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Introduction

The Renesas Motor Control Kit YROTATE-IT-RX66T is based on the RX66T device from the powerful 32-bit RX
microcontrollers family running at 160MHz and delivering 5.8 CoreMark/MHz.

The kit enables engineers to easily test and evaluate the performance of the RX66T in a laboratory environment when
driving up to three 3-phase Permanent Magnet Synchronous Motors (e.g. AC Brushless Motors) using an advanced sensor-
less Field Oriented Control algorithm. Typical applications for this type of solution are compressors, air conditioning, fans,
air extractors, pumps, home appliances inverters and industrial drives.

The phase current measurement is done via three shunts which offers a low-cost solution, avoiding the need for expensive
current sensors.

The powerful user-friendly PC Graphical User Interface (GUI) gives real time access to key motor performance parameters
and provides a unique motor auto-tuning facility. Furthermore, it becomes also possible to select the best switching
frequency and control frequency to adapt the control dynamics to the application requirements.

The hardware is designed for easy access to key system test points and for the ability to hook up to the E1 RX66T debugger.
Although the board is normally powered directly from the USB port of a Host PC, connectors are provided to utilise
external power supplies where required.

The YROTATE-IT-RX66T is an ideal tool to check out all the key performance parameters of your selected motors, before
embarking on a final end application system design.
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1. Specifications & hardware overview

ITEM

TYPE OF MOTORS SUPPORTED
KIT MOTOR PARTNAME

KIT MAX INPUT RANGE
TRANSISTOR USED

POWER SUPPLY OPTION
CURRENT DETECTION

USB IC USED ON THE BOARD

MICROCONTROLLER

MCU PERFORMANCE

KEY FEATURES

MCU EMBEDDED FIRMWARE
SWITCHING FREQUENCY

CONTROL LOOP FREQUENCY
(SAMPLING FREQUENCY)

CONTROL LOOP TIMING

CODE SIZE IN FLASH / RAM
TOOL USED, VERSION

COMPILER OPTIMIZATION
LEVEL

ENVIRONMENT STANDARDS

SPECIFICATIONS
3-phase Permanent Magnet Synchronous (PMSM, PMAC, BLAC)

3-phase Brushless DC (BLDC)

NANOTEC, DB42S03, 24Vbc, Nominal Speed: 4000RPM

External power supply from: 20Vpc to 48Vpc, 6Apeak

Renesas MOSFET: RJIKO645DBP (60V, 30A, 8.3mQ max)

Either USB connection or external supply up to 48Vpc

One or three shunts configuration (10mQ)

FT232R - USB UART IC from FDTI, 76.6KBd communication speed

RX66T (R5F566TEADFP), 100-pin LFQFP, 160MHz, 512KB Flash, 64KB RAM,
32KB Data Flash

160 MHz, 5.8 CoreMark/MHz

Floating Point Unit, 3-phase inverter Timer
12-bit A/D Converter, Programmable Gain Amplifiers, Port Output Enable

Sensor-less vector control algorithm (Field Oriented Control)

4KHz to 64KHz, 16KHz by default (PWM frequency)

4KHz to 16KHz, 8KHz by default

42us including debug features and auto-tuning/self-identification + 3 Axis
control

48.3KB / 4.9KB

e?studio 7.4.0, RXC toolchain, CC RX version v3.00.00

Level 2

RoHS compliant including China regulations
WEEE, RoHS

The inverter kit YROTATE-IT-RX66T is a single board triple inverter, based on the 32-bit RX series microcontroller RX66T
and includes three low-voltage MOSFETs power stage and a communication stage. The PCB is a four layers board and
ensure the management of permanent magnet motors up to 48Vpc and up to 6Amax.
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Please find below the PCB overview.
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The full schematics and CAD design files (e.g. Gerber) of the inverter kit are available on the website:
https://www.renesas.com/eu/en/solutions/proposal/motor-control.html , in the section related to the YROTATE-IT-
RX66T development kit.

In the YROTATE-IT-RX66T kit, a single RX66T in a 100-pin package was selected to ensure the management of inverters,
external communications, EEPROM communication, E1 debugger, Bus voltage monitoring, etc.
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2. Connectors description

As in the following figure, you can find the position and the description of the connectors present on the board. Please
refer to the board schematics for the full description of the connectors.

The E1 connector is used for the programming and the debugging of the software running on the RX66T. It can be
connected either to the E2studio and the CS+ development environments.

The external power stage connectors are compatible with the power stages, designed for Renesas inverter kits,
which are able, the first one to drive 230Vac motor up to 1.5KW, and the second one up to 60Vpc, 60Apc. The
schematics and Gerber file of the power stage are available on the website:
https://www.renesas.com/eu/en/solutions/proposal/motor-control.htmi
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The motor connectors are used to connect directly the low voltage motors to the internal inverters. Hall and encoder
connectors are used to connect hall sensors and encoder (since the standard software is sensor-less, they are not
normally needed).
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3. Power supply selection

As stated before, there are different ways to supply power to the board.

1. The first possibility is to use directly the PC USB supply. In this case the current you can give to the motor is
limited by the USB current capabilities.

2. The second possibility is to use an external voltage DC source to supply the board.

The recommended power supply voltage is between 20Vpc to 48Vpc. In this case the communication stage is insulated
from the inverter. The selection between the two possibilities is made through two jumpers: PN30 and PN31. Please
find below the description:
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1) The first jumper configuration connects the USB ground to the inverter ground and the output of the step-up
converter to the inverter DC link.

Please notice that in this case there is no galvanic insulation between the device connected to the USB and
the board.

2) The second jumper configuration connects the external power supply ground to the inverter ground and the
external +Vpc to the inverter DC link.

It is also possible to supply the micro board from (one of) the external power stage(s). Is such case please set the
jumpers for external power stage, but don’t connect any supply source to the board connector. Instead close the
specific jumper (PN1, PN15, PN19) related to the specific external power stage connector. Please select only one power
stage to supply the micro board, and close only one jumper. In other cases, please leave the jumpers (PN1, PN15,
PN19) open.
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4. LEDs functions description

Some of the LEDs available on the board are directly connected to the hardware and allow the user to understand the
status of the board. Please refer to the LED map for the following indications:

e DL1 is connected to the output of the 15V step-down DC-DC converter and indicates the presence of the
switches drive supply;

e DL4, DL5 are dedicated to the USB communication.
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Other LEDs in the board are driven via software, in particular: DL4 DL5

e DL2 is blinking slowly if the control section of the RX66T microcontroller is running normally; in case of
hardware or software alarms, DL2 is blinking quickly (this is valid with the standard software).

e DL3is free for the user and in the default software it is ON when the main control interrupt is active. It give to
the user a quick and simple way to measure the timing of the control loop of the algorithm.
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5. Test points for debugging

Several specific test points are available on the board to visualize with the oscilloscope the behaviour of some internal
signals. Below you can find their description.

e TP1: analogical temperature input from external power stage 2 connector.
e TP2: analogical supply voltage from external power stage 1 connector.

e TP3: motor 2 output U.

e TP4: motor 2 output V.

e TP5: motor 2 output W.

e TP6: motor 1 output U.

e TP7: motor 1 output V.

e TP8: motor 1 output W.

e TP9: analogical temperature input from external power stage 1 connector.
e TP10: motor 2 U phase low arm MOSFET source.

e TP11: motor 2 V phase low arm MOSFET source.

e TP12: motor 2 W phase low arm MOSFET source.

e TP13: motor 1 U phase low arm MOSFET source.

e TP14: motor 1V phase low arm MOSFET source.

e TP15: motor 1 W phase low arm MOSFET source.

e TP16: analogical supply voltage from external power stage 2 connector.

e TP17: microcontroller DA1 output test point.

e TP18: microcontroller DAO output test point.

e TP19: analogical temperature input from external power stage 3 connector.
e TP20: motor 3 W phase low arm MOSFET source.

e TP21: motor 3 V phase low arm MOSFET source.

e TP22: motor 3 U phase low arm MOSFET source.

e TP23: microcontroller PE2 (NMI) test point.

e TP24: motor 3 output W.

e TP25: motor 3 output V.

e TP26: motor 3 output U.

e TP27: analogical supply voltage from external power stage 3 connector.
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Figure 1 Test points available on the board to visualize with the oscilloscope the behaviour of some internal signals
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6. Internal power stages description

The board includes three power stages which are complete 3-phase bridges composed with discrete low voltage and
high current MOSFET. The MOSFET are the Renesas RJIK0O645DBP n-channel power MOSFET. Please refer to the data-
sheet available on the Renesas website: www.renesas.eu for the switches characteristics and to the board schematics
for the details on the driving circuit. The maximum current is 30A, and the maximum voltage is 60V.

Two power stages are identical each other, the third one differs from the previous due to the current reading circuit,
which is based on external op-amps, since in the micro controller only two A/D converters have programmable gain

amplifiers.

The three power internal power stages share the driving signals and the analogical readings with the external optional
power stages, so selection switches are provided in each case. The driving signals are connected directly to the external
power stage connector, and through jumpers to the internal power stage. So, if the external power stage is connected,
then the jumpers which connect the internal one must be removed, otherwise they have to be connected. The same
criteria is applied for the analogical inputs from the external power stages (currents and bus voltages readings).
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Figure 2 Motor Axis Signal Jumpers
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A further difference between the first two power stages and the third one is related to the over-current detection:
while in the first two a circuit which detect the de-saturation of the MOSFET is provided, in the third one a direct
measurement of the DC current flowing in the circuit is made, through the sum of the three phase currents. The over-
current signals are in wired OR with the ones eventually coming from external power stages connectors.
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Figure 3: De-saturation detection circuit for motor 1
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Figure 4 Over-current detection circuit for motor 3
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7. Current reading methods

As said, in the RX66T microcontroller are present two A/D converter modules with 3 Programmable Gain Amplifiers
for each module. These amplifiers can be used to amplify the analogical signal coming from the current reading shunts.

Please find below the circuit used in the board.

MCU

The third A/D module has not PGA, so conventional circuit has been chosen to read the current for the third motor:

i EiEE“4?3F
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Figure 5 Amplifier Circuit for the third Motor Axis
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8. Interface to an external power stage

To connect external power stages, three equal connectors are provided. Below you can find the schematic of the
corresponding connector on one of the external power stages.
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Figure 6 External Power Stage Interface

As you can see, it is possible to supply the board with the external power stage (trough pins 24-25), but attention has
to be made in case of more than one external power stages: only one supply source has to be used.

Same attention has to be put in the management of the jumper which decide internal/external power stage as already
explained.

For further details please refer to the complete schematics that are available on the website:
wWWww.renesas.eu/motorcontrol.

