EcosimPro

Modelling and Simulation Software

Installation & Getting Started Guide

Version 4.4

:

A A

e —
EA Internacional

© 1992-2008 EA Internacional. All rights reserved.






1.

AR A
A AR
o7 N

EA Internacional

CONTENTS
LN I L@ 1 10 O I ]\ 1
1.1. WHAT IS ECOSIMPRO? ..ottt ettt r et e e e s s e st bbb e e e e e e s ib b bbbt e e e e s s sbbbbbeeeeesssaares 1
111, ECOSIMPIO POLENTIAI USEI'S ....ciuiiieeeeeeiesiistesiestesseeeeaeseestessessesseessessessessesaessesseenssssessensessessessessessennsnnees 2
1120 SNOMT NISIONY ittt bbbt bbbt bt bbbt bbb n e 3
1.2. CURRENT APPLICATIONS OF ECOSIMPRO .....ccoitttiiiiii ittt ittt s sttt e s e s s bbb aa s s e s s s s sabbbaas e e e s s s sanens 5
1.3. KEY CONCEPTS IN ECOSIMPRO ..vvviiiiiiiiiiiiiiis ettt ettt ettt e e s st e e e e e s s st b a b e e e s e s s st b abaeeeeeaan 6
1.4. WORKING IN ECOSIMPRO ... .utttiiiiieiiiiiittiet e et seiittee e e e e s s s itabbeeeeeessasabtbaeesaessasatbaseseessessbbaaseeeesssasbbaseeeeesssnsres 7
1.5. THE ECOSIMPRO SIMULATION LANGUAGE ......cuvttiiiieeiieiitiiit e e e s s esitbett s e e s s esatbatssesssesasbbaassessssssbbasssesssssasnns 9
1.6. LOOK-AND-FEEL OF AN ECOSIMPRO COMPONENT ..uttiiiieiiiititiiiieeesieiitbeessesssessssbssssssssssssbssssessssssssssssssessns 9
1.7. LOOK-AND-FEEL OF AN ECOSIMPRO PORT TYPE ..uttiiiiiiiiiiiiiiiiie ettt iiibrre st baae e e sabbaree e s e 10
1.8. ECOSIMPRO LIBRARIES. ....ccciiteieeitteeeeettee e s ettt e s sette s e esstee e s sabaeeesbaeseeastaeesssbeeeessbeseaasaeeessabeeesssbeeesaseeseesnrens 10
1.9. ECOSIMPRO MAIN WINDOW ....uvvviiiiieiiieiitieiieeessesstbettsesssessbbetssassssssbbestsasesssasbbasasesesssasbbasasesesssabbrseeesessns 11
1.10. ECOSIMPRO SCHEMATICS ..ottt ie e ettt e e e e sttt e e e e s et bbb et e e e e e s st bbb e b e e e s e e s sab bbbt e e e sesssbb bbb e e e s e s s saabbbbaeesaesan 16
1.10.1. (O o= vt B =l T (o SRS 17
1.11. ECOSIMPRO IMANUALS ...t ieteee ettt eettee s ettt e e sttt e e e eate e e e st e e e et e e e eaataeessabeeeesabbeeeaasaeeeesabeeesssbeeesaseessssnrens 18
HARDWARE REQUIRED .......oi ittt sttt sttt et sttt te e be e be e tessaestaesbeesneesneenneenes 21
SOFTWARE REQUIRED........cci ottt ettt ettt et st te e s te e steentesaeesaeesbeebeentenneenreens 23
INSTALLING COMPILERS ...ttt ettt ettt e s e e s e st e e e e st a e s s bt e e s s sbbaesssabanesssbbeneas 25
4.1. INSTALLING MICROSOFT VISUAL CAr oottt ettt e e st stbatt e e e e s s s sbbbaa s e s e s s ssbbbaaeesessssanes 25
4.2. INSTALLING NET FRAMEWORK RUNTIME AND SDK ... .outiiiiiiiiiiiiiiiii ettt ana e aaens 26
4.3. ENVIRONMENT VARIABLES ... .uttttiiiieiiiiiittett e e e s ssiitbetteessseiabbasesssesssabbsaaeseesssabbbabaeesesssaabbabaeeseessasbbbbaeesessan 27
R V= U= S (1 (o 10 Y T 27
4.3.2.  Visual SUAIO NET 2003.......ooiieieiieiie e eeeeie s sttt e e e stae e s seaesessteeasasseesssassssssssesesasseesssassssssssseessssssesssaes 28
4.3.3. RUNIME ANA SDK INET ...ttt e sttt e s ee e e s st e e e s ebbe e s sbassessabaeasasbensssssnssssssnessasensssanes 29
INSTALLING HARDWARE KEY ..ottt ettt e e et et ette s s s etta e e s entae e s ssvae e s sbaeeesnteeessnrenens 31
5.1. F A ST T I N O PSR 31
5.2. RV A 7N AN 1N R 31
5.3. INSTALLATION STEPS ...ttt ettt ettt e et e e s st e s ettt e e s et e e e s sabeeessabbeeesaabeeessabenes 31
LTS 1 I o =t R 1 = 1 (1= ] 1 d TSR 31
5.3.2. STEP 2: Install hardware key USB driver and NEtWOrK SEIVEY ..........ccceveievenenieseseseseeeeseesaeseeneas 32
5.3.3.  STEP 3: Insert hardware key and run ECOSIMPIO. .......cccccveveririre e 32
INSTALLING ECOSIMPRO ...ttt sttt ettt e st e e s s bt a e e s et a e e s s bt e e s st ba e e sbeneessabenens 33
ECOSIMPRO DEIMOS ...ttt ettt e e ettt s e e e s s b e e e s eabt e s s sabb e e e s ebbesssabbassssabeaesssabenessrbanesans 35
IMIAINUALLS ..ottt ettt e ettt e s ettt e e s bt e e e s btte e e sabeee e s b beeesabtee s s sabeasesebbasesasbaesesabeasessabenessrbnnesans 37

Installation & Getting Started Guide Version 4.4 Page i



A A
7
A A\
EA Internacional

9. 1 1 ] 39
9.1. SUPPORT SERVICES ....ciiiiitttttieeeeesieitbtteesse st seisbbbeessesssasbtbaseseessesabbba s eeeees s s st b e baeeseessasbbbbaeesesssesabbbaeeeesesssnres 39
9.2. REPORTING A PROBLEM ....ueeiiititeeiteeeesetteeesesteeessaaeeesseteesssaseesessabeeesasbaesesbaesesssbeeesassessessseesesssbenssassessssnsens 39
9.3. S = 2R ] =10 11 =TT 40

10. HARDWARE KEY .ottt ettt sttt e e ettt e s st e e e s e bt e e s s eab bt s e s aba e e s s sbbeeesenbaesssabeneessbbeeeas 41

11. YOUR FIRST SIMULATION WITH ECOSIMPRO ...ttt 43
11.1. Y OUR FIRST COMPONENT SOURCE CODE........uuttiiiieiiiiistteiitesessiissssseesessisssssssssesssssisssssssessssisssssssessssisnn 43
11.2. Y OUR FIRST COMPONENT SCHEMATIC 1oetiiiiiiiutttiitieeiieiittbetteessssiisbbsstessesssessbssesssesssassassssssesssassssresssessssisnns 53
11.3. REUSING A COMPONENT CREATED WITH SCHEMATIC ...veiiiittieeiieteie e etie e eieee s ettee e s stee s s svaeeesenbeessensassssnres 61

12. RUNNING SIMULATIONS ...ttt ettt ettt ettt e s s bt e s s ettt e s s s bt e e s s sbba e e s aabaesesbeneessbbaness 67
121, DEFAULT_LIB otiitiiieiiit ittt t bbbkt h bbbt e e n bt b et se e e n e nr e 67

12.1.1. WWHEN EXAIMIPIE. ... ittt sttt st e et b et ae e e et e e s b e s bt eheeae e e e b e neesbesbesaesaeeneaneeses 67
12.1.2. (00070)Y 1 a0 0| =1 0] 0153 (o NV oo F SR 69
12.1.3. Analyzing results in other Office appliCationS.........ccceverereiiniie e 69
12.1.4. LS (===, ST 70
12.15. (ol o1 = (U= o] LTSRS 73
12.2. ELECTRICAL EXAMPLES 11vviiiiiiiiititiiee e et ittt et e e s ettt s e e e s s e iabb e e e s e e s s e s bbb e b e e e e e s s sbb bbb e e e s e et sasbbabaeeseessebbbbenes 75
12.2.1. Diode bridge EXAMPIE......ccve it r e ne e e s 75
12.3. CONTROL LIBRARY oiiiiiittttiiite e et ettt et e e et s ettt et s e e s s e sbb b e et s aessesbb b et e easesssasbbebeseseessasbbbbaaeseessessbsbesssesssssasres 77
12.4. THERMAL LIBRARY .etiiiiiiiiiititiiit e e s seit ittt et e e st ettt et s s e s s s asabb b e e s s e s e s esabb b e b e s e e s sesabbbaaesaessssaabbbbasesesssbbbbsaeesesssasres 79
12.5. TURBOUJET LIBRARY 1eiiiiiiiiiittttiitie et ieitttees s e s s seiasbbesssesssasabtbasssesssasabtbaessesssssabtbasesesssssabbaaesesessssbbbaaeesesssates 80
13. (O(@ A\ [0 I U L] 10\ SRR 83

Page..ii Version 4.4 Installation & Getting Started Guide



A A
7 'R
A A\
EA Internacional ‘

1. Introduction

1.1. What is EcosimPro?

EcosimPro is a very powerful continuous-discrete simulation tool. It offers extensive
capabilities for modelling and simulation, based on more than twenty years' engineering
experience simulating complex systems.

The EcosimPro development team is drawn from a diverse range of engineering
disciplines: simulation, object-oriented programming and modern user interface design.

Normally engineers doing simulations spend 80% of the time programming and 20%
modelling, dealing with a range of fields outside their own specialisation. EcosimPro's
main design objective is to reverse this, to allow the engineer to spend 80% of the time
on physical modelling and only 20% programming. EcosimPro handles internally the
complexity of sorting equations, optimising the numeric model, and solving systems of
linear and non-linear equations. EcosimPro has its own modelling language, EL. EL is
intuitive for the engineer, and equations are written practically the same way as in
algebra. It incorporates the latest advances in programming technology such as
encapsulation, enumeration data types, multiple inheritance, and multidimensional
arrays, to enable an engineer familiar with the language to easily reuse existing, tested
components to build new models.

EcosimPro's graphical user interface will be familiar to any user of development
environments under Microsoft® Windows®, especially Microsoft Visual C++®. It is an
intuitive, visual development environment in which the modeller can quickly and easily
create libraries, components, simulation files, etc.

EcosimPro is an open tool. Unlike other simulation systems, EcosimPro is not domain-
specific: libraries have already been developed for several different domains. Moreover,
it is easy to extend by adding libraries of custom components written in the EcosimPro
modelling language. It is straightforward to reuse additional subroutines in FORTRAN,
C or C++ which can be called from the language.

EcosimPro can be used to study:

O transient behaviour
[0 steady state of models
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A A
g 7
A A\
. EA Internacional

0O parametric studies
O complex experiments using FORTRAN, C or C++ functions, etc

More than 50 000 man-hours have been invested in the development of EcosimPro,
financed mainly by the company itself and by the European Space Agency (ESA).

This version of the application has been tried and tested in different fields under the
most critical and demanding conditions.

1.1.1. EcosimPro potential users

EcosimPro can be of great help to engineers, physicists, chemists, mathematicians,
biologists, etc, for modelling simple and complex processes.

As stated previously, EcosimPro can be applied easily to multidisciplinary fields:
chemistry, fluids, control, mechanics, etc. In general any problem modelled with
differential-algebraic equations.

EcosimPro is useful for university students to learn how to model physical problems,
and for writing end-of-course dissertations/projects and theses for their doctorates.

There are three levels of users:

O LEVEL 1: Users who develop libraries of components. They need to have a
profound knowledge of the physics and mathematics of the problem to model and
simulate it. They need to create new components using EcosimPro’s modelling
language EL. They are the typical users of EcoStudio. For example, a creator of a
basic ELECTRIC library with capacitors, resistors, inductances, etc.

