S1IMULALION X

Tutorial 19
Export SimulationX Models to NI VeriStand

Objective

VeriStand from National Instruments is a software environment for generating
real-time testing and Hardware-in-the-loop (HIL) applications. It can import
control algorithms, simulation models and other task from NI LabVIEW software
or third-party environments like SimulationX.

This tutorial demonstrates how SimulationX models can be exported to VeriStand.
We show step by step the creation of the SimulationX model, the export using the
SimulationX Code Export Wizard, and explain how to use such a model within
VeriStand.

It is assumed that the reader is familiar with the basic functionality both, of
SimulationX and VeriStand. For an introduction to SimulationX, please refer to
"Tutorial 1: Getting Started" and "Tutorial 2: Hydraulic Cylinder Drive".

The following software modules are needed to execute this tutorial:
e SimulationX incl. a valid license for the Code Export Target
“NI VeriStand / LabVIEW Simulation Interface"
e NI VeriStand 2010
e Microsoft Compiler (e.g. the free Microsoft Developer Studio
Express Edition)

Model Export to NI VeriStand - What Can It Be Used For?

The NI VeriStand Interface of SimulationX can be used to implement complex
dynamic simulation models, created in SimulationX, into the VeriStand
environment for further system analysis on real-time targets and Hardware-in-
the-Loop (HIL) simulations.

SimulationX provides a huge number of predefined elements in different physical
domains to create detailed physical based simulation models. Using such models
inside VeriStand allows:

® Real-time Test of real hardware elements (e.g. controllers) using
SimulationX plant models (Hardware-in-the-Loop - Hil)

® Real-time Test of new controller code using SimulationX plant models
(Software-in-the-Loop - SiL)

® Creation of graphical user interfaces around SimulationX models with
VeriStand Workspaces
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Example

On the basis of the SimulationX sample model CylinderDrive.ism the export process will be
demonstrated. A physical based model of a hydraulic cylinder drive will be exported to VeriStand. The
model can be found in SimulationX via menu "Help — Sample Browser ...". Use the Sample Browser to
select Hydraulics and open the CylinderDrive.ism sample. After opening the model in SimulationX the
Sample Browser can be closed.
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Figure 1: SimulationX sample model CylinderDrive.ism

The model consists of the plant model of the hydraulic cylinder drive and a PID-Controller. Typically in
HIL applications the electrical inputs and outputs of a real existing controller are connected to the
hardware 1/0 of the real time target. In this tutorial example we do not want to use any hardware, so we
split the model into two parts and therefore create two models, which will be exported to VeriStand
separately:

e the controller model (signal part of the sample model)

e plant model (hydraulic and mechanical part of the sample model)
After exporting them to VeriStand we will connect both models there via signal mapping in the same
way a plant model would be connected to hardware 1/0 signals.

So first do the following steps to create the controller model:
e Delete all elements in the sample model except of setfCurve, sum and PIDController (see
Figure 5)
e Replace the element PIDController by a PIDT1 controller from SignalBlocks.Linear.PIDT1 and
name it Controller
e Change the parameters of Controller as shown in Figure 2
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Parameters | Results | General | b

Gain G M | } - |5
Derivative Time Td: 0.01 5 -
Integrating Time Ti: 50 5 -
Time Constant T 0.005 5 -
Initial Value yo: O (@ |- -

@

Initial Value of Derivative dyl: 0

Figure 2: Property Dialog PIDT1-element controller

e Replace the curve element setCurve by a function block and name it setValue.
e Change the value F: of setValue to self.x in Figure 2

E | X |
Parameters | Results | General | q b

Eunction fix) F: self.x | § - |

Figure 3: Property Dialog function-element setValue

e Change the minimum step size settings (dtMin=5e-4 s) and the stop time (tStop=1 s) according
to the following figure in the simulation control "Simulation - Transient Settings..." on the tab
General. The minimum step size dtMin=5e-4 s is the internal integration step size used by the
exported fixed step solver during computation in VeriStand. The minimum output step size has
to be equivalent to the Target Rate in VeriStand, so we will change that parameter later in the
VeriStand project.
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Figure 4: Simulation Control - General

e Save the model into your working directory using a different name e.g.
CylinderDrive_Controller.ism via the menu "File — Save as ...".

