/ 4

GYARTAS

N




Proceedings of

Factory Automation 2011

25-26th May, 2011
Gyor, Hungary




Scientific Committee

Chair: Monostori, Liszlé
Secretary: Ludvig, Liszld

Aratd, Péter
Bachmann, Balint
Boza, Pal
Belina, Karoly
Czinege, Imre
Friedler, Ferenc
Erdélyi, Ferenc
Haidegger, Géza
Kardos, Karoly
Keresztes, Péter
Keviczky, Laszlé
Kovacs, Gyorgy
Kovacs, Lorant
Kulcsar, Béla
Matyasi, Gyula
Patké, Gyula
Péceli, Gabor
Péter, Tamds
Rudas, Imre
Somld, Janos
Takacs, Janos

Edited by Nagy, Zoltan
Caver design: Nagy, Zoltan

Tath, Tibor
Vajk, Istvan

Industrial Committee

Chair: Pintér, Istvdn, Rdba Holding
Hungary

Bodnar, Balazs, Evopro
Karolyi, Laszlé, Legrand
Reith, Janos, Direct-line Kft.
Sallay, Péter, graphiT

Organizing Committee

Chair:
Keresztes, Péter, Zsoldos, Ibolya

/Ms/

Ballagi, Aron
Haidegger, Géza
Hodossy, Laszld
Ivany, Viktaria
Jbsvai, Janos
Kovics, Lordnt
Perger, J6zsef
Pintér, Zsuzsannna

Published by Széchenyi Istvin Egyetem, Gydr, 2011.

Responsible Publisher: Kardos Kéroly rektorhelyettes

Pressed by MR DESIGN, Gyor

ISBN: 978-963-7175-3

ﬂ! SZE’IS(;JE[NENYI

ms EGYETEM




GYARTAS AUTOMATIZALAS 2011 Konferencia PROGRAM

FACTORY AUTOMATION 2011 Conference PROGRAM

8:00 Regisziracié / Registration

9:00 Sajtotajékoztaté / Press conference

*

10:00 Megnyito, plendris eldadasok / Opening Ceremony, Invited Lectures

12:00 Ebéd / Lunch

13:20-15:40 Szekcio eldadasok /Sections papers

B szekcid (E terem kék folyoso) /

A szekcié (E terem sarga folyosd) /
Section B (E room blue corridor)

Section A (E room yellow corridor)

15:40-16:00 Sziinet / Coffee break

16:00-18:00 Szekci6 eldadasok /Sections papers

A szekci6 (E terem sarga folyosd) B szekcid (E terem kék folyoso)
Section A (E room yellow corridor) Section B (E room blue corridor)

19:00 Koncert, fogadds Egyetemi Hangversenyterem (Zsinagoga) /
Concert and Reception (University Concert Hall)

i s

8:30-10:00 Szekcid eléadasok / Sections papers

B szekcid (E terem kék folyosd)

A szekci6 (E terem sarga folyosd)
Section B (E room blue corridor)

Section A (E room yellow corridor]

10:00 - 10:30 Sziinet / Coffee break

10:30-11:30 Szekcid eléadasok /Sections papers

A szekei6 (E terem sarga folyoso)
Section A (E room yellow corridor)

12:00-13:30 Laborok bemutatisa (UT 1. em. 110 folyoss) /Laboratory visit

13:30-14:00 Biifé ebéd / Lunch

14:00 Latogatas az Audi gyaraban / Visit to the Audi Factory with lunch

Széchenyi Istvan University | Gy6r

7IMaj. 25-26.

