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INTRODUCTION

The eHS solver is an FPGA-based technology developed by OPAL-RT for real-time power electronics
simulation. Thanks to a convenient circuit schematic graphical user interface, the FPGA code is automatically
generated, making FPGA-based simulation accessible to a large number of users.

This document provides basic information on how to create a new project with a template that includes the
eHS solver and how to run a real-time simulation with an example model included in the template. The guide is
designed for the OP45xx and OP56xx targets.

REQUIREMENTS

OPAL-RT HARDWARE

e OP4500/ 0OP4510/ OP4520
e OP5607 / OP5600 / OP5707

RECOMMENDED OPERATING SYSTEM

Microsoft Windows 7 64bits Version 6.1 (Build 7601: Service Pack 1)
PRE-INSTALLED SOFTWARE

The following software must be installed and functioning to perform the tests described in this document.
Confirm that the required software is installed and test to ensure they are functioning properly.

Type >> ver on the MATLAB prompt and verify that you have the following toolboxes (or later versions of them)
installed.

Recommended configurations for basic use (only circuit simulation):

*MATLAB 2011b/ 2013a/ 2015aSP1, 32-bit version

eRT-LAB Vv11.1.3 or later

oAt least one of the following tools:
oSimPowerSystems “Specialized Technology” Simulink library
oPowersim PSIM v9.3.4 or v10.0.6 (v10.0.5 is unsupported)
oPlexim PLECS Simulink Library v3.7.4
oNI Multisim 13

The RT-XSG toolbox requires the following software to generate programming files for reconfigurable devices and to
program the platform:
Recommended configuration for firmware generation, for Xilinx 7 series:

¢MATLAB 2015b, 64-bit version
o Xilinx Vivado suite 2015.3 & Xilinx Vivado System Generator for DSP 2015.3
oRT-XSG v3.1.2 or later

LICENSED RT-LAB COMPONENTS

You must have licenses for the following RT-LAB components to run the examples provided in this document.
Verify with your sales representative that your system includes these licenses.

RTLAB_RT RTLAB_XHP RTLAB_DEV RTLAB_NUM_CORES >= 1
RTE_RT RTE_NUM CORES >= 1 XSG_EHS

eHS Quickstart Guide 5
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RUNNING A MODEL ON OP45XX/OP56XX TARGETS

CREATING ANEW RT-LAB PROJECT
Open RT-LAB and follow these steps to create a new RT-LAB project:

1. In the main RT-LAB User Interface, navigate to File > New > RT-LAB Project to open a new project

wizard.

2. Enter a project name (e.g. eHS_examples), then click Next.
3. Browse the template directory to select the model to add it to the project. Open the eFPGAsim folder and

select eHS with |Os > OP4510 > eHSx64_with_IOs_on_0OP4510 (Simulink).
4. Click Finish to create the new RT-LAB project in the project explorer.

Edit Navigate Search Simulation Run Tools Window Help

I['_f New

» %= RT-LAB Project

Open File...

"8 RT-LAB Target
& RT-LAB Model

Quick Access H ‘

=0

s
o & oS wihi0s
& MLEDS
0P4S00
» & OP4S10

o OPSe0?
> eHSa64 Gend

» eHSlS DiodeBrdge
] eHS18_Two Level fnverter
3 eH64 Dicde_Bridge

& PHASORzm

& Features

. 0

») €HSE4_with JO1_on OPESI0 |

#  Quick Start-up project
Close ctri+w |3 Other.. Ctrl+N
Close Al Ctrl+Shift+W
S gtk @
Save As il
S Ctrl+Shift+5 @ nenri-s ot SN, ek
Revert RT-LAB Project
e Create a new RT-LAB project. This project can be generated from a template.
Rename F2
&1 Refresh 5 Project name: eHS_exampled
Print Crl+P 7! Use default location
Switch Workspace
Restart Project description: .
s Import .
&5 Export i
Working sets L
Ronetties Alt+Enter Add project to working sets
1] Open Log Viewer
% Exit and reconfigure for 10.X
Exit 9
|
? =
Figure 1: Creating a new project
© New RT-LAB Project e
RT-LAB Project
Create s mew RT-LAB preject. This project can be genersted from & femmplate
Avadstle Templates
Apt OPAL-R FROM IMAGINATION L
A TECHNOLOGIES
- 3 iy ~REAL-TIME
By

T T T Description

This model ilustrates the use of the eHS solver 10 compute the cutputs of a three-phase
kad. It is intended to demonstrate the interconnection of the oHS solver with advanced VO
with an external device.

