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Abstract

Learn how cost-effective digital signal controllers (DSCs) and
microcontrollers (MCUSs) are the best choices for electric motor control
iIn small appliances, such as toothbrushes, blenders and health care
devices. The session will highlight several use cases and working
demos that feature Freescale's SO08SH8/4, SO8QES8/4 and RSO08KAS
8-bit MCUs, MCF51AC256 ColdFire® MCUs and 56F8013/23 DSCs.
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Recommended Devices

8-bit MCU: HC908JK, JL, KX, MR, QT, QY, QB, GP, GR, GT,;
HCS908AW, GB, GT, QG, QE, AC ... any MCU with the right system features

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2008.

Universal Motor

Applications

» AC power tools

» Washers

» Dryers

» Garage openers
» Food mixers, blenders
» Vacuum cleaners

» Dishwashers

» HVAC

» Vibrating equipment

» Coffee makers

» Vending machines _
» Pumps
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Over Current

‘ PWM
_ Duty Cycle

Actual Speed

Phase
Communication

Brushless DC Motor (Encoder)

Encoder

—

Recommended Devices

8-bit MCU: HC908MR, HCS908AW, GB, HCS908MP16

16-bit Digital Signal Controllers (DSC): MC56F80xx, MC56F83xx, Anguilla

White

16-bit MCU: 9S12H, S12E, S12A, S12C, S12GC, S12X
32-bit MCU: MC51QE, MCF521x, MCF523x, MPC56x, MPC55xx
Analog/Mixed-Signal Power ASICs: MPC17510, MPC17529, MPC17531,
MPC17533, MPC17550, MPC17559, MC34920, MC34921, MC34922,

MC34923, MC33926, MC34710, MC34703

Advantages

» Enables bi-directional
operation with fast-
torque response, low
noise and high efficiency

» High precision speed

» Torque control

» Position loop can be
added

Applications

» Robots

» Traction control

» Servo systems

» Office equipment

» Sewing machines

» Fitness
machines/treadmills

» Toys
» Industrial machines
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Recommended Devices

16-bit Digital Signal Controllers (DSC): MC56F80xx, MC56F83xx,

Anguilla White

32-bit MCU: MC51QE, MCF521x, MCF523x, MPC56x, MPC55xx

Advantages

» Very high precision
speed/torque control

» Suitable for drives with
high dynamic
requirements

» Highly efficient

Applications

» Large appliances

» HVAC

» Blowers

» Fan, pumps

» Industrial controls

» Lifts, cranes, elevators
» Universal inverters

» Conveyors
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3-Phase Induction Motor (ACIM)—Sensorless Vector
Control (Stator-Flux-Oriented)

DSC/MCU

‘Recommended Devices

-16-bit Digital Signal Controllers (DSC): MC56F80xx,
MC56F83xx, Anguilla White

-32-bit MCU: MC51QE, MCF521x, MCF523x, MPC56x, MPC55xx

Advantages

» High precision
speed/torque control

» Suitable for drives with
high dynamic
requirements

» Removal of speed
sensor

Applications

» Large appliances

» Industrial compressors
» Water pumps

» Construction

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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machinery
» Universal inverters
» HVAC
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Permanent Magnet Synchronous Motor (PMSM)—Vector

MCU/DSC

Recommended Devices

16-bit Digital Signal Controllers (DSC): MC56F80xx, MC56F83xx,

Anguilla White
32-bit MCU: MC51QE, MCF521x, MCF523x, MPC56x, MPC55xx

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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Control

Advantages

» Exceptionally low noise
operation

» Outstanding drive
efficiency

» Precise speed/torque
control

Applications

» Robotics

» Elevators

» Servo drivers

» Traction systems

» Industrial motion
control
» Automotive
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Permanent Magnet Synchronous Motor (PMSM)—
Sensorless Sinusoidal

Advantages

» Very low noise operation

» Very high drive efficiency

» High precision
speed/torque control

J e » Suitable for drives with

______ high dynamic

c requirements

» Removal of speed sensor

Reference

Applications
» Appliances
» HVAC
» Compressors
» Blowers
Devices » Industrial motion controls
16-bit Digital Signal Controllers (DSC): MC56F80xx, MC56F83xx,
Anguilla White

32-bit MCU: MCF521x, MCF523x, MPC56x, MPC55xx
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Sensorless Switch Reluctance Motor

3-Phase SR Power Stage

Advantages

» Reliable electronics

» High starting torque

» Removal of position
sensor

DC - Bus Voltage
Phase Current
Temperature

— oo | SReq.d %esire{;ﬁ SEpeed (D:esired CEIrrent gutr Fault :
L :ﬂ’ Speed | °Pe® IQ§ rror , Speed urrent "er | Current _'5'2'_ PWM Protection : ) ]
-0 | O—: Ramp Controller Controller Generation | i A p p I I C at I 0 n S
: O_i D\(f’ilgagB:S Commutation ; - : > Industrial maChineS
roiwe I ol cadiion | | [conparaer ; » Medical scanners
—> G l Voltage J fesm | o | » Computers, office
: (:P:::Z:t (‘IAS:;?:Y Flux IJréIkage R i eq ul p me nt
I nMUX Res?sntance %L;(Icl_l.illl.'akl?(?ne I > Toys
I Estimation !
i o T o | » Food processors
| e copeed — | » Vacuum cleaners
) LIEUDEE : » Machine tools

____________________________________________________

» Large appliances
Recommended Devices g PP

16-bit Digital Signal Controllers (DSC): MC56F80xx, MC56F83xx,
Anguilla White
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Freescale Motor Control MCU Devices

PowerPC
ColdFire v2,v3,v4

16-bit Digital Signal Controllers

56F83xx 56F83xx 56F83xXx

Coldfire 32-bit

PIN
COMPATIBLE

High end 8-bit

9S08AC16 9S08AC16 @ 9SO08AC16
9S08ACS8 9S08ACS8 9S08ACS8

9RS08KA2 M orRS08KA2 || 9RSO8KA4 8 9RS08KA4
9RS08KA1L gl 9RS08KA1 Low end 8-bit

6pin  8pin  16pin __ 20pin  28pin  32pin  44pin  48pin  64pin 80+ pin
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» Features / Benefits

Full rail-to-rail supply operation » Target Applications

« Can operate in STOP mode

« Low Power Operation (<600uA @1MHz bus at 5V)

« Integrated clock source (ICS) - FLL, on-chip osc, ext
crystal

- COP

+ 2 x 8-bit Modulo Timers (MTIM)

« 2ch 16bit Timer (TPM)

+ Analog Comparator (ACMP)

MCO9RS08KAS8/4

Small appliances

- Toys

- Simple analog
comparator

« Simple logic
replacement

« HB-LED

- 12 ch 10-bit Analog to Digital Converter (ADC) > Development tools

- 1IC

+ 8 channel keyboard interrupt (KBI)

 Low voltage detect (LVD) with reset or stop wakeup
- External Vpp required for Flash programming
 Auto wakeup

