make f requen t  round t r i p s  c a r r y i n g  a  load  
each t ime,  a s  desc r ibed  above, p a r t i c u l a r l y  i n  mountainous ? r e a s  
where t r u c k  t r a n s p o r t s a t i o n  i s  d i f f i c u l t .  A s  mentioned l a t e r ,  a t  pre- 
s e n t ,  s i n c e  ~ e n t i n g  a  h e l i c o p t e r  i s  very expensive,  ground t r anspor -  
t a t i o n  means such a s  t r u c k s  aL1e used a s  much a s  p o s s i b l e ,  whi le  h e l i -  
c o p t e r s  a r e  used only when nz ~ t h e r  means of t r a n s p o r t a t i o n  can be used. 
Forb example, i n  lumber-cut t ing,  i t  would be convenient  t o  t r a n s p o r t  ' 

lumber by h e l i c o p t e r  d i r e c t l y  from t h e  mountain on to  t h e  s h i p  decks.  1 : 

i .  

However, f o r  f i n a n c i a l  r e a s o n s .  t h i s  type of  t r a n s p o r t a t i o n  i s  not  used 1 ; 
unless  t h e  harbor i s  very c l o s e  t o  t h e  d e f o r e s t a t i o n  s i t e .  1 ,~ 

The necessary q o s t s  f o r  h e l i c o p t e r  o p e r a t i o n  a r e  desc r ibed  below: 
Table 111-10 l i s t s  t h e  r e n t  pe r  hour,  inc lud ing  p i l o t , a n d  t h e  maxim1:m 
load by middle- and l e r ~ e - s i z e  h e l i c o p t e r s ,  which a r e  most f r e q u e n t l y  
used i n  Japan. A s  s e e c  from t h i s  t a b l e ,  h e l i c o p t e r  r e n t a l  i s  very ex- 
pensive.  It i s  much nore  expensive than  t h a t  o f  a i r p l a n e s .  The rea:ons 
a r e ,  f i r s t ,  t h e  h igh  p r i c e  of h e l i c o p t e r s  themselves,  and second, t h t  
high maintenance c o s t  and low demand. Table 111-11 i n c l u d e s  t h e  prSces I 

a t  which h e l i c o p t e r s  a r e  s o l d .  The average p r i c e  pe r  t o n  i s  4 t o  5 ! : 
t imes more than  t h a t  of a i r p l a n e s .  These h igh  p r i c e s  r e s u l t  from t h e  4' 

complicated component c o n s i s t i n g  of a  r o t o r ,  a  dynamic p a r t ,  and e 



rotor driving means. In addition, the helicopter 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 is observed in Japan. In particular, the demand for small 
helicopters for farm work rises sharply during the season when insecti- 
cides are sprayed. It is now difficult 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- 
provement in operational efficiency. 

Table 111-10. Summary of Economy and Performance of 
Representative Models of Helicopt.ors. 

I 

b 

L 

Model Name 

v 

KH- 4 
(Small Size: 
Bell 204B 
(Middle Size: 
KV-107-2 
(Large Size) 

Maximum 
Load 

0.45 

1.50 

3.37 

ton 

.Flfght 
Time 

Price of 
Helicopter 

ca. 65 

ca. 240 

ca. 1000 

million yen 

2.5 

2.5 

3.0 

Rent - .  - . , % -  

I 

: &73 

414 

688 
rn 

thousand yen 
per hour 

140 

186 

236 

hour ( kril/hour 
1 - 



Table 111-11. F a r e  and Yent of H e l i c o p t e r g ,  /& 

Key: a :  Model b :  c h a r t e r  charge  c: Passenger  F a r e  
d :  Ad-1l.t e: Chi ldren  f :  Cargo T ~ a n s p o r t a t i o n  

Charge 
g: Aojourn Charge h: Daytime i: n i g h t  t ime 
. I  : $&ae,  . k: yen p e r  hour  I f  Rotary Wing 

S: Small  S i z e  m: yen p e r  one n i g h t  
M :  Miadle S i z e  
L: Large S i z e  

(Fa res  Approved On January  27,  1978 : Rotary-Wing A i r c r a f t  D i v i s i o n )  
C f .  Rules f ' ~ P i s a l c u 2 ~ a t f n p ;  fares and rents are s h m  in ar separate table.  



In summary, heltcopters Rave the followrt.ng chPacter2at$cst 

(i) They cannot carry very heavy cargo Cover 10 tonal, at least 
for the ttme being. 

(ii) They cannot fly 1'0. long dtstances. Flight time of 1 hour 
or more is impossible at present. 

(iii) They do not need an airport and can fly even In very moun- 
t a +.nous areas. 

(iv) Loading and unloading can be carried out safely and e~.s2ly 
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 l'gh. 

The rest of this section will describe the anticipated problems 
which may be caused by future hybrid airships in a3miUr operations. 

First, (i) a hybrid airship is not an attractive prospect unless /& 
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 gf 
loads directly onto ship decks, without using barges. Airships, however, 
are large in size and have poor msneuvering performance. Hence, (iii) 
some airport 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 cargees.?- 
handled are heavier, crane-like means should be used rather than hoist 
means. It is difficult for airships to hover, and therefore, preven- 
tion of the load from swinging will be impos:ible & maneuvering the 
airsh1p;bdClgs Thus, load-fixing means or load-capturing means will 
be necessary. Since the airships 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 airships themselves must be 
necessary. (vi) With higher design altitude, the liftable 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 is 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 is estimated to cost about 10 billion yen. Based on 



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. 

111-3. Current State of Short-Distance Aviation and Passenger 
Transportation and Pr~blems at Issue. 

As one of the potential uses of hybrid LTAts, one can point to 
passenger transportation. Of course, due to their low cruising speed, 
hjbrid LTA9s cannot compete with other transportation means in long- 
distance air transportation. Therefore, one possible application of 
hybrid LTA's can be found in short-distance air transportation. Short- 
distance air transportatlon, however, has many problems at present. 
The short-distance transportation sector is the least profitable among 
air transportation sectors and the service - become inferior in 
quality. In the following sections, problems in short-distance air 
transportation will be described together with specific conditions 
which are required of short-distance air service. As an illustrative 
example of short-distance air transportation, the problems and issues 
related to short-distance air services in the envtkmimmf Jarrge W s  
will also be discussed. The last part of this section is a discussion 
of the problems involved in transportatlon to isolated islands. 

111-3-1. Probloms at Issue in Short-Distance Air Transportation and 
Materials Which Are Being Sou@. 

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 Osaka to the U.S.A. This 
means that, although air transportation is most advantageous for long- 
distance trips, short-distance air 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 quality of short-distance 
air transportation is one of the most important tasks in future air /N, 
transportation. 

(a) Problems in Short-Oistance Air Transportation. 

The biggest problem in short-distance air transportation lies in 
its profitability. Most of the present short-distance lines are the 
so-called local lines. These have less de,mand than middle-distance 
main lines. On the other hand, short-distance air transportation must 
compete with many other ground means such as railroads, buses and pri- 
vate vehicles. Hence, in 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 transp~rt passengers with great frequency. As shown in Fig. 111-25, 
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 is more costly. This; is~.&us,&&l&he 



fixed costs, such as the airport take-off and landing fee, which are 
lndeperdent of flight distance. In 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, 
tht transportation cost includes fixed costs which are independent of 
the number of passengers carried by an airpiane. Therefore, short- 
distance transportation means with small capacity are very disadvan- 
t ageous . 

hine Distance (nautic mile) 

Fig. 111-25. Comparison of Direct Operating Cost. 

On the other hand, the revenue corresponding to the cost, that is 
the fare, has an unfavorable condition. ~ u e  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 /85 i - 
vehicles. Tn order to survive this competition, as low a fare as po- (. 

i I 
ssible is necessary; thus the air transportation fare is kept very low I< I< 
in many cases. In relatively undeveloped areas, short-distance air 
transportation means are mildly competitive due to delayed development i: 
in road and railroad networks. However, in many cases, air transpor; 
tatior Is a unique means of transportation and the fare is kept low. 

1. 

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 
poiicy 3a generally 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 im?rovement of the 
profit factor. In many cases, business efforts are discouraged and the 



e n t e r p r i s e s  t hemse lves  t e n d  t o  be  u n a t t r a c t i v e .  Under s u ~ h  c o n d i t i o n s ,  
t h e  f i n a n c i a l  margin i s  g e n e r a l l y  very  narrow and t h e  e n t e r p r i s e s  l a c k  
t h e  a b i l i t y  t o  make c a p i t a l  i nves tmen t  such  zs t h e  i n t r o d u c t i o n  of  new 
a i r p l a n e  models.  There  i s  no hope f o r  d r a s t i c  improvement i n  p r o f i t s  
by any new model o f  a i r c r a f t  w i t h  a  low o p e r a t i n g  c o s t .  Consequent ly ,  
i n  such  an  a i r l i n e  o l d  models ?annot  b e  r e p l a c e d  by new j e t  a i r p l a n e s ,  
and sometimes,  o l d  p r o p e l l e r  o r  t u rbop rop  e n g i n e  a i r p l a n e s  a r e  used p a s t  t,  

f '  
l e g a l l y  de te rmined  l i f e t i m e s .  Even t o  s h o r t - d i s t a n c e  a i r l i n e s ,  t u r b o f a n  
j e t  p l a n e s  a r e  very  a t t r a c t i v e  i n  t e rms  o f  t he i za  e f f i c i e n c y  ( u n i t  t r a n s -  1; p o r t a t i o n  c o s t  p e r  h o u r )  and t h e i r  p u b l i c  a p p e a l .  I n  many s h o r t - d i s t -  
ance  a i r l i n e s ,  however, an  improvement i n  p r o f i t s  cannot  be hoped f o r  
by t h e  i n t r o d u c t i ~ n  o f  new t u r b o f a n  j e t  p l a n e s .  Such a  new inves tmen t  
w i l l  p robab ly  d i r e c t l y  r e s u l t  i n  management d i f f i c u l t y .  B a s i c a l l y ,  low 

I 
i 

demand cannot  suppor t  an o p e r a t i o n  of  a i r p l a n e s  w i t h  more t h a n  100  
s e a t s .  A t  any r a t e ,  t h e  i n t r o d u c t i o n  o f  j e t  p l a n e s  t o  s h o r t - d i s t a n c e  
l i n e s  i s  p r a c t i c a l l y  i m p o s s i b l e .  

Another f a c t o r  which makes t h e  i n t r o d u c t i o n  of  j e t  p l a n e s  d l f f i -  
C u l t  i s  t h a t  o f  a i r p o r t  problems.  I n  many c a s e s ,  s h o r t - d i s t a n c e  l o c a l  
l i n e s  p r o v i d e  a i r  s e r v i c e  mainly t o  r e l a t i v t i l y  undc$deve loped -a reas .  
The re fo re ,  many a i r p o r t s  used by such  a i r l i n e s  a r e  13 g e n e r a l l y  poor  1: I .  

c o n d i t i o n .  Usua l ly ,  t h e  runway i s  s h o r t  and t h e  a i r p o r t  i s  n o t  equ ip-  
ped w i t h  advanced f a c i l i t i e s ,  such  a s  a u t o m a t i c  l a n d i n g  rneafis o r  a i r -  
p l a n e  gu idance  means. J e t  p l a n e s  i n  p a r t i c u l a r  r e q u i r e  much l o n g e r  
runways t h a n  p r o p e l l e r  p l a n e s .  Geograph ica l  c o n d i t i o n s  do n o t  p e r m i t  
l ong  runways and make i t  d i f f i c u l t  b~ f i n d  a n  ap--opri?.te p l a n e ,  i n  
many p l a c e s .  A t y p i c a l  illustration i s  t h e  prob '  !rn o f  3 s u b s t i t u t e  
a i r p l a n e  f o r  t h e  YS-11 i n  J apan .  A i r  t r a n s p o r t a t i o n  i n  J apan  h a s  been 
i n c r e a s e d  a t  a r a t e  o f  20 % a y e a r  o r  more. B u t ,  wft9 t h e  e x c e p t i o n  
of  t h e  a i r p o r t s  f o r  main l i n e s  and s e v e r a l  main a i r p o r t s  f o r  l o c a l  l i n e s ,  
a i r p o r t  equipment has  no t  been improved i n  p r o p o r t i o n  t o  t h i s  growth.  
I n  a d d i t i o n ,  t h e  development o f  a i r p o r t  equipment ,  i n c l u d i n ~  runways,  
have been de l ayed  by p o l l u t i o n  problems a n 3  t h e  p u b l i c  r e a c t j o n  a g a i n s t  
t h e  J apan  I s l a n d  I n n o v a t i o n  P l a n ,  t h a t  i::, r e a c t i o n  & g a i n s t  a n  e x c e s s i v e -  
l y  r a p i d  pace  of  r e g i o n a l  development .  '*hese i s s u e s  w i l l  be d e a l t  w i t h  
l a t e r  i n  g r e a t e r  d e t a i l .  The YS-11 was d e v e l o ~ e d  f o r  l o c a l  a i r p o r t s  
w i t h  1,200-m runways. However, some of  t h e  YS-11 a i r p l a n e s  have been 
used f o r  o v e r  t e n  y e a r s .  S i n c e  t h e  e f f i c i e n c y  o f  t h e  YS-'1 i s  o n l y  
about  one t h i r d  of  t h a t  of  t h e  Roeing 737 and t h e  Douglas DC-9,  which % 

a r e  a s i z e  l a r g e r  t h a n  t h e  YS-11, i t  h a s  r e c e n t l y  been proposed t o  r e -  
p l a c e  t h e  YS-11 by an  a p p r o p r i a t e  j e t  p l a n e  f o r  p o p u l a r  l o c e l  l i n e s ,  
such  a s  t h e  Osaka-Tokushima o r  Osaka-Takamatsu l i n e s .  The p a s t  i n -  
t r o d l l c t i o n  of j e t  p l a n e s  i n t o  J apan  caused  a  r emarkab le  i n c r e a s e  i n  /g ! 
demand f o r  many l i n e s .  Such an  i r A c r e a s e  i n  demand was induced  by t h e  
comfor t ab l e  s e r v i c e  and t h e  mass t r a n s p o r t a t i o n  which were made pos- 
s i b l e  by j e t  p l a n e s .  Thus,  t h e  rep lacement  o f  t h e  YS-11 has  been  a  
m a t t e r  o f  g r e a t  i n t e r e s t  t o  t h e  a i r l i n e  companies.  However, no j e t  
p l a n e  f s  equipped w i t h  t h e  ~ b i l i t y  t o  u s e  1,200-m runways,  w i t h  
economical  e f f i c i e n c y  a t  t h e  same t ime .  Consequent ly ,  t h e  a i r l i n e  cg 
companies have con t inued  t o  u se  t h e  YS-11 a g a i n s t  t h e i r  w i l l .  

i 

Recen t ly ,  a s  common problems of  a i r  t r a n s p o r t a t i o n ,  environmenta3 
problems,  p a r t i c u l a r l y  t h a t  o f  n o i s e ,  have been s e r i o u s l y  d i s c u s ~ e d .  
P a r t i c u l a r l y ,  t h e  number of a i r p l a n e s  u s i n g  a i r p o r t s  w i t h i n  t h e  e n v i r o n s  
of  l a r g e  c i t i e s  have i n c r e a s e d  r a p i d l y .  Yost a i r p l a n d s  using t h e s e  , . 
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airports now are jet planes. In addition, with the enlargement of the 
city environs, the residences around airports~~hrvei&ncfaasadihn .n\tlSB8r, 
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 
t.ke-0ff and land at the airport, other restrictions such as time . 
limitation, and removal of the airports t~ less popuiated areas. 'Phe 
last plan was also discussed in connection with airport enlargement. 
The environmental problem represented by noise is one of the most se- 
rious problems that every sirline company faces at present. Shorc- 
distance airLines are not exempt from environmental problems. A short- 
distance airline, however, cannot use an airport which is far from the 
center of a city. For exanple, when travelling from Nagoya to Tokyo 
by air, if the fliqht time to Narita is 50 minutes and it takes two 
hours to go Tram 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 fop tb.cavtdmce-of its 
passengers. In this respect, short-distance airlfnes are facing tough- 
er problems than middle- and long-distance airlines. 

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

At present, turboprop airplanes are mostly used by short-distance 
airlines in Japan. 0: course, even among short-distance airlines, many 
jet planes such as Roeing 737 and Douglss DC-; 3re being used. The < 

airlines using these jet planes have sufficient demand to support the *.. 
operation of jet planes and have airports large enough for them. There- 
fore, such airlines have little problem ir~ enlarging airline capacity 
in response to demand increase, for example, by replacing those jet I 

planes by a size larger Boeing 727 or the like. In other words, they 
have no problems in obtaining suitable airplanes. 

Turboprop airplanes were introduced into many airlines around 1960. 
In 1975, about 1,100 turbo prop planes, including about 700 YS-11 class 
short-distance turboprop planes, were used in various airlines ic the: 
aorld. These airplanes are used mainly in short-distance airlines 1 I .  ! 
which have the above-mentioned problems. Airplanes by which those turbo- 1 4  
prop planes can be replaced are now thus being sought by various short- /87 - ! 4 
distance airlines. The geographical distribution of those turbaprop I ,$ 

airplanes is as follows: 23 $ in Yothern America, 17 X in Europe, and , :g 

6 X in Japan and the remaining 54 % in developinq countries. Since the , % 

number of developing countries is less than 20 % in terms of geograph- j: 

ical distribution of passenger transportation or in jet planes, it is j ? 
understandable that the turboprop planes have a very important role in I fr 

those developing countries. At any rate, by analyzing the present con- I I " J 

dition of the operation of these turboprop planes and by clarifying its i i 

characteristics, the type of airplane which is being sought by short- 
distance airlines will become zlearer. 

First of all, in what kind of airlines are turboprops used 3 
Figs. 111-26 and 111-27 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. 111-26, the average distance 
of airlines in which turboprop plases are used is about 300 km and 80 8 

, A 

, , 

, 
i 

+. 

i 

i 



In September, 1973 

Airllne Distanoe (km) 
Fig. 111-26. Cumulative Distribution Showing the Relation 
Between Airline Distance and Passenger Seats in Airlines 
Using Turboprop Planes. 

In September, 1973 

Xhen the take-off and landing 
distances are different, the 
shorter one 4s used for this 
representation. 

Fig. 111-27. Cumulative Distribution Showing Relationship 
Between the Runway Length Used by Turboprop Planes and Passengers 
Carried by Them. 



of t h e  seat-km ( t h e  number of beat8 m u l t i p l i e d  by t h e  f l i q h t  d i s -  
t a n c e  i n  km) i s  provided i n  a i r )  t:ieS s h o r t e r  than  500 km. On t h e  o t h e r  
hand, t h e  average l e n g t h  of t h e  :lunways vh ich  t h e  turboprop p lanes  use  
i s  1,500 m,  whi le  20 $ of t h e  b u r b ~ p r o p  p l a n e s  must use  runways of 
1,200 rn i n  l e r s t h  o r  less. Th i s  d a i 2  suqc-sts  t h a t  t h e  performance of 
t h e  a i r p l a n e s  d e s i r e d  i s  c h a r a c t e r i z e d  by ake-off and l a n d i n g  a b i l i t y  
r a t h e r  than  c r u i s i n g  speed. Namely, airp:a)es wi th  e x c e l l e n t  STOL 
a b i l i t y  a r e  be ing sought a t  p r e s e n t .  

Normal o p e r a t i o n  of convent ional  j e t  p lanes  o f  t h e  nouglas DC-9 
o r  t h e  130einb 137 r;l.ass r e q u i r e s  a runway l e n ~ t h  of about  1,500 m OF /= 
longer .  A s  shown i n  Fig .  TII-27, t h e s e  J e t  p lanes  can be  used by on ly  
50 % of t h e  s i r l i n e s  which a r e  now us ing  turbo pro^ p l a n e s ,  s o l e l y  f o r  
t h e  reason of take-off  and l and ing  performance. 

As mentioned p rev ious ly ,  t h e  most s e r i o u s  problem of  s h o r t - d i s t -  
ance a i r l i n e s  j3 p r o f i t a b i l i t y .  Therefore ,  t h e s e  shor t -d i s t ance  a i r -  
l i n e s  a r e  seeking h igh ly  economical a i r p l a n e s .  I n  o r d e r  t o  e v a l u a t e  
how economical an  a i r p l a n e  is ,  d i r e c t  opera tin^ c o s t  i s  u s u a l l y  used.  
By d i r e c t  o p e r a t i n g  c o s t ,  i s  denoted t h e  c o s t  which i a  mainly d e t e r -  
mined by a i r p l a n e  performance, t h a t  i s ,  t h e  c o s t  which i n c l u d e s  t h e  . 

c o s t  of crew members ( p i l o t ,  e t c ) ,  f u e l  and 1ub;icating o i l ,  mainten- 
ance,  insurance ,  and d e p r e c i a t i o n  of equipment. F ig .  111-28 shows t h i s  
d i r e c t  a p e r a t i n g  c o s t  which i s  c a l c u l a t e d  according t o  t h e  formula used 
t o  e s t i m a t e  o p e r a t i n g  c o s t  by t h e  domestic a i r l i n e s  i n  t h e  U.S.A. 

According t o  c h i s ,  t h e  d i r e c t  operh t ing  cost of  a  ta rboprop p lane  
i s  lower by about 15 % than that :of' LjFek :plane's :w*th- the.isante scalWheSThe 
d i r e c t  o p e r a t i n g  c o s t  of  t h e  60-seat YS-11 is 20 1 higher  t h a n  t h a t  of 
t h e  j e t p l a n e s  wi th  twice  a s  many s e a t s ,  such a s  t h e  Roeing 737 o r  t h e  
Dougla~,  DC-9.  T h i s  i s  due t o  t h e  f a c t  t h a t  t h e  ur . i t  c o s t  p e r  s e a t  can 
be reduced by us ing  l a r g e r  a i r p l a n e s .  I n  o t h e r  words, even i f  t h e  num- 
ber  bf s e a t s  i s  doubled , t h e  number of  necessary  crew members remains 
almost t h e  same. The main motive f o r  r e p l a c i n a  turboprop p lanes  such 
a s  t h e  YS-31 by j e t  p lanes  such a s  t h e  Boeing 737 o r  t h e  Douglas DC-9 
i s  t h i s  r educ t ion  of d i r e c t  o p e r a t i n g  c o s t  r a t h e r  t h a n  passenger comfort .  
When f u t u r e  demand i s  es t ima ted  t o  be a b l e  t o  suppor t  t h e  i n c r e a s e  i n  
s e a t  numbers and t h e  rucway i s  long enough f ~ r  j e t  p lanes ,  t h e r e  i s  /& 
l i t t l e  problem i n  i n t r o d u c i n g  t h e s e  J e t  p l a n e s ,  and h i g h e r  p r o f i t s  w i l l  
be  ob ta ined .  However, i f  f u t u r e  demand i s  i n s u f f i c i e n t ,  o r  if t h e  - 
runway i s  not enough, t h e  i n t r o d u c t i o n  of j e t  p lanes  i s  very d i f f i c u l t .  
If t h e  i n t r o d u c t i o n  o f  j e t  p lanes  i s  forced d e s p i t e  t h e  above d i f f i -  
c u l t i e s ,  t h e  c o s t  w i l l  i n c r e a s e ,  by 15  $ and a  breakdown of management 
w i l l  r e s u l t .  S ince  t h e  d i f f i c u l t y  o f  managing shor t -d i s t ance  a i r l i n e s  
r e s i d e s  i n  t h e  circumstances desc r ibed  above, t h e  d e s i r e d  type  of a i r -  
p lane  must ensure  a  d i r e c t  o p e r a t i n g  c o s t  which i s  a t  l e a s t  l e s s  t h a n  
t h a t  61 t h e  c u r r e n t l y  used turboprop p lanes  such a s  t h e  YS-11. If 
p o s s i b l e ,  an a i r p l a n e  which i s  a s  economical a s  a 120-seat c l a s s  J e t  
p leqe  (such a s  Roeing 737 o r  Douglas DC-9) i s  d e s i r a b l e ,  namely, an  
a i r p l a n e  wi th  20 X lower o p e r a t i n g  c o s t  than  turboprop p lanes .  

I n  a d d i t i o n ,  a s  mentioned p r e v i o u s l y ,  a i r l i n e s  managing shor t - . , .  
d i s t a n c e  t r a n s p o r t a t i o n  ape l e s s  a b l e  t o  make c a p i t a l  investment  due 
t o  t h e i r  weak f l n a n b l a l  bases .  There fo re ,  i n  many c a s e s ,  even i f  
t h e r e  e x i s t s  a model of a i r p l a n e  which meets t h e  f u t u r e  demand and 



Number of Passenger Seats 

Fig. 111-28. Comparison of Direct Operating Costs 
Between Turboprop and Jet Planes. 

Key : 

(a) STOL Turboprop Plane 
(b) Turboprop Planes 
(c) Planridd 
(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. 



promises g r e a t e r  p r o f i t ,  such an a i r p l a n e  cannot  be  purchased and ope- 
r a t e d  f o r  f i n a q c i a l  reasonu.  I n  f a c t ,  more t h a n  400 o l d  p r o p e l l e r  ! 
p l a n e s  ( a  h a l f  of  which Ere DC-3) a r e  s t i l l  ope ra ted  i n  t h e  world a t  
p r e s e n t .  Th i s  f a c t  i n d i c a t z s  t h a t  t h e r e  a r e  many a i r p l a n e  o p e r a t o r s  
who are unable  t o  make c a p i t a l  investment  and cannot  a f i c n d  t o  pur- 
chase  even turboprop p l a n e s .  I f ,  as a g o a l ,  an  a i r p l a n e  Is  produced /% -. 
f o r  t h i s  market cf s h o r t - d i s t a n c e  a i r  t r a n s p o r t a t i o n ,  law c o s t  has  
t h e  f irst  p r i o r i t y .  A lcw p r i c e  can a l s o  reduce  t h e  dep~er2iaCtan:oss t  
which occupCzs 1.5 t o  20 % of  t h e  d i r e c t  o p e r a t i n g  c o s t  and i s  t h e r e -  
f o r e  s u i t a b l e  f o r  s h o r t - d i s t a n c e  a i r l i n e s  which have i i t t l e  pu rchas icg  
a b i l i t y .  

As a replacement  f o r  t h e  c l l r r e n t l y  used 40 t o  60-seat t u rboprop  
p l a n e s ,  t h e  c a p a c i t y  o f  t h e  a i r p l a n e  must correspond t o  t h e  demand. 
A 80 t o  120-seat  a i r p l a n e  w i l l  be a p p r o p r i a t e ,  c o n s i d e r i n g  t h e  f u t u r e  
i n c r e s s e  i n  demand. I n  Japan ,  t h e  c u r r e n t l y  used YS-11 has  6 C  seats 
and t h e  growti-: i n  passenger  demand t h e r e  i s  g r e a t e r  t h a n  t h e  world 
average .  Therefore ,  an a i r p l a n e  w i t h  s l i g h t l y  l a r q e r  c a p a c i t y ,  namely, 
a 120 t o  150-seat a i r p l a n e  i s  d e s i r a k l e  f o r  s h o r t - d i s t a n c e  a i r l i n e s  
i n  Japan .  

I n  s u m a r y ,  t h z  fo l lowing  conditions a r e  r e q u i r e d  of a n  a i r p l a n e  
which i s  in t ended  f o r  u s e  a s  a means of  s h o r t - d i s t a n c e  a i r  t rzrs-  
p o r t a t  i on :  

- Economical - 
The a i r p l a n e  must be a t  l e a s t  a s  economical a s  t h e  c u r r e n t l y  

used turboprop p lanes .  20% improvement i s  d e s i r e d .  

- Capaci ty Corresponding t o  ilemand - 
The d e s i r e d  c a p a c i t y  i s  80 t o  120 s e a t s  p z r  p l ane ,  when t h e  

f c t u r e  demand i n c r e a s e  i s  cons ide red .  I n  Japan ,  s l i g h t l y  
l a r g e r  c a p a c i t y  i s  p r e f e  - s b l e .  

- E x c e l l e n t  Take-Off and ,dnding Performance - 
The a i r p l a n e  m ~ s t  be a b l e  t o  use  a n  a i r p o r t  wi th  a 1,200-m 

runway and an  incomplete  f l i g h t  guidance s y s t e n .  

The f u t u r e  demand f o r  a i r p l a n e s  which s a t i s f y  t h e  above condi- 
t i o n s  i s  d e s c r i b e d  below: 

As p r e v i o u s l y  mentioned, t h e r e  a r e  about  one thousand tu rboprop  
a i r p l a n e s  used i n  s h o r t - d i s t a n c e  a i r l i n e s  a t  p r e s e n t .  I n  t h e s e  ail*- 
l i n e s ,  t h e  c u r r e n t l y  used turboprop p lanes  cannot  be r e p l a c e d  by j e t  
p l a n e s  such as t h e  Boeing 737 o r  t h e  Douglas DC-Q because t h e  runways 
a r e  t o o  s h o r t  o r  because t h e  passenger  demand i s  t o o  low. From t h e  
p a s s e n g ? r l s  p o i n t  of  view, ti)- turboprop p l a n e  s e r v i c e ,  which has  t h e  
same a i r  f a r e  system, i s  not  d t t r a c t i v e  when t h e  t h e  f a c t o r s  o f  speed 
and comfort  i n  t h e  a i r p l a n e s  a r e  t a k e n  i n t o  c o n s i d e r a t i o n .  From t h e  
a l . r l i n e s f  v iewpoint ,  i t  i s  not  d e s i r a b l e  t o  o p e r a t e  a i r p l a l ~ e s  nho.se 
ages  a r e  r each ing  t h e i r  l i m i t  and which a r e  no t  economical .  Hence, a s  
soon a s  c i rcumstances  p e r m i t , t h e i r  replacement  by j e t  p l a n e s  i s  d e s i r e d  

, f , ' .  '; , . 



by t h e  a i r l i n e s .  The re fo re ,  i n  about  h a l f  t h e  a i r l i n e s  u s i n g  a i r p o r t s  ' 

w i t h  s u I m f i c i e n t l y  long  runways, t u rboprop  plane:: w i l l  g r a d u a l l y  be re- 
p l aced  by c o n - < e n t i m a 1  jet  p l a n e s  o r  improved models o f  them i l l  t h e  nea? ' 
f u t u r e .  The re fo re ,  t h e  remain ing  50 % o f  t h e  market w i l l  be  open t o  
some t y p e  of  a i r p l a n e  which w i l l  3e de-ieloped. Wi th in  t h i s  f r a c t i o n  
o f  t h e  marke t ,  about  300 tu rboprop  p l a n e s  a r e  used i n  l i n e s  s h o r t e r  
t h a n  jdO krn. The replacement  of t h e s e  p l a n e s  may be  s a i d  t o  c o n s t i t u t e  
a  l i k e l y  market f o r  hybr id  LTA9s v h f 4  h ~ r e  e x c e l l e n t  STOL a b i l i t y .  
T h i s  market w i l l  grow a s  p a s s e n g e r s  i n c r e a s e  i n  number. I f  t h e  num- 
b e r  of passenger;  doub le s  i n  t e n  y e a r s  ( w i t h  about  7  % growth r a t e ) ,  1s 
t h e  demand i n  t h i s  market 3s e s t i m a t e d  t o  cor respond t o  about  600 tu rbo -  
prop p l a n e s .  Yoreover,  i f  LTA a i r c r a f t  have t w i c e  as many s2ats as t h e  
tu rboprop  g l a n e s  o r  s l i q h t l y  more, t h e  s c a l e  o f  t h i s  market  w i l l  be 
200 t o  300 I,TAts. 

Th i s  marke t ,  however, has  b a s i c a l l y  low pas senge r  demand, and r! 
hence,  whate. ?r model o f  a i r c r a f t  i s  i n t r o d u c e d ,  a s i g n i f i c a n t  improve- 
ment i n  p r o f i t a b i l i t y  cannot  b e  expec ted .  I n  p a r t i c u l a r ,  in o r d e r  t o  
m a i n t a i n  t h e  a i r l i n e s  w i t h  poor  p r o f i t s ,  some economic p o l i c i e s  are 
e s s e n t i a l ,  such a s  j o i n t  sale w i t h  o t h e r  p o p u l a r  l i n e s ,  f i n a n c i a l  a i d  
o r  s p e c i a l  f a r e .  Without t h e  a i d  cf t h e s e  s p e c i a l  econom:c p o l i c i e s ,  
t h e  p r o f i t  s eek ing  e n t e r p r i s e ?  o p e r a t i n g  t h e s e  s i r l i n e s  w i l l  l o s e  i n -  
terest i n  c o n t i n u i n g  o p e r a t i o n .  consequen t ly ,  t h e  e f f o r t  t o  improve 
a i r  t r a n s p 9 r t a t i o n  e e r v i c e s  w i l l  v a n i s h  and t h e  market  w i l l  be  reduced  
i? s i z e .  Thus, t h e  f u t u r e  o f  t h e s e  marke ts  is l a r g e l y  dependent  on 
whether o r  n o t  t h e  pas senge r s ,  t h e  l o c a l  c o m ~ n i t i e s  o r  t h e  government 
w i l l  acknowledge t h e  n e c e s s i t y  o f  l o c a l  a i r l i n e  s e r v i c e s ,  and whether  
o r  no t  each  qroup o f  peop le  are p repa red  t o  b e a r  t h e  i n c r e a s e d  c o s t  o r  
p u b l i c  financial aid. 

On t h e  o t h e r  haad, what model o f  a i r p l a n e  shou ld  be  used f o r  t h e  
reyiavrnenf o f  t h e  t u rboprop  p l a n e  i s  t h e  problem under  d i s c d s s i o n  i n  
Japan  a t  t h e  p r e s e ~ t .  I n  s h o r t - d i s t a n c e  s i r l i n e s  usii-ii YS-11, espe-  
c i a l l y  t h e  a i r l i n e s  connec t ing  a i r p o r t s  w i t h  1,200-m runways i n  i s o -  
l a t e d  i s l a n d s ,  a  replacement w i l l  be e n t h u s i a s t i c a l l y  sought  I n  t h e  
n e a r  f u t u r e .  A t  p r e s e n t ,  t h e  t h i r d  f i v e - y e a r  p l a n  f o r  improving ., 
a i r p o r t s  h a s  been i n  e f f e c t  s i n c e  1976 and many a i r p o r t s  i n  Japar; w i l l  
soon have completed t h e  improvement o f  t h e i r  equipment.  However, even 
if a l l  t h e  p l a ~ s  have been c a r r i e d  o u t  by t h e  end o f  t h i s  p l a n ,  many 
a i r p o r t s ,  e s p e c i a l l y  t h o s e  i n  i s o l a t e d  i s l a n d s ,  s t i l l  have o n l y  1,200-m 
runways. On t h e  o t h e r  hand, t h e  YS-11 p l a n e s  c u r r e n t l y  i n  use have 
been o p e r a t e d  f o r  6 t o  12  y e a r s ,  and hence ,  they  must g i v e  way t o  
a n o t h e r  model of a i r p l a n e  s i n c e  t h e  YS-11 i s  no l o n g e r  b e i n e  produ- 
ced.  A t  p r e s e n t ,  about  70 YS-11 p l a n e s  are be inq  o p e r a t e d  i n  t h e  
p r i v a t e  t r a n s p o r t a t l o n  s e c t o r .  Although some o f  them w i l l  be  r e p l a -  
ced by jet p lanee  acco rd ing  t o  pas senge r  demand i n c r e a s e  and improvement 
o f  a i r p o r t  equipment ,  about  20 t o  30 p l a n e s  w i l l  have t o  be  r e p l a c e d  
by a n o t h e r  t y p e  of a i r c r a f t  whlch h a s  a l a r g e r  c ? p a c i t y  (120 t o  150 
passenger  s e a t s  c l a s s )  and can  be  o p e r a t e d  w i t h  1,200-m runways. How- 
e v e r ,  a s  mentioned i n  t h e  p r e v i o u s  d e s c r i p t i o n s  i n  which t h e s e  problems 
a r e  d i s c u s s e d  i n  g e n e r a l  terms, 3- world problems,  s i m i l a r l y  i n  J a p a n ,  
whethsr  t h e  a i r  t r a n s p o r t a t i ~ n  PC i c e s  w i t h  low p r o f i t a b i l i t y  can  be 
con t inued  by i n t r o d u c i n g  new t y p e s  o f  p l a n e s  o r  n o t ,  i s  s t r i c t l y  depen- 
den t  on t h e  d e c i s i o n s  made by l o c a l  communities and the gcverrsent. 
Hence, t h e  clenand f ~ r  a ne,< t y p e  of a j r c r a f t  i s  ve ry  much dependent  on 

, ,>  
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the government's policy on transportation problems in Japan. I 
111-3-2. Short-Distance Air Transportation in the Environs of 

Large-Cit ies . 
Short-distance air transportation in the environs of large-cities f 

has developed along with the enlargement of the areas caused by the i 
growing city zones, the cogest-ion of ground transportaX3ok means bamed - 
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^^- /z i 
main airport and the central area of the city, or between new and old , 
airports, has been thus introduced into the realm of short-distance air 
transportation. In one case, the main airport 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 il- 
lustrate the present state of short-distance air transportztion in 
the environs of large-cities. 

