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What can impact MCU selection?

- Motor type
- Used Hardware (Sensors type and connection)

- Speed range / Sensorless operation

- Application dynamic

- Motor parameters

- Application complexity (Other application requirements)
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Motor Type

- Number of PWM channels
- DC Motors 1 or 4 channels
- BLDC motor, PMSM and ACIM: 6 channel

- Sine wave generation (PMSM, ACIM)
- Complementary logic
- automatic dead time insertion

- Electronic commutation (BLDC motors, SR motors)

- mask, swap, restart PWM features
These features allow to provide commutation without change of duty
cycle

- Fault Control
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Sensors Type and Connection

- Speed/Position Measurement

- If quadrature encoder used, decoding of quadrature signals is
necessary

« Current measurement

- If there is current loop fast ADC (<2.5us) Iis advantage (the less time
spent by ADC conversion, the more time for control loop calculation.
Typically the current control loop is 50 — 150 us

- If shunts used for current sensing the PWM to ADC synchronization
necessary
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Speed range / Sensorless Operation

- Speed Range

- High speed especially for electronically commutated motors requires
powerful MCU include powerful peripherals (HW support of
commutation, fast ADC) since commutation period becomes very
short (few us)

- Zero or low speed may be issue for sensorless algorithms
- Sensorless Motor control

- DC/BLDC motors
= Simple algorithms, can run on 8-bit MCU
- ACIM, PMSM
= Require powerful MCU core due to motor model calculation
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Dynamic performance
- Open Loop Control System

Power
Amplifier

Speed _
Reference

- Close Loop Control System

Power
Speed
Eprﬁor Amplifier

Speed + \ Speed *

Reference Controller
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Dynamic performance

Speed Control

- Applications requiring the motor to operate with a specified speed (pumps, fans,

compressors, etc.)
- Low dynamic performance

- The actual motor speed is kept by speed controller to follow reference speed

command
Speed Control with Inner Current Loop
- Majority of variable speed drives
- High dynamic performance
Position Control

- Applications with additional position
control loop to keep desired position
(servos, industrial robots, linear motors)

Speed

Controllar

=

- Most complex drives i ek

Current! feadback

Torque Control

- Applications requiring the motor to operate with a specified torque regardless of

speed (vehicles, electric power steering, winding machines, etc.)
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Dynamic performance

- Low Dynamic Applications
Closed Loop Speed Control
with Inner Current Loop
+ | Closed Loop Speed Control N
Speed ' Speed
Reference Reference
[tec]r [;ec]r
A A
Motor / Motor /
Speed Speed
(sec]> (sec]>
. 4
Current Current
B TR o T B TR o T
gs::;n / gs::;n'. /
rsecf rsecf
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Dynamic performance

- High Dynamic Applications T
with Inner Current Loop
N Closed Loop Speed Control N
Speed Speed
Reference Reference
fsec] fsec]
A A
Motor / Motor /
Speed Speed
(sec]; (sec];
A A
/ Over<urrent
Current Current
BT TR o T — BT R o R T ———
Motor Motor ’-_\
Current Curren
(sec]= (secf
<&
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Dynamic performance

- Low dynamic performance
- Speed control loop only
- Volt per Hertz (V/Hz) method is suitable for low dynamic drives (ACIM & PMSM)
- Low performance MCU core required (also 8-bit)

- High dynamic performance
- Inner current loop brings benefit for high dynamic application

- Inner current loop requires more computation power since the current controller
is calculated every PWM period

- Speed Control with inner current/torque loop (DC/BLDC motors)
= Current control loop calculated every PWM period
= 16-bit MCU preferred
- Field Oriented Control (ACIM and PMSM)
= FOC loop calculated every or second PWM period
= Powerful 16-bit MCU core required
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Motor Parameters

® £

The motor drive has two important time constants:
Electrical motor constant

- The electrical constant is defined by RL parameters of stator
windings:
L
T, =—
- The electrical constant impacts the execution/timing of current loop
Mechanical motor constant

- The mechanical constant is defined by the motor inertia include the
load

- The mechanical constant impacts the execution/timing of speed loop

Since the electrical constant is much smaller than
mechanical, it has critical impact on MCU performance
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Motor Parameters

- The execution time of control loop should be ideally at
least 10-times faster than the time constant of control loop

: T[s]
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Motor Parameters

- The execution time of control loop is multiple of PWM
period

- If ©/10 is significantly longer than the PWM period, the
control loop is executed every 24 | 4t .. PWM period ->

more time for control loop calculation -> less powerful
MCU can be used

- If the /10 is extremely lower than PWM period it may lead
to increase PWM frequency to keep control loop stable
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Application complexity

- There may be other application requirements, which can
limit the MCU selection like:

- Communication requirements
= Ethernet, CAN, USB, SD card
- Graphical interface
= LCD, VGA controllers
- Application memory requirements
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BLDC

Sensor Sensorless

N\ v
Hall Sensor Quadrature Encoder
I

7

\Z

Low Performance

High Performance

S08, Cortex MO+

2kB Flash, PWM,
ADC, TMR with input
capture, CMP)

56F80xx, Cortex M4

3kB Flash, MC PWM,
ADC, TMR with input
Capture, CMP

Trapezoidal control
technique.

Fans, pumps
Control loop: speed

Trapezoidal or Sinusoidal
control technique.

Fans, pumps
Controls Loop: speed,
current
Advanced Commutation

L £
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Low Performance

S08, Cortex MO+

3kB Flash, PWM, ADC,
TMR with input
capture, CMP)

Not used very often.
Trapezoidal control
technique.

Fans, pumps
Control loop: speed

High
Performance

56F80xx, Cortex M4

4kB Flash, MC PWM,
ADC, TMR with input
Capture, CMP

Trapezoidal or Sinusoidal

control technique.

Fans, pumps
Controls Loop: speed,
current

Advanced Commutation

Low acoustic noise
(sinusoidal)
Control Loop: speed,
current

Low Performance

S08, Cortex MO+

(4kB Flash, MC PWM,
High Speed ADC, TMR,
CMP)

Trapezoidal speed
control, Back-EMF
Zerocross

Fans, pumps
Control Loop: Speed

High Performance

56F8xxx, Cortex M4

(8kB Flash, MC PWM,
High Speed ADCADC,
TMR, CMP)

Precise Trapezoidal
Sinusoidal or FOC
control technique.

Fans, pumps, washers,
dishwashers
Control Loop: speed,
current
Advanced Commutation
Dead Time
compensation




\
4

y

\
ACIM

Sensor

v

Tacho Generator

High Performance

56F80xx, Cortex M4
(5kB Flash, MC PWM,
High-speed ADC, TMR
with input capture,
CMP)

VIHz scalar or FOC
model-based
technique.
Two Controls Loop
(speed and current)

Control loop: speed

® £
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Quadrature Encoder

Low Performance

56F800x
(7kB Flash, MC
PWM, ADC, TMR,
Quadrature
Decoder, CMP)

Precise speed
control technique.
Fans, pumps,
servos

Fans, pumps
Control loop: speed

High Performance

56F80xx, Cortex M4

(8kB Flash, MC PW,
High-speed ADC,
TMR, Quadrature
Decoder, CMP)

Precise speed
control technique.
Fans, pumps
One or two
Control Loop: speed,
current

Sensorless

Low Performance

SCALAR V/Hz

S08, Cortex MO+
(4kB Flash, MC
PWM, ADC, TMR)

Simple Control Technique
Fans, pumps
One Control Loop (Speed)
Low dynamic performance,
Limited control precision

VOrLa e ‘e wraunx o Freeicat Larecon
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High Performance

Field Oriented
Control

56F84xxx, high
performance
Cortex M4
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PMSM

Sensor Sensorless

v v v

Hall Sensors

Quadrature Encoder Resolver

High Performance

56F80xx, Cortex M4
(8kB Flash, MC PWM,
High-speed ADC, TMR
with input capture,
CMP)

Low Performance

56F800x, Cortex MO+

(7kB Flash, MC PWM,

High-speed ADC, TMR,

Quadrature Decoder,
CMP)

High Performance

56Fxxx, Cortex M4
(7kB Flash, MC PWM,
High-speed ADC, TMR,
Quadrature Decoder,
CMP)

High Performance

56Fxxx, Cortex M4
(8kB Flash, MC PWM,
High-speed ADC, TMR,
CMP)

Precise speed control

Low Performance

56F800x, Cortex MO+
(10kB Flash, MC PWM,
High-speed ADC, TMR,,
CMP)

Complex control

High Performance

56F8xxx, Cortex M4
(10kB Flash, MC PWM,
High-speed ADC,
TMR,, CMP)

Complex control
Technique based on
position estimator

Cost efficient dynamic FOC
control with position sensor
Up to four Controls Loops
(speed and currents and

Precise speed control
technique. Fans,
pumps, servos
One Control Loop

Precise speed control
technique. Fans, pumps
One or two Controls Loop

technique. Fans, pumps
More controls Loop
(speed, current, position)

technique based on
position estimator
using motor model

using model
calculation.
Field weakening

. . (speed and current) Starts from any position Fans, pumps method.
Fieldiweakening) (Speed) without alignment. Pumps, washers,
dishwasher
<
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Development of the Motor Control Application

- Several challenges wait for developer
- Understand the physical/mathematical background
- Transform the control structure from mathematic equations to “C”
- Study the core and peripherals, configure the peripherals

- Tune the algorithm parameters (constants of Pl-regulators, position
estimation observers parameters)

- Build the application in a reasonable time
- Tools that help speed-up the application development

- Embedded Software and Motor Control Libraries
= Tested, documented,
= Optimized for performance
- FreeMASTER real-time monitoring software, for application tuning

® £

Z “freescale" 2 | Esmmm




P US 200 8T,

wrloen, Sywaturny exd A
e T W e

R, Nage s M, A

Tawen Turtelied, ¥ybrd sl

ot g

Motor control solutions




PR
Current Motor Control MCU Offerings

b . Freescale DSC ; MC56F84xx
3 freescale m Dual motors

‘ Dedicated High Performance Motor Control MCS56F84xx
- Fractional Arithmetic, Parallel Processing, Optimized cost and performance for advanced motor control MC56F823x

Example: Most advanced 3ph Sensorless VOC, High and Low Speed Optimizations

R N \/ybrid Vybrid
1 @ Real time control enabled with inclusion of ARM Cortex M4 Rich Apps
- First available broad-market MPU that integrates ARM Cortex-A5 and Cortex-M4! in Real Time

Vybrid < $5
Example: Sensored or Sensorless Sinosoidal BLDC/PMSM VOC/FOC

Kinetis K Advanced Motor Control

Kinetis X < $4 Advanced motor control while multi-tasking on the most popular ecosystem in the world Kinetis K
e - MQX RTOS and motor control, Scalability for any application, DSP instructions, Floating Point, ARM ecosystem Lk
Kinetis K < $2 AN
) . General Purpose
o Example: Sensored or Sensorless Sinosoidal BLDC/PMSM VOC/FOC
Kinetis E < $1.5

. . . . . . Kinetis L Kinetis K
Kinetis K, Kinetis E, Kinetis L P—— 50MHz
Basic Motor Control General Purpose General Purpose

General Purpose Motor Control —

- Broad portfolio, incredible scalability, exceptional ecosystem Kinetis E

ASP under $1 5V drive, robust

Example: : Suitable for low dynamic sensorless PMSM sinusoidal drives

S08P- 8-bit

S08 Family — Entry Level Motor Control SO8PL

- 5V drive, Robust EMC/EMI, Low Cost

S08PT S08PA
ASP under $1 Example: Sensored, Sensorless Trapezoidal BLDC
®
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New Motor Control Offerings

i SK

Controlles Positioning: Dedicated High Performance Motor Control

ASP under $1

:f"'freescale' Freescale DSC m

Key Message: Fractional Arithmetic, Parallel Processing, Optimized cost and MC56F823x
performance for advanced motor control

Example: Most advanced 3ph Sensorless VOC, High and Low Speed Optimizations

Kinetis V
Kinetis V Specialized Motor Control Family ot
Positioning: Advanced motor control while multi-tasking on the most popular ecosystem in
Key Message: MQX RTOS and motor control, Scalability for any application, DSP 100 - 120MHz
Kinetis K < $2 instructions, Floating Point, ARM ecosystem Cortex M4

Example: Sensored or Sensorless Sinosoidal BLDC/PMSM VOC/FOC
Kinetis E < $1.5
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Endless Motor Control Options , . .,

Coming <
Kinetis VV Seri s o S
notisy Scries AN

NMannil/
ADC - -

—’—
—
’—
—-—

Crossbar Logic

- H ILCyI alCu ric-uviivcio

- MCTimer

-
-
—-—
—

Kinetis X Series

—
-
-

Segment Focused

—

- eFlexPWM
- Triple 1.5Mbps SAR ADC

Kinetis K Series

—
—
—
- =
—
=

General Purpose Kinetis E Series RS - ‘ _ ,
Rahiist 5\ ARM Cartex-M0+ ?’ZQQ MQ u § ngnllzg ?

