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Introduction

This Application Note describes the design of a 3-phase
sensorless BLDC motor drive with Back-EMF Zero Crossing. It
is based on Freescale’s 56F80x family dedicated for motor
control applications.

The concept of the application is that of a speed-closed loop drive
using Back-EMF Zero Crossing technique for position detection.
It serves as an example of a sensorless BLDC motor control
system using a Digital Signal Controller (DSC) and SDK support.
It also illustrates the usage of dedicated motor control on chip
peripherals, software drivers and software libraries that are
included in the SDK.

This Application Note includes a description of the controller
features, basic BLDC motor theory, system design concept,
hardware implementation and software design including the PC
master software visualization tool.

Today more and more variable speed drives are designed into
appliance products to increase product performance and system
efficiency. The low dynamic drive, whereby the load or speed is
changed quite slowly in comparison with the system mechanical
time constant, is a solution for many common appliance
applications because simple algorithms can perform the control
tasks. Moreover, the necessary computing power can be

© Freescale Semiconductor, Inc., 2001, 2005. All rights reserved.

AN1914
Rev. 1, 11/2005

Contents
1. Introduction ...........cceceeveereniieieieeee 1
2. DSC Advantages and Features ............... 2
3. Target Motor Theory .......ccceevveeveenennne. 4
4. System Design Concept ..........ccceeuveneneen 12
5. Control Technique ........ccccccevvvvevieennnnns 16
6. Hardware........coeoevieiiininiiiicce 29
7. SW DeSign ..ccovveeiieiieeiieieeieeieeeeeens 33
8. SDK Implementation ............cccccveeuneenee. 46
9. PC Master Software.........cccceceeerennnne. 48
10. Controller Usage ........ccccceeeveervervennnen. 48

11. Setting of SW parameters for other

MOLOT KItS wevvviiviiiiiieeeiiieee e 49
12. References .....ccoovvvvveevvecveeeeeiieieeeeeeenne 54
freescale"

semiconductor



usc Advantages and Features

minimized by using dedicated on chip peripheral modules (such as A/D converter, dedicated PWM outputs,
input capture and output compare functions).

Three phase Brushless DC (BLDC) motors are good candidates because of their high efficiency capability and
easy to drive features. The disadvantage of this kind of motor is the fact that commutation of motor phases
relies on its rotor position. Although the rotor position is usually sensed by sensors, there are applications that
require sensorless control. Benefits of the sensorless solution are elimination of the position sensor and its
connections between the control unit and the motor.

The sensorless rotor position technique detects the zero crossing points of Back-EMF induced in the motor
windings. The phase Back-EMF Zero Crossing points are sensed while one of the three phase windings is not
powered. The obtained information is processed in order to commutate energized phase pair and control the
phase voltage, using Pulse Width Modulation.

This application note provides a fundamental mathematical method for modelling, torque calculation and
control concept of the presented drive. The drive was developed in order to address simple applications (e.g.
pumps, compressors, fans...) within certain ranges of speed and load. Results from simulation show the drive
behavior at different working conditions and better explain the drive strategy.

2. DSC Advantages and Features

The Freescale 56F80x family is well suited for digital motor control, combining the DSP’s calculation
capability with MCU’s controller features on a single chip. These devices offer many dedicated peripherals
like a Pulse Width Modulation (PWM) module, Analog-to-Digital Converter (ADC), Timers, communication
peripherals (SCI, SPI, CAN), on-chip Flash and RAM. Generally, all family members are well suited for motor
control application.

The 56F805 device provides the following peripheral blocks:

*  Two Pulse Width Modulator modules (PWMA & PWMB), each with six PWM outputs, three Current
Status inputs, and four Fault inputs, fault tolerant design with deadtime insertion, supports both
Center- and Edge- aligned modes

*  Two twelve-bit, Analog-to-Digital Convertors (ADCs) that support simultaneous conversions with
dual 4-pin multiplexed inputs. ADC can be synchronized by PWM modules

e Two Quadrature Decoders (Quad DecO & Quad Decl), each with four inputs, or, alternatively, two
additional Quad Timers (A & B)

