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https://www.mathworks.com/help/autoblks/ug/electric-vehicle-reference-application.html
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Challenges in Motor Control Development for Electric Vehicle

How do | get motor
parameters to develop my
motor model?

hat steps | should follow
to implement efficient
field-weakening control?

l l
Modeling Engineer

EV Start-up Engineer

How do | tune my Control
loop gains to achieve the
performance?

How do | generate efficient
code and port to different
hardware ?

Embedded Engineer Control Engineer
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Proposed motor control software development workflow for EV

Mool Control
Motor parameterization : Code generation Embedded
Requirements and Plant ligoliunlis and deployment Software for
implementation Motor Control

modeling
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Proposed motor control software development workflow for EV
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Proposed motor control software development workflow for EV
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Proposed motor control software development workflow for EV

Mool Control
Motor parameterization : Code generation Embedded
Requirements and Plant ligoliunlis and deployment Software for
implementation Motor Control

modeling

Processor

Design
motor from
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driver code

generation
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Deployment
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Motor Selection

Select motor type and spec

Motor parameterization

Plant modeling

Motor Selection
Overview of motors

POy
:
[Nm]

Torque

Speed [rpm]

Overview of motors

Phase C

Phase B

Phase A
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Phase B

Phase A

Phasec\

Phase B

Phase A
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Phase C

Phase B

Phase A

Squirrel Cage Induction Brushless DC Motor Permanent Magnet Switched Reluctance
Motor (IM) (BLDC) Synchronous Motor (PMSM) Motor (SRM)

- Low material cost/ kg

- Robust, reliable, Simple
Control

- Less maintenance

- Low efficiency, low power
factor specially at light
loads, Heavy, High Copper
loss

Tesla model X, Toyota RAV4
EV, Renault Zoe

Advan

- Efficient, reliable
- High Power Density and
High torque at low speed

Disadvantages

- Higher torque ripples and
cogging torque leads to
vibration, noise and poor
position control

Industry E

Hero Electric, Yamaha EC-
03, Bounce

ages

- Low noise, smooth
operation

- High performance and
efficiency over operating
range

- High Cost
- Demagnetizing risk
- Requires complex control

xamples

Tesla Model S, Chevrolet Bolt,

@ndai Kona Electric J

Simple and robust
construction

Low cost, long constant
power range

High noise, torque
ripples

Complex Control

High Switching losses

Jaguar I-PACE Concept,
Ford Fiesta EV Prototype



MathWorks AUTOMOTIVE CONFERENCE 2023

Motor Selection

In this presentation, we will focus on Interior PMSM because of:

« High power density and efficiency Ok
: Yuamg —\
* Motor can spin more than base speed ] .,
|. I 9 I | Info [
o
Select motor type and spec A Phasevet s ___,J/

. Field Weakening Control
/ |

Stator | I
voltage / i
Torque i
Stator current / K
/ Rotor flux

Motor parameterization

Plant modeling

Surface Mount PMSM Interior PMSM

Y

Rotor Speed — Base
Speed

Motor characteristics



Motor Selection

Select motor type and spec

Motor parameterization

Plant modeling

Motor functionality — Four quadrant operations

ol

Forward

T & w are in opposite
direction & w is CW.
e.g. Stop a falling lift
e.g. Stopping vehicle to
avoid collision with
some object.

Braking

SpeedA(oo) fw) "D

Forward
Motoring

<€

T & w are in same

direction & are CCW.
e.g. Reverse direction
motoring application.

Reverse
Motoring

QG

Reverse .

Braking

D)

* Note: CW direction of T & w is taken as +ve ref for explanation only.

\ 4
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T & w are in same
direction & are CW.
e.g. Normal motoring
application.

> Torque (T)

T & w are in opposite
direction & w is CCW.
e.g. To brake a
decelerating vehicle
from uphill slope.



Motor Parameterization and Model Fidelity

Select motor type and spec

Motor parameterization

Plant modeling

Motor Model Fidelity Level

Torque Torque Torque
Current Current Current
Lumped Parameter Saturation Saturation +

Spatial Harmonics
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Motor Control
Blockset

Simscape Electrical
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Computational Time vs. Model Complexity

A
Nonlinear
© - Effects
i -
'E o Controller  Plant . H Realistic
< Actuators
C
§e]
& PWM
3 Ideal Driver
g ctuators
O LinearizedA
Systems veraged
Voltage
>

Model Complexity & Detall



Motor Parameterization and Plant Modeling

Select motor type and spec

Motor parameterization

Plant modeling

Motor Parameterization

If motor exist

Estimate Motor Parameters Using Motor Control
Blockset Parameter Estimation Tool

Motor Control Blockset™ provides a parameter estimation tool that estimates the motor
parameters accurately. Use the estimated motor parameters to simulate the motor model and
design the control system. Therefare, the simulation response with the estimated parameters
for the motor model is close to the behavior of the motor under test.

The parameter estimation tool determines these motor parameters for a Permanent Magnet
Synchronous Motor:

Motor parameters Units

Phase resistance (R,) Ohm

o and g axis inductances (Lyand L) Henry
Back-EMF constant (K,) Vpk_LL/krpm

(where Vpk_LL is the peak voltage line-to-line

measurement)
Motor inertia (1) Kg.m'2
Friction constant (F) Nms

The parameter estimation tool accepts the minimum required inputs, runs tests on the target
hardware, and displays the estimated parameters

From datasheet or
Instrumented tests
running on the Hardware

Lumped Parameters

If motor and dyno test
setup are available

Generate Parameters for Flux-Based PMSM
Block

Using MathWorks tools, you can create lookup tables for an interior permanent magnet
synchronous motor (PMSM) controller that characterizes the d-axis and g-axis current as
a function of d-axis and g-axis flux.

To generate the flux parameters for the Flux-Based PMSM block, follow these workflow
steps. Example script CreatingIdqTable.m calls gridfit to model the current surface
using scattered or semi-scatiered flux data

Workflow Description

Step 1: Load and Preprocess Data Load and preprocess this nonlinear motor flux
data from dynamometer testing or finite
element analysis (FEA):

= d-and g- axis current

-+ d-and g- axis flux

+  Electromagnetic motor torque

Step 2: Generate Evenly Spaced Table Data Use the gridfit function to generate evenly
From Scattered Data spaced data. Visualize the flux surface plots

Step 3: Set Block Parameters

Set workspace variables that yeu can use for
the Flux-Based PM Controller block
parameters.

From Dyno test data

Saturation
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Motor doesn’t exist but FEA data
from motor design tool is available

)

Import IPMSM Flux Linkage
Data from Motor-CAD

Import IPMSM Flux Linkage
Data from ANSYS Maxwell

Import a motor design from
ANSYS® Maxwell® into a
Simscape™ simulation.

Import a motor design from Motor-
CAD into a Simscape™ simulation.

