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IMPACT OF OUT-OF-THE-BOX APPROACH

ON THE FUTURE AIR TRANSPORTATION SYSTEM

The goal of this paper is to present the impact of theadled out-of-the-box thinking on the future development
of the air transportation system.(lj shortly explainsthe approach based on eaf-the-box thinking (or thinking

outside the box), (ii) introducesme of the most appealingginal solutions and (iilshows a systemataut-of-

the-box approach troblem solving om selected innovative operational concept (addressing the radical reduc-
tion of the environmental impact related to the takieand landing processedjinally, the paper defines the

methoddogy related to the development and evaluatiooriginal solutions.
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INTRODUCTION

The stakeholders of the aeronautical industry defined challenging visions and future targets

(e.g.NASA Blue Print [I], European Aeronautics: Aision 2020 P], Flightpath 2050 3],

ACARE Stratgyic Research andninovdion Agenda 4]), to (i) better fulfill customer require-
ments, (ii) cope with the present problems of air transportation, and (iii) ensure that the future
air transportation will be sustainable, greener, saferersecure, efficient, and tifoest effec-

tive. These documestinderling thataviationpassed through two majorcairve develomens

(Fig. 1), basically known from thénovation difusion theory[5]. The first isrelated to the
pioneering era, while the secotadthe introduction of thgas turbines anthe development of

thecommaecial aviation after WorldVar 1.

These major urves could be also decomposedmaller Scurves related tds mal | er 0
vative technologies within the given peried, shown more dgledin therepresentation of the

second period of aviation histoiry theFig. 2.

. . and will take us to a bold new era of aviation

=
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Fig. 1. Areas having strong influences on the future aviatign [

S-curves are initiated due to different apgrbes in technology development. Technology devel-
opments could belassifiedinto the secalled (i) innovativeand (ii) disruptivetechnologies

REPULESTUDOMANYI KOZLEMENYEK 2015/3

189

n



Daniel Rohacs, Jozsef Rohacs: Impact of Out-of-The-Box Approach ...

[7][8][9]. While the first maintains and continuoustyprove the availablexistingtechnologies
the secondatheraimsto broade and develop new markets and pramiew functionality, which,
in turn, may disrupthe existing market and rebuilt it on the othieigher level (Fig3).
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Fig. 2. More detailed description of the second S curve’ of avia@ipn [
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Tune
Fig. 3. Different technology developments [9

Therefore, at the end sectionaf Scurve,new major technologies and advanced innovative
solutions based on disruptive solutions (revolutionary new technologies) are favorable to initi-
ate a new £urve, and thus ensure a proper technologieaélopment

According to theNASA (Fig. 1), the third Scurve should be launched, since the challenging avia-
tion targets require outstanding results based on innovative solutions, instead of implementing mar-
ginal modifications leading to marginal gaikkwever,the visions and SRIAsannot define ex-

actly the guiding (technological) pripdes, but thelevelopmentlirection(Fig. 1) andgeneraboals
[1][2][3][4] to be reachedike reduction of the aircraft emissiobg 50- 80%). It is thus clear that
innovative stutions andhe disruptive technology developmesquireanoriginal way of thinking,
unconventionahpproaches in problem solving, which is usually calleebbtite-box thinking.

1. THINKING OUT-OF-THE-BOKSZ

According to the ®@ford Dictionary!, thinking out-of-the-box (or thinking outside the box, out

! http://www.oxforddictonaries.com/definition/english/thiniutsideor-out-of-the-box

190 REPULESTUDOMANYI KOZLEMENYEK 2015/3



Daniel Rohacs, Jozsef Rohacs: Impact of Out-of-The-Box Approach ...

of-the-box thinking) meansan approach in which thinking @siginal or creativeOtherg givesan
analogical definition: thinking outside the box is a metaphor that means to think differently, uncon-
ventionally, or from a new perspective, that often refers to novel or creative thinking.

It seemghatthe most known original solution of the intractable problenesitting the Gordian
knot by Alexander GreafAnother good example is ttlstory about the eggf Columbuspub-
lished bythe Italian histoiian Girolamo Benzoni in 1565 @]{11]. From these, akeast two
important conclusions might be derived
1 original (outof-the-box thinking) solution is a new solution that has never used before
and unknown for the other, however
{ after initiating and acg#ing the new original solution, it is often seereasy repeata-
ble andfnot remarkablynewd anymore
While the firstknown uncorentiona) very originalsolutionsappearegnanyhundredyearsagq
theterm outof-the-box dates back to th&970s, only.

