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Abstract

KLM and Airport Amsterdam Schiphol (AAS) are bothtarested in reducing the
turnaround time of both narrow- and wide body aficby improving the turnaround
ground handling processes. A shorter turnaround tiould improve the punctuality
of the departing KLM narrow- and wide bodies at AA%aking both KLM and AAS
more attractive for passengers as airline-airpamlmnation.

This research is focused to define infrastructaral operational design specifications
of turnaround ground handling processes to redaedurnaround times of narrow-
and wide bodies, for the Boeing 737-800 and therigpé47-400 Combi aircraft. The
research gives input to the design of the futurpoai from a turnaround ground
handling perspective. The research method applietiis research is the Theory of
Constraints followed by a case study on Arlandapdit in Sweden towards the
automation of turnaround ground handling procesgesGroup Decision Room
brainstorm session was held to identify all invalvprocesses and to generate
suggestions for improving the turnaround grounddliag processes.

Keywords

Turn around time aircraft, critical path aircraftognd handling processes, design
specifications
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1 Introduction

The fierce competition in the European air transggeon market and an economic
recession that might be coming up, an increasaasfon costs can be attributed to the
soaring oil prices. These events put pressure enctimpetitive positions of both
KLM and Amsterdam Airport Schiphol (AAS). The redgnintroduced “ticket-tax”

in the Netherlands increases the pressure even more

Therefore, both KLM and Amsterdam Airport Schipf®AS) try to maintain or even
improve their competitive positions by cooperati&specially due to cooperation in
improving airport processes, much more can be aetlighen when each company
separately tries to improve their part of such @poat process. This research is
focused on the turnaround of aircraft once landetarived at the gate of the airport
to unload and load passengers and supplies. Tumm@rground handling processes
are enabling these unloading and loading procedges.total involved process is
named “turnaround ground handling process”.

When looking to the turnaround ground handling pescas such, it seems to be
unchanged for decades. There have been improvenientsrnaround ground
handling sub processes, like replacing boardinigssky passenger bridges, however
these improvements can not be regarded as “radioglovements. Plans to improve
the total turnaround ground handling process byeliging an innovative and
integrated infrastructural and operational grounandiing concept, the “total
concept”, has only been realized at Arlanda Airpdhis concept however, went out
of use due to a change of Terminal building by SAS.

A reduction in turnaround time could have multipvantages for KLM: costs could
be saved due to higher utilization rates (more tioe”) of aircraft. Another option
might be to use the turnaround time to catch upvardelay in the schedules. The
punctuality of the departing KLM narrow- and widedes at AAS could be
improved, making both KLM and AAS more attractiver fpassengers as airline-
airport combination.

Furthermore, the safety at the ramps could be iwgurdy reducing the busyness at
the ramps which has a positive impact on the nurolbeéncidents occurring at the
ramps. Transparency and security could be incretmedThe interest of KLM and
AAS has led to the following research question:

“What infrastructural and operational changes in the turnaround ground
handling processes are required to reduce the turmaund time of aircraft?”
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2 Research method

To research the turnaround ground handling prosesde following research
methods are used.

1) Analysis will be used for identifying the coratits in both the narrow body and
wide body ground handling processes. Design taalglafined for finding the design
specifications for the ground handling processes Vision and implementation plan
interpretation will be given to the design speaifions. Finally some concluding
remarks will be given. The Theory Of Constraint©() was introduced in 1984 by
Eliyahu M. Goldratt in his book “The Goal’. TOC wa that every
organization/process has at least one constrambyatime(Rahman, 1998; Goldratt,
2004; The research question is a typical constmpioblem due to a number of
activities taking place at the same time, intergctwith each other, which causes
bottle necks. For instance the cabin cleaning #gtistarts after cabin catering
services; can these activities be deployed atdaheegime to improve the turnaround
ground handling processes? The Theory Of ConstrginOC) is an appropriate
method the to analyze the processes to find out thiesoptimal sequence of activities
is from a aircraft turnaround perspective. As parthe TOC, critical path Steyn,
2002). This constraint limits the (organizationgyfprmance to achieve its ultimate
goal. In order to manage the performance of theemysthe constraint must be
identified and managed correctly. The constrairit shange due to managing the
previous constraint successfully or because ofamging environment. Therefore the
organization should repeat the steps continuodglis research could also make use
of the five steps of the theory. The five steps djeidentify the constraint(s), 2)
decide how to exploit the constraints, 3) subordinthe non-constraints to the
decision on exploiting the constraints, 4) elevite constraints, 5) if any of the
previous steps a constraint is broken, repeat Btmp 1. Do not let inertia become the
next constraint. The primary objective of this aash is to reduce turnaround time.
Case research towards the automation of groundlihngngrocesses at Arlanda
Airport in Sweden. This case gives relevance to @Rperience of other airports
optimizing turnaround ground handling processeasigg automation.