Open Model

Open Model

From FEA tools such as
ANSYS Maxwell, IMAG,
Motor-CAD

Saturation + Spatial
Harmonics

Parameterization helps with Motor Modeling which captures motor
dynamics and helps us with Control Design



Motor Parameterization and Plant Modeling

Select motor type and spec

Motor parameterization

Plant modeling

Motor Parametrization using Datasheet

PMSM

[F&l Block Parameters: PMSM
PMSM
| Settings  Description

Modeling option
Selected part
~ Main
Electrical connection
Winding type
Modeling fidelity
> Number of pole pairs

» Permanent magnet flux linkage
Stator parameterization

» Stator d-axis inductance, Ld

» Stator g-axis inductance, Lq

> Stator zero-sequence inductance, LO

» Stator resistance per phase, Rs
Zero sequence

Rotor angle definition

> Iron Losses

> Mechanical

| Initial Targets
ke Nominal Values

Permanent magnet flux linkage parameterization

B Auto Apply

No thermal port
I <click to select> I

Composite three-phase ports
Wye-wound

Constant Ld, Lg, and PM

6

Specify flux linkage

0.03 Wb
Specify Ld, Lq, and LO
0.00019 H
0.00025 H

0.00016 H

0.013 Ohm

Include

Angle between the a-phase magnetic axit

4 Block Parameterization Manager; PMSM
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SELECT FORMAT

=N

Apply 2l Manufacturer‘ All -
A
PARAMETERIZE ABB_BALDOR
Select part Allied_Motion
i Part number i Manufacty Anaheim_Automation i RatedSpeed,rpm i PolePairs
BSM132C-8200AA |ABB_BALDG B-R_Automation 1800 4
BSM33C-5177MHQ | ABB_BALD( Electrocraft 1800 4
BSM50N-133 ABB_BALD( Parker_Motors 4000 2
BSM50N-275 ABB_BALD({ SEM_Motors 2000 2
BSMB3N-133 ABB_BALD( Siemens 4000 2
HDS100-0206A  |ABB_BALD( Swiss_Mekatronix 3000 5
HDS130-08178 ABB_BALD( Teknic_Motors 2000 5
HDS130-1829B ABB_BALDOR 2900 18.0000 1500 5
HDS180-2540B | ABB_BALDOR 4000 25.0000 1500 5
HDS180-48768 | ABB_BALDOR 7600 48.0000 1500 5
poSas o102 ARR RAI NMR 1an n ANNN annn 5
Compare selected part with block
i Parameter name ii Parameterization i Override datasheet value i Part value:BSM132C
Main=Number of pole pairs Datasheet derived 4
Main>Permanent magnet flux linkage Datasheet derived 0.229230859562701
Main>Torque constant Datasheet derived 0.916923438250803
Main>Back EMF constant Datasheet derived 0.916923438250803
IMain>$tator d-axis inductance, Ld Datasheet derived 0.00115
Main>Stator g-axis inductance, Lq Datasheet derived 0.00115
Main>Direct-axis current vector, iD Parameter not set O [-200 0 200]
Main>Quadrature-axis current vector, iQ |Parameter not set O [-200 0 200]
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Motor Parameterization and Plant Modeling

Motor parameters estimation from Instrumented tests

SIMULATION 3 MODEUNG FORMAT
I
la CI0pen v Lm L = Stop Time | sTine. | | ) % e
New T Loy Signal * " sep  |Pausd] Stop Dats Logic s
v 5 Pit v Browser Table Back v - Inspector Analyzer
nLe UBRARY PREPARE SINULATE
E mch_param_est host_read
D
§ | 1 |
F | @ : Board Selection i !
Select motor type and spec =~ ° | | Rent Siattie | Fault Status
o | |DRv8305 ana F28379D Launchpad + | ‘ !
= i ! |
\ I
@ ; Communication Port ; i | Over Current
& ! . | Run ( T stop |
1 1 1 i val i | Under Voltage
Motor parametenzatlon j = | Estimated Motor Parameters i
|
‘ | i | Serlal communication
e | O r 04775 ohm |
For PIRITIO Launchpad, sat Baud rate 1o Sed i :
Pl deli : i ‘ Ld 2.1052¢-04 H i
ant mode Ing | Required Inputs | |
: | ' Lq 2.01170-04 H |
| Nominal Voltage: 24 v | |
| { oF |
| Nominal Current: [ 7.1 | A(rms value) | </ Bemf ~ Veslkrpm i
| | |
| Nominal Speed: 4000 | rpm i { Motor Inertia = kg.m"2 |
! E ” ! Signal from Target
3 Fls pabe; 4 J Friction constant ) ey s W
. | |
= Instrumented tests running on | wwocvorage: [ 20 | v | — S
| Hall Offset: 0.28 Per Unit |
| Position
the target
g ! Signal Conditioning and Scaling
| Note: Press Ctrl+D to update the workspace |
] |
| Hall Offset: For Hall off Il l ired ll
= Sensor-based and Sensor- rbqe i psprstiabanaiien
| meb_pmsm_hall_offset_f28060m H
| meb_pmsm_hall_offset_f2837 |
less modes available | Target Models: Clck Bulld load and Run i rocuired |
| model for loading the target |
| meh_param_est_f28069_DRV8312 |
a ! mcb_param_est_{28379D_DRV8305 i Agostren

-

= Supports PMSM and Induction : i ' T

«

Motor Sunning


https://www.mathworks.com/help/mcb/gs/estimate-pmsm-parameters-using-recommended-hardware.html
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Motor Parameterization and Plant Modeling

Motor parameters from dyno test

Tserter Current Sensor

Torque Sensor

Select motor type and spec

Motor parameterization

Plant modeling

Sweeping Points
R e T e

300 F—k—k—k—k—¥k g
* K Kk ok Kk ok Kk ok k Kk k Kk k * ¥ k k ¥
KK KK KR KR K, K * ¥ ¥ k¥ ¥k k ¥ ¥
250* Kxxxrans XXX R [*&] Block Parameters: FEM-Parameterized PMSM x
E T
£k ok ok ok * Kk k Kk k Kk k k Kk ¥ T T e ~
¥ %k k k k * . . * This block implements the electrical and mechanical characteristics of a permanent magnet synchronous mator for which magnetic flux linkage depends nonlinea
f currents and rotor angle. Right-dlick on the block and select Simscape block choices to access variant implementations.
¥k ok Kk ok Swoaping polnts: | FEM-Parameterized
200 % % % % e Current-limit circle % PMSM Settings
* % ¥ % KK KKK K KKK K KK KKK K Electrical Iron Losses Mechanical Variables
* ¥ ¥ K K K K K K K K K K K K K K K K Flux linkage data format: D and Q axes flux linkages as a function of D-axis current (iD), Q-axis current (iQ), and rotor angle (theta)
< Winding type: Wye-wound
= 150% ¥ KK K K Kk K Kk Kk Kk Kk Kk Kk Kk K Kk K Kk k ¥
ST ko kR K Rk K K K K K K K K K K K K K B e pat. .
¥R K K K KK KK K KK KK K KK KK ¥ umber ofpole pair: u
* * * * * * * * * * * * * * * *_ * * * -K Park's convention for tabulated data: D leads Q, rotor angle measured from A-phase to D-axis
1003; N g T R S :K Direct-axis current vector, iD: [iavec A
* O O 4 Quadrature-axis current vector, iQ: igvec A
E . .
ok Kk K kK K KK K KKK K K K K K K ¥ Fororsnalevecter, theta: e o
5()9 KKK K K K KKK KK KKK KKK KN ;K D-axis flux linkage, FA(iD,iQ,theta): fluxD Wb
ook ok Kk KK EEERE L KK KKK Q-axis flux linkage, Fq(iD,iQtheta): fuQ Wb
ok Kk ok ok K K K ok K kK kK K ok kK Kk ok ¥ Toraue matm, TBQ eta): ltorpe (hm
0 k Interpolation method: Linear
SER S S e S e LS L LS SR Sh Lo Lob b Len L Su Sn o an
2300 250 -200 -150 -100 50 0 Stator resistance per phase, Rs: 0.07 Ohm
H < >
iy [Al

OK Cancel Help Apply
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Motor Parameterization and Plant Modeling

Motor parameters from motor design tool

,R ap
b
H{c
P il
Select motor type and spec FEM-Parameterized
Ag(0=20°)