0O LEVEL 2: Users who create models (also known in EcosimPro as components)
based on existing libraries. They do not need to have the extent of knowledge
LEVEL 1 users have, but they do of course need to know what is under the
components. In EcosimPro they are the typical users who generate and simulate the
schematics that represent the different physical systems. For example a user
creating an electric circuit based on the ELECTRIC library.

O LEVEL 3. Users who just run simulations from existing models. They need only be
capable of changing the input data and running the simulations to obtain the results.
They do not require any special math knowledge; they just need background
knowledge of the final application. In EcosimPro they are the typical users of
EcoExcel. For example, an operator in a plant needs to know what happens in a
scenario if some of the plant parameters change. He can run the simulation with the
new parameters to obtain the results.
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1.1.2. Short history

EcosimPro’s name has been changed in Version 3.0; before it was known as Ecosim.
Due to some commercial issues, EA Internacional decided to change the name to
EcosimPro.

Here is a brief history of EcosimPro’s evolution.

1.1.2.1. Ecosim 1.0 (1994)

The development of this version began in 1989 within the framework of a contract with
the European Space Agency (ESA) under the Spanish Space Programme for the
development of a European tool to simulate environmental control and life support
systems on manned spacecraft. EcosimPro 1.0 ran under UNIX in 1993.

1.1.2.2. Ecosim 2.0 (1996)

The setback in the European manned space programmes and the general approach
adopted in the development of Ecosim gave rise to the improvement and subsequent
extension of the tool to other types of applications up to the time EcosimPro 2.0
emerged in 1996, running under UNIX. This version has been used in important
companies, not only in the space industry: DORNIER and DASA of Germany,
SNECMA/SEP and CEA of France, ALENIA of Italy, TECHSPACE-AERO of Belgium
and VOLVO of Sweden, but also in the development of humerous applications in other
sectors: energy (IBERDROLA) and airports (AENA).

1.1.2.3. EcosimPro Version 3.0 (2000)

Based on experience gained during the development and application of the tool, EA
International was able to assess its feasibility and make the decision to make it
completely commercial and generally applicable to industrial simulation.

A complete redesign was carried out using an object-oriented approach and C++ to
produce a robust modelling software package.

The design targeted a PC with Windows because of the wide market and current power
of INTEL based machines.

Its characteristics were compared in detail with other reputable tools and a goal was set
to carry out a series of improvements that basically focused on:

O A language for simulation and experiments that should be as simple and robust as
possible
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O The algorithms for arranging and resolving systems of differential-algebraic
equations, handling discontinuities and encompassing state-of-the-art technology

O The user graphics interface, that should be constructed as far as possible with
commercial tools (eg, Microsoft) to cover a very wide environment (Windows NT, 95
and 98) and that should also be powerful for solving very complex modelling
problems involving hundreds of equations

This version was also subjected to a comprehensive test campaign in different areas of
application that culminated in the first commercial version at the end of 1999. The test
campaign included, but was not limited to, the following:

O European ESPRIT project, with the application of EcosimPro 3.0 in the fields of
Waste Processing and Water Treatment

O Tests in university groups with wide experience in simulation, especially in the fields
of Control, Process Simulation, Energy, Propulsion and Chemistry

O Environmental Control and Life Support Systems (ECLSS) for the European Space
Agency

O Project to develop a commercial library for the Energy sector with a Spanish
architect-engineering company

1.1.2.4. EcosimPro Version 3.3 2004

A new tool for creating schematics emerges: EcoDiagram. This new tool replaced
SmartSketch to create graphical models.

1.1.2.5. EcosimPro Version 3.4 2005

New capabilities and improvements have been added both in EL language and
graphical interface to supply the user with a more usable tool and a greater modelling
quality.

1.1.2.6. EcosimPro Version 4.0 2006

The adaptation of EcosimPro to a multiplatform environment has created the needs of
making deep changes in this version. EcoStudio and EcoDiagram have been integrated
into a single application. Also, EcosimPro shows three different views: Code View, from
where components can be created using EL language, Schematic View, where symbols
for the components schematics can be created, and Simulation View, where
experiments are managed and executed.
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1.2. Current applications of EcosimPro

The following table shows the main applications of EcosimPro to the present time:

Main Applications with EcosimPro

Trajectory
Configuration of control

Success criteria

AREA SYSTEM (Client) Typical Applications/Results ITechnologies Involved
SPACE Environmental Control and Life System definition and design Fluids
Support Systems Mission preparation Mass and heat transfer
Training Chemical reactors
IAssessment of the mission Control
Thermal Control of Satellites Passive insulation (thermal load) Heat transfer
Cooling loops IThermodynamic cycles
Control
PROPULSION Liquid-fuel rocket engine Mass, hydraulic and heat balances Fluids
Gas-fuelling of ionic engines IAdjustment and optimisation of controls Mass and heat transfer
Feeding fuel and combustibles to  |Dynamic simulation (operating transients  |[Chemical reactors
satellite engines Control
Cryogenics
ENERGY IBERDROLA Energy Balances Fluids
Dynamic simulation (operating transients) |Mass and heat transfer
IAdjustment and optimisation of controls Chemical reactors
Control
Cryogenics
DEFENCE SEA-SKIMMER Anti-missile . oo Kinematics and Dynamics
Defence System X, X, X

arheads

Servo control systems

WASTE PROCESSING

Técnicas Reunidas

Mineral processing
IAqueous metallurgy

Recovery of heavy metals from liquid
effluents

Leaching
Cementation
Filters

Heat-Exchangers

WATER TREATMENT

Bristol Water

IAbstraction and treatment of water to
potable standards

Chemical reactors

Coagulation and
precipitation

Disinfecting and oxidation

Sand filters

TRANSPORT AND
LOGISTICS

|Air terminal passenger traffic
(AENA)

Flow of passengers in space and in time

Queue theory

IAverage process and connection times for

different kinds of passengers

Optimisation by

assignor/supervisor of
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resources

Evolution in time of necessary process
elements: check-in counters, controls,
trains, baggage reclaim halls, etc

TRANSPORT AND lAutomatic Baggage Handling IAverage flows and times of baggage Queue theory
LOGISTICS (AENA) handling o
(Cont.) Optimisation

Different control schemas

Resources (available space and man-
hours) for operation

Defective operation (with failures)

Sensitivity studies (capacity and design

margins)
ITRANSPORT AND Storage and Distribution of arehouse occupation levels Queue theory
LOGISTICS Merchandise (EXEL-LOGISTIC) ) L
Resources necessary (available space, Optimisation

machines, staff) for operation

Defective operation (with failures)

1.3. Key concepts in EcosimPro

The fundamental concepts of EcosimPro are:

O

Component: This represents a model of the system simulated by means of
variables, differential-algebraic equations, topology and event-based behaviour. The
component is the equivalent of the “class” concept in object-oriented programming.

Port connection type: This defines a set of variables to be interchanged in
connections and the behaviour and restrictions when there are connections between
more than two ports. For instance, an electric connection type uses voltage and
current as variables to be used in connections. The connection port avoids
connecting individual variables; instead, sets of variables are managed together.

Partition: To simulate a component, the user first has to define its associated
mathematical model; this is called a partition. A component may have more than one
partition. For example, if a component has several different boundary conditions,
depending on the set of variables selected, each set of variables produces a
different mathematical model, or partition. The next step is to generate experiments
for each partition. The partition defines the causality of the final model.

Experiment: The experiments performed for each partition of the component are the
different simulation cases. They may be trivial for calculating a steady state or very
complex with many steady and transient states changing multiple variables in the
model.
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O Library of components: All the components are classified by disciplines into
libraries.

1.4. Working in EcosimPro

An EcosimPro component can be built either from scratch or formed from basic
predefined components. The components are taken either from a system library or are
defined by the user. Each component contains a mathematical description of the real-
world component it represents. Components have interfaces with each other by means
of connection ports. Components can be joined together by their ports to form a new
component. EcosimPro is hierarchical in the sense that models may also have ports
and so can be joined to other components to create more complex components.
Components can inherit behaviour from other components, allowing reuse of tried and
tested code from parent components.

An experiment defines the initial conditions and the boundary conditions of the
mathematical model, and the desired solutions (transient or steady state). Experiments
can range from trivial to very complex using sequential language with for, while and if
statements, function calls, etc, and some special functions for calculating steady states,
integration of the model, etc.

The process of building components in EcosimPro consists of the following steps:

Installation & Getting Started Guide Version 4.4 Page 7
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Create a library in EcosimPro

4/\

Code components, ports, etc, Create a component
in EL graphically

Compile into a library

v

Generate a partition

v

Create an experiment

v

Run the simulation

The first step is to create (or reuse) a library, then to code the new component(s) and
port type(s), either using the EcosimPro Language (EL) or the graphical interface tool.
The next step, simulating a component, involves generating an associated
mathematical model or partition, then creating an experiment for that partition. Finally
the simulation is run, either in batch mode or visually in the EcosimPro Experiments
Monitor.

The EcosimPro tool consists of the following software modules:

O The EcosimPro Simulation Language (EL) for expressing both the simulation
components and the experiment as text

0O EcosimPro libraries of components classified by discipline (Energy, Propulsion,
Control, etc)

O The EcosimPro main window providing a user-friendly environment for creating new
components using the EcosimPro Simulation Language (EL)

O The schematic tool. This is a tool designed by EA International for drawing a
schematic simulation model which can then be compiled as an EcosimPro
component

O A graphical experiment monitor to run simulations and plot graphs of variables

Page..8 Version 4.4 Installation & Getting Started Guide



A A
7
A A\
EA Internacional i

1.5. The EcosimPro Simulation Language

The EcosimPro simulation language (EL) has a rich set of language features for
expressing both models and experiments. The language provides sequential statements
similar to FORTRAN, C, etc, as well as continuous and discrete statements for
modelling physical behaviour.

The EcosimPro compiler checks the lexical, syntactical and semantic correctness of any
new EcosimPro component. If the compiler detects an error it reports the problem with
the line number and gives an explanation for the error.

EL provides capabilities for defining components, connection ports, functions,
enumeration types, etc. The final simulation model is translated into native C++ code for
use in other software modules to run the simulations programmatically.

1.6. Look-and-feel of an EcosimPro component

The figure below illustrates the look and feel of an EcosimPro component modelled in
EL (EcosimPro language).

COMPONENT Cntrl_pid IS_A Cntrl_pi

DATA
REAL Td=0.1 “Rate or derivative time”
REAL

alpha=0.1 “Derivative filter parameter”
DECLS

REAL yf “Filtered variable”
CONTINUOUS

yf' = (y - yf) / (alpha * Td)
v=k™*(beta*r-y-Td* yf') +vi
END COMPONENT

This component models a typical PID controller. It shows how inheritance allows much
of the code to be reused from the parent components. Each new component defines its
own data, variables and equations.

Installation & Getting Started Guide Version 4.4 Page 9
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1.7. Look-and-feel of an EcosimPro Port Type

EL allows the modeller to create very powerful connection port types by including
intelligent behaviour. For instance, that the behaviour of a variable in a multiple
connection must follow the rule of equality in all the connections (EQUAL flag) or that
the addition of all the variables must be equal to zero (SUM flag). The modeller can then
insert equations manually without worrying about multiple connections, as EcosimPro
handles it automatically. The example below shows an electrical port with two variables:
current and voltage. The first is SUM and the second EQUAL behaviour.

F

PORT Elec
SUM REAL c “current
EQUAL REAL v “voltage (Volts)”
END PORT

1.8. EcosimPro Libraries

In EcosimPro everything is inserted into a library. Usually the libraries are classified by
discipline such as Electrical, Control, Fluid, etc. EcosimPro is supplied with a set of
standard libraries and others can be purchased separately. The figure below shows a
typical configuration of EcosimPro libraries. There is a workspace containing several
libraries such as CONTROL, ELECTRIC, etc. Each library contains different items, such
as components, port types and functions.

