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I am skilled with MBD with good ROL
Let's address new markets !

I know how to get the best of IA with
simulation.
Let's differentiate with innovative features !

I do not know that much about motors.
Let’s take this opportunity to upskill !
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Our motor expertise is critical, how do we...
... ensure knowledge flow in the company ?
.. handle software maintainability ?

... traln new hires ?

Raw material prices, supply chain
disruptions... we need to...
.. depend less on prototypes
... get more job done in simulation
... be less dependent on specific chips

///

Our customers have new expectations, let’s...
.. deploy on FPGA'!

... achieve certification !
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Motor Control Blockset

Concevoir et implémenter des algorithmes de
controle moteur
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8 Core Concepfs
Model-Based Design

Executable Specification

Model elaboration
System-level simulation
What-if analysis

Continuous test and verification
Virtual prototyping
Automation

Knowledge capture

TIME TO MARKET

COST

INNOVATION

QUALITY

UPSKILL
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Agenda

From Desktop Simulation to Software Deployment

Plant modeling
— Sensors Calibration
— Motor Parameters Estimation
— Motor and Inverter Model

Algorithm design with simulation
— Field-Oriented control
— Controller tuning
— Calibration

Software deployment
— Rapid control prototyping
— Code generation
— Hardware-In-The-Loop (HIL) test

4\ MathWorks
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Agenda

From Desktop Simulation to Software Deployment

Plant modeling

— Motor Parameters Estimation
— Motor and Inverter Model

Algorithm design with simulation
— Field-Oriented control
— Controller tuning
— Calibration

Software deployment

— Code generation
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Motor Parameters Estimation
Plant Modeling

Two types of parameter estimation methods:

Test Status Fault Status

11111

or

Motor Inertia 9.7156e-06

an. D
e Rewits

Friction constant 5.50150-05

Parameter Estimation with Instrumented Test Parameter Estimation using Operation Data

26
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Other techniques to parameterize motor models

Bonus
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from Datasheet

Two test harnesses that add
confidence that a PMSM is correctly
parameterized from a datasheet. It
also calculates motor efficiency at
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Import IPMSM Flux Linkage
Data from ANSY S Maxwell

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

Open Model
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Import IPMSM Flux Linkage
Data from Motor-CAD

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

Open Model

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 g-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 CreatingIdgTable.m calls gridfit to model the current surface
using scattered or semi-scattered flux data.

Workflow Description

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

d- and g- axis current
d- and g- axis flux

Electromagnetic motor torque

Step 2: Generate Evenly Spaced Table Data
From Scattered Data

Use the gridfit function to generate evenly
spaced data. Visualize the flux surface plots.

Step 3: Set Block Parameters Set workspace variables that you can use for
the Flux-Based PM Controller block

parameters.

From datasheet

Simscape Electrical

From ANSYS Maxwell, IMAG, Motor-CAD FEA tools

Simscape Electrical

From dyno data

Powertrain Blockset
27




Motor Parameters Estimation - Instrumented Test

Plant Modeling
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Agenda

From Desktop Simulation to Software Deployment

= Plant modeling

— Motor and Inverter Model

4\ MathWorks

CALIBRATE SENSORS

et

ESTIMATE MOTOR PARAMETERS

MODEL MOTOR & INVERTER

«I«

dals MO|INIOM

DESIGN FOC ALGORITHM

«

TUNE CONTROLLER GAINS

‘

VERIFY IN DESKTOP SIMULATION

«

GENERATE CODE

Iterate

-

VALIDATE ON HARDWARE
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Motor and Inverter Modeling

Choose the right level of fidelity

4\ MathWorks

= Use linear lumped-parameter model shipped with Motor Control Blockset

N/

AV
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Surface Mount PMSM

Motor Construction

This figure shows the motor construction with a single pole pair on the motor.

Quadrature (q)

The motor magnetic field due to the permanent magnets creates a sinusoidal rate of change of flux with motor angle.

For the axes convention, the a-phase and permanent magnet fluxes are aligned when motor angle &, is zero.

