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Motor Control Blockset & FF & i FE
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Design and implement motor control algorithms

§ Download a free trial
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Motor Control Blockset™ provides reference examples and blocks for developing
field-oriented control algerithms for brushless motors. The examples show how to
configure a controller model to generate compact and fast C code for any target
microcontroller (with Embedded Coder”). You can also use the reference examples to
generate algorithmic C code and driver code for specific motor control kits

2 : N The blockset includes Park and Clarke transforms, sliding mode and flux observers, a
| ] ) I space-vector generator, and other components for creating speed and torque v
./ controllers. You can automatically tune controller gains based on specified bandwidth e et
U

and phase margins for current and speed loops (with Simulink Control Design™).

Ouy Crcios|

Foachocks_sem Spood.b)

The blockset lets you create an accurate motor model by providing tools for collecting

data directly from hardware and calculating motor parameters. You can use the Curront Control

parameterized motor model to test your control algorithm in closed-loop simulations.

- IEHIEBEES

Reference Examples Latest Features
Motor Control Algorithms Documentation and Resources
Sensor Decoders and Observers Try or Buy Reference Speed (RPM)

Start / Stop Motor

Controller Autotuning

Motor Parameter Estimation
| | 7‘/ E l Motor Models
= /)N
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| The COM port has o mateh your board

H Tor FINI6H Lnerchpad, set faudrate 5 567566

: For FZ83750 Launchpod. 24t Baud rate 1o 5¢6.

i i Ld - H

1 Required Inputs 3

| i Lg “ H

| Nominal Voltage: 24 v :

| i

| Nominal Current: 71 A (rms value) 1 Bemf - Veslkrpm
i

! |

| Nominal Speed: 4000 mm ! Motor Inertia - kg.m"2
i

| i

H . i

! Pole pakes: 4 ! Friction constant - N.m.s
; ;

| Input DC Voltage: 20 v

i Save Paramator Open Mode

| Hall Offset: 0.2039 | Perunit

i

i
i
i
i
p
i

| i Signal Conditioning and Scaling

| Note: Press Ctrl+D to update the workspace |

| |

| Hall Offset: For Hall offset calculation open required model;

| for the hardware |

| meb_pmsm_hall_offset f28069m ;

| meb_pmsm_hall_offsct_128379d i

Target Models: Click Build load and Run in required
| model for loading the target

0
sewses g |
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|
i
| |
i
: meb_param_est {28069 _DRV8312 !
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|
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17_ e = | R o e = Generate Parameters for Flux-Based PMSM
(Dat@ef @l ] o lmes L =me 5 fA=alh LR A : g™ . I el Block
1 B g ¢ eyl 5 a 1 y rd \ v 4 L E’ : f i i
L i- - 4w L LR . 4 }I _,' 1 | ,l. I ._ i ? . L1 N W ' \ 'y i
= l J\ L | | v s A Using MathWorks tools, you can create lookup tables for an interior permanent magnet
[ “—‘Dl Py am omw dmn Ame Dt 0am 0ET 200 Amw oo Ty ame nae ame ams oo adz oaw ave aoe oa synchronous motor (PMSM) controller that characterizes the g-axis and g-axis current as
) ] ! = - s e vekages m Line veisges — a function of d-axis and g-axis flux.
[egdef@ef’ = =) | - ' =™ an ' :""_ To generate the flux parameters for the Flux-Based PMSM block, follow these workflow
=] 5 | i ) ; ! ' \ J \ ! steps. Example script CreatingIdgTable.m calls gridfit to model the current surface
] . y i WAL B o . b o using scattered or semi-scattered flux data.
lmllﬁrwnnlmllmmuwﬁ W J ! ! I .
T il il S ) ) s il i w1 2 =, AME GO QD OB 009 HE O LSS Ana s

