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Conventions used in this document

Numerical Values
Hexadecimal number: OxABC or Oh12F

Decimal number: 123 or 0d123 (explicitly indicating the decimal numbers)
Binary number: 0b111
Signals

Active low signals are indicated by a _N at the end of the signal name. Example: RESET_N.

Assertion of a signal shall mean its activation (transition to the active state). De-assertion of a signal shall
mean its deactivation (transition to the inactive state).

Bus signals are indicated by [x:y] at the end of signal name. Example: DATA[3:0] indicates a four bit bus
with the individual bus signals DATA[3], DATA[2], DATA[1] and DATA[O].

Registers
Register names are indicated by square brackets [...]. Example: [ABCD].

Two or more of the same kind of registers, fields, and bit names are collectively referred to by using a
numerical suffix n. Example: [XYZ1], [XYZ2] and [XYZ3] are collectively referred to as [XYZn].

The bit width of a register is expressed as [x:y] where x is the number of the most significant bit and y is
the number of the least significant bit. Example: [XYZ][3:0] indicates a four bit-wide register named XYZ.
The configuration value of a register is expressed by either a hexadecimal number or a binary number.
Example: [ABCD].EFG = 0x01 (hexadecimal), [XYZn].XY = 0b1 (binary).

The following definitions apply for Bytes and Words:

Byte 8 bits
Half Word 16 bits
Word 32 bits

Double Word 64 bits
Unless specified otherwise, registers support only word access.

Register which are indicated to be reserved must not be rewritten. The read value from reserved
registers must not be used.

Properties of each bit in a register are expressed as follows:

R Read only

w Write only

W1C Write 1 Clear; the corresponding bit is cleared (=0) when "1" is written to this bit.
WA1S Write 1 Set; the corresponding bit is set (=1) when "1" is written to this bit.

R/W Read and Write are possible.

R/WOC Read/Write 0 Clear

RW1C Read/Write 1 Clear

R/W1S Read/Write 1 Set

RSWC Read Set/Write Clear; set after read operation, cleared after write operation.
Reading from register bits having a default value of "—" will result in an unknown value.

In case of write accesses to registers containing both read/write (R/W) and read-only (R) bits, the
read-only bits shall be written with their default value. If this default is "—", follow the instructions of each
register.

Reserved bits of Write-only (W) register should be written with their default value. If this default is "—",
follow the instructions of each register.

© 2021 - 2022 7 2022-12-01
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1. Introduction

The TOSHIBA 3-Phase Motor’s Vector Control Solution has two main components:

. A highly scalable and fully configurable Motor Control Firmware designed for the TMPM4K series
MCUs, featuring Field Oriented Control (FOC) of up to three motors.

. The “MCU Motor Studio” PC Tool for Microsoft Windows, is utilized for parameter configuration,
drive control and real-time logging of various motor parameters in a high-speed Digital Storage
Oscilloscope fashion.

- /

_——

“MCU Motor Studio”
PC Tool

X

Command
Protocol
StartMotor
StopMotor
TorqueFactor
SpeedChange
Rotation
SetParameters
GetMotorState

UART

Motor Control Firmware

Application Layer
API '

Motor Control Layer fn
3l

1=

o

]

_ o
_- lL l
5 i
_ Ll

self-containing application (from Flash) or |

external control via a command I/F

Motor control core functions, e.g. speed,
torque, position control accessing VE,
PMD, ENC, ADC

Board specific functions are abstracted

here

Adaptions to different CMSIS “styles” and |

drives for VE, PMD, ENC, ADC

Provided by TDSC for each MCU
series (various “styles”)

Figure 1-1 TOSHIBA 3-Phase Motor’s Vector Control Solution

The main scope of this document is to describe the “MCU Motor Studio” PC Tool for Microsoft Windows,
its features, components, configuration and usage.

All statements made in this guide are based on version 3.10 of the Motor Control Firmware and version,
4.1.0 of the “MCU Motor Studio” PC Tool. Minor differences in the configuration and the PC tool’s look &
feel are possible depending on the versions used. However, all operation principles remain unchanged.

The terms “MCU Motor Studio” and “PC Tool” as used throughout this document are referring to one and
the same software entity and are fully interchangeable.

The next chapters will detail the functionality, the layout, configuration and usage of the “MCU Motor

Studio”.
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2. Main Features

“MCU Motor Studio” was designed as a Tool for configuration and external control of the M4KXx series of
MCUs. The table below summarizes its main characteristics and all supported features. Some of these
are only available for particular firmware versions/configurations. Such limitations are strictly enforced by
the concrete hardware platform, the used MCU and the particular configuration of the firmware that is
executed on each platform.

Every single feature is fully implemented and tested for at least one platform/configuration and is
therefore applicable to all others if supported by the underlying hardware:

Table 2.1 “MCU Motor Studio” Main Features List

“TOSHIBA MCU Motor Studio” Feature List
Motor Drive Control Speed / Torque / Position (per channel)

Sequential Command List Execution / Wait Stage Support
Sequencer PC tool Layout Control

Sequence Save / Recall / Clear

Board Information Base & Power Board Configuration / Versioning Information / Supported Features
Parameter Configuration Run-time Motor / Encoder / Board / Pl Regulator / System (limitations apply)
Statistics Up to 4 fixed parameters (Speed, Torque, Current)

Up to 3 channels individually with optional CSV logging of the selected parameters
Scalable Timeline / Manual Zoom
Status Information / DC Voltage / Temperature / Errors

Layout Configuration Save Current View / Restore Default View

Motor Parameter Configuration | Configuration Save / Recall from XML
Export to C Header file for Firmware inclusion.
NVM (EEPROM/Flash) Save/ Recall (in future releases)

Sensor-less Position Control Advanced Software Positioning / Advanced Turn Control

Sensor Position Control Linear Motion Control

Application Control Demo Control

DSO /HS-DSO Logging of up to 8 parameters with scalable spread factor

Built-in Calculators Current Sensitivity / Voltage Sensitivity / Pole Pairs / Single Phase Impedance
Supported MCU Devices M4Kx

Supported OS Microsoft Windows 10.x

Supported Languages English / German / Japanese

Not all of the features can be configured and used simultaneously on any of the family members. It is all
dependent on the available memory and in some cases may require optimization of the task footprint.

© 2021 - 2022 9 2022-12-01
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3. Set-up

3.1. Requirements

3.1.1. Supported platforms

The application is built to run exclusively on Microsoft Windows based platforms (Microsoft Windows
10 32/64-bit OS).

3.1.2. Disk space
5MB of free disk space is needed for the typical installation package.

12MB of free disk space is needed for the application. Please allow some more disk space for the log an
configuration files that can be generated during the normal operation.

3.1.3. Memory usage
The minimal amount of RAM required to ensure normal operation in all possible cases is 128MB.

3.1.4. Connectivity

At least one free Serial or USB port for the protocol communication (via the assigned COM port) is
required. A second one might be needed given the optional HS-DSO communication will be used.

3.1.5. Additional Software Components

“MCU Motor Studio” is a .NET framework-dependent published application. It does not include the .NET
runtime and libraries, just the executable and all third-party components it is utilizing.

If the needed .NET resources are not pre-installed, a dedicated set-up program will be automatically
started. It will attempt to download and install the missing prerequisite components. In such cases the
user shall ensure there is active Internet connection and the access to the component vendor’s websites
is permitted.

Alternatively, an offline installation of the required .NET 3.5 SP1, .NET 4.0 Client Profile and Microsoft
Windows® Installer 3.1 packages can be performed prior to the “MCU Motor Studio” installation.

3.2. Package Content
The installer package contains “MCU Motor Studio.msi” - the Microsoft Windows® installer.

<« HostApplications » Windows » Installer v O Search Installer
Marne Date modified Type Size
‘ﬁ! MCU Motor Studic 2/11/2022 2:39 PM Nindows |nstaller ... 1,413 KB

Figure 3-1 Installation package content

3.3. Detailed Guide
3.3.1. Precautions during installation

Please note below precautions during installation,

1. Do not attempt to install from a network drive or removable media. The installation package has to
be copied to a local drive.

2. Please ensure that the installer has valid Code Signing Certificate.

3. It is recommended to use small path names during installation, please avoid the use of special

characters as directory names.

© 2021 - 2022 10 2022-12-01
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No ok

executing it.

o

Multiple instances or various versions are not supported.
Please un-install any previous versions of “MCU Motor Studio”, if already installed.

When executing the installer, make sure that no suspicious files exist in the same directory.

When executing the installer, copy the files to a newly created temporary directory before

It is recommended that you do not leave files downloaded from external sites in the download

directory. For example, if you download a crafted DLL file without knowing it, and then download
the installer and run it, you will run the installer with the crafted DLL file in the same directory, which

is dangerous.

In case user attempts to install “MCU Motor Studio” when software is previously installed the following
error message will appear:

3.3.2. Installation steps

5 MCU Motor Studio - X

Welcome to the MCU Motor Studio Setup Wizard A

Select whether pou want to repair or remove MCL Motor Studio,

(®) Repair MCU Motor Studio
() Remave MCU Matar Studio

< Back Cancel

Figure 3-2 Application installation failure window

Execute “MCU Motor Studio.msi” - the Microsoft Windows® installer — please ensure user has admin
privileges prior to the installation.

ﬁ_%l MCU Meotor Studic 23-07-2022 11:38 Windows Installer ...

2,443 KB

Select Installation Folder |

The installer will install MCU Mator Studio ta the following Folder.

Tainztall in this folder, click "Mext”. To install ta a different falder, enter it below ar click "Browse".

FEalder:
C:“Program Files\Toshiba\MCU Motor Studio' Browse...

Dizk Cost...

Imstall MCU Motar Studio for yoursef, or for anyone wha uses this computer:

(O Everyone
(®) Juzst me

< Back Cancel

15 MCU Motor Studio - X

Figure 3-3 Installation window
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Please ensure that the installer file is digitally signed using a valid Toshiba certificate by clicking on
‘Show more details’.

User Account Control pod

Do you want to allow this app to make
changes to your device?

B- MCU Motor Studio.msi

Verified publisher 2T\ A&A L -J#A &4
File origin: Downloaded from the Internet

Show more details

Yes MNo

Figure 3-4 Digitally signed installer message window

3.4. Install MSI from command line with Administrator

The MCU Motor Studio installation using command prompt with Administrator.

In case user faces any issues during normal installation process, please try command prompt based msi
file installation, below is the procedure.

¢ Right click on Windows Start, choose Command Prompt (Admin)
e |n the command prompt, input “msiexec /i “path\MCU Motor Studio_64bit.msi*”
o Press Enter to start the install process.

Command Prompt
App

= Open

L3 Run as administrator

Figure 3-5 Install from Command Prompt

3.4.1. Initial configurations

After successful installation “MCU Motor Studio” will be automatically started and an initial configuration
will be prompted. You need to have a supported platform already powered and connected to one of the
COM ports. Please select the correct COM port and confirm:

© 2021 - 2022 12 2022-12-01
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BEp. — a pad

Please choose UART:

COM4
COM3
COMB6

| Auto detection |

| Demo mode |

| O |

Figure 3-6 Initial COM port selection

The Tool features Auto Detection mode. If selected all available COM ports will be scanned in
ascending order, attempting to establish communication with the attached board. The process may be
rather slow, depending on the number of ports in the system. It is strongly recommended to have the
platform powered and connected to the PC with any required USB to Serial bridge driver properly
installed prior to any connection attempts.

The last used COM port will be memorized and used the next time the Tool is started. The COM port
section window will only be prompted again, if the attempted connection cannot be established.