Generally,out-of-the-box thinking, as creativity can be leagdand trained from the early chil-

dren's, even baby's years. The sycad education systehowever,play a crucialrole in the
development and use of such competence. This is due to the fact that the society in general has
no timeto evaluate and accettte aiginal solutiors, and rather prefenqseople thinking orthe
Araditional wap. As a consequencéd education systeispressing the studenf the box.

In addition, we mayalso forget that theriginal solutions areftensimple solutionsFor exam-
ple, the eye of the fruit flys roughly equivalent to a &6 pixel array covering one visual
hemi field [12], which is ridiculously low compared to stad&the-art artificial vision, and
about 15000 timesAw o r s ex bumarhege retind 2][13]. This means, we would be able to
find significantly better solutions fwision controlwherethe biological concepbased control
could be established aimplified basisHowever, it is a problem to return tive development
of simple solutionssincetoo much nev and applicable technologiase to born, and ware far
from using all the possibilities.

Thinking outof-the-box and more particularly its importance on the technological development
was also outlined bNASA administrator, Daniel S. Goldirin the lecture titledviation

Day dr e arasemegrthe SAE WorldAviation Congress in 1999 4. He called up our
attention fora nice citation. AsT.E. Lawrencé wrote ... AThose who dream by night in the
dusty recesses of their minggake in theday to find that it was vanity:ub the dreamers of the

day aredangerous men, for they may act on their dreams with open eyes, to make it possible.
...and as Mr. Goldin finished his spee@& 0 b e c o me dlaspamdratthisdsthes O .
right approach, let thus permit tyjeung generation to dream with openfye

2 Wikipedia The Free Encyclopedia: Thinking outsideltb&sz e-doc. (online), url:https://en.wikipe-
dia.org/wiki/Thinking_outside_the box
3 Lawrence, T. E. Seven Pillars Wfisdom, Wordsworth Editionsiiited, Ware, 1997 p. 7.
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2. SOME POSSIBLE ORIGINAL SOLUTIONS

As specified abovelNASA defined[1] the beginning of the secondcBrve inthe history of
aviation withthe development ahe gas turbineslhe scientific development and inventory
process of gas turbinteok long time. The first steampoweredurbineenginewas created by
the Greek mathematiciartdero of AlexandriaHis turbine, called aeolipile, consstof a hol-
low sphere and four canted nozZleshe spheravas rotatingfreely on two feedubesthat
caried steam from the boile2,000 years later, the Hungari&hadar Zselyi investigated the
analogicalstreammachine [B]. (By the way, in 1912, Aladar Zselyi and Tibor Melczer de-
signed a new large 34 seat aircraft caéd r b-wafdrtunately theydid not make arade
mark for this name). Another Hungarian Jendrassik desigmedalt asmall100 horsepower
gas turbindor research purposes. One year ldterdeveloped a larger turbine that would be-
come the C8, the world's first working turbopragngine[16][17].

The invention of the gas turbiremonstrates that even the disruptive technologies, the radi-
cally new ideas arto born ovedong developmenprocesss Such processes needmmon
(state and European) support, because the pridinted companies cannot sgeheir funds
onradically new idegswvhich only generate profit on the longer term. Therefore, thmatied
breakthrough innovation mubg initiated by universities and small innovative, creatoem-
panies SMEs(Fig. 4.).

A

{ Technology Maturity ‘

)
3
]
o
o
-
€
°
£
a
o
[3
>
°
[s]

Fig. 4. Vision of Airbus [18] on technologydevdopment process

Seeing this, it is not a coincidence thaEurope the first ideaon the cruisefeeder concept

was published19] about25 years earlier, timathe Commission started to fund such ideas.
[20][21]. The original idea [1Pwas to use the same typemfmerous smalleaircraft, which
in-flight could be connected together into one large flying object to continuously circulate at
cruising altitudgFig. 5). In the vicinity of the arrival airpaora smaller part of the large aircraft
could be disconnected to bring passengers down.

Therelevant EU projectdealing withslightly different solutions. For exampléhe RECRE-
ATE prgect [20] develop feeders with cabin container (Fég.) while theMAAT [21] con-
sortia creatsan original solutiorbased oraerostats (Figs.b.).

