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Introduction  
 

The year 2016 marked the 127th anniversary of Igor Sikorskyôs birth. He was an aircraft 

designer, who created in Russia the first in the world multi-engine bomber, and in America ï the 

first helicopter. After his emigration to the USA, which saved his life, Sikorsky had the last 20 

USD left. Being in Chicago, he invested his last money in a very lucky way ï he bought a ticket 

to the Sergey Rakhmaninov concert. After the concert, they started to talké Rakhmaninov asked 

how much money the design engineer needed to start his own business. The answer was: 500 USD. 

Rakhmaninov put his hand in the pocket, got out a thick bundle of banknotes ï his entire fee for 

the concert ï and offered to Sikorsky. There was 5,000 USD, big money at that timeé      

Nobody in America believed in Sikorskyôs helicopter. Moreover, in the 30ies of the XX th 

century, 30 years after his first successful experiments with the helicopter prototype in Kiev, the 

majority of engineers considered that his design diagram with one lift rotor and one steering rotor 

would never work. Sikorsky managed to prove a negative ï and starting from the middle of the 

last century, 90% of all helicopters have been flying based on this diagram, which was later called 

a classical one all over the world.    

Conclusions of experts concerning something new are always wrong ï but that is because 

it is new! Otherwise, they would be the most successful and wealthiest people, as they would know 

what would happen tomorrow and they would understand where to invest their energy and money 

so as to become successful and earn more. The whole historical experience testifies to the contrary 

ï only those people earn much and become successful, who invest in such projects, which neither 

ñexpertsò nor ñspecialistsò would dare to invest a dime in. In fact, only the Author and Creator of 

a new thing can be its genuine expert and specialist.     

In order to make sure of the above said, it is enough to read some of the most interesting 

predictions specified below made by so-called ñexpertsò and ñspecialistsò for the last 150 years. 

No, they did not mean to suspend the technological progress, they sincerely believed they were 

right.   

 

Predictions: 

 

 ï Computers in the future may weigh no more than 1.5 tons (Popular Mechanics, 1949). 

ï I think there is a world market for maybe five computers (Thomas Watson ï CEO of 

IBM, 1943). 

ï I have traveled the length and breadth of this country and talked with the best people, and 

I can assure you that data processing is a fad that wonôt last out the year (Editor of Prentice Hall 

publisher, 1957).  

ï But whaté is it good for? (Engineer at the Advanced Computing Systems Division of 

IBM commenting on the microchip, 1968).  

ï There is no reason anyone would want a computer in their home (Ken Olson ï founder 

and president of Digital Equipment Corp., 1977). 

ï This ótelephoneô has too many shortcomings to be seriously considered as a means of 

communication. The device is inherently of no value to us (Western Union internal memo, 1876). 

ï The wireless music box has no imaginable commercial value. Who would pay for a 

message sent to nobody in particular? (David Sarnoffôs associates, in response to his urging for 

investment in the radio, 1920). 

ï Who the hell wants to hear actors talk? (Reaction of H.M. Warner - Warner Brothers on 

the use of sound in cinema, 1927).  

ï We do not like their sound and, in general, the guitar ï itôs yesterday. (Decca Recording 

Co., rejecting a record album of The Beatles, 1962).  
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ï Heavier-than-air flying machines are impossible! (Lord Kelvin ï president of the British 

Royal Society, 1895).   

ï Professor Goddard does not know the relation between action and reaction and the need 

to have something better than a vacuum against which to react. He seems to lack the basic 

knowledge ladled out daily in high schools. (New York Times editorial about Robert Goddardôs 

revolutionary rocket work, 1921).  

ï You mean drill into the ground to try and find oil? Youôre crazy! (Associates of Edwin 

L. Drake refusing his suggestion to drill for oil, 1859). 

ï Airplanes are interesting toys but of no military value (Marechal Ferdinand Foch, 

Professor of strategy, Ecole Superieure de Guerre).  

ï Everything that can be invented has been invented (Charles H. Duell ï Commissioner, 

US Patent Office, 1899).  

ï Louis Pasteurôs theory of germs is ridiculous fiction. (Pierre Pachet ï Professor of 

Physiology at Toulouse, 1872). 

ï The abdomen, the chest, and the brain will forever be shut from the intrusion of the wise 

and humane surgeon. (Sir John Eric Ericksen ï British surgeon, appointed SurgeonïExtraordinary 

to Queen Victoria, 1873). 

