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ABSTRACT

Discrete Event Simulation (DES) is a powerful tool foraihcy improvements in production. However,
instead of integrating the tool in the daily work of production megjis, companies apply it mostly in
single-purpose studies such as major investment projects.i@niicant reason is the extensive time-
consumption for input data management, which has to be performed fygrsaveration analysis to
avoid making decisions based upon obsolete facts. This paper p@sexgproach that combines auto-
mated raw data collection and automated processing of raw datautatgdn information. MTConnect is
used for collection of raw data and the Generic Data Managehm®l (GDM-Tool) is applied for data
processing. The purpose is to enable efficient reuse ofrbdfels by reducing the time-consumption for
input data management. Furthermore, the approach is evaluategegingtion data from aerospace in-
dustry.

1 INTRODUCTION

Compared to desirable values presented by production researchertjztion of production resources
is generally low in industry. For example, the Overall EqeiptvEfficiency (OEE) is often found to be
50 % -60 % in companies across various lines of businesar{amgson 2004). Nakajima (1988) states
that an OEE figure of 85 % should be possible to achieve and that 90 % is thargkdal t

Companies are well aware of the potential of reducing this gap and, thusyucosiyrwork with sys-
tem improvements in a systematic manner. However, despifggdbence of powerful computer support,
Information Technology (IT) tools are underutilized in support @itiouous improvement processes.
One example is Discrete Event Simulation (DES), which isieghph fewer projects than it should be
when considering its capabilities (McLean and Leong 2001).

When correctly applied, DES works well in combination with comtirsuimprovement philosophies
like the Theory Of Constraints (TOC) (Goldratt 1990). Dutimg philosophy’s five iterative steps (Rah-
man 1998), simulation can be profitably applied in the following manner:
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1. Identify the system’s constraint(€)ES results can be used to identify bottlenecks, for example
by studying buffer sizes, resource utilization and machine states.

2. Decide how to exploit the system’s constraintpf]S can be used to optimize buffer sizes around
the bottleneck.

3. Subordinate other resources to the constraini}S can be used to evaluate what-if scenarios
on how workers should prioritize the different production resources.

4. Elevate the system’s constraint(BES is a powerful tool for investment analysis.

5. Ifin any of the previous steps a constraint is broken, go back to.step 1

Based on the arguments above, and its capability of analyzing dyaapects of production flows, DES
is an excellent tool for support of continuous improvement effortsveter, for various reasons, DES is
often applied in well-delimited projects than on a daily basis (Williams 199%).r€ason is the extensive
time-consumption for raw data collection and for the processimgw data to input information for si-
mulation models. These steps, i.e. the input data management poocessne on average 31 % of the
time for an entire simulation study (Skoogh and Johansson 201i8)pfoblem becomes even more evi-
dent when DES is use on a daily basis, since the shop floor shetuges continuously and therefore re-
quire repetitive efforts for input data management

Previous studies show that the main reason for the exteisigrednsumption is that most compa-
nies collect raw data manually and convert it to information eachatismaulation study is launched. One
solution is to automate as many activities as possible and therdidg antomatic updates.

The purpose of this paper is to enable reuse of DES modetsibging the time-consumption for in-
put data management. The aim is to evaluate the feasibilipntbine automated raw data collection and
automated data processing into a push-button solution for DES. Isttldig, MTConnect (MTConnect
Institute 2010) is used to log time-stamps containing machingssectly from the machines. These
raw data are then submitted to a tool for automated data pitngesalled the Generic Data Management
Tool (GDM-Tool) (Skoogh 2009); see Figure 1. The GDM-Tool is@dieware solution that automates
all data processing steps, including categorization, cleanif@lai@on and condensation to statistical
distributions. Using this solution, companies can apply DES in thdiy dark with continuous im-
provements, without spending time and efforts on repetitive work with inpauntatagement.
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Figure 1: Schematic data flow from machine to simulation model.
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Section 2 of the Paper list and describes tools that arentiyra@ailable for data collection. In section 3
the methodology used in the Paper is presented. The Paper comitiuéhe description over the project
and the work that have been achieved in section 4. The Papewgndke discussion in section 5 to-
gether with conclusions in section 6.

2 REVIEW OF INPUT DATA MANAGEMENT TOOLS

Previous research has examined the possible levels of aigonmatnput data management for simula-
tion. A good summary of four different approaches is provided by Robertson and 2£02):
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1. Tailor-made solutionData is primarily collected and processed by the progant manually
supplied to the model and resides in the simulation tool.