4 see for example iAFireman- Navy firefighter, Fireman training manualhttp://firecontrol-
man.tpub.com/14104A4¢cessedt Nov. 20, 2015)
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Fig. 6. The cruiser feeder concept dhe RECREATE [B] anad theMAAT projects[21]
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The leaders of the World economy (US, Japan, RuBslause the sameut-of-the-box phi-
losophy and preliminary define the possibleufetdevelopment (of aviatiori][2][3][4]) by
supportingoreakttioughinnovation

Following to this ideaat first, the Commissioimitiated and supporteal project titled®Out-of-
theboxo 2]. Phe participants of the projedefined severakally new ideas, new solutiotts
cope with the present problems of aviati@mthe first workshopseveral hundred ideas were
analysed, and finallyhe expert®amed the toA00most appealing ided§&ig. 7.).

The potenal project ideas included ideas, whizh
9 already deplogd or soon deployabl@s interet onboard,developnent ofvery light
jets, personal aircraftFig. 8)),
1 might be applie@fterarelativdy shortterm developmerttike pilot-less aircraft, thrust
vectoring including the thrust unit contrblox-wing aircraft (Fig.9.a.),

Fig. 8. Different soluion for personal air transpor2Z]

1 need considerable research and development (for example refuelling the aircrai)Fig.

mightrequiresignificantinvestments (aoating airport (Fig.9.c) ),

9 couldbe introduced into operation aftarlongterm research and developmehiase
(asthecruiser-feeder concept or use of ground powered assisteebfak@ed landing
see next point), and

1 mightnotbeaccepted byhesociety (likethetransporof sleeping passengers (Fad).

==
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d.) ==
Fig. 9. Box-wing (a), refuellin (b), floting airport (c) ahsleping passenger conceptg][2

As numerous ideas proposedthe AOutof-the-boxo project[22] addressed radically green take
off and landing processes, these are addressed more in detail in the following(Efgaite).

Fig. 10. The use of magnetic levitatiagechnology tdo assist the aircratakeoff and landing [2]

3. RADICALLY NEW GREEN SOLUTIONS FOR THE TAKE-OFF AND
LANDING PROCESSES

Numerous innovative concepts seeking radically new solutmost the environmental prob-
lems at the airport vicinitiefRecognizing the importance of the domains fharagraphs out-
lines some of the most appealing conc¢pdd[ 24].

A. Take-off with limited fuel and fuelling at high altitude

This isthe less radical concefdue tothe existingrefueling technologwt military aircraft)
which is also relatively easy to ada@nce fuellingat high flight altitude (Fig. ®), the take
off weight could be reduced by 125 %, and the takeff velocity by 7 12 %. Naturally, the
required fuel for takeff would be also decreased by-2® %, while the rate of climb could
be augmented. Unfortunately, the large fuel tankegsire almos®2- 93 % ofthe energy re-
quired forthetakeoff procedures of akkerved aircraftHowever, thdarge aircraft can be op-
erated from airprt far from thecities and thesfore the soldion mightreduce the noise and
chemical emissions at the airport regions used by commercial air transport.
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B. Ground assisted lift generation

The concept is based on the use of vertical micro jets built in the runwaydasache airaft
lift (Fig. 11.a). The concept requires significant amount of investments and a special pneumatic
control system.

a.) b.)

Fig. 11. "ground assiting lift generation (a) and aircraft lifting (b3][24]
C. Lifting up - down the aircraft by aerostatic ships

The idea is to lift up the aircraft beforakeoff to the altitude of H00 1,800 meters by a
special aircraft carrier aerostatic balloons or ships (Hidp). The aircraft will be accelerated
on the short distance (about 50 on a special rigid runway hanged under a large airship and
finally will reach the stable horizontal flight or further climb after acceleration in descent.

D. Airport in the sky

It is already foreseen that the technoldgyll be sooavailable to develp and build an airport

at high altitude, approximately 10 km above the sea level. As shown in ti2 FSgch airport

could be based on the top of several large airships being connected to the land with flexible
cables. The passengers and cargo couldamsferred to the airport platform by lifts moving

on the holding cables.

1. Mean airship with runway
2. Terminal entrance, control tower
3. Terminal area
4. Service Units
5. Cables

6. Lift

Fig. 12. Airport in the sky [2]
E. Airport above the city

The society problems, emission and noise at the airport vicinities could be solved, once the airport
would be liftedto about 450600 m above the city (Fig3L[25]. That islessthan the 300 meters
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of altitude where the emission and noise migaheratesociety problems. The airport construction
could be shielded to further limit the noise praggaamn towards the urban areas.