T_hree-level NPC Converter example model

<Back 0 (o ]| oo

Figure 2: Browsing model templates
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The eHS_examples project will be created and the corresponding RT-LAB model will be imported into the
project workspace (in this example, the model is named Converter3Phase3LevelNPC_OP4510 rtlab).

SET)

74 Project Explorer 52 SEEBE Y-8
4 .f; Targets
aly MyOP4510
4 bn eHS_examples
a [E Models
|%) Converter3Phase3LevelNPC_OP4510_rtlab <Not compiled:
=F Create @ new project..

Sﬁv‘:ﬁ

& Progress 53

Mo operations to display at this time.

& RT-LAB
File Edit Mavigate Search Simulation Run Tools Window Help
[ G a - l@le-ar] - Quick Acces 2 | ()

|»] Converter3Phase3LevelNPC_OP4510_rtlab 57 MyQP4510 = 8

-

@ Overview 1 message detected

General Information Preparing and Compiling
@ Edit the model.
= Setthe development properties.
@ Build the model.
In—'_ﬂ Consult result in the Compilation View T
<8l Assign targets to subsystems,

mn

Mame: | Converter3Phase3LevelNPC_OP4510_rtlab
Path:  C:/Work/My_RTLAE_Workspace/eHS_exam
Matlab: R2010B

Statei; Mot loadable <Not compiled=>

Description:
Executing

] Set the execution properties,

Overview | Development | Execution | Variables | Files | Assignation | Diagnestic | Hardware | Simulation Tools

Display 2 janb £ G = 8
Behk ¥l tomom ~
Mo selection
L
] [

Figure 3: Example workspace

eHS Quickstart Guide



=

OPAL-RT

EDITING THE MODEL

Before building the model, verify that you can access and edit the model.

Click on Edit the model in the Preparing and Compiling pane. The model file will be opened in a new
MATLAB/Simulink window.

|»] Converter3Phase3LevelNPC_OP4510 _rtlab 2 @ MyOP4510 = 0
@ Overview 1 message detected

General Information Preparing and Compiling

S
m

Name: Converter3Phase3LevelNPC_OP4510_rtlab | 2 Edit the model.
[T Setthe development properties.

@ Build the model.

Path: C:/Work/My_RTLAB_Workspace/eHS_exam

Matlab: R2010B = I 73 Comrerr e Kt OS2, 110 o
@Consuhresu!tmt (o Yew Qwley Dogem Jemabsocm frsyn Code Joow Hey
: ; E %-8 EO-H-SOP » @©- .2 e
State:, Not loadable <Not compiled> & Assign targetsto sl - MO 40 e ‘

B e v ke 530 e b

Description: .
EXC(U""Q | Three-level NPC Converter example model

D sarpie roode 0r S eASa 54 gan) soiver - RILAN mosel

=

[ Set the execution | = %a5%aws

&l [ 2015 OparRT Techeekogres ioc-

. . -— —
Overview | Development | Execution | Variables | Files | Assignation | Diagnostic | Hardware

Peos, 100% T eaLitrplucrte

Figure 4: Editing the model

MODEL DESCRIPTION
The model is composed of two main subsystems:

1. SC_Console: Subsystem executed by the host computer during the simulation to monitor and control the
simulation.

2.SM_Controller_eHS_10s: Subsystem executed by the target simulator, in real-time, on the system CPU
that communicates with the FPGA board and the physical system 1/Os.

167 26{71}
2o From FPGA To FPGA ==—==){ From Console1 To Console =————
SC_Console SM_Controller_eHS_|Os

Figure 5: Model diagram
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SC_CONSOLE

Double click on the SC_Console to open the SC_Console details window.

. N
3, Converter3Phase3LevelNPC_OP4510_rtlab/SC_Console * | O ]
Eile Edit View Display Diagram Simulation Analysis Code Tools Help
B-8 & ¢ BEe-E 4 b ORSL fhoma <] @D
SC_Console
©® |[Pa| Converter3Phase3LevelNPC_OP4510_rtlab b [Pa|SC_Console b -
& ; Three-level NPC Converter example model
Edl Basic sample model for the eH5x64 Gen3 solver - RT-LAB model console
- OPAL-RT
v20 23/11/2015
{c) 2015 Opal-RT Technologies inc.
To BEMF generator & eHS open-loop Controller
From eHSx64 solver
200, e 2 R ]
=, | Osten HEFWHS | © e
o= Acg=1 ﬁ —erE Oputs Vdc_Source e
eHSx84 Monitoring
&
BEMF_Amp PP
From Analog Inputs P S L= lermmee
BEMF_Delta
(degrees)
16
ﬁH—'mww i L I
Ref_Freq a7
Al Scopes )
To FPGA
[PWM carer frequency _m FWM_Frequency Hz
FWM Freq
From Digital Inputs L I e
PWM_Modulator
2 Ui puse enatie i
PWMAnalyzer Ouputs
to Acut Slredl
ianslog autpuds carfigurtian 0uCl
Anslog Output Mspping and
Rescaling block Control Panel
»
Ready 100% FixedStepDiscrete
L