Motor parameterization

B Editor - C:\Program ! \ table.m® x
ee_ece_tablem +
L —
13 A
14— N = 8/2; % Number of pole pairs D
. 15 03
Plant modeling 16 %B Phaselmp 3
ek e ok e ok ek e e e ok ke ok ke ok ok ok ke sk e ok ok ke ek ok ok ok ok ok ok ok k] 17 % Phasel 1.0000000000e-003 1.¢ 02
* Copyright 2017-2019 ANSYS, Inc. Unauthorized i 18 % PhaseB 1.0000000000e-003 1.¢C Z 01~
* ANSYS and all other ANSYS, Inc. product names : 19 g Phaser 1.0000000000e-003 1.¢ =
* of ANSYS, Inc. or its subsidiaries in the Unite . : 04
* is reproduced with permission of ANSYS, Inc. 20 %E_PhaselImp
e ok v vk e sk sk ok ok o e ok ok ok vk ok e ok gk ok ok ok o ol ok ok ok ke ke ek e e ok ek ke ke ok ke ke ke ok e ey 21 -0.1 4
B _BasicData 22 %B_Sweepings 02
Version 1.0 23— idvec = [-300 -270 -240 -210 -180 -1f 400 |
Poles 8 24—  iqVec = [-300 -270 -240 -210 -180 -1F 300
E BasicData
- Z5)= anglevec = [0 1 2 3 456 7 8 9 10 11
B_PhaseImp 3 26 %E_Sweepings
PhasehA 1.0000000000e-003 1.0000000000e-0( 27
PhaseB 1.0000000000e-003 1.0000000000e-0( 28 %B OutputMatrix DQO
PhaseC 1.0000000000e-003 1.0000000000e-0( 29— da;a =
E_Ph. I -
_Phaselnp 30 % index fluxD
B_Sweepings 31 0 -9.2992778243e-002 —3.02v
Id_Ig (21: -300 -270 -240 -210 -180 -150 —120r-
(21: -300 -270 -240 -210 -180 -150 -120
Rotate (31: 012345678910 11 12 13 14

E_Sweepings

B_OutputMatrix DQO
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Motor Parameterization and Plant Modeling

Select motor type and spec

Motor parameterization

Plant modeling

FEM-Parameterized PMSM
Settings  Description

Motor parameters from motor design tool

@ Auto Apply @

Modeling option

> Electrical

> Iron Losses

> Mechanical

v~ Temperature Dependence
> Measurement temperature

> Resistance temperature coefficient

> Permanent magnet flux temperatur...

~ Thermal Port

> Thermal mass for each stator windi...

Initial stator winding temperatures
> Rotor thermal mass

Rotor initial temperature

> Percentage of main flux path iron ...

> Percentage of cross-tooth flux path ...

3-D flux linkage data | Show thermal port v
208.15 K v
3.93e-3 1/K v
-0.001 1/K v
100 J/K v
[298.15, 298.15, 298.15] K v
200 J/K v
298.15 K v
90

30
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Motor Constraint Curves and Characteristics

inverter = mcb_SetInverterParameters( 'BoostXL-DRVE385");
= mcbh_SetPMSMMotorParameters( 'BLY171D");

= Display Motor Constraints such as ooy il

T _load= @ [ —
pmsm.Rs= @.95 | S—— ;

- MTPA curve (Maximum Torgue per Ampere) Srverter Y, dce 24

pmsm. Lg=pmsm. Ld* 1

pmsm.I_rated= 1.5 =— b——————;

- MTPV curve (Maximum Torque per Voltage) in(Loaoro ooy P AMTES, speet PR, Torme”, T oa0);

A
| Run this section
inverter.V_dcs 24 sl jrm— .on”,[@.32518,0.11984,0.61786,8.2869])

- Voltage Limit curve

pmsm.Rs= 9.45

pmsm, Ld=le-3; FW Control methed: VCLMT, VoltageEquation: actual

pmsm. Lg=pmsm.Ld* 1.4 = = I
o Current lelt pmsm, FluxPM=5.2e-3; 6 :
pmsm.B=1.16e-5;
pmsm.I_rated= 2 —‘\K— H 4 :
w_rpm= 7000 —E |
T_load= @.01 ——— ————4] 2F ] -
F'.A.(:'ethoc-!\r/um -3 E Jj,f- | ~\\
- - - mcbPMSHCharacteristics(pmsm,inverter, "speed’,w_rpm, "torque’,T_load, "FiWCHMethod” g 0 '.\ -)L ;J
= Exploration Motor Ch terist g +
Xp O ra I O n O O r arac e rIS I CS FW Control method: VCLMT, VoltageEquation: actual E 2 T
Torque-Speed Characteristics Power-Speed Characteristics 5 4t |
0.0 ‘ 40/ E— :
= = £ CurrentLimit(lrated:tSA}
= 30 y r
o004 Tproduce = P produces = =
§ "r;u;n.':‘mm % 20 p:”(:m.a'!ms . ConstantTorque(Tload-ON.m,Tmcﬂon-0.000GO?S?N.m}
; 8 0,02 < | P | = ——wrPa
> T re | ref > qob [ Voltage Limit(V~=24V, w=500rpm)
o 0 ¥— - J
IPMSM d 0 . 5::.;3 ) 10000 0 " 5':::‘0 w000 | |e—_ MTPV(w=500rpm})
Speed (rpm < pon C l’"\"\ ) _ 1 I I T
Jw_ Control Reference lgq Vs Speed Ipeak VS Speed "o 5 0 5
2r 2 d-axis current (A)
(VCLMT) jref N |
) dc q < o 5 3
: s 05| lpeak
LUT based PMSM Control Reference i) o
0 5000 10000 % 5000 10000
Speed (rpm) Speed (rpm
Figure : Dependency of curves and characteristics on parameters changes 17

Ref: https://www.mathworks.com/help/mcb/ug/pmsm-characteristics-constraint-curves.htmi
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Motor Parameterization and Plant Modeling

Power Converter Model Fidelity

System-Level Behavior Component Validation Component Design

Low Fidelity Composition High Fidelity
Setect motor type and spec | S
Individual
Motor parameterization Abstracted Waveform Controlled PWM Controlled g\(/jvli\tlclz?wléi
Plant modeling Semiconductor Converter Models

il WWMM B IS 0 H i




Motor Parameterization and Plant Modeling

Select motor type and spec

Motor parameterization

Plant modeling

Variant approach for different plant fidelity level
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O @t @e
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e X Ayerage-Value

MARL

p Ti

Swrching
Vabc_In_PU Theta pr
Load labc p

Average-Value Inverter
Vabc_In_PU
) | 1 I’ || 1a >
) Load labc }
Load

P vab F eta p
P Loz labc }

labc
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Motor Parameterization and Plant Modeling

Motor

Requirements

Select motor type and spec

Motor parameterization

Plant modeling

N

l l

Modeling
Engineer

ﬁ How do | get motor
parameters to develop my
motor model?

4 Use instrumented test or
dyno test or FEA data for
parameterizing the motor

Summary

|dentify motor

Workflow is defined for Interior PMSM

Steps to parameterize Motor using datasheet, running
iInstrumented tests, FEA tool or dyno test data

Model motor and inverter with different fidelity levels
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Proposed motor control software development workflow for EV

Motor
Motor parameterization
Requirements and Plant
modeling

Con_trol Embedded
algorithm Software for

implementation Motor Control

Clenifel Control gain

design tuning

Motor Simulate &
Resizing verify motor

Motor parameterization and Plant modeling :Control algorithm implementation: Code gen and deployment 21



Control Algorithm Implementation

Control algorithm design

Control-loop gain tuning

Simulate & Verify

Motor resizing

Control algorithm design - Different control strategies

‘Opem Loop Condeol of J-phasa molors.

Hin Tibs mrmpin remgeioes 8 118 SIS e i (931 B0

Run 3-Phase AC Motors in
Open-Loop Control and
Calibrate ADC Offset

Uses open-loop contral (also known
as scalar control or Volts/Hz
control) to run a motor. This
technigue varies the stator voltage

V/F control

Six-Step Commutation of
BLDC Motor Using Sensor
Feedback

Uses 120-degree conduction mode
to implement the six-step
commutation technigue to control
speed and direction of rotation of a

Six-step
commutation for
BLDC with Hall
sensor

Sensorless Field-Oriented
Control of PMSM

Implements the field-oriented
control (FOC) technigue to control
the speed of a three-phaze
permanent magnet synchronous

Field-oriented
control

Direct Torque Control of
PMSM Using Quadrature
Encoder or Sensorless Flux...

