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Abstract 
Nowadays, the success of the new technology development and deployment 
process depends not only on technical, technological solutions, but also on 
solving the non-technological problems and crossing the societal and psycho-
logical barriers. A large international European projects, GABRIEL1 had de-
veloped a maglev assisted aircraft take-off and landing, that was applied to 
conceptual design of aircraft and required on-board and ground systems, had 
analysed all impacts (effects of concept deployment on effectiveness, safety, 
security, noise, emissions) and had demonstrated the safe applicability by 
concept validation. The applied methodology, used methods and the results of 
the Gabriel projects had been described and discussed by 55 project delive-
rables. This paper has a special goal: investigating the problems and barriers 
of possible implementing of the radically new technology, aircraft MagLev as-
sisted take-off and landing. The study was started by identification and classi-
fication of the problems and barriers. After it, the problems were systemati-
cally analysed by use of special methodology containing the understanding 
(description) of the problems, investigation of the possible solutions and dis-
cussing their applicability (mainly by use of the Gabriel project results). The 
paper has three major sections: 1) description of the Gabriel concept and 
project results, 2) introducing some related thoughts on general aspects of 
new technology developments, and 3) discussion on the problems and their 
solutions. The major classes of the problems are the 1) technical, technological 
problems as developing a radically new solution, landing the undercar-
riage-less aircraft on the magnetic tracks, 2) stakeholders’ problems as  
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decision makers kicking against supporting the developments of so radically 
new technologies and 3) society barriers like society worrying on and fear of 
future passengers on flying by aircraft have not conventional undercarriage 
systems. The paper will show that these problems have safe and cost-effective 
solutions. 
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1. Introduction 

The major problems, strategic plans for future developing the economic sectors 
like aeronautics, aeronautical industry and air transports, too, are regularly de-
fined by visions of high level groups, leading institutions organisations, and 
companies [1] [2] [3] [4]. The Technology Roadmap 2013 [5] developed by the 
International Air Transport Association envisions the option of flying without a 
conventional undercarriage to be in operation by 2032. There is an interesting 
question: Who does know the idea behind the IATA prediction? How do aircraft 
take-off and landing without undercarriage system? How will the stakeholders 
and especially how will the future passengers accept such unconventional solu-
tion? 

These are very important questions and the problems and barriers against to 
the implementation of such radical solutions may make difficulties, checks and 
even may “kill” new ideas. 

The European project “Out of the Box” [6] introduced several interesting 
ideas for possible improvements of the aircraft take-off and landing perfor-
mance. One of the ideas, using the magnetic levitation technology seems very 
radical but promising methods. This idea had been developed, analysed and 
tested by an international project supported by the EU 7 framework program. 
The GABRIEL (Integrated Ground and On-Board System for Support of the 
Aircraft Safe Take-Off and Landing) project [7] [8] [9] had developed a maglev 
assisted aircraft take-off and landing technology. The concept (that might be 
called as Gabriel concept) was applied in conceptual design (or better to say re-
design) of middle sizes aircraft (analogical to Airbus A320) and required 
on-board and ground systems. The general impact analysis was performed, 
namely all the major affects of possible deployment of the concept on effective-
ness, safety, security, noise and chemical emissions had been evaluated by inter-
national project team. Finally, the possible safe applicability of the concept had 
demonstrated by use of aircraft model in concept validation simulation and 
physical small-scale tests. 

The use of MagLev technology to assist the large civilian aircraft take-off and 
landing is a really new task, developing radically new solution, and new disrup-
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tive technology. At starting the project, there were no references dealing with 
such problems, (especially, for example with 1) the evaluation of the possible 
and applicable solutions, 2) the identification, evaluation and selection of the 
magnetic technology, 3) the analysis of the required aircraft modifications, 4) the 
landing of undercarriage-less aircraft on the platform moving on the magnetic 
track, 5) the fixation of the aircraft on the moving platform, or 6) the develop-
ment of emergency landing solutions). Finally, 55 project deliverables were 
completed by the GABRIEL consortia [7]. Each was dealing with special aspects 
of the developing solution. The most important results have published by series 
of conferences lectures [10]-[15] and journal papers [8] [9] [16]-[27]. The reader 
may find a video introducing the Gabriel concept, too [28]. 

The idea of MagLev assisting take-off, since its introduction by “Out of the 
Box” project [6] and first application of Gabriel team for EU support, has ap-
peared in other publication, too [29]-[33]. 

The Gabriel projects have developed a radically new technology, and it has 
faced with not only the technical problems. Already in application for support, 
the team met several problems and barriers appeared in evaluation of the pro-
posal. During developing the concept and partly after finishing the project there 
were identified several important non-technological problems and societal and 
even psychological barriers. This paper is an unconventional paper, dealing not 
with the technical solutions, but with the societal barriers and generally with the 
stakeholders’ acceptance of the radically new technologies. 

The goal of this paper is investigation of the problems and barriers of possible 
implementing of the radically new technology, aircraft MagLev assisted take-off 
and landing. The study was started by identification and classification of the 
problems and barriers. After it, the problems were systematically analysed by use 
of special methodology containing the understanding (description) of the prob-
lems, investigation of the possible solutions and discussing the applicable solu-
tions (mainly by use of the Gabriel project results). 

The paper has three chapters. The first shortly describes the Gabriel concept 
developments, conceptual design of the aircraft, on board and ground subsys-
tems and summarizes the major results of the impact analysis (evaluation of ef-
fects the concept deployment on the efficiency, safety, security, environmental 
impacts). The second chapter introduces some related thoughts on general as-
pects of new technology development including the visions on radically new, 
disruptive technology development, technology identification, evaluation and 
selection for future solutions and required conditions for deployment success. 
The third part of the paper discusses the identified problems and barriers, 
namely special technical problems, problems of decision makers, politicians and 
major stakeholders and barriers appearing in society acceptance processes. This 
last point deals with psychological aspects of the users’ acceptance, too. 

