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ABSTRACT. Background: The transport of luggage units between the chedkfiminal and airplanes is realized by the
use of very simple transport solutions and manelalading of the luggage. The luggage trolleys aedufor the transport
purposes, which are hitched to the mover and maoiredtly to the surroundings of the airplane. Tbading and unloading
of luggage is performed manually. Regarding actafdtg requirements there was a need to create armesport system,
working in a closed cycle and based on the dewicadtomatic loading and unloading of luggage units

Methods: Various potential variants of the device were geteel based on results of analytical researcheélebyse of the
morphological schema. The detail evaluation andoghtémization of individual variants allow to prepathe concept of the
complex method to solve problems of the reliakdegport of luggage units within an airport.

Results: The closed transport system was created as & wdsthle innovative project. The main element aé teystem is
a container trolley, which is equipped in five sige layers. By the use of the special mover andtgtinal forces, luggage
units can be transported and placed inside thieyras well as being loaded and unloaded. Thist&sl enables to move
200 pieces of luggage in one transport cycle frieencheck-in terminal to the hatchway of the airplan

Key words: automation, supply chain, innovative transportesys container trolley, logistics, luggage handlitrgnsport
space between chek-in terminal and the airplangoms.

ASSUMPTIONS OF THE CONCEPT AND PRESENTATION OF TRAN SPORT
SYSTEMS OPERATING IN THIS AREA

The unsatisfactory state of systems of luggagespran at airports (from the check-in point until
placing them in the luggage holds of an airplamp@rating at present in this area was the starimgf p
for the development of this concept.

The present situation can be described as follows:

— The luggage, labelled with the destination addressaken over at the exit of the terminal
usually by two persons of the ground staff (truckv&t and ground worker), who manually
arrange the luggage on luggage trolleys. This diperas performed in rather chaotic ways,
resulting in the mutual pressure of individual arof luggage, and which in turn can cause the
potential damages.

— This transport process is usually supported by Whkets, which consists of 4-5 trucks, all
connected with the front mover. When the loadingcepis fulfilled up to maximum, the whole
sets are transported from terminals to waiting laivps (within terminals or internal taxing
areas).
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— After reaching the airplane luggage hutch arealufgage units are manually located (or rather
thrown) on the conveyor belt. Then they are mowedhie conveyor to the airplane hutch and
placed within cargo space of the airplane. Usuhilly operation is conducted by two persons of
the ground staff (driver and manual worker).

— Developments trends, observed currently in thisl figim to the change of characteristics of the
physical load performed by workers employed in thisa and lead to create and develop
concepts of high mechanized luggage handling systeperating within airport areas.

— Concepts of the use of luggage containers are bpestulated variants in this area. The use of
luggage containers are expected to be implemenitbéhvibig airports, where luggage units are
reloaded within loading spaces of very big transpaplanes and warehouses used as the pre-
storage of the luggage prior to the departure ahimbuffer zones.

- The concepts proposed by innovation departmentscahpanies “Lddige Industries”
(www.loedige.corp and Projektlogistik GmbHwww.projektlogistik-gmbh.comare ones of
already introduced to the practice in this fieltheTcompany group Grenzebach (together with
its departments “Airportivww.grenzebach.cojms another leading competitor in this field.

Lodige company developed and implemented the canoép.SYS Putter, intended for
mechanical loading and unloading of luggage costainalong with the function of taking the
luggage units on conveyor belts.

e I‘E:'::;

Fig. 1. Solution LSYS Putter by Lédige company
Rys. 1. Rozwjzanie LSYS Putter firmy Lodige

Projektlogistik company developed the concept basethe solution called “Zero-G-Loader”.
This solution is concentrated on the loading aridading of individual transport trolleys.

Fig. 2. The mechanized transport trolley. Thisisoh was developed only until the prototype stage.
Rys. 2. Zmechanizowany wozek transportowy. Rgzamie to nie wyszto poza famvykonania
prototypu déwiadczalnego.
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—Grenzebach company specializes in the field ofitgadnd unloading of luggage containers.
It prefers the simple, uncomplicated spilling ofntainers onto operating surfaces of
conveyors.

