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Executive Summary

The current document details the simulation study conducted for objectively assessing the impact of
ComVantageon the three application areas Customeyoriented Roduction, Mobile Maintenance and
Plant Bgineeringand @mmissioning This document is a continuation of the initial simulation study
(D9.3.1), which lay the grounds for the current analy$ise overall target of the study, based on the
evaluation framework (D9.1), was &valuate the operational effestof ComVantagemplementation. The
targets of eachapplication areawere adapted to the specifics afs scenario.For Customeroriented
Production the simulation target was set to evaluate #ffectsof upstream and dowrteeam collaboration
while for Plant Bgineering and 6mmissioning and foMobile Maintenance, the simulation targets were
set to evaluate the effect of downstream collaboration, and the effects of permission error evems
performance measures were deéid based on the muliimensional metrieset (D9.2.1, D9.2.2), focusing
on efficiency, qualityand sustainability with some regard tocost The simulation studymplements
Discrete Event Simulation (DES)dellingto examine theperformanceeffects oforgarisaional and inter
orgarisaional collaboration capabilities facilitated by th€omVantageplatform. The analysis was
conducted based onepresentative orgaisaions cefined for eachapplication areatogether with the
application partnerbased orthe asis and tebe process description armh system requirements (D6.1.1,
D7.1.1, D8.1.1)Basing the simulation on a representative orgation facilitates obtaining more general
conclusions regarding the application domain and assist avoiding propety issues.The analysis
conducted shows possibilities of major improvementkiey process indicatorf various operational
constructs (efficiencyquality, sustainabilityand cosftwhile pointing outpossible caveats ifomVantage
based implementations.
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1.1 Introduction

The current documeninvestigatesthe impact of ComVantageon the three application areas: l&ht
Engineeringand Commissioning, Customeriented Production, and kbile Maintenanceusing discrete
event simulation (DESYhe study aims at evaluating the change in orgaion performance vinen
ComVantagébased capabilities are introduced. Simulation is used to facilitate studying isgganal
effects of this emergent technology prior to its implementation. DES is used due to its suitability for the
study of supplchain processes. dhprehensive simulation models representingomVantagesnabled
processes witlm eachapplication areaare constructed, along with traditionally managed supply chain,
based on a$s processesf eachapplication areaThe traditional orgaisaion models are compared with

the ComVantage=nables nodels using advanced statistidhe simulation models were programmed using
Arena(RockwellAutomation USA)simulation software Statistics analysis was conducted using IBM SPSS
Statistics (IBM, USA)

Simulation necessitates concigdtion of the orgarsaional aspects along witfocused research questions.
Accordingly three typical org@&#tions have been constructed, one per each applicatoeaand major
issues related tacComVantageenabled businss processedave been chosen for idepth investigation
within each orgaisaion. To enhance simulation validity the condegtion was done ircollaborationwith

each relevant application partnethe study was executed by the BGU group in a close collaboration with
the three application partners: COMAU (Davide Grosso, Pietro Cultrona), DC21 and ISN (Reinhard Willfort,
Conny Weber, Maja Leber) and K&A and RST (Werner Altmann, Frank Haferkorns Autneéd, Georg
SuR, Julianna Katona). The BGU modelling group led developed the simulation ermt#eir analysis
while the application partners were involved in providing inputs for capturing system logic and assisted in
defining the required input pameters for the simulation model.Simulation targets and measures are
selected based on the evaluation framework developed @G@mVantageand the capabilities of DES.
Simulated operation periods and warap times were determined according to the specii@racteristics

of eachapplication area

1.2 Scope of this Document

The current documentdetails three simulation studies conducted based on @@mVantageapplication
areas where @ch study igletailed in a separate chapteBackground information regamtj DES had been
detailed in the preceding deliverable 9.3.1 and is thus not repeated in the current docuBeliterable
9.3.1 additionally included a comprehensive description of e@aphesentativeorgarisaion established for
facilitating the study. Tis descriptbn is not repeated in full, ydbr presentation clarity he description of
each study starts with a description of theain aspects of theepresentativeorgarisaion. Followingthe
description of the orgarisaion, the targetsand main hypotheses, and the experimental desiginthe
simulation studyare detailed Results and conclusions are presented for each study highlighting issues that
should be addressed i@omVantagemplantation within eachapplication field. Conclusions b&sl on an
amalgamation of the results of the simulation study of the influenc&€€omVantagecapabilities on the
different organsdaions, are detailed in the final chaptefhe current document together with the outcomes
of the subjective and objective aryskes documents (D9.4 and D9.5) will drive deliverable D9.6, the
implementation guide.

1.3 Related Documents

The current document is based on tivatial simulation analysis report which laid the guidelines of the
simulation study. It is also based on thealuation framework and metric set for performance assessment
and onthe asis and tebe process descriptianand system requirementgletails The deliverables
documenting these are detailed below.

© ComVantageConsortium-2014 8
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A

D9.1 Evaluation frameworllevi et al., 204) - The evaluation framework defines the general
assessment context in which the simulation models are outlined and simulation targets are
defined.

D9.2.1& D9.22 Multi-DimensionaMetric set(Raphaeli et al., 2082 Raphaeli et al., 2012k The
simulation outpus are defined as implementation instances of metrics defined by the metric set of
eachapplication area

D9.3.1Simulation analysis Report (Raphaeli et al., 2Dt8&anitial phase of the simulation study
including simulation framework details and destiop of representative orgasaions one per
eachapplication area

D2.11 Functional and technological requiremer{Buchmann andMiinch,2012)¢ The simulation
models and targets are defined in view of possible alternatives defigegstem requirements

D6.11 (Grosso et al., 2012P7.11 (Weber et al., 2012)D8.11 (Altmam et al., 2012)Scenario
specification and refinement The simulation models are based on the specifications of the as
and tobe scenarios of eachpplication area(Plant lBgineeringand Commissioning, Customer
oriented Production and lgbile Maintenance).

D6.1.2 (Grosso et al., 2012), D7.1.2 (Weber et al., 2012), D8.1.2 (Altmann et al., 2012) Scenario
specification and refinement The simulation models are based on the sfieations of the ags

and tobe scenarios of eachpplication area(Plant mgineeringand @mmissioning Qustomer
oriented Production and Mobile Mintenance).

© ComVantageConsortium-2014 9
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2.1 Overview and Research Questions

Customeroriented productionin generaland the fashion industryin particularare expected to be prime
beneficiaries othe ComVantagelatform, due to the growing competitiom this fieldwhich hasforced
retailers to develop strategies enabling themrntanage and contradhe supply chain more closely (Bruce
and Daly, 2010)

DC21BGU, a micro Internet shirt retailer, was constructed as a representative isejan of the
Customeroriented Production application aredts structure and business modelgere defined and
validated in collaboration with experts from DCZIhe ComVantageplatform enablesDC21BGUto
enhanceits collaboration capabilitieswith both customers and manufacturing partne(gigure 1). The
improvedinteraction capabilitieswith customersare reaised through enhance@dustomersinvolvementin
design processes (open innovatjarowdsourcing and production processes (exid-end transparency)
The enhancedcollaboration refers to aspects such asmproved communication betweenproduction
network stakeholders, achievement gfrocess agility,e.g., reconfiguration of processand improved
production effciency by tracking/moniting, e.g, material use

In the current study we focus on examiring the performance impacts otollaboration with both
manufacturing partners(upstream) and customers (downstreanenabled by ComVantageplatform
capabilities(Raphaeli at el., 2013bMoreover we consider the impact afemand characteristicen the
process of value creatiorSpecifically, w aim to answer two key questions: (Hpw do upstream and
downstream collaboratioraffect operational performance? (l)o demand characteristicsfluence this
relationship?

