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Challenges

Traditionally, workflow of the machine design team and the control team have

proceeded separately.

A linear lumped parameters-based model is good for control design but doesn’t

give a complete picture like saturation and losses

Motor design tools provide good insight about electromagnetic, thermal and

mechanical behavior but run very slow

Detailed Electro- Magnetic and Thermal model is needed to improve efficiency,

minimize the torque ripples and validate the controller's performance across the

operating range.
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Steps to Design a Motor Drive

- Motor Designer - Motor Control Engineer
— Configuration: Sizing, pole/slot — Desing closed -loop Control
design, windings — Operating point management (compute
— Performance & Thermal: Simulate Id, Iq for given torque/speed)
losses and thermal performance — Model Drive Electronics
— Validate: Simulate with actual — And System Simulation to get the

current waveforms for realistic losses efficiency and torque ripples



Let’'s Put Some Context to the Motor

Environment
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Component Selection?
Component Sizing?
Trade-off Studies?

Detailed Component
Modeling and Control

Design?



https://www.mathworks.com/help/autoblks/ug/electric-vehicle-reference-application.html
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Workflow for Motor Design Engineers

With Motor Design tool, Engineers:

— Explore Design space of the motor and understand

Speed (RPM)

the impact of motor geometry, windings on Thermal

and Mechanical performance

— Generate Torque Speed curves and efficiency

maps for entire operating range

— Do FEA simulations to capture flux linkage for

given range of currents and rotor position



Speed (RPM)
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Importing Motor Efficiency Map to Simscape

& "% ee import_efficency map_motorcad b v

“ : Validation of derived efficiency data
- I R P:l Output data (regular grid) |
= 5 Input data (scattered) |
Motor efficiency data . ;" @ Dynamometer
10000 ~ 100
9000 & ] 95
8000 ) =
i 3 = = 90
7000 ] x} =0 4 '.Z;
= T
6000 S 85
5000 Import Efficiency Map Data from Motor-CAD w 80
4000 ~ Electrical Torque ”
Parameterize by Maximum torque and power a
3000 10000
Allow intermittent over-torque No 400
2000 Continuous operation maximum torque  tMax 2881 N*'m 5000 ) = 300
1000 § Continuous operation maximum power pMax 1.3768e+05 W T~ == 200
Q; 100
200 100 0 100 200 Torque control time constant, Te 0.02 s Speed (RPM) 0 Torque (Nm)
Torque (Nm) v Electrical Losses
M t ff . d t f Parameterize losses by Tabulated efficiency data as a function of
otore ICIenCy atatrom Vector of speeds (w) for tabulated losses  vVec <Ix10 dowble> rpm
a MOtOf Desmg tOOI Vector of torques (T) for tabulated losses  tVec < Ix20 double> N*m
Corresponding efficiency (percent), Elw,T)  eMat < 10x20 double >
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Importing Motor Efficiency Map to Simscape
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Workflow for Motor Control Engineers

Develop a plant (Motor + Inverter) model

Select a Control Architecture

Tune Control loop gains

Fine-tune controller parameters to minimize the torque ripples

Code generation and deployment to the target hardware

How to Deploy Control Algorithm to a Microcontroller



https://www.mathworks.com/videos/field-weakening-control-for-pmsms-with-simulink-and-motor-control-blockset-part-3-field-oriented-control-deploying-code-to-a-microcontroller-1618392119199.html
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Linear Lumped-Parameter Model

4+ Torque

Current
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Required Parameters

/Electrlcal Model
vy =(Rig — @pwrlq T Q—ld

. . d
vy = Rig HBp, Lala + D + L i

We = PW,
T, = 1.5p|2i, + (Lg — Lg)igi,]

T, = &iq (assumes round rotor,L; = Lq)

\_

\
Mechanical Model
d

1
. E(‘)r =(Te — Sgn(wr_@Ur — Tload))

10




Motor Parametrization in Simscape

[Pl Mok Furumietses: MM
PMSM
Settings Description

Modeling option
Selected part
|~ Main
Electrical connection
Winding type
Madeding fidelity
Number of pole pairs
Permanent magnet flux linkage parameterization
Permanent magnet flux linkage
Stator parameterization
Stator d-axis inductance, Ld
Stator g-axis inductance, Lg
Stator zero-sequence inductance, LO
Stator resistance per phase, Rs
Zero sequence
Rotor angle definition
Iron Losses
- Mechanical
Initial Targets
Nominal Values

