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Introduction

This user manual describes the brushless direct current motor (BLDC) scalar software
library, a scalar control firmware library for 3-phase permanent-magnet (PM) motors
developed for the STM8Sxxx microcontrollers.

ST STM8Sxxx 8-bit microcontrollers come with a set of peripherals that makes them
suitable for performing both PM and AC induction motor scalar control.

The present document describes the STM8Sxxx software library developed to control
trapezoidal driven PM motors in both open loop and speed control mode. These motors may
be equipped with three Hall sensors or may be sensorless. The control of an AC induction
motor equipped with tachogenerator is described in the UM0712 user manual.

The BLDC motor software library is made of several C modules, and is fitted out with STVD
workspace. It is used to quickly evaluate both the MCU and the available tools. In addition,
when used together with the STM8/128-MCKIT motor control starter kit and a PM motor, a
motor can be made to run in a very short time. The BLDC library also eliminates the need
for time-consuming development of low level drive and speed regulation algorithms by
providing ready-to-use functions that let the user concentrate on the application layer.
Moreover, it is possible to get rid of any speed sensor thanks to the sensorless algorithm for
rotor position reconstruction based on BEMF detection.

A prerequisite for using this library is basic knowledge of C programming, PM motor drives
and power inverter hardware. In-depth know-how of STM8Sxxx functions is only required for
customizing existing modules and for adding new ones for a complete application
development.
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1 Features

1.1 Performance line STM8S features
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Core

Advanced STM8 core with Harvard architecture and 3-stage pipeline
fcpy up to 24 MHz setting, 0 wait state at fopy <16 MHz.

Extended instruction set

Maximum 20 MIPS performance at fcpy = 24 MHz

Memories

Program memory: up to 128 Kbytes Flash; with 20 year data retention at 55 °C
after 10 kcycles

Data memory: up to 2 Kbytes true data EEPROM; with 300 kcycle endurance
RAM: up to 6 Kbytes

Clock, reset and supply management

2.95 to 5.5 V operating voltage

Flexible clock control, 4 master clock sources:
Low power crystal resonator oscillator
External clock input

Internal user-trimmable 16 MHz RC

Internal low power 128 kHz RC

Clock security system with clock monitor
Power management:

Low power modes (Wait, Active-halt, Halt)
Individual peripheral clock switch-off
Permanently active, low consumption power-on and power-down reset

Interrupt management

Nested interrupt controller with 32 interrupts
Up to 37 external interrupts on 6 vectors

Timers

2x 16-bit general purpose timers, with 2+3 capture/compare channels (input
capture, output compare, or PWM)

Advanced 16-bit control timer

4 capture/compare channels (input capture, output compare, PWM (edge or
center-aligned mode)), single pulse output mode

3 complementary outputs with adjustable dead-time insertion
Hardware fault protection (Break input)

Flexible synchronization

8-bit basic timer with 8-bit prescaler

Auto wake-up timer

2 watchdog timers: Window watchdog and independent watchdog
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e Communications interfaces
— High-speed 1 Mbit/s active CAN 2.0B interface
—  UART with clock output for synchronous operation, LIN master mode
— LIN 2.1 compliant UART, master/slave mode, automatic resynchronization
—  SPl interface up to 10 Mbit/s
- I12C interface up to 400 Kbit/s
® 10-bit analog to digital converter (ADC) with up to 16 multiplexed channels
® |/Os
— Upto 68 1/0Os on a 80-pin package including 18 high sink outputs
— Highly robust I/0 design, immune against current injection
® Development support
—  Embedded Single Wire Interface Module (SWIM) and Debug module (DM) for fast
on-chip programming
— Non intrusive debugging
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1.2 Access line STMS8S features
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Core

— 16 MHz advanced STM8 core with Harvard architecture and 3-stage pipeline
—  Extended instruction set

Memories

—  Program memory: up to 32 Kbytes Flash; with 20 year data retention at 55 °C after
10 kcycles