The conclusions summarized the possible solutions of the problems and 
possible jump over the barriers introduced by the paper. 
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2. Gabriel Concept 
2.1. Concept Development 

The project was started by study the previously and running projects going back 
to the Navy [34] electric catapult system investigated at 1946. The end of last 
century the Navy has returned to development of an electromagnetic aircraft 
launching system [35] that finally was successfully applied by the US Navy’s 
programme CVN 21 for the future-generation aircraft carriers [36] and the first 
USS Gerald Ford class carrier was introduced into operation in 2017. 

The magnetic levitation technology is investigating by the NASA [37] [38] for 
launch of spacecraft and by designer of the hypersonic cosmic aircraft MIG-ACS 
[39] [40]. 

The Gabriel team has studied 10 different possible solutions for improving the 
aircraft take-off and landing processes, including for example the fuelling after 
take-off at high altitude, lifting up—down the aircraft by aerostatic ships, using 
the cruise—feeder concept etc. [8]. The investigation of the possible solutions 
had resulted to conclusions, the magnetic levitation assisted take-off and landing 
is the most promising possible solution. 

The GABRIEL consortia developed a series of operational concepts including 
possible solutions for transition periods, when only few airports will be equipped 
by MagLev tracks. Their detailed energetic, mass breakdown and operational 
analysis suggested choosing the principle based on a cart-sledge system (Figure 
1). The sledge would include the MagLev elements to enable the accelerations 
and decelerations on the MAGLEV track, while the cart would be responsible to 
hold the aircraft, and also—by disconnecting from the sledge—to perform the 
ground movements on its on wheels. 

By choosing the concept, the design requirements were identified and the 
maglev technologies were analysed. For further detailed studies four MagLev 
technology was selected 1) EDS SCM: Electrodynamic Null-Flux with super-
conducting magnets, 2) EDS PM: Electrodynamic Combined Flux with perma-
nent magnets in Halbach Arrays, named “Inductrack System”, 3) EMS LSM: 
Electromagnetic levitation with synchronous long stator propulsion, and 4) EMS 
LIM: Electromagnetic levitation with Linear Induction Motor. There were 
created and selected 12 criterion (like levitation capability, speed, acceleration 
capability, complexity, etc.). In further selection, a mid-size aircraft analogue to 
A320 was applied for making some physical studies, like calculation of the total 

 

 
(a)                         (b)                          (c) 

Figure 1. The cart (a) with sledge (b) in operation (c). 
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driving resistance, thrust of linear motors, acceleration, magnetic drag, and so 
on. After physical analysis and multi criterion decision making, it was found [7] 
[9] that the most promising system is the Electrodynamic Levitation with Per-
manent Magnets in Halbach Arrays, often called as the Inductrack concept. In 
this technology, the levitation is performed by an electro dynamic difference flux 
system with permanent magnets. The sledge is accelerated and decelerated by an 
electrical synchronous long primary motor, which is supplied by converter units 
with variable voltage, current and frequency. The main components of the 
GABRIEL ground system are the guideway, magnetically levitated sledge/cart 
system, power chain, linear propulsion, controlling and supervision equipment. 
It is a rather complicated configuration, but this is necessary to meet the follow-
ing GABRIEL requirements: 1) maximum speed 75 - 110 m/s, 2) acceleration 
from 2 to 4 m/s² and 3) thrust from the engines of the aircraft from 0% to 100%. 

2.2. Conceptual Design 

For further investigation the developed concept was used to conceptual design 
the required systems. There were realized the following tasks: definition the re-
quirements, redesigning the aircraft (not having conventional undercarriage 
system), designing the cart-sledge system, magnetic track, on board and ground 
rendezvous control system and planning the layout for airport equipped by the 
new system. 

The most important requirements were not reducing the safety and security 
levels, landing of aircraft on moving platform with accuracy ± 1 m, solving the 
emergency landing. 

Only the adaption [7] [9] [14] (redesigning without re-sizing) of aircraft to 
Gabriel concept (Figure 2) has resulted an excellent performance: reduction in 
take-off weight of 5.8% and a decreasing in total fuel weight (mission fuel and 
reserve fuel) of about 8% with respect to a reference aircraft (A320). With 
re-optimization of the aircraft (depending on the optimized variants) the results 
are reach take-off weight reduction from 7% to 9.3% and a total fuel weight re-
duction between 15.8% and 18.1%, still compared to the reference aircraft. The 
best total fuel weight reduction is reached by redesigning the Gabriel aircraft for 
minimum fuel. These results are extremely positive. 

The conceptual design of other systems were applied in determining the re-
quired energy supply, required length of magnetic track, testing the possible rea-
lization of the strong rendezvous accuracy requirements. 

2.3. Results of the Impact Analysis 

All the impact analysis were performed by use of conventionally accepted me-
thods and the data got from conceptual design [7]-[12] [23] [24]. There were 
evaluated the magnetic fields by use physical calculation, the aircraft, possible 
reaching the required accuracy of rendezvous control by motion and control 
simulation in MATLAB environment, efficiency as cost and profitability with  
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Figure 2. The optimization process of the adapted aircraft. 

 
use of life cycle cost calculations including the required investment into the air-
port ground systems, too. The environmental impacts were calculated for dif-
ferent take-off and landing scenarios. The noise (Figure 3) and emissions were 
evaluated depending on the possible take-off and landing procedures and the 
noise was evaluated by use of awakening methods, too [12]. 