Two power stages are currently available under request; they have been both successfully tested with the YROTATE-
IT-RX66T kit.
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11. Website material: www.renesas.eu/motorcontrol

The complete kit material is available on-line at the address:

https://www.renesas.com/eu/en/solutions/proposal/motor-control.html

The latest updates of the downloadable material for the YROTATE-IT-RX66T kit is listed below:

Items

Description of Resources

Auto-tuning Video-Tutorial

Short video explaining how to easily tune any Brushless AC
motor in 45 seconds using just the intuitive PC Graphical User
Interface

Drivers

YROTATE-IT-RX66T Drivers

Drivers and setup files for the PC Graphical User Interface

Embedded Software

e?Studio Source Code

Source files for code flashed by default into the Renesas
microcontroller

Manuals
Kit Motor Specifications
Renesas Datasheets

Tuned Motors Specifications

Relevant documentation for the kit, the motor and the
microcontroller, the MOSFET.

Languages: English, Japanese, Korean, Chinese

Schematics-Gerber-BoM
External Power Stages

Main Board

Schematics, Gerber files of Bill of Materials for both the main
kit and the two external power stages (not included as part of
the kit)
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12. Microcontroller RX66T short overview

The RX66T Group is 32-bit microcontroller and suited for up to three inverters control and has a built-in FPU (floating-
point processing unit) that enables it to easily program complex inverter control algorithms. This helps to greatly
reduce the man-hours required for software development and maintenance. RX66T MCUs operate in a broad voltage
range from 2.7 V to 5.5 V, which is useful for inverter control, and are highly compatible with the RX62T Group at the
pin arrangement and software level.

The main specifications of the RX66T microcontrollers are reported in table 1.1, directly taken from the hardware
manual.
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Table 1.1 Outline of Specifications (1/9)

Classification | Module/Function

Description

CPU CPU + Maximum operating frequency: 160 MHz
e 32-bit RX CPU (RXv3)
« Minimum instruction execution time: One instruction per state (cycle of the system clock)
+ Address space: 4-Gbyte linear
+ Register set of the CPU
General purpose: Sixteen 32-bit registers
Control: Ten 32-bit registers
Accumulator: Two 72-bit registers
« 111 instructions
Standard provided instructions: 111
Basic instructions: 77
Single precision floating point instructions: 11
DSP instructions: 23
¢ Addressing modes: 11
¢ Data arrangement
Instructions: Little endian
Data: Selectable as little endian or big endian
¢ On-chip 32-bit multiplier: 32 x 32 — 64 bits
« On-chip divider: 32/32 — 32 bits
« Barrel shifter: 32 bits
FPU « Single-precision (32-bit) floating-point number
« Data types and floating-point exceptions in conformance with the IEEE754 standard
Memory Code flash memory « Capacity: 1 Mbyte, 512 Kbytes, 256 Kbytes

ROM cache: Operation of an 8-Kbyte instruction fetching cache can be enabled or
disabled (this is disabled by default).
While ROM cache operation is enabled:
- when the cache is hit, one-cycle access up to 160 MHz
- when the cache is missed:
one to two cycles if ICLK = 120 MHz (bus wait: 0 cycles),
two to three cycles if ICLK > 120 MHz (bus wait: 1 cycle).
While ROM cache operation is disabled:
one cycle If ICLK = 120 MHz (bus wait: 0 cycles),
two cycles if ICLK > 120 MHz (bus wait: 1 cycle).
+ On-board programming: Five types
« Off-board programming (parallel programmer mode) (This is not available for 80/64-pin
products)
¢ The trusted memory (TM) function protects against the reading of programs from blocks
Sand 9.

Data flash memory

¢ Capacity: 32 Kbytes
¢ Programming/erasing: 100,000 times

Unigque ID ¢ 12-byte unique ID for the device
RAM « Capacity: 128 Kbytes, 64 Kbytes
¢ 160 MHz No-wait access
¢ SED (single error detection)
RAM with ECC * Capacity: 16 Kbytes

« OOFF CO000h to 00FF FFFFh (16 Kbytes)
+ SEC-DED (single error correction/double error detection)
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Table 1.1 Outline of Specifications (2/9)

Classification | Module/Function

Description

Operating modes

+ Operating modes by the mode-setting pins at the time of release from the reset state
Single-chip mode

Boot mode (SCI interface)

Boot mode (USB interface)

Boot mode (FINE interface)

User boot mode

Selection of operating mode by register setting

Single-chip mode, user boot mode, On-chip ROM disabled extended mode,

On-chip ROM enabled extended mode

Endian selectable

Clock Clock generation circuit

« Main clock oscillator, low-speed/high-speed on-chip oscillator, PLL frequency
synthesizer, and IWDT-dedicated on-chip oscillator

The peripheral module clocks can be set to frequencies above that of the system clock.
Main-clock oscillation stoppage detection

Separate frequency-division and multiplication settings for the system clock (ICLK),
peripheral module clocks (PCLKA, PCLKB, PCLKC, PCLKD), flash-IF clock (FCLK) and
external bus clock (BCLK)

The CPU and other bus masters run in synchronization with the system clock (ICLK): Up
to 160 MHz

Peripheral modules of MTU3 (Internal peripheral bus), GPTW (Internal peripheral bus),
HRPWM (Internal peripheral bus), RSPI, and SCI11 run in synchronization with PCLKA,
which operates at up to 120 MHz.

Other peripheral modules run in synchronization with PCLKB: Up to 60 MHz

MTU3 (counter reference clocks), GPTW (counter reference clocks), and HRPWM
(reference clocks) are synchronized with PCLKC: Up to 160 MHz

ADCLK in the S12AD runs in synchronization with PCLKD: Up to 60 MHz

Flash IF run in synchronization with the flash-IF clock (FCLK): Up to 60 MHz

Devices connected to the extemal bus run in synchronization with the external bus clock
(BCLK): Up to 40 MHz

Multiplication is possible with using the high-speed on-chip oscillator (HOCQO) as a
reference clock of the PLL circuit

Reset

Nine types of reset

» RES# pin reset: Generated when the RES# pin is driven low.

« Power-on reset: Generated when the RES# pin is driven high and VCC rises.

« Voltage-monitoning 0 reset: Generated when VCC falls.

« Voltage-monitoring 1 reset: Generated when VCC falls.

« Voltage-monitoning 2 reset: Generated when VCC falls.

« Deep software standby reset: Generated in response to an interrupt to trigger release
from deep software standby.

« Independent watchdog timer reset: Generated when the independent watchdog timer
underflows, or a refresh error ocecurs.

« Watchdog timer reset: Generated when the watchdog timer underflows, or a refresh error
occurs.

« Software reset: Generated by register setting.

Power-on reset

If the RES# pin is at the high level when power is supplied, an intemal reset is generated.
After VCC has exceeded the voltage detection level and the specified period has elapsed,
the reset is cancelled.

Voltage detection circuit (LVDA)

Monitors the voltage being input to the VCC pin and generates an internal reset or internal
interrupt.
« Voltage detection circuit 0
Capable of generating an internal reset
The option-setting memory can be used to select enabling or disabling of the reset.
Voltage detection level: Selectable from two different levels
» Yoltage detection circuits 1 and 2
Voltage detection level: Selectable from five different levels
Digital filtering (1/2, 1/4, 1/8, and 1/16 LOCO frequency)
Capable of generating an internal reset
+ Two types of timing are selectable for release from reset
An intemal interrupt can be requested.
+ Detection of voltage rising above and falling below thresholds is selectable.
+ Maskable or non-maskable interrupt is selectable
Voltage detection monitoring

Event linking
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Table 1.1

Outline of Specifications (3/9)

Classification

Module/Function

Description

Low power Low power consumption | Module stop function

consumption facilities « Four low power consumption modes
Sleep mode, all-module clock stop mode, software standby mode, and deep software
standby mode

Interrupt Interrupt controller Interrupt vectors - 256

(Icuc)

External interrupts: 16 (pins IRQO to IRQ15)

Software interrupts: 2 sources

MNon-maskable interrupts: 7 sources

Sixteen levels specifiable for the order of priority

Method of interrupt source selection:

The interrupt vectors consist of 256 vectors (208 sources are fixed. The remaining 135
vectors are selected from among the other 48 sources.)

External bus extension

The external address space can be divided into four areas (CS0 to CS3), each with
independent control of access settings.

Capacity of each area: 2 Mbytes (CS0 to CS3)

A chip-select signal (CS0# to CS3#) can be output for each area.

Each area is specifiable as an 8- or 16-bit bus space.

The data arrangement in each area is selectable as little or big endian (only for data).
Bus format: Separate bus, multiplex bus

« Wait control
« Write buffer facility
DMA DMA controller « 8 channels
(DMACAa) « Three transfer modes: Normal transfer, repeat transfer, and block transfer
* Request sources: Software trigger, extemal interrupts, and interrupt requests from
peripheral functions
Data transfer controller | « Three transfer modes: Normal transfer, repeat transfer, and block transfer
(DTCa) « Request sources: External interrupts and interrupt requests from peripheral functions
I/O ports Programmable I/O ports |« I/O ports for the 144-pin LFQFP

/O pins: 110

Input pin: 9

Pull-up resistors: 110

Open-drain outputs: 110

5-V tolerance: 4

Large current output: 15

/O ports for the 112-pin LQFP

/O pins: 84

Input pin: 9

Pull-up resistors: 84

Open-drain outputs: 84

5-V tolerance: 2

Large current output: 15

1/O ports for the 100-pin LFQFP (with PGA pseudo-differential input, and with USB)
1/O pins: 69

Input pin: 9

Pull-up resistors: 69

Open-drain outputs: 69

5-V tolerance: 3

Large current output: 15

1/O ports for the 100-pin LFQFP (with PGA pseudo-differential input, and without USB)
/O pins: 72

Input pin: 9

Pull-up resistors: 72

Open-drain outputs: 72

5-V tolerance: 2 (products with 64 Kbytes of RAM), 3 (products with 128 Kbytes of RAM)
Large current output: 15

1/O ports for the 100-pin LFQFP (without PGA pseudo-differential input, and without
USB)

/O pins: 73

Input pin: 7

Pull-up resistors: 73

Open-drain outputs: 73

5-V tolerance: 2 (products with 64 Kbytes of RAM), 3 (products with 128 Kbytes of RAM)
Large current output: 15
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Table 1.1 Qutline of Specifications (4/9)
Classification | Module/Function Description
I/O ports Programmable /O ports | e /O ports for the 80-pin LFQFP, 80-pin LQFP
I/O pins: 52
Input pin: 9

Pull-up resistors: 52
Open-drain outputs: 52
5-V tolerance: 2

Large current output: 14
I/O ports for the 64-pin LFQFP
I/0O pins: 39

Input pin: 7

Pull-up resistors: 39
Open-drain outputs: 39
5-V tolerance: 2

Large current output: 14

Event link controller (ELC)

Event signals such as interrupt request signals can be interlinked with the operation of
functions such as timer counting, eliminating the need for intervention by the CPU to
control the functions.