Figure 6: Model SC_Console window
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SM_CONTROLLER_EHS_I0S

Click on the SM_Controller_eHS _|0s to open the SM details window. This window provides a detailed
diagram of the master subsystem.

#3, Converter3Phase3LevelNPC_OP4510_rtlab/SM_Controller_eHS_IOs [E=REER 5
File Edit View Display Diagram Simulation Tools Help
il =] = (@) - = i
E-§a e ¢824 ORI Poma -] | @~ b~
SM_Contraller_eHS_IOs
® Convarter3PhasﬁLevelNPC_OPdSlU_rt\ab » SM_CUHtrOHEr_EHS_IUS 3 -
-
Three-level NPC Converter example model B
== Basic sample mode! for the eHSx64 Gen3 solver - RT-LAE model master subsystem
oPALRT
— | wzo2amoms
(0 2015 Opa-RT Techmologies inc.
Upee s ok B e parameter oy
boand e of your hardware. Ta get ik o, =kl G, Iracger ThIS TTOgEr DBCK WQERS e SEM OTHRe DENmEFlE
“To9E = Ga1LO " on e Srept ot men oo [0 ] opTagpr catgging rappens 10, Crange e abieat
IRT-LAS 210713 e moskotjur narguare. SrDescETTOE Tme 2cq goup 26 5] s naamemme o e ners =
S e mnomerime.
EED g |
P |
Board - TEQTH =
S e o
o
T The eHSx64 Gen3 solver, :E
| s gmupis
- - opvmre
.
b u ssomm
o= eHS(E4 Cend: ConvesersPraz3Leve e o F_ ] L
TE RO e s VezsuRments hets = T Conmk 1
= 1 Netlig nm: 1
_Fr NoU=4 |NDY =14 | No S =13
EvEE S Ve = ‘m State: -Iﬂ
— Win e#5 Tsacuievabie - 3e47
SBEMF_LL_Amp_\bis Back-EMF Geneation e
[T
T —
o cn_oge
=) pomn |en Fores LG Gomres
From Consoet [ r—r N -
<FAM_Ensoie> 2=
P——
s
e
‘.{mm ‘ ‘
*
> Do o From Dighal Fpuds
(Ever Cenerzg) (PuB=-iVk Anyzers)
ﬂuwlﬂu | ‘ 1
4 Vaves.
lroscrs e L
=1
o Anag G From Asna s .
LN 1] ] »
Ready 80% FixedStepDiscrete
L

Figure 7: Model SM_Controller_eHS_10s window
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EHS GEN3 COMMBLK

The eHS Gen3 CommBIk communicates with the FPGA board to initialize the eHS core. During real-time
operation, it provides eHS inputs (the circuit Sources / Gates control signals) and reads the eHS outputs
(current and voltage measurements) at the RT-LAB model rate.

____The eHSx64 Gen3 solver____

P INPUTS
4 14
QUTPUTS
eH3x64 Gen3: Converter3Phase3lLevelNPC
Ts 3e007 Gs .5
| GATES RTE Netlist Info:
16 NbU=4|NbY=14]|Nb SW=18
Nb States= 11
Reset Min eHS Tsachievable = 3e-07
Status
0 p| Reset

eHSx64 Gen3d CommBIlk
'OpCtrl’

Figure 8: eHSx64 Gen3 CommBlIk diagram

The user must provide a circuit file (SimPowerSystems Simulink model, PSIM file, PLECS Simulink model, or
NI Multisim 13 XML netlist) to declare the circuit that will be simulated inside the eHS core.

In this example, the circuit file is a SimPowerSystems Simulink model named
Converter3Phase3LevelNPC.mdl.

[7a] Function Block Parameters: eHSx64 Gen3 Commalk =
eHSx64 Gen3 solver (mask) (link) -

This block allows the configuration and the control of a eHSx64 Gen3 solver to compute the outputs of a
power-electronic circuit. The eHSx64 Gen3 core is located on an FPGA-based board and runs at higher
sample rate that the RT-LAB system.

