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INTRODUCTION

The ST72141 microcontroller has been designed by STMicroelectronics to control BLDC mo-
tors in sensor and sensorless modes with a patented method for detecting the back-electro-
motive force zero-crossing event (see Application Note AN1130). The purpose of this docu-
ment is to describe the motor start-up routine for the ST72141 microcontroller.

The start-up routine for a BLDC motor using the ST72141 microcontroller in sensorless mode
consists of several phases. The first phase is the rotor prepositioning phase. In sensorless
mode, we do not know the position of the rotor before starting the motor, that's why we need
to have a prepositioning phase. Then, a starting ramp table is applied to the motor in order to
accelerate it and to be able to detect the information needed to switch to auto-commutated
mode, this mode is called synchronous mode (see Application Note AN1083). During these
different phases, several parameters of the generic software (supplied with AN1083) have to
be taken into account. These parameters will need to be modified, depending on the motor be-
haviour. In this application note, we will explain the role of each of these parameters and the
steps you need to follow to define the correct start-up parameters for your own motor.

Related Documentation

AN1082: Description of the ST72141 Motor Control Peripheral

AN1083: ST72141 BLDC Motor Control Software and Flowchart Examples

AN1129: PWM Management for Permanent Magnet DC Motor Drives using the ST72141
AN1130: Brushless DC Motor Drive with ST72141

Note: Contact STMicroelectronics for detailed technical information on startup algorithms for
compressors (most leading manufacturers supported).
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BLDC MOTOR START ROUTINE FOR THE ST72141 MICROCONTROLLER

1 PREPOSITIONING PHASE

In sensorless mode, the position of the rotor before starting the motor is not known. A prepo-
sitioning phase is needed in this case either to determine the position of the rotor or to place
it in an known position. With the ST72141, we use the prepositioning phase to place the rotor
in an known location. This prepositioning phase is done entirely by software.

1.1 CONFIGURING THE PREPOSITIONING STEP

Inthe ST72141, the motor control is based on a six-step drive with a standard triple Half bridge
(see Application Note AN1130). Figure 1 shows the six-step drive.
Figure 1. Six-Step drive
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We see in Figure 1 that the six-step drive consists of a sequence where each winding is not
energized at 2 times in the sequence. When a winding is not energized, it allows us to read the
information needed (see Application Note AN1130). The step configuration sequence is
(T1,T4), (T1,T6), (T3,T6), (T3,T2), (T5,T2), (T5,T4).

During the prepositioning phase, we want to put the rotor in a specific, known position. So,
throughout this phase, we will keep a constant current direction in the windings to make the
rotor move to the desired position.

In order to reduce the oscillations of the rotor when approaching its starting position, we apply
current to all the windings. This means that all the windings will be energized during the prep-
ositioning phase. This will be an intermediary position between two of the six step positions.
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BLDC MOTOR START ROUTINE FOR THE ST72141 MICROCONTROLLER

During the prepositioning phase, the T1, T4 and T6 switches are switched on. This means that
when we will apply a current in this configuration, it will be positive in phase A and negative in
phases B and C with half of the phase A value. This will bring the rotor to the intermediary po-
sition shown in Figure 2.

Figure 2. Rotor Start position
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So, switching on T1, T4 and T6 will bring the rotor to the position shown in Figure 2 as soon as
a current is applied. Since this position is known, you can then start the motor in the right di-
rection with the correct step configuration for the starting ramp table (see Section 2).
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BLDC MOTOR START ROUTINE FOR THE ST72141 MICROCONTROLLER

1.2 PREPOSITIONING CURRENT RAMP

In order to bring the motor from its initial position (unknown by the user) to the prepositioning
position, we will apply a current associated with the prepositioning step configuration
(T1,T4,T6). Instead of applying a constant current value directly and waiting until the rotor ar-
rives at the start position, we apply a progressive current level for a long enough time to bring
the rotor in the desired position. Depending on its inertia, the rotor needs a certain level of cur-
rent to move. Applying a strong current level directly to the rotor will make it move too quickly
and this will make it oscillate around its final position. That's why it is better to apply a progres-
sive current level using a prepositioning current ramp. This ramp is made up of a certain
number of steps, each step has the same length (this will give the prepositioning phase length)
and each step has a corresponding current level. Figure 3 shows a waveform example of a 25-
step current ramp, each step is 30ms long. This means a prepositioning phase of 750ms
(30*25).