Three-Phase Sinusoidal Model Electrical System

The block implements these equations, expressed in the motor flux reference frame (dq frame). All quantities in the motor
reference frame are referred to the stator.

w, = Pw,,

d; _ 1 R

. L .
iy = —vy— g+ 2 P,

di L, Ly Ly

Il 1 D 1 1 P
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Model Fidelity
Plant Modeling

t Torque ¢ Torque { Torque
Current Current Current
Linear Lumped Parameter Saturation Saturation &

Spatial Harmonics

Motor Control Blockset Simscape Electrical Simscape Electrical
Simscape Electrical

33



Simscape Products
Plant Modeling

= Simscape platform

— Foundation libraries in many domains
— Language for defining custom blocks

= Extension of MATLAB

— Simulation engine and custom diagnostics

= Simscape add-on libraries

— Extend foundation domains with
components, effects, parameterizations

— Multibody simulation

— Editing Mode permits use of add-ons

with Simscape license only

— Models can be converted to C code

& MathWorks
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Simscape
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Trade Off - Balance Model Fidelity vs Simulation Speed
Plant Modeling

i (51 — A
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Agenda

From Desktop Simulation to Software Deployment

Algorithm design with simulation
— Field-Oriented control
— Controller tuning
— Calibration

CALIBRATE SENSORS

-

ESTIMATE MOTOR PARAMETERS

«

MODEL MOTOR & INVERTER

DESIGN FOC ALGORITHM

TUNE CONTROLLER GAINS

VERIFY IN DESKTOP SIMULATION

OIQIOIO

GENERATE CODE

Iterate

-

VALIDATE ON HARDWARE
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Field-Oriented control



Modeling Field-Oriented Control (FOC)

A word about transforms

Measured current (A,B,C) Current control (d, q)

in time domain

-

Clarke transform (abc <—-2>af)
Park transform (a8 <-> dq)

4\ MathWorks

a0

180
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Modeling Field-Oriented Control (FOC)
Algorithm Design

Voltage
Supply

Inverse Park
Transform

id_re f Va_ref Va_ref
Current Space
Speed Current P Power
Controller Reference ' Controller Vector Inverter
Generator  KEGU Yq_ref VB ref Generator

ip

Park, Clarke

Transforms
Sensor
decoders or
observers
- Control algorithm Physical system

4\ MathWorks
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Modeling Field-Oriented Control (FOC)

Overview of the model

P mcb_ee_prsm_foc - Simulink Lial use
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P N S Explore more:
1. Edit motor & inverter parameters
2. Use Offset compulation model to find
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3. Update offset in Init script to variable
SpeedRef ‘pmsm.PositionOffset’
—— " 4. Build, Deploy & Start
w Copyright2020 Tie MathWorks, Inc. 5. Control motor via host moedel
Debug signals
B
» 3
Ready 145% FinedStepDiscrete
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Modeling Field-Oriented Control (FOC)

%% Set PWM Switching frequency
PWM_frequency = 20e3; $Hz // co
T_pwm = 1/PWM_frequency; %s // PWM

rerter s/w freq

switching time period

%% Set Sample Times

Ts = T_pwm; ssec // sample time for controller

Ts_simulink = T_pwm/?.: $sec // simulation time step for model simulation
Ts_motor = T_pwm/2: tSec // simulation sample time

Ts_inverter = T_pwm/2; $sec // simulation time step for average value invert
Ts_speed = 10*Ts; $Sec // sample time for speed controller

%% Set data type for controller & code-gen
% dactaType = fixdc(l1,32,17): % Fixed point code-generation
dataType = ‘single’;

$ Floating point code-generation
%% System Parameters // Hardware parameters

pmsm = mcb_SetPMSMMotorParameters('SLY171D');

%% Parameters below are not mandatory for offset computation
inverter = mcb_SetInverterParameters('DRVE312-C2-KIT');
inverter.ADCOffsetCalibEnable = 1; % Enable: 1, Disable:0
target = mcb_SetProcessorDetails('F2806%M',PWM_frequency):

% Derive Characteristics

pmsm.N_base = mcb_getBaseSpeed (pmsm, inverter); %rpm // Base speed of motor at given Vdc
% mcb_getCharacteristics (pmsm, inverter);

%% PU System details // Set base values for pu conversion

PU_System = mcb_SetPUSystem(pmsm, inverter):

%% Controller design // Get ballpark values!