PMSM

8 Auto Apply @

No thermal port

<click to select>

Composite three-phase ports
Wye-wound

Constant Ld, Lg, and PM

6

Specify fiux linkage

0.03 Wb
Spedify Ld, Lg, and LO
0.00019

0,00025

0.0001€

0.013

| |x

Include
Angle between the a-phase magnetic axi: -

4 Biock Paramaterization Managee: PMSM

Manutaciurer| AR

4\ MathWorks:

SELECT

iRatedSpesd.spm  iPolePairs |
} 1800 4
i 1800 | 4|
[BSMSON-133 | ABB_BALDG Parker_Moors i 4000 | 2|
| BSMEON-275 ‘Asa _BALD( SEM_Motors i 2000 | 2|
|BSMBIN-133  |ABB_BALDG Siemens )| 4000 2|
NDS100-0206A | ABB_BALDG Swss._Mekatronx )| 3000/ 5/
|HDS130.08178 | ABB_BALDG Tekmc_Modors 1 2000 5
|HDS120-12208 | ABB_BALDOR 2000 | 180000 1500 5
\HDS160-25408 | ABB_BALDOR | 4000 25 0000 1500/ 5l
(HDS18048768 | ABB_BALDOR | 7600 480000 1500 5|
b:ﬁ?ﬂﬂ.ﬂ|27ﬂ - ARN ﬂA‘l ‘mn' - :-13:.\’“ 0 AN wnn [
Corgatre seleciod part with block
= Parametsr name Punm i Override datashest value 5 Part value BSM132C
'Mmr»humr of pote pmn Oanwn! atmwd : ‘; p
| Main>Permanent magnat fux inkage | Datasheet derved ¥ 10 220230859562701
| Main>Torque constant | Datasneet denved v |0 916823438250803
tain>Back EMF constant | Datasheet denved M |0.918923438250803
[ Main>Stator ¢-axis nductarce. Ld | Datasheet denved v {00015
|Man>Stator g-axs inductance. Lq | Datasheet denved %] {00015
| Main>Direct-axia current vector. 0 i Parameter not set M '[ooo 0 200§
| MainQuadrature aws current vectoe £3 | Parameer not set 0O 1200 0. 200]
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Parameter Estimation by Running Instrumented Tests

= Instrumented tests running
on the target

= Sensor-based and Sensor-
less modes available

= Supports PMSM and
Induction Motor

g -
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Figure : gif showing parameter estimation capability with TI C2000 hardware
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https://www.mathworks.com/help/mcb/gs/estimate-pmsm-parameters-using-recommended-hardware.html

Motor Model Fidelity

t Torque

Current

Lumped Parameter

4+ Torque

Current

Saturation

t Torque

Current

Saturation +
Spatial Harmonics

4\ MathWorks:
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Model Non-linear Effects such as Saturation and Spatial Harmonics

fEIectricaI Model
. . d
Vg = Rld — Lqpa)rlq + Ldald

d
g = Rig +pw.(Lyig ++ qu q

We = PWy
T, = 1.5p[Md, + (La — Ly)igiy]

T, = K:i, (assumes round rotor,L; = Lq)

~N

A
v

—
[y

‘4

~

i, Lookup I'able

Flux Calculation

J

Mechanical Model

d
5, Wr = .J (T _Sgn(wr)]O bwr

dt Tload )

o, % "%

A,

[y

*

i, LookupTable

Yy

Torque Calculation

o,

Speed Calculation <

4\ MathWorks:
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Use Motor Design Tools Flux vs Current and Rotor Position Data

B [fesia)

2. 1520E+00
2.@235E+00
1, BESDE+00
1.7218E+00
1. 57516
1NSNEELD
1. 29126400
LA47TES0
1 0042000
2. 6278E~-D1
7.17326-81
S, 7386E-01
4, 3@39E-0
2. BB9SE-DY
1, 4346L-01
1, 2055L-08

— o
Ay (6=20°)

300

4 Al -400  -300 1, [A
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Importing Non-linearities and Loss Map in Simscape

L a".‘mpoﬂ_fm_mowlud »
x®
[+
=2 i a[
NN
] 8 R /<//£;;u N\
- /ri?> Q?ﬁ\l b—
Dynamosnatig 4 3
(67 o3)
0 oy / 9
| 1 NS4
h- 4 P i
@ Block Parameters: FEM-Parameterized PMSM 3
| FEM-Parameterized PMSM Y Aooly @

| Settings _ Description

Modeling option

Phase volta

100 PO ._..-...... . TR

=S

E

&

3

>

100 A A : . " A \ L N

0 0002 0004 0006 0008 00t 0012 0014 00168 0018 002

Line voltages

Voltage (V)

— .
Van
Vec
Vea

i /, 4| X .