The Danish company PowerStow Al8xw.powerstow.comshould be placed among the leading
dynamic operators and specialists in the field wfghge handling within airports, thanks to its
innovative solution of luggage units transport audtion, called RampSnake. The RampSnake
solution creates the essential coupling point wlteady existing solutions, which are used in tleaa
of transport support of airports, especially withiterAirport in Monachium. This feature makes this
solution an important and significant one.

Szpower

Power Stow Rollertrack Conveyor

Power Stow
Rollertrack Conveyor

- a versatile, easy to operate and reliable belt loader extension

The Power Stow Rollertrack
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= Noneed for axpensive and heavy on-board ~ extansion and retraction
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= Enhanced working environment with less
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Fig. 3.RampSnake in use (in coupling point: airpland roll conveyor)
Rys. 3. RampSnake weyciu (w punkcie sprzenia: samolot w kontakcie operacyjnym z przsiidem rolkowym)

Other leading producers of this type of solutiopsrate on American market, among others: JBT
AeroTech Corporation, Ground Support Servie Carp@G@tion, Spokane Industries and others. JBT
company already introduced the RampSnake solutidhe practice as an effective transport system.
It should be stated, that main selected solutienpéct this of Projektlogistik GmbH) were already
patented.

Based on the pre-researches, conducted in the @aimpewith specialists from selected airports
(mainly Schonefeld as well as Tegel), it was codetly that the desired solution should fulfill the
following conditions:

— The possibility of the mechanical acceptance ofghgge units at the exit of the check-in
terminal without the physical handling by grounafft

— The possibility of the luggage inspection with respto its destination (there is a requirement of
no mistakes with respect to the assignment of lggganits to their final destination). The
external control at the end point of the conveyotha exit from the terminal building is the
preferred one.

- The possibility of the transport of the whole luggdall luggage units) in one transfer operation
between the terminal and the loading space ofitptaae.

— The possibility of mechanical/automatic transfedugfgage units from transport trolleys to the
device of Rampshake type or of other type of tlygdge transport device under condition that
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the physical work of the ground staff will be elivated or highly limited or the ergonomics of
this work will be significantly improved.

The above-mentioned criteria determine the succkfise research works concerning the devices
for mechanical/automatic transport of luggage uaitd they are an indispensable part of innovations
in this field, especially under condition of eximggicompetition.

THE PATENT EXAMINATION

The patent examination was conducted by the ufephtisNET system. This analysis was focus
on the following expressions:

- Baggagehandling AND Systeme

— Handling AND Freight AND Container
— Front AND Loading AND Baggage

— Transportation AND Baggage

— Transportation AND Luggage

- Baggage AND Security

— Airport AND Transportation

— Ground AND Transportation AND System
— Container AND System AND Airport
— Airport AND Container

— Airport AND Baggage

No patent rights similar to devices of this projeatre found during the patent examination.
Regardless of that, it was recommended to obtaéndpinion of the patent attorney, who will
determine the patent rights and conduct necessdaitianal analysis.

To protect the patent rights, the application waist ®n 8th Sept. 2011 to the Office for Patent
Protection Kietzmann, Vosseberg, with request tahse patent rights for above-mentioned prototype
and its protection as an utility model. The pratecof the utility model was legally set on 29thp&e
2011 and registered under the No 20 2011 105 486&.patent application concerning the luggage
units transport system in airports was registenediett No 10 2011 112 898.8 in German Office of
Patents and Utility Models on 29th Sept. 2011 amutesent waits for the final decision.

THE GEOMETRY OF LUGGAGE UNITS AND THE KIND OF BUILD ING
MATERIAL

The following conclusions can be provided basetheranalysis of the geometry of luggage units:

- The transported luggage units are of various gegrastwell as of various hardness of building
material, therefore they have various durability.

— The maximal weight of the transported suitcasesigally app. 20 kg, but there are many
situations that there are suitcases of higher weighto 30 kg (passenders usually accept such
situations and without problems pay the additionahipulation charges).