Implements direct torque control
(DTC) technigue to control the speed
of a three-phase permanent magnet
synchronous motor (PMSM). Direct

Direct torque
control

MathWorks AUTOMOTIVE CONFERENCE 2023

Vel Weaiwrng Fapas

Wy Ll Elesan

Field-Weakening Control
(with MTPA) of PMSM

Implements the field-oriented
contral (FOC) technigue to control
the torgue and speed of a three-
phase permanent magnet

Field-weakening
control
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Field-weakening control architecture with block to generate optimum
control reference

Pl controller

w®
(current Iq)
(Speed™)
[ e d Pl controller id, iq
generator l
Control algorithm design wn Va Dufy Gycles
Pl controller Inverse park - Space vector
BN (current Id) transform generator
Id Vﬁ

Control-loop gain tuning

sinB, I cosB,

Simulate & Verify

Park Clarke
transform transform

Motor resizing

Mech
to elect
position

Sine-cosine
lookup

Output right Id and Iq reference for maximum
tquue Speed Sensor Position
Honour voltage and current constraints measurement decoder feedback
Output speed ranges till toque demand meets

frictional torque




OA
AB
BC

CO

Compare critical operating points in Torque-Speed characteristic

curve and Id_ref, Iq_ref plot

Torque-Speed Characteristics

O A

1] 500 1000 1500 2000 2500 3000
Speed (rpm)

IS current

Maximum torque per Amphere (MTPA)
Field-weakening control (Beyond base speed)

Field-weakening control honoring Maximum Torque
per volt (MTPV)

Field-weakening control honoring Voltage constraint
limit

C is max achievable speed where frictional torque
equals motor deliverable torque

| .
r
L
i

LIVIE, VUNaYTSLYua Uil auiuan

B/

2

]
-20 -18 -16 -14 -12 -10 8 -6 -4 -2
|t

Torque /

. Con>tcyr
\\\\\ /

Current .
constraint .

D-axis current
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Implementing Field-weakening control with motor-dyno test data

Controller model

\;,...

B

Control Reference

custom PWC
[Spd] w by

q

LUT based PM5SM Control Reference

Signal 1 {7 = — 15 AD-Q—D- Id_err v vd
L R

lq_arr Vg i+ Vg

Current controller Transform & Inverter

Block Parameters: LUT based PMSM Centrel Reference x

Stator resistance per phase, Rs (Ohm): |O.36 | Hl =

Motor parameter input method | Nen-linear medel with id and iq LUTs

[

Wdc input methed | Mask input - fixed voltage w

DC bus voltage, Vdc (V): |24 | B

Reference torque breakpoint vector, Tref (Nm): |[0 0.150.3] | g

Mechanical speed breakpoint vector, wrpm (rpm): |[O 1000 2000 6000] |_

Reference id LUT, id(Tref,wrpm) (A): |[0,0,0,-7.1;0,0,0,7.1;0,0,0,7.1] <3x double> ||
Reference iq LUT, iq(Tref,wrpm) (A): |[0,0,0,0;3.9091,3.9091,3.9091,0;7.1,7.1,7.1,0] |H
Current Limit, L_limit (A): [7.1 [E
Viscous damping coefficient, Bv (Nm-s/rad) |2.6668?5217324e-6 2.6369%-06 | g
£ >

Cancel Help Apply

Plant model

1a
Scenano b
F Signal 1 [—
L

1L

-
Iy WFF
.| PRSI d
a FeedFarward
FF
W "u’q
Block Parameters: PMSM FeedForward Control X
Motor parameters  Input units A
Number of pole pairs: |4 | B
Motor parameter input method | Men-linear model with D,Q-flux linkage LUTSs ~

<

D-axis current breakpoint vector, id (A): ‘[—40, -20, 0, 20] [-40,-20,0,201 | g

Q-axis current breakpoint vector, iq (A): ‘[—40, -20, 0, 20, 40] <1x5 double> | H

D-axis flux linkage LUT, FluxD(id, iq) (Wh): [4;6.4,6.4,6.4,6.4,6.4,10.4,10.4,10.4,10.4,10.4]*1e- |3

Q-ads flux linkage LUT, FluxQ(id,iq) (Wb): |[-8,74,0,4,8;-8,4,0,4,8;-8,4,0,4,8;8,-4,0,4,8]*1e- |

Vsat input methed | Mask input ~

Output voltage saturation (V): [24/5qrt(3) 13856 i

>

Cancel Help Apply

»|  Phase volt j'”

Average Inverter

FEM-Parameterized PMSM

Settings Description

| Block Parameters: FEM-Parameterized PMSM *
{

@ Auto Apply @

Modeling option

~ Electrical

Farameterization

‘Winding type

Direct-axis current vector, id
Quadrature-axis current vecter, ig
Ld matrix, Ld(idig)

Lg matrix, Lg(idig)

Permanent magnet flux linkage, PM{idig)

2-D partial derivative data | Mo thermal port e
Assume sinusoidal back emf - tabulate with d- and g-axis currents ~
Wye-wound w
[-200, 0, 200] A e
[-200, 0, 200] A e
0.0002 * ones(3, 3) <3xidoubles  H »
0.0002 * ones(3, 3) <3vidoublex  H »
0.1 * ones(3, 3) <33 double> Wb »
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-0.5 4

Field-weakening control for Interior PMSM

M speed_fb W speed_ref_pu

Field Weakening Control using FEM data

nulation-only example, and uses the data from JMAG-RT.

2000 a2 M
1500 yuiles, 2500 1 LT
Y L '-‘\\ 0.8 y p— \ a5
1000 =4~ N A= aooo .y .
L) | | os —| | =2
| N\ ) y 1 \
500 ~\I£':—--//' 3500 04 \é:__.// /o8
—_— ___/ - d//
'—' 0.2 SN 2a
0 4000 . A

Speed Referenca (RPM) Torque Reference (Mm)

13.0

132

134

1128

13

E:}

114.0

142

1144

179 0.1867

Fig. shows speed ref and measured speed with varying load and
speed ref in Dashboard simulation

. lgref
120 B0
150 025 30
-Id ref Id ref
210 330
240 300
20
\ 4
-Iq ref

Id and Ig plot in dg axis shows
the current trajectory with
increase in speed
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Field-weakening control for Interior PMSM

Ld<Lq

A
Iq ref
120 60
i >
-Id ref Id ref
210 330
240 300
i
" -Iq ref

|d and Iq plot in dg axis shows
the MTPA path

Current Limited

Circle

Voltage Limited Ellipse

Wg > Wy

MTPA Controd Reference

and MTPV

Field Weakening Region

MathWorks AUTOMOTIVE CONFERENCE 2023

FW Control method: VCLMT, VoltageEquation: actual

8 +

g-axis current (A)
H (%] [~

w

7 6 S5 4 3 -2 A4 0
d-axis current (A)

Generates Id_ref and Ig_ref for MTPA, field-weakening control

27



& 3
File Tools View Simulation Help

Q- OPE - <- K- F4-

MODELING

_{0Open ~ i I
W |5 \Pé " Ul/
&l Save v | Nom . _‘% o v
New Library Step Rul Step vata
v 4 Print v Browse u@ Fast Restart Back v - Forward nspector

mcb_pmsm_fwe_host_model

® |["a mcb_pmsm_fwc_host_model P

PMSM Field Weakening Control Host

HoST Note:
Serial 1. Update workspace with variables used in target
Setup 2. Select the serial port in ‘Host Serial Setup' (Blus )
3. Use "Motor Start / Stop' switch to control motor.
4. Input speed request using "Reference Speed’ block
5. Observe the debug signals in scope.
= Ready Frame based Offset=0 T=2.160
Debug signals
Off Off
- o « Speed_ref & Speed_feedback
Id_ref & Id_feedback
bLIME ek Base Speed =6224rpm
Torque & Power
—
. ja& b Current Speed = Orpm
On On
Start / Stop Start / Stop Motor