2. Spreadsheet solutioData is primarily collected and processed by the progsiint manually
supplied to an intermediate spreadsheet interface and then acétisnaead by the simulation
model. Data resides in the spreadsheet.

3. Off-line database solutiorData primarily derived from Corporate Business System JCB$
tomatically supplied to an intermediate off-line database and thiematically read by the simu-
lation model. Data resides in the database.

4. On-line database solutiorData primarily derived from CBS and automatically supgpbie the
simulation model without intermediate steps. Data resides in the CBS.

Robertson and Perera (2002) found that the manual solutions (1 and 2)ilveessapplied in industry,
but there have been steady advances towards step three andofeevel] integration of high level cor-
porate databases such as Enterprise Resource PlanningsiisRiis has proved to be difficult because
they contain too imprecise data for dynamic simulations (Moon and Phatak 2005).

As displayed in Figure 1, a data management system contains twoanmgnonents: the collection of
raw data and the processing of raw data into appropriate imgués dimulation model. For collection,
there are a few alternatives presented in previous pubhsaingemansson et al. (2005) presents a case
study in an automotive company where an automated data collsgtitsm was used to log breakdown
time-stamps from NC (Numerically Controlled) machines. Theronication technology used in their
case study and the format of the raw data is, however, Ufisgedn addition to reduced time-
consumption, their case study shows that automated collection dftavalso increases the data quality.
See below for a brief review of other solutions for production datariggg

2.1 OPC for Raw Data Collection

One specific communication technology applicable for raw dataeatmh is OPC (OLE (Object Linking
and Embedding) for Process Control), which is a leading worldwide speaificatenabling connectivity
and interoperability of factory floor equipment. OPC is an irdtegn technology developed by the OPC
Foundation that defines a standard interface to control devicgs FO&éndation 2010). OPC promotes
interoperability both horizontally and vertically in the entegiso that it can cut integration costs, speed
deployment and promote increased operating efficiency. The ORGaedkpecification describes a cli-
ent/server object model to allow communication between clientcagiphs (OPC Clients) and control
device servers (OPC Servers).

OPC handles integration by creating a “software bus” soaihyalications need only know the data
required from OPC data sources, not how to get it. OPC Faoandas defined several OPC interface
specifications, including Data Access (DA), Event and AldMemagement, and Historical Data Access.
The Data Access specification provides a standard mechaorscorhmunicating to data sources on a
factory floor. The Event and Alarm Management specificatiomdsfa means for transmitting alarm and
event information between OPC servers and clients. Therldest Data Access specification allows OPC
clients to access historical archives to retrieve and stéadrda uniform manner. The major weakness of
OPC is that it is primarily a standard 10 communication meisina and does not offer any standard de-
vice information models. For example, OPC Clients are redqu make assumptions that certain items
would be available from the CNC (Computed Numerically ConulpllePC Server, but there is not a
guarantee to the tag availability, name, nor type of the data.

2.2  DPWS Combined with Automated Data Processing

A similar proposal as the one presented in this paper is pbhidé@ufenanger et al. (20107?). They used
the Devices Profile for Web Services (DPWS) for colteciof raw data from manufacturing resources
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such as conveyor belts and machines. DPWS enables collection d@étawvhich is then stored in a da-
tabase of an in-house developed application called Machine DgtashAion (MDA). Furthermore the
MDA application also includes algorithms for processing raw data to serve as input to a simulation
model. Raw data collection using DPWS is generic and autonatiteiects production resources con-
nected to the local network, but the algorithms applied for dategsmg are specifically developed for
each implementation. The paper states that their concept showsipgorasults in a test evaluation in
laboratory environment.

3 METHOD

This paper combines the capabilities of two existing techndpiyié@ Connect and the GDM-Tool, in or-
der to achieve a push-button solution for input data managementSn D& solution is designed and
tested in a case study at a manufacturing company in ordesuceehat it is applicable in a real world
context. In addition to designing and demonstrating the solution, tiig atso compares it to alternative
procedures of input data management. The comparison is perfogmmadasuring the time-consumption
for completing the input data management process using a compietelial approach and the proposed
approach combining the capabilities of MTConnect and the GDM-Tool.

The manual approach is, according to the authors’ experienceodtecommonly applied in indus-
try. It includes raw data collection from available data sssihen present but also complimentary ma-
nual gathering, e.g. using a stop-watch. Necessary data cleacimgs elimination of outliers is per-
formed using basic formulas in Microsoft Excel or similar aggtions. This is also the case for
calculations, e.g. for the time between failures by finding tfierdnce in start times of two failures. The
data is finally condensed (usually to statistical distributiarsshg a distribution-fitting software or in
worst case by assuming appropriate distribution families.