CONTENT

Széchenyi Istvan University | G}.f_c'imzn'




FACTORY AUTOMATION 2011 Conf?reuce“|3

PLENARIS / PLENARY

Laszlé Monostori - [6zsef Vancza
How transparency can increase performance of production:

NoOVeE]l aPProaches AN SOIMLIOIS v s ostsissss s e s e s e 14
Jozsef Perger )
Innovation trends in Production PIANMINE s s s 1
Péter Kdlman

From the simple linear drives to the "elephant 1R ET1 1| S— 23

AUTOMATION OF QUALITY CONTROL SECTION
MINGSEG-ELLENORZES AUTOMATIZALASA SZEKCIO

Zsolt Janos Viharos - Robert Schmitt - Henrik Glockner - Sebastian Stiller -
Liszlé Monostori - Sandor Markos:

Petra Thanner - Gerhard Traxler
Automatic Crack Detection for Steel Industry using Heat Flux Evaluation ... 34

Christian Wigerer - Petra. Thanner - Gerhard Traxler
Measurement of Material properties with Thermography . e st 40

Christian Wigerer - Petra Thanner - Gerhard Traxler
Thermografic methods for online control for steel pipes 47

Laszlb Hodossy - Balazs Toth
Power Quality Problems in Electric SUPPIY NELWOTKS ccovrerseeerensasssssnsns e sssssssss s 56

Miklos Gerzson —Adrien Leitold - Katalin M. Hangos
Model based process diagnosis using graph INETHOMS 1t rerercmsemressass s sessras s s sssssssans s 62

Pil Boza -Antal Fodor -Norbert Foldvari
Kiilénbozd hokezeltségi allapoti térbeli feliiletek 3D-ben és 5D-ben vegzett

T TN T €0/ Oy 1\ L1 W R————— LSRR

g%échenyi [stvan University | Gydr

9|Maj. 25-26.

LIFECYCLE MANAGEMENT SECTION
ELETECIKLUS MENEDZSMENT SZEKCIO

Peter Keresztes - Attila Nagy - Tamas Barbara
VHDL Simulaton Environment Based on Dennis-like Data-Flow Model for
Verification of High-Level Descriptions of Delay insensitive Logic SYStems .o 73

Pal Racz -Gabor Zafner
Automated manufacturing system in mould making ....... 80

Balazs Tukora -Tibor Szalay

Cutting force prediction with adaptive method in the course of milling processes ...... 89

Istvan Ervin Haber -Laszl6 Makida -Tamis Szabé
Energiatakarékos jarm-prototipus fejlesztése és gyartisa .93

PRODUCTION CONTROL, PRODUCTION LOGISTICS
TERMELESIRANYITAS, GYARTASI LOGISZTIKA

Marco Franke
Pick by Voice: To the Limits of an Innovative Technology and beyond ...........cmminions 95

Walter Mayrhofer - Stefan Auer - Wilfried Sihn
Planning horizons were yesterday: the case for harmonized planning in
automotive manufacturing........ 104

Zsolt Kovacs ~ Balazs Balogh - Andris Pfeiffer - Gergely Popovics - Botond Kadar
Real-time Digital Factory Solutions for reconfiguring a

complex material handling SYStem ..o msessrsrssionns 114
Botond Kidar - Andras Pfeiffer - Liszlé Monostori

Enhanced control of complex production structures by tight coupling of the

digital and the PhYSICal WOEIS .......ccc.coorervvrcssermss msmeis s sssensssssssssssssassssssessessssssssssoseesoesesore 115-
Gergely Popovics - Andris Pleiffer - Botond Kadar - Liszlé Monostori
Simulation-based evaluation of production control decisions in large-scale
MANUFACEUTINE .c.oceeoeocereceeevceerarressasssrssssssssmmssmsmssssesss 116
Tamés Sarosi

National Instruments megoldisai a gyartis-automatizalas teriletén o i, 122
Christian Wigerer - Geza Haidegger - Sandor Kop4csi

PRO - FACTORY Production Technologies and EUREKA 123

Széchenyi Istvan University | Gydr




DISCRETE MANUFACTURING PROCESSES SECTION
DISZKRET GYARTASI FOLYAMATOK AUTOMATIZALASI ESZKOZEI ES MEGOLDASAI

SZEKCIO

Egon Miiller - Jorg Ackermann - Sebastian Horbach
Automation in an Experimental and Digital FaCtOry s 132

Marcus Sauer - Péter Egri
Open source ERP: Reasonable tools for manufacturing SMEs?. 138