Figure 5 shows the model structure of the controller model after these previous modifications.

setValue
sum

Flzx]
4 st b

Controller

PIOT,

Figure 5: model of the controller

Open a second sample model of the cylinder drive ("Help — Sample Browser ...") and do the following
steps to create the plant model of the cylinder drive:

e Delete the elements setCurve, sum and PIDController.
e The displacement sensor has to be replaced by a sensor element from Mechanics.Linear
Mechanics.Sensor.
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Replaced sensor at the piston rod of the cylinder drive

The model at this stage does not include the pipe or hose line connection between control valve
and cylinder. To consider at least the enclosed fluid volume and the wall elasticity of the pipes,
add two volume elements (Library: Hydraulics.Basic Elements.Volume) between cylinder ports
and valve ports. The volume can be calculated within the parameter V of the volume Element. A
pipe length of 0.5 m, an inner pipe diameter of 12 mm, and an estimated wall capacity of
50 mm3/bar are assumed. The parameter dialog of the volume vA is shown in Figure 7.

Property Dialog volume vA

Reset the initial position x0 of mass1 to the default value 0.

Select also for that model a minimum step size dtMin of 5e-4 and a stop time tStop of one 1
second (see Figure 4)

Save the model into your working directory wusing a different name e.g.
CylinderDrive_PlantModel.ism via the menu "File — Save as ...".

Figure 8 shows the model structure of the plant model after these previous modifications.
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Figure 8: Hydraulic Cylinder Drive — Plant model

The SimulationX Code Export wizard generates a component for VeriStand which contains the model
functionality and a solver. In order to support real time behaviour in VeriStand a fixed step solver is used
here. So the model should be tested in SimulationX with a fixed step solver too. A critical point in that
sense is the case where the piston goes into the cylinder end stops. This is due to the fact that the model
becomes stiff in that point of operation. The following steps are to be done to carry out this test:

e At first select add a function block (Library: Signal Blocks.Function) and name it Valvelnput.
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Figure 9: Plant model — Fixed Step Solver Test

e To run the piston into both end stops, firstly charge the left port of the cylinder with pressure,
followed by the other port later. Therefore, the proportional valve has to be driven first with a
negative input signal and later with a positive one. Enter the statement "if time>0.5 then 1 else -
1" for the parameter F of the function block Valvelnput.

e Run the simulation.

e The simulation results for the piston stroke and the cylinder chamber pressures are shown in
Figure 10 and Figure 11.
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Figure 10:  Simulation Results Piston Stroke
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Figure 11:  Simulation results pressures chamber A and chamber B

In order to check the results for correctness the model should be simulated using smaller step sizes or one
of the SimulationX variable step size solvers.

After this test you should delete the function block Valvelnput and save the plant model.

e C-Code Export
First we want to export the controller model (Figure 5), so change to that model.

To export the model, open the Code Export Wizard via the menu "Export — C-Code". On the first page,
select NI VeriStand / LabVIEW Simulation Interface as project type, enter a project name and select a
target directory:

M

Project Type: Project Mame:

NI VeriStand / LabVIEW Simulation Interfac CylinderDrive_Contraller
{2 NI LabVIEW Control Design & Simulation

Project Path:

ChWeristand\CylinderDrive_Controller Browse...

Delete existing project files

Start

| sk [ Nee ][ Concel | [ bHep |

Figure 12:  Code Export Wizard Page 1 (Project) — Controller model

On the following page, select the inputs which will be available in VeriStand (sum.x2, setValue.x) by a
double click on the desired inputs. The selected inputs are displayed in the list Selection:
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Select the inputs for generated model by using double click or dragédrop!

Elemerts: Selection: = | + 4
[ Controller (PIDT1-Transfer F | Input | Element

- - sum (Summing Junction) #2 [Signal Input) zum [Summing Junction)
© b x1 (Signal Input) # [Signal Input]

— "% x2 (Signal Input)
= T setValue Fid)
- (Signal Input)

| Back [ Mea | [ cConcdl | [ hHen |
Figure 13:  Code Export Wizard Page 2 (Inputs) — Controller model

On the next page, select the outputs (Controller.y):

Select the outputs for generated mode! by using double click or dragédrop!

Elements: Selection: Lo | Bat | + 4
o . t {Cument Time)
=] Controller (PIDT1-Transfer F| J Contraller [PIDT1- Function]

N (Signal Output)

< sum (Summing Junction)

setCurve (Curve)

F Connection (Signal Conney

"k Connection5 (Signal Connex

[ Back | MNee | [ Concel | [ hHep |
Figure 14:  Code Export Wizard Page 3 (Outputs) — Controller model

To access model parameters of the PID Controller after the export, select Controller.G (gain of the
PIDT1-controller) as parameters on the next page of the wizard:
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Select the parameter for generated model by using double click or dragédrop!