Figure 3. Prepositioning current ramp
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The reference current or the reference voltage (depending if the motor is in current mode or in
voltage mode) is given by the Timer A PWM signal (see Application Notes AN1130 and
AN1082). This reference is represented by the Y axis in Figure 3, it is given by the duty cycle
of the PWM signal. At a fixed PWM signal frequency, increasing the duty cycle will increase
the reference. In this case, what will happen in the prepositioning phase, is that 25 times for a
30ms period, a different current level is applied with the same step configuration T1, T4 and
T6. During this phase, T4 and T6 are switched on and the PWM signal is applied on T1 (see
Application Notes AN1130 and AN1082 for the PWM signal application). The combined action
of a constant step configuration and a progressive current ramp will bring the rotor into an in-
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BLDC MOTOR START ROUTINE FOR THE ST72141 MICROCONTROLLER

termediary position, the start position (Figure 2). This position is known by the user and the
start sequence of the motor can begin.

Depending on the motor, a longer or a shorter prepositioning phase is heeded. This is pro-
duced by defining a smaller or greater number of steps in the current ramp or making each
step longer or shorter. The current level at each step and the ramp waveform also need to be
modulated according to the motor. A low level at the end of the ramp may not be sufficient to
make the rotor move and if the level is too high, it may cause the rotor to oscillate around the
start position. Some motors will need a ramp with an exponential waveform, others a linear
waveform. Several tests are needed to determine the best ramp for the motor, they consist of
applying different ramps and examining the rotor behaviour. Figure 4 shows what is seen with
a current probe on phase A of the motor during the prepositioning phase when applying the
ramp in Figure 3.

Figure 4. Current in phase A during the preposition phase

‘tirst sJep in : :
e Tramp ! ]
" “table” \+ |

T 11,10 | |
A ' |
C “wmmwmmuummmmmmm\\muuuuummmummmmmmumu\\ummumuumuu\\muummmmmuMmumuuummm\\MmmmmmwmM\HHHMHHHHH 1 I 1
Preposition phase (T1, T4, T6) Pi i
T I I

A |

L 1s288n 0 STOPPED

We see in this figure that the current is applied progressively to the motor. The progression is
linear. At the end of the prepositioning ramp, there is a current of 2 Amps in the motor.
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BLDC MOTOR START ROUTINE FOR THE ST72141 MICROCONTROLLER

2 STARTING RAMP TABLE

Once the rotor is in its start position, we apply a starting ramp table to the motor. The purpose
of this ramp table is to accelerate the motor in order to detect the back-EMF zero-crossing in-
formation as soon as possible to in order to be able to switch to auto-commutated mode (see
Application Note AN1130). This ramp table is made up of consecutively decreasing step times
that are applied to the motor. Several conditions, set by the user and needed by the microcon-
troller, have to be met to allow the motor to enter auto-commutated mode. The purpose of this
section is to list the different parameters corresponding to the different conditions that apply in
the starting phase of a BLDC motor controlled with the ST72141 and to explain their influence
on the motor behaviour.

2.1 STARTING IN THE RIGHT DIRECTION

The six-step drive consists (as shown in Figure 1) of a succession of six different step config-
uration. In Figure 1, the step configuration sequence is:

step 1. switches T1 and T4
step 2: switches T1 and T6
step 3: switches T3 and T6
step 4. switches T3 and T2
step 5: switches T5 and T2
step 6: switches T5 and T4

Then the process goes back to step 1 etc....

This step configuration sequence will make, in our case, the rotor turn in the anticlockwise di-
rection after the prepositioning phase. Figure 5 shows two different rotor positions corre-
sponding to two different step configurations starting from the prepositioning position.

