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Brushless motors are everywhere




« Generate compact and fast code from models

&)\ MathWorks

Why Simulink for motor control?

= Verify control algorithm with desktop
simulation

Customers routinely
report 50% faster
time to market

Minimize development time using reference
examples



Motor Control Blockset simplifies the workflow

Control blocks optimized for code
generation

Sensor decoders and observers

Motor parameter estimation

Controller autotuning

Reference examples

Motor Control Blockset

Design and implement motor control algorithms

§ Download a free trial

Motor Control Blockset™ provides reference ples and blocks for pi
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

The blockset includes Park and Clarke transforms, sliding mode and flux observers, a
space-vector generator, and other components for creating speed and torque
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.

Get Started:

Reference Examples Latest Features

Motor Control Algorithms Documentation and Resources
Sensor Decoders and Observers Try or Buy

Controller Autotuning
Motor Parameter Estimation

Motor Models

Reference Speed (RPM)
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Brushless motors require complex algorithms — field-oriented
control

Voltage

- Control algorithm Supply

Physical system Upc
Inverse Park Transform

Power

Inverter

Park, Clarke Transforms

PMSM
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Workflow for implementing field-oriented control

. : Model Design
Calibrate Eit'\g"g;e Motor & Control Deploy &
Sensors Inverter Algorithm Validate

Parameters
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We will use Texas Instruments motor control kit

Teknic 2310P
surface-mount PMSM

DRV8305 3-phase
Inverter

TMS320F28379D
MCU
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Sensor calibration N e vosa —
Sensors Poi\gﬂ:’:ers Inverter Algorithm Validate

Open Loop Control Host Model

uint16 .

PWM Duty Cycle

| PWM Duty

PWM ¢

int32
Datal_Log

int32
lab_measured_ADC

int32

Sensors

Data Serial Output

case 'BoostXL-DRVS8305' A P—
inverter.model = 'BoostXL-DRV8305';% M ' ' ' =1
inverter.sn = "INV XXXX'; L ' 7 ¥ Signal Statistics
inverter.V_dc — LY WV // "
inverter.I max = 19.3; $Amps // M 2.294e+ -
inverter.I_trip = 10; SAmps // ‘
inverter.Rds on = 2e-3; $Ohms // " o
inverter.Rshunt = 0.007; $Ohms // —
inverter.MaxADCCnt = 4095; $Counts //
inverter.CtSensAOffset = % $Counts
inverter.CtSensBOffset = 23037 $Counts
inverter.ADCGain = 1; % //




Sensor calibration

= Calibrate position sensor
offset

Cdlibrate
Sensors
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Model Design

Estimaftt
Parameters Inverter Algorithm
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Glabal Variables
_ HElSanasiE Serial Receive Offset Caloulation
HallStateChangeFlag ¥ () initialize
—_—— QLAPZ g}
Hall Sensar B
- Heartbeat LED
LMD Inerptl)
1. Edit motor & inverter parameters
2. Build, Deploy & Start

Hall Sensar C 3. Control motor via host model
w
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Parameter estimation

. Model
Calibrate Estimate Motor &
Sensors Motor Inverter

Parameters

Design
Confrol
Algorithm

Deploy &
Validate

For FIN168 Lmsrchpad, set faudratn 5o 567566 |
For FZ83750 Launchpod. sat Baud rake 1o 5¢6. |

control parameter estimation | e | O -

i
i
| | Lq .. H
|

P mcb_param_est_host_sead ” - Simulink Ll use a %
I d - MODLUNG 1ORMAT ApPS
nstrumented tests running GO @ % oo o® | =mbelg e b @@
[ s Lizrary Signal N o ! step Ren Step bata Lagic i
v S Fint v | Bowser : Jable 0 Fart Bestart Bk v forward foiheckor S Anstyzet
n th t r t : anan PazanE AT ARvIEW RESUTS ~
( ) ‘ E i l ‘ ! 5 o med_param_est_host o
g E #
% I : T
: ! Board Selection 1 Test Status i Fault Status
NS | e 1
HH ! DRV8305 and F28379D Launchpad ~ ; |
| H 1
- | - i N |
] ! Communication Port | Run 7 Stop ! Over Current
B ! o | I
A ! o = f : Under Voltage
Host model to start an e
i ; i Serial communication
| The COM pert has e match your board i Rs = ohm ]
| |
1
1
1
1
1
1
|
1
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Signal Conditioning and Scaling

| Nominal Voltage: 24 v :
| i
| Nominal Current: 71 Afems value) | Bemf - Veslkrpm
i
t !
| Nominal Speed: 4000 mm | Motor Inertia - kg.m"2
! i Signal from Target
i , i
| Eolkpte: 4 : Friction constant - N.m.s |
i i =
| Input DC Voltage: 20 v |
| ! Par Open M
i
| Hall Offset: 0.2039 | Perunit |
! Position i
| i
| ]
i
i

| 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 i =
| meb_pmsm_hall_offset_f28379d | Sewazes gns |