- The relations of dimensions (length x width x h&)ghnge from minimal dimensions 20 x 20 x
20 cm up to size level of 70 x 28 60 cm for bigicases in form of hard cuboids or soft travel
bags.
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— The hardness and the kind of building materialdugigage units range from textile bags

(susceptible to crashing) to suitcases made ofeither or its imitations (partially susceptible
to crashing), travel and sport bags (susceptiblerashing) and suitcases and other units made
of inflexible materials (metal, plastics - not seigtible to crashing).

There is a problem of various types of safety b@fsvarious clamp strength) individually
applied in case of almost all types of luggageauriispecially the belts of loose clamp strength
can cause problems during the implementation o&tltemation of the transport within airports
(falling off such belts can cause very danger sitneof hooking, catching, etc.).

LOGISTIC PROCESSES OCCURRING IN THE TRANSPORT AREA BETWEEN
THE TERMINAL BUILDING AND THE AIRPLANE, PERFORMED B Y THE SET
OF TRANSPORT TROLLEYS

The following conditions must be fulfil by all dexés of the airport transport system operating
between the starting point of the transfer of thgghge unit from the belt conveyor, located inairp
terminal to the final point within the luggage spax the airplane:

The possibility of the reliable and collision-freeupling of elements of mobile transport system
with the internal belt conveyor at the point ofatdt from the wall of the airport terminal.

The possibility of the immediate inspection of lagg units with respect to their assignment to
the final destinations (the inspection of indivitllueygage units or in future, remote verification
of the given destination by the use of the rademtfrency identification system (RFID) together
with the return of the incorrectly assigned luggampts by the transfer of such units from
external zone onto the elements on the transpstéisy operating between the airplane and the
terminal (such kind of the inspection was not passiso far in presently used transport
systems)).

After the verification of the assignment of the dage unit to the given destination, there is
a possibility to transfer standing suitcases amgslato the devices of the internal transport
system and to assign them the location within titernal waiting interoperetional zone.

The determined number of luggage units can beprated depending on the given system. The
required transport efficiency of individual systermase presented below (based on data of
Frankfurt (Main) airport:

The typical types of airplanes with the manual Ingaf the luggage:
B737 version 300 - 800

B757 version 200 + 300

A319, A320/A321 (partially manual loading, depergdan airlines)
TU154, ATR42 + 72 Cargo

The share of airplanes with the manual loadinghef liggage in total number of loadings is
about 30% (B737, B757, A319) or even 40%, takirtg consideration such types of airplanes
like MD80, Embraer, etc.

The average quantity of luggage units is:

B738 = approx. 160 pieces

B752 = approx. 180 pieces

B753 = approx. 200 pieces.

The ULD type devices are used in case of biggexdyyd airplanes (B747, A340 and bigger).
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The decrease of transport cycles between the talaimd the airplane is the preferable goal in
this case.

— The possibility of trolley transport (by the useaimover of with the own drive) within the
surroundings of a hatchway of the airplane, whéee helt conveyors or RampSnake type
devices are used. It allows the reliable couplifigdigtant points of both systems and the
mechanical transfer of luggage units on the conveyalt. There is no need for another
verification of suitcases in respect of their pnogestination. The driver of the transport set is
the last control instance to exclude possible rkiesta

— The possibility of the extension of elements ofteagstem as well as to repeat the transport
operations.

THE PRESENTATION OF VARIANTS BY THE USE OF THE MORP HOLOGICAL
SCHEMA

The morphological schema was created at the stagtudy researches to describe the specific
requirements of individual solutions of the tramgpwetween the terminal building and the storage
spaces of the airplane. It allows to identify indial, technically workable variants of handlingdan
transport devices.

The description of components of this schema isgied in the table 1, where six basic variants
of the solution are distinguished. It was creatadeld on consultations with specialists, who work at
the airport Schonefeld as well as on the speciatistvledge, provided by the international company
Vanderlande Industries. The prepared internal ed@n matrix allows the evaluation of factors with
respect to their importance and significance. Baseil, two variants of the significant importarfoe
proposed solutions were selected.