Altogether, investigations found that (see more detailed description of [7] [9] 
[12] [17] [23] [24]): the envisioned maglev assisted TOL processes are technolo-
gically feasible (as demonstrated with the experiments), while also meeting the 
requirements (e.g. in accuracy), the deployment of the concept is safe and se-
cure, the concept brings substantial benefits: 
o reduction of aircraft weight and fuel consumption up to 9.3% and 18.1% re-

spectively (in case of mid-size passenger aircraft), 
o reduction of noise during the take-off (up to −64%) and the landing phases 

(up to 19%) depending on the SEL, 
o reduction of the emitted emissions over all phases of flight, but especially 

over the take-off by 38% - 58% depending on the take-off scenario imple-
mented, 

o positive cost-benefit ratio, or cost savings up to €1467.26 per flight (on a typ-
ical European flight with a mid-size passenger aircraft). 

The preliminary investigations demonstrated that the GABRIEL concept 
might be applied to different aircraft sizes with different goals: in case of small 
and personal aircraft operation the use of unconventional flight scenario might  

A320 baseline

No belly-fairing

A320E-Taxi New engine

Fixing system

New wing
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Figure 3. Areas (in km2) effected by single aircraft flight phases (vertical axis), at 55, 65 and 75 SEL Sound Exposure Level) noise 
(in dB) defined for reference A320 and G. - Gabriel aircraft (best optimized trajectory). 

 
reduce the noise at the airport regions by up to 90%, in case of mid-size passen-
ger aircraft, the total impact composed from the savings related to aircraft 
weight, fuel, noise, emissions permits to reach 14 times more profit on a stan-
dard European flight (while also covering the required investment costs) in case 
of large aircraft (like A380) the total weight reduction and fuel economy might 
be maximized. 

3. Development of the Radically New Technologies 

3.1. Disruptive Technologies 

The technology as a term has many different definitions. The most used two of 
them have rather different approaches to evaluation of the technology [41] [42]. 
First defines the technology as description of methods of production. This 
means the technology includes the production infrastructure, as production 
machines, energy supplies, etc., applied materials and used organizational 
process of production. This is a physical approach, and it might be called simple 
as “doing things” [43]. According to the second definition, the technology in-
cludes the knowledge as information about how the inputs are transferring into 
the products, too [41]. In this case, the information defining the technologies 
and innovation processes is calling as “knowledge” [43], the technology as 
knowledge-based. Unfortunately, the information often—even on scientific lev-
el—does not fully available. For example, the computers are very complex prod-
ucts, that were difficult to develop and they were difficult to use. Because the re-
sults, developing the information applicability fits people’s needs, the companies 
vent through of changes its product development philosophy [44] [45]. 
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The developments of the new technologies appear in three different forms. 
The innovative technologies improve [46] the existing technologies, existing so-
lutions (Figure 4). Such technologies are often called as sustainable technology 
that sustains the continuous development of the existing systems. 

The radically new solutions are called as development of disruptive technolo-
gies (Figure 4) [47] [48]. Such technologies destroy the existing systems and de-
velop new solutions and even market for these new solutions (products or ser-
vices). Finally, the new technologies overcome the existing technologies (as gas 
turbine caused a step changes in air transport system). So, the disruptive tech-
nologies initiate radical changes in the given area of economy and a step change 
in the technological level [48] [49]. 

The development and implementation of disruptive technologies might how-
ever generate certain problems for the companies—especially for large ones [47] 
[49] [50]. Following to McBreen [51] notes—1) the market progress separates 
from the technology progress 2) the disruptive technologies needs a new market, 
3) the new markets enabled by disruptive technologies require significantly dif-
ferent capabilities, 4) or the information required to make investment decision is 
often non existing. So, the companies must focus not only on maintaining the 
technology and product development, they must evaluate the future needs of 
peoples and stakeholders and they must develop radically new, disruptive tech-
nologies and products parallel with the market development. 

Finally, the third type of new technologies is the subversive technologies that 
cause radical changes on the society levels. 

According to the US practice [52], more than every second of the radically 
new ideas, solutions and technologies are burned by the small companies, as 
they make even risky decisions on short-time, and not afraid of working on the 
promising but challenging ideas. At the same time, 87% of research and devel-
opment cost is supported by the large companies [52]. The (large) companies 
often deal with the development of the innovative technologies, only, to save 
their market. However, if the companies are not working on the new, even on 
radically new technologies, not developing the knowledge of their employees 
and concentrate their activities mainly on the (aggressive) market defences, they  

 

 
Figure 4. Changes in technology levels by developing dif-

ferent technologies. 
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may lose their market position. It may explain why 60% of companies had 
dropped out from the exclusive club “Fortune 500” for 30 years [53]. 

The development of the radically new technologies and product required 
creativity and unconventional ways of thinking from developers and courage 
from decision makers and investors. That was well understood by the European 
decision makers creating the new Horizon 2020 programs when they had in-
cluded into the program special calls for supporting the radically new and risky 
ideas, too. However, for example in aeronautical programs, still too large 
amount of supports is dedicated to mega projects pushing by large industrial 
players. As it was outline by this point, the innovation theory teaches that the 
large players are not so good in future, really new technology developments.  

3.2. Identification, Evaluation and Selection of the New  
Technologies 

The Gabriel project [7] had developed concept applying the magnetic levitation 
technology to assisting the aircraft take-off and landing. For realizing the project 
within the planned time and support, the Gabriel team had used three major 
governing methodologic principles: 1) systems engineering in project manage-
ment, 2) selecting the best possible concept and magnetic technology and 3) us-
ing the conventionally available methods and software in conceptual design and 
impact analysis. 

Nowadays, many radically new, disruptive technologies are appearing and the 
lives of technologies are reducing. Therefore, the technology identification, 
evaluation and selection (TIES) for future products and services required be-
comes to top level of product development and requires a special approach. It 
mobilizes a large set of procedures that could be applied in task, goal and objec-
tive oriented individual processes. There are several theories like defined by [54], 
but no one for general use. There is no unique solution, each case requires spe-
cial approach. 