This case study is also a part of the validation of the &lokl, which was originally designed and
developed in a case study at a company in the automotive industrstrategy is to test the tool in vari-
ous case studies in different lines of business and therelyagdl its approach to automated input data
management is feasible. Moreover, the different case studlieistroduce further requirements on the
tool and result in implementation of additional functionality. Agsult, the tool will be increasingly ro-
bust and the vision is that it finally will be applicable for any DESs

4 OUTLINE AND EVALUATION OF THE CONCEPT

A test implementation has been performed at a large aeros@anéacturing company in collaboration
with National Institute of Standards and Technology (NIST) toagplivhat new opportunities that data
from MTConnect offers for DES. A work cell in a job shop envirenirwith four high-speed, five-axes
CNC machines together with one pallet shuttle system wadaged. In the work cell a large variety of
aluminum parts with individual cycle times are manufacturati Wigh speed machining. The scope of
the test implementation has been to show how MTConnect data caedéogether with automated data
processing and DES to improve production. Using data processing ¢leeT@ye, Mean Time Between
Failure (MTBF), Mean Time To Repair (MTTR) and Energy usagdd be calculated directly from the
MTConnect data. Note however that the automated data piragessluated in this paper is delimited to
MTBF and MTTR. An overview of what have been done can be seen in Figure 2.

The goal for the entire research project was to study homwgyensage data from MTConnect can be
used for sustainability analysis in DES. It turned out thatdata itself was useful for modeling but the
savings on energy usage was unsatisfying. The data showed thasthod running one of the machines
in terms of electricity was around 50 cents. However, dedpitdéotv savings in this particular case the
authors foresee an interesting future for combined DES and sustainatzlifgia.
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2 | 121872000 10:13.42 m25709/Mazakl ON  AUTOMATIC EXECUTING 1272 19 1

12/18/2009 10:13:42 m25709/Mazak2 ON  AUTOMATIC EXECUTING 1238 0 3 2

4 |12/18/2009 10:13:42 m25709/Mazak3 ON  AUTOMATIC EXECUTING 12 0 3 7

|5 | 12/18/2009 10:13:43 m25709/Mazakd ON  AUTOMATIC EXECUTING 1272 0 3 1
T VB Script

ﬁnT Connect Factory Integration Specification — XML + HTTN

- <Streams>
- <DeviceStream name="Mazak1l" uuid="nist-opcda-net-2-mt-connect">
- «ComponentStream component="Spindle” name="8" componentld="id10111">
- <Samples:
<mt:SpindleSpeed name="Srpm" timestamp="2010-01-21T21:19:01.0265" "
workPieceld="">9000.0000000000 </mt:SpindleSpeed >

IMT Connect

BE B
Figure 2: Overview of the test implementation.

4.1 M TConnect for Automated Raw Data Collection

MTConnect is a new standard for data exchange on the shop floor. MTEE@aespecification based
upon prevalent Web technology including Extensible Markup Langudge)((The World Wide Web
Consortium 2010) and Hypertext Transport Protocol (HTTP) (The ktt&ociety 1999). Using prevail-
ing technology and providing free software development kits miesniechnical and economic barriers
to MTConnect adoption.

M‘E : Http & XML M-E

Agent Client

MTConnect
Device

Figure 3: MTConnect architecture.

Figure 3 shows the MTConnect architecture, where an MTConnect Dewigicise of factory equipment
organized as a set of components that provide data. An MTConnent i&ga process that acts as a
“bridge” between a device and a “Client Application”. The MTCanrfggent receives and stores single
or a time series of data samples or events that are madabéa/to the Client Application. An MTCon-
nect Client is typically a factory application, includispop floor dashboard visualization, Overall
Equipment Effectiveness (OEE), and data mining of asset and process knowledge

The basic MTConnect specification provides a CNC machirertfmomation models including defi-
nitions for position, feeds, speeds, program, control logic, and some tddiie@4TConnect Information
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Model is not hardwired; rather users assemble an XML infeomatodel to match their devices.
MTConnect further provides XML attributes in which to help refine the BelWitormation models. Such
XML attributes include Category, Name, Type, Subtype and Unitsw &ilitions to the Information
Model are backwards compatible, in that MTConnect Clients willboneak when new information is
supplied to them, but will only be unaware of its existence.