Next you shall select the motor channel you would like to start with. The prompt will be presented even if
only one channel is configured and usable on the platform that is currently connected, given the MCU is
capable of driving more channels.

| Ok |

Figure 3-7 Initial motor channel selection

The last used channel will be memorized and used at the next start. The channel selection will be
prompted again, only if the channel is not available, typically as different platform with different
capabilities is connected.

You are ready to start using the powerful PC tool and dive into the intriguing world of Toshiba’s Motor
Control Solution. Welcome to “MCU Motor Studio”!

3.5. De-installation

There are several cases where the application has to be completely removed:

New “MCU Motor Studio” version is available and shall be installed — in that case the user needs to
remove the previously installed one.

The current version is to be re-installed — very unlikely, but in some cases this might be one of the first
trials to resolve issues with the application.

The application if is not needed anymore — although it is very tiny, sometimes a clean-up is needed.
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The removal is very easy and follows the Microsoft Windows standard approach. From Control Panel ->
Programs select “MCU Motor Studio” in the list (as illustrated below), hit Uninstall and confirm the
removal with OK:

Organize Uninstall  Change  Repair

Mame Publisher Installgd On  Size Version
B MCU Motor Studio Toshiba 25-07-2022 2Z73MB 4.0
& Google Chrome 103.0.5060.134
Programs and Features
B3 Adobe Reader X1 (11.0.23) 0ME  11.0.23
Mi ft Ed 103.0.1264.62
e ?crosn g€ ) I Are you sure you want to uninstall MCU Motor Studio?
& Microsoft OneDrive & 5MB  22.131.0619.0001
wMicrosof'tTeams 0MB  1.5.00.17656
K2 Keil pvisiond L] Inthe future, do not show me this dialeg box Yes 3.242.0
*E Windows Driver Package - KEI 08/29/2013 1.0.0.3

Figure 3-8 “MCU Motor Studio” de-installations

After restart all “MCU Motor Studio” related files and folder shall be completely removed. Typically, there is
no need to perform any manual deletion of any empty folders and/or files, unless you have specified
different location for storing auto generated files, such as logs, parameter configuration files, sequences, etc.
It is assumed in this case that the user may want to keep these and therefore these are not automatically
removed.

4. Detailed PC tool Description

4.1. Main window
4.1.1. Overview

The tool comes with a default layout that orders most common controls assuming standard application
with selectable speed/torque control of three motor channels, system and board information panels,
DSO monitor and no advanced features like position or demo control:

BE MCU Motor Studio
File View MotoriD Calculators Language Help

Statictics 0

|papeter -1 ~ 1_x WSpeed and Torgue Contr... > 1 X
;"" Mator ID: 0 MotorlD: 0 Motor ID: 0
; 4 Motor parameters ControlMethod | Speed -
g 3 [ == Target Speed [RPM] el
S0 polepairs =) 9=t op
0.5 | == Actual Speed [RPM] Start Logging Speed [RPM]
w Direction Counterclockwise only q | == Actual Torque [Nem]
E = == Actual Current [mA] e £
g Max. angular acceleration 33 radi# v n T e Show DC link voltage o
Bl rorquetactor 35| mmia ) 01 02 03 04 05 06 07 08 09 - [¥] TargetSpeed [V] Actual Speed 234V
- S ——
Resistance a0 ma v Statictics | v X
Inductance EE T MotorlD: 1
» Speed and Torque Contr... ¥ 1L X
Speed limit a0 rem v
= = Target Speed [RPM] Cx Motor ID: 1
Speed ch 2000 RPM ¥
peed change 0.5-3 | = Actual Speed [RPM] Start Logging ControlMethod | Speed v
Position delay 200 ms ¥ 3 | = Actual Terque [Nem]
~ 3 | = Actual Current [mA] .
g start 1500@ mA v o i e o Show DC link voltage Speed [RPM]
et o= . ) 01 02 03 04 05 06 07 08 09 - [] TargetSpeed [J] Actual Speed 00V 7 7
s mh v
Iq limit 1900 mA v Statictics 2 X 0
Motor name ACT42BLFO1 3sh OPA
== Target Speed [RPM]
4 Encoder parameters 0.5 | == Actual Speed [RPM)] Start Logging Speed and Torque Contr.. ¥ I X
Encoder type No encoder = Actual Torque [Nem] Motor ID: 2
w3 | e Actual Current [mA] ]
Encoder minimal position o Tl s B B Show DC link voltage ControlMethod | Speed N
) 0102 03 04 05 06 07 08 09 - Target Speed Actual Speed oV
Encoder start position 15000 5] g — M
Speed [RPM]
Enceder maximal pasition 30000 ] DSO b} . N
Approach speed 10 E Sazrls U 0
Encoder Receiver Encoder singleEnded Receiver Srrlaal) TR
Uplosd | [ Download Spread | Tick duration 006 ms  Duration --- s DSO
Figure 4-1 Default window layout

X

The current (working) layout can be changed and adopted to the actual needs or even extended with
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more control windows to the full convenience of the user. Any changes in the layout are temporary and
valid for the current working session only. Those can be made permanent, memorizing them via
File->Layout->Save. In this case the last stored layout will be used during the next start-up sessions,
until new one is memorized or the default one is recalled.

The default layout cannot be overwritten or altered in this or any other fashion. It can only be recalled at
any time via File->Layout->Reset.

4.1.2. Layout Control

Every window has three distinctive pictograms located in the top right corner, as illustrated with the
example below:

Board infos v 82 X

Figure 4-2 Default window layout

These have the following function:
drop-down arrow — select further visualization options Float, Show, Hide, Auto Hide or Dock

¥

pin — to automatically dock the window on the left top side

X — to close/hide the window

if

BE MCU Motor Studio
File View MotorlD Calculators Language Help

Statictics0
L
% || Motor ID: O Float MotorlD: 0
i) Show
3 || 4 Motor parameters o :
8 ) Dock as Tabbed Document == Target Speed [RPM]
- Folepairs
Auto Hide 0.8 == Actual Speed [RPM]

e Direction Hide : Actual Torque [Mom]
=]
= Mazx. angular acceleration SO radlEm ™ 06 Actual Current [mA]
E' .
9:"' Torgue factor & E mMNm/A

Resistance 1 E L 0.4

Inductance ?@ mH *

Speed limit 7260FHl  meM v 02

Figure 4-3 Layout control

Hidden Windows can be visualized again only via the View-> Show menu bar option.

4.1.2.1. Docking
The “Dock as Tabbed Document” feature is not usable at present. Please do not select this option.

4.1.2.2. Hide/Show

All available window/controls can be made invisible for the current session or view. These can be
recovered at any point of time, restoring their default state and not the last used one. The Hide/Show
option is available per Window.

The auto hide option allows the windows to be tabbed on the left side and only made visible when the
user hovers the mouse pointer over the corresponding tab.
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4.1.2.3. Float

Selecting the Float visualization option will place the window on top of all others brining it in the middle
on focus. All windows below are still accessible and can be used.
This option is typically used for re-arrangements or for ease of a particular control as illustrated with the

sequencer window below:

Function ValueQ Valuel

Motor ID:

1

File View MotoriD Calculators Language Help
Wt~ o fsacico - 4
@ ~
g Motor ID: 0 MotorlD: 0 Motor ID: 0
a ~ .
5 || 4 Motor parameters ControlMethod | Speed
# o0l 7 | == Target Speed [RPM] ear
= clepairs =
P 0573 | = Actual Speed [RPM] == Speed [REM]

o Direction Clockwise & Conterc = Actual Torque [Nem]
i e B e B e e B N L ~4000 4000
g Max. angular acceleration ZOOIZL | 1 n1 n2 n2 na ns n& 0 0. 09 Show DC link voltage 0
g Torque factor " Sequencer n_ [ 7] Taraet Sneed W] Actual Sneed £11s
&l !

Resistance { MotorlD: 0 .

:
Inductance ] Start

Speed change

Start Logging

ControlMethod | Speed

Position delay ]
Ig start
Id start
Iq limit
Id limit
Motor name
4 Encoder parameters
Encoder type
Encoder minimal pasition

Encoder start position

09

Encoder maximal position

Approach speed

Upload

Download |

Signals (max. 8)

Va (voltage phase a)
Vb ( voltage phase b )
Spread 1

1.8 08 Show DC link voltage
i [ Taraiet Sneed V] Actual Sneed An v || Spesd [RPM]
. -iX] 0 0
Start 0
Clear Start

Start Logging

Show DC link voltage

Motor ID: 2
[ Taraet Sneed V] Actual Sneed nne
9 | ControlMethod | Speed -
QX
Speed [RPM]
Trigger a d
Trigger configuration 0
Risina Center Start
Tick duration 0.06 ms Duration - 5 DsO

Figure 4-4 Sequencer window in float visualization mode

4.1.2.4. Re-arrange

Once a control window is put in float mode it can be docked at the left, top, right and bottom side of the
main window as indicated by the single arrows:

File View MotorlD Calculators Language Help
Saticcs0
g | MotorID: 0 MotorlD: 0 S “ || Motor 1D: 0
a ~ .
5 || 4 Motor parameters ControlMethod | Speed
Bl o = Target Speed [RPM] e
cepals — Actusl Speed [RPM) P Speed [RPM]
lﬁ: Direction Clockwise & Conterc : ictua: Eorque [Nc:\] 4000 4000
B || Max angular acceleration 200 ctual Current [mA] Show OC link voltage 0
§. Torque factor 15 E Target Speed Actual Speed 509 W
n T [P T T Actual Torque [+/] Actual Current = . Start
emperature
Resistance a0 | ) 01 02 03 04 05 06 07 08 08 ) i
Update interval [ms] 18°C v
Inductance D50 =
Speed limit " Motor ID: 0 Start “ || Motor ID: 1
Speed ch: n
peed change | Signals (max. 8) Trigger ControlMethod | Speed v
i [Cear ]
Position delay v [ volkage phase 2] . E]
Ig start f r Start Loy Speed [RPM]
q s Vb (voltage phase b ) Ij —1 ﬂ art Logging
Id start 1| ve (voltage phase ¢ ) — 0
o limit — | Valpha [ voltage alpha axis ) J how DC link voltage 0
e | Vbeta (voltage beta axis ) f] Target Speed Actual Speed 00V
Id limit Id ( flux axis current ) Rt e e = Temperature ==t
Motor name ) Id_Ref ( flux axis reference curren Update intarval [ms] o C
4 Encoder parameters [ [ torque axis current ) =
Iq_Ref [ torque axis reference cur Trigger configuration »
Encoder type | vd ( flux axis voltage ) Start fcogi:s 2
Encoder minimal position Vg ( torque axis voltage ) Rising Center ControlMethod | Speed o
lear
| vdi ( flux axis voltage integral .
Encoder start position 0.00
- ¢ > VS Start Logging Speed [RPM]
Encoder maximal pasition . .
3 1 - . | 50
Approsch spesd Spread Tick duration 0.06 ms  Duration —— 5 DSO B BC fink voltage .
E 8 f il 1 | /] Target Speed Actual Speed 00V
" r———reT Actual Torque [+] Actual Current = . Start
emperature
Upload | [ Download ) 01 02 03 04 05 06 07 3 03 ) i
Update interval [ms] o°C
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Each arrow indicates the new position the window will be docked to.

The square in the middle permits tabbing of the floating window to the one on the back, Statistics 1 in the

case illustrated above.

