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The background for this thesis is formed by twouwloents:

- 3AFV6036386 Engineering Process Description.
— 3AFV6041649 Engineering Process Flow Chart.

The purpose of the first mentioned document isescdbe the project en-
gineering process. The document focuses on engigeactions to meet
the technical requirements of the customer andrthe-hour budget of a
project, on using standard products and systentisofuand on support-
ing commissioning.

The second document is a graphical representatitirecengineering pro-
cess steps described in the first document. It wgasl as a basis for the
simulation model. Both documents were needed tcerstand the com-
plete engineering process.

The aim of this thesis was to build up a simulatiwodel of the proposed
engineering process, and to define adjustablebatés for all the tasks.
The process was modelled in appropriate detaillboveor the identifica-
tion and calculation of the extra time investedli resources.

The engineering process was modelled using comaledscrete-event
simulation software. The model was created in tlases; first the com-
plete process was modelled based on existing dauismend then it was
refined based on the interviews with the persooaritact in the Electrical
Systems and Projects Engineering Process depart@aneé the simula-
tion model is finished, resources will be sizeddduce the extra-time in-
vested in the engineering process.

Therefore, the model itself is the main resultho$ tthesis, because it al-
lows for testing the complete process, and it astsmportant validation
for the department if any modification in the eregning process is ap-
plied in the future.

simulation, engineering, process, model, Simul8.
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1 INTRODUCTION

1.1 Commissioning organisation

ABB is a global leader in power and automation texdhgies that enable
utility and industry customers to improve their foemance while lower-
ing environmental impact. With a global presencenre than a hundred
countries and headquarter in Zurich, SwitzerlanBBA employees are
developing new products and services with the tateshnological ad-
vancements that meet the needs of their custoifB& Group 2013.)

The implementation of this thesis work was conddietéth the Electrical
systems and Projects Engineering Process departhe&BB Marine &
Cranes division located in Helsinki, Finland. ABBakihe Systems devel-
op electrification and automation solutions for tharine industry and a
leading manufacturer of electric power and propulssystems for ships.
As a global maritime organization, it is providimmovative, reliable, safe
and environmentally-friendly solutions and qualtifiservices to reduce
operational costs and ensure optimum vessel lifedge its wide range of
customers. (ABB Marine 2013.)

Due to a strong drive from leadership to improvaliy, reduce engineer-
ing lead-time and improve cost efficiency, the néedimulate the engi-
neering process so as to achieve the requiredsaimavoidable. Project
engineering process is the phase in the projef¢sycle which includes
tasks and activities after the project is handest ¢w the project engineer-
ing department by sales department until the ptegebanded over to the
warranty team. The activities executed in this d@pant include purchas-
ing support, power plant engineering, propulsiostesy hardware engi-
neering, propulsion control software applicatiogierering, product and
software application testing, and other technicglp®rts that may be re-
quired by customers and/or other stakeholders.

Project activities are dependent on the scope ahdeaof a project. Gen-
erally only standard solutions shall be used, sopions are available.
The applicability of different tasks and workflowasndiffer per projects.
Several tasks are performed simultaneously andategly throughout the
project’s execution process. (Kuttila 2012, 3.)

1.2 Aim of thesis

The aim of this thesis was to build up a simulatodel of the proposed
engineering process, and to define adjustabléatas for all tasks.

The process was modelled in appropriate detaillbaveor the identifica-
tion and calculation of the extra time investedhsy resources.
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1.3 Scope of simulation model

The simulation model varies as to the informaticoncading to the dura-
tion of each step in the engineering process. Taimbility is based on a
different complexity level of each project type.

The proposed engineering process is a simplifiedioe of the current
process, so the interdependencies between theediffeteps need to un-
dergo a deep analysis in order to make a correutazion between them.

Furthermore, there is a lack of information abcg trelationship and
communication between the personnel. This is areisgorth considering
because an office simulation model includes theplgebehaviour as its
main resource.

1.4 Research methods

The engineering process was modelled using comaled@crete-event
simulation software. The model was created in tivases; first the whole
process was modelled based on existing documents,tleen refined
based on the interviews with the person of contathe Electrical Sys-
tems and Projects department.

Once the simulation model is finished, resourcd$ @ sized to reduce
the extra-time invested in the engineering process.

Therefore, this model itself is the main resultlué thesis, because it al-
lows testing and checking the whole process, aadt& as important vali-
dation for the department if any modification i thngineering process is
applied in the future.

2 QUANTITATIVE TOOL IN A DYNAMIC SYSTEM

The background of this thesis is formed by two doents:

— 3AFV6036386 Engineering Process Description.
— 3AFV6041649 Engineering Process Flow Chart.

The purpose of the first mentioned document isetecdbe the project en-
gineering process. The document focuses on engageactions to meet
the technical requirements of the customer andrthe-hour budget of a
project, on using standard products and systentigsofuand on support-
ing commissioning.

The second document is a graphical representatitrecengineering pro-
cess steps described in the first document. It wgasl as a basis for the
simulation model. Both documents were needed tcerstand the com-
plete engineering process.
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Through the development of the simulation moded, ¢émgineering pro-
cess flow chart was modified several times untilagpropriate flow to

represent in the simulation software was reached.e®plained below,

drafting flow charts in the process modelling ikeyy step before the rep-
resentation in the simulation program.

2.1 Process modelling

Flow charts are an exceptionally good source forutation logic, since
they provide more information on the parallel amdjiential nature of
sub-processes than work instructions. The same logrks both ways; a
flow chart can be extracted from the simulation eiod

Conceptual process designs must be tested befyeath implemented. It
is possible for the design to be flawed or to sympit deliver the intended
outcomes. The testing can be done through impleatientof pilot pro-
jects, but it is generally an expensive way to grenfan initial assessment
of the process performance. It also takes quiteestme before enough
data are available from the pilot to make a sowmginent of the effects
of the new design.

Therefore, it is an attractive alternative use psscmodelling and quanti-
tative tools for the initial testing. Among the dahle modelling tools, the
most flexible and in many respects the most powdHlthough not al-

ways the most appropriate one) is simulation.

The advantage of using quantitative models tottesprocess designed is
that it is much cheaper and faster than the mhmlementation approach.
Simulation offers freedom in testing new ideas amdrrive at better pro-
cess designs. The drawback is that any model, fagititen, is an approx-
imation of reality, although it can never captulieagpects of it. Particu-
larly hard to model are behavioural issues, whiaehto do with attitudes,
resistance to change, and work behaviour (all fadfwat to a large extent
are unknown before the implementation).

Therefore, process modelling and simulation careneempletely replace
pilot testing and vice versa. To finalize the dasagd explore behavioural
issues, pilot testing is often a worthwhile stefole moving on to a full-

implementation.

In general terms, simulation means “to mimic rgailit some way”. Simu-
lation in the context of process modelling actuadifers to discrete com-
puter event simulation. This is a technique thkivw the representation
of processes, people, and technology in a dynaonwpater model. Pro-
cess modelling and simulation as a concept cooéitte following basic
steps.

Building a simulation model of the process.
Running the simulation model.

Analyzing the performance measures.
Evaluating alternative scenarios.

PwbhrE
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The simulation model mimics the operations of bessprocess. This is
accomplished by stepping through the event in cesged time, often

while displaying an animated picture of the flowhMg stepping through

the events, the simulation software accumulates ddated to the model

elements, including capacity utilization of res@scnumber of jobs, and
waiting times in buffer. The performance of theqass can then be evalu-
ated through statistical analysis of the colleatetput data. (Laguna &

Marklund 2004, 94.)

2.2 Quantitative tool

One of the major strengths of simulation modellasga tool for business
process design is that it can help reduce the mgksrent in any type of
change. The use of scenario-based what-if anadysibles to test various
alternatives and choose the best one.

With regards to what-if analysis, the main advaesagf simulation mod-
elling over test performed on the real system laag t

1. It is done “off-line” without disturbing curreaperations.
2. Time is compressed in a simulation run.

In a redesign effort, an existing process is oles#rand strategies are de-
veloped to change it to enhance performance. Testich strategies on
the real system would disturb daily operations madatively impact re-
sults. In a simulation model, any strategy candsted safely without up-
setting the environment. Time compression can kd bscause in a simu
lation model, events are accelerated. By only cmisig the discrete
events when something happens in the system, dioulean compress
time and “advance the clock” much faster than itildaccur in real time,
enabling the analyst to examine longer time hoszddepending on the
size of the model and the computer’s capabiliteesjeral years can be
simulated in minutes or even seconds.

Another risk that simulation can help mitigatehattof sub-optimization.
As simulation model encompasses various processedysts can study
how these processes interact and how changing aregs impacts the
others.

In relation to other quantitative tools, a majaesgth of simulation mod-
elling is its ability to capture systems dynamiRandom events such as
equipment breakdowns and customer arrivals are heodey using prob-
ability distributions. As the simulation advancestime, the embedded
distributions are sampled through the use of rarndamber generators.
Hence, the dynamic interaction among systems eleni®oaptured.

Another interesting aspect of simulation that isecily related to the
simulation software available today is its ability provide animation to
help visualize the process operations. Througlutieeof animation, ideas
come alive. Equally important are the multitudeottier graphical tools

4
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enabling dynamic reporting of results and trends€Tseries, histograms,
and pie charts are some of the dynamic reportiatufes of most simula-
tion software packages today. These features helplaion modelling
enhance communication. At the same time, the qading nature of sim-
ulation reporting brings objectivity into the picgu Improvement initiati-
ves can be compared and prioritized. (Laguna & Maudk 2004, 95.)

2.3 Stochastic model

A simple process model assumes that activity tiare$ demand are de-
terministic and constant, but in reality, and elatmaf variability will al-
ways exist in the time it takes to perform a certask and in the demand
for service. In situations where the variabilitysimall, deterministic mod-
els might be an adequate way of describing a psodéswever, in situa-
tions with more accentuated variability, these n®d not suffice. In
fact, the variability itself is often one of the stamportant characteristics
to capture in the model of a process.

Variability makes it difficult to match demand aadpacity in such a way
that queues are avoided.

The models of business processes that incorpoagiovity are known in
the literature as stochastic models. These modelble to evaluate how
the process design decisions affect waiting timegue lengths, and ser-
vice levels.

An important difference compared to the deterministodels is that in
the stochastic models the waiting time is no lorgelinput parameter; it
is the result of the specified process time andifreand pattern. Because
eliminating non-value-adding waiting time is an on@ant objective when
designing a new business process, the usefulnestodiastic models in
process design is obvious. (Laguna & Marklund 2004,-172.)

Therefore, it is important to understand why vailighin process parame-
ters is such an important issue from an operatiandl an economic per-
spective.

2.3.1 Variability under an operational perspective

From an operational perspective, the main problétin variability in pro-
cessing times, demands, and capacity is thatdsléa an unbalanced use
of resources over time, causing the informatiomwaiting lines. This will
be referred to loosely as a capacity-planning mnoblThe core of this
problem is that queues (or waiting lines) can aaisany given time when
the demand for services exceeds the resource tapaciproviding the
service. This means that even if the average derfalsdwell below the
average capacity, high variability will lead to taisces when the demand
for services exceeds the capacity and a queus sbalidrm.
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On the other hand, in some instances the capacipyavide service will
greatly exceed the demand for service. This catlegueue to decrease.
Moreover, even if a no queue exists at all, theusse providing the ser-
vice will be idle. At this point, it is importanbtrecognize that queues
concern individuals as well as documents, produmtsintangible jobs.
(Laguna & Marklund 2004, 172.)

2.3.2 Variability under an economical perspective

From an economic perspective, the capacity-planpiofplem caused by

high variability in demand and process times codwsn to balancing the

cost of having too much capacity on certain oceasegainst the cost as-
sociated with long waiting lines at other times.eT¢ost of delays and
waiting can take on many different forms includthg following.

— The cost of lost customers who go elsewhere beaafusadequate
service.

— The cost of discounts because of late deliveries.

— The cost of goodwill loss and bad reputation affectuture sales.

— The cost of idle employees who have to wait for edask to be
completed before they can continue their work.

Ultimately, these costs will affect the organizatieven though the impact
sometimes might be hard to quantify. The cost afesgive capacity is
usually easier to identify. Primarily, it consisitthe fixed and variable
costs of additional and unused capacity, includitegyeased staffing lev-
els.

Total
cost

.
’
P
”,
’ .
,2 Costof
. service
s’

Cost

~<_ Cost of waiting

-
-~
———

Process capacity

Figure 1 Economic trade-off of between service capacity wading time (Laguna &
Marklund 2004, 173.)

Figure 1 depicts the economic trade-off associatéti the capacity-
planning problem. The x-axis represents the sema@gacity expressed as
the number of jobs per unit of time the system camplete on average.
The y-axis represents the total costs associatédweiting and providing
service. The waiting cost reflects the cost of hgvioo little service ca-
pacity, and the service cost reflects the costqliming and maintaining a
certain service capacity.
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It follows that in order to arrive at design deciss that will minimize the

total costs; the first step is to quantify the gled@sociated with a certain
capacity decision. Second, this delay needs todrslated into monetary
terms to compare this to the cost of providing date service capacity.
(Laguna & Marklund 2004, 173.)

2.4 Introduction to simulation

Because many business processes are cross fuh@mhaharacterized
by complex structure and variability patterns, arenflexible modelling
tool is needed. Simulation offers this flexibiliynd represents a powerful
approach for analysis and quantitative evaluatidousiness processes.

In general, to simulate means to mimic reality @me way. Simulation
can be done, for example, through physical modats ss wind tunnels,
simulators where pilots or astronauts train byraténg with a computer
in a virtual or artificial reality, or through comfer-based models for
evaluation of a given technical system or processgih. In the latter case,
simulation software is used to create a computedahthat mimics the
behaviour of the real-world process.

The rapid development of computer hardware andvsot in recent years
has made computer simulation an effective toopfoaicess modelling and
an attractive technique for predicting the perfanoeof alternative pro-
cess designs. It also helps in optimizing theiicafficy. Simulation is use-
ful in the context because business process désigndecision-making
problem for which the following is true.

— Developing analytical mathematical models in maases might be
too difficult or perhaps even impossible.

— The performance of a process design typically dépdreavily on
the ability to cope with variability in inter-aray and processing
times (implying for a modelling tool that can inporate several
random variables).

— The dynamics are often extremely complex.

— The behaviour over a period of time must be obskteevalidate
the design.

— The ability to show an animation of the operatisnoften an im-
portant way to stimulate the creativity of the desieams.

Despite its many virtues, simulation is sometimes by scepticism from

practitioners and managers. Much of the reluctdoeard using simula-

tion stems from the misconception that simulat®extremely costly and
time-consuming. This is despite the many succesgestshowing that the
savings from using simulation to improve processigies has far exceed-
ed its costs. (Laguna & Marklund 2004, 223.)

In fact with the advanced modelling tools that emerently available, the
model development and experimentation phase madiet only a few days
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or weeks, representing only a small fraction of dherall project devel-
opment time (Harrell and Tumay, 1995).

One of the most resource-consuming efforts thaingm building a valid

simulation model understands how the process aggerkfowever, as dis-
cussed before, this process understanding is assigcéor achieving an
effective process design and must be done whetheotsimulation is

used. (Laguna & Marklund 2004, 223.)

2.4.1 Computer-based simulation models

Simulation models in general and computer-basedeitsad particular can
be classified in three ways according to theiilaites.

— Static or dynamic.
— Deterministic or stochastic.
— Discrete or continuous.

A static model is used when time does not playl@irothe actual system.
For example, a model of a bridge does not depentiian A determinis-
tic model is such that the outputs are fully detegd after the inputs are
known. Take a computer model for calculating thdewaressure of a
pipe networks as an example. The pressure is kmowa the designer se-
lects the pipe diameters for all the pipe segmehtdiscrete model con-
siders that individual units (i.e., the transientitgees of the system) are
important. Most manufacturing, service, and busingocesses are dis-
crete. Business processes in general are reprdsasteomputer-based
dynamic, stochastic, and discrete simulation models

A computer-based simulation model is an abstraatiothe actual busi-
ness process, represented in the computer as arkeifvconnected activ-
ities and buffers (or equivalent, a network of bagueuing systems)
through which jobs or customers flow. To provideogrect representation
of the process, the model also must capture treuress and various in-
puts needed to perform the activities.

Because process modelling is only one applicati@a dor simulation
modelling, a more general terminology for descigbansimulation model
is to refer to it as an abstraction of a systerhaathan a process. Concep-
tually, a system is defined as a collection of tegtithat interact with a
common purpose according to sets of laws and pslidntities are either
transient or resident. In the process terminoldgnsient entities are jobs
that flow through the system, and the residenttiestiare the buffers,
workstations, and resources that make up the psaoetsvork. Laws are
not under the process designer’s control. Laws rgdigeare represented
by parameters. Sensitivity analysis is the expemniatéon used to deter-
mine the effect of changes in parameter valuesicies] on the other
hand, are under the designer’s control. A poligjidslly is implemented
by changing input factors. Design is the experimgon used to deter-
mine the effect of changes in input factors andesysstructure.
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In process design models are used to study thevimemaof a process. A
process can be modelled symbolically, analyticatly,with simulation.
These models include process activity charts, m®odiagrams, and
flowcharts. Symbolic models are quick and easyeetbp, and are easily
understood by others. The main disadvantage of sjentmodels is that
they fail to capture the dynamics of the procetshéir underlying as-
sumptions were valid for a system under study,ethmsdels would be a
convenient way to evaluate quantitatively differpnbcess designs. The
main disadvantage is that these underlying assongptre often restric-
tive. Furthermore, because these tools offer naooisvgraphical represen-
tation, they might appear abstract to the procesgder.

Modern simulation software in a sense combinesd#seriptive strength

of the symbolic models with the quantitative stiangf the analytical

models. It offers graphical representation of theded through graphical

interfaces, as well as graphical illustration af #ystem dynamics through
plots of output data and animation of process djmrs At the same time,
it enables estimation of quantitative performan@asures through statis-
tical analysis of output data. The main disadvaatafjsimulation is the

time spent learning how to use the simulation safevand how to inter-

pret the results.

To summarize, the following are some of the mainiattes that make
simulation powerful.

— Simulation, like analytical modelling, provides aagtitative meas-
ure of performance (e.g. resource utilization oerage waiting
time).

— Simulation, unlike analytical and symbolic modatsable to take
into consideration any kind of complex system w#&iaand statis-
tical interdependencies.

— Simulation is capable of uncovering inefficienctbat usually go
undetected until the system is in operation.

Therefore, simulation software packages are usedhas-if tools. This
means that given a simulation model, the desigreeridvexperiment with
alternative designs and operating strategies ierotd measure system
performance. Consequently, in such an environnteatmodel becomes
an experimental tool that is used to find an effectiesign. (Laguna &
Marklund 2004, 224-225.)

2.4.2 Discrete event simulation

Business processes usually are modelled as corvipaged, dynamic, sto-
chastic, and discrete simulation models. The mostnaon way to repre-
sent theses models in the computer using discreetesimulation. In
simple terms, discrete-event simulation describms h system with dis-
crete flow units or jobs evolves over time. Techflig this means that the
computer tracks how and when state variables ssajuaue lengths and
resource availabilities change over time. The stat&bles change as a
result of an event (or discrete event) occurringhm system. A character-
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istic is that discrete-event models focus only loa time instances when
these discrete events occur. This feature allowsifmificant time com-
pression because it makes it possible to skip thrall time segments be-
tween events when the state of the system remaitsanged. Therefore,
in a short period of time, the computer can sinaukatlarge number of
events corresponding to a long real-time span.yhagk Marklund 2004,
226.)

The key reason for using discrete-event simulaisothe need to model
processes that are subject to variability and d@natinterconnected, which
leads to complexity. Variability can be thoughtifterms of predictable
variability (e.g. shift changeovers) and unpredittavariability (e.g. pa-
tient arrival patterns and consultation times). €aivthat most processes
are subject to a range of sources of variabilitiziclv are interconnected
(e.g. arrival profiles, to triage times, to initednsultation times, etc.), the
process becomes complex. As a result, the perfarenahthe process is
difficult to predict; hence the need for simulatid®omplexity arises not
just from the scale of the process under investigabut also through the
dynamic interaction and feedback between elemeftsh® process.
Meanwhile, queues emerge between process stepseasltof the com-
plex interaction of individual processes which atject to variability.
Hence the key assumptions of discrete-event siimulatre that processes
are subject to variability, they are interconnectadl complex; queues
emerge within the process and process performanoedss flow) is dif-
ficult, or indeed impossible, to predict withoutnsilation.

Discrete-event simulation is primarily used as ansefor testing whether
a proposed performs as expected and to look fomseéimproving a
process. The common benefits of using discrete tesinulation in a
manufacturing context are risk reduction, greatefeustanding, operating
cost reduction, lead time reduction, faster pldmnges, capital cost re-
duction and improved customer service. These bisnefin easily be
translated to other context such as services. (Rohi Radnor, Burgess &
Worthington 2012, 7-8.)

To illustrate the mechanics of a discrete-evenuktion model, consider
an information desk with a single server. Assunad the objective of the
simulation is to estimate the average delay ofstatner. The simulation
then must have the following state variables.

— Status of the server (busy or idle).
- Number of customers in the queue.
— Time of arrival of each person in the queue.

As the simulation runs, two events can change #hgevof these state var-
iables: the arrival of a customer or the completibrservice. The arrival

of a customer either changes the status of theeséiom idle to busy or

increases the number of customers in the queue cdimpletion of ser-

vice, on the other hand, either changes the stditilie server from busy to
idle or decreases the number of customers in thaequ
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Because the state variables change only when art eveurs, a discrete-
event simulation model examines the dynamics ofsystem from one
event to the next. That is, the simulation moves ‘Simulation clock”
from one event to the next and considers that ysees1 does not change
in any way between two consecutive events. For el@nif a single cus-
tomer is waiting in line at grocery store and tlextrevent is the comple-
tion of service of the customer who is currentlyipg for his groceries,
then discrete-event simulation does not keep tedidlow the customer in
the line spends her waiting time. In other word®e simulation keeps
track of the time when each event occurs but assuhed nothing hap-
pens during the elapsed time between two conseceatignts.