The TIES can be divided into two groups. In first and simplified cases, many 
different methods and tools [55] can be utilized like brainstorming, Delphi me-
thod, idea advocate, creativity assessment, cluster analysis, dendogram, matrix 
data analysis, factor analysis, opportunity analysis and reverse brainstorming 
that could be applied together in process of technology evaluation. 

The second group of TIES is characterized by systematic and complex ap-
proach. The TIES developed by Kirby [56] [57] [58] was adapted to selecting the 
magnetic levitation technology by Gabriel team. The methodology of Kirby [58] 
contains iteration process having 8 steps that are applied by the following ways: 
• Problem definition: actuality, problem to be solved, costumer (stakeholders’ 

requirements), expected budget (or benefits), possible scheduling, etc. 
• Concept space definition: applying the morphological matrix, analysis of al-

ternative concepts, definition of the design spaces. 
• Modelling and simulations: that may start with visual and verbal models help 

in understanding the developing concepts, through simulations based on 
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physical principles, up to the stochastic (like Monte Carlo) models. The si-
mulations catalyse the definition and evaluation of the system constraints, 
limitations, levels of confidences. Developing and using the response system 
equations describe the relationships between several explanatory and re-
sponse variables, etc. 

• Investigation of the design space: based on deterministic and stochastic anal-
ysis, investigation of the sensitivity functions, effects on changes in metrics 
on the design spaces, use of probability density functions, fast probability in-
tegrations, etc. methods combining with stochastic simulations. 

• Evaluation of the system feasibility: for defining the constraints and system 
feasibilities needing improvements further improvements. 

• Technology identification: defining those technologies that may perform the 
required system features. This might be the widest part of TIES. It combines 
the study the morphological, compatibility, technology impact matrices, 
evaluation of the technology readiness of the systems, sub-systems, elements 
and technology mapping technique. 

• Technology evaluation: that is based on the technology forecast, forecast of 
appearing and emerging new technologies, physical aspects of technology 
application (like requirements initiated by flight operation, airport operation, 
societal expectation), decision making. 

• Technology selection: multi-criteria, multi-attribute decision making with 
use of special methods as genetic algorithm, evolutionary and revolutionary 
techniques, combining with resource allocation, etc. 

The simplified and goal and object oriented TIES applied by Gabriel project is 
shown in Figure 5. 

3.3. Conditions for Successful Deployment 

The developers often think all others and the systems are faulty if their products 
are not so supported and welcome by market, while the success of new product 
might be predict. During developing the Gabriel concept, there were identified 
four important aspects that may catalyse (or fail) the success. 
 Role of market 

The modern product development is initiated by market needs. This is true 
for case of developing the revolutionary new, disruptive technologies, products, 
too. All the developments may have success in case of providing something that 
needs by people (see example of computer development cited in point 3.1). 

The market may cut the product development because the price conflict, when 
the price of future product may not accepted by market (See for example price 
conflict detected by [59], according to which, the price of unit of strategic 
bomber may reach level of the US defence budget by 2060. Of course, after this 
important prediction the strategic plan of military aircraft developments had 
been changed). 

The requirements to safety, security and today the environmental impacts 
growth barriers and constrains for new product developments. 
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Figure 5. The applied methodology for technology identification, evaluation and selection. 

 
Finally, another important aspect is the time to the market. As it will know, 

the time from burning the new idea until its deployment in aircraft may long 20 
- 25 years. Nowadays, in area of “profit is god” the profit oriented companies 
cannot mobilize serious financial sources for very radical projects. 
 Methodology and process management 

The Gabriel project was managed by use of NASA systems engineering [60] 
[61] that includes 1) dividing the product life cycle into phases and investigating 
of the large systems as the set of sub-systems, 2) introducing metrics into the 
development processes, 3) developing the product for cost effectiveness, 4) de-
scribing a set of engineering and management tools (as introducing the “V” 
model of development, the probabilistic treatment of cost and effectiveness, 
handling with uncertainties, working on stakeholders’ expectations, etc.). 

The project used high-level sophisticated software and method, too, as mul-
ti-objective, multi physical and multi-disciplinary (like adaption of aircraft to 
MagLev assisted take-off and landing (see Figure 2). Of course, during develop-
ing the principal solutions, production and operation concept, all the “new 
sciences” as innovation theory, logistics, lean technology, virtual technology, etc. 
had been used, too. 
 Technology and product life 

The technology life is a time under which the technology performances are 
continuously increasing and not replacing by other (better) technologies [62]. It 
is well understandable; the technology life has embryonic, growth, mature and 
aging parts. It, as the product life, follows the “S” curves known from innovation 
diffusion theory [63]. Successful product (generating profit for their developers 
and producers) can not be used the embryonic, or just growing technologies 
[62]. 

Applying the innovation diffusion theory to deployment of the disruptive 
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technologies, a chasm (Figure 6) can be detected at the time period when the 
technology satisfied the basic needs [46]. Until this, the diffusion of new product 
into the market is pushed by technology (technology driven, technology domi-
nating period). After it, the adopters (buyers) of the new product, has not special 
interest in further increasing the technology level (Figure 6), they satisfy the 
product and want reliable and cost effective, namely low cost product. This is the 
user experience dominated area. 

The investigation of the technology and product diffusion processes, show 
two interesting aspects. At first, the innovative companies developing the dis-
ruptive high technologies and product cannot growth up to large company levels 
(even they hate to growth up), because they have open eyes, thinking out of the 
box culture (required for developing the radically new technologies) and cannot 
understand the different between the early and later developments. Technology 
is easy to change, the culture is hard. At second, the large companies evaluating 
the radically new, emerging technologies and their best customers see them as 
overpriced and underpowered. In fact, Brower and Christensen [47] show that 
asking your customers is the wrong approach. 