The floating control window can be docked at the left, top, right and bottom side of any other control

window as well:

File View MotorID Calculators language Help
|| Parameter
g | MotorID: 0
a ~
5 || 4 Motor parameters
8 Polepairs
\ﬁw Direction Cloclwise & Conterc
g Max. angular acceleration 200 E
8| Torquetsctor 35[3]
Resistance 900 E
Inductance 210
l Speed limit 4000

Speed change

1500
200

Position delay

Gl
[ECD

== Target Speed [RPM]
== Actual Speed [RPM]
== Actual Torque [Ncm]
== Actual Current [mA]

Speed and Torgue

Start Mator ID: 0
ControlMethod | Speed -
Start Logging Speed  [RPM]
-4000 4000
Show DC link voltage 0
Target Speed Actual Speed 512V
Actual Torque [+#] Actual Current Start
Temperature
Update interval [ms] 187 ¢ v

MotoriD: 1

== Target Speed [RPM]
—= Actual Spesd [RPM]
== Actual Tarque [Ncm]
== Actual Current [mA]

El Iq start TUO‘JE
Id start D o
Iq limit 1000/

Sequencer

MotorlD: 0

Start

Function ValueQ Valuel

rget Speed [RPM]

tual Speed [RPM]
tual Torque [Nem]
ftual Current [mA]

T

Start Mator ID: 1
ControlMethod | Speed -
Start Lagging Speed [RPM] =
0
Show DC link voltage 0
Target Speed Actual Speed 0.0V
Actual Torque [+#] Actual Current Start
Temperature
Update interval [ms] oc v
Speed and Torque
Start Mator ID: 2
ControlMethod | Speed -
Start Logging Speed [RPM]
0 0
Show DC link voltage 0
Target Speed Actual Speed 0oV
Actual Torque [+#] Actual Current Start
Temperature
Update interval [ms] oc v

Figure 4-6 Re-arrange control window in another control window

A typical arraignment for single channel control with Statistics and DSO enabled would look like:

File View MotorID Calculators Language Help
I Parametec

Motor ID: 0

4 Motor parameters

peoj waishs  [[soju pieog

Polepairs 25
Direction Clockwise & Conterclockwise *
Max. angular acceleration 50018 radfs’ v
Torque factor 621 mNm/A ¥
Resistance ne Qv
Inductance "8 mH
Speed limit 72602 RPM
Speed change 1000 HS+ RPM ~
Position delay 20018 ms

Iq start 250154 mA v
Id start o= mA ¥
Iq limit 2801 mA ¥
Id timit ([} mA
Motor name Tsukasa TG-611

4 Encoder parameters

Upload |

|__Downioad

Motor ID: 0
ControlMethod | Speed

Speed [RPM]
7260
2000

Stop.

Motor started

MotorlD: 0 Start |
|| awr 1
2400- [ == Target Speed (RoM) Clear |
== Actual Speed (RPM] Start Logging]
21004 | = Actual Torque (Ncm] S S ing)
1800 (= Actual Current [mA] Show DC link voltage
15004 || Target Speed [v] Actual Speed 230V
(v] Actual Torque [v] Actual Current
1200 Temperature
900 Update interval [ms] 21¢
6003 250 ¥ Stage
o] Timeline (5] FOC
10 : Errorstate
Options Overtemperature
’ T T T T T T T T [_] Automatic update 1
mergency
122000 5424000 5426000 5428000 5430000 5432000 () Contious on emors T
Motor ID: 0
3 — [ Update
l ‘ | I — W [ Autofit
21 ==V
I TTVTTTITTIT NI Va ( voltage phase a )
Vb (voltage phase b )
243 Ve ( voltage phase ¢ )
1. | | | m H' “ " ’ '
7260
T T T T T T T T T T T T T T T T T T
0 01 02 03 04 05 06 07 08
] Spread 10 Tick duration 063 ms  Duration 853,33 ms DSO

Figure 4-7 User specific re-arranged layout
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4.1.2.5. Tab -
Any floating control Window can be tabbed to another one using the middle square.
]

Fle View MotorlD Cakulaters Language  Help

g
Clockwise only
coersion 100]| ratie

Start Logging]

Shaw
| Target Speed (] Actusi Speed
tual Curren

. 0853 Timeline (5]
10 ~

3

=]
] s
i L 055 | Automstic update
o ldstart 18 A (o] = ] Continue on emors
kit B a-
B A

I Bmit

Motor name ABCDEFGHUKLMNOPORST

ControlMethed | Speed

Speed [RPM]

) 0.1 2 0.
[550] sutetiso =]

Figure 4-8 Tab a control window

4.1.3. Menu Bar
Most of the configuration and utility features of the Tool are available via the Menu Bar. Details of all
options are listed below.

4.1.3.1. File

The File menu gives the user a possibility to save, load, clear or export various configurations including
layout, set of parameters, execution sequence and is some cases recall the default ones.

If implemented for the particular platform, the current set of parameters may be stored to or read from the
internal non-volatile memory.

4.1.3.1.1. Layout
Two options are possible:

BE MCU Motor Studic

File | View MotorID Calculators Language Help
[ toyou [ [ save
Parameter L Reset MotorlD: 0
Sequencer ] I
Eeprom store 3 5 E === Target Speed [RPM]
Exit 0.8 = Actual Speed [RPM]
= LIFECTIoN Clockwize & Conterclockwize * == Actual Torque [Nem]
%‘. Max. angular acceleration 500 E rad/s® * 06 #, Actual Current [mA]
E'" Torgue facter EE mMm/a ~ .
Resistance 11 o v -

Figure 4-9 File->Layout menu

Save — the current working layout will be memorized and used until it is changed again. All modifications
that are not saved will be lost upon next start-up of “MCU Motor Studio”
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Reset — recall the default layout

4.1.3.1.2. Parameter

There are three options available:

BE MCU Motor Studio

File | View MotorID Calculaters Language Help
Layout >
| Parameter k Load MotorlD: O
Sequencer ] Save I
Eeprom store ] Export 2@ === Target Speed [RPM]
Exit 0.8 === Actual Speed [RPM]
= DITECTIoH Clockwise 8 Conterclockwise * ' = Actual Torgue [Nom]
o
—
g‘_ Max. angular acceleration SGDE rad/s® * 06 Actual Current [mA]
S5 :
é" Tergue factor EE mhim/4 >
Resistance 1 9 N 0.4
=1

Figure 4-10 File->Parameter menu

Load — opens a channel parameter set that was previously generated using the Parameter->Save
option. The file format is XML and the Upload button needs to be hit so that the newly loaded
configuration, visible in the Parameter window is uploaded to the target MCU. The default file location is
C:\Users\userName\AppData\Roaming\Toshiba Electronic Devices & Storage
Corporation\MCUMotorStudio, where UserName is the windows® account used for the installation.
Please ensure sufficient access rights. The location can be freely selected. “MCU Motor Studio” does not
remember the last used path though:

x Speed and forgue Control 0 v g X

Motor ID: 0

MotoriD: 0

4 Motor par i ControlMethod | Speed
Motor parameters i - Cle
= = Target Speed [RPM]
Polepairs =
% Open X Speed [RPM]
Direction Clockwise only > 3 o
= z i cs E 15 N ‘o o 1%
N s 100 g 1 Toshiba Electronics Europe GmbH > MotorMind e » =
Torque factor 1] Nma v Organize = New folder m @ _
= Start
Resistance 1 mo ~ fie e
Inductance = e
¢ faulhaber_I315xmi 1
= W Desiiop
Speed limit 100 sem £ layoutxmi 1
= ¥ Dowinloads
Speed change 1 Hz - 114
= Documents 9
Position delay 15 ms ! ent RPINE
&) Pictures 51 YMLD ) Oventemperature
Iq start 13 A~
& Music 43 fy54 + ) Emergency
Id start 1= A « Capricom ) Overvoltage
1= A~  Capricom Bt
15 A~ 8 flashurtiliy_ghs
ABCDEFGHUKLMNOPQRST - NE
© Bluetooth
T B wMotor Cantrol vl 4
Speed control File name: MotorMind Parameter Files (X ~| f St/
oder start position = oS
Ence imal position 3 E
— 01
=] 005
Motor Gear ratio B
4 Picontrol ° T T T T T T T T T
01 02 03 04 05 06 07 08 O
Io: o
Upload Download (550 sutictics 0

Save — the current set of parameters will be stored for later usage. The

C:\Users\

userName\AppData\Roaming\Toshiba

Electronic Devices

location is
Storage

default
&

Corporation\MCUMotorStudio where UserName is the windows® account used for the installation.
Please ensure sufficient access rights. The location can be freely selected. Please note that “MCU Motor
Studio” does not remember the last used path:
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File View MotorID Cakulators Language Help

Motor ID: 0

Clockwise only

) [ 4] (<] [40] 1°B) (] ) o) 4] [

Nm/A

Speed control

4 Pi control

Upload [ Download

rad/s’ v

mQ ¥

ABCDEFGHUKLMNOPQRST

Hall sensors (uvw) ¥

o] (4] (o] [sB) &

Speed and Torque Control 0 v ) X
MotorlD: 0 san_ | Motor ID: 0
' | ControlMethod | Speed
| M,j = Target Speed [RPM] | Clear
% Save As X Speed [RPM)
100
1 Toshiba Electronics Europe GmbH > MotorMind g
0
Organize ~  New folde - @
Start

v o Quick access
W Desktop

& Downloads

Documents

g
No Motor

SW Undervoltage
SW Overvoltage

L > ) SW Overcurrent
Fie name: | SR Wrong diection
Speedreduction
Save as type: | MotorMind Parameter Files (*XML)
Stall

A Hide Folders Save Cancel

oS
0.1~

0.05

DSO | Statictics 0

Figure 4-12 Save parameter configuration file

Export — (in future releases) the current set of parameters will be exported to a C header file that can be
directly included into the Motor Control Firmware and used as compiled-in parameters for the selected
channel. Please note that the motor name may not exceed 20 characters and is by default made part of
the header file name. You are free to change the name according to the needs. The default export
location is C:\Users\userName\AppData\Roaming\Toshiba Electronic Devices & Storage
Corporation\MCUMotorStudio where UserName is the windows® account used for the installation.
Please ensure sufficient access rights. The export location can be freely selected. “MCU Motor Studio”
does not remember the last used path:

File View MotorID Calculators Language Help
[[Parameter = statictics 0 Speed and Torque Control 0 v § X
§’ Motor ID: 0 MotorlD: 0 = | Motor ID: 0
; ! ; ControlMethod | Speed
gl = M,}j = Target Speed [RPM] Clear
. 7 Save As % Speed [RPM]
Clockwise only ~ 09! — T ) 0 100
10015 rad/s’ 0,85 t oshiba Electronics Europe Gmbl otorMine ¢ 5 .
1% Nm/A Organize ~ Mew r - (7]
8 0.8{ Start
1 mo ~ jitied
= 0.75¢ !
1 mH
1002  rem 7
Speed change 1= Hz * 0,65
Position delay 1= ms ~ 0.6
hperature
Iq start 15 A v 0.55{
! - 03 4] Music ey
14 14 v
Id start 3 A o5  Capricom ftage
@ limit 1| v for
I limit e A 045{ == Capricom Bt !
= ervoltage
Id limit 1+ A - flashutiliy_ghs
o4 frvoltage
ABCDEFGHUKLMNOPQRST
HCDEFGHUR B = NFF i > frcurrent
035
LYY tor_define ABCDEFGHUKLMNOPQRST jgg=cton
Hall sensors (uvw) 031 pduction

4 Pl control

Upload | [ Download

Speed control

g

o] [alo] ] [y

Save as type: | Header Files (*H)

2] A Hide Folders Save Cancel

Figure 4-13 Export parameter configuration file

Please note that the exported file format, dependent on the “MCU Motor Studio” version, will not be
compliant with all Motor Control Firmware versions, as the set of parameters has evolved over time. In
such case minimal manual correction will be required.