Social Networks Recommendation
Integration of crowdsourcing
in ordering process

2
Ilvcry Service J ‘

hﬁ Shirt Production Fibre Production

R

Textile Production

il

Designer

e -w

NN\

o Location ‘

Zipper Production

Yy’

Materlal Transport

, Amount Add on ‘

et v
y Tailor-made '

/ Slze o

..-'

Customer Personalization

Using mobile, web or Integration of customer requirements
personal service in ordering/production process

Collaboration Space

Seamless communication and
information exchange

Optimal balance between efficient
production and individual requirements

Figurel: Collaboration in an international manufacturing network (agted from CV D7.1.1)

2.2 Traditional Supply Chain Description

DC21BGU is a Internet-based shirt retailer specialng in high quaty maketo-order cotton shirts, based
in Graz (Austria) and Ptuj (Sloveni@ustomers order shirts via a wshop, where they can determine the

© ComVantageConsortium-2014 10
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shirt design based on a given set of combinations of textile, cutting, sewing, embroidery, and zipper
designsPast probabilities of desigyptions are described iAppendixla.

DC21BGU is connected with 20 shirt producers of different orgaional sizes (®all, medium and large),
locatedin Austriaand Sloveniajn radius of up ta353km from DC2BGU distributiorcentresin Graz and

Ptuj. Embroideriesare located next to each manufacturing partner, providiognplementaryS Y 6 N2 A RS NE ¢
servicesa | Y dzF I OG dzNA y 3 LI NI y SNB QAppdadixiar OG SNAR aAaGA Oa I NB R
The order fulfilment process(depicted inFigure?2) starts oncea customer orderis received throughthe

web shop.Customer orders are received online 24/7. Each order is for a single shirt type, and can contain

up to 50 shirts. The customer provides a zip code according to which the order is assigned to the nearest
DC21BGUdistribution centre (Graz/Ptuj). Ordex arecharactersed according to their arrival rate and their
guantity. These change according to the time of day and during weekénatisng waking hours (09:00

16:00) largeordersarrive from business customers while only small orders are placedgiveekerds.

Orders are handled by dispatchersidC21BGUcentres who select a shirt producer to which the order will
be assignedThe selection of a shirt producer is based on the fit between shirt prodiizerand order size,
as follows: orders with less thd® shirts are sent to a small producer, orders with2BOshirts are sent to a
medium producerand orders with 360 shirts are sent to a large producdie selectionprocedure is
described iMppendixlc. Order details are sento the selected producer via email. Ord@oduction starts
once both materials and manufacturing resources are available. The first activity is cutting rechicies
the transportation of textile from storage and machine setup according to the requitgting design.
Once cutting is completed, shirt parts are transferredhe nearby embroidery, if embroidery is included
in order design. Then, shirt parts are sewed, afiettingup the sewing equipment to theequired sewing
design. Operation times of all production activities are describegpipendixlb. Once the production of an
order is complete, it is packed and deliveredhie DC21BGUdistribution centre, from which it is delivered

to the end-customer.
Sufficient
Material?

Order
material

Select
shirt
producer

Receive
new
order

Online order
arrives

DC21-BGU
offices

Dispatcher Dispatcher

Dispatcher

Packing
and
Delivery

Cut shirt
parts

Sew shirt
parts

Sewing Sewing
workers workers

Selected Cutting
shirt workers
producer

Embroidery

Embroidery
workers

Figure2: Order fulfilment processflow

2.3 ComVantage-based Producer Selection Process Alternatives

The simulation study focuses on the producer selection process which is considered to be a key process for
maketo-order manufacturergMishraet al., 2007)due to its significant impact on ledine performance

© ComVantageConsortium-2014 11
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and customer satisfaction. In ordéo increase its competitive advantage, DE&GU aims at increasing
integration with both suppliers and customers through Internet enaldetlaborative capabilitiesyhich

allow DC21BGU to view timely information regarding the availability of producer's resources and enable
customers interaction with production process@he newcapabilitiesenable the definition of alternative
producer selection policiesvhich may improve the operational performance.The definition of the
FEAOSNYFGAGBSa T2 N3 HabeR endzO&nd) BeasesS defhédiid WH7 deliverables, as
explained in the next sections.

Producer's Availability (BAvolicyenables producer selection based on resource availability. This policy is
defined according tdéJseCase #5 (Check of Production Capacity) which is part ofSh@b order scenario
(CvD7.1.1, page 30ComVantagelatform is connected to the internal ordelatabase of producers and
enablesDC21BGU to view the capacity of all producerherefore a producer can be selected based on its
availabilityin terms of material and time capacitys shown irFigure3, once the gstem receivesn order,

it automatically checks materiand time capacity of producersThen the gstem sends notification to
DC21BGUwith producers (with enough capacitygnd dispatches order to salted producerMeanwhile,

the austomer receives notification when he will receive the delivéagcording to the capacity of the
producers)

Producer's Availability Customer's Preferences (F®) policyis based on Us€ase #21 (reduction of
transportation distances) which is part of flexible production environment scenarieDCV.1, page 34).
This usecase refers to the ability of a customer to select the distance of the producer or the time of
delivery. Customers interested in environmentally frienpllgduction can choose the closest producer, i.e.,
minimising the transportation distance. Other customers might prefer the closest delivery time. If local
manufacturing is not selected by the custom&C21BGU selects the producer based on production
capacity information (as in the PA policy). As showrFigure4, once the system receives an order it
suggests closest and available producer and EE2W selects and confirms the producer. The idea behind
this usecase is to provide a transparent production management.

© ComVantageConsortium-2014 12
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Systam

Producer Producer Mot
dat Selected Selacted
availabla

Checks Material
Capacity of Producer

.

Availabea
sl

Checks Time Capacity
of Producer

2

Awvailable =,

Checks Material

svaiable Capacity of All

Checks Time Capacity
of All

Selects Producer

Sends Order
Motification —

Figure3: Work-flow of Usecase#5 (Adapted from DC2all-UseCasdiagramsdetails document)

© ComVantageConsortium- 2014 13



D9.3.2— Simulation Analysis Repo
ComVantage WP —Evaluation of ICT and Business Mo

AN
Iy ,

System

Receives Order

Suggests closest and
available Processor

Sends Order to
DC21 for
Confirmation

Figure4: Work-flow of use-case#21 (adapted from CV D7.4.1)

2.4 Simulation Models

Smulation models representing théhree producer selection policies were programmedusing ARENA
simulation software.Thed t NB R dzO S NXrodelishoheSof thedtradijtional supply chaimproducer

selection policy which isbased on the fit between producer size and order siretKk S  at N2 RdzOS
I @1 Af I 0 ihé rRodedpioducdersklection is baed on information sharing capabilities with producers
regarding theiresources availabilitywhile, ini KS & t N2 R dzO hstoder's Rodfefeice$BACH A G &

the model producer selectionincorporates customeinputs about price/environmental preferenes, in

addition to the produceravailability information Two order arrival rates were tested. TlBase order

arrival rate was determined byequiringa 70% usability of shirt suppliers in the PS model. An additional

(Hich Rate¢ was defined a83% highethan the dBaseRate¢ thter-arrival timesF 2 NJ 6 2 G K a1 A 3K
G. I &S are Hisplay&d ifrablel. For exampleduring the day (09:0@1:008 G KS & . lodeS wl i
orderperK 2 dzNJ g KAt S (s ondldr peBFKminwtesiD®IEr interarrival times are distributed
exponentially Order quantities are distributed triangularly, with values describedablel.