The netlist file can be either a SimPowerSystem (SPS) or PLECS simulink model (.mdl), a PSIM netlist
(.psimsch) or a Multisim netlist (.xml).

The block enables real-time control of its voltage and current sources as well as the gate signals of the
switches.

In addition, it does the scenario management of the netlist.

| Circuit Infos [ Inputs Settings | Gates Settings [ Scenario Management | Comm Settings
| Update eHS matrices =

Circuit file name
Converter3Phase3LevelNPC

7] Provide explicit sample time for solver eHS (otherwise use optimal value)
Sample time for eHS
3e-007

| Show advanced settings for eHS solver

‘ OK ]I Cancel I Help ] Apply

Figure 9: Block parameters window
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CIRCUIT FILE

The circuit file models an NPC converter. The eHS solver will extract the components netlist from this file and

calculate the system equations before running them on the FPGA board.

[E=REE] )

-
#3, Converter3Phase3LevelNPC =

File Edit View Display Diagram Simulation Analysis Code JTools Help
o] = = . iii
E-8a w82 40P @ w foma -] @~ @-
Converter 3Phase3LevelNPC
@ ([*aConverter3Phase3LevelNPC b -
2 Three-Phase Three-Level Neutral-Point Clamped Converter
E3 S
- o1 CON/ERTERGPHASESLEVELN®
-nERN.... PammeRmARGIZ
= RS
R_SourceP
3 aone
1 - douiie. -m
e
2 = =
m,e a SwoL1s
. sp— . L Filter1
{j— ] AT 1 l
B YOS5
_ o oo L Filer2 C Filteriz o=
——un < .—l—- o= e 1 VDBE‘ 1
e ! L e ey
L Fleers CFkaz & vmm il pe PR
. 7 -
T =
E ]
e~ -
— &SR C Fker31
T e = —
L Loads | L-teadt g L Load2
R_SourceN
s
-V Jmcnie.
e
.
sy + ] N
5 - :
el
VO3
[Fetrma] e w4 '\I« wz@ uuz@
[T e y Wi s TFeeg
T e
PR Gemeration
»
Ready 80% FixedStepDiscrete
&

Figure 10: Model converter diagram
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VALIDATING THE MODEL

Run an offline simulation from the RT-LAB model to ensure that all the library links are resolved using your

MATLAB instance.

Verify that the model runs properly.

¢ In RT-LAB, check that your target is available in the Targets list, and is up and running (any problems with

the target will be displayed by RT-LAB as an icon change and added text after the target name).

¢ Right-click your target and select Set as development node

— e
| % RT-LAB e |5 3
i File Edit Navigate Search Simulation Run Tools Window Help
tiv & Brai0opia@y|dv (e (d|eva~|s~ Quick Access 5 | [ Edition]
&5 Project Explorer £ DG E T =0 Converter3Phase3LevelNPC_OP4510_rtlab 8 MyOP4510 53 =B
- fTar ets o
-P:.JB == Overview
'3
4 12 eHS exg New " leneral Information Operations
42 Mod  Open )
Name:  MyOP4510 8 Shutdown or Rebaot this target.
W@ copy Ctrl+C ] ]
4 Created = Paste Ctrl+V IP address:  192.168.1.65 @ Execute a Python script on this target.
H Delete Delete State:  Up BB Flash an IO board with a bitstream.
Rermime £ License: | Activated B Execute a custom command.
21 Refresh E5 :
= arget Number:  PF000-000-501 ® Clean the shared memories.
Tools > X Clean the core dumps.
License L
Install >
Execute 4
Set as development node |
#  Quick Start-up project
< Properties Alt+Enter
&3 Progress 12 % =7 Overview | Diagnostic| Simulation Settl‘ngs‘Software|L|‘cense
No operations to display at this time. i B Display ¢ | I Properties & Compilation  Matlab View B Consale Variables Ta.. E Variable Vie =g

s eHs

1

Nn celertinn

Figure 11: Setting the target as development node

N A==

torinc
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e Click on the License tab to display the list of software licenses and make sure that XSG_EHS, RTLAB_RT,

RTLAB_DEV, RTLAB_XHP and RTE_RT licenses are enabled. You must also have at least

RTLAB_NUM_CORES and RTE_NUM_CORES >= 1.