Elements: Selection: ® | ¥
...... aravity (Gravity Accelerstion| | Parameter | Element
...... aravity3D (Gravity Accelerat i Controller [PIDT1-Transfer Function)

...... pftm (Atmosphere Pressure]
...... TAtm (Atmosphere Tempera
...... protOn (Active Recording of
------ E=| nSim (Simulation Fun Name
[ Controller (PIDT1-Transfer F
------ < sum (Summing Junction)

------ "k Connection3 (Signal Cornex
------ & Connection’s (Signal Conne
[ 4 setValue o)

[ Back || Mea | [ Concel | [ Hep |

Figure 15:  Code Export Wizard Page 4 (Parameters) — Controller model

By stepping to the next wizard page, the SimulationX Modelica compiler simplifies the model and
generates the C-code of the model and the fixed step solver in the target directory.

On the Post-Processing page the DLL which we will import to VeriStand is to be compiled by pressing the
"Build" button.

Compiler:

Microsoft Visual C/C++ 2005 +] [Advanced > |

CylinderDrive_Controller dll - 0 Emoris), 0 Waming(s) -

[ Back || fmsh | [ Gancel | [ b |

Figure 16:  Code Export Wizard Page 6 (Postprocessing) — Controller model

If the compiler list box is empty on your computer, please install one of the following Microsoft
compilers:

Microsoft Visual C/C++ 6

Microsoft Visual C/C++ 2003, 2005, 2008, or 2010

Microsoft Visual C/C++ Toolkit 7.0 (free)

Microsoft Visual C/C++ 2008 Express Edition (free)

Alternatively, open the generated project file CylinderDrive_Controller.dsw in the target directory and
compile the DLL directly in your Microsoft Developer Studio.
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The controller model is now ready to be implemented in VeriStand, but we have to do the same export
process for the plant model of the cylinder drive. So change to the plant model (Figure 8) and make sure
the function block Valvelnput that was used during the fixed step solver test (Figure 9) is deleted, before
starting the export process.

Start the Code Export Wizard for that model via the menu "Export — C-Code". On the first page, select
again NI VeriStand / LabVIEW Simulation Interface as project type, enter a project name and select a
target directory:

Praoject Type: Project Mame:
CylinderDrive_PlantModel

1
NI VeriStand / LabVIEW Simulation Interfac

13 N1 LabVIEW Control Design & Simulation

Project Path:

| C\Weristand\CylinderDrive_PlantMo del | Browse...

Delete existing project files

start

ek [ Net ] [ Goea ) [ Heb |

Figure 17:  Code Export Wizard Page 1 (Project) — Plant model
On the following page, select the inputs which will be available in VeriStand (propDirValve43.y):

Select the inputs for generated model by using double click or dragédrop!

Elements: Selection: X | T+
------ vB (Volume)
- pressure (Pressure Supply) | EOEE[E ) propDliry, roportional Direction...
------ L tank (Tank)

------ [ diffCylinder (Differential Cyli
[=]- = propDirValve43 (4/3 Propor
(s N (Signal Input)
[ 4= source 1 (Bxtemal Force)
------ @ mass1 (Mass)

------ ) sensor (Sensar)

------ @ vA Volume)

[ Bk || MNet | [ Cancal | [ e

Figure 18:  Code Export Wizard Page 2 (Inputs) — Plant model
On the next page, select the outputs (sensor1.x, vA.p, vB.p):
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Select the outputs for generated model by using double click or dragédrop!

Elements: Selection: | | X | r 4+
. t (Cumert Time) | | Output |Element |
vB (Volume) 4 [Displacement] zenzorl [Sensor]
- pressure (Pressure Supp p [Pressure] wi [Wolunne]
- L tank {Tank) [ ure] e

[E3]

[

[E3]

[~ [[Ba diffCylinder] (Differential
[+ B propDirValve43 (4/3 Pro
[#- <= source1 (Exdemal Force)
- @ mass1 (Mass)

[+ T} Connection1 (Mechanics
[

[E3]

[E3]

[

[E3]

[E3]

[

- " Connection& (Hydraulic |
- & Connection® (Hydraulic |
- 7 sensorl (Sensar)

.. vA [Volume)

- & connection1 (Hydraulic ¢
- = connection2 (Hydraulic ¢
-} function f)

W e

-

| Back [ Ne¢ | [ Cancel | [ bep |

Figure 19:  Code Export Wizard Page 3 (Outputs) — Plant model

To access model parameters of the PID Controller after the export, select pressure.pSrc (pressure of the
pressure supply) as parameters on the next page of the wizard:

Select the parameter for generated model by using double click or dragédrop!