Please consult the Toshiba Motor Control Firmware User’'s Manual for details on the parameter header
files, their format and inclusion options.
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4.1.3.1.3. Sequencer

There are three options available:

BE MU Motor Studio

File | View Moter|D Calculators Language Help

Loyout g

Parameter k MotorlD: 0
| Seguencer k Load ]

Eeprom store ] Save 5 E === Target Speed [RPM]

Exit Clear [ 0.8 == fActual Speed [RPM]
= DIFECTIoN CiocEewise o Conterclockwise ) == Actual Torque [Mcm]
g -
a Max. angular acceleration EGDE radfs’ 06 IActuaI Current [mA]
a‘ Torgue factor 2] E mMm/A >

Resistance 11 E 0 - 0.4
||

Figure 4-14 File->Sequencer menu

Load — load a previously generated and saved sequence from a XML file. The default location is
C:\Users\UserName\AppData\Roaming\Toshiba Electronics Europe GmbH\"MCU Motor Studio™, where
UserName is the windows® account used for the installation. Any other path can be chosen in-stead.

Save - store the currently generated/used sequence to an XML file for later usage. The default saving
location is C:\Users\UserName\AppData\Roaming\Toshiba Electronics Europe GmbHV'MCU Motor
Studio” \, where UserName is the windows® account used for the installation. Please ensure sufficient
access rights. The saving location can be freely selected. “MCU Motor Studio” does not remember the

last used path:
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Sequencer =

MotoriD: 0

Figure 4-16 Empty sequencer list

4.1.3.1.4. EEPROM Store (in future releases)
There are two possible commands:

Store — write the current set of parameters to the non-volatile memory of the MCU, only if EEPROM
emulation is implemented for that particular family/member.

Clear — erase the current set of parameters in the non-volatile memory. At next start-up the Firmware will
recognize that the storage is empty and will use the compiled-in parameters, if such are available:

BB MCU Motor Studio

File | View MotorID Calculators Language Help
e g
Parameter ] MotorlD: O
Sequencer ] I
Eeprom store 3 Store 2@ == Target Speed [RPM]
Exit Clear 0.8 = Actual Speed [RPM]
= DIFECTo CIoCEwiseE of Conterclockwise ' == Actual Torgue [Nom]
o
—
5‘_ Mazx. angular acceleration BGDE rad/s® * 06 Actual Current [mA]
=1 :
) Torque factor EE mNm/A ~
Resistance 1 E 0 - 0.4
Figure 4-17 File->EEPROM store menu
4.1.3.2. View

The View menu gives the user a possibility to inspect the list of available control windows that are not
currently visible and visualize the needed ones, selecting them one by one from the list. The number and
type of control windows available in “MCU Motor Studio” and this menu respectively is only dependent
on the features compiled in and available on the platform currently connected to the Tool:

B8 MCU Motor Studio
File Motor ID  Calculators Language Help

Show... Sequencer

Statictics 1

Statictics 2

Speed and Torque Control 1

Speed and Torque Control 2

D50

Statictics 0

Speed and Torque Control 0

|so;u! piecg ||ppa-| waysis |_|

Parameter

Figure 4-18 View menu
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4.1.3.3. Motor ID
The Motor ID menu gives the user a possibility to select the active motor channel. Parameter
configuration, DSO/HS-DSO, Sequencer and all file operations are bond to and can only be performed to

the currently selected (active) motor channel.

B8 MCU Motor Studio
File View Calculators Language Help
j— i

1

2

|| peo| wayshs

|sc|;u! pleoyg

Figure 4-19 Motor ID menu

Speed/Torque Control and Statistics is available simultaneously for all the supported channels. The
number of motor channels available in “MCU Motor Studio” and this menu respectively is only dependent

on the number of such available on the platform currently connected to the Tool:
Please select only Motor ID “0”.

4.1.3.4. Calculators
The Calculators offers a few handy tools to support the proper configuration of some parameter for the

used motors and power boards.

B8 MCU Motor Studio

File View MotorID Language Help

Current sensitivity

'-:'i" Voltage sensitivity
il .

3 Pole pairs

2 Single Phase

a1

sojul pieoyg

Figure 4-20 Calculators menu

4.1.3.4.1. Current sensitivity
Regardless of the used current measurement technique the sensitivity of the used circuitry, a typical
example presented in the calculator itself, it is a very important parameter that will allow the Motor
Control Firmware to properly interpret the results of the analog to digital conversion of the phase

currents.
Simply input the values of the shunt and the resistors used with the operational amplifier and use the

Calculate button to get the results displayed in the bottom of the window.
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B8 Current sensitivity calculator  — O x

Configuration

Ji

Rq [47000
Ry [7500
Ry [47000
Ry [7600

20 D D 0

Rghynt [0.03

Calculation

Calculate!

Calculated sensitivity: 316 m\V/A
Current for reaching 3V @ input: 7902 mA

Figure 4-21 Current measurement sensitivity calculator

4.1.3.4.2. Voltage sensitivity

Similarly, to the current measurement, the sensitivity of the DC link voltage measurement circuitry, again
a typical example depicted in the calculator itself, it is a very important parameter that will allow the Motor
Control Firmware to properly interpret the results of the analog to digital conversion.

Simply input the values of the resistors building the voltage divider as used with the operational amplifier
and hit the Calculate button to get the results displayed in the bottom of the window.

Besides the sensitivity, the maximum measurable voltage will be automatically calculated, even if this
might not be achievable on the particular power board.
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B Voltage sensitivity calculator  — O X

Configuration

Ry |47000 0
Ro 4700 0
Callculation

Calculated sensitivity: 91 mV/V

Maximum measure value: 553 V

Figure 4-22 Voltage measurement sensitivity calculator

4.1.3.4.3. Pole pairs

A very handy tool if the number of poles and pole pairs respectively is not known/specified in the
datasheet. Having the possibility to measure the actual speed with an angular acceleration
measurement device, such as tachometer, together with the calculator will help determine the number of
pole-pairs.

Select the active channel, start the motor with pre-defined speed, 1000 RPM for example. Measure the
actual speed and input in the data.

BE Pole pairs calculator — O >

Known values
Speed set 1000 rprm

Pole pairs set 4

Speed measured 9e0 rprm

Calculation

Calculate!

Calculated pole pairs: 4

Figure 4-23 Pole-pairs calculator

4.1.3.4.4. Single Phase

Given only the line to line inductance and resistance are known, the calculator will evaluate the single
phase parameters, considering the used winding connection (delta or star):
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B8 Single Phase calculator - O pod
Known values
Phase2Phase resistance | /20 mQ
Phase2Phase inductance | 310 pH

Type of winding | Star

Caleulation

Calculate!

Resistance per phase: 360 mQ

Inductance per phase: 255 pH

Figure 4-24 Single phase calculator

4.1.3.5. Language

The Language menu gives the user a possibility to select the tool language among a few supported ones.
At present these are limited to English (default), Japanese (in future releases) and German. When
Automatic option is selected the Tool will switch to currently configured Windows locale if supported or

English in all other cases:

B8 MCU Motor Studio

File View MotorID Calculators Help

Automatic
@ (]| Engiish
£ ] s
3 German
E_ Japanese
[==]
0
=1}
&
=,
LN

Figure 4-25 Language menu

There might be fields that are only available in English. It is mostly as the translation of internationally
used engineering terms/units does not make sense. In some few cases the localization of the Tool was

B MICU Motor Studio X
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3| MotorID: 0 MotoriD: 0 Motor ID: 0
8 E
@ 4 Motor parameters smsE| =
By
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Figure 4-26 “MCU Motor Studio” with Japanese locale
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4.1.3.6. Help
The help menu provides direct access to a support forum (currently inactive) and the Toshiba

Semi-conductor and Storage website.

B8 pMCU Motor Studio

File View MeotorlD Calculaters Language

TR vituebsie
=" | Motor ID: About MCU Motar Studio MotorlD: 0
i
3 || 4 Motor parameters :
& , = Target Speed [RPM]
211 Polepairs
0.8 = Actual Speed [RPM]
= Direction Clockwise & Conterc == Actual Torque [Mom]
o
A -
5 Max. angular acceleration 5@[] Actual Current [mA]
5 0.6
o’ Toroue factnr f I;'

Figure 4-27 Help menu

The tool version and information of all used third-party components with their versions, license, web-sites

and usage information is given in the standard About window.
Please kindly note that as the used components information is provided by third-parties, it might be out of

date. Toshiba has no control over the correctness and cannot influence the regular updates:

BE About... — O *

Toshiba MCU Motor Studic 4.0.1
An application to control the M4K series of Toshiba Microcontrollers
Toshiba Electronic Devices & Storage Corporation

Copyright € Toshiba Electronic Devices & Storage Corporation 2021-2022

M4K is trademark of Toshiba Corporation

WPF Localize Extension XAML Markup Extensions Extended WPF Toolkit
AvalonDock WPF Gauge WPF Dynamic Data Display
AvalonDock
http://avalondock.codeplex.com/

Mew BSD License (BSD)

Copyright (c) 2007-2009, Adolfo Marinucci
All rights reserved.

Redistribution and use in source and binary forms, with or without medification,
are permitted provided that the following conditions are met:

Figure 4-28 “MCU Motor Studio” About window

4.2. Parameter Window

The parameter window gives the full list of parameters as configured and used for the active motor
channel and reported by the connected platform/executed firmware configuration:
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¥ T
Motor ID: 0 Motor ID: 0

-1 X

4 Motor parameters

Palepairs

Direction

Max. angular accel

Torque factor
Resistance
Inductance
Speed limit
Speed change
Position delay
Iq start

Id start

Iq limit

1d limit

Mator name

4 Encoder perameters

Encoder type

Encoder minimal position
Encoder start position

Encoder maximal position

Approach speed

Encoder Receiver

Motor Gear ratio
Pl control

I Ki

1dKp

Igki

laKp

Position Ki

Position Kp

Speed Ki

Speed Kp

4 System settings

PWM frequency

Upload

Id limit

eration Enc:
5[5 mNmA v Enc
e Q- Enc
7 mH Encoder maximal pasition
72(,{7 RPM ™ Approach speed
WWE RPM Encoder Receiver
zon mE O Motor Gear ratio
200 mA 4 Pl control
o= mA ¥ 1d Ki
280 mA Id Kp
oZ] mA v I ki
Teukasa TG-611 35h lake
Position Ki
No encoder ™ Position Kp
o= Speed Ki
of] Speed Kp
o= 4 System settings
0 PWM frequency

No Encoder Receiver Shutdown mode
Restart mode
Stall Getect value
Overtemperature

4 Board settings
Deadtime
Bootstrap delay

Sensitivity current measure

Sensitivity voltage measure

15 [ | mavkrs ~

sE| mamz v
Upper phase port polarity
16000 He v Lower phase port polarity
Downlosd Upload

o= mA v

Tsukasa TG-611 3sh,

No Encoder Receiver
of=]

o=
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3502
150
SB[ s v
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VA ¥

16000 He v

Gentle shutdewn ~
Restart motor
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eof5]
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= o

3-shunt
Active high
Active high

Figure 4-29 Parameter windows scroll up/scroll down

All parameters are grouped by functionality and are detailed bellow.
Most of them can be changed while the motor is revolving. The new values will be internally applied at
strictly specified points of time/execution. Some like the Speed change and Position delay will only take
effect after a stop and restart of the motor.

