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OPAL-RT in Brief

e Established in 1997

* RT-LAB: Real-Time Simulation Platform for Simulink™ and SystemBuild™

* Hardware in the Loop for Demanding Simulations

 Distributed, Parallel Processing using Off-the-Shelf Technologies — PC, FireWire,
QNX, NI, FPGA etc

* Scalable Power for the most complex dynamic models

* Comprehensive API for on-line tools for visualization and interaction, eg
LabVIEW™

* 80+ Employees
* 60% of turnover reinvested in R&D.
e Over 350+Customers Worldwide...
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Core Markets & Main Customers
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KeLiang in Brief

* 149 Employees, since 2007.[Founded in 2003, Re-register in 2007]
* 2 Offices ( Bejing & Xi’an), HQ:Shanghai,CaoHeling

* 3 Main Business Division
* Automotive
* Power Grid
* Defense

* 4 Main Engineering Service
 Virtual Plant simulation
e Rapid Control Prototyping
* Hardware In the Loop Test
* Integrate Validation
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Core Markets Main Customers

e 200+ Customers
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Outline

Part 2

HIL Solution
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Design Tool Chain

RT-LAB Simulation Server
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RT-LAB Engineeri, ig Simulator

RT-LAB Rapid Prototyping Controllers

PC/104

3rd-Party I/0

FPGA /O

Signal Conditioning
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Hand-Coding or
Automatic Code Generation...

KelLiang

Developing
& Testing

Technology

RT-LAB MULTI-
ECU
SIMULATION
CLUSTER

ECU Memory Interface

. -mSTACK
In-vehicle processor

RT-LAB TestDrive

Validation & Integration
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RCP & HIL

Controller

Rapid Control Prototyping Hardware-in-the-Loop

Controller

Edu
\__RT-LAB
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Hybrid Vechicle Development

Functional System Product
study design development

Simple DQ Nonlinear
table based
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Hybrid Vechicle Development

e Test & Validation

Simple DQ Nonlinear

table based
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Motivation to develop HIL

Simulation Vehicle

A large amount of automatic test Need much human resources
Easy to configure vehicle variation Difficult to change configurations
Not the same result of the real vehicle Can get “Real” performance

¢ A large amount of automatic test
eEasy to configure vehicle variation
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Hybrid Vehicle HIL

Requirement Solution
Quick F/B response E
Control Gate | Model : | Less than e
= Q\ ~ JIMrme ﬁ.ﬁ 2usec 1.5pysec
- I—— ADC Currenti E FEJF] | M I!_& T _—' ﬁ:
- Speed == T o BB A :
e et s L Pt
Max MG Speed ﬁ]ﬂﬁrpm = T Max. 20000rpm
2 MG — ‘_‘- _
Num of MG model on1FPGA | =~ = 2 MG on a Virtex 6
- - Torque ripple
Torque vibration == JMAG-RT
: 2 Easy to change FPGA (MG ,Inverter)
Configurable vehicle configuration + CPU (vehicle)
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HIL for ECU Testing and Validation

| Virtual Plant

' Control Unit
(ECU) Under

N —
[

b
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HIL Updating
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Role of FPGA in RT-LAB HIL

BASIC HIL SIMULATOR

FPGA

Logic & mem

ECU
(controller)

PMSM Drive #1

& )
\ CPU
@ Gjtes Signals Feedback Latency: 4(fuss
:> Probes Feedback
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Problem of Model Development

DQ : (FPGA) JMAG-RT : (FPGA)
‘E Eﬁ:’a‘cﬁfn Not considered Available
% Back EMF Sinusoidal Nonlinear
2 Eﬁze Not considered Available
Time step 50nsec 25usec = 50nsec
Parameter Easy to handle Difficult to obtain

Ld, Lg, R, lambda, ...

= Hardware design
Dy - parameter

; i Shape, Material,
Dimension, ...
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Process of JMAG-RT model parameterization

Generate Nonlinear Angle [radl b o m———

parameter table for o s l |

real-time model 3 5 i |

W S El' i L, : 1 % H i

RTT file 130000 [V] | Emssy

. .= [ Angle [radi
Shape, Material, : - ' Inductance table || Back EMF table |
Dimension ..\ i e e
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HIL System Flexibility: Non-Flashing technology

”n
generat'mg 3 bitstream

. e-
uDon"\', waste time r

Motor Type : [IJMAG 10.5 PMSM Spatial Harmonics rtt file

Rit file Path :

- E—
| Function Black Parameters: PMSM Motar SH g

eFPGAsim PMSM motor Spatial Harmonics Block (mask) (link)

This block processes the communication between the RT-Lab
model and the FPGA motor model. It also initialises the FPGA motor solver
with the user motor definition file.

It supports multiple file type :

-IMAG v10.5 rtt files
-Infolytica motor mat files

Motorl Motor2

Motor Type @ ’JMG 10.5 PMSM Spatial Harmonics rtt file

Rtt file Path :

m

'10k S _C F.oit

Park transform for Id Ig scaling : ’quadramre transform {with sqrt(2/3) factor)

Rotor flux position when Theta =0 : ’_90 degrees behind phase A axis (modified Park]

[7] use advance table settings

Vabc filter cut-off Frequency : [Hz]

ok 5 _C_L.rit

Fark transform for Id I scaling : | quadrature transform (with s

10000

4 T | r

[ ok [ concel |[ nmelp ][ appy |
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JMAG-RT in RT-LAB simulator

How JIMAG-RT is integrated in RT-LAB simulator

|] MAG
Xilinx J RT-XSG

The inductance and IMAG-RT
flux values are i
computed in advance PSSR S ES:

from JIMAG software

Blockset Library

| B
S !!3' Le L=

Simulink Model
(with Xilinx Blockset)

A

=
Motor
data=f (1, 9)

Automaticgeneration of
Simulink model {CPU part e Code Generation

eDRIVEsim

Simulator ECU

under test Distributed

o Real-Time Model
on eDRIVESsim
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RT-LAB eFPGAsim

DC Short Fault s w ve  ABShort Fault
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§ 44

M"":":;fl‘h apen IGBT fault open diode faul Binary
DC-link Short Binary switch model
R L \ switch model phase-phase faul
L
Q. £0; Q: 3 T
[ ' '
E W — N
Q Q B \'
= == e
Mode
votages

[R5

[—

Inverter faults

Motor and DC-link faults

Inverter IGBT open fault (any)

DC-link short-circuit

Inverter Diode open fault (any)

Motor phase-phase fault

Inverter IGBT & Diode open fault (any)

Motor open-phase fault

Inverter IGBT/Diode short circuit (any)

No-gate signals at IGBT, with or without natural rectification

Table 3: List of supported faults for the FPGA motor drive
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Outline

Part 3

Successful stories
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* Challenging requirements for PMSM electric-drive simulation with IGBT
inverters
* PWM signals in the 2-20 KHz range
e 2-20 ps dead-time
* Typical real-time simulation sample times cannot capture switching events and
provide accurate transient simulation

e Opal-RT eDRIVEsim solution with fast I/0 using FPGAs (10 ns resolution for digital
I/0 and 1 ps conversion time for analog signals)

* Opal-RT’s real-time inverter and PMSM models using the time-stamped averaging
method (TSAM) used for accurate simulations
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Thank You!