- 14/18 GPIO

» Supply Voltage / Performance
+ 1.8 - 5.5V operation
+ -40 to 85°C operation

»Core
+ RS08 Core
+ 10 MHz Bus (2% deviation over full temp and voltage
range)

»Memory
« 8K/ 4K Flash
« 254 1 126B RAM

» Packages
+ 16 pin, 20 pin (SOIC/PDIP)

- DEMO9RS08KAS8
- Fast Track
CodeWarrior® v6.x

lc

ADC
12 ch 10-bit

ACMP
Analog Comp

TPM
2ch 16-bi
COoP CTimer :

MTIM

2 X 8-hit
KBI Modulo

Timer

8/4K 254/126B
Flash RAM

RS08 CPU

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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» Supply Voltage / Performance
« 2.7 - 5.5V operation
+ -40 to 125°C operation

MC9S08SH8/4

+ 40 MHz HCSO08 core
+ 20 MHz bus frequency

» Features / Benefits
- Multiple clock source options
40 MHz ICS
XOSC for range of external clock sources
+ 2 X 2-ch 16-bit timer (TPM) & 8-bit modulo timer (MTIM)
+ 12-ch 10-bit ADC w/ built-in temp sensor
+ Analog comparator (ACMP) that can run in STOP3
+ LIN slave support
+ Low Voltage Detect (LVD)
+ Watchdog timer w/ multiple source options
« Pin interrupts for selectable polarity
+ Hysteresis and configurable pull up device on all input pins
- Configurable slew rate and drive strength on all output pins
« Ganged output option to support high current drive

MTIM

» Memory
- 8/4K Flash, 512B/256B RAM

» Communications
- SCI, SPI, IIC w/ broadcast mode

» Packages
- 8 SOIC, 16 TSSOP, 20 PDIP, 20 TSSOP, 24 QFN

SPI

Interrupts

8/4K
Flash

COP

|[®

ACMP

TPM

2-ch 16-bit

Timer

TPM

2-ch 16-bit

Timer

ADC

12-ch 10-bit

512/256B

RAM

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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» Features / Benefits

« Internal clock source (ICS)

+ Vreg w/ fast start-up time and low-regulation
voltage

« Ultra- Low power 32 kHz oscillator (standby
current 1.5 uA)

+ Optimized clock tree and clock gating
techniques

» Supply Voltage / Performance
+ 1.8 — 3.3 V operation
+ -40 to 85°C operation

» Core
« 20 MHz HCSO08 core
+ 10 MHz bus frequency

» Memory
+ 8K Flash, 512B RAM

» Communications
« 2xSClI, SPI, IIC w/ broadcast mode

» Packages
- 16 TSSOP, 16 PDIP, 20 SOIC, 28 SOIC, 32
LQFP

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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MC9S08QES8/4

ICE
+ LVI KBI

BDM
ADC

2-ch 2-ch
ICS w/ULP OSC i 16-bit 16-bit
Timer Timer
8/4K 512/256B
Flash RAM

S08 Core
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68K/ColdFire®: Celis MCF51AC

» 68K/ColdFire V1 Core: Up to 46 Dhrystone 2.1 MIPS @ 50 MHz
» Up to 32K bytes SRAM / Up to 256K bytes Flash
» Single Supply 5 Volt Operation
» High EMC (EMS) Performance
» Timer modules:
= 2 X 6¢ch 16-bit FlexTimer Module (FTM)
= 1 x 2ch 16-bit TPM
»24ch 12-bit ADC (2.5 us conversion) oK
= ADC triggering from timer in addition to RTC SRAM
»mMsCAN Interface for Industrial Control
» Real Time Counter (RTC)
» 2 x Serial Peripheral Interface (SPI), 2 x SCI
» 1°C bus interface with broadcasting mode
» Low Voltage Detect (LVD), Low Voltage Warning (LVW)

256KBytes

» Multi-Clock Generator (MCG) 128KBytes Col r\J/}]r@ ® System
» Dual comparators (one linked to timer) Flash . C‘orreJ Integration
» |IEC60730 class C safety features Memory Options
= Cyclic Redundancy Check (CRC)
= Watchdog option to run on independent clock source (LPO) [l it ialelsl g g RAM CAN
» Up to 70 General-Purpose 1/0 Celis 256k 32k Yes $4.33
» Offered at -40°C to +105°C @ 50MHz Celis 256k 32k No $4.23
» Packages: Celis 256k 16k Yes $4.28
= 64LQFP, 64QFP, 80LQFP Celis 256k 16k No $4.13
Celis 128k 32k Yes $3.53
New or Enhanced Module Celis 128Kk 16k No $3.33

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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Cost Effective 56F8000 Solutions - 56F8011/56F8013/56F8014

32 MIPS Performance

12K -16 K Bytes Program FLASH

4 K Bytes Program/Data RAM

Tunable Internal Relaxation Oscillator

Software Programmable Phase Locked Loop

Up to 96 MHz Peripherals — Timers and PWMs

Up to 6-Output PWM Module with up to 4
Programmable Fault Inputs

Selectable PWM frequency for each
complementary PWM signal pair

Two 12-bit ADCs with up to 8 Inputs , 1.125us
conversion rate

Synchronization between PWM and ADC

Four 16-bit General Purpose Programmable Timers
Computer Operating Properly Timer

Serial Ports: SCI, SPI, 12C

Up to 26 GPIOs — Versatile pin usage

Low Power Consumption — 59mA Max and .026mA
Min

JTAG/EOnCE™ Debug Port

Industrial & Automotive temp

Cost Effective

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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56F8011/56F8013/56F8014

12K - 16KB System Integration Up to 26 GPIOs
Program Flash viodule (S1V 1 x SCI
4kB Interrupt Controller 1x SPI
Program/ 1x IIC
Data RAM PLL

Relaxation OSC

3-4ch 12bit ADC
3-4ch 12bit ADC
56800E Core
32MHz

4Ch 16bit Timer

JTAG/EONnCE 6-ch PWM Output

Package: 32LQFP
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56F8000 Family Expansion - 56F8023/56F8025/56F8036/56F8037

32 MHz/32 MIPS 56800E Core

3.0-3.6V Operation

32K-64K Bytes Program FLASH

4K-8K Bytes Program/Data RAM

Flash security

Tunable Internal Relaxation Oscillator

Software Programmable Phase Locked Loop

Up to 96 MHz Peripherals — Timers and PWMs
6 Output PWM Module with 4 Programmable Fault
Inputs

Selectable PWM frequency for each complementary
PWM signal pair

Two 12-bit ADCs with up to 16 Inputs , 1.125us
conversion rate

Up to Two 12-bit Digital to Analog Converters
Two Analog Comparators

Synchronization between PWM and ADC

4 or 8 16-bit General Purpose Programmable Timers
1 or 3 Programmable Interval Timers (PIT)
Computer Operating Properly Timer