4001 LG A0 Q00 DO OO 00T QD6 A0 e

r 'h,.*"‘?mw_ ,‘ s .‘ = Workflow Description

PMSM Parameterization Imporl: IPMSM Flux Linkage Impnrl: IPMSM Flux Linkage Step 1: Load and Preprocess Data Load and preprocess this nonlinear motor flux
data from dynamometer testing or finita
from Datasheet Data from ANSY S Maxwell Data from Motor-CAD element analysis (FEA):

d- and g- axis current

d- and g- axis flux

Two test hamesses that add Import a motor design from Import a motor design from Moter- - Electromagnetic motor torque
confidence that a PMSM is correctly ANSYSE® Maxwell® into a CAD into a Simscape™ simulation. ,

. ) s ) Step 2: Generate Evenly Spaced Table Data Use the gridfit function to generate evenly
parameterized from a datasheet. It Simscape™ simulation. From Scattered Data spaced data. Visualize the flux surface plots.
also calculates motor EﬁiCiEﬂC‘j at Step 3: Set Block Parameters Set workspace variables that you can use for

the Flux-Based PM Controller block
Open Model Open Model Open Model parameters.

- ANSYS Maxwell, IMAG, s
A F ) Motor-CAD FHPRTIT R DEIH:

Simscape Electrical Simscape Electrical Powertrain Blockset

A

S
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t Torque

Current

Lumped Parameter

Motor Control Blockset
Simscape Electrical

4+ Torque

Current

Saturation

Simscape Electrical

tTorque

Current

Saturation +
Spatial Harmonics

Simscape Electrical
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Pl mcb_ee_pmsm _foc - Simulink Lial use

SIMULATION DEBUG MODLLNG TORMAT

Hardviare Board & >l "] Ll [z = &
I Daffino F = Facdware Convol, Ballicraine 2 Manitoe MATLAS 7 Build Deploy
— Settings Sanel & Tune v | Workspace B Stert ~
pREPARE RUN ON HARDWARS oEPIOY

S med_oe_pam_foc % Speed Commrol Current Control Input Scalng Contrel System Uosec Locp Control Lverter (Code Generabon) Average-Valus inverter
-
& seect
3 « Motor Control Blockse! @ invertar
S &
=]
= = Permanent Magnet Synchronous Motor Field Oriented Control
[
Note: This example requires a Tl F28379D LaunchPad with a BOOSTXL-DRV8305 booster pack () initialize
connected to a PMSM Motor with QEP Sensor
Code generation . L | l
Simulation oy o T
u L] spens ret PU am ldq_ret_PU DUty Cyckia
Global Variables —|
Desired Speed IdqRef_PU P Duty_Cycles Feedbacks_sim b-
_W P. P Speec_Meas PU -—' sm Speed_fo
Serial Receive Speed Control Current Control Inverter and Motor - Plant Model
Explore more:
1. Edit motor & inverter parameters
2. Use Offset compulation model to find
oul posilion offset.
3. Update offset in Init script to variable
SpeedRef ‘pmsm.PositionOffset’
. 4. Build, Deploy & Start
» Copyright 2020 The MathWorks, Iic: 5. Control motor via host model
—
-+
» 3
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%% Controller design // Get ballpark values!

PI _params = mcb.internal.SetControllerParameters(pmsm,inverter,PU System,T pwm,Ts,Ts_speed);

$Updating delays for simulation

PI _params.delay Currents = int32(Ts/Ts_simulink);

PI params.delay Position = int32(Ts/Ts_simulink);

PI params.delay Speed = int32(Ts speed/Ts simulink);
PI_params.delay Speedl = (PI_params.delay IIR + 0.5*Ts)/Ts_speed;

mch_getcControlAnalysis (pmsm, inverter, PU System, PI_params,Ts,Ts speed);

Field =

=Rl

HH 2

BE‘ sigma

HH T

- Tiid

EH damping

H Kp_i

H Kii

H Kp_id

H Ki_id

BE‘ Ki_texas

BE‘ Ki_d_texas

BE‘ delta

HH delay_lIR
X

EH Ti_speed

EE| Kp_speed

HE‘ Ki_speed

Yalue

5.0000e-05
5.0000e-04
5.0000e-05
3.1922e-04
3.3273e-04
0707
25778
8.0752e+03
2.6869
8.0752e+03
0.1566
0.1503
0.0263
0.0200
1.2000
0.0378
0.9231
24,4215

x10%

082 072 T oss 044,038

Imaginary Axis (seconds™)
& o

IS

082 072 058044 03 014

%

-10 -8 6 4 -2
Real Axis (seconds™")