I
| Target Models: Click Build load and Run in required

| model for loading the target |

| mcb_param_est 28069 DRV8312 |

| meb_param_est (283790 _DRV8305 H Ak tan

|
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Bonus: you can use other techniques to parameterize motor

models
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PMSM Parameterization
from Datasheet

Two test harnesses that add
confidence that a PMSM is correctly
parameterized from a datasheet. It
also calculates motor efficiency at

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

Workflow Description

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

d- and g- axis current

Step 1: Load and Preprocess Data

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.

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

Step 3: Set Block Parameters

From datasheet

From ANSYS Maxwell,
JMAG, Motor-CAD FEA tools

From dyno data

11
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Modeling motor and inverter - —
Calibrate Estimate - ConTEr;ol Deploy &
Sensors Poi\gﬂ:’:ers Inverter Algorithm Validate

= Use linear lumped-parameter

motor model 3 s
; Vabc_In_PU Theta P
- Model inverter as an average- - Ld i
value inverter or model -
switching with Simscape “ [ |
Electrical
 Load be

12
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Bonus: you can model at needed level of fidelity

t Torque 4 Torque t Torque
Current Current Current
Lumped Parameter Saturation Saturation +

Spatial Harmonics

13



Control algorithm design

Model field-oriented control
algorithm

Model sensor decoders or
sensorless observers

Calibrate
Sensors

. Model Design
Estimat
f\/{?’rgre Motor & Conirol
Parameters Inverter Algorithm

Deploy &
Validate

4\ MathWorks

Pl mcb_ee_prmsm _foc - Simulink tal use

SIMULATION DLsUG MODLLING TORMAT

Hardwiare Board

[z =) &

83790 T = - aecware Control || StopTime |2 | Monibce | MATLAB 7l B :
I Daffino F283780 LaunchPad | [Rsrions S ;'f;';‘_ Werkspace h;i::pl.o’
HARDWARE B0ARD PREpARE RUN ON HAZDWARE REVIEW RESIATS DEPIOY =
- med_oe_pesm_foc X Speed Comtrol Current Control Inout Scaing Contrel System Uosed Locp Contrel laverter (Code Generabon) Average-Valus Inverter
B
@
-] or Control Blockse! 3 inverter
-t Simscape Electrical 3 phase convertar HS
= Simscape Elactrical Modular Multiiavel convertar
= E) >3 Permanent Magnet Synchronous Motor Field Oriented Control
(]
Note: This example requires a T| F28379D LaunchPad with a BOOSTXL-DRV8305 booster pack () initialize
connected to a PMSM Motor with QEP Sensor
Code generation Q B | I
Simulation SCRCNT - Trigger()
.@ Ly speos ret pu % dq.eed. P Duty Cycles
Global Variables
Desired Speed \dqRef_PU »{Duty_Cycles Faedbacks_sim >-
=] S— e
W 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
S I Copyright 2020 The MathWorks, Inc. 5. Control molor via host model
i
»
Ready 145%

FuedStepDiscrete
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Control algorithm design

Tune loop gains

Calibrate
Sensors

Parameters

Estimate
Motor

Model
Motor &
Inverter

Design
Contro

Algorithm

4\ MathWorks

Deploy &
Validate

PI_params

$Updating
PI_params
PI_params
PI params
PI_params

mch_getControl

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

%% Controller design // Get ballpark values!

delays for simulation

.delay Currents
.delay Position
.delay Speed

.delay Speedl
alysis (pmsm,

= int32(Ts/Ts_simulink);
= int32(Ts/Ts_simulink);
= int32(Ts speed/Ts simulink);

= (PI_params.delay IIR + 0.5*Ts)/Ts_speed;

inverter,PU System, PI params,Ts,Ts_speed);

Field =

=il

w2

EH sigrna

FH T

H Ti_id

H damping

H Kp_i

HH ki

1 Kp_id

H Ki_id

EH Ki_texas

BE‘ Ki_d_texas

HE‘ delta

I delay_IIR
X

BE‘ Ti_speed

BE‘ Kp_speed

EE| Ki_speed

Yalue

5.0000e-05
5.0000e-04
5.0000e-05
31922e-04
3.3273e-04
0.7071
257738
8.0732e+03
26869
8.0752e+03
0.1566
0.1503
0.0263
0.0200
1.2000
0.0373
0.9231
244215