Page..10 Version 4.4 Installation & Getting Started Guide
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‘workzpace: DEMO

& CONTROL

i) DEFAULT_LIB

fffl DISCRETE_EX&MPLES
il DISCRETE_LIB

& ELECTRIC

il FLIGHT_SIM

il GRAVITATIONAL

il GRAVITATIONAL_EXAMPLES
il HYDRAULIC

il HYDRAULIC_EXAMPLES

@ MATH

il MATH_ExAMPLES

il PHYSIOLDGICAL

il PHvSIOLOGICAL ExXAMPLES

@ THERMAL
il TURBOJET
il TURBOJET_EXAMPLES

Files | Items | Partitions

Mame Type Description | #*

C A0ASensor Component Angle of ata...
C AR Companeht AR actuatar
L AccelSensor Caormponent Acceleration...
C Actuatar Cormpanent Contral surfa...
 AircraftSensor Abstract component Abstract co...
F Calc_Euler_Quater  Function E stablishes ...
F CrossProd Function Calculates th..
(¢ DR Global constant Urits conver...
E Earthesis Enumerative Earth referen...
E FulerTalluater Frinchinn Corests Ful ¥

1.9. EcosimPro main window

EcosimPro provides a very powerful Man-Machine interface for building new
components. This window is shown below:

There are three types of views that display suitable library components that the user
may want to create or view (Code View), generate schematics (Schematic View) or
simulation experiments (Simulation View).

Each view has common areas, namely:
O Editing area: the right-hand area contains the editing windows. Each window is
associated with a file that can contain one or more components, ports, functions, etc

O Workspace area: the left-hand side provides tabs for different views of the library

O Message windows: the bottom area provides three different windows that display
messages from the system, general messages (output tab), messages associated to
the simulation and the experiment (experiment tab) and search messages (find in
files tab)

Selection of the view required will activate the components necessary for the work.
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The following will be displayed in the Code View of the Workspace area:

O Files, items, partitions: for EL files, items and partitions associated with the library

Z] File Edit Wiew Tools Window Help E]
] A& =] ]
: j L= H E{U go A —j oo ﬁ |EHE| ﬂ EECUdBV\EW v
workspace: DEMO A
i T -- (c) Empresarios Agrupados - EcosimPro Simulation Source Code

—— FILE MAME: CNTE_Corteon.el

DEFAULT_LIE —

g DISCF\ETE_ ExAMPLES —— DESCRIFTICH: Defines cowmon port types and templates for control cowponents
il DISCRETE_LIE -- NOTES:
W ELECTRIC —-- AUTHOR: Ramwon Perez Vara
m FLIGHT_SIM -—- CREATICMN DATE: 17/02/19399
il GRaVITATIONAL y
il GRAVITATIONAL_EXAMPLES
{ff HrDRAULIC —- Libraries
{ffl HYDRALULIC_EXAMPLES USE MATH
i matH
{fj PHYSIOLOGICAL
{ffl PHYSIOLOGICAL_EXAMPLES __ Pores
{f) THERMAL
g IEES%?_EXAMF‘LES -- Fort for analog ([continuous) signals

PORT analog_signal SINGLE IN "inalog signal port™

EQUAL OUT REAL sicgnal "inalog signal (-]
END PORT
-- Port for boolean (logic) signals
Files Itemns Partitions PORT bool_signal SINGLE IM "Boolean signal port”
= EQUAL OUT BOOLEAN signal "Boolean signal"
B C
Z] CHTR_Compénalog.el b
:51 CNTH_CompLog\c.PTI Ol RS
Z] CHTR_CompPIDdigital.el
5] CNTR_CompRandam el Output Experiment Find in Files
5] wversion.el
Ln 13, Col 1
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The following will be displayed in the Schematics View of the Workspace area:

0O Symbols: symbols associated with the library components

Bl File Edit Wiew Tools Window Help
EECIEINEYIE (] 2 ([ soormsen ] z

r | 44
cBE & PO BEF QRAQAQY » apn
‘Workspace: DEMO =
i CconTROL
{fj DEF&ULT LB
fill DISCRETE_EXAMPLES -
{f) DISCRETE LB
{f) ELECTRIC
il FLIGHT_SIM
il GRAaVITATIONAL
il GRAVITATIONAL_EXAMPLES
il HvDRaULIC
il HYDRAULIC_EXAMPLES
il MaTH
il PHYSIOLOGICAL
il PHYSIOLOGICAL_EXAMPLES
Bl THERMAL
i TURBOJET
il TURBOJET_EXAMPLES

[0
&[]
[x]

=

EHAdeelum@Edirr N\ 2

Mo items < | ¥

Output messages

Clutput Experiment Find in Files

Schematic is older than its compiled item. Its items, connections, and attributes will be updated.

i Rioa A En BRSSP M # A F R
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The following will be displayed in the Simulation View of the Workspace area:

0O Experiments: experiments associated with the models generated

Z] File Edit Wiew Tools Window Help

B
j E = _)'j T I f{ E Q ﬂ & b D %}S\mulallun\w’lew v
workspace: DEMO [EXPERIMENT expl ON turbofan.design ~
i CONTROL DECLE )
i DEF&ULT_LIE TNTEGER 1
{ffl DISCRETE_ExAMPLES
{ffl DISCRETE_LIB INIT
{ffj ELECTRIC -— Dynamic varisbles

i FLIGHT_SIM
il GREVITATIONAL
il GRAVITATIONAL_EXAMPLES

compressor .M = 12000.
fan.N = 4000.

{ff HrDRAULIC —— Algebraic variables

{ffl HYDRALULIC_EXAMPLES aplitl.g in.T = 500.

il MaTH

il PHYSIOLOGICAL hp_turbine.g_in.W = 25.

{ffl PHYSIOLOGICAL_EXAMPLES - -

% 13:2;’;"‘; nozzle sec.g_in.T = 500.

ijil TURBOJET_EXAMPLES

ill TURBOJET_EXAMPLE BOUNDE
TURBOJET. Llritude = 0.
TURBOJET.HMach = O.
burner.iL = 2.5
burner.PQ = 0.96
compressor.DN = 0.
compressor .EPD = 0.92

= M tuibofan. design compressor.PCNR = 92,

expl compressor.g_out.P = 28.e45
+ M turbofan transient Cumpressur_bgta = 0.7 -
+ M turbofan_mixer.design

+ M turbofan_mixer.transient Output messages
+ M turbafan_miver_afterbumer. design
+ M turbafan_mixer_afterbumer. transient
# M turbcist desion

+ M turbejet prediction

# M turbojst arsient

+ M turbeizt_afterburner design

+ M tuboiet_afterburner transient

Output Experiment | Find in Files

Lnl, Col 1

The user can create components, libraries, mathematical models, experiments, etc, and

also run simulations without graphical plots. Simulations with graphical output are run in
the Experiment Monitor (see the next section).

1.9.1.1. Experiments Monitor

This is used to run simulations with graphical output. It is launched from the EcosimPro
Main Window in “Simulation View”. After creating an experiment, right click on the
experiment name in the explorer area and select the option "Simulate in Monitor”, then
the Experiments Monitor is displayed. It looks like this:
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File Edit Help

Wl O4Q xBIZ

Tab_1

s —compressor PG

BERE RS R R R R R R R R R ]
074 076 078 05 082 084 08 083 048
compressor WRJ (kiys)

K llE &E

= B T - ]

Walue Urits

1800
1600
1400
g 1200
1000
800
600
400

—hurner.g_out T
\ ff —Compressor.g_out. T

—turbine.g_in.T

turbine g_out. T

0 2 4 -3 g 10 12 14 18
TIME

[ aEEE - [B|x]|
11600 —compressor Njf|  1.2e+06 —burner g_out P
T 1e+06 W —compressor g_in P

-§11400 . BOR000 —COmpressor.g_out P
E & soo000 turbing.g_out P
41300
400000
11200 200000
11100 1}

T
] g8 m 12 14 16

TIME

Output messages
[TIME: 14.6]
[TIME: 14.7]
[TIME: 14.8]
[TIME: 14.9]
[TIME: 15]

Integration step 146
Integration step 147
Integration step 148
Integration step 149
Integration step 150

End of transient #1 (Status: OE, Proc. time: 4.922=s, Jacob.:

— END OF EXPERIMENT -
Total steady evaluations OK: 1 HNOK: 0

Total transient evaluations OK: 1 HOK: 0
Total processor time: §5.328 seconds

State: STOP

212, Residues: 17803

The window is divided into several areas:

Categary I

-

Experiment: turbojet.transient.expl

O Menu area (top). This provides menus for creating plots, tracing variables,
calculating steady and transient states, etc. Below the main menu there are three
video recorder type buttons: Start, Pause, Stop and Quit the Simulation

O Plotting area (large left-hand window). This contains all the graphs of the simulation.
Multiple windows can be viewed with one or more plotted variables in each. Each of
these windows can be copied and pasted into any Office application (Word, Excel,
Power-Point, etc) for documentation purposes

O Watch area (right-hand window). This displays several variable values. Their values
are updated during every communications interval. The current simulation time is

shown at the top

O Message area (bottom). All simulation events are logged in this window. It enables
you to follow up a simulation, trace all the integration steps and handle events

Installation & Getting Started Guide
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1.10. EcosimPro Schematics

In EcosimPro all components can be created using EL, even if they have very complex
topology. But EcosimPro makes it easier to create complex (and simple) components
graphically without having to learn the details of EL in “Schematic View”.

The example of creating a component given in this manual shows you the most
important concepts for any other application.

The following figure shows a component that has been created graphically. On the left-
hand side of the window is the palette of available components (one icon for each
component). The user drags and drops components from the palette onto the canvas,
and then connects them and sets the attributes of every instance of the object. Finally,
selecting the option Compile it creates a new component in EcosimPro. This component
is then simulated in the normal way as if it had been created using the EcosimPro
language (EL).

E Fle Edit Wiew Tools  Window Help E]
j = E i —)'j | % v ﬂ‘:j E Q ﬂ [E; Schematic View v
cBE A& O FEF QRQQARKQY % AuEm

‘Workspace: DEMO
i CconTROL
{fj DEF&ULT LB
§i DISCRETE_ExeMPLES || e
{f) DISCRETE LB

{f) ELECTRIC
il FLIGHT_SIM

il GRAaVITATIONAL

il GRAVITATIONAL_EXAMPLES
il HvDRaULIC

il HYDRAULIC_EXAMPLES

il MaTH

il PHYSIOLOGICAL

>

il PHYSIOLOGICAL_EXAMPLES
{ff THERMAL

il TURBOJET
[l TURBOJET_EXAMPLES

<

BB e@elmEdirt N\ Ar

~
~

E @ -ﬁ- Output messages

AfterlBuimner Bumer Compressor Ot Experiment Find in Files

Schematic is older than its compiled item. Its items, connections, and attributes will bhe updated.

Fan Force Fuel

g,

Fuglmeter FuelTank Fuehialve

- b &

il Raea A En BEETHh I # A F A
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1.10.1. Object Editors

EcosimPro provides visual editors to enter the object properties. Double clicking an
object displays a window for editing the object. The figure below shows an example:

Attributes editor; |:| |§|P5__<|

Library : | TUREOJET |

Type: | Compreszor |

M ame : |CDITI|:I[ESSDI‘| |

Show label

Mame Type Walue [dnits Description
DATA,
| REAL 10 kg2 Imertial morment kam ™2
MD REAL 10000 pm Dezign rotational speed [rpm)
CG1 REAL 1 - Comection coefficient for corected mass fow [-]
CG2 REAL 1 - Comection coefficient for efficiency [-]
CG4 REAL 1 - Comection coefficient for compressian work, [-]
F1 TABLE 2D JAkg™) vz adime... | Comprezzion work, [J/kg"K) ve adimengsional speed [-] ...
Fz TABLE 2D -] wz adimensiona... | Efficiency (-] vs adimensional speed [-] and beta param...
F3 TABLE 2D koss) ve adimensi... | Corected mass flow [kadz] vz adimensional speed [-] a...
[Documentatian ] ’Default values] [ Cancel ] I [H]'3 l

The object editor accepts different data types: REAL, INTEGER, ENUMERATION,
BOOLEAN and tables (1D, 2D and 3D). These editors allow the user to modify the
attributes of an object instance in an intuitive way. The example in the figure below
shows the 2D table editor for an attribute of a component:

Installation & Getting Started Guide Version 4.4 Page 17
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2D table editor [F1] =13
File Edit  Axis

Description - J/kg™k] vs adimenzsional speed [-]

A B C D E F »
> wm 0.268954 0.274445 0.2821 0.29878 0.300624 0.306
370 0.359459 0.384352 0.419562 0433043 0.444121 0,466
475 0.430953 0.432107 0.475383 0495047 0517361 0.531
5 & 0.5335 0545752 0.577993 060377 0.613154 0,627
< | »

Faws - 100, Calz - 'II:ID,EEII:'I.&l

Murnber af rows : [ Ingert rows ] [ Remove rows ]
Mumnber of columns : [Insert u:u:ulumns] [Hemwe culumns]

i

[ Cancel H Ok ]

The user can dynamically modify the values of the table, and the graph is updated
automatically. The graph can be rotated in any direction.