In previous work performed by the National Institute of Stashgland Technology (NIST), data pro-
vided by MTConnect has been mapped according to the data requireB&S. Table 1 shows how
the raw data given by MTConnect can be converted to DES pa&raméhe table also includes sustain-
ability metrics as a result of NIST’s promising reshawsao combining DES and sustainability analysis of
production systems. Note however that this test implementatjand® only the down time and the time
between down times, which are the most important parametersnic the dynamics of production sys-
tems (Williams 1994).

Table 1: Mapping MTConnect data into possible DES parameters ingladstainability metrics.

MTConnect Data Timestamp(ts), Machine, Power, Mdeeegcution, Program, Line, Sload,
Xload, Yload, Zload, Aload, Bload, Cload, ToolnuRPM, Alarm, Alarm-
State, AlarmSeverity, PartCount, Feedrate

Cycle Time MT GroaeAuto & MTC,pm > 0 & MTCieeg> 0

Setup Time MT Grogram(y!= MT Cprogram(t-1=>T(MT Crroge = Manual)
excluding pallete shuttle program

Machining Time Cycle Time

Off Time MT Coower = OfFf

Down Time MTGyarm = true

Idle Time T(MTCGyecutio=Paused | MTGoge=Manual)

Mean Time Between E(x) , where x = T(MTGqm!=active, MTGm=active)

Failure

Mean Time To Repair E(X) , where x = T(MJ&m=active, MTG,i=active)

Coolant Energy MT Gog=Auto & MTCpr, > 0 => Coolant max rated kW load, else 0.0
Power kWh = (MTGCspinge *15.0 + MTGqoag -3.5 + MTGpad ‘3.5 + MTGyoag 3.5+
MT Caoad -1+ MTCqloaq- 1)/110.0 + Baseline
CO, Emissions 1.297 Ibs Ger kWh

NO, Emissions 0.004 Ibs NgkWh

42  TheGDM-Tool for Automated Data Processing

The GDM-Tool is a computer application that demonstratesaheept of automated input data man-
agement. All steps in the input data management process aneadexd, except for the collection of raw
data; see Figure 4. This exception is the reason for thatjabtef integrating the tool with MTConnect.
The GDM-Tool is a MS Windows desktop application developed in Gsu@V Studio) and was origi-
nally developed for a case study in automotive industry as a partSefedish research project called
FACTS (Skoogh, 2009). Its main data processing features include:

» Data cleaning:Removal of irrelevant data points. One common example isliecton of ma-
chine stop times, where several stop categories usually bde= removed to suit the needs of
dynamic simulations.

» Data calculations:One example is the calculation of times between fail(f8§) as a subtrac-
tion of two different failure start-times.

» Data condensationDistribution fitting. Files of DES raw data often conta@veral thousand da-
ta points, and that is generally considered too much to supply tembkton model. Hence,
practitioners often prefer to use statistical distributions.
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Figure 4: Outline of the GDM-Tool functionality.

Notice that the GDM-Tool is a middleware solution that waiksilarly to solution 3 presented in chap-
ter 2 (Robertson and Perera, 2002) with the difference thabEid-Tool does not store data itself. In-
stead, raw data is still stored in the original data souscgs,MTConnect XML-files, CBS or regular
spreadsheets. The simulation information, which is the outpuot the GDM-Tool, can reside in any ap-
plication selected by the user. A standardized format suehGMSD (Core Manufacturing Simulation
Data) (SISO 2009) file is preferred for increased interopenabidiitween applications.

An initial goal when designing the GDM-Tool was to make it ptately generic and possible to au-
tomatically connect to any source of raw data. However, dtlestdiversity of data sources, with a huge
amount of in-house legacy systems in industry, such a solutionavaglected. Instead a user with good
knowledge about the production process, the data sources and thdiemmladel has to set up a se-
guence of actions that the GDM-Tool will perform for a givenudation model. In other words a con-
figuration is performed using tools for data extraction, data esiore and output preparation. These
tools are implemented using a plug-in based architecture enablirgrient development and extension
of the GDM-Tool functionality if required.

Later, a configuration can be executed in “automation mode” andifiedipdated data sources. The
automation mode is intended to be the most frequently used amongthedmenvironments. Thus, the
more times a configuration can be used without changes, the more benefi@adpproach of automated
input data management. Finally, an old configuration can also medpe the configuration mode for
further development by selecting “edit mode” in the dialogue box.

