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TYPES OF DIGITAL SIMULATION

Technologies
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Type of Simulation Load Flow Transient Stability Electromagnetic
Analysis Transient
(TSA) (EMT)
Typical timestep Single solution ~8ms ~2-50ps

Output

Magnitude and angle

Magnitude and angle

Instantaneous values

Frequency range Nominal frequency Nominal and off- 0 -3 kHz
\ nominal frequency (<15 kHz)
N
Dommel algorithm
of nodal analysis
> - used in RTDS,
At PSCAD, EMTP, etc.

RTDS.COM



HIL Testing with Real Time Simulation

* Real time operation is what
allows us to connect physical
devices in a closed loop with the

simulated environment Echarast link - | Hardware-in-the-loop interface
« True closed-loop testing is only

p'OSSIble Wlth a real tlme ----------------------------------- ‘gj 7 Analogue & Digital 170

S|mU|at0r EJ:Z?&:::::T;U us) ' Ethernet-based 1/0

T W
- . s . .. s s .
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HARDWARE IN THE LOOP
FOR GRID MODERNIZATION

Distribution Power Electronics
» Microgrid testing - HVDC and FACTS

« Renewables/DERs « Energy conversion
 Distribution automation * Drives

* Inverter testing

Smart Grid Protection
« WAMPAC testing  Digital substations
« PMU studies « Travelling wave testing

« Cyber security
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Modeling the Electric Vehicle
Powertrain with the RTDS Simulator
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* Introduction i' ‘.»
- EV Powertrain Modeling :
= Battery N
= Power Electronics :
= Motor I
v

= Mechanical
« EV Powertrain Control

« Example Cases:

= EV Powertrain
= Spatial Harmonics
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INTRODUCTION

« Abundant component library for machines and
power electronic converters.

..........

» High-fidelity modeling in real time.

.......................................................

- Improved firing pulse.

- Flux defined PMSM derived from FEA. | I

« HIL test of EV powertrain )

« Rapidly develop and validate EV powertrain design
in a cost-effective way.

Technologies
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EV Powertrain

« The system that converts electrical energy into mechanical motion.

« Powertrain moves energy from battery to wheel and back.

® Batter Brake Torque
Y }
» Power electronics
* Motor
Motor Drive
. Longitudinal
 Mechanical v
« Control |
DC/AC = PMSM

Motor Drive EV Longitudinal Model

RTDS.COM
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Technologies

UCM - FRNGPLLSE
Mator 1Boast PRGNS

MODULATION WAVE
A s

-

TRINNGLLAR WAVE
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He)
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MODULATION WAVE
A s

TRIANG ULAR WAVE
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Ve

FIRING PLLSE

W

DEBLOCK AND MASK
OBk

CONDITIONED FP

UCM 2LEVEL

Motori Bocstl

EV Powertrain

Mowr BRG2

VALVE2 M

WALVE 1 =W

VMVES

VALVES

UCM 24LEVEL

B

I = b
VALVED VALVE 1
3
N3
L L
VALVE 4 VALVEZ

| UCM 2LEVEL

Whe e et

far Plots {Matarl)

Wi 2z ments

far Piots {MaowrZ)

PMSM torque i= negative whan operate as motor

MODE PMSMYZ]
FUT.

e L ]
o FUT.
Mot TR

Motor 1Machine

[ UCM 2LEVEL |
P H
- - k '
VALVED - = v AVES VALVER VALVE 1 !
I

NZ

N3
- k
VALVEZ N VALVES VALVE & VALVEZ

P
e
MPUT.

Motor 2achine

PMSM torque i= negative whan operate as motor

Longitudinal Vehicle

s

Wijrpen)

W2{rpm)

UCM - FIRING PLLSE
Matar FRGN2
MODULATION WAVE

..- it a2

UCM - FRNGPLLSE
Mose2 FRGA2

MODULATION WAVE

FIRING PLLSE FIRING PULSE
W W
DEBLOCK ANDMASK DEBLOCK AND MASK
e e

CONDITIONED FP

CONDITIONED FP

Brake forque. Us= 0 if reganerafy

Example Cases / 12 Transportation / Electric Vehicles / EV Powertrain/ EV_Powertrain.rtfx
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Li-ion Battery Model

- Battery
 Power electronics

Brake Torque

 Motor

« Mechanical

Motor Drive
Longitudinal

 Control EV

DC/AC = PMSM

Motor Drive EV Longitudinal Model

RTDS.COM
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Li-ion Battery Model