1.11. EcosimPro Manuals

EcosimPro provides four basic manuals:

O EcosimPro Installation & Getting Started Guide (this one)

0O EcosimPro User Manual. Teaches user how to use the EcosimPro GUI

O EcosimPro Language (EL). Reference Manual for the Simulation Language
O EcosimPro Mathematical Algorithms and Simulation Guide

It is recommended that user first follow the guide to Installation & Getting Started and
create the examples, and then take a look at the User Manual. Mathematical Algorithms
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and Simulation Guide may be the third manual to be read. The EL manual is not
intended to be read in one go, but to be used as a reference manual.
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2. Hardware Required

The following are the minimum hardware requirements for installing EcosimPro:

O PC running Windows NT 4.0 or later, Windows 98, Millennium, 2000 or XP. We
recommend using Windows 2000 or XP with which EcosimPro is more reliable and

easier to install
O Pentium 11 133 MHz
128 MB of RAM
O 310 MB free disk space (170 MB for EcosimPro)

O

Installation & Getting Started Guide Version 4.4 Page 21
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3. Software Required

Software required for installing EcosimPro properly:
Software CATEGORY

Microsoft C++ 6.0 or Microsoft Visual C++ |Mandatory
.NET or .NET Framework Runtime and

SDK
Sentinel driver software Mandatory only for Windows NT, 2000 or XP
EcosimPro Mandatory

In the event of problems, do not hesitate to contact EA International
(info@ecosimpro.com). To install EcosimPro correctly, first install Microsoft Visual C++
(6.0 or .NET), then Sentinel software (only for NT, 2000 and XP) and finally EcosimPro.
The complete process should not take more than 30 minutes.

If you are using Windows NT, 2000 or XP you should be connected as administrator.
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4. Installing compilers

EcosimPro could possibly use three types of compilers:

O Microsoft Visual C++ 6.0
O Microsoft Visual C++ .NET 2003
O NET Framework Runtime and SDK 1.1

4.1. Installing Microsoft Visual C++

This takes around 10 minutes. The required version is the minimum configuration
(Standard Edition). Simply follow these steps:

O Put the MS Visual C++ CD-ROM in the drive bay

Run setup.exe from the CD

Enter the CD key

On some PCs Internet Explorer 4.01 will be installed. This is not necessary for
EcosimPro but Microsoft installs it for Visual C++

O O O

Select the DCOM option (only in some installations)
Select Typical Installation when prompted
It is not necessary to install the MSDN software or to register as a Microsoft user

O O O O

If the system asks if you want to install the environment variables to access
the compiler, click on YES, otherwise the compiler will not be accessible from
EcosimPro

O Reboot the system
(Windows 98 and Millennium only):

You need to define the C++ path on your system (this is not necessary in Windows NT).
To do this, run a batch file provided by Microsoft called vcvars32.bat, which is located
in the bin folder of the C++ installation. It should be located under Microsoft Visual
Studiolvc98\bin. When this file is run, all the C++ environment variables are set
correctly to use the compiler anywhere on the machine. Follow these steps:
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0O Open a DOS window

O Find the full path of the vcvars32.bat file (eg, C:\ProgramFiles\Microsoft Visual
Studio\vc98\bin\vcvars32.bat)

O Convert this path to DOS 83 format (see Appendix 1) (eq,
C:\Progra~1\Micros~3\vc98\bin\vcvars32.bat)

Put the path in your autoexec.bat file to be executed each time you start the system

O O

Edit the autoexec.bat file located in the root directory using any editor, for instance:
edit autoexec.bat

At the end of the file insert the command:

CALL C:\Progra~1\Micros~3\vc98\bin\vcvars32.bat
Close the file

Reboot the system

Test that it works. Open a DOS window and enter the command cl (C++ compiler). If
the Operating System displays "unknown command" the path is wrong. If you get
"Microsoft ..." it is correct and you can continue

O O oo o

4.2. Installing NET Framework Runtime and SDK

The .NET Framework 1.1 Redistributable contains the run-time elements required to run
applications based on the .NET Framework 1.1 (this software is included on the
EcosimPro installation CD in the folder Microsoft .NET Framework (compiler)).

The Microsoft .NET Framework 1.1 Software Development Kit (SDK) includes the .NET
Framework 1.1, as well as everything you need to write, build, test, and deploy
applications using the .NET Framework 1.1, including documentation, samples, and
command-line tools and compilers.

The .NET Framework 1.1 SDK runs on:

O Windows Server 2003
O Microsoft Windows 2000 (Service Pack 2 recommended)

0O Windows XP Professional and Home Edition (Windows XP Professional is required
to run ASP.NET)

Note: Windows Millennium Edition and Windows NT 4.0 Terminal Server are not
supported.

The Microsoft Visual C++ Toolkit 2003 adds additional C++ capabilities.
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Simply follow these steps:
1. Install the .NET Framework Redistributable package: dofnetfx.exe
2. Install the .NET Framework Software Development Kit: setup.exe

3. Install Microsoft Visual C++ Toolkit 2003: VCToolkitSetup.exe

4.3. Environment variables

Before installing EcosimPro you have to install the C++ compiler for automatically
updating PATH, LIB and INCLUDE environment variables.

You have two options:

O To uninstall EcosimPro, install the C++ compiler (marking the option of setting
environment variables) and then install EcosimPro again

O To update the environment variables directly if you have already installed the
compiler

The second option depends on the compiler that you are using: VC6, Visual Studio
2003 or NET Framework.

0 Go to the START button and select ControlPanel>System>Advance
Options>Environment Variables

O SYSTEM Environment Variables have to include the following elements

NOTE: If your compiler is installed in a directory other than C:\Program Files\Microsoft
Visual ...\ ... you have to rewrite these paths properly to be able to use your installation
directory. Take into account that paths are split with the ; character.

4.3.1. Visual Studio VC6

INCLUDE
C:\Program Files\Microsoft Visual Studio\VC98\atl\include
C:\Program Files\Microsoft Visual Studio\VC98\mfc\include

C:\Program Files\Microsoft Visual Studio\VC98\include
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LIB

C:\Program Files\Microsoft Visual Studio\VC98\mfc\lib
C:\Program Files\Microsoft Visual Studio\VC98\lib

PATH

C:\Program Files\Microsoft Visual Studio\Common\Tools\WinNT
C:\Program Files\Microsoft Visual Studio\Common\MSDev98\Bin
C:\Program Files\Microsoft Visual Studio\Common\Tools

C:\Program Files\Microsoft Visual Studio\VC98\bin

4.3.2. Visual Studio .NET 2003

PATH

C:\Program Files\Microsoft Visual Studio .NET 2003\Common7\IDE
C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\bin

C:\Program Files\Microsoft Visual Studio .NET 2003\SDK\v1.1\bin
C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\PlatformSDK\bin
INCLUDE

C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\include
C:\Program Files\Microsoft Visual Studio .NET 2003\SDK\v1.1\include
C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\PlatformSDK\Include
LIB

C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\lib

C:\Program Files\Microsoft Visual Studio .NET 2003\SDK\v1.1\Lib

C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\PlatformSDK\Lib
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4.3.3. Runtime and SDK .NET

PATH

C:\Program Files\Microsoft Visual Studio .NET 2003\Common7\IDE
C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\bin
C:\Program Files\Microsoft. NET\SDK\v1.1\bin

INCLUDE

C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\include
C:\Program Files\Microsoft. NET\SDK\v1.1\include

C:\Program Files\Microsoft Visual C++ Toolkit 2003\include

LIB

C:\Program Files\Microsoft Visual Studio .NET 2003\Vc7\lib
C:\Program Files\Microsoft. NET\SDK\v1.1\lib

C:\Program Files\Microsoft Visual C++ Toolkit 2003\lib

Installation & Getting Started Guide Version 4.4

Page 29






A A
7 'R
A A\
EA Internacional ‘

5. Installing Hardware Key

5.1. ABSTRACT

In this chapter is described how to install both USB driver and network server for the
hardware keys used by EcosimPro. In addition, it is provided Secure Update, a program
that is used for updating license information.

5.2. WARNING

EcosimPro, USB driver and network server works in MS Windows Networks.

Hardware Key must be inserted in USB port after installing both EcosimPro, USB driver
and network server.

5.3. INSTALLATION STEPS

5.3.1. STEP 1: Install EcosimPro

Install EcosimPro on each machine in which you want to use it following the instructions
in the EcosimPro Installation & Getting Started Manual.
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5.3.2. STEP 2: Install hardware key USB driver and network
server

If you have a standalone license, install the following program (that can be found in
installation CD) with the COMPLETE option, in each machine in which you have
installed EcosimPro.

SentinelHK1.0.2\Sentinel Keys Protection InstalleN\English\SETUP.EXE

If you have a floating license, install the program below also in the machine in which you
want to plug the network USB hardware key. This machine may be the same in which
you installed EcosimPro.

5.3.3. STEP 3: Insert hardware key and run EcosimPro.

If you are using standalone license, insert USB key in your machine USB port and run
EcosimPro.

If you are using a floating license, insert hardware key in the USB port of the machine
that you want to act as network server. Then run EcosimPro in each machine.

In this last case you can speed up the connection with the network server using the
following file:

SentinelHK1.0.2\sntlconfig.xml

It must be copied in EcosimPro installation directory, inside /bin folder, and modified
with the IP direction of the machine that is wanted to be network server.

If the sntlconfig.xml file not is present in /bin folder, the hardware key driver will perform
a broadcast over he network, but if it is present, the IP inside will be used to connect
with network server.

If this file is present but is bad configured, EcosimPro will not run.
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6. Installing EcosimPro

It takes around 5 minutes to install EcosimPro. Try to install EcosimPro in the default

directory c:\ecosimpro. Simply follow these steps:

Put the EcosimPro CD in the drive bay
Run setup.exe on the CD

O 000

C:\EcosimPro)

Chooge Destination Location

Select folder where setup will install files.

Setup will install EcozsimPro in the following folder.

o install to this fo ext. Toinztall to a different folder, clic

installoias  <Beck || [Ny}

Type the serial number in Serial entry field (EcosimPro CD cover)
Install EcosimPro in the directory of your choice (the default directory is

ct another

Cance

O Select the setup that best matches the type of compiler used
e NET Framework Runtime and SDK

Installation & Getting Started Guide Version 4.4
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e Visual Studio .NET 2003(Visual C++)
e VisualC++6.0

Setup Type

ct the zetup wpe that be itz your needs.

MET Frame:
isual St .
WisualC++ 6.0

InstallShiel < Back H MNewt » Cancel

O Restart the system

O The EcosimPro main executable is called EcosimPro.exe and is located in the
directory installation/bin. Create a shortcut to this program on your desktop. You can
then start EcosimPro by double clicking on the icon.
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7. EcosimPro Demos

You can visit the EcosimPro web site (http://www.ecosimpro.com) to download a lot of
useful demos (as well as documents, articles, etc).
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8. Manuals

All EcosimPro Manuals (depending on the version) are usually located in the "Manuals"
directory in your CD. They are in PDF format and you can get them from this path.
Manuals available are:

O

O

EcosimPro Installation & Getting Started Guide. Your first manual using EcosimPro,
with some examples (this one)

EcosimPro User Manual. It describes the different options in the man-machine
interface for using EcosimPro, eg, how to compile, run an experiment, use
EcoDiagram, etc

EcosimPro Modelling Language (EL). Detailed description of the full modelling
language of EcosimPro

EcosimPro Mathematical Algorithms and Simulation Guide. It describes the
mathematical operations done by the program to sort the equations, and also the
examples of the libraries coming with the installation

There are sometimes specific library manuals (depending on the EcosimPro version),
such as:

O Oooooao

Control library

Thermal library

ECLSS library

Electric library

Thermal Balance of Power Plants
Turbojet

These manuals contain the mathematical descriptions of the different components and
some application examples.
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9. Support

9.1. Support services

EA Internacional offers several other services in addition to the EcosimPro product:

O EcosimPro modelling support. This service has been set up to help users to
optimise their models, to use the appropriate techniques in each case, to study non-
convergence errors in models, etc. EA's engineers have many years of experience
in modelling complex systems, enabling them to assist users with less experience
and thus reduce costs and optimise their resources. Contact us for more information
at info@ecosimpro.com.