Figure 2 summarizes the steps associated withceetiisevent simulation.
The simulation starts with initializing the currestate of the system and
an event list. The initial state of the system, édaample, might include
some jobs in several queues as specified by tHgsinki also could speci-
fy, for instance, the availability of some resowsraethe process. The most
common initial state is to consider that no jobes iarthe process and that
all resources are currently available and readw. 8¥ent list indicates the
time when the next event will occur. For examphe event list initially
might include the time of the first arrival to tipeocess. Other events
might be scheduled initially, as specified by thalgst.

State

Initialize

Event List

Advance Clock to

| Time of Next Event

Change State

,{ Exccute Event  [-—-------4  Cancel Events

_r Schedule Events
Remove Event L

[rom List

L STOP? | Summary Stalistics

Figure 2 Discrete-event simulation. (Laguna & Marklund 20027 .)

Once the initialization step is completed, the kl@advanced to the next
event in the event list. The next event is thercetex. Three activities are
triggered by the execution of an event. First,dlent state of the system
must be changed. For example, the execute evelhit iméga job arriving
to the process. If all the servers are busy, therstate change consists of
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adding the arriving job to a queue. Other statengha might require de-
leting a job from a queue or making a server busy.

The execution of an event might cause the canumilaif other events.
For example, if the executed event consists of ehina breakdown, then
this event forces the cancelation of the processirjgbs that are waiting
for the machine. Finally, the execution of an eveay cause the schedul-
ing of future events. For example, if a job arrieesl is added to a queue,
a future event is also added to the event liscatthg the time that the job
will start processing.

When an event is executed, the event is removex fne event list. Then
the termination criterion is checked. If the ciib@rindicates that the end
of the simulation has been reached, then raw diatg avith summary sta-
tistics are made available to the analyst. On therchand, if the termina-
tion criterion indicates that the simulation hag finished (for example,
because more events remain in the event list), thertlock is advanced
to the time of the next event. (Laguna & MarkluriD2, 226-227.)

Data analysis is a key element of computer simutatiVithout analysis of
input data, a simulation model cannot be built amatidated properly.
Likewise, without appropriate analysis of simulatioutput data, valid
conclusions cannot be drawn and sound recommemndattannot be
made. In other words, without input data analygisre is no simulation
model, and without output data analysis, a simatathodel is worthless.
(Laguna & Marklund 2004, 326.)

2.5 Input data analysis

Input data analysis is needed because businessgsexcare rarely deter-
ministic. Factors such as arrival rates and pracggsnes affect the per-
formance of a process, and they are typically ntardenistic (i.e., sto-
chastic). For instance, the time elapsed betweemithval of one job and
the next generally follows a nondeterministic patthat needs to be stud-
ied and understood in order to build a simulatioodsel that accurately
represents the real process. In addition, buildirgimulation model of a
process entails the re-creation of the random eiésria the real process.
Therefore, three main activities are associatetl Wie input data neces-
sary for building a valid simulation model.

1. Analysis of input data.
2. Random number generation.
3. Generation of random varieties.

Input data are analyzed to uncover patterns su¢hose associated with
inter-arrival times or processing times. After #ralysis is performed, the
patterns are mimicked using a stream of random eusndhe stream of
random numbers is generated using procedures fihdissed on starting
the sequence in a so-called seed value. Becaugeattezns observed in
the real process may be diverse (e.g. a patteimtetarrival times might
be better approximated with an Exponential distidoy and a pattern of
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processing times might follow a uniform distribut)p some random num-
bers need to be transformed in a way such thaoliserved patterns can
be approximated during the execution of the sinmutatnodel. This trans-

formation is referred to as the generation of ramdarieties. (Laguna &

Marklund 2004, 326.)

2.5.1 Dealing with randomness

One option for mimicking the randomness of a reatess is to collect a
sufficient amount of data from the process and tenthe data as the in-
put values for the simulation model.

However, this approach has several shortcomingst, Field data (also
called real data) typically are limited in quantifgcause in most process-
es, the collection of data is expensive. Therefitre length of the simula-
tion would be limited to the amount of availableaada&Second, field data
are not available for processes that are not cllyrenoperation. Howev-
er, an important role of simulation is to aid ire thesign of processes in
situations where an existing process is not avialabield data can be
used on a proposed redesign of an existing probess, is likely that the
problem of not having enough data to draw meanirggaclusions would
be encountered. Third, the lack of several scesagpresented by field
data would prevent one from performing sensitiatyalysis to disclose
the behaviour of the process under a variety oflitmms. Finally, real da-
ta may not include extreme values that might dxigtthat do not appear
in the data set collected. Probability distribusdanctions include these
extreme values in the tails.

Although field data are not useful for gaining d finderstanding of the
behaviour of a process, they are useful for modétiation. Validating a
model entails checking that the model behaves tiiee actual process
when both are subject to exactly the same datarpattModel validation
is necessary before the model can be used forsisalgd prediction.

Due to these limitations, simulation models aredsiby built to run with
artificially generated data. These artificial data generated according to
a set of specifications in order to imitate thetgrat observed in the real
data; that is, the specifications are such thatt@gacteristics of the arti-
ficially generated data are essentially the samtha@se of the real data.
The procedure for creating representative artifidéda is as follows.

1. A sufficient amount of field data is collected tenge as a representa-
tive sample of the population. The collection af thata must observe
the rules for sampling a population so the resglsample is statisti-
cally valid.

2. Statistical analysis of the sample is performedriher to characterize
the underlying probability distribution of the pdation from which
the sample was taken. The analysis must be suttintgrobability
distribution function is identified and the appriape values of the as-
sociated parameters are determined. In other wdhds population

13



Engineering process simulation model

must be fully characterized by probability disttilom after the analy-
sis is completed.

3. A mechanism is devised to generate an unlimitedb®rnof random
varieties from the probability distribution iderndifl in step 2.

The analyst performs step 1 by direct observatibthe process or by
gathering data using historical records includimgse stored in databases.
Some software packages provide distribution-fittiogls to perform step
2. These tools compare the characteristics ofdhgke data to theoretical
probability distributions. The analyst can chodse probability distribu-
tion based on how well each of tested distributiissthe empirical dis-
tribution drawn from the sample data. (Laguna & kfiand 2004, 327-
328.)

Most of the simulation software packages provid®dad for performing
the third step. These tools are designed to gieesuhe ability to choose
the generation of random varieties from an extensatalogue of theoret-
ical probability distributions.

2.5.2 Probability distribution of field data

A probability distribution function (PDF), or if éhdata values are contin-
uous, a probability density function, is a modelrépresent the random
patterns in field data. A probability distributicga mathematical function
that assigns a probability value to a given valueamge of values for a
random variable. The processing time, for instarsca,random variable in
most business processes. (Laguna & Marklund 2028L) 3

Researchers have empirically determined that mamgam phenomena in
practice can be characterized using a fairly smathber of probability
distribution and density functions. This small nienbf PDFs seems to be
sufficient to represent the most commonly obsepattierns occurring in
systems with randomness. This observation has eaged mathemati-
cians to create PDF structures that can be usedptesent each of the
most commonly observed random phenomena. The stescare referred
to as theoretical in nature; they are inspired agtegpns observed in real
systems. An example of a best-know distributiok/méform distribution,
Figure 3 shows its characteristics.

14



Engineering process simulation model

Probability f(x)
Density
Function

A
b-a

1
fix) = o-a B
0 otherwise

Figure 3  Uniform distribution (Arena User’s Guide 2005, 123.

The Uniform distribution is used when all valuespwa finite range are
considered to be equally likely. It is sometimesdug/hen no information
other than the range is available. The unifornrithstion has a larger var-
iance than other distributions that are used winéormation is lacking.
(Arena User’'s Guide 2005, 123.)

Some of the other best-know distributions are Tgidar, Normal, Expo-

nential, Binomial, Poisson, Erlang, Weibull, Bedad Gamma. The struc-
tures of these distributions are well establishet] guidelines exist to
match a given distribution to specific applications

To facilitate the generation of random varieti¢ss inecessary to identify
a PDF that can represent the random patterns assoavith a real busi-
ness process appropriately. It is also desirabériploy a known theoreti-
cal PDF if one can be identified as a good appretion of the field data.
At this stage of the analysis, several PDFs mustdmsidered while ap-
plying statistical methods to assess how well tleotetical distributions
represent the population from which the sample datige taken. (Laguna
& Marklund 2004, 329.)

2.6 Output data analysis

One of the main goals of this analysis is to deieenthe characteristics of
key measures of performance such as cycle timaroughput for given
input conditions such as changes in resource diijyaor demand vol-
ume. This can be used to either understand thevimimaof an existing
process or to predict the behaviour of a suggestedess. Another im-
portant goal associated with the analysis of outfata is to be able to
compare the results from several simulated scehanm determine the
conditions under which the process is expectedeidopm efficiently.
(Laguna & Marklund 2004, 326.)

The previous sections have addressed the issuesiass with the mod-

elling of process uncertainty using discrete-ewg#miulation. The stochas-
tic behaviour of the output of a process is dumpaits (e.g. the uncertain-

15



Engineering process simulation model

ty in the arrival of jobs) and internal elementgy(¢he uncertainty of pro-
cessing times, the routing of jobs in the procesghe availability of re-
sources). Hence, the output of a simulation moldel should be treated as
set of random variables. For example, the walitimg tof jobs is a random
variable that depends on the inputs to the simariatiodel as well as the
model’s internal elements. Other random varialil@s &re outputs of pro-
cess simulations are cycle time and work-in-process

In the context of business process design, sinoulatudies are performed
for the following reasons.

1. To estimate the characteristics (e.g. mean andiastdrdeviation) of
output variables (e.g. cycle times) given some tngnditions and
values of key parameter settings. This estimatelpshone understand
the behaviour of an existing business process exttiglrthe behaviour
of a proposed process design.

2. To compare the characteristics (e.g. minimum angimmam) of out-
puts variables (e.g. resource utilization) givemsanput conditions
and values of key parameter settings. These cosgrerihelp one
choose the best design out of a set of alterngieeess configura-
tions. Also, the comparisons can be used to detertie best operat-
ing conditions for a proposed process design.

Statistical analysis of simulation output is neeegs$n order to draw valid

conclusions about the behaviour of a process. VWeeforming statistical

analysis, one must deal with the issues relatsanaepling and sample siz-
es. These issues cannot be ignored, because waadusions cannot be
drawn from single simulation run of arbitrary leimg(Laguna & Marklund

2004, 349.)

Various authors and manuals stress the importaincenoprehensive sim-
ulation model verification and validation before tresults that are gener-
ated by a simulation run can be accepted as repetse of the simulated
scenario. Verification is the process of deterngninat a model operates
as intended. Throughout the verification process,try to find and re-
move unintentional errors in the logic of the modéiis activity is com-
monly referred to as debugging the model. In cattraalidation is the
process of reaching an acceptable level of confiedehat the inferences
drawn from the model are correct and applicablthéoreal-world system
being represented. Through validation, we try ttedsine whether the
simplifications and omissions of detail, which wavk knowingly and de-
liberately made in our model, have introduced uaptably large errors in
the results. (Albertyn 2005, 140.)

3 SIMULATION ENGINEERING PROCESS

The previous sections are mainly the theory appghetthe present thesis.
This theory establishes a connection with the ghesickground and an-
swers about what a simulation is and what are ¢lysskements of it.

16



Engineering process simulation model

As explained at the beginning of the present docujmke aim of this the-
sis was to build up engineering process simulatmuel and define ad-
justable attributes for all tasks.

Therefore, discrete-event simulation theory haslukdined previously to
understand the commercial discrete-event simulegajtware that allows
the modelling of the proposed engineering process.

In the commercial market, there are different satioh programs. To
choose one or other depends on the simulation igscthe key parame-
ters to simulate and how the results will be sho@nce all of these key
elements are evaluated, the comparison betweenladion programs is
more accurate, and to obtain a proper choice isreas

3.1 Simulation objectives

In the present thesis, the simulation objectivesevaefined by the Electri-
cal Systems and Project department personnel of MR@Bne and Cranes.
The main objectives to simulate the proposed erging process were
the following:

— Simulation software that allows defining adjustahbléributes for
each engineering process step.

— Simulation model that represents the engineeringgss.

— Customized results that show the usage of the resswand the op-
eration times of each engineering process step.

- Link to Microsoft Office Excel to analyze the custized results.

These objectives were the guideline of the simatatnodelling. In the
simulation model were accomplished in a proper way.

3.1.1 Given inputs

The inputs of the engineering process simulatiodehavere related with
the variability explained in the previous chaptdrse Electrical Systems
and Project department personnel of ABB Marine @nahes established
the desire of a simulation model, easy to use aljdstable parameters
that affect directly the performance of the engimggprocess.

Mainly, the given inputs of the simulation modelre/¢he following:

- Input data on the entry of the different projects.

— Operation time of each engineering process step.

— Percentages to get the different approvals.

— Number of resources available in the engineerionggss.
— Time data of the simulation model.

These given inputs were defined in the simulaticdeh in a more detalil
dialogs that make easier the introduction of thie.da
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3.1.2 Desired outputs

According with the aim of the Electrical Systems @&roject department
personnel of ABB Marine and Cranes, the desireguius to improve the
engineering process efficiency cutting 10% of eagimg hours.

It means customized results that show engineegad time and utiliza-
tion of the resources. Another important issueisfter a document that
allows a link with Microsoft Office Excel to analyzhe information col-
lected.

The following data appears in the customized resulien the simulation
is finished:

— Number of completed jobs through the engineering@ss.
- Working percentage of each engineering process.step
— Average queuing time in the simulation model.

— Utilization percentage of the different resources.

— Re-work percentage in the denied approval of tgpts.

In the simulation model these customized resuéisshown in a deeply de-
tail offering a clear view of the data collectechddto make a quick com-
parison between them is easier.

3.2 Selection of a suitable tool

As explained before, there are several commerofailvare programs that
can simulate the process, one of the main differeme choose one or an-
other was to identify the key parameters to sineulat

The present thesis is about an engineering pratessation model where
the work item is documentation, and the main emvitent is the office.
Therefore, the proposed engineering process faceunplex service in a
dynamic system. And to simulate it, discrete-ev@ntulation software
was needed.

A correct approach to compare the different simofaprograms was
classifying them according with their main applicas:

— Complex system design evaluation: AnyLogic, AreAafoMod,
SIMPROCESS, Simul8.

— Service systems: Arena, ExtendSim, Simul8.

— Supply chain management: AnyLogic, Arena, FlexsBAS simu-
lation Studio.

— De-bottlenecking: Plant Simulation, ShowFlow, Sigwul

- What if scenarios: Arena, Enterprise Dynamics, SRAOCESS,
Simul8.

— Business process reengineering and workflows: Ardéfexsim,
ProModel, Simcad Pro, SIMPROCESS, Simul8.
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- Manufacturing systems: AutoMod, Flexsim, GoldSingr®® Simu-
lation, ProModel, Simcad Pro, Simul8.

The previous classification shows the main prograristing that are used
to simulate the different applications. A quick clusion was that Arena
and Simul8 are used in the most of the applicatithmeans that both
programs offer a flexible simulation modelling as@mmon tools to simu-
late different scenarios and processes.

Therefore, the selection of a suitable tool wasi$ec in a comparison be-
tween both commercial software packages.

3.2.1 Arena & Simul8 comparison

The comparison was based on the requirements mukgifeviously ac-
cording with the given inputs and desired outpiihle 1 shows the in-
formation.

Table 1  Arena vs. Simul8 (Albertyn 2005, 160.)

Attribute Arena Simul8
Acquisition cost 14 1
Annual licensing fees 2 None
Graphics capability More advanced More basic
Modellm_g environment More complex More simplistic
complexity
Slmulr?\t]on modelling More capable Adequate
capability
Simulation model ease af More difficult More easy
use
Link with Excel Yes Yes
Link with Visio Yes Yes
Logic programming lan- Less accessible (VBA) More accessible (VL

guage accessibility

The acquisition cost and annual licensing feeshefgimulation software
packages change over time because the developgist adces to ac-
commodate software upgrades and inflation. Theeefloe values for ac-
quisition cost and annual licensing fees that aesgnted in the Table 1
are only representative and not absolute.

A basic design philosophy of the generic simulatioodelling methodol-
ogy is to use the most basic of the standard siioulaoftware package
building blocks whenever possible. This approaghpsus the design cri-
teria of compact simulation model size and shamugation runtimes.
Therefore, user can find in Simul8, a modellingissryument simpler than
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Arena, and also Simul8 uses a basic graphics th&ereasier to under-
stand, since the first usage. (Albertyn 2005, 160-)L

The ability to read input variables from, or to #@routput variables to, an
external file is seen as one of the basic capmsilihat is needed to sup-
port the user-friendliness design criterion of tpeneric methodology.
Both simulation packages allow the link with MicofisExcel, to import
and export data, and Microsoft Visio to import fl@hart previously de-
signed. This easy link allows to the user redueetitne to learn the simi-
lar applications that these programs offer.

The Arena simulation model uses WKS files as thpuwumechanism for
the results that are generated by a simulation Tae. Simul8 simulation
model uses spreadsheets variables as the inpuiwpdt mechanisms of
the simulation model. In Simul8 every variable tisatised by the simula-
tion model is defined in the Information Store. &able is called a Glob-
al Data Item and may be defined as a spreadshiistisTvery useful fea-
ture because it allows easy manipulation of vaealdnd simplifies the
import and export of values into and out of thewdation model. It creates
an easy link with Microsoft Excel.

The generic simulation modelling methodology présenstructured ap-
proach that renders simulation models with theofeihg characteristics:

— Short development time.

— Short maintenance time.

— User-friendliness.

— Short simulation runtimes.

— Compact size.

- Robustness.

— Accuracy.

— Preferably a single software application.

Both the Arena and Simul8 simulation software pgelsaconform to all
these characteristics. In both packages short derednt and maintenance
times are achieved through the use of the high-leleeks. Both packages
allow hierarchical modelling (through the use obsuoodels in the arena
environment and sub-processes in the Simul8 enviemt) and support
user-friendliness with their input and output methes (through the use
of input and output files in the Arena environmant spreadsheets varia-
bles in the Simul8 environment). These inputs mesmas allow fast and
easy access to input and output variables. Acckpgaimulation runtimes
and compact simulation model sizes are achievalile both packages.
Both packages produce accurate simulation modetsépd through veri-
fication and validation) and allow the whole sintida model to be ac-
commodated in a single software application. (ANoe2005, 124-129.)
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3.2.2 Arena evaluation

The strengths of the Arena simulation software pgekare a more ad-
vanced graphics capability and additional modellcapabilities, like

transporters, conveyors, etc. These additionalltbies do not feature in

the generic simulation modelling methodology, boild be important for

users when seen in the broader perspective of @esienulation model-

ling applications.

The weaknesses of the Arena simulation softwar&gggcare higher ac-
quisition cost, annual licensing fees, more compiexdelling environ-
ment (and thus more difficult to learn and use),imernal logic pro-
gramming language, larger simulation model size lander simulation
runtime. (Albertyn 2005, 161-162.)

3.2.3 Simul8 evaluation

The strengths of the Simul8 simulation softwarekpge are lower acqui-
sition cost, no annual licensing fees, more sirtiplimodelling environ-
ment (and thus easier to learn and use), inclusi@n internal logic pro-
gramming language, smaller simulation model siz shrorter simulation
runtime. The use of spreadsheet variables as aqmibutput mechanisms
enhance user-friendliness and therefore the easseobf Simul8 simula-
tion models is also strength.

The weaknesses of the Simul8 simulation softwaiekage are a more
basic graphics capability and less modelling cdjtiggsi. But the inclusion
of Visual Logic allows great modelling freedom acréativity. (Albertyn
2005, 162.)

3.2.4 Comparison conclusion

Once the comparison was done and the informatiobhott simulation
programs was analyzed, the selection of a suitablewas justified under
the simulation objectives according with the giveputs and desired out-
puts.

Therefore, the simulation software package that mvase suitable to rep-
resent the proposed engineering process was Sinmuilation with the
selection, there were some key reasons that Siwasg8chosen:

1. Simul8 acquisition cost is lower than Arena. It lgas more simplistic
modelling environment, smaller simulation modelesiand an easier
link with Microsoft Office Excel.

2. The simulation model faces an engineering procdssavpeople be-
haviour has to be modelled. Using Arena environmeith basic
building blocks is not enough to represent it. 38ranvironment con-
sists primarily of a block of Visual Logic (VL) ced and it offers a
very detailed logic to control the operation of gwaulation.
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3. Previously in ABB Marine and Cranes, Simul8 simiolatsoftware
package has been used and the existing experiepositive.

4. HAMK UAS has got an educational license that allaviee use of
the simulation software.

3.3 Simul8 concepts

Once Simul8 was selected to simulate the enginggniocess, is neces-
sary to explain the main elements used in the sitiaul modelling.

A Simul8 simulation model is made up of objectsairstructure. Work
items (work to be done in the operation) travebtigh the structure with
objects controlling their flow. The structure ipresented on the screen by
a number of objects and lines joining these objektgreat deal of detalil
can be placed behind this structure. This makesssible to use Simul8 at
a strategic level, and at a detailed tactical leasl required. (Hauge &
Paige 2001, 53.)

Therefore there are two fundamental concepts uederdst model build-
ing in Simul8: Objects and Work Items. Objects eméties that create the
structure of the simulation, these entities proaasgrovide services to
work items.

3.3.1 Work ltem

A “Work Item” is the work which is done in the omgaation being simu-
lated. Work items flow through the simulation, ahdy are stored or pro-
cessed in different objects. Each work item is ofTgpe” known as

“Work Item Type”. For example, patients in a hoapitnvoices in an ac-
count department or products in a factory. (Haugeagge 2001, 56.)