ï 640K ought to be enough for anybody. (Bill  Gates, 1981).  

ï 100 million dollars is way too much to pay for Microsoft. (IBM, 1982). 

 

Transport complex SkyWay (Unitsky String Transport) is not a historical exception. There 

have been made thousands of emotional ñconclusionsò, where ñexpertsò have been analyzing 

during all 39 years of work on SkyWay not the essence of string transport, but, generally, their 

own ignorance on a rather difficult, comprehensive and branch-forming solution. There can be 

singled out just a few of them that can be truly considered expert opinions. These are the 

conclusions that have analyzed not only the term ñstring transportò and mental abilities of the 

developer, but SkyWay technical content itself in its optimal (not extreme) design, considering 

developerôs know-how. These are the conclusions that excluded assumptions of experts ï 

obviously, competent and educated, but only in that sphere of knowledge where they are real 

specialists.  

However, numerous potential investors, customers, officials of all kinds listened to and 

heard not the Developer of the new technology, not genuine Experts, but those whom they knew 

and trusted. It is easier that way. It is known that buried treasure is easier to look for under a lamp 

as it is lighter with it, rather than in a dark impassable forest. After all, London municipality 

believed a little over 100 years ago, at the time when the first automobiles already appeared in the 

streets, the specially created committee, who carried out an ordered analysis of transport 

development prospects and stated as follows: ñéIn 100 years (i.e. in our days), there will be 2 

million people and 4 million horses in London. There will  be more stables than residential houses. 

All neighbouring lands will be planted with grass and oat, but despite this, there will not be enough 

land and fodder for horses. And the layer of dung in some places will be half a meter thickéò                    

Predictions of today for the period of 50ï100 years ahead are much the same, if in this 

analysis we replace the terms ñhorseò with ñautomobileò, ñstableò with ñgarageò, ñoatò with 

ñgasolineò, ñlandò with ñasphaltò and ñdungò with ñexhaust fumesò. Specialists and experts have 

at all times made the same mistake ï 100 years back nobody ñnoticedò the first simple and 

unimpressive automobile, which then changed the world in the XXth century likewise today 

nobody ñnoticesò the first simple and unimpressive SkyWay concept, built in Moscow region, 

town of Ozyory, in 2001, which will change the world in the XXIst century even more by making 

it safer, more eco-friendly and comfortable.      

Thousands of people ï presidents of countries, prime ministers, ministers, ambassadors, 

governors, academicians, doctors and candidates of sciences, students, pupils and ordinary people 
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have asked the author, who has grown over the years to become general designer, numerous 

questions. This document presents answers to 100 most frequently asked questions. 

 
Sincerely yours, 

Anatoly Yunitskiy 

Minsk, 2015 
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1. What is SkyWay?  
 

Transport complex SkyWay (Unitsky String Transport) is a special automobile on steel 

wheels (passenger ï unibus, cargo ï unitruck, light vehicle with a bicycle drive ï unibike), located 

on string rails mounted on supports (Fig. 1ï14). The complex also includes infrastructure ï 

stations, terminals, repair workshops, turnout switches, automated system of control, safety, power 

supply and communications. Due to high evenness and rigidity of rail-string track structure 

SkyWay, it is possible to develop motion speeds of up to 500 km/h.      

Rail-string tracks can be single- and multi-lanes, with track structures located on joint and 

free-standing supports, as well as mounted (when a rail automobile is mounted above onto two 

string rails) and suspended (when a rail automobile is suspended below one or two string rails).  

 As to transport system carrying capacity and rolling stock passenger (cargo) capacity, 

SkyWay is divided into the following classes: ultra-lightweight, lightweight, medium-weight, 

heavyweight and super-heavyweight. As to speed limits, SkyWay can be low-speed (up to 100 

km/h), fast (up to 200 km/h), high-speed (up to 300 km/h), super high-speed (up to 400 km/h) and 

hyper-speed (up to 500 km/h). High motion speeds place extremely strict requirements on 

evenness and rigidity of the track. Therefore, the higher the design speed is, the more expensive 

SkyWay track will be.  