(a) Operation by New York Airways Companx. 

New York Airways was estabilished in 1949 and s$a~ted passenger 
transportation in the environs of New York Citv in 1953. Afterwards, 
the company began air transportation service connecting Kennedy Inter- 1 
national Airport, LaGuardia Airpo~t and Newark Airport, with finan- 
cie.1 assistance from Mew York City and major U.S. airlines, Pan American, 
TWA and others. Since 1971, the company has used Sikorsky S-61 heli- 

Table 111-12. Operation by New York Airways. 

La Guardia Airport . - Newark Air~ort 30 23 
Pan Am Building 

29.63 

- Kennedy Airnort 30 37 - 00 7 23.15 8:oo 
Pan Am Buflding 

16 1 9 8:00 - 21:OO 5 23.15 ' Pan Am Building 
- La Guardia Airpor 8:00 - 21:Oo 5 17.36 

. -. -. minutes dollars 



Remark to Table 111-12: 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 Building in the center of the city. (See Table 111-12 for 
the condition of each linz.) However, company's financial condition 
has not been good. In 1976, the revenue was 6.8 million dollars while 1'2 
the expenditure was 7.48 million dollars - a loss of about 10 %. The 
reason given 13 as follows: Although about 550 thousand passenRers use 
the service, the seat occupancy rate is as low as around 35 %. Further- 
more, 99 % ofthepassengere use the service to connect with domestic 
and international long-distance airlines. According to the contract 
with the alpline conpanies, these passengers receive a fare discount. 
Consequently, the revenue of the company has been suppressed. An 
effort was made to balance the revenue with the cost by reducing the 
operating cost while us in^ 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 prssengers, resulted in an accident on the roof of the Pan Am 
Building last year. At present, transportation from the Pan Am Buil- 
Sing is not in operation. The Neu York Airways Company's operation is 
a typical example of the fact that short-distance airlines cannot easi- 
ly be profitable. However, this case will be an important object of 
study in connection w i t 3  the problems in tho environs of large-cities, 
especially. the question, what is the efficient means of connecting 
airports and c1t.y centers, w M n c  the distance between the center of the 
city and the airport is becoming longer, as a ~eneral prevailing 
tendency. 

(b) Operatiom 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- 
tion) and geographically (due to environmental problems). The opera- 
tion by the Air mransit Company is being exparimentally supported by 
the Conadiac goverment in order to research new transportation means 
whiehare capable of matching different requirements by different groups 
of people, i.e., passengers, residents around the airport and alrlins 
companies. Air Transit Company was established as a subsidiary com- 
pany of Air Canada which is 100 1 financed by the Canadian government. 
This company operates an experimental line (180 km) betveen Ottawa, the 
cnpital, and Montreal, the center of business. For this operation, not 
the regu1e.r airports but newly constructed airports are used. These 
new airports are exclusively for STOIJ airplane , the 11-passenger 
Dehaviland DHC-6 , which connects the two airports and provides a shu- 
ttle service (about 30 rounds a day). Eash of these new airports was 
constructed in a city area not far from the cent Y of the city. (about 
ten minutes by car.) The financial ccndition has not been made 
public. Xowever, since the sests in the DHC-6 are halved-for experi- 
mental reasons and the company bears extrsordinary costs such as pcblic 
display or demonstration costs, a large deficit 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 experimentai operation as follows: 



( I )  The n e c e s s i t y  o f  :-illa t r a n s p o r t a t i o n  was p r o v e d  even i n  
s s h o r t - d i s t a n c e  t , r ansnor - t a t  io t l  s l t r i a t  i o n  i n  which c0mpt.t i t i o l i  i s  i n -  

!; 
t e n s e .  ( T h e r e  a r e  t \vo r a i  l r o n d  l i n e s ,  ,:ne-hour3-frequency r a p i d  b u s  f : 
sr? lbvice  and  p r i v a t e  v e h i c l e s . )  I\ccor*din$ t o  t h e  e s t i m a t e  by t h e  i i ; 
Canad ian  Ravertlment, t h e  :;haV1v? o f  the  ail.* t r n m s p o r t a t i o n  :monF: a l l  t h e  1 -. 
t r a n s p o r a t c l t  :cn m n r ; s  c o n n e c t i n r :  the. two c i t i e s  h a s  been  i r o r o v c d  f rom ! i. 

1 "  
3 . 3  5 t o  5.4 $ 3  ow in^ t o  t h e  o p e r ? t , i o n  of  t h i s  FTCI, t r anspor1 t . a t1or ,  I : 
s e r v i c e .  t 

. + 

(2) Sy n o t  u s i n g  t h y  e x i s t t n ~  a i r n o r t  Tor t h e  exist in^ a i r l i n e s  
a c d  h y  construct in^ new a i r p o r t s  e s p e c l n l l y  f o r  STOL p l a n e s ,  h i c h  ef-  
f icip!1cy \<!as a c h i e v e d  wi thout .  i n t e r f e r - i n c :  w i t h  o t h e r  a i r -  t r * s n s p o r t ~ -  9 '  --  ' i 
t i o n  u?er*xt.ions. 

( 3 )  Al though t h e  rtewly b u i l t  a i r p o r t s  a r e  l o c a t e d  i n  c i t y  a r e a s ,  
t h e  r n ~ j o r - i t y  of  t h e i t *  r e s i d e n t s  are i n  f a v o r  o f  t h i s  STPL n l n n e  wer -a -  
t i o n .  "?h i s  t l * a n s p o r t . a t i o n  s y s t e m  was t h u s  p roved  t o  have c r e a t , e d  no  
s e r i o u s  e n v i r o n m e n t a l  p rob lem.  

( 4 )  However, t h e  s e r v i c e  i s  v e r y  c o s t l v  " o  s o l v e  t h e  pr*oklern o f  
t h i s  h l g h  c o s t  1 s  3 f u t u r e  g o a l .  

Rased on t h e s e  c v a l u ~ t i o n s ,  t h e  e x p e r i m e n t a l  o p e r a t i o n  i s  s t i l l  
g o i n s  on. T h e r e  i s  :3 n l a n  t o  e x t ) e ~ * i m e n t n l l y  o p e r a t e  a p l n q e ,  o n e  s i z e  
13r~;cr*,  t,hz 5 0 - n a s s e t l ~ e t ~  Dehaviland PCH-7, i t \  t h e  f u t u r e .  P r o f ' i  t a b l -  
l i t y  Is expec t ed  to h e  i ~ p r o v e d  by t . h l s  new o p e r a t i o n .  T h u s ,  5TOI. 
@ l a n e  t r * s n s p o r t a t i n n  i s  st311 i n  t h e  e x p e r i m c n t a l  s t a ~ e s .  However, i t  
p r o m i s e s  t h e  n o s s i h i 1 i t . y  a f  p ~ * o v i d i n ~  i n n o v a t i v e  t r a n s p o r t a t i o n  means 
i n  t.hc f u t ~ i l - e .  "he o p c r * x t i o n  of  A i r  m ~ . n n s i t  C o m ~ a n y  i s  a c t u a l l y  p r o -  
m o t i n g  t h c  dt\velopmt3t~t. o f  t h i s  new s y s t e m  and  i s  c e r t a i n l y  v a l u a b l e .  

The perBfnrn,-i:lcc o f  ni7tr-6 2nd Pi-H-7 i s  d e s c r i b e d  i n  t h e  f a l l o w i n g  
(TnD1.. TT'I-13): 

T a b l e  111-13. 

@ 2 ,700  krn w i t h  6 . 6 - t e n  p a y l o a d .  

OCH - 6 PCH - 7 

No. o f  S e a t s  
C r u i s i n g  Speed 
Etldurance F l i g h t  D i s t a n c e  
3 e q u i r e d  Runway Leng th  
Maximum Load 
E n g i n e s  
C w w  Yemher 
P r i c e  

b 

Kcmarks 

i 

20 
( '90 - 230 km/h 
1 , 2 8 0  km 
ca .  600 m 
5 . 7  t o n  
650 HP x 2 
2 
2 .7  b i l l t o n  yen 
4  u n i t s  a r c  i n  

J a p a n .  
(Soti t  h-We s t. 

A i r l i n e s ,  e t c . )  

5 4 
434 km/h 
1 , 2 0 0  km (PI, :  1 2 . 2  t ) *  
ca.  770 m 
1 9 . 7  t o n  
! , I74  IfP x 2 
3 
c a .  1 0  b i l l i o n  yen 
Tlsed i n  a c t u a l  ope ra t  i o n ,  ' 

naw . 
Ynt u s e d  y e t  i n  J apan .  

d 



111-3-3. Current State of Transport to Isolated Islands and - 
Problems at Issue. 

Japan consists of approximately 5,000 islands, including four 
main islands, Honshc, Kytshu, Hokkaido and Shikoku, which together are 
the so-called nmainland.w The islands other than these four may i\e . 
ctilled "isolated islands." Among the isolated islands, Sado Island Is 
the largest. The number of the inhabitated islands is around 420. 
According to the Act for the Development of Isolated Islands which is j 

effective for ten years, the estimated number of isolated islands is 
722. Each of these isolated islands is in a unique natural condition 
which is different from others. These islands awe classified into 
four types, isolate2 type, group type, adjacent type and inland L;?r. 
Within one type, the islands are fllrther classified into sub-catego- 
ries according to their size, master-de~endent relationship, etc. Na- 
tural 1 1 ,  the problems involving each island ,ray; - :~i-eatly d . ,  "ding 
on indiv!dual natural conditions. The most serious problems may be 
sal6 to be those involvinq the isolated type of isiands. Ry isolated 
i~lar~ds, is meant islands with a population of 5,000 or less and se- 
parbated from the nearest island one hour or more by a ship with a 
spee5 of 10 nautical miles per hour or more. The majorlty of the 
isolated islands ~f this type, however, have populations of 1,000 or 
less. The 722 islands which are denoted *isolate$ islandsw 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 islands 
is about 1.04 million (1970) and about 1.0 X of the total population /=- 
of Japan. 

The most serious problem for the people living in the.e islands 
is the lack of medic2.1 facilities. Yecently it has become difficult 
to maintain 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 
migbt take a certain amount of time, one may expect ambulance service, 
or at least, that a medical doctor be sent to the patient. Transport- 
ation to the isolated islands, however, is prohibited by rough sees, 
and no atnbulance service is available. IQ many cases, the island does 
not even have a heliport or a helicopter route leading to it, and hence;, 
patients sometimes die without any medical treatment. 

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

.i 

The third problem is product dzstribution. People in those isolated ! 
islands must purchase 1,roducts at so-called "isolated-islands-prices" 
which are substantially higher than those on the *'mainland." In addi- 
tXon, the products in those isolated islands, such as fish products, : 
suffer from unfair competition, since thcse products have lost their 
freshness in the market due to the lack of adequate means of transpor- 
tation. 



These problems of i s o l a t c d  i s l a n d s  were i n v e s t i ! ~ a t e d  by t h e  
J a p a n e s e  government i n  1972. I n  t h e  nex t  y e a r ,  1973, based  on a  se- 
r i e s  o f  l and  development p l a n s  i n  J a p a n  - Japan  I s l a n d  I n n o v a t i o n  
P lan ,  N e w  N a t i o n a l  Genera l  Delrelopmerlt P l a n ,  e t c .  - which were pro-  
moted by t h e  c a b i n e t  headed by P r i m e  Y i n i s t e r  Tanaka a t  t h a t  time, i t  
was d e c i d e d  t h a t  t r a n s p o r t a t i o n  networks  be a r r a n g e d  s o  t h a t  e v e r y  
i s o l a t e d  o r  remote  p l a c e  might be  r eached  from t h e  r e g i o n a l  c e n t e r  
w i t h i n  two hour s .  Based on t h e s e  p l a n s ,  a 150-passenger  Hove rc ra f t  
was t r i a l  b u i l t  and used f o r  t h e  Marine F x p o s i t i o n  i n  1975. 

However, t h e  p r e s e n t  c o n d i t i o n  i s  such  t h a t  many i s l a n d s  can  
h a r d l y  i n s u r e  a  d a i l y  s h i p  communication s c h e d u l e .  Even f o r  t h e  re- 
l a t i v e l y  well-known Seven I z u  I s l a n d s ,  o n l y  a  weekly s t o p  o f  a  s h i p  
is a v a i l a b l e ,  w i t h  t h e  e x c e p t i o n  o f  Ohshima and Yiake I s l a n d s .  I n  
t h e  c a s e  o f  i s o l a t e d  i s l a n d s ,  t h e r e  i s  no s o u r c e  o f  f i n a n c i n g  and no 
s u f f i c i e n t  t r a n s p o r t a t i o n  demand t o  s u p p o r t  t h e  o p e r a t i o n  o f  any t r a n s -  
p o r t a t i o n  means. E-..en i f  some t r a n s p o r t a t i o n  means a r e  e s t a b l i s h e d ,  
t h e  c o s t  o f  b u i l d i n g  and o ~ e r a t i n g  s h i p s  i n e v i t a b l y  c a u s e s  a l a r g e  
d e f i c i t .  * h e r e f o r e ,  a t  p r e s e n t ,  t h e  government a s s e s s e s  t h e  d e f i c i t  
o f  such a  t r a n s p o r t a t i o n  system and compensates  75 5 o f  t h e  a s s e s s e d  
amount o f  l o s s .  

I n  t h e  f o l l o w i n g ,  t h e  problems I n t h e  u s e  o f  H o v e r c r a f t ,  i n t r o d u c e d  
i n  a n  a t t e m p t  t o  speed  up t h e  l i n e s  c o n n e c t i n g  i s o l a t e d  i s l a n d s ,  w i l l  
b? d e s c r i b e d :  

I f  a  l i n e  has  t h e  c o n d i t i o n s  n e c e s s a r y  f o r  t h e  u s e  o f  H o v e r c r a f t ,  
namely about  18,000 p a s s e n g e r s  n e r  month and about  220,000 p a s s e n g e r s  
p e r  y e a r ,  one can  s ay  t h a t  t h c  l i n e  i s  i n  r e l a t i v e l y  good c o n d i t i o n .  
The l i n e s  s a t i s f y i n g  t h e  abo-~e-ment ioned c o n d i t i o n s  must be  around 
125 km l o n g  and be a b l e  t o  i n s u r e  a n  annua l  a v e r a g e  u t i l i z a t i o n  of  70 % 
be a  two-round-a-day o p e r a t i o n  w i t h  a n  o ~ e r a t i n g  p e r c e n t a g e  o f  75 %. 
F i g .  111-29 shows t h e  t o t a l  t r a n s p o r t a t i o n  o f  t h e  r e p r e s e n t a t i v e  l i n e s  
connec t ing  i s o l a t e d  i s l a n d s .  one can  s e e  from t h e  f i g u r e  t h a t  abou t  
10 l i n e s  i n  J apan  have t h i s  c o n d i t i o n .  Even i f  a l i n e  s a t i s f i e s  t h i s  
c o n d i t i o n ,  i t  i s  very d i f f i c u l t  t o  o p e r a t e  t h e  P o v e r c r a f t  w i t h  a high-  
e r  f requency  t h a n  two rounds p e r  day .  Only a few l i n e s  can  a f f o r d  2.5 
rounds p e r  day.  Usua l ly ,  H o v e r c r a f t  must s h a r e  t h e  p a s s e n g e r  demand 
w i t h  o t h e r  means such a s  a  f e r r y  o r  a  p a s s e n g e r  s h i p ,  and hence ,  t h e  
ope ra t5on  o f  Hove rc ra f t  i s  r e s t r i c t e d ,  even when t h e  l i n e  h a s  s u f f i c i -  
e n t  pa s senge r  demand. 



Fig. 111-29. Total Transportation Between "Mainland1' 
and "Isolated Islans" 
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I n  t h e  fo l lowing ,  examples of  a c t u a l  o p e r a t i o q  o f  Hovercraf t  w i l l  
b e  desc r ibed :  The QEM (around Effect Hachineu), o r  t h e  a i r  cush ion  
b o a t s ,  which a r e  g e n e r a l l y  c a l l e d  "Hovercraf t"  i n  Japan ,  were f irst  
developed f o r  p r a c t i c a l  u s e  i n  Englarid i x  t h e  1950's .  I n  Japan ,  
M i t s u b l s h i  Heavy I n d u s t r i e s  imported a-Hoxercraf t  i n  1967 from Westland 
Company i n  England and l e a s e d  it t o  Kyushu Shosen Company. T h i s  Hover- 
c r a f t  was used on t h e  Shimabara - Kumamoto l i n e  (a t r i a n g u l a r  r o u t e ) .  
The name of  t h e  model was SRN-6 and t h e  c a p a c i t y  was 38 passenger s .  
Th i s  o p e r a t i o n  f a i l e d  s i n c e  i t s  p r o f i t s  were pocr ,  due mainly t o  t h e  
f a c t  t h a t  t h e  Hovercref t  was no t  known t o  t h e  p u b l i c .  Thus, t h e  oper- 
a t i o n  was t e rmina ted  about  one y e a r  l a te r .  The same c r a f t  was l e a s e d  
t o  Shima S i g h t s e e i n g  Compsny i n  1968 and used i n  a l i n e  connec t ing  
Shima and Katsuura i n  Mie P r e f e c t u r e .  T h i s  o p e r a t i o n  a l s o  f a i l e d  and 
t h e  c r a f t  was scrapped i n  1969. 

Mi t su i  Ship Bu i ld ing  Company had been engaged i n  t h e  d e s i g n  and 
manufacture of a I Iovercraf t  d u r i n g  t h o s e  y e a r s .  I n  1969, t h e  company 
succe13.--" i n  b u i l d i n g  t h e  first c r a f t ,  a 55-passenger MV-PP5. T h i s  1% 
Hoverc ra f t  was used i n  a l i n e  connec t ing  Toba, Mie P r e f e c t u r e ,  and 
~amagori ,  Aichi  F r e f e c t u r e ,  f o r  t h e  first t ime.  S ince  t h e n ,  t h i s  model 
of  Hovercraf t  was g r a d u a l l y  s e n t  i n t o  t h e  miss ion  i n  Ohita/Beppu - Ohi ta  
A i r p o r t  Line,  K a j i k i  - Kagoshima Line ,  Sakura-Jima - I b u s u k i  Line ,  
I sh igaki -J ima - Yaye-Jima Line and Uno - Takamatsu Line.  The company 
a l s o  b u i l t  a  middle-s ize Hoverc ra f t ,  155-passenger W-PP15, and s e n t  
it t o  t h e  miss ion  i n  t h e  " I n t e r n a t i o n a l  Marine Expos i t ion ,"  whi:h was 
h e l d  i n  Okinawa from J u l y ,  1.975. Three Hovercraf t  o f  t h i s  model were 
used i n  a  l i n e  (59  km on t h e  s e a )  connezt ing  t h e  e x p o s i t i o n  ground (Expo 
P o r t  on t h e  t i p  of Honbe Pen insu la )  wi th  Naha A i r p o r t .  Tab12 111-14 
shows t h e  p r e s e n t  s t a t e  o f  t h e  Hovercraf t  i n  Japan .  

Table  111-14. Hcverc ra f t  i r i  Japan.  . ; . 

I 

Line 
"Kumamoto - Shimabara 
. 

Shima - K a t s u v u r a  

Toba - Gamaqori 

Uhlta/Beppu - Airpor t  

KajlKl - Kagoshima - Ibusuki  

Opera t ing  Company 
Kyushu Shoszn Co., 

Ltd.  
Shima S i g h t s e e i n g  

Sh ips  Co., Ltd.  
Y e i t e t s u  Sea 

S iah t seeong  Co.,Ltd. 
Ohi ta  Hovercraf t  

Co., Ltd.  
4 i r p o r t  Hover 

Co., Ltd.  
I s h i g a k i  - Yayejima 

r Uno - Takamatsu 
r 

Ohsaka - Tokushina 

Expo P o r t  - Naha 

. 
Yodel Pe r iod  

SePt 367 
t o  s e p t . , 6 8  

from 
Oct . ,1968 

MV-PP5 f r ~ m  
7/25/69 

W-PP5 from 1 0  
10/15/71 

MV-PPS from 
7/23/72 

Yayejima S igh t -  
s e e i n g  Fer ry  Co., Ltd.  

Japanese  Na t iona l  
Rai lway s 

Japan  Hover Lines ,  
C O . ,  ~ t d .  

Ryukyu S e a l i n e s ,  
Co., Ltd.  

' Remarks 
1 

2 

3 

4 
3 

,- 

flr-PP5 from 
-- 

7/25/72 
W-PP5 f r o n  

11/18/72 
W-PP5 from 

ie121.174 
WJ-PP15 from 

J u l y  , 1975 
(p lanned)  

. 
7 

8 
I 

A 

9  

1. 



Remarks LO Tab le  111-14.: 

1. Leased from M i t s u b i s h i .  
2. Leased from M i t s u b i s h i .  

3. Leased from M i t s u i .  
4. Leased from Y i t u s i .  
5 .  Leased from M i t s u i .  
6. Leased from M i t s u i .  
7.  Leased from Mi t su i .  
8. Leased f r ~ m  M i t s u i .  
9.  Leased from M i t s u i .  

Terminated due t o  d e f i c i t .  
Terminated i n  about  a y e a r ,  and 
scrapped  a f t e r w a r d s .  
1 s h i p  
3 s h i p s  
3 s h i p s  
1 s h i p  
1 s h i p  
2 s h i p s  
3 s h j p s  

I n  t h e  f o l l o w i n g ,  i n d i v i d u a l  c a s e s  o f  t h e s e  Hoverc ra f t  l i n e s  w i l l  
be d e s c r i b e d  i n  more de ta i l :  

( a )  Beppu/Ohita t o  Shin-Ohita A i r p o r t .  

Beppu/Ohita - Shia-Ohita  A i r p o r t  Line was opened i n  Octobel>, 1371, 
when t h e  former  O h i t a  A i r p o r t  was moved from i t s  l o c a t i o n  i n  Oh i t a  
C i t y  t o  a new l o c a t i o n .  (The name was changed t o  Shin-Ohita  A i r p o r t . )  
The r o u t e ,  t h e  f a r e  and t h e  r e q u i r e d  t ime  a r e  shown i n  F i g .  111-30, 
t h e  r e q u i r e d  t ime  be ing  compared w i t h  o t h e r  t r a n s r o r t a t i o n  means. Many 
of  t h e  constr l - lc t ion works connec ted  w i t h  t h e  ope ra t ion , s*?ch  as : cons t ruc -  
t i o n  of  a r r i v a l  and d e p a r t u r e  b a s e s ,  were p a r t i a l l y  f i n a n c e d  by 
Oh i t a  P r e f e c t l ~ r e .  90 5 o f  t h e  inves tment  f o r  t h e  l i n e  o p e r a t i o n  was 
f inanced  by Oh i t a  Prefecture, w h i l e  t h e  r e s t  was f i n a n c e d  by Nippon 
Yusen ( M a i l s h i p )  Company (44 %),  Ohi t a  Kotsu ( T r a n s i t )  Company (45  %) ,  
and o t h e r s  ( 2  g ) .  Thus t h e  t o t a l  z a p i t a l  c o n t r i b u t e d  amounted t o  
260 m i l l i o n  yen. I n  1974, t h e  company had t h r e e  Hoverc ra f t  i n c l u d i n g  
one stand-by c r a f t .  These h o v e r c r a r t  a r e  a l l  t h e  NN-PP5 model, have 
a g r o s s  tonnage of 22.80 t o n s ,  a c a p a c i t y  o f  5 1  p a s s e n g e r s ,  power o f  
1 ,050 HP and a speed of  45 k n o t s .  The pu rchase  p r i c e  was 560 m i l l i o n  
yen p e r  t h r e e  c r a f t  exc lud ing  equipment.  The equipment c o s t  and o t h e r  
c o s t s  amounted t o  90 m i l l i o n  yen.  Thus, t h e  i n i t i a l  c o s t  was 650 m i l -  
l i o n  yen i n  t~:?il. 

The a c t u a l  phsTenger t r a n s p o r t a t i o n  was 133 thousand  i n  1972 (pas-  
s enge r  u t i l i z a t i o n  p e r c e n t a g e :  30.8 $) ,  216 t9ousand  p a s s e n g e r s  i n  1973 
and 258 thousand p a s s e n g e r s  i i :  1974 ( p a s s e n g e r  u t i l i z a t i o n  p e r c e n t a g e :  
60.6 5 ) .  Passenger  t r a n s p o r t a t i o n  has  t h u s  been gsowing. On t h e  o t h e r  
hand, a h i g h  o p e r a t i n g  p e r c e n t a c e ,  89.8 X i n  1972,  94.9 5 and 95.6 % 
i n  i 974 ,  h a s  been ma in t a ined .  I n  g e n e r a l ,  Hove rc ra f t  a r e  s e n s i t i v e  t o  
rough weather .  However, t h i s  Oh i t a  r o u t e  (29 km and 24  m i n u t e s )  i s  a 
c o a s t a l  r o u t e  ( o r  semi in s ide -bay  r o u t e )  and r e l a t i v e l y  calm wea the r  
has  kep t  t h e  o p e r a t i n g  p e r c e n t a g e  a t  a h i g h  l e v e l .  The r o u t e  h a s  i t s  
o r i g i n  and d e s t i n a t i o n  a t  t h e  a i r p o r t  , t h e  c e i i l e r  o f  t h e  c i t y .  
The o p e r a t i o n  h a s  been a b l e  t o  make f u l l  u s e  o f  t h e  advan tages  o f  Hover- 
c r a f t ,  namely, (1) t h e  a b i l i t y  t o  a r r i v e  and d e p a r t  on l a n d  ( e s s e n t i a l -  
l y  r e q u i r i n g  no h a r b o r  f a c i l i t y )  and ( 2 )  t h e  h i g h  speed ~ h l c l i  i s  , .  



F i g .  111-30. O h i t a  H o v e r c r a f t  P o u t e .  ( 2 9  km) 

Route 

Key : 

S e g u l a r  Route 
Nakat s u  
Hime-Jima 
R ~ G ~ o - J ~  
48 minu t e s  
H i i d e  
Reppu 
24  m inu t e s  
To Miyazaki  

b :  Spec:21 S o u t e  c :  To ~ i t a - ~ ~ u s h u  
e :  Usa f :  Hogo-Takada 
!. : IJsa-Hachiman j: FCiki-Ji 
1: Aki m :  O h i t a  A i r p o r t  
o :  T a t e i s h i  p :  Kinuzuki  
r :  Hida s :  ~ i i h u - 1 n  
u :  26 m inu t e s  v :  1 0  m i n u t e s  
x : ,To Pso y:  O h i t a  C i t y  

aa: Saganosek i  p;: Takedazu 

- c o n t i n u e d  - 

ORlGlNAL PAGE IS 
g POOR QUALlTY 



T i c k e t  -- 
m m  ma! rm 
OF POOR QUm 

Required Time 

L 

' Ohi ta  Alraort - R e o ~ u  R e m u  - O h i t a  A ~ ~ D o P  
Hovercraf t  26 min. 24 m i n .  
Bus 55 min. 1 hour 25 min. 

.Taxi a S O  min. 1 hour 20 mln, L 

Cf. Distance: O h i t a  Airport - R ~ p p u  by Land 
42 km 

O h i t a  4 i r p o r t  - O h i t a  by Land 
54  h 

Fare (Passen~er) 

available whenever natura l  conditions allow. The passengers using t h e  /lo0 - Hovercraft constitute 30.3 S of t h e  t o t a l  passenger transoortztion 
( I n c l u d i n g  b u s ,  taxi and Hovercraft)  between the c i t y  and the a i f p o r t .  
The schedule has 13 rounds per day and is arranged to connect with the 
arriving and departing afrplanes. T h i s  nhita rou te  of t h e  Hovercraft 
marks t h e  bes t  nanaqcment condition i n  Ja:.-n. ?he reasons are: 
(1) The prefecture offered a  rea at amount sf financial aid, (2) the 
competing o p e r a t o r s  offered ,conornical back-up to t h e  Hovercraft ope- 
rat2njq company, and ( 3 )  the Hovercraft I s  the m1n:rnurn time t r anspor t -  
a t i o n  means connectln~ t h e  city and the air~ort. Hcwever, the preblem 
is that. maintenance ane repair  operation is tfme-consuming and thus 
a s u f f i c i e n t  number of stand-by craft is requ i red .  For example, t h e  
overhaul of parts takes s substantla1 amount of t h e :  2,250 haura 
(about three months) for an engine, b.000 hours (20  dabs) f o r  an engine 
gear and 1,500 hour s  f o r  p rope l le r .  



( b )  K a j i k i  t o  Kagoshima/Sakurajirna t o  I b u s u k i .  

The K a j i k i  - Kagoshirna/Sakurajima / I b u s u k i  Route was s t a r t e d  ! when t h ?  p r e s e n t  Kagoshima A i r p o r t  was moved from i t s  o l d  l o c a t i o n  a t  
Komanoike and new r a p i d  t r a n s p o r t a t i o n  means t o  t h e  new l o c a t i o n  of 
t h e  a i r p o r t  were sough t .  The r o u t e  i s  shown i n  . F i g .  111-31. The 
used model i s  MV-PP5. A t  p r e s e n t ,  t h r e e  H o v e r c r a f t  a r e  bei~:,q used .  
The Hovercraf t  s t o p s  a t  f o u r  n o r t s .  None o f  t h e  f o u r  p o r t s ,  however, 
i s  equipped w i t h  a  Hove rc ra f t  s l i p  way, making i t  I m ~ u s s i b l e  t o  e x p l o i t  
t h e  advantage of t h e  H o v e r c r a f t ,  namely, " t h e  a b i l i u y  of  o n - t h e - g r ~ u n d  
l o a d i n g  and unloading  -f pas senge r s . "  The f a r e  o f  t h e  I b u s u k i  r o u t e  
i s  about  h a l f  a s  much a s  t h e  t a x i  f a r e  v i a  t h e  l a n d  r o u t e .  However, 
s i n c e  K a j i k i  i s  l o c a t e d  a t  a  p l a c e  about  20 n ~ i n u t e s  f r ~ m  t h e  a i r p o r t  
by bus o r  t a x i ,  about  50 % of t h e  a i r p l a n e  p a s s e n g e r s  u s e  bus s e r v i c e  
t o  Kagoshima. Only a f r a c t i o n  o f  p;sserager~..~%ho u s e  - t a l t i s  --68ke ' Hover- 
c r a f t .  Passenger  t r a n s p o r t a t i o n  between K a z i k i  and I b u s u k i  was 46,308 
pas senge r s  i n  1973 (pas senge r  t r a n s p o r t a t i o n  u t i l i z a t i o n  p e r c e n t a g e :  
16 %).  70 t o  80 of  t h e  pas senge r s  are t o u r i s t s .  The boa rd ing  per -  
cen tage  was 20 $ i n  1973 and was 60 % i n  1974. The b u s i n e s s  i s  i n  such  
poor  c o n d i t i o n  t h a t  t h e  o p e r a t i n g  c o s t  i s  about  3 .9  t i m e s  h i g h e r  t h a n  
t h e  revenue.  The r e a s o n s  a r e :  ( 1 )  i n s u f f i c i e n t  a d v e r t i s e m e n t ,  ( 2 )  t h e  
l a c k  of  s l i p  way, and ( 3 )  t h e  i n c r e a s e  i n  t h e  o p e r a t i n g  c o s t  which i s  
suspec t ed  t o  be caused by t h e  o p e r a t i n g  r u l e s  se t  by t h e  M i n i s t r y  o f  
T r a n s p o r t a t i o n .  

According t c  t h e  p r e s e n t  o p e r a t i n g  s t a n d a r d s  of H o v e r c r a f t ,  ope- I 

r a t i o n  must be s topped  i f  one of  t h e  following c o n d i t i o n s  i s  observed:  
t h e  f i e l d  o f  v i s i o n  of  1,000 m ,  t h e  wave h e i g h t  o f  150 n and t h e  wind 
speed of 18 m/sec. Although a  Hoverc ra f t  i s  a c t u a l l y  a s h i p ,  t h e  
o p e r a t i n g  s t a n d a r d  set  by t h e  M i n i s t r y  o f  T r a n s p o r t a t i o n  i s  n o t  c l e a r -  
l y  d e f i n e d  s i n c e  it u s e s  an a i r c r a f '  eng ine .  Ope ra to r s  of Hove rc ra f t  
f e e l s  t h a t  t h e  maintenance c o s t  i s  lower i f  t h e  Hoverc ra f t  a r e  l e g a l l y  
t r e a t e d  a s  a i r c r a f t .  Oue t o  t h e  eng ine  n o i s e  d u r i n g  t h e  maintenance 
s e r v i c e ,  i t  i s  a  d i sadvan tage  t o  l o c a t e  t h e  b e r t h  on t h e  s e a  r a t h e r  
t h a n  on t h e  ground. 



Kagoshima A i r p o r t  

g i g .  111-31. Ibusl~!:i  Rou te .  

H o v e r c r a f t  
T a x i  
Bus 
Rai lway 
DIS t a n c e  (By S e a )  

(By Land) 
v 

* 
A i r p o r t  - 

Ka.i i k i  
K a j i k i  - 

Kagoshima 
Time 
(rnin) 

17 
2 0 

K e g ~ s h i m a  - 
I b u s u k i  

Time ' F a r e  

ICaj Fkl  -- 7 

I h ~ ~ s u k i  
Time 
(min'  

2 5 
40 
60  
1 5  

F a r e  
(yen) 

1,000 
120  

(min)  
55 

Time 
(min)  
70 

1 2 0  

F a r e  
(yen) 

909 
2,500 

400 
1 2 0  

( y e n )  
1,900 

F a r e  
( y e n ) .  
2,800 

12,000 

. 
1 8  km 

7 5  . 250 
43 km 6 0  km 

A 



( c )  N i i g a t a  t o  Sado. /= 
The r i i i g a t a  - Sado l i n e  i s  about  70 km long .  The m a j o r i t y  of t h e  

600 t o  700 t5ousand p a s s e n g e r s  zre  summer t o u r i s t s .  V i t h  a  t a r g e t  a f  
one m i l l i o n  pas senge r s  p e r  yea-, a  J e t - f o i l  was i n t r o d u c e d .  J e t - f o i l  
i s  mantifactured by t h e  Roeinq Campany. At t h e  t ime  when i t  was i n t r o -  
duced t o  t h i s  l i n e ,  J e t - f o i l  had been used o n l y  i n  Hawsi i .  Af t e rwards ,  
however, J e t - f o i l  was i n t r o d u c e d  t o m e  Hengkong - Maccao Line. The one  
which was used !n t h e  Sado Line was t h e  No. 8 o r  No. 9 mach'ne. The 
purcllase p r i c e  was 2.8 b i l l i o n  yen.  "he i n t r o d u c t i o n  o f  J e t - f o i l  by 
 sad^ Steamboat Company wzs f i nanced  59 $ by t h e  P r e f e c t u r e .  S i n c e  t h e  
l e a s e  was ve ry  expens ive  ( 5  b i l l i o n  yen f o r  t e n  y e a r s )  a t  t h a t  t i m e ,  
t h e  J e t - f o i l  c r a f t  was purchased by a 1 o n ~ - t e r m  l o a n .  The j e t - f o i l  
s t a r t e d  i t s  mi s s ion  i n  Yay, 1977, and s i n c e  t h e n ,  t h e  o p e r a t i c n  per -  
cen t age  has  been a lmost  100 %. T h i s  p roves  t h a t  t h i s  c r a f t  c a n  be 
ope ra t ed  I n  a lmost  any wea ther  c o n d i t i o n .  A c t u a l l y ,  t h e  c r a f t  can  be  
ope ra t ed  i n  3.5-m waves, w i thou t  d i s t u r b i n g  t h e  comfo:.t o f  t h e  pas-  
s enge r s .  Comparison o f  t h e  a v a i l a b l e  t r a n s p o r t a t i o n  means i n  t h e  l i x e  
i s  a s  f o l l o w s :  

T r a n a o r t a t i o n  means Reaui red  T i n e  F a r e  
C o n v e ~ t i o n a l  S h i ~  2.5 h o u r s  730 yen 
j e t - f o i i  4 0 -  minutes  3,680 yer. 
A i rp l ane  25 minu te s  4,gOrI. yen 

Each time and f a r e  i n  t h e  abov: i s  f r i ~ m  N i i g a t a  t o  S a t o .  

