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Poll Question

What is the most challenging part in your Motor Control
Development process?

1. Motor control algorithm design
2. Write efficient code for embedded processors

3. ldentify hardware and software architecture for multicore processors
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Key Takeaways

- Simulate sensorless field-oriented
control (FOC) on a dyno setup

- Complete Model-Based Design

workflow for multicore p— S —
microcontroller _
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- Hardware component and device f———
driver behavior simulation . S
— Enhanced on-device profiling =) ‘
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Workflow for Implementing Field-Oriented Control

- Motor Control Blockset
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Simulate Motor Control System

Motor Control Algorithm Motor Control Algorithm
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Demo — PMSMs Dyno Model
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Challenges of Deployment on the Embedded Systems..

—————————————————————————————————————————

| Multicore Processor
/ - How to implement and partition
. controls into two separated cores?

System requirement
— TI1 C2000 dual-core processors

|

Controller sample rate is 20kHz
— Field-oriented control (FOC)

|

|

|

|

I

|

|

|

1

I

" = How to communicate between
— Sensorless control :
— Dyno setup (2 motors) :\
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CPU1 and CPU2?

= How to make sure task execution
meets software requirement?
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No sensor delays in my model

= ADC-PWM synchronization
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Simulate Motor Control System with Peripherals and Task Execution
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Model Multicore application Using SoC Blockset

Torque Control of Motor 2 in CPU2

Speed Control of Motor 1 in CPU1
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Plant- Motor! and Motor2 coupled
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Plant Subsystem

Motor 2 shaft is mechanically coupled with Motor 1
and follows the speed of Mator 1.

I

Motor 1 is loaded by Motor 2.

oL ol [Dicret iR E
EnMtr2TrqCtr dB ow Pass Filta Trg_MirZLoadshir!
—o
lIR. Filterz
. inal o2 »
05'pmsm.T_rated | Single Info |— =] *aa g | T
RT1
Constant
PhasaCurr Sensor_Measurements
| labe
G »| Duty_abe Info =]
MitrSpd F———— 5
motor1_duty P Motor_speed_ d pd
Surface Mount PMSM 3| =
Py —— | PhasaCur T PhaseCurm Sim_fi
RT2
#| PhassWalt
|
i [NitrTra] Sensor_Measuremeants 1

¥

L2 ¥ Duty_sbc

motorZ_duty |

A
v
=

A
o

M1ir2 Inverter

Input O voltage till Motor 2 torque contral is enabled.

Surface Mount PMSM1

Sim_fy f————————

—

sim_fb_motor

>
—
- sim_fb_dyno



MATLAB BEXIPPO

Hardware vs Simulation Analysis
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Model Configuration
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Task Manager —

Main Simulation
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Inter-Processor Communication with IPC Blocks

= Model the communication buffering and delay

msg J__ — data

Interprocess Data Read

LV

data - mee

4

Interprocess Data Write

SN

sl = | 2| [ T

~

Interprocess Data Channel

Block Parameters: Interprocess Data Channel 1
Interprocess Data Channel

Model data channel between two processes.

Interprocess Data Write block writes the data to the channel from
one process.

Interprocess Data Read block reads the data from the channel from
another process.

Set Show event port to output a task trigger event when data is
written to the channel.

FParameters
) L Define buffer size
Main | Swlistics | and timing delay ]
Number of buffers: 4 IE

Propagation delay: |2e-6

] Show event port

Cancel Help Apply

et

Block Parameters: Interprocess Data Channel 1 >
Interprocess Data Channel

Model data channel between two processes.

Interprocess Data Write block writes the data to the channel from
one process.

Interprocess Data Read block reads the data from the channel from
another process.

Set Show event port to output a task trigger event when data is

written to the channel.

Parameters
Main Stati
[] Show num Visualize buffer consumption and
] overwrites
Show when

Cancel Help

Apply
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PWM Modeling

= Event to synchronize with ADC or schedule a task

PWM waveform simulation

) msg ~PWM

PWM [

w

event [p

PWM Interface

Block Parameters: PWM Interface

PWM Interface
Simulates the pulse width modulation (PWM)

The block outputs either a switching pulse width modulated waveform or pass the duty cycle value to

the output.
Also, it generates an "Event" which can be used for synchronizing PWM with ADC or as PWM

interrupts to trigger a control algorithm.