*  Two dedicated General Purpose Quad Timers totalling 6 pins: Timer C with 2 pins and Timer D with 4
pins
« CAN 2.0 A/B Module with 2-pin ports used to transmit and receive

*  Two Serial Communication Interfaces (SCI0 & SCI1), each with two pins, or four additional GPIO
lines

»  Serial Peripheral Interface (SPI), with configurable 4-pin port, or four additional GPIO lines
*  Computer Operating Properly (COP) timer

* Two dedicated external interrupt pins

* Fourteen dedicated General Purpose 1/0 (GPIO) pins, 18 multiplexed GPIO pins

»  External reset pin for hardware reset

*  External reset output pin for system reset

*  JTAG/On-Chip Emulation (OnCE)

*  Software-programmable, Phase Lock Loop-based frequency synthesizer for the core clock

3-Phase BLDC Motor Control, Rev. 1
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Table 2-1.

Memory Configuration

56F801 56F803 56F805 56F807
Program Flash 8188 x 16-bit 32252 x 16-bit 32252 x 16-bit 61436 x 16-bit
Data Flash 2K x 16-bit 4K x 16-bit 4K x 16-bit 8K x 16-bit
Program RAM 1K x 16-bit 512 x 16-bit 512 x 16-bit 2K x 16-bit
Data RAM 1K x 16-bit 2K x 16-bit 2K x 16-bit 4K x 16-bit
Boot Flash 2K x 16-bit 2K x 16-bit 2K x 16-bit 2K x 16-bit

The BLDC motor control greatly benefits from the flexible PWM module, fast ADC and Quadrature Timer
module. The PWM offers flexibility in its configuration, enabling efficient control of the BLDC motor.

The PWM block has the following features:

Three complementary PWM signal pairs, or six independent PWM signals
Features of complementary channel operation

Deadtime insertion

Separate top and bottom pulse width correction via current status inputs or software
Separate top and bottom polarity control

Edge-aligned or center-aligned PWM signals

15-bits of resolution

Half-cycle reload capability

Integral reload rates from one to 16

Individual software-controlled PWM output

Programmable fault protection

Polarity control

20-mA current sink capability on each PWM pin

Write-protectable registers

The PWM module is capable of providing the six PWM signals with bipolar switching (the diagonal power
switches are driven by the same signal) and six-step BLDC commutation control where one motor phase is left
unpowered so the Back EMF can be detected. The PWM duty cycle can be set asynchronously to the
commutation of the motor phases using the channel swap feature.

The Quadrature Timer feature set is as follows:

L]

Four channels, independently programmable as input capture or output compare
Each channel has its own timebase source

Each of four channels can use any of four timer inputs

Rising edge, falling edge, or both edges input capture trigger

Set, clear, or toggle output capture action

Pulse Width Modulator (PWM) signal generation

Programmable clock sources and frequencies, including external clock

3-Phase BLDC Motor Control, Rev. 1
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1arget Motor Theory

The Quadrature Timer provides the capability to precisely control the key sensorless BLDC events by
providing the time base for zero crossing events and the output compare function for scheduling the
commutation events.

Dual Analog-to-Digital Converter (ADC) modules—four inputs on each has the following feature set:

» FEight total analog inputs

e 12-bit range

*  Monotonic over entire range with no missing codes

*  First channel on each ADC can be swapped with the alternate ADC

*  Can perform two simultaneous analog-to-digital conversions

* Conversion time = 1.25 us

»  Contains programmable zero offset register

*  Generates interrupt on completion of conversion

*  Optional conversion interrupt is asserted when the analog voltage level exceeds, or
» falls below, the value contained in the zero offset register

e Output is in two’s complement or unsigned formats

The Analog-to-Digital Converter is utilized to measure DC-bus voltage, DC-Bus current and the power module
temperature. Its Hi/Lo level detection capability provides automatic detection of the over/under-voltage,
over-current and over temperature protection (serviced in associated ISR).