Janos Csempesz - Marton Drétos - Péter Egri - Tamis Kis - Maria Prill -
Marcell Szathmari
Short-term scheduling system with ISA-95 conform data model for discrete

PR TIE ac| 1| S—————LAE 139

Zoltan Mandy - Illés Dudds - Sandor Bodzas
Manufacture of spiroid worm surfaces in modern intelligent integrated systems.....140

1. Meszaros - L. 0lah - |. Reith - A. Keszenheimer
Insert in to automated manufacturing process of finish hard tUrNINg e e 148

Vilmos Moczo

Egységes szoftverkornyezet minden automatizalasi feladatra. . 155
Csaba Nagylaki
Innovative HMI devices and solutions in TIA SYSTeIM s 156

PRODUCTION CONTROL, PRODUCTION LOGISTICS SECTION
TERMELESIRANYITAS, GYARTASI LOGISZTIKA SZEKCIO

Péter Sallay
Modelling of manufacturing and logistic processes for OEMs and suppliers ... 158

Janes J6svai - Zoltan Horvath - Karoly Kardos
Solving methods of permutation flowshop problem using siMUlAtioN ... e 159

7. Horvith ~P. Pusztai -T. Hajba -C. Kiss-Tath
Mathematical Methods and Parallel Codes for Production Line Optimization ........ 169

Miklas Boros
Introduction of the application which supports the commissioning of hundreds
of KUKA robots in the new Mercedes factory near Kecskemét [HUREATY) eoweeeeeessssnns 177

Széchenyi Istvan University | Gydr

Gabor Katai-Urban -Gabor Mag -Zoltin Megyesi
3D robot interaction using single hand gestures 178

Dritos Marton -Kis Tamas

Machine scheduling with inventories and human resources.... 186

APPLICATION FIELDS OF CAD/CAM, EDA SECTION
CAD/CAM ALKALMAZASI TERULETEI, EDA SZEKCI0

Juha Kareinen

Product Lifecycle Management in Mass Customisation: a Technieal Case Study......... 188

Jozsef Vancza - Liszlé Monostori
Eco-labelling for sustainable manufacturing...... 195

George L. Kovics - Géza Haidegger
Application of TYPUS metrix and KILT modell in Life-Cycle-Management, EU efforts for

recycling and resource-efficient solutions in manufacturing... 197
Péter Sallay
HD-PLM, a modern tool for management decision SUPPOIT ... eesessssmanes 209
Péter Sallay
Siemens NX CAD/CAM application for the automotive industry 210

Istvan Bogar -Laszlé 0lah
CAD-CAM problems of the Roller Gearing Transmission. . 211

11|Maj. 25-26.

Széchenyi Istwédn University | Gyor




AUTOMATION SAFETY SECTION
BIZTONSAGI AUTOMATIZALAS SZEKCIO

Gyula Matyasi ~Richard Réfi
Increasing the Operational Safety of the machine tools in the Manufacturing
SYSTOIMS iervenereseereresssnsmsmsmssmsss msnsns

Zsolt Szepessy —Pechan Imre -Andras Gérgényi -Karoly Molnar -Istvan Bogar
ERDM - Dynamic Railway Diagnosis SySEEM oo 224

Zsolt Zélomy
New technologies and sqlutions in the safety XV (1)1 111 10) OISR ———— 229

POSTER SECTION
POSZTER SZEKCIO

Laszléné Handa
Economic analysis of CADC Method v s e 231

Géza Haidegger
Global priorities for sustainable, high-added-value manufactiring . s 232

Imre Paniti - Janos Nacsa - Sandor Kopacsi - Adam Kisari
Hot Incremental Sheet Forming of polymers in 3D internet collaboration ... 237

Gyurecz Gybrgy - Gabor Renner
Correction of Surfaces by Highlight Lines....... 241

Aron Ballagi - Laszlé T. Kéczy - Claudiu Pozna
Intelligent Multi RObot COOPEratioN. i et ssaee S —— 248