Elements: Selection: X | + 4+
------ aravity (Gravity Accelera »
------ aravitydD (Gravity Accel
...... ptm {Atmosphere Press
------ Thtm (Atmosphere Temg
------ pratOn {Active Recordin
------ E= nSim (Simulation Run Ne|
- g vB (Volume) "

Parameter Element

Bl | pSre (Pressure)

e L tank (Tank}

H- [[Bo diff Cylinder1 (Differsntial |
|- B propDirValve43 (4/3 Pro
H-- 4= source1 (Extemal Force)
|
3l
3l

- (@) mass1 (Mass)
- T Connection1 (Mechanici
- "} Connection& (Hydraulic |

-~ eoonar 1w

L 3

R T o O O B O e T

-

| Back [ MNet ][ Concdl || bep |

Figure 20:  Code Export Wizard Page 4 (Parameters) — Plant model

Press the "Build" button on the Post-Processing page to generate the DLL which we will import to
VeriStand.
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Code Export Wizard (Post-Processing) (==
Compiler:
[ Microsoft Visual C/C++ 2005 ~| [ Advanced >>
Bun
Output:

ITI_AmayFunctions.c
ITI_big_uint.c
ITI_FixStep.c
ITI_Functions.c
ITI_LinSolver.c
ITI_Memory.c
ITI_SolverHelpers.c
ITI VeriStand .c
CylinderDrive_Plant Model o
Bibliothek "CylinderDrive_PlantModel lib" und Objelt "CylinderDrive_PlantModel exp” werden erstellt.

CylinderDrive_PlantMadel dll - 0 Emoris), 0 Wamingis) -

[ Beck || Bnsh | [ Concd | [ beb |

Figure 21:  Code Export Wizard Page 6 (Postprocessing) — Plant model

Now we are ready to embed the two exported models into a VeriStand project.

¢ Embedding the exported model within VeriStand

First start VeriStand 2010 and create a new project CylinderDrive via the button New NI VeriStand
Project.

i Getting Started Window o] = S|

File Tools Help

% New NI VeriStand Project

Custom Workspace Objects
Using CAN, LIN, and FlexRay

Most Recent Projects

CylinderDrive
Creating FPGA 1/O for NI VeriStand

Building Distributed Systems
Lear Reduces Embedded Software Issues

Excavatorl

Excavator_withoutloystick ‘

syeamnl

OneMass Customizing NI VeriStand
o=

@ Br Read All Blogs (6 unread)

Active Project Help
CylinderDrive.nivsproj - % What's New in NI VeriStand 2010
System Definition File: C:\Users\Public\, ? Getting Started with NI VeriStand 2010
Documents\National Instruments\NI VeriStand %) Confiauri d Runni Proi
20104 Projects\ CylinderDrivel, enfiguning anciungeHEl it
CylinderDrive.nivssdf = 2 NI VeriStand Video Tutorials
B = NI VeriStand Add-O1
; Configure Project , Run Project ? e o

Figure 22:  VeriStand main window

After that the project explorer (Figure 24) should open automatically. Please close it first to get back to
the main window (Figure 22).

Under Active Project you can see the folder were all the project data (e.g. the system definition file) is
stored. Open that folder and copy both generated DLL-files of the controller and the plant model to this
location.
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(=1 >
@vl | iblie\Documents\National Instruments\ NI VeriStand 2010\Projects\CylinderDrive ~ |‘_f/ | CylinderDrive durchsuchen Fel |
Organisieren « In Bibliothek aufnehmen « Freigeben fir = Brennen Meuer Ordner = ~ [ 0
5} Favoriten Name g Anderungsdatum Typ GroBe
| Offentlich L Logs 13.10.2010 15:56 Dateiordner
B Desktop || XNET Raw Frame Files 13.10.2010 15:56 Dateiordner
|6 Downloads D CylinderDrive.nivsproj 13.10.2010 15:56 NIVSPROJ-Datei 9KB
(EJ"'L Zuletzt besucht D CylinderDrive.nivsscreen 13.10.2010 15:56 NIVSSCREEN-Datei 4 KB
(5 Zuletzt gedndert D CylinderDrive.nivssdf 13.10.2010 15:56 NIVSSDF-Datei 97 KB
CylinderDrive_Controller.dll 13.10.2010 16:15 Anwendungserwe... 204 KB
|7 Bibliotheken CylinderDrive_PlantModel.dll 13.10.2010 16:19 Anwendungserwe... 232 KB

Figure 23:  Exported models in VeriStand project folder

Now open the project explorer again via the button Configure Project on the VeriStand main window
(Figure 22).