Table 1. The morphological schema of variants’ dpon
Tabela 1. Morfologiczny schemat dla opisu wariant6

Function Solution 1 Solution 2 Solution 3 Solutior Solution 5 Solution 6
Acceptance from | transfer directly | manual separate direct transfer | external
conveyor belt and | on the roller- handling extendable by the gravity | manipulator
transfer to con- band device device usage at the accesg
tainer trolley F1 belt
internal transport | driven conveyor| roller band friction band roller band manual free
solution in con- belt with side drive | with side handling by | running
tainer trolley F2 unloading ground staff | roller cart
storage in con- single deck multiple deck| multiple deck of
tainer trolley F3 of fix height various height
(horizontally)
identification of label scanning | RFID- manual
luggage at the at reloading identification | inspection by
transfer point point ground staff
unloading of direct transfer | manual extendable external free-running
luggage on the on transport handling allocating manipulator roller cart
external conveyor | conveyor, device driven by| on conveyor
belt F5 driven by motor motor belt
drive type F6 external towing| own petrol own battery
vehicle motor motor
construction type off connected flexible solid
airport con- tainer | individual “Snake” construction
trolley F7 trailers construction

Variant 1:  F1/L1 - F2/L2 -F3/L3 - F4/L1 - F5/L-1F6/L3 - F7/L2
Variant 2:  F1/L4 - F2/L2 - F3 /L3 -F4/L2 -F5/1-:1F6/L3 - F7/L2
Variant 3:  F1/L1 - F2/L3 - F3/L2 - F4/L1 - F5/1-1F6/L3 - F7/L2
Variant4:  F1/L1 - F2/L3 - F3/L2 - F4/L2 - F5/1-1F6/L3 - F7/L2
Variant 5:  F1/L4 - F2/L6 - F3/L3 - F4/L1 - F5/1-9-6/L3 - F7/L3
Variant 6: F1/L4 - F2/L6 - F3/L3 - F4/L1 - F5/1-:9-6/L3 - F7/L3 - preferable target variant
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The two from above-mentioned variants were seleatebput to the further analysis, i.e.:
Morphological variant 1

Morphological variant6 L

AT the beginning, the morphological schema includdgo the variant, represented by the
conveyor, equipped in transport band using theécdtattion. The development of this variant wag no
continued due to the technical problems in the ephphase of this research. These problems were
connected with the necessity of the implementatidnthe additional tilting device to enable
positioning of units on side storage locations. Theducted researches and analysis indicated the
variant 6, as the most promising one to be impldgetin the form of the innovation project. This
solution was also recommended by prominent experntise field of the internal transport, i.a. Karl-
Heinz Dullinger (long-term president of Vanderlandeustries) and Ing. Leichtweild from Lodige
Industries company.

Table 2. Analysis of the morphological schema afargts’ description
Tabela 2. Analiza morfologicznego schematu dlawpiariantéw

Function Solution 1 Solution 2 Solution 3 Solutior Solution 5 Solution 6
Acceptance from | transfer manual separate direct transfer | external

conveyor belt and direc{ly on the| handling extendable by the gravity manipulator at

transfer to con- rollemw device usage -~ _ _| the access bel

tainer trolley F1 | device _-” =~

internal transport | driven roIIerparrd' friction band | roller band with | manual ~ = - free running
solution in con- | conveyor belt <’ with side side unloading | handling by roller Cart-_.
tainer trolley F2 - drive ground staff _|.--~" -
storage in con- single deck multiple deckl~multiple deck o=

tainer trolley F3 of fix height b@s\ -7 -

(horizontally) eight-—---71"

identification of | label scanningRFID- - -~~~ | manual
luggage at the - - ~-|-identification | inspection by
transfer point — [\ ground staff

unloading of dire trdﬁs:‘fer- manual extendable external free-running

luggage on the on trgnsport | handling” ~ = - -allacating manipulator on | roller cart
external conveyor convey ,‘\ device driven-|-conveyor belt
belt F5 driven by _ bymotor | T TT-- S
motor Tr-o -
drive type F6 external own petrol. _ battery -7
towing motor ‘% P
vehicle N
construction type | connected flexible solid /"\
of airport con- individual “Snake” constryiction
tainer trolley F7 | trailers construction