Field Weakening Control

single [600x2)
Scope (Per-Unit)
(600x2]
single single Z
e Speed_ref (rpm) Debug? (S! units) 2000
SelectedSignals
single |
Reference Speed (RPM) Debug? (S units) |3 0
Data_Conditioning_Tx Data_Conditioning_Rx
Copynght 2020 The MathWorks, Inc
-
n
»
Ready View 5 107% FixedStepDiscrete % }




Control Algorithm Implementation

Control algorithm design - Novel control strategies

Control algorithm design
Control-loop gain tuning
Simulate & Verify

Motor resizing

Run Field Oriented Control
of PMSM Using Model
Predictive Control

Tune PI Controller using
Reinforcement Learning

Uses Model Predictive Control
(MPC) to control the speed of a
three-phase permanent magnet
synchronous motor (PMSM). MPC is

Tune the gains of a Pl controller
using a reinforcement leaming
agent.

Reinforcement
learning for
PMSM

Model predictive
control

Saap Rssponas Comparian o Spesd Cantrofie:
il ared motoe G Schvatiud i

Tune Gain-Scheduled
Controller for PMSM Model
Using Closed-Loop PID...

Use Closed-Loop PID Autotuner
block to tune gain-scheduled PI
controller for a PMSM model in one
simulation.

Open Live Script

Gain scheduling
example

Partition Motor Control for
Multiprocessor MCUs

Partition real-time motor control
application on to multiple processors
to achieve design modularity and
improved control performance.

Motor control
simulation for
Multiprocessor
MCUs

MathWorks AUTOMOTIVE CONFERENCE 2023

PMSM Control Host
Active Disturbance Rejection Control

Implement PMSM Speed
Control Using Active
Disturbance Rejection...

Implement active disturbance

rejection control (ADRC) of the
speed of a permanent magnet
synchronous motor (PMSM)

Active Disturbance
Rejection Control
for PMSM



Control Algorithm Implementation

Control algorithm design
Control-loop gain tuning
Simulate & Verify

Motor resizing

Control-loop gain tuning

AR

1 Pl Gains [
A

¥ oo

A

N SlawdownFactor Status [
) IsenseMax

FOC Default Controller Gains

Empirical Computation

Tune Pl controllers by
Using Field Oriented
Control (FOC) Autotuner

Computes the gain values of the PI
controllers within the speed and
current controllers by using the Field
Oriented Control Autotuner block.

Open Example

FOC Autotuner

MathWorks AUTOMOTIVE CONFERENCE 2023

o
nnnnn

L L NN ]
gt

PMSM Frequency Response Estimation Contrel Hest

PID Tuner App with plant frequency response from hardware

Online frequency
estimation and PID
tuner app

Field-Oriented Control Of Mater Velocity

— [05]
Bleciricsl_Possary
I

4

Tune Field-Oriented
Controllers Using
SYSTUNE

Tune a field-oriented controller for
an asynchronous machine in one
simulation.

Open Script

Classical Control
Theory
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Control Algorithm Implementation

Control-loop gain tuning

oo st ot e — I s kool l Field-Orlented Control Of Motor Velocity
. . 7
Control algorithm design I, . :
AL, neb
Control-loop gain tuning s, i e
3, FOC -
- ; il O e e TR Tune Field-Oriented
SlmUIate & Verlfy AT, CZ”;?ﬁ.L'E" E;?:gpllzi‘;?;g?iléiigy e ..~;._ = — : Controllers Using
3T Control (FOC) Autotuner . = | ~ SYSTUNE
- . { i Tune a field-oriented controller for
M Otor reS|Z | ng ) SlowdownFactor Status > Sounn;rzlljlgerz ::i?h?:Ill(:é::z:do;::je Pl : : aln asyr}chronuus machine in one
) |senseMax current contrellers by using the Field ! : simulation.
Oriented Control Autotuner block. = > )
FOC Default Controller Gains Open Example — el Open Script
PID Tuner App with plant Y from
— Eroonidies| Computation FOC Autotuner Online frequency Classical Control
aa How do | tune my Control estimation and PID Theory
°)* loop gains to achieve the tuner app

performance?

4 Use any of the methods | lESIREIEISEIEN Motor Control Blockset and Simulink |
listed here for tuning the Simulink Control Design Control Design
Control control gains

Engineer




MathWorks AUTOMOTIVE CONFERENCE 2023

Control Algorithm Implementation

Simulate & Verify
Simulate on 4-quadrant operations and validate the motor and control
characteristics. A
Speed (w)

Control algorithm design

Control-loop gain tuning &

Simulate & Verify

Motor resizing

Permanent Magnet Synchronous Motor Field Oriented Control

Note: This example requires a TI F28379D LaunchPad with a BOOSTXL-DRV8305 booster pack or BOOSTXL-3PhGaNInv
connected to a PMSM Motor with QEP Sensor
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Control Algorithm Implementation

Motor Resizing

Torqus spsed curve at imitsd voltsgs and cursnt Torqus spaad curve 3t imited voltage and curmant

; Initial Design

Control algorithm design » D
Control-loop gain tuning w '
Simulate & Verify L L e Where,
- - ' > K, is the axial resize factor
Motor resizing i o > Kp is the radial resize factor
' | e > Ky is the rewinding factor
- Resized D is the diameter of motor
= Design o L is the length of motor

KR‘D

=200 =100 0 100 20 - ' = =
-200 -100 Q 100 200
LA

Existing Proposed \

characteristics characteristics Ky-L



Motor Resizing

Design
motor from
external tool

Motor
parameteriz
ation

Select motor
type & spec

Plant
modeling

Motor from
ext vendor

Motor parameterization and Plant modeling

Control Algorithm Implementation

Control
algorithm
design

Control gain
tuning

Motor Simulate &
Resizing verify motor

Control algorithm implementation

For resizing motor, No need to run dyno test again.
Reuse the motor parameters from dyno test with a factor.
This saves laboratory test time and money.

MathWorks AUTOMOTIVE CONFERENCE 2023

Processor
driver code

generation
Sensor

calibration Deployment

Code
generation

Code gen and deployment

Motor Resizing
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Control Algorithm Implementation

Motor

Requirements

Motor

‘ parameterization
and Plant : :
implementation Motor Control

modeling

Control algorithm design

Control-loop gain tuning

Simulate & Verify

Motor resizing

Con.trol Embedded
algorithm Software for

Summary

Understand the different control strategies and novel control strategies
Discussed the Field-weakening control (MTPA, MTPV)
Discussed the control gain tuning strategies

Discussed the motor resizing

35
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Proposed motor control software development workflow for EV

Motor

Motor parameterization

Requirements and Plant
modeling

Control
algorithm
implementation

Code generation Embedded
and deployment Software for
S Motor Control

Motor parameterization and Plant modeling

:Control algorithm implementation:

Processor
driver code
generation

Sensor

calibration Deployment

Code
generation

Code gen and deployment 36
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Model architecture with layers to assist porting algorithm between
different hardware (Proto-type to Production)

HW Drivers Driver Abstraction Application Abstraction Application
Sim
HW_INT
Hardware Interrupt
o R T Serialln_IndDrive
RUNT) DebugSelect
[m]
. SCI_Rx SCI_Data B ——t—»{SCI_Data
Model architecture ™o
Comman dAndConfig —j Application_IndDrive
/] #Iln_nﬂn_nli P C jAndConfig  DebugDala
P d 1 d TL Serial In

rocessor ariver code gen .