: S B
- Single, Dual, Quad 1Msps Ra'a

: : : =4 SAR ADC
Kinetis L Series ADC

>100 MCUs S08P Family

R e —

- Single 1Msps SAR ADC

- Single , Dual 1Msps SAR
ADC

o

Integration

o

- wan
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Motor Control Roadmap

KV70 Dual Cortex M4
KV60! Cortex M4 + MO !

KV50 Cortex M4

Production

High Speed, High Accuracy Power Control

Advanced Motor Control with communications
Non standard Multi Pole Motors
DSC — MC56F82xxx Integrate PFC

— o e e e e e o o e o o e P | o o o o e e e o o e -
2

Available
e 2014
Kinetis K Series |

KV30 Cortex M4F

Performance

’Availablé b

r 2Q14 General Purpose

VOC BLDC & PMSM Motors
High Dynamic Control

= i&vailable"' =
E " 3 General Purpose
VOC BLDC Motors

d KV10— CMO+ -
AU ClYr — Low Dynamic Control

| Kinetis E Series |

v

16KB 32KB 64KB 128KB 256KB 512KB 1MB 2MB

Memory Density

L £
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Freescale DSC

A
MC56F827XX (64kB Flash, 50/100MHz)

Key Features:

Core

* 56800EX @ 50/100MHz supporting fractional
arithmetic with 4 accumulators, 8 cycle pipeline,
separate program and data memory maps for parallel
moves, single cycle math instructions, nested looping,
and superfast interrupts that far outpace any
competitive core on the market.

System

* Inter-module crossbar directly connecting any input
and/or output with flexibility for additional logic functions
(AND/OR/XOR/NOR)

* DMA controller for reduced core intervention when
shifting data from peripherals

* Memory resource protection unit to ease safety
certification

Timers

* eFlexPWM — Freescale’s most advance timer for
Digtial Power Conversion, up to 8ch and 312 pico-sec
resolution, 4 independent time bases, with half cycle
reloads for increased flexibility, automatic
complimentary mode for ease of use and best in class
performance

Analog

+ 2x12-bit high-speed ADCs each with 800ns
conversion rates

* 4 analog comparators with integrated 6-bit DACs that
can enable emergency shutdown of the PWMs

* Integrated PGAs to increase the accuracy of ADC
conversions on small voltages and currents

Power Consumption:
» Bestin class Power Consumption — 50% better than
nearest competitor

® £
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Core System Memories Clocks
56800EX RMemOFY Program Flash Phase Locked
Up to 100 MHz esource Up to 64KB e
Protection
Instruction
Shadow F;’:lstt Nes:ed 4-ch DMA SRAM Crystal OSC
Registers nierrupts 8KB
32bit Parallel Instruction InterModule 8MHz OSC
Instruction Set Moves Crossbar
200KHz
32b Instr Cache eOnCE OSC
& Prefetch Interface Vref
Security & : Communication
Integrity Timers Analog Interfaces
Cyclic eFlexPWM 8ch 12bit 8ch 12bit -
Redundancy Deadtime ADC ADC
Check (CRC) Input Capture @800ns @800ns
Fault detect with PGA with PGA
Dual NanoEdge
Watchdog w/ Placer . .
i SO 12bit DAC 12bit DAC
Band-Gap
4 x ACMP w/
Ref & Temp
2 X PITs Sensor 6b DAC

Others: 5-volt tolerant 1/O for cost-effective board design
Packages: 32QFN (5x5), 32LQFP, 48LQFP, 64LQFP
Temperature: -40 to +105C across all packages, with -40 to +125C option on 64LQFP




Freescale DSC
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MC56F823XX (32kB Flash, 50MHz)

Key Features:

Core

* 56800EX @ 50MHz supporting fractional arithmetic
with 4 accumulators, 8 cycle pipeline, separate program
and data memory maps for parallel moves, single cycle
math instructions, nested looping, and superfast
interrupts that far outpace any competitive core on the
market.

System

* Inter-module crossbar directly connecting any input
and/or output with flexibility for additional logic functions
(AND/OR/XOR/NOR)

* DMA controller for reduced core intervention when
shifting data from peripherals

* Memory resource protection unit to ease safety
certification

Timers

* eFlexPWM — Freescale’s most advance timer for
Digtial Power Conversion, up to 8ch and 312 pico-sec
resolution, 4 independent time bases, with half cycle
reloads for increased flexibility, automatic
complimentary mode for ease of use and best in class
performance

Analog

» 2x12-bit high-speed ADCs each with 800ns
conversion rates

* 4 analog comparators with integrated 6-bit DACs that
can enable emergency shutdown of the PWMs

* Integrated PGAs to increase the accuracy of ADC
conversions on small voltages and currents

Power Consumption:
* Bestin class Power Consumption — 50% better than
nearest competitor

® £
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Core System Memories Clocks
56800EX RMemOFY Program Flash Phase Locked
Up to 50 MHz Sl Up to 32KB Loop
Protection
Instruction
Shadow F;’:lstt Nes:ed 4-ch DMA SRAM Crystal OSC
Registers nierrupts 6KB
32bit Parallel Instruction InterModule 8MHz OSC
Instruction Set Moves Crossbar
200KHz
32b Instr Cache eOnCE OSC
& Prefetch Interface Vref
Security & ) Communication
Tty Timers Analog Interfaces
Cyclic eFlexPWM 8ch 12bit 8ch 12bit -
Redundancy Deadtime ADC ADC
Check (CRC) Input Capture @800ns @800ns
Fault detect with PGA with PGA
Dual
ext source 12bit DAC 12bit DAC
4Ch 16b Timer
Band-Gap
3 x ACMP w/
Ref & Temp
2 X PITs Sensor 6b DAC

Others: 5-volt tolerant 1/O for cost-effective board design
Packages: 32QFN (5x5), 32LQFP, 48LQFP

Temperature: -40 to +105C across all packages

27




} 4 Freescale DSC

\
MC56F 84 XXX (256kB Flash, 100MHz)

Key Features:

Core .
+ 56800EX @ 100MHz supporting fractional arithmetic Core System SETENES Clocks
with 4 accumulators, 8 cycle pipeline, separate program 56800EX Memory Program Flash Phase Locked
and data memory maps for parallel moves, single cycle Up to 100 MHz Resource Up to 256KB Loop
math instructions, nested looping, and superfast Protection
interrupts that far outpace any competitive core on the ";:glggxn Fast Nested | 4-ch DMA | SRAM Crystal OSC
market. REQISIES et InterModule 32KB
SyStem 32bit Parallel Instruction Crossbar F|exMem0ry 8MHz OSC
* Inter-module crossbar directly connecting any input Instruction Set Moes 32KB Flash
and/or output with flexibility for additional logic functions P cOnCE or 2KB 200KHz
(AND/OR/XOR/NOR) & Prefetch Interface Quadrature EEPROM OE
* DMA controller for reduced core intervention when Decoder
shifting data from peripherals
* Memory resource protection unit to ease safety c cati
e : i ommunication
c§rt|f|cat|on S?nctlégﬁ,t;/& Timers Analog Interfaces
Timers
- eFlexPWM — Freescale’s most advance timer for Cyclic eFlexPWM 8ch 12bit 8ch 12bit -
Digtial Power Conversion, up to 8ch and 312 pico-sec gﬁgg;?gg% oeedine @pé%gns @'L:}%gns
resolution, 4 independent time bases, with half cycle Fault detect with PGA with PGA -
reload.s for increased flexibility, automatic . Dual NanoEdge
complimentary mode for ease of use and best in class Watchdog w/ Placer . 19bit DAC -
performance ext source
4Ch 16b Timer

+ 2x12-bit high-speed ADCs each with 800ns Ref & Temp 4 x ACMP w/

conversion rates 2xPITs Sensor 6b DAC
* 16 ch 16b SAR ADC that enables external sensors

inputs and accurate system measurements
* 4 analog comparators with integrated 6-bit DACs that

can enable emergency shutdown of the PWMs Others: 5-volt tolerant 1/O for cost-effective board design
* Integrated PGAs to increase the accuracy of ADC Freescale FlexMemory for simplified data storage

conversions on small voltages and currents Packages: 48LQFP, 64LQFP, 80LQFP, 100LQFP

Temperature: -40 to +105C across all packages
<
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KV10: 75MHz Cortex-MO0+ 32KB Flash

Key Features:

Core/System

* 75MHz Cortex-MO+ with 4ch DMA
» Hardware Divide & SqrRoot
* Bit Manipulation Engine

Memory
» 32KB Flash
* 8KB SRAM

Communications
* Multiple serial ports

Analog
» 2 x 8ch 12-bit ADC
 1uS conversion time
« 1 x12-bit DAC
« 2 X ACMP w/ 6b DAC

Timers

* 1x6¢ch FlexTimer (PWM)

* 1x2ch FlexTimer (PWM/Quad Dec.)
* Programmable Delay Block

Others

» 32-bit CRC

* Intermodule Crossbar Switch
*Upto 351/0s

*1.71V-3.6V; -40 to 105°C

Packages
32QFN, 32LQFP, 48LQFP

L £

L 4
Z “freescale"

ARM Cortex-M0O+
75MHz

Debug
Interfaces

Interrupt
Controller

Security
and Integrity

HW Divide &
SgrRoot

Bit
Manipulation
Engine

Analog

System Memories Clocks
Program Flash SRAM
32KB 8KB
Timers Communication Interfaces HMI
6ch
FlexTimer GPIO
2ch
FlexTimer

Programmable
Delay Block

Periodic
Interrupt
Timers

Low-Power
Timer
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KV10s: 100MHz Cortex M4 64K Flash

Key Features: Memories —
Core/System ARM Cortex-M4 Program Flash SRAM
« Cortex-M4 @ 100MHz 100MHz 64KB LN
« 64KB Flash, Interfaces
* 16KB SRAM

Controller

Communications

* Multiple serial ports
Analog
*2 x16-bit ADC
«1 x12-bit DAC Security Analog Timers Communication Interfaces
"2 X ACMP ey FlexTimer - GPIO
Timers
* 1x6¢ch FTM (PWM) F’gg:;mBToitllle -
» 2x2ch FTM (PWM/Quad Dec.)
* Low Power Timer Periodic -
Interrupt
Others Timers
- Up to TBD 1/Os LouePower
* 6 high-drive 1/0Os (20mA) — SPI/I12C
*1.71V-3.6V; -40 to 1050C

Packages
32QFN, 48LQFP, 64LQFP
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KV10s: 100MHz Cortex M4 128K Flash

Key Features: Memories Clocks

Core/System ARM Cortex-M4 Program Flash SRAM
e Cortex-M4 @ 100MHz 100MHz 128KB 16KB
Interfaces

Memory
» 128KB Flash,

* 16KB SRAM
Controller

Communications
* Multiple serial ports
Analog
+2 x16-bit ADC . . C
<1 x12-bit DAC Security Analog Timers Communication Interfaces
and Integrity