Main  PWM output  Phase  Event

PWM waveform period (s): |50e-6

Output mode: Switching

Counter mode: Up-Down @
Sampling mode: End of PWM period @
Dead time (s): le-6 i

Cancel Help Apply

Up

End of Period

End of Period

Up-Down

Mid of Period End of Period

Time

Mid of Period End of Period

MATLAB I

PWM Output

" Oscillator

Trigger
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ADC Modeling

= Convert analog values to digital counts

= Model acquisition/conversion delays and trigger events

ADC Interface

Simulates the analog-to-digital conversion (ADC)

The block samples the analog input based on a start event or sample time and outputs a representative
digital value in counts.

Also, it generate events which can be used for scheduling an algorithm.

Acquisition time and Conversion time parameter values sets the delays in the conversion.

I start event Main ~ Multi channel  Event
Resolution (bits): 12 =
2 analog digital p Voltage reference (V): 3 -
ADC Interface Acquisition time (s): |320e-9 | i
Conversion time (s): |240e-9 | :
Charge/discharge time constant (s): |D | :
[ Software triggered

Cancel Help Apply

Block Parameters: ADC Interface X

A
4095 1
Dout

30721

12-bit Digital signal

)
=
4+
®©
|
|

D¢ = 4095%V;,/3.3

zoomed in

MATLAB |

nalog — Digita
S —
4 Input ADC — Outputs
1 | | | | | Vin
0 T T t T T T >
0 | 2 3 33
Analog signal (volts)
End of Conversion
event
ADC A S0C0-5+H | SOCO-Comversion | 50C1-5+H | SOC1-Comversion |
ADCB | 50005+ | SOC0-Comversion | 50C1-5+K | SOC1-Conversion |
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SoC Block set Key Functionalities — On-Device Profiling

- Real-time performance profiling on hardware, including
— Task execution =t
— CPU utilization
— Communication buffering and delay
— Real-time SDI view

o
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Profile Tasks in Simulation and Hardware
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Poll Question
Which topics do you want to discuss more?
1. Motor control design

2. Partition Multicore Processors

3. Simulate PWM/ADC and perform device profiling

MATI
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Wrap Up

- Simulate sensorless field-oriented
control (FOC) on a dyno setup

- Complete Model-Based Design

workflow for multicore — —
microcontroller _
. Logz::lﬂ"” L‘jw?ﬂuzwmm
- Hardware component and device e
driver behavior simulation . e
— Enhanced on-device profiling =) ‘




Learn More
- Recording webinars

— Field Oriented Control Made Easy

— Motor Control with Tl Multicore MCUs Using Simulink

— Implementing Motor and Power Electronics Control on

an FPGA-Based SoC

= Shipping Demos

— Partition Motor Control for Multiprocessor MCUs

— Control PMSM Loaded with Dual Motor (Dyno)

— Integrate MCU Scheduling and Peripherals in Motor
Control Application

Motor Control Blockset

Design and implement motor control algorithms

8 Downlood ahsevial

MATLAB |

:

Field-Oriented Control on Dual CPU Processor

=
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https://www.mathworks.com/videos/field-oriented-control-made-easy-1538676752282.html
https://www.mathworks.com/videos/motor-control-with-ti-multicore-mcus-using-simulink-1636057222293.html?s_tid=srchtitle_Motor%20Control%20with%20TI%20Multicore%20MCUs%20Using%20Simulink_1
https://www.mathworks.com/videos/implementing-motor-and-power-electronics-control-on-an-fpga-based-soc-1646151146719.html?s_tid=srchtitle_Implementing%20Motor%20and%20Power%20Electronics%20Control%20on%20an%20FPGA-Based%20SoC_1
https://www.mathworks.com/help/soc/ug/partition-motor-control-for-multiprocessor-mcus.html?s_tid=srchtitle_Partition%20Motor%20Control%20for%20Multiprocessor%20MCUs_1
https://www.mathworks.com/help/supportpkg/texasinstrumentsc2000/ug/dual-motor-dyno-example.html?searchHighlight=Control%20PMSM%20Loaded%20with%20Dual%20Motor%20%28Dyno%29&s_tid=srchtitle_Control%20PMSM%20Loaded%20with%20Dual%20Motor%20%2528Dyno%2529_1
https://www.mathworks.com/help/soc/ug/integrate-mcu-scheduling-and-peripherals-in-motion-control.html?searchHighlight=Integrate%20MCU%20Scheduling%20and%20Peripherals%20in%20Motor%20Control%20Application&s_tid=srchtitle_Integrate%20MCU%20Scheduling%20and%20Peripherals%20in%20Motor%20Control%20Application_1

</

MATLABEXPO |

2

‘A‘
y/
<) MathWorks'
© 2022 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See mathworks.com/trademarks
for a list of additional trademarks. Other product or brand names may be trademarks or registered trademarks of their respective holders. A