3. Target Motor Theory

3.1 BLDC Motor Targeted by This Application

The Brushless DC motor (BLDC motor) is also referred to as an electronically commuted motor. There are no
brushes on the rotor and the commutation is performed electronically at certain rotor positions. The stator
magnetic circuit is usually made from magnetic steel sheets. The stator phase windings are inserted in the slots
(distributed winding) as shown in Figure 3-1 or it can be wound as one coil on the magnetic pole. The
magnetization of the permanent magnets and their displacement on the rotor are chosen such a way that the
Back-EMF (the voltage induced into the stator winding due to rotor movement) shape is trapezoidal. This
allows the three phase voltage system (see Figure 3-2), with a rectangular shape, to be used to create a
rotational field with low torque ripples.

3-Phase BLDC Motor Control, Rev. 1
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BLDC Motor Targeted by This Application

Stator

Stator winding
(in slots)

Shaft

Rotor

Air gap

Permanent magnets

Figure 3-1. BLDC Motor - Cross Section

The motor can have more then just one pole-pair per phase. This defines the ratio between the electrical
revolution and the mechanical revolution. The BLDC motor shown has three pole-pairs per phase which
represent three electrical revolutions per one mechanical revolution.

The rectangular, easy to create, shape of applied voltage ensures the simplicity of control and drive. But the
rotor position must be known at certain angles in order to align the applied voltage with the Back-EMF. The
alignment between Back-EMF and commutation events is very important. In this condition the motor behaves
as a DC motor and runs at the best working point. Thus simplicity of control and good performance make this
motor a natural choice for low-cost and high-efficiency applications.

Voltage A
120°
-
Phase A I =
l |
Phase B S — } } } } } | »

Phase C | I ! | | | | I | ! ! !

Y

electrical
30° 90° 150° 210° 270° 330° angle

Figure 3-2. Three Phase Voltage System

Figure 3-3 shows number of waveforms: the magnetic flux linkage, the phase Back-EMF voltage and the
phase-to-phase Back-EMF voltage. The magnetic flux linkage can be measured; however in this case it was
calculated by integrating the phase Back-EMF voltage, which was measured on the non-fed motor terminals of
the BLDC motor. As can be seen, the shape of the Back-EMF is approximately trapezoidal and the amplitude
is a function of the actual speed. During the speed reversal the amplitude is changed its sign and the phase
sequence change too.

3-Phase BLDC Motor Control, Rev. 1
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1arget Motor Theory

The filled areas in the tops of the phase Back-EMF voltage waveforms indicate the intervals where the
particular phase power stage commutations occur. As can be seen, the power switches are cyclically
commutated through the six steps. The crossing points of the phase Back-EMF voltages represent the natural
commutation points. In normal operation the commutation is performed here. Some control techniques
advance the commutation by a defined angle in order to control the drive above the PWM voltage control.

Figure 3-3. BLDC Motor - Back EMF and Magnetic Flux

3.2 3-Phase BLDC Power Stage

The voltage for 3-phase BLDC motor is provided by a 3-phase power stage controlled by a DSC. The PWM
module is usually implemented on a DSC to create desired control signals.

A device with BLDC motor and power stage is shown in Figure 3-3.

3-Phase BLDC Motor Control, Rev. 1
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Power Stage - Motor System Model

3.3 Why Sensorless Control?

As explained in the previous section, the rotor position must be known in order to drive a Brushless DC motor.
If any sensors are used to detect rotor position, then sensed information must be transferred to a control unit
(see Figure 3-4). Therefore additional connections to the motor are necessary. This may not be acceptable for
some applications. There are at least two reasons why you might want to eliminate the position sensors:

* Inability to make additional connections between position sensors and the control unit

*  Cost of the position sensors and wiring

AC Line Voltage - Position | |
g _ Power Stage @: Sonsors LOAD

Control Signals

Speed Position
Setting _ Feedback
——» Control Unit |

MOTOR DRIVE
Figure 3-4. Classical System

3.4 Power Stage - Motor System Model

In order to explain and simulate the idea of Back-EMF sensing techniques a simplified mathematical model
based on the basic circuit topology (see Figure 3-5) has been created.

3-Phase BLDC Motor Control, Rev. 1
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1arget Motor Theory

Figure 3-5. Power Stage - Motor Topology

The second goal of the model is to find how the motor characteristics depend on the switching angle. The
switching angle is the angular difference between a real switching event and an ideal one (at the point where
the phase to phase Back-EMF crosses zero).