PI_params = mcb.internal.SetControllerParameters(pmsm,invercter, PU_System,T pwm,Ts,Ts_speed):;

=
.
i

l e R Vi e B

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

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

Open Example

Field-Orlented Control Of Motor Velocity

. o
Tune Field-Oriented

Controllers Using
SYSTUNE

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

Open Script

Empirical Computation

Motor Control Blockset

FOC Autotuner

Motor Control Blockset

Classic Control Theory

Simulink Control Design

4\ MathWorks

44



Autotuning controller gains

Overview of the workflow

.

« @ B ®

@ P »

3000

2000

1000

-1000

-2000

-3000

am i
- [ 1] O}
® Measured speed ® Speed Reference
Speed loop (
0 1 2 3 4 9 10 1 12 12 14 15

4\ MathWorks
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FOC Circles tracing
mcbPMSMConstraintCurves

| Run this section | B Get ~

inverter.V_dc= 24 \/ 8
pmsm.p=4;
pmsm.Rs= ©.15 =, H

pmsm.Ld=1e-3;
I\

pmsm.Lg=pmsm.Ld* 2.3 \/ 3

pmsm.B=1.16e-5;
pmsm.FluxPM=5.2e-3;

w_rpm= 3568 \/ 3
T_load= ©.81 =} 5
pmsm.I_rated= 2.5 L) 8

mcbPMSMCharacteristics(pmsm,inverter, 'speed’,w_rpm, "torque’,T_load);
x1lim([-10.9 6.8])
ylim([-12.0 7.7])

legend("Position",[©.32518,0.11984,0.61786,0.2869])

4\ MathWorks

q - ---MTPA

|
aQ@ 9 MTPV
—— Current Limit

----------- Voltage Limit
—— Constant Torque

w2 = W1

Increasing speed

https://www.mathworks.com/help/mcb/ug/pmsm-characteristics-constraint-curves.html 48
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‘MﬂthWUI‘kS* Products  Solutions Academia Support Community Events

Technical Articles and Newsletters Search Technical Articles

Owverview  Search Technical Articles  MNewsletters = Cleve's Corner Collection  Sign Up

Calibrating Optimal PMSM Torque Control with Field-Weakening
Using Model-Based Calibration

By Dakai Hu, MathWorks

Fermanent magnet synchronous motor (PIMSM) calibration is an indispensable step in the design of high-performance electric
traction drive controls. Traditionally, the calibration process involves extensive hardware dynamometer (dyno) testing and data
processing, and its accuracy depends largely on the expertise of the calibration engineer.

Model-based calibration standardizes the PMSM calibration process, reduces unnecessary testing, and generates consistent
results. It is an industry-proven, automated workflow that uses statistical modeling and numeric optimization to optimally
calibrate complex nonlinear systems. It can be used in a wide range of applications and is well known for being adopted in
internal combustion engine control calibration. When applied to e-motor control calibration, the model-based calibration
workflow can help motor control engineers achieve aptimal torque and field-weakening control for PMSMs.

PMSM Characterization and Calibration: Challenges and Requirements

MathWorks technical article

4\ MathWorks
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Model-Based Calibration Workflow

it £ WAL DT

Data Modeling Calibration

Implementation
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Model-Based Calibration Workflow