Simulation m m

Heartbeat LED T N

| conﬁgﬁm&ﬂﬁmmaction_lndmive
Cenfig labe_A ¥ labe CurrentAndVoltage ¥ CurrentAndVoltage InvEn
Deployment Sim  |abADC ¥ lab_ADC
Vde_V > Vde
- VdcADC Vdc_ADC
( ) P SimFb -]
o " Vabe_ADC VabcADG ~ VabeV EEke
Static code anaIySIS 2 eQEP [y Input Scaling [®{PosSenseDriverData PositionAndSpeed | PositionAndSpeed Vabe
Input HW Drivers
| Application_fb y p
. . Application Abstraction Application
Sensor calibration 1L
k4
Sim |_r
PWM In PY/M Vabe_ref
Profiling (PIL) e P
PWMDutyCycles

AUTOSAR Integration . . .
Hardware Driver Application

Drivers ' Abstraction | Abstraction

Application

S/




MathWorks AUTOMOTIVE CONFERENCE 2023

Model architecture to assist porting algorithm between different
hardware (Proto-type to Production)

Hardware Hardware Application Application
Driver Abstraction Abstraction Layer
Layer Layer Layer

Model architecture

Processor driver code gen

Deployment

»

Read ADC

»

Convert Amp to
Per-unit

Convert
Position to Sin »
Cos

Convert duty to « Convert duty to « Convert duty to «
« register value register value per-unit

» Convert ADC ‘
count to Amp

Static code analysis

Application for

Sensor calibration

motor control

sensor

Read Position

»

Profiling (PIL)

AUTOSAR Integration
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Processor driver code from Hardware support package or Driver

block

Model architecture

Processor driver code gen

Deployment

Static code analysis

Sensor calibration

Profiling (PIL)

AUTOSAR Integration

ADC, PWM, Interrupt trigger, Serial communication blocks

Target Communic.
Test Bench Blocks
Communications Tool
Communications Tool
Communications Tool
Computer Vision Tool

>

L

28 Simulink Library Browser — O X
¢ A= 0
C2000 Microcontroller Blockset/F2837xD
C2806x - F2E37x]07%/38% c;:sh?(}> [ Bl oo
C280x AINO b YHeg Ju sin{u) P !
C281x ADC canpey "9P CAN XMT CLA Subsystam
C2833x ADC CAN Receive CAN Transmit CLA Math CLA Subsystem
C2834x SEEREI oviiry TIFK | FEEDT 2R
F280013x
F280015x SIS h ) GPIOx b YGPIOx
F28002x CLATaskTrigger CMPSS1H DAC-A GPIO DI GPIO DO
F28003x CLA Task CMPSS DAC Digital Input Digital Qutput
F28004x CZax FZE37%/07 % 004% [#XH] [#1 ] CZBx
F2807x TS qpascht RD b ywo
F2837xD aCAP ePWML eQEP 12C ROV 120 XMT
F2837xS eCAP ePWM eQEP 12C Receive 12C Transmit
F2838x =T T2ax T2 T26x FIEIT
F28M35x 1PC 4 3 IPC Data b 3Data
F28M36x Recelve s b Transmit AT b
Channel: 0 Channel; 0 SCIRCV SCI XMT SDFM-1
FagpSc IPC Receive IPC Transmit SCI Receive SCI Transmit SDFM
Host Communicat
C28x cIBx [Z3:73 217 CZBx
Memeary Operatio sp1 - Rx 1
Optimization JPIEIFRI2INTS > M ontroller Transter 4 Receve o o o Transmit “ 21
Scheduling Sw Int Trigger Chip select: SPICS Chip select: SPIE" Chip select: SPICS Walchdog
Sensors Software Interrupt Trigger  SPI Controller Transfer SPI Receive SPI Transmit Watchdog

Block Parameters: ADC
ADC Type 3-5 (mask) (link)

Configures the Type 3 to Type 5 ADC to output data collected from
the ADC pins on the processor.

S0C: Start of Conversion

EOC: End of Conversion

S0C Trigger  Input Channels

ADC Module |A
ADC Resolution | 12-bit (Single-ended input)
S0C trigger number | SOCO

S0Cx acquisition window

15

S0Cx trigger source |Software

ADCINT will trigger SOCx |No ADCINT

Sample time:

|0.001

uintle

Data type:
[ Post interrupt at EOC trigger
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Generate c-code or hdl-code and integrated with peripheral driver code

8§ 9 0 aem: O v B dee Green: reliable
Sy - - %epic safe pointer access ~_

' _4 e
Vo ! n I Red: faulty S
. 77‘ - _' »‘ ’ ' :’“::'l""llﬂmfn 1.1
o Ji_} i by ottt L i ‘i y 1‘ \ . )
Model architecture e
Processor driver code gen
Run model advisor Generate code Run static code Processor-in-loop
Deployment and ensure Misra-C using Embedded analysis using testing to validate
and 1SO26262 Coder Polyspace execution time in
hardware

Static code analysis

S ) Device driver code (Hand-

written or Code generated from
Profiling (PIL) Hardware support package)

AUTOSAR Integration
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Processor driver code from Hardware support package or Driver

block

Model architecture

Processor driver code gen

Deployment

Static code analysis

Sensor calibration

Profiling (PIL)

AUTOSAR Integration

Processor peripheral driver code generation
(ADC, PWM, Interrupt trigger, Serial communication)

Field-Oriented Control of PMSM Using NXP™ $32K144 Kit version 1.0 by
Shivaprasad Narayan

Embedded Coder Support Package for Texas Instruments C2000

Processors by Mathworks Embedded Coder Team
The workflow demonstrates Field Oriented Control of a Permanent Magnet Synchronous|

using NXP™ MCSPTE1AK144: $32K144 Development Kit

[\ ]

Generate code optimized for C2000 MCU.

FOC-of-PMSMField-Orientzd Control of Permanent Magnet Synchronous Motar Using NAgR
532K144 Development kitThis example implements a motor control system using the N
MCSPTE1AK144 hardware. The

-
-

Embedded Ceder* Support Package for Texae Instruments C2000™ Processors enables you to
run Simulink® models on TI C2000 MCUs. Embedded Coder automatically generates C code for
your algarithms and

Demeo for Motor Control Deployment on Microchip Controllers version 1.0.0by
Erian McKay

Dermo used in MathWorks-Microchip joint webinar: Deploying Motor Contrel Algorithms on
Microchip dsPIC, PIC32, and SAM Controllers.

Embedded Coder Support Package for
STMicroelectronics STM32 Processors
by MathWorks Embedded Coder Team

Generate code optimized for STMicroelectronics STM32 Processor
boards

which includes a dsPIC33E Digital Signal Controller. The deme al=o require you to download and
install the free add-on MPLAB Device Blocks for Simulink: dsPIC, PIC32, and SAM MCU's View
the webinar for a

HDL Coder Support Package for Xilinx Zynq Platform oy Mathworks HOL Coder Team GZXE

Embedded Coder Support Package for Infineon AURIX TC4x
Microcontrollers

by MathWorks Embedded Coder Team

Generate code optimized for Infineon AURIX TC4x Microcontrollers

Generate code for the FPGA portion of the Zyng-7000 SoC.