Fig. 13. Airport above the city [&]
The project MAAT developa resembling concept, asown inthe Figure 14.

F. Underground airport

To cut emissions related to holdings and increase airport capatitynovative investigation
performed aEUROCONTROL [26] proposed the mulével runway concepiFig. 15). The
upper is simply placed above the lower runway, and buailconcrete pylondNaturally, ths
leads to numerous safety and othmoblems, such as wake vortexair ventilation.

Fig. 14. The dea developed hihe MAAT project [21]
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Fig. 15. Possible implementation of the two level runway to Heathiirport [26]
G. Cruiser - feeder concept

In the cruiser feeder concept (Fig), aseries of large cruiser airplanes are envisioned to fly con-
tinuously on fixed routes (in a cost effective cruise flight phase) over the major cities, to serve rel-
atively small feeder aircraft connecting the cruiser to the airports on the ground. The feeders could
be designed for a short range of flight from the airport to the rendezvous points with the cruisers,
therefore their takeff weight could be reduced by approxiels 25 35% relatively to the pres-

ently operated aircraft. In addition, this concept also permits to cut the numberaff tahke land-

ings by about 2540%, due to the elimination of transit flights at the airport level.

H. Ground based energy supply - microwave energy supply

The project idea uses the new microwave energy transfer technology that was testéitén prac
[27]. The transferred energy could be used directly by the engines or the thrust could be gener-
ated by the distributed electric driveentilators.

I. Electric engine accelerators

In the electric engine accelerator concdp,tbkeoff process isssisted by extra electricgines

(Fig. 16, which after takeoff and climb(to about400 meterswill be detached from the aircraft

and reurned to the airport assmall UAVs,to belaterconnected tarother aircraft to assist their
landing. The energy can be supplied from accumulators (carried by the electric UAVS) or (espe-
cially on and near to ground) served by microwave energy trg@dfer

1. Electric motor
+ accumulator
+ control unit
2. Propellers

Figure 16 Use of electric engineUAYV for take-off and landing
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J. Electromagnetic aircraft launch system (EMALS)

The Electromagnetic aircraft launch system [§28] is investigated by the US Navy, as it is
predicted that th@ropogd systenmay generate about & greater energy capability (Fig.
17.a).Such system can be applied to assist the ¢éfkef the conventional aircraft (§i17.b.).
The use of EMALS to assist the conventional aircraft-@fkeould be based on existing sys-
tems wthout any extra problems, but the noise ancethégted emission reduction, would only
be marginal.

Fig. 17. EMALS applications: 3 built for full-scale test [2ZBat the Naval Air Engineering Station in Lakehurst,
b.) and the coreptinvestigated by TU Delft [Z9

K. Use of magnetic levitation technology

One of the most promising ideasaiming to radically cuthe environmental impact over the
TOL T is related to the concept of flying without an undercarriage and use magneticdevitati
as a groundbased power to assist the aircraft talkleand landing processes. Once the aircraft

is levitated above a maglev track over the TQis tinique solution is expected to considerably
reduce the aircraft weight (as no undercarriage is neealed)ess fuel would be required to
carry onboard. In addition, ifnaglev power igppliedto accelerate and decelerate the aircraft

on the groundthen the engine power could be reduced, resulting in less engine weight, less
drag and further fuel consumign reductionUsing ground power could also cut £€&hd NG
emissions at airports whilst noise levels could be substantially reduced since only airframe (and
engine with reduced power) noise will be produced duringtdikéoreover, less weight de-
crea®s the wake vortex that affects the airport capacity issues, whilst the production of aircraft
having a smaller weight leads to savings on material costs.

The application of magnetic levitation is already extensively researched, developed and de-
ployed inrail transportation. It has numerous operational, commercial systems, for example at
(i) the Shanghai International Airport Transrapid system since 2004, (ii) the Nagoya Linimo
system since 2005, (iii) the Daejon Rotem system since 2008. In additionysvamnaxglev
trackgprojects are under development, such as the Chuo Maglev Shinkansen track.