The motor-drive model consists of a normal three phase power stage plus a Brushless DC motor. The power
for the system is provided by a voltage source (Uy). Six semiconductor switches (S/p/c 1), controlled
elsewhere, allow the rectangular voltage waveforms (see Figure 3-2) to be applied. The semiconductor
switches and diodes are simulated as ideal devices. The natural voltage level of the whole model is put at one
half of the DC bus voltage. This simplifies the mathematical expressions.

3-Phase BLDC Motor Control, Rev. 1
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Power Stage - Motor System Model

3.4.1 Mathematical Model

The following set of equations is valid for the presented topology:

c
1
Uy = 3|2y —upp—tyct > gy
x=4
c
1, +
Up = 3| “Uyp~Uyc~ Uya z Uix
x=A4
c (EQ 3-1.)
1
uc = 3| 2upc—upy—uygt Y Uiy
x=4
c c
Upg = § Z Uy~ Uiy
x =4 x=4

0 =i, +ig+ic

where:

uy,...uyc  are “branch” voltages; the voltages between one power stage output and its virtual zero.

Uy... U are motor phase winding voltages.

u;,...u;  are phase Back-EMF voltages induced in the stator winding.

Uc is the voltage between the central point of the star of motor winding and the power stage natural
Zero

igoic are phase currents

The equations (EQ 3-1.) can be written taking into account the motor phase resistance and the inductance. The
mutual inductance between the two motor phase windings can be neglected because it is very small and has no
significant effect for our abstraction level.

C C

1 o diy
Uya= Uiy~ 3 Zqu_ Z”ix :R.1A+La
x=A x=A4
c c .
1 . dip
Upg—tig=3| D Upx— D Uiy | = Reipt L (EQ3-2.)
x=A x=A4
c c
1 . die
Upc—Uic=3| D U= D Ui| = Reiet Ly
x=A x=4
where:
R.L - motor phase resistance, inductance
3-Phase BLDC Motor Control, Rev. 1
Freescale Semiconductor 9
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1arget Motor Theory

The internal torque of the motor itself is defined as:

C C
R S LTy (EQ3-3.)

x=4 x=4
where:
T; - internal motor torque (no mechanical losses)
®,0 - rotor speed, rotor position
X - phase index, it stands for A,B,C
Y. - magnetic flux of phase winding x

It is important to understand how the Back-EMF can be sensed and how the motor behavior depends on the
alignment of the Back-EMF to commutation events. This is explained in the next sections.

3.5 Back-EMF Sensing

The Back-EMF sensing technique is based on the fact that only two phases of a DC Brushless motor are
connected at a time (see Figure 3-2), so the third phase can be used to sense the Back-EMF voltage.

Let us assume the situation when phases A and B are powered and phase C is non-fed. No current is going
through this phase. This is described by the following conditions:

Sy Sp, < are energized

_ 1 ]
MVA - +§ud’ uVB - _Eud (EQ 3_1 )
iy =—igio=0,diz=0

Uiy tuggtue =0

The branch voltage C can be calculated when considering the above conditions:
_ 3
Uyc = F¥ic (EQ 3-2)

As shown in Figure 3-5, the branch voltage of phase C can be sensed between the power stage output C and
the zero voltage level. Thus the Back-EMF voltage is obtained and the zero crossing can be recognized.

The general expressions can also be found:

Uy, = %uixwhere x= A,B,C (EQ 3-3)

There are two necessary conditions which must be met:

* Top and bottom switch (in diagonal) have to be driven with the same PWM signal
*  No current is going through the non-fed phase used to sense the Back-EMF

Figure 3-6 shows branch and motor phase winding voltages during a 0-360°clectrical interval. Shaded
rectangles designate the validity of the equation (EQ 3-3.). In other words, the Back-EMF voltage can be
sensed during designated intervals.

3-Phase BLDC Motor Control, Rev. 1
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Back-EMF Sensing Circuit

[ - Back-EMF can be sensed

Figure 3-6. Phase Voltage Waveform

3.6 Back-EMF Sensing Circuit

An example of the possible implementation of the Back-EMF sensing circuit is shown in Figure 3-7.