In the simulation described, work items are maohitguments. They start
out as orders from “Sales Department”, pass thrabghengineering pro-
cess steps, and finish in the “Warranty Process”.

3.3.2 Start Point

A “Start Point” is a work generator object. It ietplace where work to be
done first appears in the simulation. Usually mgly describes the aver-
age time between items of work entering the mdaet.it can, for exam-

ple, contain a list of work stored in a spreadsh@d¢tuge & Paige 2001,
57.)

“Sales Department” is represented by this objerhuf8 allows to give

different values to the same work item using labgisthis point of the

simulation is where in “Actions” option is definglds setting label values,
these values are according with the complexityllef/éhe projects.
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3.3.3 Queue

A “Queue” is a place where work to be done can waiil appropriate re-
sources or activities are available. It is onehef fundamental objects that
make up the simulation structure and due to thermati workings of the
simulation program queues are needed as buffengebatactivities. Oth-
erwise when simulating some processes, queue ¢asamn activity that
can contain many work items (storage bin). (Haugeagge 2001, 61.)

In the simulation, the engineering process flonalelsshes a direct con-
nection between activities and all the queues dohotd work items by
default. Therefore, waiting time is generated l® ititerdependencies be-
tween activities, and the availability of the resims. Before some activi-
ties “Travel Time” is considered. It represents tirae that engineers
spend travelling to one location before to workifoa activity.

3.3.4 Activity

An “Activity” is a place where work takes place @ork items. Work
done at activities usually takes up time and samegirequires the availa-
bility of resources. At an activity a work item mhbg transformed in some
way (perhaps by changing one or more of its labéiffer the work is
done the work item may be sent on to another sitimlabject, or one of
a number of different simulation objects dependamgrouting rules that
can be specified. (Hauge & Paige 2001, 60.)

Activities represent the engineering process stdphe proposed engi-
neering process in the simulation. Work item iscpssed in each activity;
operation time and resources required are definedrding with the com-
plexity level of the project.

3.3.5 End Point

An “End Point” is a place where work that is contpleor otherwise fin-
ished, leaves the simulation. At the point in timben each work item
leaves, data is recorded about how long it hastsipethe simulation
(from the time when it entered through a “StartrP9i (Hauge & Paige
2001, 64.)

“Warranty Process” is represented by this objedh&simulation. It rep-
resents the last step of the engineering process.

3.3.6 Routing

“Routing” controls the path taken by each individuerk item through
the simulation model. Routing arrows are dividedaduating-out and rout-
ing-in arrows, and are used to connect simulatineats. The most used
routing-in rules in the described simulation arel€ct” and “Priority”.
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— “Collect” method of routing work items into a wodentre allows
the collection of a number of work items before therk centre
will start work. In this collection, the work itenase assembled into
one work item, this assembly is according withldiee| values.

— “Priority” method selects a work item from the fifdace in the list
of objects which feed this work centre. (Hauge 8ge£001, 97.)

The most used routing-out rules in the present Isitimn are “Circulate”
and “Percent”.

“Circulate” means that the first work item will go the first desti-
nation in the list, the second work item to theosek; the nth work
item to the nth destination on the list. By defdidinore Blocked
Routes” option in Simul8 is checked, for this siatidn this option
has to be unchecked.

— “Percent” method means that the destination workrees decided
randomly (like “Uniform”) except that the exact pentage going
to each destination can be specified. (Hauge &eéP2@p1, 106.)

In this simulation most of the activities use “Pitig’ routing-in and “Cir-
culate” routing-out. The reason to used “Colleatuting-in is because
some activities literally have to collect severatdments previous its per-
formance. The “Percent” routing-out is used in tilve approvals that the
engineering process has to face, the percentageascaording to get the
approval or not.

3.3.7 Resource

“Resources” are items in the simulation model wrach required at work
centres in order for the work centre to work onarknritem. Work centre
cannot start work until both a work item is avaiéabnd the specified re-
sources are also available. Resources are shaneddreall the work cen-
tres which used them. (Hauge & Paige 2001, 68.)

In this simulation “Resources” are considered emgis. There are seven
different engineering specialities. Six of thesedalities have got three
different experience levels each of them. Tableh@ws the specialities
and their experience levels that are considerdaersimulation model.

Table 2 Engineering specialties with their respective eiqrere levels.

Cabling Engineer

Document Controller Three experience levels:
Drive Engineer - Low experience

Lead Engineer - Medium experience
Power plant engineer - High experience

Software Engineer

Project Manager One experience level

24



Engineering process simulation model

3.3.8 Group

A “Group” is a collection of simulation objects. it used to limit the
number of work items which can be in one area efgitocess and to con-
trol the results of the collection. (Hauge & Pai®1, 157.)

In the simulation there are seven groups accordiily the seven engi-
neering specialities. Each engineering specialilyk&/ on activities, some
of them are done at the same time with other sjiesaGroups collect
the activities and queues that each engineeringajtg must work. The

results of the collection is shown in the custormesults when the simula-
tion is finished.

3.3.9 Component

“Components” are pre-build sections of a simulgtithey are intended to
help build simulation in two ways, reducing the diée re-build certain
elements of a simulation over and over, and redudavelopment time of
more complex elements. (Hauge & Paige 2001, 319.)

In this simulation components were created to nmedaer the interaction
with the simulation model. In the “ABB_Project Engering Pro-
cess_Office.S8” file there are nine components thieg are linked with
dialogs that make easier the introduction of data.

3.3.10 Label

“Labels” can be attached to any “Work Item” goirgaugh the simula-
tion. Labels can contain either text or numbers, lba used to tell work
centres which distribution to use for sampling wdirkes, can be also
used to route work item, to collect data and fouanber of other purpos-
es. (Hauge & Paige 2001, 111.)

In the simulation one label was created to identify different projects
according with their complexity level that entertite engineering process
simulated.

3.3.11 Distribution

All timing and number information in Simul8 is given terms of “Distri-
bution”. Statistical distributions provide a methafdsimulating the varia-
tions that occur in timing (and other numbers) ny @rocess involving
people or machines or anything in nature. Simul8wa to create own
distributions. (Hauge & Paige 2001, 139.)

In this simulation a new distribution was createxsdd on the different
complexity levels of the projects that enter in #mgineering process sim-
ulated. This distribution is related with the laloe¢ated in the described
simulation.
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3.3.12 Information Store

The “Information Store” holds data which is usedhe simulation. It al-
lows selecting the type of item to create and cbhahg starting, or reset
value as well as monitoring the current value cioetin the item. All in-
formation store items are “Global” (anywhere in thedel that they are
referenced will find the same value in them). THiffers from labels
which have different values depending on the “Wioekn” is being refer-
enced. (Hauge & Paige 2001, 178.)

Global data item could be single variables or “@gsheets” of data. Sim-
ul8 spreadsheets are not designed to replace spezidpackages, they
are storage places for data, or places where canelaged reports. Global
data items are normally used from Visual Logic ttety can also be refer-
enced directly from Simul8 timing boxes. Table ®wh the global data
item existing in the simulation model.

Table 3  Global data item used in the simulation model.

Number of items Item type Data
14 items Number Variable
2 items Spreadsheet Spreadsheet
6 items Text Variable
5 items Time Variable

3.3.13 Dialog

Custom “Dialogs” allow Simul8 to be tailored to thpecific needs of a
business, can appear when “Components” are cli¢keplacing their
properties dialogs), as new menu items when simomlas opened, or any
time driven by Visual Logic. Custom dialogs canptby Simul8 infor-
mation store data and allow information store dathe changed by the
user. This makes it very easy for someone to usalation on a daily ba-
sis without any understanding of how to build siatioins (and without
the simulation builder having to use external pgekdike Visual Basic or
Excel). (Hauge & Paige 2001, 184.)

In the present simulation there are nineteen déatbgt allow an easy in-
teraction and data introduction to the user siheesimulation is started.
Table 4 shows the number of dialogs according wigir purpose in the
simulation model.

Table 4 Dialogs used in the simulation model.

Number of dialogs Purpose

4 dialogs Informative

15 dialogs Informative & Data introduction
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3.3.14 Visual Logic

Visual Logic (VL) is the internal programming larage. VL does not ap-
pear as one large stream of code. It is structanelddivided into appropri-
ate places with simply access. Most VL is not typkds chosen from

menus, but menus which are structures to makehbesing much faster
than typing, and much easier than remembering whatpe. VL code is

blocked in a hierarchy, so even large amounts ofc¥h be reviewed and
understood quickly. (Hauge & Paige 2001, 214.) &dbkhows the loca-
tions where the code is placed in the simulationl@ho

Table 5 Visual Logic locations used in the simulation model

Visual Logic location Purpose

Show dialogs in the user’s view when simulation is

“On Simulation Open”
opened.

In some dialogs, to click on “OK” button makes the
“On OK Dialog” code running and execute different actions (i.enog
dialog or display a spreadsheet).

Before “Work Iltem” is selected by an “Activity”, ¢h
“Before Selecting” code written assigns the resources according Wéh {
label value.

Once “Work Item” is selected by an “Activity” the
“After Loading Work” | code written establishes the operation time acogrdi
to the label value.

When the work is done in the “Activity”, the code

On Work Complete written resets the operation time.

When the simulation is finished all the data rafessl
“On Stop Run” in the code is collected and introduced in theagre
sheet shown in the user’s view.

Previous “Reset”, some data referenced in the codg
“Before Reset” time is changed to be in a proper format for the ne
simulation

N1 %

On “Reset”, the code is running and it shows some

On Reset dialogs in the user's view.

The number of codes used in the simulation modehised on the loca-
tions where the code is located. For example, “GhODalog” is located
in six dialogs, and in the simulation model there aineteen of them.
Other codes only are located in one location, Baftre Selecting”, “Af-
ter Loading Work”, and “On Work Complete” are loedtin most of the
activities of the engineering process simulatedefiresents the complex
and dynamic system that is faced in the presenilation model.

3.4 Data sources

Once the Simul8 concepts have been explained, qusuhe simulation
modelling of the engineering process, a deep aisatyshe background of
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the present simulation model was necessary. Asamqa at the begin-
ning, the engineering process simulated is formetivio documents:

- 3AFV6036386 Engineering Process Description.
— 3AFV6041649 Engineering Process Flow Chart.

The engineering process represents the work flothénElectrical Sys-
tems and Project department. And all the actividescribed have been
performed previously.

The main reason of the present simulation mod& isnprove the engi-

neering process efficiency cutting 10% of enginegrours. The extra
time identification of the process was analyzedhm “Project Manager”

course collaborating with the same Electrical Systend Project depart-
ment personnel of ABB Marine and Cranes. The airthigfcourse was to
find a proper way to implement “Lean Office” in theoposed engineering
process. The deep analysis of the main documemtscabe part of the

“Project Manager” course offered a more clear ustaeding of the whole

process to simulate, and extra information that wsesd to make possible
the simulation done.

3.4.1 Engineering Process Description

This document describes the engineering processlaied. This process
begins when a project team is hominated by the iti&®ging Manager”
and ends when the project close-out meeting has theld by the “Project
Manager”.

In this document all the engineering process sée&psexplained. In each
explanation the objective of the step and its dpson are defined, also
the engineers involved in the activity are spedifiehere are two tables in
most of the explanations that indicate the input antput documents of
each step and the responsible people. The infoomatéescribed in this
document defines the connection between the engiraal the interde-
pendencies as to the engineering process steps.dbbument is a com-
plement of the flow chart and vice versa.

3.4.2 Engineering Process Flow Chart

The graphical representation of the engineeringgss allows an easy
understanding of the work flow, but the descriptitmtument is necessary
to understand the interdependencies between the. Skbe flow chart al-

lows a quick representation in the simulation safey and with the de-
scription of each step the whole process flow def@ed.

After several versions of the engineering processaguSimul8, a flow
chart improvement was necessary. The main reagothéoimprovement
was a need to combine the “Description” documeii tie “Flow Chart”
document. The new flow chart connects all the @& and makes it eas-
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ier to understand the connections between engireatsinterdependen-
cies between steps.

In a quick comparison with the original flow chattte new one offers a
clearer graphic design. It highlights differentw® according to the ap-
proval and re-work, and identifies using differemgiges important engi-
neering process steps.

3.4.3 Project Manager Course

“Project Manager” course was developed at HAMK WAigh the collab-
oration of ABB Marine and Cranes personnel. It waanly focused on
defining a way to implement “Lean Office” in thensa proposed engi-
neering process. To analyze the process, membehe afourse were di-
vided into different teams to study different issu@ne of the most rele-
vant findings to be considered at the end of thigegt was the work de-
veloped by “Lead Time” team. This team identifiedef different “Non-
Value Added Time” issues.

Once the engineering process was simulated, athe$e “Non-Value

Added Time” issues appeared in the simulation tesihis meant that the
work completed during the course was correct aedstmulation model

showed proper customized results.

3.4.4 Assumptions & Estimations

As explained earlier in the scope of this simulatstudy there was a lack
of information of the operation times of each eegiring process step and
in general of all the times involved in the procesls the simulation tests
were conducted using assumptions and estimatiorniseofeal data. The
Electrical Systems and Project department persaoin@BB Marine and
Cranes made it clear since the beginning of thegmiethesis that no real
data had to be used to develop the simulation mddebugh the time in-
vested into the simulation modelling, not much réatia was given. This
data was used to refine the simulation model inesaspects.

Therefore, the simulation model was developed s tlata with logic
limitations could be introduced. For example, oogid limitation was that
the number of engineers cannot be -1, it must avieyequal to or higher
than 0. Most of the assumptions and estimationg welved using Visual
Logic in Simul8. All this code is explained in diéfa the following chap-
ters.

4 SIMULATION MODEL MANUAL

Once all the information collected was analyzed @&l simulation soft-
ware concepts were understood, the simulation nindedf the proposed
engineering process was performed. Simul8 offeirseadly interface to
build a new process quickly. Using the buildingdie predefined in the
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simulation program allows an easy way to build gnecess and using
connection tools allows the connection betweervitiess.

Depends on the process to simulate, it could belsiand easy, but in this
case with the lack of information and human beimgu&ted in the pro-

cess, it became a complex dynamic system. Thisteaseason that the
main simulation performance is in the Visual Logisjng language pro-
gramming is possible to represent the behavioth®fresources, the time
of the projects according with their complexity éévand different interac-
tions that allow an easy usage and understanditigeasimulation model.

In this thesis two simulation models were created:

- ABB_Project Engineering Process_Office.
- ABB_Project Engineering Process_Work Flow.

Both of them represent the same engineering prodéssmain difference
is the access that the user has to their simulailgects. The “Work
Flow” file allows an unlimited interaction with thabjects, and the possi-
bility to modify the whole simulation model. The ff@e” file offers a
limited version to interact with the elements aodrtodify the simulation
model, but a more friendly and easy interface talye simulation results.

4.1 Nomenclature

In the present thesis both simulation model files based in the same
structure and have the same nomenclature for eanhasion object and
work item. In both files “Work Item” is named as 6Bument”. Table 6
shows this information.

Table 6 Work Item Type nomenclature in the simulation model

Work Item Nomenclature

Work Item Type Document

The work item name can be modified in “Work Itemp&Yy option in
“Advanced” section of Simul8. Figure 4 shows thition.

Work Item Type:

| T ¥ o |

Labels Image
LB Proyect type

R Cancel

0 Help |

Select

Add Remove | Size: 1 meters | Advanced ‘

Figure 4 Work Iltem Type options.

This option allows connecting the work item typeatt_abel”.

30



Engineering process simulation model
-

4.1.1 Simulation elements

In the simulation was created one label to identiy different types of
projects that enter in the engineering process feates process. This
“Label” was named as “LB Project type”, and has ‘Gd¢amber” type. It
means that number data are considered as labasvalable 7 shows this
information.

Table 7 Label nomenclature in the simulation model.

Simulation element Nomenclature Type

Label LB Project type Number

Figure 5 shows the “Label Properties” option in t®and Rules” section
of Simul8 where the label name and its properteaslze modified.

v List of all Labels in this simulation
r 2
Label Properties 0 Help
LB Proyect ype | I
Type [J 0K ] [ New ]
Choose the type of © Number
information ths label (R concel | |F | Ewse |
— | wil contain. Text
\ - 4

Figure 5 Label Properties options.

In the simulation a distribution was attached tis thbel where is intro-
duced the input percentage according with the nurabprojects of each
type. This “Distribution” was named as “ProjectT9feand it was creat-
ed as a new probability profile distribution. TaBleshows this informati-
on.

Table 8  Distribution nomenclature in the simulation model.

Simulation element Nomenclature Type
Distribution ProjectType% Probability Profile Diituation

In the following Figure 6 shows “Distributions” aoph in “Data and
Rules” section of Simul8 where the distribution maand its properties
can be modified.
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[ Distributions

J
QO e |

Probability Profile Distribution

Percent: Value:

Figure 6 Probability Profile Distribution options.

This distribution was located at the beginning loé simulation model,
specifically in the “Start Point”.

4.1.2 Simulation objects

In the simulation model “Start Point” was named'@ales process”, this
is the start of the engineering process steps th#il'End Point” that was
named as “Warranty process”. Table 9 shows thisemmhature.

Table 9  Start and end point nomenclature in the simulatiaadlel.

Simulation object Nomenclature
Start Point Sales process
End Point Warranty process

Between these two simulation objects all the “Aititag” and “Queues” of
the engineering process steps were modelled. T#b#hows some exam-
ples of these simulation objects and their noméua

Table 10 Examples of the activities and queues nomenclaiturthe simulation

model.
Simulation object Nomenclature
Engineering Process Steps Activity Queue
2.1 Technical Handover from Sales S1 Queue forS1
2.2 Prepare external kick-off meeting S21 Queue for S2 1
memo
2.2 Customer kick-off meeting S22 QueueforS2 2

To modify the name of any activity, queue, starhpor end point, there
is a “Name” option on the top toolbar that appeenen any of these sim-
ulation objects is clicked. Figure 7 show this optiit is located in “Gen-
eral” information of “File” section of Simul8. Besgs, it allows introduc-
ing a memo to add a more detail simulation objestdption.
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Name: S104

Click here to add a memo...

Figure 7 General information options.

Also, the name can be changed in “Activity Progsitiand “Queue Prop-
erties”, in these windows there are different apgiavith default values
that are used in the simulation model, only thdomst explained in the
present thesis were changed. To organize and ¢dodtter the custom-
ized results of the simulation objects, groups veeeated.

As explained in the previous chapters, “Groups” evereated to control
the work item in relation with the engineers woeach of them has to
work or to be part on different activities as axplained in the” Engineer-
ing Process” description and “Flow Chart” documentserefore the
groups were created under these documents anchawensn the Table
11.

Table 11 Groups nomenclature in the simulation model.

Engineering Process Steps Groups nomenclature
2.3/219/2.26/2.27 Cabling Engineer EPS
23/25/127128/1221/2.261/2.27 Docunteantroller EPS

2.3/2.16/2.17/2.18/2.22]2.24 ] 2.26 [72.2 Drives Engineer EPS

21/22/23/24125/26/27/28/L2.9
2.10/2.11/2.13/2.15/2.16/2.18/2.2®P22| Lead Engineer EPS
12.23/2.241225/2.26/2.27/2.28

2.3/213/2.1412.15/2.22]2.24]2.26 [72.2 Power plant Engineer EPS

21/22/23/24/26/29/2.10/2.11¥42/
2.15/2.16/2.18/2.22/2.23/2.25/2.27282

23/29/210/211/2.12/2.22/2.24] 2.25
2.26/2.27

Project manager EPS

Software Engineer EPS

The previous table shows the engineering procegs shvolved in each
group. Activities and queues that represent theggsscan be changed in
“Groups” option in “Objects” section of Simul8. kige 8 shows this opti-
on.
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Groups
Cabling Engineer EPS

Document Controller EPS
Drives Engineer EPS
Lead Engineer EPS
Power plant Engneer EPS
Project Manager EPS 0 Help J
Software Engneer EPS
P L Properties J
Group v
—_ 3 ew
TR ok || [ e
| L
Objects in Group: Add Remove x c |
Queue for S 1 - ( ]
Queue for $ 10_3 @ Hep
Queue for S 11
Queue for $ 131 | Properies |

Queue for S 13_2
Do fre & 15

Erase from simulation all except highighted
Duplicate highlighted object
Limit work items in group:
Monitor Wait/\Work time
| Group enabled ¢ )
| Count waiting work in work time | Efficiency

—

Results

Figure 8 Group options.

In most of the activities, resources are needgeetiorm them. According
to the label value of the work item type, resouraes established. As ex-
plained before, resources are considered enginBeese are seven differ-
ent engineering specialities. Six of these spd@alhave got three differ-
ent experience levels each of them. In the Tablaré&zhown the nomen-
clature of the resources used.

Table 12 Resources nomenclature in the simulation model.

Resources Nomenclature
Cabling Engineer (low experience) CE_1
Cabling Engineer (medium experience) CE 2
Cabling Engineer (high experience) CE_3
Document Controller (low experience) DC 1
Document Controller (medium experience) | DC_2
Document Controller (high experience) DC 3
Drives Engineer (low experience) DE_1
Drives Engineer (medium experience) DE_2
Drives Engineer (high experience) DE_3
Lead Engineer (low experience) LE 1
Lead Engineer (medium experience) LE 2
Lead Engineer (high experience) LE_3
Power plant Engineer (low experience) PE 1
Power plant Engineer (medium experience) | PE_2
Power plant Engineer (high experience) PE_3
Project Manager (one experience level) PM
Software Engineer (low experience) SE 1
Software Engineer (medium experience) SE 2
Software Engineer (high experience) SE_3
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The resource’s name can be modified in the “RegoBroperties” options
that is located when the simulation object is deublicked. Figure 9
shows this window. Also, the name can be modifrethe “Name” option
on the top toolbar that appears when it is clicked.