To model the electrical behavior of the battery, V-l characteristic

- +
 Min/Rincon-Mora Li-ion Battery
C. Min and G. A. Rincon-Mora, "Accurate electrical battery model capable of predicting runtime and I-V LIBAT
performance," Energy Conversion, IEEE Transactions on, vol. 21, no. 2, pp.504-511, 2006.
* Huria/Ceraolo/Gazzarri/Jackey
T. Huria, M. Ceraolo, J. Gazzarri, and R. Jackey, "High fidelity electrical model with thermal dependence for
characterization and simulation of high power lithium battery cells," in Electric Vehicle Conference (IEVC),
2012 IEEE International, 2012, pp. 1-8.
« Shepherd
O. Tremblay, L. A. Dessaint, A. |. Dekkiche, "A generic battery model for the dynamic
simulation of hybrid electric vehicles," Vehicle Power and Propulsion Conference, 2007,VPPC 2007, pp. 284-
289, 9-12 Sept. 2007.
« Tabular Data

Technologies AU el




Li-ion Battery Model

Min/Rincon-Mora Huria/Ceraolo/Gazzarri/Jackey
» Voc and R/C values are functions of SoC. « Both SoC and temperature are considered.
« Parameters are extracted from a commercial » Use text file to input Em and R/C values
Li-ion battery product TCL-PL-383562 . towards SoCs and temperatures.
Rseries Riransient S Rtransient L
R1(SOC, Temp) RO(SOC, Temp)
—\WWW— 0
— W WW + MW/ WW i
* — 49 Y
CD Vbatt () Em(SOC, Temp) /1 —
Woc(soc) Ctransient S Ctransient_L > _
C1(SOC, Temp)
Ibatt
o 5
Technologies




Li-ion Battery Model

Shepherd

* Controlled V source behind resistor.

» Parameters can be obtained from discharge

curve.

Epar = Eg — K

0 — it

+ Aexp(—B.it)

: t
il
f Ibat
0

Technologies

Tabular Data

« Same equivalent circuit as Shepherd model.

» Input 10-points data tables of V(SoC) and R(SoC).

Rpat Ipae
— VNV o
L ]
—* Ebﬂt Vbat

1] 1 2 3

MNominal Current Discharge Characteristic

1_"_Nominal area
-E}q:nnential area

[ O ! Discharge curve
*_____,..-- Fully charged voltage

I
I

Time (hours}
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Universal Converter Model (UCM)

- Battery

Brake Torque

« Power electronics

 Motor

« Mechanical

Motor Drive

Longitudinal

 Control EV

oc/ac M pvism
|

Motor Drive EV Longitudinal Model

Technologies
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Universal Converter Model (UCM)

» Achallenge of simulating power electronics is maintaining the high accuracy of PWM.

« Improved firing pulse - use duty cycle within one time step to model power electronics.

dt dt dt dt rUoMIiEvE L vowR TN
i : ' i i lp
1 1 1 %
/\\ _'é | . Vp |
— . s e = | <> 1L
1 : _|_rA' g i TN : L ] I
| ‘ ! N1 ! | |
/ | carrier ! o) | | |
7 - e =
1 1 R i ' !
3 i i - i Ei_rvww_'ﬂ.—‘,_g —i_
w7 “ w
i | | LR . L m*Ve + (1-m)*Vn |
T | l
: ! |
e Ty 0 | =~
i 3 firing pulse i (1-m)*lac |
| | |
L __________________________________ ; In
Technologies




Universal Converter Model (UCM)

» Use Descriptor State Space to eliminate controlled source delay.

« Embedded approach provides higher stability and accuracy — Numerical stability guaranteed.

Differential Equations
di

! Ip
— L—/+Ri, +V. =V
. VP i dt abc
m*lac | _

. | Cd(vp-vo}

— C P )
| i DSS
| Y]
| ' . g .
| 1=Gv+1,.

Algebraic Equations

Ve =m-v, +(1-m)-v,

. - T =
In ICS —m lar

S

ies x =(1-m)" -

loe aVlac pFla o Hip+iy+ip =0

ac_a

RTDS.COM
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Universal Converter Model (UCM)

« Models supported in the Library

WALVE 1

VALVE 2

VALVET VALVES

UCHDAS-SC
COMJERTER| e
ot .
e o WVED L

-~ _;;:_ ~ 7~ TucmBoosT, Ceueks T T T TT :1 _____________ H
T P 1 I NEUT rm—l ' OUTRUT !
N1 bl R

o

RTDS.COM
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Universal Converter Model (UCM)

» GTDI supports improved firing pulse in HIL.