0 0002 0004 00068 0008 001 0012 0014 006 0018 002
Tme (s)

N = double(data.PolePairs); ¥ Number of pole pairs

3-D flux linkage data | No thgrmal port

magVec
gammaVec
angleVec

= data.Stator_Current_Phase_Peak(:,1)'; % Peak current magnitude vector
= data.Phase_Advance(1,:); % Current advance angle vector
= -data.DriveOffsetAngleload/N + ... % Offset to align A-phase with g-axis

v Electrical
Flux linkage data format A-phase flux linkage as a function of peak currer -
Winding type Wye-wound
Expose neutral port Yes
> Number of pole pairs N
Park's convention for tabulated ... Q leads D, rotor angle measured from A-phase t
> Peak current magnitude vector, I magVec <Ix25 double> A
» Current advance angle vector, B gammaVec <1x37 double> dgg
> Rotor angle vector, theta gr_sgleVec  <Ix37 double> geg
» A-phase flux linkage, F(I,B,theta) fluxAmat <25x37x37 dou.. Wb
» Torque matrix, T(LB,theta) torqueMat  <25x37x37 do... N*m

squeeze(data.Angular_Rotor_Position(1,1,:))'/N; % Rotor angle vector
fluxDmat = data.Angular_Flux_Linkage D; % D-axis flux linkage
fluxQmat = data.Angular_Flux_Linkage Q; % Q-axis flux linkage
fluxAmat = -data.Angular_Flux_Linkage_Phase_1; X A-phase flux linkage
torqueMat = data.Angular_Electromagnetic_Torque; X Torque matrix

flosses = data.Frequency; % Frequency at which iron losses determined
rotorKhMat = data.Iron_Loss_Rotor_Back_Iron_Hysteresis_Coefficient + ...
data.Iron_Loss_Rotor_Pole_Hysteresis Coefficient; X Steinmetz hysteresis loss coefficient matrix
rotorKjMat = data.Iron_Loss_Rotor_Back_Tron_Eddy_Coefficient + ...
data.Iron_Loss_Rotor_Pole_Eddy_Coefficient; % Steinmetz eddy current loss coefficient matrix
statorkKhMat = data.Iron_Loss_Stator_Back_Iron_Hysteresis Coefficient + ...
data.Iron_Loss_Stator_Tooth_Hysteresis_Coefficient; X Steinmetz hysteresis loss coefficient matrix
statorKjMat = data.Iron_Loss_Stator_Back_Iron_Eddy_Coefficient + ...
data.Iron_Loss_Stator_Tooth_Eddy_Coefficient; % Steinmetz eddy current loss coefficient matrix
Rs = data.Phase_Resistance_DC_at_20C; ¥ Stator resistance

10
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Look-up Table Based Reference Current Calculation

I P Speed Ref
Ref Speed (RPM)
theta /‘ % P Pos gate signal »ig
RT3
(h N
labe }—Dlg’—-b PhaseCurr __/— R R T |
labe " - = - -2 5 b m
RT1 —\ & |Load Torque (Nm)
Controller Current measurement —T
C
O @ \!1
FEM-Parameterized _—
\ PMSM )
DC Supply Inverter
[oo] Vdq
Vector plot
5
o
RT2

Copyright 2022-2023 The MathWorks, Inc.

Steps:
1. To use a custom motor's FEM data, use the instructions

2. Select the motor plant model from the PlantSelection options
3. Simulate the model

4. Review results in Data Inspector
5. Learn more about this exampie.

17



Look-up Table Based Field Oriented Contro
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LUT basad PHSH Controd Referoncs (mask) (liok)

Gemerabe LUT based FMSM ref; fo Bakd d cortiol of Surtace & terior PMSMs.

The block acceprs referenoe toegque and feadtack spesd. The Block cutputs comesponding d-ads &g
s referonce curTents.