Resource Properties

Properties | Visual Logic
CE_2

Number of this type of
resource available:

0 Help |
Shift Dependent -
M
Pool Resource em )
Auto adjust replicate levels Results J
Travel
Finance
Graphics
Carbon
L _Fnd |

Erase Availability

Figure 9 Resource Properties options.

4.1.3 Global Data Item

Simul8 offers the possibility to create new varesbkhat allow a better
control of the work item and of the customize resuh the Table 13 are
shown all the variables used in the simulation #x&ir main purposes are
explained.

Table 13 Variables nomenclature in the simulation model.

Name Type Purpose

VAR High entry Number | Distribution Upper Bound

VAR Level 1A (1) Number | Input percentage Level 1 (¥'4essel)

VAR Level 1A (2) Number | Input percentage Level 1{3/essel)

VAR Level 1A (3) Number | Input percentage Level 1"f/essel)

VAR Level 2 (4) Number | Input percentage Level 2%{Vessel)

VAR Level 3A (5) Number | Input percentage Level 3 (High technol-
ogy)

VAR Level 3A (6) Number | Input percentage Level 3 (Very high
technology)

VAR Level 3A (7) Number | Input percentage Level 3 (Extremely
high technology)

VAR Low entry Number | Distribution Lower Bound

VAR Percentage noC | Number | No % in Approval from Classification
VAR Percentage noSY | Number | No % in Approval from Shipyard
VAR Percentage yesC | Number | Yes % in Approval from Classification
VAR Percentage yesSY Number | Yes % in Approval from Shipyard
VAR Simulation speed | Number | Percentage simulation speed

VAR Engineering Pro- | Spread- | Engineering Process custom results

cess RESULTS sheet

VAR Operation Time | Spread- | Operation time of each Engineering
EPS sheet Process Step

VAR AC fall Text Message: “Percentages in Approval| C
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VAR ASY fail
VAR Distribution fail
VAR Time fail
VAR noC
VAR noSY

VAR Simulation time
VAR Travel time 10_3

VAR Travel time 22
VAR Travel time 2_2

VAR Warm up period

Text
Text
Text
Text
Text

Time
Time

Time
Time

Time

not correct”

Message: “Percentages in Approval

not correct”

Message: “Probability profile not co
rect”

Message: “Simulation time must |
higher than Warm up period”
Message: “No approval from Classific|
tion”

Message: “No approval from Shipyard

Hours of simulation time

Hours of travel time to “Interface meeg
ing”

Hours of travel time to “FATS”

Hours of travel time to “Customer kick
off meeting”

Hours of warm up period

These data can be modified in the “Information Staptions located in
“Data and Rules” section of Simul8. Figure 10 shaolws information.

Information Store

<

Global Data Item
= Numbers

Graph Sync Interval
Overhead Cost
Overhead Revenue
Results Collection Period
Simulation Time:

VAR High entry

VAR Level 14 (1)

VAR Level 14(2)

VAR Level 14 (3)

VAR Level 2

VAR Level 34 (5)

VAR Level 34 (6)

VAR Level 34 (7)

VAR Low entry

VAR Percentage noC
VAR Percentage noSY
VAR Percentage yesC
VAR Percentage yesSY
VAR Simulation speed
Warm Up Period

Simulation Objects
= Spreadsheets / Arrays

/| OnReset

ocooooo

VAR Engineering Process RESUL -

VAR Operation Time EPS

= Text

VAR AC fail

VAR ASY fail

VAR Distribution fail
VAR Time fail

VAR noC

VAR noSY

= Time

VAR Simulation time
VAR Travel time 10_3
VAR Travel time 22
VAR Travel time 2_2
VAR Warm up period

NOCHANGE
NOCHANGE
NOCHANGE
NOCHANGE
NOCHANGE
NOCHANGE

ocooooo

Current Value

ocoooo

o

275

19
17
15
10

165
10

99
100

Percentages in Appr
Percentages in Appr
Probability profile nol
Simulation time must
No approval from Cl
No approval from Sk

3300

o~ w~

Memo

References

> (O[]
Ll

Figure 10 Information Store options.
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The name of each variable can be modified in “Priog® option.

4.2 Work flow

As explained in the previous chapters, engineguiogess flow chart was
modified and improved to represent the work flowthe simulation soft-
ware. This new work flow chart offers a clearerpiria design. It high-
lights different flows according with the approwadd re-work, and identi-
fies with different images important engineeringgess steps. Figure 11
shows the representation of the work flow in thewudation software.

Figure 11 Work Flow of “ABB_Project Engineering Process_Wétilw” file.

In the simulation model engineering process stegrewepresented by ac-
tivities. One queue is needed before each actiuitiyold the work when

the resources are idle in other activities or tllect a specific number of

documents before to start the work.

New activities were created to represent the rekwdren one project is
not approved in the approvals. These new activiepsesent the re-work
in the engineering process step 2.10, 2.14 and hifhe “ABB_Project
Engineering Process_Work Flow” file the re-workhighlighted inside a
red square. Another activity with its respectiveege is needed to collect
all the work items of the re-work before are introdd again in the work
flow. Table 14 shows this information.

Table 14 New activities to represent the re-work in the @sgd engineering pro-
cess simulation model.

New activities purpose Nomenclature
Definition Activity Queue
Get the Approval from Shipyard yesSY Queue for YesS
Approval denied from Shipyard noSY Queue for noSY

Collection of the re-work done by the en/

gineers to get the approval from Shipyar:lRWSY Queue for RWSY

Software engineer(s) re-work to get the

approval from Shipyard RWSY10 | Queue for RWSY10

Power plant engineer(s) re-work to get t

approval from Shipyard ‘RWSY14 | Queue for RWSY14
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Drives engineer(s) re-work to get the ap-

proval from Shipyard RWSY17 | Queue for RWSY17

Get the Approval from Classification yesC QueueykesC
Approval denied from Classification noC Queue fo€n
Collection of the re-work done by the en/

gineers to get the approval from ClassificcRWC Queue for RWC
tion

Software engineer(s) re-work to get the

approval from Classification RWC10 Queue for RWC10

Power plant engineer(s) re-work to get t

approval from Classification Rwc14 Queue for RWC14

Drives engineer(s) re-work to get the ap-

proval from Classification RWC17 Queue for RWC17

Figure 12 shows the re-work in Approval from Shigyaand Figure 13
shows the re-work in Approval from Classification.

0 =
U@
0@

Figure 12 Re-work simulation objects in the Approval from yard.

J——@
4 —/@l
d—//gl
- @

Figure 13 Re-work simulation objects in the Approval from g3dication.

The work flow in the “ABB_Project Engineering Prese Office” file is
the same. The differences are that some simulabgcts are represented
by components that make easier the interaction tighsimulation model.
Start point, resources, approval and re-work sitradaobjects are the
components of this file, the rest of the activisesl queues are included in
a sub-window. Figure 14 shows this sub-window conhtef the
“ABB_Project Engineering Process_Office” file.
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Figure 14 Sub-window of the “ABB_Project Engineering Proc&3#ice” file.

In both files, activities and queues are conneasdg routing arrows. As
explained previously, in this simulation there diféerent ways to connect
the objects, routing-in uses “Priority” and “Coltéenethod, and routing-
out uses “Circulate” and “Percent” method.

4.2.1 Routing In
Routing-in using “Priority” method was establishiedthe “Routing In”

option inside each “Activity Properties”. Figure §bows it, using activity
“S 10_4" as an example.

Activity Properties
$10_4
| Timing (houwss) | 7}
Average: A (Routing InTo:S 10 4
VAR Operation Time
Q e Selection Method | Options | Change Over
L Memo Add Remove Elace Ak m
Distibut Results 1: Queue for S 10 4 0 Help
Average v Resources = \ /
| New | Efficiency o
Hioh Volume R In || Ow "
igh (BouingIn | Discipine
owes ] Lo || @ Pon
= Pricity Collect
w— ] - ‘ Passive More>>
ephcate =
C L N — — —
M
(f On State Change | | Shits

Figure 15 Routing-in to “S 10_4" using “Priority” method.

This routing-in method is used in most of the atés of the engineering
process simulation model. “Priority” method seleztaork item from the
first place in the list of objects which feed tiisrk centre, the work start
until all the resources are available.

Routing-in using “Collect” method was establishedtlie “Routing In”
option inside each “Activity Properties”. Figure 4Bows it, using activity
“S 16” as an example.
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Activity Properties Routing In To:S 16
S16 Selection Method | Options | Change Over
_Timing (howrs) | Add Remove Place At ®
e & T2 OuevslorS 16 ‘
VAR Operation Tim . P Q Hep |
@ v | ©
Memo
R
Distribution: esuls Discigine
Average hd Resouces Priority Do not collect until all availat
T @ Colect B V| Match on: LB Proyect type

Passive V| Assemble
High Volume Routing In || Out

Expired Only Assembly time-in-system from

F Actions Oidest © First Collected () First in List
. Prioity Youngest Youngest Oldest
= Longas it S mowe optiont
mouse at any option to
Carbon Cuculate automatically see a help bubble.
Locked
Cycle M Label values from
| Graphics ycle Matroc © Highest Lowest
On State Change | Shifts se Selected

Figure 16 Routing in to “S 16" using “Collect” method.

This method of “routing” work items into a work demallows the collec-
tion of a number of work items before the work cemwill start work. In
this collection, the work items are assembled e work item, using
“Assemble” option, this assembly is according witle label values se-
lecting “Match on: LB Project Type”.

In all the activities there are two codes insidetRng In” option. “Before
selecting” code based on the operation time andetAfoading Work”
code based on the resources.

4.2.2 Before Selecting

As explained in the previous chapters there arerseifferent complexity
levels and the operation time of each engineeringgss step is based on
them. The label created in the simulation model ‘RiBject type” has got
seven different numerical values that represent abmplexity levels.
“Level 2 Time” was established as the main refeeetaccalculate the oth-
er times. Table 15 shows the relation between timcesrding to the com-
plexity level.

Table 15 Operation times according to the complexity level.

Project type Complexity Level Label Time
> 4" vessel Level 1A |1 t—t*75%
Repeat project 3% vessel Level 1A | 2 t—t*50%
2" vessel Level 1A | 3 t—t*25%
Prototype project| “ivessel Level 2 4 t
High Level 3A | 5 t+t*25%
New technology | Very high Level 3A | 6 t+t*50 %
Extremely high | Level 3A | 7 t+t*75%

To represent it in the simulation model, Visual logvas used. In the
“Routing In” of each activity was written a codehi$ code establishes the
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operation time of the engineering process steprdoupto the complexity
level. Figure 17 shows how to access to “Before&#lg” Visual Logic

Activity Properties Routing In To:S 16 —
16 Selection Method| Options | Change Over
(Timing thows) ) I
Average: 7] nempiible ouse Rescuce
VAR Operation Tan{. ] ; J i @ Hep
“ Q@ e UseLabe Batching \
-] Wak untl ek clear
Distribution: | Resuts | I
Average - L Resources J Visual Loge
[Chen = | JE Before Selectng | | I Ater Loading Work
HighVokume [ Routngln || 0ut || ["sel SIMULS Visual Logic:§ 16 Route In After Logic ) © jomiel
Fnance Ao Search @ Lo
Erase Piosy Favorites =
) IF LB Progect ype = 1
4 | Recent ¥ SET VAR Opesation Time EPS[3.48] = VAR Operation Time EPS[3.4810.25
@ ]| Basic Commands v ELSE IF LB Proyect type = 2
e toptics | e < SET VAR Opesation Time EPS[3.48] = VAR Operation Time EPS[348]05
[ onsitecronge | [ shas ] ELSE IF LB Proyect type = 3
— — . ¥ SET VAR Operation Time EPS[3.48] = VAR Operation Time EPS[34810.75
Component ¥ ELSE IF LB Propect type = 4
fre— = SET VAR Operation Time EPS[3.48) = VAR Operation Time EPS[34811

ELSE IF LB Progect type = 5

SET VAR Operation Time EPS[3.48) = VAR Operation Time EPS[3.48]1.25
Towe U ELSE IF LB Progect type = 6

SET VAR Operation Time EPS[3.48) = VAR Operation Time EPS[3.48]"1 5
ELSE IF LB Progect type = 7

SET VAR Operation Time EPS[3.48) = VAR Operation Time EPS[3.48]"1.75

Custom Property

S 16 Route In After Logic /S 22_5 Route In After Logic /|Before Reset Logc
9{}w 2

This dialog lets you control how work is brought into an Activty.

Figure 17 “Before Selecting” location of “S 16” activity.

This Visual Logic location is placed in “Optionsf ‘tlRouting In” window
of each activity. The following code, using acyiS 16” as an example,
shows this logic.

VL SECTION: S 16 Route In After Logic

IF LB Project type =1
SET VAR Operation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 3, 48] *0. 25
ELSE I F LB Project type = 2
SET VAR Operation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 3, 48] *0. 5
ELSE | F LB Project type = 3
SET VAR Operation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 3, 48] *0. 75
ELSE | F LB Project type = 4
SET VAR Operation Tine EPS[3,48] = VAR OQperation Tine
EPS[ 3, 48] *1
ELSE | F LB Project type =5
SET VAR Operation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 3, 48] *1. 25
ELSE | F LB Project type = 6
SET VAR Qperation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 3, 48] *1.5
ELSE | F LB Project type =7
SET VAR Qperation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 3, 48] *1. 75




Engineering process simulation model
-

The operation time is selected in the spreadshéa&R" Operation Time
EPS”. Figure 18 shows how this time data is seteétem the spread-

sheet.

Activity Properties
S16

Timng (howrs)
Average: (7]

Distribution:
Average v
New

High Volume

(&

VAR Opetation Tin{__|

Q He

Formula Editor

Type deectly into the box or double click objects in the ksts below to insert automaticall

VAR Operation Time EPS[3.48]

Select atype of kst [T -
Object Graph Sync Interval
e Qverhesd Cost E
Overhead Revenue
Math Function Resuks Collection Penod
Functior Simulation Time
VAR AC fal
Chick to insert VAR ASY fal

DARE | VAR Distrbution fal
VAR Engneering Process |
B VAR High entiy B
)

VAR | aval 1A 11

Obyects

New

Sheet: VAR Operation Time EPS

C48 7

2.14 Make protection relays’ SW
2.14 Prepare settings for protection relays

2.14 Execute internal tests for protection relays

2.14 Revise documentation based on changes in FAT
2.15 Power plant design review

2.16 Propulsion system engineering start-up meeting
2.17 Specify drive hardware

2.17 Prepare approval documentation for drives

2.17 Prepare classification documentation for drives
2.17 Review drives supplier's documentation

2.17 Define settings and parameters

2.17 Revise documentation based on changes in FAT
2.18 Propulsion system design review

S48 3700 37.00
S149 2200 2200
S14 10 3700 3700
Su M 1500 1500
s15 700 700
s16 7,00
S17_1 3700 3700
s17.2 1500 1500
S17.3 1500 1500
S17.4 1500 1500
S175 2200 2200
S17.6 1500 1500
s18 700 700

Figure 18 Operation times selected from “VAR Operation TinfeSE spreadsheet.

Next to the space where the operation time camtveduced, there

is a

button that opens “Formula Editor”. In this winddere are different data
types, in this case “Information” is checked, afidlae data collected in
“Information Store” is shown. Simul8 offers an aptito access easily to
the spreadsheet.

According to the code written, it selects the datee of the “Time” col-
umn and calculates the time according with thellabenber of “LB Pro-
ject type”. For example, if work item has got 3lalbel value, the opera-
tion time is multiplied by 0.75, it means less 26%the “Prototype” pro-
ject time. Table 16 shows the numbers that eachatipa time is multi-
plied according to the complexity level.

Table 16 Operation time calculation in Visual Logic.

Level Label Time Operation time multiply by
Level 1A 1 t—t*75% 0.25

Level 1A 2 t—t*50% 0.5

Level 1A 3 t—t*25% 0.75

Level 2 4 t 1

Level 3A 5 t+t*25% 1.25

Level 3A 6 t+t*50 % 1.5

Level 3A 7 t+t*75% 1.75

After this code, operation time is adjusted to mesv time, and then the
work item goes to the next code, “After Loading WoYisual Logic lo-

cation.
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4.2.3 Routing Out

Routing-out using “Circulate” method was establéhe the “Routing
Out” option inside of “Activity Properties”. Figur&9 shows it, using “S
16” activity as an example.

Y

Activity Properties
Routing Out From:
S16
Discipine
" To [ Add

Timing (hours) | 0 Ignore Blocked Routes

Average: )| 1: Queue for S 17_1
® Ceculste = |2 Queuefor S 6

VAR Operation Time Undom —

Help Help
Percent 0
Memo Priodty
Distribution: Results Label
Average v Resources Shortest Queue
New | Effciency .
High Volume Routing In || Out Jobs Matix
= o] © e sac |
Erase Priocky Visual Logic
1E 0n Work Before Ext OnExt
| n Complete | | ore n J
- Index with Group:
Ext Work Item T \
@ Graphics M 1P (Same - Defau) +] (None) -
| On State Change Shifts Hold work here until more input work is ready
- J)

Figure 19 Routing-out from “S 16" activity using “Circulatehethod.

This method is used in most of the activities. tQlate” means that the
first work item will go to the first destination ihe list, the second work
item to the second, the nth work item to the ntstidation on the list. By
default “Ignore Blocked Routes” option in Simul8 éhecked, for this
simulation this option has to be unchecked.

Most of the activities have got only one routing-amrow, therefore they
have got only one batch. But some of the activiiage got several rout-
ing-out arrows so batching size depends on the eurob connections
with other activities. In the previous example, &’ activity has got two
routing-out arrows, so the batching size is twoisTdata can be modified
in “Batching” option. Figure 20 shows it.

Batching

Batch size leaving this
object:

Fixed Value:
2

| Use for High
Volume
Quantity
Distribution:

Fixed v

(New |

Figure 20 Batching option inside “Routing Out” options.

Routing-out using “Percent” method was establishetRouting Out” op-
tion inside “Activity Properties”. Figure 21 showsusing “ASY” activity
as an example.
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Activity Properties ;outing Out From: W
ASY [ Discipine ( ] ‘
T Add
iacasan)l —— Ignore Blocked Routes o L . ‘
T 1: 93.00000% Queue for yesSY (
Average ) Crculate 5112 1.00000% Queue for noSY % Concel
VAR Opesation Time - Unifom g (
H
Hep © Percent 0 - )
( Memo ‘ Priodity
Distrbution Resuls o
Average m || = Shortest Queue
= Passive
ew Efficiency
L 2 Toal=1000 (750
High Volume Routing In J Out, Jobs Matrix L )
( Cycle Mak [ ]
= Actions e | Bachng |
Priotity Visual Logic
Esen ——— IE. 0nWork Complet Before Ext ( OnExt
A -1 n e ore n
Carbon | fepfoste=l =
J Contents P i !ndexw&hlep i
@ ? (Same - Defaul) ¥ | | (None) =)
" L ik
(= OoSiae Shilts Hold work here untl n:xiul work is ready
L Ehange,) | )

Figure 21 Routing-out from “ASY” activity using “Percent” mzod.

This method is used only in the activities thatrespnt approval from
shipyard and approval from classification.

Previous figure shows the routing-out of approvahf shipyard. It has
got 99% probability to get the approval and 1% pinlity to not get the
approval.

These percentages can be changed directly whesirth#ation is started
in one dialog or directly in the “Routing Out” optis shown in the previ-
ous figure.

Both approvals consider the unit in the batchizeg si

4.2.4 On Work Complete

As defined previously, when the work item enterainactivity, operation
time is multiplied by a number according to the ptewity level.

Therefore, previous the work item leaving from thetivity, operation
time must be the same as at the beginning to amntiith the work flow.

In most of the activities there is a code in thesWal Logic place “On
Work Complete” Visual Logic location. Figure 22 s¥sthe location of
this option.
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Activity Properties Routing Out From:
e D Ignore Blocked Rout To lefdd
ignore: tes
{ (T trcues) ) 1 Queve for S 171
Average: © Crcuste =12 Queve S 6
VAR Operaiion Time Uniom ¢ @ Heo
Hep Percent
Memo Priody
Distibution: Resuts L
| Shortest Queue
Avesage Resouces S
M, Effciency 58 SIMULS Visual Logic: $ 16 Work Complete Logic - [ESEp==S=
High Vokume RouingIn || Out Jobs Mt
Cycle Matix Seach ) 5
Fnance
| Visusl Loge Favorites -
Erase 3 We IF LB Proyect type = 1
OnWork Congleld | Recent SET VAR Operation Time EPS[3.48) = VAR Operation Time EPSI4.48]
Casbon Basic Commands ¥ ELSE IF LB Progact ke = 2
@ ExWokhenTws: (ol aver % SET VAR Operaton Time EPS[3.48] = VAR Opealion Tene EPSI44)
Graphics T ELSE IF LB Progect type = 3
([ On State Change Shits el L, e ¥ SET VAR Operstion Time EPS{3.48] = VAR Operstion Time EPS{4.48]
Component ¥ ELSE IF LB Proyect type = 4
Conveyor = SET VAR Operation Time EPS{3.48] = VAR Operation Time EPS{4.48]
Coston P N ELSE IF LB Proyect bype = 5
e —— ¥ SET VAR Operation Time EPS{3.48] = VAR Opesation Time EPS(4.48]
G ELSE IF LB Proyect bype = 6
SET VAR Operation Time EPS{3.48] = VAR Operation Tame EPS(4.48)
ELSE IF LB Proyect type = 7
SET VAR Operation Time EPS[3.48] = VAR Operation Time EPS(4 48]
S 16 Route In Before Logic 1S 16 Work Complete Logic / Reset Loge
(Control where Work ltems 0o when they leave this object 9 {} 2 2 Q

Figure 22 “On Work Complete” location of “S 16" activity.