_______ - 13|Maj. 25-26.

PLENARIS/PLENARY

Széchenyl Istvan University | Gydr

Széchenyi Istvan University | Gydr




FACTORY AUTOMATION 201'1____670__nference_[104__

Planning horizons were yesterday: _
The case for harmonised planning in automotive
manufacturing
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Abstract: In the automotive industry long and medium-term sales and operati

medium to short-term production planning often ri:lploys ;ascadmtg ;):inrll;:l% ;;rfo;::eszebsa.ci
tcoming of cascading planning is the misalignmen \ fee
oo ;?f?;rent plfmning processes. Often long-term plans do no_t mirror TE.!SU‘ICUOI;S. of
ble resources or limited supplier capacities, resu ting
e to unfeasible production programs and necessary
for the dlassification of planning
on the interrelations

between
subsequent levels caused by unavaila
in costly problems in production du
troubleshooting. This paper will establish a system

ctions and their originators. Further, it will shed some light

o encies of restrictions between different

between single planning tasks and the interdepend
planning horizons.

. . rsed
Key-Words:  Sequencing, Constraint Programming, Integrated Planning, Harmonise

Planning o

—_—

“planning cacophony” due to rival requests
for scope functionalities, planning
horizons, spheres of influence and
: ; organisational  structures that he_lve
sectors use various systems for planning eeoped over time. Looking at olanning
sales, purchasing, productioen and supply ystems for  short-term Slanning with
chain management, whicl often 27¢ poorly sequencing capabilities based on a bill of

i i me Cases, '
synchronized, z.ndf n e:]t;eresults in a materials, none of the currently available
incompatible. This frequen

1. Cascading planning

The automotive and other industrial
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systems supports planning throughout the
different levels. Usually, the sales
department performs sales planning, as
production planning is performed by
production or logistics units. The task of
supply chain planning often rests in
between sales and production planning,
due to the fact that selection of and
negotiations  with  suppliers  require
forecasts of production output at a time,
when only sales plans exist. In order to
identify the apgregate material and part
requirements, detailed forecasts about
vehicle configurations and demands per
part number are needed. The
organisational separation described above
seems reasonable, since departments are
planning on different levels of abstraction,
ie. sales plans, overall car numbers and
probabilities  of attributes, while

production planning deals with real

customer orders and specific

subject of an ongoing research project
called HarmoPlan. Hence, this paper will
classify the origins of planning constraints
and outline an approach that makes the
constraints available for each planning
task along the planning cascade.

2. The planning of
sequenced high variety
production lines

Industrial production is the
transformation of production factors inte
products. As shown in Fig. 1, factors for
planning purposes and fundamental
factors can be distinguished. The
synchronization of production factors is
key to a firm’s success.

praduction transformatio
L factors processes products

configurations, This fragmentation and [

a lack of harmonised systems cause

7
dispositive fundamental
factors factors

inefficiencies. The tools typically used
for those planning processes allow the

incorporation of known restrictions
into the planning model; however, only -

serious constraints are recognized. Less

prominent impediments are only detected
by chance or through the experience of the
planner. If, ie, sales overestimates the
number of vehicles to be sold, internal or
external capacities are adapted to enable
production. Presently, such a change is
escalated manually through all hierarchical
planning levels, which is a drawn-out and
fault-prone process. Most of the planning
solutions for the long- and medium-term
are not able to handle the resulting
complexity and data volume generated by
the explosion of the bill of material. The
development of an integrated planning
tool that harmonises the planning tasks is

----- |
derivative bl potential
factors coRSumables| | peors

e, I Ii‘\\m__
planning material equipment workforce

FIGURE 1
PRODUCTION FACTORS [1]

Synchronized flow production is a flow-
oriented production system where parts
are moved by means of a transportation
system through the production stations
arranged in sequence, in which the
machining time is restricted by a cycle
time [2]. HarmoPlan focuses on the
planning of the final assembly in vehicle
and component plants where variant flow
production with low automation and high
labor intensity exists [3].
Fig 2 shows a planning cascade of a
synchronized production line. Production

Széchenyi Istvan University | Gydr




factors have to be taken into account on
different aggregation levels.

