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1. Model development by integration of existing models (20 min)
a) Drag-and-drop

b) Passing parameters

2. Repeatably configurable modeling (20 min)
a) Dymola parameter sweep

b) Importing new initial conditions

c) Manually changing initial conditions

d) RAVEN interface

3. FMI/FMU in Dymola (20 min)
a) Importing

b) Exporting

Use Cases Session Agenda
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Integration of Existing Models

• Drag and drop of models is the most common method of 
building top-level systems

• Example: IES, Reactor model

• Prebuilt models combined in unique ways for simulation setup

• Primary simulation difficulties are system-wide initialization and 
proper calibration of controls

• Subcomponents can be combined to make usable components
• Example: Shell and tube heat exchanger

• Configured models allow for standardized components for full system 
builds

• Primary difficulty is to ensure appropriate parameter pass-through
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Integration of Existing Models

• Using existing models takes advantage of object building 
within Modelica

• The same components can be used repeatedly

• Subsystems have been tested and verified

• Ports impose consistent communication between 
components
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Example: IES

Reactor 
model

Steam 
manifold

Turbogenerator 
system

Gas turbine 
system

Electrical 
interconnection

Electrical 
grid

IES control
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Example: IES – Reactor Model

• Sixteen different drag-and-drop 
components make up reactor model 

• Includes pipes, sensors, feedwater pump, 
primary heat exchanger, nuclear core model, 
and control signals 

• Some of these models have drag-and-drop 
subcomponents

• Subsystem level is self-contained, only 
needing feed flow and steam produced 
connections.
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Example: IES – Turbogenerator

• Turbogenerator system 
demonstrates five connection 
types

• Fluid (blue)

• Heat (red solid)

• Mechanical (gray)

• Electrical (red solid)

• Control (red & green dashed)
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Integration of Existing Models

• Construction using pre-existing models creates instantiations of 
the objects within current level model

• Typically, ports and connectors are used to communicate 
information between objects

• Assuming the building block models exist, the construction 
process can happen quite intuitively

• Example: Shell & tube heat exchanger

• Parameter passing must be handled at every level
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Example: Shell & Tube Heat Exchanger

• What do we need to 
make a STHX? 

• Shell fluid flow path

• Tube fluid flow path

• Pipe model to 
establish conductivity

• Possibly a 
vectorization reversing 
unit to allow for 
counter-flow OR 
concurrent flow

• External fluid 
connectors
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Example: Shell & Tube Heat Exchanger

• Finished product thermally 
connects two fluid streams

• One final question: how do we 
properly pass parameters to 
next-level modeling? 

• Each component in the figure on the right 
has its own parameters 

• For example: what is the diameter of the 
tube in the tube model? 
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Integration of Existing Models: Passing Parameters

• Typically, parameters must be re-declared at 
every level

• Default values can be put in, as the highest modeling level 
will be distributed down

• “Replaceable” keyword allows for all potential 
values matching the type of that parameter to 
be selected via drop-down menu

• For example: two-phase media types

• Parameters can be grouped into data structures 
for easier pass-through

Parameter interface seen above. Interface 
method depends on type of parameter (single 
value, package selection, set of values, etc)
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Geometry parameters entered 
here are distributed to pipe & wall 
models at this level

Passing Parameters
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Integration of Existing Models

• Using existing models takes advantage of object building 
within Modelica

• The same components can be used repeatedly

• Ports impose consistent communication between 
components

• When building sub-models and subsystems, make sure 
that relevant parameter passing methods are set up
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Parameter Sweeping

• Dymola has internal parameter sweeping 
method

• Allows for output space generation across 
single altered parameter at a time

• Auto generates separate output files to 
keep post simulation

• Auto generates plotting set of output 
values desired by user
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Manual Parameter Sweep

• In the case that a model is sensitive to initial conditions, it 
is possible to manually alter parameters via the dsfinal.txt 
file to effectively manually parameter sweep

• Combined with script generation, this process can be 
automated so that there is less user attention required

Intro Models by Integration 𝑋 Repeatable Modeling FMI/FMU



19

Initial Conditions

• Model initialization is key to obtaining 
results, especially if a simulation 
stabilization time frame can be 
avoided

• One method of creating an initial state 
is to use a robust outside result to 
create an initial conditions table

• ASPEN HYSYS is often used
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Initial Conditions

• Inherent method within 
Dymola to save within a 
model the initial conditions

• When used, the output 
space is saved within the 
model directly as 
adjustments to the 
attributes 

Intro Models by Integration 𝑋 Repeatable Modeling FMI/FMU



21

Initial Conditions
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Initial Conditions

• Another method of importing initial conditions is using 
default output format

• This method can be used to alter parameters by altering 
the text file
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RAVEN Interfacing

• Default initialization or final status text file is standard RAVEN 
input method

• Values identified in RAVEN input substituted 
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RAVEN Interface

• Executable made via Dymola and path input into 
RAVEN 

• User should make sure that “evaluate parameters at 
translation” option is disabled

• Dymola is subType “Dymola” in the input deck

• Input name type is “DymolaInitialisation” 
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Model Analysis

• Scripting allows for manual creation of parameter sweep 
• Method is: Translate(), import(), simulate()

• Dymola has internal parameter sweep methods
• Only one parameter can be changed at once

• RAVEN interface uses standard input to accept new 
parameter methods

• Reminder from previous: models can use text reading for 
input, which can read dispatch information generated by 
another code 
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Functional Mockup Units
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Functional Mockup Units

• Began in 2008 started by the MODELISAR 
project 

• Standardized interface to be used in computer 
simulations to develop cyber-physical systems.

• Adopted by over 170+ toolsets with an actively 
maintained FMI/FMU import/export capability 
including:

• ANSYS, Dymola, Matlab/Simulink, Java, Python, 
STARCCM+

• Capable of exporting models developed in 
another tool and simulating in an FMI/FMU 
compliant toolset without a customized API 
requirement. 

Intro Models by Integration Repeatable Modeling 𝑋 FMI/FMU

Picture from: https://fmi-standard.org/



Current Dymola
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Fluid Ports• Each Fluid Port contains
• Mass flow (Flow variable), m_flow
• Conditional enthalpy (stream variable), 

h_outflow
• Pressure, P 
• Trace Substance Fraction (stream variable), 

Ci
• Mass Fraction (stream variable), Xi

• Stream variables are only used if m_flow < 
0. 
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FMI/FMU Signals
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Current FMI

becomes

• FMI/FMUs operate only with input and output signals. Therefore, each 
FMI/FMU model would need to be designed to modify “fluid and electric 
ports” into input and output signals. 

• This required the creation of a FMI/FMU connector package within the 
Hybrid repository.
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Standardized FMI/FMU Adaptors

Fluid Adaptors

Heat Adaptors

Electrical Adaptors



FMI/FMU Demonstration
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Supervisory Control/Control of Each Subsystem

• Individual System level controllers remain in the Dymola/FMI components and 
subcomponents. 

• A time dependent timeSeries.txt for load variations is given via an external .txt. File that is 
loaded into the Modelica system. 

• This timeSeries.txt file is created by the RAVEN/HERON/Reference Governor workflow 
that is then sent Modelica. 
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Master Simulation Environment (Dymola)

FMI/FMU

Modelica model 

Nuclear Power 

Plant

Modelica Model

Hydrogen 

Production Plant 

FMI/FMU

RAVEN AI 

Energy Storage 

FMI/FMU

Python-Based 

Power Grid

FMI/FMU
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