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YROTATE-IT-RX23T kit content

ak

T B i s

Mini USB cable

RX23T inverter board
?Amax

Max 48V

DC
Nanotec AC Brushless
Motor: DB42503
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YROTATE-IT-RX23T kit: 3-ph. Brushless Motor Specs

®

%) Nanotec
DB42S03

SPECIFICATION ~———_ CONNECTION DELTA
NO. OF POL./PHASE 8/3
VOLTAGE RATED (VOC) 24

CURRENT NO LOAD/RATED/PEAK (AMP) 0.2/1.79/5.4
RESISTANCE /PHASE TO PHASE (Ohms) @25°C 15£15%
INDUCTANCE /PHASE TO PHASE (mH) @1KHz 2 1£20%

TORQUE RATED/PEAK (Nm) [lbin]

0.0625/0.19 [0.553/1.68]

TORQUE/VOLTAGE. CONSTANT (Nim,/A),/(Virns/KRPM)

0.035/2.78=BACK EMF A\

POWER RATED (W)

26

SPEED RATED,/NO LOAD {U/min) 4000,/6200
ROTOR INERTIA (Kg—m") [lb—in'] 24107 [8.20107° ]
WEIGHT (Kq) [Ib] 0.3 [0.661]
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Motors & driving methods supported

Permanent Magnet

Brushless DC Synchronous

Block commutation Vector controlled

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Sensorless v

= 3 Back EMF
Sensored v

= Hall, encoder

Sensorless v

= 1 or 3 shunts
Sensored v

= Hall, encoder
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Auto-tuning & automatic identification enable

Vector control Algorithm
in Floating Point arithmetic
3-phase Q
PormanentC iy s
Magnet AC motors

)

o *
Sensorless T0or3
Control shunts .
Closed loop .7
Renesas o
MOSFETs
inverter :
USB g..eeees
: powered : E1l Prog/debug
150Wg........ : freeeeees O connector
@ 48V :
c':i o)
External. stage Hall & Encoder
1.5KW @ 300V connectors

Or 3.6KW @ 60V
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E1 connector
Debug/prog.

External power | Sy S perlsspomi o T
Stage connection : -

Encoder, hall sensor connection
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Three power stage classes

Scalable solution:
* From low voltage, low current
 Up to high voltage, high current
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Auto-tuning s/w for all RX inverter kits

Current Pl
coefficients tuned !

_ : = Partname: YROTATE-IT-RX23T
Oscilloscope to display #, = Lead-time: 10 days

Motor Phase and current = Price: EUR 179,00

:::::

Stator resistance, synchronous inductance,

permanent-magnet flux-tuned-!

45 seconds to drive unknown PMSM motors !
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High Performance & dynamics at competitive price

: Memory footprint
RX23T ) N 25ps
32-bit @ 40MHz \ IFRX | .
80 DMIPS with FPU 20K 2K

Timing

Max

PWM Control
loop
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Vector Control s/w routines implemented

Auto-tuning Pl control
Current Pl automatic calibration Current &

Parameters self-identification Speed

Stator resistance compensation

Anti-windup

Bus Voltage automatic compensation

Position control/torque control/ speed control Modulation

Dead-time compensation
S e e at ’ Clamped
ensorless drive at low-spee .
& Modulation

Sensorless estimation

Method using Model using Centred

Integral estimation Direct .
- Integration Modulation
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Overview

Microcontrollers
Specifications

RX111

32-bit @ 32MHz

RX23T

32-bit @ 40MHz

RX62T

32-bit @ 100MHz

50 DMIPS 80 DMIPS with FPU 165 DMIPS with FPU
Inverter PWM frequency: Max. 64KHz Max. 64KHz Max. 64KHz
verte Control loop speed: Max. 15KHz Max. 20KHz Max. 25KHz
SyStem Vector Control loop: 57us 40us 35us
dynamics Sensorless: 1 or 3 shunts 1 or 3 shunts 1 or 3 shunts

_ CPU load @ 8KHz
Microcontroller  fjash footprint:

resources RAM usage:
used by algo.  Arithmetic
Peripherals:

45%

25KB

3KB
Fixed-point
MTU2
12-bit A/D

32%

20KB

3KB
Floating-point
MTU3

12-bit A/D
Comp.

28%

20KB

3KB
Floating-point
MTU3

12-bit A/D
PGA, Comp.
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Overview

Torque & speed control:

Sensorless Flux Weakening support:
Algorithm Efficient PWM Modulation:
capabilities Pl current auto-tuning:

Motor para. ldentification:

Development Compilers: CC RX Renesas CC RX Renesas CC RX Renesas

opme |DE-p E2Studio E2Studio E2Studio
Tools - )

CubeSuite+ CS+ HEW

. Isolated USB connection: Yes Yes Yes
3-ph INVErter prive one or two motors: Single Single Dual
capabilities  Motor Voltage capability: 24V 48V 24V

Debugger connector: El E1l El
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Bill of Material in detalls

Renesas devices:

R5F523T3ADFM RX23T MCU 1
RJKO654DPB MOSFETs 6
R1EX2400-2A-SA-SOA | EEPROM 1

TOTAL 8

Cxx Capacitor 110
JPXX Jumper/connector 33
DXxX Diode/LED 37
Fux Fuse, connector 2
Lx Inductance 4
PX Push button 4
Qx Transistor 6
RX Resistor 155
U10, Ul11, U12 | MOSFET driver 3
UX Op-amp, IC 9
X1 Quartz 1
TOTAL 364

© 2015 Renesas Electronics Corporation. All rights reserved.
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Schematics Hints

Easy connection to PC via USB and Micro-USB conne

Serial to USB IC used for easy reuse of the serial protocol

FDTI chip used to ensure Windows drivers compatibility: W7, W8

LED DL1 used to indicate the connection traffic

Max. baud rate is: 76.6 KBd to ensure fluid oscilloscope window

¥V LSH

[ 1> 1
i

o
% o I i i
41
UISBLE0-MBBST g1 | €ss
_I 5 usepe | ‘ —‘7"” Dur
J  useomisowssl | | |
u USBOPJE0-LISE L
DOND_USA &
USBPCCONMECTOR |  0OND USE
: OSHIELD USH
T f OGND_USE
- 3 L
i —|_'I_1F
.'...
OGND_USE

oD LISk

= -,Ii'u IO O

; o RXTE
, IJSBDM  RTSAX
SBOP CTSE—x
v " DTR&E—
. ThceTe  DSRAGX
B o DCDHE=
W, e RN

] CHUSHE -

0GND_USE 0GND_USB

CHLUR
CHLUS4——

C !ﬂ.'.‘i!'T_.‘-\

THD UsB
AXD_USE

-

-5 _LISH_P

+5V_USH
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Schematics Hints

RED1A

INSULATING BARRIER
uP AREA | USBAREA
R42 l
H00R 1W : |
BCBOT VBUS VEUP14V
M_OFF Ra2 =
CLE A ' JPz
a7 | STRIP MLV. PZ.54 6P
IR
— i oo | STRIPMV. PS4 EP
EXT_SUP l | DGND_USE
> |
+5% I +5V_LISH
C30 I
T

R4 100nF us RS
K i T - : 2K
DDl VDDA

1. b
3 U.\.Q-D-(ﬂ V1A

TXD USB

RXD USE

B DD.D\,-{ B
4 1l . B

NDL u.\u_j
Jlsnml l OGND_LSB

[ADUMIZ0T)

L

USB connection is galvanic isolated

Ensure maximum safety for user when
high voltage or high current motor used
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Schematics Hints

E1 connection for debug and programming
Parameters management in EEPROM

It stores:

= the motor parameters

» The algorithms specific data

= the application specific parameters

E1l CONNECTOR+*~‘\« +5V
TX2 HEADER F_:'z .S54MM R10 R43
= 4K7 4KT7
+5V é
i MD
— :__1?1 RESET
C36 T
100nF P1 mll
SW-PB 6MM S
+5%
cad || " ®
100nF-50V I
ko L—1 ved E; £ ;; g
2 Wi
3E2 SCLE EEP-SCL & EEP-SCL
4GND SDAs EEP-SDA L EEP-SDA
s
RAEXZ400-24-54-504
N
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Schematics Hints ol HE } g P
.....:2;.”?: Im o e el |

Three driving circuits for the 6 x low voltage MOSFETS
Over-current circuit management using gate driver signals, linked to Port Output Enable of the

RX23T to stop the PWM signal in hardware

PUL
QuT U
D27
BAT. ' R142
+15V § SKE
R21 |C28 D28
10K Fo® —
BAT:
R146 C18 C19
2K2 pr— p—
1nF 1nF

Page 17
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Schematics Hints

Three shunts used for the motor
current reading and motor
speed estimation

) '\‘I:l}ﬂ.h )
- J o] Scrn l -
e e —“:I—|E 3 :';1. BV s ] ﬁ :Em . E g o _"ﬁ_lEE: :-E.- 2: :-;I:-
F g i B = Y &
E 3 : E I
-t =~ - v — Vv W
& ? = FalT] ? DA e ? DRI .
! any |
4 owmm )
i J COrivll- & MORS PS
PR ] |EE||"‘ L o P 44 IE%’ P % a |EE=
RO . Lot
e Y g

th
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Schematics Hints

+5V
< |¢?3 < R140
20K Ri118 . . . .pn
ei1r I‘?ﬂF 2K e - Three circuit using Op. amplifier
OGHD Wi 114 5. MCIUTID STRIP MLV. P=2,54 2P : : o
1K 7 oo action as signal conditioning.
& ¥
SHUH . R116 - _
Wik DNF Option to remove two shunts and
R120 i .
. f g use a single shunt to reduce bill of
P22 2 C75 || 47pF '
STRIP MV. P2,54 2P @ I material cost.
R129 JE21
SKE2 1% STRIP M.V. PZ,54 2P
RE8
1141 I
220R 1%
=
4TnF
+5V
) d oarsss Rist — Shunt current measurements and Bus voltage
1008 lw connected to A/D inputs: ANOOO to ANOO3
lﬂlF
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Schematics Hints [