Erter the motor pecametess and Inpat/outpot signal units in the dalkog bo below,

parametons  lges units
Motor topology  Interien PMSM

Lty

Nember of pole pakes: s p 21 "
Seator iststance per pfase (Ohen). porsenRs
Moter parameter input method Non-boese modd with i and ig LUTs

022

Ve gt masthod - Sgmaify via dlslog
D volinge (V). wwerter ¥k 100
Reference torgue benskpoit vector, Tref (Nm);  PMSMLUT trefVec

Mecharical speed breakpoimt vector, wipm (mm): PHSMLUT wepmivec

<SS dbudle> § *
CIxla8 dutie> §

Reference id LUT, i{ Tref,wrpm) (A): FMSMLUT idTable «SIxti8 detde> |

CSIxtIS doutder |

Reference i LUT, In{ Tref,wrpm) (A): PMSMLUT.IqTabie

-

B o
Lar

o

Copyrgre 0222029 The Matvana, ine

iepe.

l 1. 50 use 0 cuBom motor's FEM data, use e aguctons
2. Sedect thw mokor plart mocel rom e

| 3. Samdate 1ho model
4. Ruvirw resutts in Dt inspecior

|; i Tune PI Controllers Using Field Oriented Control Autotuner
» =
(Potly Vow dagrama o0 o= =

18


https://www.mathworks.com/help/mcb/gs/tune-pi-controllers-using-foc-autotuner.html

4\ MathWorks:

Motor with Thermal Model ey en 5

@
=
J_LE
= {Te-
e [ Scopes
FEM-Parameterized PMSM @ Auto Apply @ - L
Torque
Settings  Description 5 sec
Modeling option 3-D flux linkage data | Show thermal port
* Electrical
3 Moo anvd ms
' Tron Losses R e e e gl T
. » 1 Set for model
* Mechanical VE Eg._mwm mﬁ%’mm) Results Explorer
~ Temperature Dependence 5. Leam more about this example
Copyright 2013-2022 The MathWorks, Inc.
» Measurement temperature 298.15 K v -
» Resistance temperature coefficient | 3.93e-3 1/K v
» Permanent magnet fiux temperatur.. -0.001 1/K v » |
~ Thermal Port Ready VariableStepAuto
: ass for each stator windi... _lm IK = an . Motor Speed and Torque . : Thermal Model Subsystem
Initial stator winding temperatures | [298.15, 298.15, 298,15] K v 7 { 20
P T — P — T 1 :'—' 1600 ," > : : : “ 1ox ;
» Rotor thermal mass 200 IK s B E W / l —atll & 4 ®.
. = - AL :
Rotor initial temperature 298.15 K v | $ | R - B hosiirns I y Convecton
» Percentage of main flux path iron |... 90 ' ! | [ | { . i _& ;}“ o E’? thofe—
: - Corwmction 38 39 Conauction
> Percentage of cross-tooth flux path ... 30 ® ’ 3 4 B e r . ® 10 ':r ) - ﬁ)
O+—k+: Rt
G‘D BT Emw waa‘mo |>‘ | “"":"°°M
'y Corvecton WAWE Tr G WAWC
—~ 35 Corvaction Sk lﬂ Condurson o=
& wWoG -,L ;l; WBWGC ) - |
= 25 +4 1 + $®
9 10 WAC Aty
Caorvenction

19
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Challenges and Solutions

A

iy

High fidelity models, such as ones from 3" party FEA tools, are too slow
for system level simulation and HIL testing.

Balancing a ROM that ensure desired results in terms of speed,
accuracy, interpretability, etc.

20



4\ MathWorks

Reduced Order Models (ROM) Speed Up System Analysis, Design
and Facilitate Real-time Deployment High-ﬁdemy model
What S

= Techniques to reduce the computational
complexity of a computer model

= Preserved acceptable fidelity with-in

controlled error 2 -
Why ROM 100%

= Enable faster simulation of high-fidelity FEA Reduced-Order Model (ROM)
models in Simulink

= Perform hardware-in-the-loop testing i e
= Develop virtual sensors, Digital twins gy | i o {iﬁi’ﬁ
= Enable desktop simulations for orders-of- - Siiits

Permanen t Magnet T
Stator Yoke T

Stator Teeth T >
Stator Winding T

magnitude longer timescales Covon
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Different ROM Techniques Are Suitable for Different Applications