Unit-Step Response of Current Loop

=10

o 0.2 0.4 06 08 1 12 14
t Sec (seconds)

16

18 2
x10°3

Bode Diagram

Magnitude (dB)
g

Phase (deg)

100 10! 102 10
Frequency (rad/s)

Pole-Zero Map

Imaginary Axi%,(samnds“)
R
-

062 086 076 058 035
*

4

-3 -2 -1 0
Real Axis (seconds™) %10%

Control System Toolbox
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%% Set PWM Switching frequency
PWM_frequency = 20e3; $Hz // converter s/w freq
T_pwm = 1/PWM_frequency; %s // PWM switching time period

%% Set Sample Times

Ts = T_pwm; ssec // sample time for controller

Ts_simulink = T_pwm/2; %sec [/ n time step for model simulation
Ts_motor = T_pwm/2; %Sec / n sample time

Ts_inverter = T_pwm/2; $sec // n time step for average value inverter
Ts_speed = 10*Ts; %$Sec // sample time for speed contxc

%% Set data type for controller & code-gen

% datalype = fixdc(l1,32,17): % Fixed point code-ger
dataType = 'single’'; % Floating point code-:

%% System Parameters // Hardware parameters

pmsm = mcb_SetPMSMMotorParameters('SLY171D');

%% Parameters below are not mandatory for offset computation

inverter = mcb_SetInverterParameters ('DRVE8312-C2-KIT');

inverter.ADCOffsetCalibEnable = 1; % Enable: 1, Disable:0

target = mcb_SetProcessorDetails('F280eaM', PRM_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):

ZWitHE

Motor Control Blockset

Tuning B contralien: or cusent and speed
wirg FOC Ruloburer

9

' e T B L F

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-Oriented Contral Of Motor Velocity

Tune Field-Oriented
Controllers Using
SYSTUNE

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

Open Script

FOC Autotuner

Motor Control Blockset and
Simulink Control Design

22 HITHITE IR

Simulink Control Design
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P mcb_ee_pmsm_foc ™ - Smubink tnsl use

SIMULATION MODLLING TORMAT

@R & @=mtAlenls | & a4 ® b -
P s b eeare | [CNEERECE O IS A SIS Updste W - e Step >
Advsor v - - OutoutValues % G » BB Breskpointslit ~  Model v W Fast Restart Back v - Forward
E TOOiS SREAXFOINTS COMPUE MULATE =
« med_oe_pevem_foc X Speed Comrol Current Control Calculste Posinon and Speed ControlSystem Ciosed Loop Cortrol Invertar (Code Generabon)  *  Average-Vaiue Invarter
=
@
3 * Motor Control Blocks
= Simscape El N
&= Simscape Electrical Modular Multilsvel convertar i
s (] >3 Permanent Magnet Synchronous Motor Field Oriented Control
(]
Note: This example requires a TI F28379D LaunchPad with a BOOSTXL-DRV8305 booster pack () initialize
connected to a PMSM Motor with QEP Sensor
Hardware Init
-------
i A 4
Simulation oy - Tig0er)
’I"—"‘l} L spenc ret pu idired- P4 Digy Cycles
Global Variables —‘
Desired Speed IdqRef_PU P Duty_Cycles Feedbacks_sim >-
’E o St M 0 -’@—b Feadbacks_sm Spoed_fo
Serial Receive Speed Control Current Control Inverter and Motor - Plant Model
1. Edit motor & inverter parameters
- 2. Use Offset compulation model to find
oul position offset.
3. Update offset in Init script to variable
SpeedRef ‘pmsm.PositionOffset’
e . 4. Build, Deploy & Start
o Copyright 2020 The MathWorks, Inc. §.-Control molor via host aiodel
-+
» =
Flmdx View dmz\u::lu M% FumS!eEDysdn
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Parameters 9

o]