*2 x ACMP FlexTimer - GPIO
+ 1x6¢h FTM (PWM) Progammae -
» 2x2ch FTM (PWM/Quad Dec.)
* Low Power Timer Periodic -

Interrupt

Timers
Others

Low-Power

*Upto TBD I/Os Timer
* 6 high-drive 1/0Os (20mA) — SPI/I2C
*1.71V-3.6V; -40 to 1050C

Packages
32QFN, 48LQFP, 64LQFP
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X
KV10s: 100MHz Cortex M4 FPU 128K Flash

KeV Features: System Memories Clocks
Core/System Arm Cortex-M4 Proglrgganlash Sélmgn
« Cortex-M4 @ 100MHz / FPU 100MHz
Serial

Memory DSP Programming

nterraces Interface
» 128KB Flash, (EzPort)

Controller 32-byte
Communications gz
* Multiple serial ports
Analog
2 x16-bit ADC . , L
«1 x12-bit DAC Security Analog Timers Communication Interfaces HMI
. and Integrity

2XACMP FlexTimer GPIO

Programmable

Timers
* 1x8ch FTM (PWM)

Delay Block
 2x2ch FTM (PWM/Quad Dec.)
* Low Power Timer Periodic
Interrupt
Timers
Others Low-Power
*Upto TBD 1/Os Timer

* 6 high-drive 1/0Os (20mA) — SPI/12C
+1.71V-3.6V; -40 to 1050C

Packages
64LQFP, 100LQFP
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Kinetis V Series
M2 /105 —120MHz Cortex M4 FPU 512KB/256KE  —
Flash

Kev Features: System Memories Clocks
Core/System Arm Cortex-M4 Program Flash SRAM -
» Cortex-M4 @ 120MHz / FPU 120MHz Uplo 57K Up 0126K8

S B | r=-= -I- ----- 1
it || | (o]
« up to 512KB Flash, Interfaces Interface | Bus |
- up to 128KB SRAM EzPort) [ Interface, .
* FlexBus (External Bus Interface) Controller e

egister File

Communications
*Multiple serial ports
Analog .
2 x16-bit ADC Security Timers Communication Interfaces HMI
2 x ACMP FlexTimer GPIO
Timers - Programmable -
- up to 2x8¢ch FTM (PWM) Delay Black
« 2x2ch FTM (PWM/Quad Dec.) - Periodic -
» Low Power Timer 'Q‘I;’:’rgt
Others LOVT";;':‘;‘;"”
*Upto TBD 1/Os
* 6 high-drive 1/0Os (20mA) — SP1/12C
*1.71V-3.6V; -40 to 1050C

Packages
64LQFP, 100LQFP
£
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S$12ZVMC128

Target applications:
BLDC motor control
DC motor control

Key Features:
S12Z CPU @ 50MHz bus speed
Embedded VREG

Separate 2nd VREG
(to power external CAN phy)

Embedded GDU for 3ph BLDC | | libvies
Embedded EE

1x MSCAN controller
2XSCI, 1xSPI

Dual 12bit ADC, Separate 5V

synch with PWM

20mA/5V EVDD sensor supply pin
2x Op-amp for current sense (each needs 2 pins mux'd with ADC inputs)
64LQFP-EP 10x10/0.5mm

L £

Charge Pump

GDU

3 phase
H-Bridge
Predriver

L g yorecw, v Frmioshe kgn. Arws, 0.8, CodeTER?, Cademlanice, 0P e Confrns, G Mpa e Erergy B Sukiors g, ¥ bwta, rediv L

P 4 34 Srocesssr Cipee, Jorll, Soras, Satvhas, S iz s ko, SanCas Sywpreny ad Voriis sy sk o Frsscad Seecondate, e Fey US fx 87 OF

® 4 ™ At Bl Dotk ’ ) Lt P B Ay o p Rabed b Wors
rtart, Swrbs. BeuStack. Corwiwr, Funse, Laywaenpn. Migrv/, VG, Petors = § Purtuge, Dovis Ocmvargn. DU0C Evgrm, Pemdy Py, SUANIVOS Soww Lok Vs

L 4 4TI e Mk ot Fumecots SarmEOnat, i AU O GrORET OF Bidviie r@u WD T JIGIY ¥ T ARpacve sTars © X113 Fremmcas Ariinaicuy e




h -

y
A
Software Enablement — current offerings

- Embedded Software Libraries — fiesommmesn s s s oo
- Optimized fractional math, filtering =% i x%:l/"—@ =
= w:i: ‘ﬁ \‘ iy aas ‘ :P“_”

and control functions
T Bl
L e, e,

- FreeMASTER
- Real-time debug monitor and data — @;‘
visualization tool . R

- Motor Control Toolbox
- Automatic software generation for

motor control applications
(Qorivva and MPC5 MCUSs) =/ YA L\ ]
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Hardware Enablement — current offerings

Low-voltage Tower motor
control

- 3-phase, for low voltage BLDC and
PMSM motors

Reference designs
- High and low voltage power stages
- PMSM, BLDC, ACIM, SR motors

® £
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Motor Control H/'W

Tower Power Stage - TWR-MC-LV3PH
- Target use: Motor Control Techniques Development
Input voltage 12-24 VDC
Output Current 5-10 Amps
Compatible with FSL TWR cards
Status: on FSL stock

3- ph BLDC/PMSM High Voltage Drive
Target use: appliance and industrial drives
Input Voltage 115-230Vac, 50/60Hz
Output Power 1kwW
Supporting: SO8MP16, 56F80xx, 56F82xx, 56F84xx, K40
Status: manufactured in Roznov, productization in 2013

3-in-1 Power Stage
- Target use: AirCon, washers
Input Voltage 115-230Vac, 50/60Hz
Output Power: Two Drives up to 1500W and up to 500W
Using Nevis Daughter Card
Status: prototype designed, handed over to A/P

Z “freescale" 3
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Kinetis based Motor Control

Damonstration
button

BLDC Sensor-less Drive with MQX on Kinetis K60
Sensor-less 3-phase trapezoidal BLDC motor control

. - o « Motor Control algorithm running under MQX
l - Control over web server or FreeMASTER
ps Rl - Running on a Tower kit

4 - Enwrgency S8TOP LED

Dual Sinusoidal PMSM for Industrial drive on K70
Sensorless Sinusoidal FOC control algorithm with Encoder
Targets industrial drives

Running on Tower Kit with added dual motor control support

Sensorless PMSM on Kinetis K60
Sensorless Sinusoidal FOC Drive

Position and speed detection using dq back-emf observer
and tracking observer

Running on a Tower kit
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DSC based Motor Control

VF PMSM Compressor
Sensorless sinusoidal FOC for compressor PMSM motor
Control using K70 HMI with graphic touch display
demo and s/w available

VF 3 in 1 Motor Control for AirCon with 56F84xxx

1.5 KW output power, support sensor-less PMSM motor
control for both outdoor fan and compressor with FOC
algorithm

Support digital PFC (average current control)
Demo, h/w and s/w available

L— == == | "=t Sensorless PMSM for fans on 56F82xxx

-1« New application being developed for sensorless sinusoidal
PMSM FOC

Includes Tuning Wizard for easy use
Prototype for pre-programmed MC device

® £
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Power Conversion & Wireless Charging

200W SMPS with MC56F8013 and MC56F8257
Primary Side: Two Phase Interleaved PFC

Secondary Side: Half Bridge LLC Resonant Converter
with Synchronous Rectification for 12V output

Additional Synchronous Buck Converter for 5V output

Solar Micro-Inverter with MC56F8257
1-phase 200W non-isolated Micro Solar Inverter

Includes Interleaved CrCM step-up converter with P&O
and RCC MPPT, Sine inverter and output filter

Project done in cooperation with Future distributor
Project in finalization

5 W A13 Automotive Wireless Charger
Request to enhance the AVID/Fulton WC transmitter

Add digital modulation / demodulation, Touch, CAN
Project in definition

40
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New enablement

Q) MCAT Motor Control Application Tuning Tool

- Motor control application frm——
tuning tool 035

MCAT

Dot et Saaes
Rl

- Floating-point control e

libraries ave| S

- For Cortex M4 FPU-enabled . ":“ |
devices '

- Motor control toolbox
- For Kinetis V

- Hardware divide and square
root on the Kinetis V MO+
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MCU Requirements for Motor Control Applications

A
Y
Gate B N ] 0 B Motor
Driver T c
with Isolation 0
I, I’ I’ i vl
\ = \ X l\ 2 Current Speed/Position

\l \I \’ Feedback Feedback
° 1 1

Speed/Torque
Command
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MCU Requirements for Motor Control Applications

- ADC Module

- We need to measure DC Bus voltage, Back-EM voltage, phase currents, DC Bus
current, heatsink temperature

- PWM module
- We need to generate 1 up 8 PWM according to motor type
- Timer/Quadrature decoder

- We need to measure speed and rotor position from different sensors (hall sensors,
guadrature encoder, tacho generator, sin/cos interface, etc.)

- Built-in Comparator
- We need to detect fault conditions (over-current, over-voltage)
- Allows to eliminate external comparators
- Build in DAC allows SW control of fault level
- User interface
- Communication interfaces, if required (SCI, SPI, CAN, 12C)
- GPIO pins

® £
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PWM Signal Generation

- Sinusoidal Controlled Motors
- AC Induction Motor, PM Synchronous Motor
- PWM Requirements
= Synchronized PWM Update
= Complementary Signal Generation
= Dead-time insertion S T
= Fault Control
- Block Commutated Motors

- BLDC Motor, SR Motor, Stepper Motor

= Commutation is asynchronous to -
PWM generation

= Software Control
= Mask/Swap (Invert) Control
= Fault Control

® £
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FlexTimer Module

FTM source clock is selectable with prescaler divide-by 1, 2, 4, 8, 16, 32, 64, or 128

FTM has a 16-bit counter

2 up to 8 channels (inputs/outputs)

The counting can be up or up-down

Each channel can be configured for input capture, output compare, or

Input filter can be selected for some channels

New combined mode to generate a PWM signal (with independent control of both edges of PWM signal)
Complementary outputs, include the deadtime insertion

Software control of PWM outputs

Up to 4 fault inputs for global fault control

The polarity of each channel is configurable

The generation of an interrupt per channel input capture/compare, counter overflow, at fault condition
Synchronized loading of write buffered FTM registers

Write protection for critical registers

Backwards compatible with TPM

Dual edge capture for pulse and period width measurement

Quadrature decoder with input filters, relative position counting and interrupt on

Position count or capture of position count on external event

® £
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FlexTimer Module Diagram

FTM counter || CinV
QUADEN MS(n)B
CH(n)OC
DECAPEN M3{n)A
CH(n)oCv
COMBINE(m)}|| ELS(n)B (n}
CPWMS ||ELS(mA | [ CHInOI CHn=TIoc CH(n)OM POL(n)
v CH(n+1)0I |{:_C|MF'{m:|| |INV{m]|EN| CHin+1)0CV | | DTEN(M)|[ cH(n+1)OM |F.-5.ULTENim}| POL(n+1)
generation of ) J 4 v ¥ v ¥ 4 ¥ channel
> channel (n) H L — — > i .;.._EH;.}ut
output signal | | i complementary| | software|  |deadtime output fault polarity |~ Signal
initialization mode inverting E;?t:zrﬂ insertion mask ontrol control
generation of chaﬂ' ¢l
“pichannel (n+1) [ e N — —» —M > énuipu:lt
output signal signal
A NOTE
Cin+1V The channels {n) and (n+1) are in output compare, EFWM, CPWM or combine modes.
MS(n+1)B
MS{n+1)4
ELS(n+1)B
ELS(n+1)A
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FTM Counting Modes