BATS545
outr u R4 R27 AN100 Vu

82K 100R
0805 R151 1 C3as

Phases voltage are measured for the back EMF signals detection
A/D inputs: AN100 to AN102 o

Use for Brushless DC motor ouT v R149 R28 AN1O1 Vv

B2K 100R
c109
Sensorless controlled R152 1 I

outr w  RIS0 Ri47 AN10Z Vw

B2K 100R
0805 R153 1 C110
ac rnF
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Schematics Hints: Power stage connection

36
TEMP 1 E
VB 1 4 &
E s
1 3 -
1 . &
Y . e ®
7 : &
s 2] 10 L
&
ove —— " S — FAULT it 12 I UL _MTIOC3D
MU 13 14 VL_MTIOC4C
_E | sy e P ; ;1; l:- | WL_MTIOCAD
ENC_A_EXT o] 17 18 [ UH_MTIOC3B
: 1 =
T “‘l(L @r‘_ S VH_MTIOC4A
ENC_B_EXT 1 D19 . ('Y el 27 3 WH_MTIOC4B
Hy aTsss g |
+5V creers = TPZ
0 et R | ‘DNE
by +VBU *
S D18 RE2 by 3 ;\1 S
: ! 2 I 7.
RQS BATSAE ENC_Z_EXT il 12 4.
3. 3 &
L HEADER 17%2 . -
oo : & STRIPMV.P=2543P
100pF f
R N 7 S~

300Vo/20A or 60V o/ 100A

© 2015 Renesas Electronics Corporation. All rights reserved. Page 21




Schematics: Feedback, Hall sensors & encoders

+HV +15V +5V D13 BATS4S D +5V D14 BATS4S D +5V D15 BATS4S
F&é Feig RET - RT3
cos oR DMF K2 P K2
100nF RIT R3S R4&
| P HALL LY N HALL W 4 e
10K can oK a0 1 =1
inF inF inF
3
u & H U
W & HY
H_W
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Schematics hints: RX23T, 64-pin re

0p)

ources used
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RX23T Embedded Software project structure

L. TF[DEtEItF!}:.EET_LthEF}' a Contains Pl auto-tuning, Motor identification and estimators routines

= IjhEI__t.I: a Renesas Project Generator: setting of B, R sections
a External EEPROM management functions: read, write via I2C up to 64 parameters.

=== ges_eqp.c By default, 21 are used by the PC GUI

hardware EEtL.II:I C a Hardware setup definition for each MCU pins and SFRs

iI'ItEFFLJlIIt |'|EI'II.'."EFE.I: a Interrupt Service Routines definition: linked to the A/D converter to launch the
— — control loop

main. c a Main loop including initialisation of PWM, measurements, enable interrupt, serial
— ' communication, LED management...

Complete FOC algorithm in interrupt, including POE management, modulation, etc.
| motorcontrol.c ﬁ P gorrinm In interrupt, ncluding g et
.| reset_program.c B Reset procedure

userif, C ﬁ Serial protocol used to manage the PC GUI communication
vector tahle.c a Define addresses for each interrupt service routines

© 2015 Renesas Electronics Corporation. All rights reserved. Page 24 [ | z E N ESAS



YRotateltRX23T_Library Description

. YRotateltRXZAT Library

. mecrplibf.h i Header file for the Math Library block

~_ mot_identh Header file for the Motor Self-identification
_ PLtunh Header file for the Pl Coefficients auto-tuning
- YRotateltRX23T_LIB_LE_VLIib Library file containing the three blocks above
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Important header files

const_def.h

| (==

||_. custormize.h

defpar.h

| ==

dic_typedef.h

|  S—

||_. ges_eqp.h

| globdef.h

| - globvar.k

indefine.h

|  S—

||_. rmask.h

| . motorcontrolh

| puws_E6108A.hk

| pwws_E6132.k

stacksct.h

|  S—

typedefine.h

| ==

| - userif.h

||_. vect.h

é Def. of constants: Base Timing, PWM parameters, dead-time, Duty cycles, trigger delay for A/D, conversions constants, alarms , interrupts prio.

3 T LY

Definition application parameters, switches to enable Auto-tuning, over-modulation, estimators selection, flux weakening, etc.

3-phase Permanent Magnet Motor — Default parameters used by the kit: NANOTEC DB42S3, 24V, 4000RPM nominal speed.

Data Transfer Control (DTC): data structure definition

EEPROM management functions, variables and constants

Global Definitions

Microcontroller I/O definitions
Mask definitions used

Definition of functions used in the Interrupt service routines
Parameters used to drive the External power stage using IPM

Parameters used to drive the internal power stages using MOSFETS

Stack and data types definition

Parameters used in the serial protocol

Vectors definition

© 2015 Renesas Electronics Corporation. All rights reserved.
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THANKS FOR YOUR ATTENTION
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