+DC_Bus Phase A Phase B Phase C

560k 560k 560k 560k
560k 560k 560k 560k

560k 560k 560k 560k

% % In % 2x-217k % 2x27k % 2x27k

Figure 3-7. Back-EMF Sensing Circuit Diagram
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MUX Command

Zero Crossing
Detection signal

As explained in the theoretical part of this application note, the phase zero crossing event can be detected at the
moment when the branch voltage (of a free phase) crosses the half DC-bus voltage level. The resistor network
is used to divide sensed voltages down to a 0-15V voltage level. The comparators sense the zero voltage
difference of the input signal. The multiple resistors reduce the voltage across each resistor component to an
acceptable level. A simple RC filter prevents the comparators from being disturbed by high voltage spikes
produced by IGBT switching. The MUX selects the phase comparator output, which corresponds to the current
commutation stage. This Zero Crossing Detection signal is transferred to the timer input pin.

The comparator control and zero crossing signals plus the voltage waveforms are shown in

Figure 3-8.

3-Phase BLDC Motor Control, Rev. 1
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System Design Concept

4,

4.1

Phase Selection  Tek EGIH 10.0kS/s 2 Acas
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Figure 3-8. The Zero Crossing Detection

The voltage drop resistor is used to measure the DC-bus current which is chopped by the PWM. The obtained
signal is rectified and amplified (0-3.3V with 1.65V offset). The internal controller’s A/D converter and Zero
Crossing detection are synchronized with the PWM signal. This synchronization avoids spikes when the
IGBTs (or MOSFETs) are switching and simplifies the electric circuit.

The A/D converter is also used to sense the DC-Bus Voltage and drive Temperature. The DC-Bus voltage is
divided down to a 3.3V signal level by a resistor network.

The six IGBTs (copack with built-in fly back diode) or MOSFETs and gate drivers create a compact power
stage. The drivers provide the level shifting that is required to drive high side switch. PWM technique is used
to the control motor phase voltage.

System Design Concept

System Specification
The system was designed to meet the following performance specifications:

*  Control technique incorporates
— sensorless BEMF Zero Crossing commutation control
— closed loop without current loop
— bi-directional rotation
— motoring mode
e Targeted for 56F803/805EVM platforms

3-Phase BLDC Motor Control, Rev. 1
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System Specification

*  Running on one of three optional board and motor hardware sets
— Low Voltage Evaluation Motor hardware set
— Low Voltage hardware set
— High Voltage hardware set at variable line voltage 115 - 230V AC
* Overvoltage, Undervoltage, Overcurrent, and Temperature Fault protection
*  Manual Interface (Start/Stop switch, Up/Down push button control, Led indication)
*  PCMaster Interface

* Power Stage Identification with control parameters set according to used hardware set

The introduced BLDC motor control drive with BEMF Zero Crossing is designed as a system that meets the
following general performance requirements:

Table 4-1. Low Voltage Evaluation Hardware Set Specifications

Motor Characteristics: Motor Type 4 poles, three phase, star connected,
BLDC motor
Speed Range: < 5000 rpm (at 60V)
Maximal line voltage: 60V
Phase Current 2A
Output Torque 0.140Nm (at 2A)
Drive Characteristics: Speed Range <2000 rpm
Input Voltage: 12v DC
Max DC Bus Voltage 158V
Control Algorithm Speed Closed Loop Control
Load Characteristic: Type Varying

3-Phase BLDC Motor Control, Rev. 1

Freescale Semiconductor 13
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System Design Concept

Table 4-2. Low Voltage Hardware Set Specifications

Motor Characteristics: Motor Type 6 poles, three phase, star con-
nected, BLDC motor
Speed Range: 3000 rpm (at 12V)
Max. Electrical Power: 150 W
Phase Voltage: 3*6.5V
Phase Current 17A
Drive Characteristics: Speed Range <3000 rpm
Input Voltage: 12V DC
Max DC Bus Voltage 158V
Control Algorithm Speed Closed Loop Control
Load Characteristic: Type Varying

