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Toyota

~ )V IFE—HX LR

RAV4 E-Four Hybrid combines its
Atkinson cycle 4-cylinder petrol
engine works in tandem with two
electric motors.

Tesla

Lucid

Lucid Air Dream Edition’s quad-
motor powertrain can churn out
1,111 hp for a top speed of 168
mph.

Model S Plaid maintains 1,000 HP
all the way to 200 mph with Tri-
motor all-Wheel Drive




EV Powertrain Trend
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Nissan X-in-1 Vitesco Onebox

3-in-1 for EVs 5-in-1 for e-POWER

Inverter

Reducer

Electric

Motor Generator

Increaser

Source: Nissan X-in-1 Source: Vitesco

The modularization of the X-in-1 will result in Renault and Vitesco announced the joint

improved performance, smaller size, and development of One Box — integrated DCDC,
better vibration control through integration OBC, and Inverter
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X-in-1 - Next-Generation xEV Powertrain

Market Requirements

CAN Bus / Auto Ethernet e-Axle (3 in 1) Smaller Size
BMS PTC DCDC OBC Inverter Light Weight
o § 110:..... | — Figher Effciency
Power Power Power Power Power AC
Electronics Electronics Electronics Electronics Electronics | <—®

X-in-1 Benefits
\

Integration of power electronics and ECUs
Reduction of HV harnesses and connectors
Reduction of components and VCOM
Integrated WBG PE for higher performance

ﬂ
Busbar
Busbar

Power Distribution Unit (HVDC)

Distributed 3-in-1 plus Controllers with PEs

To
Integrated X-in-1 Test Implications
= = \
PE emulation for an integrated system
More 10 channels for an integrated system
Xin 1 Increased Test Coverage for SW integration
Auto Ethenet - - oBC o ertor High-frequency emulation for SiC and GaN
Controller ®—>| Motor Transmission .
A Benefits of NI
Power Power Power Power
Controller Electronics Electronics Electronics Electronics <o . . \
Scale and Leverage PE emulation options
5 : .
Etectronics INEETETYY Power Distribution Unit (HVDC) f’\ﬁ't‘;f; :tnggsﬂiavt\/?ﬂ']oRfégdmylfg rg Sl]eﬂ Ifosrt\;\‘/"'o

Maximize FPGA’'s Computational Perfos@ance
eveErson— 111
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A—T&EZFH. Dual 4 /N\—4 TILFLAR)LAL iIN—A

Inverter 1 Qpen-End In\rener 2 Vd':/_zI

Winding Motor

E’I}FI}FI} N

Battery & — Capacitor —£
13}133—‘@” &

(ul vl wl) (u2 v2 w2)’

vd( :+_

https://www.denso.com/jp/ja/-/media/global/business/innovation/review/27/paper-05.pdf?la=ja- .
jp&rev=220a232907d8473bb63017414b7c713f&hash=2D8B6A63E7367DB78AE33B39F7F2D434 é

https://chargedevs.com/features/a-closer-look-at-multilevel-traction-inverters/ emerson 111
INTERNAL - NI CONFIDENTIAL
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Wide Band Gap
Technology Mapping

S )

< | 100 kW
3
5| 10kw
§ SiC MOSFET
- 1 kW
= Si MOSFET
g| = GaN Transistor

10W

V\4 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Operating frequer:cy
ELLHEL, REBEXZHR/NDRICHNZASDELHS
&
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Manual lab and data management
Closed and inflexible test systems

Inconsistent hardware and software across multiple vendors

Faster automation and deeper product insight with software-connected
measurement platform and data analysis

Efficient adaptation and customization to new/changing requirements with modular
and upgradable hardware

Improved time to market with tightly integrated hardware and software, and
responsible introduction of Al

&

EMERSON.
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VALIDATION
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Reduce Development Time and Improve Engineering Efficiency Through Model Reuse