Being motivated by the promising results in rail transportation application, magnetic levitation
opportunities were also explored in air transportathdarfirst, The US Naval Air Test Center

started to investigate the domain and address electric catapult system, as early as 1946. The
Navy [30] was very optimistic about their idea, and even envisioned that the catapult would be
used in small, conveniently placed airports. Sithaa the technology was improved consid-
erably. In 2000, the US Naval Air Systems Command (NAVAIR) awarded GenernalicAto

prime contract for the design and manufacture of a prototype Electromagnetic Aircraft Launch
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System (EMALS), to replace the-13 steam catapults used on the aircraft carriers. The EM-
ALS launch mechanisiinas planned to be installed on aircraft casfiewas successfully tested
with numerous military aircrafB80] between 2010 and 2011.

The NASA Marshall SpacFlight Center in Huntsville waalso looking for the potential in
magnetic lgitation technology. The idea wesuse maglev as a groubdsedower(Fig. 18.)

to support launches of space airci&ft]. Preliminary investigations suggesdtthat maglev
could significantly cut the costs of geitiinto the space, by saving-3% of the fuel required

to peform the launch [3R The further invesgjate the idea, numerous test tracks were made,
including a 50 feet long outdoor system.

Fig. 18 NASA concept demonstration at Marshall Space Flight Center

The Russians wergorking on the possible use of magnetic levitation in the hypersonic cosmic
airplane MIGACS domain33][34].

In Europe, the EU funded GABRIEIconsortia [2B developed a specialut-of-the-box project

that targeted maglev technologyassist thaircraft takeoff and landingorocessedn short, this
project assessed whethlee use of maglev is to support the TOL is technologically feasible, safe,
and costeffective. The project defined the operational concept, evaluated the deployable maglev
technologies, define the system elements, assessed the impach§ of aircrafiveight, noise,
emission, cosbenefit), andralidated the concept on a srstiale maglev track. In additiofir-

bus also mentions the option to launch aircraft with Maglev syg§&Shsery much in line with

the Out-of-the-box project idegFig. 19.). Suported by regional funding in Hamburg, the Ger-
man Airport 2030 project looked into the feasibility to create a launching facility. The launch
system uses MAGLEYV technology and looks for the launch of heavy aircraft like the A380. Total
system cost is estated at 500 million Euro per runwge].

Fig. 19. The Airbus future concept [35

> GABRIEL (Integrated Ground and eBoard system for Support of the Aircraft Safe T-akieandLandingi EU
FP7 L1 project [2B
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Recognizing the benefits of the concepg Technology Roadmap 2013 [2&veloped by the
International Air Transport Association envisions the option of flying without an undercarriage
to be in operation by 2032.

4. METHODOLOGY TO DEVELOP RADICALLY NEW CONCEPTS

Numerous recommendations antesare proposed in the litetae touseout-of-the-boxthink-
ing. One lists only five stefsanother defines 11 waysThe recommendations include even
"ask the children" type of methodSenerally creativity and abilityd think out-of-the-box are
the twin brother$38], butcreativty is more known and investigated.

The general philosophy of developing the originally new technologies and products is shown
in the Figure 20

Qut
of the box o
thinking ' onops

MMarket Problem
needs identifica-
tion

Produc-
tion

TIES

i

Seolution

support

Product Engineer- Produc- Distribu-
develop- ing [ tion ] tion Operation
ment

Fig. 20 general process of developing the product withof-the-box thinking (the circlesshowthe differerce
beetwen the conventional and unconventianglof-the-box thinking applied in theroduct development)

The process starts witheidentification or foreknowledge of the markahd thus theociety
needsDue to thinking oubf-the-box, the market and d@r society needs can be identified as a
problem to be solved. The most important step is to gentrateoncept of operations (Co-
nOps) from which the solution can be derived. The concept of operations or operational concept
is aAdocumend defining the characteristics of a proposed or developingsygom the user

point of view. It thudescribes how to develop, implement and use of the proposastplnd

highly involving the user.

When the solution is developdtierequired technolags (for therealizatior) must be chosen

from the enabling and emerging technologies. This process is rather complicated and called as
technology identification, evaluation and selection (TIEE)]. That deals with simulation
technigue, compatibility andhpact analyses, decision support methods, andeuggle mor-
phdogical, or technology impachatrices.

The sdution itself is not a product, and thttse productshould be developed, which might
requireneworiginal ways of preliminary desigs

The ®lected technologies and preliminary determined performance of the product tallow
perform the impact analysis, egrediction and analysis of the environmental impact, safety
and security aspects, cost benefit calculation, society acceptation. This aalalysisludes

the concept validation and verification.