2-Queued Serial Communications Interface
2-Queued Serial Peripheral Interface

Optional MSCAN

I2C Communications Interface

Up to 53 GPIOs — Versatile pin usage
JTAG/EONnCE™ Debug Port

Lead Free “Green” Packages

Industrial & Automotive temp

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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56F8023/56F8025/56F8036/56F8037

System Integration Up to 53 GPIOs

32KB - 64KB Module v
Program Flash I i c " 2 x QSCI
nterrupt Controller
AKB-8KB up 2 X QSPI
Program/ PLL 1xIIC
Data RAM 1x MSCAN

Relaxation OSC
Crystal OSC

Voltage Regulator

3xPIT
8ch 12bit ADC
8ch 12bit ADC

8Ch 16bit Timer

56800E Core
32MHz

COP

Power-On-Reset

JTAG/EOnCE Power Supervisor 6-ch PWM Output

2 x 12 bit DAC

2 x Comparators

Package 32 LQFP, 44LQFP, 48LQFP, 64LQFP
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Very High Speed BLDC Control

DRMO078

R o
g
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DRMO078 - 3-Phase BLDC Drive Using Variable DC Link Six-Step Inverter

» Voltage control of BLDC motor using Hall
sensors

» Targeted at the MC56F8013 controller board

» Running on 3-phase power stage with DC/DC
inverter

» DC bus over-voltage and under-voltage, over-
current, Hall sensors cable fault protection

» Control technique incorporating:
» Voltage BLDC motor control using variable DC
link six-step inverter with voltage closed loop
» Closed-loop BLDC motor speed control
» Both directions of rotation possible

e = - freescale
3-ph. BLDC Motor Control using Hall Sensors
controlled by DC/DC Inverter

» Both motor and generator modes i s [
» Starting from any motor position without rotor . _\ ..___1... =
alignment ————= o

» Minimum speed — 300 RPM
» Maximum speed — 38000 RPM

» FreeMASTER software control interface

Cd
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DSC Key Features
» 32 MIPS performance

» Up to 96 MHz peripherals — timers
and PWMs

» Up to 6-output PWM module with up
to 4 programmable fault inputs

» Selectable PWM frequency for each
complementary PWM signal pair

» Two 12-bit ADCs with up to 8 inputs,
1.125us conversion rate

» Synchronization between PWM and
ADC

» Four 16-bit general purpose
programmable timers

56F801x Key Features

56F8011/56F8013/56F8014

12K - 16KB System Integration Up to 26 GPIOs
Program Flash Module (SIM 1 x SCI
4kB Interrupt Controller 1 x SPI
Program/ I 1IC
Data RAM PLL
Relaxation OSC :
3-4ch 12bit ADC
3-4ch 12bit ADC
N e Voltage Regulator
4Ch 16bit Timer
IS EoEE e

Package: 32LQFP
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Demo Setup

3-phase Hall Sensors
Motor Cable Motor Cable

Yol]
Higoiolold

Fredseaiss T 5 o —— VI
| TR s R ¥ Controller Board

—

3-phase Power
Stage with DC/DC
Inverter Lite
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Power Board Features

» Power
« 12 —-42V power supply
- Up to 10A of current

- 15V, 5V, 3.3V voltage generation Brake DC/DC 3-phase
inverter inverter

» Control resistance
- Controllable voltage on the 3-phase
inverter by the DC/DC inverter
- Energy recuperation
- 10W of brake resistance
« MC33883 MOSFET predrivers

» Connection
- UNI-3 connector
- 3-phase power connector
- 2.1mm jack power input

» MOSFET's

- 6x SO-8 for the 3-phase inverter
- 2x DPAK or TO-220 for the DC/DC
inverter

» Sensing
- DC Bus voltage
- DC/DC inverter output voltage
- Motor current

- BEMF voltage MC33883

C 4
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» Two Inverters on board:

» DC/DC Inverter
= Converts one DC voltage level
to different voltage level
Can operate in both direction,
supply or brake
= Provides voltage for the 3-
phase inverter / motor

» 3-phase Inverter
= Commutates the motor phases

= Supplied (or braked) by the
DC/DC inverter

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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Board Outline

DC/DC
Inverter

DCDC_Botom

3-phase
Inverter

PWM_AT PWM_BT PWM_CT

PWM AB PWM BB PWM CB

N N v
Phase_A Phase_B Phase_C
R/
C 4
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The Problem with High Speed BLDC Motor Control

» When PWM voltage is applied on a low inductance motor, the current does
not get “filtered” and keeps the voltage PWM shape

Voltage Commutation

~
Not applicable for

low Inductance

oo INO Y motors!
Phase A Phase B ase C \ J

Current

» This switching of the current magnetizes and demagnetizes the motor iron
with the same frequency as the PWM. This causes magnetic hysteresis losses
that are observed by critical motor temperature

eescale
of Freescal

[
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Solution - BLDC Motor Control using DC/DC Inverter

» Continuous voltage during commutation period creates continuous current along
the commutation period =» low magnetic hysteresis losses = motor is cool

DC/DC
Inverter

3-phase
Inverter

DCDC_Top

PWM_AT PWM_BT | PWM_CT |

DCDC_Botom

PWM_AB PWM_BB | PWM_CB |

v v N

Phase A Phase B Phase C

» The DC/DC inverter generates the required voltage for the motor while the 3-
phase inverter controls the commutation. MOSFET's of the 3-phase inverter are

applied with 100% duty cycle

<&,
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» The variable DC link six-step inverter
output is controlled by switching the

DCDC_Top MOSFET

V_PWR Q@

Schematics: DC/DC Inverter

PWM4

(100KHz)
0-100%

/ MBRM140T3G

Ry N
1T TT7 e eAnAnS 9 v.ooe
= : =
o P Rywow onp P
» To reduce the load voltage level during motor (1?0&".2) T
braking, the DCDC_Bottom MOSFET is used — > &'
» The maximum duty cycle depends on the
voltages at both the input and the output
'0
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Schematics: 3-phase Inverter

» The 3-ph inverter uses the mask and swap logic of the 56F8013 to commutate the
motor but does not use PWM signals

v_pcoc Q

MBRM140T3G ol MBRM140T3G ol MBRM140T3G wlollo
Gate_PHAT _» Gate_PHBT
D304 D306
ol ol i
Q308
PWMO R311 33R  R312 10R R315 33R  R316 10R R319 33R  R320 10R Si4470EY
D311 D312 1N D313 1N
1PMT5930BT1G 1PMT5930BT1G 1PMT5930BT1G
0 or 1 00% 16VAW PWM2 16VA1W 16V/1W
SRC_PHA « 0 SRC_PHB « SRC_PHC « » Phase_C
0 or 100%
MBRM140T3G ol MBRM140T3G ol MBRM140T3G ol
Gate_PHAB _» Gate_PHCB »
D305 D307 D309
sl ol il
Q301 Q302 Q303
PWM 1 R33 68R  R314 10R Si4470EY R317 68R  R318 10R R321 68R  R32 10R Si4470EY
|| ofe|e
0 or 100% PWMS3 1| GPIO 1l
0.040R 1%
0 (0]
- ™ 0 or 100%
GND_PWR R0 & 2 £ R330
RS B8 0R
L » I_Sense2
5 |_Senset
Clockwise Rotation Counter Clockwise Rotation
Hall Sensor A | Hall Sensor B | Hall Sensor C Phase A Phase B Phase C Hall Sensor A | Hall Sensor B | Hall Sensor C Phase A Phase B Phase C
1 0 0 “Vpep +Vpep NC 1 0 4] +Vpep =Vnen NC
1 0 1 NC +Vpep =Voee 1 1 0 +Vpce NC —Voce
0 0 1 +Voce NC “Voce 0 1 0 NC +Voce —Voce
0 1 1 “Vpea ~Vpea NG 0 1 1 —Vpee +Vpes NC
] 1 o] NC “Voen +Vpep 0 0 1 =Voee NC +Vpep
1 1 0 “Vpes NC +Vpea 1 0 1 NC ~Vpca +Vpca
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System Control

