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TBOMOO3FG
Example of 1-Shunt Sensorless Vector Control

Description

This application note introduces an example of 1-shunt sensorless vector control using the TBOMOO3FG.
The TBOMOO3FG is equipped with a Vector Engine (VE), which implements part of the vector control
processing in hardware. The VE helps reduce the software processing load required for 1-shunt
sensorless vector control.

By using the TBOMOO3FG together with our reference software, basic motor operation can be verified
through parameter adjustment alone.
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1. Overview of Vector Control Using VE (Vector Engine)

1.1. Principle of Vector Control

This chapter provides an overview of vector control using our proprietary Vector Engine (VE).

In vector control, motor currents are decomposed into Id, the component contributing to magnetic flux
generation, and Iq, the component contributing to torque generation.

These components are controlled independently, resulting in improved controllability and enabling highly
efficient motor control.

Here, the d-axis and g-axis refer to coordinate axes that rotate synchronously with the rotor.

Pole position
(Phase from U phase to magnetic pole)

a axis

U-phase winding direction

Id: d-axis current
(reference)

Iq: g-axis current

Figure 1.1 Coordinate Axes in Vector Control

1.2. Configuration of Vector Control

The configuration of vector control is shown below.

The VE installed in the TBO9MOO3FG handles part of the vector control processing on behalf of the CPU.
Since the VE can freely select the arithmetic processing to execute from a set of predefined tasks, it
enables various types of control in combination with the user’s own software.
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Figure 1.2 General block diagram for realizing FOC
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Figure 1.3 Block Diagram to Realize Vector Control Using the VE

1.3. Main Features of the VE

The features of the VE are as follows:

The TBOMOO3FG combines a low-cost CPU with slower processing and the VE, achieving both versatility
and processing speed.

This configuration enables high-speed processing with a control cycle of 50 us, even when using a low-
cost CPU.

The software is
fully customizable

Toshiba Electronic Devices & Storage Corporation

high 50us
g TBIMOO3FG (Control Cycle)
The parts that i
require flexibility TBOMOOZFG — i
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2 Processing '
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Figure 1.4 Features of VE Figure 1.5 Comparison of processing time for
motor control
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1.4. VE Task

An example of the task execution flow in VE is shown below.
In VE, a series of arithmetic processing for vector control are organized into tasks.

Users can select tasks as needed. And since it is also possible to integrate the user's software, highly
flexible motor control tailored to the application can be achieved.

User processing
(Position estimation, etc.)

CPU
$ 4 Starting a Specified Program Task
nput [ o [input Axis] " P current | SIN/COS [ (OUPE T OUPUE T oyrpue | Trigger
prme;‘s'”g Phase Conv| trans. control [Operationd

Axis trans. | conv.a  |Control2  [generation
|

]
I f
Input Processing Tasks Output Processing Tasks

Figure 1.6 Example of Task Execution Processing Flow

User
Processing
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Figure 1.7 Example of Task Execution Processing Flow (Task Selection for Position Estimation)
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Figure 1.8 Example of Task Execution with User Software Integration
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2. 1-Shunt Current Sensing
2.1. Current Sensing Method

This section explains the overview of current sensing.
Vector control requires information about motor current. The following methods are commonly used for
current sensing. The TBO9MOO3FG supports the 1-shunt method.

Table 2.1

Current Sensing Method

Current Sensing Method

3-Shunts Method

1-Shunt Method

Current Measure the voltage at both ends Similar to 3-shunts
Sensing Magnetically senses current of the shunt resistor, (Circuit configuration is 1/3 of 3-
Method Getting the current shunts)
Current Restricted Restricted
Sensing No constraints (Only when overmodulated (There is a period when current
Constraints controlled) cannot be sensed)
Cost High cost Low cost Low cost (1/3 of 3-shunts)
71 13 83 Y ARE A 3 R B3
AATYY Vi { Motor { Motor
Circuit | Vo=l it @ = i FO el | O
configuration| | JE} JE} JE} J i i | |
(example)
s—— |

2.2. Shunt Method — Current Sensing Timing

The current sensing timing for the 3-shunt and 1-shunt methods is shown below.

To reconstruct the motor current from the voltage generated across the shunt resistor, it is necessary to
sense the current of two phases within one PWM (Pulse Width Modulation) cycle. The current of the
remaining one phase can be calculated based on the fact that the sum of the three-phase currents is zero.
In the 3-shunt method, the current sensing timing is always consistent.
On the other hand, since the 1-shunt method uses only one shunt resistor, the timing for current sensing

must be adjusted accordingly.

3-Shunt Method

PWM Cycle

Carrier waveform (triangle wave)
U-phase PWM signal

\

.

/

o

V-phase PWM signal | — [

W-phase PWM signal
Current Sensing Timing

1-Shunt method

[

ol

PWM Cycle

)

V phase,

Carrier waveform (triangle wave)

U phase, W phase

Always at a fixed current sensing timing
Current sensing is possible

U-phase PWM signal LI ]

V-phase PWMsignal | | —s] I - - |

W-phase PWM signal J_? T J%’ii —

Current Sensing Timing W phaste T Short duration T If phase
U-phase N‘:::ﬁ;'i;]'j”" W phase

Figure 2.1

)

* Itis necessary to change the timing of
current sensing.

- Current sensing is difficult when the
pulse width difference is small or the
voltage command is small.

Switching Signals of Each Phase and Current Sensing Timing
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2.3. Issues with the 1-Shunt Method

The following describes the issues in current sensing using the 1-shunt method.

In the 1-shunt method, there are periods ((1) and (2)) during space vector modulation when current
sensing is not possible.