 10.0ns Resolution

Port = 1
Card = 1 m
UCM
1 16 rtds_ss_UCM_GTDl.def
1732
MName Description Value
PARAMETERS
gt ChanMamel  Channel 1 Improved FP Signal Name ChanFP1
. e84 IMPROVED FIRING PULSE FROM CHANNEL 1-18 ChanMame2  Channel 2 Improved FP Signal Name ChanFP2
UCM_GTCN .
Froc £ 1 AUTO-MAMING SETTINGS ChanMame3 Channel 3 Improved FP Signal Name ChanFP3
ChanMame4  Channel 4 Improved FP Signal Name ChanFP4

ChanMame5  Channel 5 Improved FP Signal Name ChanFP5

Technologies RTDS.COM




Universal Converter Model (UCM)

« dc-dc booster stage

» three phase 2 level converter

UCH - FIRING PLLSE

Mavr B oo PRGN
MODULATION WAVE T UM 2LEVEL “Mein Bogsit i - MomABRGEZ | UCHM ZLEVEL | PMSM torque is negative when operate as mofor
. = ] e i L Rt 1Bt
] ; a1
' e smaEr  wome  PMEd)
TRIANGLLAR WAVE ! NRUT.
s ' - N e
1 LVE 1 ALVES WALVES /ALVE 1 Wt NFUT.
' Longitudinal Vehicle
v
FRNGPILSE \
— Wirpen)
AL -
| W) s
[DESLOCK AND MASK
o r [oe—— .
CONDITIONED 7 ]
‘ ] - Tai Te2um) _ Brkc Tq fNm)
b s
] VALVEZ iy N VAVES WALVEZ

Brake orque. Use 0 ff regenersiy

Mieamm ments

far Piots (Moor)

LBaT
Liin Bty

Meammments

e Piots (Motor2)

UCM - FIRING PLLSE

UCM - FRINGPLLSE UCH - FRING PLLSE
Mot ZBo0s1FPGNI Mosont FPGHZ ManEFPGNZ
MODULATION WAVE MODULATION WAVE MODULATION WAVE

TRIANGLLAR WAVE
g

as

VALVE 1

VALVES VALES VALVE 1

FRNGPULSE | FRNGPLLSE FIRMG PULSE
AL
[DEBLOCK AND M S [DEBLOCK ANDMASK [DEBLOCK AND MASK
B Péotor Pachine BB
CONDITIONED CONDITIONED FP

PMSM torqua is negative when operste s moior :

VALVEZ N N VAVES

VALVE £ WALVEZ

FPa 2
Fren 2
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Motor Model

- Battery

* Power electronics
* Motor

* Mechanical

 Control

Technologies

Brake Torque

Motor Drive
Longitudinal

EV

DC/AC PMSM
o

Motor Drive EV Longitudinal Model
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Motor Model

o I PMSM SUBSTEP  MODE PMSIMv3) FDUGHT  MODE PMSM )
assIC INPUT: INPUT:
PU SPEED PMSMM  py TMECH PU SPEED SMM - PUTMECH
INPUT: —— INPUT: INPLIT: —— INPUT:
PMSMS PMSMT SMS SMT
H A
* Flux-defined PMSM At
ux-aetrine a — S
o S l (T
PMSM PMSM
L A
MODE SUBSTEP MODE
INPUT: I l INPUT:
PUSPEED ,PMSMM - py TMECH + Rl - B PusrEen o NDM ey TMECH
INPUT: —— |NPUT: INPUT: —— INPUT:
PMSMS PMSMT INDS INDT
P A
s 2 | = u
2
A
L1 | ' LLE VA B
—_ - 1 (—L ! O =5
( ) | | - !
1 c
- &=/ FEMm | T =
PMSM M STATOR
SIDE
Flus-Defined-PMSK DCM
. ) N

RTDS.COM
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Motor Model

 Classic PMSM

o Flux equations o Torque equation

(pd —_— Ld ld + (pf Te — 1 ] 5p [gof iq + (Ld _ Lq ) id iq] \o30474 1. S1) VA_proposed ll S1) VB_proposed [l S1) VC_proposed [l S1) VA_benchmark [ S1) VB_be