[Sensor Peripherals and Commands [Hardware-Independent Algorithm | [PWM Peripherals

(") initialize

Hardware Init Heartbeat LED

BHRBR 43 R R EFIR D) e
A 7~ 151 5 | '

~
SCI_INT SCI_Rx_INT() mch_pmsm_foc
Simulation o

Ci nd ——— ol Dut

ommands 1 Commands Duty i

Serial Receive Duly Cycles '-=®
Sensor Driver Blocks (sim) Duty Cycles
D 1
I_ 1} - == | Sim out SensorSigs Debug ! Debug
F R ER
% A
S Driver Block:
enserverToes FOC Control Algorithm Inverter Driver Peripherals

RN
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Pl mch_ee_prmsm_foc " -

ok tnal use

DEBUG TORMAT

T Open v CEE

1 2 il 0 = f
Ao o o 9 & - - dh @ > = %] &
New B S2E ™ Liseery Signal "8 7! Sep  Ren Step s Data Lagic i
- R Prnt v | Browser Tetle EE Inspector  Analyzer
3 R PREPARE REVIEW RESULTS =
~ med_oe_peam_foc % Speed Comrol Current Control Caiculste Positon and Speed Control System Goszed Loop Cortrl Invertar (Code Generaban) Averaqeysie Invarter Tiniew) Legend @ x
S Hghlight None v Y
& v Discrete Period
= Y = 250000006
=
gl | -
i =
& - -
= = s
ol Model Wide Event
Permanent Magnet Synchronous Motor Field Oriented Control other
Note: This example requires a Tl F28379D LaunchPad with a BOOSTXL-DRV8305 booster pack
‘ connected to a PMSM Motor with QEP Sensor
>
‘ B o e e
|l
’ o/
-
3 stoci2 Ent)
Global Varisbies -
> Out <ot Feechass sm
bz €nt]
|
— - Speed Control Current Gontro -
| imOfset |
s Explore more:
1. Edit motor & inverler paramelers
‘ 2. Use Cffset computation model to find
> out position offset
3. Update offset In Init script to variable
‘pmsm.PositionOffset’
- . 4. Build, Deploy & Starl
Copyright 2020 The MathWerks, Inc. 5. Control motor via host model
R —
=
-
» |SE
Ready View dmzlu:'.x;; 125% F\WS[:ED>L':1:
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Profiling for more information.

1. Summary
Total time
Unait 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', 'le-
09", 'NumernicFormat', "%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_imitialize 2260 2260 1365 1365 1
Current_step [3e-05 0] 5135 5067 5135 5067 10001
Current_terminate 540 540 540 540 1

3. CPU Utilization

Task

Current_step [3e-05 0]
Overall CPU Utilization

Average CPU
Utilization
10.13%
10.13%

Maximum CPU
Utilization
10.27%

10.27%

MATLAB EXP
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Code Generalon Report

Contents
Cl:l.v:f&-ummaw
Code Interface Repaort

Timing And Area Report
High-level Resource Report
Optimization Report
Distributed Pipelining
Streaming and Sharing
Delay Balancing
Adaptive Plpelining
I ration

Traceability Report

Generated Source Files
foc?yngHd ip src focfyngHdl p

focZyngHd_ip_src_ADC_Count_T
focZynqtd_ip_src_Mod Two Pi_
focZynqHd_ip_sre_Encoder Cour
i it Ip 50 I. [l
focZyngqHd_ip_src_Rotor_Position
focZyngHd_ip_src_Rotor_Positior