At the same time, the new technology and product developer often make a 
simple mistake: they love their ideas too much. They “have no interest” in eva-
luating the life of their idea, technologies planned to apply. On the other hand, 
the foresight describes the possible future that may occur. It uses qualitative, 
semi-quantitative and quantitative methods. According to the practice the qua-
litative methods as literature review, expert panels, scenarios, conference and 
workshop materials, brainstorming, etc. are applied [64]. From quantitative me-
thods, the modelling applied in 6% of foresight development and the trend 
extrapolation was used in 17% of investigated foresight, only. Generally, the fo-
resight deals with the possible future depending on the appearing the new dis-
ruptive technologies, the possible deployment of the emerging technologies, 
changes in needs of society and economy and actions applying to “managing” 
the future. 

 

 
Figure 6. The needs satisfaction curves (upper figure) and the change in costumers as a 
technology matures (lower figure) [46]. 
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The innovative companies developing the disruptive technologies often also 
are not applying the roadmapping. 
 Society acceptance 

As it was outlined, the disruptive, revolutionary new technologies might be 
developed by people thinking out of the box [6] [65]. Generally there are many 
articles published on impact of technology on society (see for example [66] [67]), 
while the society, social acceptance of new technologies are investigated as ac-
ceptance of given new technologies. For instant, the paper [68] deals with social 
acceptance of renewable energy. Its idea on triangle of social acceptance might 
be generally apply. According to this triangle, the social acceptance depends on 
the 1) socio-political acceptance (acceptance of new technologies by the public, 
stakeholders and policy makers), 2) community acceptance (procedural and dis-
tributional justice, thrust) and 3) market acceptance (acceptance by consumers, 
investors and intra-firms). In case of operating the aircraft without undercar-
riage systems that land on the platform, moving on magnetic track, the society 
acceptance, acceptance by users (people, airlines, airports) may play determining 
role in future success of the concept deployment. 

4. Problems and Barriers 
The radically new solutions, technologies always meet serious problems and bar-
riers impeding their application, faster deployment. Especially, in case of “out of 
the box” projects [6] [65], the stakeholders may even create the problems and 
barriers or afraid of appearing problems. The diffusion of new product depends 
on many factors including the economic, technological and social aspects [69] 
[70] [71]. In some cases, the stakeholders are accepting the new products on rel-
atively easy ways [67] [72] [73] because the new products really meets their 
needs (like mobile phones) or/and have strong political supports (as electric 
cars). In other cases, when the original solutions or technologies are planned to 
implement to the part of the total systems (like developing the electromagnetic 
brake [74]) the acceptation problems are reduced, too. In cases of developing 
new approaches to operator load measurements and management combining the 
new technologies with possible measurement of the psychophysiological (mental) 
condition of operator the implementation meet resistance of user—operators as 
car drivers, aircraft pilots, air traffic controllers [75] [76] [77] [78] [79]. 

4.1. Special Technical, Technological Problems 

At first sight, use of MagLev technology to support the aircraft take-off and 
landing is so radical concept that generates many technical, technological prob-
lems. The Gabriel project [7] had demonstrated, this concept can be realized 
safely and cost-effectively even today, by utilizing the available technologies. Of 
course, several problems needs further investigations and creating some solu-
tions. The most important three problems are the followings. 
 Required energy support—energy balance 

The energy problem is generating by the weight of the cart-sledge system that 
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must be accelerated by the aircraft together. The chosen Gabriel concept (Figure 
1) minimizes the weight of the cart—sledge system mass of which equals to 80% 
- 135% of the accelerating aircraft mass. The required energy and power were 
determined for the 5 scenarios (Table 1) by applying the methods of aerody-
namics and flight mechanics calculations and physical equations for operation of 
the magnetic tracks. The total drag is composed from aerodynamic drag of air-
plane, undercarriage friction, electrodynamic resistance and platform aerody-
namic drag. Here, the undercarriage friction is appearing at moving of 
cart-sledge at low velocity on rolling wheels, because the selected Electrodynam-
ic Levitation with Permanent Magnets in Halbach Arrays can not work at low 
velocity. After reaching the velocity 1 m/s, the platform will be able to lift the 
airplane and itself (for levitation height 3 cm) and system will be accelerated by 
MagLev. 

The Figure 1 contains the required energy supply power for case using the 
medium voltage transformers and 20 kV, 50 Hz, three-phase. 

An important advantage of using the MagLev track is the possible and easy 
recovery the applying energy during the deceleration. The Table 2 demonstrates 
the results of energy balance calculations. As it can be seen, the 32% - 36% of 
energy might be recovered during a take-off—landing cycle. The percentage of 
regained energy will be reduced for 4% - 2% in case of take-off—take-off and  

 
Table 1. Take-off scenarios and required ground supply power. 

Scenario 
Take-off speed 

(m/s) 
Acceleration 

(m/s2) 
Engine power (%) in 

ground running 
Required ground 

supply power (MVA) 

Reference 75 Not predefined 100 
 

Conventional I 75 2 ≅  0 29 

Conventional II 75 3 Varying 29 

Accelerated 75 4 ≅  0 55 

Unconventional 110 5 100 55 

 
Table 2. Energy balance of the take-off—landing cycle. 