. 1292083 = M M
(p = L l 0646491 =~ TN TN T T 7 .“/;Q('\\ \ / f\"‘/f'&\\ \
q a-q = -8758476E-9 f{\fv\//{/j\\{;‘;/ ; R
DBIBATT s s e s M s «,\;\U\’A J "wv\x\‘/\ﬂ/ A/

-1.292983 AV,

o Stator voltage equations o Rotor motion equation T

( d |
: Pa 1 dw 1 D oo
Ug = Rslg + = = We 9q - dte =\ Te = @e=Tioaa | st oo A I
14 p orrizs | AN |
do s 3
_ . q : i
Ug = Rslq +——+ w,e Pgy

d t B T_proposed B T_benchmark
\ 0.261611 o

0.218195 <

Ml IA_proposed Ml IB_proposed M IC_proposed Il IA_benchmark [ 1B_benchmark [l IC_benchm

0011125 5

017478 <

- Lumped parameter model _ orins -

2 0087949 =

- Cannot model spatial harmonics and cogging torques e

0 0.003333 0.006667 0.01 0013333

* Flux-defined PMSM

- Flux equations and torque equation are replaced with data tables generated from FEA tools.

Technologies
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Motor Model

* Flux-defined PMSM

- Finite Element Analysis tools can use highly accurate methods to solve electromagnetic fields.

- For a given set of excitation currents and rotor position, FEA can compute the flux distribution

- A 3-d lookup table can be generated by performing a “sweep” on all combinations of Id, Iq and

and torque.
rotor angle.
| FEA Tool
d—h—
Y
I A
il =
Rotor =
Angle '|  Machine
Design

— Fluxy

_"Fluxq Repeat

— Flux, -

—torque

Technologies

3d Lookup Table

Ud f"[q ,19)

|

(wdr wq; wﬂ} Te)

Load
data table

—

EMT Simulation

FD-PMSM
Algorithm

RTDS.COM



B BasicData
Version 1.0

Motor Model
B Phaselmp 3
e Flux-defined PMSM PhaseA 1.0000000000e-003 1.0000000000e-006

PhaseB 1.0000000000e-003 1.0000000000e-006
PhaseC 1.0000000000e-003 1.0000000000e-006

« Data generated by Ansys/Maxwell  EPhaseimp

ECE function B Sweepings
1d Iq  (21: -300 -270 -240 -210 -180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180 210 240 270 300)
+ Total rows would be 0 200 240210100 120120 90-60 300306090 120 15 100210 240270 0
otate .
21 *21 *31 =1 3671 E Sweepings

B QutputMatrix DQO

0 -9.2992778243e-002 -3.0267057235e-001 1.823480016%9e-002 4.610465591%9e+002
1 -9.0987676349e-002 -3.0591807470e-001 1.9205679741e-002 4.1951713926e+002
2 -B.ATT1017229e-002 -3.0776350351e-001 1.9448601014e-002 3.8224325587e+002
3 -B.1105538603e-002 -3.0778243236e-001 1.9480541950e-002 3.4842625386e+002
4 -B.0991824528e-002 -3.0660917961e-001 1.9328136663e-002 3.36066929706e+002
5 -8.3725854584e-002 -3.0516375461e-001 1.8923147654e-002 3.4482692458e+002
6 -8.8431807922e-002 -3.0396281275e-001 1.8149772802e-002 3.6937339901e+002
7 -9.1739531935e-002 -3.0347772145e-001 1.6688733461e-002 3.9970419846e+002
B -9.1400959733e-002 -3.0314844055e-001 1.4001437832e-002 4.1192991736e+002
9 -9.0281147169e-002 -3.0255198064e-001 1.0137452648e-002 3.9595926812e+002
10 -9.2130887481e-002 -3.0068516688e-001 4.7279733575e-003 3.6825854118e+002
11 -9.77789246%94e-002 -2.9819642524e-001 -1.7938397942e-002 3.5193638803e+002
12 -1.0572831705e-001 -2.9638982864e-001 -B.7427508258e-003 3.5824958202e+002

10 o I e T e T Tl T P T | O O A St AN T A A TFJC AT D - WO O e T ] T T

Torque (Nm)

RTDS.COM
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Motor Model
 Flux-defined PMSM

- High fidelity PMSM model, same level of accuracy as FEA
- Close gap between machine design and powertrain design without manufacturing the real machine

o Data is available once machine being designed.

o Old way relies on parameters obtained from test measurements of a real machine.