» Speed is controlled by the DC/DC inverter
» Can operate in forward or reverse by commutation
» Can implement dynamic breaking by DC/DC inverter

+ Speed | T Voltage | DC/DC J 3ph
Contrdler Contrdler Inverter Inverter
Desired

= B L

Actual \Vdtage PAM

Actual Speed
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Block Diagram of the Application

power Power
MC56F8013 input el Supply
Controller Board
Voltage N
level control | | GPIO_B1 g TR Bl
Predriver Resistance
Duty cycle _
PWM Rgload PWM4 1 100z,
% § PWM5 J| MOSFET e
i~ati Predriver RS
5 Appllcatlo_n 50kHz » GPIO_BO
O < State Machine v
o > % QT 3 Trigger
() 4 S = 50KHz
o Voltage > J
™ Pl Controller Digital e’
: \E’;f;;e: filtering
AN
§ Speed Advance QT 1
ia \ A / Pl Controller J, —
Actual : PWM 0-3
SCl Freemaster <—$ — Commutation | | GPIO A6 MOSFET
Handler — Predriver Inverter
Speed — GPIO B3
i Ca|CL:|?3tI9nd <« GPIO_B5 .
S d ] s;esé': GPIO_B2 Hall sensors
pee Speed QT 0
calculation Speed’| Ramp =
/ command I KMz
nterrupt QT_2
R/
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Speed Calculation

» Speed calculation is based off of Hall sensor input

Hall Sensor A —| L

Timer Pulses ||||||||||||||||||||||||||||||||||| T
speed = —
K

v

<
«

\ \

captured on falling captured on falling
edge of Hall A edge of Hall A

Number of timer edges

Speed Calculation

- speed, calculated speed

-T scaling constant

- K number of timer edges
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Block Diagram of the Application

Power SPowelr
MC56F8013 input upply
Controller Board :
o> Voltage N
level control [ | GPIO_B1 g TR Bl
Predriver Resistance
Duty cycle _
PWM Rgload PWM4 | 100z,
% ¢ SO » MOSFET IDC/IrDtC
. i nverter
— Application 50kHz .| aPio BO Predriver v
O 2 State Machine v -
o % QT 3 Trigger
5 — 50KHz
Voltage >
Pl Controller g |
L Pl Ccantroller Digital P’
Desired filtering
voltage
AN
§ N Speed Advance QT 1
id P| Controllers v =
Actual : PWM 0-3
SCI |« Freem <—$ - Commutation | |\ -0 = 2 MOSFET
Handler — Predriver Inverter
c Srpeleg - GPIO_B3
o+ GPIO_B5 .
Pl Controller speed GPIO_B2 Hall sensors
Speed QT 0
Speed Ramp —
command I K
z
nterrupt QT_2
R/
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Speed Pl Controllers

» The system contains two speed Pl controllers

- One for the range 15000 to 40000 RPM created for an acceleration
of 15000 RPM per 100ms

- A second for the range 0 to 15000 RPM constructed with an
acceleration of 10000 RPM per 300ms

» The speed controller is calculated every 1ms

» The hysteresis between these two Pl controllers is 1500 RPM
- If the speed goes up, the higher speed PI controller is switched on at
the threshold of 15000 RPM
- When the speed goes down, the lower speed PI controller is
switched on at a speed of 13500 RPM

<&,
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Block Diagram of the Application

Power Power
i input Supply
MC56F8013 input inpu
Controller Board
Voltage
—> |eve| Control g GPIO_B1 » MOSFET Brake
Predriver Resistance
Duty cycle =
PWM Rgload i 100kHz ,
% ¢ PWMS » MOSFET DC/DC
. i Inverter
— Application 50kHz . GPio BoO Predriver
2 State Machine -
Q< . v |
3 : [ ors |
8 Voltage =
™ PI Controller Digital : J
4 Desired filtering ADC
voltage
o
cé’ Speed Advance QT 1
o v v P| Controllers JV -
: PWM_0-3
SCI Freemaster<—$ :g;‘;z' Commutation GPIO AG MOSFET
Handler — Predriver Inverter
Speed — GPIO B3
Calculation |¢— S o .
‘ SD;:;F(;%d N 2 Hall sensors
Speed QT e
Speed Ramp
command .
L P Commutatlonj
nterrupt _ -
I
<&
L
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Commutation

» Hall sensors are read

[’3?83] » The system looks for the Hall sensor
combination in the commutation table
hase A depending upon motor direction
ABC » MOSFET’s are turned on according to the
ABC [011] Hall sensor
[110]
Clockwise Rotation

< > Hall Sensor A Hall Sensor B Hall Sensor C Phase A Phase B Phase C

1 0 0 ~Vpee +Vpen NC

Phase C Phase B 1 0 1 NC +Voce ~Voee

0 0 1 +Voce NC —Voee

0 1 1 +V -V NC

ABC ABC 0 1 0 NI::?:B —VEZE +Vpea
[100] [001] 1 1 0 Vocs NC Voca

Counter Clockwise Rotation

ABC Hall Sensor A Hall Sensor B Hall Sensor C Phase A Phase B Phase C

[1 01 ] 1 0 0 +Vpes -Voce NC

1 1 0 +Vpep NC —Voce

ABC - Hall Sensors Output ° : > T
0 0 1 ~Vpee NC +Voce

1 0 1 NG —Vpee “Vpep

<&
>4
i i i <. ™
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56800/E Solutions for V Control & Commutation — PWM

» Use single register for Mask and Swap operation

- 56800/E PWM automatically generates complimentary
waveforms with appropriate duty cycles

Base + $11 15 14 13 2 1t e 0‘\8 7 6 5 ‘ 4 3 2 1 0
Read 0 0 TN
- ENHA| n MSK5 | MSK4 | MSK3 | MSK2 | MSK1 | MSKO VLMODE SWP45 | SWP23 SWPCM)
Write
/
Reset 0 0 0 0 u) 9] 0 0 0 0 0 ‘ 0 0 0 -0 0