Powertrain and Vehicle Models

N
VvV

Signal-Level HIL Test Cell — eDyno
sHIL Physical Testing

i E
Model-in-the-loop TEEE Field
Software-in-the-loop ._l_=!_,,<!,< Test

emerson. T 11
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HIL, pHIL, < F D1&H|

l

o T = = = = —
e e e e e - e - e e -
—— e

e DUT:a> bO—5 « DUT: 4 on\—A2 a3 iR—2 b

e Test: VIO k7 e Test: VO b x7. MARE =%
e How: EV/I\J— kLA 2D T al— « How: E—432 5 &E r S8R THH
=

« DUT: EV Drive Unit (Motor + Inverter)
» Test: Functional + Durability

* How: Emulate motor, battery, and road
load, re-use HIL set up & test profiles
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HIL Test — NI PXI + Opal-RT FPGA Simulation

i o

_b_ OPAL-RT I_ Simulation |

TECHNOLOGIES
——  ( (

Converter (DC to DC)

Controller Power.
Electronics
I HVDC

DUT

_,,‘________
g

I
I
I
|
I
I I
| Power:Drive Unit |
I
I EVSE OBC Battery Pack Inverter I I
I (DC10 AC) 1 Motor Drivetrain | |
Controller Controller l Controller | Gearbox, | |
: Controller odes I Y < ( etc.) I
AC HVDC (BMS) fvoe| | AC [NQLUCECYON | Torque I
| Power or DC Power Cells to mechanical)
|| Electronics Electronics <1 e |
e = Vet ===

ni.com
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pHIL Test — NI PXI + Opal-RT FPGA Simulation + D&V EME and DC Emulators

nt

ELEGRUNICS

e
() F'A L-RT . Emulation_|
ﬁ TECHNOLOGIES e 7 >
[ |
Converter (DC to DC) I
I DUT
I Controller PO I
I Electronics |
I |
[ I 1 e mm e e e —— - 1
HVDC
I I Powék Drive Unit I
I I I I
| EVSE OBC Battery Pack f—) Inverter | I
I | (DC to AC) I Motor Drivetrain |
| Controller Controller Modules l Controller | (Gearb)ox, |
5 Controller > T etc.
: AC HVDC (BMS) IHVDC | (WUl | Torque I
I Power B Power Cells | Power l to mechanical) |
I Electronics Electronics |<_° Electronics [ |
I I - I

ni.com




INVERTER VALIDATION OFFERING

NI Inverter HIL
X-in-1 4%&%—%4#

L, f—=

B SEAT
77 T+ — A

B OPAL-RT

!

Technology Partner
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BELE—EFS4T3Y) FPGA Y JL/\—
Permanent Magnet Synchronous Machines el
(IPM, BLDC, SPM)
Induction Machines (DFIG, DFIM, SC) .

Switched Reluctance Machines (SRM) Full integration into

v . .
28 Ly THSAOEFRAE—F M VeriStand ERMERRDT— T4 >H— k(FEA)

Torque, Flux & Inductance Table

JMAG

Simulation Tochnology for Electromechanical Design

*  Down to 100 ns time step

* Up to 144 switches per FPGA — no decoupling

» Up to 400 kHz switching frequency
AL IVIELTFPGA 7 v FT—F

* Scenario Feature
(automate up to hundreds of scenarios)

MotorSolve
BLDC

* Flexible modelling environment
+  SimScape Power Systems, Simulink
&
emerson. | T 11
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OPAL-RT

—a TECHNOLOGIES

Power Electronics (PE) 7 N4

g
T FrlTxwhaLizY—
L i
) I-‘

© HF2LAEDT v TTF—k Electri
ectric
% Machine Library _

Electric
Hardware

. eTDE—4E R ILAFE R el ) convzkrens';‘%i}.
Al gE l i MOTORS &lﬁ‘;
T e
« F—TUBEHE. TILFL 1 e : -
RILAOR—B D51 ‘ | T '
B BT 12 2 (CRGRG
Fj‘"’g\i&nt.: ....... ;
E.uontuh oCu(&:}.r.rn-u‘.‘ruurl ................ .o

A4 VeriStand .................................................................. ..... | ;