188 internal event signals can be freely combined for interlinked operation with
connected functions.

Event signals from peripheral modules can be used to change the states of output pins
(of ports B and E).

Changes in the states of pins (of ports B and E) being used as inputs can be interlinked
with the operation of peripheral modules.

Timers

8-bit timers (TMR)

¢ (8 bits x 2 channels) x 4 units

Select from among seven intemal clock signals (PCLKB/1, PCLKB/2, PCLKB/8, PCLKB/
32, PCLKB/64, PCLKB/1024, PCLKB/8192) and one external clock signal

Capable of output of pulse trains with desired duty cycles or of PWM signals

The 2 channels of each unit can be cascaded to create a 16-bit timer

Generation of triggers for A/D converter conversion

Capable of generating baud-rate clocks for SCI5, SCI6, and SCI12

Event linking by the ELC

Compare match timer
(CMT)

* (16 bits x 2 channels) x 2 units

+ Select from among four internal clock signals (PCLKB/8, PCLKB/32, PCLKB/128,
PCLKB/512)

Event linking by the ELC

Watchdog timer (WDTA)

e 14 bits x 1 channel
Select from among 6 counter-input clock signals (PCLKB/4, PCLKB/64, PCLKB/128,
PCLKB/512, PCLKB/2048, PCLKB/8192)

Independent watchdog
timer (IWDTa)

¢ 14 bits x 1 channel

Counter-input clock: IWDT-dedicated on-chip oscillator

Dedicated clock/1, dedicated clock/16, dedicated clock/32, dedicated clock/64, dedicated
clock/128, dedicated clock/256

Window function: The positions where the window starts and ends are specifiable (the
window defines the timing with which refreshing is enabled and disabled).

¢ Event linking by the ELC
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Table 1.1 Outline of Specifications (5/9)

Classification | Module/Function

Description

Timers Multifunction timer pulse
unit 3 (MTU3d)

« 9 channels (16 bits x 9 channels)

e Maximum of 28 pulse-input/output and 3 pulse-input possible

e Select from among 14 counter-input clock signals for each channel (PCLKC/1, PCLKC/2,
PCLKC/4, PCLKC/8, PCLKC/16, PCLKC/32, PCLKC/64, PCLKC/256, PCLKC/1024,
MTCLKA, MTCLKB, MTCLKC, MTCLKD, MTIOC1A)

11 of the signals are available for channels 1, 3, 4, 12 are available for channel 2, and 10
are available for channel 5.

43 output compare/input capture registers

Counter clear operation (synchronous clearing by compare match/input capture)
Simultaneous writing to multiple timer counters (TCNT)

Simultaneous register input/output by synchronous counter operation

Buffered operation

Support for cascade-connected operation

45 interrupt sources

Automatic transfer of register data

Pulse output mode

Toggle/PWM/complementary PWM/reset-synchronized PWM

Complementary PWM output mode

QOutputs non-overlapping waveforms for controlling 3-phase inverters

Automatic specification of dead times

PWM duty cycle: Selectable as any value from 0% to 100%

Delay can be applied to requests for A/D conversion.

Non-generation of interrupt requests at peak or trough values of counters can be
selected.

Double buffer configuration

Reset synchronous PWM mode

Three phases of positive and negative PWM waveforms can be output with desired duty
cycles.

Phase-counting mode: 16-bit mode (channels 1 and 2); 32-bit mode (channels 1 and 2)
« Counter functionality for dead-time compensation

Generation of triggers for A/D converter conversion

The timing of the generation of requests to start A/D conversion can be monitored by an
external pin.

AJ/D converter start triggers can be skipped

Digital filter function for signals on the input capture and external counter clock pins
Event linking by the ELC

Internal peripheral bus clock: PCLKA

Counter reference clock: PCLKC

Frequency ratio: PCLKA to PCLKC = 1: N (N =1 or 2)

Port output enable 3
(POE3B)

Control of the high-impedance state of the MTU3/GPTW's waveform output pins, and
control of switching to the general I/O port pin

9 pins for input from signal sources: POEO, POE4, POES, POE9, POE10, POE11,
POE12, POE13, POE14

Initiation by detection of short-circuited outputs (detection of PWM outputs that have
become an active level simultaneously)

« |nitiation by comparator detection/oscillation stop detection/software

« Additional programming of output control target pins is enabled
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Table 1.1 Outline of Specifications (6/9)

Classification | Module/Function

Description

Timers General PWM timer
(GPTW)

32 bits x 10 channels

Counting up or down (sawtooth-wave), counting up and down (triangle-wave) selectable
for all channels

Clock sources independently selectable for each channel

2 input/output pins per channel

2 output compare/input capture registers per channel

For the 2 output compare/input capture registers of each channel, 4 registers are
provided as buffer registers and are capable of operating as comparison registers when
buffering is not in use.

In output compare operation, buffer switching can be at peaks or troughs, enabling the
generation of laterally asymmetrically PWM waveforms.

Registers for setting up frame intervals on each channel (with capability for generating
interrupts on overflow or underflow)

Generation of dead times in PWM operation

Capable of synchronous start, stop, or clearing of counter for any channel

Capable of a start, stop, clearing, or up-/down-counting of the counter supporting
maximum of 8 ELC events

Capable of a start, stop, clearing, or up-/down-counting of the counter supporting input
level comparison

Capable of a start, stop, clearing, or up-/down-counting of the counter supporting
maximum of 4 external triggers

Qutput pin disabling function by a dead time error or a short circuit detection among
output pins

Capable of generating conversion start triggers for the A/D converters as well as
monitoring external pins for a start timing of conversion.

Capable of outputting events, such as compare-match from A to F and overflow/
underflow, to ELC

Capable of using noise filter of input capture

Internal peripheral bus clock: PCLKA

Counter reference clock: PCLKC

Frequency ratio: PCLKAto PCLKC =1: N (N =1 ar 2)

High resolution PWM

Capable of generating the PWM waveform that is generated by GPTWO through GPTW3

(HRPWM) with resolution of minimum of 195 ps.
Port output enable for + Controlling the output disable for GPTW waveform output
GPTW (POEG) » [nitiation by input level detection of GTETRG pins

Initiation by output disable request from GPTW
Initiation by detection of comparator interrupt request
Initiation by detection of oscillation stop or by software

Communication | USB 2.0 FS host/
function function module (USBb)

Includes a UDC (USB Device Controller) and transceiver for USB 2.0 FS
One port

Compliance with the USB 2.0 specification

Transfer rate: Full speed (12 Mbps), low speed (1.5 Mbps) (host only)
Self-power mode and bus power are selectable

OTG (On the Go) operation is possible (low-speed is not supported)
Incorporates 2 Kbytes of RAM as a transfer buffer

External pull-up and pull-down resistors are not required
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Table 1.1

Outline of Specifications (7/9)

Classification

Module/Function

Description

Communication
function

Senal communications
interfaces (SCIj, SCli,
SCIlh)

» 7 channels
SCIj: SCI1, SCl5, SCI6, SCIg, SCI9
SCli: SCIM1
SCIh: SCI12
« SCIj, SCli, SClh
Serial communications modes: Asynchronous, clock synchronous, and smart-card
interface
Multi-processor function
On-chip baud rate generator allows selection of the desired bit rate
Choice of LSB-first or MSB-first transfer
Average transfer rate clock can be input from TMR timers for SCI5, SCI6, and SCI12
Start-bit detection: Level or edge detection is selectable.
Simple I2C
Simple SPI
7, 8, 9-bit transfer mode
Bit rate modulation
Double-speed mode
Data match detection (SCI12 is not supported)
Event linking by the ELC (supported by SCI5 only)
SCli Only
Capable of serial sending and receiving with 16-byte FIFO-buffered structure both at
transmission and reception sections
SCIh Only
Supports the serial communications protocol, which contains the start frame and
information frame
Supports the LIN format

I2C bus interface (RIICa)

s 1 channel

Communication formats

I2C bus format/SMBus format
Supports the multi-master
Max. transfer rate: 400 kbps
Event linking by the ELC

CAN module (CAN)

* 1 channel
+ Compliance with the 1S0O11898-1 specification (standard frame and extended frame)
32 mailboxes per channel

Serial peripheral
interface (RSPIc)

1 channel

RSPI transfer facility

Using the MOSI (master out, slave in), MISO (master in, slave out), SSL (slave select),
and RSPCK (RSPI clock) signals enables senal transfer through SPI operation (four
lines) or clock-synchronous aperation (three lines)

Capable of handling serial transfer as a master or slave

Data formats

Switching between MSB first and LSB first

The number of bits in each transfer can be changed to any number of bits from 8§ to 16,
20, 24, or 32 bits.

128-bit buffers for transmission and reception

Up to four frames can be transmitted or received in a single transfer operation (with each
frame having up to 32 bits)

Buffered structure

Double buffers for both transmission and reception

» RSPCK can be stopped with the receive buffer full for master reception.

« Event linking by the ELC
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Table 1.1 QOutline of Specifications (8/9)

Classification ‘ Module/Function

Description

12-bit A/D converter (S12ADH)

« 12 bits (8 channels x 2 units, 14 channels * 1 unit)
¢ 12-bit resolution
e Minimum conversion time
0.9 ps per channel (when ADCLK operates at 60 MHz)
« Operating mode
Scan mode (single scan mode, continuous scan mode, or 3 group scan mode)
Group A priority control (only for 3 group scan mode)
+ Sample-and-hold function
channel-dedicated sample-and-hold function (unit 0 x 3 channels, unit 1 x 3 channels)
included
e Sampling variable
Sampling time can be set up for each channel.
« Conversion function in order of arbitrarily selected channels (Serial conversion of the
same channel cannot be allowed)
« Double trigger mode (A/D conversion data duplicated)
s Three ways to start A/D conversion
Software trigger, synchronous trigger (MTU, TMR, ELC), external trigger
« Prioritization in group scanning can be controlled among group A, B, and C.
« Digital comparison
Method: Comparison to detect voltages above or below thresholds and window
comparison
Measurement. Comparison of two results of conversion or comparison of a value in the
comparison register and a result of conversion
« Self-diagnostic function
+ Detection of analog input disconnection
« Event linking by the ELC
« Input signal amplification function by the programmable gain amplifier
(unit 0 x 3 channels, unit 1 x 3 channels)
Capable of supporting single end/pseudo-differential input

12-bit D/A converter (R12DAb)

« 2 channels

« 12-bit resolution

« QOutput voltage: 0 V to AVCC2

« Capable of providing as a reference voltage for comparator
« Event linking by the ELC

Comparator C (CMPC)

¢ 6 channels

« Function to compare the reference voltage and the analog input voltage
« Reference voltage is selectable from 4 inputs

« Analog input voltage is selectable from 4 inputs

« Digital filtering

Temperature sensor

« 1 channel

+ Relative precision: +1.0°C

+ The voltage of the temperature is converted into a digital value by the 12-bit A/D
converter (unit 2).

