ICMU-Y2 programming and Swerve drive wheel-tuning guide

Swerve-Drive V1.1

commutation over ssi for controlling the swerve-drive platform
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Preface

The Swerve-Drive wheels are equipped with dedicated for this goal designed encoder PCB,s
with ICMU brand programmable encoder chips. These encoder chips are freely

programmable and can be used as both absolute and incremental encoders with various
protocols.

The original ICMU based wheel encoder PCB’s are not equipped with an EEPROM.
EEPROM makes the PCB more multi-functional for our goal and programmable other
software. We have extended the original PCB with this feature. Because this redesign had to
have the same form factor, it became a four-layer PCB. The EEPROM is externally
programmable via the BISSC protocol over an USB adapter.

For the Swerve drive V1 we used Maxon EtherCAT amplifiers

The texts in blue are links to relevant web documents and software downloads for the tuning
procedure.
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1. Hardware
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Hardware design wheelsets

1.1 Abs Enc hardware.
PCB V1.0 A KD2207001 (open source hardware by Ketels with EEPROM extension)

Specs components

iCMU Y2 —(0x07) IC-MU DEN16-5X5

https://www.ichaus.de/upload/pdf/MU_datasheet F2en.pdf

Distributor https://ave-nl.com/

24AA02 Microchip EEPROM. Compatible 24LC16BHT-I/MNY.

Distributor Mouser

LCT2857IDD-1#PBF RS-422/RS-485 interface chip .

Distributor Mouser


https://www.ichaus.de/upload/pdf/MU_datasheet_F2en.pdf
https://www.ichaus.de/upload/pdf/MU_datasheet_F2en.pdf
https://ave-nl.com/
http://ww1.microchip.com/downloads/en/devicedoc/21709c.pdf
https://nl.mouser.com/datasheet/2/268/24AA16_24LC16B_24FC16_16K_I2C_Serial_EEPROM_200017-2576990.pdf
https://nl.mouser.com/ProductDetail/Microchip-Technology/24LC16BHT-I-MNY?qs=Xb8IjHhkxj65WH%2FsuXOTPw%3D%3D
https://nl.mouser.com/datasheet/2/609/285678fg-1268100.pdf
https://nl.mouser.com/ProductDetail/Analog-Devices/LTC2857IDD-1PBF?qs=hVkxg5c3xu%2Fyp0wmqzeWmQ%3D%3D

vees
[*]

ICL

11 s MTC
= SDA MID

— VPA+SV VPD =5V

VNAAGND WND DGND

D1
A ™ B 3 { pBo g o e e
e pors [P = < pa1 |11 MACLE
geen o | o a o
N | B e SLODATA_OUT
2 ‘[ Y i
@D

Schematic encoder hardware

Track nonius encoder disc bipolar magnetized

https://www.ichaus.de/upload/pdf/MU18S_30-32N_codedata B1en.pdf



https://www.ichaus.de/upload/pdf/MU18S_30-32N_codedata_B1en.pdf

1.2 Maxon Epos

EPOS54 CB Power EtherCAT

Maxon Epos 50/15 EtherCat

(https://www.maxongroup.com/medias/sys_master/8825356681246.pdf)

1.3 Drive motor, Brand unknown
10 poles pares,
0.10hm flux-linkage

Induction 150uH



https://www.maxongroup.com/medias/sys_master/root/8834325119006/EPOS4-%20%20Module-50-15-Hardware-Reference-En.pdf

1.4 Steering (rotation) e-scooter motor, brand Maytec

= Hall Sensor : 5v

6Pin 2mm Pitch hall sensor, JST Pitch

https://www.alibaba.com/product-detail/Maytech-5065-170KV-brushless-outrunner-motor 60732555864 .html

1.5 Slip rings

http://adafru.it/775

1.6 Programming hardware

https://www.ichaus.de/upload/pdf/MB5U datasheet D1en.pdf



https://www.alibaba.com/product-detail/Maytech-5065-170KV-brushless-outrunner-motor_60732555864.html
http://adafru.it/775
https://www.ichaus.de/upload/pdf/MB5U_datasheet_D1en.pdf