Scenario Conventional I Unconventional 

Operational segments 
Energy  

spend (MJ) 
Energy  

regained (MJ) 
Energy  

spend (MJ) 
Energy  

regained (MJ) 

Acceleration sled + aircraft to take-off 
speed ground electric energy 

570 
 

640 
 

Acceleration sled + aircraft to take-off 
speed energy from engines   

350 
 

Sled deceleration to standstill 
 

110 
 

250 

Acceleration of sled to the  
aircraft landing speed 

180 
 

160 
 

deceleration of sled and aircraft 
 

130 
 

170 

Total (MJ) 750 240 1150 420 

Percentage of regained energy 32% 36.5% 
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increased up to 62% - 72% in landing—landing cycles because of returning the 
sledge between the usage to the initial position. For reducing the time between 
the take-off and landing procedures, the sled must be return during 1 minutes. 
 Rendezvous control 

It is not questionable, the rendezvous control, namely control of landing of 
undercarriage-less aircraft on the sledge moving on magnetic track is the num-
ber one problem of the MagLev assisted aircraft take-off and landing. This is not 
a simple technical problem, but it is a major, might be most important problem 
that may bar to deployment of the concept, because the stakeholders, especially 
the users, future passengers may not accept the solution considered so danger-
ous. 

The Gabriel project [7] 1) had investigated this problem by simulation me-
thod, 2) had demonstrated the possible solving the problem by small case con-
cept validation tests and 3) had developed several methods, tools for improving 
the rendezvous control [7] [9] [15] [21] [22] [23] [26]. 

The applied simulation model was created in MATLAB environment and in-
tegrates a series of sub models, as middle-size civilian aircraft (adapted from 
analogical to A320 type) aircraft, aerodynamics, engine, aircraft motion, sledge 
motion, relative position measurement, wind, air turbulence, actuators, sensors, 
automatic flight control and rendezvous models. The required accuracy of 
rendezvous was defined as ±1 m. The simulation results showed that (Figure 7) 
the required accuracy might be realized even in case of strong air turbulence or 
side wing required to use the crab manoeuvres. The available conventional 
technologies, without special improvements may results to ±1.6 m in lateral and 
±8.3 m in longitudinal directions. 

The concept validation tests were realized by use of small unmanned air ve-
hicles as validation aircraft that landed on the electric cart and on the test mag-
netic track built specially for this purposes with length of 6 m (Figure 8). 

The first system was intended to analyse the practical feasibility of the devel-
oped control concept. The relative position of the sledge and UAV was meas-
ured by optical methods using a special marker painted on the sledge. Later, the 
analogical principle was developed and applied by DLR to manage the UAV 
landing on the top of a moving car [80]. The second series of tests were intro-
duced to validate the overall GABRIEL concept. 

The results had demonstrated the feasibility of the concept. 
Final conclusion was that, the rendezvous control needs further investigation 

and improvements. The project had developed several ideas for possible im-
provements of the rendezvous control, like improving the sledge dynamics, in-
creasing the effectiveness of the actuators systems by wide use of distributed mi-
cro sensors, applying the gust elimination technology, making control with feed 
forward and predictions, integrating the ground and on board systems including 
sensing, etc. It was developed a possible display system for the integrated 
ground—on-board rendezvous control system (Figure 9). 
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Figure 7. Simulated GABRIEL automatic landing aircraft trajectories 
for scenarios without turbulence (red) and with turbulence (black, 
10 simulations) in 25 knots lateral crosswind. 

 

 
(a)                            (b)                          (c) 

Figure 8. The practical concept validation tests: (a) UAV landing on electric car; (b) developed test 
track; (c) landing of the validation model on test track. 

 

 
Figure 9. A possible display dedicated for rendezvous control. 

 
 Real environmental impact 

The environmental impact analysis showed that, the use of the Gabriel con-
cept will reduce the fuel consumption up to 18% in case of mid-size passenger 
aircraft, and considerable reduce the noise at airport regions (Figure 3) and re-
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duces the chemical emissions for 40% - 60% calculated for ICAO landing 
take-off cycle after optimisation of the climb and approach procedures. The 
noise and chemical emission reductions are questionable, because, or the airport 
size, namely runway length (including the decelerating the sled after aircraft 
take-off) should be increased for another 30% - 60% or during the take-off the 
aircraft engines must be used, too. There was elaborated an unconventional 
take-off and climbing scenario (see Table 1) developed to reach maximum noise 
and emission benefits (Figure 10). In this case, the aircraft is launched with in-
creased velocity up to 110 m/s or even more, the kinetic energy allows to aircraft 
to climb to level 300 - 600 m, in order to fly over the noise sensitive areas, and 
then use own engines. This is not a simple unconventional take-off procedure, 
but it is an originally new flight operational mode. 

Another problem with emission is caused by use of electric energy, that is 
generated partly not from renewable clean sources. So, the global and green-
house effect may not so excellent. 

4.2. Problems of Stakeholders 

The stakeholders like to operate the existing systems. Introducing new and espe-
cially radically new technologies and solutions always generate some extra prob-
lems for stakeholders. They (may) have many problems with deploying the 
MagLev assisted aircraft, too. The policy makers, aircraft producers, and opera-
tors (airlines, airports) have problems associated with cost, safety, and security 
aspects. The following problems may cause the most serious barrier to deploy-
ment the Gabriel concept. 
 Required large investments 

The decision makers and the airport operators’ fear with good reason from 
extra high investments required to spend for further research and especially for 
preparing the airports for operation of the MagLev assisted aircraft. This fear 
partly might be supported by the relatively old information. The cost of MagLev 
train investment projects has dropped for 40% - 60% for last 20 years. The cost 
of guide way infrastructure involves the 30% of the total project investments and 
equals to 20 - 35 MEUR per km. Nowadays, the required investments for Mag-
Lev train projects are comparable to the high speed train projects. Even the cost 
of lane km of the grade-separated transit way (for busses) may reaches the 25% - 
30% of the Maglev Train project cost for the same 1 km line [81]. So,  

 

 
Figure 10. The unconventional take-off and climb scenarios. 
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building of 2 km grade-separated lane in mega polis requires support enough for 
building about 1 km MagLew guideway, Maglev track. 