2. What is a string rail ? 
 

String rail is a conventional unsplit (along the 

whole length) steel, reinforced concrete or 

steel-reinforced concrete beam or truss, 

equipped with a railhead and additionally 

reinforced with pre-stressed (stretched) 

strings (see Fig. 1, 13 and 14). Maximal 

string tension per one rail (depending on span 

length, speed motion limits and design mass 

of unibus or unitruck) is 10ï1,000 tons and 

more (at design temperature of assembly ï 

+20 ÁC). It combines the qualities of a 

flexible thread (at a large span between 

supports) and a rigid beam (at a small span 

under a wheel of a rail automobile and above 

the support). Therefore, under the impact of 

concentrated wheel load, the deflection 

(curvature) radius of a string-rail is 1,000 m 

and more (the higher the design speed is, the 

more this radius must be). Due to this, wheel rolling of a rail automobile will be smooth, bumpless 

both in the middle of the span and above the support. A string rail is characterized by high strength, 

rigidity, evenness, manufacturability and ease of assembly, low material consumption (steel: 10ï

100 kg/m, concrete or other filler: 0.005ï0.1 cu m/m), a wide range of working temperatures (from 

+70Á C to ï70Á C). It provides an ideally smooth track for wheels movement as it has no 

technological or temperature joints along its whole length (railhead is welded as a single weaving). 

The cost of the assembled string-rail is estimated from USD 10,000 per 1 km, which is less than 

that of the assembled railway rail.    

 

 

 

 

 
 

Fig. 1. Rail-string of mounted SkyWay:  

1 ï railhead; 2 ï string (bunch of steel wires);  

3 ï component for fastening string to rail body;  

4 ï filler (special concrete); 5 ï rail body  
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Fig. 2. Different types and classes SkyWay  

 

 

 

 

 

 

 

 

 String technologies is an entirely Russian 
development, which happened in the 
history of transport development in the 
country for the first time. Russia has a 
unique opportunity to occupy a 
fundamentally new transport niche in the 
world economy based on innovative 
Russian technologies.  

 

 Track structure SKYWAY is cheaper than 
railway, monorail and automobile 
overpasses by 30ς40 mln USD/km.  

 At a speed of 350 km/h, unibus will be 
more cost effective than high-speed railway 
by 6ς8 times, than sports car ς by 15ς20 
times.   

 

Savings per 1 km of the track (during 
construction):   

¶ steel ς 500ς1,000 t (compared to monorail); 

¶ reinforced concrete ς 15,000ς20,000 cu m 
(compared to fast railway overpass); 

¶ land acquisition ς 5 ha and volume of 
earthwork ς 20,000ς30,000 cu m (compared 
to railway and highways) 

 

 Patents ς about 50 patents for inventions 
obtained, including abroad. A repeated expert 
evaluation undergone, dozens of positive 
opinions obtained, including from the Ministry 
of Economic Development and Trade, State 
Committee for Construction of Russia, the 
Academy of Transport and Solomenko Institute 
of Transport Problems of the Russian Academy 
of Sciences.    

 
    Awards:  

¶ άtǊƻƧŜŎǘ ƻŦ ǘƘŜ ¸ŜŀǊ ƻŦ ¢ǊŀƴǎǇƻǊǘ LƴŘǳǎǘǊȅ ƻŦ 
wǳǎǎƛŀέ ς diploma of National Public Prize 
άDƻƭŘŜƴ /ƘŀǊƛƻǘέ όнллфύ 

¶ Two UN grants (1998 and 2002) 

¶ ¢ƘǊŜŜ ƎƻƭŘ ǉǳŀƭƛǘȅ ƳŀǊƪǎ άwǳǎǎƛŀƴ .ǊŀƴŘέ ƻŦ 
the national program aimed to promote the 
best goods, services and technologies (2001)     
 

 Project infrastructure ς creation of 
transport infrastructure, tele-, radio- and 
multimedia communications,   electrifi-
cation, nano-industrial technology; export 
of Russian goods and technologies, 
development of scientific school, change of 
world logistics and state of mind of society.    
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Fig. 3. Double-track SkyWay in a city,  

speed ï up to 150 km/h  

 
 

Fig. 4. Medium-speed single-track 

SkyWay, speed ï up to 250 km/h 

 

 

  

Fig. 5. High-speed track at a foothill, 

speed ï up to 400 km/h 

 

Fig. 6. Super high-speed track,  

speed ï up to 450 km/h 

 

 

 
 

Fig. 7. SkyWay at big height in a city  

 

Fig. 8. Urban suspended unibus 

 

 

 

 

 

 
 

Fig. 9. Bus on rail-string track structure  

  