- Input Output
( Ambient T Permanent Magnet T
Coolant T Stator Yoke T
Stator Teeth T

Stator winding T

I Voltage
Al-Based Current
| Data-driven 'V'CElor speed

I  — StatorTeeth T
I " i t . pe"a ul
E Pf&dkﬂd$ N - ngwsmwu

‘ Predict1 &:&Y&E_?
DL-PMSMmodel

Reduced order]

model J

;
Magnitude (dB)

Linearization J

SEEEER

i —— — — — ———— — ——— — — — e e ~
Integrating with detailed
( Motor-CAD Simscape model \
I ) N :
| &
ﬂ—[ Model-based /v.;\ |
| @® 9 )
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Workflow for Simulink Reduced Order Thermal Modeling (SROTM)

Generate a SRQTM Validate the SROTM ntegrate the SROTM .WI'[h
through Motor design tools vehicle-level dynamics

w =7000 rpm, fr =10 Ipm, Tin =60 deg A Rowtascy ArawmiTery

Speed-up Multi-physics analysis across the full torque-speed operating range.

23



Reduced Order Thermal Modeling using Motor Design Tools

DEBUG

MODELING

FORMAT

2 I Open w ] Stop Time | 1000 [ = —
3 | o J Op STl . Sl <m \&/ UD t{j @ @J
Project = New & seve - Library Signal ¥ | /[ Normal M Step Riin Step Data Logic Bird's-Eye | ¥
v v BN Print - Browser Tabie W0 Fast Restart Back ~ - Forward Inspector Analyzer Scope
PROIECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS -
g ) e5_IM_HW)_ROM =
2 ® |[fajesIM_HWIROM » v 3
i )
. :
4]
<
- 30 — | ShaftTorque_Nm TempNodes Out
&) TorqueNm :
L] -
200 P ShaftSpeed_RPM ] -PowNodes Notle Temparetures
SpeedRPM ] . , ()
3
I—’ HousingWaterJacket_Inlet TcoolOutVec |—— Node Powers
HousingWaterJacket_Flowrate_Ipm
e5_IM_HWJ_ReducedOrderModel N D
20
) Coolant Outlet Temperature
@  HousingWaterJacket_InletTemp_degC
of~
» H [x{r
Ready 158% auto(ode15s)

4\ MathWorks
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Interpolated State-Space Thermal Model

Interpolated State Space Thermal Model implements the state space model as:

dx _ Ax+Bp

dt
where:
X is the vector of node temperatures (the states), Tnodes
p is the vector of node losses, nodeloss

A and B are interpolated from a set of state-space matrices at different operating points (speed, coolant
flow rates, and coolant inlet temperatures):.

A = Afun(w, fr, Tin)
B = Bfun(w, fr, Tin)

This type of model is commonly known as Linear Parameter Varying model (LPV model)

25
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Comparison between Simulink and Motor-Design Tool

w =7000 rpm, fr =10 Ipm, Tin =60 degC

70
Simulink
65 - — — — Maotor-CAD

2

[y}
o

S

S

L]
o

MNode temperatures [degC]
e
o

E ‘.’,.9()
o |

=

0 200 400 600 800 1000
Time [s]
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Integrate SROTM with Simscape System-level Vehicle Model

fhew 14~

FTP75 (2474 seconds, Cyclic)

AmbientTemp

-

1000

Radiator
Pump
H
RefSpeed — Bt 18
RefTrq » A
v [m/s]
Driver
1inHWJ
outHWJ
RefTrq
v [m/s] R R
outVent
inVent

Vehicle Dynamics

Fan RPM

e8_IPMSM_HWJandVent ROM

Ambient
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Faster System Level Simulation

Torque &
Speed

Nodes
Temperature

8000

4000

40
38 A\
36 \V5e
N /56' ~
\.\_ S
34 2o
2 e o
30 g
. G e
_-5_____&‘-_
26 o
24
22
0 100 200 300 400 500 600 700 800 900

4\ MathWorks
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Different ROM Techniques Are Suitable for Different Applications

- Input Output
( Ambient T Permanent Magnet T
Coolant T Stator Yoke T
Stator Teeth T