A Group Decision Room (GDR) session has been ozgdrtio generate ideas and get
inspiration for the determination of design spesifions, a brainstorm session with
industry experts from KLM, Schiphol, TU Delft, AZxElusive Travel and Aeolus
Aviation is performed using a GDR. A GDR-session ba considered a modern way
of brainstorming with use of smart web based toélsr the preparation of the session
a complete overview of the ground handling processas made to identify the
sequences of activities within the various procgsse
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3 Turnaround ground handling processes

The turnaround handling process can be dividedvin Sub-processes: a gate-/cabin
process and a platform process. The gate-/cabaepses can be divided in:

- activities that take place above the wing and i aircraft

- activities that take place under the wing of threraft, the airport processes.

The following activities can be distinguished iretlircraft turnaround handling
process above the wing:

- (Dis-)connecting passenger bridge(s) and/or bogrsiiairs

- (De-)boarding

- Catering/cabin service

- Cabin cleaning

- Cabin security check

- Cabin check

The activities making up the turnaround handlingcpsss below the wing are:

- Connecting Ground Power Unit (GPU)

- Placing/removing the wheel chocks at the landireygienose and main (NLG)
and (MLG)

- (Un-)loading baggage/freight (containerized/bulk)

- Water service

- Toilet service

- Fuel service

- Placing/removing safety cones

- Push-back handling

The following definition is developed to describedadefine the turnaround ground
handling processall the handling activities taking place in andamd an aircraft
between the moment the aircraft comes to a comptatalstill at the aircraft stand
this is named: (BLOCKS ON) till the aircraft is jmsack from the gate for
departure, this is named (BLOCK OFF)

Literary the aircraft is put between blocks at tieeels to provide the aircraft from
moving during the turnaround handling processederAthe finalization of the

turnaround handling processes the blocks are meweithe aircraft can depart from
the airport gate.
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3.1 Critical path analysis

Critical path analysis will be used to determine #ictivities that need to be shortened
in order to reduce the turnaround time of both nlagrow body — and wide body
ground handling process. Critical path analys& generic name given to techniques
that focus on analyzing the interrelationshipsvieen the activities or tasks that have
to be executed to complete a (complex) project [dtpdPhilips, Davis, 1983];
techniques for planning, scheduling and controlliNtpidan, 1981]. A critical path
could be defined as the longest sequence of digméndent activities that takes the
greatest time to complete [IATA, 2007]. If one &iti on the critical path is delayed,
the entire project will be delayed, unless one oreractivities following the delayed
activity are completed earlier such that the entirgiect is completed in time. The
activities determining the critical path have zetack. Slack can be defined as the
difference between the earliest and latest allogvatart- or finish-times of an activity
[Willis, 1985].

A process map of all the aircraft ground handliogvities and its interdependencies
of a narrow-body aircratft is given in figure & process map for a wide body aircraft
is given in figure 3. For the determination of thetivity duration means, standard
deviations and variances, two data sources werd: asea which has been acquired
from archival KLM data; and from video measuremeaitthe platforms. The archival
KLM data comes from a great number of time measergsmwhich have been taken
of both the 747-400 Combi and 737-800 turnarouddier some preliminary work,
histograms of the activity durations were made fravhich a mean, standard
deviation and variance was retrieved for each iygtiv

Video measurements are used for two reasons: Téterdiason is to acquire missing
data, because not for all activities in the turmacbground handling process is KLM
data available. The second reason is validatiardfival data from KLM. Two video
cameras were used to record a total of 6 KLM 74#hkits turnarounds and 9 KLM
737-800 turnarounds. The two video camera’s wersitipoed such that the
turnaround ground handling activities at eitheresaf the aircraft were captured.
After the measurements, the videos were played badkhe start- and stop-times of
the activities were determined. Furthermore, aeotimportant happenings in the
turnaround, times were written down, such as thenera the aircraft stops at the
aircraft stand (BLOCKS ON), or the moment the higheer stops at the cargo door.
For the activities, which were video measured, aamestandard deviation and
variance calculation has been made by using theTRB&hod. This methodology is
used because the number of video measurementsoismnmll to make proper
histograms of the activity durations. In both pses nine different paths can be
distinguished. Each path has a unique duration,tineeause the time it takes to
complete a path depends strongly on the activitieshe paths and when these
activities take place in time. An important theoresed as part of the (stochastic)
critical path analysis is the Central Limit Theor@@i.T).