Safety Memory protection unit
(MPU)

+ Protection area: Eight areas (max_.) can be specified in the range from 0000 0000h to
FFFF FFFFh.

« Minimum protection unit: 16 bytes

« Reading from, writing to, and enabling the execution access can be specified for each
area.

« An access exception occurs when the detected access is not in the permitted area.

Trusted Memory (TM)
Function

« Protects against the reading of programs from blocks 8 and 9 of the code flash memory
« Instruction fetching by the CPU is the only form of access to these areas when the TM
function is enabled.

Register write protection
function

« Protects important registers from being overwritten for in case a program runs out of
control.
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Table 1.1 Outline of Specifications (9/9)
Classification | Module/Function Description
Safety CRC calculator (CRCA) | # Generation of CRC codes for 8-/32-bit data
8-bit data

Selectable from the following three polynomials

XB4+ X2+ X+ 1, X6+ X154+ X2+ 1, X16+ X124 X5+ 1

32-bit data

Selectable from the following two polynomials

XI2+ X226+ X 23+ X224 X164+ X 124X 1T+ X 104 X0+ X T+ X5+ X2+ X2+ X+1 .

HI2+ X284+ X 2T+ X264+ X256+ X234} 22+ W20+ X 19418+ X 144X 13+ X 11+ X104+ X9+ XB+X6+1
Generation of CRC codes for use with LSB-first or MSB-first communications is
selectable

Main clock oscillation
stop detection function

» Main clock oscillation stop detection: Available

Clock frequency
accuracy measurement
circuit (CAC)

« Maonitors the clock output from the main clock oscillator, low- and high-speed on-chip
oscillators, the PLL frequency synthesizer, IWDT-dedicated on-chip oscillator, and
PCLKB.

Data operation circuit
(DOC)

The function to compare, add, or subtract 16-bit data

Encryption
functions

Trusted Secure IP
(TSIP-Lite)

» Access management circuit

Encryption engine

128- or 256-hit key sizes of AES

Block cipher mode of operation: GCM, ECB, CBC, CMAC, XTS, CTR, GCTR
« Hash function

+ True random number generator

+ Prevention from illicit copying of a key

Operating frequency

Up to 160 MHz

Power supply voltage

VCC=27to 55V

AVCCO = AVCC1 = AVCC2 = 3.0 to 5.5V (VCC £ AVCCO = AVCC1 = AVCC2)
With USB in use: VCC_USB = 3.0 to 3.6V (VCC = VCC_USB)

With USB not in use: VCC_USB = VCC

VSS = AVSS0 = AVSS1 = AVSS2 = VSS_USB = 0V

Operating temperature

D-version: 40 to +85°C
G-version: —40 to +105°C (in planning)

Package

144-pin LFQFP 0.5 mm pitch (in planning)
112-pin LQFP 0.65 mm pitch

100-pin LFQFP 0.5 mm pitch

80-pin LFQFP 0.5 mm pitch

80-pin LQFP 0.65 mm pitch

64-pin LFQFP 0.5 mm pitch

Debugging interfaces

s JTAG and One-line FINE interfaces
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13. Permanent magnets brushless motor model

The synchronous permanent magnets motor (sinusoidal brushless motor) is widely used in the industry. More and
more home appliance makers are now using such brushless motor, mainly because of the intrinsic motor efficiency.

The permanent magnet motor is made with few components:

1. A stator formed by stacking sheared metal plates where internally the copper wiring is wound, constructing
the stator winding

2. Arotor in which permanent magnets are fixed

3. Two covers with ball bearings that keep together the stator and the rotor; the rotor is free to rotate inside the

stator
“a” winding
“b” winding R
: Motor axis
: (shaft)
: “a” winding
A magnetic axis

How current flows

.
.
.
.
.
.
.
.
.
.
.
.

— into “a” winding

¢” winding

The working principle is quite simple: if we supply the motor with a three-phase system of sinusoidal voltages, at
constant frequency, in the stator windings flow sinusoidal currents, which create a rotating magnetic field.

The permanent magnets in the rotor tend to stay aligned with the rotating field, so the rotor rotates at synchronous
speed.

The main challenge in driving this type of motor is to know the rotor position in real-time, so mainly implementation
are using a position sensor or a speed sensor.

In our implementation, the system is using either one or three shunts to detect the rotor position in real-time.

Let’s analyse the motor from a mathematic point of view.

If we apply three voltages va(t), vb(t), vc(t) to the stator windings, the relations between phase voltages and currents
are:

UM-YROTATE-IT-RX66T 1.1 Page 26 of 60
Feb 6, 2020 RENESAS



RX66T YROTATE-IT-RX66T Motor Control Kit

vazRSiaer/qba
dt

. dAa,

v, =R.I, +—=
b S'b dt
vcstiC+(Mc
dt

- Ai is the magnetic flux linkage with the i-th stator winding

- Rs is the stator phase resistance (the resistance of one of the stator windings)

The magnetic flux linkages A are composed by two items, one due to the stator currents, one to the permanent
magnets.

[ axis

C axis '
o
’ Am ‘
. B 9 - .
» a axis . 5 » 0L axis

“I

b axis

Real axes (a, b, c) and equivalent ones (a, B); a fixed amplitude vector can be completely determined by its
position respect the (a, B) system (angle 3)

The permanent magnet creates a magnetic field that is constant in amplitude and fixed in position in respect to the
rotor. This magnetic field can be represented by vector Am whose position in respect to the stator is determined by
the angle 9 between the vector direction and the stator reference frame.

The contribution of the permanent magnets in the flux linkages depends on the relative position of the rotor and the
stator represented by the mechanical-electric angle 3.

It is, in every axis, the projection of the constant flux vector An in the direction of the axis:
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A, =Li, + A, cos(9)

A, =Li, + A, cos(S—Z%)
L 4
A, =Li_ + A, cos($ %)

Supposing that the rotor is rotating at constant speed o (that is: 3(t) = ot) the flux linkages derivatives can be
calculated, and we obtain:

v, =R+ LI oA sin9)
dt
_ . dib . 27[
Vv, = R, + LE—wAm sin($ - A)
— R di, i 4
V, = Rqi, + LE_wAm sin($— %)

A “three phases system” may be represented by an equivalent “two phases system”. So the by using specific
transformations, our three equations system is equivalent to a two equations system. It is basically a mathematical
representation in a new reference coordinates system.

In the two phases (o) fixed system the above equations become:

v, =R +%
dt
. da
Vﬁ:RSIﬂer—tﬁ

For the magnetic field equations, we got:
A, =Li, +A4,, =Li, +A,, cos(H)
Ay=Li,+ Az =Li,+A sin(9)

After performing the derivation:

dA di : di
2 L= _wA _sin($=L—=%—-—wi
dt a0 ) gt
dA di di
B _ L_ﬁ+wAm cos(9) = L2 + WA
dt dt dt

Finally, we obtain for the voltages in (a,p) system:

UM-YROTATE-IT-RX66T 1.1 Page 28 of 60
Feb 6, 2020 RENESAS



RX66T YROTATE-IT-RX66T Motor Control Kit

) di
V =R +L—%—-wA
a S'a dt m
dlﬁ

V,=Ri,+L—+wl
po Sk dt o

A second reference frame is used to represent the equations as the frame is turning at the rotor speed. So the “d” axis
is chosen in the direction of the magnetic vector An, and with the “q” axis orthogonal to the “d” axis. The new
reference systemis (d, q).

The reference frame transformations from the (o, 3) system to the (d, q) system depends on the instantaneous position
angle 9.

So we obtain two inter-dependant equations in the (d, q) system:
. di .
Vg = Rgig + L=%— 0l
dt
q

di
V, =R, + Ld_'erwLid + oA,

These two equations represent the mathematical motor model.

A\ @ lg
1/(R+sL) >
+

+
¢
Loe
pL <
R
(Cload
-y -

Vq ir\ P 1/(R+sL) |q | 3/2)pA T +‘* P> 1/(B+sJ) Ormeo >
AL/ > (3/2)p: LN > »
- A

Awe

A

pA

A control algorithm which wants to produce determined currents in the (d, q) system must impose voltages given from
the formulas above.

This is ensured by closed loop PI control on both axis “d” & “q” (Proportional Integral).
Since there is a mutual influence between the two axes, decoupling terms can be used.

In the block scheme the mechanic partis included, where “p” is the number of pole pairs, while “B” represents friction,
“J” the inertia, “Tioad” the load torque and “t” the motor torque.
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3
T=—X XA
5 p

The angular speed o is represented in the scheme as . to distinguish the electrical speed from the mechanical one.

Let’s now consider the equations we have seen in (a,[3) system:

vazRSiaer/l“
dt
dA
V, =R.i, +—2
p sl TG

These equations show that magnetic flux can be obtained from applied voltages and measured currents simply by
integration:

t
A = Ao + | (v, Ry, )t
0

t
Ap=Ago+ [ (v, Rgi,)d
0

Furthermore:

A, cos(F) =4, —Li,
A, sin(9)=4,-Li,

If the synchronous inductance L is small, the current terms can be neglected, if not they have to be considered. In
general:

t

X = A, cos(9) = A, —Li, = A0+ [ (v, Rgi,)dt—Li,
0
t

Y =Ansin(9) =4, —Li, = Ay + [ (v, —Rqi,)dt - Li,
0

So in the (a,B) system phase we obtain from the flux components:

g =arctan( %)

The system speed ® can be obtained as the derivative of the angle 3.

d

o0

=

Based on this, a sensor-less control algorithm was developed to give the imposed phase voltages, to measure phase
currents, to estimate the angular position 3 and finally the system speed.
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14. Sensor-less Field Oriented Control algorithm

Please, find below the sensor-less vector control algorithm block diagram.

0 [Idref]

™
.

The main difference between the three shunts configuration and the single shunt one is in the “Current Reading’

+ dpPl [ vd [ (da)~> Vo [ (o, B)> > PWM
:(}t Vq (a, B) VB= (u, v, w) » Modulation :&
-A > »
\Y%
4 Yy
+ Speed PI |gref lq Pl + L/ } Current
YA =<> > 71 71 71 71 Reading (z})
-k
L ¢ $_l
\
" Speed s Flux Phase
R L estimation | = estimation
v 3
Idmea (a,B)> | (u,v,w)> | lUmea
Igmea (d, a) _ [lotmea (o, B)  Imea
" IBmea B

block, the rest of the algorithm remains the same in principle, even if the blocks order has been adjusted.

UM-YROTATE-IT-RX66T 1.1

Feb 6, 2020

RENESAS

Page 31 of 60

Motor



RX66T YROTATE-IT-RX66T Motor Control Kit

15. Software Tools used

15.1 IDE and e2sudio Tool Chain used

The embedded software delivered in the YROTATE-IT-RX66T kit is developed under e?studio integrated development
tool. Please find below the details of the IDE used.