-~ o

S

Imaginary Axis (seconds™")
v o
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Unit-Step Response of Current Loop
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Bode Diagram
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= 102 10! 10° 10 102 10% 10 10°
Frequency (rad/s)
10 Pole-Zero Map
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=
0.984
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®
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Bonus: you can use several technigues to tune loop gains

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

%% Set Sample Times

Ts = T_pwm; Asec
Ts_simulink = T_pwm/2; 3sec
Ts_motor = T_pwm/2; %

Ts_inverter = T_pwm/2; $sec

Ts speed = 10*Ts; $Sec

%% Set data type for controller & code-gen
% dataTlype
dataType = 'si

ixde (1,32,17): L

% System Parameters // Hardware parameters

pmsm = mcb_SetPMSMMotorParameters('SLY171D');

%% Parameters below are not mandatory for offset computation

inverter = mcb_SetInverterParameters('DRVE3
inverter.ADCOffsetCalibEnable = 1; % E
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,inverter,PU System,T_pwm,Ts,Ts_speed);

Tuning M ceriralisns lor curtent and spesd
airg FOC Bulchuner

a4
i
!.

’ e T B L F

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

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

Open Example

Empirical Calculation

FOC Autotuner

Field-Orientad Control Of Motor Velocity

Tune Field-Oriented
Controllers Using
SYSTUNE

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

Open Script

Classic Control Theory

4\ MathWorks
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Control algorithm design

Verify in closed-loop
simulation

Calibrate
Sensors

Estimate
Motor
Parameters

Model
Motor &
Inverter

Design
Control
Algorithm

4\ MathWorks

Deploy &
Validate

SIMULATION DEBUG MODELING HORMAT APPS
., JOpen v LW Stop Time | 0.7 - — b
qf = 5] o < = 77‘ 4 @ b %) W
N &l save Library Signal ¥ Nomal I step o Step Data Logic Bird's-Eye T
v =Pt v | Browser Table 5@ Fast Restart Back ¥ - Forward Inspectar Analyzer Scope
ElLE IBRARY PRESARE SIMULATE Y
5 <\ mch_ee_pmsm_foc X Serial Recelve Spead Control Inverter (Code
5 | © |Celmecsoamiebl N
L) ¢
B
P Spacily ficailly level
(@] Inverter Modeling Fidelity Cholcg ———————————
Mator Control Blockset average invarter
= + Simscape Electrical 3 phase convarter
=] Simscape Electrical Modular Multilevel converter i =
= Permanent Magnet Synchronous Motor Field Oriented Control
LY}
S Note: This requires a TI F28379D LaunchPad with a BOOSTXL-DRV8305 booster pack () initialize
connected to a PMSM Motor with QEP Sensor
Hardware Init
Heartbeat LED
Y
" Yy
Simulation SRS Trgger()
> . > spsed_Ret_PU Idg_ref_PU Duty Cycles
Global Variables c _|
Desiec Speed IdgRef_PU P Duty_Cycles Feedbacks_sim >-
I N— B o e
— ‘Serial Rocewve Speed Control Current Control Inverter and Molor - Plant Model
Explore more:
1. Edit motor & inverter parameters
EnClosedLocp 2. Use Offset computation model to find
out pasition offset.
3. Update offset in Init script to variable
(] SpeedRef ‘pmsm.PositionOffset’
N 4. Build, Deploy & Start
@ Copyright 2020 The MathWorks, Inc. & Contral fiolor viataet mode)
—
« ¥
Ready 110% FixedStepDiscrete
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Deployment

- Generate code (floating and
fixed-point)

Use host model to control and
debug

Validate on hardware

Cdlibrate
Sensors

Model

Estimate
et
Parameters

Design
Confrol
Algorithm

4\ MathWorks

Deploy &

Validate

P mck_ee_pmsm_foc ™
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MODLUNG
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v S FPint v Bowser Teble R Fast Restart Back v Forward Inspector  Analyzer
PREPARE SIMURATE REVIEW RESULTS =
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= » ook
= = = <
Seect $0.00000-006
&  Motor Control Blocks 202006
&= ape Electrical 3 ph:
= Simscape Electrical Modular Multievel converter
M Model Wide Event
 E— Permanent Magnet Synchronous Motor Field Oriented Control Other
Note: This example requires a Tl F28379D LaunchPad with a BOOSTXL-DRV8305 booster pack [0}
connected to a PMSM Motor with QEP Sensor
>
| e/ ]
e .
T Rx \saxaz g7 - stz Ent)
Spasd_Ref_PU b -
Global Variabies - -
17 o a2 Eat
Speec_Mass_PU
BN Recele ‘Speed Control Current Contro
Explore more:
1. Edit motor & inverler paramelers
2. Use Offset computation model to find
out position offset.
3. Update offset In Init script to variable
‘pmsm.PositionOffset’
) L 4. Build, Depioy & Starl
Copyright 2020 The MathWorks, Inc. . Gontrol motor via host moded
—
]
L
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You can generate code for a custom target