= ]
50 [l S1) VA _proposed ll $1) VB_proposed ll $1) VC_proposed [l $1) VA_benchmark [l $1) VB_benchmark [ll $1) VC_benchmark
1939474 -
1202083
0646491 —
2 87584769 5 N\
] 0646491 s
-1.292983
-1.939474 =

0033376
002225 3
0011125 =

S 31250268 LTS TN TS
0011125 S
002225
0033376 3

] i T T T T T 1
1
M T_proposed Ml T_benchmark
- 0261611 -
-30 0218195 =
0.17478 3
40 o 0131364
2 0087949 3 Vo N Al
- 0044533 4 VVVVVVVVVVVVVVVVVVVVVVVVV N N V \ V [\ [V [V
-50 00018 R
0 0.0015 0.003 0.0045 0.006 0.0075 0.009 0 0003333 0006667 001 0013333 0016667 002

RTDS.COM
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Model of Longitudinal Vehicle

- Battery

Brake Torque

 Power electronics

 Motor

e Mechanical

Motor Drive

Longitudinal

 Control EV

oc/ac M pvism
|

Motor Drive EV Longitudinal Model

RTDS.COM
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Model of Longitudinal Vehicle

» Longitudinal Model — An abstract vehicle confined to longitudinal motion.

Brake Torque

DC/AC

Motor Drive Vehicle Resistance

Longitudinal Force
Dynamics Calculation

DC/AC = PMSM

Motor Drive ]

EV Longitudinal Model

RTDS.COM
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Model of Longitudinal Vehicle

Rolling resistance F.onu = Cp--mg - cosf

Aerodynamic resistance Fuero = 0.5:p+A-v?: Cyy

Gradient resistance Fgraa = mg - sind
Tractive force F . Z Twheel . Z(kgearTmotor)
tract — -
r r
Acceleration a = (Ftract - Froll _ Faero _ Fgrad _ Fbrake)/m

Technologies
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Control of EV Powertrain

- Battery

Brake Torque

 Power electronics

 Motor

« Mechanical

Motor Drive

Longitudinal

« Control EV

oc/ac M pvism
|

Motor Drive EV Longitudinal Model

Technologies
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EV Powertrain

UCM - FIRING PLLSE
Moxr1BoosIFPGNG

MODULATION WAVE TS 2LEVEL : Manri BRGZ UEM 2LEVEL | PMSM torque is negative when operate as motor
- ' ! P ! Moter ] Busd

' | ! 10 10
: | ! MaDe PASA,

TRUINNGLLAR WAVE : : . HFUT
| 4 ' k s o [ muween  FOOMOD ey pecey
i . P i P —— N " N M . i INFUT. S INFUIT:
| VALVE 1 ' = WALVES VALVE S VALVE 1 ' Plarc Lo
: | ! Longitudinal Vehicle

A ' s}
] i H — >  Fam
FIRING PULSE : : ! . f—

: | | Wa{rpen)

DEBLOCK AND MASK ' ! N3

DBk 1 H H Mctor 1hahine
CONDITIONED FP ] i i -
= - ' b b o i i | Tqifdm}  To2fdm]  Brk_Tq N}
] VALVE 2 ] N VALVES VALVE 4 VALVE2 i i ! e " ]
P N S N BRAKE
Brake forque. Usze O fregenarafiv
= Measumments
for Piots (Matar 1)
BRK bat

Li-ion Battery

= Wi 2y ments

for Plots (MatorZ)

UCH - FIRING PLLSE UM - FIRING PULSE UM - FIRING PULSE
Mot BBoastFRGHS Mol FRGN2 Mot FRGN2
MODULATION WAVE T UE 2LEVEL MandERGE UCh ZLEVEL MODULATION WAVE MODULATION WAVE

o Mo ' P ; Mty 2Bust | ' : ' -
i i
' H Mandidad Mo
; i wore EIETe
TRIANGLLAR WAVE : | NFUT. |
1 - 3 b k- I MetcMOD gy TvEcH
as ' :
: VALVE 1 =  wawEs VALVES VALVE 1 ! |
' :
FRING PULSE | FIRING PLLSE FIRING PULSE
N2
L e ] Ll
DEBLOCK AND MASK DEELOCK ANDMASK DESLOCK AND MASK
OB W Metotor Ehachine: [EL TR OO W
CONDITICNED FP CONDITICNED FP

CONDITIONED PP

PMSM torgue is negative when operate as motor
VALVE2

N3
b -
N VALVES VALVE 4 VALVE2

RTDS.COM
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Control of PMSM

Current Control

Id_ref =0

Modulation
Waveforms

Torque

Figure 3-2 Basic Control of PMSM

Tem = 1-5p[quiq + (Ld — LQ)idiQ]

* For hidden pole (SPMSM), Ld=Lq, T, = 1.5p¥ri,. Set Id=0.