Target license

RT-LAB License Features

Feature name Version Status Description

12 enabled _ Allows to execute a model in non real-time mode with RT-LAB.

enabled Allows to execute a model in real-time mode with RT-LAB.
RTLAB_XHP 110 enabled Enables the XHP mode within RT-LAB.
RTLAB_ARINC429 110 enabled Enables ARINC429 protocol option.
RTLAB_C37_118 MASTER 110 enabled Enables C37.118 master protocol option.
RTLAB_C37_118_SLAVE 110 enabled Enables slave Synchrophasor Protocol C37.118.
RTLAB_COMM_FW 110 enabled Enables to distribute simulation over a cluster of target using Firewire realtime link.
RTLAB_COMM_SCI 110 enabled Enables to distribute simulation over a cluster of target using Dolphin reaitime link.
RTLAB_DEV 110 enabled Allows to compile a model.
RTLAB_DNP3_SLAVE 110 enabled Enables slave Distributed Network Protocol (DNP3).
RTLAB_FIELDBUS 110 enabled RTLAB_FIELDBUS
RTLAB_I0_61850 110 enabled Enables IEC61850 communication protocol for protection relay interface.
RTLAB_KETEREX_I2C 110 enabled Enables Keterex 12C communication protocol.
RTLAB_KETEREX_SPI 110 enabled Enables Keterex SPI communication protocol.
RTLAB_OPC 110 enabled Enables Open Platform Communications (OPC) protocol.
RTLAB_ORCHESTRA 110 enabled Enables Orchestra co-simulation framework.
RTLAB_SPECTRACOM_TSYNC_PCIE 110 enabled Enables GPS synchronization with the Spectracom TSync PCle card.
ARTEMIS_MMC 70 enabled Enables MMC block within ARTEMiS library.
ARTEMIS_MMC_2°P 70 enabled Enables ARTEMIS blockset with MMC 2P Block
ARTEMIS_MMC_CONTROLLER 70 enabled Enables MMC controller block within ARTEMIS library.
ARTEMIS_MMC_FPGA 70 enabled Enables multi-modular converter (MMC) models on FPGA
ARTEMIS_NUM_CORES 70 12enabled  Number of activated core to execute a model in real-time with ARTEMiS library.
ARTEMIS_RT 70 enabled Allows to execute models in real-time with ARTEMIS library.
ARTEMIS_RTE 70 enabled Enables ARTEMIS blockset.
ARTEMIS_SSN 70 enabled Enables ARTEMIS blockset with SSN option.
RTE_DRIVE_NUM_CORES 40 12 enabled Number of activated core to execute a model in real-time with RT-EVENTS library.
RTE_DRIVE_RT 40 enabled Allows to execute models in real-time within RT-EVENTS
RTE_NUM _CORES 40 12 enabled _Number of activated core to execute a model in real-time with RT-EVENTS library.

ILE_RT 40 enabled Allows to execute models in real-time n RT-EVENT. I
OPJMAG_RT 22 enabled Enables OPJMAG blockset.
BERTA_RT 70 enabled Enables Berta blockset
ETHERCAT_SLAVE 110 enabled Enables EtherCAT slave protocol option.
1EC61850_GOOSE 20 enabled Enables IEC61850 GOOSE protocol option.
1EC61850_NUM_CORES 20 12 enabled  Number of enabled threads for IEC61850 protocol.
IEC61850_SAMPLED_VALUES 20 enabled Enables IEC61850 Sampled Values protocol option.
1EC_60870_5_104_SLAVE 11.0 enabled Enables IEC-60870-5-104 slave protocol option.
IEEE1588_MASTER 11.0 enabled Enables Master mode for the PTP module on the Spectracom TSync PCle card.
IEEE1588 SLAVE 110 enabled Enables Slave mode for the PTP module on the Spectracom TSync PCle card.
MODBUS_SLAVE 110 enabled Enables MODBUS slave protocol option.
PHASOR_NRT 10 enabled Enables ePHASORsim offline
PHASOR_PARALLEL 10 12 enabled Number of enabled threads for the ePHASORsim parallel feature
PHASOR_RT 10 enabled Enables ePHASORsim real-time
PICKERING 110 enabled Enables Pickering driver option
PICKERINGFIU 110 enabled Enables PickeringFIU driver option
RTXSG_MMC 110 enabled Enables RT-XSG blockset with MMC Block
SCOPEVIEW 110 enabled Enables the ScopeView module for data analysis and chart reporting.
SPECTRACOM 110 enabled Enables GPS synchronization with the Spectracom TSync PCle card.
XSG_CONVERTER 110 enabled Enables converter block set on FPGA
110
I XSG_EHS 110 enabled Enables ultra-fast electric solver (eHS) on FPGA I

