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1 Introduction

This document outlines how to assemble and setup the AKKON Handwheel. The document relates to
all hardware variants of the AKKON Handwheel. It starts with a description of the construction steps
including PCB assembling, creation of mechanics and keyboard layout as well as simple hardware
tests. In a further part software configuration and firmware updates will be shown. Finally the function
test using the AKKON Handwheel test and configuration application will be shown. The figure below
shows the AKKON Handwheel.

Figure 1: AKKON Handwheel

2 Required tools and documentation

2.1 Installation package

In the following sections, different tools that can be used for programming, configuration and test are
shown. For an easier use, an installation package including all related documents and software tools for
setup and construction is available for download on www.burger-web.com.

The installation package mainly includes following tools and documents:

Software tools

®=  Boot loader project and modified boot loader hex file for AKKON Handwheel
®=  RS232 Terminal program

= USB configuration utility

=  AKKON Handwheel test and configuration utility
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Documentation:

®=  This document (AKKON Handwheel setup and construction guide)
= Partlist
= CAM-file for case processing including G-Code

=  Keyboard layout

2.2 Tools

Assembling the AKKON Handwheel controller board does not require special tools. At a minimum, a
small soldering iron, soldering wire, alcohol and a pen for cleaning the PCB, a knife or a cable stripper,
wire cutter, a crimping plier, small screw drivers, some claws, a tweezers and a digital multi meter (see
figure 1) are required.

Most of the plugs used for the AKKON Handwheel are made with crimping techniques. Although it is
not absolutely necessary to uses plugs and sockets and directly soldering in the wires, it is
recommended to create cables with plugs because they are more convenient for setup and construction
as well as for failure search. A simple crimping claw, as shown below, costs about 20 €.

Figure 2: Crimping tool for MOLEX plugs

3 Construction

3.1 Create AKKON Handwheel cable

In a first step of the construction, the AKKON Handwheel cable should be created. The cable is used
for tests during construction of the AKKON Handwheel controller board and later use of the AKKON
Handwheel. The AKKON Handwheel is connected to a CNC controller and personal computer by a
control cable (AKKON Handwheel control cable with D-Sub male plug) and an USB cable (AKKON
Handwheel USB cable). Both cables are mechanically protected inside a sealing braid.

USB is sensitive to noise. Depending on the environment, noise can cause malfunction of the AKKON
Handwheel. By that way only cables with interference suppression should be used.
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Figure 3: AKKON Handwheel cable

On all cable ends 2,54 mm MOLEX plugs are uses. The cables can easily be created using crimping
technigues. An alternative would be to directly soldering in the wires to the PCB.

3.1.1 Pin assignment of AKKON Handwheel control cable:

Motor
e Forey

Figure 4: Controller side plugs for AKKON Handwheel controller cable

The colors of the cables can vary on the manufacturer but pin assignment on the male D-sub is as
shown in the following picture:
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5 Ground and shield
1, 2 Power 9-12 VDC
4 Clk

3 Dir

8 Emergency S1a

7 Emergency S1b

8 Emergency S2a

\ O / 9 Emergency S2b

Figure 5: Pin assignment on AKKON Handwheel controller cable (Control system side)

3.1.2 Pin assignment of AKKON Handwheel USB cable:

The colors of USB cables are standardized and should normally be the same on all USB cables.

According to the USB-specification the colors for the wires of an USB-cable are as follow:
Red wire: Power, 5V

Black wire: Ground and shield

Green wire: D+

White wire D-

Following figure shows the pin assignment of the USB-cable:

Figure 6: Controller side plugs for AKKON Handwheel controller cable

At the end of the cable (Pin 4) the ground wire and the shield are crimped together.

3.2 Create AKKON Handwheel controller board

This section outlines how to assemble and perform initial hardware tests with the AKKON Handwheel
controller board and cables. Figure 1 shows the AKKON Handwheel controller board.
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Figure 7: Front and top side of fully equipped AKKON Handwheel controller board

3.2.1 Step 1: Build power supply
Solder IC2, D5, J4, C16, C15, IC4, D4, C17, C14 and C18

Test:
®=  Plug in AKKON Handwheel controller cable

= Test power supply with digital multi meter. VCC should be 5V +- 0.1 V
3.2.2 Step 2: Build communication block
=  Solder in IC3, FT232RL, USB driver

= Solderin J13, FB1, R56, R57, R58, R59, C6, C7, C9, C10, C12, IC3, D2, D3

Test:

®=  Plug in USB cable on PC and power up AKKON Handwheel. MS Windows should detect a new

device and an additional serial port should be available.