4.3  Execution of Data Conversion Using the GDM-T ool

As previously stated, the production data used to evaluate the tentaqn from a real production sys-

tem in the aerospace industry. The authors developed a scpptl taw data from the machines via

MTConnect. Furthermore, a Visual Basic (VB) script was apex to extract the relevant data (see
Table 1) from the MTConnect XML file and present it asestdnanges over a sufficient period of time;
see Figure 5.

A C D E F (G| H | I | J | KJO][P a R s
2 1242009100723 ON  PAUSED PAUSED 3 0 0 3 1 5 8 O0ACIVE ERROR ALarM Sta
3 124-2009 10-07-34 ON  PAUSED PAUSED 0 3 2 46 8 2CLEARED INFO
4 1242009102350 ON  PAUSED PAUSED 3 5 0 3 0 5 9 O0ACTIVE ERROR ALarM Sta
5 124-2009 10:24-10 ON  PAUSED PAUSED 3 5 0 3 0 5 9 0CLEARED INFO
6  124-2009 10:3040 ON  PAUSED PAUSED 3 5 0 2 2 5 16 O0ACIVE ERROR ALarM Sta
7 3 5 0 1 3

12-4-2009 10:30:50 ON PAUSED PAUSED 53 16 0 CLEARED INFO

Figure 5: Example of list of state changes.
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Thereafter, the GDM-Tool imports the list of state changespocesses it in order to go from raw data
to simulation input information. To do this conversion the follovsteps are required, all corresponding
to one plug-in in the GDM-Tool:

1.

2.
3.
4

o o

Import Spreadsheet file.

Remove all columns irrelevant to the specific analysis.

Remove all lines of data points containing state changes other thas.alar

Calculate the time difference between the start and stop tieecbfalarm to achieve the Time to
Repair (TTR).

Store the calculated values in a new column.

Remove all stop times for the alarms.

Calculate the time difference between the start timesladlarms to obtain the Time Between
Failure (TBF).

Store the calculated values in a new column.

Condense the data points in the two new columns via the plug-in famatetd distribution fit-
ting.

10. Export the data to a CMSD interface file; see example in Figure 6.

- «DataSection=
- <Resource=
<Identifier>m25751 </Identifier=
<ResourceType=station</ResourceType=
<Name=0ther</Name=
+ =Property >
+ <Property>
- <Property =
<Mame=MTTR</Mame=
<Description>=Measured by data logging system</Description=
<Unit=second </Unit:
- «Distribution=
<Name =weibull </Name >
- <DistributionParameter:=
<Mame»scale</Name
“alue=604.35</Value=
</DistributionParameter=
- <DistributionParameter:=
<Name=shape</Name=
“alue=0.48</Value=
</DistributionParameter=
</Distribution =
</Property >
</Resource=

Figure 6: Example of CMSD file.

4.3.1 The Difference Between States and Events

One very important difference between the raw data obtainddilionnect and raw data from previous
industrial test cases using the GDM-Tool is that MTConnect gesva list of states. Other data systems
investigated by the authors have instead provided a list of eWens, astateis defined as one row of
data points describing the machine status at one givendaadhe example in Figure 5. Auenton the
other hand is defined as a row of data points containing theistaraind the duration of a specific state
occurrence, in this case the start time and the duration of eachcspkifin.

This difference requires some considerations for the autdna@i& processing in order to identify
the rows of data containing just start times and stop timegtd occurrences, here calldte changes
All other rows of data are irrelevant and must be disregardedtfrerdata analysis. At present the identi-
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fication of these rows containing state changes is perform&isonl Basic (VB) macros so the GDM-
Tool imports and processes a list of state changes.

4.3.2 Required Additionsto the GDM-Tool

To streamline the data collection and processing even more,iNeT®o0l needs an addition of func-
tionality for identifying the rows containingtate changesWith such functionality the plug-in “Remove
row by column value” can be applied to remove rows containing stateshus, just keep a list of state
changes. This enables parts of the VB script to be replacdtelDM-Tool, which reduces the degree
of customization.

5 DISCUSSION

This paper demonstrates complete automation of the input dategeraent process in DES studies, by
combining MTConnect and the GDM-Tool. The concept has the pdténtsignificantly reduce the
time-consumption for updating simulation models. As a result, atironl models can be used on a more
frequent basis and be integrated in the daily work of indusinigineers. This provides support for itera-
tive production development strategies such as TOC and would reatfaglvantage compared to the
present situation when DES is mostly applied in single purpose projects.