B About e® studio O s

Renesas e” studio

Version: 7.4.0
Build Id: R20190325-1350

Parts Copyright (C) 2010-2018 Renesas Electronics Corp.
All rights reserved.

e2 studio IDE is an extension of software developed for
eclipse.org.

e2 studio IDE is based on Eclipse SDK 4.7.3 (Oxygen.3)
and CDT version 9.4.3.

Source code for the Eclipse Foundation plug-ins is available
from www.eclipse.org, under the Eclipse Public License "EPL",
see http://www.eclipse.org/org/documents/epl-v10.php

reCcPEEEosEs0ocsRBY S B

@ Installation Details

The Renesas RXC Toolchain, version v3.00.00 is used. The compiler used is the “Renesas CCRX”, as visible on the picture
below.

m Properties for YRotateltRX66T_V01 O X
type filter text Settings = 4 - -
Resource
~
Builders
~ C/C++ Build Configuration: 'HardwareDebug [ Active ] ~ || Manage Configurations...

Build Variables

Environment .
) Tool Settings Toolchain Device # Build Steps Build Artifact Binary Parsers @ Error Parsers

Logging
Settings Current Toolchain
Tool Chain Editor Toolchain: Renesas CCRX

C/C++ General

MCU
Project References Change Toolchain (click Apply before switching tabs)

Version:  v3.00.00

Refactoring History Toolchain: Renesas CCRX M
Renesas QE

Run/Debug Settings

Task Repository

Version:  v3.00.00 ~

@ Apply and Close Cancel
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15.2 Project importation into e?studio

Select

Create new projects from an archive file or directory.

=lol=|

=]

Select an import source:

|t'_:pe filter text

El-(= General
- @ Archive File
Ta# Convert CCRY to GNURX Project
) Existing Projects into Workspace
-] File System

-{§f HEW Project

-[C] Preferences

Tg Rename & Import Existing CfC++ Project into Workspace
-la® Renesas Common Project File

£ CfC++

fl-{= Code Generatar

H-(= CVS

H- (= Install

£l-(= Run/Debug

(£ Team

fE = I e = B = ==

= Back

I Mext > I

Einish

Cancel

_{oy =
Import Projects —
ol a dreou v s s dh o Eeing Edess prajEcs .
-

" Sekactno] deestory: |

_d Bl I
| Cotmersvpnar sl i srkopace i x| [ Boswee ]

& Sdart grehies Bes
Erajecis:

-] Rotatm AT W] (TR AT V1)

szb'.l.i.ll
nr:sdm:dll
_mnen |

Uploao
=]

FF ogre priacts =t srkemarn

™ Hites prjecs s mireasy sxist o e widksoacs

| rupa

Yizrkng wetn

™ azd sl bz vtk mala

i, =g e [R0GET s
h < Back =

Launch the debugger by clicking on “Debug configuration” and the window below will appear:

Copate, panage, and nm candiguestiene

INEER

e | “Arahrn T b e elet g

] Dtuageanis

[T iam ke b g

bl w12 b

Ve Sebugger e S| 1 gownan | 1 Seanon |

Pl

| Tz oz

(=R - S S

[ e by R W

Fen...

prabm.. | SsrdiPrect..| opee.. |

Bl (F-muines ixbore lmurcig

Bt ol oz Gk -

i Craide wre b i Cunbie s i

W Lp A TR R s ek

After connection the E1 debugger to the target board powered by USB or external power supply, please click on

“Debug” to start the debugging and load the program into the microcontroller flash memory. The windows below
appears:
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TE

@ Launching YRotateItRX23T_V1 HardwareDebug

Configuring GDB

Details =

=il =
mn Pagsl Mewn fews Nan dmie b
- FELS I I LI O R PSS SR R L o e B Mow o Frok
lpoakg O Boew Bk M5 dp v D el O =]
R T T e — s T
B VIrEGET vel |, — | T |igs 1 =
o Twad 6 L bz e iBmwies s Do : TR ke
= PorerD' Fried) ok i aagrem o1 Detuitod

1 Femmn sk Deon g TR o ron-S ol T3]

o @ il | _lJ
AR = AR ke 5 =4
NH T = = 4
5ty i =
> =
x P
a vt 1P 2r i (round e raererr
a
7 ~aifirk _moer
s Bectins DEMDN [ QeMSSEIM /0 Let PRSY Talisl (fsran mal. =

rulen
B al o
mien)
Nt TR AndT | RO | DOV
LR
inrdmraiekaail; o
e el L S [ E
30 400 Cnargs F5e WLt (Sazerélier-alaar)
st [ITes1ad
RELLL -l
L] =

e 3 ] leen 2 b e (i pae [ ey eme B e tdan B e 7 b g Ran brme [ Fiem (3 b ocdin [ eeer

t
. tr3z tei
Frozac were" €2 caach

P
T " ammree ralun 5z twand

il . P S ; _I,_I

The program is loaded after clicking twice on the green button “Resume” to load and run the program. The window

below appears once the program is running from the MCU itself. The E1 debugger can be removed to run the software
on its own.

P Debug - YRotateIltRX23T_V1/src/main.c - €2 studio

File Edit Source Refactor Mavigate Search Project Renesas Views Run  Window Help

- I SR N R T
#Debugi@ %'%%@-N|i¢‘@@

= ‘YRotateltR¥23T_V1HardwareDebug [Renesas GDE Hardware Debugging]
i YRotateltRX23T_V1.x [1]
H 5@ Thread #1 1 (single core) (Running)

C:/Renesas/fe?_studio/DebugComp/frx-elf-gdb —rx-force-G4bit-double (7.5.2)
“pkl GDB server

[€] main.c &3

CLR_DLL
DELAYIMS(1)
//DELAY188US(1)
//DELAY18US(10)
//DELAY1US (100)

}
68 #endif // DELAY TUNING

In the debugger, it’s also possible to display the measured speed as shown below.
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[P nmbesg - Yo LabeIAKAET Wi iec) rainog - o3 studis
T T T ————
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5 edngy 5 H -2 Bhad| e 0 @
T RnRRITT | |k Fansess ST | bedvsrs T ping|
B Vil ket BUCEST_VLx [1]
+7 Themad =1 (singbe none] Running]
e Cofereaanes_yhudo Debugomp ix-alifgdh —1x-foros 8t doubls (7.5.2)
W DR

B
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Lad TITashe = EF fopl oycle > TlMAmE CrLE)
HECIN ) (EEES) apl eyels =
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L= [
17 FtRIRR movtoe_cycle_status - HIGH;
Lz Fifedsch UIF Lwar.rif = a000;
141 alam
[
1 fifeasdl motor_cycle_status = LOW;
Led TTTetas ULF _W.war. oIl = GE;
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16. Software description and Resources used

The software delivered in the YROTATE-IT-RX66T kit, previously described, is working on the RX66T microcontroller
clocked at 160MHz and its operating voltage is 5V which guarantees a high noise immunity.

Using the interrupt skipping function it is possible to regulate separately the PWM frequency (Pulse Width Modulation)
and the sampling frequency also called control loop frequency. For instance, if the PWM frequency is set to 16KHz and
the control loop is set to 8KHz, so the ratio is 2 which means that the full vector control algorithm is processed every
two PWM cycles.

Finally the main interrupt is called at the control loop rate which leaves enough time to perform the sensor-less vector
control algorithm and the system control if needed.

Please find below detailed information related to the software blocks of the motor control embedded software:

The complete software uses the resources below in the three shunts configuration. It includes the serial
communication interface, the board management, the LED management, the EEPROM management, the auto-tuning
algorithm and self-identification and of course the complete sensor-less vector control algorithm.

e FLASH memory usage: xxKB and RAM memory usage: yyKB

The embedded software package is called “YRotateltRX66T_VO01.zip” running under e2studio environment.

The control loop of the field oriented control algorithm (e.g. sampling frequency) is set to 8KHz by default. The Pulse
Width Modulation (PWM) frequency is set by default to 16KHz. The parameters are modifiable in the GUI.

The parameter “SAM_FRE” is the sampling frequency in Hertz and is set to 8000 (e.g. 8KHz).

The parameter “F_RATIO” is the ratio between the sampling frequency and the PWM and is set to 2, so it means 2 x
8000Hz = 16000Hz (16KHz).

Such parameters can be modify dynamically using the PC GUI without recompiling the overall project changing the
parameters below and resetting the board. The PC GUI provide a direct access to the parameters below.

18 SAM_FRE Set the sampling frequency [Hz] of the control loop
19 E RATIO Set the ratio between the PWM frequency and sampling frequency, e.g. if 8000 is set in the
- parameter #19 and 2 in the parameter #20, the PWM frequency is 16KHz.
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The parameter #18 is setting the control loop speed. By default, 8KHz is selected by entering the value “8000”.
The PWM frequency can be set to four different values depending on the motor and the applications either 8KHz,
16KHz, 24KHz or 32KHz by entering either 1, 2, 3, 4 as ratio between the two frequencies.

The following flowcharts show the software implementation of the motor control part of the software.

Please fin below the flowchart for the main loop, the interrupt service routines and the Automatic Tuning.
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Embedded Software organization

Hardware and software
initialization

\ 4

[ Interrupt enabling 1

[ PWM Interrupt }

AN |

[ 10ms Main Ioop}
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EEPROM parameters upload
Main Program ) ’
( v A
A/D channels offset reading
'd " )\
Peripherals initialization
\4
[ Variables initialization ]
A\ 4
[ Interrupt enabling ]
v
Main loop synchronization < \
Y
< cnt_int==07? NO
YES
A\ 4
cnt_int = NUM_INT

/ Main loop body \

\4
[ Speed ramp management ]
A\ 4
[ Communication management ]
\4
[ General board management ]
A\ 4

\[ Parameters modification management ]/
\ 4
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[ Phase currents (iumea, iVmea) reading ]

!

.___:":.three shunts current Transformations (using the phase angle 9):
i reading mode (iUmea, iVmea) - (iamea, ibmea) - (idmea, iQmea)

!

[ Read DC Link voltage Vbus ]

!

Phase angle update: 3 = Snew

!

[ Current Pl controls use (idref, igref), (idmea,igmea) to produce (vdout, VQout) ]

!

[ Transformations (using the phase angle 3): }

Q‘é"’ntrol Interrupt in

(Vdout, VQOut) -> (Vaout, Vbout) -> (VUout, VVout)

!

[ PWM output commands generation (using VUout, VVout) ]

!

[ Vbus is Uused to calculate maximum phase voltage (used in current Pl controls) ]

!

e . -
Phase estimation based on old_vaout, old_vbout, iamea, ibmea,

produces new estimated phase angle Jest
. J

!

Voltage memories update: old_vaout = vaout, 0ld_vbout = Vbout

!

[ Speed estimation produces est ]

!