The key objective of planning is to match
market requirements with disposable
production factors. In long and mid-te.rm
planning the restrictions for productfon
are rigid and lmitations of production
factors are stated by context-related

restrictions.

Charges and’ restrictions have to be
adjusted to avoid conflicts as bottlenecks
or under-utilization of the production
factors. Planning starts with a market
analysis. Next, an annual budget planning
results in sales forecasts, which are
continuously updated with a horizon from
seven to ten years.

Then sales planning specifies models by
main criteria like engines, auto body, gear
box, etc. and allocates possible production
sites to models and production volumes.,
The choice of a production site is governed
by the location-related costs and local
conditions for existing or planned
production sites and suppliers. Input

Fundamental factoxrs

~-material

-equipment

~workforce

Sites .. |.. Location relatedcests

Suppliers' Local conditions:

Factories' . habm;;gggsfm »
i -- Line capagity------

mﬁmﬂmg Restrictions'

Line - Restrictiongt-----="3
Line staff

Staff
Resources )
Partslist -- Availability

planning purpeses/-factors

Productionplan,
geperntion

Sequence’ -k

factors for production program planning
are sales projections, installation rates and
production numbers, Restrictions are l.e.
minimum line load resulting from the
model mix, the capacity of plants with
regard to working hours, technical
solutions and potential bottlenecks.

Production program planning is usually
done on a continuous basis. Order
allocation to weeks, days or shifts is called
“slotting”. At this point usually planned or
real customer orders have been placed.
Often, orders in daily or weekly order
pools are not fully specified; so-called
“dummy orders”. If a real order is placed,
an eligible dummy order is replaced and
hence will turn into a fully specified
customer order [4].

By moving orders within the sequence
taking restrictions (i.e. capacity, material:]
into account the production capacity is
balanced. Planning and slotting s
continued until the sequence is “frozen”,
which means that the sequence assigns a
decided production cycle to each order
from the order pool [5].

Market/ Product

iy Specificationst

CTORS,
FIGURE 2 PLANNING TASKS AND INTERRELATIONSHIPS WITH FUNDAMENTAL FA
PRODUCT AND MARKET
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3. Planning restrictions

Production planning matches required
capacities for a production program with
the fundamental factors of production
(workforce, equipment, material). The
uncertainty of the requirements increases
with the planning horizon. In the early
planning steps (sales planning} only
planned quantities and no real customer
orders exist. These quantities are based on
sales volumes of the last and forecasts for
the next periods and are orders are
specified by main items (engine, body
design, etc.). In short term planning the
sequencing requires fully specified orders.
These orders have a delivery date and a
dedicated customer (build-to-order) or a
dealer or market allocation (build-to-
stock),

To achieve valid and consistent results
over the planning cascade exact
information about capacity limits and
required capacities for each period is
necessary. Basic planning data are also
called constraints, if it limits the solution
space by excluding certain events or
sequences  of events. Dangelmaier
distinguishes between inherent
constraints and task related constraints
[6]. Inherent constraints are balancing
equations or conditions valid for the entire
production systern. Task  related
constraints denote technical,
organizational and economic
characteristics of the production system.
This paper f{focuses on task related
constraints that are relevant in every
planning step of sequenced assembly lines.
Hence, the originators of planning
constraints are classified within five
groups: equipment, workforce, material,
product and market. These five groups

107{Maj. 25-26.

build the branches of the Ishikawa-
diagram in Fig. 3. The top three branches
depict the fundamental factors in
describing the production system and are
essential to achieve the required output:

* Equipment
* Workforce
* Inventory

The output of the production system is
described by the branch product. It defines
which brands, models and types are
available and how those can be configured.
The market branch -~ represents customers
and their requirements as well as ti
outbound logistics, which became more
important as minimization of transport is
in focus [7]. For a better understanding,
the constraints are illustrated with factual
exampies:

Equipment: The manipulator that is used
to mount the front windshield of a vehicle
has a constant cycle time of 90 seconds,
limiting the overall cycle time of the
assembly line to 90 seconds. The according
constraint defines the number of vehicles
that can be assembled per shift, day, week
or month by multiplying the cycle time
with the available working hours.