HDL Coder™ Support Package for Xilinx*Zyng®-7000 Platform supports the generation of IP cores that can be inf
FPGA designs using Xilinx Vivado® or Xilinx ISE. When used in combination

Hardware Support

Infineon

Simulink Real-Time Target Support Package
by MathWorks Simulink Real Time Target Team

Tools to compile a real-time application that runs on a Speedgoat target
computer

Speedgoat
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Perform static-code analysis tool using Polyspace

Model architecture

Processor driver code gen

Deployment

Static code analysis

Sensor calibration

Profiling (PIL)

AUTOSAR Integration

Analyze and Verify Motor Control Algorithms Using Polyspace Rr2023

This example uses the Polyspace® static code analysis tools to analyze

and verify Simulink® models containing motor control algorithms. Static

This example uses:

code analysis is a software verification technique that analyzes source Polyspace Bug Finder
code for quality, reliability, and security without executing the code. This Polyspace Code Prover

approach uses robust error detection routines (that include checks for

critical run-time errors) to identify bugs and defeci
ensures compliance with common coding standar

Motor Control Blockset

' s " omeas
3. Click Run Analysis to start running the Code Prover tool.

- Analyze Code from = Y Bvl
@ | Lo P> 2 ¥ i 5
Code Settings Imcb_pm Sl ]i] Run Analysis  Open Earlier  Access Remove
Prover v - [Pa] Code Generated as Top Model ~ Analysis Results Results Highlighting
MODE PREPARE ANALYZE REVIEW RESULTS
mcb_pmsm_foc

® Elm:b_pmsm_foc >

4. After the tool execution completes, click Polyspace > Analysis Results to open the code analysis results in the Polyspace app.

T Dashboard Z:\39\rohitakc.Bembed.§1974985\results_mcb_pmsm_foc\mcb_pmsm_foc eRx%

mcb_pmsm_foc version 1.0 (24/06/2022) - Author: rohitakc a.
Ma*vssmformahon QJ!EM u_mm&_fu_m Mmm

Rewewape Alvsults mlLes_:Jts_.m_img

Check distribution Code covered by verification (2
Proven: 99%

93% 98%

9.8 o

o
N

T Y Y
Files Functions  Code operations

Analyze and Verify Motor Control Algorithms Using Polyspace - MATLAB & Simulink Example - MathWorks India
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Calibrate position sensors by spinning the motor in hardware using
reference examples

Model architecture

Processor driver code gen

Deployment

Static code analysis

Sensor calibration

Profiling (PIL)

AUTOSAR Integration

Offset Computation for QEP
Mot This. enarmphe requires 4 TI F2B08%n controfier car
DRVEILE iverser comnewied to 3 PAESH Moter with &

Campige 22U Fhe et b

Quadrature Encoder Offset
Calibration for PMSM Motor

Calculates the offset between the d-
axis of the rotor and encoder index
pulse position as detected by the
quadrature encoder sensor. The

Quadrature encoder
calibration

Hall Sensor Sequence
Calibration of BLDC Motor

Calculates the Hall sensor sequence
with respect to position zero of the
rotor in open-loop control.

Identify Hall sensor
sequence

et Computation with Hall sensor

Mo This ansmpls regeises o T FEMMOn comtroller card masssied on DAVIIS laxeitss
[ AT T Iy S

[ e e——

Hall Offset Calibration for
PMSM Motor

Calculates the offset between the
rotor direct axis (d-axis) and position
detected by the Hall sensor. The
field-oriented control (FOC)

Calibrate Hall
sensor

https://in.mathworks.com/help/mcb/gs/quadrature-encoder-offset-calibration-pmsm-motor.html

https://in.mathworks.com/help/mcb/gs/hall-sensor-sequence-calibration-bldc-motor.html

Secondany
cosine signal
o

&
- ra
- H.’./
N

I

I

¥
r,

\ /
QY
| axcltation signal

_,"—.——'

Monitor Resolver Using
Serial Communication

Operates the resolver sensor to
measure the rotor position. The
resolver consists of two
orthogonally placed stator windings

Resolver with
Square-pulse carrier
frequency


https://in.mathworks.com/help/mcb/gs/quadrature-encoder-offset-calibration-pmsm-motor.html
https://in.mathworks.com/help/mcb/gs/hall-sensor-sequence-calibration-bldc-motor.html
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Perform profiling test and measure the execution time of critical control
loop — S

| e
» Farameoce »

Model architecture (=

Processor driver code gen Run critical loop in

processor and profile Report for meb_pmsm_foc_sim/Current

Deployment . .
i the execution time

based on data collected from a SIL or PIL execution. Execution times are calculated from data
' or PIL test hamess or inside the code generated for each component. See Code Execution

Static code analysis . Froning for sore ubormation

1. Summary
Sensor calibration I SE
Unit of time ns
Command report(executionProfile, "Units', 'seconds’, 'ScaleFactor’, 'le-
09'". 'NumericFormat', "%0.0f);
P rofl I | n g (P I L) Tim# frequency (ticks per second) 2e+08

Profiling data created 15-Tan-2021 13:00:17

2. Profiled Sections of Code

AUTOSAR I nteg ratlon Section Maximum Average Maximum Self Average Self Calls
Execution Time Execution Time Time in ns Time in ns
in ns in ns
[+] Current_initialize 1935 1935 1010 1010 1 4 le.]
[+] Curent_step [5e-05 (] 5560 5452 580 580 10001 4 >
Current_terminate 140 140 140 140 1 4

Code Verification and Profiling Using PIL Testing - MATLAB & Simulink Example - MathWorks India
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Integrate motor control loop iIn AUTOSAR architecture

=] Transform
lab b L b ff—r "¢ Park
Transform

sin
1 Clarke Transform °
q
case, _| V_rel | el v
In N v P —

Park Transform
Inverse PWM Referenga
Park Generator 52 L »@vabc Va
[sinThets] >—Wsing_

i i
Theta. Theta b 8, Cosine [sinThets]
LT cos ldqRef Iﬂ,ﬂef 1d_Raf
[cosTheta:
ine-

=]
om R v
-[msTheh] —pcast Vo ~| =0 »4 Vabc. Vb
ldqRef . |qjar I_Raf Inverse Park Transform Space Wector Generator @ vabc.ve
ac We_ref Ty 1 >
Model architecture :

s
= o

Current_Controllers

Processor driver code gen

Abstraction

Deployment y ot . o
EMmor rypto : ommunication
Onboard Device g L Wireless
Abstraction Hardware Hardware Communication Hardware .
Abstraction Abstraction S teane Abstraction Complex Drivers
Static code analysis > > > oE o > >
> : ; Wireless .
Sensor calibration Microcontroller . . o Communication .
) Memory Drivers Crypto Drivers Communication . 1/O Drivers
Drivers i Drivers
Drivers
> > > > > >

Profiling (PIL)

Microcontroller ]
AUTOSAR Integration [

Reference: https://www.autosar.org/standards/classic-platform
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Integrate motor control loop in AUTOSAR architecture
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Integrate motor control loop iIn AUTOSAR architecture

CDD_TorqueControl 1T
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Integrate motor control loop in AUTOSAR architecture
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Generate AUTOSAR compliant code and ARXML file for motor control
component