The three simulation modelstart with the arrival of a new order and end with the arrival of the order to
DC21BGUcentres In all models, wlers are received online 24/7, where each orderfor 1-50 shirts of a
single shirt type The order arrival rate and order quantiye adapted according to the time of dayEach
producer hasadditional production orders from other retailers. Materiabcated at the shirt producers'
warehouses, is managed by DE2GU ands assumed to be available. Delivery time from a producer to the
distribution centresis computed assuming an average driving speed of 80km/hour. Since embroidery
partners are located oke to shirt manufacturers, the time to transfer shirt parts between tham
disregarded. In both PA and % models if order quantity is less than 10 units, it will not be sent to large
producers and if order quantity is higher than 40 units, it will betsent to small producers. In the f&®
model 30% of the customers prefer local producers. Each model was run ten times with each rate (total of
60 simulation runs). Each simulation run lass&teenmonths where four months were regarded as warm

up time (warmup time determination is detailed iAppendix 19
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50% of the orders include-110 units

09:00 (common value 2)
60 (240 45 (180
16:00 & (180) 50% of the orders include 180 units
(common value 25)

16:00 orders include 110 units

. 60 (120 45 (90
21:00 (120 (%0) (common value 2)
21:00 orders include 35 units

) 120 (240 90 (180
09:00 el (180) (common value 2)

Tablel: Order characteristics

2.5 Analysis

Two measures were used in order to evaluate the implication€@hVantagéased produceselection
alternatives: he average manufacturing lead time (LT) and the average daily transportation distance (TD)
measure. LT is the average time (in hours) elapsed from customer order until order arrival aBGG21
offices. It measuresefficiency of ogrational performance. TD is the average transportation distance of
orders per day (in kmjt allows assessment of sustainability as well as cost performance aspects.

The experiment was designaeda repeated measure analysis of variance (ANOVA) withypliree levels:
PS, PA, RBB as the withinsubject factor and order arrival ratéw(o levels: Bse Hgh) as the between

subject factor. The ANOVA was followed by a Bonferroniected posthoc analysisThe Common
Random Numbers (CRN) variance retuctechnique was applied inducing correlation between the of

the models othree policiesandfacilitating the repeated measure analysis.

2.6 Results

All main effects and interacth tested werestatisticallysignificant at $0.001. For both ordearrivalrates,

the PA policy had the lowest average manufacturing lead (io7§ and the smallestdifference between
lead times in the twaarrival rates (Figure 2) The PA policy also incurred the highest average daily travel
distance(TD) as indeed the reducelbad time is achieved by using excess capacity of remote suppliers,
which are typically larger than local suppliers.

The PACP policy had the highest difference in average LT between the two Téteaverage LT of the PA
CP policy is lower than thaverage LT of the PS policy in thes® rate but similam the High rate. The
average TD of the PBP policy is in between the TD of the PA and the PS policies for both Tages.
increased LT of the P@P policy in the High rate is caused since localymers are oveloaded by orders
of customers that have specifically preferred them.
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Figureb: Left: Average daily travel distanc€TD). Rightorder lead time(LT)

2.7 Conclusions

The results show mixed effects of upstream atwivnstream collaboration on operational performance.
While upstream collaboration reduced lead time and increased travel distance, downstream collaboration
showed a negative effect on both aspects. These findings demonstrate the inherentofifabletween
different performance aspects, which implies that an action should be taken based on managerial priorities
of efficiency, costand the potential benefits of introducing additional flexibility and innovation. It also
points at the importance of combininggarisaional practices, such as order transportation management,
with the introduction of newinformation TechnologylT) capabilities. In addition the results show that
demand volumes have a different effect on the value obtained from collaboration daigsbh implying

that the value should be considered under specific conditions.
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3.1 Overview and Research Questions
K&ARSIBGU, basedni Munich, Germany, is an automation maintenance company spseglin

maintenanceof industrial machines. Maintenance of industrial machiies complex and cost intensive
task It is concerned witlproviding immediate and efficient service by highly skilled and well trained service
personnel.In orderto increase its competitive advantage, K&STBGU aims at improving preparation of
on-site maintenance operations through better identification and assessment of machine faults by

introducing theComVantagecollaborative platformComVantagecollaborative phtform facilitatesaccess
to machine databy the maintenance service compapgrsonnelusing their mobile device@igure6). The

machinedataaccessed includestructure, maintenance recordsgndstate. Machine state is represented by

sensor readings, e.gtemperature and pressure. Themobile access to machinglata and available
diagnosticapps are expected to contribute to reduce maintenance visits (single visifanét), reduce the
time it takes to repair the machine, and improve fault identification by less skiesbnnel

In addition, ComVantagecollaborative platform will enabl@ machine initiated Predictive Scenarithe
intention of a Predictive Mainterrace Scenario is to predict and fixvachine defect beforat occurs in

order to avoid machines to break down. This prediction is done by the Active Machine with the help of the

component PAMMS (Predictive Active Machine Maintenance Support). It evailideS

al OKAy SQa

and process data and thus is event driven. By avoiding machine breakdowns, blocking of complete machine

lines in production is prohibited.

N... v

=

m N
Eaviosechicen Active Machine

https://..Jmachine

Customer
uri: Service Company o 3

uri: CRM-Ticket Machine Expert Mobile P.?nmenanoe
uri: Machine states Coordinator

Service
Technician

Figure6: ComVantageenabledcollaboration betweenmaintenancestakeholders &dapted from CV D8.1.1)

In the currentstudy we focus oexaminingthe performance impacts of alternative corrective maintenance

processenabled byComVantageOl LI 6 Af AGASa (2 LINRPODARS

(downstream cdaboration)

NB I data G A Y S
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We investigate the performance impacts of both remote diagnosis and remote repair capgab8ince
machinedata is sensitivesafety plays a major role in the implementatjaimus access permission errors
are expected We thus additionallexamine the influence ofroblems in attaining access permission
performance. V& alsoconsider the impact of demand characteristics on the process of value credtian.
study aimsto answer two key questions: (a) How edodownstream collaboration affectk&A-RSTBGU
operational performance? (b) Do demand characteristics influence this relationship?

3.2 Traditional Supply Chain Description

K&ARSTBGU offers maintenance services for grinding and spinning maclki@&nding Machine (GM¥ i

used to sharpen the tools of a punching machine. They sharpen both the die and the puncher by grinding a
fraction of a millimetre from the surface of the target die or the surface of the puncher until the tools are
sharp.A Spinning Machine (SM) is ustdproduce yarns of different strength and colours and on different
size of spinning wheels. K&RST. D | Madntenance serviceare based on two main contract types: full
Service Level Agreemerl(A and limited SLA. Full SLA includes full warranty of-R&BGU for both

parts and work hours. Limited SLA can beisedlin either spareparts warranty (only hours are charged)

or work-hours warranty (only parts are chargedor thefull SLA K&RSTBGU is committed to repair a

fault within 1 business dawhile in a limited SLA, the tinte repairis up to 3 business days.

K&ARSTBGU employs three types of employees: Mobile Maintenance Coordinators (MMCo), Service
Technicians (SvT@nd Machine Experts (ME). MMCos are in chargmofmunication andcoordination of
maintenance activities with customemsnd with SvTns. Each Svilgpairs either GM or SM machine
according tohis/her machine qualifications. SvTn ae@her shared or dedicatedgccording to their
assignment to customerdAll shared SvTns emte from the Munich office and have a company car by
which they drive to customer sites. They travel with all the required sparts. Dedicated SvTns operate

at their dedicatedfactory site. MEs are also distinguished accordindh&rtmachine qualiations (GM or

SM). They operate from the Munich office, available for phone consultaiibashifts and staffing of all
employee typesre detailedin Appendix2a.