Variant 1:  F1/L1 - F2/L2 -F3/L3 - F4/L1 - F5/L:1F6/L3 - F7/L2
Variant 2:  F1/L4 - F2/L2 - F3 /L3 -F4/L2 -F5/1:1F6/L3 - F7/L2
Variant 3:  F1/L1 - F2/L3 - F3/L2 - F4/L1 - F5/1-1F6/L3 - F7/L2
Variant4:  F1/L1 - F2/L3 - F3/L2 - F4/L2 - F5/1-1F6/L3 - F7/L2
Variant 5:  F1/L4 - F2/L6 - F3/L3 - F4/L1 - F5/1-5-6/L3 - F7/L3
Variant 6:  F1/L4 - F2/L6 - F3/L3 - F4/L1 - F5/1-:9-6/L3 - F7/L3 - preferable target variant

Both solutions (variants 1 and 6) will be preserttetbw in the form of the project, but the main
focus is put on the realisation of the variantré ggreement with common opinion of experts in the
area of the airport transport logistics from Schiéladeairport as well as of the market practice of
Vanderlande Industries company).
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THE CONCEPT OF THE PREFERABLE VARIANT

The project conditions for the variants, which ald the recommendation of potential users, are
presented below.

The concept of the set used for the transport gdge units is based mainly on a set of a few
trolleys or one solid construction. The maximal fy@mof transported suitcases was evaluated on the
basis of experimental researches, conducted iraitpert in Frankfurt am Main. It is equal to 200
pieces and the number was taken as an assumptipeaie the project of the transport system for the
passenger service in airports.

The transported units were assumed to be delivierétde horizontal position and of maximal
dimensions equal to 70 cm x 60 cm (length x widile designed system must be able to handle also
smaller luggage units of dimensions 20 cm x 20 cm.

To support and assure the transport of max. 20€epi®f luggage in one operation cycle, the
transport device was equipped in multi-level systémparallel storage areas.

Assuming, that the transport trolley is equippedistorage layers and the maximum loading is
200 pieces, then 40 luggage units must be arraogexhch layer. The presumed configuration of the
layout of transported luggage units along threalf@rlines (working version) and the length of one
suitcase equal to 700 mm, determines the totaktheoftransport device to be 9100 mm, having 13
luggage units arranged in one line and on one |€1/8lx 700 mm). Taking into consideration
construction parts of the transport trolley, asthhase of the research, the total length of thikey
was assumed to be 10000 mm.

Both variants, intended to be realized, are preseas Attach. 1 and 2 of this paper.

THE CONSTRUCTION OF THE WHEEL SET OF SNAKE TYPE

Variant 1 (Snake construction) - Attach. 1

T
Snake mover for : [m ,L Laver 1
! ’ =) A
i : | e
| | m
ol : . e
o =="N
@) @)
¢ FO . Schematic side view
| total length of 10000 mm - 4 segments of 2500 mm each
roller band - inside
1 T m
LY m
EEg i
T O :

€ Ui MWW i MF,

working rollerband

Schematic top view

Fig. 4. The construction of multi-segment wheeladeSnake type purposed for the transport of lggganits
Rys. 4. Zasadnicza konstrukcja wielocztonowegoazas kotowego typu Snake przeznaczonego do trahspor
jednostek bagawych

The construction of wheel set of Snake type com&itfour carriages, connected with each other.
At the beginning of this work, the possibility afeating the one segment vehicle of flexible bodg wa
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taken into consideration. It turned out to be ingiloie due to technical problems. The biggest prable
was the transfer of luggage units from one segrteanother one in case the whole device is flexible
like a snake.

The segmentation of the set into four separatéaggs turned out to be not optimal because of the
excessive time needed for handling operations, cgpe that each carriage had to be handled
separately both at the terminal exit and at thehvaay of the airplane. Therefore the continuatibn o
the work on this variant was ceased. Additionallyhis solution, there was a necessity to emplay tw
additional workers, which caused extra costs adaddt fit to cost reduction condition of this proije

THE CONSTRUCTION OF ONE SEGMENT VEHICLE IN THE FORM OF
TRANSPORT CONTAINER

The concept of one-segment construction in the fofrtransport container turned out to be the
most optimal solution from the economical and técilpoint of view:

- It turned out, that it is possible to constructcritainer trolley”, equipped in three parallel
storage flows, within which the luggage units mowveler gravitational forces over rolls till the
hatchway.

