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Introduction
Airbus Group Innovations

Airbus Group Innovations is the central research function within Airbus Group

with more than 700 researchers located in labs around the world.

Main mission
To support the technology strategy of the Airbus Group and to guarantee the technical
Innovation potential for TRL 1-6.

Competencies
« Composite and metallic resnes

: - - EAULTE

technologies, surface engineering NANTE

° H : TOULOUS
Structure engineering A

« Sensors, electronics & system MABRIE

integration

. . . . ADE

 |IT, security services & simulation L=t

obrunn

* Energy & propulsion
« Creative design & mobility

o *x This project has received funding from the European Union's AI R BU S
: ’L eventh Framework Programme for research, technol |
* levelopment and demonstration under

rant a reemez?‘rf G RO U P
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Introduction
Successes and Challenges

Yearly worldwide air traffic
Alrbus success Story (in trillion pax km)\ , O ey A 20-year

affic

total tr world annual
14 traffic growth‘?
« >5000 A320 delivered, >7000 overall A/C SEINGT%Y

t

[

i

delivered 10 :

* New products delivered or in the pipeline: ; :
|

|

2011-2021
51% J | o

Air traffic will double
in-the next-15years

A380, A400M, A320NEO, A350 etc. T
«  Full order books for next decade 1

1971 1981 1991 2001 2011 2021 2031

Increase of aircraft orders & deliveries Production ramp-up delay

4437 2682 50
== QOrder backlog
_ o 45 +— A380 Ramp-Up
= Aircraft deliveries 3715 = a0 / ‘the
3 ure
o) > 35 o c
< .
5 % 30 sS" 2005 planning 5
E < 25 - S P — As-ls
= 20
é o / yd 2011 Planning
=
534 588 2 10 / /\/
434 453 483 498 510 o / /
311 325 303 305 320 378 5 +/ 7
T T T T T T T T T T T T 1 Time T T T T T T T T T T 1
2000 2002 2004 2006 2008 2010 2012 2006 2008 2010 2012 2014 Time

In a growing aerospace market (5% per year) the Airbus challenge is to deliver
In time and to master the production ramp-up for the new aircrafts to come.

This project has received funding from the European Union's AI R B U S
Seventh Framework Programme for research, technological

development and demonstration under grant agreement n®
314056. G R O U p
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Introduction
Research Project - Adaptive Production Management (ARUM)

Industrial Challenges ARUM solution

* Increasing risk for product * Risk mitigation and management
Immaturity and production strategies for integrated control and
disruptions due to shorter product optimization
lifecycle and thus frequent ramp-ups . |cT systems implementing

« Complex and highly customized knowledge processing multi-agent-
products for small series production systems for pre-planning and
with many ramp-ups production control and optimization

- High number of sources create within a scalable architecture

changes at product and processes * Intelligent and knowledge-based

causing high number of correction Tools supporting the control and
processes influencing overall a/c dynamic optimization of factory
lead time dramatically assets

EU 7th Framework Program project ARUM develops novel planning & control
solutions for risk reduction in production ramp-up for new products.

o *x This project has received funding from the European Union's AI R BU S
x Seventh Framework Programme for research, technological

*
* *
* development and demonstration under grant agreement n®
314056. GI QOU|
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Introduction 0 ML
Research Project - Adaptive Production Management (ARUM)

ARUM solution validation S p——
- Validation of the ARUM results in a real User Emulation & Py @
industrial environment and benchmark % Legacy Control T
against today’s solutions is mandatory operss [ opsions Industrial
* Industrial use cases will be simulated |- : ; ; LY
with real industrial data and ARUM 1 1 farumtarchitecture
planning, scheduling and dispatch
solutions e g R LN
« Performance validation against ROF (dta event ‘)j fregmtor
classical planning, scheduling and R co

dispatch approaches at Airbus - ‘ ’ :

‘ SAP Gateway ‘ ik ‘ ‘ XLS gateway
Living Lab for post-ARUM research ! ! !
- simulation of artificial industrial environments Asvicse o] Lo |
fully integrated into the ARUM architecture Simulation

Excel sheet (IHF)

Legacy System Emulation

Validation of the ARUM developed control strategies against current industrial

practices by simulation of the Airbus A350 production ramp-up.

o *x This project has received funding from the European Union's AI R BUS
x Seventh Framework Programme for research, technological

.
* *
* development and demonstration under grant agreement n®
314056. GI ?OU'

12th/13th November 2014 6



AnyLogic Conference 2014, San Francisco

Use Case Details e
Use case - A350 System Installation Flow Line

The use case #1 to be modeled and simulated in AnyLogic 7 is the production

ramp-up of the Airbus A350 System Installation Flow Line in Hamburg.