Implementation

Calibration

4\ MathWorks
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Fitting Models

Z Model Browser - C:\Temp\Work\Untitled
File Model View Outliers Window Help

4\ Response Surface - Vs - Test 26

File Edit View Insert Tools Desktop Window Help

4\ MathWorks

— Dede @ 0E KE

Vs - Test 26

Bhed|&rxm|e e FfREEn e
I
QII Models «4 Response Model: Vs
Untitled )
£ Point.by-Poirt Te. 4m ] % = ’ SelectTest . | Model type: Gaussian Process Model (ARDSquaredExpont
~43lq ; B |
<R /& Alternative Local Models
Name Observ... Param... Box-Cox| PRESSR..| RMSE BestModel |
262 141.098 1] 0042 0013 V[ |
Response Surface “ox DiagnosticStatistics
Plot  Surface v] Vs - Test 26 Vs
¢
X-a... ‘ld ‘ ';m." 0.04 .0:0 P
. L L
© 0r 4
! 3 F L 2
Name|  Value Tolerance @ _ggi lo- & ®
Id  |-565.685424 | Linkedto X-... ’ : ;
Tra  [1:4.9683:24¢ [Linked to Y-A._. 0 50 100
Pred
sl Trq [-] 0 -600 1d[H X-axis factor: EPredicted i -600 Id[-]
Select Data Point... ‘ '
\alidafinn | |
RMSE Plots
-Pooled statistics
RMSE Plots - double-click a point to change test. 6 Local RMSE |8.616e...
0.02 T T T T T T ‘34?5‘3_037_ | Validation...| |
9 30 31 32
4 272889031
§oo1 - 17 19203132‘232 o Add -
Z 13 14 J5416 ¢
10 11 J2 o @@
7 o 0"
dééd $482 T | | | | I
0 ~Test notes
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Test Number G
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[Readv |
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Model-Based Calibration Workflow

it £ WAL DT

DoOE Data Modeling

Implementation

Calibration

4\ MathWorks
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Calibration

Goal : find the best (id, iq) operating points that can achieve pre-set optimization
objective while satisfying certain physical constraints.

250

200

150

iq

100

50

-300 -250

Current Constraint

-
e
......
-------
.............

MBC - PMSM - Calibration

I3
Fi
7

;
s
S
5
H
J
I
)
i

i
iy

Fi
£

#*  Optimized LuT Points

All Optimization Results

Current Result - Optimization Solution

Results Surface Blolx Constraint Summary SHE B2
Table: |Id_Table . Edit Table Last Mame Description
f:_hgnge: TPA_Boundary |Boundary constraint of TPA(ld, Trg, n}
Is Is(ld, Trg, n) <= 300
Yaxis: 114 ¥ Y-ax n ™ Zaxis: |ld v
50 L]
25 « | table
g i d
-200
.
o (motoring)
5000
4000
400 2000 3000
Trq n
Results Surface Slmix |
Table: |lq_Table V|| EdtTable | L2t
change:
X-axis: Trg v Y-ax.. n = Zaxis: |lg v
|, tabl
(motoring)
>

x|

|-

& MathWorks
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Model-Based Calibration Workflow

it £ WAL DT

DoOE Data Modeling

plementatigr

Calibration

4\ MathWorks
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Calibration Results — Fill Calibration Tables

Tables 8
& Point-by-Point-flux-Optimization 4 L 26 73580 27 6550 26 592
B ke 13.675 ] ™ %Eﬁj
44 g Table 128.047 ]

1 Trq_narm 142.219

-4 flux_allowed_norm 156.391

170.562
184.734
198.906
213.078

Trg 05 01090 flux_allowed

I, table (after clipping max torque)

iq Calibration Table

150

100 |

50

= 3000 2000 1000
4000

5000
6000 speed [P

Gy 7000

|, table (based on percentage of max
torque)
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Agenda

From Desktop Simulation to Software Deployment

Software deployment

Code generation

Iterate

CALIBRATE SENSORS

-

ESTIMATE MOTOR PARAMETERS

«

MODEL MOTOR & INVERTER

«

DESIGN FOC ALGORITHM

«

TUNE CONTROLLER GAINS

‘

VERIFY IN DESKTOP SIMULATION

GENERATE CODE

VALIDATE ON HARDWARE

& MathWorks
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Custom Target, Hardware Support Package or Specialized toolbox

— O
- Core
Search Documentation Pn Software

Algorithms

Il
)

@ % & Preferences & @ % Community . and Logic
EEE

s
Simulink  Layout CFsetPath (o Help 5 Request Support

~ [l paraliel = - ~  [El Learn MATLAB
SIMULIME ENVIRONMENT
& Get Add-Ons
NCY o £ Menage Add-ons

Mar
ﬂ Package Toclbox

E Package App

n Get Hardware Support Packages

MATLAB Central = Files  Authors My File Exchange ~  Publish ~ About

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

Generate code optimized for STMicroelectronics STM32 Processor based boards

Overview Reviews (24) Discussions (105)

Embedded Coder® Support Package for STMicroelectronics STM32 Processors enables users to build, load, and run Simulink models on STM32 devices using two separate workflows included in
this support package. Any STM32F4xx, STM32F Txx, STM32G4xx and single core STM32H7xx family processor based boards are supported using STM32CubeMX-generated peripheral
cenfigurations and few ST Discovery boards are supported using built-in peripheral configurations.