- Edge Aligned PWM
- The frequency is defined by FTMx_MOD register
- The duty cycle is defined by FTMx_CnV register

counter overflow counter overflow counter overflow
»ie period > >

. pulse _
width
Y Y ]

output
channel (n) A A
channel (n) match channel (n) match channel (n) match

® £
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FTM Counting Modes

- Edge Aligned PWM

- If FTMx_CNTIN register is set to non zero value, then the frequency
defined as

FTMx_MOD - FTMx_CNTIN +1

FTM counter (in decimal values) |4|4|-3|-2| -1| n| 1 | 2| 3| 4|4|-3|-2|-1| n|1 |2| 3|4 |4|_3|

TOF bit

RS

: set TOF bit set TOF bit set:TOF bit
I 1

-

.+
period of FTM counter clock:

™ -
+* L

period of counting = (MOD - CNTIN + 0x0001) x period of FTM counter clock

® £
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FTM Counting Modes

- Center Aligned PWM
- The frequency is defined by FTMx_MOD register
- The duty cycle is defined by FTMx_CnV register

FTM counting is up-down
CNTIN = 0x0000
MOD = 0x0004

usoee Ta[ i s[a]s[e[o[ 1]z [s [4[s [z [[o[[e[s]4]

TOF bil ‘ l

*

set. TOF bit set. TOF bit

o -

S
period of FTM counter clock « >

period of counting = 2 x (MOD - CNTIN) x period of FTM counter clock
=2 x MOD x period of FTM counter clock

Note: For Center Aligned PWM the FTMx_CNTIN has to be set to 0
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A
FTM Counting Modes

- Combined PWM Mode

- Two FTM Channels are combined together to define one PWM
signal

- The channel n (FTMx_CnV register) defines rising edge of PWM
signal

- The channel (n+1) (FTMx_C(n+1)V register) defines falling edge of
PWM signal

- In independent mode both outputs generates two equal signals

- In complementary mode both outputs generates two complementary
signals

® £
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FlexTimer — Edge Aligned PWM Generation

MOD ($0100)

Clv

>

AN/

/

($0000)

CNTIN ($FF00) —»

COV = $FF00

Channel 0,1
Output

—

All PWM-on values are set to the init value, and never changed again. Positive PWM-off values
generate pulse widths above 50% duty cycle. Negative PWM-off values generate pulse widths
below 50% duty cycle . This works well for bipolar waveform generation.

L £
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FlexTimer — Center Aligned PWM Generation

MOD ($0100 >
(80-00) / / / /

($0000)

cov
CNTIN ($FFOO)—>/ /

Channel 0O, 1
Output

When the Init value is the signed negative of the Modulus value, the PWM module works in signed
mode. Center-aligned operation is achieved when the turn-on and turn-off values are the same
number, but just different signs.
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FlexTimer — Shifted PWM Generation

MOD ($0100) >
C3V / / / / /

e

CoV / / / / /

CNTIN ($FF00)—» 7 / / / /

Channel O, 1
Output

Channel 2, 3
Output

In this example, both PWMs have the same duty-cycle. However, the edges are shifted relative to
each other by simply biasing the compare values of one waveform relative to the other.
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Single Shunt Current Reconstruction

DC Bus

+U/2

PWM At I PWM Bt I PWM Ct I

Phase A Phase B
— —

PWM AbI PWM Bb I PWM Cb I

Shunt Shunt
resistor resistor
- U/ N

_Phase C

1

Ground

3-ph AC Induction Motor
3-ph PM Synchronous Motor
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Single Shunt Current Reconstruction - Analysis

5 Im H
” - v@_._)—"rr |
|
|

| om—th
@11 ooy R

KEER romy Re DN/OFF

» Measurement Table

0171 1017

1 .a
| | V,(100) +i
| | V,(110) -
|—| V;3(010) +ip,
|

V,(011)

""" V4(001) +i
' Vg(101)

V,(111) 0

R ———— V,(000) 0

S

. .
. .
B .
---------------
..........................
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A
Single Shunt Current Reconstruction - Issues

- Two current samples cannot be taken:
1. Voltage vector is crossing a sector border
Only one sample can be taken
2. Low modulation indexes

Sampling intervals too short
None of current samples can be taken

i

Passing Active Vector Low Modulation Index
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Single Shunt Current Reconstruction - Solution

- Asymmetrical PWMs

- Case 1 — Passing active vector: ;/ Critical edge
= Freeze center edge —
= Move one critical edge |
= Goes for higher modulation indexes ;/ Move critical edge

- Case 2 — Low modulation indexes:
=  Freeze center edge

= Move both side edges in opposite
direction

=  Goes for low modulation indexes

Critical edges

\/

——__ Move critical edges

) |

N
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Block Commutation

- The commutation depends on rotor position and it is
asynchronous to PWM modulation

- The PWM outputs state has to be change at any time during

PWM period but the PWM update is done at the end of the
PWM period only

- The solution is to use mask, invert and sw control features on
FlexTimer module

® £
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FTM Mask, Invert and SW Control Features

- MASK Control

- The Mask feature disable PWM output regardless to duty cycle
value

- |Inverter Control

- The Invert feature inverts signal going to complementary logic. It
results in signals swap for top and bottom transistor.

- This feature can be used in complementary mode

- Software Control

- This feature set user value (0, 1) to PWM output regardless to duty
cycle value

® £
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BLDC Motor Commutation

- Six Step BLDC Motor Control
- Voltage applied on two phases only

DC Bus
+U/2
PWM At I PWM Bt I PWM Ct I
Phase A Phase B Phase C
— [ —
PWM AbI PWM Bb I PWM Cb I
Shunt Shunt
resistor resistor
-
- U/2 Ground

3-ph Brushless DC Motor
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BLDC Motor Commutation

- Six Step BLDC Motor Control
- Voltage applied on two phases only +Voc
- It creates 6 flux vectors !
- Phases are powered based on rotor positi

. . Phase A
- The process is called commutation

Voltage A
U
Phase A pre—
" Phase C Phase B
W
Phass B
U e — 'Vbcl
U -— s - ———
Phase C
v & e o . & d
v 30° 60° 80° 120° 150° 180° 210° 240" 270° 300° 330° Ejectrics
angle

Phase voltages

L £
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BLDC Motor Commutation

- Complementary bipolar PWM switching

Deadtime

Q1 i |
PWMO | | oFF

Q2
PWM1 5 | oFF

Q3 : §
PWM2 ; Beo

Q4
PWM3 : ! OFF

: PVWM period :
Q1=Q4=PWM: Q2=03=0Q1
=" freescale- B e e T S e T
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BLDC Motor Commutation

PWM Output Mask Register

A B C (FTMx_OUTMASK)
70% | 70% | 70% | olololololo]o]o
—|’A/ 2~ —|’://§ —|’:/ ZaN
30% 30% 30%

—|E/z§ —|E/ZS —IE/ZS
2 } 4. } 6. } FTM Inverting Control Register

(FTMx_INVCTRL)

All six FTMx_CnV registers are set to
generate 70 % Duty Cycle
Complementary logic with deadtime enabled

>
Speed Control

® £
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BLDC Motor Commutation

PWM Output Mask Register

s C (FTMx_OUTMASK)

70%l7 20% i 0|10(0j0|0(0]1|1
6.5.4.3. 2. 1.

—] ’:/ AN —| S transistors

the complementary
transistors pair

T FTM Inverting Control Register
(FTMx_INVCTRL)
MASK

All six FTMx_CnV registers are set to
generate 70 % Duty Cycle

Complementary logic with deadtime enabled

>
Speed Control

30% [ Mask will disable

® £
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BLDC Motor Commutation

PWM Output Mask Register
(FTMx_OUTMASK)

0{0|0|0f0|0|1|O

6.5.4.3.2. 1.
transistors

the complementary

Mask will disable
transistors pair

FTM Inverting Control Register
(FTMx_INVCTRL)

MASK | INVERT

0/1]0]|0
All six FTMx_CnV registers are set to
generate 70 % Duty Cycle
Complementary logic with deadtime enabled Invert reroutes the top and bottom
>~ control signals of complementary
: ir
Speed Control Commutation Control Pal

® £
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FTM Fault Control

There are four fault inputs ORed into single fault signal
The fault signal disables all PWM outputs

The polarity of the fault signal is user configurable

The all inputs have input filter

Manual or automatic clear fault control

fault input O value —» 2

fault input 1 value —p \ N
fault input 2 value —p / EAULTIY
fault input 3 value —’r‘

— BT toun i
FAULTFO '.| \ x ’ fault in ""”EL’
FAULTF1 \.\ "
FmE s ) »{[FAULTF]
|
&
68
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Build-in Comparator

Vit Vina
| | . ,
4 ¢ 1 VOSEL590)]
el MUX
! L S
| * n| e—{ DACEN |
® ' | % DAC autput
2{z 2 -
dimp
-:1—&" 2
“ DAC
[ PSEL{2:0}
———
I pu'.'O_ - *
Input lv cMP
Inputel I —
lrggLQ‘rk;j > X INP |
inputiel | 1. 1| I ® D Sampie Input
input’s| —t1 o [ I
Input 6! | '
T \ & B :
[ | $4—ei cMP , Window | 'RO
~ ANMUX 71 and Filter —1—®»
| | o A control
| ‘ - N
X INM CMPO
| - = 1 L
(1
e e e
. - .
[ msELz0] |
'o
¥ X 4 f I ™
- Treescaie

69

Continuous, Sampled,
Windowed modes

Programmable filter and
hysteresis

Up to eight independently
selectable channels for
positive and negative
comparator inputs

External pin inputs and
several internal reference
options including 6bit DAC,
12bit DAC, bandgap, VREF,
OpAmp,

6-bit DAC

- Output range (Vin/64) to Vin

- VREF or VDD selectable as
DAC reference
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ADHATSA —_— SCIA
. ‘ ‘ | = |
: : Converson ‘ I T :
ADHATSn T S s
| Conyol i L
ADBWNT——P ‘ 2
I
o R — | Control Regstees {5C2 1. CFG2
. 1 1
< 4 ooy |
R X
e El o 3 = »
L I 5 <| | A
3 o9--H Coock Gen
‘ ?
R | v v
i \ \ 4ty AR
WD | LB |Cox | ;
ity "‘ Contrel Sequercer (€ F | rase <" [———¢— Bus Clock
4l
DADPOD— X . | . ————— AICLK
PGA -DADPZC i B ¥k
= . al o
DADP3 [ Y Yy VY A4
AD4D IDE mw
: | 1.?. ‘ wb‘ oW
VW B t
AD23 O »
o ~.: ¥ | SAR Corwertss i"-_—‘ X
Temp » | ow |
N -4—" — CLM
— [
n o3 |
DADMO — " o) | free | Ddbesion
— . OFfsel Subtrockr 4 NS
[PoA-DaM2TT— | | [ .
DADM3 0 v T PLT
— 0. [ = Vs NS  E— |
N - 3
TempM —— - 1 ' ‘ 4‘ : |
$ P { ] WAE [¥T2
) Eanahe KAE T ) CFG13
> { g “ ‘ CFG1
V REFHD- |+ ‘ = —
- {
v O i |
B @ sl r s
i E’ N | =
REFLT— >| —¥ : ot
g —— Compare | o ACFGTACREN ] 502
- e
’ CMCV2

>
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A
16-bit ADC — Analog Quantities Measurement

Up to 4 pairs of differential and 24 single-ended
external analog inputs

Single or continuous conversion (automatic return to
idle after single conversion)

Configurable sample time and conversion
speed/power

Input clock selectable from up to four sources
Operation in low power modes

Asynchronous clock source for lower noise
operation

Selectable hardware conversion trigger with
hardware channel select

Automatic compare with interrupt for less-than,
greater-than or equal-to, within range,or out-of-
range, programmable value

Temperature sensor

Hardware average function

Selectable voltage reference: external or alternate
Self-calibration mode

Programmable Gain Amplifier (PGA) with up to x64
gain
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ADC - Analog Inputs Section