O EcosimPro courses. Different courses are offered on modelling with EcosimPro.
The standard course lasts for three days, but they can be adjusted to the specific
needs of each company. They can also be directed towards a particular discipline.
Many of the EcosimPro courses offered (mainly those in universities) are free and
anybody can attend. Take a look at seminars and courses for more information in
our web site.

O System modelling and simulation service. EA will undertake to carry out
simulation projects that are tailor-made to the needs of our clients. In such cases,
EA will create the system to be simulated. Contact us for more information at
info@ecosimpro.com.

9.2. Reporting a problem

If you encounter a bug in the software, propose an enhancement, please use our
software problem report system at http://sprs.ecosimpro.com.

If you have any problem reporting problems contact by e-mail with Quality Assurance
team at bugs@ecosimpro.com.
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9.3. User groups

There are two mailing lists for EcosimPro users to share their experiences using
EcosimPro. The goals of this group are to:

e Share experiences using EcosimPro

e Solve problems

e Get advice about modelling techniques in EcosimPro Language (EL)

e Get the latest news about releases, bugs found, etc.

Both can be found in http://groups.yahoo.com

O ecosim-group. The language of this list is English.
Group Web: http://groups.yahoo.com/group/ecosim-group/

Group Email Addresses:

Post message: ecosim-group@yahoogroups.com
Subscribe: ecosim-group-subscribe@yahoogroups.com

Unsubscribe: ecosim-group-unsubscribe@yahoogroups.com

List owner: ecosim-group-owner@yahoogroups.com

0 ecosim-group-esp. The language of this list is Spanish.
Group Web: http://groups.yahoo.com/group/ecosim-group-esp/

Group Email Addresses:

Post message: ecosim-group-esp@yahoogroups.com
Subscribe: ecosim-group-esp-subscribe@yahoogroups.com
Unsubscribe: ecosim-group-esp-unsubscribe@yahoogroups.com

List owner: ecosim-group-esp-owner@yahoogroups.com

The EcosimPro team will keep list members up-to-date with the latest EcosimPro news.
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10. Hardware Key

Some versions of EcosimPro (Enterprise and Professional versions) require a hardware
key to be inserted in the USB port of your computer. This hardware key should be
included in the EcosimPro package.

If you have not inserted the key the system will advise you. Contact your EcosimPro
dealer if you have problems.
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11. Your First Simulation with
EcosimPro

In this section you will learn how to use EcosimPro to create a simple component,
create an experiment for it, and run the experiment. All the examples given here can be
found in the library DEFAULT_LIB.

First of all, open EcosimPro's Main Window by launching the EcosimPro.exe file.
It can also be executed from the Start menu in Programs>EcosimPro>EcosimPro.

It is a good idea to create a shortcut to this file on your Windows desktop, to avoid
searching for it every time. Select the file in Windows Explorer and drag it onto the
desktop. A new icon should appear like this:

F

Now you can start EcosimPro just by double clicking the shortcut.

11.1. Your first component source code

To begin using EcosimPro we will first create a simple component to solve a differential
equation. EcosimPro was designed to simulate complex systems, but it can also be
used independently of a physical system as if it were a pure equation solver. The
example in this section illustrates this use. It solves the following differential equation to
introduce a delay to variable "x":

dy

= (X - / tau
ot ( y)

which is equivalent to
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y'=(x — y)/tau

where x and y have a time dependence that will be defined in the experiment. Tau is
data given by the user; we will use a value of 0.6 seconds. Basically this equation
introduces a delay in the x variable with respect to y with value tau. To simulate this
equation we will create an EcosimPro component with the equation inside. The main
tasks are:

O 0O oOoood

Create a new source file associated with a library
Compile the file

Generate a default mathematical partition

Create an experiment

Run the experiment

We can now go ahead; just follow these steps:

O

At the top of EcosimPro’s Main Window you will see a drop-down menu on the
Toolbar. “Schematic View” is the default option when you start the application, but in
this example we are going to select the option “Code View”:

E_- Schematic View
;E Code Wiew

. l: EEI chematic Wiew

Simulation Wiew

We will need to use the library DEFAULT _LIB and must check that it is open in the
Workspace. A list of open libraries is displayed at the top of the Workspace which is
on the left-hand side of the screen. If the library is not displayed, go to File > Open >
Library... and select the library DEFAULT_LIB
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Choose a library to open

Buscar en: | () DEFAULT_LIE x| & E ot E-
L |Chautocode
;5 ) docs
Documentos |5 experiments
recientes include
IF[_: IChitems
IClib
E zcritorio ) palette
| schematics

,J |Chsource
|| DEFALLT

biz documentos

Mis sitios dered  Mombre:  |DEFAULT_LIB.el -] Abir |
Tipo: |Libwrary [* elh] | Cancelar

O From EcosimPro’s Main Window, select File > New > Source File... This will open a
dialogue box where we key in the name of the new code file and select the library
with which we wish to associate it. Type in the name "equation_test" and select the
library DEFAULT_LIB from the list. A new window will open in the top left-hand part
of the screen

Mew source file

Library : | DEFAULT_LIB w |

Mame : | |

Cancel Ok

The component to be simulated in EL is like this:

COMPONENT equation_test
DATA
REAL tau = 0.6 "delay time (seconds)"
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DECLS

REAL X, y
CONTINUOUS

y" = (X -y) / tau
END COMPONENT

O Insert the code in the text window:
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B D:\EcosimProUSER_LIBS\DEFAULT_LIB\sourcesiequation_test.el* Ml=1E3

COMPOMNENT equation test
DATR
BELAL tau = 0.6
DECLS
REAL =, ¥
CONTINTOUS
¥' = (x - w1 / tau
END COMPOWNENT

delay time [(seconds)™

O Compile this file by selecting the library “DEFAULT_LIB” in the top of the Workspace
and under the “Files” tab at the bottom of the Workspace right-click on the file name

(equation_test.el) and select “Compile”

Files | [tems || Partitions

aircraftGear. el
bauncingB all. el
circuit.el
equatian. el
equation_test.el
freezer. e
lorentz. el
particle. e
pendulurn. el
waveFunctions. el
whenE sample.el
zonek xample. el

0y oy (g [y

0 [0 () [y [ o) o) e
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If the source code is correctly written, the message “Compilation OK” will appear in
the “Output” window (at the bottom of the screen). If not an error message is
displayed. You can click over the error message (bottom window) and the cursor
automatically points to the erroneous line. Correct the error and compile again. The
following example shows an error message indicating an unclosed string (the string
associated with the variable must be enclosed in double quote)

Output meszages
Output Ewperiment Find in Filez

Compiling C:\EcosimPro‘ USER LIB3'WDEFALULT LIB\sourceshequation test.el
#EEwr***  Error 1 (code 100) in file "C:\EcosimPro% USER LIES\DEFAULT LIB%sourceshequation tes
REAL tau = 0.8 "delay Lime [sSeconds)

S

Not closed string.

ERRORS Compiling

Check that the component has been added to the DEFAULT_LIB library. At the
bottom of the Workspace, select the “ltems tab” (with the library DEFAULT_LIB
selected) and check that the component “equation_test” is in the list

Before creating an experiment for this component, a partition has to be created. In
the bottom window of the Workspace, select the tab “Partitions”. Right-click on the
component name (equation_test) and select the option “Default Partition...”. Type in
a name for the partition (by default it is “default”) and click OK. This generates a
default mathematical model for this component. Right-click in the new partition and
select the option “Validate”. This checks that the partition we have created is correct
and we can create experiments for it
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Files || [tems | Partitions
i aircraftGear
i bouncingBall
i circuit
i equation
equatian_test
C freezer B Cefault Partition ...
L lorentz -
c particle @ Mews Partition ...
C pendulu [§) MNew Design Partition ...
C waveFu Use Partition ...
i whenEx
{C =zoneExz @) Update
—] ¥iew Source Code
0 Info

O A "+" sign should appear to the left of the component name. Right-click it to display
the default partition.

Files | Items | Partitions |
i aircraftGear
{C bouncingB all
i circuit
i equation
= c equation_test
i freeze @ Edit ...
i lorent: g validate
i particl e
{{ pendy fiw Wiew Mathematical Model
E wavel Wiew External Objects ...
whent
Celete
i =zoneE @ =

O We now have to change the “Simulation View” where the experiments are managed.
Select the option “Simulation View” from the drop-down menu on the Toolbar. You
will see that the window at the bottom of the Workspace has changed and now only
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displays the different partitions of each  component. Right-click
“equation_test.default” and select “new experiment”. Type in the name of the
experiment and click OK. This will create a new default experiment. A window will
open displaying the experiment code file for editing. Replace the boundary condition
"X" with the expression: x = sin(2*TIME)

EBEOUNDS —-— get expressions for boundary variasbles: v = £iC,...1]
¥ = 3in(2*TIME)

O Save this experiment by clicking File and selecting the Save option. You can also
save it by clicking the “Save” icon on the Toolbar. The final layout should be:

1 Ble Edt Wew Toos  Window Help HEX
: [ H = L0 s w8 (ME A ik p B | e snetonvew v
“wiorkspace: DEMO EXPERIMENT expl ON eqguation test.default

il conTROL Uiy

il DEFAULT_LIB INIT

[l DISCRETE_EXAMPLES -- Ztate variables

{ffl DISCRETE_LIE vy =10

{ffl ELECTRIC

il FLIGHT_SIM BOUNDS

Eﬂ GRAVITATIOMAL —-— Zet expressions for bhoundary variables: w = fitr...])
il GRAVITATIOMAL_EXAMPLES ¥ = sin(Z*TIME)

il HroRaULIC

[ HYDRAULIC_EXAMPLES BODY

Bl MaTH REPORT TABLE ("reportlillt, mam)

{fl PHrSIOLOGICAL
il PHTSIOLOGICAL_EXAMPLES

TINE = O

[l THERMAL

il TURBOJET =
TSTOP = 15

fll TURBOJET_EX&MPLES CINT = 0.1

INTEG ()

END EXPERIMEMT

M aircraftGear default
M bouncingBal defaul
M circuit.defaul

T ] -

M equation.default
VI equation_test.default Output messages
B cnpl Output | Experiment | Find in Files

# M freezer. default

+ M lorentz.default

# M particle.default

# M pendulum.default

# M waveFunctions.default
# M whenExample. default
# M zoneExample.default

Ln g, Col 17

O Basically this experiment integrates the model from 0 to 15 seconds with a
communications interval of 0.1 seconds. It also generates a text file report called
"reportAll" containing all the variable values during the simulation

O Simulate the experiment: right-click “expl” within “equation_test.default” (in the
Workspace) and select the option "Simulate in Monitor”. The experiment will compile
automatically and display an error message if the code is not written correctly. It will
then simulate the experiment
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0O EcosimPro automatically generates an executable simulation file

O The Experiments Monitor window opens. Add a new plot with the variables x and y
by clicking the icon “New plot” on the Toolbar, then highlight the variables x and y

and click OK

Mame : |Plat_2 |

Warning: Intemal variables, "Jacobianz", lterations” and "Ermor’ only wark, in steady calculations

Externalz |_Internals |
Filter : |
Mame . Uitz Iritial ' alue Type Category
O tau 3 DE REAL DATUM
b ; -0.958031 624 REAL BOUMDARY

-0, 480736511 Dy MAMIC

| =

[Eheck selection] [Uncheck selection]

& TIME () Wariable () Calculations

O & -0.845391855 REAL DERMATIVE
b

¥ awiz varable | | | << Select

| cancel || ok |

O Add a new watch display for the variables x and y. Right click on the watch area,
select “Edit watch” from the context menu, select the variables x and y and click OK
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== Select variables to show

Warming: Internal vanablez, "Jacobians", "lterations” and "Emor'' only work in steady calculations