[ Estimation errors detection (if errors: alarm is set) ]

!

YES Start-up in progress? NO

~N

A A 4

[ Start-up procedure produces idref, iqref, Istup ] idref =0

' '

Gnew = Jstup [ Speed Pl control uses (ref, Mest) to get iqrer ]

!

Snew = Sest

. |
/ Main loop \

y

synchromzatlo< cnt_int>07? NO

v YES
--cnt_int

\ ) /
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The auto-tuning process and the self-identification mechanisms are fully independent from the main sensor-less vector
control software and can be used in the 1% phases of evaluation and configuration of the software.

Auto-tuning and Motor
self-identification

PI Coefficients | 3-phase Motor {Math IibraryJ
. Auto-tuning | Self-identification e

Measure & calculate Measure & extract focus on vector control algorithm

‘¥ Kp: Proportionnal Gain
Ki: Integral Gain

[ variables initialisation |

Set-up Shunts Measurements |
| setup of voitage Ramp (UP) |

| Samples measurements
| Generate voltage step

| Extract Kp |
- Extract Ki

* Rs: Stator Resistance
Ls: Synchronous Inductance
Flm: Magnetic Flux

1 Variables initialisation

:Set-up Shunts Measurements

Accumulate Measurements
j 1st Stage
12nd Stage
[3rd Stage |
| 4th Stage

~ Calculate Rs, Ls, Flm

||, Generic library ‘

Angles Management

|Clark, Park transformations |

PI controllers
including anti-wind-up

Flux estimator
using exact integration method

Flux estimator
using approximated method |

The three blocks mentioned above are located in the library called “YRotateltRX66T_LIB_V1.lib” located in the folder

“Library”.
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The complete project source code under e2studio is described below.

Subdirectories and C modules:

Library
E;,! dbsct.c

L ges_eqp.c

motorcontrol.c
¥ )
I resetprg.c
¥ )
M userif.c

v
I vecttbl.c

Header files:

' const_def.h

v
customize.h

! dtc_typedef.h
o ges_eqp.h
-/ globdefh

™ globvar.h

EEEEE
&
)

[:

[=

™ hwsetup.h

[:

" iodefine.n

mask.h

e

motorcontrol.h
ar_defines.h
ws_EBRX66T.h

EEEEE

a p
a p

= [:
)
ol
(]
%)
(]
—
=

Contains sensorless estimator, auto tuning and motor identification routines
Renesas project generator: setting of B, R sections

Eeprom management routines

Global variables

Hardware setup for MCU SFRs and peripherals (clock etc.)

Interrupt services routines definition

Main program (includes calling of init routines and main loop)

Peripheral initialization routines, motor control routines and main interrupt
Reset procedure

User interface management

Defines address for each interrupt service routine

Constants definition (base timing, A/D converter relations, alarms etc.)
Customizable options (enable debug switches, etc.)
Default parameter set

Type definitions for use of DCT

Header for ges_eqp.c and parameters definitions

Global definitions to simplify the use of some peripherals
Global variables declaration

Header for hwsetup.c

Definition of all the SFR

Bitwise masks definition

Header file for motorcontrol.c

Definitions related to parameters

Definitions related to the specific hardware

Stack definition

[ pedefine.h Types definitions
ﬂ;,r userif.h Header file for userif.c
Ly vecth Header file vecttbl.c
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17. Start-up procedure

When the motor is in stand-still, the phase of the permanent magnet flux vector cannot be detected with the used
algorithm. So an appropriate start-up procedure has to be applied.

The idea is to move the motor in feed-forward (with higher current than that required to win the load), till a speed at
which the estimation algorithm can work. Then the system can be aligned to the estimated phase, and the current can
be reduced to the strictly necessary quantity.

“« “u

The following graph illustrates the strategy used (the suffix “i“ stands for reference, the suffix “me.” stands for

measured).

1 idref Speedref

iqref

Sstart

Istart

A 4
-+

to t2 ts

Referring to the graph, the start-up procedure (in case of three shunts current reading) is described below.

a) At the beginning to, the system phase is unknown. No current is imposed to the motor; the system phase is
arbitrarily decided to be 3,=0. All the references: idref, iqref and speed.es are set to zero.

b) From the moment to, while the igrer and the speed,.s are maintained to zero, id..s is increased with a ramp till
the value istrt is reached at the moment t..

The references are referred to an arbitrary (da, ga) system based on the arbitrary phase 3,. From this moment, the
phase estimation algorithm begins to be performed, and the estimated phase 3.t is used to calculate the components
of the measured current, referred to the (d, q) system based on the estimated phase, idmea and igmea. The components
of the current referred to the arbitrary (da,, g.) system are controlled to follow the references by the current PI
controllers. On the other hand, since the phase 3. is still not correctly estimated, idmea and igmea have no physical
meaning. Even if they are not shown in the graph, the applied voltages are subjected to the same treatment (vdmea
and vQmea are calculated in the algorithm).

c) Att =t while igrf is maintained to zero and idr.s is maintained to its value isart, speeder is increased with a
ramp till the value ssart is reached at the t = to. The system phase 3(t) is obtained simply by integration of
speedres; in the meanwhile, the phase estimation algorithm begins to align with the real system phase.
Furthermore idmea and igmea begin to be similar to the real flux and torque components of the current. The real
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components are supposed to be idg and igo (those values are obtained applying a low-pass filter to idmea and
iqmea)-

The interval (t;-t1) is the start-up time, and it is supposed to be large enough to allow the estimation algorithm to reach
the complete alignment with the real phase of the system.

d) Att=t, the phase estimation process is supposed to be aligned. At this point a reference system change is
performed: from the arbitrary (d,, ga) reference to the (d, q) reference based on the estimated phase Jest.

The current references are changed to the values idy and igo, and all the Pl controllers are initialized with these new
values. The speed Pl integral memory is initialized with the value iqo, while the current Pl integral memories are
initialized with the analogous voltage values vdo and vqo, obtained from vdmea and vQmea.

e) After t > t,, the normal control is performed, based on the estimated phase 3..; the speed reference is
increased with the classical ramp; the id current reference is decreased with a ramp, till it reaches the value
zero at the moment t3; then it is maintained to zero; the iq current reference is obtained as output of the
speed PI controller.
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18. Reference system transformations in details

Find below the detailed equations used for the coordinates transformations in the embedded software for the RX66T
microcontroller.

g —g(g —lg —19 )=9
a_3 u 2 ] 2 w/ — a
23 M3y 1 1

g :_(_gv__gw) (gv_gw): (gu+zgv)
T2 27 3 (U, v, W) > (ot B

gU:ga
1 V3
gv:_Ega+7gﬁ:(_ga+\/§gﬂ)/2
1 V3
0y =—-0, ——9,=(-9, —3g,)/2
2 2 F “ (o, B) > (u, v, W)

g4 =9, cos(9) + o}p sin(:9)
9y =9, sin(J) + g, cos(9) (ct, B) = (d, q)

ga = gd COS(LQ) - gq Sln('g)
95 =04 sin(J) + 94 cos(%) (d, ) = (o, B)

v, =V cos(at + ¢,)

v, =V cos(wt + ¢, —2713) {Va =V cos(at + (po)} {vd =V cos((po)}
v,, =V cos(awt + ¢, —47/3) o Vs =V sin(wt + ¢,) o Vg =V sin(g,)
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19. Rotor position estimation

The rotor position estimation method which has been chosen is the direct integration of the back EMF. Such method
is enabled by default in the RX66T inverter kit.

Please find below the fundamental equations:

t

X= A, c08(9) = A, — Lgi, = o+ [ (v, —Ri, )dt - Li,
0
t

Y = Apsin(9) = A, = Lsiy = A5+ [ (v, Ryl )dt - L,

0

Szarctan(%/)
d
=—9(t
o= (t)

The challenges in this approach are the calculation of the integrals which is well known as a problematic issue in a
numeric context, and the choice of the initial conditions, which are not known in general. These difficulties have been
fronted correcting the result of the integration with a sort of feedback signal, obtained combining the estimated phase
with the real flux amplitude, known as a parameter of the system.

The block scheme of the exact BEMF integration method for flux position estimation is the following:

A,

G - Ej& f—
= i ]
v v l-s L 9
T !‘f} o | e Z

L 4
B
3
b
. k.
N

L

L )

L 4

1
f
gl

._,
——
r

]

Ls

Ao

The inputs of the system are the imposed voltage vector V and the measured current vector |. The motor phase
resistance Rs, the synchronous inductance Ls and the permanent magnet flux amplitude A, are known as parameters
and motor dependant.

The integral operation is corrected with a signal obtained modulating accordingly with the estimated phase the error
between the estimated flux amplitude and the amplitude of the permanent magnets flux.
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The gain of this correction is indicated with G. It is this feedback which avoids the integral divergence due to the errors
or offsets. The higher G is, the higher is the relationship between the estimated amplitude and the theoretical one,
but the larger can be the induced phase error.

The choice of G is a trade-off, in order to guarantee that the integral remains close to its theoretical value, but free
enough to estimate the correct system phase.
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20. PC Graphical User Interface in details

Please install the Motor Control PC GUI on your machine by following the instructions of the Quick Start Guide
delivered in the YROTATE-IT-RX66T kit. After connecting the Nanotec Motor (DB42S03, 24Vpc, 4000RPM), please
connect the board RX66T and select the COM port or use the Auto-detection mechanism.

The PC Graphical User interface supports such Operating Environment:

e Windows® 10 (32-bit, 64-bit)

e Windows® 8.1 (32-bit, 64-bit)

e Windows® 8 (32-bit, 64-bit)

e Windows® 7 (32-bit, 64-bit)

Please find below the detailed description of the PC GUI tabs and windows.