—  Data memory: up to 1 Kbytes true data EEPROM; with 300 kcycle endurance
— RAM: up to 2 Kbytes
Clock, reset and supply management
— 3.0to 5.5V operating voltage
—  Flexible clock control, 4 master clock sources:
Low power crystal resonator oscillator
External clock input
Internal user-trimmable 16 MHz RC
Internal low power 128 kHz RC
—  Clock security system with clock monitor
—  Power management:
Low power modes (Wait, Active-halt, Halt)
Individual peripheral clock switch-off
—  Permanently active, low consumption power-on and power-down reset
Interrupt management
— Nested interrupt controller with 32 interrupts
— Up to 37 external interrupts on 6 vectors
Timers

—  2x 16-bit general purpose timers, with 2+3 capture/compare channels (input
capture, output compare, or PWM)

— Advanced 16-bit control timer

4 capture/compare channels (input capture, output compare, PWM (edge or
center-aligned mode)), single pulse output mode

3 complementary outputs with adjustable dead-time insertion

Hardware fault protection (Break input)

Flexible synchronization
—  8-bit basic timer with 8-bit prescaler
—  Auto wake-up timer
— 2 watchdog timers: Window watchdog and independent watchdog
Communications interfaces
—  UART with clock output for synchronous operation, Smartcard, IrDA and LIN mode
—  LIN 2.1 compliant UART, master/slave mode, automatic resynchronization
SPI interface up to 8 Mbit/s
[°C interface up to 400 Kbit/s
Analog to digital converter (ADC)
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® |/Os

10-bit, +1 LSB ADC with up to 10 multiplexed channels, scan mode and analog
watchdog

Up to 38 I/0Os on a 48-pin package including 9 high sink outputs
Highly robust I/0 design, immune against current injection

® Development support

Embedded Single Wire Interface Module (SWIM) for fast on-chip programming
Non intrusive debugging

1.3 BLDC software library V1.0 features (CPU running at 16 MHz)

The BLDC software library source code is available free of charge if it is used in an end-
application based on ST products.

The main library features are the following:
® Supported BLDC modes (trapezoidal 6 step method):

Sensorless mode: back EMF voltage on the non-energized phase is monitored
and used to trigger the commutation events

Sensor mode: Hall sensors trigger the commutation events.
Voltage mode: PWM duty cycle is set directly via 16-bit PWM generator.

Current mode: internal current loop and external voltage reference are used jointly
to maximize the current in motor windings. The PWM duty cycle is automatically
managed by the current feedback loop output.

Open loop operation

Closed loop operation: Proportional integral (PI) regulator, 1 to 255 ms sampling
time.

DC bus voltage measurement
DC bus brake resistor management
Heatsink temperature measurement

Fault handling including overcurrent (shunt resistor network required), DC bus
overvoltage/undervoltage, heatsink overtemperature.

User interface with LCD and joystick
Two-channel virtual DAC functionality for real-time tracing of software variables
Firmware compatibility with STM8S motor control builder GUI (see Section A.3)
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1.4.2
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® Required ROM/RAM: Table 1 gives the ROM and RAM requirements. These values
include non-motor control related code implemented for demonstration purposes, such
as ADC management, or software time bases. They serve as a rough guide since the
code size produced can be smaller or larger depending on the chosen memory model.

Table 1. ROM and RAM requirements

Configuration ROM (Kbytes) RAM (bytes)
Sensorless open loop 7.08 310
Sensorless closed loop 7.62 324
Sensor open loop 6.92 314
Sensor closed loop 7.46 328

Development tools

The BLDC software library has been fully validated using the STM8/128-MCKIT motor
control starter kit. This kit also includes a Raisonance R-Link hardware debugger which
makes it an ideal solution to start a project and evaluate with the BLDC software library.

As a consequence, it is recommended to acquire the STM8/128-MCKIT to quickly
implement and evaluate the BLDC library.