3.2.3 Step 3: Build Controller block
= Solder in IC1, dsPIC30F5015, micro controller

®=  Solder in capacitors C1, C2, C3, C4 and C5

3.2.4 Step 4: Create connection between controller and USB interface

= Solder in R39, R40, D6, R35, R45, R61, R62, T1, D1, J2
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Test 1:
® Plug in USB cable on PC and power up AKKON Handwheel. MS Windows should detect a new

device and an additional serial port should be available.
®= Plug in USB cable, check with terminal program if RTS is on.

® Run a RS232 terminal program. In the example below the free terminal program from BRAY is
used. Establish a connection to AKKON Handwheel and enable respectively disable RTS line. This
will release the controller from RESET. The signal can be checked using a digital multi meter and
check power between RESET (=MCLR-pin) and Ground (GND-pin) on plug J2. The power should
be around RTS=1=>5Vand RTS=0=>0V.

2 Terminal v1.9b - 200803150 - by Bray++

e COM Port Baud rate Data btz [ Parity Stop bitz ) - Handshaking
TG (" 600 14400 ¢ 5FR00 || 5 ® none || & 4 ' none

Hel T 1200 15200 & 115200 o~ B " odd " RTS/CTS

AEED — (2400 28300 128000 . Coeven || 16 || XOMAXOFF

About. = | (" 4800 ¢ 33400 ¢ 25E000 " mark. " RTS/ACTS+<0MA0FF

it £ 9E00 ¢ 5BO00 ( custam || B ¢ space|| ¢ 2 CORTSonTA [ invert
Settings

[ Auto Dis/Connect [ Time | Steam log custom BR - Fix Clear ASClltable |  Seripting | =cTs E=co
Set font
& [~ AutoStart Script [ CR=LF [ StaponTop |3|3SD |2? ﬂ Graph Femate =IDsR R
Receive
e _ " HEx |v Dec |v Bin

CLEAR | FResetCounter | |29 %! Counter= 0 o A501 v Hes StartLog | REG_RES |
Trangrnit

CLESR | sendFile | [n 2l [~ CR=CRsLF oK =IDTR ERTS
t acros

et Macroz

Set M 27540 S4#013 1#013500#00I0#01 M7 | MB | M3 | M10| K11 M12

P13 P14 | WIS MIG | M17| M13 | M19 | M20 [ M21 | M22 [ M23| M24
|D [~ +CR - Send
‘Connected

Figure 8: RS232 terminal with manual RTS signal switching

Test 2: Program boot loader and run small test application

= Program boot loader to the dsPIC controller (see section 3, Software setup for AKKON Handwheel)
®=  Run AKKON Test program (AHW_Led_Test.hex). Led D2 should blink with1Hz

Test 2 is not absolutely necessary but can simplify failure search in assembling state.

3.2.5 Step 5: Finalize PCB
=  Solder in the other SMD-parts

= Solder in switches. Take care that the knobs on the bottom of the switches fit to the surface of the
PCB.
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= Solder in leds. Take care that the right pole of the leds for + and -. The long wire of an LED is the

plus pole. Let all leds look around 12 mm outside of the PCB

Figure 9: Mounted switches with plungers and leds

= Put power supply on board, measure current. Maximum power consumption should not exceed
more than 150 mA

= Solder in R33, R34 and S1. Take care that the parts laid out on PCB so that they are soldered in

vertical
Test
= Program firmware for AKKON Handwheel to board
®= Plugin USB cable

®= Run AKKON test program, connect to controller board and toggle RTS line

3.3 Create mechanics and keyboard layout

3.3.1 Creating case

AKKON Handwheel is mounted in a case from BOPLA (www.bopla.de). The case is made from ABS
plastics that can be machined resp. processed e.g. with a milling machine, a drilling machine or rasps.
G-Code for machining of the top of the case is available in the installation package for download. In
addition a dxf-file for modification is available.

AKKON CNC system page 9 of 20
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Figure 10: Mechanical drawing, milling contour for case (middle) and example keyboard layout

Depending on the application, the keyboard layout can be designed by the user. A standard design for
a Handwheel used with AKKON CNC, shown in the figure above (right picture), is also included in the
installation package. A further hole for the cord grip with a diameter of 16 mm on bottom of the case is
necessary to feed through the cables.

3.3.2 Creating keyboard layout

There are different techniques for creation of keyboard layouts. An inexpensive way is to create
keyboard with self-sealing foils. These foils can be printed with inkjet or laser printers. Protection of the
layout can additionally be established by putting a further transparent foil to the top of the surface.
Reducing abrasion on the buttons a thin plate made of felt can be put between the plungers of the
buttons and the foil.