XSG_ENCODER 110 enabled Enables encoder block set on FPGA
XSG_FP 110 enabled Enables XSG floating point (FP) block set on FPGA
XSG_MMC_CELLS_PER_VALVE 110 500 enabled MMC cells per valve
XSG_MMC_VALVES 110 12enabled MMC Valves
XSG_MMC_VALVE_CONTROLLERS 110 12 enabled Maximum number of valve controllers
XSG_MOTOR _RCP 110 enabled Enables the FPGA firmware for rapid control prototyping (RCP) of electric drive controller
XSG_PMSM_SH 110 enabled Enables spacial harmonic (SH) PMSM motor models on FPGA
XSG_PMSM_VDQ 110 enabled Enables variable-DQ (VDQ) PMSM motor models on FPGA
XSG_RT 110 enabled Enables XSG runtime execution of custom firmware on FPGA
XSG_SCOPE 110 enabled Enables FPGA signal display on a fast real-time oscilloscope
XSG_SRM 110 enabled Enables switched reluctance motor (SRM) models on FPGA

Overview |Diagnostic | Simulation Settings | Software | License

Figure 12: Required licenses

eHS Quickstart Guide

14



=

OPAL-RT

BUILDING THE MODEL

1. In the Preparing and Compiling window, click Build the model. The Building Model window appears.
2. Verify that the model was successfully built by clicking Consult result in Compilation View.

= Converter3Phase3LevelNPC_OP4510_rtlab &2

+ Overview
General Information Preparing and Compiling
Name: | Converter3Phase3LevelNPC_OP4510_rtlab [=) Edit the model.

Path: | C:/Users/deniselefebvre/OPAL-RT/RT-LABv11 Workspace/eHS example/rtlab/Converter3Phas [ Setthe development properties.

Matlab: R2010B

State: | Compiling ¢ Consult result in the Compilation View

@ Assign targets to subsystems.

Description:
® Building model sl | R
@ ©vicino ConverersPhasedteveiNPC_OPAS10 stiad jrpeties.
P - ———
Code compilation: skipped
[”] Always run in background
[Run in Eackgruund} | Cancel Details >>  Simulink.
ibles in the Variables Table.

Overview| Development| Execution| Variables| Files| Assignation | Diagnostic| Hardware| Simulation Tools]

Figure 13: Building the model

[ Compilation 52 < 11

Model:Converter3Phase3LevelNPC_OP4500_rtlab
T -u. —Tall

### Linking ...
opicpc -Wl,-rpath='/usr/cpalrt/v11.0.1.390/common/bin' -Wl, '-rpath=/usr/opalrs/v11.0.1.390/common/bin/x32"
chmod a+x converter3phase3leve_l_sm controller_

##%# Created executable: converter3phase3leve_l_sm controller_

converter3phase3leve_l_sm controller_ : Building subsystem duratien : 00h:00m:0&s

Building model total duration : 00h:00m:0és
-------------------- Completed successfully —---—-—--—---—-----=

———————————————————— Transferring the built model —-———-——————————————
Connecting to 192.168.10.77 ... OK.
Transferring in binary mode /home/lencvo-seb/c/users/sebastiencense/opal-rt/rt-labvll demos/ehs example/mc

Transferring in ascii mode /home/lenovo-seb/c/users/sebastiencense/opal-rt/rt-labvll demos/ehs_example/moc

File transfer duraticn : 00h:00m:02s
———————————————————— Conpleted succesafully ———-—-—————————————

End at : Thursday, October 15, 2015, 09:42:36

Compilation duration : 00h:0lm:4ls

Updating status for next build...OK

o

«[om v

Figure 14: Compilation view

11
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3. Assign a target to the master subsystem simulation from the Subsystem Settings page. XHP must be ON.

= MyOP4510 = Converter3Phase3LevelNPC_OP4510_rtlab 2
Subsystem settings
Assignations

Subsystems

Select subsystems to edit their properties:

Name Assigned n.. Platform XHP
] SM_Controller_eHS_10s MyOP4510 Redhat ¥ on

1 subsystem selected : SM_Controller_eHS_IOs

Edit settings for selected subsystems:

Choose a physical nod

¥| Run in XHP mode

v Advimmend
Overview | Development | Execution |Variables |Files | Assignation| Diagnostic| Hardware | Simulation Tools

Target utilities

Clean target | | Set as

Figure 15: Assigning targets

embedded

ar embed

»
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EXECUTION PROPERTIES
In the Execution Properties tab, you must set the real time simulation mode to Hardware Synchronized.

Click the arrow in the field next to Real-time simulation mode and select Hardware synchronized from the

drop down menu.