Toolchains

The BLDC library has been compiled using COSMIC C-toolchains, running under ST Visual
development release 4.1.2 (STVD). Free IDE and demonstration versions of third party
toolchains can be found at http://www.st.com/mcu under Support/Downloads.

A complete software package consists of:

® An integrated development environment (IDE) interface: STVD (free download
available on internet).

® A third party C-compiler: Cosmic (a free 16K size-limited evaluation versions can be
obtained upon request. This version is sufficient to compile all standalone firmware
configurations.

The choice of the C toolchain is left to the appreciation of the user. Only COSMIC
compilers are fully supported, and the dedicated workspace compatible with STVD can
be directly opened in the root of the library installation folder
(STM8_STVD_COSMIC.stw, STM8_STVD_COSMIC_BLDC.stp).

In addition, the STM8S motor control builder GUI allows to customize these libraries
according to your application (see Section A.3). This makes the first implementation of this
library significantly easier (see Section 5: Designing an application using the BLDC software
library).

Programming tools

In order to program an MCU with the generated .S19 file, you should also install the ST
Visual Programmer software (STVP), and use a SWIM programming interface (Raisonance
RLink). The STVP tool provides an easy way to erase, program and verify the code
programmed in the MCU. Go to http://www.st.com for information on STVP and RLink.
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1.5

Reference documents

Application note AN1129 — PWM management for BLDC motor drives using the
ST72141

Reference manual RM0016 — STM8S microcontroller family

Datasheet — STM8S103xxx Access line, 16 MHz STM8S 8-bit MCU, up to 8 Kbytes
Flash, integrated EEPROM,10-bit ADC, timers, UART, SPI, I2C

Datasheet — STM8S105xx Access line, 16 MHz STM8S 8-bit MCU, up to 32 Kbytes
Flash, integrated EEPROM,10-bit ADC, timers, UART, SPI, I2C

Datasheet — STM8S20xxx - Performance line, 24 MHz STM8S 8-bit MCU, up to 128
Kbytes Flash, integrated EEPROM,10-bit ADC, timers, 2 UARTSs, SPI, 12C, CAN

Datasheet — STM8S903K3 - 16 MHz STM8S 8-bit MCU, up to 8 Kbytes Flash, 1 Kbyte
RAM, 640 bytes EEPROM,10-bit ADC, 2 timers, UART, SPI, 12C

User manual UM0379 — MB459 motor control evaluation board

User manual UM0712 — STM8S three-phase ACIM motor software library V1.0
PMO0044 — STM8 CPU programming manual

User manual UM0144 — ST Assembler-Linker

User manual UM0036 — ST Visual Develop (STVD)

User manual UM0482 — STM8/128-EVAL evaluation board

UMO0709 — STM8S-MCKIT motor control starter kit
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2

2.1

Introduction to STM8S BLDC control

Introduction to BLDC theory

A brushless three phase motor is composed by a fixed part made of a set of three windings
called stator, and a mobile part containing an internal permanent magnet called rotor.

In BLDC motor control, the electrical cycle is subdivided into six commutation steps. For
each step, the bus voltage is applied to one of the three phase windings of the motor while
the ground is applied to a second winding. The third winding remains open. The successive
steps are executed in the same way except that the motor phase winding changes to
generate a rotating stator field (see Figure 1).

A BLDC motor has a trapezoidal BEMF (Back electromagnetic force) induced into the motor
phase windings. The BLDC drive is also called trapezoidal control because of the shape of
the phase current. The maximum performance in terms of efficiency and minimum torque
ripple is achieved if the motor is intrinsically built as BLDC. Figure 2 shows the BEMF signal
for the BLDC Shinano motor included in the STM8/128-MCKIT.