S i n c e  t h e  s t a l b t  o f  t h e  mi s s ion  a t  May 1, 1977 u n t i l  t h e  end on 
J a c u a r y ,  1978, t k e  o p e r a t i n %  percentage  was 05 5 znc? t h e  t ~ t a l  number 
of t h e  p a s s e n g e r s  was 243 thousand .  "he i n i t i a l  t a r g e t  o f  t o t a l  pa s s -  
e n g e r s  was 230 thousand.  nence,  t h e  o p e r a t i o n  was considered t o  be  a 
S L I C C ~ S S  . 

The mos; impor t an t  r e a s o n  f o r  t h i s  s u c c e s s  i s  t h e  f a c t  t h a t  t h i s  
c r a f t  can be  o p e r a t e d  under  a lmos t  a l l  wea the r  c o n d i t i o n s .  The con- 
v e n t i o n a l  H o v e r c r a f t ,  on t h e  o t h e r  hand,  cannot  be  o p e r a t e d  on t h e  
open s e 3  due t o  i t s  s e n s i t i v i t y  t o  h igh  waves. According t o  t h e  ope- 
r a t i n g  compdny, Sado Steamboat ,  t h e  o t h e r  r e a s o n s  f o r  t h e  o p e r a t i o r l ' s  
s u c c e s s  a r e  t h e s e :  F i r s t ,  t h e  n o i s e  d u r i n g  n a v i g a t i o n  i s  ve ry  low. 
Secondly,  s i n c e  t h e  s h i p  i s  n o t  a  "sunken-bottom" t y p e ,  bu t  a  "semi- 
f loat ing-bot tom1'  t y p e ,  t h e  w a t e r  s p r a y  does  no t  r e a c h  t h e  windows s o  
t h e  pas senge r s  can  f u l l y  en joy  t h e  window view.. 



Fir.111-32. Island of Sado. 
DR?C"NAL PAGE 
OF POOR QUAUTY 

Key: 

Syozu 
Tada 
Akadomari 
Ohqhashi 
To Naoetsu,  2 hours and a half 
To Teradomarl, 2 hour s  
To Niigata 
To Yl lgata ,  2 hour s  and a half 
To Yiignta,  30 minutes 
Flyozo Ray 
Mano Ray 
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Key t o  Fig. 111-33-1. 

A: I s l a n d  of  Sado 

B: Even i n  a rough sea, wi th  waves 3.7 meter  h igh ,  our  
super-high speed s h i p  i s  fas t ,  does not  rock and you 
w i l l  no t  be sea-sick.  

C; JET FOIL 

D: Fii-s i  S a i l i n g  i n  May. The flrst t ime i n  Japan. 

55 Minutes From Ni iga ta  t o  Ryozu. 



PIC. 111-77-2. .4dvertlsement Brochure .  
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Key t o  F i g .  111-33-2. 

A :  Smooth S a i l i n g  on t h e  Sea.  

B: Passenger  space  i s  d i v i d e d  between t h e  f i r s t  and second l e v e l s .  
The rooms a r e  s p a c i o u s ,  t h e  c o r r i d o r  b e i n g  92 cm wide and t h e  
c e i l i n g  2 m h igh .  The s e a t s  a r e  l a r g e  andocomfor tab le  and t h e  
room t empera tu re  s t a y s  between 20 and 25 C , s o  everyone  c a n  
en joy  a  p l e a s a n t  r i d e .  

C: Capac i ty  : 278 p a s s e n g e r s  Tonnage: 296 t o n s  
Length: 30.7 m Maximum Speed : 89 km/hour 
P r o p e l l i n g  Means: Water Je t  Engine 
Water Wings w i t h  F l a p s  
Automat ica l ly  C o n t r o l l e d  by Compster 

D: JET FOIL - 55 Minutes from P i i g a t a  t o  Ryozu 

E: Even on rough s e a s  w i t h  3.7-m waves, moving a t  a  speed  o f  80  km/hour, 
you w i l l  no t  be sea s i c k  ! 

1. 
t- 
i .  

B: Comfortable  S a i l i n g :  Because o f  t h e  movement o f  t h e  au toma t i c  co-uter 
c o n t r o l l e d  f u l l y  submerged w a t e r  wings i n  f r o n t  and back o f  t h e  jet- 
f o i l ,  t h e  body o f  t h e  s h i p  is comple te ly  removed from t h e  s u r f a c e  of 
t h e  sea. Thus even i n  rough wea ther  c o n d i t i o n s ,  w i t h  waves 3.7 meters 
i n  h e i g h t ,  t h e r e  i s  no p i t c h i n g  and r o l l i n g  and p a s s e n g e r s  w i l l  n e v e r  
e x p e r i e n c e  s e a  s i c k n e s s .  

G: S a f e t y :  The w a t e r  wings of  t h e  j e t f o i l  a r e  equipped  w i t h  shock absorb-  
i n g  means which have been deve loped  by a p p l y i n g  s p a c e  development 
t e c h n i q u e s ,  s o  t h a t  even  when moving a t  a speed  of 80 km/hour, If t h e  
v e s s e l  c o l l i d e s  w i t h  buoys ( f o r  i n s t a n c e  l o g s  30 cm i n  d i a m e t e r )  
s a f e t y  Is a s s u r e d  ; p a s s e n g e r s  w i l l  n o t  even  fee l  t h e  impac t .  Every 
e s s e n t i a l  system has  s e l f - d e t e c t i n g  mechanisms as w e l l  as d u a l  s t r u c -  
t u r e ,  s o  t h a t  even i n  t h e  c z s e  of  a mechanica l  f a i l u r e ,  t h e  o p e r a t i o n  
of  t h e  s h i p  w i l l  remain u n a f f e c t e d .  

i 
I 

H: High Speed: Due t o  t h e  p r o p e l l i n g  a c t i o n  o f  t h e  jet  water pump which 
t h r u s t s  about  ,200t t o n s  d'f i + p o & t e r  (.a:-1 ,.or' ..mB&er .-~&th .-a : M i a h  uf '4- 

1 
d e p t h  o f  1 m and l e n g t h  of 25 m) p e r  minu te  w i t h  h i g h  p r e s s u r e ,  t h e  ~ 

j e t f o i l  can move a t  t h e  h i g h  s p e e d  of more t h a n  80 k d h o u r .  

I: No P o l l u t i o n :  The j e t f o i l s '  f a c i l i t i e c  a r e  equipped w i t h  a mechanism 
which p r e v e n t s  t h e  e x p u l s i o n  o f  was t e  m a t e r i a l s  i n t o  t h e  w a t e r s ,  j u s t  
a s  t h e  mechanism i n  an  a i r p l a n e .  The j e t f o i l ' s  exhaus t  i s  c l e a n  and 
t h u s  t h e r e  i s  no f e a r  o f  i t s  c a u s i n g  e i t h e l *  a i r  o r  w a t e r  p o l l u t i o n  
problems. Fur thermore ,  t h e  s h i p ' s  n o i s e  i s  i n s i g n i f i c a n t ,  and a wake 
i s  no t  c r e a t e d ,  and t h u s  t h e r e  i s  no f e a r  t h a t  o t h e r  v e s s e l s  o r  t h o s e  
l i v i n g  a l o n g  t h e  s h o r e  w i l l  be' inconirenienced+: :..'8.v.i 



From ldve~tisement Brochure. 
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Key : 

A: Table of Fare B: Ryozu Route C: Time/Fare Tadle, 1977 
D: Ryuzu Route Sado Steamboat's Jetfoil 
D: Ryozu Route 
a: classification b: regular fare s:  group fare 
d: fare e: one way f: round trip 
g: seasonal discount h: one way i : round trip 
j: one way k: round trip 1: 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 w: From Ryozu to Niigata 
x :  period y: 9/1 - 11/5 LZ: 1116 - 3/31(/78) 
aa: From Niigata to Ryozu ab: From Ryozu to Niigata 



Table  111-16 JET  FCIL 

No. of  Passenger  
C r u i s i n g  Speed 
C r u i s i n g  Di s t ance  
Engine 
Displacement Tonnage 
Crew Members 
Sh ip  P r i c e  
Opera t ing  Pe rcen tage  
T o t a l  Passengers  
Fa re  

280 
80 km/hour 
500 t o  700 km 
2  U n i t s  o f  3800-HP enginvs  
115  t o n s  
2  
2.8 b i l l i o n  yen 
95 % (Cf.  1) 
243,000 ( C f .  2 )  
4,000 yen/person (Cf.  3 )  

Remarks:  1: from 5/1/77 ( o p e r a t i o n  s t a r t e d )  t o  1/78 
2: from 5/1/77 t o  1/78 ( i n i t i a l  g o a l  230,000 

p a s s e n g e r s )  
3: N i i g a t a  - Ryozu 

( d )  Hakata t o  Iki/Tsushima. 

On t h e  Hakata - I k i  (73  km)/Tsushima (147 km: Line ,  s t eamboa t s  a r e  
o p e r a t e d  by Kyuehu Yusen  ailbo boat) Company. It takes 6 and a h a l f  
hours  from Hakata t o  Tsushima I s l a n d .  The Hoverc ra f t  may r educe  t h i s  
time t o  two hours .  However, i t  cannot  be used i n  t h i s  l i n e  due t o  t h e  
high waves on Tsushima Channel.  Consequent ly ,  a i r p o r t s  f o r  STOL p l a n e  
a r e  now under  c o n s i d e r a t i o n .  

( e )  Tanegashima t o  Yakushimp. I 
d 

The  two i s l a n d s ,  Tanegashima and Yakushima, a r e  l o c a t e d  115 km 
and 130 km from Kagoshima C i t y ,  r e s p e c t i v e l y .  The d i s t a n c e  between , . 
t h e s e  two i s l a n d s  i s  about  30 km. On t h i s  l i n e ,  t h r e e  companies, 
Kagoshima Merchant S h i p s ,  O r i t a  S t eaml ines  and Kyushu Merchant S h i p s ,  i - 
are competing w i t h  each  o t h e r .  None o f  t h e s e  companies i s  i n  good f i -  1 n a n c i a l  c o n d i t i o n .  Both i s l a n d s  have a i r p o r t s .  The a i r p o r t  on Tane- . 
gashima I s l a n d  i s  now ex tend ing  i t s  runway from 1,200 m t o  1 ,500  m. 
The l i n e  may be s a i d  t o  be'hairtagttbe; same i d f f f k c i l l t t e s n a s  t h e  ILI. - 
Tsushima Line.  5 

( f )  Problems i n  A i r  T r a n s p o r t a t i o n  t o  I s o l a t e d  I s l a n d s .  

With r e s p e c t  t o  t r a n s p o r t a t i o n  t o  i s o l a t e d  i s l a n d s ,  t h e  a i r l i n e s  
have remained t o t a l l y  undeveloped, i n  c o n t r a s t  t o  t h e  s e a - l i n e s .  
Table  111-17 b r i e f l y  shows t h e  p r e s e n t  c o n d i t i o n s  o f  t h e  a i r p o r t s  i n  
i s o l a t e d  i s l a n d s .  P r e s e n t l y ,  14 a i r p o r t s  a r e  be ing  used.  Among t h e s e  
a i r p o r t s ,  t h e  ones  i n  Hachi jo  and Arnami I s l a n d s  are t h e  most u t i l i z e d ;  
i n  1970 t h e  number o f  pas senge r s  u s i n g  t h e s e  two a i r p o r t s  t o g e t h e r  
amounted t o  about  200 thousand.  The p o p u l a t i o n s  o f  Hachi.jo and Amami 
I s l a n d s  are about  10 thousand and 90 thousand ,  r e s p e c t i v d l y .  The r a t i o  
o f  a i r p o r t  pas senge r s  t o  p o p u l a t i o n  i s  about  20 times and about  t w i c e ,  
r e s p e c t i v e l y .  It i s  obvious t h a t  a l a r g e  number o f  t o u r i s t s  v i s i t  
Hachi jo  I s l a n d  f o r  s i g h t - s e e i n g .  A t  t h e  o t h e r  a i r p o r t s  except  t h o s e  

- , ,  4 .  . .. 
I , 

, P . b '  ' (. 
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on R i s h i r i  and Sado I s l a n d s ,  t h e  number o f  pas senge r s  i s  s e v e r a l  times 
more t h a n  t h e  p o p u l a t i o n .  The a i r p o r t  i n  R i s l i i r i  and Sado I s l a n d s  a r e  
used on ly  by s m a l l  Cessna-c lass  a i r p l a n e s  which o p e r a t e  on i r r e g u l a r  
s c : ~ e d u l e s .  For  t h i s  r e a s o n  t h e  pas senge r s  u s i n g  t h e s e  a i r p o r t s  a r e  
f a r  fewer  t h a n  t h o s e  u s i n g  a i r p o r t s  i n  o t h e r  i s o l a t e d  i s l a n d s .  

A s  s e e n  from Tab le  111-17, a i r p o r t s  i n  i s o l a t e d  i s l a n d s  a r e  equip-  
ped a t  most wi thrunways  o f  o n l y  about  1 ,200 m i n  l e n g t h ,  and t h e  l a r g -  
e s t  a i r p l a n e s  t h a t  can use  t h e s e  a i r p o r t s  a r e  YS-11's. The minimum 
l e n g t h  o f  runway f o r  a  YS-11 t ake -o f f  and l a n d i n g  i s  s a i d  t o  be 1,200 m ,  
a l t h o u g h  t h i s  may a l s o  depend J n  f l i g h t  d i s t a n c e ,  weight ,  t empera tu re  
and o t h e r  f a c t o r s .  Many o f  t h e s e  i s o l a t e d  i s l a n d s  have a i r p o r t s  which 
cannot  b e  used even by YS-ll!s. 

A s  a  t y p i c a l  example of  c o n s t r u c t i o n  works based on t h e  3 rd  A i r p o r t  
Innova t ion  P l a n  (1976 - 1 9 8 0 ) ,  t h e  c o n s t r u c t i o n  work of Tsushima (Tsu- 
I s l a n d  I,, Nagasaki Prefe-c ture ,  w i l l  describit 'd. .. The t o t a l  c o n s t r u c t i o n  
budget i s  about  6  b i l l i o n  yen and t h e  f o l l o w i n g  works a r e  b e i n g  p lanned:  

( 1 )  Ex tens ion  o f  Runway: 

The p r e s e n t  l e n g t h  o f  t h e  runway, 1,500 m , i s  ex tended  t o  
2,000 x. ( C f .  Regular  f l i g h t s  began i n  October ,  1975 . )  

( 2 )  Ex tens ion  o f  Ai rpor t  Aprons: 

There  a r e  two YS-11 c l a ~ 3  (60-passenger )  f i n g e r s  a t  p r e s e n t .  
They a r e  i n c r e a s e d  t o  t h r e e  f i n g e r s  and ex tended  i n  s i z e  s o  a s  t o  
acconiodate B-727 c l a s s  (178-passenger)  a i r p l a n e s .  

( 3 )  C ~ n s t r u c t i o n  of  Aero-Meteorological  Obse rva t ion  Equipment: 

( 4 )  F u t u r e  P l an  Assoc ia t ed  w i t h  Ex tens ion :  

Ex tens ion  works f o r  r e c e i v i n g  a i r p l a n e s  which d i r e c t l y  f l y  
t o  t h e  Kansai D i s t r i c t  are be ing  p lanned .  
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Key t o  Table  111-17. 

Name of  I s l a n d  B: Popu la t ion  
Date o f  A u t h o l i z a t i o n  
Model o f  Ai rp lane  Q: Passengers  
DHC-6 J: YS-11 
BN-2A-6 M: Cessna 

R i  j iri b: O k u j i r i  c: 
Hachi j o f :  N i i j i m a  g : 
Tsushima k: I k i  1: 
Iwo o: Suwanose P: 
Tokunoshima s: Okino-Erabu t: 
Minami-Daito w : K i t  a-Daito x: 
Tarama 

C: 
E: 

p e r  Year H: 
K:  

Ohshima 
Sado 
Tanega 
hami 
Yoron 
Kume 

Name o f  Ai rpor t  
Runway (Lengch x Width) 
Line Dis t ance  (km) 
I s l a n d e r  

d: Miyake 
i: Fukue 
m: Yaku 
q: Kika i  
u: I y e  
y:  Miyako 

aa: I s h i g a k i  ab: Hatema ac :  Shimoj i  ad:  Okinawa 
ae:  Hezakibara af: W3l.a ag: 6/1/61,3rd ah: 7/1/73,3rd 
ai:  6/15/64,3rd a j :  3/1/66 3rd ak: 5/1/62,3rd a l :  take-of f  and 
am: 4/1/60,3rd an: 7/24/66,3rd l a n d i n g  grouna 
ao: 4/1/60,3rd aq:  3/27/63,3rd a r :  7/20/62,3rd as: 12/25/58,3rd 
at: 2/73, not  p u b l i c l y  open au: 8/73, no t  p u b l i c l y  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: 7/20175,3rd bb: 5/15/72,3rd bc: 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 c o n s t r u c t i o n  
bf: 5/15/72,2nd 

ca: Wakkanai cb: Sapporo cc :  Sapporo cd: Hakodate 
ce: Tokyo c f :  Ohshima cg: Tokyo ch: Nagoya 
c i :  Ohshima c j :  Chofu ck: Ryugasaki c l :  N i i g a t a  
cm: ~ Z U ~ O  cn: Yonago co: Ohmura cq: Fukuoka 
c r :  Fukuoka c s :  Ka~oshima c t :  Osaka cu: Kagoshima 
cv: Kagoshima cw: Kagoshima cx: Kagoshima cy: Osaka 
cz: Okinawa 

da: A m a m i  db: Kagoshima dd: Naha de:  Minami-Daito 
df :  I sh igak i  dh: Yonakuni 

A t  p r e s e n t ,  t h e  models o f  a i r p l a n e s  used by t h e  a i r l i n e s  connect- /10 
i n g  i s o l a t e d  i s l a n d s  are t h e  60-passenger YS-11, t h e  20-passenger DCH-6 -, 

and t h e  4 t o  10-passenger Cessna. The YS-11 p l a y s  t h e  main r o l e  among 
t h e s e  a i r p l a n e s .  When t h e  YS-11 w i l l  be d i s c o n t i n u e d  i s  not  c e r t a i n ,  
bu t  it is  thought  t o  be around 1980. The a i r p l a n e  model which w i l l  
r e p l a c e  t h e  YS-11 has  no t  y e t  been dec ided .  

I n  t h e  f u t u r e  model of a i r p l a n e ,  n a t u r a l l y  JTOL o r  STOL a b i l i t y  
i s  d e s i r e d .  The development of VTOL and STOL p l a n e s  has  a l r e a d y  been 
s t a r t e d  i n  E:lrope and t h e  U.S.A. I n  Japan,  t h e  s tudy  o f  t h e s e  p l a n e s  
has  a l r eady  begun. 



H e l i c o p t e r s ,  a s  VTOL p l a n e s ,  and Twin O t t e r  DHC-6's, as STOL 
p l a n e s ,  have been i n  p r a c t i c a l  u se  a l . ready,  However, each  o f  t h e s e  
a i r c r a f t  can c a r r y  a t  most about  20 p a s s e n g e r s .  It can  be s a i d  t h a t  
t h e s e  a i r c r a f t  have no t  been e s t a b l i s h e d  a s  genuine modern ipas s snge r  
t r a n s p o r t a t i o n  means. The f o l l o w i n g  problems can  be p o i n t e d  o u t  i n  
connec t ion  w i t h  t h e  development o f  t h e s e  s h o r t - d i s t a n c e  means o f  a i r  
t r a n s p o r t a b i o n :  

(1) T e c h n i c a l  Cevelopment o f  A i r c r a f t ,  P a r t i c u l a r l y ,  
STOL A i r c r a f t .  

The f i r s t  s t e p  i n  the development o f  STOL a i r c r a f t  ha s  been 
s u c c e s s f u l l y  eornpleted and about  20-passenger  c l a s s  a i r c r a f t  a r e  
now i n  p r a c t i c a l  use .  The main s t e p s  o f  development toward t h e  
g o a l  of about  100-passenger  c l a s s  c r a f t  are now under  way. T a b l e  
111-18 summarizes what i s  r e q u i r e d  o f  VTOL/STOL p l a n e  manufac- 
t u r e r s  i n  v a r i o u s  c o u n t r i e s  o f  t h e  wor ld .  

Table  111-18. Required S p e c i f i c a t i o n  f o r  V/STOL A i r c r a f t .  
- 

C f .  * on t h e  ground ** e l e v a t e d  
*** M.T. = M i n i s t r y  of  Technology 

**** G . B .  = Grea t  B r i t a i n  

( 2 )  Development of an  A i l l i n e  Network f o r  STOL P l a n e s .  /= 
STOL p l a n e s  are b u i l t  for shoPt-distance,transportat%on and 

t h e i r  f l i g h t  a l t i t u d e  i s  much lower  t h a n  t h a t  op u s u a l  a i r p l a n e s .  
T h e r e f o r e ,  t h e  a i r l i n e  network and t h e  a i r p l a n e  c o n t r o l  sy s t ems  
must be r e -o rgan ized .  

( 3 )  Matching t h e  Ope ra t i ng  Cost and t h e  Fa re .  



The o p e r a t i n g  c o s t  of STOL p l a n e s  Is  much hi h2r  t h a n  t h a t  5 of  u s u a l  a i r p l a n e s .  The d i r e c t  o p e r a t i ~ g  c o s t  ( t . e  c o s t  p e r  
a i r p l a n e  p e r  km o f  f l l g h t )  v a r i e s  a c c o r d i n g  t o  a  v a r i e t y  o i  condi-  
t i o n s .  Table  111-19 shows a  comparison d f  t h e  d i r e c t  o p e r a t i n g  
c o s t  of  STOL p l a n e s  w i t h  t h a t  of u s u a l  a i r p l a n e s ,  a c c o r d i n g  t o  a 
t e n t a t i v e  e s t i m a t e s .  By dividi:-.g t h e  c o s t s  i n  t h e  t a b l e  by t h e  . . 
number o f  s e a t s ,  one o b t a i n s  t h e  p e r - s e a t ,  p e r  km c o s t  which 
b a s i s  f o r  c a l c u l a L i n g  t h e  a i r  f a r e .  The t a b l e  does  n o t  show a 
d i r e c t  comparison of t h e  a t r  f a r e s .  However, based  017 t h e  e s t i -  
mates  shown i n  t h e  t a b l e ,  t h e  f a r e  o f  STOL p l a n e s  t u  be  about  
t w i c e  a s  h i g h  o r  more th;.n t h a t  of  u s u a l  a i r p l a n e s .  

Table  111-19. 

C f .  * Line Di s t ance  

I n  f a c t ,  t h e  STOL ope ra t io i l  i n  t h e  U.S.A. i s  n o t  a t  a i l  pro- 
f i t a b l e  a t  p r e s e n t  and i s  a b l a  t o  c o n t i n u e  on ly  due t o  a s u ; ~ s t a n -  
t i a l  amount o f  governmental  a i d .  

. 
N a n e  o f  Model 

I n  Japan ,  t h e  STOL p l a n e  o p e r z t i o n  s t a r t e d  i n  1972 w i t h  DCH-6 
Twin 9 t t e r s  which a r e  u ~ e d  by t h e  a i r l i n e  connr-ccing Yonakuni, 
I s h i g a k i  and Ta ra  I s l a n d s .  Due t o  t h e  poor  p r u r ' l t a b i l i t y ,  t h e  
Zapanese government s u b s i d i z e d  t h e  o p e r a t i o n  w i t h  140 m i l l i o n  yen,  
about  68 % of  t h e  purchase  p r i c e  o f  t h e  a i r c r a f t .  

D i r e c t  2 0 s t  p e r  km 

0.959 D o l l a r s  - 
0.914 - 
0.85 

0.85 (240 km*) 
3~ 

0.891(160 kin*) 

1 .025(80 km*) 

Usual 
A i rp l anes  

I 

STOL 

A t  any r a t e ,  t h e  STOL p l a n e  o p e r a t i o n  w i l l  r e q u i r e  s u b s t a n t i a l  
f i n a n c i a l  a i d  f o r  a t  l e a s t  t h e  immediate f u t u r e .  

YS-11 ( 6 4  s e a t s )  
. 
F-27 (48 s e a t s )  

~ o n v a i r  (53  s e a t s )  

DHC-6 ( 2 0  s e a t s )  

I n  Japan ,  i n  keeping w i t h  t h e  b a s i c  p o l i c y  t c  improve. :he 
speed and t h e  f requency  o f  s e r v i c e  among t h e  a i r l i n e s  c o n n e c t i n g  
i s o l z t e d  i s l a n d s ,  t h e  i n t r o d u c t i o n  o f  STOL p l a n e s  t o  t h o s e  l i n e s  
w i l l  be s u b s i d i z e d  by t h e  government w i t h  50 % of  t h e  pu rchase  p r i c e .  : 

-. 

Piedmont Co., 
U.S.A., 1976 

A-~e rage  o f  7  C o t s ,  
- 

i n  t h e  U.S.A. 
Average o f  3 C o t s ,  

i n t ; l e  L ' * S * A -  

A n n ~ ~ a l  Operat  l ng 
Time = 2,000 hour s  

Es t ima ted  by 
Dehavi land Co., 
1959. * 

The c o n s t r u c t i o n  of  h e l l p o r t s  f w  emergency i s  a l s o  under  way 
i n  many i s o l a t e d  i ~ l a l l d s .  The number o f  i s l a n d s  which have h e l i -  
p o r t s  i s  a t  p r e s e n t  50. 

* 



Cargo t r e n s p o r t a t i o n  among i s o l a t e d  i s l a n d s  i s  s o  i r r e g u l a r  /= 
t h a t  i t  may be concluded t h a t  only  c h a r t e r  f l i g h t s  and not sche- 
duled f l i g h t s  can be p r o f i t a b l e .  The cargo t r a n s p o r t a t i o n  t o  and 
from i s o l a t e d  i s l a n d s  has reached t h e  l e v e l  of 40 m i l l i o n  t o n s  ( t o )  
and 38 m i l l i o n  t o n s  (from) p e r  yea r ,  a t  p resen t .  The c o n s t r u c t i o n  
i f  a  hhrbor at  which 500-ton c l a s s  s h i p s  can anchor c o s t s  more 
t h a n  one b i l l i o n  yen. For  a n  i s l a n d  with a  popu la t ion  l e s s  t h a n  
1,000, it i s  cons idered  imposs ib le  t o  c o n s t r u c t  such a  harbor .  
Therefore,  a i r s h i p s  which do not  need such ha rbors  w i l l  be very 
advantageous i n  t h i s  f i e l d .  

111-3- 4. STOL A i r c r a f t  Development i n  Cur Country. 

The s tudy of STOL a i r c r a f t  began i n  Japa.1 i n  t h e  f i s c a l  y e a r  1977 
i n  t h e  Aeronautic and Space Technology Research Laboratory which belongs 
GO t h e  Ecience and Technology Agent. The first f l i g h t  of an exper imenta l  
m o d e l - i s  now being planned for t h e  s p r i r g  o f  1982. The investment i n  
t h e  development cf t h e  STOL a i r c r a f t  w i l l  have f i n a l l y  amounted t o  17  
b i l l i o n  yen through about t e n  yea r s  from f i s c a l  y e a r  1975. 

According t o  t h e  p l a n  of t h e  same l a b o r a t o r y ,  t h e  r e q u i r e d  runway 
l eng th  w i l l  be 900 m, namely,Si s h o r t e r  t h a n  t h e  1,200 m l e n g t h  which 
i e  r equ i red  by t h e  YS-11 and about h a l f  as long  as t h a t  r e q u i r e d  by 
convent ional ly  used jet p lanes .  The p lan  is f o r  STOL a i r c r a f t  t o  use  
not t h e  main runways i n  l a r g e  a i r p o r t s  b u t  runways s p e c i a l l y  construc-  
t e d  f o r  STOL planes .  According t o  t h i s  p lan ,  t h e  a i r c r a f t  w i l l  have 
150 passenger s e a t s ,  a speed c f  0.7 t o  0.8 Mach number, low n o i s e  and 
economical e f f i c i e n c y ,  and w i l l  gua ran tee  almost t h e  same p r o f i t a b i l i t y  
&s t h a t  of j e t  p lanes  c ~ n v e n t i o n a l l y  used by 200 t o  800-m a i r l i n e s .  

I n  t h e  f l r c a l  yea r  1977, a f t e r  t h e  s tudy  began, t h e  190-million- 
yen budget included b a s i c  des igns ,  c a l c u l a t i o n  o f  aerodynamic charac t -  
e r i s t i c ~  and f l i g h t  performances, e t c .  

A 1.5-bi l l ion-yen budget f o r  completing b a s i c  des ign  and f o r  t r i a l -  
manufacturing a i r c r a f t  p a r t s  i s  being planned f o r  t h e  f i s c a l  yea r  1978. 

This  model of STOL a i r c r a f t  w i l l  use  t h e  body of  t h e  t r a n s p o r t a t i o n  
p lane  C-1. It w i l l  be equipped wi th  newly developed engines  s p e c i a l l y  
designed f o r  STOL planes .  It was decided t h a t  t h e  STOL p lanes  be fu r -  
nished wi th  t h e  approximately 5-ton-thrust  f an - j e t  engine ,  FJR-710, 
whose development has been promoted by t h e  Min i s t ry  o f  I n t e r n a t i o n a l  
Trade and Indus t ry  a s  a  l a rge - sca le  n a t i o n a l  p r o j e c t .  The t r a n s p o r t a -  
t i c n  p lane  C - 1  was chosen as t h e  b a s i s  f o r  t h e  f u t u r e  STC' a i r c r a f t  i n  
an  at tempt t o  reduce development c o s t s  and t h e  amount o f  cime necessa ry  
f o r  i t s  development. Thus, t h e  C-1  p l ane  wi th  new STOL engines  w i l l  
be t h e  f i r s t  STOL plane  which is  t r i a l - b u i l t .  However, t h i s  p lane  w i l l  
t e  b u i l t  mainly f t r  , experimental  r easons .  The e x p e c t a t i o n s  a r e  
t h a t  a  genuine STOL a i r c r a f t  wi th  about 150 p l s s e n g e r  s e a t s  w i l l  be 
f u r t h e r  developed based on t h e  exper imenta l  STOL plane.  Ir c a s e  t h e  
demand f o r  STOL a i r c r a f t  i n c r e a s e s  r a p t d l y ,  t h e  STOL a i r c r z f t  based on 
t h e  C - 1  plane  w i l l  be used a s  a  60 t o  80-passenger a i r c r a f t .  
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1 ~ $ 2 ,  $p~*ing: The first flight of t h e  t e a t  ? lane .  
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I s ~ l a t e d  I s lands  of Hokkaldo 

- Rebun, R i s h i r i  and Okuj ir i  I s l a n d s  - 



Table 111-21. F i r e  Damage S i n c e  1946. (Citation f r o n  
Fire-Fighting Wh1t.e raper,  1977) .  





I z u  Islands. 



Isolated Islands in the North-West of ~ ~ u s h c .  

- Tsushima I.,Iki I.,~oto Is.,Koshiki Is.,etc.) 



Key t o  Table  111-22. 

a: C l a s s i f i c a t i o n  b: Date o f  Earthquake c:  D i s t r i c t  o r  Name o f  
Earthquake 

d: Magnitude e:  House Damage f :  T o t a l l y  Destroyed 
g: T o t a l l y  Burned h: Washed Away 3.:. T o t a l  
3: Dead k: No. o f  dead p e r  100 des t royed  houses.  
1: Cases where t o t a l l y  burned down o r  washed away houses were n o t  

recorded.  
m: 1/15/24 n: 6/26/30 0: 6/21/31 
p: 7/11/35 q: 5/ i /39 r: 1/3/45 
s: 7/26/49 t :  2/2/61 u: 4/30/62 
v: 6/1-6/64 w: 2/21/68 x:  Tanzawa Mts. 
y: Kita-Izu Earthquake z:  Nishi-Tam Earthquake 
aa: Neighborhood o f  Shizuoka C i t y  ab: 0j i k a  Pen insu la  
a c :  Mikawa Earthquake ad:  Imaichi  Earthquake 
a e :  Near Nagaoka af:  North o f  Miyagi P r e f e c t u r e  
ag :  N i i g a t a  Earthquake ah: Ebino Earthquake a i : T o t a l  
a j :  Cases where t o t a l l y  burned down houses  were recorded .  
ak:  5/23/25 a l :  3/7/27 am: 9/10/43 
an:  6/28/48 ao: 5/16/68 ap:  5/9/74 
aq: North o f  Hyogo P r e f e c t u r e  ar: Kita-Tango Earthquake 
as: TotCori  Earthquake a t :  Fukui Earthquake au:  Tokachioki  Earthquake 
av:  Izu-Peninsula  Earthquake a w :  T o t a l  
ax: Cases where washed away houses were r eco rded .  
ay: 9/1/23 az: 3.'3/33 ba: 12/7/44 
bb: 7/21/46 bc: 3, 41'52 bd: 5/23/60 
be: Grea t  Earthquake D i s a s t e r  o f  Kanto D i s t r i c t  
b f :  Sanr iku  Earthquake and T i d a l  Wave bg: Higashi-Nankai Earth-  

quake - 
bh: Nankai Earthquake b i :  Tokachioki  Earthquake 
b j :  C h i l e  Earthquake T i d a l  Waves bk: T o t a l  
b l :  Renarks: 

1. The yecord i s  c i t e d  from t h e  " S c i e n t i f i c  Chronologica l  Table ,"  
publ i shed  i n  1976. The d i s a s t e r s  where t h e  number of  des t royed  
houses i s  more t h a n  100 a r e  l i s t e d  i n  t h i s  t a b l e .  

2. * t o t a l l y  des t royed  by t i d a l  waves. 

3 .  The number o f  t h e  dead i n c l u d e s  t h e  number o f  t h e  miss ing .  
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1 1 1 - 4 .  S o c i a l  Requ i r enen t s  f o r  Means o f  Ai rborne  A s s i s t e n c e  i n  
t h e  Event o f  Emergencies.  

I n  t h i s  s e c t i o n ,  r e c e n t  a i s a s t e r s  i n  J apan  w i l l  f i r s t  be d e s c r i b e d .  
Th i s  w i l l  be fo l lowed by an  examina t ion  o f  t h e  n e c e s s i t y  f o r  emergency 
and r e s c u e  sys tems  which have f r e e  t h r ee -d imens iona l  a c c e s s i b i l i t y .  The 
advantages  o f  a i r s h i p s  i n  t h i s  f i e l d  w i l l  t h e n  be d e s c r i b e d .  

Th i s  s e c t i o n  beg ins  w i t h  a  d e s c r i p t i o n  o f  s t o rm and f l o o d  damage. 
Tab le  111-20 shows t h e  major  s t o rms  and f l o o d  d i ~ a s t e r s  i n  J apan  s i n c e  
World War 11. The t a b l e  shows t h e  d i s a s t e r s  which caused  more t h a n  50 
pe r sons  t o  d i e  o r  b e  mi s s ing .  Our c o u n t r y  i s  v e r y  mountainous and h a s  
very  compl ica ted  g e o g r a p h i c a l  f e a t u r e s ,  I n  summer, many typhoons  ap- 
proach Japan  c a u s i n g  i n t e n s i v e  heavy r a i n  a s  well a s  s t r o n g  winds.  Fo r  
example, t h e  heavy r a i n  which s t r u c k  J a p a n  i n  J u l y ,  1974 l e f t  447 per -  
sons  dead o r  m i s s i n g ,  813 i n j u r e d ,  abou t  3,000 houses  t o t a l l y  d e s t r o y -  
ed ,  and about  20 thousand  l a n d - s l i d e s .  About 4 0  t housand  p u b l i c  f a c i -  
l i t i e s  such a s  r o a d s  and b r i d g e s  were damaged. The t o t a l  damage amounts 
t o  about  300 L m . l l i o n  yen.  I n  mountainous a r e a s ,  l a n d - s l i d e s  occu red  
f p e q u e n t l y  and many r e s c u e  p e r s o n n e l ,  and even r e p o r t e r s ,  became v i c -  
t i m s  of them. I n  d i s a s t e r  a r e a s ,  t h e  Act of A s s i s t a n c e  t o  3 i a s t e r  . 
Areas was adopted and t h e  government a s s i s t e d  t h e  a r e a  i n  t h e  c o n s t r u c -  

t . t i o n  of r e f u g e s ,  supp ly  o f  f i r s t - a i d  med ica l  c a r e ,  r e s c u e  o f  t h e  t r a p -  
ped peop le ,  b u r i a l  9f t h e  dead,  e t c .  