= Target any processor with
ANSI C code

= Use provided example to
partition the model into
algorithmic and hardware-
specific parts

o

[ Sensor Peripherals and Commands

(1) initialize

Hardware Init

SCI_INT
Code generation
5
L
SCLINT ._LI_fI SCI_Rx_INT()

Heartbeat LED

Hardware-Independent Algorithm '

- Generate algorithmic code ~
for integration into
embedded application

Simulation
Commands
Serial Receive
Sensor Driver Blocks (sim)
O
- — P Simi out
m |

Sensor Driver Blocks

mch_pmsm_foc

Commands Duty

SensorSigs Debug

[ PWM Peripherals

4\ MathWorks

Algorithmic Code

FOC Control Algorithm

:

Duty Cycles 1

Duty Cycles

Invertar Driver Peripherals
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You can verify and profile code using Processor-In-the-Loop

testing

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

Profiling for more information.

1. Summary
Total time
Unit of time
Command

Timer frequency (ticks per second)

50681790

ns

report{executionProfile, "Umts', 'seconds’, 'ScaleFactor’, 'le-
09", NumericFormat', "%0.0f);

2e+08

Profiling data created 16-Jan-2020 18:09:48
2. Profiled Sections of Code
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 [3e-03 0] 5135 3067 5135 5067 10001
Current_terminate 340 340 340 540 1
3. CPU Utilization
Task Average CPU  Maximum CPU
* Utilization Utilization
Current_step [3e-05 0] 10.13% 10.27%
Overall CPU Utilization 10.13% 10.27%

4\ MathWorks
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Workflow for implementing field-oriented control

: Model Design
. Estimate
Calibrate Iv{ ; Motor & Control
Sensors QA Inverter Algorithm
Parameters 9

4\ MathWorks

Deploy &
Validate
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Motor Control Blockset & Simscape Electrical

4\ MathWorks
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Simscape Electrical

* No single precision, no

Motor Control Blockset

+» Fast, compact code
 All precisions

4\ MathWorks

Key Differentiator

« Will you be deploying code to a
microcontroller?

fixed point YES - You need Motor Control Blockset
(" u ces\ B ittty ~ river
Algorithm Speed/ Currents_ref Current ?M;)élj:l)f:\tilon i PWM “\II\/I(I)J[Or D €
. Speed,AngIe: torque Waves) :: 1 Pulses
Physical System | Control ) [=*={ Control | | Switching | |
\ i |
) 1 ) DC
Load Motor — Inverter ; Suool
J J | L JJ k pp y

Simscape Electrical

Motor Control Blockset

s Switching (Motor Driver) |« Average value (No switching)

s All fidelity ranges
s Physical networks

 Linear motor with fixed Ld / Lq
 Signal-based

Key Differentiator

« Are switching effects important to you?

« Do you need nonlinear motor behavior?

« |Is your motor part of a larger system
(electrical, thermal network)?

YES - You need Simscape Electrical
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Use Model-Based Design for your next motor contro

= Verify control algorithm with desktop
simulation

= Generate compact and fast code from models

= Minimize development time using reference
examples, built-in algorithmic blocks,
automated parameter estimation, and gain-
tuning

Motor Control Blockset mewssaouer

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.

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.

Get Started:
Reference Examples Documentation and Resources
Motor Control Algorithms Try or Buy

Sensor Decoders and Observers
Controller Autotuning
Motor Parameter Estimation

Motor Models

4\ MathWorks

roject!
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&\ MathWorks:

Takeaways

= Motor Control Blockset helps customers adopt production code generation
for developing embedded motor control software

= |t also provides an onramp to MBD for motor control engineers new to
Simulink

= Reference applications is a key capability of the product

= There is intentional overlap with Simscape Electrical, many customers will
benefit from using both products together

26
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Learn More
@\ MathWorks- —
E:ree Trila[|)Soﬁware for Power Electronics Q
. . e ontrol Design
VISIt Model and simulate digital control systems for high
https://www.mathworks.com/products/motor- e e
control.html
- And

https://www.mathworks.com/solutions/power-
electronics-control.html

= Get power electronics control design trial
package with necessary tools for desktop
modeling, simulation, control design, and
production code generation of your next
motor control project

START TODAY. Download and install the trial software package.
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