Externalz | Internalz
Filker : |*
Mame Units Iritial W alue Type Cateqory
O tau E: 0B REAL DATILIM
b 5 -0.988031 624 REAL BOUNDARY
! - -0.480736511 Dt |C
O] - -0.845391855 REAL DERIATIVE
< | >
N —

[Check selectiu:un] [Uncheck zelection Sort checked

[ Cancel H Ok l

O Select “Play” from the Toolbar. We can see in the plot window how the variables
change. In the right-hand window we can see how the numeric values of the
selected variables change
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File Edt Help

Wi Oog & & b

T H Il E KE BB

Tab_1 ‘Watch varisbles
- =k
19 —x Initial | Inputs | View
—y Wariable Walue Units Categon |
% -0988032 |- BOUNDA,
v 0480797 |- DY MAMIC
05+
o
-05 H
g
I T T T T T T T T T T T T T T 1
o 2 4 -1 g 10 12 14 16
TiE

e P e = e L

[TIME: 14 3] Integration step 143 s
[TIME: 14 4] Integration step 144
[TIME: 14 .5] Integration step 145
[TIME: 14.8] Integration step 146
[TIME: 14 7] Integration step 147
[TIME: 14.8] Integration =tep 148
[TIME: 14.9] Integration step 149
[TIME: 15] Integration step 150
End of transient 1 (Status: OK, Runtime: 0.234=, Jacob.: 0, REesidues: 0)
— END OF EXFPERIMENT -
Total transient calls OK: 1 HOK: 0
Total processor time: 0.391 seconds
w
State: STOP Experiment: equation.default. expl

O The simulation results are saved in a text file called "reportAll". To see the results of
the experiment “expl” return to EcosimPro’s Main Window. In the bottom window of
the Workspace, right-click “expl” and select “View Reports...”. Select the report you
want to open and click OK
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M aircraftGear defaul

M bouncingBall default

M circuit default
equation. default

M
M equation_test default
M

1] BB~ B

freezr ig:,:z; Simulate in Monitor
M lorent [ Simulate

M partic

%pend 47 Compile
Ve

M wher 4 Edit

] o o R R R

E View Reparts ...
Eﬂ View Log

9] Clean Postprocess Results

@ Delete

O You can drag and drop your report files to Microsoft Excel

O

You can also edit the log file with all the events of simulation

O Congratulations, you have done your first EcosimPro simulation! The steps you have
followed are the same even for complex simulations, so you have learned most of
the key concepts

11.2. Your first component schematic

In this section we create a basic electric circuit but this time using the schematic editor
instead of EL. The philosophy for creating any other kind of schematic (for chemical,
fluid, mechanical, etc) is the same, so having learned these key concepts you can go on
to prepare any other kind of simulation schematic.

The simulation schematic will be an electric rectifier using a resistor, a capacitor, a
voltage generator and ground. EcosimPro comes with an electric library that contains
most of the basic components needed to create electric circuits. The steps to follow in
this simulation are:

O Open the EcosimPro Main Window (as in the previous section). “Schematic View” is
the default option when you start the application and this is where we are going to
work in this example. If another view is displayed, change it by selecting “Schematic
View” from the drop-down menu on the Toolbar
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O Since we are going to work with the “ELECTRIC” libraries, we need to open a
Workspace that contains them. The previous section explains how to do this

O To create a new file select File, New and Schematic. Note that this is different from
the first step of the last section, because in this case we will not create a new EL file
but a graphical one. You can also create it from “Schematic View” clicking “New”
button from the toolbar

O Type in the name of the schematic “my_circuit” and select from the drop-down menu
the library with which it will be associated (DEFAULT_LIB)

O Select the ELECTRIC library in the Workspace. As we have selected “Schematic
View”, the library symbols (symbols palette) will be displayed at the bottom of the
Workspace. If symbols have not been created for the libraries the palette will be
empty. The display will look like this:

B Fie Edt ‘View Tools ‘Window Help E][E]E]
j .~ H _fr —5 | b T o &E E E ﬂ @ Schematic View
e E S @ R QR QO Q4 > Ak k5

Wiorkspace: DEMO 5

m COMTROL PN
m DEFAULT_LIE

m DISCRETE_ExAMPLES

m DISCRETE_LIE

ijil ELECTRIC

il FLIGHT_SiM

il GRaVITATIONAL

il GRAVITATIONAL EXAMPLES

il HYDRaULIC

ffl HYDRAULIC EXAMPLES b

Symbals | Schematice | Partitions

@ 6 K

Ammeter C_war

sie 5o o

D DPM Elec <

4

A @eBu@E st N\ Alw

w

o Output meszages
—L Olutput E=periment Find in Files

hd Ve A nNn EFEESTHbh - E -

0O Now you can start to design the circuit by dragging the components from the palette
onto the canvas

O First drag the components, C (Capacitor), R (Resistor); VAC (Voltage source) and G
(Ground), and drop them onto the canvas. Use the layout illustrated below:
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B DEFAULT_LIB.my_circuit [SCHEMATIC] *
& *
R1
JAEY B
G1
=]
< »
—

O To save the design, click the “save” icon on the Toolbar or click File > Save

O Continue designing the circuit. Rotate R1 90 degrees to the right to align the
connection points so they can be connected. To rotate a symbol, select it and click

b

O The final layout should look like this:
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[ DEFAULT_LIB.my_circuit [SCHEMATIC] * M=

=

o

VAC1

.

.

< *
S

O To relocate the component tags, hold down the SHIFT key, left-click the tag you
wish to move and drag it to the desired position
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[ DEFAULT_LIB.my_circuit [SCHEMATIC] * =3

R1

WACT

Q |||-

O To connect the components, select the connection button on the right-hand toolbar

L

O Now you can connect components by first left-clicking the source gate, then clicking
the different points through which you want the connection to pass up to the
destination gate, where you end with one final click

O To confirm that the cursor is really on top of a gate, when you move it over one with
the connector option selected, a box pops up with an anchor and a tag showing the
name of the gate

&_n{ELECTRIC. Elec IN) |

WAC

O Make all the connections as shown below (R1 lower port is connected to both G1
and VAC1):
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[ DEFAULT_LIB.my_circuit [SCHEMATIC] *

E o

R1

O Don't worry if the lines are not very straight, you will have time later to improve your
skill with Schematics. Now, as an example of how to customize the components’
attributes, we will change the capacitance of C1 to 0.00005 Farads and the
resistance from R1 to 5500 Ohms. To change any of these attributes double-click on
the corresponding symbol to open the Attributes Editor. For the Resistance it looks

like this:
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Attributes editor

Library : [ELECTRIC |
Type: |H |
Mame : |F|'I |
Show label

MHame Type Walue itz Drezcription

DATA

R REAL 1000, Ohm Reszistance at reference temperature (Ohm)
TR REAL 300. K. Resistor temperature (£
TR1 REAL 0. Ohm/k Linear temperature coefficient [Ohmek)
TR2 REAL 0. Ohmdk "2 Guadratic temperature coefficient [OhmdE 2]
’Documentation...] IDefauIt valuesl [ Cancel ] [ (]S ]

O Change the value of R to the new value and click OK (the row changes colour
because the new value differs from the default one for R). Do the same with the
Capacitor. This circuit will be a new EcosimPro component. To compile it in

EcosimPro, select the Library Toolbar and click ﬂ . EcosimPro then automatically
compiles the EL code generated by the Schematic, displaying a successful
compilation message when finished

O You can go to the Code View and check that it has been added to the library files.
Look under the Files tab for DEFAULT _LIB library; "my_circuit.el" should be there

O As explained in the previous section, we have to create a partition for the component
before we can run the simulation. Under the tab “Partitions”, right-click “my_circuit”
and select “Default Partition...”. Type in the name of the new partition and click OK

O Now it is ready for the simulation. Proceed as in the previous section. Go to the
Simulation View. Select "my_circuit.default" (if the name of the partition you have
created is “default”) from the DEFAULT_LIB library, right-click the option "New
experiment" and type in a name
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0O A default experiment text should appear in the editing window. Change the TSTOP
to 0.2 seconds and CINT (Communications Interval) to 0.001 seconds

O Save the experiment
O Move the mouse over the experiment name in the Workspace area and select the
option Simulate in Monitor

O The Experiments monitor comes up. Add two plots: one for the voltage of the
capacitor and the other to plot the current in the resistor (by using the intermediate
port e p or e_n). Then click Start simulation. The full simulation of the circuit is

displayed

File Edit Help

W Oge®EI2 Ky HE KE

Tab_1 W atch variables
S
WVariable Walue Units Category I
b0z “Rlenil lR1eni | 10878 |2 EXPLICIT
00015 N !
.00 WACT v 757105 |V EXPLICIT
0.0005
< ]
-0.0005
-0.0m
-00Ms
-0.002
I T T T T T T T T T T |
0 005 01 015 02
TIME
= - [B]x] |
10 —VAC1 ¥
5
20
5
10
T T T T T T T T . T T T T T . ]
0 005 01 015 0z
TIWE

Output messages

[TIME: 0.196] Integration step 196

[TIME: 0.197] Integration step 197

[TIME: 0.198] Integration =step 198

[TIME: 0.199] Integration step 199

[TIME: 0.2] Integration step 200

End of transient #1 (Status: CK., Proc. time: 1.661s. Jacob.: 397, Residuss: 2913)

— END OF EXPERIMENT -

Total steady evaluations COK: 0 HOK: 0O
Total tronsient evaluations OK: 1 HOK: 0

Total processor time: 1.801 seconds
v

State: STOP Experiment: my _circuit.default.expl

Congratulations! You have just completed your first simulation in EcosimPro, and
without needing to know anything about the EcosimPro Simulation Language (EL). And
most importantly, you have relearned the key concepts for preparing simulations using
Schematics.
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11.3. Reusing a component created with Schematic

After creating a component with Schematic you may want to reuse it in a new
component in other schematics. This section explains how.

We will reuse the previous electric circuit. Obviously, to reuse the circuit we need to add
an external connection port, otherwise we cannot connect this complete component to
another one.

From the Electric palette, drag and drop two connection points onto the component.
They are called Elec ports, represented by a big green dot. Drop the first one close to
the VAC output and the other close to the resistor input like this:

[3 DEFAULT_LIB.my_circuit [SCHEMATIC] *
c1
@ @
Elec1 Elec2
R1
VALCA
G1
b
< 4

O Customize the connection points. The point close to the source will be type IN (input)
and the one close to the resistor will be type OUT (output). Double-click them to edit.
Rename the first as “e_in” and the second as “e_out”. Remember to change the
Direction for “e_out” to OUT
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Library : [ELECTRIC

| Direction : |DUT

Type: |Elec

| Curent cardinality : |D

MHame : |e_0ut

| Minimun cardinality : |D

Show label

b aimun cardinality : |ﬂINF

MHame Type

Walue

Drescription

Default values

’ LCancel ][ Ok ]

O Connect the connection points to the component ports as shown below, and save it
in the EcosimPro DEFAULT _LIB library

O Compile the schematic again
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R1
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O You will see that the palette now contains a symbol called “my_circuit” and because
it has not been edited, it will appear with the default symbol

.D.

my_circuit

O To edit the symbol, right-click it and select the option “Edit symbol”. You can
redesign your component with a drawing like this:

my circuit

O Close and save the design

O Start a new schematic. Access the DEFAULT _LIB library. The symbol should be on
the palette. You can drag and drop it onto the canvas, for example:

B DEFAULT_LIB.my_circuit2 [SCHEMATIC] *

EBX]

my_circuit

|£

O Now you can go to the ELECTRIC library and create a new electric circuit based on

this component. For example:
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glamANengfe

my_circuit1
c1

O When you finish you can compile this new component and start the process of
simulation again

O By now you should understand the basic idea: use basic components to create more
sophisticated ones, create an icon for them and then reuse the new icon as if it were
a simple component. This concept is very powerful and allows you to create complex
simulations from simple basic components, and without needing to know any
EcosimPro Simulation Language!

The same principles applied here to electric circuits can be applied to any other
discipline: fluid, chemical, etc.

11.3.1.1. The bouncing ball example

In this example we will model a rubber ball which, dropped from a certain height,
bounces successively on the ground until it stops.

It is assumed that the ball accelerates at the speed of gravity as it falls. Each time it
bounces, it loses 20% of its speed.