Next c o n f l a g r a t i o n s  w i l l  be d e s c r i b e d .  Tab le  111-21 shows t h e  f i r e  
damage s i n c e  World War 11. The number o f  peop le  who d i e  i n  f i r e s  i s  s a i d  
t o  be about  10  t o  1 5  % of t h e  number af' peop le  k i l l e d  i n  c a r  a c c i d e n t s .  
Due t o  t h e  i n c r e a s e  i n  h i g h  b u i l d i n g s  and g e n e r a l  congestbon 2n3bhe , -d i -  
t i e s ,  t h e  number of peop le  who d i e  i n  f i r e s  has b r a d u a l l y  i n c r e a s e d .  
S i n c e  1973,  t h e  annua l  amount o f  b u i l d i n g ,  and f o r e s t  damage by f i r e  
has  s u r p a s s e d  100  b i l l i o n  yen. The a n n u a l  amount of f o r e s t  danage 
a l o n e  was o v e r  f i v e  b i l l i o n  yen i n  some y e a r s .  The e e s t r o y e d  f o r e s t  
a r e a  amounts t o  180 thousand  ha. 

C i t y  f i r e s  o f t e n  c l a i m  many v i c t i m s  a t  a time. T h i s  k ind  o f  f i r e  
d i s a s t e r  i n  a  s k y s c r a p e r  was d e p i c t e d  i n  t h e  movie, "Towering I n f e r n o "  
which was r e c e n t l y  made i n  t h e  U.S.A. The f i r e s  i n  t h e  depar tment  
s t o r e s  i n  Kyushu, J a p a n ,  and i n  B r a z i l  remain  v i v i d l y  i n  o n e ' s  mind. 
I n  such  c i t y  f i res ,  t r a n s p o r t a t i o n  c o g e s t i o n  h i n d e r s  f i r e  e n g i n e s  and 
amSulanc2 c a r s  from immediate ly  r e a c h i n g  t h e  f i r e  o r  t h e  nearby  h y d r a n t s .  
As i n  t h e  c a s e  o f  f i r e s  i n  t h e  two above-mentioned depar tment  s t o r e s ,  
sometimes, t h e  f i r e  eng ine  l a d d e r s  canno t  r e a c h  t h e  uppermost f l o o ~ s  
and many v i c t i m s  d i e  b e f o r e  t h e  eyes  o f  h e l p l e s s  f i r e  f i g h t e r s .  , 

J apan  i s  one c o u n t r y  which has  a  number o f  vo l canoes .  The Japa-  
nese  I s l a n d s  have e i g h t  v o l c a n i c  c h a i n s  i n c l u d i n g  F u j i  Volcan ic  Chain.  
The vo lcanoes  be1ongi:ig t o  t h e  Q u a t e r n a r y  of  t h e  Cenozoic E ra  number 
a lmos t  200. Among them, about  70 vo l canoes  a r e  a c t i v e  vo l canoes ,  i n  
a  wide s e n s e ,  which nay p o s s i b l y  explode  even  w i t h  s l i g h t e s t  p robab i -  
l i t y .  These comprise a lmos t  1 0  $ of  a l l  t h e  a c t i v e  vo l canoes  i n  t h e  ' 

world .  Meteor ic  s t o n e s ,  vo lca i i i c  a s h ,  l a v a  s t r e a m s ,  e t c . ,  c a u s e  t re-  
mendous damage i n  terms o f  human l i v e s ,  houses  and a g r i c u l t u r a l   product,^, 



Table  111-20-1. Record o f  Storm and Flood Damage S i n c e  1946. ( 1 )  
( C i t a t i o n  f r ~ m  F i r e - F i g h t l n g  White Pape r ,  

1 9 7 7 )  



Key t o  T a b l e  111-20-1. 

Da te  of  D i s a s t e ?  b  : 
Dead e :  
Damage o f  Houses h : 
P a r t i a l l y  C e s t r o y e d  j :  
F lood  under  t h e  F l o o r  
number c h o u s e s  n  : 
1/10/50 9 : 
6/4/53 t : 
4/17/56 w:  
7/13/59 

Kind of' D i s a s t e r  c :  P e r s o n a l  D i s a s t e r  
~ ~ I i s s i n g  f :  I n j u r e d  
Tota:ly D e s t r o y e d  (Washed Away) 
F lood  o v e r  t h e  F l o o r  

1: F 3 r s o n  
9/11/4? 0 :  6/18/49 
7/7/51 r :  6/22/52 
5/8/54 u: 2/19/55 
6/27/57 x :  1 /26/58 

a a  : 
a d  : 
a p  : 
aj  : 
a l :  
a o  : 
a s  : 
a v  : 
a y  : 
bb: 
bd:  
bg : 
b j  : 
bm : 
bq: 

f l o o d  a b :  I r e n e  Typhoon 
Typhoon J u d i t h  a e :  Typhoon F i t t y  
s t o r m / f l o o d  a h :  l a n d - s l i d e  
s t o r m / f l o c d  and  l a n d - s l i d e  
Typhoon K i  j i a  am: f l o o d  
Typhoon Dinah a c .  Typhoon 2 
f l o o d  a t :  f l o o d  
s t o r m  aw: Typhoon 5  
Typhoon 1 4  az: Typhdon 1 5  
f l o o d  a n d  l a n d - s l i d e  
Typhoon 22 b e :  s t o r m / f l o o d  
f l o o d / l a n d - s l i d e  bh:  Typhoon 5 
storm/high-wave bk:  Typhoon 2 1  
f l o o d / l a n d - s l i d e  bn:  Typhoon 7  
Typhoor! 1 4  

a c :  
a f :  
a i  : 
a k :  
a n  : 
d r :  
a u  : 
a x  : 
ba :  
bc :  
b f :  
b i :  
b l :  
bo 

Typhoon D e l l a  
s t o r m  
f l o o d  arid l a n d - s l i d e  
Typhoon J a n e  
Typhoon Ruth 
f  l o c d  
Typhoon 1 3  
Typhoon 1 2  
s t o r m  
f OF: 

f; .od 
I s a h a y a  F lood  
Typhoon 22  
f l o o d / l a n d - s l i d e  



T a b l e  111-20-2. Record o f  Storm and F lood  Damage S i n c e  
1946 ( 2 )  - c o n t i n u a t i o n  from Table  111-20-1. 



Key to Table 11:-20-2. 

a: Date of Disaster b: Kind of Disaster c :  Personal Damage 
d: Dead e: Missing f: Injured 
g: Damage of Houses h: Totally Destroyed (Washed Away) 
i: Partially Destroye, j: Flood over the Floor 
k: Flood under the fl~sr 1: No. of persons 
m: number of houses 

aa: 
ad : 
af: 
ai: 
a1 : 
ao : 
as : 
av : 
ay : 

8/3/71 
Tidal "ave - Chile 
Coal Mine Accident 
flood/land-slrde 
flood/land-slide 
Typhoon 4 
flood/land-slide 
Typhoon 19 
flood/Typhoon 20 

ab: Typhoon 15 ac : 
Earthquake ae : 
ag: flood/land-slide ah: 
aj : flood/land-slide ak: 
am: Typhoon 20 an: 
aq: flood/land-slide ar: 
at: flood au : 
aw: flood/Typhoon 25 ax: 
a z :  flood/Ty~hoon 8 

Typhoon 18 
Typhoon 16 
Typhoon 13 
snow damage 
Typhoons 2 3 ,  24 and 25 
flood/land-slide 
flood/land-slide 
flood/Typhoons 6,7 & 9 

ba: flood/Typhoon 17 bb: 7/3/72 bc: 5/29, 74 
bd: 9/8/76 be: Remarks: Only the disasters which 

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



Key t c  T a b l e  111-21. 

a: Year* b: C l a s s ~ l * L c a t i o n  c: No. of F i r e s  
d :  T o t a l  e : I3ui ldi : lgs  f :  Fores t  
g: Area Pestrgoyi.d b y  Fl re s  h: B u i l d i n g s  i m 2 )  
i: Forest ( 3 )  j : l!esb and I n j u r e d  k: Dead 
1: I n j u r e d  m: No. of  Farnilles that Incurred Fire ..Darrrag~- 
n: T o t a l  o :  No. of Persons who IncurFbd Fired Damage 
p :  Damage (Thousand Yen) q :  T o t a l  Amount 
r : B u l l d i n g  Damage s:  F o r e s t  Damage 

t.: Years a r e  c o u n t e d  by Showa. 

Showa 
20 
25 
30 
35 
40 
45 
50 
55 



T a b l e  111-22. Big  Ea r thquakes  S i n c e  t h e  Great 
Ear thquake  D i s a s t e r  i n  Kanto D i s t r i c t .  
( C i t a t i o n  from F i r e - F i g h t i n g  White Pape r ,  1977) 

u&tGINAI; PAGE B 
.OF POOR QUALZTX~ 



RACE BW\rul( NOT FuW 
i n  t h e i r  v i c i n i t y .  

J apan  i s  a l s o  l o c a t e d  on t h e  c i r cum-Pac i f i c  Ring o f  F i r e  and i s  
one of  t h e  w o r l d l s  most famous e a r t h q u a k e  c o u n t r 3 e s .  T a b l e  111-22 
l i s t s  major  e a r t h q u a k e s  s i n c e  t h e  time o f  t h e  g r e a t  e a r t h q ~ a k e  d i s a s t e r  
i n  t h e  Kanto D i s t r i c t .  I n  g r e a t  e a r thquake  disasters,  b u i l d i n g s ,  r o a d s ,  
b r i d g e s ,  water-supply/sewage p i p e s ,  g a s  p i p e s ,  e t c .  are d e s t r o y e d  a l l  
at t h e  same t i m e ,  and o f t e n  fo l l owed  by f i res ,  o r  f l o o d s  caused  by 
damage t o  r i v e r  banks o r  by t i d a l  waves. Va r ious  k i n d s  of d i s a s t e r s  
t a k e  p i a c e  s i m u l t a n e o u s l y  and m u l t i p l y  damages. I n  p a r t i c u l a r ,  w i t h  
r e c e n t  t r e n d  of c o n g e s t i o n  i n  c i t i e s ,  a  whole series o f  d i s a s t e r c ,  such  
a s  f i r e s ,  etc . ,  becomes more l i k e l y .  I n  a d d i t i o n ,  a  s o - c a l l e d  s t a t e  
of  p a n i c  may be r e s p o n s i b l e  f o r  f u r t h e r  damage. 

The J a p a n e s e  government s u b s i d i z e s  t h e  l o c a l  communities s o  t h a t  
t h e y  may p r e p a r e  ear thquake-proof  water p o o l s ,  p o r t a b l e  e n g i n e  pumps, 
e i e c t r i c  power supp ly  v e h i c l e s ,  h e a t - r e s i s t i a g  r e s c u e  v e h i c l e s ,  e t c .  
T h l s  a i d  i s  based on t h e  S u b s i d i z i n g  P r o j e c t  f o r  P r e p a r a t i o n  Yox* Grea t  
Ear thquake  Disasters. However, t h l s  emergency equipment i s  n o t  su f -  
f i c i e n t  a t  p r e s e n t .  P a r t i c u l a r l y ,  t h e  t r a n s p o r t a t i o n  means which may 
be used i n  g r e a t  d i s a s t e r s  a r e  no t  s u f f i c i e n t l y  deve loped .  Such 
t r a n s p o r t a t i o n  means must c a r r y  t h e  above-mentioned equipment ,  sup- 
p l i e s  o r  food  and med ic ine ,  t h e  i n j u r e d ,  t h e  r e f u g e e s ,  e t c . ,  i n  a n  
even t  of d i s a s t e r .  I n  J anua ry ,  1978, t h e  e a r t h q u a k e  i n  t h e  I z u  D l s -  
t r i c t  d e s t r o y e d  a l l  ground t r a n s p o r t a t i o n  means i n  t h e  a r e a .  The o n l y  
t r a n s p o r t a t i o n  means a v a i l a b l e  were s h i p s  and h e l i c o p t e r s .  H e l i c o p t e r s  
were a b l e  t o  r e a c h  t h e  area o n i y  when wea the r  c o n d i t i o n s  were good. 
The re fo re ,  t ~ a n s p o r t a t i o n  was s e v e r e l y  l i m i t e d  and many peop le  were 
t r a p p e d  i n  i s o l a t e d  d i s a s t e r  a r e a s  w a i t i n g  f o r  r e s c u e  s h i p s .  

Our n e x t  t o p i c  w i l l  b e  a comparison o f  h e l i c o p t e r s  t o  a i r s h i p s  
w i t h  r e g a r d  t o  a b i l i t y  t o  per form t h e  wcrk o f  r e s c u e  and f i r e  f i g h t i n g .  
For  example,  t h e  Tokyo F i r e  Department has  f i v e  h e l i c o p t e r s  f o r  f i r e  
f i g h t i n g .  The b c t i v i t y  a r a a  o f  t h e s e  h e l i c o p t e r s  c o v e r s  a  c i r c l e  w i t h  
a r a d i u s  of  360 km and i t s  c e n t e r  a t  Tokyo H e l i p o r t .  The h e l i c o p t e r s  
can  r e a c h  Aogashima, one o f  t h e  Leven I z u  I s l a n d s ,  which i s  362-km 
away, w i t h i n  one hour  and a h a l f .  When h e l i c o p t e r s  f l y  t o  such  a n  
i s o l a t e d  i s l a n d  t o  f i g h t  a  f i r e ,  however, two h e l i c o p t e r s  make a f o r -  /= mat ion  f l i g h t  a s  a  p r e c a u t i o n a r y  measure ,  i n  o r d e r  t o  avo id  a doub le  
d i s a s t e r  i n  t h e  e v e n t .  Bes ides  f i r e  f i g h t i n g  i n  i s o l a t e d  i s l a n d s ,  
o t h e r  t a s k s  d u r i n g  g r e a t  d i s a s t e r s  a r e  r e q u i r e d  o f  h e l i c o p t e r s .  How- 
e v e r ,  as shown i n  Tab le  111-23, h e l i c o p t e r s  have c e r t a i n  d i s a d v a n t a g e s  
i n  t h a t  t h e i r  f l i g h t  d i s t a n c e  and pay load  a r e  l i m i t e d ,  and t h e y  w i l l  
f l y  o n l y  i n  good wea the r  c o n d i t i o n s  i n  o r d e r  :o avo id  a seconda ry  
d i s a s t e r  such  a s  a c r a s h .  On t h e  o t h e r  hand, h e l i c o p t e r s  a r e  s i g n i f i -  
c a n t l y  advantsgeous  because  of t h e i r  e x c e l l e n t  maneuvering performance.  
The re fo re ,  i f  a i r s h i p s  were p rov ided  w i t h  good maneuvering per formance ,  
t h e y  would be i d e a l  r e s c u e  and f i r e - r i g h t i n g  a i r c r a f t .  As a c o n c r e t e  
means of  r e a l i z i n g  such  a  v e h i c l e ,  a  r e s c u e  LTA i s  proposed i n  t h i s  
r e p o r t .  (See  S e c t i o n  IV-6.) T h i s  LTA c o n s i s t s  o f  a n  LTA mether s h i p  
and of  a  gondola  which i3 suspended from i t  and may move f r e e l y  i n  s p a c e  
by means o f  a  j e t  e n g i n e  which d r i v e s  i t .  The LTA mother  s h i p  can b e  
ma in t a in (  on t h e  f i r e ' s  windward s i d e  where it is  n o t  effected by tkc 
ups t ream L P  t h e  f lame,  w h i l e  t h e  susaended gondola  app roaches  t h e  f l r e  
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IV.1 . Outline . 
As a re:;~i.t of the studies on "needs" (social requirements) 

in Chapter 111. requirements regarding technological developments. 
or technological possibilities (we call "seeds"). are summarized 
as follows: 

( A )  Concerning Heavy Carqo 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 . 



In such transportation of heavy cargo, tbs 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. In other words, high speed is not required; 
on the contrary, low speed transportaticn is preferred for the safe- 
ty reasons. Hnwex:er, 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. In 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 width 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 1-2-1, "Basic Functions of Aircraft," in Chapter I, the 
characteristics required of heavy cargo air transportation means 
are shown as follows: 

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

B-axis: Mass transportation 
B-ax I 13 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. 

D-axis: Distance of cruise can 
be short 

E-axis: High speed property is 
no; required. 

F-axis: Maneuvering performance 
may be at a common level. 

Fig. IV-1 .  



(B) For Pass_ena~r Tiansportation 

As transportation means connecting isoiated 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 in- 
creasing sifnificantly not only in Japan but also as a world-wide 
trend, as shown in Chapter 111. 

It may be concluded that the required property oi aircraf- faf - 
such shorl: lines is not hiqh speed. In other words, tr~e 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 VTOL abiiity 2nd 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 
1,F7.'1 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 Jetfoil used in 
the  Sado Line has p r o v e d  a ~>ema~ 'kab le  success .  

The f u n c t i c i l s  desil-ed of the aircraft for short-distance lines, 
which have been described above, can be schematically shown in 
Fig. IV-2. 



A-axis: Vertical movement /= 
a,bility must be ex- 
cellent. The direct 
connection cf  the 
regional cer.ters is 
preferred. VTOL abil- 
ity is desired. 

B-axis: Mass transportation 
ability equal. t o  
that of ships is re- 
quired. Namely, 100 
to several hundreds of 
p&sscngers. 

C-axis: Blight time does not 
have to be very long, 
since the line dis- 
tances are short. 

D-axis: Flight distance does 
not have to be very 
long, since the line 
distances are short. 

E-axis: Speed of buses and 
trucks is required in 
over-the-sea lines, 
while speed slightly 
higher than that of 
railroads is re6  ired 
in inland lines. 

F-axis: Maneuvering perform- 
ance should be excel- 
lent. 



FI ,m the viewpoints which have been described above, we have 
selected Aero Crane and Helistat type LTAts among other hybrid IITA1s 
for our studies on the technical possibilities of LTA's. 

On studying technical possibilitie~, 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 LTASs,which 
are the objects of this survey study,is not primarily aimed at,and will 
be inferior to optimally design~d hybrid LTA's. 

Nevertheless, without sufficient prospect of future hybxid LTA's, 
desiga 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 mazhines and systems was first taken into cons Jera- 
tion for studies o: technical ~ossibilities. This characterizetion of 
the approach can be clearly sesn in the works by the group which has 
studied Helistat type aircraft under the leadership of Mr. Yosninori 
Sakai (Kawasaki Heavy Industry). 

On the othex 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 /= 
engaged in the development of such an LTR in the U.S.A. Therefc'e, 
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: 

the 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 rnai.1 work of the survey study and 
are included in this report. When the regular cargo transportation 
enters the era of mass transportation3i.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 Indl~stries, Sf?pt€!Inber, 1975.) In such a case, the Megalifter 
type of airships, which are hybrid of airships and fixed-wing aircraft, 
will attract much attention. In this survey study, preliminary work 
was done i;l preparation for such a future case. 



Automatic piloting means for suspended gondolas, as means of 
air rescue in the &vent of disasrers, were studied for th-  following 
reasons : 

Apparently the maneuvering performance of balloons or airsh~ps 
is significantly inferior. Improving the maneuvering performance of 
the gondola portion instead of improving the overall maileuvering 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 rhe high maneuvering performance gondola, 
the low price of the conventional type airships will be preservld. Thus 
a moderately priced, highly maneuverablz LTA can be expectzd. 

If tlils type of suspended gondola can be developed in combination 
with the conventional type of airships, they nay be used with various 
types of hybrid LTA1s. 

Based on the viewpo-nts mentioned above, suspended gondolas were 
selected for the fcurth o.>-ject of our- study. 

IV-2. - Determining the Required Perfor~~ncc Pro~ties. - - 

For Helistat type airships, the required performance properties 
were studied only in the case cf its being used as a cargJ traqspor- 
tation means. 

In each case, the survey on the demand in the market was done 
prio- to the determination of the required performance properties. 
The result of this survey has been described in detail in c k p ~ e r  
111. 

For this reason, it should be clearly understood that the required 
performance properties as set f0rt.h in this report must be regarded 
only as the first result of this kind of asrk. 

Ever though determination of the required performance properties 
based on the market demand is being attempted, these properties cannot I 

8 ,  

be pinpointed exdctly since they are connected with new fields which 
did nbt exist in the past. It is a common procedure ir. such a casd to /J% 
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 routine several times in order to converge on the 

I 

most desirable result. This kind of work Is probably typical in the 
development of a new device such as this. 



IV-2-1. For Heavy Csrqo Transprt. - - 
LTA's for he,~vy cargo transportation requiring greater payload 

will be described lirst. 

(a) Payload. 

The scctor of heavy cargo transportation which faces difficulties 
at present is that which carries cargoes heavier than 20 tons, i.e. the 
limit, as determined by the R,,e for Limiting Vehiclc Weights. Even 
tho~~gh ov2r 1,COO-ton cargoes are transported at present, such cargoes 
consist mainly of equip.ncnt k:Llich is tranported to and installed in 

-L plants in sea-side industrial areas. 

- .. 
, -- Conditions ill neaq cargo tranportation in inland areas have been 

getting worse year by year due to road conditions (the sbur2 increase 
in traffic), the reduction cf railroad services, the protests of road- 
side residents against such transportatic?, 3tc. Such heavy cargo tran- 
sportation is required in connection with large scale construction works 
such as dam zonstruction. In such cases, civil engineering scjuipment 
must 5e moved in first, followed by heavy equipment for ~lants such as 
penstocks. The payload requ1lt.d for- this kind of transportation ranges 
from 20 to 100 tc:~s. 

The number of over- iG- , t .~  trailers possessed by N. Transpcrtation 
Company, which specialites in heavy cargo transportation, is listed in 
Table IV-1. Table I\?-? shows a commrl example of tne number and the 
~ i n d s  of trailers b?,icli are delivered to the construction site of a hy- 
drbclectric power plant. Based on the above data, the initial target 
of the payload was set at arou~d 30-7U tons. 



Table IV-1. Trailers. 

Type 500 TG Trailer 
Type 350 TG/TS Trailer (Type 500, Decompoded) 
Type 250 TG/TS Trailer (Type 500, Decomposed) 
300 TG/TS Trailer 
210 TG/TS Trailer 
160 TG/TS Trailer 
150 TG/TS Trailer 
150 TL Trailer 
120 TG Trailer 
160 TG Trailer 
80 TL Trailer 
75 TL Trailer 
70 TG Trailer 
70 TG/TL Trailer 
60 TL Trailer 
45 TL Trailer 
40 TL Trailer 
30 TL Trailer 
25 TL Trailer 
20 TL Trailer and Others 

Number of Units 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
5 
1 
11 
10 
24 
140 

Table IV-2. 

Number of Units 

73.- ton Trailer 1 
49- ton Trailer 4 
30-ton Trailer 2 
20-ton Trailer 2 

total 9 

(b) Cruisir Speed /= L 

Table IV-3 shows the performance properties of the tractors 
which pull the trailers which were described above. 



Table IV-3. Tractors 

Number of Units 

W400 Class (Fifth Wheel Load: 10 tons) and .................................... heavier classes.... 12 
W250 Class (Fifth Wheel Load: 25 tons) ....................... 2 
Wl5O Class (Fifth Wheel Load: 15 tons).... .................. 14 
Others ( E x c e p t  Yigil-Speed Container V e h i c l e s )  ............. 175 

Specificationc af Tractorc (Standard Specifications) 

Mitsubishi 
W400 

Mitsubishi 
Heavy 
Industry 

3 

17,565 

40,000 

8,620 

8,945 

1,,585 

46,145 

7,665 

2,943 

I 

Mitsubishi 
W250 

Mit ubishi 
Heavy 
Industry 

3 

12,480 

25,000 

6,280 

6,200 

7,590 

30,055 

6,925 

2,840 

Name of Model 

Name of 
Manufacturer 

Etu..'~er of 
Passengers 

Vehicle 
Weight (kg) 

Fifth Wheel 
Load (kg) 

Dis ci- (front: 
but ion (kg) 
of Load 
over (rear) 
Axles (kg) 
(Unloaded) 

Distri- (front: 
bution (kg) 
cf Load 
over (rear) 
Axles (kg) 
t Loaded) 

Total Length 
(mm) 

Totai Widtii 
(mm) 

Mitsubishi 
W150 

Mitsubishi 
Heavy 
Industry 

3 

9,695 

15,000 

4,400 

5 , 295 

5,120 

19,740 

6,680 

2,490 

Hitachi 
HTH 50 

Hitachi 

3 

23,900 

53,500 

12,780 

11,120 

20,910 

56,655 

8,485 

7.370 

i 



Total Height 
(mm) 

Minimum 
Rotaticn 
Radius 
(m) 

Maximum 
Engine 
Output 
(PS/rpm) 

Maximum 
Enc~ine 
Torque 
(km-m/rpm) 

Max im urn 
Speed 
(Wichout 
Trailer) 
(km/hour) 

Transporta- 
tion Speed 
with loaded 
trailer 
(km/hour) 

1,' : yes 
. , l z e /  
Number) 

Winch Cap- 
acity (kg) 

According to this table, the transportation speed when 
tracting loaded trailers is 5 to 25 km/hour. Theref~re, 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 thz initial 
target. However, considering anticipated head wind speed and 
performance properties of enginzs and rotors equipped to LTA's, 
a speed of over 50 kidhour will be inevitable. 



(c) Distance of Cruise. 

Since the freight car transportation on the railroads has 
become difficult, it TS 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 replace6 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 153 km to 200 km. When loading and unloading cargoes, the air- 
craft must hover for a long time. ID 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 /I36 
initial target must include craft price, ecenomic efficiency, var- 
ious specifications of the aircraft, etc. In 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 mswer. 

IV-2-2. For Passenger Transportation. 

The requirements of passenger transportation were estimated 
with reference to those of SlOL 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 YS-11, 120 to 
150 passengers, and about 300 km cruising distanc-. 

IV-3. Study of Rota-Ship Hybrid Airship. 

C.>,.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 hsliurn gas and of rotor lift helicopters. 
They are provided both with the abili.Ly to carry heavy cargoes and 
to hover. The idea of this type of aircraft is basically that of 
improving the disadvantages of helicopters (high fuel costs, etc.) , 
while providing helico~ters wit11 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 



Japan. The technical problems in the develcpment of rota-ships, 
the estimates of the development c~sts and possible development 
scheduleg will be described. 

IV-3-1. Study of Rota-ship for Passenger Transportation. 

(a) Required Conditions of Desiqn. 

(1) 4 units of rotor systems of the helicopter, BK-117, 
which is now in the developrt~ent process in a Japan- 
Germany 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 230 km and 10 minutes of hovering, consider- 
ing the head winds of 20 knots (10.3 m/s). 

( 4 )  The operatiox.al ascent limit is i0,000 feet (3043 m) . 
(5) The airship body selected is of the non-rigid type, for 

cost teduction 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- of 27 m, a total width of 52 m and a total height 
of 30.5 m. The fineness ratio selected is 3, since the ship has 
a non-rigid hull structure. 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 about 
26% of the hull volume, being determined by the operational ascent 
limit, 10,000 feet. 





The gross weight of 32 tons is divided into 21.44 tons of 
buoyancy and 10.56 tons of rotor lift. The maximum rotor lift 
is 12.7 tons so that about 2.1 tons of rotor lift can be used 
for maneuve~ing 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 sbout 
the rotors were those of helicopter Bk-117. The major specifica- 
tion is listed in Table IV-4, while the fundamental performance 
propertier are shown in Figs. IV-5 and IV-6. 
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Fig. 17J-4. Determination of Hull Specifications. 



i 
Table IV-4. Fundamental Specifications of Passenqer Rota-Ship. /I40 a - - 4 

Basic Size Data: Total Length: 80m 
Total Width: 52m 
Total Height: 30m 

Equipped Power Engines: 
Means : 

Rotors: 

Laikaminj LTS101-650B-1 
600 SHF x 8 units 

4 units of 11-m diameter, 
four-blade rotors. 

Specifications Hull Length (L): 80m 
of the Hull: 

Maximum Width (D) : 27m 
Fineness Rztio (L/D) : 3 
Hull Displacement 
Volume: 3 about 27,300m3 
Ballonet Volume: about 7,100m 
Gondola Size: 2.5m (H) x 6m (W) x 25m (L) 
Number ot Seats: 120 

Weight Data: Dead Weight: 17,300 kg 
Passengers 400 kg 
Fuel Carried 3,740 kg 
Payload 10,560 kg 
Gross Weight: 32,000 kg 
Gas Buoyancy: about 21,500 kg 
(At Sea Level) 
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1: I' x 1,009 
rayload vs .  Dlstanoe of Cmlrs 

.passengers ', Std, Da,v 
Altitude I 

about 1,500 m 
Speed, 

sbout 150 km/H 
9 
Q, 

42 passengt rs _ _ _ -  _ _  - _ - _ - - -  - - -  - - - - -  

Cistana~ of Cruise (ha) 

F i g c  N-6. %sic Performsvlce Property, 
(Passenaer Transportation) 

Maximum Speed: 
Cruisiny Speed: 
(Cruising Altitude: 
Ascent Llmit: 
Distance of Cruise: 
Duratio? of Cruise: 

about 170 km/hour 
about 150 km/hour 
about 1,500 m) 
abodt 3,000 m 
about 700km 
about 6 hours 

( c )  Flight Control and Piloting Systems. 

The flight control means cre shown in Fig. IV-7. 



E - rjrb~~rnn 
Pig. w-7, 
Pllotlng Method, 



Key to Fig. IV-7. 

A:  Ascent 2nd Descent B: Forward Flight 
C: Pitch Control : Yaw Ccn t ro l  
E: counter-Torque Mechar~ism 

a :  Buoyancy b: Rotor Thrust 
c: Gravity 6: Increase in Thrust 
e: Decrease of Thrust f : P, ,.thing Mo~ent 
g: FR Rotor h: FL' Rotor 
i: AR Rotor : AL Kot~r 
k: Front Vif13w 1: Rear View (rear rotors) 

In order to improve maneuvering performance when t-aking 
oft and landhg, a ~ d  to improve stability when hovering in 
winds, this .chip is provided with four units of rc;:nss, -*lz 
on each front side and one on each rear side, whicr) control 
the direction and the pasture of the ship by char~ginq LIie 
thrust and its direction. 

When the ship a~cends or descends, the thrust of the four 
rotors are increase4 or decreased sir.ultaneously. The rotors 
provide a msrgin of thrust which is about 10- of the gross 
weight when novering with full lcad. 

The forward movement of the results from che rotor 
thrust horizontal component which is created by either inclin- 
ing the ship brrdly or flapping the rotors by meal?s of cyclic 
pitch control. 

The pitch snd yc control of the ship Gudy is obtained by 
adjusting the tnrust of the fcur rotors individually. Fdr tlie 
yo control, the thrust of each rotor is adjusted, as well as 
the rotor ~hrust horizontal component which is lri.-ied via the 
cyclic pitch control. 

The anti-torque moment is cres-zd by providing slightly 
different angles at which the rotors a-e attachzd to the 
ship body. 

The four roi.ors must be capable of Individual thrust 
control and of direction and intenzity c~!.trol in rnsponse tc 
each steering movement, suck 33 ascendin?, f orwhrcl move, etc. 
For this purposl., each rotor is eq~igped with 3 control-rose- 
and mixing box which convects ~ z c n  comman~ from a pilot to the 
appropriate steering ope] ,tion of corrective y ' . t c n  and cy~lic 
pitch control of eak-h rota. The corrvand is transmj.t.t.ed trom 
tnis box to each rotor by xceans of i,.Y-by-wire !nechanismr, so 
that the ship is controlled aporopriately. 



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 11, it may be concludes that desirable dy- 
namic stability/control properties can be obtained by appropriate 
attomatic control means for the four rotors. Fig IV-8 shows an 
=---ample of hovering response to a sharp edge sudden cross wind 
Lf 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. 



P r e c t t i o n  !lovcrlng R e s p o n s c  at Design G r o s s  C e l $ b t  - Six DOF C o n p u t e r  Sinuiation Results For A 
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ORIGINAC PAGE tS 
OF POOK QUALITY. 

P e a k  L a t e r ~ l  Pre:lrion H o v c r i n f  R e s p o n s c  at D e s i g n  
Gross Weight - S i x  oOF C u m p u t c r  S i m u l a t l o ~  R e s u l t s  
f o r  a C o n t i n u o u s  S h a r p  Ldge L ~ t c r a l  Cust 

P i s .  IV-8. Hoverlnp Response to Side Wind. 



(dl Structure 

The main construction of a rota-ship consists of rotor 
supporting structures, a non-rigid hull structure including 
ballonets and helium gas, 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 r o o t  
portions is 244 t-m (= 12.8 t x 17.7 m). In the case where 
pipe materials of aluminum alloy 6061 are formed i n  t r u s s  t o  
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. In 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 f 
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 

I: 
weather resistance, two layers of mylar as gas barriers and shear 
resisting materials, and dacron cloth as main materials render- 
ing strength i s  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 ftrength multi- 
layer material can be reduced to be about 200 g/m in weight 
and the film material, including gore adhefive 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. 



GondoJu Structure: A frame type of structure (shown in Fig. IV-lo) 
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- 
commodilted in six-column, 20-raw seats with sufficient room. This gon- 
dola scructure is attached to the front and the rear rotor supporting 
strv-tures 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 approxi~ately 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 resulting from 
the rotor thrust. These factors were not associated with conventional 
airships, and hence, further studies must be done to a n a l y z e  t h e  s u s -  
p e n s i o n  r o p e  s y s t e r i ,  i n  o r d e r  t o  a v o i d  u r i d e s i r a b l e  t r a n s f o r m a t i o n  o f  
t h e  h u l l  r e s u l t i n : ;  fr>on! t h e  o v e r a l l  l o a d  a p p l i e d  t o  i t .  





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 p~rtion 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 





Key to Fig. IV-10 

a: Representative 
b: Outer Plate L024-T3, t=.032" (Representative) 
c: Bead Reinforcement 
d: Outer Plate 
e: Bent Plate 
f: Upper and Lower Caps 
g: Ceiling Beam 
h: Rope Fitting 
i: Outer Plate Bead (For Reference) 
j: Frame 
k: Wind Frame with Bent Plate 
I :  B-B Direction, Ceiling Structure 
m: Outer Plate 
n: Upper and Lower Caps 
o: Floor Beam 
p: Seat Fitting Beams 
q: A-A Section, Cross Section of Gondola 
r: Bulkheads are necessary at the front and the rear ends of 

the gondola. 
s: The inner cover is necessary on the side wall and the ceiling 

of the gondola. 
t: The floor plates are not shown. 
u: C-C Direction, Floor Structure. 





Key to Fig. IV-11. 

a: Rotor 
b: The Points Attached to the Hull. 
c: Rotor Supporting Structure. 
d: Gondola Structure 
e: Remark: The portion mounting engines and transmission means 

must be provided with fair-rings £0: rain sealing. 

(el Rotor System and Power Transmission System. 

Each 01 the four rotar 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 e.~gines and provides about 3.2 tons of thrust in 
the upwald direction and about 1 ton in the downward dirsction. 
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 : 11.0 m 
Blade Code 0.31 m 
Number of Blades 4 
Rotation Speed 383 RPM 
Xaximum 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 skcwn in Fig. IV-12. 



Pig. N-12. Rotor Syatem of BK-117 



Key to Fig. IV-12. 

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 

IV-3-2. Study of Rota-Ship for Heavy Carqo Transportation. /= 

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 zlternatives is 
the rota-ship which has four units of tandem rotors (KV-107 nelicopter, 
See Fig 111-24 in Section 111-2.) all rotating around axes attached to 
the hull so that each rotor provides a local forward speed component. 
This pCoposal 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 isolated mountainous area. Rotation of the rotor sys- 
tem is carried out by inclining the rotor sarfc es by means of cyclic- 
pitch control. irotation speed:. 7.72 rpm) The .~ecessarI power can 
reduced by about 10%. However, fuel conservation will probably n3. 
be able to easily overcome the increase of the weight resulting f-2, he 
additional rotor system rotation mechanisms, and hence, this alternative 
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 oc tandem 
rotor systems, two of then1 being placed on bot;~ sides of a front rotor 
supporting structure and the other two being placed on both sides of 
a rear rotor su~porting structure. The rotor supporting structures form 
an H-shape together with cargo compartment structure. 



The fundamental specifications of this ship arc as follows: 
(1) Four units of rotor systems (with maximum ?ift of about 

40 tons) of KV-107IIA support a payload of 30 tons and 
6.7 tons of fuel. The ren~alnink;  lift is used for the 
postur~ controi oE the airship. 