INTER’\IE\ILea,\?Ing'(\I)FrBE’\IItT&ur WiKi for more information: https://wiki.opal-rt.com/display/DOCPEVS/Power+Electronics+Add- On+for+NI+Ver|Stand+User+DOCLﬁﬁéﬁtBt§>9N - THN



https://wiki.opal-rt.com/display/DOCPEVS/Power+Electronics+Add-On+for+NI+VeriStand+User+Documentation
https://wiki.opal-rt.com/display/DOCPEVS/Power+Electronics+Add-On+for+NI+VeriStand+User+Documentation
https://wiki.opal-rt.com/display/DOCPEVS/Power+Electronics+Add-On+for+NI+VeriStand+User+Documentation
https://wiki.opal-rt.com/display/DOCPEVS/Power+Electronics+Add-On+for+NI+VeriStand+User+Documentation
https://wiki.opal-rt.com/display/DOCPEVS/Power+Electronics+Add-On+for+NI+VeriStand+User+Documentation

IOl oraL-rRT’S PE ADD-ON ___.___‘ OPAL-RT

TECHNOLOGIES

electrical Hardware Solver (¢HS)

* Use the same source Simulink SPS model(s) on

‘ MathWorkse FPGA using the add-on
-

% * Modify the circuit in seconds without any
@ Y bitstream generation

Electrical ‘ : W Dual PMSM VDQ Local Control - VeriStanc .
Help (2]
“

§2 74 §2 §2 ——
m System Definiticn | Tool Launcher ‘ﬁ‘ |H Dual PMSM VDQ Local Control.nivssdf 4+ =

E g E = +, O % ~| Configure.. | ¥ & % 4 | w00 v Q
Simscape : 1
\ / - |H Dual PMSM VDQ Local Control.nivspr) p
%, Calibration + Power Electronics Add-On

Custom Device

E Workspace (Dual PMSM VDQ Local Control.ni.. — = .
- - . . Circuit Model 1.Sinewave Generators.SWG 0.Amplitude <
p e CI a Ize Owe r S e I I lS 1 Dual PMSM VDQ Local Control.nivssdf . Circuit Model 1.Sinewave Generators.SWG 1.Amplitude <
Circuit Model 1.5inewave Generators.SWG 2. Amplitude <

Circuit Model 1.5PWM Generators.SPWM Freguency Generator.SPWM Frequency Engine 0

[ Circuit Model 1.5PWM Generators.SPWM Carrier.Modulation Index <
I Circuit Model 1.Measurements.Y04 Vdc »

Scope
Continuous| RMS * User Channels
powergui 11KV RMS (| Sugglg Volta?e »
| ”MS
Scope @ System Channels
Ap——" A aP— 0.2kVRNS RMS
1]
\ C m " B b fp—s A )
Clp—_ B mh n Aliases
S11kv3in: .- PRI A c g
ource Feeder Bus 0.4kV Toad
1IMVA Bus
Transformer
11kV/0.4kV .
A A “ 1 S >

\B: E\ 3 ‘ 6 mappings | 491 unmapped channel;|

C 2 Output | Model Parameter Manager | Alarm Menitor | Channel Fault Manager ‘ Channel Data Viewer ‘ Errors and Warnings |

ni.com
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eHS GENS5S

Deliver the most powerful Real-Time simulator

* Down to 90ns time step for user-defined topology

* 2.5ns gate sampling with switching event
compensation

— 5ns gate sampling would cause 100Hz error on a
200kHz PWM, could lead to significant errors
(up to 10A) of current output

* The fastest real-time reconfigurable Power
Electronic simulator of the world

Cument in one leg
== Reference ™= Proposed Method [MEM3) ™= Baclward Euler

EMERSON I'"

INTERNAL - NI CONFIDENTIAL



n‘ ITS Architecture & Advantages - Opal-RT PE Add-on OPAL-RT

YA A B ek

e ER/TIUDAMBEDTANT—REEFSF)F
| % ER AT AE ~

R * python- TestStand« ECU-TestkEZ AL T F
© O =i O A EEE

— V¥ System Explorer - Dual PMSM VDQ Local Control.nivssdf*
File Edit Tools Help
A B C D E F F“@aur” X | a@ A o
ile
s | E Dual PMSM VDQ Local Control 7
1 R1 R2 R Diode $OUPPE" SW01_Ron ~ R :
.|| [= (1)) Controller

d 3 (@ g™ Hardware Name L N
2 Defau't 1m 100 1 000000 10000 0,00 1 p [ = (@ Custom Devices Circuit Model 1 N it