A350 System Installation Flow Line

e
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FAL

* Mixture of section 13 & 16 =» various complexity (>30% workload deviation)
» Up to 300 work orders / station, workload 8k — 25k IM / station
« Station wise allocation of 30-35 workers (mech., electr., QS)

Production Ramp-Up Characteristics

« Production output increase (0,5-3 a/c per month =» 10-13 a/c per month)
» Decreasing cycle time (1,5 weeks down to 1 day)

« Learning curve for work order duration / number of disturbances

o *x This project has received funding from the European Union's AI R BUS
x Seventh Framework Programme for research, technological

.
* *
* development and demonstration under grant agreement n®
314056. GI ?OU'
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Use Case Detalls
Use case - A350 System Installation Flow Line

Disturbances

« Unbalanced workload & resource allocation (mixed-products, learning curve)
« Missing material / incompatibilities due to late changes

« Non-conformities / design changes

Control Strategies

« Line balancing: Cycle time adjustment / optimization

* Resource issues: Fix and variable assignment of workforce to stations
* Open work: “Stop-and-Fix” and “Traveling Work (flow line / beyond)”

Performance KPI

« Achieving the lead time / tardiness of deliveries to FAL

« Amount of traveling work (inside / out of the flow line)

» Resource utilization / balance across the flow line (labor, stations)

The use case shall validate the improved performance of control strategies and
ARUM schedulers in relation to todays expert driven decision support.

o *x This project has received funding from the European Union's AI R BU S
x Seventh Framework Programme for research, technological

*
* *
* development and demonstration under grant agreement n®
314056. GI QOU|
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Modelling Approach arurm

Requirements

Simulation shall allow experimentations with the new ARUM schedulers in

place of the industrial environment at work order/task and station level.

Modelling & simulation

« Modelling the Airbus A350 Flow Line and the execution of the work plan down to task level
including resource utilization (station, labor, material)

» Modelling the todays expert based control approach (work order-queue based) and different
control strategies for disruptions (events)

» Model has to be readable for externals / easy to reuse without extensive documentation

Integration into ARUM architecture & test bed

« Support the integration of the simulation model into the ARUM architecture / test bed
— update the scene (events from / response to legacy systems)
— trigger the schedulers and receive updated work plans

» Visualization of the Flow Line simulation and of KPIs

Living Lab
* Run time version / executable for Living Lab

o * o This project has received funding from the European Union's AI R BU S
x Seventh Framework Programme for research, technological

*
* *
* development and demonstration under grant agreement n®
314056. GI QOUI
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Modelling Approach arurm

Model Elements

Domain model (simplified)
Flow Line Model

ftigation Controller sequenced Section Flow Line
| Strategy uses
1 1
create &
execute " "
Disturbance Plan & WorkOrder Station
affects sequenced, station & exeguted at
________________ > > 1 resources assigned
1 *
A
1 I— 1
prev.
Contr0| MOdeI " WorkOrders .
. . assigned to
(manipulating the product
. Material * 1 Task R Lab
flow through the Flow Line Model) ateria e esouree ] ot
* *
ARUM tools :Es
(reschedule Product Model
invalid plans) (entities flow through the

Qr U m Flow Line Model)

o *x This project has received funding from the European Union's AI R BUS
s * Seventh Framework Programme for research, technological

* * development and demonstration under grant agreement n®

12th/13th November 2014 10 *ox 314056. GROUP
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Modelling Approach Grurm

Model Elements & Dynamics

The section is compiled from work orders. The section is modelled as Entity

flowing along the stations, were then the work orders & tasks are executed.

WO StateChart

Product model
« Section, Work Orders and Tasks are modelled

Process PreAssembly

H ueuePrefzz\WE convevori
as agents (aSection, aWorkOrder, aTask) e ST g comeyorc
SoE—fl w0

=» State charts to describe the conditions
=>» Recursive state model, the completion of the section
IS managed by completion of all work orders, etc.

* Processes like work order execution best to model via the Process

Modelling Library

=>» Sorted gueues of entities (work order, tasks) — & coortasi
=>» Delay / Service elements for resource allocation | .« B .
and time utilization (task duration) | RN Mt
=> Process parameters from statistical data I I I I I I T
(Material delay, NC delay, WO duration) I S "I ! I il I .

o *x This project has received funding from the European Union's AI R BU S
x Seventh Framework Programme for research, technological

*
* *
* development and demonstration under grant agreement n®
314056. GI QOU'
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Modelling Approach arurm

Model Elements & Dynamics

The flow line is built from stations, buffers and links. Central shop floor

element is the station executing the work orders, providing resources, etc.