@& Motor Control Demonstrator = a X
Motor Control Reference Platform User Interface - YROTATE-IT-RX46T i
Drive your own motors easily with RX66T microcontroller RENESAS

Communication Settings Sesed Contrel x
e—

system Info

Parameters sefting

speed Confrol I

-
W STOP UPDATE
Cur. Pl tuning (AUTO)
PROPERTY MONITOR
Oscilloscope

s000 0 000
4 12000

18000

Motor speed

Motorspeed  ImposedF...  DirectCurr...
orpm 0.0Hz 0.000A

Torque Cur...
0.000A

Direct Volt...
(XY

TotalCurrent  TotalVoltage ~  Dummy

@ Save data to file

Set motor speed, stop and change turn
direction

@ Motor Control Demonstrator — o X

Motor Control Reference Platform User Interface - YROTATE-IT-RXé4T &
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Communication Settings Soaed Conteal b

VOLTAGE

20v

system Info 10v

ov

Parameters Sefting -tov

Speed Control
-4 sec
Torque Total

Cur. Pl tuning

B STOP UPDATE
Cur. Pl tuning (AUTO)

RPM CONTROL PROPERTY MONITOR

Motor Identification u 5
6000 4000
4 12000
16000
Oscilloscope

Motor speed

0.0 Hz 0.0004 0.000 A ooV (X

Alarm Code Flags TotalCurrent  Total Voltage Dummy
0 0.000 A cov 0.0044

® save data to file

Display internal quantities (Motor speed, torque and
direct current, frequency, etc)

i

Exit
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By clicking on the button “Save data to file, it becomes possible to record regularly all the values display in real-time
in a file, as describe below:

PROPERTY MONITOR PROPERTY MONITOR
X . - e 12000 x0 = 2 - 200
18000 =0 0
Motor speed Direct Voltage
Moterspend  Imeatsd P, Riestfur.,  Isenusfur.,  Dimstisit.,  Ouadeatea Motecspued  lowesed £ DietCere, loguefur.,  DioetVolt.,  Quedestues,
o0 ;pm 0.0 0 mA 0 mA oov oov 0 rpm 0.0 Mz O mA 0 ma oov ooV
BE Do Yolu Alarm Code tags Jotal Current  Total Voltegs Dumewy DS Bus Vol Alarvn (ade Hags Tutal Curvent  Totsl Voltage Dummy
oV o o oma ooV s 230V ° o 0 ma 00V .
Click to record in real-time Monitor the recording of
all the values and store it in the values to be stored in
¢ . " L
2“CSV” format file. the “.CSV" file.

Furthermore, the Speed control window displays the Alarm codes status of the board itself:

PROPERTY MONITOR
4000 0 000
9 12000
X 00
Motor speed
Motersosed  Imposed .. DirectOuv. Joque Cur.,  DimctVolt.,  Quadeatur.,
apm 0.0 Mz oma 0 ma 0.0¥ 0oy
nov o SOmA 0.0V L1
® Save data to fie |
S 3

Alarm 0: Normal operation
Alarm 1: EEPROM fault

Alarm 2: Hardware Overcurrent
Alarm 3: Loss of phase

Alarm code 1:

The alarm 1 is called “EEPROM alarm” and described in the software by “EQP_ALL”. This alarm is set when one or more
EEPROM parameters are higher than the maximum allowed value or lower than the minimum allowed value.

The LED DL2 is quickly blinking on the main board to indicate that an alarm is set.

The maximum and minimum values are specified in the two constants tables in "ges_eqp.h" header file. Another root
cause for the alarm 1 is the EEPROM hardware failure when the error is accessed in read or write mode.

When this alarm is active, the access to the EEPROM is restricted. To reset the alarm the default parameters set should
be reloaded in the EEPROM. By using the PC GUI and the parameters setting window, it becomes possible to clean the
EEPROM content. The first step is to write the magic number “33” in the first parameter n°00. The second step is to
reset the board by pressing the reset button on the PCB or switching off the power supply.

At this point a coherent set of parameters is loaded and the alarm should disappear.
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Finally, if the alarm is produced by a hardware failure of the EEPROM itself, then the board needs to be repaired.

Alarm code 2, 4, 6:

The alarm 2 is called “hardware over-current” and described in the software by “FAULT_ALL". This alarm is produced
by the MCU peripheral called Port Output Enable (POE) in case of external over-current signal. The hardware over-
current is producing a falling edge input on the POE pin. Furthermore, if the hardware level of the PWM output pin is
not coherent with the level imposed by software, the alarm 2 will also be triggered.

The LED DL2 is quickly blinking on the main board to indicate that an alarm is set.

This alarm can be reset by setting the speed reference to zero on the PC GUI.

Finally, one of the root causes of the Alarm 2 is a hardware defect or a wrong behaviour of the current control. So
please also check the setting of the current Pl coefficients that are stored in EEPROM or used in real-time.

Alarm code 3, 5, 7:

The alarm 3 is called “loss of phase” and described in the software by “TRIP_ALL”. This alarm is produced when the
sensor-less position detection algorithm is producing inconsistent results. It means that the rotor position is unknown
due to a lack of accuracy, so the motor is stopped.

The LED DL2 is quickly blinking on the main board to indicate that an alarm is set.

This alarm can be reset by setting the speed reference to zero on the PC GUI.

By clicking on the “Parameters Setting” button, an important window can be displayed showing all the parameters of
the system that can be changed in real-time without having to recompile the embedded software.

@ Motor Control Demonstrator

Motor Control Reference Platform User Interface - YROTATE-IT-RX46T &
Drive your own motors easily with RX64T microcontroller RENESAS

Communication Settings

[[Disconnect zoom  VOLTAGE

20v 1A
02A -

ov —
-02A
-06A
-1a

-4 sax -2 sax 0 sa

: By Tot:

system Info

Parameters Setting

speed Confrol

Cur. Pl tuning

Cur. Pl tuning (AUTO)

PROPERTY MONITOR

Motor Identification o
6000 5000
12000

Oscilloscope

Motor speed

Motorspeed  ImposedF...  DirectCurr.. TorqueCur..  DirectVolt..  Quadratur..
orpm 0.0Hz 0.000A 0.000A 0.0V 0.0V

Alarm Code
)

Total Voltage
00V

Dummy
0.0044

DCBus Vol... Flags

0

Total Current
0.000A

® save datatofile

Exit

all

The detailed description of each parameter is displayed when pointing the mouse on the question mark. Each
parameters unit is displayed. To change one value in real-time, simply enter the new value and click on “Write” to
program the new value into the board eeprom.

All the parameters can be changed on the fly and after pushing the “Write” button, it’s automatically set.

There are three exceptions related to the parameters #5, #19 and #20:

5 POLE PAIRS Set the number of pole pairs of the motor (only used to calculate the speed)

19 | SAM_FRE Set the sampling frequency [Hz] of the control loop

50 | E RATIO Set the ratio between the PWM frequency and sampling frequency, e.g. if 8000 is set in the
- parameter #19 and 2 in the parameter #20, the PWM frequency is 16KHz.

UM-YROTATE-IT-RX66T 1.1 Page 50 of 60
Feb 6, 2020 RENESAS



RX66T YROTATE-IT-RX66T Motor Control Kit

The parameter #19 is setting the control loop speed. If 8KHz is selected by entering the value “8000”, the PWM
frequency can be set to four different values depending on the motor and the applications (either 8KHz, 16KHz, 24KHz
or 32KHz), by setting the right value in parameter #20.

Parameter #5 sets the number of pole pairs (only used to visualize the speed).

For all these three parameters the writing is not immediate, but requires to reset the board to take effect. After
entering the new values, in this case 8KHz of sampling frequency and a ratio of 2 in parameter #20 to obtain 16kHz of
PWM frequency, click on “write” and push the Reset button of the board. It’s only after the Reset of the board that
the new PWM and loop frequencies will be set in the embedded software.

Important Note: After setting up the new values for the parameters #19 or #20, it's recommended to run the Auto-
calibration procedure described below. It ensure the software to use the best intrinsic values and the most adapted
values of the current Pl coefficients.

Speed range limitations

The YROTATE-IT-RX66T kit is driving any 3-phase Permanent Magnet Motors using a sensor-less vector control
algorithm. So it means that there is a minimum speed to reach in order to run the motor properly using the three
shunts current measurement methods. In the case of the Nanotec Motor DB42S03, the minimum speed is 600RPM.
Furthermore, when the board is supplied only via the USB cable, the maximum current provided to the board is limited
by the 500mA of the USB PC port and the voltage generating by the board which is 12V.

It means that, the first tests using the 3-phase Brushless AC motor DB42S03 from Nanotec will work properly in a
specific speed range: from 600RPM up to 3500RPM.

The DB425S03 brushless motor is able to reach its maximum speed of 6200RPM (without load) when the power supply
is 24V and up to 1A is provided. After changing the jumpers as described above and providing 24V to the board, the
Nanotec motor reaches easily 6200RPM, its maximum rated speed without load. Of course, in the embedded software
you can enable flux weakening techniques and providing more current to the board the motor can reach 8000RPM.
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21. Eeprom parameters: detailed description

To maintain the compatibility with previous versions of the GUI, which were referred to a single motor, a trick has
been used: putting in parameter n°0 the value 0, the parameters displayed the settings and the measurement are all
referred to the first motor, putting the value 1 all the data become relative to the second motor, and putting 2 one
can drive the third motor. In such way it become possible to tune separately all the three motors, without adding
more windows. Other values in parameter 0 maintains the old meaning (ex. magic value 33 means reset to default).
Please find below the software parameters list including their full description.

Number Short name Description
0 SEL_OP Operation mode setting
1 RPM_MIN Minimum speed [rpm]
2 RPM_MAX Maximum speed [rpm]
3 R_ACC Acceleration [rpm/s]
4 R_DEC Deceleration [rpm/s]
5 C _POLI Number of polar couples
6 |_START Start-up phase current (peak) [Ampere]
7 I_MAX Maximum phase current (peak) [Ampere]
8 R_STA Stator resistance [Ohm]
9 L_SQ Q axis synchronous inductance [Henry]
10 PM_FLX Permanent magnets linked flux [Weber]
11 KP_CUR Current loop proportional coefficient
12 KI_CUR Current loop integral coefficient
13 KP_VEL Speed loop proportional coefficient
14 KI_VEL Speed loop integral coefficient
15 FB_GAIN Flux amplitude feedback gain
16 PHA_OFF Phase offset [deg] to be added to the phase estimation
17 ST TIM Start-up acceleration time [sec]
18 SAM_FRE Sampling frequency [Hz] of the control loop
19 F_RATIO Ratio between the PWM frequency and sampling frequency
20 PAR_20 Not used

The indexes reported in the table are related to the motor connected to the first power stage. The parameters
related to other power stages are the repetition of the parameters 1, .., 17, and are saved in eeprom from the place
21to 37, and 39 to 55. But they are overloaded when 1 or 2 is written on parameter n°0.

To set the speed for one motor set first the parameter 0, then play with the interface. You can also set the same
speed for all the three motors writing 3 in parameter 0 (visualizations will be relative to the first motor).
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22. Motor Auto-calibration using the PC GUI

The full calibration of any 3-phase AC Brushless motor can be performed automatically using the PC Graphical User
Interface. Three specific buttons are available for and shown below:

@& Motor Control Demonstrator — a X
Motor Control Reference Platform User Interface - YROTATE-IT-RX46T i
Drive your own motors easily with RX66T microcontroller RENESAS

Speed Control x

Communication Settings
[ Disconnect
system Info

Parameters Sefting
Speed Conirol

Cur. Pl tuning

Cur. Pl funing (AUTO)
Motor Identification
Oscilloscope

zoon VOLTAGE

PROPERTY MONITOR
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= 12000
4 18000

Motor speed

Motorspeed  Imposed F...
o pm

DirectCurr...  TorqueCur...  DirectVolt...
0.000A 0.000A 0.0V

Quadratur...
0.0V

DC Bus Vol...
243V

Total Current
0.000A

Total Voltage
ooV

Dummy
0.0044

® Ssavedatatofile

Important Note: The auto-tuning embedded software is working only on the three shunts version.