3 Connections

J1
VCC5C

WA W N =

DO- roi . —
GNDIDO; 6 :
Picoblade A iy
PCB MB5U BISS Maxon EPOS slipring
1VCC 4 VDD 10 V-aux red
2 SCK+ 2 MA+ 5 Clock SSI green
3 SCK- 3 MA- 6 Clock\ SSI
4 DO- 8 SL- 7 Data SSI blue|
5 DO+ 7 SL+ 8 Data\ SSI yellow
6 GND 6 GND 9 GND
X3b Motor X1 Power Supply
Drive motor EPOS Power Supp EPOS
U1 Yellow 1 black- 1 GND
U2 Gieeh 2 black+ 2 VCC 24V (+10- 50VDC)
U3 Blue 3



= Hall Sensor 5v

6Pin 2mm Pitch hall sensor, JST Pitch

Hall Sensor (only rotation motor)

Hal 1
Hal 2
Hal3
5V

GND

4 Grey

5 Yellow
6 Black (shield)

Determination of the direction of rotation. Use this scheme to figure out the right connection.
It is possible to use a battery to connect the motors

Block commutation

Conductr
Rotor position
Hall sensor 1

Hall sensor 2

Hall sensor

al sequence diagram for the Hall senso

Supplied motor voltage (phase to phase)

+
vz T




Wheelset 1 Drive

EPOS Motor-connection cable
1 Black

2 Brown

3 Red

Wheelset 2 Drive

EPOS Motor-connection cable
1 Black

2 Red

3 Brown

Wheelset 3 Drive

EPOS Motor-connection cable
1 Red

2 Brown

3 Black

Rotation motors: because the commutation is controlled via hall sensors, the order of the
motor does not matter.

3. Software & Tuning

3.1 Relevant software & documents:

-Drivers for IC-Haus adapters

(https://www.ichaus.de/adapter drivers)

-ICMU gqui software with RTE

(www.ichaus.de/MU_gui_rte)

-Maxon Epos Studio IDX

https://www.maxongroup.nl/medias/sys _master/root/8994700001310/EPOS-2-4-IDX-Setup.zip



https://www.ichaus.de/adapter_drivers
https://www.ichaus.de/adapter_drivers
http://www.ichaus.de/MU_gui_rte
http://www.ichaus.de/MU_gui_rte
https://www.maxongroup.nl/medias/sys_master/root/8994700001310/EPOS-2-4-IDX-Setup.zip
https://www.maxongroup.nl/medias/sys_master/root/8994700001310/EPOS-2-4-IDX-Setup.zip

3.2 Settings ICMU Software:

Connect the ICMU PCB to the MB5U BISS. Port A BISS,

MSB output 18-bit,
SSI Ring Mode Enable.

No zero bits =0.

Make sure the resolution is 19 bit = 524288 bits

@ MU: Off-Axis Nonius Encoder with Integ

File Connection Extras Help

iC-MU Y2

IC-MU Series

Evaluation Software Version: B1

Bl o |smen
(G | (=N o P

s Disconnected @Haus

[ Read Sensor ] [| 0 |] Multiturn @)Error Status Read Continuously
- [ Stop on Error
[ Decimal m] [| 0 |] Singleturn .jWammg [JShow Details Lol 2z
— [ Save to File
Analog Interface  ABZ /UVW Nonius Multiturn  Nonius Calibration  Error / Warning / Status  Misc. 12C  CalibSetup Hex Editor

Interface Setup

Port A ST Mode

$5I Ring Mode
%
‘] 0x00 A Enable

Direction of Rotation

|| 0302 [ Absolute

Port B Configuration $5I Data Output Format ALL
= Minverted
= ABZ 0x00 @ Binary O Gray
Direction of Rotation
MSB Output ero Bits Output Serial and Incremental

inverted

B ”05 B ”