File Edit Operate Tools Help
H | x DB X | & B
E| CylinderDrive.nivsproj
=1 gL System Definition File
ﬂ CylinderDrive.nivssdf
= [m2] Workspace
CylinderDrive.nivsscreen
o Services

Profiles
Alarm Response

{7y Custom Files
g‘sg Dependencies

Offline

Figure 24:  VeriStand Project Explorer

Open the system definition file of project CylinderDrive with a double click on CylinderDrive.nivssdf and
click on Controller in the tree structure:
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File Edit Tools Help

BoH | XD OX

= g CylinderDrive
E% Targets
e Control
= Hardware
i) Custom Devices
E!M Simulation Models
9 Execution Order
ﬂ Maodels
@ User Channels
#c Calculated Channels
[ 4o Stimulus
’) Alarms
Procedures
g XNET Databases
&2 System Channels
24 Aliases
=37 System Mappings
Data Sharing Network
3 System Initialization

Target Specification
Name Operating System IP Address
|Cor1tm||er | |Window; lz“ localhost

Processor Assignments

Primary Control Loop mede  Processor Data Processing Loop mode  Processor

2 2k
Data Processing Loop DAQ digital lines
14
Other Settings
Mazximurmn strearned channels Ermgrism
512 EI Parallel lz‘ Filter DAQ Errors Filter Watchdog Errors

Timing Source Settings

Primary Control Loop timing source
Automatic Timing lz‘

Target Rate Timeout

120 E”sec

B
&

Figure 25:  VeriStand System Explorer

Under Target Specification you can choose which type of real time target is to be used. Select Windows
under Operating System to use your PC as real time target. If you want to use another real time target
(e.g. a PXI controller or a real time PC) that is connected with your HOST-PC via network choose
PharLap as Operating System and enter the targets IP-address.

Make sure that the Target Rate (under Timing Source Settings) is equivalent to the solver setting
parameter dtProtMin of the exported SimulationX model. You can find this parameter in SimulationX in
the Simulation Control (“Simulation — Transient Settings” on the tab General; see Figure 4). The
minimum output step size dtProtMin is 0.001 s so enter 1000 Hz for the Target Rate.

After that right click on Simulation Models/Models in the tree structure and choose Add Simulation
Model. Click on the data button right next to the box Path and select the model
CylinderDrive.Controller.dll in the opened window:
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(i Add Simulation Model (==

General | Settings | Parameters and Signals | Inports and Qutports |

Mame

| CylinderDrive_Controller |

Path

ChUsers\PublichDecuments\Mational Instruments\ NI VeriStand 20104 =
Prajects\ CylinderDrive\Cylind erDrive_Controller.dll

MNIVeriStand S| Suchenin: | CylinderDrive - 0% E-
o0 &= Name - Anderungsdatum  Typ (
- g )i Logs 1310201015556 Dateiordner
simulation m - Zuletztbesucht || xeT Raw Frame Files 131020101556  Dateiordner
Model rate: . {1 CylinderDrive_Controllerdll 13102010 16:15 Anwendungserwe...
| %, CylinderDrive_PlantModel.dil 12.10.2010 16:19 Anwendungsenwe...
Path: CAUSE{  pDesktop
Projects\ Cyl
Meodification ==
File size (Byt L
File version: Bibliotheken
Product nam B
Internal nam)| &'
Company ng N
Legal copyri P
File descripti| @
Netzwerk
o I J »
Dateiname: CyinderDrive_Cortrolier di - o]
Dateityp: [ Simudation Model {*di.* vmodel:md.".out) v| [ Abbrechen |

Figure 26:  Add Simulation Model

Change to the tab Parameters and Signals of the Add Simulation Model window and activate the option
Common Import and Import all Parameters (Figure 27).

m

Settings | Parameters and Signals | Inports and Outports

@ Common import

[¥I1mport all parameters

[Climport all signals

Import signals with name only

) Filter

Regular expression parameters

Regular expression signals

Filter out signals without names

Display settings
Hide signals without name
Imported ltems Settings
@ Hide source item
(*) Disable source item

[ ok | [ cancel | [ Hep

Figure 27:  Activate Parameter Import

Close the windows with OK.
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Do the same adding process for the second model CylinderDrive_PlantModel.dll.

