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CUSTOMER RESOURCE OPTIONS

Supporting users throughout their entire journey of learning model-based systems engineering (MBSE) is
central to Vitech’s mission. For users looking for additional resources outside of this document, please refer
to the links below. Alternatively, all links may be found at www.vitechcorp.com/resources.
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Webinar archive with over 40 Short videos to guide users Systems Engineering
hours of premium industry and through installation and usage of Our free eBook and our most
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tool-specific content. experienced practitioners alike.
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. . MySupport
Help Files Technical Papers Knowledge Base, Exclusive
Searchable online access to Library of technical and white : '
) ; Webinars and Screencasts, Chat
Vitech software help files. papers for download, authored Support, Documents, Download

by Vitech systems engineers. Archive, etc.

Our team has also created resources libraries customized for your experience level:

All Resources Advanced

Beginner IT / Sys Admin

Intermediate Student
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PREFACE

The Simulink® Connector provides the ability to build a Simulink model based on the physical block or flow
internal block diagram (flow IBD) in GENESYS™. Once the Simulink schema extension has been imported
and applied to the project model, the user can map (or associate) Simulink subsystem blocks with the
component block from either the physical block diagram or flow IBD. When each component block in
GENESYS has been associated with a Simulink element, the user can then use the Simulink Exporter
command to build the corresponding diagram in Simulink. This process moves the descriptive architecture
into Simulink as depicted in the following graphic.

LS

e Advrisinrtae | Auhastication Mede: GENER

Figure 1. Simulink Connector Concept

This guide describes the processes used to associate component blocks in GENESYS with Simulink blocks
and then describes how to use the Simulink Exporter command to create a Simulink model.

Following model construction and completion of detailed dynamic modeling validation in Simulink, the
document also describes a nominal workflow to construct corresponding ports and links in GENESYS to
align with the Simulink detailed design model.

This guide is intended to augment the Model-Based Systems Engineering (MBSE) with GENESYSS training
course and the reference material provided with GENESYS. The ultimate goal of this guide is to expose
the user to the Simulink Connector ability and thereby extend the use and application of GENESYS for
system design, development, and project management associated with supporting the engineering of
systems.

The following additional resources are available for use with this guide:

o For descriptions of GENESYS, including database classes and folders, different views,
diagram notation, and the mechanics of entering data into GENESYS, refer to the GENESYS
Help and Documentation guide.

e For the definition of schema terms, refer to the GENESYS schema, which contains
descriptions for each schema entity, associated attributes, and parameters.

For application of GENESYS to system and architecture design, refer to the GENESYS System Definition

Guide and Architecture Definition Guide, each of which is provided in the GENESYS documentation
supplied when GENESYS is installed on a computer workstation. They are also available on our website.
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DESCRIPTIVE DEFINITION IN GENESYS

1.1. Advancing from an abstract to objective design

When doing a system design, the design team can usually define the abstract understanding of how
subsystems and components below the subsystem will interface with one another. This understanding can
be expressed by defining interfaces and developing an interface diagram similar to the following:

e ———

Figure 2. Typical Interface Block Definition Diagram

Interfaces can describe, in general terms, how the components are to interact with one another. The
physical link that composes the interface needs to be defined based on very specific design information.
The physical link has a specific capacity: the required size for the link has to be determined based on the
detailed design of the subsystem and is often based on a detailed analytic model. Link entities in the
GENESYS solution are depicted by the Link class and are shown on the physical and flow internal block
diagrams.

While the interface diagram shown above has a series of Interface entities defined, the link diagram will
not have any Link entities defined, and the diagram will consist solely of the component blocks until the
links are defined and connected to the components. An incomplete physical diagram, one without links
defined, will look like the following:

B Hyaie Sunsysem

+ Hyssuie
Operated RAM

Figure 3. Flow Internal Block Diagram Without Links

This is the point in a system design where the focus generally shifts from the descriptive design to the
detailed design. In many organizations, as the descriptive design is worked by the system team, individual
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subject matter expert engineers have worked on the specific subsystem design and may have determined
the particular components to be used in the subsystem design. What is not accomplished is a dynamic
simulation and validation of the detailed design in Simulink. Accordingly, it is at this point that design in
GENESYS can be connected to Simulink, and the detailed modeling can be accomplished.