Flow Line model

« Station is modelled as an Agent H:@@@r@_am S
(aStation) pocess wos . =

 Execution of work orders of the e process T swnconpacaio
section entered the station and the | ~ | F ‘*n H
assignment of local resources are e Lﬂ:?w—~ T
modelled using the process library e i T -

« Sequence of work is managed by —
huﬁel(HAM] —‘ 6 i
gueue order W

« Flow Line is modelled as linked aStation instances, IR
the entities (aSection) arriving at the IN-buffers will IR R R Nt A S A A
flow across the linked stations and will leave at the
OUT-buffer to Toulouse, the aController instance is 7
managing the execution the production plan i St E e

resources
Seventh Framework Programme for research, technological N‘RBUS_

development and demonstration under grant agreement n®
314056. G R O U P

12th/13th November 2014 12
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Modelling Approach arurm

Model Elements & Dynamics

The control agent models the complex behavior of human controllers reacting

on events with control strategies described in action charts.

Control model
* Dynamic control the manufacturing flow

StateChart T statechart

by the central aControl agent [
(takt sections, handle events)
] . ) executePlan i
« Sequencing the execution by queueing the B,_:-

work orders using priorities

(e.g . “remalnlng tlme”) [extandTakt(main.F\o\eraTalctm); ] [taktFloTLineo; }

planCompleted

- aControl agent to handle disturbances — -
(eve N ts) us I N g m Itl g atl on Str ate g I es Datsbase: | CiUsersithaschiARU.. = | t:e;::u;:megy zi:tr:::nns enabled?
modeled in action charts Process L s ;

(e . g . takt Stati O n Vari antS) er1ter(:c.r'l'crc.IIQueut:Iueuesemc’r|5 holdSectionBuffer SfTostetiont0 e i <textiD>

Stk Mk

() Traveling Work () Statistics Fct.

i Resource pool WO with NG [%] {f
|;|’. -ED .E @ station pool . X
= LI o= _  [min
() central poal
= 17>
enterWAtoFAL queue:I'DFAL holdFAL exitToFAL WO duration mm[l
eviation [%]
—SboE—@E- T "8 'E‘
- e o—w-O-M—H]

o *x This project has received funding from the European Union's AI R BU S
* Seventh Framework Programme for research, technological

development and demonstration under grant agreement n®
314056. G R O U P

12th/13th November 2014 13



AnyLogic Conference 2014, San Francisco

First Results
Experimentation Results

Actual model and experiments to study the suitability of AnyLogic 7 in

modeling the Airbus legacy baseline behavior and impact for control strategies.

Experimentation

« Multiple scenarios along the ramp-up by different pre-planned data sets
« Multiple event sets of disturbances (based on previous programs, more extreme scenarios)

« Alternative strategies (“stop-and-fix”, “traveling work™)
. ) Sections Status refresh... 1 3:5.
First Results s ; ;
1 . 600 K
» Work order execution, amount | : .
. 3 @] . | Station
of traveling work across the : .. | S
q Wos loaded travelling inalamplete Seotlons oaded
stations and to TLS, blocked |: a —
7 E‘Ucompletion status ‘"’;-'D WO Gantt feiresn...
cycles ? ! ]
g :
« Station lead time deviation 10 : J
11 ] ] “
i Resource Utlllzatlon 12-DII18:DD 13-01IDD:DD g
Section & work order i
C O m p | etl O n . Total Completed Material NG Travelling Travelling h 25.01 12:00 25.01 18:00 Sim Time
12th/13th November 2014 14 : g;:vglgs?_m;?:memmm::U%;E;S;Z:t ;;ge:nueﬁ?ﬁ GROUP
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Demonstration
ARUM UC#1 simulation model

This project has received funding from the European Union's AI R B U S
Seventh Framework Programme for research, technological

development and demonstration under grant agreement n®
314056. G R O U p
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Cconclusion 0 MLl

« Study has confirmed the suitability of AnyLogic 7 for the simulation
based validation of the novel ARUM strategies

« AnyLogic 7 prime advantage is the multi-method approach allowing the
combination of easy manufacturing process modelling and complex
behavior modelling with agents

* Next steps are the integration of the simulation model with the ARUM
test bed and with the ARUM schedulers

« The use of AnyLogic 7 as part of the Living Lab is under investigation

Combination of Agent based and Process based modelling and simulation and
Java integration make AnyLogic 7 simulator to our favorite tool in ARUM.

o *x This project has received funding from the European Union's AI R BUS
x Seventh Framework Programme for research, technological

.
* *
* development and demonstration under grant agreement n®
314056. Gl ?OU'
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Thank youl!

AIRBUS
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