This Visual Logic location is placed in “More” batt of “Routing Out”
window of each activity. The following code shovire tadjustment of the
operation time, using “S 16" activity as an example

VL SECTION: S 16 Wirk Conplete Logic

IF LB Project type =1
SET VAR Qperation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 4, 48]
ELSE I F LB Project type = 2
SET VAR Operation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 4, 48]
ELSE | F LB Project type = 3
SET VAR Operation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 4, 48]
ELSE | F LB Project type = 4
SET VAR Operation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 4, 48]
ELSE | F LB Project type =5
SET VAR Operation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 4, 48]
ELSE | F LB Project type = 6
SET VAR Operation Tine EPS[3,48] = VAR Qperation Tine
EPS[ 4, 48]
ELSE | F LB Project type =7
SET VAR Qperation Tine EPS[3,48] = VAR Qperation Tine

EPS[ 4, 48]

The operation time is selected in the spreadshé&R"Operation Time
EPS” and the code written chooses the time datheofOn Reset” col-
umn. As explained further, when the simulationtésted, one dialog asks
to the user to introduce time data in this spreaeshAnother dialog speci-
fies that the time data in “Time” column must be #ame than in “On Re-
set” column. Figure 23 shows part of this spreaeshe
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Engineering Process Steps [

Activity |EPS Time On Reset
2.1 Technical Handover from Sales [S1 7,00 7,00
2.2 Prepare external kick-off meeting memo [S2_1 15,00 15,00
2.2 Customer kick-off meeting S22 7,00 7,00
2.3 Prepare SMDL [S3_1 22,00 22,00
2.3 Internal kick-off meeting [S3.2 7,00 7.00
2.4 Schedule engineering tasks and provide inputto PA  |S 4 22.00I 22.00!
280 3 4 £ald + 4 in EOM SE 1 22 00 292 00

Figure 23 Some operation time data in the spreadsheet dfitheation model.

This spreadsheet allows the introduction of all dperation times of the

engineering process steps. Time data in both caduane the same at the
beginning, only “Time” column data changes throulga simulation, as

explained in “Before Selecting” Visual Logic loaati.

To facilitate several simulation runs avoiding theoduction of the time
data every simulation, “On Reset” column was create

Therefore, the code written in this Visual Logicdtion establishes the
“On Reset” data time to continue with the next\agtiof the work flow.

As explained in the previous chapters, new actisitvere created to rep-
resent the re-work that engineers have to do ifpyogect is not approved.

In the present simulation model a message appdags & project is not
approved from Shipyard. Figure 24 shows this messag

Information &

‘ 0 No approval from Shipyard

i Cancel

Figure 24 Informative message established by “VAR noSY” vialéa

It is related with the variable “VAR noSY” in “Glalb Data Item”. Anoth-
er message appears when a project is not approved Glassification.
Figure 25 shows this message.

Information ﬁ

0 No approval from Classification

OK L Cancel J

Figure 25 Informative message established by “VAR noC” vdegab

It is related with the variable “VAR noSY” in “Glab Data Iltem”.

Table 17 shows the information of both variabled #reir type and pur-
pose.
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Table 17 Variables that show informative messages in thapprovals.

Name Type Purpose

VAR noSY Text Message: “No approval from Shipyard
Message: “No approval from Classifica-

VAR noC Text tion”

To show these messages through the simulationaVisegic was used.
The following codes represent the “On Work Compglétgic of “noSY”
activity and “noC” activity respectively.

VL SECTI ON: noSY Wirk Conplete Logic
Di spl ay Message VAR noSY

VL SECTI ON: noC Work Conplete Logic
Di spl ay Message VAR noC

These messages appear every time when the engigpgeadcess simula-
tion model runs and there is not approval.

4.3 Use of Resources

As explained previously, resources are considerggineers. There are
seven different engineering specialities. Six @afsth specialities have got
three different experience levels each of themthin present simulation
model each resource can work only in one activittha same time and
has got 100% of availability. This data can be rhediin “Resource
Properties” options. Figure 26 shows this inforioati

Resource Properties

Properties | Visual Logic
CE_2
Number of this type of 1 Availability
resource available: 0
Help
Shift Dependent ‘ © Auto Detsied |[¥ OK |
M
Pool Resource S0 A ity % o0 x Cancel
Auto adust replicate levels Resuks 0 Help
Average Absence Time: ?
Travel
Finance
Graphics
Carbon
Find
Erase Avadabiity

Figure 26 Availability in “Resource Properties” options.

To assign the resources to the different activitiésual Logic was used,
because it is a complex responsibility distributoddreach engineer in rela-
tion with the complexity level of the project.
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4.3.1 Responsibilities

The use of the resources is according to the coatplievel of the pro-
ject. Table 18 shows the responsible to the diffeprojects according
with the complexity level.

Table 18 Engineers responsibilities

Project type Level Label Responsible

Low experience
Repeat project Level1 |<3 Medium experience
High experience

Medium experience

Prototype project Level 2 =4 High experience

New technology Level 3 >5 High experience

The work to do of each engineer is a list of pegdintivities. The order of
these activities is defined by the work item thrioube work flow. The

first engineer that is free represents the firsbuece to perform the first
pending activity.

4.3.2 After Loading Work
To simulate the complex responsibility distributioh each engineer in

Visual Logic, a code was written in “After LoadiMgork” location. Figu-
re 27 shows where this code is located.

Activity Properties Routing In TosS 16
S16 Selection Method | Options | Change Over
Tinng (hous)
Special Options
Averagx 7] T orin
VAR Operation Tims Use Label Batching 0 s
Q ‘tHe |
Memo Wat untl ext clear
Distribution: Resuks |
|
Aveiage - Resouces Visual Loge
= = VE: Before Selecting | | IE- After Loading Work
High Vokme Routingln |[ 0w || | 38 SIMULB Visual Logic: S 16 Route In Before Logic @
rrvee Actions Search 2 >
e Proy — e
IF Queue for S 16 Count Contents > 0
Carbon Recent ¥ Select Cusrent Work ltem  Queue for S 16., 1
@ Basic Commands ¥ IF LB Progect ype <= 3
Graphics Anay ¥ IF LE_1.Cumrent Avaiable >= 1
P Shia Clock = Set Resources Requred S16.LE_1.1.1
— — | ¥ Set Resouces Reqused S 16, LE_2, 0.0
Component ¥ Set Resouces Requred S 16, LE_3, 0. 0
Conveyor = ELSE IF LE_1 Curent Avalable = 0
¥

IF LE_2 Current Avalable >= 1
Set Resouces Requred S 16, LE_1
Set Resouces Requied S 16, LE_2,
Set Resouces Requied S16. LE_3. 0, 0
ELSE IF LE_2 Curent Avalable = 0
Set Resouces Requred S 16, LE_1
Set Resouces Requied S 16 LE_2,
Set Resouces Requried S16. LE3, 1.1
IF DE_1 Cunent Avalable >= 1
Set Resouces Requied S16. DE_1.1. 1 ~

Custom Property

- o
- o

How to Use:

oo
oo

S 16 Route In Before Logic /S 22_4 Route In Ater Logic [Reset Logc [Co)
This dialog lets you control how work s brought into an Activity. 9 {}» 20

Figure 27 “After Loading Work” location of “S 16" activity.

This Visual Logic location was placed in “Optionsf’ “Routing In” win-
dow of each activity. The code written establistiesresources according
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with the complexity level defined with the labelmber. In the following
code of “S 10_4" activity shows this logic.

VL SECTION: S 10_4 Route In Before Logic

I F Queue for S 10_4. Count Contents > 0
Sel ect Current Work Item Queue for S 10 4, 1

IF LB Project type <= 3
IF SE 1. Current Available >= 1
Set Resources Required S

Set Resources Required S

S

I

>

|I'I'I|I'I'I|I'I'I
wN P
cor
cor

Set Resources Required
ELSE | F SE 1. Current Avail ab
IF SE 2. Current Avail able
Set Resources Required
Set Resources Required
Set Resources Required
ELSE | F SE 2. Current Avail ab

Set Resources Required
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ELSE | F LB Project type = 4
IF SE 2. Current Available >= 1
Set Resources Required

Set Resources Required

Set Resources Required
ELSE I F SE_2. Current Avail able
Set Resources Required

Set Resources Required

Set Resources Required
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ELSE | F LB Project type >= 5
Set Resources Required S 10
Set Resources Required S 10
Set Resources Required S 10

In the previous code the resource availabilityheaked from the low until
high experience level. There are three possiblescascording with the
complexity level:

First case, if work item has gst3 label number, engineer(s) availability
of low experience is checked, in this case “SE eFburce.

- If it is available, “SE_1" does the work. Else ibth engineer(s)
availability of medium experience is checked, iistbase “SE_2”
resource.

- |If it is available, “SE_2" does the work. Else ibth engineer(s)
availability of high experience is checked, in thase “SE_3" re-
source.

- Ifitis available, “SE_3” does the work. Else ithqueue holds the
work item until one of them will be free.

Second case, if work item has got = 4 label numbegjneer(s) availabil-
ity of medium experience is checked, in this c&8€ 2" resource.
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- |If it is available, “SE_2" does the work. Else ibth engineer(s)
availability of high experience is checked, in thase “SE_3" re-
source.

— Ifitis available, “SE_3” does the work. Else ithqueue holds the
work item until one of them will be free.

Third case, if work item has gut5 label number, engineer(s) availability
of high experience is checked, in this case “SEe8burce.

- If it is available, “SE_3” will do the work. Elsé mot, queue holds
the work item until will be free.

This logic is followed to assign the resourceshia &ctivities where more
than one engineering speciality is involved. Neode using “S 16” activi-
ty shows how three different engineering speceditire called to perform
the activity.

VL SECTION: S 16 Route In Before Logic

IF Queue for S 16. Count Contents > 0
Sel ect Current Work Item Queue for S 16, 1

IF LB Project type <= 3
IF LE_1.Current Available >=1
Set Resources Required S 16, LE 1,
Set Resources Required S 16, LE 2,
Set Resources Required S 16, LE 3,
ELSE I F LE 1.Current Available = 0
IF LE_2.Current Available >= 1

oo
oo

Set Resources Required S 16, LE 1, 0, O
Set Resources Required S 16, LE 2, 1, 1
Set Resources Required S 16, LE 3, 0, O
ELSE I F LE 2. Current Available = 0
Set Resources Required S 16, LE 1, 0, O
Set Resources Required S 16, LE 2, 0, O
Set Resources Required S 16, LE 3, 1, 1
IF DE_1.Current Available >= 1
Set Resources Required S 16, DE 1, 1, 1
Set Resources Required S 16, DE 2, 0, O
Set Resources Required S 16, DE 3, 0, O
ELSE |F DE 1. Current Available = 0
IF DE 2. Current Available >= 1
Set Resources Required S 16, DE 1, 0, O
Set Resources Required S 16, DE 2, 1, 1
Set Resources Required S 16, DE 3, 0, O
ELSE |F DE 2. Current Available = 0
Set Resources Required S 16, DE 1, 0, O
Set Resources Required S 16, DE 2, 0, O
Set Resources Required S 16, DE 3, 1, 1
Set Resources Required sl16, PM 1, 1
ELSE | F LB Project type = 4
IF LE 2. Current Available >= 1
Set Resources Required S 16, LE 1, 0, O
Set Resources Required S 16, LE 2, 1, 1
Set Resources Required S 16, LE3, 0, O

ELSE IF LE_2.Current Available =0
Set Resources Required S 16, LE 1, 0, O
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Set Resources Required S 16, LE 2, 0, O

Set Resources Required S 16, LE 3, 1, 1
IF DE_2.Current Available >= 1

Set Resources Required S 16, DE_1, 0, O

Set Resources Required S 16, DE 2, 1, 1

Set Resources Required S 16, DE 3, 0, O
ELSE I F DE_2.Current Available =0

Set Resources Required S 16, DE 1, 0, O

Set Resources Required S 16, DE 2, 0, O

Set Resources Required S 16, DE 3, 1, 1
Set Resources Required sl16, PM 1, 1

ELSE I F LB Project type >= 5

Set Resources Required S 16, LE 1, 0, O
Set Resources Required S 16, LE 2, 0, O
Set Resources Required S 16, LE 3, 1, 1
Set Resources Required S 16, DE 1, 0, O
Set Resources Required S 16, DE 2, 0, O
Set Resources Required S 16, DE 3, 1, 1
Set Resources Required si1l6, PM 1, 1

Once the code was introduced in this Visual Logiation, the resources
are established in the activity. They can be che&dke“Resources Re-
quired” option of each “Activity Properties”. Figpi28 shows this options.

Activity Properties
S16 p
Resources Required
Limnabows) ) 55 Resouces eqied | ' .
| —_— e
VAR Oparation Time —_—
T mm— L - Cancel
@ Hep | - Ess_s x
1 g &
Memo J LET o Heb |
“LET2 g
Distribution: Results J « DE 2 -
Average - Resources | Add Remove Detail Display
New Efhciency
< V| Requrre resources before
High Volume Routing In || Out collecting any work items
Actions V| Release resources as soon as
Finance 3 task complete
Erase Riiody
Try to stay here until work in queue is done
Carbon
Select resource by label
@ Graphics = = ———
On State Change J | Shifts

Figure 28 “Resources Requires” options of the “S 16” activity

Also in this window there are more options that cardify the behaviour
of the resources. By default two options are chécke

- Require resources before collecting any work item.
- Release resources as soon as task complete.

In the present simulation model they are used. Berivay to check
where resources are used is in “Where is resowed’wption of “Re-
source Properties”. Figure 29 shows this infornmatio




Engineering process simulation model

Resource Properties
Properties | Visual Logic Where is resource used: ™
‘Work Item: 630 (Document) Currently at: S 13_2 [
Ce2 Where allocated for potential use: v_ oK
$32
Number of this type of ; 5131 R Cancel
resource avalable ) $192
Help $193 H
Shit Dependent sar D_u
M $19.4
Pool Resource o= -
Auto adjust replicate levels Resuls
; Travel
nance
f H Graphics
Carbon M
Find
Erase Avaiabiity

Figure 29 “Where resource is used” option in “Resource Pridpgt.

As explained previously, each engineer can worly amlone activity at
the same time. This was the reason that the codinvestablishes one
engineer as a minimum number and also as a maximumber of re-
sources to perform each activity.

The number of engineer(s) can be modified whersimeilation is started
in the dialogs according to the different enginegrépecialities or in the
simulation object than represents the resourclearfMumber Available”

option. Figure 30 shows the last option in “Availéy’ section of Sim-

ul8.

Number Available: |1

Shift Dependent

Figure 30 “Number Available” in “Availability” section of Siral8.

4.3.3 Travel Time

Simul8 calculates travel times before activitiesg dhey are defined by
the distance between them. In the present simualatiodel, the main sce-
nario is an office environment, and the distanags/ben activities are not
considered, but some activities require that ereggéravel previous the
activity performance.

ABB personnel specified three existing travel timesthe engineering
process. The following Table 19 shows these trdveés of the engi-
neer(s) before to perform the activity and the negfees of them in the
simulation model.

Table 19 Travel times in the engineering process simulathaael.

Travel time Before Reference
Travel to “Customer kick-off ” meeting S2_2 VARawel time 2_2
Travel to “Interface” meeting S10 3 VAR Travel 8mh0_3
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S22 1
S22 2
S22 3
Travel to “FATs” S22 4 VAR Travel time 22
S22 5
S22 6
S22 7

As shown in the previous Table 19, one travel timeonsidered before
“Customer kick-off” meeting, and another travel ¢éirhefore “Interface”
meeting. In the travel to “FATS” one travel timecisnsidered before sev-
en different activities, it means that the trawele is the same before each
FAT. In relation with the lack of information ofdke travel times, in the
present simulation model an average of travel tibedere FATs was con-
sidered.

To represent the travel time in the engineering@ss simulation model,
Visual Logic was used. The following code, using 18 3" activity,
shows how the travel time is added in the operdtioe of the activity.

VL SECTION: S 10_3 Route In After Logic

IF LB Project type =1
SET VAR Operation Time EPS[3,24] = [VAR Operation Tine
EPS[ 3, 24] *0. 25] +VAR Travel time 10_3
ELSE I F LB Project type = 2
SET VAR Operation Time EPS[3,24] = [VAR Operation Tine
EPS[ 3, 24] *0. 5] +VAR Travel time 10_3
ELSE I F LB Project type = 3
SET VAR Operation Time EPS[3,24] = [VAR Operation Tine
EPS[ 3, 24] *0. 75] +VAR Travel time 10_3
ELSE | F LB Project type = 4
SET VAR Operation Tinme EPS[3,24] = [VAR Operation Tine
EPS[ 3, 24] *1] +VAR Travel tine 10_3
ELSE | F LB Project type =5
SET VAR Operation Tinme EPS[3,24] = [VAR Operation Tine
EPS[ 3, 24] *1. 25] +VAR Travel time 10_3
ELSE | F LB Project type = 6
SET VAR Operation Tinme EPS[3,24] = [VAR Operation Tine
EPS[ 3, 24] *1. 5] +VAR Travel tinme 10_3
ELSE | F LB Project type =7
SET VAR Operation Tinme EPS[3,24] = [VAR Operation Tine
EPS[ 3, 24] *1. 75] +VAR Travel time 10_3

The code written in “Before Selecting” Visual Lodmcation was modi-
fied to include the travel time in the operatianéi of the activity. The fol-
lowing code shows “S 22 5" activity related to thATs and the travel
time added.

VL SECTION: S 22_5 Route In After Logic
IF LB Project type =1
SET VAR Operation Tinme EPS[ 3, 82]
EPS[ 3, 82] *0. 25] +VAR Travel time 22
ELSE | F LB Project type = 2
SET VAR Operation Tinme EPS[3, 82]
EPS[ 3, 82] *0. 5] +VAR Travel time 22
ELSE | F LB Project type = 3

[ VAR Operation Tine

[ VAR Operation Tine
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SET VAR Operation Tinme EPS[3,82] = [VAR Operation Tine
EPS[ 3, 82] *0. 75] +VAR Travel tinme 22
ELSE | F LB Project type = 4
SET VAR Operation Tinme EPS[3,82] = [VAR Operation Tine
EPS[ 3, 82] *1] +VAR Travel tinme 22
ELSE | F LB Project type =5
SET VAR Operation Time EPS[3,82] = [VAR Operation Tine
EPS[ 3, 82] *1. 25] +VAR Travel time 22
ELSE | F LB Project type = 6
SET VAR Operation Time EPS[3,82] = [VAR Operation Tine
EPS[ 3, 82] *1. 5] +VAR Travel time 22
ELSE | F LB Project type =7
SET VAR Operation Time EPS[3,82] = [VAR Operation Tine
EPS[ 3, 82] *1. 75] +VAR Travel time 22

The “VAR Travel time 22" was added in the same wayhe rest of the
activities related to the FATS.

4.4 Use of Data

In the previous chapters the main simulation okjectd elements have
been explained, also their main purpose and actiims chapter explains
how the data is performed through them.

In both simulation model files the performancehs same, only the user
interface is the main difference between them.

4.41 Preferences

Simul8 establishes by default different optionsted with the simulation
performance.

In the present simulation most of the default aptiare used, only some
options were changed in “Distance” section.

Figure 31 shows the information of this section.
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Preferences
| Display | Finance | Continuous | Compatbity | Check | Options | |
| Undo | Distance | Files ] Results l Speed l Automation |
Distance Measure
Feet Custom
9 Meters Metres
Travel Times

[ Automatically set up on new Route Arrows
[ Automatically adjust as Route Arows change

Travel Speed Defaults

Speed: 10 meters per minute
Scale: 10 Pixels per meter
Resources

1: Resources are shared logically between Activities
but do not spend time traveling between Activities.
They cannot travel with work items between Activities.
(Faster and uses less memory).

@ 2 In addition to above, Resources can spend time
traveling between the Activities where they are used,
and can stay attached to Work Items through more
than one Activity.

Figure 31 Distance section of “Preferences” option.

By default “Automatically set up on new Route Arswand “Automati-
cally adjust as Route Arrows change” options areckbd, and they are
related with “Travel times”. As explained previoysin the present simu-
lation model travel times between activities wer nonsidered, only
three specific travel times.

Therefore, to unchecked these options “Set to Zexsklected, one mes-
sage appears informing that once a travelling isyset to zero, only trav-
el time can be introduced in routing-out optioreath activity.

4.4.2 Clock Properties

The present simulation model performs in hours.rdtoee, all the time
data introduced must be in hours. The personneABB Marine and
Cranes established the working time of the departrive 7.5 hours per
day, and 220 days per year. This information wa®duced in the simu-
lation model using “Clock Properties” option whihlocated in “Clock”
section of Simul8. Figure 32 shows the informatidithis options.
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Clock Properties
Time Units
0K
Seconds Minutes 9 Hours Days
For units smaller than seconds use decimals of units e.g. 0.001 = 1 milisecond X Cancel |
Time format g Help
Simple unit count from zero Percent Time only Apply
O Time Day
More
9 Digital Clock Face ( Calendar
© HH:MM HH:MM.000 HH:MM:SS HH:MM:SS.000
Days
Day Date 7 Mon, Tues,
Days per week: 5

9 Day, Week Wed... o

Running Time

Start time each day (HH:MM): 09:.00

Duration of day (HH:MM): 07:30

Warm Up Period Results Collection Period
The simulation will run for the total of Warm Up Period + Results
Collection Period

Figure 32 “Clock Properties” options of the simulation model.

Previous figure shows the time data used in thelsition model and Fig-
ure 33 shows the user’s view of this time dataouhiced.

Clock

9:00
Mon Week 89

Figure 33 User’s view of the clock time data.

Simul8 allows introducing “Warm Up Period”, it mesaprevious working
time. Most of the processes don’t start since z€hey have some work
going when the simulation runs. In the present &tien model this time
can be considered. In that case, simulation timst ibe higher than warm
up period, because the total time that Simul8 satesl follows the next
rule:

Time to simulate = Simulation time — Warm up period

For example, if we want to simulate 2 years, arwdaam up period of 5

years, the simulation time will be 7 years (2 =5)—This time data can be
introduced in “Clock Properties” option or in a ldig when the simulation

model is opened.