2 |ﬁ 1l (= @ Power Electronics Add-On b
» Cro . OO > ~ &1 P Circuit Model 1] escription
3 Scenariol 100 100 0,001 10000 0 ’ 001 Ll [©) g, Hardware Configuration Configure the circuit that will be simulated on the FPGA, including the Timestep and Scenarios. ]

| @ M Simulation Model:
4 Scenario2 0,001 100 0,001 10000 0,001 B = e “
H Jx Calculated Channels
5 Scenario3 0,001 1000000 0,001 10000 0,001 ‘ g g Circuit Model File Path
Procedures C:\Users\Public\Docu...\Dual PMSM VDQ Local Control\Circuit Mode\PMSM_eHS_UB.md! || & Reload
XNET Databases
- N g ﬁ [# $2 System Channels Timestep (s) Form Factor
Default Scenario1 Scenario2 Scenario3 Vool 0 eG4
ales

. == System Mappings m " " .
: 3 : : W3 System Initialization
Scenarios File Path

VR1 3 3 2 C:\Users\Administrator\Desktop\example.xls =

/ : / [ Use Scenarios?

IR1

; Minimum Timestep (s) Number of Scenarios Used Maximum Number of Scenarios

Half-wave rectifier Diodine Removal of the Open the 0 0 0 _ Refresh v
+ voltage divider shorted voltage divider circuit

ni.com
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PXIe-7891 FPGA < a—)L

Features

- 8M16ch Z&7753 045 AN 2MS/s

- 16/32 VI R7FagEh
2MS/s

« 16/32> 2 )L K low-latency 7
J 0% H 7 4 MS/s per channel L —
T > <— of 188 nsec

* 64 single-ended DIO channels

Capabilities

* 400kHz+ PWM

e 4E—AFTal—T3y

- 144 XA v FEE

-  Capture gate signals at 2.5ns
for sHIL+OBC

Upload full JMAG, Maxwell
motor models

Key Applications
EV Inverter Test
4 simultaneous motor models
Broadbase
Large FPGA, low latency AO
enable complex control models

FPGA Backend Specifications
Xilinx Kintex Ultrascale FPGA
o KU060, 60 DMA
4 GB onboard DRAM

o 2x2 GB Banks, 8.5 GB/s
Bandwidth / bank

PCle Gen. 3 x 8 interface
64 single-ended DIO channels

High-speed serial (2 QSFP+ Connector,

up to 5 Gb/s)

)

2
i
\,.
1 eI
A E
1 (%
14 -
&) 2} )
- 1
)

S ) -
5

ni.com

&
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ITS Roadmap - H2 2023

ne New PXlIe-7891 — Quad-motor support on single FPGA o

Kintex FPGA Kintex UltraScale FPGA

/ PXle-7868 \
Kintex 325T FPGA
‘ < sooy  T>/3—%

SEavIA—4— sooy Aw/N\—4 BRI A—4—
' Aa
h ‘.J@ i ]

BEEa/N—5— 14.5V «rw\—@

i -

SO7_00_Boom

\ BEa/N—5— /4.5V A N—4

i

‘SOT_08 oot

: s B e E:
' PXle-7891
K < PXle-7868 / Kintex U060 FPGA

Kintex 325T FPGA

- ETILE2DIZHEIL THREE - ETIILEAFRE1DDOFPGAIZTJOA A HE
- FPGARIMD@ELA1T>2(300 ~ 700 nsec) - [EIFREDEELZL
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Circuit Editor

OPAL-RTD/AT—ILHFA=HR-FRAVIE, BE = ﬁ} L
BIE TCERHLEFPGAR—AD YT ILEBA LY ILIN— g L 4

Automatic Model
Generation

) + No mathematical modeling
Q ’ e H S : + No FPGA expertise
+ NoVHDL programming

+ No need for Xilinx Blockset
or other Xilinx FPGA tools

Automatic generation
of electric circuit model:

« NI VeriStandIZ#t&

e EIIOLATIDHA—XRIL—T
o 144FEILILEDRAMYFDFEEMNATRE

e 200kHzLL EDPWMRAYF 4 E K EEH
R—k

H ~ 77 IVEFE] (£ 100ns~2.5us

ni.com
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eHS T{E¥=% 1/10 (2!