Fig. 10. Urban bus on a string rail built in 

asphalt 
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Fig. 11. Single-track high-speed SkyWay on a plain 

 

 

 
 

Fig. 12. Cargo SkyWay for bulk and liquid cargo transportation 

3. Are there any analogues of a rail -string among other building 
structures?  
 

Its closest analogue is a pre-stressed reinforced concrete beam of a bridge made of rigid 

components (reinforced concrete structure) and flexible bunches of steel wires and cables stressed 

to about 100 kgf/mm2 tension and put in special channels inside the beam. The beam and wire 

bunches are fixed with solidifying mixture, for example, cement solution or epoxy resin filled in 

the channels to make a single structure.  

Another analogue is a hanging bridge that has a rigidity beam supported by a cable, which 

has a sag. The beam and cable are fixed with a suspension to make a single structure. The principal 

distinction that distinguishes hanging bridges from the string-rail is the fact that a cable of a 

hanging bridge is located beyond the rigidity beam while a cable of the string-rail is installed 

inside the hollow rail body filled with solidifying mixture that acts as a suspension, and in 

combination with a body ï as a rigidity beam.  

4. What is the principal distinction of a string -rail from other structures?  
 

A string rail in all classes of mounted SkyWay is designed so that construction sags of a 

string (twisted or untwisted cable), with sags of 20ï50 m, make 10ï150 mm. A string with such 

sag is easily placed inside the structure of small transverse dimensions (see Fig. 1 and 13). This 

will ensure high evenness of the track. To ensure even higher evenness, the rail at each sag can be 
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made with a camber ï upward bending, ï which is equal to the dynamic deformation of the sag 

with rail automobile moving.  

 

 
 

Fig. 13. One of alternative designs of string-rail for mounted SkyWay:  
a) cross section; b) longitudinal section; 

b) 1 ï railhead; 2 ï rail body; 3 ï string (twisted or untwisted rope); 

                             4 ï filler; 5 ï support  

 

In some design variants of suspended SkyWay, both rail and string are placed with a sag at 

the span (the longer the span is ï the more the sag is, see Fig. 16). Such design variant is the most 

efficient in urban SkyWay, when between stations on the ñsecond levelò, there will be no supports, 

i.e. the span distance in it will be equal to the distance between the neighbouring stations.  

Such SkyWay will be the most energy efficient, as after leaving a station and going 

downhill, the unibus will be accelerated up to the design speed not due to an engine, but due to 

gravity force (the so-called gravity engine). When entering a station and going uphill, it will be 

braked not by brakes, but again by gravity (the so-called gravity brake). In this case, there will be 

realized the most efficient energy recuperator of all those possible, with the efficiency factor of 

100%. The reason is that the unibus will operate using not some mechanism with all its drawbacks, 

but the laws of physics, according to which potential energy of the unibus from the station, where 

it stands still, will be transformed into kinetic energy when moving at the section with the maximal 

speed in the middle of the span, to then be transformed into potential energy again at the next 

station.         

Maximal motion speed here can be set based on the construction level difference between 

the station and the middle of the span, and engine power ï based on the value of aerodynamic 

losses and losses to overcome unibus wheels rolling resistance when moving at the section. 

Designed variants of urban suspended SkyWay, for example, a 20-seat unibus at the span of 1,000 

m requires an engine of only 5 kW, or 0.25 kW/passenger to reach the maximal speed of 100 km/h. 

None of known and advanced urban transport systems with stops every 1,000 m and motion speed 

of 100 km/h at the section can have or will have such efficiency. For doing so, the level difference 

between stations and the middle of the span must be about 35 m. With level difference of 20 m, 

the optimal speed will be about 70 km/h. 

  

 

 

 

 a)   b) 
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Fig. 14. One of alternative designs of string-rail for suspended SkyWay:   

1 ï head; 2 ï string (bunch of steel wires); 3 ï filler; 4 ï body  

5. What are the transverse dimensions and mass of a string -rail?   
 
A string-rail is characterized by the following maximal transverse dimensions: width ï 120 

mm, height ï 350 mm (for super-heavyweight high-speed mounted SkyWay). The minimal 
dimensions are the following: width ï 30 mm, height ï 9 mm (for ultra-lightweight low-speed 
suspended SkyWay). 

Mass of a running meter is 3ï120 kg, out of which steel makes 50ï90%.  