K&ARSTBGU has 3 customerswho haveeither grinding(GM)or spinning machine€SM) Customers are
charactersed according to number of serviced machines: small custometB) (fhachines)medium
customers (2660 machines), and large customers (more than 100 machines). Large customers have a full
service contract with K&RSTBGU and a dedicated SvTn while medium and small customers can have
either full or limited SLA, and share SvThgsbmer characteristicare detailedin Appendix 2b

An overview of the corrective maintenance process witolv is provided irFigure 7. TheMMCoreceives a

service call from medium and small customers over the phone. He/she opens a service request verifying
0dza 12 YSNBEQ &ASNWAOS f S@hkn the WMRICARSBIOLaNEKTH 36 Fhe ik, Ligsetion R S (
distance from customer an8vTrioad, and informs th&vTrof the fault's details by emadr SMSBefore a

SvTn drives to an assigned fault he/stmmputes remaining time to completehe repair and checks

whether there is sufficient time left before the end of the shift. In case there is not enough time the SvTn
informs the MMCovia SMS (during office hours) or em@ifter office hoursland the MMCo reassigns

another technician to do the job.

Required time Priving time to customer + Driving time to Munich from customer +
Average SvTn analysis time + Average SvTn repair time

IF Required timé Shift end time-current time + 2hour THEN Drive to customer, ELSE Inform MMCo

The assigned SvTmives to customeR & aldafiafyse the fault. In case of successful analysis the SvTn
repairs the machindf needed, SvTn can stay up to tlvours beyond shift hours to complete a task. If the
analysis is not successful the SvTn calls the ME foultatisn. The ME analyses the faalhd guides the
SvTnof how to repair it Analysisand repairtime vary according to fault specifid@ppendix2c). After the
SvTrfixes thefault he/she updates the MMCby SMS (during office hours) or by email (after office haurs)
The MMCo closes the service request in the CRM systerohauls if anadditional fault has been assigned
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to the SvTn. If an additional fault has beesigred the SvTrtats treating it If notthe SvTrdrives back to
Munich and wais there for additional assignments.

. Create . : Finish
K&A-RST- Service service > Choose Consu\tat\on N Guide | S service
. call SvTn with SvTn SvTn
BGU offices request request
MMco MMco ME ME MMCo

Drive to Analyze
Customer ] customer ] fault

site

Repair | |
machine

SvTn SvTn SvTn

Fgure 7: Asis Corrective Maintenance worlow (based onC\/D8.1.])

3.3 ComVantage-Based Corrective M aintenance Process

ComVantageollaborative capabilities enablmn alternative maintenance process which SvTns and MEs
haveamobilel 00Saa (2 Odza i 2capairm didgholiksitagkSaseR bnimachine records
and sensor readings, and can remotely adjust system paraméteedditional &ults can be dynamically
allocatedto SvTns and there is no need for a fixed assignment when the fault report is recéhed
definition of thisprocess is based otie repairscenario described in GM8.1.2 (p12).

Asin traditional operation(Figure8), the process starts with a fault report received by the MM@ho
initiates a service request. The MMCo updates the service request datalfe Linked Data Stor.DS)
which can be viewed by all SvTmsvailable SvTn choosthe next assignmentusing a mobile app
(assignment algorithm is detailed Appendix2d). The assignment is based on averaging two common rules
related to time and travel distance (Shneor et al.,, 2006). Time is integrated through remainagotim
repair based on the contract which is commonly incorporated in modern projects management methods,
such as theory of constraints (TOC) (Simret al., 2002). The time until the end of the shift is taken into
account to avoid overtime when possibl@nce a service request has been assigned to a SvTn, his/her
details are updated in the system.

The SvTn starts performing a remote analysis fronthéiscurrent location.There are five GM fault types
and five SM fault typesAnalysis durations of each faulpe are detailed irAppendix2c. Analysis times
the ComVantageased casare longer then in the traditional casleut success rates are higher due to the
availability of additional diagnostic infrastructure, e.g., machine recortis. remote analysis is preceded
by anaccess permission request. If access is dereegl,(n case of no internet connection or insuféot
permission privileges), the Svtontacts the MMCawvho solvesthe problemand the SvTn can continue
with the analysis

In case of successful analysisd whenremote repair is possibleghe SvTn repairs the fault from the
remote site and marks it agpaired in the LDS. Remdiult repair time is identical to osite repair time.
When remote repair is not possihléhe SvTn checkremaining timesimilarto traditional operation but
based only on repair time rather than on both repair and analysis.timease time is sufficienthe SvTn
drives toli KS Odza G 2rap&ilIn&@fauit dndi Barks it as repaired in the LDS.chse there is not
enough remaining timethe SvTrmarks the fault as ready for repair in theDS After finishinghandlinga
fault, the SvTn continues to processrvice request from the LDS. time is not sufficient for any of the
service request®r there are no more requests, th8vTn drives back to Munich (in case he/she is in a
remote site).For servicaequests marked as repairethe MMCo finaisethe service request and sends a
message to the customer that the machine is working again.
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In case the problem cannot be solved by the SvTrsheeallocates the fault to an MEand continues
processing addional requests from the LDShe ME can check all the test results previously performed by
the SvTn. When the ME completes the analysigsheeupdates theanalysis results in the LDS. In case a
remote repair is possiblehe ME performs the repaiand maks the fault as repairedf not the service
requestwaitsfor an available SvTn.

" Create Select Access Get machine
Service . g R Yes g 2 Problem
service || service capability M infoand check |2
call 2 solved ?
request request OK? machine
MMco Svin No Svin No
Approve
ppi ME
access :
ol analysis
K&A-RST- permission
BGU offices MMco Me
updated status I
Finish
—> service
request
MMCo
Drive to Repair Inform
— —1 >
Customer customer machine MMco
site
SvTn SvTn SvTn

Figure8: ComVantagebased Corrective Maintenance wotow

3.4 Simulation Model

Simulation models representingthree process flow optionswere programmedusing ARENA simulation
software. ¢ KS -ZAiyS al A (OWMSyokey ©dhé of the traditional operation models where
maintenance is done only esite and technicians are statically allocated to a f&ult ¢ Kidbile &
Maintenanc€ MM) modd is a ComVantge enabled Mobile Maintenance scenario with dynamic SvTn
allocation based on fault statu3K S G a 2 6 A £ S -t YSINIA BS YA 2 WO EmedéRadtiionallya a
incorporates the possibility of errors in permission reque3iso averagdault arrival rates were tested
The two &ult arrival rates were determined according to MTBF valu@gppendix 2c). EachMTBFhashigh
and low values. The high valdetermines the Basaurrival rateand the low value determines the High
arrival rate Fault interarrival time is accordingly defined and is exponentially distributable2).
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GMI* 3000 3500
GM35,SM15 550 700

Table2 Fault inter-arrival time
*GM2 (second warning) occurs 1200hours after GM1

As dedicated SvTn are allocated to each of the large customers, both large customers and dedicated SvTns
were not modelled. Thyghe models included only small and medium customensl shared SvTn3he

process in theéhree simulation modelstartswith the arrival of a newservice call to the MMCand ends

once a machine is marked as repaireth all models machine fauls occur weekdays Monday through

Friday, 6:00AM td.0:00PM.During MMCo working hours they are immatkly reported.Faultsthat occur

after MMCosworking hours are reported the next morning between 8:00 and 9FMult reports are

treated by the MMCo sequentially according to their incoming time, yet reports of customers with full SLA
have priority overeports of customers with limited SLA.