(2) 30 tons G L  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-kmihour cruising 
speed, 200 km-cruising distance and a 1-hour hovering 
abiliry . 

(4) There are four crew ~embers -- two pilots, one on-board 
mecnanic and one OF ;ator of a loadinq/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 maxiqum hull diameter and 37-m 
total h5ight. 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 rotors. 

The main specifications 2re listed in Tab12 IV-5 while the main 
performance properties are sl-dwn 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. 





Main S i z e  D a t a :  

Pow~?r  Equ ipmen t :  

H u l l  Specifications: 

Wcigh t :  

T a b l e  IV-5. Main S p e c i f i c a t i o n s .  --- +- 

Tc.t.11 W i d t h  60  m 
Tot'11 Lcny  t h  90  m 
T o t a l  t l c i g h t  37 m 

Eng i n c  : 
Power : 
R o t o r s :  

GE-T58-IHI 
1 , 4 0 0  SHP x 8 u n i t s  
3  blades  s 1 5 . 2  nt 

I i u l l  Length :  90 nt 
M,~sintunt Diamctcr: 30 nl 

Fineness R a t i o :  3 
H u l l  D i s p l a c e m e n t  
V o  1 unte : 

3 3 5 , 8 0 0  m3 
E a l  l o n c t  Volume : 6 , 2 5 0  m 

Dcad W e i g h t :  3 1 , 1 0 0  k g  
F u e l  W e i g h t :  6 , 7 0 0  kq 
Pay1 oad : 3 0 , 0 0 0  k g  
Gross W c i q h t :  6 8 , 0 0 0  k g  
Gas Liuoy,lncy : 3 7 , 0 0 0  kg  

( a t  S e a  L e v e l )  

f o u r  p c r s o n s  



Cruising Speed: 
(Cruising Altitude: 
Ascent Limit: 
Distance of Cruise: 
Duration of Cruise: 

100 km/hour 
1,500 m) 
2,000 m 

300 m (Without hovering) 
about 3 hours 

payload vs. Distance of Cruise 
330 km 

0 1.0 0 0 2000 300 0 
Distance o f  Cruiee (km) 

Fig. IV-14. Basic Performance Property. 
(Cargo Trauportation) 



(h )  Pilncinq System and Piloting Method. -- 

(1) Construction (See Fia. 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 Lr,clination of the swash 
plates are automatically controlled in response to the change in 
speed. 

( 2 )  Piloting Met5od. 

In the following, a total system of a KV-107 I1 helicopter 
including front and rear rotors is denoted by "one unit of rotor 
system." 

i i) Ascending and Descending. 

The ship ascends or descends by means of simul- 
taneous increase or decrease of the thrust by the four 
 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 th2 same direction (right or 
left), while the thrust 02 the two rear units is dir- 
ected in the opposite direction. 



(v) Hovering around a Fixed Position. 

When hovering around a fixed point for cargo 
handling is required, more precise control is possible 
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. 



Fig, N-1.5, Rotor System, Power Tranlrmlmalon System 
and Rotor Control Means, 



(c) Structure. 

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 ~f 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 ic 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. 

(dl 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 : 
Diameter: 
Blade Type: 
Blade Chord Length: 
Number of Blades: 
Rotation Speed: 
Distance Between 
Centers of Rotors: 
Directio~ of 
Rotation: 

Front Rotor: 

Two-Rotor, Tandem Type 
15.24 m 
NACA 0012 
0.46 m 
3 (per one rotor1 
264 rpm 

Clockwise Viewed from Above 
Counter Clockwise Viewed from 
above 



(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 reaucing 
gears, thereby directly driving the rear trans- 
mission and simultaneously driving the front trans- 
mission through a synchronous driving axis. The 
frcnt and rear transmission means reduce the ro- 
tation speed and transmit the pwer to the rotor 
sh'ifts. Owing to an over-running clutch, even if 
one of the engines fail, the other engine can 
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. 

:lame of Engine: CT 58-IHI-140-1 
Output (per unit) : 1,500 HP (2.5 minutes) 

1,250 HP (continuously) 
Number of Rotation: 19,500 rpm 

Fig IV-15 shows the construction of rotor /I59 - - 
system and ths driviy system. 

(el On-Board Equipment. 

This aircraft is provided with electronic devices for communi- 
cation and navigation means, a computer for flight control .md 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 tile control data of the gas bags, and of controlling 
each rotor based on the data in the memories. The cargo suspending 
winch system can handle an arbitrary shape of cargoes a-3 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, 
reinforcsment of leg structures or the like is indispensable, as 
well as mooring ropes. The present aircraft has a pivot type noor- 
ing means in a central pusition which is slightly ahead of the ten- 
ter of the wind pressure. Thi,s mooring means includes a winch 
(which can be designed so as to be used also as a cargo suspending 



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 xooring gro9.1nd. 

(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 fcr Landiny ana Take-Off, Etc. 

In this section, ground facilities, training of on-board and 
ground crew members, etc., which are necessary for the oparation of 
the rota-ship, will be discussed. 

la1 Moorina Site and Moorina Means. 

It is necessary to provide a hangar in order to avoid the 
dangers of high-place works in order to ba 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 af 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 /= 
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. 



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 
facilities. 

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 proposed 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. Thg necessary area for the 
mooring siLe 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 mooriny 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 is 
hovering above this mooring means. Then, a ground crew member 
engages this guide rope with another guide rope which is co-~nected 
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 
landinq means which enable the rota-ship to rotate around the ball 
joint and to face the wind direction, thereby ensuring a safe ground 
moorin,; with the stability property of a "weathercock." 



Further studies must be done on this method for mooring. However, 
this mcthod satisfies almost all the requirements mentioned previous- 
ly. Namely, accorriing to this method, 

2 (1) the necessary mooring land is 7800 m , is about one 4 

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 i ~ n d e r  all weather 
zonlitions if the mooring means on c5e ship and on 
the ground have reinforcement prw-is.~.ons. 



Mooring Means 
on Rota-Ship 

Surface 

Maoring 

h i d e  Rope PAGE 
mPOORW awnt 

Meane 
on the 
Ground 

Fig .  IV-16. Mooring Means for Cargo ' ~ o t a - 8 h l ~ .  
(A patent applloatlon h r  Men f i l e d . )  



~ i g .  N-17. Hangar for Car60 Ro' $ 9 1 ~ -  

Fig. IV-17. Hangar for Rota-Ship for Cargo Trkl~sportztic~~. 

Building Area: 9,500 m 2 

Bullding Size: 95 m (width) x 100 m (length) 
x 50 rn (height) 

Equipment: 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 ~ommunication 
de.vrices. 

The hangar accommolating the rota-ships for emergency or over- 
haul 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-Off and Landing Ground. 

The rota-ship has hovering ability as well as vertical take- 
off and landing ability. Therefore, it can land on gro~nd mooring 
means in a base or can take off directly from the mooring neans. 
In additior, the rota-ship can land on a take-off and landing 
gro~nd, 2s  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. 



In the f~ll{~wing, 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 and landing ground, a mooring site and a hangar is 
called a "rota-ship base." Figs IV-18 hn? IV-19 snow designs of 
a "ground mooring base" satisfying the specification of the B-class 
ground heliport and of a "i-ota-ship base" satisfyi.~g the specifi- 
cation of the A-class ground heliport, according to a method h h i c h  
is almosc the same as the method for determining the size of a 
grourd heliport for KV 107 IIA. 





Key to  F i g .  IV-18. 

a :  Adnlission S u r i a ~ ~  (s l i \p t \ :  1 / 1 0 )  
b: Admiss ion Zone ( P r o j e c t i o n  o f  t h c  a d m i s s i o n  s u r f a c e )  
c:  Runw;~y 
J; T r a n s i t i o n  S u r f a c e  ( S l o p c :  1 / 4 1  
2: Land ing  Zone 
f :  H o r i z o ~ l t a l  Surfact .  ( h e i g h t :  4 5  m ,  r a d i u s :  600 m )  
g :  1 / 1 0  slope 





Key t o  F ig .  IV-19. 

A: Admission S u r f a c e  ( s l o p e :  1 /20 )  
B: Admission Zone ( P r o j e c t i o n  of  t h e  admiss ion  t l ~ r f a c e )  
C: Landing Zone 
D: Runway 
E :  T r a n s i t i o n  S u r f a c e  
F: H o r i z o n t a l  S u r f a c e  ( h e i g h t :  45 m ,  r a d i u s :  800 m)  

B-Class  Ground Rota-Ship Base f o r  Cargo T r a r s p o r t a t i o n  !E 
(Ground Mooring Base) : 

Runway Length: 90 m x 2 = 180 m 
Twice a s  long  a s  t h e  t o t a l  l eng t ' '  o f  
t h e  r o t a - s h i p .  

Runway Width: 60 m x 1 .5  = 90 m 
1 .5  t i m e s  a s  l o n g  a s  t h e  t o t a l  wid th  

Landing Zone Width: 180 m + 15 m x 2  = 210 m 

Landing Zone Length: 2 x 90 m = 180 m 
Based on t h e  minimum r a t i o  2  
( l a n d i n g  zone width/runway wid th )  
r e q u i r e d  by A v i z t i o n  Law. 

-I 

Landing Zone Area: 210 m x 180 m = 37,800 m" 

Landing Zone 
S t r e n g t h :  The l a n d i n g  zone m y s t  endure  t h e  i m -  

p a c t  o f  1 4 . 1  kg/cm . 
Cargo s t r a g e s ,  maintenance v e h i c l e  g a r a g e s  and o f f i c e s  i n  a  ground 

mccr!?g b a s e  must be  l o c a t e d  i n  t h e  neighborhood a f  t h e  l a n d i n g  zone 
b u t  t h e  b u i l d i n g s  shou ld  n o t  i n t e r f e r e  w i t h  t h e  admis s ion  s u r f a c e  o r  
t h e  t r a n s i t i o n  s u r f a c e .  

A-Class Ground Rota-Ship Base f o r  Cargo T r a n s p o r t a t i o n :  

Runway Length: 1.84 x 180 m = 331 m 
C a l c u l a t i o n  based  on t h e  l a n d i n g  d i s -  
t a n c e ,  50 f e e t ,  which KV-107 needs  
when one  of  t h e  c n g i n e s  f a i l s .  

92 A-Class Runway Length - 
Cf.  1.84 = 50 = F-Class  Runway Length 

Runway Width: 1 .5  x 90 m = 135 m 
1 .5  t i m e s  a s  l o n g  a s  t h a t  o f  t h e  B- 
c l a s s  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 



Landing Zone Area. 361 m x 225 m = 81,225 m 
2 

Landing Zone 
Strength: The landing zone myst endure the im- 

pact of 14.1 kg/cm . 
A rotor ship hangar (St?e Fig. IV-17.1, 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 txan- 
sition surface. 

Fig. IV-20 shows an example of layo~t of a rota-ship bas- for 
cargo transportation. As seen from the figure, a wide area is neces- 
sary for ; rota-ship base. "owever, if the rota-ships take refuge in 
rota-ship bases just as large-size civil dirpJanes do w+-7 a typhoon 
approaches, it is possible to operate 15 rota-ships with 3 rota-ship 
basas.  It is also possibie to operate 10 :c t.3-ships with one rota- 
sqip base (176 thousand m ) and five ground mooring bases (area: 44,000 
~n , ? of the area of a rota-ship base). 

( c )  Traininq of On-Board and Ground Crew Members. 

There are four on-board crew members of the ro-ca-ship (for cargo 
kransportation): two pilots, one on-board mechanic and one cargo hand-- 
ling system operator. The pilot, must at lezst have a license which 
allows him to operate a KV-107 helicopter and a conventional type of 
airship. In addition, it will be indispensable for pilots to receive 
special training for operating the cargo transportation 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 f ~ r  the 
foux-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. 



Fig .  XV-20. A Layout of Rota-Ship Base for Cargo Transport. 

I -- --- 

I 
/ ! / / /  / ,' 1 ,  ' ,/' ,*-- i 

I 

a. 
% @ %  

G ~ S X L  PAGE 1s 
.; 

~ W R  Q G U T *  X- 

t 

I :* 
/ 

Ii. , 
L . #  / ,  

Key t o  F ig .  IV-20. 
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a :  Landing Zone b: Mooring M e x - r s  
c: Guide Ways and Ground 

Mooring Land d: Maintenance Equipment S t r a g e  
e: O f f i c e  f: S t r a g e  
g: Hangar (En t r ance  Height :  40 m) 

T o t a l  Area:  abou t  177,000 m3 (53,640 Tsubo) 

4 8 5 :  j;; ! 

Landing Zone Area: 

216 

, 

abou t  81,300 m3 (24,640 Tsubo) 

-- -v: - 

i 



j 

Ba~ilding Area : 20,000 m3 (6,060 Tsubo) i 
B 

Number of Aircraft that the 
Hangar can Accommodate: 

Number of Aircraft that can 
be Moored Outdoors: 

j 
/E IV-3-4. Development Plans and Development Expenses. : 

4 

f - The rota-ship, which is a combination of airship techniques and t 

conventional aircraft techniques, includi.ng helicopter technology, is - -. - the most realizable among variaus plans of hybrid LTA's, and hence it ; 
r ' 

is promosing as a future heavy cargo transportation system for carrying 
heavier or more voluminous cargoes beyond the limitation of convention- 1 

6 

a1 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) Develo~ment Plan. 

The techniques 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 b ~ >  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 tes2s on r?duced scale models, <:laterial character- 
istics cylinder tests, etc. 

After individual techniques have been completely developed, they 
will be integrated and will be followed by demonstrations of fliqht pro- 
perties, i.e., dynzmic 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 valume of about 100 m . 

Second Plan: A four-year development plan, using a re uced-scale 
model wit11 a hull volumz oi about 5,000 m and with 
two small-size helicopters which will be borrowed dur- 
ing the test period. 



~ i p ,  IV-21. Rota-Ship Development Plans,  

Key t c  F i g .  IV-21. 

F i s c a l  Year X 9: F i s c a l  Year  X + 1 
F i s c a l  Year X + 2 D: F i s c a l  Year  X + 3 
S a s i c  D e s i g n s  b :  D e t a i l  D e s i g n s  
N a i n t e n a n c e  D e s i g n s  d :  Wlnd ' r u n n e l  T e s t s  
Development and T e s t s  o f  V a r i o u s  Kinds  and  T e c h n i q u e s  
b l a n u f a c t u r i n g  o f  J i g s  and  T o o l s  
b l a n u f a c t u r i n g  o f  P a r t s  h :  Assembl ing  
M a n u f a c t u r i n g  o f  Reduced-Scale  Model 
T e s t s  o f  Reduced-Scale  Model 
P l a n  of Reduced-Scale  Model 1: D e s i g n  o f  Reduced-Scale  Model 
P a r t  M a n u f a c t u r i n g  o f  Reduced-Sca le  Model 
Assembl ing of Reduced-Scale  Model 
T e s t s  

( b )  Developrncnt Expenses .  - /= 

E s t i m a t e  o f  deve lopment  c o s t s  o f  o n e  p a s s e n g e r  r o t a - s h i p  and o n e  
heavy c a r g o  r o t a - s h i p  b a s e d  on t h e  t h r e e - y e a r  p l a n  ( t h e  f i r s t  a l t e r n a -  
t i v e )  a r e  shown i n  t h e  f o l l o w i n g ,  where  g round  moor ing  e q u i p m e n t  a n d  
a s s e m b l i n g  h a n g a r  a r c  csc11l:led and a l l  t h e  mone ta ry  v a l u e s  a r e  c a l c ~ l a + ~ .  
t e d  by t h e  1978-1900 p r i c e  b a s e :  



Estimate of Development Cost of the Rota-Ship 

Development and Test 
Costs for New Technique 

Direct Material Costs I 
Processing and Jig/Tool 
Costs I 
Other Expenses, Profit, 
Etc. 

(Three-Year Plan) 

Per one Passenger 
Rota-Ship - 
660 million yen 

670 

600 

330 

Per one Heavy Cargo 
Rota-Ship 

660 million yen 

2040 

TOTAL ,260 million yen I 4,080 milli.cn yen 
The estimated development costs are about 2,260 million yen and 

4,080 million yen per oqe passenqer 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 about 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 3,30C 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 zxpense 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 havt been presented above. However, many aspects concerned with ! 
the opsration of the rota-ship will also have to be developed. These ! 
aspects are objects of further studies, together with others such as the 
roLa--ship design requirements related to its operation. i 
IV-3-5. Estimates of Operatiig Costs of Rota-Ships for Passenger Use. I 

Since the roka-ship has never bean 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. I 



(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 1-6 in comparison with those of the YS-11. 

(2) Line Distance. 
300 km 

(3) Line Flight Time and Annual Total Flight Time. 
Take-Of f : 5 minutes 
Ascent : 10 minutes 
Horizontal Cruising 2 hours (including the cruising mar- 

gin) 
Descent: 5 minutes 
Landing/Mooring 10 minutes 
Total Line Flight 
Time: 2 hours ar.J 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 fzct 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 197? Ciscal 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 that the YS-11 
operation is too costly, particularly in terms of management 
expenses. Therefore, in the calculation, particular attention 
has been paid to this fact. This will be seen in the folowing 
description. 

The fuel cost is calculated as: 
47,000 yen/l kl (including 13,000 yen of aircraft 
fuel tax). 



I Payload (ton) I 10.3 I 6.5 

Table IV-6. Comparison of Basic Specifications. 

I Number of Seats I 120 I 60 

I Cruising Speed (kmjhour) 

- .- 
YS-11 

2 4 . 5  Gross Tonnage (ton) 
Rota-Ship 

32 

- - - - - - 

Flight Distance (km) 

Engines 

Total Length (m) 

Total Width (m) 

Crew Members 

Total Height (m) 

- 

600 

600 HP x 2 x 4 

80 

52 

2,330 

3,040 HP x 2 

26.3 

32 

I I 

30.5 

I two pilots and 
~ n e  mechanic 

*In case a new plane is built. 
**The accounting price for calculating the operating cost 

9 

two pilots 

Prics (million yen) 

(b) Direct Operating Cost. 

(1) Cost of Crew Members. 

J 

1,500 

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 op3r- 
ation. The cost corresponding to the mechanic required for the 
rota-ship operation is calculated at 0.8 of that of the pilots. 

650" 
130* 

Thus, the cost of the pilots of the rota-ship is: /= 
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. 



(2) Fuel Cost. 

Since the fuel consumption rate per hour is 620 kg 
(0.77 kl), the f ~ . ' .  cost is, 

(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 /lt700 = 26,000 yen per hour 
The labor cost 0.' the maintenance work is calculated to 

be the same as t.hat of the YS-11 operation and is, 

The cost for managing the maintenance work is calculated 
to be 0.6 of that of the YS-11 operation and is, 

Summing up the above costs, the maintenance zost per one 
flight hour is, 

(4) Insurance. 

The average insurance rate of the rota-ship is calculated 
to be 13, 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 
lo-% final price, the depreciation cost is, 

1,500 million yen x C.9 / 10 / 1,700 = 79,030 yen/hour. 

Summing up the above costs, the direct operating cost is, 

275,000 yenlone hour .oi 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-11 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 wili be 
possible through prudent management. Thus, the indirect operating cost 
is calcl~lated to be 50% (80% x 9.6) of the direct ooerating cost. 

Consequently, t h ~  total operating cost is, 

687,530 x 1.5 = 1,031,000 yen. 

The total oparating cost per seat pe: km is 28.6 yen and about 21% 
higher than that of the YS-11 operation, 2 3 . 6  yen. Fig. IV-22 shows 
various kinds of operating c.osts, compared with those of the YS-11 
operation. 

* Operation I n  * 300-kn~ 
ORIGINAL PACE IJ l i n e .  * Domestic Airl ine  OF POOR QIrUITX 

I Operation In 1977 Fisca l  Yeare 
I 

Fig. 11-22. Comparison o f  Operating Costs o f  Passenger 
Rota-Ship and Y8-11. 



Key to Fig. IV-22. 

a: YS-21 (60 passengers) 
b: Rot-a-ship for Passenger Transportation (120 passengers) 
c: Crew Member Cost d: Fuel Cost 
e: Maintenance Cost f: Insurance 
g: Depreciation Cost h: Indirect Operating Cost 
i: Operating Cost (yen per seat km) 

IV-3-6. Estimates of Operating Cost; of Pofa-ship for Heavy rargo 
Transport. 

The estimates of oparating c0st.s of a rota-ship for heavy cargo 
transportation 3re shown in Tzble IV-7. These estimates were calculat- 
ed by the Asahi Helicopter Company, Ltd. based on the current stacddra 
for calculating the air fare of the helicopters. More specifically, 
these calculations are based on the standard applied to "Irregular Air 
Transportation Operation." 

The main assumptions on which the estimates are based are, 

(1) 30 tons of payload, 
(2) 3.3 billion yen aircraft cost, and 
( 3 )  403 working hours per year. 

According to the currently applied standard, the costs are as 
follows: 

(A) Variable Costs. 
(i) Labor Cost for Plight: 4,OOb yen per person per hour 
(ii) Fuel Cost: 340,000 yen per hour 
(iii) Maintenance Cost: 800,000 yen per noui 

(B) Fixed 2ost. 
(i) Personnel Cost: 6 0  .dr hour 
(ii) Depreciation Cost: 990,000 yen per I~our 
(iii) Aviation Insurance: 990,000 yen per h01~i 
(ivl Fixed Asset Tax: 70,060 yen per hour 

Sub-Total: 3,350,000 yen/bour 

(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 y~n/hour 

(F) Interest Payment: - 
50% a£ (D) : 170,000 yen/hour 
Grand Total: 4,240,000 yen/houi 



Some of the above data are explained below: 
Paid Work Hours: In Japan, dxe to the very strjct Aviation Regula- 

;ion Rule, it is difficult 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 sdded to this. In addition, since the fuel is usually trans- 
ported ir. drum cans on the ground to the area where t>.e helicopters are 
usea, the fuel unit cost becomes 30% higher. Thus, the final unit cost 
is1 107,000 yen/kl. 

Maintenance costs The maintenance cost of KV-107 was used, i s . ,  
800,000 yen per hour. 

Aviation Insurance: This is estimated at twice as ~ u c h  as the 
labor cost of helicopters of the largest size, assuming that the neces- 
sary number of personnel for operation is about 15: 

160,000 yen per hour. 

Miscellaneous Operating Cost: 8.5 %, the same as that of large- 
size helicopter operation. 

Note: The above estinates were made by Mr. Nichiaki Kunihiro, 
dir-ctor, departnent of development, Asahi Helicopter Co., ~ t d .  

Translator;: Note: Page 173 of the original t.ext is missing. 
Page 185 of the original text a2pears where pagz 173 should 
be. Table IV-7 and Table I V - d  3-:e also missing. Perhaps 
They should have appeared or1 ,age 173.  

iu 



IV-4. Study of Skycrane Hybrid Airship. 

IV- 4-1. Outline. 

Requiremsnts 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 somne2imes not available at the time 
when they are urgently r.eeded. 

( 2 )  They are not capable of carrying cargoes which are heavier 
than certain Ij.mics. 

(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 ball-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.) 

\ 

' cockpit 
.y id  Variable 

Fig, N-23e 

4 

ITranslatorfs iqote: Pages 174 and 185 have beep printed 
cn the sane page (overlapping) in the original text. 
Fortunately, page 174 is readable. It should be noted, 
however, that Fig. TV-23 of page 174 overlaps Fig. IV-33 
-of Paqe 186. 



Each wing has a propelling means prcvided in a position near its 
tip. The wings rotate along tP: central axis of the ship body with the 
thrust of the propelling means Thus, the wings which rotate (refer- 
red as "rctary wings," hereirlbe . v ~ )  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 Height + 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. In usual LTA's, when loading and unooading 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 2erformed 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 winglzts are adjusted by cyc- 
lic pitch control. 

The Skycrane suspends a heavy cargo by a wire while hovering, Cra- 
vels to the destination with the suspended cargo after ascending, and 
then hovers again while unloading the cargo. Therefore, the stability 
and the manuevering p2rformance 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. /= 

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 meaxs of heavy cargo transpcrtation. 



Table IV-9. Specifications of Mitsubishi Skycrane. 

Notes: ( * )  Winds of 10 knots are considered. 
( * * )  At the altitude of 1,000 m and the temperature of STD 

+ 20° C. 
( * * * )  The unit price when ten aircraft are manufactured. 

s 

70-Ton Payload Type 
- 
123,482 
48,050 
73,476 
(6,989) 

50 + 18.5 
( * )  130 plus 30 
min. of Hovzring 
29.07 
48.76 
1.25 

60.95 - 
(3.1 
6.1 
10.66 

4 

0.83 

99,900 

27.87 

2,800 x 4 
4.6 billion 

* 
Unit 

kq 
kq 
kg 

km/h 
km 

m 
m 
rad/s 

m/s - 
m 
rps 

- 
- 

m 3 
? 

m' 

HP 
yen 

40-Ton Payload Type 
~. 

74,742 
31,240 
43,559 
(4,283) 

SO + 18.5 
C * )  150 plus 
30 --- min. of Hovering 
24.68 

----- 45.72 
L.0 

45.72 
0.1 
6.1 
10.66 

4 

0.77 

61,090 

35.72 

1,800 x 4 
3.1 billion 

Specifications 

Gross Weiqht 
Dead Weight 
Useful Load 
(Fuel Weight) 
Maximum Cruising 
Speed 
Flight Distance 

Balloon Radius 

Wings 

Pro- 
pell- 
ers 

Radius 
Rotation 
Wing Tip 
Speed 
Solidity 
Diameter 
Rotation 
Number of 
Propellers 
Average 
Efficiency 

v ( * * I  
Winglzt Area 

Max. Take-Off 
Power 
,Price ( * * * )  



nu. fP-24 Hlt.ub1mhi 
(40-Ton Payload Type 



Key to Fig. IV-24. 

a: Polyester/Aluminim Film Lamination 
b: Pclyester 
c: Engines and Propeller 
d: Winglet 
e: Cotton Cloth/Rubber Lamination 
f: Rubber 
g: Cotton Clcth 
h: Swivel Joint 
i: Cockpit 
j: Synthesized Photograph of Aerocrane (for reference) 

By the courtesy of All American Engineering Company. 



(1) &-Ton Payload Type 

Fie. IV-25. Ship Body S i t e .  



IV-4-2. Determining Skycrane Specifications. 
I 

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-11 and 1V-12 on Page 182 of the origin71 

t, 

I 

Cd . 
.\ 

ta % 

8 1.0 f 1, ,,,* r$&?87. t 4 Jf.4 , 
2.2 2x10> f t a  3.6 4 X!as f t s  Vb - 

Fig. IV-26. Resistance Coefficient of Ball-Shaped 
Body 

A n g l c  o f  A t a c k .  ( D ~ R )  

m-27. E f f e c t  o f  Rotor Head Rotat ion on Drag 



Expected at Supercritical 
Ref  . 6  

R' N u m b e r s  

v 

Fig. N-28. Magnus Force of Rotating Ball 

(7) The rotor blades are four constant tension lenuth blades of 
Wing Type NALA 0012, having no down twist. The shape of the blades 
are characterized by, 

Lift Inclination: a = 0.10 l/deg, 
Kinimum Shape Resistance Coefficient: 60 = 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 deternined as shown in the following figure, using Cho = 
1.2 and considering the cargo as a bhll with a specifi~ weight of 
3 g/cm. Cf. The specific weight of the iron is 8 g/cm . 

PAGE IS 
~ Q v u u n  



Clrnax 

1.1 

ORIGINAL PAGE IS 
OE PooR QUALITY: 

c- I 1 

30 40 50 60 70 83 
Suspended Cargo Weight (tons) 

FIR. IV-29. Payload Resistance 

5 10 15 20 

A i r f o i l  Thickness,% of C h o r d  

Fig. IV-30. Wing Thickness Ratio and Clmax. 



(9) The shape of the winglets which provide horizontal thrust has 
been determined as follows: The wing type is NACA0012 and constant- 
length type with the aspect ratio of AR = 8. The wihg shape is charac- 
terized by, 

Lift Inclination: a--= 0.10 l/deg, and 
Maximum Lift Coefficient: Clmax = 1.7 (dmax = 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 i- 10 knots wind) = 82 
km/h and considering the balance of the thrust Yhorizontal thrust)and 
the resistance, the arcs Sw of one winglet is, 

2 Ca x Strf + £pay AR + 2 
S w =  (4)p max acymax AR I 

where 
ca = 0.2, 
Sref: Balloon Front Portion Area, 
fpay: Payload Resistance Area, 
admax = 1.7, 
AR = 8, and 

pmax = 
v / ~ R .  (Cf. V is the forward speed and t h e R R  

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 
zngines. The engines are placed at the 75% position 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 11. 

(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: NACA0012 (Most Frequently Used in H~licopters), 
(4) The blades do not have down twist, !since the blades must 

provide up load as well as down load.) 



(ii) Blade Winglet. 
(1) Aspect Ratio = 8, 
(2) Winglet Lzngth: constant, and 
(3) Wing Type: NACA0012. 

The rotor equivalent shaft power HP rotor has been calculated with 
R (rotor radius) , fl (rotor angular velocity) and d (rotor solidiry) 
as variables, where 6 = bc/nH and c is the blade length. In this 
calculation, the following i-estrictions have been provided: 

'rranslator's iJote: Pag2s. 182 and 178 of the 
original text have been printed on the same 
page (overlapping). N2ither page is readable, 
except for Tables IV-10 to IV-12 on Page 182 
of the original test. 

Table IV-10. S~ecifications c;f Rotors. 

- - Symbo 1 s 

R 

b 

c 

R? 

Rotor Radius 

Rotation Speed 

Rotor Solidity 

Number of Blades 

Elade Length 

Engine Po,ition 
Radius 

Table IV-11. Specifications of Balloon. 

6 

balloon Radius 

Balloon Displace- 
ment Volume 

* 

1 

40-ton Payload Type 

150 feet 

1.0 rad/s 

0.1 

4 

11.78 feet 

132.8 feet 

40-Ton Payload Type 

81.0 feet 

2.12 x 10 6 

ft3 

70-Ton Payload Type 

95.4 feet 

3.64 x310 G 

ft 

70-ton Payload Typc 

160 feet 

1.25 rad/sec 

0.1 

4 

12.57 feet 

143.85 feet 

Symbol 

Vb 



Table IV-12. Specifications of Winglets. - 

U 

-- Fig .  34 shows r e q u i r e d  hor se  power o f  t h e  des igned Skycranes,  i n  which /m 
HPi deno tes  t h e  induced h o r s e  power, HPo t h e  Blade Shape Horse Power 
and HF'p t h e  h o r s e  power r e q u i r e d  t o  move t h e  b a l l o o n  forward p l u s  t h e  
h o r s e  power used by t h e  w i n g l e t s .  Table IV-13 shows t h e  a s s o r t e d  
weights  . 

I 

Winglet Area 

Aspect Ratio 

I 

40-Ton Payload Type 

3 8 5  ft2 

8 

70-Ton Payload Type 

300 ft2 

8 

Remark 

per blade 



Fig. N-31. Bhapa Design Curve, 
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I Rotor aolldlty i d  a variable. 

~ i g .  N-32. Shape Design CurPe. 



Note: Rotor Solldity is n Variable. 

Fig. IV-33. Shape Design Curve. 





Tab le  IV-13. Assor ted  Weights o f  t h e  Skycrane.  
- 

Rotor  L i f t  
(kg )  

Bal loon Buoyancy 
( k g )  

Gross  Weight 
(kg )  

Bal loon Radius 
(m) 

Rotor  Radius 
(a) 

Balloon D i s p l a  e- S ment Volume (m ) 

Outer  Coverings 
W s  ( k g )  

Bal loon Wires 
Waw ( k g )  

Blades 
Wb ( k g )  

Blade Suppor t ing  
Wires 'Wbw ( k g )  

S ide  Beams 
Wsb (kg) 

C e n t r a l  P o l e  
Wcb ( k g )  

Othe r s  
wm (kg )  

Swivel J o i n t  
Wsj ( k g )  

Crane 
w l l  (kg) 

Pow&'ow (kg) 

242 

40-s on Payload T y ~ e  

23,538 

51,258 

74,796 

24.65 

45-72 

62,975 

1,410 

413 

7,671 

1,100 

4,222 

1,154 

4,754 

940 

1,232 

5,336 

-cont inued-  

- 70-Ton Payioad Type 

39 B 671 

83,814 

123,485 

29.07 

48-77 

102,966 

1,958 

676 

12,106 

1,977 

8 9 383 

2 B 301 

8,15!t 

1,298 

2,156 

8,000 

i3emarks 

Ny5010 
Output  



(b) S p e c i f i c a t i o n s  o f  Engines and P r o p e l l e r s .  

The eng ines  a r e  turboprop eng ines .  I n  de te rmin ing  them, t h e  , . 

Hamilton Standard  was used. ( C f .  Ref. 8 )  The r e l a t i o n s h i p  among 
t h e  p r o p e l l e r  e f f i c i e n c y ?  p ,  t h e  Skycrane e q u i v a l e n t  a x i a l  h o r s e  power 
HProtor and -the Cp o f  t h e  Hamilton Standard  is:  

t 
8 '  

t 

I 

1' 

Gondola 
wg ( k g )  

O p e r ~ t o r s  
!kg) 

h e 1  
( k g )  

Fayload 
( k g )  

Useful  Load 

Cp = 137 .5  x HProtor x ( 1  +p s i n  ) v ) ,  
p,3~5 x ? P  ( y )  

where 

v 
=RR~, 

Re = Engine P o s i t i o n  Radius ( f e e t ) ,  
V = Forward Speed ( f e e t / s )  o f  t h e  Skycrane, 
fl = Rotor Ro ta t ion  Angular Ve loc i ty  ( r a d / s ) ,  

= A n t i c i p a t e d  Attachment Angle o f  Engines With Respect y t o  t h e  Blades (The leeward i s  d e s i g c a t e d  by (Y =O and t h e  
a n g l e  i s  measured a long  t h e  r o t o r  r o t a t i o n a l  d i r e c t i o n ) ,  

3,000 

272 

4,283 

39,004 

43.559 

3 p  ( ( Y ) :  The P r o p e l l e r  E f f i c i e n c y  a t  t h e  Angle y ,  j I 

I .  

! 

HProtor = The Horse Power Which i s  Coilverted from t h e  Torque 
e u i r e d  t o  Rota te  t h e  Ykycrane wi th  E f f i c i e n c y  P .  8. 

243 
, - , - 

150 km o f  F l i g h t  + 30 Min. o f  Hovering + Margin. 

(kg )  

2ead Wei h t  f (kg .  

Rc'.)r L i f t  
A l :  ~ t m e n t  

31 # 237 

0 . 9 0  

3,000 

2 72 

6,989 

66,215 

73,476 I 

50,009 

0.540 R ~ t o a -  Li fZ 

(* I  



P = A i r  Densi ty ( s lug / fee t3 ) ,  
n = Rota t iona l  Speed o f  P r o p e l l e i s  (rps),  and 
D = P r o p e l l e r  Diameter. 

When t h e  p r o p e l l e r  d iamete r  was c a l c ~ l a t e d  according t o  t h i s  
f o r n u l a ,  such a l a r g e  va lue  was obta ined t h a t  t h e  p r o p e l l e r s  cannot  
be i n s t a l l e d .  Therefore,  c o n s i d e r i n g  t h e  upper l i m i t  o f  t h e  p r o p e l l e r  
d iameter  from t h e  viewpoint  o f  t h e  des ign ,  D = 20 f e e t  was decided.  
The upper l i m i t  of t h e  b lade  t i p  Mach number was decided t o  be suppres-  
sed t o  0 .6 ,  c o n s i d e r i n g  t h e  n o i s e .  

I n  a d d i t i o n ,  i n  o r d e r  t o  reduce t h e  amount o f  c a l c u l a t i o n ,  f o u r -  
b lade  p r o p e l l e r s  were s e l e c t e d  over  th ree -b lade  p r o p e l l e r s ,  i n  t h e  
IIamllton Standard.  

Table IV-14. S p e c i f i c a t i o n s  P r o p e l l e r .  

( * )  A t  s e a  l e v e l  and on s t a n d a r d  day. 

J 

The r e l a t i o n s h i p  between t h e  Eshp o f  t h e  turboprop engine  and t h e  
HProtor which is mentioned p r e v i o u s l y  is ,  

Eshp = f* x (1 + , u s i n  ) ,  and 

P- 

N u ~ b e r  o f  
P r o p e l l e r  Blades 

A c t i v i t y  Factor  

I n t e g r a t e d  Design 
C l i  

P r o p e l l e r  
Rota t ion  Speed 

P r o p e l l e r  Diameter 

P r o p e l l e r  Average 
E f f i c i e n c y  (*)  

P 

- 

70-Ton Payload 
T y ~ e  

4 

80 

0.30 

10.66 rps 

20 f e e t  

0.877 

0.83 

40-Ton Payload 
T-me 

4 

80 

0.30 

10.66 r p s  

20 f e e t  

0 . 8 ~  

0.77 

Remarks . 