= MyOP4510 % Converter3Phase3LevelNPC_OP4510_rtlab &2

Execution Properties
Real-Time Properties

Target platform:

= 0
Performance Properties
Redhat v|  [¥ Enable detection of overruns
Hardware synchronized = Action to perform on overruns: Continue -

Real-time simulation mode:
Real-time communication link type

Time Factor:

Simulation
Simulation with low priority
Software synchronized

Stop Time [s]:

Pause Time [s]:

Infinity

Hardware synchronized

Perform action after N overruns: 10

Number of steps without overruns: 10

-

Overview | Development Execution [Variables Files Assignation|Diagnostic| Hardware Simulation Tools

Figure 16: Execution properties window
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LOADING THE MODEL

In the Overview tab, click on Load the model. The console will open, and the real-time code will be uploaded

to the simulator. The Loading model window appears briefly during the loading process.

The Display tab in the lower portion of the window will show load progress and details.

File Edit Navigate Search Simulation Run Tools Window Help

| i

B BveaorruE@y (Ao |@ évav|sy

i Project Explorer 2 = a M [» Converter3Phase3LevelNPC_OP4510_rtlab 52
=R-'- B .
+ & Targets +.; Overview
«5 MyOP4510 General Information Preparing and Compiling
4 12 eHS example G
4 |2 Models Name: | Converter3Phase3LevelNPC_OP4510_rtlab (| Edit the model.
» &) Converter3Phase3LevelNPC_OF Path: | C/Users/deniselefebvre/OPAL-RT/RT-LABv11 Workspace/eHS exam;| [ Setthe development properties.
< Create a new project... B Ryl
proj Matiab: | R20108 & Build the model.

Stater lnading

[ Consult result in the Compilation View

® Loading model

= =

y
‘, i = ! P ‘ 3 & Assign targets to subsystems.

@ Loading Converter3Phase3LevelNPC_OP4510_rtlab

L ~

Executing

=] Set the execution properties.

[”] Aiways run in background

0k Execute the model.

00 Pause the model.

Quick Access

i | (5 Edition]

= 0

-

m

ifion Diagnostic\ Hardware Simulation Tools

] [ Details >> ] ﬁ & Console [T Variables Table I Variable Viewer & Monitoring

Bekl® ss0m =8

eHS 10<

Loading Convert.._OP4510_rtiab:

lRun in Backgroundl I Cancel
T : g
2 o b Transferring files
= Progress &2 % “=n Transferring in binary:
) Transferring in binary:
Loading model Transferring in binary:
0 o Transferring in binary:

Executing script /usr/opalrt/v11.0.5.499/common/python/rtlab/global/target preload.py ...

C:\Users\deni selefebvre\OPAL-RT\RT—LAan:Workspace\eHS example\rtlab\TE074 1_3-EX-0001-2_3

C:\Users\deniselefebvre\OPAL-RT\RT-LABv1ll Workspace\eHS example\rt lab\Converter3Phase3Level

--------------- Done transferring files —------—--————-—————m—m————u

done

[ #]Loading model

Figure 17: Loading model window
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EXECUTING THE SIMULATION

Click on Execute the model to start the simulation. At the beginning of the simulation, eHS will initialize (it
takes about 10,000 simulation steps). During this time the eHS outputs will remain at O.

Clicking on the Display tab shows execution details.

Tools Window Help

d-me|Dle-a~| - Quick Access & | [ Edition]

MyQOP4510 t [2) Converter3Phase3LevelNPC_OP4510_rtlab &2 - B

o
Matlab: | R20108 & Build the madel.

5 Consult result in the Compilation View
State: | Running

Description: p ‘& Assign targets to subsystems.
Executing
[£] Set the execution properties.

@ Load the model.

——
# Running Console‘ ‘u_b‘ﬂu

Wiaiting for data

1

ulink.

n the Variables Table. el

Overview| Develo| i [] Always run in background

@ Display ® P Run in Eackgrmde [ Cancel I [ Details >> ]

Converter3Phacel
Real-time Si:
RT-LAB license ok. 327 days remaining.
Snapshot taken (opconverter3phase3leve _sm controller 0.snap).
[0]: PRAUSE mode, IO set to pause value.
Total of 0 Overrun detected.
Mon Feb 8 10:32:57 2016

starting transfer of /home/laptop-denise/c/users/deniselefebvre/opal-rt/rt-labvll workspace/ehs example/rtlab/converter3phase3]
Transfer of /home/laptop-denise/c/users/deniselefebvre/opal-rt/rt-labvll_workspace/ehs example/rtlab/converter3phase3levelnpc_¢
¥HP mode enabled
[1]: RUN mode, IC set to run value.
Synchronized step size = 25 us.
Mon Feb 8 10:34:27 2016

n

open file done (/./myfile.mat)
Main priority set to 99

< | 111 >

a

Running Console =

Figure 18: Displaying execution details
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MONITORING THE SIMULATION
As soon as you load and execute the model, the Simulink console opens (behind RT-LAB) and you should be

able to see the simulation running in the console window. The following example shows the three-phase load

current of the converter.