Now both models should appear in the tree structure of the System Explorer under Models:

File Edit Tools Help

BOH | xLDOX | ABA R @ 3
B. CylinderDrive —
E1Y Targets Model Specification
Name

= Controller
B= Hardware
ff) Custorn Devices
& fiff Simulation Models
@ Execution Order
& il Models
[ER=y CylinderDrive_Controller:
) Execution
59 Inports
T sumad
=20 Qutports
I Controllery
E% Parameters
B signals
Bl &+ CylinderDrive_PlantModel
3 Execution
=3 Inports
I propDirValved3.y
=3 Outports
I sensorlx
B} Parameters
& Signals
@ User Channels
Hr Calculated Channels
4= Stimulus
Q} Alarms
Procedures
XMET Databases
22 System Channels
25 Aliases
=32 System Mappings
Data Sharing Network
W3 System Initialization

| CylinderDrive_Controller |

Description

‘ 4 b

Model Settings

Initial state running Piccpatinn

Initial state paused Simulation model processor

6 2B
Model Information

Simulation model info
Model rate: 1000 Hz -

Modification date/time: 16:15:31.000 13.10.2010

File size (Byte): 208596

File version:

Product name:

Internal name: -

Path: C:\Users\Public\DocumentsiNational Instruments\ NI VeriStand 20104\ Projects\CylinderDrivel,
CylinderDrive_Controller.dIl

Figure 28:  Models in the System Explorer

To establish the signal connection between the models click on System Mappings in the tree structure

and then click the button Configure Mappings E:

ITI GmbH - Webergasse 1 - 01067 Dresden - Germany - Tel. +49 (0) 351 26050 O - Fax +49 (0) 351 260 50 155 - info@iti.de - www.iti.de




Page 18 of 27

Eie Edt Tooh Help

moM xu0x K@)

"_fi'.gr?““'"*
I Costioks: Source Destingtion -

Figure 29: Open System Mappings

A window System Configuration Mappings is opened.

For Source choose .../Models/CylinderDrive_Controller/Outports/Controller.y, for Destination choose ...
/Models/CylinderDrive_PlantModel/Inports/propDirValve43.y and press the Connect button establish
the connection. Do the same for a second connection with a Source ..
/Models/CylinderDrive_PlantModel/Outports\sensor1.x and a Destination Models/
CylinderDrive_Controller/Inports/sum.x2:
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MNetwork
| Controller IZH
Sources Destinations
ISea'c"IFEIE| ISea'c"IFEIE'
4 ubController |~ 4 Controller
4 ‘Simulation Models 4 ‘Simulation Models
4 fviodels 4 fiviodels
4 = CylinderDrive_Controller 4 = CylinderDrive_Controller
I E3Execution I E3Execution
4 Dlnports 4 Dlnports
I setValuex I setValuex
I sum.x2 = I sum.x2
4 D0utports 4 = CylinderDrive_PlantModel
1 Controllery I E3Execution
I BEParameters 4 Dlnports
4 = CylinderDrive_PlantModel 1 propDirvalved3y
I E)Execution I t==Stimulus
4 Olnports I § ?System Channels
1 propDirvalveday 1
4 [D0utports
I sensorlx
Ivﬁ.p -
Mappings
Source Destination -
Controller.y [Controller/...els/CylinderDrive_Controller/Outpe propDirValved3.y [Controller/.../CylinderDrive_PlantModels
sensorl x [Controller/...Models/CylinderDrive_PlantModel/O1 sum.@ [Controller/...els/Models/CylinderDrive_Controller/
Sortby: ) Full Path  © Channel Name
[ ok | [ cancel | [ Help |

Figure 30:  System Configuration Mappings

Close the System Configuration Mappings via OK and press the button Refresh in the Systems Explorer
(Figure 29).

In the list of the System Mappings you can find the two connections now. Make sure that the signal
sensor1.x is mapped with sum1.x2 and Controller.y is mapped with propDirValve43.y.

Now close the system explorer and open the projects Workspace by clicking on CylinderDrive.nivsscreen
in the project explorer (Figure 24). An empty Workspace is opened.

Change to the Edit Mode (Screen - Edit Mode):
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)i i e [E
File Tools View Window Help
EE] Edit Mode Strg+M EI T o |
Manage Items...
Refresh Screen Strg+R

Add Screen...
Delete Screen

Screen Properties...

Figure 31:  Workspace Edit Mode

First we want to create a dial to control the set value of the controller model.

Click on the tab Workspace Controls on the left to open the Workspace library and place a dial element
(Workspace Controls - Numeric Control — Dial) via drag and drop on the Workspace. The items Property
dialog remains open:

[#=] (=] [screen B 1 oof 1 | ]
!
§ o0 g °
20- -80
107 ~90
b -

General | Format & Precision | Limits & Wamings |

Channel

Control Label:
\

Default Units:

New Units:

[ )UseDefault Units2

Scale Factor: Offset:

1 B 0 =]

[ox [ canca ]

Figure 32:  Dial element with Workspace

Now click on the button next to the channel box on the tab General and choose setValue.x in the
browser window:
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Bowe . @
[Scarch]

4 W@ CylinderDrive
e %Targets
4 hController
o ‘Simulation Models
4 jihicdels
4 =CylinderDrive_Controller
I E3Execution

4 I:IIniuds
I sum.x2
I =CylinderDrive_PlantModel
I t==Stimulus
I & ?System Channels

Coce

Figure 33:  Browser window

Change to the tab Format & Precision and enter the following parameters:

General | Format & Precision | Limits & Warnings |

Format: Precision:
| Decimal E” | 2 E"
Scale Precision: Scale Ma: Scale Min:
0 [+] | 02000 | 0.000
Background Style: Background Celor:  Foreground Color:

Raised Box El |

Delete | ok | [ Cancel

Figure 34:  Format & Precision - Dial

Close the dialog with OK and move the dial element to the left upper corner of the Workspace.