A t  Hover- 
i n g  (*) 

A t  37 
k n o t s  (*) 

6 

* 



its average  is ,  

Eship 

The T/$ power of  t h e  engine  is o b t a i n e d  by, 

T/$ Power =I-) max /o. 81. 

The * ro to r  i s  determined by Fig. IV-34 a t  (50  km/h + 1 0  knots 
wind) = 37 kno t s ,  and then  T/$ power i s  s e l e c t e d  t o  be 1.3 times as 
much as ( ~ s h p )  / 0.81 i n  o r d e r  t o  o b t a i n  some margin.  ( A  t o o  l a r g e  
value w i l l  be ob ta ined  i f  t h e  T/$ power a t  37 kno t s  x 1 . 2  i s  used .  ) 

Table IV-15. Engine T/$ Power 

Table IV-16. Weight o f  Power Equipment. 

70-Ton Payload Type 

2,800 HP 

L 

T$ Power 

Noter The number o f  engines  i s  f o u r .  
245 

40-Ton Payload Type 

1 ,800 HP 

Engines 
( k g )  

Cont ro l  
IlIeans 
( k g > ( e t c .  : 
P r o p e l l e r s  
(kg) 

Nacel le  
(kg) 

T o t a l  
( k g )  

40-Ton Payload Type 

650 x 4 

253 x 4 

70-Ton Payload Type 

943 X 4 

381 x 4 

Remarks 

Weg 

WPP 

W p r o ~  

I 

220 x 4 329 x 4 

211 x 4 

5 ,336  

347 x 4 

8,000 



IV-4-3. F'erformance P r o p e r t i e s .  /m 
The payload and t h e  f l i g h t  d i s t a n c e  a r e  d i s c u s s e d  i n  S e c t i o n  ( a )  

and whether +he Skycrane can  ascend up t o  t h e  1,000-m a l t i t u d e  i n  
S e c t i o n  ( b ) .  I n  S e c t i o n  ( c ) ,  d i s c u s s i o n s  concern ing  one -un i t  engine  
f a i l u r e  w i l l  be done. 

( a )  Payload and Dis tance  o f  Cru i se .  

F ig .  IV-35 p l o t s  t h e  r e l a t i o n s h i p  between t h e  payload aKd t h e  
d i s t a r , ce  o f  c r u i s e  i n  c a s e  t h a t  t h e  c r u i s i n g  speed  i s  50 krn/'i, ( h i t h  
10 h o t s  o f  wind) .  

A s  t h e  payload i s  dec reased ,  t h e  r o t o r  b l ade  p i t c h  a n g l e s  appro-  
a c h e s  t o  be f l a t ,  and hence, t h e  d i s t a n c e  of c r u i s e  i s  i n c r e a s e d  due 
t o  t h e  dec rease  i n  t h e  r e q u i r e d  h o r s e  power. A s  t h e  payload i s  f u r t h e r  
decreased ,  however, t h e  r o t o r  must p rov ide  down load ,  and hence,  t h e  
d i s t a n c e  o f  c r u i s e  i s  decreased .  



M - ~ o n  Payload Type 

I- 1 J 

0 10 33 30 40 .% 60 70 
Payload ( tons )  

Fig.  IV-35 Pay l oad-Range 

C r u l s l n ~  Speed: 50 km/h (wind spped: 10 k t s )  

A t  Sea Level on Standard Day 



(b) Ascending Performance. /U 

In  order t o  see whether the Skycrane can ascend t o  the  a l t i t u d e  
of 1,000 m a t  50 km/h (with 10 knots of wind), the  required horse powh 
e r  of the  turboprop engines has been discussed using Fig. IV-36. 

Table I V - 1 7 .  Required Horse Power a t  H = 1,160 m. 

A s  seen i n  the above t ab le ,  the  engine horse power i s  s u f f i c i e n t ,  
even when the  engine avai lab le  power i s  decreased as ascending t o  the 
a l t i t u d e  of about 1 ,000  m. 

C 

Propel ler  
Efficiency 

' 7 p  

HPreq a t  
H=1,160 m 

Engine Take-Off 
Power 

( c )  Sudden Fai lure  of One Engine. 

Fig. IV-36 shows t h a t ,  

HProtor when Hovering ( (3/4) x HProtor a t  37 knots. 

40-Ton Payload Type 

0.77 

1,040 HP 

1,800 HP 

d 

Therefore, the  hovering i s  possible  even when one of the  engines f a i l s  
suddenly. 

IV-4-4 S t a b i l i t y .  

70-Ton Payload Type 

0.83 

1,640 NP 

2,800 HP 

The discussion i n  t h i s  sect ion i s  only with regard t o  the  40-ton 
payload type. 

The maximum possible g when hovering; the  dynamic c h a r a c t e r i s t i c s  
when forwardly t r a v e l l i n g  and the damping and the  control  power when 

have been s t . ~ d i e d  and the  r e s u l t s  w i l l  be ehown i n  Sections 
and ( c )  , respectively.  

Remarks 
I 

A t  ~=1,16O m 

pe r  one tu r -  
boprop engine 

a t  S.C. per  
one engine 

A 1 

b 



_(a) Maximum R when Hovering. 

The maximum poss ib le  g i n  t h e  hor izonta l  and t h e  v e r t i c a l  d i r e c t -  
i o n s  when hovering (a t  sea  l e v e l  i n  a standard day) w i l l  be described 
i n  t h i s  s ec t ion ;  

( 1 )  Horizontal  Maximum g. 
The winglet a r ea  has been se l ec t ed  s o  t h a t  t h e  Skycrane may 

t r a v e l  forwardly overcoming the  r e s i s t a n c e  even at t h e  maximum speed 
(which i s  1 . 2  t imes as high as t h e  maximum c r u i s i n g  speed consider ing 
the  wind of 1 0  knots ) .  The winglets  can thus  provide the  t h r u s t  of 
27,380 l b s .  

The mass(inc1uding t h e  apparent mass and t h e  payload) of  t h e  
Skycrane is, 

m = 2,670 + 3,050 + 2,647 8,368 s lug ,  

and hence, t h e  maximum hor izonta l  g when hovering is ,  





If the  ca l cu l a t i on  i s  done ignor ing the  payload, 

(2  ) Upward Maximum g. 

The r o t o r  t h r u s t  when hovering i s  r e p & ~ s e n t e d  by, 

where - 
The blade terminal  e l eva t ion  angle 4 i s ,  

I t  follows from t h e  above t h a t o t h e  t r i m  viilue i -s @ = 0.2945 
rad,  A = - 0.09834, and @ = 17 . The CT appea. a 3?;,b 

= -0.1226, and the  increase  A T  i n  t he  ; r u s t  at CT = ~ ~ 0 2 1 3 0  i s ,  

=28,720 l b s ,  

and the  v e r t i c a l  g  when hovering is,  

Consequently, t h e  Skycrane has t h z  a b i l i t y  of providing the  
acce la t ion  higher than 0.1 g both i n  t he  hor izonta l  and i n  t h e  v e r t i c a l  
d i r ec t -  is  when hovering. 

Note1 Although the  r o t o r  blade t i p  l o s s  c c e f f i c i e n t  B = 1 . 0  
i n  t he  ca l cu l a t i qn  of t he  erformance p r o p e r t i e s  and i n  t h i s  s ec t ion ,  
B= 0.97 i s  used i n  t h e  ana f yses of the  s t a b i l i t y  i n  the  following sec- 
t i o n s .  (Probably, the a c t u a l  B i s  almost 1 . 0  s lnce  the  blades a r e  
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provided with t h e  end p l a t e s . )  It is  f o r  t h i s  reason t h a t  t he  t r i m  
value i n  Fig. IV-37 i s  d i f f e r e n t  from t h a t  Go which appears i n  t hese  
sec t ions .  

( b) Dynamic Cha rac t e r i s t i c s  When Movin~ Forwarell.  

The d3namic charac te - i s t i cs  when moving forwardly have been ca l -  
cu ia ted  according t o  the  formulae shown i n  Appendix 111. The main 
assumptions necessary foL. der iv ing  those  formulae area 

(1) The payload i s  40 tons ,  

( 2 )  The r o t o r  i s  f ixed : ~ y  blade suppor t i r~g  wires and can be re -  
garded as a perfect1.y r i g i d  body which never f l a p e ,  

( 3 )  The movement can be decomposed i r t o  t h e  v e r t i c a l  and horizon- /1~j 
' 

tal movements, 

(4)  The skycrhne can be r e  raded as  two bodies, t he  mair body f ( inc lud ing  t h e  gondola a i ~ d  t h e  payload which i s  assumed t o  
swing a: ~ u n d  tha  main body, 

(5 )  The cen te r  of g r a v i t y  of  t he  Skycr? re main body i s  assumed 
t o  be i d e n t i c a l  with t h a t  of t h e  balloon,  (a  b a l l ) ,  i . e . ,  t h e  
cen te r  of t h e  balloon. 

( 6 )  The motions a r e  c a l c ~ l a t e d  hy considering t h e  per turbat ior ls  of 
t he  displacements, and 

(7 )  The Maguns force  appl ied t o  t he  balloon i s  0.6 t imes as much 
as t h e  r e s i s t ance .  

The r e s u l t s  of t h e  ca l cu l a t i ons  a r e  shown i n  F ig - .  IV-37 + h r o ~ g h  
IV-43 r 

Fig.  IV-37; The t r i m  values  a r e  shown, whe*-e Bo B i s  i s  i s  t h e  
t he  r o t o r  correct ive/cycl ic  p i t c h  which i s  represen t -  

ed by, 

9 = G o  - A i s  10s y -  bis s i n  y , 
where 91/ i s  measured from the  downstream i n  the  coun- 
t e r  closkwise diredt.:on, and QT i s  t h t  blaCe t i p  

p l a t e  p i t c h  angle  which i s  represented by, 



Figs. IV-38 and IV-39: The oscillatory roots of the horizontal and the 
vertical directions are compared with the MXL- 
F-83300 Level 1 at various speeds (with the SAS 
being off). 

Figs. IV-40 to IV-43: The oscillatory roots of the horizontal and the 
vertical directions are compared with MIL-F- 
83300 Level 1 when the dam er strength is var- 
ied (with the SAS being on f' , 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 ioots.). 

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 8 

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 

Key: a; Ship Body Movement b: Refer 7ce Value 
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PIS. m-37. Trlm Value of the Skyorane 
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Fig, N-38. Lateral Oscillation Roots 
at Various Velooitles, 



S A S  O F F  

Fig. N-39, Traverse Osaillation Roots. 
at Various Velocitieso 



V = 3 7  k t s  

* ) A l l  roots 
are stable, 

S A S  O N  

Fig. IV-40, Pitch Damper and Lateral 
Oscillation Roots, 



1 o a Cis/aS - 0 

rr - 0.1 

a -1.0 
t - 1 0 9  = 
n 

I 
- 5 0 0  * 

----- _I 
*)All roots are stable. 

S A S  ON 

Fig. IV-41. Roll Damper and Traverse 
Oscillation Roots. 



Fie, N-42. Pitch Damper and Lateral 
Oscillation Roots. 



+ : A l l  roots sre stable. 

S A S  ON 

pig. IV-43. Boll Damper and Traverse 
Oscillation Roots. 
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( c )  Damping and Control Power When Hovering. /2C3 - 
The pitch damping when hovering is represented approximately by, 

when the SAS is off, which is followed by, 

Pitrh Damping - - 
Tnertia 

On the other hand, 

a - - -  t4 x s p x  R3 (n~)' . 
J Ais ? A  7- 

gence, when the cyclic pitch Ais or Bis varies within the range of 
+ - 25 (40-ton payload type), the pitch control/inertia is, 

Pitch Control - P 
2 

I n e i  la au aAis AAis=0.141 11s. I: 

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. 



N A S A  TND-53 

-- NASA TND-792 

in  VFR 

LL .- Hell-Shlp 
-0.5 - I . _1 , 

0.3 0.4 0.5 0.6 0 ') 1 0.2 

Power X r a d / s $ c  /inch 
Inert ia  

Fig. - Control Moment and Damping When Hovering. 
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IV-4-6. Methods of  Operation. /= 

When the  Skycrane is  used f o r  heavy cargo t r anspor t a t i on ,  a base 
should be constructed and the  Skycrane i s  operated around t h a t  base. 

LLI 

.u - .  
T- - 

a C 
/%94&k7rd33t13?,0&4A 

e 

Key t o  Fig. IV-45. 

a; He.Lium Supply bl Skycrane Manufacturing Factory 
C I  Provis ion of  New Craft and P a r t s  
d l  Base e l  Hangar f o r  Maintenance Work 
f t  Mooring S i t 6  g 1 Forwarding 
h  1 Transportat ion S i t e  i 1 Transportat ion.  
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La) Base f o r  %kycranes. 

A base f o r  t h e  Skycrane i s  b u i l t  f o r  hous ing ,  maintenance,  sup- 
p l y  of  helium a r i a  f u e l ,  a l t e r n a t i o n  o f  crew members -.xi equipment 
which a r e  used f o r  g ~ i d i n g ,  and communicating wi th ,  t h e  Skycrane i n  
f l i g h t .  The a i r c r a f t  a r e  u s u a l l y  main ta ined  i n  t h i s  base  and a r e  f o r -  
warded t o  t r a n s p o r t a t i o n  s i t e s  a t  r e q u e s t .  

S ince  t h e  Skycrane suppor t  t h e  c?-rgo weigh,t by t h e  he;ium g a s  buoy- 
ance as w e l l  as t h e  r o t a r y  wing dynamic l i f t ,  t h e  s h i p  body w i l l  f r e e  
wi thou t  f i x i n g  means when i t  does  n o t  c a r r y  a l o a d .  There fo re ,  i n  o r -  
d e r  t o  keep t h e  Skycrane on t h e  ground, i t  i s  n e c e s s a r y  t o  e v a c u a t e  t h e  
helium g a s  and t o  accommodate i t  i n  a hangar  o r  t o  moore i t .  In  c a s e  
of  mooring t h e  Skycrane i n  a base ,  i t  i s  moored t o  a mooring tower.  I n  
t h i s  c a s e ,  i t  i s  necessa ry  t o  t a k e  s u f f i c i e n t  p r e c a u t i o n  t o  p r e v e n t  
t h e  Skycrane f r o s  c o l l i d i n g  t o  t h e  ground due t o  sudden winde. 

The mooring of t h e  Skycrane w i l l  be performed as f o l l o w s ;  

F i r s t ,  t ! ~ e  Skycrane t r a v e l s  t o  t h e  spaee  above t h e  tower  w i t h  t h e  n a v i -  
g a t i o n  l . l f t  of i t s  r o t a r y  wings. Then, t h a  Skycrane l e t s  a rope  o u t  
from t h e  bottom of  i t s  c o c k p i t  and t h e  rope i s  engaged w i t h  t h e  t i p  o f  
t h e  towel-. When t h e  rope  i s  comple-1;ely connected w i i  L t h e  tower ,  t h e  
Skycrar.e s t o p s  i t s  r o t o r s .  Thus, t h e  S ~ y c r a n e  i s  f i x e d  t o  t h e  tower  by 
means o f  t h e  helium g a s  buoyance. I n  c z s e  o f  accommodating t h 2  Skycrane 
i n t o  a hangar  i n  o r d e r  t o  t a k e  r e f u g e  from a typhoon o r  t o  undergo a 
maintenance work, t h e  Skycrane i s  t a k e n  down t o  t h e  ground by t h e  rope  
man ipu la t i cn  snown i n  F i g .  IV-47 ( b ) ,  and t h e n ,  i t  i s  i ~ ~ > d  i n  t h e  han- 
g a r  w i t h  j i g s  a f t e r  evacua t ing  t h e  hel ium gas .  



0 
Buoyancy 
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When a typhoon approaches, Skycranes take refuge away fmm the  /= base except the  one accommodated i n  t he  hangar (which can contairl  one 
u n i t  of t h ~  Skycrane;. When the  Skycrane i s  forwarded from t h e  base 
t o  a t ran , .por ta t ion  s i t e ,  t he  same manipulations a r e  performed as those  
shown i n  F i g .  IV-47 but ir  a reversed order.  The supply o f  t h e  helium 
and the  fue l  i s  performed while t h e  Skycrane i s  moored t o  t h e  tower, as 
well as loading o f  t he  crew members. 

Like o ther  LTA's, t h e  Skycrane i s  very s e n s i t i v e  t o  winds due t o  
t ' lc  low speed. It  i s  necessary, t he re fo re ,  t o  determine from which 
oase a Skycrant i s  forwarded t o  t h e  s i t e  mcst e f f i c i e n t l y  consider ing 

-L t h e  wind speed aad d i r e c t i o n  a t  the  base and t h e  s i t e .  - .- - -. -- . b) F o r w a r ~ l w  t c  Cargo Hmdling S i t e s .  

When the  S k y c ~ a l e  i s  forwarded t o  a cargo handling s i t e ,  i t  t r a v e l s  
by ccn t r3 l l i ng  t h e  buoya?cy by tne  navigat ive  l i f t  of i t s  r o t a r y  wings 
without using m y  b a l l a s t .  In case  t h a t  the  s i t e  i s  very far, t h e  Sky- 
erme may be t ranspor tad by ground o r  sea  t r anspor t a t i on  means t o  which 
it i s  moored. 

I n  farwarding. s ince  the  Skycrane t r a v e l s  with no load  suspended 
au ts ide ,  t he re  ma! i2o se r iouc  groblem i f  it t r -avels  on an urban a rea .  
In forwarding the - &, ,rane, twc crew members a r e  on board. In case  of 
VFR, the  S k y c r a ~ e  f l y s  mainly with v i s i ~ n  t o  t h e  cargo  landl ling s i t e .  It 
may a l so  be guided by radar  or rad io  sy3ten.s. 

( c )  Cargo Airliftiw Work at Cargo Handlinp S i t e s .  

After  t he  Skycrane i s  forwarded t o  a cargo handling s i t e  t 
should be moored t o  a ? lace  which i s  as much as higher  than t, o the r  
grrlind i s  poss ib le  i n  o rder  t o  prevent  i t  from being thrown t o  t h e  
ground, while w a i t k g  f o r  t h e  work. (See f i g .  17-48. ) 

Han l i n g  A,,, :?- 
F i g .  K - 48 



I n  a i r l i f t i n g  a cargo ,  as shown i n  F ig .  IV-49, t h e  Skycrane hover s  
above t h e  cargo and l e t s  a ro,e o u t  from t h e  c o c k p i t  by man ipu la t ing  
t h e  winch first, and t h e n ,  t h e  s h i p  body i s  f i x e d  t o  t h e  ground by 
ground crew mem'bers o r  equipment on t h e  ground. A f t e r  t h e  ca rgo  i s  
f i x e d  t o  t h e  cargo  suspending rope  and t h e  s h i p  body f i x i n g  rope  i s  
disengaged,  both ropes  a r e  wound up by winches and t h e  cargo  i s  trans- 
p o r t e d  t o  t h e  d e s t i n a t i o n .  A s  shown i n  F i  . IV-49-(4), i t  i s  p o s s i b l e  
t o  u s e  a suspended maneuvering module (SMM which i s  s p e c i a l l y  des ign-  
ed f o r  suspending cargoes .  

f 
I d )  Cargo T r a n s p o r t a t i o n .  

When t r a v e l i n g  wi th  a cargo  be ing  suspended t o  t h e  s h i p ,  t h e  
f l i g h t  should be al lowed c n l y  under  good weather  c o n d i t i o n s  i n  o r d e r  
t o  ma in ta in  t h e  sa fe+y .  The t r a v e l l i n g  r o u t e  should  avo id  t h e  r e s i -  
d e n t  a r e a s  and should  be s e l e c t e d  t o  be above r i v e r s  and mountains ,  
o r ,  i n  some c a s e s  o v e r  t h e  sea .  

unload in^ of Carg:> at t h e  D e s t i n a t i o n .  

The cargo  i s  unloaded accord ing  t o  t h e  same man ipu la t ions  i n  a 
r e v  :e o r d e r .  The S1;ycrane may i n s t a l l  t h e  cargo  t o  an equipment 
wh i l e  suspending i t ,  f o r  example a member o f  a p l a n t  equipment.  

(f) R e f i l l  o f  r u e 1  and Helium, and Exchange o f  Crew MemSers. 

B a s i c a l l y ,  t h e  r e f i l l  o f  helium g a s  o r  t h e  exchznge o f  t h e  crew 
members is performed at t h e  Sase.  If necessa ry ,  however, it may be 
gone a t  t h e  cargo  handl ing  s i t e  whi le  t h e  Skycrane i s  moored. 

A e c e s s a r y  Sp ( g > T  a c e .  

I n  a Skycrane base,  one u n i t  o f  S ~ y c r a ? e  needs  one tower  and an  
a r e a  wnich i s  about  16 t i m e s  as much as t h e  r o t s r y  wing a r e a .  The 
necessa-y  space f o r  a hangar  i s  s ~ c h  t h a t  i t  may accommodate two u n i t s  



o f  Skycranes.  Bes ides ,  t h e  base  must have a space  f o r  a f l i g h t  c o n t r o l  
room, f a c i l i t i e s  f o r  ground crew and f l i g h t  crew members, e t c .  A t  a 
ca rgo  hand l ing  s i t e ,  a n  area which i s  about  16 times as much as t h e  
r o t a r y  wing a r e a  w i l l  be n e c e s s a r y  f o r  a temporary mooring s i t e .  For  
l o a d i n g  and unloading  ca rgoes ,  however, o n l y  abou t  4 t i m e s  as much as 
t h e  r o t a r y  wing a r e a  w i l l  be s u f f i c i e n t .  

IV-4-7. Development P lan .  

A f e a s i b l e  p l a n  f o r  developing  t h e  Skycrane i s  shown i n  F ig .  IV-50. 

Key t o  F ig .  IV-50. 

ai The F i r s t  F i s c a l  Year bi  The Second F i s c a l  Year 
c i  The Thi rd  F i s c a l  Year d i  The Four th  F i s c a l  Year 
n t  The F i f t h  F i s c a l  Year 
f i  Survey on Technica l  P o s s i b i l i t i e s  
g i  S t u d i e s  of Elements 
hr Trial-Manufactur ing and T e s t s  o f  Reduced-Scale Models 
i i  Manufacturing o f  Tes t  Models 

(1) Survey o f  Teahnica l  P o s s i b i l t i e s  ( f )  
Survey s t u d i e s  must be done i n  orde-  t o  de termine  whether  t h e  

1 2 2  
concept  o f  $he Skycrane i s  t e c h n i c a l l y  f e a s i b l e  o r  n o t ,  o r  whet- 
h e r  r e a s o n a b l e  p r i c e  w i l l  be r e a l i z a b l e  o r  n o t ,  i n  connec t ion  o f  
t h e  aimed u s e s  of t h e  Skycrane. 

( 2 )  S t u d i e s  o f  Elenients (g). 
S t u d i e s  o f  m a t e r i a l s  of  t h e  Skycrane and t h e  f u n c t i o a l  e lemente  
such as r o t a t i o n  c ~ n t r o l  m s a n s ,  a ~ d  wind t u n n e l  t e s t s  and simu- 
l a t i o n  +.e?ts f o r  deternl ining t h e  s t a b i l i t y  and t h e  maneuvering 
properties . 
(3) Tri .' -Manufacturing and T e s t s  o f  Reduced-Scale Models ( h ) .  
ReCucac-:l,cale modcls w i l l  be t r i a l - b u i l t  i n  o r d e r  t o  make an  
o v e r a l l  e v a l u a t i o n  o f  performance p r o p e r t i e s ,  s t a b i l i t y ,  maneu- 
v e r i n g  p r o p e r t i e s ,  f u n c t i o n a l  c h a r a c t e r i s t i c s ,  e t c .  



(4 )  Manufacturing o f  T e s t  Models ( i ) .  
Based on t h e  r e s u l t s  oh ta ined  throtrgh t h e  above procedur-es ,  t e s t  
medels w i l l  be b u i l t  and a number o f  t e s t s  w i l l  be performed i n  
connect ion wi th  t h e  p r a c t i c a l  u s e s  o f  t h e  Skycrane. 

IV-4-8. Es t ima tes  o f  Opera t ing  Cos t s  o f  Skycrane. 

It i s  ext remely  d i f f i c u l t  t o  e s t i m a t e  c o s t s  f o r  o p e r a t i o n  such as 
t h e  per-hour  o p e r a t i n g  c o s t  based on t h e  a c t u a l  o p e r a t i o n  o f  t h e  conven- 
t j o ~ l a l  a i r p l a n e s ,  s i n c e  t h e  concept  of t h e  Skycrane i s  comple te ly  d i f -  
f e r e n t  from t h a t  o f  t h e  a i r p l a n e s .  I n  t h i s  s e c t i o n ,  e v e r y  i t e m i z e d  
expense w i l l  ~e e s t i m a t e d  i n  o r d e r  t o  e s t i m a t e  t h e  o p e r a t i n g  c o s t  when -* 5 u n i t s  o f  t h e  Skycranes a r e  used  f o r  10 y e a r s  (which i s  t h e  l i f e  t ime -- .- - - o f  t h e  Skycrane)  .- 
l a )  Assumptions f o r  t h e  Es t ima t ion .  

(1) Annual F l i g h t  Time. 
The t o t a l  annual  f l i g h t  t ime i s  500 hours ,  250 hours  ( 5 0 s )  o f  

which i s  used f o r  a c t u a l l y  c a r r y i n g  ca rgoes .  

( 2 )  Actual  Cargo Handling and Annual Tr , -nspor ta t ion .  
If on zhe average, 65% o f  t h e  naximum l o a d ,  70 t o n s ,  i s  c a r -  

r i e d  a c t u a l l y ,  t h e  armual t r a n s p o r t a t i o n  i s ,  

7 0  t o n s  x 0 .65  x 50 km/h = 570,000 ton-km. 

(3 )  Others .  
W e n  c a l c u l r i i n g  w i t h  t h e  1977 yen v a l u e ,  t h e  f u e l  u n i t  c o s t  i s ,  

85,000 ~ e n / k l  ( i ~ c l u d i n g  t h e  a i r c r a f t  f u e l  tax, 13,000 
yen p e r  kl ) . 

The i n t e r e s t  i s  e s t i m a t e d  t o  be 7%. I n  t h e  f o l l o w i n g  c a l c u l a -  
t i o n s ,  however, 9% w i l l  be used f o r  t h e  i n t e r e s t  i n  o r d e r  f o r  i t  
t o  i n c l u d e  t h e  t a x e s  siach as Fixsd Asset Tar .  

l b )  Necessary E x ~ e n s e s  f o r  Ten Years.  

(1) Deprec ia t ion  Cost  and I n t e r e s t  o f  Purchase I 'a jnont .  
Cons ide r i cg  t e n - y s a r  c o n s t a n t  d e p r e c i a t i o n  and l e t t i n g  t h e  

remaining v a l u e  o f  t h e  a i r c r a f t  by ze ro ,  t h e  purchase  p r i c e  of 
f i v e  a i r c r a f t  is ,  

4 .6  b i l l i o n  yen x 5 = 23 b i l l i o n  yen, 
which w i l l  be thi? t o t a l  d e p r e c i a t i o n  c o s t .  

Thus, t h e  i n t e r e s t  is,  
21 b i l l i o n  yen x (0 .09  + 0 . 0 9 ~ 0 . 9  + 0.09x0.8 +0.09x0.1)  
/ 

= about  11 b i l l i o n  yen. 

(2  ) Personnel  Exper s e s  . /= 
The n e c e s s a r y  pe r sonne l  p e r  cne a i r c r a f t  ist 

5 on-board crew members ( p i l o t s  and ca rgo  o p e r a t o r s )  
loground a s s i s t a n t  members 
10 maintenance e n g i n e e r s ,  and 
5 managlng pe r sonne l  members. 



Besides t h e  abovz pe r sonne l ,  one crew o f  on-board members 
and 3 crew o f  ground n ~ e ~ t b e r s  a r e  n e c e s s a r y  f o r  t h e  s h i f t  person-  
n e l .  Consequently,  40 pe r sons  a r e  n e c e s s a r y  f o r  o p e r a t i n g  one 
u n i t  o f  t h e  Skycrane. 

The annual  pe r sonne l  expense p e r  one a i r c r a f t  i s ,  
4G pe r sons  x 7 m i l l i o n  y e d p e r s o n  = 280 m i l l i o n  
yen, and 
14 b i l l i o n  yen f o r  t e n  y e a r s  f n r  f i v e  a i r c r a f t .  

( 3 )  Maintenance and Spare P a r t  Cos t s .  

These c o s t s  are s a i d  t o  be about  3% o f  t h e  a i r c r a f t  p r i c e  
f o r  one y e a r  i n  c a s e  o f  u s u a l  a i r p l a n e s .  I n  an example o f  non- 
r i g i d  a i r s h i p  o p e r a t i o n ,  however, t h e y  a r e  abou t  20% o f  t h e  air- 
c r a f t  p r i c e .  Thus, t h e  annual  c o s t s  o f  maintenance and sp=e 
p a r t s  of  t h e  Skycrane is e s t i m a t e d  t o  be 10% o f  i t s  p r i c e  and,  

4 .6  b i l l i o n  yen x 0 . 1  x 5 a i r c r a f t  x 10 y e a r s  = 
23 S i l l i o n  yen. 

(4 )  A i r c r a f t  Insu rance .  

The annual  i n s u r a n c e  c o s t  i s  abou t  0.5% o f  t h e  a i r c r a f t  
p r i c e  f o r  a i r p l a n e s  i n  most a i r l i n e s .  Cons ider ing  examrles  o f  
non- r ig id  a i r s h i p  o p e r a t i o n s  (15-20$), however, it i s  e s t i m a t e d  
t o  be l C $  and 23 b i l l i o n  yen. 

( 5 )  Fuel  and Lubr i can t  O i l .  

L e t t i n g  t h e  f u e l  u n i t  consumption be 2,500 l / h ,  t h e  f u e l  
and l u b r i c a n t  o i l  c o s t  i s ,  

2 . 5  kl/h x 500 h/year x 5 a i r c r a f t  x 10 y e a r s  x 1.1* 
x 85,093 yen/kl = 6 b i l l i o n  yen, 

f o r  t e n  y e a r s .  Note:* 1.1 i s  t h e  c o e f f i c i e n t  i n t r o d u c e d  f o r  
i r i c l u d i r ~ g  :.I-.e l u b r i c a n t  o i l  c o s t  i n  t h e  f u e l  c o s t .  

( 6 )  D e p r e c i a t i o n  Ccs t  and Purchase P a y r ~ e n t  I n t e r e s t  of' Ground 
F a c i l i t i e s .  
Required Grounc! F a c i l i t l e s s  

Mooring Rases: 'j p i a c e s  
Ground Area: 200m x 200m = 40,000 m 2 

Mooring Equipment: one s e t  
Maintenance Base: 1 p l a c e  ( a d j a c e n t  t o  t h e  moor- 

i n g  b a s e s )  
l 5 O m  x l 5 O m  = ca .  20,000 m 2 

Ground Areal 
Hanaar : 120m x 120m x 150m ( h e i g h t )  

purchase  Expenses: 
Land Area,  

2 40,~dOm x $ + 2 0 , 0 0 0 ~  
2 

. - 

= 220,000 mL2 
Unit  Land P r i c e :  25,000 y n/m 
T o t a l  Land C o s t *  220,000m5 x 25  t h o u s a d  yen/m2 

= 5.5 b i l l i o n  yen 



Mooring Equipment I f i v e  s e t s  (100 ;:!i l l i o n  yen 
p e r  one p l a c e )  
500 m i l l i o n  yen ( i n  T o t a l :  /'a 

Hangar 1 i20m x  120m x  170,000 yen 
x  1.6* = 4 b i l l i o n  yen 

(Note:* I t  is s a i d  t h a t  c o n s t r u c t i o n  c o s t  o f  a 
hangar  i s  u s u a l l y  about  170,000 yen p e r  m2. S ince  
t h e  hangar  f o r  t h e  Skycrane i s  much h i g h e r  t h a n  
usua l  hangars ,  t h e  c o s t  i s  e s t i m a t e d  1 . 6  t i m e s  
h i g h e r .  ) 

Deprec ia t ion  and Deprec ia t ion  Cost  I 

Thc l a n d  i s  n o t  d e p r e c i a t e d .  
20-year c o n s t a n t  d e p r e c i a t i o n  i s  used  f o r  t h e  
mooring equipment,  wh i l e  34-year  c o n s t a n t  dep- 
r e c i a t i o n  i s  used  f o r  hangar s  accord ing  t o  t h e  
~ r o v i s i o n  o f  t h e  l a w .  

Depr2c ia t ion  Cost  o f  
Mooring Equipment : 0 .5  b i l l i o n  yen x  (1/20) 

x 1 0  y e a r s  = 250 m i l l i o n  

Hangar t 4 b i l l i o n  yen x  (1/34) x  1 C  
y e a r s  = 1 . 2 5  b i l l i o n  yen 

T o t a l  Deprec ia t ion  
Cost I 1 .5  b i l l i o n  yen 

I n t e r e s t  : 

Land : 5.5 ' b i l l i o n  yen x  0.09 x 
10  = 5 b i l l i o n  yen 

Mooring Equipment: 500 m i l l i o n  yen x  (0 .09  + 
o.oqxo.qg + o . o g ~ o . q o  +... . . . +o. 0 9 ~ 0 . 5 5 )  
= 360 m i l l i o n  yen. 

Hangars : 4 b i l l i o n  yen x  (0 .09+ 
0 . 0 9 ~ 0 . 9 7  + c . o g ~ o . g 4  + . . .  
. . . .+O.OSx0.74) 
= 3.14  b i l l i o n  yen ca .  

T o t a l  of  I n t e r e s t :  8 .5  b i l l i o n  yen 

( 7 )  General  Management Expenses. 

The g e n e r a l  management expenses i s  assumed t o  be 5% o f  t h e  
sum of  t h e  expenses l i s t e d  here inabove  and be 6 b i l l i o n  yen. 



( 8 )  Total  ikpenses f o r  Ten Years. 

Depreciation of A i r c r a f t :  23 b i l l i o n  yen 

I n t e r e s t  of A i r c ra f t  Purchase Payment: I f  

Personnel Expenses: 14 

Maintenance and Spare P a r t  Expenses : 23 

A i r c r a f t  Insurance; 

Fuel Cost I 

Depreciation Costs of Ground F a c i l i t i e s 1  1.5 

I n t e r e s t  t o  Purchase Payment of Ground 
F a c i l i t i e s 1  8 . 5  

General Management Expenses: 6.  0 

Total  : 116 b i l l i o n  yen 

Operating Cost p e r  one A i r c r a f t  
f o r  t e n  years :  23.2 b i l l i o n  yen 

Unit Operating Cost pe r  1-ton cargo 
p e r  km: 2 .2 / l o  years/ /m 

570,000 = 7 
4,100 yen 

Average Unit Operating Cost: 4,100 x 50 
(wi th  average t r a n s p o r t a t i ~ n  d i s tance  = 205 thousand 
being 50 km and with t h e  annual t o t a l  Yen 
f l i g h t .  time being 500 hours)  

According t o  the  above r e s u l t ,  t h e  gperat ing cos t  p e r  1- ton 
cargo per  50-km t r anspor t a t i on  d i s t ance  v a r i e s  with t he  
annual t o t a l  f l i g h t  time as follows: 

Annual Total F l igh t  Time 

500 houre 
800 hours 

1,000 hours 

Operating Cost 
p e r  one ton  and 
p e r  50 km 

ca .  200,000 yen 
ca .  130,000 yen 
ca .  100,000 yen 



( c )  Estimates 7. 
The Asahi Hel icop te r  Ccmpa;:: was asked t o  c r i t i c a l l y  eva lua t e  

t h e  es t imates  described above and t o  make simii,r e s t ima te s  when t h e  
conventional h e l i c o p t e r s  are used i n  t h e  same opera t ions  under t h e  
same condi t ions .  