Workforce: A station to mount an electric
sunroof is normally staffed with three
persens to cope with a common
production program. In spring and
summer, when sunroofs are ordered more
frequently, it might be necessary to loosen
the restriction and opt for an additional
worker,

Inventery: [f every wvehicle produced
requires a certain part and the part
supplier has a maximum capacity of 500
parts per week, the output of cars is also
limited to 500 per week.

Széchenyi istvan University | Gyér




- . _19|Maj. 25-26.
FACTORY AUTOMATION 201____1 C___ane__ren__ce |____108 _____

""" L]

combination with the planned
— amount of vehicles for a defined
Model Germanﬂ l ModelGB—‘ period and coding rules that describe

hand drive vehicles in the next period with
600 vehicles per month. This setting as a

Product: Constraints on the product level - _
strategic decision limits the number of left | M flel s AT
i

| . mainly depend on the product structure
and the interdependencies of possible

T

_— T
0

e e T

FIG. 3: ORIGINATORS OF PLANNING CONSTRAI

Time constraints have fixed quantities a.nd
2 variable time period (e.g. product carrier
has a capacity of 10 parts and will. be
shipped when full). Relative constraints
are characterized by a combination of at
least two events. Such constraints are, e.g.,
sequence or distance const-ramts. A
sequence constraint prohibits, ie, that.a
white car body is succeeded by a black in
the paint shop. A distance constraint .can
define that there are three cycles required
until the same option is allowed to be
assembled again. Relative constraints ?re
mainly relevant in short-term p?anmng
{sequencing). In long- and mid-term
planning the relative constraints haver to
he translated to quantity or ume
constraints.

The limit of a constraint can also be
flexible, which are called “soft constraints’.

An example for a soft restriction is a
weekly delivery lot size of a supplier that

Széchenyi Istvan University | Gy

can be exceeded under special
circumstances. Other restrictions that are
often caused by technological limitations
cannot be violated and are dubbed “hard
constraints”. For the execution of the
different planning tasks it is important to
note that soft restrictions can turn into
hard restrictions and that the limit is not
necessarily constant during all planning

steps.

theoretical thinking with practices of the
European automotive industry (OEMs of
passenger cars and trucks). In this model,
the different planning tasks are allocated
to different planning levels (e.g. strategic,
tactical and operational) and horizons (e.g.
short-term, mid-term, long-term). The
different planning tasks have to deal with
various planning objects such as numbers

of vehicles per type or model in sales
planning.

Far a sherter planning horizon the level of
detail needs to be increased and hence
other planning objects are relevant [4].
The planning objects are mapped in the
product structure in Fig. 4. The product
structure allows the definition of each
possible car configuration for the overall
type of vehicle. To determine material
requirements at a time when no or not
enough customer orders exist, every
branch in the product structure has a
expected percentage distribution. In