MTConnect and similar technologies open several possibititiesllection of raw data for DES, but
there are still a lot of challenges to meet. One chadléndo develop a solution to log MTConnect data
over a longer time period. The current solution to log the datesoftaare spreadsheet works for now,
but will face problems for longer time periods due to the limatabf rows. One solution is to set up a
data-base and let the VB-script continuously store raw data sampé&&OM-Tool can then request and
automatically import data from the data base when a simulation run is zeitiali

Another challenge is to have a more detailed alarm handiidgTiConnect. Currently the alarms
from the machine itself are directly included in the MTConulata. This causes a lot of problems since
every machine vendor has its own sets of alarm codes and impdimeraf alarms. What needs to be
put in place is a way of classifying how severe an alario iBvaluate whether an alarm really corre-
sponds to a complete machine breakdown. This and similar problemsrg important to solve in order
to maintain the user’s trust in accurate data, which is a comnitarism against automated data man-
agement.

The GDM-Tool has now been evaluated in three different industase studies, two in the automo-
tive industry and one in the aerospace industry. The conceptoofiatigd data management still seems to
be promising thanks to the relatively similar structuresaef data sources in industry. However, the tool
has not yet reached the state where it can be directly dtli@ new company without development of
additional plug-ins. Thus, the goal of being generic cannot yetabwaarl. More case studies are required
to evaluate whether the middleware solution can be geneiicsome customization always will be re-
quired. Regardless of these modifications, one common result fosalstadies is a significant reduction
of time-consumption compared to conventional methods in industry.

The approach demonstrated in this paper is one view of the thittbsdiu input data management
presented by Robertson and Perera (2002). Another similar appsahehane presented by Aufenanger
et al. (2010), which combines Devices Profile for Web Servib&a/VS) for raw data collection and a
custom made application for data storage, data processing andtisimuwaslight difference between
this approach and the one presented in this paper is thatDeT@ol is intended to strive towards a
state where it can be considered generic to different productstensy, while the alternative presented
by Aufenanger et al. (2010) requires some customization. A thirdorgitegthe same category is the use
of VB macros for data cleaning and calculations. However, aaepapplication is often applied to con-
dense data to a suitable format for simulation. Working with mdorasput data management is consid-
ered relatively time-efficient given that the programmevédl experienced or/and has a library of similar
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macros for reuse of code. Otherwise the approach is too spmuifithe user runs the risk of spending
more time on macro development than what was originally required to manuakgptbe data.

6 CONCLUSIONS

This paper presents one solution of completely automated input data manaf@mDES models includ-
ing machining operations. The solution is demonstrated on the siomulaput parameters MTBF and
MTTR. Raw data is directly collected by the machines vieQdnnect, processed and prepared for simu-
lation in the GDM-Tool, and finally input to a DES model for productinalgsis. The main objective is
to reduce the time-consumption for input data management in DE&) istlthe major part of most simu-
lation studies. As a result, simulation models can be moreendiguupdated and be integrated in the dai-
ly work of production engineers.

The solution is tested in a case study at an aerospace wtariafpa company with good results.
Compared to complete manual data handling, the estimated timeioadaaround 75 % (from %2 work
day to 1 hour) just for the processing of raw data. If the timeaf@ data collection is included, which
normally takes several days or weeks, the reduction is ofe&ceven larger. Another option evaluated by
the authors is to use VB macros instead of the GDM-Tool andsthision can be almost as efficient
given that the user has built the macros in advance or tfshtehieas a well established library of suitable
code sections. However, the advantage of the GDM-Tool isttipabvides data processing operations
applicable for any manufacturing company storing their raw data in sdetiemal table format.

Both MTConnect and the GDM-Tool are quite new applications for idat# management to DES
and it is therefore necessary to evaluate and improve them fusther industrial case studies. In this
case study some experiences should be highlighted:

» Data provided by MTConnect is polled in intervals specifiedheyuser and, thus, presented as a
list of machinestates Similar systems in manufacturing industry typically sta@s data as
eventscontaining information of both start time and duration. This diffee initiated the devel-
opment of a new plug-in in the GDM-Tool converting a set of states into events

* There are still some issues on how to interpret some data poavisled by MTConnect. One
example is that some down time samples seemed to be too shortdosidered as machine
breakdowns in a DES model. They rather appeared to be logged darertmicication problems
between the machine and the MTConnect agent. In any case, moes siediequired before us-
ing the raw data in sharp industrial DES studies.

e Further development of the GDM-Tool would streamline the data #ven more by reading the
raw data directly from the MTConnect XML-file and elimin#te need for intermediate spread-
sheet storage.
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