Figure 10-46. Channel Control (CCTRL) Register
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Commutation Advance

» Due to the delay between the Hall sensors edge and the phase current
edge it is necessary to perform commutation advance that commutates
sooner before the Hall sensor edge

» Commutation advance is accomplished by Timer 1

1A: 58Us
| @ 56us

100mve  ©

14 Apr 2003

Chi 5.00V
100mve

Z " freescale
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Block Diagram of the Application

Power
MC56F8013 input 5V
Controller Board -
—o> Voltage — GPIO_B1 MOSFET Brak
TN > rake
AD C level control o Predriver
Duty cycle
. . » PWM4
Synchronization PWM Rgload 100kHz
TN ; Inverter
— Application s N =5 =0 Predriver
O 2 State Machine N v —
o 2 — g’ QT 3 Trigger
5 Voltage = — O0KHz
A
Lt Pl Controller Digital
4 Desired filtering i
voltage
N
g Speed Advance
TA1
@ \ A / Pl Controllers J, EiS
SCI Freemaster<—$ pesd Commutation -»I;VF\:/:\(/;_(XS WIOEIFET STAMEEE
Speed Handler GPIO_B3 Predriver Inverter
A 4 -
Ca'CLj'ite'de ] GPIO_B5 '
spead GP|O_BZ Hall sensors
Speed QT 0
Speed Ramp
command I T
nterrupt QT_2

Power
Supply
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ADC Synchronization from the PWM Module

PWM 1A PWM 3A PWM 5A
Jh J; Ji

PWM 2A k. PWM 4A [ PWM 6A I\

ha b ha

A

PWM Signal
Sync Pulse _|
4_ —
Time delay N
ADC Trigger < 7
a

Convert anywhere
within the PWM cycle

@,

L
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Benefits of ADC Synchronization With The PWM

< PWM Period >

Phase Current

‘T
W
\/\
Shunt Resistor )
Signals

PWM top [T 1 I_l_

PWM Bottom L
- fg/ 7

calc. ——< .,,\ — — — >—

2\

New PWM Parameters Calculation with Half-cycle Reload

» ADC sampling helps to filter the measured current - antialiasing
» Noise free ADC sampling when the power switch is not acting
» ADC sample is taken when current information is available

<&,
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Block Diagram of the Application

High Frequency Power Power Sy Rower
input Supply
PWMs
GPIO_B1 » MOSFET Brake
Predriver Resistance
PWM Rgload i 100kHz
i~ati Predriver e
5 Appllcatlo_n 50kHz »| GPIO_BO
O < State Machine v
o 2 — g’ QT 3 Trigger
5 Voltage = — O0KHz |
Lt Pl Controller Digital B
4 Desired filtering i
voltage
[
g Speed Advance
TA1
@ \ A / Pl Controllers J, EiS
SCI Freemaster<—$ pesd Commutation -»I;VF\:/:\(/;_(XS WIOEIFET STAMEEE
Speed Handler GPIO_B3 Predriver Inverter
A 4 -
calclaton GPIO_B5 '
spead GP|O_BZ Hall sensors
Speed QT 0
Speed Ramp
command I T
nterrupt QT_2
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C 2
Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks : - freescale ™

of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2008. 38 semiconductor



e e
56F8000 Feature Highlights - Pulse Width Modulator (PWM)

» PWM clock set to 96Mhz (3x bus clock)
» PWM modulus set to 960
- Defines the PWM frequency as 100kHz
- Almost 10-bits
» PWM module generates its reload signal every period (10us)
» Used to synchronize ADC to PWM edge

» The variable DC link six-step inverter output is controlled by
switching the DCDC_Top MOSFET

» To reduce the load voltage level during motor braking, the
DCDC_Bottom MOSFET is used. The maximum duty cycle
depends on the voltages at both the input and the output

<&,
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Summary

» MC56F801x Peripheral features designed specifically for
motor control

» 32 MHz DSC core provides ample processing capabilities

» High frequency PWMs enable high resolution / high
operation

» ADC synchronization allows scheduled ADC sampling

» Quad Timer provides good system timing

For more information go to www.freescale.com and search
for DRMO78
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Sensorless BLDC control with
MC9S08AWG0

DRMO086

R o
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Application Features

» Sensorless Back-EMF zero crossing
algorithm implemented

» Controlled by MC9S08AWG0

» Back-EMF sensing by ADC

» Full 4-quadrant operation

» Both direction of rotation

» Speed closed loop with Pl controller

» Torque closed loop with PI
controller

» Speed range: 100 — 1200 rpm
(motor dependent)

» Manual interface

» FreeMaster interface
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» Features / Benefits
+ 40 MHz S08 core (20MHz Bus)
+ 3 independent clock modules
+ 8-ch 10-bit ADC
+ Pin-compatible with AW16/AW8
« Internal clock generator (ICG)
+ Independently clocked COP
+ On-chip ICE and BDM

» Supply Voltage / Performance
« 2.7 - 5.5V operation

» Memory
+ 16/8K Flash
+ Up to 1K RAM

» Communications
+ One (1) lIC w/ broadcast mode
« Two (2) asynchronous SCI ports
+ One (1) synchronous SPI port

» Packages
- 32 LQFP, 44 LQFP, 48 QFN

» Pricing
- $1.45* MSRP at 10K units

*Varies by package

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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Flash RAM
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4-ch 16-bit Timer COP

2-ch 16-bit Timer

2-ch 16-bit Timer

8-ch 10-bit

TPM RTI

TPM

ICG
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» Supply Voltage / Performance
« 2.7 - 5.5V operation
+ -40 to 125°C operation

» Core

» Features / Benefits
- Multiple clock source options
= 40 MHz ICS
= XOSC for range of external clock sources
+ 2 X 2-ch 16-bit timer (TPM) & 8-bit modulo timer (MTIM)
+ 12-ch 10-bit ADC w/ built-in temp sensor
+ Analog comparator (ACMP) that can run in STOP3
+ LIN slave support
+ Low Voltage Detect (LVD)
+ Watchdog timer w/ multiple source options
« Pin interrupts for selectable polarity
+ Hysteresis and configurable pull up device on all input pins
- Configurable slew rate and drive strength on all output pins
« Ganged output option to support high current drive

» Memory
- 8/4K Flash, 512B/256B RAM

» Communications
- SCI, SPI, IIC w/ broadcast mode

» Packages
- 8 SOIC, 16 TSSOP, 20 PDIP, 20 TSSOP, 24 QFN

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
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TPM
2-ch 16-bit
Timer

ICE TPM
2-ch 16-bit
Timer

BDM
Pin ADC
Interrupts 12-ch 10-bit
8/4K 512/256B
Flash RAM

S08 Core
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Commutation — 3-Phase Brushless DC Motor

» Six Step BLDC Motor Control (3-ph)

- Voltage applied on two phases only

- It creates 6 flux vectors

- Phases are powered based on rotor position
- This process is called commutation