Challenge: EFILMNSFPGA ANDEHL L EE (I KELEE e

@ PROVID
Solution: 3 > /34 JL%: L T SimScape Electrical 7 JLDEEE % NI DESIG(E?GINEER & 5 M
VeriStand NI FPGA 2 —4'v MZITZA 5 G hegore, oy A [T

@l sest P2 TEST
Value: MIL 5 > HIL ADT—%4 7 O0—% R L— XIS (N e eemEe

R

APPLICATION: BOOST CONVERTER + INVERTER + EMOTOR

Typical o ealerEat Solve Circuit e BB Seneiate e o FPGA Validate Model Operationalize
Workflow (MIL) Equation 2 Model Manual Edit Deployment Behavior HIL Test

Simscape circuit equation Simulink HDL

CALIBRATE MODEL BEHAVIOR

10 hours to
1hour

Create/Edit _ o
eHS Circuit Model Modify the Circuit in Seconds Without any Bitstream Generation Validate model Operationalize
Workflow (|v|||_i behavior HIL Test

CALIBRATE MODEL BEHAVIOR




X-in-1 ECU OfEEH 1 FPGAT

With over 10 years of experience, eHS solver can run

* Running on 1 FPGA eliminates latency and increases fidelity
* Running on 1 FPGA eliminates the need to disassemble models to run on multiple FPGAs

* Ability to run higher than 200kHz PWM enables running OBC models on the same FPGA

BB DFPGATI DDA (H: Xin1)ZSim3 o &,

FPGARNEEEIE I &Y BERR DBEBRAEHLL EIE8E T )L & B EFPGAI=R &
Iﬁlﬂﬁi—ﬁ;utﬁﬁwFPGA(:ﬁ%IJa“é:aﬁ;ﬁux 1D MDFPGATIXinl |15 #E

Motor + Inverter
Motor + Inverter

DCDC OBC

Boost
Converter

iJ
{2 |

=

=

=

Fiher  Fiker SEMIKAON  Translormer Semie s Sadis  Fiker

300-700ns latency
between FPGA
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C
Power
Recirculation

TRACTION INVERTER

o . i Motor Phases

Rotor Position

Motor Temperature

Motor Speed
Command

DC EMULATOR

Battery Voltage

NI PXI
(inside NI ITS)

1B 1T Power Level DO

E-MOTOR EMULATOR

Power Quality Measurements

Thermal Chamber

Fault Injection Unit (Power & Sensor)

Real-Time Test Automation Software

Additional DAQ Capability

D/Vg

7
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Emulator Based Testing
Real-Time and FPGA-Based Simulation . =

Vehicle Models LIy m T L

Bi= "

Gtance

Motor speed (rpm)

Drive Cycles M ’ Wﬁm

= - .-'}-\ .
Mechanical == = = Ll ]
é‘aF

Components I - |
P B I
ol

Motor Models

ni.com
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Recommended

MAIN Power (3 Ph)
208/380/480 VAC

HV DC Power Supply

AR L0 A% 1/5 12!

Not Recommended

EME

o

DUT

MAIN Power (3 Ph)
208/380/480 VAC
- ‘MAIN-Power’
ﬂ L Recirculation
HV DC Power Supply HV DC Power Supply
{ tiocotpower’ | (=—) (<]
gk Recirculation
EME DUT

(== Represents Uni-Directional Power

= Reoresents Bi-Directional Power

Our system supports local DC power
recirculation. This means:

v Fewer components

v Smaller system footprint

v Reduced system power loss

v Reduced facility power needs

It is possible to run with grid level
recirculation but not recommended
due to the disadvantages
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