Technologies
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Field Weakening Control

A

q
T increase Vg =71 1g+ E‘}’d + w, - ¥,
T2 VU, =T ig +—¥Y, +w,-¥
‘s ta T gy ta r° td
T, ' _
Wo=Lg-lg+ Ly -ip+'¥,
lc; l‘Pq = Lq . I.q, + Lmq ' I.O

Tom = 1.5pWfi,

is+ i < limax

Figure 3-3 PMSM Current Trajectory

RTDS.COM
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Field Weakening Control

T s
/i i ield Weakening
1 i Control
1
1
Modulation_index i

O m

Current

PWM
Control

Torque

Figure 3-4 Control of PMSM with field weakening

« API control loop is added to keep modulation index at a certain value when speed is high.

» Use lookup table to directly follow the trajectory — accuracy depends on estimated parameters

Technologies
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Maximum Torque Per Amp

Tem = 1-5p[lpfiq + (Ld — Lq)idiCI]

* For salient pole (IPMSM), Ld#Lq

—w, + \/qffz +4(Lg — Lg) 1,2
2(Lg — L)

lg =

.2 .2 .2
uczl + uczl < u,zmx lg + g < lmax

Figure 3-5 PMSM Current Trajectory

Technologies

RTDS.COM




Maximum Torque Per Amp

n 0
1
M odulation_index_

Maximum Torque
Per Amp Control

Current
Control

PWM

Torquey,qr

Torque

Figure 3-6 Control of PMSM with MTPA and field weakening
« MPTA can be based on the equation or lookup table.

Technologies
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RTDS EV Powertrain
Example Demo

ITechnologies
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EXAMPLE CASE 1 - EV Powertrain

LCM - FIRING FULE
cicrBoost PRGN

WODLILAT WM VHRVE
W M

TR GULAR WAVE

FIFNG FULSE

AL

DEBLOCK AND MASK
DEHNT

CONDIMONED FP

T
Li4on Battery
|

UCM - FIRING PULE
MotorFHoost IFFGNE

ODULATICN VHAVE
A M

[ TR GULAR WAVE

Hel

I Ay
e

FIFNG FULSE

I

DEBLOCK AND MASH
DEKNT

| conDmaRED FE

Technologies

tr,

for Pl (Mo 1)

Measramans

for Fio s (Mooe)

f—— VALVE 5

VALVES

WALVE 1

Y B0 sy W

Motor Busd
10 ¢ 1
s i e
. b
= awEs VALVED ALVE 1
NZ
N3 :
]
!
'
!
- b 1
vavEz | N vavEs VAVE 4 VALVEZ ' M x)
] ! ‘
= Masramans

AT vy
=
| ——

MotorZEusd
10 10
T ]

FMEM torgue is negafive when op

Brake Torgus (Nmj)

Lengitudinal Vehicle

Frp e o

—0

Modor Taorgue (Mmi)

— W frpm)

W2 {rpm)

Modor2 Torgue (M)

UCM - FRMGFULSE

MitorZFFGNE

MODULATION WAVE

FRING FULSE

]

FFNG FULSE

a1

DERLOCK AND MASH

DEELOCK AMD MASH

Figure 5-1 Single Line Diagram of Grid Connected VSG
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EXAMPLE CASE 1 - EV Powertrain

Vehicle St Subsystem #1[SubsteplEV substep

W MorriTeGen W MotorZTeGen

Fael 150km/h

W MotoriTeGen M Motor2TeGen

Subsystem #1|SubsteplEV subsiep Subsystem #1|CTLslVars

W Motorivdc W Motor2vac W MotoriFiedWeakDetaid Il Motor2FiedWeakDertald ehicls Status Subsystem #1[SubsteplEV_substep
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EXAMPLE CASE 1 - EV Powertrain
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Waveforms for start-up process accelerating to 150 km/h with MTPA.
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RTDS Example Demo 2
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Spatial Harmonics Model in RSCAD
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Lock speed, open circuit

Lock speed, open circuit -> 50 ohm shunt
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Spatial Harmonics Model in RSCAD

EV accelerates from stop.
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With FEM-Based PMSM With lumped-parameter PMSM
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Thank You! Questions?
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