ABC
[101]
ABC - Hall Sensors Oulpul

Voltage A
Ut Unes 2
Q1 Q3 Qs
S 5 PWM Q1 l"\: PO h PWM_OS Y Q
. = c1
Phase B | - : -
L a2 Q4 1 a6
i d — /} % ,/}
+U;1 s PwiLO2 B>y PR wm_ao S—dhy
Phase C SEPTRET Lo T T RIPD) SRR ot R S TS SN s
Ut ; . 1 = . - . ) ! ‘ | ) < J—
h 4 30° 60° 90° 1200 150° 180° 210° 240° 270° 300° 330° Pt GND
< L Electrical = = =
angle Phase_A Phase_B Phase C
Phases voltage Power Stage
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Sensorless BLDC Motor Control using MC9S08AWG60

» Sensorless Back-EMF zero cross algorithm

- Sensing voltage on disconnected phase

= When sensed voltage crosses half of DC bus voltage, the rotor is in middle
between two commutation
= The detection of this zero crossing allows to detect rotor position

Prevu

M2.00ms A

15.20 % 08:46:32

“freescale -

semiconductor

A XY

Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks
of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2008. 46



Sensorless Commutation

Rotor Electrical Position (Degrees)

120 1. From beginning of commutation,

determine when the zero cross occurs.

Phase R
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Sensorless BLDC Motor Control using MC9S08AWG60

» Application Diagram

> On Board Programming

3 Phase BLDC Power Stage
3 Phase Inverter
o—- DC Bus Voltage & Current
Sensing — -{ o{ o{
Power Line
K3 oKF K4
o—
3 Phase Back EMF Sensing 4 A 4
ADC Module ] Timer 1 Module
Back EMF DC Bus
\Voltages \Voltage
Comm. Duty cycle
Zero Crossing Period Commutation sequence
& Position Recognition Control
DC Bus
l Current
1T Required torque P Torque
Superior scl | 000 | WUy LRI —]
system < Module ’®_’ PI Controller BDM |«
A
Limitations
Actual speed
Start / Stop
Speed/Torque Up / Down GPIO Ramp Required speed + < Speed ||
Other purposes Module Generation " PI Controller
MC9S08AWG60 Control Board
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Sensorless BLDC Motor Control using MC9S08AWG60

» MC9S08AWGO0 Peripheral Utilization

- Timer 1
= 6 channels: PWM modulation for BLDC motor (complementary bipolar)

- Timer 2
= Time base for commutation period measurement
= Channel 0: commutation
= Channel 1: timing of application

- A/D Converter
= DC Bus voltage, DC Bus current, Phase voltages, Heat sink temperature

<&,

C 4
L 4
Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks : freescale ™
ale semiconductor

scal
of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2008. 49



]
Sensorless BLDC Motor Control using MC9S08AWG60

» Software Structure
- 2x periodical interrupts (1x 62.5 us, 1x 5ms)
2x event interrupt (1x Commutation, 1x Over current fault)
Background loop
Written in C language
Some arithmetic functions written in assembler
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Sensorless BLDC Motor Control using MC9S08AWG60

» Software Structure (Periodic ISR)

Z " freescale
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Sensorless BLDC Motor Control using MC9S08AWG60

» Software Structure (Event ISR, background)

RESET
Peripheral and variable
IRQ Interrupt TPM 2 ChO Compare Interrupt B
inicialization
(on event) (on event)
a
DC bus over current Background loop
handling Set new commutation sector
Application state machine
 Int i END_ Routi END execution
ot Interrupt ervice Routine of Interrupt Service Routine
END
of Background loop
R
L 4
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Sensorless BLDC Motor Control using MC9S08AWG60

» Application State Machine

CPU RESET

INIT

ERROR

Optional

<&,
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Sensorless BLDC Motor Control using MC9S08AWG60

» Motor Start Up

- Alignment
= The rotor is aligned to known

+\VCC
position (all phases are powered) J'
- Start up
= Six forced commutation with Phaseif. (
predefined timing. Then transition to G
sensorless mode —
vector , s
- Run e | =
= Motor is running sensorless in PhassC Iy LR D
closed loo e iy
P o \I; vee
-VCC
Alignment flux
vector
Rotor alignment
&
>4
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Sensorless BLDC Motor Control using MC9S08AWG60

» Motor Start Up

Stabilization
i e L (Optional)

Alignment

Chl Zz.00V M100ms A Chl & 1.60V

3 Mar 2006
20.00 % 09:03:28
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Sensorless BLDC Motor Control using MC9S08AWG60

» Motor Start Up - detall

Prevu

Alignment

Stabilization
(Running)

[Start Up M40.0ms A Chl & 1.60V

3 Mar 2006
19.80 % 09:11:38

L 4
i i i ' > ™
Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks & reesca e

of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2008. 56 semiconductor



]
Sensorless BLDC Motor Control using MC9S08AWG60

» Software Measurements

» Code Length

- FLASH memory: 4600 bytes
- RAM memory: 356 bytes (include stack 128 bytes)

»MCU load: 36 %

- TPM1 Overflow ISR 19.2 us (period 62.5 us)
- TPM2 Ch1 OC ISR 216 us (period 5 ms)
- TPM2 Ch0O OC ISR2.8 us (on event)

<&,
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BLDC Motor Control Board
B for Industrial and Appliance
Applications

Thig Freescale reference design is a single
PCEB implementation of a 3-phase BLDC
(brushless dc motor) contrel board for an
appliance washing machine. This Reference
Design is based on the Freescale's
MCEIHCE0E8MRS B-bit microcontroller unit
(MCU). There are two board versions
available, ong for operating at 110-127 VAC

and the other for operating at 220-240 VAC.
i The 3-phase inverter of the 110-127 VAC

beoard operates at a nominal voltags of 130
VDC and 8 A RMS with 11 A peak. The inverter of the 220-240 VAC board operates at a neminal
voltage of 320 VDC driving the same current. The reference design employs dizcrete three-phase
inverter components and sensing circuitry for current, voltage and temperature Other features
included are: user interface consisting of 16 x 2 character display and two push buttons, Opto-
izolated RS-232 interface for external microcontroller communication and for in-application
programming. The example software consists of a Pl speed controller for closed loop control and
Six-step BLDC commutation control based on three Hall-effect position sensors, and can be
easily modified to perform other process cycles. The Pl spesd confroller operates in the 200 rpm
up to 4000 rpm range Also included are twe washing machine algorithms, Wash and Spin. Wash
process consists of gensrating a sine wave of speed references, including positive and negative
referance speeds. Spin process consists of gensrating a start up curve of reference speeds and
maintaining a fixed reference speed for a certain time. This single PCEB design can be easily
employed for Industrial applications that required 3 phase BLDC mofor confrol