Table 4-3. High Voltage Evaluation Hardware Set Specifications

Motor Characteristics: Motor Type 6 poles, three phase, star con-
nected, BLDC motor
Speed Range: 2500 rpm (at 310V)
Max. Electrical Power: 150 W
Phase Voltage: 3*220V
Phase Current 0.55A
Drive Characteristics: Speed Range < 2500 rpm
Input Voltage: 310v DC
Max DC Bus Voltage 380V
Control Algorithm Speed Closed Loop Control
Optoisolation Required
Load Characteristic: Type Varying

4.2 Sensorless Drive Concept

The concept below was chosen. The sensorless rotor position technique developed detects the zero crossing
points of Back-EMF induced in the motor windings. The phase Back-EMF Zero Crossing points are sensed
while one of the three phase windings is not powered. The obtained information is processed in order to
commutate the energized phase pair and control the phase voltage, using Pulse Width Modulation.

3-Phase BLDC Motor Control, Rev. 1
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Sensorless Drive Concept
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Figure 4-1. System Concept

The Back-EMF zero crossing detection enables position recognition. The resistor network is used to divide
sensed voltages down to a 0-3.3V voltage level. Zero Crossing detection is synchronized with the center of
center aligned PWM signal by the SW in order to filter high voltage spikes produced by the switching of the
IGBTs (MOSFETs). This signal is transferred to the device’s Encoder Input which is also used as a digital
filter. The SW selects one of the phase comparator outputs which corresponds to the current commutation step.

3-Phase BLDC Motor Control, Rev. 1

Freescale Semiconductor 15
Preliminary



b -

control Technique

5. Control Technique

5.1 Control Technique - General Overview

The general overview of used control technique is shown in Figure 4-1. It will be described in following
subsections:

*  PWM voltage generation for BLDC
¢ Sensorless Commutation Control
*  Speed Control

The implementation of the control technique with all the SW processes is shown in Flow Chart, State diagrams
and Data Flow (see Figure 7-2 through Figure 7-8).

5.2 PWM voltage Generation for BLDC

As was already explained, the three phase voltage system shown in Figure 3-2 needs to be created to run the
BLDC motor. It is provided by 3-phase power stage with 6 IGBTs (MOSFET) controlled by the on-chip PWM
module (see Figure 5-1). The PWM signals with state currents are shown in Figure 5-2 and Figure 5-3.

Figure 5-2 shows that both Bottom and Top power switches of the “free” phase must be switched off. This is
needed for any effective control of Brushless DC motor with trapezoidal BEMF.

3-PHASE POWER STAGE B
®
| | |
PWM Pwmj PWMj
Sar }Q | Sgr @ Scr @

pwmp! PW
Sne| N\ Sar Ser 3-PHASE BLDC MOT

POWER
SOURCE
DC VOLTAGE

Ay
/1
L2 8
[Tt
:
£

MOSFET/IGBT DRIVERS

PWM1 PWM2 PWM3 PWM4 PWM5 PWM6

Figure 5-1. PWM with BLDC Power Stage

3-Phase BLDC Motor Control, Rev. 1
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conrtrol Technique

Figure 5-3 shows that the diagonal power switches are driven by the same PWM signal as shown with arrow
lines. This technique is called bipolar (hard) switching. The voltage across the two connected coils is always
+DC bus voltage whenever there is a current flowing through these coils. Thus the condition for successful
BEMF Zero Crossing sensing is fulfilled as described in Section 3.

5.3 BEMF Zero Crossing Sensing

5.3.1 BEMF Zero Crossing Checking

The BEMF Zero Crossing of the 3 phases is checked using hardware comparators as described in Section 3.
The outputs of the comparators are led to Quadrature Decoder Inputs. Where the digital filtration block is used
to filter the spike on the Zero Crossing signals.

The software selects the “free” phase at each commutation step and reads the filtered signal to detect the
BEMF Zero Crossing event.
5.3.2 BEMF Zero Crossing Synchronization with PWM

The power stage PWM switching causes the high voltage transient of the phase voltages. This transient is
passed to “free” phase due to mutual capacitor between the motor windings coupling. Figure 5-4 shows that
free phase “branch” voltage U, is disturbed by PWM voltage shown on phase “branch” voltage U,,.