L ’

s & Find: w % Match Case

focZyngHd_ip src Rotor Position=] |SynthesisTool

=10 xj

HDL Code Generation Report Summary for focZyngHd| El
Summary
Model focynghid
Model version 1.368
HDL Coder version 3.10
HDL code generated on 2017-04-21 14:19:09
HOL code generated for foc2yngHal
Target Language WYHDL
Target Directory hdl_prj\hdisrc
Mon-default model properties
ClockRatePipelining off
EnablePrefix owersampledClockEnable
HOLSubsystem forZyngHdl
ModulePrefix focZyngHd_ip_src_
OptimizationReport an
Oversampling 2000
ReferenceDesign Motor Control Reference Design
ResetType Synchronous
ResourceReport an
ScalarizePorts on

¥ilinx Vivado
SunthpzisTrnl hinFamilv Twnn _:J

_ Ok | Hep |

HDL Code Generation
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https://www.mathworks.com/videos/faster-and-more-accurate-control-of-switched-reluctance-electric-motors-using-zynq-soc-highlights-121425.html
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- Markus Schertler, ATB Technologies
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http://www.mathworks.com/company/user_stories/atb-technologies-cuts-electric-motor-controller-development-time-by-50-using-code-generation-for-tis-c2000-mcu.html?by=company
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Motor Control Blockset™ provides reference examples and blocks for developing
field-oriented control algorithms for brushless motors. The examples show how to
configure a controller model to generate compact and fast C code for any target
microcontroller (with Embedded Coder”). You can also use the reference examples to
generate algorithmic C code and driver code for specific motor control kits.

e 1
I

RelE
s
S

- MWRBEEREREES

The blockset includes Park and Clarke transforms, sliding mede and flux observers, a
space-vector generator, and other components for creating speed and torgue
controllers. You can automatically tune controller gains based on specified bandwidth
and phase margins for current and speed loops (with Simulink Control Design™)

The blockset lets you create an accurate motor model by providing tools for collecting
data directly from hardware and calculating motor parameters. You can use the
parameterized motor model to test your control algorithm in closed-loop simulations.

*IJ % .9/ % 1:% i \ | I L / \ iﬂ ‘é/ ﬂy“& 1E :e?:rj::e”:a:\:ﬂules Documentation and Resources
I_I_l — LN Motor Control Algorithms Try or Buy
-L+ ﬁn * %IJ 'Lﬂ % 7: $¢ $ Eﬁ é1ﬁ %EL } e k }E IHH Sensor Defn:ers and Observers

Controller Autotuning

Redorancs S e RPM)

Motor Parameter Estimation

Motor Models
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Day1

* Introduction

* Motors and Motor Control Algonthms
* DC Motor and Controls

* BLDC Plant Modeling

* PMSM Plant Modeling

Day 2

* Open-loop Control of PM

* Closed-loop Control of PM

* Sensors

* BLDC Controls

* PMSM Controls

Day 3

* Control Tuning

* Analyze and Evaluate Uncertainties
* Fault Diagnostics and Protection
* Sensorless Control

* Rapid Control Prototype

* Code Generation

Day 4

* Code Optimization

* Model-in-the-Loop Testing

* SIL and PIL Testing and Profiling
* Code Deployment

Day 5

» HIT. Testing

* Standards Compliance

* Conclusions

Appendices

* Software Environment Setup

* Hardware Environment Setup

* Model Configuration Parameters
* Fixed-pomt Precision Control

* Speedgoat Target Machine Setup

* App Designer
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Motor Calibration

Motor Parameters +

Vsmax 0
Torque Minimum 0
Torque Maximum 0

Data Process

Import Data ] X Aixs [ Option 1 v

| Plot

Test Data ¥ Axis [ Option 1 v

] Z Axis  [Option 1 -

Fit Models

Torque Tolerance 0 f Fit Models ]
Speed Tolerance ' 0 RMSE 0

Generate Calibration

: Generate Callbration | [ |d Table :I

lq Table ‘I

Ismax 0
Speed Maximum 1]
Speed Minimum [ 0

Data Visualization
Window
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- 77318] mathworks.com/products/motor-control el
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electronics-control
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START TODAY. Download and install the trial software package.


mathworks.com/products/motor-control
mathworks.com/solutions/power-electronics-control
https://www.mathworks.com/campaigns/products/trials/targeted/mpc.html
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