6. Is a string -rail lighter than a railway rail ? 
 

Steel of one modern heavy railway rail (considering baseplate, bolt clamps, etc.) is enough 

to manufacture the track structure (two rail-strings) for a single-track mounted SkyWay of middle 

class of the same length (steel consumption is 60ï100 kg per 1 running meter of track structure), 

or double-track suspended SkyWay of middle class. In this case, it is necessary to remember that 

a railway rail has a span of just 0.5ï0.6 m (distance between neighbouring sleepers), and that of 

SkyWay ranges from 30ï35 m to 2ï3 km.  

7. Does a string  rail require unique materials for its manufacturing?   
 

No, it does not. All materials required for its manufacturing are produced today by 

industries of any developed country, including Russia. For example, a railhead, along which a 

SkyWay vehicle actually moves, could be made of steel used for railway rails or bridge structures. 

Therefore, a railhead can be rolled using conventional rolling mills, only equipped with more 

simple accessories. The reason is that a string railhead profile is much simpler than that of a railway 

rail and its mass per unit length is significantly lower: 3ï25 kg/m.    

 SkyWay string is made as a twisted or untwisted cable consisting of high-strength steel 

wires of 1ï5 mm diameter. This wire with a tensile strength of 90ï350 kgf/mmĮ is industrially 

produced in many countries to be used for cables and ropes in hanging and cable-stayed bridges, 

in pre-stressed reinforced structures, steel cord of automobile tires, etc. Dozens of steel grades 

produced by large-serial manufacturers are suitable for this string, therefore there is no need to 

enumerate them. A ribbon, band, rod, tube, etc. made of steel or other high-strength materials, 

including composites and polymers, could also be used as a string.   

The same is true for other string-rail components, track structure, supports and SkyWay 

rail automobile ï all these components are either produced by industry, or initiation of their 
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production would not be a problem.  

As solidifying materials to consolidate (to make monolithic) the string and rail body, it is 

possible to use cement mortars with admixture of plasticizers and corrosion inhibitors, 

composition materials based on epoxide or silicone resins, bitumen and other industrially produced 

bond materials. 

8. What is the linear track scheme?  
 
The linear track scheme of mounted SkyWay (variants), when a rail automobile is located 

above string rails, is shown in Fig. 15; of suspended SkyWay (rail automobile is located under 
string rails) ï in Fig. 16.  

Depending on span length, the following two specific types of SkyWay track structures are 
recognized:   

1 ï conventional design (span up to 50 m);  

2 ï with additional supporting cable structure (span more than 50 m) with a cable installed: 

a)  at the bottom;   

b)  at the top ï with a parabolic sag;  

c)  at the top ï as cable stay.  

3 ï trussed structure, with a trussed string (span up to 500 m).  

SkyWay supports are divided into two characteristic types: anchor (installed every 1,000ï

5,000 m and more) and supporting masts (installed every 10ï1,000 m and more).   

 
 

Fig. 15. Linear track scheme for mounted SkyWay: 

 a) side view; b) top view; 
1 ï rail -string track structure; 2 ï support; 3, 4, 5, 6 ï anchor supports, correspondingly: intermediate, pylon, 

terminal, with turnout switch; 7 ï supporting cable; 8 ï intermediate station;  

9 ï track section made of conventional rails (of railway type); 10 ï ring terminal; 11 ï mounted rail 

automobile  

Suspended SkyWay also has several design variants, including with supporting cable (see 

Fig. 16).  

TYPE I  

 
TYPE II  
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Fig. 16. Linear track scheme for suspended SkyWay:   

1 ï rail -string track structure (one or two string rails per one track); 2 ï support; 3 ï anchor support 

combined with passenger station; 4 ï saddle (provides smooth passing over intermediate support);  

5 ï supporting cable; 6 ï suspended rail automobile  

9. What is the tension force of strings?   
 

The average tension force per one rail-string for mounted SkyWay of middle class will 

make as follows: from 200ï250 tons for low-speed and up to 1,000 tons and more for high-speed 

variants of the system. With design wire tension stress to break of 100 kgf/mm2, their total area of 

cross section in the first case will be 20ï25 cm2 per one rail, and mass ï less than 20 kg/m. If a 

string is made, for example, as three twisted cables, the diameter of each cable will be about 35 

mm. Minimal tension of ultra-lightweight low-speed suspended SkyWay is up to 10 tons, maximal 

tension of super-heavyweight mounted SkyWay is 1,500 tons and more.  