Figure 1. BLDC motor control sequence (first three steps)

+V Bus +V Bus
— —> —>
+V Bus
GND GND l GND
Step 1 Step 2 Step 3

Figure 2. Shinano motor BEMF signal

Fie | Edi | v iziacq | Trg | Dig

| «® / 680mv || 50.0ms 100.0kS/is 10.0psipt
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2.1.2

2.1.3

Rotor synchronization

The BLDC drive is a synchronous control drive. This means that the maximum of the
efficiency is achieved if the commutation between two consecutive steps is performed only
when the rotor is in the right spatial position. This corresponds to the position where the
BEMF signal and the phase current are synchronized.

Two methods can be implemented to perform the rotor synchronization:

® Sensored drive

The first method uses position sensors, usually Hall sensors, to measure the rotor
position.

® Sensorless drive

The other method is based on the BEMF. It analyzes the zero crossing of the floating
phase BEMF signal to establish the commutation point. The match between the BEMF
signal of the floating phase with respect to the motor neutral point (or star point) is used
to generate the commutations between two consecutive steps in order to achieve the
rotor synchronization.

Rotor speed regulation

In addition to the synchronization with the rotor, the BLDC drive can control the rotor speed
to compensate for eventual load variations. In this case the drive it is called “closed loop
drive”.

If the BLDC synchronous drive does not perform rotor speed control, the drive is named
“open loop drive”. In this case the final rotor speed is affected by load variations.

Bus voltage modulation

Normally the BLDC drive is performed by applying a PWM signal to modulate the bus
voltage. This is implemented by using one of the following control method:

® Current mode

The control variable is the phase current. Current regulation is achieved by setting the
current level through a PWM signal and by using an external RC filter to set the
comparator threshold. A dedicated microcontroller input driven by the output of the
comparator is used to switch off the PWM signal used for current regulation. The turn-
on is synchronized with then PWM period (see Figure 3).

e Voltage mode

The control variable is the phase voltage. Voltage regulation is achieved by fixing the
duty cycle of the applied PWM signal. Current limitation level is set either by an external
resistor voltage divider or by a PWM signal filtered by the RC circuit.
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Figure 3. Current mode
to inverter current - - - - N -
low side reference ! |
Operational ' 1
Amplifier Ut =t : ' t
Comparator clock —4—=—=—= = - - i. t
shunt ' ! i
Motor i
1 Voltage H
- : - t
Gain Tp bi ¢ ! step time ' step time i
reference
2.2 Rotor speed measurement
When the motor is running, the rotating magnetic field of the rotor induces a BEMF signal in
the stator windings. If the motor is intrinsically sinusoidal or trapezoidal, the induced BEMF
signals are periodic, and their frequency is proportional to the frequency of the motor turns.
The proportional coefficient is the number of motor pole pairs.
The motor speed can consequently be calculated by measuring the frequency of the BEMF
signals as shown in Equation 1:
Equation 1
_ BEMFfreq x 60
Moto(rpm) = =5 e Fairs
The measurement of the rotor speed is performed by counting the time delay between two
consecutive zero crossings of the BEMF signal. This computation is also called “step time
measurement”. It is implemented in the BLDC firmware by means of a software counter
managed by the timer update interrupt service routine (TIM1 UPD ISR). The TIM1 UPD ISR
routine is executed during each PWM period.
The precision of the step time measurement is always proportional to the PWM period since
zero crossings are sampled only once during each PWM cycle, with the resolution of the
closest cycle.
16/85 Doc ID 15773 Rev 1 17
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Figure 4.

Step time measurement sensorless drive

Z: Zero Crossing
C: Commutation
D: End of demagnetization

@== Software counter

Phase current V\/\N\/WW\/:——\—— ———————————————————————————————————————————
i
i
s

T 1
z, [e] D z | c D V1 z
1
!

Step time measurement

2.3

Commutation delay and demagnetization time

Since the BLDC drive is a synchronous drive, the main objective of the drive is to ensure
that the rotor position remains synchronized with the stator magnetic field. It is possible to
demonstrate that the maximum efficiency of the drive is obtained by keeping the magnetic
field of the stator with a 90-degree spatial advance with respect to the rotor magnetic field.
This can be achieved by keeping the zero crossing in the middle of each step (see Figure 5).