Figure 5. Two different rotor positions corresponding to two step configurations
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We can see in Section Figure 5 that starting from the initial position with the T1, T4 step con-
figuration makes the rotor turn clockwise. With the step configuration sequence defined in the
software and listed above, our motor is intended to turn anticlockwise in the application so the
first time we need to begin the sequence with the second step configuration which is T1, T6.
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This step configuration, as shown in Figure 3, makes the motor turn anticlockwise from the in-
itial position.

If the motor had to turn clockwise in our application, the first step configuration would have
been T1,T4 in the starting ramp and the step configuration sequence in the six steps principle
would have been inverted.

You need to modify this parameter if the initial position of the motor is different from the ex-
ample given above, and some thought is required to determine the correct first step configu-
ration to apply after the prepositioning phase.

4
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2.2 THE CURRENT LEVEL DURING THE STARTING RAMP

A specific reference current or voltage can be applied in the starting ramp table to accelerate
the motor. This specific reference can be totally independent from the reference applied to the
motor and chosen by the user when the motor is in auto-commutated mode. This current or
voltage level during the starting ramp is chosen by the user and is set by software. Once
again, as itis the case during the prepositioning phase and in auto-commutated mode, the ref-
erence is given by the Timer A with a PWM signal (combined with the internal clock signal in
current mode). See Application Note AN1130.

At low speed, the back-EMF signal is weak and so harder to detect, applying a quite strong
level of current during the starting ramp makes the back-EMF signal stronger and easier to de-
tect at the zero-crossing event.

To avoid a surge of current at the beginning of the starting ramp after the prepositioning
phase, it is better that the current level at the end of the prepositioning ramp is close to the cur-
rent level during the starting ramp table. Figure 6 shows the prepositioning phase and the
starting phase of the motor seen in the phase A with a current probe on an oscilloscope. This
figure has been obtained with the prepositioning ramp shown in Figure 3 and a PWM duty
cycle of 45% in current mode for the current level during the starting ramp.

Figure 6. Prepositioning phase & starting ramp table in current mode (45% duty cycle)
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We can see in Figure 6 that the current level at the end of the prepositioning phase is the same
as the one applied during the starting ramp table. This avoids a surge of current at the transi-
tion.
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2.3 START SEQUENCE PARAMETERS

The starting ramp table consists of applying consecutively decreasing step times to the motor
with a fixed current level for all the steps in order to accelerate the motor. The number of steps
in the ramp is software programmable, in our case, we have chosen a 38-step ramp table. In
all cases, if the motor arrives at the 38th step and has not yet switched to auto-commutated
mode, it is better to stop the motor and to start it again. In normal use, the motor switches to
auto-commutated mode after a few steps of the ramp table as soon as the detection of the
back-EMF zero crossing event is enabled by the software.

The start sequence of the motor is based on different parameters that can be set by software.
At first you can set the number of steps in the starting ramp table without enabling the detec-
tion of the back-EMF zero-crossing event (Z event). These steps (without Z detection enabled)
are referred to as Forced Synchronous Mode, described in detail in Section 2.3.1. Then, you
can set the number of consecutive Z events that have to be detected during the starting ramp
table in order to switch to auto-commutated mode (see Section 2.3.2). Finally you can set the
software demagnetization time during the starting ramp (see Section 2.3.3). The end of de-
maghnetization event is very important in the motor start sequence. The purpose of the next
two sections is to explain the role of these parameters on the start sequence of the motor.

2.3.1 Forced synchronous mode

During the first few steps at the beginning of the starting ramp table, the detection of the back-
EMF zero-crossing event (Z) is disabled by software. These steps with Z detection disabled in-
itially permit the motor to become stabilized, after these steps the motor will have accelerated
enough to have a measurable back-EMF sighal and zero-crossing event. Normally, the
number of steps with Z detection disabled is equal to 1 mechanical cycle of the motor = p elec-
trical cycles with p = number of motor pole pairs and 1 electrical cycle = 6 steps. It is not man-
datory to disable Z detection for the first few steps. Z detection can also be enabled immedi-
ately at the beginning of the starting ramp table but generally you will see that the conditions
for switching to auto-commutated mode are true only after a few steps. So, waiting a few steps
before enabling Z detection will avoid a parasitic detection.