Motor parameters — a number of BLDC/PMSM motor characteristics need to be specified for each
channel that is to be used. Typically these can be directly found in the datasheet, some like the
inductance may be measured, others like the number of pole pairs can be calculated. For each
parameter the value and the unit may be specified. A complete list is provided in the table below:

Parameter Description Supported Units
Polepairs Number of poles divided by 2 -
Direction Supported direction of rotation -
— counter-clockwise, clock-wise
or both
Maximal angular acceleration Specifies both the maximal rad/s2
allowed  acceleration  and Hz/s
de-acceleration of the motor RPM/s
RPM/min
Torque factor The torque constant of the mNm/A
motor, representing the actual Nm/A
slope of its torque / current mNm/mA
curve
Resistance Phase resistance Q
mQ
uQ
Inductance Phase inductance mH
uH
nH
Speed limit Rated (maximal) angular speed Hz (electrical)
RPM (mechanical)
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Speed change

Minimal angular speed at which
the firmware shall change from
Force into FOC mode. Keep
above the rated one to always
stay in Force mode. The
firmware uses a 5% hysteresis
for the change FOC to Force.

Hz (electrical)
RPM (mechanical)

Position delay The minimal wait time needed Ms
for the initial rotor positioning,
as long as no position detection
is utilized

Igstart Torque-axis current to be used A
in Force mode mA

Idstart Direct-axis current to be used A
in Force mode. Please keep 0 mA
for BLDC motors

Iglimit Maximal allowed torque-axis A
current mA

Idlimit Maximal allowed direct-axis A
current. Please keep 0 for mA
BLDC motors

Motor Name Up to 20 characters used as -
identifier of the motor
Table 4.1 Motor Parameters List
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Encoder parameters — specify the type of used external senor, the intended usage, its resolution and
the reduction factor (if equipped with a gear). A relative position, limits and desired approach speed
shall be specified regardless whether linear motion control will be used or not. A complete list is
pro-vided in the table below:

Parameter Description Supported Values
Encoder Type The type of used external No sensor
sensor Hall sensor (uvw)

Hall sensor (uv)
Incremental encoder (abz)
Incremental encoder (ab)

Single pulse
AMS — AS5145A
Encoder minimal position The minimal relative position 0 ~ 1000000
that can be driven to in Linear
Motion Control
Encoder start position The relative start position for 0 ~ 1000000
Linear Motion Control
Encoder maximal position The minimal relative position 0 ~ 1000000

that can be driven to in Linear
Motion Control

Approach speed The maximal speed to be used 0 ~ 100000
for the final approach when
positioning in Linear Motion
Control

Encoder Receiver No Encoder Receiver

Encoder Resolver Receiver
Encoder Differential Receiver
Encoder singleEnded Receiver

Motor Gear ratio The reduction factor of the gear 0~ 10000
attached to the motor. Please
note that increase factor is not
supported at present and might
be added later

Table 4.2 Encoder Parameters List

Pl control parameters — specify the configuration parameters of the proportional-integral regulation. A
complete list is provided in the table below:

Parameter Description Supported Units

Id Ki Integral coefficient for the V/As
direct-axis current regulation

Id Kp Proportional coefficient for the V/IA
direct-axis current regulation

Iq Ki Integral coefficient for the V/As
torque-axis current regulation

lq Kp Proportional coefficient for the VIA
torque-axis current regulation

Position Ki Integral coefficient for the Hz/Vs
position regulation

Position Kp Proportional coefficient for the Hz/V
position regulation

Speed Ki Integral coefficient for the mA/Hzs
speed regulation

Speed Kp Proportional coefficient for the mA/Hz
speed regulation

Table 4.3 PI Control Parameters List

© 2021 - 2022 30 2022-12-01
Toshiba Electronic Devices & Storage Corporation Rev 1.1.0



TOSHIBA

MCU Motor Studio

User Manual

System settings — specify various system characteristics, depending on the connected platform. The

PWM frequency and

the stop mode are always available:

Parameter

Description

Supported Units

PWM Frequency

The rate of current control, angle lag compensation and
PWM output change in kHz.

Recommended start value is 16kHz.

Lower update rate, already below 12kHz may lead to
unwanted noise building.

A higher update rate may result switching loses.

1~50 kHz

Shut down mode

Specify the desired motor control stop mode:

Gentle break - fully controlled reduction of the speed
with maximum angular de-acceleration.

Short breaking mode - the Firmware alternates short
the upper/lower phases of the motor.

Self-break mode - no control is applied and the motor is
stopping on its own.

n freely. I

ill realize a PWM break
n the e

Speed (RPM)
—— Speed Target

Table 4.4 System Settings List

The following system parameters are visible only if the specified options are configured in the firmware
on the connected platform or certain mode is selected:

Parameter

Description

Supported Units

Restart Mode

Available only when Stall Detect is
enabled. Specifies the system behavior
upon field stall detection. Selectable are
attempt to restart the motor or the more
conservative option to stop it.

Switch off motor

Restart motor

Stall detect value

Available only when Stall Detect is
enabled. Specifies the minimal drop of
the Vg in mV/s that shall be treated as
field stall. A good starting value is
illustrated below, marked as (Vqi-Vqi')/2.,
typically it shall be set to around a 90%
drop from the normal value:

N

vQr - ~—

val =

vaLvary?|

—

0 ~ 100000

Brake time

Only if Short brake mode is selected.
Specifies the maximum time to stop the
motor in ms.

0 ~ 10000

PWM brake percentage

Only if Short brake mode is selected.
Specifies the percentage of the time to

0 ~ 100%
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short brake the upper or lower side.

Over temperature
(in future release)

Only when Temperature control is
enabled. Specifies the temperature in
degrees centigrade at which the motor
shall be stopped to avoid damages to
the MOSFETSs.

-40 ~ 150°C

Software overvoltage

Available  only when  Software
over- and undervoltage detection is
enabled. The DC link voltage at which
the protection shall be enforced.

Software undervoltage

Available only when  Software
over- and undervoltage detection is
enabled. The DC link voltage at which
the protection shall be enforced.

Software overcurrent

Available only when  Software
overcurrent detection is enabled. The
phase current at which the protection
shall be enforced.

mA/A

Speed reduction percentage

Only when Load dependent speed
reduction is enabled. The desired
speed reduction in percentage of the set
one.

%

External Speed Control

Only when External Speed Control is
supported (at present only on Sigma
Board). Specifies the inputs for the
basic direction and speed commands
and their parameters if any.

None
External voltage
External PWM signal
External servo pulse

CAN ID

Only if CAN is enabled. The unique
CAN 2.0A / CAN 2.0B device identifier
for the bus communication

11- or 29-bit device identifier

Table 4.5 Optional System Settings List

Most of the optional settings are available for the firmware build presented below. Typically, not all
system related features/settings will be enabled/visible at once:

4  System settings

PWM frequency 16000 @ Hz
Shutdown mede Gentle shutdown
Restart mode Restart motor
Stall detect value ‘IDE mWys
Overtemperature 60@ HE

Figure 4-30 Optional System Settings

Board settings — specify various electrical parameters of the MOSFETs and the measurement circuitry
on the power board. This configuration is typically static, marked as read-only and therefore no changes

are permitted via the Tool.

All read-only fields are visualized by a gray background. In some special

cases the platform may allow changes via “MCU Motor Studio”, in that case the firmware is complied with
the USE_RW_BOARD_SETTINGS. It is highly advisable to disable it again, once the proper settings are
found and fixed. A complete list is provided in the table below:

Parameter Description Supported Units

Deadtime The delay/time to ensure the ns
FET is turned off

Bootstrap delay The time needed to charge the ms
bootstrap capacitors

Sensitivity current measurement | The sensitivity of the DC link mV/A
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voltage measurement circuitry UV/A
Sensitivity voltage measurement | The sensitivity of the phase mvV/V
current measurement circuitry,
specified for all phase at once.
Phase differences are not
supported.
Gain current measurement An additional gain specified in 0-10
values that a MCU specific and
map to pre-defined and fixed
amplification factor
Current measurement type The type of phase current sensing 1-shunt
2-sensor (in future releases)
3-shunt
Upper phase port polarity The active (turn on) polarity of the Active low
used transistors in the upper side Active high
of the H-Bridge
Lower phase port polarity The active (turn on) polarity of the Active low
used transistors in the lower side Active high
of the H-Bridge

Table 4.6 Board Settings List

Any changes of a parameter value and/or unit will be indicated by coloring the parameter name in red as

illustrated below:

Parameter v I

Motor ID: 0

4 Motor parameters

Polepairs 2 E
Direction Clockwise & Conterclockwise
Max. angular acceleration 500 El rad/s® ¥
Torque factor 5] mhma -
Resistance 125 Q-
Inductance 7 El mH v

Figure 4-31 Changed parameter indication

There are two buttons to apply changes:
Upload — will send (upload) all changed parameters to the connected target, making them the used one

for the current session. These will be lost if the platform is powered off.

Download — read out the current platform configuration and update the values/units in the parameter
window of the Tool. Please note that unlike the one altered with “MCU Motor Studio”, any changes that
were taken over will not be indicated using different color.
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4.3. Board Information Window

The board information window gives a comprehensive information about the currently connected
platform grouped in Device Information, Firmware Features and Highspeed-DSO:

Board infos v 4 X

Device informations

Board revision : 1
Firmware version : 3.00
Board name : CLICKER4-TMPM4KN
Power Board Channel C : CLICKER4-INV-SHIELD
Power Board Channel 1 :

Power Board Channel 2 :

Firmware features
DSO : Yes

Highspeed-DSO : No

Load statistics : Yes

Turn control : Yes

Temperature control : Yes
Read/write board settings : No
External Speed Control : No

SW Over-/Under-Voltage Detection : Yes
Motor Disconnect Detect : Yes
SW Overcurrent Detection : Yes
Automatic Speed Reduction : Yes
CAN : No

Stall Detect : Yes

Linear Motion Control : Yes

Demo : No

Figure 4-32 Board information window

Device Information — includes the actual firmware version and the hardware platform configuration in
terms of main and power boards connected.

Firmware Features — a full list of all features that a firmware may support with an indication of which are
currently configured in/enabled. Not all platforms and MCUs can support all of the features in the list.

Highspeed-DSO - support for a real-time, high-speed logging of parameters via dedicated hardware
adapter

4.4. Speed & Torque Control Channel 0/1/2 Window

As the most recent Motor Control Firmware versions feature a simultaneous control of up to three
channels, the Tool was extended (from version 3.0.0.x onwards) to provide individual Speed/Torque
Control & Statistics windows for every single channel. It eases the usage by eliminating the need of
selecting/switching the active channel and allows fast stop/start and speed/torque change as all controls
are immediately available.

These windows can be individually shown, hidden, re-arranged, re-sized and used. Only one can be at
focus at a time though. The channel it is controlling is indicated by the number in the title bar, counting
starting at 0 and going up to 2:
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Speed and Torque Control 0 n
Motor ID: 0

ControlMethod | Speed

Speed [RPM]
7260 7260
5000

Figure 4-33 Speed control window channel 0

The ControlMethod drop-down is used to select the currently active control method. Two options are
available — by Speed and by Torque. There is a slight difference in the look & feel as illustrated on Figure
4-33 and Figure 4-35. The Torque control method may be disabled in some firmware versions, thus
unavailable for selection. Speed Control is always available.

The Speed slidebar indicates the speed limits in both directions, specified in RPM. It may be slid to
select the desired speed and rotational direction. As soon as it is left in position, the new values will be
read and transmitted to the target. The Speed textbox will be automatically updated giving the exact
reading.

The Speed textbox can be used to directly input the desired speed and direction. As soon as enter is
pressed or the focus is changed to any other element of the control window, the speed and direction will
be read and transmitted to the target. The Speed slidebar will be automatically updated. A negative
speed is treated as CCW direction with the absolute value of the speed for both input methods.