After that we want to create a time plot of the set value and the current cylinder position. Use the simple

plot (Workspace Controls - Graph— Simple) and place it on the Workspace. In the window Graph
Channel Selection choose setValue.x and sensor1.x:
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General | Format & Precision

Graph Title: History Length:  Update Rate:
|Graph | 100 B sh2 =]

Allow Resize?

setValuex Targets/Controller/Simulation Medels/Models/Cy
sensorl.x Targets/Controller/Simulation Models/Models/Cy

Sea'c:hl Legend Text Variabl o
4 [@CylinderDrive -
a §yTargets
4 |upController
4 gfSimulation Models
4 gfModels
4 = CylinderDrive_Contraller
| 3 Execution
4 [lnports
] setvaluex B
T sumx2
I+ £30utports ]
| EEPammeters ‘ @ ‘
4 oCylinderDrive_PlantMadel
| £3Execution
I £3lnports
4 0utports
] sensorlx —
IRLE:]
IvB.p
b .

. [Ehl -

Delete [ ok | [ conce

Figure 35:  Graph Channel Selection

Do the following changes on the tab Format & Precision:

General | Format & Precision |

X Scale Y Scale
Format: Precision: Format: Precision:
| Relative Time |z|| | 1] |z|| | Decimal Iz“ | 2 |z”
Label: Label:
[C] use Default Label? [l use Default Label?
Label Visible? Label Visible?
Autoscale? Autoscale?
Maximurm: Minimum:
025 B [0 B

Figure 36:  Format &Precision - Plot

Close the dialog with OK and place the plot beneath the dial element.

Place two indicator gauges (Workspace Controls — Numeric Indicator- Gauge) on the workspace to
visualize the actual cylinder pressures. The channel of the first gauge should be vA.p and the channel of
the second gauge should be vB.p:
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General | For

mat & Precision | Limits & Warnings |

Channel

Control Label:

CylinderDrive_PlantModel/Outportsivd p

i

|search]

vh.p ikl
4 |pController
Default Units: 4 fsimulation Models
] ‘Ao
I eCylinderDrive_Controlle
cale Factor! 4 =CylinderDrive_PlantMoc| =
I E3Execution
I QInports
4 (OCutports
sensorlx
1 vBo T
“ m | »
Cancel
Figure 37:  Item Properties - Gauges

General | Format & Precision | Limits & Warnings |
Channel

E .. ICylinderDrive_PlantModel/OutportsivB.p E

|§ea':"

Control Label:

vB.p

4 g#simulation Models
4 giviodels

Default Units:
ault Units I =CylinderDrive_Controlle
4 oCylinderDrive_PlantMoc
cale Facton ! I::lExecution
- I Olnports =
1E-5 ) — =
4 Cutports
_'/ I sensorlx
L
L
I EgParameters -

a4 nr

|

Set the Scale Factor in both gauges to 1e-5 in order to display the pressures in [bar] and not in the Sl-unit
Pascal Figure 37. Place the two gauges right next to the dial.

Change to the tab Format & Precision and enter the following parameters for both gauges:

m

Background Style:

General | Format & Precision | Limits & Warnings
Format: Precision:
| Decimal E" | 1 E”
Scale Precision: Scale Max: Scale Min:
- 100000 | 0.000

| Raised Box

=] -

Background Color Foreground Color

0K

] [ Cancel

Figure 38:

Format & Precision - Gauges
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After ending the Edit Mode (Screen - Edit Mode) the workspace should look like that:

4 Workspace - CylinderDrive [ =]
Eile Tools Screen Miew !!Em Help
o | | Screen |Z| 1 of 1
01 Ll / S ¢
oog Y+ 012 60 B0
0.06 014 Fan 0 £ a0
04— 01 ~30 90— I~30 90~
20 100 20 100
02~ / ~0d 10 110 10 110
“ ~ 4 120 © 4 120 °
0 0.2 h 5 I .