Figure 5. BEMF and phase current synchronization

BEMF

Phase Current

Commutation delay

-X-----

/

Zero crossing

The commutation delay is the delay equal to a half step time, between the zero crossing and
the step commutation.

The BEMF signal can be measured only after the current of the floating phase has reached
zero. Otherwise the free wheeling diode would clamp the floating terminal voltage or the bus
voltage to ground depending on the current direction.

As a consequence, a delay time, called demagnetization time, must be respected after the
commutation, to wait for the floating phase current to reach zero. The method used to
manage the demagnetization time is usually called “software demagnetization”. It consists
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Figure 6.

in adding a delay between the commutation instant and the end of the demagnetization
(start of next BEMF zero crossing detection).

The demagnetization delay is expressed as a percentage of the step time (see
Section 3.6.2). It is computed using the mean value of two successive step time
measurements.

Demagnetization time

Z: Zero Crossing
C: Commutation
D: End of demagnetization

— Software counter

PWM period

|
1 | ‘
Commutation [5emagnetization ' Commutation [Bemagne{ization
delay time delay time

2.4

241

18/85

Detection of BEMF zero crossings

Zero crossing points must be identified to achieve sensorless BLDC drive. Zero crossing
points indicate the instant when the BEMF signal becomes equal to the motor neutral
voltage.

During the on-time (T-on) of the PWM signal applied to the high side switch, the motor
neutral voltage becomes equal to the bus voltage/2 (see Section 2.4.1).

During the off-time (T-off) of the PWM signal applied to the high side switch, the motor
neutral voltage becomes 0 V (see Section 2.4.2).

The zero crossing can consequently be detected both during the on- and the off-time of the
applied PWM signal. Refer to Section 2.4.1 and Section 2.4.2 for a detailed description of
sampling methods during PWM signal on- and off-time.

Sampling during PWM signal on-time

It is recommended to perform the sampling during the T-on when 100% of the duty cycle
applied is required.

During T-on of the PWM signal applied to the high side switch, the motor neutral point is
equal to the bus voltage/2. If this value is above the maximum voltage allowed by the
STM8S ADC converter, it is necessary to divide the phase voltage before feeding the signal
into the ADC, and to convert the bus voltage to reconstruct the neutral point. This value is
used as a threshold for the zero crossing (see Figure 7).

Detection of the zero crossing is performed by comparing the BEMF converted scaled value
with the converted scaled value of the bus voltage (neutral point reconstruction).
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Figure 7. Sampling during the on-time
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Sampling during PWM signal off-time

During T-off of the PWM signal applied to the high side switch, the motor neutral point
becomes equal to ground so that the BEMF value can be directly converted by using the
ADC (ST patented method).

The sampling point inside the PWM period is set by using TIM1 channel 4 to trigger the ADC
conversion.

The detection of the zero crossing point is performed by comparing the converted value of
BEMF to a fixed threshold. The default value of this threshold is 0.2 V.

Figure 8 gives a description of the sampling during T-off sequence.
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Figure 8.

Sampling during off-time
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243 Dynamic BEMF sampling method
If the value of the duty cycle to be applied is known in advance (for instance when no current
regulation or limitation is required), the sampling method to be applied (sampling during T-
off or T-on) can be set on the fly according to the duty cycle value. This is achieved by using
three voltage dividers driven by GPIO pins as shown in Figure 9.
This method allows both to minimize BEMF partitioning (sampling during off-time) for low
duty cycle applied (low speed), and to get 100% of duty cycle (high speed).
Figure 9. Dynamic BEMF sampling method implementation
VAN —— Ph A VA Ph A
ADC VA PhB ADC YAYAYA PhB
VA PhC VA PhC
High Z
High Z Low
GPIO - GPIO
High Z Low
High Z Low
Sampling during T-off (off time) Sampling during T-on (on time)
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Fast demagnetization

The reverse voltage on the winding can be increased to speed up the floating phase
demagnetization. This is achieved by applying the PWM signal to the appropriate high or
low side switch transistor. If the PWM signal is not applied to the right transistor, the free
wheeling diode applies a voltage in the same direction as the current to be demagnetized,
thus slowing down the demagnetization process. Refer to application note AN1129
referenced in Section 1.5: Reference documents.