The Start/Stop button is used to start and stop the motor respectively. The value is automatically
adjusted to the possible action, depending only on the current state of the motor. When a connection to
the target platform is lost, the button may get out of synchronization. In case of Stop this may result the
following error, which can be safely ignored (attempt to stop an already stopped motor shall naturally
fail):

Caution X

i Stopping the motor failed
2\ (Application version 3.0.0.4)

Figure 4-34 Motor Stop failure at lost synchronization

The Torque sidebar indicates the torque limit, specified in mNm. It can be slid to select the desired value.
Naturally only positive numbers are accepted. As soon as it is left in position, the new torque will be read
and transmitted to the target. The Torque textbox will be automatically updated giving the exact reading.

The MaxSpeed slidebar and MaxSpeed textbox have the same functionally as their Speed counterparts.
The only difference is that the set speed in that case is not a strict request, but rather a desired value.
The firmware will attempt to achieve and will reduce it, given the set torque cannot be maintained.
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Speed and Torque Control 0
Motor ID: 0

ControlMethod | Torque

Torque [mNm]

0

MaxSpeed [RPM]

66

Start

Figure 4-35 Torque control window channel 0

The Tool main window with Speed/Torque and Statistics windows for all three channels example is

depicted below:

File View MotorID Calculators Language Help

peoj waisds  |[sopui pieog

S0 I
MotoriD: 0 Motor ID: 0
ControlMethod | Speed
1 [ = Terget specd [RPM) e
— Actual Speed [RPM] Start Logging Speed [RPM]
054 | = Actual Torque [Neml T T
~ Actual Current [mA] - O link woltage 000
Target Speed [¥] Actual Speed S11v
s L MM o L L MAAA s i s [¥] Actual Torque [ Actual Current [ Start |
1 Temperature
) 0.1 02 03 04 05 05 o7 08 09
Update interval [ms] 18°¢
Sticies “
MotoriD: 1 Motor ID: 1
ControlMethod | Speed
1 [ = Terget specd [RPM) e
— Actual Speed [RPM] Start Logging Speed [RPM]
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Target Speed [¥] Actual Speed 0oV
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~ Actual Current [mA] - O link woltage .

Target Speed ] Actual Speed

Actual Torque [V Actual Current

Update interval [ms]

00V

Temperature
oc

Figure 4-36 Three channel control layout example

Start

The screenshot above was taken with 15.4” TFT monitor. It is strongly recommended to use at least 24”
for better operation and visualization, especially in the cases all three channels have to be operated.

4.5. Statistics Channel 0/1/2 Window

For each channel there is a separate Statistics control window. It allows several actions and gives
run-time information about the motor channel it is assigned to:

Parameter Chart — a fully scalable (automatic or manually) two-dimensional timing chart visualizing the
run-time change of up to five control parameters. The number and exact parameter to be
visualized/hidden is configurable via the Show tick-boxes with several limitations:

top left corner is automatically assigned.

Timestamp is always present and can’t be selected/de-selected.
Actual Current is unconditionally available for selection/de-selection.
The used Control Method determines the remaining three parameters that might be displayed.
The Color code used to distinguish the individual lines of the chart and on the legend placed in the
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Control By Speed

Control By Torque

Target Speed - set desired rotational speed in RPM

Target Torque - set desired torgue in Ncm

Actual Speed - the actual rotational speed at the
time of sampling

Actual Torque - the actual torque at the time of
sampling

Actual Torque — the actual torque in Ncm

Actual Speed - the actual speed in RPM

Actual Current — the used g-axis current in mA

Timestamp - a relative timestamp measure in number of system timer ticks

Table 4.7 Statistics parameter

All four parameters may be hidden even it is not usable in that way. In some special diagnostics/trial
versions of the firmware the meaning of these parameters may be overridden for test/tuning purposes.

Stop

Clear
[start Logging
Show

| Target Speed (] Actual Speed
7] Actusl Torque [¥] Actual Current

peo) washs

Figure 4-37 Statistics control window

The Start/Stop button is used to start and stop the collection of statistics information. The action value
and the button label is automatically adjusted to the next possible action, depending only on the current
state of the statistics collection, e.g. Stop is shown whenever the collection is started and ongoing.

The Clear button will wipe off all the drown charts. Please note that if done while still collecting, the
drawing will immediately resume, so that some screen artefacts or undesired effects might appear.

The Start/Stop Logging button is used to start and respectively stop the optional logging of the selected
parameters to a CSV file. The default saving location is C:\Users\userName\AppData\Roaming\Toshiba
Electronic Devices & Storage Corporation\MCUMotorStudio, where UserName is the windows account
used for the installation. Please ensure sufficient access rights. The saving location can be freely
selected. “MCU Motor Studio” does not remember the last used path. The default log file name is
statisctis MotorName.csv, where MotorName is identifier of the motor for the associated channel. The
example below is taken from the Demo mode, where the motor identifier is set to the illustrative string
ABCDEFGHIJKLMNOPQRST:
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F | MotoriD: 0

Upload Download

|Speed and Torque Control 0
Motor ID: 0

ControlMethod  Speed

Speed [RPM]
0

Figure 4-38 Logging dialog window

The Show group of tick boxes allows individual selection/de-selection of the control parameters to be
shown/hidden on the chart and logged respectively. Untick to hide/stop logging.

The Update interval [ms] drop-down box is used to select the desired sampling interval among the
supported 1, 50, 100, 250, 500 and 1000ms. Due to the limitation of the Window system timers, the
1ms/10ms sampling may not be precise and shall be avoided. A typical and recommended value is
250ms.

The Timeline drop-down box allows scaling of the Parameter Chart’s x-axis. Selectable are 5, 10, 20, 30
and 60 seconds with 10 being the default and recommended value.

The Option group of tick boxes gives further control over the Parameter Chart update:

. Automatic update — the automatic chart scaling and shift may be overridden/set on hold. It allows
the user to zoom or move the chart for detailed inspection of selected curve fragments, etc. In that case
the box will be automatically unticked, indicating manual operation and all sampled values will not be
shown. To resume the automatic update and bring the currently drawn values to the middle of the chart,
simply select the option again.

The automatic update is disabled whenever the chart is set on focus and it is being:

. Zoomed in/out using the scroll wheel of the mouse.

. Moved left/right/up/down by pressing and holding the left mouse button (right for a left-handed
configuration) and moving the mouse in the desired direction.

o Zoomed & moved.

The collection and the optional logging of control parameters is not affected by this option, as it only

controls the visualization on the chart.

. Continue on errors tick allows further collection of control parameters even if an error (stall,
overtemperature, over voltage, etc.) is detected. It might be useful for troubleshooting or in all cases
where automatic restart is attempted. This option is disabled by default resulting automatic stop of further
parameter collection and chart update.

The DC link voltage provides read-only information about the recent (last transmitted) measured power
board DC voltage. On some versions of the firmware, mostly experimental or whenever the system is still
tuned, this value may be clamped to a fixed voltage and will not be changing over time. On others it may
not be available at all, as the underlying hardware may not feature means to measure it, including Demo
mode. In the latest the label will not be shown at all, as illustrated on Figure 4-39. “n.a.” will be displayed
given the voltage measurement was not successful or “MCU Motor Studio” failed to obtain a value from
the attached platform.
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Figure 4-39 Statistics without DC Link voltage and Temperature indication (Demo mode)

The Temperature gives read-only information about the recent (last transmitted) measured temperature
on the board, typically sensed closed to the MOSFETs. On some versions of the firmware it may not be
available at all, as the underlying hardware does not feature means to measure. The value is also not
available whenever “MCU Motor Studio” is executed in Demo mode. In both cases the label will not be
shown at all. “n.a.” will be displayed given the temperature measurement was not successful or “MCU
Motor Studio” failed to obtain a value from the attached platform.

The Stage indicates, as the name suggest, the current state of the motor as executed by the drive
control. It may be one of Stop, Emergency, Break, Bootstrap, Initposition, Force and FOC. Please
refer to Toshiba Motor Control Firmware User’s Manual for further details on the individual stages.
The field is not available in Demo mode or when the connection to the target is not established or lost.

4.6. DSO Window

The Digital Storage Oscilloscope (DSO) is an optional feature that allows logging of various system,
motor and control parameter during normal operation. The DSO control window will therefore only be
available if this service is enabled (the default configuration) in the version of the of the Motor Control
Firmware running on the platform currently connected to “MCU Motor Studio”.

The DSO control window has two major layouts — configuration and data:

DSO [ < |

Motor ID: 0

Signals (max. 8) Trigger

Vb { wol se b )
Ve { voltage phase ¢)
Valpha (valtage alpha axis )

e cument )

Trigger configuration

c ( current phase ¢ )
lpha ( current alpha axis )
beta ( cument beta axis |

Tick duration 006 ms  Duration — s

Figure 4-40 DSO Control Window - Initial (Configuration) layout
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D50

Motor ID: 0

Figure 4-41

ick duration 006 ms  Duration 85.33 ms

DSO

DSO Control window - Data layout (example capture with idle motor)

The configuration layout is used to select the parameters that will be collected, the sampling rate at
which it will be done and the starting point (configurable trigger or immediately). The data layout is used
to draw the graphical representation of the collected results and provide means for detailed inspection of
these. The DSO button is used to switch between these two. At least one parameter shall be selected
before the button becomes active. When pressed while in Control layout it will not only result a layout
change, but will initiate a data collection (the first sample taken at matching trigger condition or

immediately), whose

Dso

Mator ID: 0

progress will be indicated by a green progress bar in the middle of the data chart:

5

Spread ||

T T T T T
0.01 0.02 003 0.04 0.08

Tick duration 0.06 ms ~ Duration 8533 ms. DsO

Figure 4-42 DSO Data Collection

4.6.1. DSO Configuration Layout

All signals that may
The user may select

be collected are listed on the lefts side of the configuration layout under Signals.
up to 8 parameters by simply clicking on every desired one. All selected signals will

be listed on the right side in the Trigger section, following the order these were selected and will be

collected/drawn:
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Motor ID: 0

Signals (max. 8) Trigger

Na ANOWBQEDNGSE ) s Va (voltage phase a)

age phase b )
(voltage phase ¢ )
Valpha ( voltage alpha axis )

Vbeta ( voltage beta axis )
Id { flux axis current )
Id_Ref ( flux axis reference current )

al speed caleulated )

t heta )
COS_Theta ( cosine of Theta )
Sector
vDC

Trigger canfiguration

Rising Center

Spread 100 Tick duration 625 ms  Duration 25.60 s DSO

Figure 4-43 DSO Parameter selection

A signal can be deselected by clicking it once again.

The Spread slide bar is used to adjust the sampling rate in number of ticks. Where a tick is the time
representation of the used PWM rate. Valid values are 1 to 256. Spread factor of 100 would mean that
the parameters are sampled once every one hundred ticks. The single tick duration and total time
needed for the capture are indicated by Tick duration and Duration respectively. The example on figure
4-42 is done with the typically PWM frequency of 16kHz, resulting sampling rate of 62.5us and a total
duration of 25,60s as a total of 4096 samples need to be taken, one every 6.25ms (100 ticks).