4.4.3 Start Point Properties

As explained previously, in the present simulatimodel “LB Project
type” label was created to identify seven projgpes. To this label “Pro-
jectType%” distribution was attached, it is a déter distribution where
the input percentage of each project type is esta. Figure 34 shows
the connection of these two simulation elementhén“Start Point” simu-
lation object.
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Start Point Properties

Sales process

Input Work Item Type:
Document

Inter-arival times (hours)
LowerBound | @
VAR Low entry

Actions

Change:
LB Provecttvoe |

Action
Increment
Decrement

@ Setto:

Addto Value Q Hep

Upper Bound 0 Help FTdd by
t
VAR High entry Memo Ume S Label Value
Distribution: Resuks Ask VB Value ,J— ey
Uniform - No Change 2\ OK_J
Batching
Now Add a Label to Change Visual Logic 2R Corcn
Routing Out
V| First at start time Change Anything 0 Help
Unlimited arrivals Ackions
i Fie G - Remove Selected Distribution:
Schedule Sheet P ProyectType% v

Detai
Finance

[=] -
Ignore hints about

Erase lost Work Items

Figure 34 “Start Point Properties” options.

The label was applied in “Actions” option of “Std?bint Properties”. To
link it with the distribution created, “Set t0” oph was selected, “Label
Value” window was opened and in “Distribution” agti “ProjectType%”
was established. This distribution establishesiripat percentages of the
project types.

As shown in the previous figure "First at start eihroption is checked, it
means that a first work item enters in the workvflwhen the simulation
model is started.

The time between work item entries was specifietSitart Point Proper-
ties”, to establish this inter-arrival times a “fbrm” distribution was se-
lected. There is a low bound defined by “VAR Lowtrgh and upper

bound defined by "VAR High entry”, these data cancbanged in this op-
tion or in a dialog when the simulation model ert&d.

4.4.4 Links

Activities and queues are the main simulation dgjesed in the present
simulation model. They create all the relevant datéected in the results.

As explained previously, these two simulation otgegere connected us-
ing routing-in and routing-out. In relation withethengineering process
steps the routing uses one or another method.

Simul8 offers an option to facilitate the routingtlween activities. This

option is also a browser of the routing arrows.ukég35 shows the option
where all the connections between activities areliga are shown.
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Links (Routing Arrows) Browser

In: Object: Out:
s2.1 Queue for S 17_!
Queue for S 17_

0K

¥

Queue for $ 18
Queue for S 19_
Queue for S 19_.
Queue for S 19_
Queue for S 19_:
Queue for $ 2_1
Q

Queue for S 20
Queue for $ 21_1

=4
&

5
6
1
2
3
4

ﬂ@ﬁt«

Queue for S 21_2

Queue for S 21_3

Queue for S 21_4

Queue for S 21_5

Queue for S 21_6

Queue for S 21_7 -

Queue for S 21_8 8

Queue for S 21_9

Queue for S 22_1

Queue for S 22_2

Queue for S 22_3

Queue for S 22_4

Queue for $ 22_5

Queue for S 22_6

Queue for § 22_7
Others: gueue f°’§ 53_12 Others:

ueue for ).

ey | | QueueforS 241 e -
noC ~ || |QueueforS 24 2 o 3
noSY 8 Queue for S 24_3 oSy -
Queue for AC g:::: :g:g 52-12 Queue for AC
Hueus fr ASY Queue for S 25_3 Queue for ASY
Queue for noC Queue for § 26,1 Queue for noC
Queus for naSY Queue for S 26_10 Queue for noSY
Queue for RWC Queue for § 262 Queue for RWC
Queue for RWC10 Queue for S 263 Queue for RWC10
Queue for RWC14 Queue for S 264 Queue for RWC14
Queue for RWC17 Queue for S 265 Queue for RWC17
Queue for RWSY Queue for S 26,6 Queue for RWSY
Queue for RWSY10 Queue for S 26,7 Queue for RWSY10
Queue for RWSY14 Queue for § 26,8 Queue for RWSY14
Queue for RWSY17 Queue for S 269 Queue for RWSY17
Queue for $ 1 Queue for $ 27 Queue for § 1
Queue for S 10_1 Queue for § 28 Queue for S 10_1
Queue for S 10_2 Queue for § 3 1 Queue for S 10_2
Queue for S 10_3 Queue for § 3.2 Queue for S 10_3
Queue for S 10_4 Queue for S 4~ Queue for S 10_4
Queue for $ 10_5 Oueue for S 5 1 ~ | |Queuefor S 10_5
Queue for S 10_6 e [Queue for S 10_6
Queue for $ 10_7 [¥] Display in links Queue for $ 10_7
Queue for S 11 o 3 5 7 |QueueforS 11
Nueue far S 12 1 N Display outlinks (V] Nueue far S 12 1 N

Figure 35 Links option in the simulation model

Once the routing arrows were created and they atedeactivities and
gueues, this option was useful to ensure theseections.

4.4.5 Components

In the present thesis two simulation model filegevereated. There are
two main differences between them. The “ABB_Projeagineering Pro-
cess_ Office” file reduces scale problems and irgerface is easier and
more intuitive than the “ABB_Project EngineeringpPess_ Work Flow”
file.

Components facilitate these two main differencéwe model is large and
to reduce scale problems, components were creat@ihtdifferent simu-
lation objects in one. And to make an easy anditimeuuser interface,
components allow a direct link with dialogs whemradcan be changed
easily. The main view of the “ABB_Project EnginegyiProcess_ Office”
file is shown in the Figure 36.
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Figure 36 Main view of the “ABB_Project Engineering Proce$3ffice” file.

As shown in the previous figure, there are nine ponents and one sub-
window. Start point, resources and re-work simalatbbjects are the
components of this file, the rest of the activite®l queues were included
in a sub-window. Table 20 shows the simulation cisjencluded and the
dialogs linked to each component.

Table 20 Simulation objects included and dialogs linked actecomponent.

Component Simulation Object Dialog

AC

Queue for AC
yesC

Queue for yesC
NoC

Queue for noC
RwC

Queue for RWC
RWC10

Queue for RWC10
RwC14

Queue for RWC14
RwWC17

Approval from Shipyard | Queue for RWC17 | Percentage to get the
and Classification ASY APPROVAL

Queue for ASY
yesSY

Queue for yesSY
NoSY

Queue for noSY
RWSY

Queue for RWSY
RWSY10

Queue for RWSY10
RWSY14

Queue for RWSY14
RWSY17

Queue for RWSY17
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CE_1
Cabling Engineer(s) CE_2 Cabling Engineer (CE)
CE_3
DC_1
Document Controller(s) | DC_2 Document Controller (DC)
DC_3
DE_1
Drives Engineer(s) DE_2 Drives Engineer (DE)
DE_3
LE_1
Lead Engineer(s) LE_2 Lead Engineer (LE)
LE_3
PE_1
Power plant Engineer(s)| PE_2 Power plant Engineer (PE)
PE_3
Project Manager(s) PM Project Manager (PM)
SALES Sales process !DISTRIBUTION of the pro-
jects
SE_1
Software Engineer(s) SE 2 Software Engineer (SE)
SE_3

As shown in the previous table, start point, resesy approval and re-
work simulation objects are the components. “Diafogption in “Com-
ponent Properties” links the dialog to each companEigure 37 shows
this option.

Component Properties

[ Main | Toolbar | Dislogs |VL Events | | J 0K

Dialog for other parameters

B lhee) | (@ oy |

¥| Open "other parameters" dialog directly

Double click behavior
Open properties dialog for single sub-object

Open the component in a new Sub Process

Figure 37 Dialogs option in “Component Properties”.

When the dialog of each component was selectede tisethe option
“Open other parameters dialog directly” that allavgsen directly the dia-
log when the component is selected. In the “ABB jéutoEngineering
Process_ Office” file this option was checked fibttee components. It of-
fers a quick interaction with the simulation modmlt at the same time, it
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limits the possibility to change the propertiedtd simulation objects in-
cluded in the components.

4.5 Custom Dialogs

In the two simulation model files created there @ireeteen dialogs, four
are only informative, fifteen are informative arftey allow introducing
data. Simul8 allows an easy interface to createnaodify dialogs. Figure
38 shows this option that is located in “Dialogstson of Simul8.

Custom Dialogs List

Cabling Engineer (CE)
DISTRIBUTION of the projects
Document Controller (DC)
Drives Engineer (DE)
END RUN
Engineering process simulation model
Inter arrival TIMES
Lead Engineer (LE)
OPERATION TIME
Percentage to get the APPROVAL [E
gowetl;;l:nl Emi{;ﬁl[Pﬁl

roject Manager
RESOURCES available @
SIMULS Simulation Software
Software Engineer (SE)
START the simulation AddtoM
TIME of each activity to Menu
TRAVEL times
‘WARM UP

Figure 38 “Custom Dialogs List” option.

All the dialogs created in the present simulatiardei appear in this win-
dow. Below, these dialogs are explained followihg brder that they ap-
pear when the simulation is started.

4.5.1 Simul8 Simulation Software

Once the simulation is started, a first informatilialog appears with the
information shown in the Figure 39.

SIMULS Simulation Software

Welcome to SIMULS ( oK |
Proyect:

Engineering process simulation model

Company:

ABB 0Y Marine and Cranes

Figure 39 “Simul8 Simulation Software” dialog.

It is a welcome message to the simulation. Thegptajame and company
are shown in it. In this dialog only was used ‘@itbption that allows in-
troducing text. When “OK” button is clicked nexatbg is shown.

4.5.2 Engineering process simulation model

The information included in this dialog shows thaimfields where user
has to introduce data. Figure 40 shows this inféirrealialog.
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o

9

ing process simulation model

Introduce the following data:

1. DISTRIBUTION of the projects

2. TIME of each activity

3. PERCENTAGE to get the approvals
4. RESOURCES available

5. SIMULATION time

Figure 40 “Engineering process simulation model” dialog.

These fields are explained with more detail indwiing dialogs. In this
dialog only was used “Title” option that allows rioducing text. When
“OK” is clicked next dialog is shown.

4.5.3 Distribution of the projects

“Distribution of the projects” dialog allows intrading the input percent-
ages of the different project types based on ttminplexity level. Figure
41 shows this dialog.

DISTRIBUTION of the projects

Introduce the input percentage of the
different projects according to the
= i els

3 levels of complexity

Level 1: REPEAT project
Level 14: >4th vessel (1)
22]

Level 14: 3rd vessel (2)
19

Level 14: 2nd vessel (3)
17

Level 22 PROTOTYPE project
Level 2: 1st vessel (4)
15

Level 3: NEW TECHNOLOGY project
Level 34: High complexity (5)
10

Level 34: Very high complexity (6)
9

Level 34: Extremely high complexity (7)
8

(The percentages must sum 100)

Figure 41 “Distribution of the project” dialog.
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To create this dialog “Title” option was used tdraduce the text, and
“Data Field” option was used to create blank spadesre user can intro-
duce the data asked. To link these data introdusddthe “Global Data
Item”, “Formula Editor” was opened, “Informationyge was selected,
and the variables related with the data introdundtie blank spaces were
selected. Figure 42 shows this link.

Custom Dialogs List
Cabling E ngineer (CE
R oy re—
Document Controler (DC)
Diives Engneet [DE} -
END RUN Edit Dialog
Engneering process|
Inter armival TIMES ||| Man | Controls | Visual Logic
Lead Engneer (LE) | | i odhuce the
nput percent Add
OPERATION TIME ||| 10 e of o v a8
Percentage to get th Title: Title
R";{"{‘:"" Em Tite: Level 1: REPEAT proiect |2 L. @ Heo
RESOURCES aveld | el & Data Field
SIMULB Simulation $ | T Level 1A: d vessel (2) -
T g | S VAR Lo 42 e
S " || T 1A s
TIME of each acivi || L. Vs Loca a1 O Radio Growp = SR T
TRAVEL times The Type drectly into the box or double cick objects in the ksts below to insert automaticaly ‘
WARM UP Title: Level 2 PROTOTYPE proj ~ Button /AR Level 1A
Text To Display: Object Button | | Select a type of ist [VAR ASY fad = R Cancel
r— Object VAR Distibution fal v
ep ||
Global Data ltem DrepDown | | & information AR Engneeting Process | o
— Math Function (7T TP IY i Objects ||
Lo 1A0] L) Functior VAR Level 1A (2)
VAR Level 14 (3]
v:“: C::k Chick to insert VAR Level 2 ‘
usk be nusber D 7 |VAR Level 34 (5)
Min V. 0 VAR Level 34 (5]
in Value: VAR Level 34 (7) i New
MaxVake: 100 = VAR | g aci .
=, —

Figure 42 Link between data introduced and “Global Data Item”

In this case, there are seven blank spaces bas#temseven input per-
centages. Table 21 shows the variables linked thghdata introduced in
the blank spaces.

Table 21 Variables linked with input percentages introduced.

Name Type Data introduced

VAR Level 1A (1) | Number | Input percentage Level 1 (¥'4essel)
VAR Level 1A (2) | Number | Input percentage Level 1{3/essel)
VAR Level 1A (3) | Number | Input percentage Level 1 tessel)
VAR Level 2 (4) Number | Input percentage Level 2%{Vessel)
VAR Level 3A (5) | Number | Input percentage Level 3 (High technology)
VAR Level 3A (6) | Number | Input percentage Level 3 (Very high tech
nology)
VAR Level 3A (7) | Number | Input percentage Level 3 (Extremely high
technology)

These input percentages must be numbers and wiiinienum value of 0
and with a maximum value of 100. These limitatiovexe established in
“Validity Check” option, as shown in the previougure. When the “OK”
button is clicked and the data introduced don’toagglish these limita-
tions, one message appears informing that the p@ges are not correct.
Figure 43 shows this message.
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Information &

‘6‘ Probability profile not correct

Figure 43 Informative message established by “VAR Distribntfail” variable.

This message is established by “VAR Distributioifi' feariable and it ap-
pears every time that the input percentages aragvibable 22 shows the
variable linked with the informative message.

Table 22 Variable linked with informative message about inpercentages.

Name Type Message

VAR Distribution fail Text “Probability profile notorrect”

To apply all these actions in the simulation modéual Logic was used.
In “Visual Logic” section of “Edit Dialog” option @ode was introduced
in “On OK Dialog” Visual Logic location. Figure 4ghows the location of
this code.

Custom Dialogs List €dit Dialog
Cabling Eng ICE - M Visual Loge
|sm|aunonan. opects on_| Contoks
Diives Engneer (DE) 0n Open Diskog
noreeng proce:: smusion model Q Heo | IE. 0n OK Diskog Q Hep

Lead Engneer LE)
OPERATION TIME
Percentage 1o get the APPROVAL New |||
Power plant Engneer (PE) ¥ Cancel haks calling Visual Logic
RESOURCES avelaie Eom ( 1 ! i
C. 3¢ SIMULS Visual Logic: DISTRIBUTION of the projects On OK Dialog [ESEOy™>"=]
Software Engnee (SE) Cony i — = i _ . =
eac RiE —~—

JISTRIBUTION of the projects On OK Dialog
Set Prob-Profile Distib Column  ProgectTypeX . 1. 1., VAR Level 1A (1)
Set Prob-Profile Distrib Column  ProgectTypeX . 2. 2. VAR Level 1A (2)

Favorites

Recent

Basic Commands ¥ Set ProbProfie Distib Cokemn  PropectTypeX . 3, 3. VAR Level 1A (3)
Anay = Set Prob-Profle Distib Cokamn  ProgectType . 4. 4. VAR Level2

Set ProbProfie Distib Cokamn  PropectTypeX . 5. 5. VAR Level 34 (5)
e ¥ Set Prob-Profle Distib Cokamn  ProgectType’s . 6. 6. VAR Level 34 (6)
Component ¥ Set ProbProfie Distib Cokmn  PropectTypeX . 7. 7. VAR Level A (7)
Conveyos * IF NOT ( [IIIVAR Level 1A [1)}VAR Level 1A (2J+VAR Level 1A [3)}+VAR Level 2]

Y Display Message VAR Distibution fal

Custom Property ¥

Open Dislog DISTRIBUTION of the projects
How to Use:

« 0 ,
‘ S 16 Work Complete Logic \DISTRIBUTION of the projects On OK Dialog /

i DR EER

Figure 44 Code in “On OK Dialog” location of “Distribution d¢he projects” dialog.

The code written establishes the input percentagérojectType%” dis-
tribution and checks that the total sum of all peecentages is 100.

VL SECTI ON: DI STRI BUTI ON of the projects On OK Di al og

Set Prob-Profile Distrib Colum Project Type% 1, 1,
VAR Level 1A (1)

Set Prob-Profile Distrib Colum Proj ect Type% 2, 2,
VAR Level 1A (2)

Set Prob-Profile Distrib Colum Proj ect Type% 3, 3,

VAR Level 1A (3)
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45.4

Set Prob-Profile Distrib Colum Proj ect Type% 4, 4,
VAR Level 2

Set Prob-Profile Distrib Colum Proj ect Type% 5, 5,
VAR Level 3A (5)

Set Prob-Profile Distrib Colum Proj ect Type% 6, 6,
VAR Level 3A (6)

Set Prob-Profile Distrib Colum Proj ect Type% 7, 7,

VAR Level 3A (7)

IF NOT ( [[[[[VAR Level 1A (1)+VAR Level 1A (2)]+VAR Lev-
el 1A (3)]+VAR Level 2]+VAR Level 3A (5)]+VAR Level 3A
(6)] +VAR Level 3A (7) = 100)

Di spl ay Message VAR Di stribution fail
Open Di al og DI STRI BUTI ON of the projects

Once the percentages are numbers between 0 arehd@iGdll of them sum
100, next dialog appears.

Inter arrival Times

In this dialog user has to introduce the intervalrtimes between projects.
It is defined by a “Uniform” distribution that hagt two limits, “Lower
Bound” and “Upper Bound”. Figure 45 shows this dgal

Inter arrival TIMES

Introduce the inter-arrival HOURS
between projects ~ A

Lower Bound:
[165]

Upper Bound:
275

Figure 45 “Inter arrival Times” dialog.

To link these data introduced with the “Global Dh&an”, “Formula Edi-
tor” was opened, “Information” type was selecteal ghe variables relat-
ed with the data introduced in the blank spaces®wsetected. Figure 46
shows this link.

£dit Dialog
'c —_ | Man_| Contiols | Visual Logic
O Cog T Ivoduce he e sl HOUI (4] Ad4
Cabling Engineer (CE) e Lower Bound
DISTRIBUTION of the project | RN EAIEETS ] Tito
Document Controller (D) ||| T Upper Sound ¢ - Q tHep
Drives Engneer (DE) ! igh entry & 2ta Fiekd
END RUN =
£ ocess smulatiof (s Check Box s . ruta Editor ~
Lead Engneer (LE) Rado Group | (Type duectly into the box or double cick oblects in the lsts below 1o insert automatic
OPERATION TIME ey, o ]|
Percentage to get the APPR( Button VAR Low entry]
Power plant Engneer (PE) Cancel
Project Manager (PM) Tesxt To Display: Obrect Button Select atype of ist VAR Level 2 a “ )
RESOURCES avalable Object VAR Level 34 (5) Q heo ||
SIMULB Simulation Software DropDomnl| ® Infomation VAR Level 34 (6] ( J|
Software Engineer (SE) Global Data ltem Math Function VAR Level 34 (7 Obiects
START the smulah enl ( J
TIME o anch e VAR Low enty ] LFuncion VAR ot ‘
S il VAR noSY £
Vaidiy Chack Cick to insert VAR Operation Time EPS
V| Must be number Lol | VAR Percentage noC
VAR Percentage noSY
MinVale: 1 VAR Percentage yesC  _ New “
B o {
MaxVakue: 2147483647 — ‘

Figure 46 Link between data introduced and “Global Data Item”
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Table 23 shows the variables linked with the dateoduced in the blank
spaces.

Table 23 Variables linked with the “Uniform” distribution lmds.

Name Type Purpose
VAR High entry Number | Distribution Upper Bound
VAR Low entry Number | Distribution Lower Bound

The data introduced must be numbers and with 1 iasmum value.
These specifications were established in “Valid@yeck” option, as
shown in the previous figure. “Upper Bound” datasirioe higher than the
“Lower Bound” data, and the next dialog will notpa@ar until this rule
will be true. To establish these actions, Visuafjicovas used. Figure 47
shows the location of the code written.

Custom Dialogs List (Edit Dialog

Cabling Engineer (CE) e
DISTRIBUTION of the proe(|| Main_| Controls | Visual Logic
Document Controller (DC)

Drives Engineer (DE)

END RUN L 00,0700 Do |

Engineering process simulats

Inter aimval TIMES | ME0nOKDisog | @ Heo |
Lead Engneer (LE)

OPERATION TIME
Percentage to get the APPR
Power plant Engneer (PE)
Project Manager (PM)

RESOURCES avalable I ) -
SIMULS Simudation Software(| | 58 SIMULS Visual Logic: Inter arrival TIMES On OK Dialog [ESSEEE™
Software Engneer (SE) =

Ly ISWCh (2] ial Log ke anival TIMES On OK Dialog ‘
| nter armival TIMES On OK Dialog

IF NOT (VAR Low entry < VAR High entry )
Open Dialog  Inter arrival TIMES

| Cancel halts caling Visual Logic

Favorites

‘ Recent

! Basic Commands
Anay

| Clock

‘ Component

Conveyor

€ K K K KKK«

Custom Property

How to Use:

Inter aniival TIMES On OK Dialog /S 16 Route In Before Logic oo)
2{}»22)Q

Figure 47 Code in “On OK Dialog” location of “Inter arrivalimes” dialog.

This code establishes that the data introduced.amvér Bound” must be
lower than the data introduced in “Upper Bound”.