The evaluation and analysis of deployment the Maglev assisted aircraft [7] 
showed that 

1) the required investment is really much more higher than infrastructure de-
velopment of the conventional airport (Figure 11), while 

2) the operational cost determined for landing—take-off cycle is slightly better 
for MagLev assisted aircraft, and 

3) due to large economy in fuel reduction by use of undercarriage-less aircraft 
optimised for use of Maglev technology 1300 - 1500 EUR can be saved on each 
flight of middle-size passenger aircraft. 
 Innovation diffusion time and chasm 

The policy makers and the professional stakeholders are familiar with the in-
novation diffusion process, with the “S” curve (see Figure 6). They know, the 
history of air transport development can be represented by two “S” curves [4] 
[82]: pioneering and commercial aviation. Now, we have to find that major 
technology that may introduce the third “S” curve of development. However, 
they may not satisfy the MagLev technology is that what may define the future, 
third “S” curve of aeronautics; they think the deployment of this technology re-
quired too long time yet and the technology may not pass the chasm (Figure 6) 
because the users do not need and will not accept such revolutionary new tech-
nology. 

This opinion of the stakeholders might be explained by several facts as the 
technology required further complex and expensive research, the aircraft proce-
dures must change the aircraft, the airport operators must spend a lot of money 
for adapting the infrastructure, and the real and rather excellent profit will be 
realized at the airliners, only. 

As it was previously underlined, the profit on one flight the 1300 - 1500 EUR 
that several times greater than the profit realized today with use of conventional 
aircraft. So, better to think on the sharing the profit and accelerating the re-
search, development and deployment processes. 

Principally, the Gabriel project [7] was finished in planned time, without 
changing in preliminary defined program and realized all the intendent research, 
analysis, evaluations. This project one of those projects that pioneers in the glob-
al aeronautics research and maintains leading position of Europe in this area in 
developing the MagLev assisted take-off and landing of civilian aircraft. 

 

 
Figure 11. The required investment cost (MEUR) of the different scenarios (see Table 1). 

0 50 100 150 200
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 Security 
It seems, the security is a real problem, because the new, the radical new 

technologies may call attention of terrorists. Due to the out-of-the-box character 
and more particularly the new system elements of GABRIEL concept relative to 
the conventional air transportation, a new security evaluation method was de-
fined. The security risk was calculated as resulting effects of different factors, as 
assets, vulnerability, outcomes of attack, threat, violence and „success” of possi-
ble actions. The risk factors were defined for the conventional aircraft and the 
ratio of increasing/decreasing of these factors was evaluated separately. 

In results, the potential security risks were identified for all the major 
sub-systems, such as aircraft, aircraft ground and flight operations, airport, 
magnetic tracks, energy supply systems, ATM, rendezvous system. The investi-
gations clearly showed the critical elements of the Gabriel system are the armed 
attack of the maglev track and the armed or cyber-attack of the rendezvous con-
trol system. The determined risks were equal to 2.5·10−6 and 0.2·10−6 conse-
quently. These elements need further improvements for considerable reducing 
the security risk. 

4.3. Barriers in Society Acceptance 

The passengers of future air transport afraid of possible strong magnetic fields 
generated and may effect on their health as well as they may not accept to use 
the airplane without undercarriage systems. 
 Possible effects of magnetic fields 

According to the regulations, the dangerous level of the magnetic field equals 
to 2 T as maximum ceiling and 60 mT as 8 hours weighted average for full hu-
man body and in case of static magnetic field [83]. The time varying magnetic 
field has greater effect on the human health, therefore the same limits are 600 
μT/frequency and in case of 50 - 60 Hz frequency the allowed maximum 
weighted average magnetic flux level is 500 μT for 8 hours duration [81]. These 
limits are considerably reduced for pacemaker users: 500 μT and 100 μT as 8 
hours weighted average in case of static and 50 - 60 Hz time varying magnetic 
fields.  

The magnetic field was thus simulated and analysed for different situation and 
scenarios. The results like it can be seen in Figure 12, clearly shows no negative 
impact on the passengers, operators, crews or aircraft avionics (the black colour 
indicates the induction over the dangerous level, as 8 hours weighted average for 
full human body in case of magnetic field frequency generated at the take-off 
velocity of 75 m/s). 
 Safety of landing 

Most of the people watching the simulation video of Gabriel project [28] think 
that the operation of undercarriage-less aircraft and their landing on the plat-
form moving on magnetic track is too dangerous solution. This paper may and 
try to call up the attention of such people on several important arguments, as 
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Figure 12. Magnetic induction around the mid-size passenger aircraft accelerating by 
maglev technology. 

 
 most of people do not know an interesting fact, the railway transport kept 

safe has a first widely reported railway fatal accident during opening the 
World first passenger railway line between Liverpool and Manchester [84], 

 the Gabriel team had demonstrated the safe, sustainable and cost-effective 
feasibility of using the MagLev assisted aircraft take-off and landing (see for 
example the description and discussion of the rendezvous control), 

 the new generation is flexible in acceptance of radically new solutions, they 
will not afraid of travelling on undercarriage-less aircraft. 

The Gabriel project [7] had developed special ideas for final positioning the 
aircraft before touching down to moving platform and different technologies for 
their fixation of aircraft promptly after touch down on cart—sledge system.  

The safety of Gabriel concept was studied [7] by use of generally recom-
mended and accepted methods. The ground-based system and the take-off phase 
was evaluated at the developing the concept already by detailed product tree and 
a functional analysis for the ground based system elements, and a detailed failure 
modes and effects analysis was conducted to airborne phase. A critical item list 
was created and a detailed list of requirements was developed for the elements in 
the product tree, including e.g. the guideway, the propulsion, the power chain, 
the sledge, the cart, and the aircraft. 