The default Trigger condition is none, thus data collection will start immediately after pressing the DSO
button. A trigger is always related to a particular signal and is set for the current data collection round. It
will be reverted back to none at every switch from data to control layout or the signal is
deselected/another one is selected. There might be only one valid trigger at a time. Only edge changes
are currently supported. The Threshold defines the level at which the set condition is considered as
matching.

i v v
vd Rising Left g
Vg

\idi [ flire avic unltana intanral 1

flux axis voltage )
torque axis voltage )

DSO v 1 X
Motor ID: 0
Signals {max. 8) Trigger
Va ( voltage phase a ) Va (voltage phase a )
Vb ( voltage phase b)) Vb (voltage phase b )
Ve ( voltage phase c) Ve (voltage phase ¢ )
Valpha ( voltage alpha axis )
Vbeta ( voltage beta axis )
Id ( flux axis current )
Id_Ref ( flux axis reference current )
lg ( torque axis current ) Trigger configuration
lg_Ref ( torque axis reference current)
(
(

Threshold 000

Spread 256 Tick duration 16.00 ms Duration 21.85 s DsSO
Figure 4-44 DSO trigger configuration
The third option defines the display alignment, namely whether to display the data set collected at the

trigger condition data in the middle or on the left side of the data chart. A vertical dash line will indicate
the starting point as illustrated on Figure 4-45:
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Figure 4-45 DSO trigger left & center capture alignments

To set/change new trigger, a signal in the Trigger list has to be selected. The trigger will only become
effective if the DSO button is pressed while the trigger signal is still selected/on focus.
A trigger can be reset/deleted by clicking the signal once again or selecting another signal.

4.6.2. DSO Data Layout

The layout consists largely of a scalable (automatic or manually) two-dimensional timing Data Chart. It
visualizes the run-time change of the selected parameters. Data logging is not supported. For all cases it
is needed, the HS-DSO feature shall be used instead. Please refer to the next sub-chapter for details.

D50 [ |
Motor ID: 0
Update

094 Autofit

E| Id { flux axis current )
0.3 Id_Ref ( flux amis reference current )

E| Ia ( torque axis current )
074 Iq_Ref { tarque axis reference current )

) vd ( flux axis voltage )

E| Vg (torque axis voltage )
06— Vi { flux s voltage integral )

k| Vai { torque axis voltage integral )
05+
04—
034
02+
01—

o]
T T T T T T T T T T T T T T T T T T T T T T T
0 0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 0.027 0.03 0.03:
Spread ! Tick duration 0.06 ms Duration 32.00 ms DsO
Figure 4-46 DSO Maximal number of displayed parameters (idle motor)
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Figure 4-47 DSO Maximal number of displayed parameters (BLDC Motor @ 100RPM, single shunt)

The navigate the chart it has to be on focus. The following operations are supported:
e Zoom in/out using the scroll wheel of the mouse.
e Move left/right/up/down by pressing and holding the left mouse button (right for a left-handed
configuration) and moving the mouse in the desired direction.
e Restore the default zoom pressing the Autofit button

Another capture with the same trigger conditions can be initiated by pressing the Update button. Any
changes in the sampling rate, done via the Spread slide bar, will be applied.

Caution shall be taken when collecting various parameters as due to the different levels/ranges the
scaling may be non-proportional and result precision lost for all the signals with much lower levels:

DSO
Motor ID: O

> X

1000

900~

800-;

700

600

500

4003

300

200

100

— Va (
— \b (
- Ve [{
~ Omega (
~ OmegaCalc (

Autofit

Va ( voltage phase a)
Vb (voltage phase b )
Ve ( voltage phase ¢ )
Omega (rotational speed )
OmegaCale (rotational speed calculated )

0=

T T T T T T T T T T T T T
0 0.005 0.01 0.015 0.02 0.025 0.03

Spread 1

T T T
0.035 0.04 0.045 0.05

Tick duration 0.06 ms  Duration 5120 ms ¢ ]

Figure 4-48 DSO Non-proportional scaling & precision loss

4.7. HS-DSO Window (in future releases)

The High-Speed Digital Storage Oscilloscope (HS-DSO) is a variant of the DSO, where the data is

continuously collected at “real-time” using separate UART channel and much higher baud rates. It

requires special high-speed capable or cable adapter like the FTDI C232HD-EDHSP-0 and properly

installed host (Windows®) system driver for the flawless operation. The feature is disabled by default.

The HS-DSO control window will only be available if all of the below conditions are fulfilled:

. The HS-DSO service is enabled (not a default configuration) in the version of the of the Motor
Control Firmware running on the platform currently connected to “MCU Motor Studio”.

. A high-speed FTDI adapter was found.
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Even if available, it will only be usable if the high-speed serial communication with the target can be
established and maintained. Otherwise all its user interface controls (buttons, signal selection, etc.) will
be grayed out and inaccessible:

File View MotorID Calculators Language Help

241

e : SBK-TMPMAKN
el 0 : KES-P2

0 1P0uo) anbio) pue pasds

Power Board Channel 2

Firmware features
D50
Highspeed-DSO

Read/write board settings

External Speed Control
SW Over-/Under-Voltage Detection
Motor Disconnect Detect

SW Overcurrent Detection

Automatic Speed Reduction :
CAN
Stall Detect

Linear Motion Control

zZ ZzZ 2z Z ZZT ZZZTFZTE =R
§ 5§ % 5§ 5 5§85 §s§ 58 s8¢ 2212

Dema :

Ll Ml i bt Mt el el Mt it Wl el Ml i i Wbl el el i i i Ll Ml ol el Mt Wt et
) 005 01 015 02 025 03 035 04 045 05 055 06 065 07 075 08 085 09 095

Highspeed-DSO Verticale scale Sync 1o Theta

FTDI adapter found : VYes

Figure 4-49 HS-DSO Control window

Although looking similar to the DSO, the HS-DSO is in a way superior and offers some few useful
extensions:

. Continuous and real-time sampling of the selected parameters (DSO is limited to 4096

samples per run). Start/Stop button is used to control the data recording

. Logging to CSV file

. Synchronization with Theta to avoid signal jitter and improve the precision

. Up to 9 parameters can be sampled simultaneously (DSO is limited to 8)
The only disadvantage is that unlike the DSO, a configurable trigger is not supported. There is no
difference in all other aspect of the operation and the usage of the data chart.
The figure below contains series of captures taken while tuning the position Kp parameter of Pl regulator
with a Nanotec DB42S03 motor. The blue line represents Iq, the red the reference Igref:
Slow regulation and reaction, Kp = 4000:

Stable operation and fast reaction at all speeds, Kp = 16000:
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Figure 4-50 HS-DSO Sample captures

4.8. System Load Window

The Motor Control Firmware is capable of doing a dynamic self-assessment of its performance, given the
Load Statistics feature is enabled (default configuration).
System load n

Figure 4-51 System load window

The reported and drawn values are pure mathematical correlation of the idle and current loads
represented in percentage. “MCU Motor Studio” is retrieving these on regular basis and generates
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dynamic gauge indication on its System load control window as illustrated on Figure 4-48.

Due to the low priority on the related task in the Motor Control Firmware, the load presentation may be
delayed in case of heavy load, even with some rapid changes to follow the actual value. It shall be used
with caution, but still gives good indication of the resources usage and available free CPU load.

The position of the control window is illustrative. By default, it will be docked to the left side of the main
window. The feature is not available in demo mode.

4.9. Demo Control Window

The Demo Control window provides a basic control for the demo application, offering several buttons for state
change and a simple state/transition status indication. However, the set speed is still controlled via the Slider
and the direction via button B5.

Pressing the Run button will start the motor and the active state will become “Running ...".

Demo Control v X

Demo Control

| Park | | Init l Run

Figure 4-52 Demo control window during "Run”

Pressing the Stop button will stop the motor and the active state will become “Stopping ...”. As soon as the
motor stands still, it will be changed to “Idle”:

Demo Control v X

Demo Control

| Park | | Init | I Run I Stop

Figure 4-53 Demo control window during "idle”

As both Park and Init states are not supported, pressing the corresponding buttons will result no action.
LEDs L2, L3, L5 and L6 will be updated accordingly. Mixed usage of Run/Stop and B6 buttons is supported.

4.10. Turn Control Window

The (Advanced) Turn Control is an open-loop sensor-less core feature of the firmware allowing precise
rotor positioning by simply utilizing the computational power of the CPU and the dedicated hardware
accelerators.

The Turn Control window will only be visible and accessible if the feature is enabled in the version of the
Motor Control Firmware on the platform currently connected to “MCU Motor Studio”.

The user can define number of full mechanical turns, an additional (optional and only available in case of
Advanced Turn Control) angle in tenth of degrees and a desired speed. The motor will be rotated the
requested number of turns and finally stopped quite precisely at the desired additional angle if such was
specified. The drive will be performed at the desired speed if possible. The acceleration, de-acceleration
and the maximal possible drive speed will be automatically calculated to match the request as close as
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possible:

Turn control n

Tums 500
Additional angle 0

Max. speed 1000

Number of tumns 0

Figure 4-54 Turn Control window

Turns — specify the number of mechanical turns the motor shall be rotated by. Negative numbers have
the meaning of turns in counter-clockwise direction (CCW). The number of electrical turns will be
handled internally - calculated based on the pole-pairs configuration parameter. The value can be
changed with either the slide bar or the input field, resulting automatic update of the other one.

Additional angle — only available for Advanced Turn Control, introduced with the M4KN (TXZ/TXZ+
series). The parameter specifies an additional fraction of a mechanical turn to be done in units of tenth of
degrees. Supported values are therefore only 0 to 3600. Changes done with the slidebar will be
automatically reflected in the input field and vice versa.

Max speed — the maximal rotational speed the motor may revolve specified in RPM. The value is motor
dependent and may not exceed its rated speed. The speed may not be achieved if the requested
number of turns and the acceleration/de-acceleration rate are not sufficient to do so.

Start/Stop — Start/Abort the positioning operation. Once Stop is pressed the request will be reset, thus
pressing Start again will result a new request with the parameters specified by the sidebars. Resume is
not supported.

Number of turns — accumulative counter for the number of full mechanical turns done since the power
up of the platform. The value is read-only and can’t be reset. As the motor can be driven in both CW and
CCW direction the value may not always be the absolute number of turns done, e.g. turns done in CCW
direction will result counter decrement, whereas all turns in CW direction will result increment.

An example request for 100 turns and final angle of 30 with 1000 RPM that is ongoing is illustrated
below:
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Figure 4-55
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Turn Control operation
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In some versions of the firmware the motor will not be stopped automatically, thus when the rotor
becomes idle the user shall stop it manually via the button. In that case the Start/Stop label on the button
may not be updated accurately.

The position of the control window is illustrative. By default, it will be docked to the left side of the main
window. The feature is not available in demo mode.

4.11. Linear Motion Window

The Linear Motion Control is an optional precise positioning service, which unlike the Advanced Turn Control,
requires external sensor for its operation. This is a closed-loop positioning solution that ensures fixed precision
at higher system cost.

The feature is disable by default. The Linear Motion Control window will only be visible and accessible if it is
enabled in the particular version of the Motor Control Firmware running on the platform currently connected to
“MCU Motor Studio”.

The positioning relies on relative values. The calculation is based on a start pulse count and minimal/maximal
allowed values as defined by the encoder configuration of the particular motor. While the rotor revolves the
sensor generates pulses, which are counted up or down for clockwise (CW) and counter- clockwise (CCW)
direction respectively. The start pulse count is always mapped to the zero counter of the advanced encoder
circuit which refers to the initial value of the external sensor. The precision is dependent on the number of
pulses generated per electrical turn and therefore varies from system to system.

The performance and precision of the feature is dependent on the used motor, its configuration and the service
configuration in the particular firmware build.

Pulses — specify the new pulse count to be reached before the rotor shall be stopped. Negative numbers are
not supported. The value can be changed with either the slidebar or the input field, resulting automatic
update of the other one.

Max linear speed — the maximal rotational speed the motor may revolve specified in RPM. The value is motor
dependent and may not exceed its rated speed. The speed may not be achieved if the requested number of
pulses and the acceleration/de-acceleration rate are not sufficient to do so.

Start/Stop — Start/Stop/Resume the positioning operation. When Stop is pressed the request will be paused if
the desired pulse count is not yet reached, otherwise it will be stopped. Pressing Start again will resume the
operation.