ESTABLISHING A CONNECTION TO SIMULINK

1.2. Extending GENESYS for Simulink

List of schema changes included in the Simulink Schema Extension:
e Added new attribute to the Component class:
0 sl _blockType — Simulink Block Type represents the block type selected for Simulink
libraries.
= Alias: Simulink Block Type
= Type: String
= |[nitial Value: [Blank]

To start using the extension, a project administrator will import the GNSX file containing the schema
extension into the existing project.
1. In GENESYS, select Import from the application menu.
2. Use the file browser to go to the Extensions folder (C:\Program Files (x86)\Vitech\GENESYS 2020
Collaborative Edition\Extensions by default) and select Simulink Schema Extension.gnsx. Click
Open.
3. Inthe import wizard, you will see the project “Simulink Extension” in the project listing. Select Next
to continue to Step 2.
4. Select the second radio button, which says “Import Into Project:” and select your project from the
drop-down list. Select Next to continue to Step 3.
5. Review the screen to ensure that you have selected to import “Simulink Extension” into your project.
The screen will warn you that your target project contains data. This is to be expected. Select
Import to start the import process.

Once the import completes, click Close, and the schema extension is ready to be used. Once you have
imported the extension, you will not need to import it again into this project. Simply export your database
using the default export option, and the schema and data are contained within one GNSX file.

Once the schema has been extended, the Component class will have an additional attribute to allow for

mapping the component entity to an associated Simulink block. An example of the modified property sheet
with the additional attribute named “Simulink Block Type” is provided below.
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o E
@ il Hydraulic Subsystem asPropertySheet - = x
Home Views

Tools Paragraph Editing
Name Hydraulic Subsystem
Number SYS.4 ' 3}

Description The Hydraulic Subsystem is part of the overall system design. The hydraulic 2" 4 |_
system provides for the operation of the hydraulic operated ram capable of
providing sufficient force to close within design time constraints.

Abbreviation
Doc. PUID

Title

Type |

Simulink Block Type ]

Contract Line Item Number

Attributes | Properties | Parameters | Diagnostics |

Figure 4. Modified Property Sheet With Simulink Block Type Attribute

1.3. Associating GENESYS Component with Simulink Blocks

In order to associate a component block with a representative model in Simulink, you must meet two
conditions. First, the computer workstation that you are using to run GENESYS must have the ability to run
a MATLAB® license with Simulink and the desired Simscape™ models library. Second, the project model
must be extended as discussed in the preceding paragraph.

To start the process of making the associations, open either a physical block diagram or a flow internal
block diagram. With the diagram open, select a block on the diagram. This will enable a button in the
Diagram ribbon bar on the right-hand side, labeled Set Block Type. An example diagram is shown below.

Set Block
e Type
S Enabled

+ Hyaraulic Pump

Hyorauic Reservolr

Repository: Local | Project: Hydraulic System Ecample - Mapping Complete | Usemame: Administrator | Authentication Mode: GENESYS

Figure 5. Flow IBD Setup to connect With Simulink

When you click the button Set Block Type for the first time, the Simulink connector will open the Simulink
Library Browser, look for a MATLAB license, and open the Simulink base library. The connector will provide
several status boxes providing messages on the progress of loading Simulink libraries. These messages
include: Confirming local MATLAB installation, Loading Simulink Libraries, and Loading block type data.
When the connector is finished, the Simulink Library Browser will look similar to the following:
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&% Simulink Library Browser

Foundation Library

Simscape
Fluids
Simulink

Block:

Inports:

=l =]

Outports:

Description:

Parameters:

[ add |[ edit |[ Remowe | Cancel |

Figure 6. Initial View of Simulink Library Browser

In Figure 6, the Simulink Library Browser shows the basic Simulink Library with additional libraries
consisting of: Simscape, Foundation Library, Hydraulic, and Fluids. Each of these additional libraries has
been added to the browser using the Add button in the lower left-hand corner of the browser window.