Drivingtime between customers and tor from Munichis computed assuming an average driving speed of
80km/hour. Spare-parts are always available in ti#&/TisQcar, therefore any fault detectedan be fixed
within the same visitThe SvTns have a break of45 min during their shift (in the middle of the shift, after
they finish treating a fault)in the MM-PEmodel 10% of the permission requests incuwarrors requiring
assistance of the MMCdcachmodel was run ten times with each rate (total of 60 simulation runs). Each
simulation run lasted! years 48 months where half a year (sixnonths wasregarded as warrup time
(warmrup time determination is detailed iAppendix 2&
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3.5 Analysis

Severalmeasureswere used to evaluatehe implications of ComVantagébased Mbile Maintenance
capabilities and the implication of ermm permissions request MeanTimeTo-Repair (MTTR} related

to quality of service and to efficiency. Averalytonthly travel distance MITD) allows assessment of
sustainability and cost performance aspects. Workerisation (ME, SvTn, and MMCo) is related to
efficiency

The experiment &s designed sa repeated measure analysis of variance (ANOVA) with policy (three levels:
oM, MM, MM-PE) as the withinsubject factor andfault arrival rate (two levels: Base, High) as the
betweensubject factor. The ANOVA was followed by a Bonferomected posthoc analysis. The
Common Random Numbers (CRN) variance reduction technique was applied inducing correlation between
the threemodelsfacilitating the repeated measure analysis.

3.6 Results

The schedule compliandeercentage of service callstisdy contracttime commitment)of all models was
above 98%, thus indeed all models represent valid degdanal operational scenarios. All main effects
and interaction tested were significant at p<0.Q0@kceptfor ME utilsaion for which the utilsaion did not
differ betweenboth mobilemodels(MM and MMPE)

For both fault arrival rates, the Mobile Maintenancemodels (MM and MMPE) had significantly lower
MTTRthan the OMmodel (Figure9). Indeed permission error incread®TTRin the MM-PEmodel with
respect to the MMmodel, yet this increase is much smaller than the difference between tA@ Rl for the
MM and the OM modeldn addition the difference between the MTTR for the difference fauitval rates
in the mobile modelss much smaller than in the OM case.

The monthy travel distance (MTD) of the dMile Maintenancemodelsis lower than for the OMmodel
(Figure9). The MTD for the MMPE idower than for the MM case This result can be explained by the
additional time required for handling the pmiission errorsvhich isalsoreflected in the prolonged MTTR in
MM-PE with respect to MM.

The MMCo utikaion is similar in the different models, asserting that thellaborative system and
handling permission error corrections does rdoad MMCo operation Figure 10). While average SvTn
utilisation in the MM model is lower than in the K case in the MMPE model the SvTn usidtion is the
highest, which is a sign of concern regarding the effect of pion errorson SvTn woilkad. The
utilisation of the ME in both mobilenodelsis lower than the utikaion of the ME in the OM case. This
asserts that not only was the ME not burdened by the collatdeeasystem indeed his/her woldad has
been reduced.
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3.7 Conclusions

The results show that using tHeomVantagecollaborative platformcan lead to improved orgasdional
performance in terms oéfficiency and service quality (MT&Rd utiisaion) along with reduced cost and
improved sustainability (MTD)hese findings are encouraging as they demonstrate a &ituathere
improvement can be gained alongside a cost reduction. Permission errors are of concern as they negatively
affect system contribution by reducing MTTR andiadtb SvTn workload. This points out that investing in
communication infrastructure (hdware and software) and reducing the rate of permission error events is

of importance. Finally results show thathile indeed demand volumes effect system operation, the
collaborative capabilities improve systecapability for effectively handling diffené demandvolumes
improving system flexibly along the demand dimension.
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4.1 Overview and Research Questions

COMAUBGU is an engineering and commissioning company, located in Torino, Italy. cGEBWUAbuilds
car assembly lines for various car manufacturers and delivers them askawriprojects. A typical
production line includes @5 stations. Each station in mposed of hundreds of devices. The
commissioning phase of an automotive manufacturing line takes about six months. It includes all
activities necessary to sgb a line until it can start series production, including mechanical installatioa, pip
and wre, power on, robot setp, 1/O test, orchestration, process verification and fine tuning.

The ComVantageplatform enables COMABGU to enhance its collaboration capabilities internally and
with both customers and manufacturing partneiSiqure11). The improved interaction capabilities with
customers are reaed through clarification of requirements and result analydimproved internal
collaboration facilitats interaction between actors of different specialities within the orgsation, e.g.,
mechanical and electrical engineers, and between designers, engineers, and technicians. Additionally the
ComVantageplatform facilitates remote and mobile access to-site matine data. Improved interaction

with suppliers enhances rapid procurement of spare parts and assistance of machine experts.

In the current study we focus on examining the performance impactmaiile access to machine data
enabled by ComVantagecapabilites (downstream collaboration) Specifically,similar to the Mobile
Maintenanceapplication areawe investigate the performance impacts of remote diagnosis and remote
repair capabilitieand of flexiblefault allocation

As in the Mobile Maintenancapplication areamachinedata is sensitivand safety plays a major role in
the implementation. We examine the influence of autlsation problems on performance. &/ also
consider the impact of demand characteristics on the process of value creatiostuldyeaims to answer
two key questions: (a) How dsdownstream collaboration affedCOMAUBGUoperational performance?
(b) Do demand characteristics influence this relationship?

oPC |
Communication

From the field

CYCLE TIME COMPARISON ﬁ
{FAILURE DIAGNOSIS {}

Product Lifecycle j SOP i i
Management Engineering | i

W

Figurell: ComVantageenabled ollaboration ina commissioningscenario(adapted from CV D6.1.1)Standard
operating procedure (SOP), Object Linking and Embedding for Process Control (OPC)
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4.2 Simulation Models

The commissioning scenario deals with repairing faults on a production line ducogmissionig phase.

In this respect the commissioning scenario is very similar to the maintenance scenario. The commissioning
scenario, like the maintenance scenario, is thus also expected to benefit from downstream collaboration,
e.g., from mobile access to machidata. Albeit the inherentsimilarities between these scenariosthere

are two inherentdifferences between thescenarios, the rate of incoming fault reports and the simulation
time scope.

In a maintenance scenario new fault reports arrive at a stationdistribution, i.e., with an exponential
inter-arrival time with a constant expectatiotn a commissioning scenarithe distribution of theinter-
arrivaltime of fault reportschanges during the commissioning period. At first the @ta-coming faultds
high (short interarrival times) and this rate decreases duritige commissioning until the line works
continuously producing the products in the contracted production rate.

In a maintenance scenaridthe system operatesn its steady state, i.e., as anon-terminating system.
Accordingly #&er an initial warmup time operation is measured for a pspecified period, e.g., a day or a
month and averaged for the complete duration of the simulation run, e.g., a year. The duration of the
simulation run is getaking the warmup time into account (run time should be consideralayger than
warm-up time). In acommissioning scenario the system is in a transition phtases operation throughout

this phase is of interest. Such a system is termed a terminatister®, and simulation termination is
dictated by the time at which the last fault report is processed andifiezl

We embedded a commissioning transition scenario within a maintenance system running in astdady
manner. The commissioning customessies fault reports withan initial rate that is twice as high as the

G NS 3 dzf I NJ NI { &f¢he maintedasce /Em) Thidriité decreaisea stepwise manneuntil it
reaches theregular rate (detailed in Appendix 3)At this point the commissioing customer stops
generating additional faultsTo maintain a similar uifdaion rate to the maintenance scenario we
designated one of the existing customers as the commission customer and removed an additional customer
of the same size (designated araimoved customers are detailed in Appendix 3).