If you choose to wait one mechanical cycle before enabling Z detection, you have to pay at-
tention to the fact that, depending on the number of motor pole pairs, this number of steps
without Z detection can be quite high, but it must not be too near to the total number of steps
in the starting ramp table. For example if you have a 10-pole motor, the number of steps
without Z detection will be 5*6=30 and if the whole starting ramp is made up of 38 steps, 30 is
too high, it has to be reduced. Otherwise, if Z detection is enabled only after 30 steps, you risk
arriving at the end of the starting ramp table without detecting enough Z events. The motor
won't switch to auto-commutated mode and will be stopped. This depends of course on the
number of consecutive Z events you want to detect before switching to auto-commutated
mode.
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On the other hand, if the number of steps without Z detection is too low, the motor will not be
stable enough before the first Z event detection.

2.3.2 Consecutive zero-crossing events

After Forced Synchronous Mode, zero-crossing event (Z) detection is enabled. You can set
the number of consecutive zero-crossing events to be detected by the microcontroller before
allowing the motor to switch to auto-commutated mode. This number is a very important pa-
rameter. If this number is too high like 4 or 5 consecutive zero-crossing events, the risk is that
the motor will finish the ramp table after the microcontroller has detected 2 or 3 consecutive Z
events but without reaching the target number of Z events needed to switch to auto-commu-
tated mode and the motor will be stopped at the end of the starting ramp. On the other hand,
if this number is equal to 1, the risk is that one event will be detected, then software enables
auto-commutated mode but the motor is not stabilized enough and in the first step in auto-
commutated mode, there will be no Z event and the motor will stop. Two or three consecutive
Z events are enough to allow the motor to switch to auto-commutated mode in a stable state.

2.3.3 Software demagnetization

During the start ramp, hardware demagnetization and software demagnetization are per-
formed on alternate steps. This means that in the steps where we wait for a falling edge of the
phase voltage signal for the end of demagnetization event detection there will be a software
demagnetization and in the steps where the end of demagnetization event will be a rising edge
of the phase voltage signal, there will be a hardware demagnetization. Each software demag-
netization time is equal to 1.25 times the hardware demagnetization time in the previous step.
This means that the software demagnetization time is directly proportional to the hardware de-
magnetization time. Avoid setting the factor too high because if the software demagnetization
time is too long, the risk is that the microcontroller won't see the zero-crossing event, espe-
cially during the start sequence where the signal is quite weak. On other hand, this factor has
to be greater than 1 to be sure that the end of demagnetization event really happened. Even
if we choose a software demagnetization, the time set for that event has to be long enough to
be appear like the corresponding hardware demagnetization event.

4
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2.4 APPLYING DECREASING STEP TIMES

The difficulty in defining the right starting ramp table for a motor lies in the fact that the se-
guence of decreasing step times must accelerate the motor enough to be able to detect a
zero-crossing event after Forced Synchronous Mode and still obtain the target number of con-
secutive events to switch to auto-commutated mode. In the same way as for the preposi-
tioning ramp, the waveform of the starting ramp table will depend on the rotor inertia and the
motor load. You can determine the best ramp table for a given motor by performing several
tests. Figure 7 shows a waveform example for a starting ramp table with 38 steps. 38 steps is
just an example, we have chosen this number for our software but you can set a higher or a
lower number of steps.

Figure 7. Example of a 38-step starting ramp table
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This starting ramp has an exponential acceleration. Some motors will need a linear accelera-
tion. The best way to find the right ramp table is to put a flag in the software on the zero-
crossing event detection and then to test several ramps and see the result on an oscilloscope
with the current signal on a phase to see the ramp table and a probe on the flag for zero-
crossing detection. When a ramp makes the rotor move and accelerates it enough to detect
several zero-crossing events and at least 2 consecutive events before the end of the ramp, it
is a good ramp for that motor. Figure 8 shows a view using an oscilloscope with a current
probe on the phase A and another probe on the flag for zero-crossing detection during a start
sequence.