VL SECTION: Inter arrival TIMES On OK Di al og

I F NOT (VAR Low entry < VAR High entry)
Open Di al og Inter arrival TIMES

If this logic is not accomplished, inter arrivahis dialog is shown. When
this logic is true, next dialog appears.
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4.5.5 Time of each activity

Operation time information is shown in this dial@mnd how the present
simulation model calculates this time accordinghiite complexity level
of each project type. Figure 48 shows this dialog.

TIME of each activity

In this simulation, the Prototype project
times are considered as the main
reference to calculate the rest of the

times for the different projects

Level 14 (1) = 25% Time
Level 14 (2) = 50% Time
Level 14 (3) = 75% Time
Level 2 (4) = Time

Level 34 (5) = 125% Time
Level 34 (6) = 150% Time
Level 34 (7) = 175% Time

Please, introduce the data time of
Prototype project in HOURS in the next
Excel document.

("Time" and "On Reset" must have the
same time)

Figure 48 “Time of each activity” dialog.

Table 24 explains the information shown in the alialvith the infor-
mation explained in previous sections.

Table 24 Time information of the “Time of each activity” dm.

Level Label Time Dialog information

Level 1A 1 t—t*75% Level 1A (1) = 25% Time
Level 1A 2 t—t*50% Level 1A (2) =50% Time
Level 1A 3 t—t*25% Level 1A (3) = 75% Time
Level 2 4 t Level 2 (4) = Time

Level 3A 5 t+t*25% Level 3A (5) = 125% Time
Level 3A 6 t+t*50 % Level 3A (6) = 150% Time
Level 3A 7 t+t*75% Level 3A (7) =175% Time

When “OK” button of this informative dialog is cked, next dialog ap-
pears.

4.5.6 Operation Time

The present dialog has got a link with the spreeeskVAR Operation

Time EPS”. Therefore, user can introduce all therafon times accord-
ing with the engineering process steps. As expthinghe previous chap-
ters “Time” and “On Reset” column must have the same. This dialog

is shown in Figure 49.
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OPERATION TIME
D8 2 v 0K
EPS Time On Reset
S1 7,00 7,00
s2.1 15,00 15,00
S22 7,00 7,00
S3.1 2200 22,00
$32 700 700
s4 22,00 2200
S5.1 2200 22,00
S52 37,00 37,00
S6 2200 22,00
S7.1 37,00 37,00
S72 15,00 15,00
S73 15,00 15,00
S74 7,00 7,00
S75 37,00 37,00
S8_1 15,00 15,00
S82 15,00 15,00 -
« ,

Figure 49 “Operation Time” dialog.

Simul8 offers the “Spreadsheet” option that createdirect link to any
spreadsheet created in “Global Data Item”. FigWreslhows how this link
was established.

£dit Dialog
Custom Dialogs List M—
[ChoEree G e Contioks | Visual Logc
Cabling Engineer
DISTRIBUTION of the proje | MM i e Add
Document Controller (OC) =
Drives Engneer (DE) = - ]
END RUN J Q Heo |
Engneerng process simulati .
Inker anival TIMES X -
Lead Engneer (LE N
OPERATION TIME Formula Editor
Peicentage to get the APPR .
Power plant Engneer (PE) Typedecdynohbmadmﬂecﬂohedsnhiﬂ:bdmlommum
Dol waneger ) /2R O, Time EPS[1 1
RESOURCES avadable petation Time e <
SIMULS Simulation Software |  Text To Display: Selectatype of st [VAR noC = |3 Cancel |
Software Engneer (SE) - ~
smulation Object VAR noSY
START the VAR Operation Time EPS | Q he
TIME 6 aach actaih e © Information Il C J
]| © MathFuncion (V4R Parcentage oS Objects
Spreadsheet ercentage not L J
| VAR Operation Tmne EPS[1.1] ] | Seeeadshest | R VAR Parconiaso oot
Vi o VAR Percentage yesSY
o ; Cicktoinset | VAR Simulation speed |
- EENIE | VAR Simulation time

VAR Time fal

VAR Traveltme 103 _ New

VAD Tiavel a2 3

L -

Figure 50 Link between “Operation Time” dialog and spreadshee

To link the spreadsheet “Formula Editor” was operiedormation” type
was selected, and the variable related with theasjgsheet was selected.
Table 25 shows the variable linked with the sprhads

Table 25 Variables linked with the “VAR Operation Time EP§jreadsheet.

Name Type Purpose

VAR Operation Time | Spread- | Operation time of each Engineering
EPS sheet Process Step

Once all the operation times are introduced, “Okittbn is clicked and
next dialog is shown.
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4.5.7 Percentage to get the Approval

The percentages to get the different approvals wreduced in this dia-
log. The Electrical Systems and Project departmpergonnel of ABB Ma-
rine and Cranes established the following criteviget the approvals:

— Shipyard is interested in size and weight of presluand approves
99% of the products because they are defined basetlistomer
requirements. If a product is not approved, it need to be
changed to other type or re-design.

— Classification is interested in safety and inspeiees system func-
tionality and protection logic. 90% of cases, ipagves the design
on first round. If not, the system is re-designed.

Figure 51 shows the dialog created to allow theothiction of the data
explained above.

Percentage to get the APPROVAL

Introduce the percentages to get the v oK
different approvals

Approval from Shipyard
Yes % in Approval SY

No % in Approval SY

1

(The percentages must sum 100)

Approval from Classification
Yes % in Approval C
90

No % in Approval C
10

(The percentages must sum 100)

Figure 51 “Percentage to get the Approval” dialog.

The data introduced was connected with the routimntgeption in both ap-
provals represented by “ASY” activity and “AC” agty. To link these
data introduced with the “Global Data Item”, “For@uEditor” was
opened, “Information” type was selected, and theatdes related with
the data introduced in the blank spaces were seleEtgure 52 shows this
link.
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Edit Dialog
Controls
Custom Dialogs List Moy MoualLogin
Title: Introduce the percentages . é Add
Drives Engneer (DE) Title: Approval from Shipyard
END RUN Title: Yes % in Approval SY Tie
Engneenng process smulstion n | [T 2T TyTTS ] @ Heo
Inter arival TIMES Title: No % in Approval SY Data Field ¢ )
Lead Engneer (LE) Edt VAR Percentage noSY | ]
OPERATION TIME Ttle: (The percentages must sum Check Box
T | 5 Acqwovalrom Cinssicaion Formula Edit T
Power Engneer (PE oval from Classific. ormul itor
Pt Mansge M) Till: Yes % in Approval C RadoGiop | .
RESOURCES avaiable Edt VAR Percentage yesC o 1 Twed«wﬂohmamddm:nhﬁsmlom“m[
SIMULB Simulation Software ||| Te: No % in Approval C X L .
Software Engineer (SE) 1
START the smdsion Text To Display: Obiect BUION || Getect atype of st [VAR Level 34 (7) L
of each activity 1 N VAR Low
TRAVEL times DiopDown L2 E Lo ey o |
WARM UP Global Data Item 1| @ Information e (
Math Function Oby
VAR Percentage yesSY VAR Operation Time EPS (
(J R VAR Soatn
Vakidiy Check VAR Percentage noSY | _
7] Must be rumber Ciick to insert VAR Percentag sC L
. | QEELEG
MinValue 0 VAR Semulation speed
) VAR Simulation tme New
MaxVale: 100 VAR Tina fad

Figure 52 Link between data introduced and “Global Data Item”

Table 26 shows the variables linked with the dateoduced in the blank
spaces.

Table 26 Variables linked with percentages introduced.

Name Type Data introduced

Number
Number

Number
Number

VAR Percentage noC
VAR Percentage noSY
VAR Percentage yesC
VAR Percentage yesSY

No % in Approval from Classification
No % in Approval from Shipyard

Yes % in Approval from Classification
Yes % in Approval from Shipyard

These percentages must be numbers and with a mimivalue of 0 and

with a maximum value of 100. These limitations westablished in “Va-

lidity Check” option, as shown in the previous figuln the present dialog
there is a sentence between parentheses inforimaghe percentages in-
troduced in “Approval from Shipyard” must sum 1@Qyot, a message in-
forming about an error appears. Figure 53 shovgsrtt@ssage.

iy

o Percentages in Approval SY not correct

Information

Figure 53 Informative message established by “VAR ASY faillriable.

This message is established by “VAR ASY fail” vét@ and it appears
every time that the percentages are wrong. The sagie is applied in
“Approval from Classification”. Figure 54 shows threessage.

Information

0 Percentages in Approval C not correct

Figure 54 Informative message established by “VAR AC failtiedle.
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This message is established by “VAR AC fail” vateahnd it appears eve-
ry time that the percentages are wrong. Table ®wstthe variables lin-
ked with the informative messages.

Table 27 Variables linked with the informative messages #tibe wrong percent-
ages to get the approvals.

Name Type Message
VAR AC fall Text “Percentages in Approval C not correct”
VAR ASY fail Text “Percentages in Approval SY not correct”

To apply all these actions in the simulation modéual Logic was used.
In “Visual Logic” section of “Edit Dialog” option @ode was introduced
in “On OK Dialog” Visual Logic location. Figure 5&hows the location of

this code.
£dit Dialog C——
Custom Dialogs List Mai_| Contoks] Visual Loge |
ngneer CE)
DISTRIBUTION of the projects On Open Diskog

Document Controller (DC) (

Eﬂgaﬁw (OE) | [E0nOKDisbg | Bt |
Engineering process simulation model
Inter amival TIMES

Lead Engineer (LE)

OPERATION TIME
Pasit500 10 oot the APPROVAL. V] Cancel hats caling Visual Logic

Project Manager (PM ——— - T ———
Project Manege ). 38 SIMULS Visual Logic: Percentage to get the APPROVAL On OK Dialog [ESSEOF™>™")
SIMULB Simdation Software = - — —
Software Engineer (SE) Search p7) ; tag PF
START the smulaion 2] - =
TIME ot anch acteos Favorites - Percentage to get the APPROVAL On OK Dialog
) -~ SetRoute Out Peicent ASY, VAR Percentage yesSY . Queue for yesSY
Recent

Set Route Out Percent  ASY , VAR Percentage noSY , Queue for noSY
Set Route Out Percent  AC, VAR Percentage yesC , Queue for yesC
Set Route Out Percent  AC, VAR Percentage noC , Queue for noC

Basic Commands

Anay

IF NOT (VAR Percentage yesSY+VAR Percentage noSY = 100)
. Display Message VAR ASY fal
Component Open Dislog Percentage to get the APPROVAL
Conveyor IF NOT (VAR Percentage yesC+VAR Percentage noC = 100 )

€ € KK KK K«

Display Message VAR AC fal

Custom Property . OpenDislog Percentage to get the APPROVAL

How to Use:

w—

4 W »
Petcentage to get the APPROVAL On OK Dialog (S 16 Wark Complete Logic

¥»l2)e)

Figure 55 Code in “On OK Dialog” location of “Percentage tetghe Approval’ dia-
log.

This code sets the routing-out percent to “Queue yesSY” and to
“Queue for noSY” from “ASY” activity. Also it setthe routing-out per-
centage to “Queue for yesC” and to “Queue for ntyGh “AC” activity.

VL SECTION: Percentage to get the APPROVAL On OK Di al og

Set Route Qut Percent ASY, VAR Percentage yesSY, Qeue
for yesSY

Set Route Qut Percent ASY, VAR Percentage noSY, Qeue
for noSY

Set Route Qut Percent AC, VAR Percentage yesC, Qeue
for yesC

Set Route Qut Percent AC, VAR Percentage noC, Queue

for noC
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I F NOT (VAR Percentage yesSY+VAR Percentage noSY = 100)
Di spl ay Message VAR ASY fail
Open Di al og Percentage to get the APPROVAL

I F NOT (VAR Percentage yesC+VAR Percentage noC = 100)
Di spl ay Message VAR AC fail
Open Di al og Percentage to get the APPROVAL

If the percentages introduced in the approval fi®nipyard do not sum
100, the message established by “VAR ASY fail” gahle appears. Also
in the approval from Classification, if the percaggs introduced do not
sum 100, the message was established by “VAR AL variable ap-
pears. When both logics are true, next dialog ajgpea

4.5.8 Resources available

"Resources available” dialog explains the differengineering speciali-
ties that are available in the present simulatimdeh and the different
experience levels that are considered. Figure B&shhis dialog which is
an introduction of a consecutive dialogs where user introduce the
number of engineer(s).

RESOURCES available

This simulation allows to introduce any [
number of engineers. e

Engineers are classified by
specialization:

Lead engineer (LE)
Cabling engineer (CE)
Software engineer (SE)
Power plant engineer (PE)
Drives engineer (DE)

Document controller (DC)

Also, 3 levels of experience are
considered in each speciality
Engineers with low experience
Engineers with medium experience

Engineers with high experience

Figure 56 “Resources available” dialog.
The order of appearance of the following dialogdascribed in the previ-
ous dialog information.

4.5.9 Lead Engineer

In the present dialog, data introduced is the nurobengineer(s) of lead
engineering speciality according with the expereeriigure 57 shows it.
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LE_1 (low experience)

v oK

LE_2 (medium experience)
0

LE_3 (high experience)

Engineering process simulation model

Figure 57 “Lead Engineer” dialog.

In the next dialog is explained how the data inaeet in the blank spaces

was connected with the resources used in the siimmolmodel.

4.5.10 Cabling Engineer

Figure 58 shows the dialog where data introducatdasnumber of engi-

neer(s) of cabling engineering speciality accordiitty the experience.

Cabling Engineer (CE)

CE_1 (low experience)

v oK

Figure 58 “Cabling Engineer” dialog.

To link these data with the number of resourceslava to simulate,
“Formula Editor” was opened, “Object” type was stbel, and the simula-
tion objects related with the data introduced ia biank spaces were se-

lected. Figure 59 shows this link.

Edit Dialog
Custom Dialogs List | o —
DISTRIBUTION of the 8 A
Document Controller Title: CE_2 (medum expenience) | (3w Tite —_—
Diives Engneer [DE) | || Edt CE_2Max Avaiable 8 ¢ ) | (@ Hee
END RUN T CE3 hch expesince) (g | D S
Engneering process -3 Max Avalable - g - = 3 ‘
inies sl TMES | | CheckBox | Formula Editor ¢
Lead Enginee [LE) c
OPERATION TIME [ RodoGrowp) Type duectly into the box or double click objects in the lists below to insert automatically
":WM'; get the A [ Buton | | CE-1-Max Avaiable -
ower ngneer ¢
Pt MonsgerPM) || oo b | St 2ot I . | (Curert vt (38 conce |
RESOURCES avadablel o L uttor] | @ Object CE_2 Image 0 Help
33&3% [gzl DropDown Infomnalior E..:i.. Work Item :mﬂ
STARY the cmdaton || GobalData e MathFuncion | b 7 L
e .~ e 03 e |
osts

WARM UP Vakdty Check Clcktoinset | DE_1 Other Revenue

) Must be number HEE@EOE |oe2 OutCount

DE_3 Record Detailed Avaiabill
MinVale: 0 LB Proyect type - | | Resuls Collection Mode  _
T Coleciad
MaxValue: 2147483647 ——— —

Figure 59 Link between data introduced and resources.
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The simulation objects selected are according thighresources created in
the present simulation model. Once the resource sedescted, “Max
Available” option has to be selected as well.

The data introduced must be numbers and with O iasmumm value.
These limitations were established in “Validity €Ck& option, as shown
in the previous figure. All the dialogs related hwitesources follow this
structure. When data is introduced in the blankcepa“OK” button is
clicked and next dialog appears.

4.5.11 Software Engineer

In the present dialog, data introduced is the nurobengineer(s) of soft-
ware engineering speciality according with the eigmee. Figure 60
shows it.

Software Engineer (SE)

| SE_1 (low experience) ‘\} 0K }

SE_2 (medium experience)

0

SE_3 (high experience)
0

Figure 60 “Software Engineer” dialog.
When data is introduced in the blank spaces, “O#ttdn is clicked and
next dialog appears.

4.5.12 Power plant Engineer

In the present dialog, data introduced is the nurobengineer(s) of pow-
er plant engineering speciality according with theerience. Figure 61
shows it.

Power plant Engineer (PE)

—_—
PE_1 (low experience) ]\/ 0K l

‘ PE_2 (medium experience)

0
|
‘ PE_3 (high experience)

0

Figure 61 “Power plant Engineer” dialog.

When data is introduced in the blank spaces, “Outtdn is clicked and
next dialog appears.

74



Engineering process simulation model

4.5.13 Drives Engineer

In the present dialog, data introduced is the nundseengineer(s) of

drives engineering speciality according with thepemence. Figure 62
shows it.

Drives Engineer (DE)

DE_1 (low experience) v oK

DE_2 (medium experience)
0

DE_3 (high experience)
0

Figure 62 “Drives Engineer” dialog.

When data is introduced in the blank spaces, “O#ttdn is clicked and
next dialog appears.

4.5.14 Document Controller

In the present dialog, data introduced is the nurobengineer(s) of doc-

ument controller engineering speciality accordirithihe experience. Fi-
gure 63 shows it.

Document Controller (DC)-

DC_1 (low experience) v oK

DC_2 (medium experience)
0

DC_3 (high experience)
0

Figure 63 “Document Controller” dialog.

When data is introduced in the blank spaces, “O#ttdn is clicked and
next dialog appears.

4.5.15 Project Manager

The present simulation model considers one expezidevel of project
manager engineering speciality. This informatiomxplained in the dia-

log, and the data introduced is the number of ezggiis) of this speciality.
Figure 64 shows it.
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Project Manager (PM)

This simulation considers one v oK
experience level of Project Manager

| Please, introduce the number of
engineer(s}

[0

Figure 64 “Project Manager” dialog.
When data is introduced in the blank spaces, “O#ttdn is clicked and
next dialog appears.

4.5.16 Travel times

Travel times explained in previous sections. Tresent dialog defines the
three existing travel times in the simulation modet explains that the
time data must be in hours. Figure 65 shows tlaodi

TRAVEL times
= -

Introduce the travel HOURS of the v oK
engineers before the following EPS:

Travel to Customer kick-off meeting
0}

Travel to Interface meeting
0

Travel to FATs (average)
0

Figure 65 “Travel times” dialog.

To link the data introduced with the “Global Datenh”, “Formula Editor”
was opened, “Information” type was selected, arel variables related

with the data introduced in the blank spaces welected. Figure 66
shows this link.

MaxVale: 2147483647

«m

£dit Dislog
Custom Dialogs List Main | Contok |VisualLogic

Title: Introduce the travel HOURS of [ n Add
Drives Engineer (DE) Title: Travel to Customer kick-off mes L&) -
END RUN Edt VAR Travel tme 2 2 ‘™ Title r \

process simulati || Tile: Travel to Interdace meetng || ¥ T 1@ Hep
Intet artival TIMES Edt VAR Travel e 10_3 (@) | DaaFeld
Lead Engnee (LE) Thle: Travelto FATs (average) | 1 .
OPERATION TIME Edt VAR Travel tie 22 Chack Bos
Percentage to get the APPR - -
Power plant Engineer (PE) Radio Group | Formula Editor
Project Manager (PM) - = —
RESOURCES avalable Type drectly o the box or double chck obfects i the ksts below to msert automahcaly
SIMULS Simudation Software |__Buton — -
r VAR Travel time 2 2}
g?hwaeﬁnw\eu[SE] Text To Display: Object Button goalise (98- Concal ]
R o - Select alype of st |VAR Percentage noSY (98 Corcel |
DropDown Object VAR Percentage yesC ’o H )|

Global Data ltem: ¢ VAR Pecentage yesSY ( =)
WARM UP S /AR Simudaton speed r 1

VAR Travel e 2_2 & Math Function | VAR Simudation time (amOtiecisg

Vaky Chack L Funch VAR Time fal
Y VAR Travel tme 10_3
] Must be rumber
MinVale: 0

Figure 66 Link between data introduced and travel times \#eis
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Table 28 shows the variables linked with the dateoduced in the blank
spaces.

Table 28 Variables linked with the travel time data introddc

Name Type Purpose

VAR Travel time 2_2 | Time Hours of travel time to “Customer kick
off meeting”

VAR Travel time 10_3 | Time Hours of travel time to “Interface meet
ing”

VAR Travel time 22 Time Hours of travel time to “FATS”

The data introduced must be numbers and with O msnanum value.
These specifications were established in “Valid@pheck” option, as
shown in the previous figure. Once the travel tiraes introduced, “OK”
button is clicked and next dialog is shown.

4.5.17 Warm Up

Warm up period allows starting the simulation vitle process running. It
means that most of the processes don't start giece Figure 67 shows
the dialog that allows the introduction of warmperiod.

WARM UP

Set the warm up period in HOURS Ok

=

Figure 67 “Warm Up” dialog.

To link the data introduced with the “Global Datenh”, “Formula Editor”
was opened, “Information” type was selected, aredviiriable related with
the data introduced in the blank space was seleEtgdre 68 shows this

Edit Dialog
Custom Dialogs List Man | Contids |Visual Logc
Titke: Introduce the travel HOURS of, a Add
Drives Engneer (DE) Title: Travel to Customer kick-off mes )
END RUN Et VAR Travel tme 2 2 Tite
Engineering process simulati || Tie: Travel to Interface meeting $ @ Hep
Inter armival TIMES Edt: VAR Travel time 10_3 Data Field
Lead Engineer (LE) Title: Travel to FATs (average) i |
OPERATION TIME Edt VAR Travel time 22 Check Box
Percentage to get the APPR -
Power plant Engineer (PE) Radio Group | Formula Editor
?&%h’%&?"m Type deectly into the box or double click objects in the lists below (5 ]
av yoe into o sin ts 10 insert automatic
SIMUL8 Simuation Software Buon
Software Engineer (SE) Text To Display Obiect Buton | | EMICITTE -
START the simulation R Concel
TIME of ecch acivn Select a type of st VAR Percentage noSY ¢ 4
TRAVEL s DiopDown | | ©) Object VAR Percentage yesC @ Heo
WARM UP Global Data Item ® Inf xﬂ :::;g*wy:::y L
o ton
VAR Travel e 2.2 = MathFunction | VAR Siulation tme \mblects
L Function VAR Time fal
Valldy Check VAR Travel tme 103
V| Must be number ‘ Click to insert VAR Travel tme 2 2
FEEM@AE | VAR Travel tme 22 =
MinVake: 0 VAR Wam up period
MaxVake: 2147483647 Waim Up Period - New
s S

Figure 68 Link between data introduced and warm up variable.