Linear Motion Control ﬂ
Pulses 15000 | g 30000
Max. linear speed 1500 0 7260

Number of pulses 15000

Figure 4-56 Linear Motion window

Number of pulses — current pulse count, starting value is the one specified in the encoder settings. The value
is read-only and can’t be reset. The value may be autonomously changing when using the demo applications,
as most of these rely on the linear motion for their operation.

A typical request for 120 pulses (20 full turns given a Hall sensor is used) at 1500 RPM which is not yet started
is illustrated below:
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Figure 4-57 Linear Motion operation

The position of the control window is illustrative. By default, it will be docked to the left side of the main window.
The feature is not available in demo mode.

4.12. Command Sequencer Window

“MCU Motor Studio” features a simple command sequencer that supports wait stages and the most used core
control commands as defined in the Communication Protocol Specification. Minor differences among the
firmware & “MCU Motor Studio” versions are likely, as the protocol is updated with new features and/or the list
of supported parameters is extended. Best effort is done to constantly increase the number of supported
commands, aiming full protocol coverage. As of now the following groups of commands are implemented:

. Execution Control — these are script execution control commands allowing sequence
termination, restart and delays between the individual command (wait stages).

. Motor Control — commands to drive a BLDC motor, select the used control method, the active
motor, start and stop the motor.

. Parameter Control — set desired speed or torque.

. Statistics Control — basic control of the statistics window, limited to start, stop and clear
operation.

. DSO Control — initiate a single DSO capture.

The Control window is illustrated on the figure below. It provides information about the currently selected active
motor via the MotorlD field, start button to initiate the sequence execution and a sequence grid. Clicking on a
row in the grid allows to edit or create a new command. The drop-down style Function filed contains list of
supported ones to select from. Value 0 and Value 1 allow entering of parameters if such are to be specified.
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Figure 4-58 Command Sequencer window

A command can be removed by selecting the particular grid row and pressing the Delete key. Multiple
sequential commands can be deleted at once. The selection can be done in two ways:

. Shift key is pressed and hold while the commands are selected with the arrows.
. The left mouse button (right for left-handed configuration) is pressed and hold, while the mouse is
dragged to mark the desired block of commands.

The selected grid rows will be marked with a blue background and can be removed from the sequence by
pressing the Delete key.

Deletion snot recoverable.
An example sequence is presented below. The sequence:

. Clears the statistics window and starts it.

. 1200 RPM will be set as desired speed for the currently selected active motor.
. The motor will be started and will rotate for 30 seconds.

. The speed will be increased to 2000 RPM.

. After another 15 seconds the motor will be stopped, so the statistics

. Finally, the script execution will be terminated

Sequencer n

MoterlD: 0

Function ValueO Valuel

Statistics_Stop 0 0

Statistics_Clear 0

Statistics_Start 0
Set_Speed 1200

]
0

[
Motor_Start 0 [
Wait 0 |0
0

0

0

0

Set_Speed 2000
Wait 15
Motor_Stop 0

Statistics_Stop 0

Figure 4-59 Example command sequence

C)

The sequence save, load and clear operations are accessible via the File menu of the menu bar and were
already described in a previous chapter.

© 2021 - 2022 50 2022-12-01
Toshiba Electronic Devices & Storage Corporation Rev 1.1.0



TOSHIBA MCU Motor Studio

User Manual

5. Using “MCU Motor Studio”

There are different approaches for the initial system set-up. “MCU Motor Studio” eases the run-time
configuration without the need to rebuilt the firmware. It also gives the possibility to fine tune the system and
calculate various parameters.

Regardless of the usage, an important rule is to be followed: External power supplies with current and
voltage limiters shall be used during the initial set-up and configuration, in order to avoid short
currents, hardware damages or person injuries!

5.1. Configuration

Most of the configuration steps during the initial set-up are already described in the Motor Control Firmware
User’'s Manual. Please refer to the document and related chapter for further details.

The subsequent chapters will detail functionality that is rather “MCU Motor Studio” specific and complements
the Firmware manual.

5.1.1. Pole-pair calculation

In some rare cases the information about the number of poles is not available, either due to missing or
incomplete specification or due to the fact that the exact motor type is not known. Even a visual inspection may
not be sufficient as two or more coils might be connected together. “MCU Motor Studio” features a tool and
simple procedure to properly calculate this important parameter.

In the description below the term “pole-pairs” refer to the exact number of electrical poles Xpole, which is
needed for proper angular speed control. The mathematical formula to calculate the electrical frequency, given
the speed in Hz is as follows:

RPMmax

Felmax (Hz) = 0

X Xpole

Equation 5.1: Electrical speed of a motor
It has to be noted that only the electrical speed, given in Hz is dependent on the number of electrical poles.
The mechanical speed given in RPM represents the true physical turns and is not affected by the number of
poles.

A brief description of the calculation procedure was given in the Pole pairs subchapter. The information given
here is to further explain/detail it.

Step 1 — The estimated number of pole-pairs shall be set in the Motor parameters, Polepairs field. If no
estimation can be made, 1 shall be kept.

Step 2 — The motor shall be started with decent speed, one in the middle of the supported range for example.
Step 3 — The actual speed is measured using a dedicated equipment/device, like tachometer.

Step 4 — The set speed, the used polepair parameter and the measurement result are input to the calculator
and Calculate button is hit. The proper value is given under Calculated pole pairs.

© 2021 - 2022 51 2022-12-01
Toshiba Electronic Devices & Storage Corporation Rev 1.1.0



TOSHIBA

MCU Motor Studio
User Manual

Parameter

Motor ID: 0

4

Y

Motor parameters

Polepairs 2 E
Direction Clockwise & Conterclockwise
Max. angular acceleration 100 El rad/s’
Torque factor 6 E mNm/A ¥
Resistance I a >
Inductance 7@ mH *

Speed limit
Speed change

50003  RreMm v
5001 Rrem v

Position delay SOUE ms

lg start 200@ ma < BE Pole pairs calculator - [m]
Id start UIZI mA v Known values

Iq limit 2803 mA - Speed set 1000 rpm
1d limit e mA v Pole pairs set |1

Motor name Set-up Speed measured | 232 rpm

Encoder parameters

Calculation

Encoder type No encoder +
Encoder minimal position []IZI Calculated pole pairs: 4
Encoder start position 0 =

Encoder maximal position o=

Approach speed o=

Encoder Receiver

No Encoder Receiver

Motor Gear ratio 0 =]
4 P cantrol
Id Ki o= wms -
Id Kp 0] wa -
g Ki wB] wms -
I3 Kp 20 ViA ~
Position Ki o[ bz ~
Position Kp 1500 Hzv v
Speed Ki 10| mavkzs ~
Speed Kp 200 mamz v
4 System settings
PWM frequency 15000 Hz ~

Figure 5-1 Polepair calculator usage

Caution shall be taken selecting the test speed. The general rule is “the higher the test speed, the better the
precision of the calculation”, still considering the capabilities of the measurement equipment.

5.1.2. Calculation of Phase Resistance / Inductance

The motor coil’s resistance and inductance are very important for the proper computation of the phase currents,
the transformations and the PWM control signals. For the cases these are not available, a measurement has to
be done.

The line to line resistance and inductance between every two phases shall be measured with a multimeter on a
fully disconnected motor. The procedure cannot be applied to motors with asymmetric phases, as the
measurement results will not be sufficient for a proper calculation.

The average of the three line to line measurement result shall be used to produce a mean value, following the
equation below:

R = (Ruv + Rvw + Rwu)/3
L= (Luv + Lvw + Lwu)/3

Equation 5.2 Average line to line resistance and inductance

The next step is to determine the coli configuration — delta or star. Without this information the calculator can’t
be utilized or the results might be improper.
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Figure 5-2 Motor coils induction relation & calculation

Once the mean line to line resistance, mean line to line inductance and the coil configuration are input, the
phase counterparts will be calculated:

I
O
x

BE Single Phase calculator

Known values

Phase?Phase resistance | 2000 mi}
Phase2Phase inductance | 172 pH

Type of winding | Star

Calculation

Calculate!

Resistance per phase: 1000 mQ
Inductance per phase: 86 pH

Figure 5-3 Phase resistance and inductance calculation

In some cases, this procedure does make sense even if the parameters are specified.
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6. External Software components

SI.No Software component Remarks

1 .NET Framework 3.5 -

2 .NET Framework 3.5 -

3 .NET Framework 4.0 -

4 Windows Presentation Foundation (WPF) .NET framework based graphical subsystem

5 AvalonDock WPF control for adding a docking layout
system to your application.

6 WPF Gauge WPF control for adding gauges. Copyright (c)
2011 by Terry Phillips under BSD license

7 WPF Dynamic Data Display For adding interactive visualization of dynamic
data

8 Extend WPF Toolkit Extended.Wpf.Toolkit 4.2.0

9 XAML Markup Extension For obtaining a value of specific XAML type.

10 WPF Localize Extension To localize any type of DependencyProperties
or native Properties on DependencyObjects

11 Microsoft Visual Studio Installer Projects | For Preparing installer package.

1.0.0
Table 6.1 External Software components
©2021 - 2022 54 2022-12-01

Toshiba Electronic Devices & Storage Corporation

Rev 1.1.0




TOSHIBA MCU Motor Studio

User Manual

7. References

[1] TMPM4K Group(2) Datasheet, Revision 1.0, October 2018, Toshiba Electronic Devices &
Storage Corporation

[2] Toshiba Motor Studio Firmware User’s Manual, Revision 1.0.0, April 2022, Toshiba Electronic
Devices & Storage Corporation.

[3] Reference Manual Advanced Vector Engine Plus (A-VE+-B), Revision 3.0, May 2018, Toshiba
Electronic Devices & Storage Corporation

[4] Reference Manual Advanced Programmable Motor Control Circuit (A-PMD-A), Revision 2.1, July
2020, Toshiba Electronic Devices & Storage Corporation

[5] Reference Manual Advanced Encoder Input Circuit(32-bit) (A-ENC32-A), Revision 1.1, October
2018, Toshiba Electronic Devices & Storage Corporation

[6] Reference Manual 12-bit Analog to Digital Converter (ADC-I), Revision 0.1, July 2020, Toshiba
Electronic Devices & Storage Corporation

© 2021 - 2022 55 2022-12-01
Toshiba Electronic Devices & Storage Corporation Rev 1.1.0



TOSHIBA

MCU Motor Studio

User Manual
8. Revision history
Revision Date Changes
1.0.0 2022/05/05 Baselined Version
1.1.0 2022/12/01 Internal review comments are incorporated.
Table 8.1 Revision history
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Trademarks

FreeRTOS™ is a trademark of Amazon Web Services, inc in the US and/or elsewhere. All rights
reserved.

Microsoft® and Windows® are either registered trademarks Microsoft Corporation in the United
States and/or elsewhere. All rights reserved.

Arm® , Cortex® ,Cortex®-M3, Cortex®-M4,Keil® and pVision® are registered trademarks of Arm
Limited (or its subsidiaries) in the US and/or elsewhere.

Click boards™ is a trademark of MIKROELEKTRONIKA. All rights reserved.

FTDI may be registered trademarks of “Future Technology Devices International Limited”. All rights
reserved.

IAR Systems® and IAR Embedded Workbench® are registered trademarks are owned by IAR
Systems. All rights reserved

SEGGER and J-Link are trademarks or registered trademarks of SEGGER Microcontroller GmbH &
Co. KG. All rights reserved.

Other Company names, product names and service names mentioned herein may be trademarks of their
respective companies.
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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 AWRITTEN 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.

¢ 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.

e 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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