LSB Qutput
Bl mito DJXUU

PIN NPRES command

B NO_FUNCTION } 000

0x00

Adaptive - tinit

BiSS Interface Parameters

Serial Number EDS Bank
[ 0x00000000 |] B[ oxo0 H
BiSS Profile Profile ID
£ er3 |] [ oxe215 ﬂ
iC-MU Y2 [=]

BiSS ldentifier
[ 4D | 85 | o7 |05 || o5 || o0 | 69 | 43 \]
L Devicem — | mfg. 1D

[ Read RAM ] [ Write RAM ] EWrite Immediately [Write Command]

WRITE ALL  [] [ Save Config ][ Load Config @3 EEPR@

2. Loading default configuration file : OK ~
3. Loading configuration file "IC_mu_config (1).cfg” for chip revision 0x07
4. Loading configuration to software without writing to the device : OK "

@ Data Displa

Options

'j iC-MU Series |]

"Noniul Encoder l}

Singleturn (Master)

[ oeamal )| 524214

Resolutiof ||524288

Angle

10

359.949 degrees



3.3 Nonius Calibration

Analog Interface ABZ/UVW Nonius Multiturn Nonius Calibration  Error / Warning / Status Misc. 12C  CalibSetup Hex Editor
—— SPO SPO SPO SPO SPO SPO SPD SPO SPO 5SPO SPO SPO SPO SPO SPO SPO SPO
| Reset | Base 0 3] 2 3 4 5 6 T 8 g 10 1 12 13 14 15
Ble1 Bl 180 & 1Bl o 1821680 1 B2 1821 B 1 &= 8- 18 o 18+ | Bl218[ ] =1
|Aa:quir¢Dm| B0
[ Adjust Analog
[ Adjust SPO
[JContinuous
£ o
Value
Max Win
600~
ERE ds & ois % wbs ds whs o mbs s s do as ok s s
e —e s e 2 2 st 2
-- Reset Graph| ] Show Raw %‘m[ams

Calibrate the ICMU using the AN3 appnote calibration and programming step

by step:

https://www.ichaus.de/upload/pdf/MU_AN3 appnote Rotary calibration _and programming_D1en.pdf
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https://www.ichaus.de/upload/pdf/MU_AN3_appnote_Rotary_calibration_and_programming_D1en.pdf
https://www.ichaus.de/upload/pdf/MU_AN3_appnote_Rotary_calibration_and_programming_D1en.pdf

3.4 Switch to SSI

Swich to SSI with command SWITCH. Disconnect and Connect to enable SSI

9 MU: Off-Axis Nonius Encoder with Integrated Hall Sensors

- X
File Connection Extras Help
iC-MU Series " CL
2 [EYN Comeped Haus
Reading... ] { 0 ] Multiturn @cEror  Status £ Read Continuously
[ [ } = (] Stop on Error
Decimal m] { 524215 ] Singleturn @ Warnin Show Details [ Data Display
[ [ | sina ® oLl (] Save to File
Analog Interface ABZ/UVW Nonius Multiturn  Nonius Calibration  Error / Warning / Status  Misc.  12C  CalibSetup  Hex Editor
Command Register Register Protection
RAM Start Address Register Access Control Reset RPL Hardware Revision
- - (:
[ oxe0 (9 0 || ox00 [ﬂ 0x00 |] [ icmu vz {] [ oxo7 |]
RAM End Address Command Reset to
e — 12C_COM RPO iC- Register values
=1| 0x61 r Software calculated (accessible via SPI only)
“ Possible |] || Possible \l CRCB CRCS
- C
i Bank0  Bank1.4 Bank5. T orE | =
| E)[ ox08 Config.  EDS User
7 El'mf‘ [ m," CRC16 CRC16
12C Device ID T8 i
—_— wite st [ oxaeD1 0x0000
| 51/ Read from EEPROM || 0xA1
\ / Event Counter
f [
Retry Counter Command SWITCH | Switclh\ ’T‘] Read
=1 0x03 RPL_NEW MODEA_NEW
r
\[@ o ||oxo0 |[F[ ssi 0x04