3.4 Assembling of components

Having created all components as described above, assembling of the AKKON Handwheel can be
done. There are no special considerations necessary.
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4  Software setup for AKKON Handwheel

This section describes how to test and setup AKKON Handwheel for future use. In a first part the USB
interface hardware will be configured. In the second part the procedure for firmware updates will be
shown.

4.1 Configuration of USB interface

AKKON Handwheel uses self powered option for the USB device. This option has to be configured
using FTDI EEPROM configuration software. On the FTDI web site there is a tool called Multi Device
EEPROM Programmer available (also included in the installation package). Run MProg.exe on the PC

MProg - Multi Device EEPROM Programmer { Edit Mode )

File Device Tools Help

D@|@e|u rlalr| 2|ef ot
Basic Details USB Power Options FT232F |
: Mo Bus Pourer ] FT2232H | Frazad| v
Device Type FT232R -
: 100 milli Amps Invert RS232 Signals
USBYID fRID  |FTDI Defautt - [ Invert THD
USE Serial Mumber Cartral [ Invert RxD
[ Inwert RTS#
Serial Mumber Prefix ( 2 digits 1 |FT [ Invert CTSR
[~ Use Fixed Serial Number [ Irwvert DTR#
Bid [ C Device Specific Options [~ Invert DSRE
USB Yersion Mumber  USB 20 - ,7 [ Invert DCD#
[~ Disable USE Serial Mumber [ Invvert BRI
[ Pull Dowyn IO Pins in USE Suspend |USB Remate YWake Up 110 Controlz
[ Enable USE Remote Wake Up | C0
¥ | C1
v | C2
Product and Manufacturer Descriptor Strings | C3
Manufacturer Product Description
FTOI IS8 =-» Serial Cable =LEER# ~es
Programming Cptions
-

[ High Current i's
[ Load D2X driver

Figure 11: Multi Device EEPROM Programmer and test tool release by FTDI

Press Menu => Device => “Scan”. After successful scan, at least on device should be found by the

software.

Press Menu => Tools => “Read and Parse”. After successful operation, the parameters of the FT232R-
device are displayed.

NOTE: These settings depend on used boot loader. Depending on the boot loader the default settings
work.
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MProg - Multi Device EEPROM Programmer [ Edit Mode )

File Device Tools Help

J|@|m|u] P

7] 2]e| o
Basic Details U=E Power Options FT232R IFT2232H ] FTg23 4| »

e T e r hzx Bus Powver
evice Type = Bus Powwered
0 illi & mips

(+ Self Povwered

Invert RE2352 Signals

LISB Wi i PID [ Invert TXD
USB Serial Number Cortral [ Invert RXD

[ Invert RTS#

Serial Mumber Prefic ( 2 digts 1 |FT [ Invert CTS#

[~ Use Fixed Serial Number [~ Invert DTRE

B/ C Device Specific Options [ Invert SRR

U=B Wersion Mumber UsE 2.0 - ,7 [ Invert DCD#

[~ Dizable USB Serial Mumber T

[ Pull Dowen Q0 Pins in USB Suspend USB Remate YWake Up 1D Controls
[~ Enable USB Remaote Wake g THDEM w | C0

THLED# |
RHLED# - |2

Product and Manufacturer Descriptor Strings PR CRE | C3
Manufacturer Product Description
Froi S <-» Serial Cable SLEER# =]
Programming Options

l_

[ High Currert 1i0's
[T Load D2XX driver

Figure 12: Multi Device EEPROM Programmer and test tool release by FTDI

In a next step a new configuration profile for FT232RL device has to be created. On this device USB
Power Options have to be set to “Self Powerd”. A template is included in the installation package. Load
the template file and press program to burn the EEPROM of the USB interface. The AKKON
Handwheel can now be tested for future use.

4.2 Firmware updates

The AKKON Handwheel can be programmed and debugged using In Circuit Programmer. This option is
mainly used for firmware development. A more convenient approach is to initially program a small
program — called boot loader — on the micro controller. The boot loader is able to create a connection to
serial interface and write the application (firmware) to the micro controller. There are different
commercial and free boot loaders available.

Firmware updates using Tiny boot loader

The following description outlines how to perform firmware updates using the free TINY boot loader
(http://www.etc.ugal.ro/cchiculita/software/picbootload.htm). The Tiny boot loader takes around 100

word of program space. It is assumed that the Tiny boot loader has already been programmed to the
AKKON Handwheel controller board using a dsPIC In Circuit Serial Programmer. A modified boot
loader the AKKON Handwheel is included in the Installation package.