- j directly. — B the interdependencies of the
. hat can be ordered. In truck hand driven vehicles directiy - ! - . : different options the material
options tha mbl Body Design ¢ Body Design Body Design : ¢ be determined [9]
manufacturing the speed of the asse i Constraints can be defined as absolute or . Convertible | Sedn Station Wagon| TEQUIrements can be determined [9].
line in combination with the truck le gtf relative  constraints  [6]. Absollute ’ // J — Sugfequeﬂﬂy.f an example for the
results in a cycle time and the nuaber D1 constraints are quantity or me Eligine I [ Eng]ine ! SO g rule .?r the I.}art number
three and four axle trucks in an order po‘; constraints, A quantity constraint has a 1.BIR 4 | 1076 | heavy battery” is described.
I e . ) R
limit the number of trucks that can variable quantity and fixed time period v . " e Option start-stop (01
duced . 900 par'tS/WEEk)- Options: T Options: Options: B ption start-stop (01)
produced. (eg capacity Colour : Colour Colour ¢  Option independent vehicle
O Radio/GPS | Radia/ GPS Radlo /GPS h 02
Market: A British market survey resulted | Headlight Headlight Headiight eater (02)
arket: 4 sales forecast for right Seats . Seats - |Seats .. s Option high-level audio/
in an increase video system (03)
\, Workforce ' Inventory FIGURE 4 \
Equipment N 0 : . .
i Cycle Times — F4%P Sfflevel % Frame Contracts . EXAMPLE OF A PRODUCT STRUCTURE [8] A heavy battery is required if a start-stop
M ities -— b n les =4 Planning N .
it Aty ?&'aliﬂrﬁuﬁﬁrsi\"‘ Mazx . Quantities - anning ‘ Product struct system or (V) the combination of vehicle
L JR— or PR B . -
! ‘ Laﬁ_j,/jr Sa!em Constraints = roduct structure heater and {*) high-level entertainment
Structure —— st . . . i
{ Prod[b[:cclg 5t ﬁix a /, Outbound LogIStlch The generic planning model described system are ordered. Below the notation of
Options — Customer / ; ; the rule: 01 v (02 ~ 03)
‘ Option Interdependencies — o o L Requirements / Market above was derived matching current )
/ oau

For each part number in the bill of
materials (BOM) such a rule-based
installation logic exists. Another option is a
hierarchical BOM, where every single
product is documented.

After all material requirements are
calculated, the aggregate material demand
has to be aligned with existing capacities.
Hence all constraints identified need to be
mapped according to the described
product structure. A constraint can affect a
single part number and the combined rule
or it might to be associated to anotler
level of the product structure (e.g. body
design levei).

4. Approach for harmonised
planning
The goal of the project HarmoPlan is to

develop a planning system that supports
harmonised planning throughout the
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different levels. A major concern are
shifting responsibilities and various levels
of abstraction along the planning cascade
(i.e. sales plans on the level of number of
cars to meet market requirements,
production planning is dealing with
planning  objects  as specific  car
configurations or bills of material to utilise
production capacities). A preblem is the
resulting complexity of the planning
problem in atool that harmonises long-,
mid- to short-term planning. Hence, the
chosen approach should show a realizable
solution to convert planning constraints
for use in each planning task.

Constraint Manager

. i 14 - >

A

configuration. Thus, the canstraints caused
by the earlier described originators are
stored with the so called “constraint
manager”. The manager collects the
constraints and stores them in a
standardized format and it is important
that the reason for each constraint is
traced within the database. If a planning
task has to be executed, a filter pulls the
relevant constraints out of the constraint
manager. If a constraint can't be fulfilied
the planner needs to identify the cause, in
order to set possible measures to widen
the bottleneck - or to solve the problem by
re-planning considering the constraints.
Fig. 5 shows the concept of the planning
workflow that will be covered within
one planning tool.

Its function is described in the
example below: Two different vehicle
types (A and B) are assembled on the
same line. Monthly capacity (4 weeks,
20 working days) of the line is 1600

T 7
T Program - . Sequencing - -
CSatg; Filter Pl Fﬂg quencing .
Sales Planning i :
Program Planning | Sequencing Frozen.:

cars. This allows weekly order pools
of 400 vehicles and a daily output of

'~ configurations split in order poois. - |

‘ Flanned amount of vehicles and | Vehicles, conﬁgura_tion‘.] 80

sequence .

cars. This shows how one
constraint that is related to a single

" . Required Fundamental Planning Facters

) part no. (part01) is cast to different

— > Forward information flow
--------- s Identification of reasons

FIGURE 5
PROFOSED PLANNING APPROACH

As every single planning step deals with
various input data depending on the
planning horizon the planned quantities
are presented as monthly, weekly and
daily volumes or order pools in long- and
mid-term or as order sequences in short-
term planning. To align existing capacities
with customer requirements and to
identify bottlenecks as early as possible
constraints need to be defined for each

planning step and each required

violated constraints

planning horizons and tasks. Part01
has one dedicated relative distance
constraint with a echnological reason
from its assembly station stating, that just
every fourth car is allowed to contain
part01, eg an engine with intensive
mounting time. Fig. 6 and 7 show the
product structure of the vehicle types
including their percentage distributions.
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FIGURE 6
PRODUCT STRUCTURE AND PERCENTUAL
DISTRIBUTIONS OF VEHICLE TYPE A