'\C'HI./T SA
.
) I Conversion
ADHNTSn Trggm

Conyol
ADSNT———P

(wgete  (T)—>

Internpt ¢—— —J—

op AWK
MCU SIBP— > ——g— Bus Clock
: &=
__/ DADAOD —— ALK
PGA t—DADP2
DAaDP3
AT : | e ) < 4 - i
A2 AW ) (P |
e SAR Comvertee . A
TampP " e ;
= 'T: < ClMx [
) (T, -
f B 3 1
DADMO O——— / le| . Udtedor
. (el Sibtrochr 4 ¥ [fp—
%A1~Oﬁtﬂ\27r"“.‘ [ ! R
DADMS O i W g gAF
—H | ] WE NS
e _{ %
TepM ——— - l “ ™ l
- -~ - ‘ e
> L ey G + CFG12
R 1 t I |
Vit 41— | 7 sl .
P N
&
5 1
RERLD— | >
AL 0— }
s —o l
L
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Up to 24 single ended channels and 4
differential channels

Internal channel connections from:
. DAC,
« Temp Sensor
« PMC Bandgap
 Vrefh, Vrefl
 Vref Out

VREF selection from:
« Vrefh,Vrefl external pin pair or
*  VREF module

Channel Interleaving on s.e. and diff.
channels
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A
Multiple Channel Select and Result Registers

‘DHI.JTS“}-’ i SCIA
' - : _ :
sl T | se ] Multiple ADC_SC1n registers are used to
et [ S select channels and conversion modes for
V ;i 5 [ M‘ ‘ ‘ NG the ADC
199 yydgyye - Each ADC_SCl1n register contains its own
| & ?:’9‘¥';§ 3 < 59—-H Co Gen - . o )
) il L ] channel selection bitfield interrupt enable
amgt e — RN e | [ and conversion complete flag to allow
CUSTOP — ¥ Contral e | g B Clock T . .
! ot Smynce | [ g flexibility in the interrupt handling
DaDPO — 'Y
Pa- AP g4 14 i Programmable Delay block hardware
e A . triggers ( and also other trig sources ) can
U1 | o PRI L .
I om_| T be sent to the ADC to initiate conversions at
Al | SAR Comwartss [ v . . .
TP X o | pre-set time mteryal_s for detailed control of
)| | ‘ 4 ADC conversion timing
DADMO - e oo Results for each ADCSC1 are stored in
[Poa-DaoM201— | ‘ e e .
oaowao-o| | T individual result registers ADC_Rn
SO i {1 = | 2 sets of control (ADC_SC1n) and result
o ; e R (AD_C_Rn) _regl_sters |_mplemented on
S | == | === available Kinetic devices
T = up to 4 ADC modules available on Kinetis
i —— B s .
— i m devices
REFL D > ‘ 03
an O—— Lompare | AMFGIACREN | 50
s —&— - | Loge Compare e ) 7 L

>
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3-phase Current Measurement

- The ADC provides one differential and one single ended input
channel connected to both ADC modules

- It can be utilized with advantage for 3-phase current measurement
- We need to measure two phase currents in parallel (any combination)
- This requires to have one phase connected to both ADC modules

- Therefore it is desirable to connect one phase current signal to
Interleaved channel

ADCO_SER/ADCY_SE8 ADCO
ADS

S
A

Phase A => ADCO
Phase B => ADC1
Phase C => ADCO/ADC1

|
ADCO_SEWVADC1_SE9 ADS

. J

ol ADC1
{ ]

® £
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ADC to PWM Synchronization - Why Needed?

- ADC sampling helps to filter the measured current - antialiasing

Asynchronous
Sampling

Average Curren —
t\ N

PWM Period

\4

A

Sampled Current 7

\

Synchronized
Sampling

PWM 0

ADC trigger Signal

:':I/I[c)- L
AN

Data Processing and New PWM Parameters Calculation

L £
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ADC to PWM Synchronization - Why Needed?

- Phase current can be sensed for certain time only

DC Bus

+U/2 P
PWM At I PWM Bt I PWM Ct I p

\ PWM1 Qat
I L]
Phase A Phase B Phase C 1! : :
*— — [ S - .
LI |
PWM AbI PWM Bb I PWM Cb I / 1oy PWM2 Q aB
\ . -/
1 o1 7
Shunt Shunt P ! -
resistor resistor : ; L'
’ + 'y
- U/2 Ground il k-
] 1
r \ ' Isense_A
! k‘\
I L]
[ ]
time to sensing , \%
stabilized ,:_:_,§_
-—
" k current
. . sampling
window

3-ph AC Induction Motor
3-ph PM Synchronous Motor
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Programmable Delay Block (PDB)

: | .« The PDB provides delays
I | POBCHADLYO » \ Pre-trigger 0 | .
i - i [D . Dbetween input and output

ionnprevagero | . FE“"H triggers

1 ~ . . Up to 4 channels available
| ] (O E===" 1 (one for each ADC) with
i et |2

two pretriggers

ot e - Trigger 0 => Sample A
. Trigger 1 => Sample B

PDBMOD Control| 1 - oot e S S S S
[:_._:—:D_ orro) DACINTx |

I |
Logic e DAC wshueval trigger o
1 31 1| DACIn lerval |
! unter

POB Counter ) o] | ! Counter Yo |

I |

| # x] |

PRESCALER "

—
"rwm-l.n 1“4
TRIGSEL

[ PDBIDLY

|DAC imerval trigger x
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Speed/Position Measurement

- The FlexTimer can be used for Speed/Position Measurement
- Quadrature Mode

- The FTM is capable to decode signals from quadrature encoder
- There are input filters for both A and B inputs

PHAFLTREN
CHOFVAL[3:0)
synchronizer
CNTIN
phase AT—®D QPM#D QF v filtered phase A signal MoD
system ) PHAPOL PHBPOL +
clock—|-- b CLK [p ck || g P P L | [P counter
' * > L | enable
N FTM counter L y| upidown
> direction —
PHBFLTREN
CHIFVAL[3:0] TOFDIR|QUADIR
SyNChronizer

phase B

v

]
D QreD QH ) J
filtered phase B signal
Filtter =1
¥

+—pp CLK lh CLK

® £
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Speed/Position Measurement

- FlexTimer Dual Capture Capability
- FTM is capable to capture two consecutive edges
- The One-shot Capture mode
= Captures two edges and disable capturing
- The Continuous Capture mode
= The edges are captured continuously
- Pulse width measurement with both positive/negative polarity
- Period measurement

= Between two consecutive edges of the same polarity
= Between two consecutive rising/falling edges

® £
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{mC56F827x — Half the Power, Twice the Performance

(100MHz in a 5x5 32pin QFN!)

* eFlexPWM — Freescale’s most advance timer for Digtial Power Conversion with
up to 8ch and 312pico-sec resolution, supported by 4 independent time bases,

100MHz DSP 32-BIT 56800EX Hawk

V3 core ; i .
uith half cycle reloads for increased flexibility and best in class performance
+ Fastest DSC in its class with 100 MHz of _ _
performance *NanoEdge placer to implement fractional delays

sIntermodule Cross-Bar directly connecting any input
H . h and/or output with flexibility for additional logic
[0 unctions (AND/OR/XOR/NOR)

* FIR Filter 6x faster than ARM CortexM3
- The highest number of operations pe High

cycle of any MCUIIIESISESS PerfOrman ce Performance *DAC with hardware Waveform generation
« Fractional arithmetic DSC Core ~.. Peripherals support

*Very high speed ADCs capture events real
time.

* Nested looping

» Superfast interrupt

Advanced Integration &
development speed

- A high level of on-chip integration

Lowest Cost of lowers external Op Amp and

. \
The lowest power DSC available on capacitor costs.

the market 1l Design

* Less than 0.4mA/Mhz at full speed
run

* Motor Control, Power Control, Safety
(IEC60730) Libraries, PMBus software
stack, PLC software stack.

viotor control with integrated Power Factor
Correction (PFC) reducing chip count.

tolerant I/O and Peripheral Crossbar enable greater
system cost reduction.

tools, including FREEMaster

« Concurrent operations offer best-in- SN
class execution times and overall low o
power run rates.

L £
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A
Enhanced Flex Pulse Width Modulator (eFlexPWM)

Four independent sub-modules with own time base, two
PWM outputs + 1 auxiliary PWM input/output

16-bits resolution for center, edge aligned, and asymmetrical  Sitees - < _
| . > PWMAD
PWMs AT,
-——————
< PFWMBID
Fractional delay for enhanced resolution of the PWM period ~ Sub-Module 0 &=
and edge placement P PSSR
Complementary pairs or independent operation P
Independent control of both edges of each PWM output FAULTO-3|  Faylt
Synchronization to external hardware or other PWM sub- Channel 0 [P -
>
modules 2 PWMAL
. E - -
Double buffered PWM registers I - > Sub-Module 1 e PSMEL,
. ALLEEN Faml - -
Integral reload rates from 1 to 16 include half cycle reload — ’ ;1 > > PR
Half cycle reload capability >
Multiple output trigger events per PWM cycle '_';
Support for double switching PWM outputs l > <,
. . . P Sub-Module 2 20WMEL,
Fault inputs can be assigned to control multiple PWM outputs > o
- o DIMXD
Programmable filters for fault inputs .
Independently programmable PWM output polarity >
Independent top and bottom deadtime insertion : PWMAS
Individual software control for each PWM output _'_r—: Sub-Module 3 | PWMB3
Software control, and swap features via FORCE_OUT event PN
Compare/capture functions for unused PWM channels Yrvvvrvy E >

Enhanced dual edge capture functionality

® £
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eFlexPWM - Sub-Module Detail

—= Aux Clock (sub-module 0 only) LDOKﬂ
Compare D valus
e 16 bit Mid-cycle reload Master Reloa
i - Reload
Clock ——m=| Prescaler | > 16 bit counter L4 comparator o~ Logic (sub-module 0%nly)
- - =
‘ Compare 1 value -
e 16 bat Modulg{ equnter value Master Syne
comparator {sub-module 0 om"]
Preload
| |
Compare 2 value TS ™ Pia ‘ PWMXI
. e 1t PWM on Mux
M i f
faster Syne ol Counter [— - | COMIPATATOT
External Sync preload _ S |lPwWhI22
— Init Value D Q=
— - Initial; I > Comp.
mtialize vs
are 3 y
Compare 3 value 16 bit R Indep. Fault PWMA
. ; . || Protection —f
comparator PWM of
i P Dead
Time
Compare 4 value Generator PWMB
16 bit PWM on | | utput ]
. comparator L g Mux control
Init Value I D Q m E‘;l:;:ct
Imitialize N
Master Compare 5 value > R
Reioad - = 16 bit
Femster - .
reload e comparator PWM off Fault nputs
mux Output Triggers from module bus
| P register reloads Interrupts

® £
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eFlexPWM - PWM Generation

VALO

ANV g - X X PW]M O g Half Comp
> 16 bit counter L comparator
PWMX_INIT D SQ PWMX
FOR(_‘E_OUT Force Init > (invertgd
Local Sync
FREEN j: VALI 5 ync)
» 16 bit I .
e comparator _H PWM off - Mod Comp
VAL2
> 16 bit PWM on
. comparator %ﬁ—‘
PWM23_INIT D 50 S
VAL3 >
= R
P 6oit
= comparator +X—IPWM off
to Force Out
logic
VAL4
» 16 bit PWM on
comparator _x_*—l
PWM45_INIT 5 S & SR
VALS >
- » R
16 bit
_> Comparalor PWM off
Output Triggers

L £
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eFlexPWM - Edge Aligned PWM Generation

we 0 oA S
s iy sy ey s
INIT ($FFOO) _./ / / / /

VAL2, VAL4 = $FF00

CHO,

CHO,

All PWM-on values are set to the init value, and never changed again. Positive PWM-off values
generate pulse widths above 50% duty cycle. Negative PWM-off values generate pulse widths
below 50% duty cycle . This works well for bipolar waveform generation.
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eFlexPWM - Center Aligned PWM Generation

VAL1 ($0100) 7
s V4 4 4 4
o L S S

INIT ($F|¥0A0L)2 -7 / / / /

Cho, J

Cho,

» When the Init value is the signed negative of the Modulus value, the PWM module works in signed
mode. Center-aligned operation is achieved when the turn-on and turn-off values are the same
number, but just different signs.