Hardware Support Packages: https://www.mathworks.com/hardware-support/home.html
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C2000 Microcontroller Blockset

Supported devices:

= F2802x/3x/5x/6x/07x/004x

= F2833x/32x/37xS/37xD/38xS/38xD
= Fixed-point F280x/1x

= F280013x / F280015x

F28379D LaunchPad

Scheduling the generated code:

= Periodic tasks

= Idle tasks

= Interrupts (Hardware, Software)
= Advanced concepts:

Pre-emptive rate-monotonic scheduler
Base rate interrupt replacement

Peripheral triggers (launch A/D
conversion from PWM)

Running on the CLA
Loading in Flash, running in RAM
Using DMA

4\ MathWorks
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Supported TI C2000 drivers

C2Bx C2Bx F28004x
N FIEIFRT.INTE A_INO [
Sw Int Trigger Watchdog ADC
Software Interrupt Trgger Watchdog ADC
- ADC, A|O’ Compara’[or, ST — —
N GPIOx GPIOx [}
- GPIO, eQEP, ePWM, eCAP, — .
igital Output Digital Input
- eCAN, I2C, SCI, SPI, LIN = =
. Watchdog, DMA ) e e
. . =QEP =CAP Slave :Ta?rvgpf’éﬂﬁ’
- Motor control position sensing o R
. . c2Bx c2Bx C28x
— Optical encoder (using eQEP) oo SPsuuh dm SR b w0
— Hall sensors (using eCAP) —Sre— | T o
— Sensorless (using SMO) bo N e
12C XMT eCAN RCV sl | eCAN XMT
12C Transm it eCAN Recaive eCAN Transm it
C2Bx

CCP
CAMN Calibration Protocol
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Prepare the Model for Code Generation Using Supported TI C2000
Drivers Blocks

9} meh_ee_pmsm_fac/Current Control - Simulink

SIMULATION DEBUG MODELING FORMAT HARDWARE
Hardware Board @ | %E E“ @
Hard Contral | 7| StopTime ; MATLAB | Bui
| TI Deffino F28379D LaunchPad ~ ~ || TIOMRE ontro Monitor Build, Deploy
Settings t Panel B Tune = | Workspace B Start ~
HARDWARE BOARD PREPARE RUN ON HARDWARE REVIEW RESULTS DEPLOY Y
L= ‘W Current Control
® mcn_EeJ)msm_fnc » (urrenr Control # -
[0] F2BaTx/07w004x
Lint 16
.
T EEE—
HW Driver Blocks < ePWM
A -
_,_\D (J [Gensor Driver Blocks (sim)] ADC spesd sl
- - Speed_PU -
F2B37x07x004x
— WA
|
B ADC laby meas PU Lo b PY P lab_meas PU PWI_Duty_Cycles Inwerler Sighals: S PWI_B
aPWM
= w0 » Buty. Gyl - . Inverter (Code Generation) B2
Al J—‘ F2B3Tx/070004x
B ||\”»_ EF_Pasilion_Count Pas_PU o]  PU PUWM_Enable Mwertar Sighae . =
— WA
Inverter (Simulation Pih_C
ADC Guiput Scaling 4
ePWM
] ' Index_Laleh  EnClosadl Closed. s
&
HW_Inputs
T B 1 F2837x
Input Scaling .
— o_rel_PU 5CI (Code Generation) » GPIOx
| L_ref_PU
Feaip — ' GPIO DO
Control_System i debug DRVEI0x Enable
e SCI (Simulation)
» T imulation
- o paed Rel
18] E Fl | Debug_signals
el
|
=
Ready 93% FixedStepDiscrete
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Deployment on the Target

= Generate code (floating
and fixed-point)

4\ MathWorks

Copyright 2020 The MathWorks, Inc.
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Software-In-the-Loop (SIL) Testing