The r e s u l t  of  t h i s  eva lua t ion  i s  summarized as fol lows:  

I n i t i a l  Zst imates Est imates  by 
Asahi Hel icop te r  
Company 

Depreciat ion Cost 
o f  A i r c r a f t :  23 b i l l i o n  yen 23 b i l l i o n  yen 

I n t e r e s t  of  P i r c r a f t  
Furchase Payment : 11 

Personnel Expensest 14 1s. 4 

Maintenance and Spare 
Par t  Expenses: 23 

A i  r s r a f t  Insurance : 23  28 

Fuel Cost r 6 2 9 . 5  

Depreciat ion Costs  
of Groulld F a c i l i t i e s  r 1 . 5  

I n t e r e s t  t o  P -~ rchs se  
Payment of  Ground 
F a c i l i t i e s  : 8 . 5  

General Management 
Expenses ; 6 

Others: --- 1 5 

116 l - : l l ion yen 179.4 b i l l i o n  
Yen 

Thn explanat ions  given by the  Asahi Ee l icop te r  Company t o  t h e  
above e:::imates a r e  summarizeC as fol lowst  

(1) I n t e r e s t  of A i r c r a f t  2urchase Fa,pentt  
The i n i t i a l  e s t imate ,  76, i s  to3 low and i t  w i l l  a m o u ~ t  



a t  l e a s t  a t  l e a s t  t o  9%. Correspondingly ,  t h e s e  es t imakt~  ,-iil d 
be i n c r e a s e d  by about  1.1 b i l l i o n  yen f o r  t e n  y e a r s .  

( 2 )  Fer sonne l  Expensest  

The e s t i m a t e ,  7 m i l l i c i l  yen p e r  y e a r  p e r  pe r son ,  i s  adequa te ,  
a l t h o u g h  t h e  ave rage  annua l  i n c r e a s e  ~f t h e  p e r s o n n e l  expenses  is 
e s t i m a t e d  t o  be 11% ( a v e r a g e  among 1 7  r e p r e s e n t a t i v e  e n t e r p r i s e s ) .  

( 3 )  Maintenance and Spare  F a r t  Expenses1 /a 
1- 

The i n i t i a l  e s t i m a t e ,  10% o f  t h e  a i r c r a f t  p r i c e ,  i s  a n  under-  
e s t i l L i a t i o n .  I t  skguld  be 205  f o r  a y e a r .  For  example,  t h e  main- 
tenance  spar.e p a r t  expenses  a r e  30% o f  t h e  a i rcraf t  p r i c e  f o r  
t h e  a i r c r a f t  " ~ d y  and 25 t c  30% f o r  t h e  e n g i n e s ,  i n  a c a s e  o f  a 
h e l i c o p t e r  made i n  t h e  S o v i e t  Union. I n  a d d i t i o n ,  an  o v e r h a u l  t 

must be performed once eve ry  1,000 t o  1 ,500  h o u r s  o f  f l i g h t ,  and 
once ever:; t h r e e  y e a r s  i f  t h e  t o t a l  annua l  f l i g h t  t ime  i s  400 
hour s .  

I, 
I 

The e s t i m a t e  shou ld  be s l i g h t l y  h i g h e r  t h a n  t h e  i n i t l a l  
e s t i m a t e ,  105  o f  t h e  a i l c r a f t  p r i c e .  I n  c a s e  o f  t h e  c u n v e n t i o n a l l y  
used s m a l l - s i z e  n o n - r i g i d  airships, t h e  i n s u r a n c e  i s  15 t o  20% 
o f  t h e  a i r c r a f t  p r i c e .  F , r  example, i f  a new h e l i c o p t e r  t r a n s p o r -  
t e t i o n  compmy starts i t s  o p e r a t i o n ,  

85 : f c r  he1ic:opters  w i t h  r e c i p r o c a l  e n g i n e s ) ,  and 
S$ ( f o r  h e l i c o p t e r s  w i t h  j e t  e n g i n e s )  

of  t h e  a i r c r a f t  p r i c e s  a r e  s p e n t  f o r  t h e  i n su r ,mce .  I n  a d d i t i o n ,  
i n s u r a n c e  f o r  t h e  damage t o  t h e  t h i r d  p e r s o n  i s  n e c e s s a r y .  Ac- 
co rd ing  t o  t h e  e s t i m a t e  madz by an i n s u r a n c e  cdmpany, t h i s  k ind  
o f  i n s u r a n c e  i s  about  1 ,200 thousand yen p e r  g e a r  f o r  a n  u l t r a -  
l a r g e - s i z e  h e l i c o p t e r  ( w i t h  t h e  a i r c r a f t  p r i c e  o f  1C b i l l i o n  y e n ) .  
I t  shau ld  be no ted  t h a t  this a m o u ~ t  i s  o n l y  a n  e s t i m a t e  a t  p r e s e n t .  

( 5) Fuzl  Consumption I 

According t o  t h e  i n i t i a l  e s t i m a t i o n ,  t h e  f u e l  consumption 
h a s  been es+imated  t o  be 2 ,500 1 p e r  one hour .  The Asahi H e l i -  
c o p t e r  Company, however, e s t i m a t e s  i t  t o  be 3 ,270 l / hou r .  

Fur thermore ,  I t  i s  e s t i m a t e d  t h a t  t h e  f 'uel u n i t  c o s t  a t  t h e  
s i t , e s  where t h e  2 i r c r a f t  a r e  used i s  197 thousand yen p e r  k l ,  
3s be ing  shown i n  tlle fol1owi:lg I 

Avernge Fuel  Furck,ase F r i c e  I 7 ,200 ,ven/kl 

Tax I 1 ,300  ~ e n / k l  



Cost of Drum-Can Trans- 
p o r t a t i o n  t o  the  S i t e  
Whera t h e  a i r c r a f t  a r e  
used I p l u s  30% 

Total  1 10,700 yen/kl 

The es t imate  by t h e  Asahi Hel icopter  Co. i s  consequently 29.5 
b i l l i o n  yen and i s  much h igher  than the  i n i t i a l  es t imate ,  6 b i l -  
l i o n  yen. 

( 6 )  Ground F a c i l i t i e s :  

Accor2ing t o  t h e  i n i t i a l  es t imat ion,  t he  per iods  of  depre- 
c i a t i o n  a r e  20 years  and 38 years ,  f o r  mooring equipment and han- 
ga r s ,  respec t ive ly .  The Asahi Hel icopter  Com2any used 10-year 
deprec ia t ion  which has been adopted f o r  t he  a i r c r a f t .  Consequently, 
t he  es t imate  by Asahi Hel icopter  Company i s  4.5 b i l l i o n  yen and 
i s  t h r e e  t imes as much as the  i n i t i a l  es t imate ,  1.5 b i l l i o n  yen. 

The es t imates  by the  Asahi Hel icopter  Company have been ex- 
p la ined  schemat ical ly  as above. 

However, t h e  es t imates  by the  Asahi Hel icopter  Company have 
been made based on the  operat ion of t he  conventional h e l i c o p t e r s  
and t h e r e  remain severa l  quest ions  pe r t a in ing  t o  whether i t  i s  
appropr ia te  o r  no t  t o  es t imate  the  c o s t s  of t h e  a i r c r a f t  opera t ion  
based on t h e  he l i cop te r s  s ince  t h e i r  payloads a r e  one order  smal- 
l e r  than the  Skycranes which have been repor ted here. 

Nevertheless, t h e  au thor  f e e l s  t h a t  t h e  es t imates  by t h e  
Asahi Hel icoptsr  Company a r e  worth while shar ing  a sec t ion  i n  
t h i s  r epo r t  f o r  a reference.  

Furthermore, performance p r o p e r t i e s  and economic e f f i c i ency  
a r e  compared among the  ro ta -sh ip ,  t h e  Skycrane and l a rge - s i ze  
he l i cop te r  i n  Table IV-18. 

Table IV-18. /= 

t 
4 

( ~ i r c r a f t  Rental Charge Payload F l i g h t  T i m e  Distance of Speed 

I (pe r  hour) Cruise 

Skycrane 6 mi l l i on  yen 70 tons  3 hours 150 km 
Rota-Ship 4.24 m .  yen 30 tons  3 hours 330 h - l  

V-107 k 0.74 m . yen 3 .4  t0n.s 3 hours A rn 

700 km 



I V -  5 ,  l e t ima te s  o f  O p z a t i n g  P rope r t i e s  of  Megal i f t e r  Type A i r c r a f t .  /a 
The Megal i f ter  a i r c r a f t  i s  a  hybrid of an a i r s h i p  and an a i r p l a n e .  

It  i e  being planned by tne  National  Aeronautics and Space Administrat ion 
in t he  U.S.A. NASA's goal  i s  a 180-ton (400,000-lb)  payload a i r c r a f t  
which can c a r r y  t h e  payload f o r  16,000 km (10,000 m i l e s ) .  An a i r c r a f t  
body as shown i n  Fig. IV-51 has been proposed. (Cf. Reference 1 )  the  
spec i f i ca t i ons  of t h i s  a i r c r a f t  a r e  g iven i n  Table IV-19. I n  t h i s  ssc-  
t i o n ,  simple ca l cu l a t i ons  on i t s  performance p r o p e r t i e s  w i l l  be described. 

1'1- 5-1. Resistance.  

When t h e  r e s i s t a n c e  i s  divided i n t o  shape r e s i s t a n c e  'DO and ineuced 
r e s i s t a n c e  C D i ,  t h e  former c o n s i s t s  of s eve ra l  components i. e .  , wing 
r e s i s t a n c e  EDYJ, t a i l  r e s i s t a n c e  CDT'  fuselage r e s i s t a n c e  C ~ ~ '  , engine 
r e s i s t a n c e  DE and t h e  i n t e r f e r ence  r e s i s t a n c e  r e s u l t i n g  from the  i n t e r -  
a c t i o n  of t he se  r e s i s t a n c e  components, w r i t t e n  as1 

Induced r e s i s t a n c e  i s  w r i t t e n  us ing t he  e f f i c i e n t  aspec t  r;.tio ARe as, 

When def ining the  e f f i c i e n t  aspec t  r a t i o ,  t h e  wing leng th  i s  assumed t o  
be extexded i n t o  t h e  fuse lage .  The e f f i c i e n t  aspec t  r a t i o  i s  t he  a spec t  
r a t i o  mul t ip l i ed  by the  e f f i c i ency  e ,  consider ing a pe r tu rba t ion  from 
the  e l l i p t i c  shape of t he  wings. If t h i s  e f f i c i e n c y  e  i s  0 .8 ,  

ARe = A r  x e  = 11 .7  x 0.8 = 9.4 .  ( 3 )  

The reasGn f o r  the assumptLon t h a t  t h e  wing i s  almost e l l i p t i c  regard- 
i ng  i t  a s  being extended i n t o  t he  f-dselage, ( t h u s  s e t t i r ~ g  e  = 0 . 8 )  i s  
as followst  

Fig. IV-52 shows a lift d i s t r i b u t i o n  along t h e  wing width d i r e c t i o n  
i n  terms of t he  p r o d ~ c t  C xC of t he  secondary l i f t  c o e f f i c i e n t  Ce and 
tpe  w i n g  c h ~ r d  C .  This d$stri.bution c  n,be seen as a c y c l i c  d i s t r i b u t i o n  
a ong t e  wing w-dth- In  t h e  figure, ?a, s b ~ w s  the .  r e s p l t  when c a l c u l a t -  
ed with the  assumption t h a t  t h e  fuse lage  c ross -sec t ion  i s  c l r c u l a r  and 



there  i s  n9 warp, while ( b )  ghows the  r e s u l t  when assuming t h a t  t he  
fuselage cross-section i s  rectangular and the  wing shape i s  a s  sane 
a s  the NACA-4418 with some warps. 

As seen from t h i s  f igu re ,  w i t h  the appropriate fuselage shape and 
the main wing attachment angle, the  cycl ic  d i s t r i b u t i o n  may approach a  
desired d i s t r ibu t ion ,  i . e . ,  an e l l ip t ic -shape  d i s t r ibu t ion ,  regarding 
the  fuselage as a p a r t  of the wing. I t  i s  f o r  t h i s  reason t h a t  the  
assumption t h a t  the  d i s t r ibu t ion  i s  a l m o s t  e l l i p t i c  and the  assignment 
c = 0 .8  a r e  reasona3le. Thus, AR has been selected t o  be 9.4. 



Fig, 3-51, Megalif ter 
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Table IV-19. Su2c i f ica t ions  of J ega l i f t e - .  /a 1: 
I- 

, . 

1 
I Spec i f ica t ions  

1: 
i 

Fuselage Length 1 

Riselage Width d 

Fuselage Height h  

198 in 

54 In 

35 m 

1 Fuselage Cross-section Area p 

E f f i c i e n t  F i ~ e n e s s  Ratio 

r :/ !4p/v)  

Main Wing h! d i n  b 

I Main Wing Thickness Ratio t/ C 
I 
1 Mair, W i . 1 ~  Area S 

Aspect Ratio AR 

Gross Weight WG 

Deaa Weight WE 

Fuel Weight Wf 

p lu s  payload W 
P  

1,485 m2 i 
I i 

4.5: 
A I 

L D ~ :  lii 

0.226 

2,240 rn2 

11.72 

510 tons  

329 tons  

181 tons  

1 .  
! s. 

I .  

j ; 
I 

> 

. x 

i : 

I 
1 ,  



a,: mmu+trra 
, (all:  UH&U#R& 

L-386.450 kg' 

as Wing Tip Angle 
cr Elevation Angle 

Fig, N-52, Lift Distribution (1) 

Key to Fig. IV-52 (1) 

bl Wing Root Angle 
dr Fuselage of Revolution Body 



F i g .  IV-52. Lift Distribution (2) 

Key t o  Fig.  IV-52 ( 2 ) .  

a r Wing Tip Angle 
cr Elevation Angle 

br Wing Root Angle 
dl  Fuselage of  Wing Shape 

IV-5-2. L i f t  Resistance Cha rac t e r i s t i c s .  

Using t h e  r e s i s t a n c e  values  determined i n  t h e  previous  s ec t ion ,  
r e s i s t a n c e  c h a r a c t e r i s t i c s  including the  fuse lage ,  cL/cD 

and have been ca lcu la ted  and t h e  r e s u l t s  a r e  shown i n  Fig.  
IV-53, t he  corresponding c h a r a c t e r i s t i c s  of  a cargo 

transportat!  on a i rp l ane ,  Kawasaki C-1 , a r e  shown by broken curves.  
Those c h a r a c t e r i s t i c  values of t he  Megal i f ter  a r e  both h igher  than 
those of t he  C-1 when CL i s  high. A high CL / CD i s  v tageous i n  
f l i g h t  d i s tance  f o r  p rope l l e r  a i r c r a f t ,  while a h i g h ~ m  i s  advan- 
tageous f o r  j e t  p lanes .  



IV-5-3. Performance P r o p e r t i e s .  

The r e q u i r e d  t h r u s t  and t h e  u s e f u l  t h r u s f  a r e  p l o t t e d  f o r  t h e  
M e g a l i f t e r  i n  F ig .  IV-54. The c o n d i t i o n s  f o r  t h e  c a l c u l a t i o n  a r e !  
The f l i g h t  a l t i t u d e  i s  5,500 m (18,000 f e e t )  and t h e  g a s  buoyancy 
s u p p o r t s  B= 124 t o n s  o u t  o f  t h e  g r o s s  weight WG = 510 t o n s ,  wh i l e  t h e  
remaining L=WG - B =386 t o n s  i s  suppor t ed  by t h e  dynamic l i f t  o f  t h e  
wing. If a l l  t h e  payload i s  used f o r  c a r r y i n g  t h e  f u e l ,  Wi = 181 
t o n s ,  and i f  t h e  c r u i s i n g  speed i s  c o n s t a n t  and s p e c i f i c  f u e l  c o s t  i s  
c o n s t a n t ,  ( r )  j;bj) /* = 4 .5  (by ana logy from t h e  c a s e  o f  t h e  C - 5 A ) .  
The aaximum d i s t a n c e  o f  c r u i s e  is ,  

r - r-x- ( k  

where t h e  c r u i s i n g  speed i s  U = 190 k n o t s  and CL = 0.53. 



Megal if ter 
Drag - 0 . 0 2 8 + 0 . 0 3 4 ~ Z ~  
Clw = Except Gas Vuoyancy 

Lift Coefficient 

--- Kawasaki C-1 

0.2 3.4 0.6 0.8 1.0 1.2 

Lift Coefficient 

F i g ,  IV-53. Lift Resistance Characteristics, 
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TRUC A I R  SPSED - KT. 

Fig, N-54. Required Thrust and Usable Thrust 



I n  t h i s  c a l c u l a t i o n ,  i t  i s  assumed t h a t  t h e  M e g a l i f t e r  starts t o  f l y  /a 
at t h e  a l t i t u d e  of  5,500 m .  However, s i n c e  t n e  buoyance, b= 217 t o n s ,  
can  be u t i l i z e d  at s e a  l e v e l ,  t h e  maximum d i s t a n c e  o f  c r u i s e  i n  a n  
a c t u a l  f l i g h t  w i l l  be more t h a n  t h a t  i n  t h e  above c a l c u l a t i o n .  

For t h e  c a l c u l a t i o n s  o f  performance p r o p e r t i e s ,  t h e  f o l l o w i n g  
t h r e e  c a s e s  have bee11 s e l e c t e d  and a r e  supposed t o  r e p r e s e n t  t h r e e  ex- 
treme c a s e s .  I n  t h e  first two c a s e s  ( i )  and ( i i ) ,  t h e  g r o s s  weight  i s  
t h e  same. I n  c a s e  ( i i ) ,  however, t h e  buoyance i s  B = 217 t o n s  and i s  
g r e a t e r  t h a n  t h a t  of c a s e  ( i ) ,  wh i l e  t h e  s u p p o r t  by t h e  dynamic l i f t ,  
L=WG -B = 293 t o n s  i n  c a s e  ( i i )  i s  l e s s  t h a n  t h a t  o f  c a s e  ( i ) .  I n  
t h e  t h i r d  c a s e  ( i i i ) ,  t h e  f u e l  weight  Wf i s  i n c r e a s e d  t o  274 t o n s ,  and 
cor respondingly ,  t h e  g r o s s  weight  WG i s  i n c r e a s e d  t o  603 t o n s  which 1s 
suppor ted  by g r e a t e r  dynamic l i f t  L= 386 t o n s  and g r e a t e r  buoyance 
B =217 t o n s .  Table  IV-20 shows t h e  r e s u l t s  o f  performance p r o p e r t y  
c a l c u l a t i o n  of  t h e s e  t h r e e  c a s e s  ( i )  t o  ( i i i )  w i t h  p a r a n e t e r s  used f o r  
c a l c u l a t i o n  i n  each  case .  I n  a d d i t i o n ,  t h e s e  r e s u l t s  a r e  summarized 
i n  F ig .  IV-55 which whows t h e  r e l a t i o n s h i p  between t h e  c r u i s i n g  d i s -  
t a n c e  m d  t h e  payload.  I n  t h e  r e f e r e n c e  l i t e r a t u r e  1, it i s  s t a t e d  
t h a t  t h e  maximum c r u i s i n g  d i s t a n c e  i s  10,000 m i l e s .  Probably  t h i ,  
r e s u l t  cor 'respoii,!~ t o  t h a t  o f  t h e  c a l c u l a t i o n  usink: t h e  a s s u m p t i o n s  i n  
t h e  above c a s e  ( i i i ) .  S ince  t h e  pa ramete r s  i n  c a s e s  ( i )  t o  ( i i i )  a r e  
extreme ones f o r  t h e  c a l c u l a t i o n  purposes ,  t h e  a c t u a l  maximum c r u i s i n g  
d i s t a n c e  w i l l  be between t h o s e  o f  c a s e s  (i) and ( i i i  ) /  More p r e c i s e  
c a l c u l a t i o n s  a r e  t h e  g o a l s  o f  f u t u r e  s t u d i e s .  

Table  IV-20. Parameters  f o r  and Computed R e s u l t  o f  Performance 
F r o p e r t y  C a l c u l a t i o n .  

w 

. i i )  

603 t o n s  

329 t o n s  

274 t o n s  

217 t o n s  

386 t o n s  

190 k n o t s  

0 .53 

8,230 m 

(ii) 

510 t o n s  

329 t o n s  

181 t o n s  

217 t o n s  

293 t o n s  

163 k n o t s  

0 .53  

5,940 m 

Cases 

Gross Weight WG 

Dead Weight WE 

Fuel  Weight W 
p l u s  payload & 
Buoyance B 

Dynamic L i f t  L 

C r u i s i n g  Speed 

L i f t  C o e f f i c i e n t  

Maximum C r u i s i n g  

Dis tance  wi th  Wp 
= 0 

( i )  

510 t o n s  

329 t o n s  

181 t o n s  

124  t o n s  

386 t o n s  

190 kno t s  

0 .53  

4,850 m 
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Fig. N-55. Payload and Dlstanoe of Cruise 

Reference. 

1. Anon. , "Hybrid heavy l i f t  veh ic le  under study,  " Aviation Week 
and Space Technology, J u l y  29, 1974. - 

IV-6. Technological Studies  of Automati? Operating Devices o f  Suspended 
Gondolas. 

The concept of t he  Rescue LTA w i l l  be described i n  t h i s  s ec t ion .  
The Rescue LTA i s  a combination of a convention31 type LTA arid a N- 
pended maneuvering module ( r e f e r r ed  as SMM hereinbelow) and i s  designed 
f o r  use i n  rescue works. 

IV-6-1, Suspended Maneuvering Module (SIVIM). 

The SMM has t he  cons t ruc t ion  shown i n  Fig.  IV-56. When i t  i s  con- 
nected with an LTA, it i s  a goldo la  which i s  suspended from t h e  LTA by 
a caZle and which accommodates rescue o r  f i r e - f i g h t i n g  nembers as wel l  
as vic t ims.  The SMM can make a self-determined motion independent of 
the  LTA which saspends it, and thus ,  approaches t he  f i r e  o r  t h e  p l aces  



where victims a re  located,  owing t o  the  winding control of the  sus- 
pending cable, the  t h r u s t  vector control  by vectorable nozzles a r e  
provided on both s ides  of the SMM and a re  ro ta ted  by means of air 
motors operated by the bleed a i r  of the engine, so t h a t  the  vector  of 
the t h r u s t  may be selected f r e e l y  within the X-Y plane. The function 
of these nozzles enable the SMM t o  move t o  o r  s top at  any place i n  . 
the X-Y plane. (See Figs. IV-59 and 60. ) 

Au Otn(umltl 

m e -  



A s t a b i l i z e r  t h r u s t e r  provided  on t h e  
SMM c o n t r o l s  t h e  t h r u s t  by an on-off 
c o n t r o l  and p r e v e n t s  t h e  gondola from 
r o t a t i n g  a l o n g  t h e  Z-axis. (I t  can  
a l s o  be used t o  r o t a t e  t h e  gondola.  ) 
(See Fig .  IV-59) 

When t h e  engine  s t o p s  a c c i d e n t a l l y ,  a 
c o l d  g a s  system p r e v e n t s  t h e  gondola 
from swinging. (See  F ig .  IV-61.) 

PRIGIN AT PAGE IS 
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Fig. N - 59 



6, = Angle of Left Vane 

.q, -Angle of Right  Vane 
Yaw 3 
Thrust = T ( C O S ~ , - C O S ~ R )  

F i g ,  k t -  E 1 





Engine on  Gondola 

k i i l l i am Research  Ehgine 
Bypass Ra t io  r 
S.F.C. I 
T h r u s t  I 
Gondola A c c e l e r a t i o n 1  
Gondola Load F a c t o r  
w i t h  Winds t 

E s t i m a t e s  o f  P r i c e  

Mother S l i p  LTA r 
Gondola (SMM) I 

2 ,000  t o  2 ,500  m i l l i o n  yen 
800 t o  1 , 0 0 0  m i l l i o n  yen  
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V - 1 .  The Problem of  Supply - and Demand f o r  Helium. 

I n t r o d u c t i o n .  - 
The d e c l i n e  of t h e  a i r s h i p s  began wi th  t h e  exp los ion  a c c i d e n t  of 

t h e  Hindenburg on May 6 ,  1337. It h a s  become v e r y  coinmon t o  use  helium 
g a s  f o r  buoys-nt g a s  i n s t e a d  of  hydrogen gas .  A s  shown i n  F ig .  V - 1 ,  
b e s i d e s  helium and hydrogen, k inds  o f  g a s  which can  be used as b u o y a ~ t  
g a s  i n c l u d e  methane, n a t u r a l  g a s ,  h o t  air ,  vapor  and ammmia. 

Parameters  t o  be Compared 

Densi ty  (and i t s  h e a t  and p r e s s u r e  
c h a r a c t e r i s t i c s )  

Combustible Composition 

P h y s i o l o g i c a l  E f f e c t s  t o  Human 
Beings 

Buoyancy Gas 

Iielium 

Methane 

Natura l  Gas 

tcomparison--) 

Heated A i r  

Vapor 

Ammorila 

Hydrogen 

f S e l e c t i o n  P r i c e  

Supply Corlditions 

L ~ u m  

*Steam System 

*Method f o r  Conta in ing  Hydrogen S a f e l y  

Fig .  V - 1 .  S e l e c t i o n  o f  Buoyant Gas. 



Tab le  V-1. Buoyant Gas C! :a rac t e r i z t i c s .  

However, when s a f e t y ,  supp ly  c o r ~ d i t i o n s  and e a s i n e s s  o f  system /= 
d e s i g n  a r e  t aken  i n t o  accoun t ,  i t  is c o n c l ~ d o d  t h a t  hel ium g a s  is t h e  
most a p p r o p r i a t e ,  a t  least a t  p r e s e n t .  For  r e f e r e n c e ,  a l . ternat ive 
buoyant gases a ra  shown i n  Tablr? V-1. F i g .  V - 2  shows the temperature 
c h a r a c t e r i s t i c s  o f  t h e  buoy:t~\cy o f  v a r i o u s  k i n d s  o f  gas.  



Fig. V-2. Change in Buoyanoy in 
Response 4" 5 emprature Change. 
(453 x 10 rn ~ l r s h l p )  

Key t o  Fig.  7-2. 

Buoyancy o r  Weight (1000 l b )  
T o t a l  Weight o f  Designed A i r s h i p  o r  T o t a l  Buoyancy 
Rat io  o f  Dead Weight t o  Gross  Weight 
T o t a l  buoyance a b i l i t y  o f  each  g a s  i s  p l o t t e u  by o .  
Buoyancy Obtained by Hot A i r  
Gas Temperature (OC ) 
hydrogen b t helium 
vapor d  a t ephron  
t i t a n i u m  f r methaqe 
ammonia h i  n a t u r a l  g a s  
helium j : aluminum 
p l a s t i c ?  

V - 1 - 1 .  H i s t o r y  Background o f  Helium. - 
The b i s t o r y  of  helium produc t ion  h a s  a p e c u l i a r  background. Namely, 

i t s  develdpment h a s  n o t  been suppor ted  by p r i v a t e  s e c t o r s  b u t  h a s  been 
h i g h l y  dependent on governmental p o l i c i e s .  I n  t h e  fo l lowing ,  h i s t o r i c a l  
e v e n t s  su r round ing  t h e  u s e s  of helium w i l l  be d e s c r i b e d ,  s t a r t i n g  w i t h  
t h e  d i scovery  o f  helium. 



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 ainounts 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. 

- L, 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 expansion and by obtaining cltra-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 -196OC 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 Miniskry 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 Karisas 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. 



For example, heavy elemellts, uranium and thorium, generate 1.16 x 10 - 7  

cc and lo-* cc of helium gas per gram pzr year, respectively. Thus, in 
the whole earth, 8,000 to 30,000 thousand m3 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 atmosphxe, however, 
it was said that the density of helium is held constant since the anount 
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 -162O LNG (liquid na' :ral gas). It was C.W. Seibel who discovered 
that this natural gas contains helium gas. The U.S. govdrnment realized 
the military importance of helium gas and enacted t.he Helium Act in 
1925. According to this Act, the production and the distribution of , 
the helium gas was exclusively managed by the Minir,g Agency. In the 
19301s, non-governmental demand started to increase (e.g., deep-sea op- 
eration, caisson work, ultra-low temperature research, etc.). A part t 

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 3 

The second uprising of mass consumption ~f helium gas was provoked 
by World War 11. In the early stages, its main use was for welding 
light alloy. However, large amounts of helium were also used for air- 
ships. Accordingly, tbn 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 -lessel fleets. 
It was said that the guarding efficiency of those airships was very high, 
almost 100%. In the i9501s, 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 chn 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 of 
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 he!.ium use was stopped in 1966 when 948 million ft3 of 
Elelium was consumed. Since that year, helium consumption has been de- 
creasin; . /= 

year 

Fig, V-3, Record of Helium Use 
In the U.S.A. 

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 t1.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. 

~ l g ,  V-4, Uses of Helium In the Flg. V-5. Users of Helium In 
U.S.A.  (1967) the U.S .A.  (1966) 



Key to Fig. V-4. Key to Fig. V-5. 

a: Helium for Rockets: 40.8% a: NASA: 59.4% 
b: Welding: 10.7% b: Military Agencies: 20.3% 
c: Safe Atmosphere: 11.6% c: Nuclear Power: 8.9% 
d: Laboratory Researches: 11.1% d: Meteorological Agency: 2.0% 
e: Buoyant Gas: 7.6% e: Others: 0.1% 
f: Leak Detecting: 7.1% f: Non-Governmental Agencies: 9.3% 
g: Low-Temperature: 5.6% 
h: Gas Chromatography: 2.4% 
j: cthers: 3.1% 

It can be seen from the above figures, 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 Pressurizhg 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. I 

(Dl Laboratory Researches : I 

Helium is used in laboratories for research. Mainly, it I 

is used as liquid in wind tunnels and gas for space chambers. /= i 
(El Buoyant tas: 

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 



kinds of natural gas contain a small amount (several tenths to several 
hundredths % )  of helium. In 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 ft3 or more can be 
regarded as a helium resource. According to the 1969 survey on helium 

3 resources, about 20 billion ft of helium was evaluated as an e:risting 
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 liquefying 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. In the U.S.A., 8 7  % 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., de ailed data 
are not available. However, Canada produces 120 million ftf of helium 
annually and exports a part of it. European countries and Japan are 
almost completely dependent Dn the U.S.A. and Canada for helium re- 
sources. It is estimated that countries in the communist bloc, especi- 
ally the Soviet Union, producz 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. 
a: Colorado 
b: Kansas 
c: New Mexico 
d: Texas 
e: Oklahoma 
f: helium pipe line 
g: Gallup 
h: ~marillo I I 

0 AI!+!.~*T;+~ c cpeetfi!,*~-iii# i: Helium Plant 
<y;.yu.,Ln i,.ratj& -r ;q::~+iL 

j: Helium Storage Plant 
k: Natural Gas Source Containing Fig* V ~ - 6 *  Plap Showing Col- 

Helium Gas 
1: Well for Storage. 

lecting and Preserving Plants in the 
U*S.A* 

As mentioned previously, a large amount of helium is being wasted with /= 
natural gas. The amount of wasted helium in 1960 was estimated to be 3 6 billion ft . If this condition continues, the resource helium is 
predicted to be exhausted in 30-35 years. 

3 3 In summary, 100 billion ft to 180 billion ft 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. In 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 %, 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, i,e., 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- 
cxn.nTtnt realized the importance of the helium gas mass-preservation 
p!>n and enacted the bill "Helium Preservation Plann 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 whicll make cont- 
racts with the government. The preservation storage is a gas source 
called Cliffside Gas Field whjch 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 governmental use of helium de- 
creased rapidly from 946 million ft3 in 1966 to 222 million ft3 in 
1970. Even including non-governmental con umption, the tot-1 consum- 
ption of helium in 1 70 was 222 million ftg, a sharp decline from the 3 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 
cacse of this termination was the drastic decrease in governmental 
hslium consumption, corresponding to the large reduction of space de- 
velopment projects. However, other reasons can be pointed out beside 
this : 



(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- 3 lion ft of storage was achieved in 1971 and this amount was jud- 
ged to be more than necessary. Including the amount, 30 billion 
ft3 , preserved by non-governmental agencies, the totally stored /= 
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. 

Accor ing to an estimation, out of the total consumption 13.3 3 billion ft of helium gas in 1971, £135 billion ft3 was dissipated 
with natural gas, about 4 billion ft was stored and 800 milliofi ft 
was actually used. Therefore, if the consun.ption 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 feeliz~s which were introduced in the 1970's 
was induced by the energy problem. Alre- , y ,  the U.S. had been changed 
from oil exporter to importer. Energy crisis was warned by many people. 
Besides this energy problem, sulfur pollution induced by the oil 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. In 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-lo0 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. 

Concerning suspended transport in the air, there is no description 
in Aviation Law  erein in be low, 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: In 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. 



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!.,: 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 mi 

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. In 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. 



Legal Provisions Concerr~ir-q Suspei?ded Carso Transport. (in Japan) 

The Aviation Law. 

-Landing and Take-Off Ground - 
Article 79: Aircraft (excluding Lhe aircraft classified by the 

provisions in the Ministerial Ordinance) shall neither take off from 
nor lanu 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 whi\:h 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. I 
-Commission of Authorization - I 
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. 



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 whim are listed 
in the lower port-ion of the same table. 

2. The authority prescribed in Article 240 Par~graph 27 Number 
1. (Exclusively with regard to aircraft used in air cargo trans- 
portation services, aircraft which are o~erated by instrumental 
flight or night-time flight, and rotary-wl.ng aircraft which sus- 
pend object outside their ~odies or tow objects in the air.) 
The director of the local Aviation Bureau whose district of cor~- 
trol includes the place where the action requi.r;-n? this permission 
will take place. 

- Aircraft Which can Take-Off ar.d Land at 2  ion Whici~ is 
not an Air Field - 
-72-2: One who seeks the permission prescribed In 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!^). 
8. Other matters for explairiing this application. 

-Kinds of Air Fields and classes of Landing Zones - 
Article 75: Airfields are classified into the four categorj.2~: 

ground air fields, ground heliports, on-the-water air fields and on- 
the-water heiiports. 

2. To which class a landing zone belongs is determined by che 
length of the runway when it is of a ground air field or a ground 
helioprt, and by the length of the landing zone : E  it is of an on- 
the-water air field or an on-the-water heliport, according to the 
following table: 



I / from 15 m to 46 rn i 

Ground Heliport / Runway Length 
Class I 

! - 

i 1 15 m or sho1:cer an6 1.2 times as lc?g as the pro- 
jection area of the aircraft or longer. i 

I ! I 

I 
A 

-L,-lngth of Admission Zone of Heliports - 

90 rn or lorlger 

Article 1.2: The length of the admission zone of a heliport, pre- 
scribed ~n ~ r t z l e  2 Paragraph 6 of the Law, is determined by the kind 
of the heliport ant! the class of the 1andiv.g zone thcxeof, according 
to the following table: 

B from 40 m to 90 m i 

I Ground Heliport 
I Kind of Heliport 

I 

Length of Admission Zone Class of 
Landing Zone 

2.000 m or less I 
~&th is specified by the Ministry 
of Transport. 

- S!.ope 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 ucjqg precise admission radnr means is one fiftieth. 



2 .  If a landing zone does not correspond to the description pre- 
.:cribed in the above paragraph, the slope is determined by the 

j 
i - 

kind of the air field and the class of the landing zonc according ! . 
to the follouing table: t 

i The slope is specified 
by the Micistry of Trans- 

round Heliport 

B and C 

I D 
I 

-Slope of Transition Surface of a Heliport- 

Slope 

1 /20 

1/10 

1/10 or greater and 1/4 
or less. 

Article 3-2: The slope of the transitior. surface of a heliport, 
prescribed in Article 2 Paraqraph 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 1 ' 
to as Side A) of the landing zone can be determined lccording to 
the provisions  res scribed in the following twc sub-paragraphs, P 

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 

t 
P 

slope of one tenth. 3 
f 

(i) The slope specified by the Minister of Transport. 
Said slope must be mcre than one fourth and the provision I 
in this paragraph is applicable only when, in the range which 
is outside Side A and within the distance three-fourths of 
the diameter of the rotary wings of the helicopters which are 

J : 
expected to use sai -d  heliport, there is no object prot1,iding / 2 e  
from the horizontal. surface including the highest point of the 

1: 
landing zone. 1 1 

, . 
(ii) The slope specified by the Ministry af 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 - 



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 iandinq zone if the air field has two or more landing zones), 
according to the following table: 

lcind of Air Field 1 Class of Landing Zone 
Pround Heliport I A 

Radius 1 

800 m or shorter 
The radius is specified 
by the Ministex of 

I 
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 tile 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. 



-Permission of Nimimum Safe Altitude Flight - 
Artlcle 175: The on2 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: 

1. Name and Address. 
2. Aircraft model, nationality and registered number. 
3. Outlined Flight Plan (The objective, the date and the route 

of the flight must be clearly described.) 
4. Reason for flying under the minimum safe altitude. 
5. Name ( s )  of pilot ( s )  and his (their) qualification(s) . 
6. Name(s) of on-board member(5) other than pilot(s) and the 

reasons for boarding. 