¥4 converterdphaselieveinge_opd510, rtish 2 s conscle

olE

e Edt  Miew [Display Disgam  Simulation  #nalysis  Code  Jools  Help

=-d 8 &t @ - W F - L
| comverter Johase Fevekpx:_op4510_tsh_1_sc_sorcle |
B |[fa convertedphasedlevelnpe_opdil0_mlsh 1 sc_console b -
gen erated by RT-LAE during comp| a
&
3 Three-level NPC Converter example model
Basic sample mode far the eHSx84 Gen salver - RT-LAB modal console
=t QPAL-RT
B V2O IS

(&) 2015 Opat-RT Technokigies i,

__ From eHSx64 solver___

JEETY S
S — | Fanm sl

[P ——

__From Analog Inputs___

PR MABETE s

B -

Runining

____To BEMF generator & eHS open-loop Controller___

e N I e
Vo Souroe
b
I e
BERIF_Daity =
GRS
——— |~ e
Fel_Toar ey
b
(e ] ’ e
e " e
PO M_Fres
P medulation index _“ PR M oo '
P M_Modulsd
L R e —
PAM_Enalie:
S{m0y

Ansiog Dutput Mapping and
Riescaing blook Conuol Fand

100% T=033 s FiedStepDiscrete

Figure 19: Console window of running model

(9 (St Yow Dupley Ougrem Jemudsion fratywn Code Jooh by

-
Y 310, s 2

o o U - =
</ L= B v & L
| wots oy

B e L L

Fummng 0% T —— L ]

B trverterCurments =94
w0 4N r OS/R Ba S N

N 027 o0 5% 030 6% a0 A 0 0 6B

Time attomt &

Figure 20: Displaying signals in the Simulink console
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CONTROLLING THE SIMULATION

Simulation operating conditions can be modified directly from the console. Simply click the desired signal in the
console to open its Block Parameters window.

erter3Phase3LevelNPC_OP4510_rtlab/SC_Console

=[] =

File Edit View Display Diagram Simulation Analysis Code Tools Help
- = v = w |inf Normal i =4 =4
SC_Console
® |*alConverter3Phase3LevelNPC_OP4510_rtlab » 2/SC_Console » -
L-RT| -
23/11/2015
'015 Opal-RT Technologies inc.
= 1
E From eHSx64 solver To BEMF generator & eHS open-loop Controller
s b ot T
rom FPGA Vdc_Source
g’ ‘eHSx64 Menitoring
- = BEMF_LL_Amp_Valt
__From Analog Inputs__ . e \
BE,:;:“ EI Source Block Parameters: PWM_Freq- u
— — e
Ref_Freq
Al Scopes Qutput the constant specified by the 'Constant value' parameter. If
VM canier frequency 'Constant value' is a vector and 'Interpret vector parameters as 1-D' is
L on, treat the constant value as a 1-D array. Otherwise, output a matrix
with the same dimensions as the constant value. =
From Digital Inputs N
Main | Signal Attributes
"a—ww ENpETEE Constant value:
N Aty Gups 10poo
Anciag curputs confguraton
& & Interpret vector parameters as 1-D
“anaiog OUpLE Niepping and
Res caing block Cantol Pans!
° Sampling mode: Sample based
Sample time:
inf
Q oK Cancel Help Apply
» |4q 1l ] »
Ready 100% FixedStepDiscrete
—.

Figure 21: Changing parameter values in the console
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B irverterCurments L) i |
@20 AL O/ Ba S >

Y
N\

B T T R T TR T T

Tow sftast §

L “|Before changing value: g
(B vererCumenss |E=ET—)
20 AL OSK Ba S -

Figure 22: Impact of changing parameter values
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CONTACT

OPAL-RT Corporate Headquarters

1751 Richardson, Suite 2525
Montréal, Québec, Canada
H3K 1G6

Tel.: 514-935-2323

Toll free: 1-877-935-2323

Technical Services

www.opal-rt.com/support

Note:

While every effort has been made to ensure
accuracy in this publication, no responsibility can be
accepted for errors or omissions. Data may change,
as well as legislation, and you are strongly advised
to obtain copies of the most recently issued
regulations, standards, and guidelines.

This publication is not intended to form the basis of

a contract.
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