,[

Code

Show equivalence, model to code

Assess code execution time
Collect code coverage

W Test
Vectors

Model

Desktop Simulation

Generator 4 Generated

(on PC)

4

|

PC
Compiler

Code

Compare

m Results

|

4 Object File

Object Code
Execution (on PC)

|

)

( -

g

Results

4\ MathWorks
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Processor-In-the-Loop (PIL) Testing

,[

Code

4\ MathWorks

Verify numerical equivalence
Assess target execution time

Collect on target code coverage

W Test
Vectors

Model

Desktop Simulation

Generator 4 Generated

(on PC)

4

|

Cross
Compiler

Code

Compare

m Results

. 4_
Execution (on target) Attee

4 Object File

Object Code

|

-

( -

g

Results

t1 i

-
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Verify and Profile Code Using Processor-In-the-Loop(PIL) Testing

Profiling for more information.

1. Summary
Total time
Unit of time
Command

Timer frequency (ticks per second)

Profiling data created

2. Profiled Sections of Code

Code Execution Profiling Report for
mcb_pmsm_foc_sim_v2/Current Controll

The code execution profiling report provides metrics based on data collected from a SIL or PIL execution. Execution times are calculated from data
recorded by instrumentation probes added to the SIL or PIL test harness or inside the code generated for each component. See Code Execution

50681790
ns

report(executionProfile, Units', 'seconds’, 'ScaleFactor’, '1e-
09", NumericFormat', '%0.0f);

2e+08

16-Jan-2020 18:09:48

Section Maximum Average Maximum Self  Average Self Calls
Execution Execution Time in ns Time in ns
Time in ns Time in ns
[+] Current_initialize 2260 2260 1365 1365 1
Current_step [5e-05 0] 5135 5067 5135 5067 10001
Current_terminate 340 540 340 340 1
3. CPU Utilization
Task Average CPU  Maximum CPU
s Utilization Utilization
Current_step [3e-05 0] 10.13% 10.27%
Overall CPU Utilization 10.13% 10.27%

Profiling in real time execution
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Deployment on the Target

= Use host model to
control and debug

- Validate on hardware -

Reference Speed (RPM)

Position

File Tools View Simulstion Help

&\ MathWorks
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Simple Embedded Software Architecture i

Communication .

Interfaces
] [ Je==| Comm Core Output |—
1 ] Drivers | |  Software Drivers
— | Algorithms >

_ Actuators
and Logic
—

M Input Special

! Drivel’S Device

(Al B JcC .
— Drivers

A
A 4

v

Sensors ®———> J Interfaces

®——>/
D
Most / W ¢ v
Development

is on Core Scheduler/Operating_ System
Software And Support Utilities
Algorithms )

o)




Integrating Generated Controller Code with an Embedded

Software Project

4\ MathWorks

Hand

‘ Encoder

Embedded Software Project
Execute at 20kHz
Command
‘ ADC PWM
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Integrate Generated Controller Code with Your Hand-Coded

Software Project

Embedded Software Project Pseudo-Code

main()

{
adclinit();

encoderlnit();
pwminit();

controllerinit();

while(1) {
}

interruptServiceRountine()

{
AdcStruct = readAdcCountFromDriver();

EncoderStruct = readEncoderCountFromDriver();
PwmStruct = controllerStep(AdcStruct, EncoderStruct);

writePwmCountToDriver(PwmStruct);

}

&\ MathWorks’
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Customize Generated Code

g speed_control_algorithm * - Simulink

IMULATION

FORMAT

ﬁ/ () I S y— L) Code for companent ()] OpenReport & =5
Embedded | Quick | C/C++Code (@ Settings Code speed_control_algorithm Generate | View 5% Remove Highlighting | Verify | Share
Code-C v Start Agvisor ¥ Interface v Code v Code Code « -