Vacuum Cleaner
Reference Design

This reference design shows how
Freescale's HCOS low cost family of
microcontrellers can implement a
domestic vacuum cleaner
application by controlling an ac
universal motor via a triac,
manitoring the zero cross of the
mains power, and providing variable
speed. This design has been
implementsd on the MCHC908K X8,
but can be converted easily to other
microconirellers such as the
MCHCSD8QT/QY and
MCESHC908JLIJK devices. The reference design discusses the soft star to reduce power-on
currents and techniques to control the speed and phase of the motor. Features of this reference
design include Controlled power-on sfw to reduce surge current, Zerc Cross Detect of ac mains,
and Easy Speed Control via Sbit A/D Channel.
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Reference designs

3-Phase AC g
Induction Motor

Drive with Dead

Time Distortion

Correction Using
the
MCB8HC908MR32

This Reference Design
describes the construction of
a 3-phase AC inducticn motor =~ = 1
drive. The Volt-per-Hertz —|
algorithm with dead time .
distortion comrection is

implemented. The application iz basad on Freescale's MCESHCO08MR 32 microcontraller which
iz dedicated for metor contrel applications. The system is targeted for applications in both
industrial and appliance fields {e.g. washing machines, compressors, air conditioning units,
pumps or simple industrial drives). The AC induction maofor i contrelled using a Veolt-per-Hertz
algorithm with two selectable dead time correction technicgues, Partial (detects the polarity of the
phase currents) and Full {defects the polarity and the magnitude of the phase currents). The
PWM frequency of the motor drive can be changed on the fly (4kHz, 8kHz, 18kHz, 32kHz). slso
included iz PC Master software to allow users to monitor motor control characteristics in real time.

Sine Voltage Powered 3-Phase
Permanent Magnet Synchronous
Motor with Hall Sensors

This reference design describes contral of a 3-
phaze PMS (Permanent Magnet Synchronous)
motor with Hall sensors controlled using sinuscidal
voltage. It is based on Freescale's 68HCO08MR32
microcontroller dedicated for maotor contral
applicaticns. The motor iz powered with a
sinusoidal voltage to achieve a low audible noise.
The position of the rotor iz sensed by means of
Hall-effect sensors. The generated voltage
waveform is synchrenized with the rotor position
by a phase-locked loop algerithm {FLL). The
motor speed iz controlled by means of the voltage amplitude. The voltage frequency is generated
to match the actual speed of the mofor. It allows both closed and cpen lcop. The reference
design demonstrates high motor efficiency employing control techniques such as motor
deceleration {energy is returned to the de-bus), limitation of de-bus over-voltage during
deceleration, recognition of the spinning motor after CPU reset, de-bus voltage ripple
cancellation. Over-voltage and current protection, de-bus voltage sensing and PC master
software which allows users to monitor the motor control characteristics in real time are also
incorporated.
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High-voltage BLDC Drive for Domestic Appliances using the
MC68HC208MR8

This reference design is a low-cost
compressor drive using sensorless 3-phase
BLDC (brushless direct current) motor control
with back-EMF zero-crossing sensing.

ltis built around the MCEBSHCO0SMRSE. a
Freescale microcontroller designed
specifically for appliance applications.

The design is a motor drive system for low-
power 3-phase BLDC motors, and is aimed at
apphications in the automotive, industrial and
applance fields in, for example, fridge
compressors, air conditioning units, pumps,
and simple industrial drives. The reference
design focuses on the metor control part of the refrigeration system. The cooling control
algorithms, which are the intellectual property of the fridge manufacturers, can be resolved using
different approaches. These algorithms can be programmed into the system according to the
requirements of the application. Features include: Sensorless closed-lcop spead control using
nack-EMF sensing

Single board solution with MCB8HC208MRS microcontroller
Power supply voltage: +230 VAC
Maximum gutput power: 400 W
Ome direction of rotation
Start from any motor position with rofer alignment
Pre-charging of |GET pre-driver bootstraps before each metor start
Speed range: 500 ta 5000 RPM (depending on the motor used)
Manual interface
Option to connect user's interface through terminals
Fault protection:
o DC-bus over-current fault protection
o DC-bus under-voltage fault protection
o DC-bus aover-voltage fault protection
= Commen mode EMI filter
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MC68HC908QT2 ELDC Fan for PCs
Reference Design

This reference design features a brushless OC
(BLDC) fan controlled by an MCEEHCE08QT2 MCU.
The reference design covers two systems:

An evaluation system, which includes a trimming
potentiometer and an in-gircuit programming
feature, for customer evaluation purposes.

A demao system, which omits the in-circuit
programming feature and uses pulse width modulation to drive a surface mount technology
transducer, instead of the buzzer in the evaluation system.

In the evaluation systam, the speed can be changed using the timming potentiometer or the
thermal sensor, and the firmware can be modified using the im-circuit programming capabiltty.
In the demo system, the speed can be aftered only by the thermal sensor, and the in-circuit
programming capability has been omitted to keep the size to 3 minimum.

RDESHCA0BBLDCFRC Features

Automatic temperature-speed adjustment

Motor locking protection

Ower-ternperature and moetor locking alarms

In-circuit programming for firmware upgrade (evaluation system only)
Manual speed adjustment (evaluation system enly)
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More reference designs

LIN-bus HID Lamp Levelling Stepper Motor Control Using the
Freescale 908E625

This reference design describes a car High Intensity Discharge (HID) lamp leveling system with a
LIM-bus interface. An essential part of the system is a stepper motor controller operating as a
LIM-bus slawve (LIM Stepper
Controdler). All functionality
is provided by a general
purpase LIN-bus 1C
MMZD2ES2E and LIM
Stepper softwara (HCODE
software]). The LIN Master
consists of a master conirol
board, based on an
MCB8512DP256 CPU, and a
personal computer with a
graphical user interface
{GUI), running in @ master
software environment. The
LIM-bus Stepper Controllar
zan be used for any kind of stepper motor control using the LIN-bus serial communication
profocol. Features include:

LIM bus Interface rev 1.2

Bus speed 19.2 kbps

Slave IC without external crystal or resonator

Slave node clock synchronization £15%

Each LIM slave controls one bi-phase bipolar stepper motor
Maotor phase current limitation up fo 700 ma

Supply voltage 12V d.c.

Stepper mofor contral with stepping acceleration and deceleration ramp
Stepping frequancy up to 2,500 Hz

Slave parameter configuration via LIN-bus

Slave LIM signal reconfiguration via LIN-bus

Code written in Clanguage

<&,

Z " freescale

semiconductor



Low Power BLDC Drive for Fans
Using the MC68HC208QY4 MCU

This Reference Design describes a low-power three-
phase BLODC {brushless direct current) motor drive
application based on Freescale’s low-cost
MCE8HCE080Y S microcontroller.