A product tree and functional analysis for the rendezvous control system was 
made, too. With the defined hazard list and hazard scenarios, a functional failure 
mode effect analysis was performed. This provided a critical item list, with nu-
merous recommendations and proposals to mitigate the risk, and guarantee 
safety during the landing phase with the envisioned rendezvous control system.  

The critical item list and off-nominal scenarios were recalled for the 
ground-based system and for the landing phase with a special attention on 
emergency landing. Adverse weather and external hazards were also extensively 
addressed. 

The analysis shows that, the critical phase of flights is the landing, especially in 
emergency cases. 
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The evaluation results and elaborated recommendations make possible the 
implementation of the MagLev assisted aircraft into operation without reducing 
the safety level. 
 Emergency landing 

The future air passengers have another problem with the undercarriage-less 
aircraft: what will happen in case of failure in airport ground systems? How may 
the aircraft land in emergency cases? For giving answer for this disquieting ques-
tion, at first, the risk of emergency (precautionary, forced and ditching) landing 
was studied. 

Analysis of the emergency situations and forced landings of aircraft shows 
that the risk of forced landing equals to about 4.5·10−5 per flight and the proba-
bility of ditching is 2·10−6 per flight. At the same time only about 3% of forced 
landing lead to fatal accident. This means that the risk of fatal forced landing is 
1.4·10−6 per flight. Generally, fatalities are observed in 12% for ditching cases. 
Therefore, risk of fatal ditching is less than 3·10−7 per flight. Principally, the 
MagLev assisted aircraft may have the same risk for fatal emergency risk or even 
the situation is better, because the under surface of the aircraft always is “clear”, 
there is not possible opening of the undercarriage system partly or only one side. 

Without regard to this statistics, there were developed several ideas for reduc-
ing the serious outcomes from emergency landing of Maglev assisted aircraft by 
introducing a special supporting system for emergency landing (helping in 
choosing the landing area even in bad weather condition, optimizing the control 
for emergency situation depending on the identified failures, developing an 
electric or diesel engine driven cart for realization the landing at reserve airport 
without MagLev track and using the lightweight skids opening for forced land-
ing (Figure 13). 

5. Conclusions 

This paper introduced results of an interesting and really out of the box thinking 
Gabriel project [7] developed original and radically new technology applying the 
magnetic levitation technology to ground assisting the take-off and landing of an 
aircraft without conventional undercarriage system. This unique project had 
demonstrated the feasibility of developing concept that was tested by theoretical 
(simulation) and practical experiences, when the small UAV model could safely 
land on the moving electric cart and on built for this purposes 6 m lengths 
MagLev track. The impact analysis showed that, the concept might be imple-
mented safely and cost-effectively. On each flight of middle-size passenger air-
craft the fuel consumption can be reduced up to 18% and the cost for 1300 - 
1500 EURs due to re-optimization of the aircraft to use the MagLev technology 
to assisting the take-off and landing. The concept recommended itself as one of 
the most powerful methods for further reduction of the environmental impact. 
During the take-off, depending the applying scenario, the chemical emission 
might be cut for 40% - 60%, while the noise up to 64%. 
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(a)                                      (b) 

Figure 13. Landing of undercarriage-less aircraft on the ground moving cars (on own 
wheels) or on the lightweight skids (opening for forced landing). 

 
The EU supported international Gabriel project had finished in planned time 

by developing the offered concept and realizing all the planned evaluations, cal-
culations, tests. The results were excellent, or as it can be said better than that 
were expected. The project maintained the European priority in this research 
area, using the Maglev technology to assisting the take-off and landing of the ci-
vilian passenger aircraft. 

Nevertheless, the further research are out of support one of the reason of that 
might be the stakeholders’ fair of using the radically new technologies.  

The second part of the paper defined and analysed the development of the 
radically new technologies, including the 1) definition of the revolutionary new, so 
called disruptive technologies, 2) methods of technology identification evaluatio-
nand selection applicable in development of the radically new solutions and 
products and 3) conditions of the successful implementation, deployment of the 
new technologies and products. The paper underlined that the future will be de-
fined by developed disruptive technologies that destroy the existing systems and 
introducing new systems on higher technological level. The adaption of the 
technology identification, evaluation and selection method developed by Kirby 
[58] to selection of the available, new, disruptive technologies for creation radi-
cally new products, solutions allows developing such radical solutions as the 
Gabriel Concept, namely MagLev assisted aircraft take-off and landing. The 
successful implementation of the radically new technologies is determined by 
market acceptation, applying methodology and process management and evalu-
ation of the technology and product lives and possible reaching the society ac-
ceptances. 

The third part of the paper returned to the concept implementation. The 
problems and barriers impending the use of the MagLev assisted aircraft take-off 
and landing had been analysed. There were named the most important areas and 
problems: the special technical, technological problems (required energy sup-
port—energy balance, rendezvous control, real environmental impact), prob-
lems of stakeholder (required large investments, innovation diffusion and 
chasm, security) and barriers in society acceptance (possible effects of magnetic 
fields, safety of landing, emergency landing). 

All the major areas and problems had been investigated by the Gabriel project, 
already. Therefore, after short definition the problems and barriers, there were 
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introduced the related results and recommendations of Gabriel project.  
This paper has demonstrated that, during development of the disruptive 

technologies, solutions, the special attention must be spent on working with 
stakeholders. It is not enough to demonstrate that, the developing radically new 
technologies might be deployed in safe and cost-effective and greener products, 
services, but the stakeholders must be accept the implementation of these new 
technologies (they must believe in there safe operation). 
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