During these periods, it becomes impossible to sense the two-phase currents required for vector control
within a single PWM cycle.

Iy
V3(010) PT  wv2(110) period (1)

- Prrd Current sensing is not possible due to the
short duration of any of the two voltage
— | vectors except V0O and V7
— Current sensing is not possible due to

V40 1 1)/ 2

'\"'(3 small pulse width difference
—_ J/v1 (1 00)
g — /'
VO(0 0 0) 3 \ Period (2)
V7(111) \ | The short duration of the two voltage

204 vectors, except VO and V7, makes current
V5(0 0 1) “V6(101) sensing impossible
— Current sensing is not possible due to
small voltage commands

Non-current
sensing

Figure 2.2 Spatial vector transformation method (definition of voltage vector VO to V7, sector 0
to 5)

Voo

|
I
|
IEJ
B
IFT

Figure 2.3 Current path in the case of V1

2.4. Overview of Shift PWM

This section explains the overview of Shift PWM.

In the 1-shunt method, to ensure a sufficient period for current sensing, VE is equipped with two types of
Toshiba-original Shift PWM functions.

With Shift 1 PWM, the current sensing timing is automatically set by VE.

With Shift 2 PWM, the user sets a fixed current sensing timing. However, in the case of Shift 2 PWM,
adjustments may be necessary depending on the motor and operating environment.

3-phase modulation 2-phasemodulation Obtained by AD conversion
§ [ e | ‘ 2(110) Mator current
I
3 r l ~ A oY ‘/ﬂ r’/ i
g 10100) | ]‘ N
= (1\"1%?\;;'_ Short 1-phase ON time
(100)
Shift 2PWM Shift 1PWM
B Obtained by AD conversion
5 |
/[ 301 0) () Motor current

Shift PWM

— I = [
m SOA
<57 = V11 00)

(010) (100) Long 1-phase ON time

Figure 2.4 Normal PWM and Shift PWM
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2.5. Current Sensing in 1-Shunt Method

The relationship between PWM mode and current sensing level is shown below.

The TBOMOO3FG supports only the 1-shunt method.

By configuring parameters related to the PWM mode, the system automatically switches to a PWM mode
with a high current sensing rate, enabling 1-shunt sensorless vector control.

Table 2.2 Image of Current Sensing Levels for Each PWM Mode

Current Sensing
Current Level
Sensing PWM Mode Remark
Method f Current sensing timing Modulation Index
L «—— 3 H
—1 The current sensing
Normal | | I__I"' E M rate decreases at
Z Z 33 Z low and medium
modulation rate.
j — The current sensing
1-shunt shift1 | —1——— rate decreases at
' 7 S— low modulation
rate.
— The current sensing
. 1 rate decreases at
Shift2 | — [ ) medium and high
44 modulation rate.
| I_I_'_l_l : The current sensing
3-shunts | Normal | : ; rate is always
! ! e 100%.
Current
Sensing
Q '1[][]%“ .. p7ohunt Level
@ H
=
w
T 60%
o
z
L]
& 20%
L]
0%

Modulation rate

Figure 2.5 Relationship between PWM mode and current sensing rate
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2.6. Example of Operating Waveform

The following shows an example of operating waveforms for 1-shunt sensorless vector control using the

TBOMOO3FG.

The waveforms illustrate the behavior when the speed command is varied (i.e., when the modulation
index changes).By switching the PWM mode, current sensing is possible regardless of the modulation
rate. The current error sensing flag indicates the period during which current sensing is not possible.

Current sensed during this period is not used for control.

Modulation rate
PWM mode

U-phase PWM signal
V-phase PWM signal
W phase PWM signal

False Current Flag

U-phase sensing current -J

Middle High
i : Normal PWM
Shift 2PWM “Shlft1PWM . (3-phase modulation)
________ iy Py
e “‘L“‘“ L m&.—.—.

U-phase real current

o Zoom)

© O B2ISEPE

SR RLELLLLLELE

it P TN g P

Figure 2.6 Operating waveform when changing PWM mode
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Notes on Contents

1. Block Diagrams
Some of the functional blocks, circuits, or constants in the block diagram may be omitted or simplified

for explanatory purposes.

2. Equivalent Circuits
The equivalent circuit diagrams may be simplified or some parts of them may be omitted for

explanatory purposes.

IC Usage Considerations

Notes on Handling of Ics
(1) The absolute maximum ratings of a semiconductor device are a set of ratings that must not be
exceeded, even for a moment.

(2) Use an appropriate power supply fuse to ensure that a large current does not continuously flow in
case of over current and/or IC failure.
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Points to Remember on Handling of ICs

(1) Over current Protection Circuit

Over current protection circuits (referred to as current limiter circuits) do not necessarily protect
ICs under all circumstances. If the Over current protection circuits operate against the over
current, clear the over current status immediately.

(2) Thermal Shutdown Circuit

Thermal shutdown circuits do not necessarily protect ICs under all circumstances. If the thermal

shutdown circuits operate against the over temperature clears the heat generation status
immediately.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

o TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's
written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for
complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which
minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to
property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the
Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information,
including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and
conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product
will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited
to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the
applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any
other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation,
equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment,
equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or
explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE,
TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our
website.

¢ Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

e The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2)
DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR
INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for
the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass
destruction weapons). Product and related software and technology may be controlled under the applicable export laws and regulations
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export
and re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and
regulations.

o Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please
use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including
without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT
OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

Toshiba Electronic Devices & Storage Corporation
https://toshiba.semicon-storage.com/
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