4

12/18




BLDC MOTOR START ROUTINE FOR THE ST72141 MICROCONTROLLER

Figure 8. Starting ramp table and zero-crossing event overview
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We see 3 different phases in these waveforms in Figure 8.

First phase: The end of the prepositioning phase

Second phase: Forced synchronous mode (no zero-crossing event detection)

Third phase: Zero-crossing detection before switching to auto-commutated mode
The flag for the zero-crossing event in the software is set on the commutation event and reset
on the back-EMF zero-crossing event in this example.

4

13/18




BLDC MOTOR START ROUTINE FOR THE ST72141 MICROCONTROLLER

2.5 STARTING RAMP TABLE PARAMETER GUIDELINES

Three main parameters are important during the start sequence after the prepositioning
phase.

The number of steps in forced synchronous mode (no zero-crossing event detection)

The number of consecutive zero-crossing events before switching to auto-commutated mode

The starting ramp table waveform (application of decreasing step times)
Each of these parameters has an influence on the motor behaviour during the start sequence
and is software programmable.

The number of steps in Forced Synchronous Mode needs to be large enough to obtain a well-
stabilized motor. Too high a number, too close to the total number of starting ramp steps
number will result in finishing the ramp table without detecting enough consecutive zero-
crossing events to switch to auto-commutated mode.

The number of consecutive zero-crossing events is also very important. Too high a number
has the same effect as too high a number of steps in Forced Synchronous Mode, meaning that
we risk arriving at the end of the starting ramp table without detecting enough zero-crossing
events. Too low a number will cause the motor to switch too quickly in auto-commutated mode
with the risk that the motor stops because it is not stabilised enough.

The starting ramp table waveform has to make the rotor move and accelerate it enough to
allow the detection of the target number of consecutive zero-crossing events to switch to auto-
commutated mode.

Finding the best ramp table for the motor is achieved by performing several tests with an os-
cilloscope to see the waveform and the zero-crossing detection.

4

14/18




BLDC MOTOR START ROUTINE FOR THE ST72141 MICROCONTROLLER

3 SWITCHING TO AUTO-COMMUTATED MODE

At the end of the start sequence, once the microcontroller has detected the target number of
Zero-crossing events, it switches to auto-commutated mode. This switchover is very important
for the motor behaviour and once again, you have to pay a lot of attention to programming the
parameters. This is described in detail in the two following sections.

3.1 THE LAST STEP IN SYNCHRONOUS MODE

For example, if you have set a target of two consecutive zero-crossing events before switching
to auto-commutated mode, when the microcontroller detects the second one, it will memorize
that the motor is in its last step in synchronous mode (see Application Note AN1083). In the
generic software (supplied with AN1083), the last zero-crossing event detected before
switching to auto-commutated mode is centered in this step. You can place this event wher-
ever you want in the step because in synchronous mode, the step time is imposed and not
computed automatically like in auto-commutated mode (see Application Note AN1130).

Centering this last zero-crossing event on the corresponding step allows you to predict the
place where the next event will be. The step after this last step in synchronous mode will be
the first step in auto-commutated mode, we do not know where the zero-crossing event will
take place on this step but we are sure that there will be one. The time of this first step in auto-
commutated mode depends on when the zero-crossing event occurs because the delay will
be automatically computed, so, we do not know the step time of the first step in auto-commu-
tated mode. Centering the event on the last step in synchronous mode allows us to have a
step time in this step closer to the next step in auto-commutated mode than if we had not cen-
tered the event. Figure 9 shows what we can see on an oscilloscope when the switch to auto-
commutated mode occurs.
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Figure 9. Switching to Auto-commutated mode

Last step in synchronous mi:dﬁ—? First step in auto-commutated mode

I il

:
[ T
ooy I ity 4 iy [T
Zero-crossing events are ——
centered in the steps — |
R 20 ms 508V C 20 ms 2.0 A 0l STOPPED

We can see in Figure 9 that the last zero-crossing event is centered in the last step before
switching to auto-commutated mode.