When summarizing the activity duration means oheaativity for each of the 9 paths
in both process maps, one can obtain the critia#th.pFor confidentiality reasons,
only the critical paths will be given, and not therations. The critical paths for the
B737-800 and the B747-400 Combi are shown in figuaad figure 2.
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Figure 2: Critical path 747-400 Combi

Besides the activities that contribute to the caitipath there are some “critical”
activities, not lying on the critical path, whicloudd make other paths critical. To
determine which activities these are use is mddbhen68-95-99.7 rule, also known
as the three sigma rule. This rule states thaa foormal distribution almost all values
lie within 3 standard deviations of the mean. ®thkihe activities lied down in the
critical path and the critical activities identifievith this rule need to be shortened,
the activities are:

Connecting Ground Power Unit (GPU)

Placing/removing the wheel chocks

Placing/removing the safety cones

(Dis-)connecting passenger bridge(s) and/or bogrslkiairs
(De-)boarding

Catering/cabin service

Cabin cleaning

Cabin security check

Cabin check

(Un-)loading baggage/freight

(containerized/bulk)

Fuel service

Water service (747-400 Combi only)

Toilet service (747-400 Combi only)

Now it is known which activities need to be shoaeénthe design specifications have
to be found. Further research has been made bgeastady and a Group Decision
Room (GDR-) session.
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3.2 Case study Arlanda Airport

At Stockholm's Arlanda airport, the aircraft starals Terminal 2 have all been
equipped with pop-up units, which were built by grevately owned Swedish firm of
Fabriksmontering i Trelleborg (FMT) Aircraft Gategport Systems AB. The pop-up
units are a set of fully automated, high-tech ramgdules and "pop up" from the
ramp in order to supply fuel, potable water, alecticity, toilet service, and cabin
heating or air conditioning to the parked aircratie system has several advantages.
Turnaround times become shorter and more relidlile.airline SAS claims that the
faster turnaround times made it possible to takeon& aircraft of its Stockholm-
Gothenburg shuttle without cutting the daily 1&ffli schedule [Gibson, 1998]. The
system saves equipment and manpower. Certainly wigesystem is combined with
an automatic "push-back" pilot, which replaces itinned tractors, more than 80%
of the vehicles required on the ramp (and manpoweeam)be eliminated, according to
a spokesman of FMT [Gibson, 1998]. Other advantages reduced emissions, as
there are less vehicles at airside; and improvéstysat the ramps.

In two year time Arlanda Airport recouped the capihvestments associated with
building-in the units, due to lower labour and \icosts of 25% per annum
[Gibson, 1998].

The critical path analysis showed that the cabotess deserves the most attention
(and not the platform processes) when short tutmatdimes have to be realized for
both the narrow body and wide body turnaround gdotwandling process. An
automated fueling system, which can be erectedbthe ground, is an interesting
turnaround ground handling concept developed byamdh Airport. This system
seems to have only advantages if: reducing turmardime (if the total duration of
the turnaround can be influenced by at least oadgom activity that could pop-up),
reducing emissions, reducing congestion, increasmgsparency (and therefore
security), reducing safety. Furthermore, in theeaafsArlanda Airport the investments
were earned back in two years.

The question rises why this has not been develapeldbuilt at other airports. The
answer is simple: most airlines will have a critigeth in the cabin processes.
Furthermore, if this is developed and implemented ishort period of time, ground
handlers and self handlers will have to depredate/their ground handling
equipment in the same short period of time and #isy have to find alternative jobs
for a lot of employees involved in ground handlifwgthin their organization). If a
concept requirement comes fort out of this systenpart of it, care has to be taken
by the making of an implementation plan to copéwlie mentioned issues.
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3.3 Group Decision Room

A Group Decision Room (GDR) session has been osgdrio generate ideas and get
inspiration for the determination of design spesifions, a brainstorm session with
industry experts from KLM, Schiphol, TU Delft, AZxElusive Travel and Aeolus
Aviation has been performed using a GDR. A GDRisessan be considered a
modern way of brainstorming. The GDR allows forustured and anonymous
collaboration between the participants which ctnoties to a free exchange of
thoughts. It also ensures that ideas are valuezbotent and not on who contributed
them. Furthermore the electronic environment ersablerybody to speak and make
sketches (by means of smartboards) at the sanmaninsaving valuable time and the
minutes are stored automatically for future refeeen
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Figure 3: Procedure of the GDR-session for the camghold process

The required input for the GDR session was a mdggcal map. On the vertical
axis of a morphological map, all process functians stated, and on the horizontal
axis all options/ways to carry out a function carfiled in. The 14 participants of the
GDR-session were asked to check the morphologia on its completeness in
terms of missing functions and missing possibletsmhs. The next step consisted of
combining the solutions for the different desigoups. The idea behind this is to pick
one solution from each process function (each rothe table) and integrate them to
create a complete concept. The procedure of thergion of ideas for each of the 4
design groups is given in figure 3. At the endhdf session all the generated concepts
have been presented by the design groups and judlgede participants on their
specific benefits and drawbacks.