Table 29 shows the variable linked with the dateontuced in the blank
space.
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Table 29 Variable linked with the warm up period introduced.

Name Type Purpose

VAR Warm up period Time Hours of warm up period

The data introduced must be numbers and with O esnanum value.

These specifications were established in “Valid@yeck” option, as
shown in the previous figure. To establish the waprperiod introduced
in the simulation model, Visual Logic was used.uUr&g69 shows where
the code written is located.

1 Edit Di
Custom Dialogs List SO0y

o ™y
Drives Engneer (DE) Main_| Contiols | Visual Loge

END RUN
Engineering process simuly On Open Dialog
Inter arival TIMES \
Lead Engineer (LE) IE H
OPERATION TIME OnOK Oitlop__| Bt |
Percentage to get the APP|
Power plant Engineer (PE)
Project Manager (PM)
RESOURCES avaiable
SIMULB Simuaion Soltwaff . C2e! haks caling Visual Loge
Software Engneer (SE) || J _
START the smulation 38 SIMULS Visual Logic: ol B [
TIME of each activity — — e _
TRAVEL times
\WARM UP I Seach, 2|
Favorites ¥ E -
SET Warm Up Period = VAR Wamm up period
Recent ¥
Basic Commands ¥
u Anay ¥
Clock ¥
Component ¥
|| Conveyor ¥

«

Custom Property

How to Use:

|

| ‘ \Percentage to get the APPROVAL On OK Dialog ANew Code /

DSEIEN™

Figure 69 Code in “On OK Dialog” location of “Warm Up” dialog

The code written sets the warm up period introducdate “Warm Up Pe-
riod” option of the simulation model.

VL SECTI O\ New Code

SET Warm Up Period = VAR Warm up peri od

Once the warm up period is introduced, “OK” butisrclicked and next
dialog is shown.

4.5.18 Start the simulation

The “Start the simulation” dialog represents thst tialog before the sim-
ulation starts. In this dialog the time to be siatetl and the simulation
speed are defined. Figure 70 shows it.
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START the simulation
(The results will be calculated in the
time period: Time to simulate)

Time to simulate = Simulation time -
‘Warm up period

Set up Simulation time (HOURS)

Set up Simulation speed %
0

SIMULATE the Engineerign process

Figure 70 “Start the simulation” dialog.

To link these data with the “Global Data Item”, fRwula Editor” was
opened, “Information” type was selected, and theatdes related with
the data introduced in the blank spaces were seleEtgure 71 shows this

Edit Dialog
Custom Dialogs Lis{
=2 Man | Controls | Visual Logic
E;;B"HE,N’ e¢f OF) | o (The resuts vl be calculated & &) A%
£ ocess | || Tie: Time to simuate = Smudaton t |
T eS| || Title: Set up Simuation tme (HOURS g Tie
LesdE, (LE) Edt VAR Simulation trme - ©Q Hep
oneet Title: Set up Simulation speed % Data Field h -
OPERATION TIME 8 |
Percertage o gettd | T SUL TR the Engneengn prc Check
Power plant Engineet o Box
Project Manager (PM
RESOURCES avaiat | RadoGrowp |
SIMULB Sirmulation S Formula Editor -
Software Engnee (S Button - -
START the simulatio Type drectly into the box or double cick objects in the ksts below to insert automaticaly
TIME of each activity | Test To Display: Object Button
TRAVEL times >
WARM UP DiopDown | | Select atype of kst [VAR Percentage noSY |3 aConces|
Global Data ltem Object VAR Percentage yesC '0 Help
[ VAR Percentage yesSY ( J
VAR Simulation time ) 9 Information hyaids yesS
Math Funcion Objects
Vahdity Check E L J
L Function VAR Time fal
7] Must be number | o VAR Travel e 10_3
o nsert VAR Travel time 2_2
1 { = .
M Vale FEEDND |[VARTvelime22 |
MaxValue 2147483647 VAR Waim up period (
Waim Up Period - ( New
T —

Figure 71 Link between data introduced and “Global Data Item”

Table 30 shows the variables linked with the dateoduced in the blank
spaces.

Table 30 Variables linked with data introduced.

Name Type Purpose
VAR Simulation time | Time Hours of simulation time
VAR Simulation speed | Number Percentage simulation speed

Simulation time data is in hours and simulationespdata is in percent.
These data must be numbers and with 1 as minimuoe @ simulation

time and 0 as minimum value of simulation speedesEhspecifications
were established in “Validity Check” option, as wimoin the previous fig-
ure.

The dialog explains that the “Time to simulate’egual to the difference
between “Simulation time” and “Warm up period”. Téfre, simulation
time data must be higher than warm up period dfategt, an informative
message appears. Figure 72 shows this dialog.
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Information =)
o Simulation time must be higher than Warm up period

Figure 72 Informative message established by “VAR Time fadiiable.

This message is established by “VAR Time fail” ahie and it appears
every time that the time data is wrong. Table 3iwshthe variable linked
with the informative message.

Table 31 Variables linked with the informative messages albiouwe to simulate.

Name Type Message

“Simulation time must be higher than Warm

VAR Time fail Text o
up period

To apply all these actions in the simulation mod&ual Logic was used.
In “Visual Logic” section of “Edit Dialog” option @ode was introduced
in “On OK Dialog” Visual Logic location. Figure 7hows the location of
this code.

———— Edit Dialog
Custom Dialogs List — 1
Man ] Controls | Visual Logic

Drives Engneer (DE)
END RUN ( ¢
Engneering process si | | On Open Dialog
Inter amival TIMES p y r N
Lead Engineer (LE) ‘L IE: 0n OK Dislog Q Hep
OPERATION TIME . - ‘
Percentage to get the 4
Power plant Engineer (|
Project Manager (PM)
RESOURCES avaiabl V! Cancel halts c. Visual L
SIMULS Simulation Soll e s o9
Software Eng SE " A |
EEATY ST | 58 SIMULS Visual Logic: START the simulation On OK Dialog [ESRCN™ X
TIME of each actvity ||
TRAVEL times al Log ART the sin
WARM UP [ Search @‘ [ — !
—lL. . - ISTART the simulation On OK Dialk
| Favorites ¥
| s Simulation Speed VAR Simulation speed
| Recont ¥ IF NOT (VAR Simulation time > VAR Warm up period )
| Basic Commands ¥ +-- Display Message VAR Time fal
Array ¥ ~-- OpenDislog START the simulation
d IF VAR Simulation time > VAR Warm up period
Clock = “-- Run Simulation VAR Simulation time
Component ¥
Conveyor ¥

Custom Property

How to Use:

\START the simulation On OK Dialog /AC Work Complete Logic {END RUN On OK. Dialog / [$[8]

i=2/@

Figure 73 Code in “On OK Dialog” location of “Start the sination” dialog.

The code written establishes the “Simulation Speetf checks if simula-
tion time data is higher than warm up period data.

VL SECTI ON: START the simulation On OK Di al og
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Si nul ati on Speed VAR Si mul ati on speed
I'F NOT (VAR Sinmulation time > VAR Warm up peri od)
Di spl ay Message VAR Time fail
Open Di al og START the simulation

IF VAR Simulation time > VAR Warm up period
Run Sirmul ation VAR Simul ation tinme

If simulation time data is not higher than warm pgriod data, the mes-
sage established by “VAR Time fail” variable apmgand this dialog is
shown until this logic is true.

Once the data introduced follows the logic, “OK'tton is clicked and the
simulation starts.

4.5.19 End Run

Once the simulation ends, “End Run” dialog is showigure 74 shows
this informative dialog.

END RUN

The simulation is finished. ;}7 0,{

Find the results in the following EXCEL
document

Figure 74 “End Run” dialog.

When “OK” button is clicked the customized resutisthe “VAR Engi-
neering Process RESULTS” spreadsheet are shown.

Table 32 shows the variable linked with the sprbads

Table 32 Variable linked with the spreadsheet of the custeahiresults.

Name Type Purpose

VAR Engineering Pro- | Spread-
cess RESULTS sheet

Engineering Process customized results

To apply this action in the simulation model, Vislagic was used. In
“Visual Logic” section of “Edit Dialog” option a e was introduced in
“On OK Dialog” Visual Logic location.

Figure 75 shows the location of this code.
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Custom Divogs Uit | €91 009
e Man_| Contiols | Visual Loge
DISTRIBUTION of the proje |
Controller (OC) ‘. OnOpenDi
Drives £ € L nOptnOiios |
Engneenng process simulat [ 1. 0n OK Diskog J 0 Help
Inter anival TIMES
Lead Engneer (LE)
OPERATION TIME
Percentage to get the APPR|
PWT‘U!EWIIPEI V| Cancel hakts calling Visual Logic
RESOURCES avalable —
SIMULB Simulation Software(| [ 58 SIMULS Visual Logic: END RUN On OK Dialog
Software Engneer (SE) .
ST S sl | Secn (@] |_[arveusiione |
Favorites ¥
_ * -~ Display main sheet
Recent ¥ |5
Basic Commands ¥
‘ Anay ¥
Clock ¥
Component ¥
— Conveyor ¥
Custom Property ¥
How to Use:
END RUN On OK Dialog £S 10_3 Route In Before Logic /S 16 Route In Before Logic /
9t)=[2)Q)

Figure 75 Code in “On OK Dialog” location of “End Run” dialog

This code displays the “Main Sheet”, in this casthe “VAR Engineering
Process RESULTS” spreadsheet.

VL SECTION: END RUN On K Di al og
Di spl ay mai n sheet

This spreadsheet contains the customized results.

4.6 Visual Logic

In the simulation model there are four codes adngrtb the simulation

performance, these codes show the dialogs cresgéahlish the operation
time on reset and create the customized resuleseTlvere divided in two
groups, "Time Based” and "Action Based” codes. "€ilBased” codes are
located in "Before Reset” and "On Reset” Visual lotpcations. Figure

76 shows the locations of this codes.

File Home Data and Rules Insert View Visual Logic
R H B QI
Time Action All Tj? l§ New ﬁs/t
Based - | Based ~ > Check VL ~  Scheduled Edited
IE. Before Reset fhecks Gl
IE. OnReset
Time Check

On End Warm-Up

On End Run

On End Trial

On System Dynamics Time Slice

Figure 76 “Time Based” codes.
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"Action Based” codes are located in "On Stop Runti dOn Simulation

open” Visual Logic

locations. Figure 77 shows tbesltions of this codes.

B Home  DstaandRules  In

Time A(t\c;\ Al Time
Based ~ | Based ~ v Check VL ~
On Start Run

IE: On Stop Run
IE: On Simulation Open
On Button Click

set  View | Visual Logic

> R[&

< . e
User New Last

Scheduled Edited

Figure 77 “Action Based” codes.

Below "On Simulation open”, "Before Reset”, and "®eset” codes are

explained in detail.

sults” section.

4.6.1 On Simulation open

"On Stop Run” code is explae "Customize Re-

The main purpose of the code written in this Visuagjic location is to
show the dialogs created in the present simulatiodel. Below this code

is shown:
VL SECTION: On Si

Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og
Open Di al og

mul ati on Open Logic

SI MJL8 Simul ation Sof tware

Engi neeri ng process sinulation nodel
DI STRI BUTI ON of the projects
Inter arrival TIMES

TI ME of each activity

OPERATI ON TI ME

Percentage to get the APPROVAL
RESOURCES avai | abl e

Lead Engi neer (LE)

Cabl i ng Engi neer (CE)

Sof t war e Engi neer ( SE)

Power pl ant Engi neer (PE)
Drives Engi neer (DE)

Docunent Controller (DC)

Proj ect Manager (PM

TRAVEL tines

WARM UP

START the simul ation

The code establishes the order in which the diatmgsshown when the
simulation is started.

4.6.2 Before Reset

The following code shows some examples about hastéblishes the op-
eration time of each activity before the simulatiomeset.

VL SECTI ON: Before Reset Logic
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SET VAR Operation Tine EPS[3,3] = VAR Qperation Tine
EPS[ 4, 3]

SET VAR Operation Tine EPS[3,4] = VAR Qperation Tine
EPS 4, 4]

SET VAR Qperation Tine EPS[3,5] = VAR Qperation Tine
EPS[ 4, 5]

SET VAR Operation Tine EPS[3,6] = VAR Qperation Tine
EPS[ 4, 6]

The operation time is selected from “On Reset” guiwf the “VAR Op-
eration Time EPS” spreadsheet.

4.6.3 On Reset

The code written in this Visual Logic location igfdrent from the files
created in Simul8. In the “ABB_Project EngineeriRgocess Work
Flow” file the following code is written:

VL SECTI ON: Reset Logic

Open Di al og DI STRI BUTI ON of the projects
Open Di al og Inter arrival TIMES

Open Di al og TI ME of each activity

Open Di al og OPERATI ON TI ME

Open Di al og Percentage to get the APPROVAL
Open Di al og RESOURCES avai | abl e

Open Di al og Lead Engi neer (LE)

Open Di al og Cabl i ng Engi neer (CE)

Open Di al og Sof t war e Engi neer ( SE)

Open Di al og Power pl ant Engi neer (PE)
Open Di al og Drives Engi neer (DE)

Open Di al og Docunent Controller (DC)
Open Di al og Proj ect Manager (PM

Open Di al og TRAVEL times

Open Di al og WARM UP

Open Di al og START the simulation

In the “ABB_Project Engineering Process_ Officdé fihe following code
is written:

VL SECTI ON: Reset Logic

Open Di al og TI ME of each activity
Open Di al og OPERATI ON TI ME

Open Di al og TRAVEL tines

Open Di al og WARM UP

Open Di al og START the simulation

As shown the main purpose of these codes is to shewlialogs created
when the simulation is reset. The difference betwise codes is that in
the "Office” file there are less dialogs than ie ttwork Flow” file.

As explained in the previous chapters, in the “€¥fifle components are

created to make the user interface easier and mtritive than in the
“Work Flow” file. The start point, resources andwerk simulation ob-
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jects are the components created, and they aredinkth the dialogs that
are not written into the “Office” file code.

4.7 Customized Results

Simul8 offers the “Results Manager” option to vikzm and compare all
the relevant data of the simulation results. Thectcal Systems and Pro-
ject department personnel of ABB Marine and Crasecified that all
these results have to be included into a documaithaallows for an easy
link with Microsoft Office Excel.

In the present simulation model, the “VAR Enginegri Process
RESULTS” spreadsheet was created to include alttstomized results
with an easy link to Microsoft Office Excel. Theoe¢, when the simula-
tion stops this spreadsheet is filled with all thkevant data of the simula-
tion results. On order to apply all these actiom®de was written in “On
Stop Run” Visual Logic location. Below some exanspté this code are
shown:

VL SECTION: Stop Run Logic

Get Result VAR Engi neering Process RESULTS 3, 3] |,
Current Run , S 1. Wiiting %

Get Result VAR Engi neering Process RESULTS[ 4, 3] |,
Current Run , S 1. Wrking %

Get Result VAR Engi neering Process RESULTS[5, 3]
Current Run , S 1: Resource Starved %

SET VAR Engi neering Process RESULTS 6, 3] = S 1. Number
Conpl et ed Jobs

SET VAR Engi neering Process RESULTS[9,3] = (Queue for S
1. Aver age Queueing Tinme

SET VAR Engi neering Process RESULTS[10,3] = Queue for S
1. Average Contents

CGet Result VAR Engi neering Process RESULTS[3, 4] |,
Current Run , S 2_1: Wiiting %

CGet Result VAR Engi neering Process RESULTS[4,4] |,
Current Run , S 2_1: Wrking %

CGet Result VAR Engi neering Process RESULTS[5, 4] |,
Current Run , S 2_1: Resource Starved %

SET VAR Engi neering Process RESULTS[6,4] = S 2_1.Nunber
Conpl et ed Jobs

SET VAR Engi neering Process RESULTS[ 9, 4] = (Queue for S
2_1. Average Queueing Tine

SET VAR Engi neering Process RESULTS[10,4] = (Queue for S
2_1. Average Contents

CGet Result VAR Engi neering Process RESULTS[13, 3] ,
Current Run , Lead Engineer EPS: Waiting %

Get Result VAR Engi neering Process RESULTS[ 14, 3] ,
Current Run , Lead Engi neer EPS: Working %

Get Percent Utilization over Interval LE 1 , VAR Warm
up period , VAR Simulation time , VAR Engineering Process
RESULTS[ 15, 4]

Get Percent Uilization over Interval LE 2 , VAR Warm
up period , VAR Simulation time , VAR Engineering Process

RESULTS[ 15, 5]
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Get Percent Uilization over Interval LE 3, VAR Warm
up period , VAR Sinulation tine , VAR Engineering Process
RESULTS[ 15, 6]

Get Result VAR Engi neering Process RESULTS[13,8] ,
Current Run , Cabling Engi neer EPS: Waiting %

Get Result VAR Engi neering Process RESULTS[14,8] ,
Current Run , Cabling Engi neer EPS: Working %

Get Percent Uilization over Interval CE1, VAR Warm
up period , VAR Simulation time , VAR Engineering Process
RESULTS[ 15, 9]

Get Percent Uilization over Interval CE2, VAR Wrm
up period , VAR Simulation time , VAR Engineering Process
RESULTS[ 15, 10]

Get Percent Uilization over Interval CE 3, VAR Wrm
up period , VAR Sinulation tine , VAR Engi neering Process
RESULTS[ 15, 11]

Cet Result VAR Engi neering Process RESULTS[ 13, 35] |,
Current Run , ASY: Wiiting %

Cet Result VAR Engi neering Process RESULTS[ 14, 35]
Current Run , ASY: Wirking %

Cet Result VAR Engi neering Process RESULTS[ 13, 36] |,
Current Run , RWSY10: Waiting %

Cet Result VAR Engi neering Process RESULTS[ 14, 36]

Current Run , RWSY10: Working %
SET VAR Engi neeri ng Process RESULTS[ 15, 36] =
RWSY10. Nurmber Conpl et ed Jobs+" proj ects”

Get Result VAR Engi neering Process RESULTS[ 13, 37] |,
Current Run , RWSY14: Waiting %
Get Result VAR Engi neering Process RESULTS[ 14, 37]

Current Run , RWSY14: Working %
SET VAR Engi neeri ng Process RESULTS[ 15, 37] =
RWSY14. Nunmber Conpl et ed Jobs+" projects”

Get Result VAR Engi neering Process RESULTS[ 13, 38] |,
Current Run , RWBY17: Waiting %
Get Result VAR Engi neering Process RESULTS[ 14, 38]

Current Run , RWSBY17: Working %
SET VAR Engi neeri ng Process RESULTS[ 15, 38]
RWSY17. Nunmber Conpl eted Jobs+" projects”

Open Di al og END RUN

The code written establishes the following relevdatia of the simulation
results in the spreadsheet.

- Waiting and working percentage of the activitied amsources.
— Utilization percentage of the resources.

— Resources starved percentage of the activities.

- Average queuing time.

— Number of completed jobs of the activities.

- Average contents of the queues.

— Number of completed jobs in the re-work to getdpgrovals.

These data is collected through the time simulaftte the code ends,
“End Run” dialog is opened and informs that thedation is finished.
Figure 78 shows part of the “VAR Engineering Precd®ESULTS”
spreadsheet that appears when “OK” button of tiaikog is clicked.
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Figure 78 Part of the spreadsheet with the customize results.

Simul8 offers the option to save this spreadshett Microsoft Office
Excel extension (.xIs) in “Edit Formats” option thfe spreadsheet. Once
the spreadsheet is saved with this extension, deardent can be visual-
ized in Microsoft Office Excel, and all the datdleoted can be represent-
ed using this powerful tool.

Once the results are obtained and the simulatiogram is closed, a mes-
sage appears to confirm if all data introduced ehadnges done in the
simulation model are saved or not. Figure 79 shitwgsmessage.

Confirm &

E:\ABB Marine\SIMUL8\Version\FINAL\ABB Project Engineering_Flow.S8 |

SIMULS Simulation Changed
Save changes?
Yes No Cancel

Figure 79 Message to confirm if changes are saved or not.

The file has to be saved with different name ifr¢his a desire to keep the
original simulation model.

5 CONCLUSION

Simulation models are formulaic, mathematical agidal representations
that define the idealization of system of inter@stday simulation models

are evaluated with computers, using tools selefited a wide range of

general and simulation-specific programming lang@sagspreadsheets
software and specialized commercial simulationveaie.

Simul8 was chosen after a comparison between twthefmost used
commercial simulation software related with the gm®sed engineering
process. Simul8 concepts were introduced to prosidesis for under-
standing the modelling solutions that were latescdéed. The model was
built mainly of activities and queues that repré$ba engineering process
steps. Other simulation elements of this softwaezenwused to make an
easier and more interactive usage of the simulatiodel.
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The simulation modelling started with numerous datian exercises not
related to the proposed engineering process. Téeseises continued to
some extent during the modelling of the actual @ss¢ mainly to test dif-
ferent modelling approaches to practical problemsoantered while
modelling the proposed engineering process.

According with the aim of the Electrical Systemg d&roject department
personnel of ABB Marine and Cranes, the desireguwuof the present
thesis is to improve the engineering process efiicy cutting 10% of en-
gineering hours.

The simulation model developed is the main resulhis thesis, and it al-
lows testing and checking the whole process. Tistoonized results are
useful to improve the efficiency and an importaatidation for the de-
partment if any modification in the engineering gess is applied in the
future.

Once the simulation model was finished and preseimtéABB Marine &

Cranes installations in Helsinki, the commissioeealuated the work
done positively and with an excellent grade in thitity of the thesis,
business importance.
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