For comparison: cables of existing hanging bridges reach 1,500 mm in diameter, and their 

tension stress ï 200 thousand tons and more. By the way, SkyWay and a hanging bridge have 

approximately the same carrying capacity (for passenger and cargo traffic).  

Design string tension in a rail string depends on the span length, unibus mass, its design 

motion speed and even on the suspension type ï for a rigid wheel suspension and with a rigid 

damper in a designed unibus, a higher string tension is required in order to provide higher evenness 

of the track and comfortable smoothness of movement.  

Therefore, SkyWay designing is more like designing a plane, where it is impossible to take 

arbitrary hull shape, wing area, takeoff weight, etc. rather than designing a railway. However, 

officials regularly send documentation for SkyWay expert evaluation to railway authorities, who, 

failing to find sleepers and wheel pairs, give negative opinions because of wrong, in their view, 

solutions. It is neither good, nor bad ï these are just SkyWay peculiarities, which have to be taken 

into consideration.  

Flexural rigidity of a rail body, i.e. its design peculiarities, also has a significant impact on 

the required value of pre-stressed string tension. In high-speed SkyWay, a string rail can be made 

with a very high flexural rigidity, which can exceed flexural rigidity of a conventional railway rail 

by 1,000 and more times (the way it is achieved is one of the numerous SkyWay know-how). This 

allows to reduce the required string tension manifold.               

10 . What is the maximal possible span?  
 
Track structure spans of mounted SkyWay exceeding 50ï100 m should be supported by a 

special cable (fixed on the top or bottom), i.e. they must be designed by type of a hanging or 
cable-stayed bridge. Taking into account the light weight of a track structure and rail automobiles, 
cables with diameter of 100 mm made of high-strength steel wire will ensure support of mounted 
SkyWay spans of up to 1,500 m long, of 200 mm ï up to 3,000m.  

 The maximal span of suspended SkyWay with a sagging track structure, when using high-
strength steel for rail and string manufacture, is 3,000 m.   

Modern high-strength composite materials for a string will ensure the maximal span length 

TYPE I  

 
TYPE II  
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of 4,500ï5,000 m.  

11. How rigid is a rail -string track structure?   
 

An important quality of a track is its relative rigidity: a ratio between the structure sag 
under the weight of the rolling stock, located in the middle (or in 1/4) of a span, and the span 
length. Modern bridges, including hanging bridges, are designed in Russia and abroad with the 
estimated relative deformation of 1/400ï1/800. Mounted SkyWay is designed as a more rigid 
structure. For example, a sag of the rail-string structure with a 50 m span under the weight of a 
high-speed unibus will be less than 10 mm, or less than 1/5,000.  

Therefore, a rail-string track for a moving wheel will be much smoother than, for example, 
a railway track of a high-speed network laid on a modern reinforced concrete or steel bridge.  

Construction (assembly) deflections of various track structure components under the 
impact of their own weight are given in Table 1.  

 

String deflections of mounted SkyWay under its own weight  
Table 1 

 

 

Span length, 

m 

Static (assembly) deflection of structural element 

strings inside a rail of supporting cable 

Absolute 

deflection, cm*  

Relative 

deflection 

Absolute 

deflection, m**  

Relative 

deflection 

25 

50 

75 

100 

250 

500 

750 

1,000 

1.6 

6.3 

14.1 

25 

ï 

ï 

ï 

ï 

1/1,600 

1//800 

1/530 

1/400 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

0.25 

1.56 

6.25 

14.1 

25 

ï 

ï 

ï 

1/400 

1/160 

1/80 

1/53 

1/40 

 

* string deflection is hidden (ñwiredò) inside the rail-string body; the rail is made without sagging, it is even, 

or with an upward bending;  

* * cable deflection is located under the track structure or above it.   

12. Will there be thermal deformation in a rail -string track structure?     
 

There will be no longitudinal thermal deformation in a rail body or in a railhead, or in a 

string, as their length remains unchanged in summer and in winter. Neither rail nor string will 

have any thermal deformation joints along the whole length, similar to telephone wires or power 

transmission lines that are like strings in a rail fixed to supports with a sag and stretch without 

any joints for many kilometers. However, temperature change in the structure can cause changes 

in its stress-strain state.    