FIGURE 7
PRODUCT STRUCTURE AND PERCENTUAL
DISTRIBUTIONS OF VEHICLE TYPE B

Each vehicle type has two different models
and three options that are relevant for the
part no. in question. If a coding rule is true,

________ U1fMaj. 25-25.
112. Considering the original dependency
of the options, other demands may result.
If A2-1 is 50% and A2-2 is 50%, that (A2-1
A AZ-2) can be between 0% (mutually
exclusive options) and 50%
(interdependent options). Next, the
amount calculated is matched with
constraints regarding part01. The relative
distance constraint cannot be directly
applied to the sales planning horizon. It
has to be altered into a quantity constraint,
as the relative distance constraint can just
be used for planning the order sequence.
In this case, sales planning does not deal
with order sequences but order pools ong
weekly basis. The translation of the
relative distance constraint that states that
every fourth vehicle is allowed to centain
part0l, into a daily quantity constraint
means that out of the 80 possible cars per
day just 20 can contain part01. For five
working days per week the maximum
weekly quantity is 100 parts. The result of
a comparison of planned (112 pieces) and
actual data (max. 100 pieces) shows a gap
of 12 vehicles that can’t be equipped with
part®l. The planner has now the
option to identify the reason for the

constraint and try to open the

bottleneck. If not possible, the impact

TABLE 1
| Type | Model Coding rules for part01
. Al 60pes | ALl 60%x0.5=30pcs.
| AZ| 40pcs. | A2-17A2-2| 40x05x0.5=10 pes.
B 300 [B1{240pcs.[ B1-17B1-2 |240x0.25x 0.8 = 48 pes.
pCs. | BZ | 60 pes. B2-1 60x0.4 = 24 pcs.

on the production program can be

DETERMINATION OF REQUIRED PARTS

one piece of part(1 needs to be assembled.
The plan derived from the market forecast
states, that for one week 100 vehicles of
type A and 300 vehicles of type B need to
be assembled. Table 1 shows the
calculation of required quantities for
partD1l  according to the assigned
distributions: Assuming B1-1 and B1-2 as
well as A2-1 and A2-2 are independent, the
sum of part01 in the relevant week for all
models (Al: 30, A2: 10, B1: 48, B2; 24) is

gauged and i.e. sales can attempt to

promote other options so bottlenecks
won't occur.

5. Outlook

To reach the goal of a harmonised planning
process and to abrogate the planning
cascade from long- and mid-term to short-
term planning ali relevant constraints have
to be available for each planning task in
the required dimension.

Széchenyi Istvdn University | Gyor




FACTUR_Y AU___TDM__AT[ON Z[__]li C__Onfe_renc? {112

In order to collect all required factors that
influence the available and required
capacity their originators can be classified
in five groups:

equipment
workforce
inventory
preduct
market

Planning resthictions from each group can
be defined as absolute or relative
constraints. To have the constraints
available, for each planning task they are
stored in an overall  constraint
management database in a standardized
format. The realization of an integrated
planning tool can help to realise the
following potentials:

« A harmonised planning process that
reduces friction between different
departments

« A common data set without
redundancies

s Early detection of bottlenecks and
ability to reference to causes, resulting
in a reduction of expensive
troubleshooting

« Validation of the production program
in each planning horizon and task

« Constraints based on common planning
language for interdepartmental
planning

e Detection of objects in product
structure causing bottlenecks and
setting of adequate measures in re-
planning

Based on the methodology described in
this paper, system specifications and the
conceptual design of the envisaged
planning tool are derived. For an extensive
testing phase and in order to secure the
viability of the approach an experimental
setup of the solution is developed in
cooperation with industrial partners.
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