TRAIL Research School, Delff)ctober 2008

Table 1: Turnaround ground handling process desigispecifications for a new
narrow body turnaround ground handling concept for the 737-800

Activity Specification
Deboarding - Use aircraft left front and left aftadl.
Boarding - Use aircraft left front and left aft doo
- A passenger flow rate of 18
passengers/minute
Catering - Parallel catering of front and aft galle
- A change / flow rate of 2 trolleys (or
containers)/minute
- Extra resources
Catering - Put up a patrtition in the galleys

Cabin cleaning

- Extra resources (twice as much)

Cabin check & cabin security check

- Cabin secumtyeck by cabin crey
(combined)

<

Unloading & loading of baggage/freight -

Continuowend smooth supply d
baggage / freight
- A loading flow rate of 8,91 pieces/miny
and unloading flow rate of 7,9
pieces/minute

- Tail tipping prevention

—h

0

r

ith

Fuel service - Fixed fuel system at the ramp
- A refuel flow rate of at least 110
liters/minute
- Digital communication system fg
sending fuel note
- Connecting bonding cable together W
placing wheel chocks

Fuel service - Use aircraft left front and left détor for

deboarding to start earlier.
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Table 2: Turnaround ground handling process desigispecifications for a new
wide body ground handling concept for the 747-400 @nbi

Activity Specifications

3 door connections, with flow rate of24
pax/minute/door

13 cleaners (5 extra in comparison with
current situation)

Deboarding

Cabin cleaning

Cabin security check

Security training of crew members

Cabin check
. 3 door connections, with flow rate of12

Boarding .
pax/minute/door
Sufficient capacity equipment for loading
forward galley with transport rate of 1,00

(un)loading catering / cabin minute/FSTE

supply Sufficient capacity equipment for unloading
forward galley with transport rate of 0,75
minute/FSTE

Connection of at least 2 aircraft doors
Fixed connections with underground fuel
network

Fuel service (two dispensers) | Automated (dis)connection electricity wire,
both in 0.5 minutes
Digitalization ‘Fuel Order’, sending in 0.25

minutes
Water service Equipment that can simultaneously perform
Toilet service toilet and water service

Equipment for parallel unloading, with rate
Unloading Lower-deck cargo of 1.4 minutes/unit

Equipment for avoidance of tail-tipping
Equipment for parallel loading, with rate of
Loading Lower-deck cargo 1.7 minutes/unit

Equipment for avoidance of tail-tipping

4  Design of turnaround process specifications

The activities lying on the critical path and théical activities of both the 737-800
and 747-400 Combi have been investigated for imgmmants by making use of the
design tools of the previous paragraph. This haslted to the specifications shown
in table 1 and table 2. As one can see, there ardesign specifications for the
activities which had such a small contribution toee tturnaround time, that
improvements would have an unnoticeable effect.

With the design specifications for both the 737-8@0d the 747-400 Combi,
implementation plans can be made. For the impleatient plans, interpretation has
been given to the design specifications such tHatvath the current layout at AAS
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could be made. Furthermore, not all design spediios can be implemented at
once. The most important reason for this is th@dainvestments and the long
development time that will be required for sometié interpretations. Therefore
implementation plans have been made which showléek&n specifications that need
to be implemented in time, to reduce the turnarcime for the B747-400 Combi as
well as for the B737-800.

The main focus of the implementation is to redumeturnaround times by shortening

the activities on the critical path. When the atigg are shortened (enough), other

paths can become critical. This will be a next ghaBoth implementation plans

consist of four phases of 5 years each. Besideagestiog the critical path activities,

also environment, safety, security and flexibilgve been taken into account.

- Environment: focus mainly on the G@mission, NQ emission, and particulate
matter (PM s and PM).

- Safety: The chance on incidents at platforms reslwgdeen less ground handling
equipment is involved in the ground handling praces

- Security: When less vehicles and persons are netmqmerform the ground
handling activities more transparency can be aeliet security restricted areas.

- Flexibility: The ideal ground handling concepts édw be equipped in such a way
that also aircraft of the future can be handledhiy concept.