Simulation models representing three process flow options were programmed using AkEN&tion

a2 ¥Fds! NBS-gite Comfissianingy @ model is the traditional operation mode whefaults are

treated only onsite and technicians are statically allocated to a fault ¢ K S QGomgissioriing © a
model is one of the ComVantageenabled mobile commissioningscenario with dynamidechnician
allocation based on fault statufinallyl K S & &dnmissiothigt S NN A & & A 2GPE)%atdNighaly 0 a
incorporates regard to the possibility of errors in permission requé<1%6) As in theMobile Maintenance
application aredawo average faularrival rates were tested Table2).

Each model was run ten times with each raiace with a medium and once with a small GM customer in a
commissioning phaséotal of 120 simulation runs).In both cases the commissioning custoserere
designated with a fulB.A.Each simulation run lastedntil all commissioning faults were processed and
marked and fixed. Commissioning faults started aftema#f a year (six monthsyhich wasregarded as
warm-up time pased on théMobile Maintenarce application area

4.3 Analysis

The main measure used for analysis of timplications ofComVantageébasedcommissioningcapabilities
and the implication of error in permissions requestthe AverageMeanTimeTo-Repair (MTTR)f the
faults from the commisioning customewhichis related to quality of service and to efficiendie number
of faultsand their rate was set-priori and thus he time to complete treatment of faults directly related
to thesea-priori set parameters and is thus namdicativein the current models

The results for the small and medium commissioning customers were analysed separately and compared
gualitatively.The experiment was designed as a repeated measure analysisarica(ANOVA) with policy
(three levels:OG MC, MGPE) as the withiisubject factor and faularrival rate(two levels: Base, High) as
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the betweensubject factor. The ANOVA was followed by a Bonferromected posthoc analysis. The
Common Random Numbe(€RN) variance reduction technique was applied inducing correlation between

the three policiesandfacilitating the repeated measure analysis.

4.4 Results

The schedule compliance (percentage of service ttalssatisfy contractime commitment) of all modal
was 98% or above, thus indeed all models represent valid @damal operational scenarioOperation
policy hasa significant effect on MTTRhile interactions were not significanteBults are similar foboth

the small and medium custome(Bigurel2). For the small customer the difference between the MTTR in
the two fault arrival rates is smaller for the mobilenodelsthan for OC. For the medium customer the

difference is smaller only for M@odel The higher MTTR values in the small versus the medium
commissioning customer scenadee due to the specific customer mix in each of the two scenarios.

Forthe smallcust6 SNJ a | dzZOKf & Q&

Geisser estimateof sphericity €¢=0.579). The MTTPRorf the different models is significantly different

0Sad
p<=0.001) therefore the degrees of freedom were corrected usitegGreenhouséseisser estimatef
sphericity €=0.639). The MTTR for the different modelas signifcantly different (l2g23.716.8 p<0.001).
Both mobile modelsare similarand they have a lower MTTR th€@C(p<0.0). MTTR for the low fault
arrival rateis lower than the MTTR in the highrival rate(F 16=9.8, p<0.01).

{AYAT NI & FT2N 0KS YSRAdzY O dzthdt #he Ssblimpmtion ddOsiiHericiy avasi S a
violated €%(2)=22.1, p<=0.001) therefore the degrees of freedom were corrected tistnGreenhouse

AYRAOI G§SR G Klcf(2)=i4S

(Fi1620616.8, p<0.001). Both mobilmodels are similar and they have a lower MTTR then (B€
(p<0.001). MTTR for the low fauwdtrival rateis lower than the MTTR in the higlrival rate(F 15=924.9

p<0.001).
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4.5 Conclusions

The results show that using t@omVantagecollaborative platform efficiency and service quality (MTTR)
can be improvedn a commissioning scenaridhese findings are encouragingraducing MTTR is a major
componentin reducing overall commissioning timermission errorglid not significantlyaffect MTTR
reduction. Finally results show that while indeed demand volumes effect system operation, the
collaborative capabilities improve system capability for effectively handling different demand, improving
system flexibly along the demand dimensidthis improvement is reduced by the existence of permission
errors which as in theMobile Maintenanceapplication areapoints at the importance of reducing the rate

of such events.
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We have examinal the effects of orgaisaional and interorgarisaional collaboration capabilities
facilitated by theComVantagelatform, in threeapplication areasCustomeroriented Roduction, Mobile
Maintenance and Plant Engineering ando@missioning The overall targeof the simulationstudy wasto
evaluate theoperational effecs of ComVantageamplementation. The targets of eachapplication area
were adapted to the specifics afachscenario For Customenriented Roduction the simulation target
was set to evaluate the effects of upstreaand dowrstream collaboration while for Plant Engineering and
GCommissioning and foMobile Maintenance, the simulation targets were set to evaluate the effect of
downstream collaboration, and the effects of permission error evehtge performance measuresvere
defined based on the multlimensional metrieset (D9.2.2), focusing on efficiency, quality and
sustainabilityaspectawvith some regard to cost aspects

Representative orgasdions for eachapplication areawere defined. The agansdion structure and
processes were established by the BGU tdagether with therelevantapplication partnes for ensuring
the validity of the orgaisaional structure and parameters. Basing the simulation on a virtual ésgéom
facilitated result genalisation and avoiding difficulties concerning propriety isstiest would have been
encountered when modelling an existing orgsaion. The simulation sudy itself was methodologically
conductedbased orthe well-established principles of discrete evesinulation teehnique

The analysis shows possibilities of major improvement in central process indicators in various operational
constructs (efficiency, quality, sustainabilignd cost Thestudy additionallyjdemonstrates the existence

of trade-offs between different performance aspects (e.g., efficieneyd sustainability/costin the
Customeroriented Production application argaon the one hand and the ability of the collaborating
technology to introduce improvement toge¢r with cost reduction (e.g.he reduced MTTR and MTD in

the Mobile Maintenanceapplication area

Demand volumesvere found toaffect the value obtained from collaboration capabilities, implying that the
value should be considered under specific capnds. Results also demonstrate thatepmission errors
negatively affect the advantages gained from BemVantageplatform. This points out that investing in
communication infrastructure (hardware and software) and reducing the rate of permission ernotsase
of importance.

Decisions regardin@omVantageapabilities implemented and process choisksuld be taken based on
managerial priorities of efficiency, cosind the potential benefits of introducing additional flexibility and
innovation. Additionally it is important to combin@rgarisaional practices, such as order transportation
management, with the introduction of new IT capabilities.

This study employs the DES methodology for investigating performance impacts of emehyisipess
technologes, using a proceasiented approach. Studying the impact of IT in specific business processes, at
the same level at which IT is deployed, enables the research to transcend the correlational evidence
between IT and business value. Therefore, this apprahculd complement, rather than substitute, the
common surveybased approaches. We suggest expanding the use of this approach to assess impacts in
various orgaisaional settings. It can also be used to support decision making about wHilsieess
techndogies are effective in specific orgagional circumstances.
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Appendix la Design Options
Table3 describes the design options and the probability for each design option, which is based on DC21

BGU historical sale records.

embroidery.