It must take into account when the simulation has to be stopped. This will be when the
ball no longer bounces on the ground. We are crossing into the numeric world and must
tread carefully, so we need to allow a certain margin of error.

This can be modelled writing an event into the equation that if the height is less than a
certain tolerance, a message is generated and the simulation stops (TSTOP = TIME).

The final model in EL is as follows:

COMPONENT bouncingBall

DATA

REAL g = 9.806 "gravity (m/s**2)"

REAL k = 0.8 "restitution coefficient”
DECLS

REAL h = 10 "height (m)"
DISCRETE

-- event when bouncing on the ground
WHEN ( h < 0 ) THEN
h® = - k * h"
END WHEN
-- event to detect stopping the simulation
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WHEN ( h < -0.003 ) THEN
PRINT("End of simulation')
TSTOP = TIME
END WHEN
CONTINUOUS
h*" = -g
END COMPONENT

We can insert this text into an EL file (as explained in the previous chapter) and
generate a default partition and an experiment. We run the following experiment in the
Experiments Monitor from 0 to 15 seconds with a communications interval of 0.1
seconds.

EXPERIMENT expl ON bouncingBall .default
INIT
-- Dynamic variables
h = 10.
h® = 0.

BODY
REPORT _TABLE("'reportAll™, ™ * ™)

RDIGITS = 8
TSTOP = 15.
CINT = 0.1
INTEGQ)

END EXPERIMENT

We then plot the variable “h” which should be something similar to the following:
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e O g EY K> IE 2 BB
Tab 1 ‘wiatch wariables
b BEX
10 4 —h Intial | Inputs | Wiew
T Wariable WValue Units Categary |
1 g 980665 mis"2 DATLUM
5 - h -0.003000... |m DYHAMIC
4 k 0s DATUM
5
E 4
2
o -
2
e — — T T T — T T T T T | I—— ]
[u] 4 10 12 14
TIME
Output messages
e TS S [T =
[TIME: 12.849788] Detected new events (h <« 0 [TRUE])
[TIME: 12.85038] Detected new events (h « 0 [TRUE])
[TIME: 12 850B854] Detected new events (h <« 0 [TRUE])
[TIME: 12.851232] Detected new svents (h « 0 [TRUE])
[TIME: 12 .851534] Detected new events (h <« 0 [TRUE])
[TIHE: 12.876391] Detected new svents (h ¢« -0.003 [TRUE])
xxxxx% End of simulation: height ¢ -0.003
[TIHE: 12.876391] Integration step 129
End of transient 1 (Status: OK., Runtime: 0.297=, Jacob.: 0, Residuess: 9)
— END OF EXPERIMENT - -

State; STOP

Experiment: bouncingBall, default. expl

We see that at time 12.8764 the ball doesn't bounce any more and the simulation is
automatically stopped.
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12. Running Simulations

The default installation of EcosimPro includes several examples of libraries and
experiments. This chapter gives an introduction to some examples. The intention here is
not to provide a detailed understanding of the models but to permit the user to
appreciate the power of EcosimPro for modelling both simple and complex physical and
chemical problems.

12.1. Default_Lib

The default library contains miscellaneous examples. In your installation you should

have examples like "whenExample", "freezer", "zoneExample", "lorentz", etc.

12.1.1. WHEN example

This is an example concerning the use of discrete events using WHEN statements and
delayed assignments. Basically our intention is to maintain a temperature within certain
minimum and maximum limits. The component we create is:

COMPONENT whenExample
DATA
REAL Tmin =
REAL Tmax =
DECLS
BOOLEAN HeaterON
REAL HeaterPower
REAL T = 10.
DISCRETE
WHEN (T < Tmin) THEN
HeaterON = TRUE
HeaterPower = 50. AFTER 4.
END WHEN
WHEN (T > Tmax) THEN
HeaterON = FALSE
HeaterPower = O.
END WHEN
CONTINUOUS

20
50.
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T" = 0.1 * (HeaterPower - 10)
END COMPONENT

The continuous part of this model merely introduces a dynamic law for the temperature
based on the heater power. Two discrete events are introduced into the discrete part.
The first is when the temperature falls below the limit Tmin. At this moment we connect
the heater and we assign it a power, but this power is delayed for 4 seconds. This
creates a time event at current time plus 4 seconds. The second discrete event models
the opposite behaviour. When the temperature rises above the Tmax value, we
disconnect the power to the heater.

To execute the default experiment, select “Simulation View” from the drop-down menu
on the Toolbar, select the library DEFAULT_LIB, click “+” in “whenExample.default” at
the bottom of the Workspace, click “expl” and select the option “Simulate”. This
experiment takes the form of a transient case from 0 to 200 seconds with a
communications interval of 1 second. It generates a report called "reportAll* containing
all the simulation results. If you select the option "Simulate in Monitor" you should get
the following result:

B0 — T
b —Tmax
: —Tmin
a0 —
40 —
2 a0
. y \ Y
10 —
|:| —
| T T T T I T T T T I T T T T | T T T T I
0 a0 100 150 200

TIWE
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12.1.2. Copying graphs to Word

After running a simulation, it is straightforward to copy and paste graphs from the
simulation monitor to Office applications such as Microsoft Word®. Simply proceed as
follows:

O
([
O

([
O

On the EcosimPro Simulation Monitor select the graph to be copied using the mouse
Select the option Edit > Copy from the menu

This can also be done from the contextual menu by right-clicking the graph and
selecting the option “Copy”

In your Office application(e.g. Word) select paste
Using the mouse, enlarge the small icon to the desired size

12.1.3. Analyzing results in other Office applications

The user can easily visualize the simulation results by using standard applications like
Excel®. To do this you should use the report file generated when the simulation was
run. In the last example, the file was called "reportAll". Simply proceed as follows:

O
O

In Simulation View, right-click the experiment name
Select the option “View Reports...”

= M wherE xample. default

iexp]

# M zonel % Simulate in Monitor
[# gimulate

-
I

Compile

& Edit

il| wiew Postprocess Results
£Z view Reports ...
Eﬂ View Log

§9] Clean Postprocess Results

@ Delete

A window appears with the existing report files

You can open Excel® and drag-and-drop the file to Excel®

Installation & Getting Started Guide Version 4.4 Page 69



A A
7
A A\
EA Internacional

0O Now that the results file is in Excel®, you can create graphics, reports, etc. For

example:
3 Microsoft Excel - Libro1 E]g]
@_] frchiva  Edicidn  Wer Inserkar Formsto  Herrsmientas Gréfico  Veptana ®  Adobe PDF Escriba una pregunta - o8 X
R = WEWE T BV s e e | e = 2l S N |
R 8,0 W R W B | | ] P Rasee "
} desactivar : arial -0 -|N & §|= = | 0 £ | a!
Area del grafico = A
A | B | E I D I E F I G [ H | | J [ K | E T
1 TIME HeaterOM  HeaterPower T It Tmax Tmin
[ 2 | 0 TRUE o 10 ot a0 20
3| 1.00E+00 TRUE o 2] -1 a0 20
| 4 |  2.00EH00 TRUE o g A a0 20
| e 3/ TRUE o 7 =1 a0 20
| B | 4 TRUE o B -1 a0 20
270 4 TRUE 50 ] 4 a0 20
[ & | 5 TRUE 50 10 4 50 20
EX 6 TRUE 50 X
10 7 TRUE 50| 6O
[ 11| g/ TRUE 50
|12 9 TRUE 50| 80
|13 10/ TRUE 50 & A & & &
(14 11/ TRUE 50| 40 LY =
KT LT A A RABA N ~r
16 | 13 TRUE 50 30 —a— Trnax |
(17| 14 TRUE @l f \; \f \; \f Trin
18 15 TRUE a0 3
19| 150000002 TRUE a0 f b N Y b
20| 150000009 FALSE ]| 10
121 16| FALSE o
2 17 FALSE o © ‘ ‘ ; ‘
E 18 FALSE il ] 50 100 150 200 250
[ 24 | 19|FALSE 0 n
25 | 20 FALSE 0 450000045 1 a0 20
[ 26 | 21 FALSE 0 440000045 =1 a0 20
[ 27 | 22 FALSE 0 430000045 -1 a0 20
| 28 | 23 FALSE 0 420000045 -1 a0 20
129 | 24 FALSE 0 41.0000045 -1 a0 20
30 25 FALSE 0 40.0000045 -1 a0 20
[ 31 | 26 FALSE 0 39.0000045 -1 a0 20
i .1 T IEA| QF n =38 000004s <1 Al a o
W 4 » »l Graficol b Hojal  Hoja2 / Hojas / |« >

12.1.4. The freezer

We can take a look at the freezer example from the DEFAULT_LIB library. This model
is explained in the EcosimPro Math Algorithms & Simulation Guide. The objective is to
model a freezer with all the thermodynamic equations.

The temperature inside the freezer should be maintained between -18 and -20 degrees.
This is modelled using a boolean variable which shows whether the freezer is on or off:

WHEN ( tr > -18 ) THEN
compressorON = TRUE

END WHEN

WHEN ( tr < -20 ) THEN
compressorON = FALSE

END WHEN

We can run the experiment from O to 15 seconds with a communications interval of
0.1 seconds.

Page..70 Version 4.4 Installation & Getting Started Guide



A A
7 Iy
A A\
EA Internacional i

We can plot the temperature inside the freezer (tr) and the power consumption. It is
possible to see how the compressor is switched on and off

—wek

i m
220 —
——T— —— —— — T ——T— —— —— —

ZONE Example

This example aims to teach you how to use the ZONE command. We will define a
maximum and a minimum value for a function. The component is listed below:

COMPONENT zoneExample
DATA
REAL ymax = 0.8
REAL ymin =
REAL tau = 0.01
DECLS
REAL dy
REAL x
REAL vy
CONTINUOUS
dy = (x - y) / tau
y" = ZONE (y > ymax AND dy > 0) O.
ZONE (y < ymin AND dy < 0) O.
OTHERS  dy
END COMPONENT
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We use ZONE to make variable "y" constant when it is higher or lower than the limits,
and it will be the solution of the differential equation in another case. To solve this
equation, the evolution of variable "x" must be known. This will be added to the
experiment list, in the BOUNDS block.

EXPERIMENT expl ON zoneExample.default
DECLS
INIT
-- Dynamic variables
y=0
BOUNDS
X = sin(TIME)
BODY
REPORT_TABLE('reportAll™, ™ * ')
TIME = O
TSTOP = 15
CINT = 0.1
INTEGQ)
END EXPERIMENT

The result is illustrated in the figure below, and it shows how the evolution of "y" is cut
when it reaches the limits.
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12.1.5. Lorentz equations

Lorentz' system of equations is a nonlinear differential system of equations. The
solution is always rounding two space points, never reaching them. These two points
are the steady solutions of the system, and it is easy to obtain them:

A = (\b(r-1), Vb(r-1), (r-1)) B = (-Vb(r-1), -Vb(r-1), (r-1))

The Lorentz equations were discovered by Ed Lorentz in 1963 as a very simplified
model of convection rolls in the upper atmosphere. These same equations later
appeared in studies of lasers and batteries, and in a simple chaotic waterwheel that can
be easily built.

Lorentz found that, for certain settings, the trajectories of this system never settle down
to a fixed point, never approach a stable limit cycle, and yet never diverge to infinity.
What Lorentz discovered was at the time unheard of in the mathematical community,
and was largely ignored for many years. Now this beautiful attractor is the most well
known strange attractor that chaos has to offer.

A simple physical model of the Lorentz equations at work is a leaky waterwheel. A
waterwheel built from paper cups with equal sized holes in the bottom of each cup is
allowed to turn freely under the force of a steady stream of water poured into the top
cup. With a slow flow of water, the water leaks out fast enough so that friction keeps the
waterwheel from moving. With just a little more flow the waterwheel will pick a direction
and spin in that direction forever. If the flow is increased further the waterwheel does not
settle into a stable cycle. Instead it spins in one direction for a bit, then slows down and
starts to spin in the other. The waterwheel will constantly change its direction of spin,
and never in a repeating predictable manner. Here is a picture of the waterwheel. Many
more sophisticated but similar systems have been built, and they all show the same
chaotic behaviour.