T == Chi zoom: | 150X Yert T 0.5X Horz  a: 62s
‘l : : : ST : : : : |@: —6.948ms
""" S VRN I I T 28V O Y | L

- - e P - P P [ [

1 Uyb

- Zero Crossing Sample
{ s/w flag

Figure 5-4. BEMF Zero Crossing Synchronization with PWM

The non-fed phase “branch” voltage U, , is disturbed at the PWM edges. Therefore the presented BLDC Motor
Control application synchronizes the BEMF Zero Crossing detection with PWM.

5.4 Sensorless Commutation Control
This chapter concentrates on sensorless BLDC motor commutation with BEMF Zero Crossing technique.
In order to start and run the BLDC motor, the control algorithm has to go through the following states:

e Alignment
» Starting (Back-EMF Acquisition)

* Running

3-Phase BLDC Motor Control, Rev. 1
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Sensorless Commutation Control

Figure 5-5 shows the transitions between the states. First the rotor is aligned to a known position; then the
rotation is started without the position feedback. When the rotor moves, the Back-EMF is acquired so the
position is known and can be used to calculate the speed and processing of the commutation in the Running

state.
( Start motor >

Alignment

Alignment time
expired?

Starting
(BEMF Acquisition)

v

Minimal correct
commutations done?

Yes ¢<

Running

Figure 5-5. Commutation Control Stages

5.4.1 Alignment

Before the motor starts, there is a short time (which depends on the motor’s electrical time constant) when the
rotor position is stabilized by applying PWM signals to only two motor phases (no commutation). The Current
Controller keeps the current within predefined limits. This state is necessary in order to create a high start-up
torque. When the preset time-out expires then this state is finished.

e The Current Controller subroutine with PI regulator is called to control DC Bus current. It sets the
correct PWM ratio for the required current.

The current PI controller works with constant execution (sampling) period determined by PWM frequency:
Current Controller period = 1/PWM frequency.
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The BLDC motor rotor position with flux vectors during alignment is shown in Figure 5-6.
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Figure 5-6. Alignment

5.4.2 Running

The commutation process is the series of states which assure that the Back-EMF zero crossing is successfully
captured, the new commutation time is calculated and, finally, the commutation is performed. The following
processes needs to be provided:

*  BLDC motor commutation service
* Back-EMF Zero Crossing moment capture service
e Computation of commutation times

* Handler for interaction between these commutation processes

5.4.2.1 Algorithms BLDC Motor Commutation with Zero Crossing Sensing

All these processes are provided by new algorithms which were designed for these type of applications within
SDK. They are described in Motor Control.pdf, chapter BLDC Motor Commutation with Zero Crossing
Sensing (see [12.1]).

From pictures an overview of how the commutation works can be understood. After commuting the motor
phases there is a time interval (Per Toff[n]) when the shape of Back-EMF must stabilized (after the
commutation the fly-back diodes are conducting the decaying phase current, therefore sensing of the
Back-EMF is not possible). Then the new commutation time (T2[n]) is preset. The new commutation will be
performed at this time if the Back-EMF zero crossing is not captured. If the Back-EMF zero crossing is
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captured before the preset commutation time expires, then the exact calculation of the commutation time
(T2*[n]) is made based on the captured zero crossing time (T_ZCros[n]). The new commutation is performed
at this new time.

If (for any reason) the Back-EMF feedback is lost within one commutation period corrective actions are taken
in order to return to the regular states.

The flow chart explaining the principle of BLDC CommutationControl with BEMF Zero Crossing Sensing is
shown in Figure 5-7.
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Figure 5-7. Flow Chart - BLDC Commutation with BEMF Zero Crossing Sensing

3-Phase BLDC Motor Control, Rev. 1

22 Freescale Semiconductor
Preliminary



Sensorless Commutation Control

5.4.2.2 Running - Commutation Times Calculation
Commutation time calculation is provided by algorithm bldeZCComput described in Motor Control.pdf,

chapter BLDC Motor Commutation with Zero Crossing Sensing (see [12.1]).
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