— The construction of the space was adapted to dimensand geometry of 200 suitcases
(luggage load of an airplane of the average sine) equipped in five separately operating
storage layers, each of them can be levelled upealesired height by the snake device (its
construction is not yet confirmed).

— The principle of operation is as follows:

- the back of container trolley is placed up to Hedt conveyor at the exit of the check-in
terminal,

- the arrangement of luggage units on the firstagterdevel by gravitational forces until filling
in the whole available space. It is available duelopes of the surfaces inside the trolley
where the units are placed.

- the snake drive levels the storage layer in thddoation of the container space,

- all four storage layers are loaded with the luggagits. The storage layers 2-4 are also
moved to the top and positioned in the transparfigaration,

- the fifth storage layer is loaded. Due to the ,fablt at each level there are parallel
configurated storage layers, each of them shoulchdneed horizontally to allow the loading
operation of each storage layer at each of leVdsre is still no technical solution of this
issue. There is still a need of further consultaiwith the logistics provider, responsible for
luggage transport within the airport.

— After loading all 200 suitcases (so the maximardity of luggage units) at the exit of check-
in terminal onto all 15 storage layers, the speugliicle moves the transport container
between the terminal container and the belt conveloe task of this conveyor is to move
separate suitcases to the hatchway of the airplane.

— At this moment, starting from the level 5, thedage units are moved gravitationally (by the
change of the rake of storage layer) on the extdrelh conveyor (there is still a need to
conduct additional researches, due to the factliblis and safety bands of different type,
cause difficulties in free movement of units orreteeir blockage because of hooking).

— After unloading, the storage layer 5 reaches tigsting position (the lowest one) and is
inactivated. Then, the storage layer 4 moves tgtisition, which enable the unloading of
luggage units and the operation of unloading takace.
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— The above-mentioned operations repeat until thenemd of unloading the storage layer 1,
which means the return of the device to positi@atly for new loading operation”. There is
also an assumption, that the external belt convéyaan be a device of RampSnake type)
can change its position and take over suitcasegddoon the band of conveyor, which is
configurated parallel.

— The operator of the transport system controlsvitwele time the loading and unloading
processes, therefore there is no need for additiwoekers for reloading of the luggage on
the belt conveyor within the check-in terminal or the external belt conveyor, located
within hatchways of the airplane. Therefore it yssible to resign from two additional
workers in this investigated variant, especialigttthe trolley operator inspects all alone the

whole process of loading and unloading of luggayesu
— Each phase of this process is presented at thedsi§.1-5.3.

— The construction of the container trolley requisgh the detail solution of individual parts of
this system:

— Each storage layer using the gravitational forgethk implementation of slope, must be
additionally equipped in an element, located in itiiddle, which will compensate the
differences in length of individual levels.

— It must be the possibility to move individual stgealayer vertically by the use of snake
gear or other driving system.

- It is assumed, that the scanning of luggage unilistake place within the check-in
terminal (it will secure the conformity of each §age unit to its destination). The
rescanning before the arrangement of luggage imitise loading space of airplanes is
taken additionally into consideration, which shoeftsure 100% reliability of the system
with respect to avoid mistakes connected with lgggaf travellers.