L £
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eFlexPWM - Shifted PWM Generation

VAL1 ($0100) >
VALS5 ,/// A/// //// ,/// ,///

VAL3
($0000)---:;;7/{ --------- ;;;715 -------- ;;;,!f ......... ;;;,zf ......... ;;;,(f _____ |
VAL4

VAL2 ‘///' 7 7 7 7
INIT ($FF00) —

CHO

a

CHO,

» In this example, both PWMs have the same duty-cycle. However, the edges are shifted relative to
each other by simply biasing the compare values of one waveform relative to the other.
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eFlexPWM — Force Output Logic

FORCE

Master Force

Local Reload

Master Reload

Local Sync
Master Sync

EXT FORCE

Reserved

FORCE_SEL

L £
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L\o«w-&uw-—y

PWM23 0
from generation h/w |
OouT23 2
EXTA 3
SEL23
D Q
N\
FORCE OUT | from generation h/w
PWM45 0
1
OuT45 2
EXTB 3
SEL45 Vv
- D Q

p Master Force
(from submodO
only)

— PWM23

to Deadtime
logic

33 DBLPWM

= PWM45
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eFlexPWM - Complementary and Deadtime Logic

L £
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W
PWM23

from Force
Out logic

DBLPWM

PWM45

DBLEN

Yoy

IPOL

ZCro

ZETro

DTCNTO
rising | start diwr
edge +——m
dotoct counter

faelgng start down
detgct counter

DTCNTI

P Y

0/ PWM23

to Output
logic

PWM45

INDEP
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eFlexPWM - Fractional Delay and Output Logic

PWMAFS[1]
Disable D_I_Q
PWMA v
PWMAFS[0]— 1 PWMA_EN —
pwM23 —| Fractional 0 PWMA output
Delay 2-3
MASKA POLA
from Deadtime
logic
MASKB  po B
Fractional Lo
PWM45 — Delay 4-5 0 PWMB output
PWMBFS[0]— 1) PWMB_EN __|
PWMB ‘
Disable
PWMBEFS[1]
2 “freescale e e e e
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A/D Converter

« 12-bit resolution

- Maximum ADC clock frequency of 20 MHz with 50 ns
period

- Sampling rate up to 6.66 million samples per second

- Single conversion time of 8.5 ADC clock cycles (8.5 x 50 ns
= 450 ns)

- Additional conversion time of 6 ADC clock cycles (6 x 50 ns
=300 ns)

- ADC to PWM synchronization through the SYNCO0/1 input
signal sequentially scans and stores up to sixteen
measurements

- Scans and stores up to eight measurements each on two
ADC converters operating simultaneously and in parallel

- Scans and stores up to eight measurements each on two
ADC converters operating asynchronously to each other in
parallel

- Multi-triggering support

- Gains the input signal by x1, x2, or x4

- Optional interrupts at end of scan if an out-of-range limit is
exceeded or there is a zero crossing

- Optional sample correction by subtracting a pre-
programmed offset value

- Signed or unsigned result

- Single-ended or differential inputs

- PWM outputs with hysteresis for three of the analog inputs

® £
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VREFH —

ANAO
ANA1
ANA2
ANA3
ANA4
ANAS
ANAG
ANA7

ANBO
ANB1
ANB2
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ANB6
ANB7
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Multiplexer
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Voltage
Reference
Circuit

o

Sample/Hold

Scaling and Cyclic
Converter A

L[ ]

H>——

Scaling and Cyclic
Converter B

SYNCx —f=

Controller

Digital Output
Storage Registers
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Bus Interface
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ANO
AN1

ANX
Vrefl
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MUX

A
A/D Converter

Gain Setting
X1, x2, x4

PGA

V*12Bit
/. ADC

Channel Select

Single Ended or Differential
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Crossbar Switch - MC56F824x/5x

- Flexible signal interconnection ... ..
— 4 ]
among peripherals KBAR_INI | (AR OUTD
.- Connects any of 22 signals on " t y
left side to the output on right XBSEL. CODED
side (multiplexer) \
. Total 30 multiplexers T T | oo
. L 21
- All multiplexers share the same
set of 22 signals XBSEL CODE!
- Increase flexibility of peripheral :
configuration according to user 0
nee d S E 1 XBAR_OUT29

#BSEL: CODE29
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Crossbar Inter-module Connection - MC56F824x/5x

EXT_CLK xBaR_INZ|®
Enhanced  rauLto * PRI >
KEBARTINA TS
| Pex PO gl
| EXT_FORCE [¢ ol L
‘_1 EXTA |* ;
EXT_SYNC |/« >
Submodule out_trRiGo »
3 OUT_TRIGA .
| ——————
EXTA KBAR_OUT 14

COUT

EXT_SYNC s it
Submodule OUT_TRIGO :E JEan. Nt

mple -

. XBAR_IN10 ﬁ:‘cﬁ—
EXTA XBAR_OUT13 Cros_Sbar 3} ’E % _-l l ] Widow CMPB+
EXT_SYNC | ¢ Swnch BAR_OUT10 1Sam )

t

+H

XEAR OUT7?
< [Submodule (7~ & s
1 _ & «man 7 XBAR_IN11 vl H
KBAR OUT1 Sample =

EXTA
Submodule =751

8 B NBAR C
e

t 1

BAR_IN1G

ANAD-7
ADCA TRIGGER
ADCA 114 XBAR_OUTE XBAR_IN13

KBAR_OUT27

!

ANBO-T
ADCBTRIGGER
ADCE =«
1 . SYNC_IN

DAC | (EAR_OUTS

|

DACO |
1

)

XBAR_IN14
*BAR_QUTZ8

VSS XBAR_IND

VDD ] XBAR_INY

BAR_IN1S
XBAR OUT24

IrTRT
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Crossbar Inter-module Connection - MC56F84xx

\ 4

) AND-OR-INV Logic > > DMAReq
g > INT
. }{ AND-OR-INV Logic > n_,
> n_,
i AND-OR-INT Logic > o
> AND-OR-INV Logic > n_,
n/ >
Crossbar B N
16 | R 6 » eFlexPWM
> 1] .
4, | : - HS-CMP
8 1 R . " Timer
140 I\ > n  Q_Decoder
® > N 1/O
4 >
. > PDB

Crossbar A
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Motor control Enablement
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Y% eescale Embedded Software and Motor Control
Libraries

Algorithms divided into four sub-libraries:

- General Function Library (GFLIB) contains math, trigonometric,
look-up table and control functions. These software modules are
basic building blocks.

« Motor Control Library (MCLIB) contains vector modulation,
transformation and specific motor related functions to build digitally
controlled motor drives.

- General Digital Filter Library (GDFLIB) contains filter functions
for signal conditioning.

- Advanced Control Library (ACLIB) contain functions to enable
building the variable speed AC motor drive systems with field
oriented control techniques without position or speed transducer
(for Cortex-M4 contain Back-EMF observer d,q and Tracking

Observer).
GFLIB - General Function Library GMCLIB - Motor Control Library GDFLIB - Digital Filter Library
+ Sine, cosine, tangent = Clark, inverse clark « 1%t and 2" order IIR filter
» Square root « Park, inverse park + Moving average filter
*+ Ramp + Vector limitation
+ Limitation on input signal « DC bus voltage ripple elimination
» Proportional-integral (P1) controller of « Standart space vector modulation
parallel form + PM motor decoupling

L £
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A
Develop an Application using Libraries

- The coding of the fast control loop of the PMSM vector control using
libraries is then limited to peripherals handling and calling of the

libraries functions, while passing the addresses of the application
structures

// Iq current PI controllers
uDQReq.s32Arg2 = GFLIB ControllerPIpAW (iDQErr.s32Arg2, &gAxisPI) ;
// inverse Park trf for voltages
GMCLIB ParkInv (&uAlBeReq, &thRotElSyst, &uDQReq) ;
// Elimination of DC bus ripple
elimDcbRip.s32ArgDcBusMsr = uDCBus;
GMCLIB ElimDcBusRip (&uAlBeReqDCB, &uAlBeReq, &elimDcbRip) ;
// Calculation of Standard space vector modulation

svmSector = GMCLIB SvmStd (&pwm32, &uAlBeReqDCB) ;

® £
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Y%7 VISM Vector Control w/ Encoder built on Libraries

slow control loop fast control loop Ugen
Inv Park
y N P Ug Transf PWM
0 _req_’_%’ controlle » d,q Output Inverter
£ > Elim DC > >
Required Ramp ly Lim Bus > —|
speed . PT | oI U, ~ Ripple > >
— §|4 - »R-»| controlle ——»®-—>| controlle —>{/ a,p >
A- . -A v A4 t
Iy Park Clarke
Measured Transf Transf DC-Bus Voltage
Speed d,q Iy o,B Phase Currents
’ o 4 »i
PR B
af | a,b,
T
w sin cos
Speed ) T T g Position |, Pulses count
evaluation | evaluation
A
Time base
I:I Blocks supported by Libraries . Peripheral
S
&
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“% 7 VISM Sensorless Vector Control built on Libraries

Kinetis ARM® Cortex™-M4

slow control loop

fast control loop

PWM
Output

YYVVYVYY

_|

Inverter

Inv Park
| o P U Trans
0 —déﬂq—bg?—» controlle ——>| ¢ q
- £ —>| Elim DC
Required Ramp Id —> .BUS
speed + Pl lo_req s Bt U ) Ripple
—P NL & —> > >
4 - [controller (% cont:olle a,B 4
lg Park Clarke
[rans Trans
D\ERGED daq/ |4l a8/ | ¢ Phase Currents
o IB :
= abe | Park
Aﬁ:-—--—-'-'—--—--—--—- Trans —— -
1
dq
Svercen | sin «— u, :
cos 1
_____________________________________ M= —
i i L\ A 4 “4'3 -
: R Merge 5 . Integrator . Merge :. é ™ i :
| g = g |4 ' '.: Tracking | Back-EMF cos +— 0 I
I A~
I 1w Observer Observerd, 1
| Y 7y I d v I
1
- d
| MA filter L 7 PR T
1 T
1 l-l «— | !
I n* g 1
- Open loop start up :: o,B :
s s s s s s s s ‘I Position Estimation Park I
s 1 - -1 SN |
I:I Blocks supported by Libraries Peripherals
e
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Machine Cycles — Fast Control Loop of PMSM FOC

Sensorless Solution

Encoder based solution

1800.00
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0.00

Peripherals servicing
m Filter MA
= Vector limit
® InvParkTrf
Filter IR
m ParkTrf (3x)
B TrackObsv
PMSMBemfObsrvDQ
m ControllerPIpAW/(2x)
H CosTIr
mSinTIr
= ElimDcBusRip
B SymStd

m ClarkeTrf
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Peripherals servicing
Position calculation
from Encoder signals

u ParkTrf

m Vector limit

u InvParkTrf

u ControllerPIpAW (2x)

H CosTIr

ESinTIr

® ElimDcBusRip

B SymStd

m ClarkeTrf
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PMSM Sensorless Vector Control Algorithm

Slow (speed) control loop Fast (current) control
Executed in 1-5msec loop loop
represents just like 1% of the - Executed in 25-200usec loop
CPU performance, neglected for - CPU load should be <40%
the benchmark - critical for sensorless FOC, target
of the benchmark
) Udcbus
Field control D-current control + -

|nverse Space
L Park Vector
FWerror | | @_, Transformation Modulation
) Calculator Inverter
Uy

d.g : \/ \::\' PWIq,b,c _|

a, B

Ramp Speed control Q-current control Us

i

©

iy g lo
» a! H

" q - ﬁ la' b'