The implementation plans for both the B737-800 adl \ws B747-400 Combi is

shown in table 3 and table 4 respectively. For Boeing 737-800, the turnaround

time can be reduced with 42% due to the concepifsgaions. For the Boeing 747-

400 Combi this is 38%.

Table 3: Implementation plan for a new narrow bodyturnaround ground
handling concept based on the737-800

Phase Initial critical | concept design turnaround | Turnaround
path specifications time
reduction
1 (2009-| “Catering -An extra catering truck 20%
2014) service” (cabin) | -An extra catering employee
-Galley partition
-Four extra cabin cleaners
-Combining cabin  security
check & cabin check
-Fixed wall electricity
2 (2014-| “Unloading/load| -A new baggage and freight 10%
2019) ing baggage andsorting and distribution system
freight” -A supporting strut
(platform)
3 (2019-| “Cabin -A second passenger bridge 12%
2024) cleaning” -An extra passenger handler
(cabin) -An extra boarding pass control
device
-Automated passenger bridge
system
4 (2024-| “Cabin -A fixed fuel pop-up system 0%
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2029) cleaning” -A fixed water- and toilet
(cabin) service pop-up system
Total: 42%
Table 4: Implementation plan for a new wide body tunaround ground handling
concept
Phase Initial concept design turnaround Turnaround
critical path specifications time
reduction
1 (2009 —| “Cabin - Number of cleaners
2014) cleaning” - Combining security check with
(cabin) cabin check
- Two passenger bridges
- Boarding technique
- Start of fuelling
-Dedicated area for storage |of
safety cones + wheel chocks 15 %
-Replace GPU by fixed wall
electricity system
- Replace old equipment with new
Zero emission equipment
-Supply of baggage and cargo
pallets
- Use of tail support
2 (2014 — “Catering -Increase capacity of catering
2019) service” equipment forward galley
(cabin) - Perform fuelling with two
. . 8%
dispensers instead of one
-Combining water service with
toilet service
D19- 2024)| “Catering -Deboarding and boarding by
service” three aircraft door connections
(cabin) - Parallel catering and deboarding
-Create a (un)loading flow far 14.5%
catering trolleys
- Automated bridge connection and
disconnection
4 (2024 —| “Catering - Automated fuelling
2029) service” - Automated aqua service
(cabin) - Underground supply of baggage
) 0.5%
containers, cargo pallets, and

catering trolleys

Total: 38%
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5 Conclusions

The Theory Of Constraints and critical path analyshowed that in the current
situation, the duration of cabin activitidetermines the total turnaround time for both
the Boeing 737-800 and the Boeing 747-400 Combi.

With other words, the critical paths lie in the italirhese activities, and some other
critical activities which could potentially let athpaths in the process map determine
the turnaround time due to delay, were investigédednprovements.

Other methodologies used within this research a&sa study and a GDR brainstorm
session used as basis for developing suggesti@hgaasible solutions to improve the
turnaround ground handling processes. The resuliefGDR session with concept
design specifications are presented in table 12andre the results.

A vision and implementation plan for both aircrgfpes was made to show how the
specifications could be implemented, having a cmmtius focus on (a shift in) the
critical path. This vision made clear that for Beeing 737-800, the turnaround time
can be reduced in phases with a total of 42% coedpaith the current turnaround
time due to the design specifications. For the Bg&i47-400 Combi this is 38%. The
measured times of the various processes can ngbubéished for reasons of
confidentiality.

6 Recommendations

It is recommended to obtain more measured datac#irabe analyzed and used to get
more insight in the variability of the activitiesaviolved in the ground handling
process of narrow body as well as wide-body aitcta#an Six Sigma is a method to
analyze how the “mean” of the various identifiedqesses can be reduced to improve
the turnaround processes.

This research has focused mainly on the aircraftigdl handling processes of the
B747-400 Combi and the B737-800. Although, theraftayround handling processes
of other aircraft types are very similar it is likehat the found design specifications
will give slightly other results than for the B7400 Combi and the B737-800.
Therefore it is recommended to investigate als@motiarrow body and wide-body
aircraft types on the same basis as this reseastbeen performed to get a good
benchmark.

Next, it is recommended to investigate how and bpnv the investments need to be
made, to implement the design specifications aw/sho table 3 and table 4.

GREENFIELD SITUATION

When a new airport will be designed the turnarognmaund handling infrastructure
should incorporate the following criteria:
= Creation of activity flows and prevent crossingwio of above the wing
activities with under the wing activities
= No ground handling vehicles at the platforms anym®r improves safety,
transparency, and environment.
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All under the wing activities are performed with-ground handling
equipment

= Flexible ground handling proces® possibility to handle all types of wide-
body aircratft.
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