The following description assumes that the three phase bridge is similar to the one shown in
Figure 10, and that the difference between the forward voltage drop of the free wheeling
diode and the conduction drain source voltage drop of the power switches is negligible.

Figure 10. Three phases bridge and stator windings

PhA % PhB % PhC %

Figure 11 shows the transition between step 1 (T1-T4 closed) and step 2 (T1-T6) closed. In
this case the current that flows out of phase B has to be demagnetized.

Phase B terminal will be clamped to +HV by the free wheeling diode D3. The neutral point is
HV/2 during T-on.

If the PWM signal is applied to the high side switch T1 during the T-off, the neutral point will
be clamped to GND by the D2 free wheeling diode. As a consequence, the phase B winding
will be demagnetized with an equivalent PWM voltage between HV and HV/2.

If the PWM is applied to the low side switch T6 during T-off, the neutral point will be clamped
to HV by the D5 free wheeling diode. The phase B windings will consequently be
demagnetized with an equivalent PWM voltage between HV/2 and GND. The reverse
voltage applied to the windings is lower than in the first case.

To speed up the demagnetization of B windings between step 1 and step 2, the PWM
control signal should consequently be applied to the high side switch T1.
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Figure 11. Demagnetization between step 1 and step 2
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Figure 12 shows the transition between step 2 (T1-T6 closed) and step 3 (T3-T6) closed. In
this case, the current that flows through phase A has to be demagnetized.

Phase A terminal will be clamped to GND by the free wheeling diode D2. The neutral point
is HV/2 during T-on.

If the PWM is applied to the high side switch T3 during T-off, the neutral point will be
clamped to GND by the D4 free wheeling diode. As a consequence, phase A winding will be
demagnetized with an equivalent PWM voltage between HV/2 and GND.

If the PWM is applied to the low side switch T6 during T-off, the neutral point will be clamped
to HV by the D5 free wheeling diode. Phase A windings will consequently be demagnetized
with an equivalent PWM voltage between HV and HV/2. The reverse voltage applied to the
windings is higher than in the first case.

The PWM control signal should consequently be applied to the low side switch T6 to speed
up the demagnetization of A windings between step 2 and step 3.

In conclusion, to accelerate the demagnetization the PWM signal should be applied to the
low side switch during the step when the demagnetizing current is flowing from the bridge to
the motor phases. Refer to Table 2 for a description of the firmware implementation.
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Figure 12. Demagnetization between step 2 and step 3
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Table 2. Fast demagnetization table
Switches - PWM applied for fast
Step (HS+LS) Demagnetizing current demagnetization
Step 1 T1+T4 Current C (from bridge to motor Low side (T4)

Step 2 T1+T6 Current B (from motor to bridge High side (T1)

( )
( )
Step 3 T3+T6 Current A (from bridge to motor) Low side (T6)
( )
( )
( )

Step 4 T3+T2 Current C (from motor to bridge High side (T3)
Low side (T2)

High side (T5)

Step 5 T5+T2 Current B (from bridge to motor

Step 6 T5+T4 Current A (from motor to bridge

Setting the delay coefficient accordingly a specified curve

It is important to select the most adequate delay coefficients to run a BLDC motor in
standalone closed loop mode and achieve a given target speed.