[ Read RAM ] [ Write RAM ] [Write Immediately [Wme Command][ WRITE_ALL m] [Save Conﬂg]{ Load Conﬁg] [-Wthe EEPROM]

L'l

21. Switching to BiSS : 0K
22. Reading chip revision and changing the used chip revision by software to 0x07 : OK
23. Reading parameters : OK

3.4 Pole pares drive motor: 10, pole pares rotation motor: 7

Startup - EPOS4 EtherCAT

Y]

Safety Instructions

Motor
4 Drive System

sdayg dnpeis A

Motor Enter motor type and characteristics (consult maxon catalog).
Gear
Sensors Motor type | maxon EC motor (8LDC) =
4 Controller Nominal corrent Py E
Commutation
Regulation Torque constant Identify during mechanical system identification
Lo 50.000 mNm/A | =+
Limits
Device Control Thermal time constant winding 10:[
Windows Max speed
4 Inputs / Outputs
Digital Inputs Number of pole pairs
Digital Qutputs
Analog Qutputs

Back

| | | |

Next finsh | [ Cancel | [ Help

12



Drive motor : no gear, rotation motor reduction 18 ;7

b

Startup - EPOS4 EtherCAT [Station 1] x

Safety Instructions Gear
4 Drive System
Motor Enter gear data.

Gear

sdaig dnues A

Sensors System with gear

4 Controller
18 . 7
¢ " Absolute reduction E E

Regulatien Direction of rotation, drive to output @ Same
Units
Limits
Device Control Max continuous input speed 100000 rpm E
Windows

4 Inputs / Qutputs

) Inverted

Digital Inputs
Digital Outputs
Analog Outputs

Back | [ Next | [ Fnish | [ Canced | [ Felp

3.5 Encoder settings drive motor. rotation motor + hallsensor -> mounting on shaft

X

Safety Instructions

: Sensors
g 4 Drive System
5 Motor Enter sensor data for connected sensors.
g Gear
k] S Connector Type Mounting Position
4 Controller X4 - Hall sensor None
Commutation X5 = Encoder
Regulation
Units X6 - Sensor $S! absolute encoder On motor shaft
Limits

X6 - SSI absolute encoder
Device Control

Windows Encoding | Data bits | Advanced
4 Inputs / Qutputs

Digital Inputs Encoding type @ -
Digital Output:
uial Outpists Direction ™maxon

Analog Outputs =

Data rate 2000 kbits/s [

Refresh frequency 125

Back ] { Next ‘ | Finish J [ Cancel J ’ Help

13



3.6 Encoder settings: Data Bits 19

L) PO
D930 #2 608 @

File View Extras

S Studie 3.

Window Help

s\rvdbogae\Downloads\EPOS54_KeloWheel.pjm™] - [Object Dictionary - EPOS4 EtherC.

lavigation

[ Startup - EPOSA EtherCAT [Station 1]

Dictionary - EPOS4 EtherCAT [Station 1]/ Profile Velocty Mode - EPOS4 EtherCAT [Station 1] |4 Data Recorder - EPOS4 EtherCAT [Stat

ped

Enter sensor data for connected sensors.

< Safety Instructi

M afety Instructions Sensors
£ 4 Drive System

= Matar

7 Gear

o

“ Sensors

4 Controller

Commutation

Connector

X4 - Hall sensor

Type
Nene
None

551 absalute encader

Mounting Position

On motor shaft

Device Control
Windows
Touch Probe

4 Inputs / Outputs
Digital Inputs
Digital Qutputs
Analog Inputs
Analog Cutputs

X5 - Encoder
Regulation

X6 - Sensor
Units
Limits

X6 - 551 absolute encoder

Encoding | Data bits Advanced

Special bits leading
Multi-tumn bits
Single-turn bits
Special bits trailing

Refresh frequency

Data

Data

Multi-tun daa bits: 0

Spacial bits lesding

Position

Position

Single-turn data bits: 19

0 Bits B
0sits [
e[
0 sits [

12.5 kHz

0 o 0 17

H [

[ —

Position bits: 17

Back Next

[ Finish

| [ Cancel | |

Help

=T

Commutation rotation:

= Startup - EPOS4 EtherCAT [Station 1]

LY}

Safety Instructi .
afety Instructions Commutation
4 Drive System
Motor

Gear

sdajg dnjels A

Sensors Type

4 Controller Sensors
‘Commutation
Regulation
Units.

Limits
Device Control
Windows

4 Inputs / Outputs
Digital Inputs
Digital Outputs
Analog Outputs

Enter commutation type and sensors.

‘ Block commutation

‘ X4 - Digital Hall sensors.

Back | [ MNex | [ Finish

| [ cancet ||

Help

14



[ Startup - EPOSA EtherCAT [Station 2]

sdalg dnpeis A

Safety Instructions

4 Drive System
Motor
Gear
Sensors.

4 Controller
Commutation
Regulation
Units
Limits.

Device Control
Windows
Touch Probe

4 Inputs / Outputs
Digital Inputs
Digital Outputs
Analog Inputs
Analog Qutputs

Commutation

Enter commutation type and sensors.

Type | Sinusoidal commutation

Sensars | X6 - 551 absolute encoder

5| commutation offset value

43690 inc

Finish

| [ cancel | |

Help

15




3.7 Calculation of SSI commutation offset value:

Application notes collection, follow the steps chapter 8 page 131-135:

Calculation offset flow chart:

O

Calculate the number of incraments per electrical
revolution

1 C ey = 270 - RTUNEE ¢ mberOPolePairs

¥

Calculate the relevant part of the actual position

by taking the remainder of the division {modula)

of the raw position value by the increments per
electrical revolution.

P oS eyarn = S8 lay_pes MOAUID INCue_re

[Check if sensor polarity is inverted)]

[Yes] <> [Noj
¥

[ Calculate reference point: (

Reaferenca = 1/8 * INtuee e

L 4

Calculate the difference between the reference
and the relevant positicn

L J
Calculate reference point: W

Refarence = 58 * Nt

Delta = Reference - PoSwisan

[Delta value is greater than zero]

[ves] <'> [No}
¥

The 551 commutation offset s

k 4
The 551 commutation offset is

55kym o = Della 55lom cmsen = Delta + INCyee

>
O

Figure 8-133  Adjustment of 55| commutation offset value | Determine 551 commutation offset value

16


https://www.maxongroup.com/medias/sys_master/root/8884071235614/EPOS4-Application-Notes-Collection-En.pdf

Go to startup, put the motor temporarily in dc modus
Go to Tools Cyclic torque mode
Enable.
Activate Synchronous torque.
Type atoque e.g. 30%
Apply torque.
Go to Tools object dictionary 0x3012 SSI position raw value.
Copy this value to Enc Pos in the Excel calculation sheet(yellow).
Delta non inverted (Maxon) is the value that has to be used.

Put the motor back in BLDC modus

3.8 Exel calculation sheet

Enc res 524288 Inverted Non Inverted (Maxon) Bits Enc cnt
N Pole Pairs 10 nincs per electrc. Rev 52428,8 52428,8 1 2
Enc pos test 1956 pos-relevant 1956 1956 2 4
reference-point 8738,133333 43690,66667 3 8
Delta 6782,133333 41734,66667 4 16
Delta + 1N 59210,93333 94163,46667 5 32
6 64
7 128
8 256
9 512
10 1024
11 2048
12 4096
13 8192
14 16384
15 32768
16 65536
17 131072
18 262144
19 524288

1456,356

3.9 Offset calculation results

Wheelset 1 drive wheel

SSI| commutation offset value : 43690

Wheelset 2 drive wheel

17



SSI| commutation offset value : 866

Wheelset 3

SSI| commutation offset value : 14895
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