OUTPUT | ASSISTANCE PREPARE GENERATE CODE RESULTS VERIFY | SHARE a
Model Browser S @% & speed_control_algorithm Code ® x ?
~ ‘speed_control_algorithm ® speed_control_algorithm b & speed_control_algorithm.c (1) v Q my E\

v =
) s 5
Pl Controller Speed Highlighting: & My_Special_StepName 2134 > * g
Speed_Ref Selector . g
Speed Control Algorithm s e e
= generated for Simulink model 'speed_control_algorithm'
- ersion 2.2
= simulink Coder ver: : 9.8 (R20220) 13-May-2022
- source code Tue No 8 14:45:18 2022
single ) B
; Speed Ref PU * Target selection: ert.tlc
- - single *+ embedded hardusre selection
speed_ref_pu (D single IdgRef_PU nal . neration o
2 Speed_Meas_PU single -
MRS ldgRef_PU °
speed_meas_pu boolean
boolean #include "speed_control_algorithm.h
enable booleary PID_Enable 4’. #include "riwtypes.
.—P en_closed_loop
_ _ PID_Enable /* Exported block parameters */
en_closed_loop Speed Control resl3z_T PI_I_Speed = 8.589872479F;
/* Bleck states (default storage) */
I_control_algorithm_T speed_control_algorithm DwW;
Copyright 2021 The MathWorks, Inc.
arg_speed_meas_pu, boolean_T My_arg_enable, boolean_T arg_en_closed_loop,
real3z T arg_Idqref_pul2])
B4
/* al block i/o variables
real3z T My_Signal_Name;
E’_‘EIUre more: rtb_DesdZone;
1. Edit motor & inverter parameters 1327 rib Terodout;
A real3a T rtb_sum;
2. Generate ¢ code using the 'Embedded Coder' app [
3. Integrate generated code with driver code 1nta_T tnp_0;
4. Control motor via host model Jo specitied return uelve °)
« boolean_T arg_PID_Enable;
Code Mappings - Component Interface /% outpu Subs) /st ®
/* Switch: '<S33/Switch® incorporates:
Data Defaults Function Defaults Functions Inports Qutports Parameters Data Stores s o cf neorporates
= ' ¢Root>/en_closed_loop
(=3 . * cRoot>/enable’
Fu Functi Name Fu Preview s
ﬁ: Initialize Mode! default speed_control_algorithm_initialize void speed_centrol_algorithm_initialize{[* self]) -
S Periodic:D1 [Sample Time: 0.00055] Model default My_Special_StepName arg_PID_Enable = My_Special_Stephame([* self], * arg_s... o
512 if (arg_en_closed_loop & My_arg_enable) {
S Terminate Model default void speed_control_algorithm_terminate([* self]) 52 rtb_TProdout - “arg_speed_ref_pu;
= }else{
54 rtb_IProdout - arg_speed_meas_pu;
¥
»/Add1' incorpor:
= B) C:\Users\mfremovi\MATLAB\Projects\examples\FOCAlgori thmExportDeno2 \work \code \speed_control_algorithm_ert_rtw\speed_control_slgorithm.c Ln 4 Col 52
Ready View diagnestics 189% FixedStepDiscrete
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Basic generated code architecture & interface

= Basic generated functions format:
— void modelname_initialize(void) : to call at system initialization
— Void modelname step(void) : to call each processing step (on timer or interrupt)

— Void modelname terminate(void) : to call at system shutdown.

= Several possible customisation using Embedded coder
- Functions / files names
- Function interface (return & argument passing mode).
- Several step functions for concurrent tasking.

example : int MyModel _step(int inputs, *int params, *int dworks)

& MathWorks
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Complete Model-Based Design Workflow

Get the complete confidence in your design

Component and system Equivalence Equivalence
testing e checking  _ ______ testing
=_——— --~-_~ ’,—"_ _~~~~~
PRl I Review and oSS o7 = s
V' \ static analysis | i 1\ Static Code
1 \ \ Analysis

) ()

Code Compilation

ekl Generation and Linking

‘ MathWorks:
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Complete Model-Based Design Workflow

Get the complete confidence in your design

Equivaleqce Equivalence
checking _lesting

-~~~

Compilation
Generation and Linking

Modelling
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Key Takeaways

- Model-based design for motor control enables you
— To make faster time to market.
— To be more resilient to external disturbances
— Increase collaboration
— Share knowledge

= Motor Control Blockset, using reference examples & built-in blocks,
enables you
— To minimize even more development time
— Upskill yourself
— To experiment easily new control technics

&\ MathWorks
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Q&A

4\ MathWorks

4\ MathWorks
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