In terms of AC Brushless motor driven in sinusoidal mode and FOC algorithm, the most important parameters to tune

are:

1. Current Pl parameters: Proportional K, and Integral K;
2. Motor parameters: Stator resistance R;, Synchronous inductance L;, and Permanent Magnet flux An

Please find below the auto-tuning process step by step of the Nanotec Motor DB42S03 which is a low voltage
Permanent Magnet Synchronous Motor. The auto-tuning procedure will be performed using the kit running the
sensor-less vector control algorithm.

a)

b)
c)

d)

Let’s setup the motor control kit for external power supply: the jumper JP1 and JP2 needs to be set to 1-3 position
as explained in the “Chapter 3 Power Supply selection”.

Let’s connect the 24Vpc Power supply to the RX66T motor control reference kit.

Now, connect the USB cable to the PC and the Kit and connect the 24V to the kit and the motor to the kit: Launch
the PC GUI, select the right .ini file (RX66T Kit) from the first tab and in the second tab select “Auto-detect”; press
“Connect”; on the left hand side, you can find the buttons: “Cur. Pl tuning”, “Cu. Pl tuning (AUTO)”, “Motor
Identification” and “Oscilloscope” which are needed for the self-calibration of the motor.

Clean the EEPROM content and start with the default parameters in the EEPROM. The first thing to do is to ensure
that the inverter board is the default state and the default parameters are written inside. The procedure below
ensures it: Click on the “Parameters Setting” button and enter the magic value “33” in parameter #0 (Operation
Select) and push the RESET button on the board. At the restart, the default values will be loaded into the eeprom.
Set the maximum current (parameter n°07) as it will influence all the next steps: Click on “Parameters settings”,
enter the value: 3 (the unit is in Ax) and click on “Write” to save the parameter into the EEPROM and close the
parameter setting window. The maximum current parameter is fundamental for the auto-calibration. The
maximum value allowed by the motor must be used to guarantee the highest resolution.
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f) Click now on “Cu. Pl tuning (AUTO)” button and press “start” to perform an automatic Current Pl tuning. The two
coefficients of the PI current block will be extracted thanks to the embedded software able to generate a step
voltage and measuring the motor response.

T — e

Motor Control Reference Platform User Interface - YROTATE-IT-RX&66T -
Drive your own motors easily with RX&66T microcontroller "RENESAS

Cun. 1y g (AUTO)

e 2|

Orcmescope Motor moses parameters KdentAcation. Warming: the motor wil be drven and rotated.

g)

h) And click on “Yes” to accept the results to be programmed into the EEPROM as shown below.

Motor © e m User e - YROTATE-IT-RX&66T -
Drive your own motors easily with RX&66T microcontroller " TENESAS

fropr— Wil CORROM?

il
[ 1]
K54

S0 L 0 BT IO (EEAC)
Lres |t

i)  Now click on the button “Cu. PI tuning” to open the manual current PI tuning window and check the step answer
by clicking on “Apply current step” button.

@ rrotor Controt Demanstrstor

Motor Control Reference Platform User Interface - YROTATE-IT-RX66T -
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Razat zoom
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j) Depending on the motor, the parameters found by the automatic procedure can be too fast or too slow.Please
use the Zoom function to check the beginning of the step:
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k) You can adjust manually the parameters to obtain an even better step response and also increase the step current
level by increasing the percentage of “Cur. [%] to 90%. The default value is 50%. Once it’s done, the window can
be closed as the proportional and integral coefficients of the PI current are tuned.

I) Perform an auto-identification of the motor parameters by clicking on “Motor Identification” and click “start”:
During this process the rotor should start rotating, please leave the rotor free and no loaded. Finally accept the
results to store them into the eeprom by clicking on “yes”. The stator resistance, the synchronous inductance and
the permanent magnets linked flux have been measured and tuned.

m) Now please click on “parameters settings”, enter the number of pole pairs of the motor (parameter n°5) and reset
the board; this is needed to give the correct speed reading and to make a sense to min and max speed.

n) Entera minimum speed or 1000RPM, set a start-up current equal to 25% of the maximum current. In our case 25%
of 3Ais 0.75A. Please enter the value 0.75 into the parameter n°6 and click on the “write” button on the right hand
side. Then let’s close the window and try to run the motor. Please click on the button: “Speed Control”, and to
start the motor, let’s enter a speed which is 1.5 times the minimum speed, in this case 1500RPM.

o) Please click on the “Oscilloscope” button to see the motor waveforms with the current in Y-axis and the time in x-
axis. You can also display the phase by clicking on “Phase” selector; for the oscilloscope window, use an opportune
time scale: “1 sample every 1” should be used for extremely fast phenomena when running at very high speed.
The setting “1 sample every 128” should be used for extremely low phenomena when running at very low speed.

o — | Serann anlp B

ikl e L L aslliphe woars b -
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p) Let’sstart with an intermediate value and adjust it in order to see some periods of the current or the phase. When
the motor is running, you can adjust the two speed Pl parameters: the proportional and integral terms: #13 and
#14. Please open the Oscilloscope window and the Parameters Setting windows together.

g) To tune the coefficients, start by increasing the Parameter n°13 (Kp) until the instability arises; this can be
displayed in the current or phase waveform window. In our case, at 200 it started to be very unstable, but the
motor is still running. Set the speed to “0”. Then use less than half of the found value: 70 in our case, click on
“write”. Do the same for the parameter n°14 (integral coefficient) which is the speed loop Ki parameter. Increase
it until it becomes unstable. In our case the critical value is reached at 600 for Ki, so the value to be used is: 300
(half of the value found).
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r) Test the parameters found in all the speed ranges and different rotations. Finally the parameters list can be saved
in a file in .CSV (“Save” button) or .h file (“Create .h” button); the .h file can be included in the project, substituting
defpar.h already present.

Troubleshooting:

At the stage j) if the motor doesn’t start or generate an alarm n°3, please set the speed to “0” to clear the alarm which
indicates that the software lost the phase. One first test is to increase or decrease the start-up current and the
minimum speed or the speed Pl gains.

When the motor is running, you can verify the number of pole pairs taking measurement of the effective speed, and
comparing it with the imposed frequency: the number of pole pairs n is: n=freq*60/speed; if you change the number
of pole pairs, remember to adjust also the minimum (and maximum) speed values.

For some motors, the no-load start-up is easier if the inductance parameter is set to O (parameter #9)

All the procedure is tuned to manage motors which maximum current is close to the inverter capability, which is
around 6A for the external power stage (shunt value is 0.05 Ohm) and 3Arms for the internal power stage (shunt value
is 0.1 Ohm).

If you try to use it for very different motors, the results will be influenced by the losses in current reading resolution.
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25. Communication Protocol between the MCU and the PC GUI

After the introduction of the auto-tuning, a new set of information is exchanged between the GUI and the board. To distinguish
between the software versions the answer to the check request is used.

The maximum serial communication speed tested is 76.6 KBd.

3k 3k 3k 3k 5k sk 3k ok 3k 3k sk sk sk 3k 3k 5k sk ok 5k sk 3k 3k ok %k sk sk ok ok sk ok sk sk 3k sk 3k sk sk sk sk 5k 3k 3k k ok 5k sk 3k sk sk %k sk 5k sk 3k 3k %k 5k ok 5k 3k >k 3k ok 5k 3k 5k 3k 3k %k 5k %k Kk kokk

*** MULTIPOINT MASTER-SLAVE SERIAL COMMUNICATION SIMPLIFIED PROTOCOL ***

3k 3k 3k 3k 3k 3k 3k sk 3k 3k sk sk ok 3k 3k 5k %k 3k 3k sk ok 3k 3k sk sk 3k sk 5k 3k 3k 5k %k 5k sk 3k >k %k sk sk 3k ok 5k %k 3k 3k %k 5k >k >k sk %k 3k >k 5k %k 5%k 3k %k 3k %k >k >k %k %k %k 3k >k 5k %k %k 3k %k >k k *kk

ASCII: ''=0x21, '#'=0x23, '?'=0x3F, 'C'=0x43, 'c'=0x63

Master String:

lisoanD1l..Dmk

I = frame total length (1 byte)

= master string identification ('?' = question)

i

s = station address (1 byte)
o = operation code (1 byte)
a = data address (1 byte)

n = data number (1 byte)
Dx = x-th data byte (1 byte)
k = checksum (1 byte)

Master operation codes:

'c' = check request

‘W = reading in measurement samples vector

‘r =long reading in ram table

v =long writing in ram table

‘v’ = long reading in parameters vector

‘P’ = long writing in parameters vector

Y’ =long reading in parameters minimum values
‘7 = long reading in parameters default values

Y = long reading in parameters maximum values

Possible master frames (questions):

check (I=5):
| ? s c k
long reading (1=7):
| ? s I a n k
long writing (I=7+4*n):
| ? S L a n D13 D12 D11 D10
Dn3 Dn2 Dn1l Dn0 k
Slave string:

lisoanD1l.. Dmk
I = frame total length (1 byte)
= slave string identification ('!' = OK answer, '#' = NOK answer)

i
s = station address (1 byte)
o = operation code (1 byte)
a = data address (1 byte)
n = data number (1 byte)
Dx = x-th data byte (1 byte)
k = checksum (1 byte)
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Slave operation codes:

‘e = check answer (programs with floating point parameters)
‘h’ = reading in measurement samples vector

r = long reading in ram table

v = long writing in ram table

‘v’ = long reading in parameters vector

‘P’ = long writing in parameters vector

Y = long reading in parameters minimum values

7 = long reading in parameters default values

Y = long reading in parameters maximum values

Possible slave frames (answers):
nok (I=5):
| # s o] k
check (I=5):
| ! s e k
long reading (I=7+4%*n):
I ! s I a n D13 D12 D11 D10
. Dn3 Dn2 Dnl DnO k
long writing (I=5):
| ! s L k

To understand in more details the software implementation, please read the source files userif.c and userif.h, parts of the
embedded software.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates
that have been issued for the products.

1. Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false recognition
of the pin state as an input signal become possible. Unused pins should be handled as described
under Handling of Unused Pins in the manual.

2. Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and pins
are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins are
not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of LSl is not guaranteed if they are accessed.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator) during
areset, ensure that the reset line is only released after full stabilization of the clock signal. Moreover,
when switching to a clock signal produced with an external resonator (or by an external oscillator)
while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different type number, confirm that

the change will not lead to problems.

— The characteristics of an MPU or MCU in the same group but having a different part number may
differ in terms of the internal memory capacity, layout pattern, and other factors, which can affect the
ranges of electrical characteristics, such as characteristic values, operating margins, immunity to
noise, and amount of radiated noise. When changing to a product with a different part number,
implement a system-evaluation test for the given product.
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