. ls lp
Sensorless-atgorithih a, B ab.c
é N e Park Clarke
Tracking Back EMF Transformation Transformation
& Observer Observer
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ARM Cortex-M0+/M4 Comparison

- Results for Sensored PMSM Vector Control Algorithm

Core CPU Clock Execution Time in ys at Code size
Cycles 48 MHz CPU clock (Bytes)

32-bit arithmetic 32 x 32 = 64

Cortex-MO0+ 2385 49.6 2648

Cortex-M4 (50 MHz platform) 1122 234 2032

Cortex-M4 (100 MHz platform) 931 19.4 2032

16-bit arithmetic 16 x 16 = 32, 32 x 32 = 32 (result 32 LSB)

Cortex-MO0+ 1938 40.3 1990

Cortex-M4 (50 MHz platform) 1115 23.2 1848

Cortex-M4 (100 MHz platform) 925 19.2 1848
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ARM Cortex-M0+/M4 Comparison

- Results for Sensored PMSM Vector Control Algorithm

90

80

70

ESE)_ 5 [ttt bttt 63 us

50 45.1 E Cortex-M4 (P2 platform)

m Cortex-M4 (PO platform)

Execution Time [us]

= Cortex-MO+
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All Platforms run
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ARM Cortex-M0+/M4 Comparison

- Results for Sensorless PMSM Vector Control Algorithm

Core CPU Clock Execution Time in ys at Code size
Cycles 48 MHz CPU clock (Bytes)

32-bit arithmetic 32 x 32 = 64

Cortex-MO0+ 5181 108 4202

Cortex-M4 (50 MHz platform) 2278 47.4 3382

Cortex-M4 (100 MHz platform) 1883 39.2 3382

16-bit arithmetic 16 x 16 = 32, 32 x 32 = 32 (result 32 LSB)

Cortex-MO0+ 2920 60.8 4030
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ARM Cortex-M0+/M4 Comparison

- Results for Sensorless PMSM Vector Control Algorithm

6000

5181

5000

4000

CPU Cycles
w
o
o
o

2000 -

1000 -

L £
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32-bit Arithmetic

m Cortex-M4 (P2 platform)
2920

= Cortex-M4 (PO platform)

m Cortex-MO+

Note:
All Platforms run
at 48MHz

16-bit Arithmetic
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ARM Cortex-M0+/M4 Comparison

- Results for Sensorless PMSM Vector Control Algorithm

120
108
100
m Cortex-M4 (P2 platform)
o m Cortex-M4 (PO platform)
= 80
GE) m Cortex-MO+
£
c
S -
5 60
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(0]
x
[
40 -
Note:
All Platforms run
at 48MHz
20 -
0 -

32-bit Arithmetic 16-bit Arithmetic
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X_ _asults for sensorless PMSM Vector Control
Algorithm

Exec. Time
[ms]

Cortex-M4 50MHz RAM (Kinetis K) 1843 36.9
Cortex-M4 100 MHz RAM (Kinetis K) 1843 18.4
Cortex-M4 50MHz FLASH (Kinetis K) 1979 39.6
Cortex-M4 100MHz FLASH (Kinetis K) 2628 26.3
DSC Hawk V3 1612 16.1

L £
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ARM Cortex-M0+/M4 Comparison

Summary

- The Cortex-MO+ is slower by 175% than Cortex-M4 using 32-
bit arithmetic
- This is due to missing 32-bit instruction

« The Cortex-M0O+ cannot run Sensorless PMSM FOC in 32-bit
arithmetic every PWM period (65us)

- The Cortex-MO+ is on the limit to run Sensorless PMSM FOC
In 16-bit arithmetic every PWM period (65us). But it can run the
algorithm every second period (130us).
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Plain Cortex M0+ vs HW SQRT and Divide

- New KV10 75 MHz devices include hardware SQRT and Divide
to offload the CPU from these operations.

- Biggest cycle consumer for CM0O+ CPU

L £
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Benchmark

- The sensorless PMSM application calculates 3 DIV and 1
SQRT in fast current loop.

- 2XDIV in dc bus ripple elimination
- 1xDIV In ArcusTangent (used in sensorless observer)
- IXSQRT Iin Limitation

- SW Divide = 180 to 360 cycles/divide HW SQRT and
o o DIV improve up

- HW Divide = 20 cycles/divide to 26%

. performance

- Optimized_SW_SQRT = 201 cycles/SQRT
- HW_SOQRT 13 cycles/SQRT

L £
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“%__ning the application constants with help of

FreeMASTER

- The most challenging task for the developer is the setting of the
application constants, sometimes trial-error method must be
used when the system (drive) parameters are difficult to
identify:

- P and | constants of the regulators
- Filter constants
- Constants of the position estimation algorithms

- Tuning the merging process when switching from the open loop
start-up to full sensorless mode

® £
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What is GREENIZY=R1=317

FOR YOUR
EMBEDDED
APPLICATION

- Real-time Monitor
- Graphical Control Panel
- Demonstration Platform
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as a Real-time Monitor
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HREEY V.S 1=1as a Real-time Monitor

- Connects to an embedded application
- SCI, UART
- JTAG/EONCE (56F8xxx only)
- BDM (HCS08, HCS12 only)
- CAN Calibration Protocol
- Ethernet, TCP/IP
- Any of the above remotely over the network
- Enables access to application memory
- Parses ELF application executable file
- Parses DWARF debugging information in the ELF file
- Knows addresses of global and static C-variables
- Knows variable sizes, structure types, array dimensions etc.
- Serial Communication Driver
- Completely Interrupt-Driven — LONG INTERRUPT
- Mixed Interrupt and Polling Modes — SHORT INTERRUPT
- Completely Poll-Driven = preferred mode, run typically in main() loop
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IHREEL V.S =11 =21as a Real-time Monitor

Application control

and monitor

Live graphs,
variable watches,
and graphical
control page

Real-time
operation monitor
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A
IHREEL.V.S=11-121 as a Real-time Monitor

- Variable Transformations
- Variable value can be transformed to the custom unit
- Variable transformations may reference other variable values
- Values are transformed back when writing a new value to the variable

- Application Commands

- Command code and parameters are delivered to an application
for arbitrary processing

- After processed (asynchronously to a command delivery) the command result
code is returned to the PC

- Ability to protect memory regions
- Describing variables visible to FreeMASTER
- Declaring variables as read-write to read-only for FreeMASTER
- the access is guarded by the embedded-side driver
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FL_I - MASTER;

- Displays the variable values
in various formats:

- Text, tabular grid
= variable name

» value as hex, dec
number

= min, max values
= number-to-text labels

- Real-time waveforms @

= up to 8 variables
simultaneously in
an oscilloscope-like graph

- High-speed recorded data

memory transient recorder

L £
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_ _ - variables recorded by the
* up to 8 variables in on-board embedded-side timer periodic ISR
- after requested number of samples

data stored in Recorder buffer
- sample very fast actions
- buffer download can be defined
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IHREEL.V.N=11-2das a Real-time Monitor

Highlights:

- FreeMASTER helps developers to debug or tune their
applications

- Replaces debugger in situations when the processor core can
not be simply stopped (e.g. motor control)

- Recorder may be used to visualize transitions in near 10-us
resolution
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Motor Control Application
Tuning Tool
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Software Concept

Development Studio
p BUILD PROCESS Freescale Qorriva MCU

Freescale M Freescale H/W
< 2 -

S/W Package reference control design setup

Reference S/W - PMSM FOC LS oy
= * Application debugging | i @ o
Mojor Cantiol Library el * Pl controllers tuning 5 x|
Application static configuration « Control schemes layering b N comtroler
Host PC
FreeMASTER Embedded applicafion

E Freescale Motor Control Development Kit
online monitor

RUNTIME
=

Motor Control
Tune your Drive

FreeMASTER as well as

Host PC CodeWarrior are for free.

www.freescale.com/FreeMASTER

www.freescale.com/CodeWarrior
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Motor Control Development Kit Series — Content

Out-of-the-box experience offers:

« Complete schematics of the Development Kit HW.

Complete source code of the Development Kit S\W application

Math and Motor Control libraries (MCLID) in object code

FreeMASTER & MCAT interface to easy application visualization / control

Extensive documentation including User guide, Quick Start Guide and Fact sheet.
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FreeMASTER Scope FreeMASTER HTML based Control Page

www.freescale.com/AutoMCDevKits
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Math and Motor Control Library Set

{ Advance Control Library (ACLIB)
| Advance Motor ControlLibrary (AWCLIB)

i Tracking Observer
i- Estimators

Advance Control
Library

-
R

AMCLIB

Advance
Motor Control
Library

i General Motor Control Library (GMCLIB)
i - Park/Clark Transformations

i~ Inverse Park-Clark

- SVM

i - DC Bus Ripple Elimination

General Motor
Control Library

: U m m General Digital
: Ly WL SN e e Filters Library
General Function Library (GFLIB) E . 5 : % : Stand-
General Digital Filters Library ' 5 % ’ . ' &
(GDFLIB) : : : : ' ' tpe ¥
- Sine, Cosine, Tangent ' . '
- Inverse sine, Cosine, Tangent . . g A R
- Hysteresis Tesfle lals E;
- LUT, Ramp, Limitation: H (B el jC
' ' g S I |
; ; ' /\/ Mathematical
General Function : : g ' Library

Mathematical Library (MLIB)

- Absolute Value

- Summation, Saturated Summation

- Multiplication, Division, Saturated Multiplication
- Right/Left Shifting

- Type Conversion

) 5ottt i e e

\\w.-

- MLIB

x>>N] | i1

Sa2toFioat (@'bjr(cd)
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PMSM Field Oriented Control

MCLib Application Example for MPC5643L Development Kit

3-Phase Low-Voltage Power Stage

Resolver

Automotive Math and
Motor Control Library

Set for MPC5643L o—t"‘-&—s f j j
ACLIB 12 Vde
--- AMCLIB il

o
Start/Stop
FreeMASTER A\ Faults PWM U_Dc bus) 1sa tsb) Isc Resolver H/'W
2 |3
i a1 3 -
usB GPIO PWM > CTU +> ADC eTimer
Driver Driver Driver Driver Driver Driver

Fault Duty Cycle a

Application Control Protection

Speed_Req

Is_q_req

1!

= et Tracking ng,
= Sensing Observer Observer
i
Weakening Processing l l
Software
—  switch PR

- MPC5643L

Omega_autual_mech
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Field Oriented Control
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Pl Controllers
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Current Control Loop
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Control Loop Bandwidth
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Speed Overshoot
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MCAT Introduction & Features

-

> “freescale- Motor Control Application Tuning Tool

Motor 1:  PMSM Motor 2= PMSM Motor 3:  PMSM TunmgMode] Expert .]