65 geps to thinkingutside of the box, http://mww.inc.com/matthewyers/sstepsto-thinking-outsideof-the-box.html
711 ways to think outside the box, http://mww.lifehack.org/articles/featuresiélsto-think-outsidethe-box. html
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The engineering is the detailed design of the produet. a process of design the structural
solutions, use of mufgoal, multidisciplinary optimization, determination of the load and op-
erational envelops, analysis of the structural integrity, fabrication of the required prototypes,
and certification tests

The production support andqatuction process development migbtuire to use unconven-
tional solutionsas well, as thelevelomd radically new producis probably based orevolu-
tionary new technologies.

For thenew product, especialffpr the radiclly new technologies and prodsctthemarket
should be alsaeveloped. So, such new product needs new type of market, service (mainte-
nance, repairing technologies and methoaisflnew way of operation.

The EU funded oubf-the-box GABRIEL [23] project(which intended to use magnetic levita-

tion as a groundbased power to assist and talkkéand landing processes and flying without an
undercarriage)is a good example to demonstrate, how to use creative, unconventional, and
original outof-the-box thinkingin problem solving.

At first, the society needs were defined, such as air transportation demand, or environmental
impact reductionAfter the investigation of thepotentialsolutions, the MagLev assisted take

off and landing was identified as the mosteefive technology. fie consortia [23][24}0]
developed a series of operational concepts incluttiegossible solutions for transition peri-

ods and several airport layout scenarios.

The possible solutions were analyzed according to their effecgdherequired aircraft modi-
fication, potential cut in the aircraft weigiifluences on the passengers terminal flaansl the
envisagedmpact onthetakeoff and landing procedures, turnaround tis&fety, emitted emis-
sion, noise, and security aspddtg. Finally, the detailed analysis suggested to chagsi&ciple
based on aart-sledge systelffrig. 21.). As the aircraft has no undercarriage, the cart is primarily
supposed to carry the aircraft while grotbwn and perform the ground movements,levthe
sledgencludes the necessary magnetic levitation systemmle also permittingo yaw and pitch
the cartand thus facilitate the positioning over the TOL processes (Eig. 2

Fig. 21. Aircraft landing on the catledge system in general sitiga

After the concept developmerihe team (i) defingthe core system elements (including the
required aircraft modifications, the groubdsed system and airport elements, andddus-
catedcontrol systerg), (ii) analyzd in detail the impact on theraraft weight, fuel consump-
tion, emitted emissiofd1], noise,safety and security pscts. Investigations also covered a
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mature costbenefit analysisRegarding for example safety, it was found that landing on the
cartsledge system, as well as emergency landing on airports not being equiptte ded-
icated maglev system require further attention. Accordingbpexial focus wa devoted to
emergeny landings, with numerowternative solutions investigated and proposed, as showed
in the Figure 2.

Fig. 2. An example of the investigated emergency landing solutions: lightweight skids (left)
and emergency cart (right).

Regarding the landingsn the carsledge system, a dedicated highly accurateatied
rendezvous control system was designed and developed, which permit autnous landing at the
required landing accurag42].

Finally, the proposed concept was validateid. 23) For the valiction of thetechnical feasi-

bility of the maglev trackunder the developed operational concaeppecial smakcaled mag-

netic levitation track was designed and built with a length of almost 6 njé8rd-or the
validation of the rendezvous control syst a gnall scale validation system composed of a
validation aircraft, a validation rendezvotsntrol system and two types of validation ground
systens (one consisting of a small conventional electric cart, and anothesofall scaled
validation maglevrack[44]) were usedThe first system was intended to analyze the practical
feasibility of the developed control concept, while the second to validate the overall concept
and analyze the landings on the developed sscaled maglev track.

The validatiorresultsshowed that the concept(i} technologically feasibleand (ii)the devel-
oped GABRIEL rendezvous control concept permits landings the rendezvous platform
being moved and levitated by the maglev traéakthe required accuracy.

Fig. 23. The validation experiments of the rendezvous control system on the electric cart (left)
and on the validation maglev track (right).
Altogether, investigationsf the conceptound that:
1 the envisioned maglev assisted TOL processes are technologezaiglé (as demon-
strated with the experiments), while also meeting the requirements (e.g. in accuracy),
1 the deployment of the concept is safe and secure,

REPULESTUDOMANYI KOZLEMENYEK 2015/3 [