The concept of this application is a high-speed
closed-loop BLDC drive using & Hall position sensor
for a low-voltage fan application. The power stage is
designed for 42 W DC line voltage and 400 W output
power. The design is focused on minimum cost and
maximurn component integration, for low-cost
applications. Feaiures include:

#» Control technigue incorporating:

“oltage control of 3-phase BLOGC motor
Position sensing using Hall sensor signals
High-speed closed-loop with Pl controller
Speed measurement based on Hall sensors
Cne direction of rotation

OO0 a0 000

Starting from any motor position without rotor alignment
Pra-charging of MOSFET pre-driver bootstraps before each motor start
7504000 RPM (according to the motor used)

»  Manual interface (run/stop switch, speed potentiometer, power-on LED indication)
#  Fault protection (DC-Bus overcurrent, DC-Sus undervoltage, DC-Bus overvoltage,

loss of Hall sensors)

#  MCLU in-circuit reprogramming using Developer's Senal Bootleader for ME8HC0E
#  Transient voltage suppressor G0 WV

# Powerline choke

Open Loop Universal Motor Chopper based on

the MC68HC902QT4

Thizs Reference Design deals with a low-cost, open loop universal
motor chopper control drive system, based on Freescale's
MCEBHCH08QT4 microcontroller. Pulse Width Modulation {PWHM) is
used to adjust the duty cycle of the voltage applied to the motor,
allowing the average value of voltage to be varied. Compared to a
phase angle drive, the chopper drive has the advantage of higher
efficiency, with less acoustic noise and better EMC behaviour. The
design focuses on providing minimal cost and maximum component

integration for low-cost applications.

Able to drive universallDC motors

“Variable output voltage: 0-230W AC rms, with defined step and delay ramp
Maximum output current: G524 AC rms (1500W @ 230W) (short ime peak current: 84)
Uses PWM to modulate output voltage (5.882 kHz swiiching frequency)
Capable of supplying general OC inductivelresistive loads

Electronic switch on/off FAWN generation
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Yet more reference designs

3-Phase SR Motor Control with Hall Sensors Reference Design

This reference design demonstrates speed control of the 3-Phase Switched Reluctance (SR)
motor with Hall position sensor using Hybrd Controller 56F20x. This application demonstrates the
SR motor drive and serves as an example of a motor control system design using a Freescals
Hybrid Controller 58FB80x. The 58FB0x runs the main control algorithm. When the start command
is accepied. the state of the Hall sensors position signals is sensed and the individual motor
phases are powered in order to start the motor in the reguestad direction of rotation without rotor
alignment. When the mator staris to
rotate, the edges of the Hall
sansors’ position signals are
captured by the SBFEQx, the
switching pattern for the PYWM
control signals is determined. The
actual speed of the motor is
determinad by the Hall sensar
signals. Basad on the speed error,
the speed controller generates the
desired PVWM duty cycle. According
to the determined switching pattern
and the calculated duty cycle, the

on-chip MW module generates the - .. —
PW signals for the SR motar ot
power stage.

3-Phase SR Motor Sensorless
Control Reference Design

The reference design demonsirates
sensorless control of the 3-Phase Switched
Reluctance (SR} motor using Hybrid Controller
SEF80x. The concept of this application is that
of a sensorless speed closed loop SR drive
using flux inkage position estimation. An inner
current loop with Pl contreller is included. The
change in phase resistance during motor
operation due io its temperature dependency
creates errors in the position estimation and
significantly affects the performance of the drive. Therefore, a novel algorithm for on-the-fiy
estimation of the phase resistance is included. Rotor position is evaluated using the sensorless
fiux linkage estimation algoerithen. Flux linkage error is used for estimation of the phase resistance
at low speeds (U3 Patent Mo.: §,386,855). Other Features included are: Phase resistance
measurement during start-up, Phase resistance estimation at low speeds, Motor starts from any
position with rofor alignment, PC master software control interface and monitor for examining 58
miotor control characterstics.
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Freescale Motor Control WebSite

» For more reference designs or motor control information go to
www.freescale.com/motorcontrol
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Related Session Resources

Session Location — Online Literature Library

http://www.freescale.com/webapp/sps/site/homepage.jsp?nodeld=052577903644CB

Sessions

Session ID Title

Motor Control Part 1 - Fundamentals and Freescale Solutions

Motor Control Part 2 - Solutions for Large Appliances and HVAC

Hands-on Workshop: Motor Control Part 4 - Brushless DC Motors Made Easy

Demos

Pedestal ID Demo Title

Flexis™ AC Face-Off - Air Hockey Demonstration featuring
the Flexis AC Products

704

@,

Cd

<&
Freescale Semiconductor Proprietary Information. Freescale™ and the Freescale logo are trademarks : fr eesca I e ™
of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2008. 62 semiconductor



freescale’

semiconductor



	Motor Control Part 3 - Solutions for Small Appliances and Health Care Applications   
	Abstract
	Universal Motor
	Brushless DC Motor (Encoder)�
	3-Phase AC Induction Motor (ACIM)—Vector Control
	3-Phase Induction Motor (ACIM)—Sensorless Vector Control (Stator-Flux-Oriented)
	Permanent Magnet Synchronous Motor (PMSM)—Vector Control
	Permanent Magnet Synchronous Motor (PMSM)—Sensorless Sinusoidal
	Sensorless Switch Reluctance Motor
	Freescale Motor Control MCU Devices
	MC9RS08KA8/4
	MC9S08SH8/4
	MC9S08QE8/4
	68K/ColdFire®: Celis MCF51AC
	Cost Effective 56F8000 Solutions  -  56F8011/56F8013/56F8014
	56F8000 Family Expansion  -  56F8023/56F8025/56F8036/56F8037
	56F801x Key Features
	Demo Setup
	Power Board Features
	Board Outline
	The Problem with High Speed BLDC Motor Control
	Solution  -  BLDC Motor Control using DC/DC Inverter
	Schematics: DC/DC Inverter
	Schematics: 3-phase Inverter
	System Control
	Block Diagram of the Application
	Speed Calculation
	Block Diagram of the Application
	Speed PI Controllers
	Block Diagram of the Application
	Commutation
	56800/E Solutions for V Control & Commutation – PWM 
	Commutation Advance
	Block Diagram of the Application
	Benefits of ADC Synchronization With The PWM �
	Block Diagram of the Application
	56F8000 Feature Highlights - Pulse Width Modulator (PWM)
	Summary
	Application Features
	MC9S08AC16/8
	MC9S08SH8/4
	Commutation – 3-Phase Brushless DC Motor
	Sensorless BLDC Motor Control using MC9S08AW60
	Sensorless BLDC Motor Control using MC9S08AW60
	Sensorless BLDC Motor Control using MC9S08AW60
	Sensorless BLDC Motor Control using MC9S08AW60
	Sensorless BLDC Motor Control using MC9S08AW60
	Sensorless BLDC Motor Control using MC9S08AW60
	Sensorless BLDC Motor Control using MC9S08AW60
	Sensorless BLDC Motor Control using MC9S08AW60
	Sensorless BLDC Motor Control using MC9S08AW60
	Sensorless BLDC Motor Control using MC9S08AW60
	Sensorless BLDC Motor Control using MC9S08AW60
	Reference designs
	More reference designs
	Yet more reference designs
	Freescale Motor Control WebSite
	Related Session Resources