Textile

Cutting

Sewing

Embroidery

Zipper

T1
T2
T3
C1
C2
C3
C4
S1
S2
El
E2
E3
E4
ES
Z1
Z2
Z3
Z4

Cotton 100%
Cotton 80%
Cotton 60%
Business Shirt Bad Boy, lesigeve
Business Shirt Bagby, short sleeve
Business Shirt Good Boy
T-Shirt
short piping
long piping
Dresscode21 Shirt
Individual small, one colour
Individual big, one colour
Individual smallmulti-coloured
Individual big, multcoloured
Long, red
Short, red
Long, black
Short, black
Table3: Shirt design options

Appendix 1b Supplier Details

DC21BGU has relationsith twenty shirt producers and twenty embroideries. All partners work five days a
week, 9:0017:00. Shirt producers are classified according to their capacity as: small, metidntarge.
Embroideriesarelocated next to each shirt produceFable4 details suppliefocations.

S1
S2
S3
S4
S5
S6
S7
S8
S9

Small
Small
Small
Small
Small
Small
Small
Small

Medium

Graz, Austria 10
Graz, Austria 8

Graz Austria 12
Ptuj, Slovenia 97
Ptuj, Slovenia 98
Ptuj, Slovenia 99
Leibnitz, Austria 38
Maribor, Slovenia 69
Maribor, Slovenia 70

30%
30%
40%
40%
20%
20%
20%
40%
60%
10%
20%
20%
10%
40%
25%
25%
25%
25%

According to these sale records, 90% of the ordered isbltded

08
100
94
11
8

9
66
30
32
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S10 Medium Maribor, Slovenia 68 35
S11 Medium Zagreb, Croatia 188 98
S12 Medium Zagreb, Croatia 185 100
S13 Medium Ljubljana, Slovenia 195 140
S14 Medium Ljubljana, Slovenia 197 138
S15 Medium Ljubljana, Slovenia 200 130
S16 Large Vienna, Austria 200 288
S17 Large Trieste, Italy 295 240
S18 Large Trieste, Italy 300 235
S19 Large Bratislava, Slovakia 265 353
S20 Large Bratislava, Slovakia 267 350

Table4: Shirt producers' characteristics

All shirt produceremploy cutting and sawing workers. Medium andgk shirtproducers employ forkift
operators who are in charge of bringing textile from storage and sending orders to transport. Embroidery
partners employ embroidery workers.

The number of workersn shirt producers and embroideries are presentedTiable5. The inventory
(including textile and zippers) is managed by DB&U and located at shirt producers' warehouses. Times
of all production activitiesre distributed triangularly (cutting, emlvoidery and sewing)Seup times are
distributed uniformly.

Cutting workers 1 3 10

Sawing workers 1 5 15

Fork lift operators 0 1 2

I[?Tziir:]?ing textilefrom storage Uniform 15- 20 711 711
Shirt Cut setup per design [min] Uniform 1530 5-20 5-20
producer

Cutting time per shirt [min] Triangular | 10,15,20 2,7,10 2,7,10

Sewing setup per design [min] | Uniform 10-25 5-12 5-12

Sewing time per shirt [min] Triangular | 10,15,28 10, 17, 25 10, 17, 25

Sending to transport [min] Uniform 10-12 5-6 5-6

Embroidery workers 1 4 12
Embroidery

Embroidery per shirt [min] Triangular | 10, 17,30 | 7,15,25 7,15,25

Table5: Shirt produceroperations' characteristics

Appendix 1c Order Processing

Orders are processed by2ldispatchers at DCZRGUdistribution centres(Grazg 2 dispatchers, Ptuj 1
dispatcher) Office working hours are five days a week, 91G000. The dispatchers handle erd in aFirst
In-FirstOut FIFQ manner, each order is initially processed for2®minutes (common value 20 minutes).
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producer. The dispatchers pésrm a followup activity 34 days aftetthe initial process. The activitakes
5-15minutes (common value 12 minutes).

In both alternatives, the use ofomVantageplatform shorters G KS R A & initiali ddderSpxdteSs
duration to 1615 minutes (common value 12 minutes), compared te2b0ninutes withoutComVantage
platform (PS policy). Moreover, the follow time is reduced to 8 minutes (common value 4 minutes).

Appendix 1d Warm -up Time

The wam-up time was graphically determined based on workeiigdilon. The utilsations examined was
of dispatching workers at the two dispatchingntres(Graz and PtujF{gurel3) and ofcutting, sewing

and embroidery workers in small, mediyand largeproducers Worker utilisation for the small producers
is depicted irFigureld. Similar results were obtained for the medium and large producire.warmup

time was determined by the utilaion of dispatchers as the ugkion of factory workers converged much
faster. Based on the graphs a watump time of 4 months (2880 hours) was established and accordingly a
total run time of 16 months, simulating 4 months of warm up and a year of production.

Utilization [%]

| | | |
0 1000 2000 3000 4000
Time [hour]

Figurel3 Utilisation of dispatching workers at the two dispatchingentres(Graz and Ptuj)

© ComVantageConsortium-2014 33



D9.3.2— Simulation Analysis Repo

ComVantage WP —Evaluation of ICT and Business Mo
100 | | T .
——Cutting
90r —Sewing
80r ——Embroidery

o~
o O
T T

EaN
o
T

Utilization [%]
(8]
(o]
T

N W
o O
T T

1 | 1 |
0 1000 2000 3000 4000
Time [hour]

Figurel4 Utilisation of workers in small producers
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Appendix 2a Staffing and Shifts
All KBA-RSTBGU personal work 5 days a week. MMCos worklleegffice hours (08.028.00).SvTns and

MEs work in two shifts: morning (064%.00) and afternoon (14.023.00),i.e., 9 hours with 1 houbreak
The breakime is distributed uniformly (45/5 min) Table6 describes the current staffing.

3 2 SM and 2 GM 1SM,1GM
Table6: K&RARSTBGU staff

Appendix 2b Customer Characteristics

Customercharacteristics are described Table7. All KEA-RSTBGU customers work 5 days a week in two
working shifts: morning (06:005:00) and afternoon (14:623:00).

C1 Ingolstadt 80 Grinding Medium 28 Fullservice
C2 Munich 25 Grinding Small 7 Full service
C3 Ingolstadt 80 Spinning Small 6 Full service
C4 Nuremberg 170 Spinning Medium 46 Limited service
C5 Ulm 150 Grinding Medium 33 Full service
C6 Flussen 130 Spinning Medium 31 Full service
C7 Munich 25 Spinning Small 7 Limited service
C8 Ulm 150 Grinding Medium 44 Full service
C9 Nuremberg 170 Grinding Small 8 Full service
Cl10  Fussen 130 Spinning Small 10 Full service
Cl1l1  Ingolstadt 80 Grinding Small 6 Limited service
Cl2  Fussen 130 Spinning Small 5 Full service
C13  Nuremberg 170 Spinning Medium 20 Limited service
Cl14  Nuremberg 170 Grinding Small 7 Full service
C15 Ulm 150 Grinding Medium 22 Full service

Table7: K&RA-RSTBGU customers
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Appendix 2c Fault Types

There are ten fault typethat can be reported, five per each machine ty@\, SM) Fault characteristics both the traditionalprocess andComVantage
based process alternativese described iTable8.

Report

description

Ascis analysis
Time [Min] (min,
frequent, max)
Success rate [%)]

Tobe analysis time

(min, frequent,
max) [minute],
success [%0]

Possible faults and
their probability [%6]

Fixing procedure and time
(min, frequent, max)
[minute]

Can be
fixed
from
distance?