Installation & Getting Started Guide Version 4.4 Page 73



A A
i _AEwaR
A A\
‘ EA Internacional

Lorentz equations are actually three differential equations, a first order equation for
each of the y1, y2 and y3 components of the trajectory position. They are given as:

yl® = alfa*(y2 - yl)
y2" = r*yl - y2 - yl*y3
y3" = yl*y2 - b*y3

where r, b and alfa are parameters that change the behaviour of the system. There are
a lot of resources available if you wish to study the Lorentz equations in detail. These
equations are usually the first chaotic differential equations introduced in any book on
chaos. Ed Lorentz' paper (1963) is also a very good source of information.

An EcosimPro component modelling the equations is listed below, and the default
experiment can be run in the DEFALT_LIB library, as in previous examples.

COMPONENT Lorentz
DATA
REAL alfa
REAL b = 8
REAL r 2
DECLS
REAL y1
REAL y2
REAL y3
CONTINUOUS
y1”
y2*©
y3*®
END COMPONENT

= 10
/3
8

i1
oOr o

alfa*(y2 - yl1)
r*yl - y2 - yl*y3
yl*y2 - b*y3

The following graphic shows the evolution of the solution in the XZ plane, but similar
graphics could be obtained in other planes.
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12.2. Electrical Examples

EcosimPro includes an Electric library with components such as capacitors, resistors,
diodes, thyristors, etc. The user can examine the source code of that library by selecting
the tab Library and then deploying the ELECTRIC library.

To examine the source code of this library, under the tab "Work Files" select ELECTRIC
library. Some files appear like ELEC_basic.el, ELEC_CompsFem.el, etc. The user can
double-click any of these files to view them. All the components appear with their math
formulations using EL language.

12.2.1. Diode bridge example

The user can run some experiments for this library. They are located in the
ELECTRIC_EXAMPLES library which is used to create experiments for the ELECTRIC
library.

Select “Schematic View” from the drop-down menu on the Toolbar, then File > Open >
Schematic... (or click the Open button on the Toolbar), select the library
ELECTRIC_EXAMPLES, the schematic “diodeBridge” and click OK.
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B File Edit WVew Tools Window Help - E]E
OEH =% & 259 ¢ 8 |05 8 | [6scemecmn v
B8 A YO EBAH QARARG AP % &

Workspace: DEMO |
fil CONTROL a |E
{fil DEFaULT_LIB
il DISCRETE_EXAMPLES -
{fil DISCRETE_LIB
{fil ELECTRIC X o o /
jil ELECTRIC_EXAMPLES B
il FUGHT_SIM -I—
il GRAVITATIONAL
il GRAVITATIONAL_EXAMPLES AR i &l I,h
il HYDRALULIC ¥
Symbals | Schematics | Partitions ﬁ
& basicCircuit F o K
B lawPassFilker i
=" =
v| @
: @
Output messages
Output | Experiment Find in Files ﬁ
T

W e AL EESTih oI I

Since all the intermediate steps have already been carried out for this example, we can
directly run a simulation for this circuit. Go to “Simulation View”, select the library
ELECTRIC_EXAMPLES in the Workspace and open the tree “diodeBridge.default”.

-- M lowPassFilter default

Right-click on the experiment name (expl) and select the option “Simulate in Monitor”.
Click Start simulation in the Monitor window. The result is as follows:
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Fle Edit Help

e O g B K I E &E

Tab_1 ‘watch variables
- S(Eld 0.15

10 = —Clw Initial | Inputs | Wiew

—D1 v Wariable Walue Units Categolyl

—p2v| |Dlv 478823V EXPLI...

pav| |D2v 47823V EXFLI...

—pay| |Dav 475623V EXFLI...

5 Ddv 475823 V EXPLI...

rm— T 7 T T T T T T T T T T T T T T T T T T T ]
o ooz 0.04 0.06 0.0 01 o1z 014 016
TIME

Output meszages

L TIHE: U.1%] Integration step 30 ~
End of transient 1 {Status: OK, Runtime: 0.657=s, Jacob.: 0, Residues: 0)

— END OF EXPERIMENT —

Total transient calls OK: 1 HOK: 0
Total processor time: 0.735 seconds

< ¥

In this example you can see the voltage evolutions and how the diode bridge works
cutting the voltage at the diodes.

12.3. Control Library

You can navigate in the CONTROL library in the same way as in the ELECTRIC library.
Typical controls such as P, PI; PID, etc, are modelled in EL.

Any CONTROL experiment from the CONTROL_EXAMPLES library can be run. For
instance, you can run the experiment prepared for the "linearSystem" component. The
schematic of this component is as follows (obtained following the same steps as
before):
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B File Edit View Tools ‘Window Help - [:]E][z
OB H & 6 HE | 9 e 4 |08 8 ;[0 scmiveny]
cmE & VO HEHQARAR QAW % fnN

Workspace: DEMO ||

EHApBe@eElEmEILST N SlF

il conTROL ~
il CONTROL_EXAMPLES

fffl DEFAULT_LIB

fffl DISCRETE_EXAMPLES

fffi DISCRETE_LIB

il ELECTRIC B
fffl ELECTRIC_EXAMPLES et
il FLIGHT_SIM -y Y -y

il GRawITATIONAL * iy .
Ll GRAWITATIONAL ExXAMPLES A

Swrbals Schematics Partitiors
[ linearSystem

B windUp

Output messages

Output Experiment | Find in Files

md R A MY BEESTHbL - -

This model represents a control system which receives the transfer functions as shown
in the following figure:

+ +
4 2541 B S
1438 % +285+160 + s+ 3.25° +3565s

Process

v

Compensator

In “Simulation View” select the partition linearSystem.default and run the simulation on
the Experiment Monitor. This experiment creates a plot with two variables:
"comparator.s_in_1.signal" and "process_plant.s_out.signal®. The second variable
should follow the first, and the result obtained is as follows:
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12 — —comparator.z_in_1.signal

| _ ﬂ /\ ﬂ ;\ — ocess_irts_out sl
S e N i

IR

06

04 —

02

5 I N 110 I | S T
: U | I

I T T T T T T T T T T T T T T T T T T T ]
1} 5 10 13 20
TIME

The figure shows the frequency signal to be followed by a series of pulses and the
process output.

12.4. Thermal Library

This is another library included in the EcosimPro tool. You can navigate through the
components and source files as before. Typical thermal components such as
conductors, diffusive thermal nodes, etc, are defined.

It is possible to run an experiment from the THERMAL_EXAMPLES library following the
same steps indicate above; for example, the "Wall_3" model. This model contains three
walls. The external layers are made of GFC material and the inner one of aluminium.
The associated experiments can be run and the temperature evolution on each layer
can be seen:
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File Edit Help

e @3 k& h

=12 K)» W i

Tab_1 ‘watch variables
- [5]x]| 2500
Initial Inputs Wiew
1000 — —laverd tp_in.T 0 7] —laverd tp_out.q Variable | Value Uis | Calemw I
1 ~leyer3ip_ot T ] loyerl.... | 336456 o EXFLI
-10000 + layerl.... 0 i ExPLI...
00 ] layer2... 99649 ExFU...
-20000 layer2... -18.7019 W ExPU...
4 i GR1R.. 05 m°2  DATUM
-30000
600 i
g £ a0000
400 1
50000
-60000 |
200
70000 -
o 0000
e — T
i 500 1000 1500 2000 2500 i 500 1000 4500 2000 2500
TIME TIME

Output messages

[TINET Z4&BU] IAtEeqraticn step 231 v
[TIHE: 2470] Integration step 292

[TIME: 2480] Integration step 293

[TIHE: 2490] Integration =step 294

[TIME: 2500] Integration step 295

End of transient 2 (Status: OK, Runtime: 1.172=, Jacob.: 0. Residuss: 0)

— END OF EXPERIMENT -

Total transient calls QK: 2 HNOK: 0
Total processor time: 1.672 seconds

v
Stake: STOP Expetiment: wall3, default.expl

12.5. Turbojet Library

This library contains some typical components for turbojet modelling, such as
compressors, turbines, burners, etc.

It is very impressive if you try to simulate a complete turbojet model. To do this, edit the
file "turbojet.eds". This model represents a single spool turbojet engine. The
components are: diffuser, compressor, two bypasses, combustion chamber, turbine,
nozzle and a component to monitor the thrust and the specific fuel consumption.
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B Fle Edt View Tools Window Help . E] E
j |~ H = —5 | A i ﬁ |E|| | ﬂ E;" Schematic Wiew -
ol A 2O EEE QRARG AW % &

‘Workspace: DEMO
il CONTROL manitor

[l CONTROL_EX&MPLES
{ffl DEFAULT_LIB

{ifll DISCRETE_EXAMPLES
il DISCRETE_LIE

il ELECTRIC

il ELECTRIC_EXAMPLES
il FLGHT_SIM

{1l GRaMITATIONAL

il GRAVITATIONAL_EXAMPLES e bumer  fusimeter
il HvDRAULIC

il HYDRAULIC_EXAMPLES

i MaTH

il PHYSIOLOGICAL

fff] PHvSIOLOGICAL EXAMPLES R 5 ft

) THERMAL E /; J..—-. -y ..—..N [

) THERMAL_EXAMPLES . salitt split2 — - w )

i TURBOJET E 3
il TURBOJET_EXAMPLES ol e J e il

nlet COMprassor urbina

Symbaols Schematics Partitions

nozzie
turbofan

8
B turbofan_mixer
)
[£]

<

B HABpe@elnF I\ Sl

turbofan_mixer_afterburner 5

.

turbojet
] turbojet_afterburner Output messages

Output E=periment Find in Files

Schematic is older than its compiled item. Its items, connections, and attributes will

< >

Gl Faen A NS T hd I o0 A8FF

For these components three different partitions have been defined: one for design
called "Design" and used for steady state studies of this model, "Prediction" for multiple
steady states, and finally "Transient" to study a transient state. There is not much room
for detail in this brief explanation, but many physical problems are modelled here.

To run this model we suggest the user runs the "Transient” partition experiment. The
following results are obtained:
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File Edit Help

W Og b EI K IE ~E

[ Tabt

|Watch variables

Plot_3 15
Iitial || Inputs Wiew
1.5 = 1800 —
3 compressor PQ st 3 - burner g_out. T " ariable Walue Urit
1 7 = —
E = B / compressor g oW T | TURBOJET Alude 0 m
105 E T 0
S o 1200 3 turbine.o_in.T bumer GLF 0.0025... | s/kg
a5 000 3 Lorbins oReLE] burner.g_out.T 163404 K
E - 500 3
93 — 500 3
g5 4 400 4
REREREER RS R R RS R R R R R RE na R RS RIRNRR RN R R R R R R RS a nal
074 076 078 0.8 052 084 086 053 049 o 2 4 6 & 10 12 14 16
compressor WRJ (kass) TIME
TE00 5 —\ = —compressor M 1.2e+06 iy —hburner.g_out P
E E |
11500 3 1e+08 E —compressar.g_in P
1400 E / Sy ; —compressor.g_out P
211300 E \\ ,EE;, LUy E turhine .g_out P
E 400000 3
11200 200000 3
11100 4 -
RERERRREEERE R R R R R R R Rl T T
o 2 4 6 & 10 12 14 16 o 2 4 6 8 10 12 14 16
TIME TIME
Output messages
A
— END OF EXPERIMENT — B
Total steady calls OE: 1 HOK: O
Total transient calls CK: 1 HOK: 0
Total processor time: 2.391 seconds [ |
v

State: STOP Experiment: turbojet.transient. expl

The results are displayed when the fuel flow is varied and the pressures in the outlets of
the most important elements are as illustrated in "Plot1".
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13. Conclusions

If you have followed the examples presented in this Installation & Getting Started Guide
you should now understand the key concepts of simulation with EcosimPro, as they
have presented the most important concepts of the tool and even if you try to simulate
very complex systems with hundred of components, the concepts you will need to know
are more or less the same.

Of course, EcosimPro offers many other features but you can learn them by making
progressively more complex components.

The Guide has also shown that in addition to modelling physical problems EL can also
be used as a pure equations solver. This makes EL a powerful platform to solve any
kind of problem related with differential-algebraic equations.

Now you are ready to begin learning how to model in EcosimPro using the other

manuals, having mastered the main steps needed to create useful simulations in
EcosimPro.
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