3.2 THE FIRST STEP IN AUTO-COMMUTATED MODE

During the first step in auto-commutated mode, one parameter is very important, the delay
factor (see Application Notes AN1130 and AN1082). This parameter is the one used by the
microcontroller to automatically compute the delay between the actual zero-crossing event on
this step and the next commutation event. The operation to find the real delay done by the mi-
crocontroller is: 8-bit timer value* delay factor/32 (see Application Notes AN1130 and
AN1082). In auto-commutated mode, the timer contains the current step time value (this
means the time between 2 zero-crossing events) but in the first step in auto-commutated
mode, the timer contains the value between the last commutation event and the actual zero-
crossing event on the step. This because in synchronous mode, the timer is reset on a com-
mutation event and in auto-commutated mode, the timer is reset on a zero-crossing event. So,
because of this particularity, the delay factor in the first step in auto-commutated mode can be
different from the factor used later. This first factor value has to approximately center the zero-
crossing event. The unit of the delay factor is 1/32, so a delay factor of 32 will center the zero-
crossing event in the first step in auto-commutated mode. A delay factor of 8 will put the zero-
crossing event at 3/4 of the step.
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4 CONCLUSION: HOW TO PARAMETER YOUR MOTOR FOR THE START
SEQUENCE

The first parameter you have to set for the start sequence is the prepositioning ramp. This
ramp has to be tested in order to avoid the rotor oscillating when it is at the start position with
the initial step configuration. You have to apply enough current to make the rotor move but a
too high level of current during the whole ramp will induce oscillations.

Then, when you have fixed the prepositioning current ramp, the second parameter you have
to set is the starting ramp table with the level of current during this ramp table. The starting
ramp table has to accelerate the rotor enough to be able to detect the zero-crossing event of
the back-EMF signal. The level of current during this ramp will help to accelerate the rotor. You
can test several ramps with different current levels and connecting an oscilloscope with a cur-
rent probe on one of the motor phases will help you to see the behaviour of the motor.

Afterwards you set the conditions for the motor to switch to auto-commutated mode, this
means setting the target number of consecutive zero-crossing events. To set this number, it is
better to set a flag on a zero-crossing interrupt in the software and use an oscilloscope to see
how the detection of zero-crossing events appears throughout the whole ramp. To do this, itis
better at first to enable the detection of the zero-crossing events immediately at the beginning
of the starting ramp. This will allow you to see when there are 2 or 3 or more zero-crossing
events in the ramp and this will help you to set the number of steps without Z detection and the
target number of consecutive zero-crossing events before switching to auto-commutated
mode.

Switching to auto-commutated mode:

Once the starting ramp and the conditions for switching to auto-commutated mode are fixed,
there are two parameters that you have to set for auto-commutated mode. The start delay
factor in the first step in auto-commutated mode (this will determine the position of the zero-
crossing event detected in the first step in auto-commutated mode) and the delay factor for
auto-commutated mode after the first step. Be aware that they can have different values.

To set all the preceding parameters for your own motor will take some time. Each of them has
a specific role and this means you will have to perform several tests to determine the best
values for all of them. You will need to use an oscilloscope to carry out these tests, it will help
you understand the motor behaviour.

4
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Purchase of I2C Components by STMicroelectronics conveys a license under the Philips I12C Patent. Rights to use these components in an
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& littlediode

COMPOMENTS FOR ALL

Littlediode supplies new, hard to find or obsolete
el ectronic components and semiconductors all over
the world.

With over two million different components listed
you are sureto find the part you need.

Fedl freeto visit ustoday at our online store:

LittleDiode.com

L ooking forward to providing you with the best
possible service.

email: info@littlediode.com « LittleDiode.com


https://www.littlediode.com/