Conception - Variant 6 (Complete — Construction)

| Begining of loading
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Fig. 5.1. The transport system of luggage unitsiiports using the container trolley - during #uslitional loading
Rys. 5.1. System transportu jednostek baggch w portach lotniczych przy pomocy woézka koetenwego -
w trakcie trwania operacji dotadunku
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Conception - Variant 6 (Complete - Construction)

T T
| :w—---‘l Lavel 1 hc | r————-‘l }—————N‘ ‘
1 suel 1 horizontal | i
_|______I,_____,._ _______ T e o AP, o — ‘_
Begining of loading
| \
[ o i T i e ot i ks W S ik ‘
‘ Driving ax\e_ — L _________________________ ‘
@ - DA ey |
o~
| \
L 1 B . |
T = :
Conveyer belt I ‘
inside T ‘
OFF . -
1 Outside Front view
Transportation
system

400 mm
—

10000 mm long — 1 Carrier |

t
[
[

2 EI D D D Inclination 3 grad
L - =D
' L] L] L]

(3

Gravity acceleration

Top view

Fig. 5.2. The transport system of luggage unitaimports using the container trolley - after additil loading
operation

Rys. 5.2. System transportu jednostek baggch w portach lotniczych przy pomocy woézka koetenwego -
w stanie zakaczonego dotadunku
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Fig. 5.3. The transport system of luggage unitsiiports using the container trolley - at the motr@&frcoupling with
external belt conveyor, working at the hatchwagmfirplane
Rys. 5.3. System transportu jednostek kaggch w portach lotniczych przy pomocy wozka koetgnwego - w stanie
sprzzenia z zewgtrznym przenénikiem tamowym, obstugujcym wloty do lukdw bagawych samolotu
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— There is still open topic of the selection of tlwwer of one-segment container trolley as
well as its wheel construction and their integnatigth the undercarriage. The possibility
to move separate storage layers lengthwise shaukhbured to improve the construction
variants of the trolley. It should be possible xte@d and fold up lengthwise these layers
by lifting and lowering them.

Conception - Variant 6 (Complete — Construction) — Princip of linear expansion
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Fig. 5.4. The schema presenting the possibilitnéwe layers horizontally
Rys. 5.4. Schemat obragay mazliwos¢ przesuwania pozioméw w kierunku wzatym

The front view schema of transport system is preesem figure 6, which allows to demonstrate
the way how individual layers perform. The geoneetlimensions of the system are also presented at
this figure:

- the width is equal to 2700 mm together with addiicsize of both wheels of the trolley,
- the height is equal to 2625 mm.

This geometry allows an effective transport of m280 luggage units, and therefore the optimal
service of airplanes of the average size.
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Rys. 6. Rzut czotlowy wraz ze schematem funkcjonoavdmoszczegolnych przestrzeni tadunkowych i pogigm
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SUMMARY AND CONCLUSIONS

The potential automated solution how to createshigiprocesses inside the airport area, between
check-in terminals and hatchways of airplanes wasgmted. The presented solution is a compact,
uniform and complex concept, within which an attémspmade to create the possibility to transport
a set of luggage units of one destination in oraegypetween check-in terminal and an airplanenof a
average size. It fulfils all actual safety requiets thanks to the great integration of identifarat
systems for the luggage units with their contenvel$ as to its closed structure. Therefore thistesm
excludes the possibility to mistakenly change tlgghge in regards to its destination, and at theesa
time it minimizes the risk of eventual terroristaaks.

Based on presented system, the problem of transpgidtics inside airports can be solved in
a complex way. The technical solution of a proposentainer trolley, which works in the form of
RampSnake device, assures the reliable and coHfsée transport of luggage units from the check-in
terminal to the hatchways of airplanes.

The innovative input of originators of this projéetentschel, Richtsteig) relates to the creation of
sophisticated solutions of highly efficient systeaisgoods flow, based on automatically controlled
storage fields of this trolley as well as automatations for picking luggage units in check-inaare
and transporting them to hatchways of airplanes. ifhovation of this solution consists mainly of th
speed of transport processes realized. The challefghis task lies in the differentiation of the
geometry of transported luggage units and the thok#heir blocking during their flow within the
transport system. Richtsteig company possessengitheering competences for effective realization
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of this project as well as is supported by the rdifie environment. All these factors ensure the
creation of such sophisticated solutions in thea afmaterial flow systems. The internal steering
system of such multilevel system cannot be an @ only the transfer of luggage units on
transponder band manually and in automatically retgeone should be considered as a very
innovative challenge.
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AUTOMATYZACJA tA NCUCHA LOGISTYCZNEGO W FORMIE
INNOWACYJINEJ KONCEPCJI ROZWOJU SYSTEMU TRANSPORTU
KONTENEROW DO TRANSPORTU BAGAZU W PORTACH
LOTNICZYCH