Introduction Speed Loop | POSPE Sensors Output File | App Control -

Appllcat|on Descnptlon

» Tool enabling tuning of control parameters according to the
target motor / application ‘
« Dynamic tuning & update of control parameters ‘
» Generation of header file with static configuration of the tuned
parameters
* MCU independent (Kinetis, MPC, DSC) F

Currently supports PMSM
« MCAT for BLDC motor is in progress
« MCAT for ACIM motor will follow

Freescale, Inc. 2012

Designed by Motor Control Teams / Roznov pod Radhoztem
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FreeMASTER with MCAT

fee o

S HQE s

agtirer  Sem

t |1
Sl 2~

——

Dt PMSI FOC compaed - Fit
= ®18 Matoe Nod
=3 ®13 Posticn/Speed
M Poution
1M SnCes
i Speed
= postion
= Speed
= "% Currests
A Labe thek
i Idg fhck
= U
45 kg flck
i labe cunment - scope
= %% Motor No.2
' Postion/Speed
M Povtion
i SinCes
# Spesd
= povtion
5 Spend
=1 ™% Currests
1 Labe_thek
19 Ldg fhek
5 Ude
5 ldg ek
= labe current - scope

o Motor 2 PMSM s

e | I )

Application boocﬁpﬂon

INVERTER

1

[

&,

Angle
Tsacking
Otrserver

Application concept

A position and speed estmation method without position transducer s appie OnZareak axis
washing machines with Perthanent Magret Swachronous Motor (PMSM). By mtegrating methods, | &
wSINg i speod erence 1or 2040 spoed Setup end low Speed accekerabon, and Dack-EMF for mid-high
speed operahon, the rotar posiion can de estimaled and controded over the full speed range In orger 1o
achieve correct operation from zero speed, the two techriques are combined with a crossover function

5 M1 NmecReq [MI Nm:
§ NQNmeckeq |42 Nm:

HTML based environment
jscript based calculation engines

File reading/storing via FreeMASTER
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Steps to Tune the Current Loop

1. Parameter Setting-Up 2. Control Loop Tuning

!
/7 File Manai MM sgwCSOliy. b

S ui /) File Novsowt SAIe(//ACrive view ed0IE vieel /MCIEITET N Tutmisg Wisues ot
@ Voo s Daze: if. Grzoces. 2244
St T
/ AUTSRETICALIY PWAIALAd Tile Fer 4TALLE CRATIQUINTien & The M FOC welian
HAtnoet __MMmros_SomrIn_seTee_n
o TRENFCC_CTITIG_STITE R
L A e
foefine ki I s 183,05
Sastine NG_U_SCR ax [RLECH)
$osfine MI_U_MAX 130.0)
$defize M1 NE YOX 1943.0)
foasize M1 T MRX 130.9}
fdefize M1 0 ZC3 TRIM FRACLE (0. 72222022222
wi_U_pen_ PANSLS{0.333203332333)
M3 _U_Sce PAATLE 10, 939353333833)
Meckanical Aligues
Sdefize MI_ALIGE CURBENT FRACLE(0.002903050009)
Sdefize Mi_ALIGE DORATION 14820/
/riszrent lecy Cootrml pbewst, IS, PowwCT
£ e Py US P 87 OF
[ flap MANIELZIN - MO0 [R3) WOS Srww, fusolot. Vysred
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MCAT Control Structure Selector

Speed FOC Control Current FOC Control Voltage FOC Control

l Ve

I
I
I
I
Id_req ! Id_fei ld,req,ZC c D Uy re !U T T
Ca H a-red
I T t Ke,K I dq i SVM [ VSI L
| I T
| I
= I
I
I

Optional blocks

|

| |

| Scalar Control
|

|

E ' no need any speed feedback

Speed FOC ' Bpaed a0 oM
Control 4
, o [ld=zero +| 0 Al

Speed control - current, position and speed

I
I
I
I
I
I
| oA
| Zero cancellation dreal Pi controlier |Uq_req Up_req % — J'——-T
I We req Iy req lq req_zc —] :l
—> > Em— |
| Dec\/Inc| A Kp.K Ti ® !
, . ) [
| Ramp : P1 controller Zero cancellation '-red! PI controller la_rear fa._rear i
I E wJea’ dq GB < ib real :
I we_req i I'B_real < i - O
[ > To [~ ap abcl< oreal sensor
\
Zero cancelfation 6.
Application Control Structure W roal Position / Speed
< .
evaluation
i~ State Control ———— -7 1~ Cascade Control Structure Composition ——————————————
! OoN . Um 0 M
I | Scalar Control l-l
; L — ¢ Frequency 0 Ha Open loop control
I & no need any current, position or speed feedback
| | .
3 | Voltage FOC === iEi 2 e ~~ "t
? | Control | G lieees o = M iti i
I OFF ; T q.teg Voltage control — position required
I Application Stafe | - no need any current and speed feedback
(ree—————————"7—F e t —]C d_req [0 i
| | Control - . .
le RUN — . Y=lE 0 " Current control — current, position required
I

"

required

‘ Position & Speed |, < =
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MCAT Tab Menu Summary

Introduction - user defined basic application description
Parameters - obligatory input motor and application parameters

Current Loop - inner control loop implemented as parallel or recurrent Pl controller with
optional zero cancelation compensation in feed-forward path

Speed Loop - outer control loop implemented as parallel or recurrent Pl controller with
optional speed ramp or zero cancelation in feed-forward path filter of speed feedback

Position & Speed Module - selection among several sensor type
- resolver ATO, encoder ATO, encoder ETIMER,

Sensorless Module - setting of BEMF observer and tracking observer for algorithms that
estimate position and speed of PM synchronous motor

Output File - preview and generation of output header file that contains all required
application and control constants

Cascade Structure - sophisticated switch of cascade control structure enabling the selection
of required control loop

- scalar control - open loop voltage control

- voltage FOC - dq voltages are input reference signals

- current FOC - dq currents are input reference signals

- speed FOC - required speed is an input reference signal

App control - inner FreeMASTER control page for application graphical control

“freescale- 13 | i
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Motor Control Application Tuning Tool

* Control schemes selection |
1

1 1
i BUILD PROCESS RUNTIME i
. Freescale E
1
i S/W Package User Specific i
i Reference - Motor Control Applications i
s FeldOrened convlof P
1
i Motor Control i
| Library set Sixcstep Commutation Control of BLOC |
1
1 . . 1
i Appllcathn * Application debugging i
I Configuration * Pl parameters tuning !
1
1 1
1

Application static configuration

Q O -3
5 S s %3 2 2 v o H & IS
= o o c B ] &= S < o o =
3} = =] o ° = - © D Q =
S = = £ = o & I = 7}
© < o b~ S I} 6 9 S o 1%
o L 3 2D & = SIS T~
S s S £ o 3 Og wo¢c =
£ S 9 &S 2 ) =
TW calculation engine TW Setting TW Output
* Electric Angular Speed * Number of Motors * Header file preview
* Back-EMF Constant * Motor Type * Header file generation
* Pl Controller Parameters * Arithmetic Type
* Scaling Factors * Pl Controller Type
* Control Loop
* Position/Speed Sensors
NV inte a * Rotor Alignment MCAT Tool

FreeMASTER
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MCAT Tool — Features & Motor Types Supported

\

Number

of motors One motor Two motors Three motors
Motor l
types PMSM motor PMSM/BLDC BLDC motor

Control

Field Orien - rapezoidal

strategy eld Oriented Scalar Control 6-step trapezoida
Control Control
Voltage Control Open Loop Speed Control

Control

structure Current Control _

Available

Speed Control Planned for the next phases

...'. ....................................................................................................................................................................
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MCAT Tool - Look and Feel

Motor Control Application Tuning Tool

Fiind ise M3_CLOOP_LUNIT FRACLOLH 08) .
0« avy prw=wiey
Lo UL —— ’ (vemTER Feind v M3_D_KPF_CALN FRACLALE Ya6300250400)
- s NVERT ! Wied e W2_D_NP_SC )
. R Fiw A 3 o -
e e " ! #idet Ly NI_DKT_GALN PRACLO(D S2T9RE282300)
N\ I Wit 1 WI_EL K15 il
| |
| V' Q « ans parematers
ﬂ et L W1 OKE_GATH FRACLACH 620048204302)
14 il e NI_CNY_OC )
| Slet o 03 _QKT_CAIN TRACLOCD 891087939850
(" it L WY 0KT_SC (%3

| et Lo Casal

V' Loen QT - iwei
¥ Lown Sthortisttay “ild
Y L admak Deow - \O07 feed]
#usd ive W1 GEEED_EF_OAIY FRACLOCD 3627D8315550)
i Fide? Lo NI SFERD XV _SC n
Pt 1o W2_SPRED_KI_GALY PRACIGCE T2ee1ni8008))
St v N1_SPEED_NI_SC )
Sret ine W1_SPEED_LOGE_MIGH LTMIT TRACLG(D 0UBASA5UG4ESE)
u it dnen NI SPRED. 100K LO¥_LINIT FRACLOC-2, 17096368 364)
6 T 009 . Rt L NI EPEED SANE_ P TRACTG(D 00033002404
Tver 0 Wik apee e v omdes (0 acinese comect ppent: o gpeeil e lun IacTnEgies e ¢ Friad Lo NI_SPEED RANP_LOUN PRACIALU 0003238024085
e nchor Yazed oo the apeed rlarence
y St dne W SPERD_LOCK_CHTH (24}
#ilad sem W1_SPEED_FILTER_NA )
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MCAT Tool Control Structure Parameters Tuning
Motor Control Application Tuning Tool
) ‘FreeMASTER ) ) )
| PMSM FOC - MCU implementation | Smge | semoore |
I I I I
| e |
Optional blocks be

| Id_req ld_req_ZC Ud_req u | T T | |
| T | ®A sl dg /|—={SVM [ VSI |~ |
I Zero cancellation 'd_real P controller Uy req B Ug req % J# T APM|SM I
| UJJeq Iqireq qurequC G > m ll |
I T 7 lped\/inc A ®‘ L Ke.K " M T ® " lﬁ 19e I'l I
i Ramp i o PI controller Zero cancellation lo_rea Pl controller d q :’ a_real a B l ::7::: i Ill i
| W req i Ig_reat ‘i i N | O |
I i | T | GB -< abc : oreal I sensorl
I : A I I
| Zero canceflation Cascade control structure % | |
| “real Position / Speed [ |
I D evaluation I I

The calculation of the PI controllers parameters is based on Pole-placement
method, which is the one of the most popular technique in control theory. The
Pole placement control method applied to closed-loop system leads to desired
system behavior.
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MCAT Tool Structure Selector

ISpeed FOC Control Current FOC Control Voltage FOC Control

Optional blocks l Ve

I
I
I

I Il |

I I ame - I roq. 20 Ui ro (Ve s e

| ® KKP*K' i—{da /f—{SVM[={ VSI |.
| |
| I
I |
I
I

|
|
| | Scalar Control
|
|

| A
Zero cancellation 'a_real P! controller |Uq_req Up_req @ — J'_T 1 ;’(PM'SM
——>] r |
We req 1 q_req I} q_req_zC I a B ] ::l !
— > > ——> >

| Dec\/ Inc| A L Ke.Ki T ® L Ke.Ki | T 6, lI‘

| ; . !
| Ramp - P! controller Zero cancellation  'a-reel P! controller d la_real fa_reat |
I E w_real q GB B ib !

i ) _ )_real 0
I we_req JE ’ﬁ_real B I'c real
[ > T | ap abcl< 2 sensor

\
Zero cancellation 6
= —— = = W rear iti
Application Control Structure <= |Position / Speed
| evaluation
i~ State Control ————— - Cascade Control Structure Compositon —————
N = I Um 0 v Open loop control
——— " Frequency 0 Ha no need any current, position or speed feedback

Voltage FOC Hdsred 0 M Voltage control — position required

Control Uq_req OO no need any current and speed feedback

OFF

Application State .- .
== | —camemroe \- 1d_req 0 “ Current control — current, position required
RUN | Control I_ _— e 0 Al no need any speed feedback

Speed FOC - Speed_req |0 mml  Speed control - current, position and speed

Control [ld=zer0 =] [0 Al required

| ,
? r Eg:;tl::c:-SDew l method sensorless
| £k — :

& & 4
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Tuning of a motor control application

- We will use MCAT and FreeMASTER to tune an FOC sample
code to run with a new motor.
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Steps

- We will run the process step by step.
- Follow my lead.
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£»> References

- Embedded Software and Motor Control Libraries

- http://www.freescale.com/webapp/sps/site/prod summary.jsp?c
ode=FSLESL

- FreeMASTER

- http://www.freescale.com/webapp/sps/site/prod summary.|sp?c
ode=FREEMASTER

- Tower low-voltage 3-phase motor control board

- http://www.freescale.com/webapp/sps/site/prod summary.ijsp?c
ode=TWR-MC-LV3PH&tid=m32TWR

- MCAT

- http://www.freescale.com/webapp/sps/site/prod summary.ijsp?c
ode=MCATSWZE&fsrch=1&sr=1
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