Flg. V-7. Takeaf f  and Landing S i t e  for Rotary-Ulng 
Alronrf t . 

Q. 
Q .{ Set, S A A a .  % # S S @ V S a  

h 

ORIGINAL PAGE IS 
OF. POOR QUALIT7L 



P 
ec*EU 

( %@&sic&6&gaj$dg& gigje ) 

OI;IGINAL PAGE IS 

1 
OF POOR QUALITY 



- EPZI 

-- . 

F -- I 
\m OST 

t 
I 

\ / 



Key to Fig. V-7. 

a: Fig. (a) Ground View of Landing Zone, Admission Surface and Tran- 
sition Surface. 

b: Transition Surface 
c: Admission Surface 
d: Landing Direction 
e: Take-Off Direction 
f: Fig. (b). Cross Section of Admission Surface and Landing Zone. 
g: Admission Surface (Landing Direction) 
h: Admission Surface (Take-Off Direction) 
i: Landing ZoiAe 
j: Fig. (c). Perspective View and Cross Section of Admission Surface, 

Admission Zone and Transition Surface. 
k: Horizontal Plane Including 20-m Height Point. 
1: Admission Surface. 
m: Transition Surface 
n: Admission Zoqe 
o: Region 10-m outside the Landing Zone Where There is No Obstacle 

Protruding the Extensions of Landing Zone Surface. 
p: Case Where Obstacle is in the Restricted Region. Ground View of 

Admission Surface and Transition Surface. 
q: Case Where Obstacles Protrude the Transition Surface. Perspective 

View. 
r: Admission Surface 
s: Case Where Obstacles Protrude the Transition Surface. Perspective 

View. 
t: Transition Surface. 
u: Landing Zone. 
v: Definition of Minimum Safety Altitude. 
w: Area Crowded with Men and Houses. 
x: Area Without Man or House or Widely Open Water. 
y: Area Not Classified into (i) or (ii) . 
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The comprehensive evaluation presented in this chapter has two /245 - 
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. 

VI-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 pasn- 
sengers) 

(2) Skycrane : Heavy Cargo Transportation 
Payload: 40 tons and 70 tons 
Aero Crane Type. 



(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 airshjps (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 inarket demand in the 
future is anticipated in the fie16 of heavy cargo transportation. 
However, within the scope of this survcy 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 ~zssented in this report are repeated, a new type of craft which 
can satisfy the needs will appear. Strictly speaking, it is more likely 
that che needs will be satisfied by a new type of craft than the possi- 
bility that the needs will never be satisfied. 

Between theeAerocrane 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 abject, it is 
possible to maintain the stable flight? 



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 Regular 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 Sapporo, 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. 



Table -11-1. Basic Specifications of Passenger Rota-Ship. /247 

J 

i 

Gross Weight 
Payload 

(Fuel Weight) 
(No. of seats) 

Cruising Speed 

Distance of Cruise 
Duration of Cruise 

Specificatioris 

32 tons 
14 tons 
(3.7 tons) 
(120) 
150 km/h 

(max: 1 7 0  km/h) 

600 km 
6 hours 

80 m 

52 m 

32 m 
27 thousand m 3 

25 m 
6 m 
4 Units x 2 x 

600 HP 

4 persons 

150 million yen 
(226 million yen) 

, - 

Size 

b 

Pro- 
pul- 
s ion 

L 

Remarks 

Ascent Limit: 3,000 m 
(Cruising Altitude: 1,500 m) 
10 minutes of Hovering 

-- 

6 Seats x 20 Columns 
4 units of Rotor Systems 
of BK-117 Helicopter 

When Ten Aircraft are Built. 
(When one aircraft is built.) 

Hull Length 
Maximum 
Diameter 

Maximum Height 
Hull Volume 

Gondola Length 
Gondola Width 
Engines 

Rotors 

Crew Members 

Price 



Table VI-2. Comparison of Performance Properties. 

I 

9 

Jetfoil 

280 

500-700 

Harbor 

3,800 HP 
x 2 

2,800 

I 

No. of Seats 

Cruising 
Speed (km/h) 

Distance of 
Cruise (km) 

Take-Off and 
Landing 
Runway 

Engines 

No. of Crew 
Members 

Price 
(mi 11 ion 
yen 1 

? 

DHC-6 

20 

130-190 

DHC-7 

54 

434 

Rota-Ship 

120 

150 

600 

YS-11 

60 - 64 

475 

1 
1,280 !1,120- 

i 2,900 
I 
I 

600 m 1 770 m 
(ca.1 I , (ca.) 

I 
I 

650 HP 1 1,174 HP 
x 2 i x 4  

I~~~~~ 

2 

270 

(500 m) 

600 HP 
x 2 x 4  

4 

1,500 

1 

2 

1,000 

1,200 m 

3,000 HP 
x 2 

2 

650 



Table VI-3. Comparison of Economic Efficiency 

Remarks : 
( * )  1977 yen. 300-km lines in Japan. 
( **  ) Orders received up until the end of 1975. 
Rota-Ship: The operating cost is 21% higher than that of the YS-ll., 
YS-11: Production has stopped. At present, substitute aircraft 

are being sought. 
DHC-6 : At present, used in an airline connecting isolated islands. 

Manufactured in Canada. 68% of the purchase price was paid 
by the government. 

DHC-7 : 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 
airli-~e in the near future. However, this information has 
not been confirmed. 
Successful cruise in Niigata - Sado Line. 
Manufactured by the Boeing Company. 

Jetfoil: 



Substitute Aircraft for the YS-11: The following pr\:perties are desired: 
(A) Economical efficiency comparabl.:. 
to the YS-11. (20 % bette:: if pos- 
sible) 
(B) Naise level as low as the YS-11. 
(C) The ability to take-off and land 
on a runway shorter than 1,000 NL. 
(STOL ability) 
(D) Gse of common aircr~ft body 
and parts. 

Table VI-4. Sapporo - Hakodate/Aomori Line. - 1241 

Remarks : 
Railway/Ship: 1) Express train, first class. 

2) Muroran Maj n Line. 
3) 1,300-passenger and 55-fr5ight-car ferry hat. 

Conventional Aircraft: (1) DC-9 
(2) YS-11/ Total Operating Cost = about 25 yen per 

seat per km 
(3) DHC-6 

* 

Line  No. of Passenger 
' Distance Speed x No. of rounds 

5 2  km/h 8 hours 
roullds per day 

land: 4h land : 
25 m. 

sea: 3 h 
50 m. 

---- 
50 m. 160 km 192 km/h 

per day (1) 60 
x 1 round per 
day ( 9 )  20 x 1 
round per day 

2 hours or 26C = 
150 + I 1150 km/h slightly 

less 110 
I I 4 

r- 

Railway/Ship 

Fare 

7,300 yen 

I 

I 
Conventional 
Aircraft 

Passenger 
Rota-Ship 

5,530 yen 
(Sapporo - 
Hakodate! 

--------- 



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. Ihese factors are neglected in this derivatim.) 

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 amount 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 ( % ) ,  

where (G) is the a~tual number of the passengers, and 

where (H) is the fare which must be paid by the actual passengers. 

Applying the above formula to the Sapporo- Hakodate Line (YS-11) 
shcdn in Fib. VI-4, we have, /250 

TOC : 25 yen/seat/km 
Passenger Capacity: 60 passengers 
Line Distance: 160 km 

240 thousand yen 
20% of F (Probably, 20% is an over-estimate.) 
240 thousandyen/0.8 :300 thousand yen 
60 x 66% :40 passengers 
300 thousand yen/40 :7,390 yen 

where (L) i ~ :  66%. 



However, the present fare is 6,500 yen. Probably , this farz is 
equalized to that of the DC-9 (130 passengers x 3 rounds per day). 

Maybe, the YS-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 
operzting company. 

On the other hand, if the Rota-Ship is operated between Sapporo and 
Aomori under the same conditions, we have, 

Total Operating Cost: 30 yen per seat per km 
Passenger Capacity: 120 passengers 
Line Distance: 260 km 

936 thousand yen 
20% of F 
983 million yen / 0.8: 1,170 thousand yen 
120 x 66% 80 passengers 
1,170 thousand yen / 80: 14,625 yen 

where (L) is 66%. 

The computed fare is about twice as much as that of the r+ilway/ 
ship, while the required time is reduced to the one fourth. 

The Shimonoseki - P~san 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-liro) - 

In both lines, Sapporo is the origin. The two lines have a common 
charapter. 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 
YS-11, transportation by Rota-Ship will be sufficiently competitive with 
the railways. 

Table VI-5. Sapporo - Abashiri (Memanbetsu) Line. /251 - 

Railway 

Con~renrional 
Aircraft 

Fare 

7,500 yen 

7,700 yen 

Line 
Distance 

375 km 

250 km 

Required 
Time 

5 hours 
40 min. 
55 n~in. 

---- 
250-260 
km ( * )  

1 hour 
40 min. 

Passenger 
Rota-Ship 

150 km/h 

Line 
Speed 

66 km/h 

273 kn~/h 

------- 

No. of Passenger 
* 

x No. of Rounds 

ca. 700 x 2 rounds 
per day 
60 x 4 rounds per -~ 

day 



Remarks : 

( * I  Via %ahikawa 
Rai1w;y : 1) E. ress Train, First Class. 

2) Via Asahikawa 
Conventional Aircraft: 1) YS-11, Total Operating Cost = ca. 25 yen 

per seat per ka. 
Passenger Rota-Ship: 1) Total operating cost = ca. 30 yen per seat 

per km. 

Table VI-6. Sapporo - Kushiro (Via Obihiro) Line. 

Remarks : 

(*I Straight Line Distance 
Railway Express Train of the Japan National Railways 
Conventional Aircraft: (1) DC-9 

(2) YS-11: TOC = 25 yen per seat per km. 
Passenger Rota-Ship: TOC = ca. 30 yen per seat per km. 

f 

Line 
Speed 

69 km/h 

360 km/h 

Line 
Distance 

396 km 

240 km 
(*I 

Railway 

Conventional 
Aircraft 

No. of Passenger x 
No. of Rounds 

ca. 700 x a 
3 rounds per day 

I 

130 x 4 rounds per 
day (1) 60x 

150 km/h 240 km 

L 

Passenger 
Rota-Ship .. 

Fare 

7,700 yen 

8,000 yen 

1 round per day ( 2 )  
120 x ? 

Required 
Time 

5 hours 
40 min. 

40 min. 

------- 1 hour 
40 min. 

i 



Fig. VI-1. JNR Super-Express Network Development Plan. 
Remarks : 
1) Total 1.ine length planned: 4,000 km. 
2) The lines now under construction or survey work will be the only 

lines which will be operated in tke 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- - /2F 
ment plan of the Japan National Railways (See Fib. VI-I), 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 develcping 
the transportation network in Hokkaido after 1985. 



-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 1,Line. 

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 

I 
Fare Line 

Speed 
Required 
Time 

No. of Passenger 
x No. of Rounds 

Line 
Distance 

A 

1,380 
yen 

4,970 
Yen 

-6,610 
yen 

3,500 
Yen 

5,500 
yeq 

Ships 

* 

I 
4 h (day) 1 2 0  km 1 30 km/h 
7 h (night) i (17) 

( * I  I i 

? h (* )  / 180 km 1 26 km/h 

i 1 
2 h and I120 km i48 kmlh 
30 min. i 1 ! 

I I 

Ohshima I. 

Miyake I. 

Ohshima I. 
Tokyo - 
Atami 

ca. 1,700 x 2 
rounds per day 

ca. 1,200 x 1 
round per day 
ca. 350 x 1 
round per day 

C~nven- 
tional 
Air- 
craft 
Passen- 

ger 
Rota- 
Ship 

Ohshima I. 

Miyake I. 

Ohshima I. 
Miyake I. 

120 km 
180 km 

. 

150 km/h 
150 km/h 

-----SO 
-----I 

40 min. 1120 km 

120 x ? 
. 

120 x ? 
min. 
h and 

10 min. 

55 min. 

180 km/h160 x 1 round 

180 km 196 km/h 60 x 1 round 
per day 



Conventional Aircraft: 

Passenger Rota-Ship: 

1) YS-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. 

1) TOC = ca. 30 yen per seat per km. 

-Table VI-8: Kochi - Osaka Line - 
Every line connecting main cities in the Kansai 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 advantaga 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. In its case, demand has reached the 
limit and furthernore the line is struggling with the problem of noise. 
The major lines connecting Osaka and the ci-2ies 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. 

 ailwa way/ 
Ship 

Conven- 
tional 
Aircraft 

C 

Passenger 
Rota-Ship 
i . 

Required 
Time 

5hours 
30 min. - 
6 hours 

55 min. 

2 hours 

Fare 

9,130 
Yen 

6,100 
Yen 

----- 

Line 
Distance 

390 km 

225 km 

225 km 

Line 
Speed 

66 km/h 

240 km/h 

150 km/h 

No. of Passenger 
x No. of Rounds 

ca. 500 x 3 rounds 
per day 

60 x 23 rounds 
per day 

120 x ? 

L 



Remarks : 

Railway/Ship: 1) Espress Train. 
2) Takamatsu - Ube: Hovercraft. 
3) Okayama - Osaka: New Super Express JNR Train. 
4) Passenger Capacity: 500 - 1,00@. 
5) Express Fare plbs First Class Fare. 
6) Uko Ferry Boat 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) YS-11: 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 c2d 
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. 

1 hour, 5 rounds/day, Straight- Osaka - Yonago: YS-11: 
Line Distance: 230 km. /255 

- ,  
Railway: 6 hours, Line Dist-ance: 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.) 



Table VI-9. Fukuoka - Tsushima/Iki Is. Line. 

Remarks : 

( *  
Ship: 

Direct Flight 
1) 7 ships of 500-ton to 1,SGO-ton class. 
2) Passenger Capacity: 200-600. 
3) Annual Passenger Transportation: 

250 thousand passengers (Tsushima) 
300 thousand passengers (Iki) 

Ship 

- - --  

Conven- 
tional 
Aircraft 

b 

Passen- 
ger 
Rota- 
Ship 
i 

Conventional 
Aircraft : 1) YS-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 possiblc. 

Iki I. 

Tshushima 
I. 

Iki I. 

Tsushima 
I. 

Iki I. 

Tsushima 
I. 

- 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. 

Fare 

2,280 
Yen 
3,980 
Yen 

3,000 
Yen 
6,000 
Yen 

----- 
----- 

Required 
Time 

2 hours 
40 min. 
4 hours 
50 min 

30 min. 
( * I  
40 min. 
( *  

30 min. 

ca. 1 h. 

No. of Passengers 
x No. of !rounds 

ca. 500 x 1 - 2 
rounds/day 
ca. 500 x 1 - 2 
ro-lnds /day 

- 

1 
60 x 3 rounds/day 

60 x 4 rounds/day 

120 x ? 

120 x ? 

Line 
Distance 

76 km 

147 km 

76 km 

147 km 

56 km 

147 km 

Line 
Speed 

29 km/h 

30 km/h 

150 km/h 

220 km/h 

150 km/h 

150 km/h 



Due to ihe distance between the two islands, Tanega an? Yaku Is., 
the triangular line connecting these islands and Kagoshima City is 
impossible for the conventional HTA aircraft. The operativn of this 
triangular line will be made possible by the Rota-Ship. 

Table VI-10. ~agoshima - ~aku/Tanega Is. ~ine. /256 

Remarks : 
( * I  

Conventional 
Aircraft : 

4 

Passenger 
Rota- Ship: 

No. of Passengers 
x No. of Rounds 

ca. 2 - 3 rounds 
per day 
ca. 2 rounds per 
day 

x 3 rounds per 
day 
60 x 2 rounds per 
day 

120 x ? 

120 x ? 

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. 

- 

1) YS-11: 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 

I 

Fdre 

1) TOC = ca. 30 yen per seat per km. 
2) Cruising line service is possible. 

Line 
Speed 

40 km/h 

38 km/h 

223 km/hm60 

200 km/h 

150 km/h 

150 km/h 

Required 
Time 

3 hours 
( *  
3 hours 
( * I  

35 min. 
( * I  
45 min. 
( * I  

1 hour 

1 hour 

Line 
Distance 

120 km 

153 km 

130 km 

150 km 

130 km 

150 km 

Ship 

L 

Conven- 
tional 
Aircraft 

. 
Passen- 
ger 
Rota- 
Ship 

Tanega I. 4,000 / Yen 
I Yaku I. .4,930 
i yen 

Tanega I. 

Yaku I. 

Tanega I. 

Yaku I. 

4,500 
Yen 
5,100 
Yen 

----- 

----- 



-Table VI-fl: 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 YS-11 plane due to the runway limitation. There- 
fore, the Rota-Ship might possibly be competitive. If the Rota-Ship 
is scaied 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. 

-& 

7 Table VI-11. Okinawa - Miyako/Ishigaki Is. Line. 
. . 

/257 

Remarks : 

( * I  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) YS-11: TOC = ca. 25 yen per seat per km. 

2) Miyako and Ishigaki Airports: 1,500 m x 43 m. 
3) Craising 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. 

* r 1 
Required 
Time 

10 hours 

16 hours 

Fare 

4,600 
Yen 
6,000 
Yen 

Ship 

Line 
Speed 

33 km/h 

30 km/h 

Line 
Distance 

330km 

330km + 
170km 

Miyako I. 

Ishigaki 
I. 

No. of Passengers 
x No. of Rounds 

ca. 1,000 x 1 
round/4 days 
ca. 1,000 x 1 
round/ 4 days 

280 km/h 

300 km/h 

140 km/h 

140 km/h 

280 km 

400 km 

280km 

400 km 

60 x 10 rounds/ 
day 
60 x 10 rounds/ 
day 

120 x ? 

120 x ? 

I I 
Conven- 
tional 
Aircraft 

8,600 
Yen 
11,700 
Yen 

Miyako I. 

Ishigaki 
I. 

1 hour 
( *  
1 hour 
20 min. 
( *  1 

ca. 2 h. 
( *  
ca. 2 h. 

Passen- 
9- 
Rota- 
Ship 

w 

-i Miyako I. ----- 
Ishigaki 
I . ----- 



(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 anC 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 - /25 
class without increasing the cost significantly. 

In the conceptualizing desigr of the Rota-Ship for cargo trans- 
portation, the price of a 30-ton payload (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 
up." This statement, however, was directed to the HTA aircraft industries. 



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-11. The engine output and the 
take-off/landing mode of the Rota-snip are compared with those of the 
YS-11 in the following: 

Rota-Ship: 600 HP x 2 x 4 (units) = 4,800 HP, VTOL (within 500 m) 
YS-11: 3,000 HP x 2 = 6,000 HP, 1,200 m Runway 

Since the engine output is about 4/5 of that of the YS-11 and the 
take-off/lsnding mode is almost VTOL, the absolute level of the noise 
and the area of 1,oise pollution will be surely reduced by the Rota-Ship, 

(dl Problem of Fuel Consumption. 

As shown in Fig. IV-22, the f ~ e l  consumption of the Rota-Ship is 
about 5/7 of that of the YS-11. Therefore, although the aircraft price 
is high and the initial investment is expensive, the fuel cost can be 
expected to be low. 

(el Marketability in Oversea Markets. 

The aircraft which are desired around 1990 and their change in 
demands as a world-wide trend are ~hown in Fig. VI-2. As seen from this 
figure, the most desired aircraft is the so-called wide-body middie/ 
short-distance jet plane. In short or middle distance airlines, the 
high-speed provided by jet planes can hardly be expected. The basis 
of the demand £01 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. 



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. 

a: Number of Aircraft. 
b: St~.ndard MiddleIShort-Distance Jet Planes 
c: Wide-Body MiddleIShort Distance Jet Planes 
d: Standard Propeller/Turboprop Planes 
e: Wide-Body Long-Distance Get Planes 
f: ;tandard Long-Distance Jet Planes 
g: STOL Jet Planes 
h: Super Sonic Passenger Planes 

The growth rates of air transportation are the highest in the Mid- 
dle/Near East and the Asja/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: 



1. Middle/Near East 11.2% 
2. Asia/Oceania 9.2$ 
3. Canada 8.7% 
4. Africa 7.7% 
5. Latin Arncrica 7.4% 
6. Europe 7.0% 
7. 5.S.A. 5.8% 

Among Asian countries, the Philippines and Ind~nesia have nmerous 
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 )  11 , f luences  t o  F i e l d s  o u t s i d e  Pas senge r  T r a n s p o r t a t i o n .  -- /260 

As mentioned earlier in this report, the predicted influence by 
the development of the Rota-Ship include2 heavy cargo air transportation. 
In this field, it msyr be said that conventional HTP aircraft cannot 
satisfy the demand any longer. Yore specifically, the present demand 
of the l.?avy cargo air transportation requires t?.e 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 dena.nds, other than hybrid LTA aircraft. Thus, 
the Rota-Ship possesses a real potential for beccming a transportation 
menas which has no al~ernative 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 nodel of hybrid LTA aircraft with higher performance properties 
will be developtd. 

Finally, the author wiches to point out that hybrid LTA aircr~ft 
have a basic character which can be applied to a wide range of fields 
including passenger air transportation and heavy cargo air transporta- 
tion. 

Supplementary Remark: According to a recent report on wind tunnel 
experiment data on Helistat by NASA, a stability/control simulation 
program shows that the final side displacement is abo~': 17 cm (0.55 ft) 
in the hovering response to a sharp edge sudden side wind of 16 m/s 
(50 f t/s). 



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 tl-5 conven- 
tio.~al largest-size helicopters. The actual rental charges mav be 
mbch 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 irregular trzlsportation 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 tf.e possible estimates. Nevertheless, one cannot ex- 
pect that these numbers may be halved according to another estimate. 



Table VI-12 

- 
SKYCRANE 

I 
ROTA-SH IP (CARGO) 

, 

Gross 
Weight 30-Ton 

Paylead 
68 tons 

36.7 tons 
(Fuel: 
6.7 tons) 

100 km/h 

330 km 

90 m 
(total 
Length) 

30 m 
(Total 
Width) 

----- 

36,000 m' 

8 x 
1,400 HP 

3-Blade 
(D: 15m) 
- 

43-Ton 
Payload 
35 tons 

Remarks 

Ascent 
Limit: 

2,000 m 

Rotor System 
of KV-107 
Helicopter 

713-Ton 
Payload 
123 tans 

Remarks 

ppppp 

74 tons 
(Fuel : 
7 tons) 

44 tons 
(Fuel: 
4 tons) 

50 + 
18.5 
kmlh 

150 km 
plus 
30 mine 
of HOV- 
ering 
( * I  

25 m 

Pay load 
( includ- 
ing Fuel) 

b 

Cruising 
Speed 

Distznce 
of / cruise 

I 

i 

Size Balloon 

- 
Pro- 
pul- 
s ion 

50 + 
18.5 
km/h 

150 km 
plus 
30 min. 
of HOV- 
ering 
( * I  

Radius 

Wing 
Radius 

Rotat, 
t ion 
of wing 
Balloon 

Gas 
Volume 

Engine 

I 

Pro- 
peller 

Ascent 
Limit: 

1,000 m 

( * *  

- 

. 

46 m 

1.3 
rad/s 
(10 
r.p.m.) 

ca. 
60,000 m' 

4 x 
1,800 HP 

4-Blade 
(D: 6m) 

49 m 

1.25 
r.p.s, 

ca. 
100,000 
m' 

4 x 
2,800 HP 

4-Blade 
(D: 6m) 



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. 
(****) When ten aircraft are manufactured. 

The amount in parenthesis is that in the case where one air- 
craft is manufactured. 

L 

No. of Crew 
Members 

Price per 
one 
Aircraft 

Table VI-13. 

4 

3.3 billion 
yen (4.1 bil- 
lion yen) 

(****) 

In the following, the performance properties of each aircraft - /262 
will be described. 

( * * * I  

5 

3.1 bil- 
lion yen 

(b) Performarlce of Skycrane. 

5 

4.6 bil- 
lion yen 

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. 

Distance 
Cruise 

Duration 
of Cruisgof Model 

In this study, the basic question concerning the Skycrane was 
whether an object with the shape of the Skycrace can a,ctually fly or 
not. Therefore, sufficient study has not been maas concerning the 
performance of the Skycrane when loading and unloading heavy cargoes 
and the arcommodation of the Skycrane on the ground. 

50 km/h 

110 km/h 

236 km/h 

Rental Speed .- 
Skycrane 

Rota-Ship 

lKv-lo7 

Pay10ad 

3 hours 

3 hours 

3 hours 

per Hour 
600 
nilliun 
Yen 
424 mil- 
lion yen 

74 mil- 
lion yen 

150 km 

333 km 

700 km 

70tons 

30 tons 

3.4 tons 



Hence, more detailed studies must be done with further conceptual- 
i;ing 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. 

; L? ) F t ? r f ~ r l ; i ~ ~ ~ ~ e  ~f fi~t;?-sili~ ( for.  lieavy -Cargo T r a n s p o r t a t  i o 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 czrries a sus- 
pe~ded 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 mocntains the fineness ratio of the 
airship portion had better he chosen so that the body is almost a 
ball and is more compact. 

Id) 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 bs made at the present stage. 

However, anticipating heavy criticism, the author dares to present 
3 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. 



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 
C-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 hydroelectrFc 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 including 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%. 



Table VI-14. Estimated Annual Amount Saved /264 

Construction 
Objects and 
Total Const- 
ruction Cost 

(1) Pumped- 
Storage Power 
Plant 

1110 billion 

150-250 
Billion yen 

(3) Geothermal 
Power Plant 
? billion yeax 

(a) Civil 
Engineering 
Works : 
50 % of the 
total cost 
? billion ye 
(b) Heavy 
Cargo Trans- 
portation 
Cost 
2% of the to 
tal cost 
2.5 billion 
Yen 

3% 

? billion 
Yen 

Costs Which 
can be Saved 

(a) Civil 
Engineering 
Works : 

50% of the 
total cost 
55 billion 
Yen 
(b) Heavy 
Cargo Trans- 
portation 
Cost 
2% of the 

40% 
1 billion 
Yen 

total cost 
2.2 billion 

Works : 

50% of the 
total cost 

75 billion 

Cost 
2% of the 
total cost 
3 - 5  
billion yen 

Estimated 
Total Amount 
Saved 

ca. 1.2 bil- 
lion yen 

' Saved Amount 
by LTA 
Aircraft 

0.6% 
330 million 
Yen 

40% 

900 million 
Yen 

1.1 billion 
yen 

Payload 
Required for 
LTA 

50 tons 
(most 
desired) 

- 

50 tons 
(mostly 
desired) 



Remark: ( * )  The maximum payload of the conventional helicopters 
is 3.3 tons and they cost 740 thousand yen per hour. 

In this case, the following question has been raised: 1265 
Can the total construction, 50 billion yen, be borrowed only for the 
initial constru,-tion works such as tunnel or road constructions? Some 
correction must be made through -:he future course of the study. In 
obtaining the estimates represen-.J in this section, the estimating 
method mentioned akove has been ac,=,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. 

10% 
4.2 billion 
Yen 

5% 

2.8 billion 
Yen 

- 

4.2 billion 
Yen 

2.8 billion 
Yen 

( 4 )  Trans- 
mission Lines 
and Iron 
Towers 
700 billion 
Yen 

(5) Power 
Substations 

Heavy Cargoes: 
390 billion 
Yen 

Total: 
700 billion 
Yen 

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: 

20 tons 
is 
sufficient 
( *  ) 

100 tons 
is desired 
probably. I 

4 

Transporta- 
tion Cost of 
Members 
6% of the 
total cost 
42 billion 
Yen 

Heavy 
Equipment 
Transpor- 
tation 

13% of the 
total cost 

In Total: 
390 billion 
yen x 13% 
= 50.7 bil- 
lion yen 

*Stztion Scale: ca. 1,200,000 kW 
*Total Construction 
Cost: 78.8 billion yen 
*Transportation Dis- 
tance around the 
Construction Site: 57 km 
*Total Transportat-ion 
of Electric Power 
Generating Equipment: 16,000 tons (100%) 



*Cargoes Heavier Than 
20 tons (Object Limited 
by Vehicle Weight 
Limitation Rule) : 112 packages: 20 tons or lighter 

80 packages: 30 tons or lighter 
122 packages: 40 tons or lighter 
18 packages: 70 tons or lighter 

*Direct Transportation 
Cost: 50,000 -100,000 yen/ton 
(From Factories in 
Tokyo - Yokohama 
Area to Construction 
Site) (X 3,500 tons = 480 - 950 million 

yen 1 

*Indirect Trans-] 
portation Cost: 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 

*Total Transportation 
Cost, the Sum of the 
Direct and the Indir- 
ect Transportation 
Costs: ca. 1.6 billion yen to 

2.0 billion yen 

*Fraction of Heavy Cargo 
Transportation Cost in 
the Total Construction 
Cost of Power Station: 1.6 billion yen/78.8 billion 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 c f  the Skycrane and the Rota-Ship for heavy 
cargo transportation. 



The number, 40% should therefored be accepted as a variable with 
substantial uncertain factors. Rather, this number can be interpreted - /26f  
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 billio:~ yen excluding land use 

costs. 
*Construction Period: 3 years 
"Total Weight of Construction 
Materials: 216,000 tons 
"Transportation Means: 

* This construction plan is one of the largest scale amonq power 
line constructions in Japan. However, the fraction 

of the helicopter uses (measured by the transported weight) in 
this construction works seems to be very low. This fraction is 
expected to be about 30 - 40 % in the future. 

* The fraction of the matcxial transportation cost in the total 
construction cost is: 

Unit Cost 

49,000 yen/ton 

1,700 - 4,OOC 
yen, ton 
4,000 yen/ton 

Helicopter 

Freight- 
Carrying Cable 

Truck 

2,7 billio~~ yen 
= ca. 6%. 

45.0 billion yen 

Weight 

36,000 tons 
(17%) 

102,000 tons 
( 4 7 % )  
78,000 tons (36%) 

Transportation 
Cost 

1,800 million yen 
(67%) 

600 million yen 
(22%) 
300 million yen 
(11%) ' 



*Helicopters Presently Used in Power Transmission Construction 
Works : 

*Annual Wei~ht Transported by Helicopter 
(Tokyo Electricity Company): 

80,000 tons - 100,000 tons. 

L. 

Available No. 
of Units 

14 
2 
3 
9 

28 

Bell 204B 
Bell 214R 
Vertol KV107 
Others 

Total 

*Annual Weight Transported by Helicopters 
(10 Electricity Companies in Japan): 

about 250,000 tons 

Based on the data above, the fraction of material transportation 
cost in the total construction cost is estimated to be 6%. 

Payload 

0.8 - 1.2 tons 
2.5 - 3.3 tons 
2.5 tons -------- 

A question is: What percentage of this transportation cost can be 
saved by using a new air transportation means (hybrid airship)? In 
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, l o % ,  or 4.2 
billion yen, might be an under-estimation. Anyhow, in this report, 
10% has been selected for a tentative calculation. 

Charter Fare 

414,000 yen/h 
740,000 yen/h 
688,000 yen/h ---------- 

( $ )  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 substation, transportation tools 
which have the payload of 100-ton-class are hoped for in its construc- 
tion. 



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 experiences 
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. Cor2rehensive 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: 

Small-Size Non-Rigid Airship ........... Survey on Presently 
Used Aircraft. 

Small-Size Rigid Airship ............. ..Conceptualizing Design 
Small-Size Semi-Rigid Airship .......... Conceptuaiizing Design 
Large-Size Rigid Airship 
Balloon System for Cargo Handling 
at Harbor. ............................. Conceptualizing Design 
Balloon System for Observation 
and Monitoring. ........................ Conceptualizing Design 
Hybrid Airship (for Passenger). ........ Conceptualizing Design 
Hybrid Airship (for Heavy - Cargo 
Transportation) ........................ Conceptaliing Design 
Hybrid Airship (Rota-Ship for 
Passenger Transportation).. ............ Conceptualizing Design 
Hybrid Airship (Rota-Ship for 
Heavy-Cargo Transportation and 
Skycrane).. ............................ Coceptualizng Design 
Hybrid Airship (Megalifter Type) 
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. 

A 
ment s 
it was 
groups 
Japan 

.fter such a discussion and after having investigated the develop- /268 
tages in foreign countries (Cf. Oversea Reference Material I), 
concluded that the objects are classified into the following 
which are ordered by their priority status as objects which 
should deal with. 

i 
I 
I 
I 



1st Group: ( 7 ) ,  (8-i) and (8-ii) 
2nd Group: (11, (51, (6) and (10) 
3rd Group: (9) and ( 4 )  

It should be noted that the development of (11, (91 ,  ( 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 
development 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 tjvelopment of LTA aircraft 
are desired, the promotion of the development of the LITA 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 ~ e r f  ormances are the 
bicjgest problem to be questioned. 
* ~ t  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) 



Problems and Re~arks: - *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: A conceptualizing design was done. 

Is technically feasible. 
However, the economic efficiency is 
questionable. 

Yarket Condition : Same as (1) 

( 4 )  Large-Size Rigid Airship. 
Technical Possibility: No conceptualizing design was done. 

Perhaps economically efficient. 
The detailed discussions on the tech- 
nology are left to further studies. 

Market Condition: -- In the future era when large amount of 
air cargo are carried by regularly op- 
erated aircraft, this aircraft nay be- 
come very important. 

Social Influences: Energy conserving 
Low noise property. 
Requires less airport land. 

Problems and Remarks: *In "View on Aircraft in the 21st century," 
which has been recently published. bv 
NASA, one of the three realizable impor- 
tant :argets 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 F 
attention. 

(5) Balloon System for Cargo Handling at Harbor. 
Technical Possibility: Is technically feasible. 

A conceptualizing design was done. 
Is economically efficient. 

Market Condition: There are promising markets in develop- 
ing countries. 
The domestic markets cannot be hoped 
for much. 

Problems and Remarks: *A survey study is being done by the 
Japan Socj y 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. 



(6) Balloon System for Observation and Monitorin& 

Technical Possibility: Is sufficieutly technically feasible. 
Idore advanced techniques sre now sought. 
Is economi.cally efzicient. 

Market Conditiqn~ There are promising domestic markets for 
marine survey and pollution monitorins. 

Problems and Reharks : *The balloon may probably be stream- 
line-shaped. 
*A study is being done by the Japan 
Society of Aeronautics and Space In- 
dustries. 

(7) Hybrid Airship (Passenqer Rota-Ship) . 

M=,zket Condition : - 

Technical Possibility: A conceptual design was done. 
The technical possibility is very sure. 
The economical efficient 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. 
Is also promising as short-distance 
maas-transportation aircraft in the 
world's markets. 

Social Influences: Znergy conserving. 
Low Noise property. 
Requires less airport land. 

Problems a;rd Remarks: *One of the three-big targets described 
in "View of aircraft in the 21st c-?nturvt' - 
by NASA is VTOL aircraft for connecting 
cities. 
*Some problems such as the ability of 
regular operation in airline are left 
t.o further 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 mzrkets in Jcpan. 
There are no alternative means. 
If Seirg successful, the aircraft will 
be desired from the oversea markets. 



Social Influences: -- Is deeply connected with the government's 
energy development plans. 
May prevent pollution, environment. dcstroy- 
ing, etc. in connection with road const- 
ructions. 

Problems and Remarks: *Contains a possibility of inducing a 
kind of "technological innovation." 
*The devlopment is greatly desired by 
electric power and heavy equ,pnicnt 
industries. 

(8-ii) Hybrid Airship (For Heavy-Cargo Transportation): Skycrane. 

Technical Possibility: A conceptualizing design was done. 
The technical possibility contains many 
uncertain elements. 
Economical Erficiencv is ex~cctcd. - 

Market Condition: -- Same as (8-i) 
social Influences: Same as ( 8 - i l  . - 

Problems and ~emaiks: Same 35 (8-i) 

( 9 )  Hybrid Airship (Megalifter Type). - 

Technical Possibilix -- Tho detailed technical studies arc left 
t(3 the future development. 
Economic efficiency has not becn confirmed 

Xarket Conditjoc: -. Same as ( 4 )  
Social Influences: -- Similar to (4) 
Problems and Remarks: *The development is now at the stagp of 

basic technological study. 
*If a nuclear engine is developed, this 
aircraft will +.ract much attention. 

(10) Auco-Piloting Means for Suspended Gondola. 

Technical - Possibility: Is technicsily feasible. 
Economic efficiency has not been confirmed. 

Problems and Remarks: -- - *This device is r!scd in combination 
with thc aircraft (1) through (9) . 
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