Name Date Modified ~ " [ cob_TerqueControl_componentanaml | + | | | RteCDD_TorqueCantralh = | + |
B e b ) 1:"1.0" encoding="UTF-8"2> = 9 ARXML schema: "R26-11" “
[3 Re Typeh 1e File generated on: "27-Sep-2023 11:39:16" */
B zﬁﬁf{ga‘“ﬁ&"”c‘“ 3 1 XML Component Description for model CDD_TorqueControl 11
[} CDD_TorqueControl MemMap.h 4 ¢ 1.17 12 #ifndef Rte_CDD_TorqueControl_h
+ winternal 4PM . ; A : ’ PP —
anm":n:mam 5~ version : Simulink Coder 9.9 (R2623a) 19-Nov-2022 13 #define Rte_CDD_TorqueControl_h
[} cDD_TorqueControl_component.arxml 9/27/2023 11:39 AM 6 le generated on : Wed Sep 27 11:39:19 2023 14 #include "Rte_Type.h"
D CDD_Te Control_datatype.. 1l 9/27/2023 11:39 AM . : " . "
D[DD,TZ::::(Z:t:\,;:le:\::tr:t:m‘arxm\ 9/27/2023 11:39 AM 7h ¢ 1941239435 3344221716 3681281373 1919767531 15 #include "Compiler.h
[7] cDD_TorqueControl_interface.anml 9/27/2023 11:30 AM 8 16
:’m““"‘ﬁ" 9 i:"http://autosar.org/schema/r'fl-.e” xmlns:xsi="http://www.w3.0rg/2t | 17 /* Data access functions */
e €D TergqueControle 9212023 11:39 AM 10 3ES> 18 #define Rte_IRead_CDD_TorqueControl_Step_Theta_Theta Rte_IRead
. M CDD_TorqueControl_data.c 9/27/2023 11:39 AM 11 A\CKAGE> - - - - - - - =
Model architecture ; 2 ;
£ C/Ce+ Header 12 5HORT-NAME>Components</SHORT-NAME > 20  Float Rte_IRead_CDD_TorqueControl_Step_Theta_Theta(void);
] CDD_TorqueControl.h 9/27/2023 11:39 AM 13 SLEMENTS> - - - - - -
[ CDD_TorqueControl_privateh 9/27/2023 11:39 AM 3 21
B CDD_TorqueControl_types.h 9/27/2023 11:39 AM 14 P4COMPLEX-DEVICE-DRIVER-SW-COMPONENT-TYPERUIIERrEkirl 1= BT [ IR 22 #define Rte_IRead CDD_TorqueControl_Step Enable En Rte_IRead CD
o A tpesh BrETr2LE3 1139 Ak 15 <SHORT-NAME>CDD_TorqueControl</SHORT-NAME > 23 - - - - - -
P d A d %‘:?‘t‘ 16 <PORTS> 24 Boolean Rte_IRead_CDD_TorqueControl_Step_Enable_En(void);
rocessor ariver code gen st e 17 <R-PORT-PROTOTYPE UUID="bb3386e7-96a4-5fbc-0719-785F4c. | 5
[BiTet Docament 18 <SHORT-NAME>Theta</SHORT-NAME > 26  #define Rte_TRead_CDD_TorqueControl_Step_Iab_Ta Rte_IRead_CDD_T
19 <REQUIRED-COM-SPECS> 27
20 <NONQUEUED-RECEIVER-COM-SPEC> 28  Float Rte_IRead CDD_TorqueControl Step_Iab_Ia(void);
D I m nt 21 <DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROT( 29
ep Oy e 22 <HANDLE-OUT-OF -RANGE >NONE</HANDLE-OUT-OF-R/ | 39 #define Rte_IRead_CDD_TorqueControl_Step_IdqRef_Id_Ref Rte_IRea
23 <USES-END-TO-END-PROTECTION>false</USES-ENI 31
& <ALIVE-TIMECUT>@</ALIVE-TIMEOUT> 32 Float Rte_IRead_CDD_TorqueControl_Step_IdqRef_Id_Ref(void);

Static code analysis

Sensor calibration

Profiling (PIL)

AUTOSAR Integration
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Summary

MOIoF Control
Motor parameterization : Code generation Embedded
Requirements and Plant algorithm and deployment Software for
implementation Motor Control

modeling

v Discussed on the motor control workflow and reference examples available
for each of the steps

v Different methods to parameterize the motor and different fidelity levels in
modeling

v Different control strategies and its control loop gain tuning
v Deploy to the hardware and Validate
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Learn More

MATLAB and Simulink for Motor Drives
and Traction Motors

Develop algorithms and embedded software for motor-inverter control

systems

Free trial

How It Works

S = Wkt
@

— X [
[ =

Design motor control algorithms Test motor control algorithms Implement motor control 5
algorithms on hardware
Understanding Field-Oriented Reinforcement Learning for Motor Control, Part 3: BLDC
Control | Motor Control, Part 4 Developing Field-Oriented Speed Control Using PWM
Control

» View all MathWorks videos

Simulate Motor Control Algorithms

Use MATLAB? and Simulink® to build motor models from libraries of motors, inverters, sources,
and loads. Choose the level of fidelity in motor and inverter modeling based on your requirements
and simulate motor control algorithms.

Implement linear lumped-parameter motor models and use average value inverters with Motor

Control Blockset™ for fast simulations
: 3 : R 3 2. SN L Motor Control Design with MATLAB and Simulink
Model and simulate nonlinear motor dynamics and ideal or detailed switching in the inverter ok O S S S

using Power Systems Simulation Onramp

Parametrize motor models to capture motor dynamics with the help of instrumented tests or
import parameters from a database or finite element analysis

https://www.mathworks.com/solutions/electrification/motor-drives-traction-motors.html 52
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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 systems with Simulink. deployment in embedded for HDL code generation
systems in the . Topics include system systems. Topics |ncll.Jde code generate HDL code and
Simulink environment using identification, parameter structure and execution, code :
) e iy . i testbench for a compatible

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

_ T : T ) Simulink model, and perform
design control with Simulink analysis, and response optimizations, and deploying g e ey

. N T speed and area optimizations.

Control Design. optimization. code to target hardware.

Circuit Simulation Onramp

7 modules | 2 hours | Languages

&

Power Electronics Simulation Onramp

°J¢ 5modules | 1hour | Languages
Learn the basics of simulating power electronics converters in Simscape. Learn the basics of simulating electrical circuits in Simscape.
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FOC Autotuner perturbs the output and computes the control gain

Block Parameters: Field Oriented Control Autotuner >
FOCAutoTuner (mask) (link) ~

This block automatically and iteratively tunes multiple control loops used in Field Oriented Control applications. The optional loops to
tune are the quadrature axis (g-axis) current, direct axis (d-axis) current, speed and flux loops. Use "Help" butten for more
infoermation regarding general tuning workflow.

Parameters
Tuned Loops
Tune D-axis current loop Tune Q-axis current loop
Tune speed loop [ Tune flux loop
Loop Settings

Use same settings for current loop controllers (D-axis + Q-axis)

EEREESNRRERERRARRYIY

Use same settings for outer loop controllers (Speed + Flux)

Experiment Sample Time

Experiment sample time (sec) ‘-1

Tuning  Experiment  Block
Loop Tuning Settings

|
1
1
1
1
1
1
! 1
! 1
! 1
; 1
! 1
1
Tuning sample time (sec) |Ts_tuning 0.005 | i Use different sample time for tuning 1 :
1
¥ Current Loops (D-axis + Q-axis) 1 :
Controller Discrete Time Settings : :
1
Type: [PT - Controller sample time (sec) i : i
Integrater method | Forward Euler ~ : Id Speed :
. v 1 I i
Form: (Edralil Filter method | Forward Euler : perturbatl?ns pertU rbatlons :
|
Tuning Goals 1 1 :
1 1
1
Target bandwidth (rad/sec) ‘PLparams.CurrentBW 2000 | H :Closedlloop : Iq 1
. 1
1 1 1
Target phase margin (degrees) |P]7params.CurrentPhaseMargin 80 | i Ir.eS 0n$e 1 perturbatlpns :
respons ! ! i Closed-loop
1
7 Speed Loop ibefore | I I I response
Controller Discrete Time Settings | i | | | ! .
'tuning ! ! ! ! after tuning
Type: |PI - Controller sample time (sec) |Ts_speed 0.0005 || 1 1 1 |
Integrater method | Forward Euler ~
Form: [Earslid e Filter method | Forward Euler
Tuning Goals
Target bandwidth (rad/sec) |P]7params.3peedBW 50 | B
Target phase margin (degrees) |PI_params.SpeedPhaseMargm 30 | B

Cancel Help Apply 60




Online Frequency Estimation injects perturbation in the output of the

controller
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