Depending on the subsystem and components you are modeling in your design, you should have a specific
set of libraries in Simscape that provide you models of the components specific to your subject subsystem
design. The libraries used will vary widely based on the system and subsystems under design.

To add a new library to the Simulink Library Browser in GENESYS, you need to first know the Simulink
name for the library and then use the Add button to import the library into the browser. (Please note: finding
and determining the library name in Simulink is covered at the end of this guide.) An example dialog window
for adding a new library is provided below. The user needs to provide the Simulink “Library name” and then
designate a “Library alias” (the name that will show in the browser).

& Simulink Library Browee

Inparts Outparts:

add Edit Eemave Cancel

Figure 7. Adding a Library to the Simulink Library Browser

Once the library is loaded, the user can then navigate through the Simulink libraries and select a block type
to associate with the selected GENESYS block. In the diagram below, the Hydraulic Pump (selected on the
flow IBD) will be associated with the Fixed-Displacement Pump from the Hydraulics / Pumps and Motor
library in Simulink.
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£ Sirnubink Library Browser = =23

Foundiation Library angle Sensor T
- paraulic ntrfugal Pur
Ry :‘:‘u:‘...‘m E"‘_ s Fixed Displacement Pump
Hydraulic Cylinders Fieed- Displacement Pump
Hydraubc Utilities [ TETFaTE I i PO
Local Hydraulic Resistances Porting Plate Variable Orifice Description:
Lew-Pressure Blocks Simscape Block
nifices
Bups
e Oisplacement Pressure-Compensated |
Simscape splacement Bump
a Fluids
Fluid Netwark Interiaces
Thermal Liguid Paamatars
S, Displacement
D_unit =
O_gant
Leskage and fiction parsmeterization
loss_spec_unit

lows_sper_canf
Nomminal shaft angular velacity
w_narminal_unit
w_naminal_conf
Nominal pressure gain
pr_nominal_unit
pr_naminal_conf

v | | Nomnal kinematic viscosity

add | ok | [ cance

Figure 8. Selecting a Simulink Block Type

When this selection is made, the attribute in GENESYS to map the component to the Simulink Block will
be set and the parameters of the Fixed-Displacement Pump in Simulink will be added as parameters in
properties of the GENESYS component.

The user needs to complete this process for each of the blocks in the flow IBD: select the block in
GENESYS, and set the block type. Once each block has a block type set, we are then ready to export the
GENESYS model to Simulink.

MOVING THE GENESYS MODEL TO SIMULINK

1.4. Simulink Exporter
The Utilities ribbon in GENESYS contains the button used to export the model to Simulink.

-

— |"

N ) - RN GENESYS Collaborative Edition == = |

Home Data Views Project Schema Utilities (7]

W= D g - bk 6%

Admin Job Document Scripts _ Reports Team | Import Export | Constrain@Simulink j Model
Teols  Monitor Parser T Wiew Solver JExporter j Center

Manage Tools DOORS MATRAE PHOEMNIX

Figure 9. Simulink Exporter

When the Simulink Exporter command is selected, a Simulink Exporter dialog box is opened in
GENESYS. In this dialog box the user needs to select several items. First, the folder containing the
subsystem. Second, the individual subsystem to be modeled. Third, a location and file name for the
Simulink model that will be created. When the selections are completed, select Finish, and the Simulink
model will be created and saved to the location specified.
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&5 Simulink Exporter o [ B[S
Exp L= (S|

‘% Export and convert GENESYS entities into Simulink models.

Simulink Exporter
Step 1of1

e -/
C System Context
C.1 Commercial Electric Supply
5YS Facility Operating System
5Y5.1 Building Structure
5Y¥5.2 Facility Electrical Distribution
5.3 Contral ysten
[5¥5.4 Hydraulic Subsystem |
5¥54.1 Hydraulic Pump
5YS.4.2 Hydraulic Operated RAM
5Y¥5.4.3 4-Way Directional Valve
SYS.4.4 Hydraulic Reservoir

Filter | All Entities -

Sort |Numeric |

Save Simulink model as:[ ChUsers\rkratrke\Desk

[ concet || Finish

Figure 10. Exercising the Simulink Connector

From this point, the user can open the design model in Simulink. The design model in Simulink will have
the blocks on the diagram; however, they have to be moved around to create a diagram similar to the layout
provided in GENESYS. The following is an example of the Hydraulic Subsystem exported into Simulink.