Stator winding T

I Voltage
Al-Based Current
| Data-driven 'V'CElor speed

I I racnaritnss StatorTeeth T
I " i t . ul
) R - e

‘ Predict1 &:&Y&E_?
DL-PMSMmodel

Reduced order]

model J L Linearization J

;
Magnitude (dB)

Integrating with detailed

Motor-CAD Simscape model
4 ° ) — )
£
4[ Model-based J /vu%
' / .3
BRI "") )
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Data-driven ROM

g Look up table

{ Static J—- Surface Fitting

Data-Driven
ROM

W Neural State Space
Dynamic / Neural ODE

(Al-Based) |

(
I
I
I
: M NLARX models
I

Al Modeling

30
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Al-driven System Design

Data Preparation Al Modeling Simulation & Test Deployment

Model design and Integration with
tuning complex systems

. Embedded devices

&l Enterprise systems

||||||‘|| Data cleansing and
preparation

@ Human insight

e Hardware

=53 accelerated training _D&l System simulation

Simulation-
generated data

¢ Edge, cloud,
desktop

. — %X System verification
‘:(I;‘ e efpelretally] —Vv ar):d validation

31
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Example Overview
Replacing a first-principles motor model with an Al-based Reduced Order Model

SIMULINK® s

L )

A Rdbod F—f k)

e A N >

'l ‘ +

ni i
e

Longitudinal Driver

Visualization

. s
L4 Passenger Car
W Controllers

High fidelity

1 Electric Machine COUId be
/- ek ... developed in

Complex model W1 O third-party
i tools (e.g.

Maxwell)

1 Sims ape +
] ] Powetftrain-Blockset \
Slow simulation VehicleDymmamics Blocksat e oo
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Example Overview
Replacing a first-principles motor model with an Al-based Reduced Order Model

SIMULINK®

Environment N

(nV's) s —————%
—>+ (m/s) 4 Visualization
P R E
" f R M
Longitudinal Driver | 1 -, Passenger Car
N Controllers
Wheel and Brake \
Motor model TS
= L Could be
Electric Machine
_Inputs Outputs e s T developed in
Ambient Temp - - Permanent Magnet Temp 1 1 TS 1o} third-part
Coolant Temp Stator Yoke Temp .- ‘ party
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Generate Synthetic Data for Training

Other techniques:

Lo:)‘uu Drw', » | N ’. o -

Wireless Waveform
Generator

Simulink/Simscape

Unreal Engine®

Data Preparation
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Al-based ROM using LSTMs

Capture time dependencies in time-series data

Inputs

1

Sequenceinput
saquencelnput

¥

* Motor speed

Istm
Istml ayer

r —
fc
fullyConneded.

fc2

fullyConnected...
. J

J
g regrassionout
" regressionLayer

v

Outputs

* Ambient Temp
» Coolant Temp
* Voltage
* Current

4\ MathWorks:

Output is used with next time step

4 ™

- .

LSTMs carry a memory cell (state) throughout

* Permanent Magnet Temp
+ Stator Yoke Temp

+ Stator Teeth Temp

+ Stator winding Temp

Al Modeling
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Al-based ROM using Neural State Space

Create DL-based nonlinear state-space models without having to be a deep learning expert

{x = f(x,u)
y=gxu

State Network (f) Output Network (g)

- The nonlinear state function f and nonlinear output function g are
feedforward neural networks that learn from data

= Popularly known as Neural ODE in deep learning community

Al Modeling -




4\ MathWorks:

Al-based ROM using Nonlinear ARX
Surrogate Modeling using Sigmoid-based Nonlinear ARX Model

Nonlinear ARX (NLARX)

QOutput Function

Extends linear ARX to the nonlinear case

_ _ _ _ ih,but —
= Flexible choice of nonlinear functions

Regressors Monlinear
wt)uft-1) wit-1), . Function

Current input and pact
output > . ’ ’ .
inpute and outputs Linear

Function

= May be more interpretable than Deep
Learning models

= Potentially faster training and simulation

Al Modeling a7
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Integrate Your Al Model for System-level Simulation and Test

Integration of trained Al model into Simulink System-level simulation
: I ’ i ]
(= e o i ™ — i e o Imnmcy
| N = S —
= —aa -—-I T e oy
= [ 54 e =

Simulation & Test a8



Al Libraries in Simulink Are Expanding to Include More Al Blocks
for More Applications

L
=

RegressionEnsemble Predict

N .