Control display SvTn: [5,17,20], 909 SvTn: [15,22,30], gi Alert line operator to expect Yes
indicates: "Wheel ME: [7,12,15] 100% \rielieifay GeliE s B GM2 [57,10]
. 0 30003500 L L ’
GM1 life 10% MELARD o No
remaining” Indicator faultc 20 Clean and resandicator
system [20,32,40]
Control display SvTn: [5,17,20], SvTn: [15,22,30],  Indicator correct wheel No
indicates "Wheel 150¢ 200 100% 100% must be replaced. Can
after GM1 '
GM2 life 5% only come after GM%, Change wheql0,3 (0]
remaining" correct indication
SvTn: [20,40,45],  SvTn: [30,40,55], - No
750 90% Grinding table motor | Replace damaged motor
: fault - 20 40,75,80
,Cgf“":' display ME: [25,32,35] ME: B (85,4 D [ ]
indicates
GM3 ... 500-1250
Grinding table Home sensor faulg 30 F;%p;asczohome Sensor No
cannot move" [20.35,40]
Torque parameter un | Adjust torque parameters | Yes
calibratedc 50 [10,18,20]
) SvTn: [20,40,45],  SvTn: [30,40,55], No
Control display 75% 9 % Door valve fault 20 Replace damaged valve
indicates: ] _ [40,75,80]
GM4 "Grinder door 5001250  ME: [25,32,35] ME: B (854 D
Replace door sensor No

open"

Door sensor faulg 30

[20,35,40]
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GM5

SM1

SM2

SM3

Control display
indicates
"Grinding Table
home not set"

Repeated
occurrence of
error message:
"Positioning not
OK"

Repeated
occurrence of
error message:
"Yarn not found"

Repeated
occurrence of
error message:
"Starting yarn is
bad"

500-1250

500-1250

500-1250

500-1250

SvTn: [20,40,45],
75%

ME: [25,32,35]

SvTn: [10,22,25],
85%

ME: [7,12,15]

SvTn: [10,22,25],
85%

ME: [7,12,15]

SvTn: [10,22,25],
85%

ME: [7,12,15]

SvTn: [30,40,55],
90%

ME: B 354 D

SvTn: [25,35,40],
95%

ME: [12,15,20]

SvTn: [25,35,40],
95%

ME: [12,15,20]

SvTn: [1523 D
95%

ME: [12,15,20]

Air pressure filter fault
¢ 50

Home sensor faulg 40
Home parameters
require tuning- 60

Positioning motor fault
¢ 60

Sensor fault 20

Jammed componerg
20

Yarn transfer system
fault ¢ 30

Sensor fault 30

Dirt on sensor shield
40

Yarn transfer system
fault ¢ 30

Sensor fault, 30
System parameters

Replace filter [10,18,20]

Replace home sensor
[20,38,40]

Tune home parameters
[10,18,20]

Replace motor [20, 70, 80]

Replace sensor [20, 35, 40]

Reset system [5,9,10]

Replace components [20,
70,80]

Replace sensor [20, 35, 40]

Clean shield [10, 17, 20]

Replace components [20,
70,80]

Replace sensor [20, 35, 40]

No

No

Yes

No

No
Yes

No

No

No

No

No

Tune parameters [10,18,20] Yes
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Report
description

Ascis analysis
Time [Min] (min,

frequent, max)

Success rate [%0]

To-be analysis time

(min, frequent,
max) [minute],

success [%0]

Possible faults and
their probability [%]

require turningg 40

Fixing procedure and time
(min, frequent, max)
[minute]

Can be
fixed
from

distance?

SvTn: [10,22,25],  SvTn:[1583 1) No
Repeated 850 95% ;;?Jrl? ct;%nsfer system 7R:[;I§]ce components [20,
gma Occurrence of 5001250 @ ME:[7,12,15] ME: [12,15,20] ’
error message: No
"Yarn is broken" Sensor fault 30 Replace sensor [20, 35, 40]
SvTn: [10,22,25],  SvTn: [15,2,30], ¢ | 20 No
Repeated 85% 95% ;;?Jrl? tr?':lgs er system 7Rg% g]ce components [20,
e occurrence of coo1pse | ME[7:12.15] ME: [12,15,20] S ’
error message:
"Starting yar% is Sensor fault; 30 Replace sensor [20, 35, 40] No
broken" System parameters Yes

require turningg 40

Tune parameters [10,18,20]

Additional process times

Table8: Grinding and spinning machine faults

MMCoopens a service request UFEB) min.
MMCo assigns a SvTn to the tagk@R20) min.
SvTn informs the MMCo by phone there is not enough time the SvFaQ){@in.

MMCo re assigns another technician to do a job %) min.

SvTn updates the MMCo by phone to close the service request in the CRM systeibJU¢iif.
ME analyses th&ault and guides the SvTn (#%) min
MMCo fixes a permission problem Triangytgr5,20)
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Appendix 2d Assignment Algorithm

TheSvTnassignment algorithmdescribed irFigurels, is used while assigning SvTn to a new maintenance
taskin the ComVantagébased corrective maintenance process alternative

T_due,,=maximum service interval according to contract
T travel,a,=Maximum travel time
Viae=maximum velocity (80km/H)
T_ovepa=curtseys overtime (2 hour)
Procedure [Task]=Select request(ServiceList)
Begin
For i=1:Length(ServiceList)
ServiceRequest=ServiceList[i];
NewList[i]. T_D=distance(Current location, ServiceRequest.LocatiQr)/V
NewList[i]. T_finish=NewList[i]. T_D+ ServiceRequest. TaskEstimateTime*)
NewList[i]. Mark=NewList[i]. T_D/AFavelat+(ServiceRequest. [@T,ou)/ T_dUgnax
Endfor
Sort Ascending(NewList by T_finish)
T_Thresh=Fgshitt Thow)+T_OVEhax
leu=Max{i [T_finish[i]<T Tresh}
{2NI ! A0SYRAY,H9MEBP [ A &0 AT MmXL
Task=NewList[1]
End
* TaskEstimeTime (for each service request)=Most Probable value for analyzing fault + Most Probable value for fi
fault

Figurel5: SvTn task assignment algorithm
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Appendix 2e Warm -up Time

The warmup time was graphically determined based on workerisdilon. The utilsation examined was
of SvTn, ME, and MMCo workeFdurel6). The warrrup time was determined by the lisaion of SvTn
that was slowestto converge. Based on the graphs a warmtime of 6 months (2880 hours) was

established and accordingly a total run time of 48 months, simulating 6 months of warm up and 3.5 years of
maintenance.

g _
5
"ﬁ S0F ——SvTh 7
= —MMCo
- 40 B ]
- —ME
30} =
s 1
10} -
0 | 1 | |
0 1000 2000 3000 4000

Time [hour]

Figurel6 Utilisation of SvTnME, and MMCo workers
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The fault interarrival time for the commissioning customer is distributed exponentially. The initial value of

the mean inter NNR @+t GAYS Aad (oA QNADKS dNEFdzAg ONIKBS I ¥ aBy
in Table2). The mean intearrival time increases (rate decreases) in a stepwise manner until it reaches the
regular mean intesarrival time. There are 10 steps, one every 72 hokigufel?).

700

650

600

550

500 '_;
450 — High Rate

,_’_, = | oW Rate
400

350 '_’_,
'_l

300
-

250

Mean Inter-arrival Time [hours]

200

0 72 144 216 288 360 432 504 576 648 720

Time [hours]

Figurel7 Mean inter-arrival time of the commissioning customer

Distance Machine Number
Name Location from of Contract type

Munich WS machines

Commissioning

C9 Nuremberg 170 Grinding 8
Small customer
C2 Munich 25 Grinding 7 Removed
.~ C5  Um 150 Grinding 33 Commissioning
Medium customer
C8 Ulm 150 Grinding 44 Removed

Table9: Removedor re-designated as commissioningustomers(with respect to Table 7)
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damages that may result from the use of these materials subject to any liability which is mandatory due to
applicable law.
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