STRESZCZENIE. Wstep: Transport jednostek bagavych pomé¢dzy budynkami terminali portéw lotniczych
a samolotami pagarskimi charakteryzuje sie obecnie stosowaniem tychs rozwizan transportowych i gcznym
przetadunkiem baga podré@nych. Do realizacji przedmiotowego transportaywa st wozkéw bagaowych, ktére
podczepione pod ginik, przemieszcza sibezpdrednie w otoczenie obstugiwanego samolotu. Zaréwaladunek na
wazki, jak rownie roztadunek w olgbie lukow samolotowych odbywagsiv ramach obstugiecznej.

Ze wzgkdu na wspoiczesne wymogi bezpietsteva powstata potrzeba wygenerowania nowego, preegp w cyklu
zamknitym systemu transportowego, opartego na automagyezmzidzeniu do za- i roztadunku jednostek bagyaych.
Metody: Na podstawie analitycznych wynikéw badarzy wyciu schematu morfologicznego wygenerowano szereg
potencjalnych wariantéw ugdzenia. Ich szczeg6towa ocena oraz optymalizacgzqaegoinych wariantéw pozwolity na
opracowanie koncepcji kompleksowego ragminia probleméw w zakresie niezawodnego transpediostek bagawych
w portach lotniczych.
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Wyniki: W wyniku realizacji innowacyjnego przeesiziccia powstat zamkety system transportowy, ktérego istdivorzy
kontenerowy wézek, wyposgany w pi¢ poziomoéw odkladczych, ktdére w oparciu 0 mechanizrasacy oraz dziatanie sity
grawitacji mog zaréwno przejmowai pozycjonowé w swym wretrzu jednostki bagawe, jak rownie umazliwiaé ich za-

i wytadunek. Rozwjzanie w tym ksztalcie pozwala w ramach jednego cykdnsportowego na przemieszczenie 200 szt.
bagau z budynku terminala odpraw do lukéw bagaych samolotu.

Stowa kluczowe:automatyzacja, tecuch logistyczny, innowacyjny system transportu weveznego, wozek kontenerowy,
logistyka transportu baga, przestrzé transportowa pomiedzy terminalem odpraw a samaipp®rty lotnicze

AUTOMATISIERUNG DER LOGISTIKKETTE FUR DAS
FLUGHAFENVORFELD IN AIRPORTS DURCH EIN INNOVATIVES
FRACHTGUTTRANSPORTSYSTEM

ZUSAMMENFASSUNG. Einleitung: Gegenwartig ist der Gepéacktransport im Bereich \deseldes, somit zwischen
Flughafengebdude und Flugzeug, durch eine einfach@nsportldsung charakterisiert. Bevorzugt werden
Einzelgepackwagen, die von einer Zugmaschine gezagen Flugzeug gefahren werden. Die Beladung degeWwaind
auch die Entladung erfolgt manuell. Aus Sicherlgeiteden ist es erforderlich, eine neue, geschlesddisung mit
automatisierter Be- und -Entladung zu entwickeln.

Methoden: Aus den analytischen Ergebnissen lassen sich €ibeMorphologisches Schema unterschiedliche Vagiant
ermitteln.

Mittels einer Variantenbewertung und -optimierursg e€ine Loésung fur eine ganzheitliche Frachtgutigsentwickelt
worden.

Ergebnisse:Das Ergebnis ist ein geschlossenes Containersydtesiin flnf Ebenen Uber ein Hubsystem und untgzuvhg
der Schwerkraft die Koffer aufnimmt und sowohl emgomatisierte Be- als auch Entladung ermdglichtisEdie Lésung so
entwickelt worden, dass sie flr 200 Gepéckstickegelagt ist und somit nur einen einzigen Transpan
Flughafengebaude zum Flugzeug notwendig macht.

Codewdrter: Automatisierung, Logistikkette, innovatives Fraglttransportsystem, Containerwagen, Gepécklogistik,
Flughafenvorfeld, Airports
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