x o e

p . e b
o

RegressionNeuralNetwork Predict

R
o

RegressionTree Predict

b B gé 1 wbed

ClassificationEnsemble Predict

f o wap

ClassificationSVM Predict

L

b & ’R&/Y’“D

RegressionGP Predict

o
.
< =]

3 < b

-
®o%o

o

RegressionSVM Predict

AL

X . label
J A 4

ClassificationKNN Predict

b B ?/ belly
A

ClassificationTree Predict

Opent3d Opantd
1™ @J Py @ oupat by > vy & Embeddngs & Pruprocess
Openl3 Openl3 Embeddings Openl3 Preprocess
Image Classifier Predsct
.t ¥ Sound : VGGah
b Classitier > Vash 2 Embecings
- ]| e [
Sound Classifier VGGish VGGish Embeddings
), = —
Stateful Classify Stateful Predict
VGAGsh YAMN
Deep Learning Toolbox 1 == 1 ™ @1 =
VGGish Preprocess YAMNet YAMNet Preprocess

b :: o o' lbeld

v

ClassificationNeuraiNetwork Predict

Statistics and Machine
Learning Toolbox

Ju NEURAL SS MODEL y > Y IDNLARX MODEL >

Neural State Space Model Nonlinear ARX Model

System Identification Toolbox

Simulation & Test

Audio Toolbox

T

D image

Boowes

L‘@ G

Deep Leamning Object Detector

Computer Vision

Toolbox

4\ MathWorks
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Integration of trained Al models into Simulink
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Integration of trained Al models into Simulink

Pl E4¢ Yew et Toon Desstop  wntow  Help

ido Q0B 4GS

[ et
Y

Simulation & Test
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Integration of trained Al models into Simulink
Simulink Profiler

Path Time Plot (Dark Band = Self Time) Total Time (s) Self Time (s) Number of Calls
oM . o
>LstM O 2643  Y0.000 0
| > NLARX Sigmoid | 0.284 l0.000 0
|’ Neuwal Statespace 0195 lo.oo 0
Scope 0.188 0.188 23795
From Workspace2 0.161 0.161 23794
Demux 0.128 0.128 95184
From Workspacel 0.054 0.054 23794
Prediction_LSTM 0.040 0.040 23794
Prediction_NeuralSS 0.006 0.006 23794
Prediction_NLARXSigmoid 0.005 0.005 23794
Prediction NLARXSVM__ 0004 __ __ __ _0.004 23794
> NLARX 5VM 0.001 .]EI.DDEI 0
e e — — — . — . — — — — J
» Normalize 0.000 0.000 0
Cast To Double 0.000 0.000 3
» Denormalize 0.000 0.000 0

Simulation & Test

4\ MathWorks
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System-level Simulation

Simulation & Test

4\ MathWorks:
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Deploy to Target with Zero Coding Errors

/ @

[l ined [N

Any CPU oneDNN ARM Compute
No Library needed Library Library

<3

NVIDIA.

wo Ly

i3 TEXAS
INSTRUMENTS

Deployment

4\ MathWorks:
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Generate C Code for Deep Learning Networks

Moded Browser

P Py - o} 228, g ©
m Code Generation Report A~ Ox
Find: W V¥ Match Case
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Content MRS |
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Deployment
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Key Takeaways

- Collaboration between Motor Design, and Motor
Controller Design teams

- Use motor design data to understand system
behavior, and design efficient control algorithms

- Reduce Order Model for faster simulation and to
analyze the thermal losses

- Integrating the ROM with vehicle dynamics to
speed up simulation

70

Node temperatures [degC]
[os] Py e wm o

- Within MathWorks tools, Al-Based ROM enables
data generation, Al modeling, simulation & T
testing, and deployment all in a single %mb:e'n'?ir’é’rﬁf, - @ - OupUS
environment. OO alage Statn Tooth Tam
Current Al model Stator winding Temp

Motor speed
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Visit the MathWorks Electrification Solutions page,

MATLAB Central to find Models, Answers, and How-to Videos

https://www.mathworks.com/solutions/electrification/motor-drives-traction-motors.html