HydraucSubsyate * - Simuink traf use =5 M-l
"5

HyrabcSubaystem

& | HrvcSubsystem -

(3
+] i
=] iy s AN

| e Dirctenatv

T Hydrm R

Ready 100% VariableStepAuto

Figure 11. Simulink Model of Hydraulic Subsystem

At this point, the detailed design engineer can take the Simulink model, connect the appropriate ports,
specify parameters, and conduct dynamic modeling of the subsystem. Once the dynamic modeling is
completed, the system design team can use the completed Simulink model to construct ports and links in
GENESYS.

The end result will be two models, one in the descriptive architecture (maintained in GENESYS), and one
in an analytical architecture (maintained in Simulink). This concept is illustrated below.
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BN

ey b errimas

Figure 12. Two models: Simulink and GENESYS

1.5 Final Notes

The Simulink Exporter capability provided in GENESYS is an initial capability which will be expanded with
additional features and capabilities over time. As this capability is expanded and enhanced through service
packs and releases, this guide will be updated to explain and guide users through the enhanced exporter.

DISCOVERING THE SIMULINK LIBRARY

In order to add your Simulink libraries to GENESYS you need to know the library name. Below are the steps
to find that information in Simulink.

1. Start MATLAB and click on the Simulink button on the Home ribbon.

HOME

E:E - (5 FnaFies % E HZ, New variable [ Anatyze Code

1> Open varisble ~ {7 Run and Time

Favorites

9=

SIMULINK

Examples

3 open | Search | Al Templates vﬂ
Recent

> My Templates Learn More
Projects
@ Source Control... ~ Simulink
fd Archive...

C 22 & 3

o
Blank Model Blank Library Blank Project Folder to Project

& ) =
Source Control Code Generation Digital Filter Feedback Controller

3. From the blank model, select View >> Library Browser.
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View | Display Diagram Simulation Analysis Code Tocols Help

ES Library Browser Ctrl+Shift+L “ 3

Madel Explorer L4
'-@ Variant Manager

Sirmulink Project

Model Dependency Viewer

Diagnostic Viewer

Requirements at This Level

Model Browser

Property Inspector Ctrl+Shift+I
MNotes Ctrl +Shift+MN
Maodel Data Editor Ctrl+Shift+E

®
FE|
=3
(I

Viewmarks

Configure Toolbars
Teolbars
Status Bar

Explorer Bar

MNavigate

Zoom

Smart Guides

VanableStepAuto
MATLAB Desktop

4. Inthe library browser, select the library of choice. Then through the context menu click on the
open library command.

i - )
EE Simulink Library Browser [ =R g
‘\f-‘:' Enter search term - ‘EL hd IEJ: -5 v B @

Simscape

[ Simulink

I HDL Coder
|I> |SimsmE I :
I Simulink 3D Animatior I Open Simscape library I
P Simulink Coder Fluids Foundation Library Utilities
[» Simulink Extras Refresh Library Browser F5
Stateflow
Recently Used

5. Inthe library window, select File >> Library Properties >> Library Properties.
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' #al Library: simscape | Simulink third party support uss

IFiIe Edit View Display Diagram Analysis Help
P Il = r
I - @ v

Open Recent r

Ctrl+0O

Close 4

Save

Save As..
Simulink Project =

Export Library to

Library Properties Library Properties I

Print Chart Properties

State Machine Properties
Simulink Preferences

Stateflow Preferences

Exit MATLABE

~

b

Ready

6. The Main tab of the library properties window provides the library name — the information needed
when adding a library in GENESYS.

Library Properties: simscape

Main | Callbacks | Forwarding Table | History | Description |

Model Information for:lsimscage |

Source File: C:\Program Files\MATLAB\R2018a\toolbox\physmod\simscape\simscape\m\simscape.slx
Last Saved: Tus Feb 06 16:41:32 2018
Created On: Tue Feb 06 16:41:30 2018
Is Modified: no
Model Version: 1.1
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