Graph
i
setValueax Hide Legend

Autoscale X

Autoscale ¥

00:0‘0:00 00:0‘0:02 00:0‘0:04 Uﬂzﬂb:ﬂﬁ 00:0‘0:08 :OIO:].O @

EaRlm

| = Data Lost

Figure 39:  Final Workspace

To reopen the property dialog you can use a right click on the dial and gauges or press the button Setup
on the plot element.
Close the Workspace and the Project Explorer to return to the VeriStand main window (Figure 22).

e Simulation with VeriStand
You can start the simulation with the button Run Project on the VeriStand main window (Figure 22).

The simulation model is deployed to the operating system:

A4 Running Project (23]

Running Project G\Users\Public\Documents\National Instruments\NI VeriStand 2010\
Projects\CylinderDrive\CylinderDrive.nivsproj

VeriStand Gateway Status

* FIEPANNg [0 0EpIOy NE JYSTEM LETINITION IO TNE Targets. .
= Compiling the System Definition file...

= Starting VeriStand PC Engines...

» Initializing TCP subsystern...

= Starting TCP Loops...

» Connection established with target Controller.

= Sending reset command to all targets...

= Preparing to deploy files to the targets...

= Starting deployment group 1...

» Target Controller is online.

= Deployment group 1 is ready.

= Preparing to synchronize with targets...

= Querying the active System Definition file from the targets...
» Target synchronization complete.

m

System Definition successfully deployed.

[T] Close on successful deployment
Figure 40:  Deploying Process

After closing that window (Figure 40) the workspace is opened and the simulation starts immediately.

Move the dial for the set value of the cylinder position and follow the plot of the set and current position:
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& Workspace - CylinderDrive E@I
File Tools Screen View Window Help
o | | Screen 1 of 1
01 =3 u / £y g a
006_ 044 / 40\ 80 70 80
wild o1 » 9% [~30 /90
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Figure 41:  Workspace during simulation

The current position of the cylinder (sensor1.x; red) follows the set position (setValue.x; yellow) with a
little delay. The gauges visualize the pressure in volumes vA and vB.

Open the Model Parameter Manager (Tools — Model Parameter Manager):

&4 Model Parameter Manager EI@
Selected Files - Parameter Expression Sys. Value New Value -
CylinderDrive_Controller/Controller/G 10.000000 10.000000
CylinderDrive_PlantModel/pressure/pSrc 10000000.00000C 10000000.0000
[ @ Select Files ] [ & Calc. Mew Values ] 7 Save Values ][ =y Copy System Values ][ Wy Apply New

Figure 42:  Model Parameter Manager

Here all the imported model parameters are listed. Open the following dialog with a double click on the
gain of the controller G, change it from 10 to 2 and press the button OK:
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14 Edit Calibration Value 5]
Mame CylinderDrive_Controller/Controller/G
Dirmensicns 1 ¥ 1 Lock: [

System Yalue
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l & Copy System‘u‘alue] l d Show Graph/
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4 P

[ QK l [ Cancel ]

Figure 43:  Change of model parameter

Press the button Apply New (Figure 42). The system value of the parameter G changes to 2.
Close the Model Parameter Manager.

After that parameter change of the controller gain move the dial for the set value again and follow the
plot of the set and actual position:

A5 Workspace - CylinderDrive EI@
File Tools S5creen View Window Help
= | (= Screen E 1 of 1
01 --’\{. T ; --’\{. T ;
00g TP 042 7 50 % g0 7 s %
006 014 F a0 80 S 80
04- 01 1~30 90~ 30 90~
~20 100 -20 100
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0 02 i 4 ’ 4
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Hide Legend
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Autoscale X

Autoscale ¥
" ovtbas | ooabas | LOF ] ==
B2

0,00 -
00:16:05

00:16:08 00:16:10 00:16:12

Figure 44:  Workspace during simulation after parameter change (G=2)

The delay between current and set position is now much bigger because of the lower gain in the
controller.
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Summary

Finally, let us resume a few points concerning the benefits of this tutorial:

e You have learnt how to export a SimulationX model using the Code Export Wizard to
NI VeriStand. Inputs, outputs, and parameters which should be available in VeriStand can be
selected in the Code Export Wizard.

e It was highlighted that a model which will be exported and run in real time should be tested
with a fixed step solver for correct results inside SimulationX prior the code export. We touched
this topic only with respect to the step size settings. The real time capability of simulation
models depends also on their complexity and on the performance of the real time target. Please
refer to the SimulationX user manual for more information about real time capable models.

e We have demonstrated how to embed and use such a model inside VeriStand .

e You now know how to generate and use a simple VeriStand Workspace to control the model
during simulation run.
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