MATLAB and Simulink for Motor Drives
and Traction Motors

Develop algorithms and embedded software for motor-inverter control
systems

MathWorks Videos

( m
N / B O o17]

| ratanding Field-Oriented feinforcement Leaming |

frod | Motos | ol Pan 4 reveloping Fiels Onented

low all MathWarks video

Welcome to the Power
Electronics Control
Community

Modaraoe

The MathWorks community for
engineess using Simulink 10 apply
power electronics control to Electne
Vehiclos. Renowable Enorgy. Battery
Systemae, Power Conversion, and Motor
Control. Learn from examples and
videos submitied by your peers angd

MathWorks engineers

Answers Files

@ How to generate first value for Kp, Ki of PID in current controller

Latest activity by adhavan d on 7 Jul 2023 at 5:09 1
Tags: power_electronics_control, electric_motor_control, control system

© 25views dp Ovotes @ 1 comment

Community Videos

answer

PMSE - Wind Turbine Model) Seloctive s ||
g Eannmnn P P
HRT= e e e P - 2 T
< b A . "“ o e ote ot ﬂ .:‘-‘If.

Selective Harmonic Elimination

Modeling a PV Solar Power Permanent Magnet

a Electric Aircraft Model in Simscape
by Steve Miller on 5 Jul 2023 at 17:40

Tags: emissions, more electric aircraft, physical modeling, battery_system_management,

power_electronics_control
21 Downloads (30 days)

Discussions

Electric vehicle thermal management

Latest Activity by Prakhar Rathore on 29 May 2023
Tags: electric vehicles, power demand, powertrain, thermal management, battery

Top Community Contributors

e @ @

Mohsen Dakai Hu Jonathan
Aleenejad LeSage
N
- iy
Graham Gernot Joel Van
Dudgeon Schraberger Sickel

Additional Resources

Hardware Support

« Hardware Support for Texas
Instruments Microcontrollers

+ Hardware Support for NXP
Hardware Support for ARM
« Topics in Power Electronics

Rawer Electronics Control Design

Submita file RSN

Lo Angeies P T
San Owge JE .

Start a discussion

4\ MathWorks
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4\ MathWorks:

Enable Your Team on Motor Control

Power Electronics Control Control System Design with Embedded Coder for Generating HDL Code from
Design with Simulink and MATLAB and Simulink Production Code Generation Simulink
Simscape
Learn to design and model Develop Simulink models for Learn to prepare Simulink models
Learn to model power electronic control systemns with Simulink. deployment in embedded for HDL code generation
systems in the Top»cs include system systems. Topics mchde code generate HDL code and
Simulink environment using identification, parameter structure and execution, code .
i S : _ testbench for a compatible

Simscape Electrical™ and to estimation, control system generation options and o

: . _ PO, Simulink model, and perform
design control with Simulink analysis, and response optimizations, and deploying S

- T speed and area optimizations.

Control Design. optimization. code to target hardware.

Circuit Simulation Onramp

7 modules 2 hours | Languages

Power Electronics Simulation Onramp

I °J¢ Smodules 1 hour | Languages { }

Learn the basics of simulating power electronics converters in Simscape, Learn the basics of simulating electrical circuits in Simscape.
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Learn More

 Calibrating Optimal PMSM Torgue Control with Field-Weakening Using Model-

Based Calibration

* Field-Oriented Control of PMSMs with Simulink

« Simulate, Design, and Test Field-Weakening Control Design with Simulink

« MathWorks solution for Motor Drives and Traction Motors

« Import a Motor-CAD Thermal Model into Simulink and Simscape

Al with Model-Based Design: Reduced Order Modeling
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https://www.mathworks.com/company/newsletters/articles/calibrating-optimal-pmsm-torque-control-with-field-weakening-using-model-based-calibration.html
https://www.mathworks.com/company/newsletters/articles/calibrating-optimal-pmsm-torque-control-with-field-weakening-using-model-based-calibration.html
https://www.mathworks.com/videos/series/field-oriented-control-of-pmsms-with-simulink.html
https://www.mathworks.com/videos/simulate-design-and-test-field-weakening-control-design-with-simulink-1636493706639.html
https://www.mathworks.com/solutions/electrification/motor-drives-traction-motors.html#simulate-mc-algorithms
https://uk.mathworks.com/matlabcentral/fileexchange/120598-import-a-motor-cad-thermal-model-into-simulink-and-simscape
https://uk.mathworks.com/videos/ai-with-model-based-design-reduced-order-modeling-1670274257624.html?s_tid=vid_pers_recs
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