SkyWay track structure is designed so that at any estimated temperature variations the rail 

and string are exposed only to tensile force. Therefore, the structure cannot lose stability, which 

could happen if these components were exposed to compression stress. For example, at maximal 

temperature difference of 100Á C (from +60Á C in summer in the sun to ï40Á C in winter), the 

maximal range of tensile stress variations in steel rail-string components will be about 2,400 

kgf/cm2: for a string ï from 7,600 kgf/cm2 (in summer) to 10,000 kgf/cm2 (in winter); for rail 

body and railhead ï from 0 to 2,400 kgf/cm2, respectively. With the reduced temperature 

difference, a strain-stress state will be proportionally reduced.   
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13. Will temperature variations of string tensi on result in track 
deflection?    

 
With temperature variations, there can be observed track deflection in a string sag plane 

(i.e. in a vertical plane), which will be proportional to its initial sag and relative tension variation. 
At temperature variation of 100Á C (or a more neutral value of 50Á C), maximum vertical track 
deflection at a 30 m span will make about 2 mm, or 1/10,000. In this case, the track will have a 2 
mm upward deflection in winter and the same 2 mm downward deflection in summer.   

Such micro-roughness is easily compensated by a wheel suspension and will not affect the 
smooth motion of a unibus moving at speeds of up to 500 km/h. Furthermore, as thermal 
deflections have a pre-designed and known-in-advance character at this air temperature, the track 
profile will be automatically adjusted by a computer-controlled wheel suspension, if necessary.  

In addition, there are design and technological know-how, which will exclude track 

deflection at temperature variations.    

14. Will the rolling stock change string tension when in motion?     
 
It will, but not much, just within 1%. It is explained by peculiarities of a kinematic scheme 

for the rail-string track structure. Fig. 17 shows a string block system, string tension in which 
(and, consequently, strain) does not depend on external load P but rather on tensile force T only.  

Such structure can be transformed into a linear scheme of a greater length (Fig. 18).  
The analysis showed that at P < 0.02 T (which is observed in SkyWay), the strain-stress 

state of structures, shown in Fig. 17 and 18, differ from each other by not more than 1% (more 
precisely ï 0.1ð0.5%). In engineering estimates, this difference can be neglected and structures 
can be considered identical.  

This considerably distinguishes SkyWay from other building structures, for example, 

bridges and overpasses. The latter are exposed to millions of loading cycles in the course of their 

operation and each time the stress in various structural components, for example, reinforced 

beams, increases by 2 and more times. All this results in the development of fatigue phenomena 

in the structure and, therefore, reduced service life of structures and growing maintenance and 

repair costs. 
 

 
 

Fig. 17. String block system: 
a) without external load; b) with load; 1 ï block; 2 ï string; 3 ï load 

 

a)    b) 
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Fig. 18. String linear scheme:  

a) with block at the end of string; b) with string sealed off; 1 ï block; 2 ï string;  
3 ï swing support; 4 ï fixing (anchor) 

 

As SkyWay strain-stress state remains practically unchanged during the whole period of 
its operation irrespective of the number of loads, such string-rail track structure will have increased 
total durability.    

15. How accurately are track gauge parameter s observed?   
 

Left and right string rails will be linked with each other every 10ï20 m with special cross 
bulkheads that fix a gauge like sleepers of a railway. The side force in the interval between them, 
for example, under the impact of a hurricane side wind of 100ï150 kgf per one wheel, will change 
the gauge width by 1ï2 mm as a result of rail-string deflection, which will not pose any danger to 
the unibus rolling wheel moving at speeds of up to 500 km/h.    

16. What will happen to a rail vehicle if rails slide apart?   
 
This risk exists at railways, including high-speed railways, when numerous train 

derailments happen due to this reason. It happens because the train wheel has one flange. In a 
SkyWay module, each unibus wheel has two flanges (by one flange on the left and right side of 
the railhead, see Fig. 19) and an independent suspension.  

 
Fig. 19. Design of supporting part of a wheel: 

a), b) ï solid (monolithic) wheel; c), d), h), i), j ) ï combined with a moving rim; e), f), g) ï combined 

with moving flanges; 1 ï wheel body; 2 ï rim; 3 ï flange; 4 ï elastic toroidal component; 5 ï flexible 

plate; 6 ï flexible disk; 7 ï membrane; 8 ï spoke 

a)              b)                c)              d)               e)  

  f)                 g)               h)                i)               j) 

  b) 

a) 


















































































