For each target speed, these values should be recorded in a table which will be used by the
STM8S firmware. It is recommended to collect data for four speeds: the minimum and
maximum speeds specified, plus two intermediate speeds. The STM8S firmware then
makes a linear extrapolation of delay coefficients between the four specified speeds to
ensure smooth operation.

Once the data are collected, edit the MC_BLDC_drive.h file and fill in the fields dedicated
to the rising/falling delay coefficients calculation (see Section 5.1.3: BLDC drive control
parameters (MC_BLDC_Drive_Param.h)).

Once the motor runs, rising/falling delay coefficients are computed following a linear curve
between Freq_minand F_1, F_1 and F_2, F_2 and Freq_max (see Figure 13).

Doc ID 15773 Rev 1 23/85




Introduction to STM8S BLDC control UMO0708

2.7

2.7.1

24/85

Figure 13. Rising/Falling delay computation accordingly a specified curve
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1. Freg_min, F_1, F_2, and Freq_max are electrical frequencies, with 0.1 Hz resolution. For example F_1 =
1234 means F_1 = 123.4 Hz).

2. Rising and Falling curve can be different.

Startup strategy in sensorless mode

To perform sensorless control, the BEMF signal inducted by the rotor field in the stator
windings must reach a detectable amplitude. Since the amplitude of the BEMF signal is
proportional to the rotor speed, the motor cannot be synchronized using the BEMF detection
strategy if the rotor speed is lower than a specific threshold.

It is important to underline that the detection is performed on the BEMF zero crossing and
not on the BEMF peak value. However, to achieve a good zero crossing detection precision,
the BEMF signal slope must be sufficiently steep during the zero crossing.

The BEMF level increases proportionally with the speed. As a result, the BEMF signal slope
becomes more and more steep in the proximity of the zero crossing, and the synchronous
driving (using the BEMF detection) can be applicable. It is consequently important to
implement an asynchronous startup strategy that brings the motor up to the required speed.

A classical BLDC motor startup sequence consists of 2 phases:

1. The Alignment phase
2. The ramp-up phase

Alignment phase

During the alignment phase, the rotor is put in a specified position before running the motor.
To do this, the power switches must be set to a specific configuration corresponding to a
predetermined position of the stator vector. This configuration is not an ordinary position but
it is the intermediate position between two steps (for example between step 6 and step 1 if
you want to start the next phase with step 1). Moreover this configuration has the
particularity to energize the three windings to generate a more important flux (see

Figure 14).
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Figure 14.

Usually the high side switch (T1) is controlled by a PWM signal with a duty cycle that
increases following a ramp. The current limitation sets the maximum current that flows into
the motor during the alignment phase.

Alignment phase

+300V

T1-T4-T6
DC

L=

E*
T1
U

of

T3

13

5

>

\Y

=z

T6 T4 T2

ok

It s

2.7.2

Note:

Ramp-up phase

The second phase is the ramp-up phase. It is performed to accelerate the motor up to the
required speed that allows the BEMF zero crossing detection. To do this, an asynchronous
sequence of steps must be applied to the motor. This sequence of steps generates a
rotating stator field that will accelerate the rotor up to the target speed. The strength of the
applied torque is usually controlled applying a fixed duty cycle or controlling the direct
current that flows into the motor.

When the rotor speed is sufficient to detect the BEMF zero crossing, the synchronization
mechanism is enabled. This mechanism it is also called “auto-commutation mode”.

Then according to the configuration of the speed loop regulation, one of the following
strategy is applied:

® In speed closed loop configuration, the speed regulation is not applied until the
measured rotor speed reaches the required threshold. The control variable remains
constant until this condition is met (see Figure 15). The startup output condition is
validated only when the minimum rotor speed is measured.

In speed open loop configuration, the startup output condition is validated when the
drive is switched to auto-commutation mode.

If no BEMF zero crossing is detected until the end of the synchronous sequence the
Startup failed fault message is displayed on the LCD (see Section 3.6.8).

Before each motor startup, a bootstrap sequence ens