Run Tiny boot loader application. The screen should look like as shown in figure 5.
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?</ Tiny Bootloader - AHW. hex

Comm
A7E00 -

57600~
Search
li

Cam20

COr3
COr4
COME
COr15
Cam12
COr23

Wwrite Flash

CheckPIC

Messages |Ierminal] thiu:uns] termEIpt]

FEX
j Browze |

Interface to TingBootLoader, +1.9.8
contact: claudiu.chiculita@ugal ro
hittp: A e, etc. ugal rodcchiculitadsoftware pichootlioader. ktm

Figure 13: Initial screen after starting up Tiny boot loader

In a next step setup options for the boot loader.

Comm

57600 -

Search
COr20

COM3
COori4
COME
COM15
COr12
COm23

Pi/ Tiny Bootloader, - AHW. hex

Write Flazh

CheckPIC

Messages] Terminal Options |termEIpt]

ID' code: |CTh [ LogDetails |Momal

Reset
v RTS.0DTR OM after open

Codes to zend first; Remote Reset zignals: |

SearchDelay. |f =

v Search for COMs

j Browse |

EOX

Timeout[ms]: m

Figure 14: Configuration of Tiny Boot loader

AKKON CNC System

Press button “CheckPIC” and if Tiny boot loader found successful a message as shown below should
be output by the Tiny boot loader.

AKKON CNC system
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NOTE: If programming does not work, please try to set timeout value to 100 ms.

AKKON CNC System

NOTEZ2: Depending on setup of FTDI-chip resp serial interface Tiny bootloader can be setup to change
reset signals by placing commands in input field “Remot Reset signals”.

Pt Tiny Bootloader |Z| |E| E'

Wwrite Flash

CheckPIC

Comm

57600 -

Search
COm3

|I::"-.&HW"-.:::utput_he:-:_map_files"«.-'-‘-.HW.he:-: j Browze |

Messages] Terminal Options |termEIpt]

ID code; |C1h [ LogDetals  |Momnal

Rezet
[ RTS.DTR OM after open

Caodes to send first: Remate Reset signals: |"H"-’"r"a’"D".-’"l:|"
SearchDelay: |7 = Timeaut{ms): (100 =

[w Search for COMs

Figure 15: Configuration of remote signals for Reset

Lower characters disable the signal, upper characters enables it.

FI¢ Tinmy Bootloader - AHW. hex |Z||E|[z|

rnite Flazh

i

CheckPIC

Comm
AYE00 -

Search

W

Camzo

ﬂ Browse

Messages |Ierminal] thiu:uns] termDpt]

|nterface to TinwBootLoader, +1.9.8
contact: claudiu, chiculitai@ugal.ro
http: £ A et ugal. rodcehiculitadsoftwarepicbootioader. it

Connected to W ACORMZ20 at 57600
Searching for PIC ...
Found:dzPIC w/BEK.E F

Figure 16: Screen dump of Tiny boot loader after successful board identification

Select firmware of AKKON Handwheel and press button “Write Flash”

AKKON CNC system
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FI£. Tiny Bootloader, - AHW. hex |Z||E|r5__(|

|I::‘-.fl‘-.HWchutput_he:-:_map_files"-.i‘-.HW.hEH ﬂ Browsze
Meszages i i
write Flash| J |Iermlnall thu:uns] termDpt]

Interface to TinyBootLoader, «+1.9.8

CheckPIC contact: claudiu. chiculitat®ugal ro

hittp: A v ete_ ugal rodcchiculitas safbware/pichoatloader htm

C Connected to W ACOMZ0 at 57600
Hmim Searching for PIC ...

EYE00 - Found:dsPIC w/BEKE F
Search Connected to W ACOMZ0 at 57600

HE: 3 hourz old, IMH#32,dzPICoode, total=21160 bytes.
COr20 Searching far PIC .

Found:dzFIC w/BEKE F

WRITE OK. at 1457, time:8.016 zec

Figure 17: Screen dump of Tiny boot loader after successful firmware update

4.3 USB Device driver configuration on windows XP

Before running the AKKON test application the settings of the “Ready To Send” (RTS)-signal of the
RS232 port has to be checked. If resistor R62 is soldered on board the behavior of the RTS-signal after
closing the serial port has to be changed. The modifications require administrator privileges on the PC.

Move to Windows Device Manager.

L Device Manager

File  Action Wiew Help

HHES 20 A=A

= Ports (COM & LPT) ~
“_l»yi Bluetooth Communications Park (COME)
r;yi Bluetooth-Kommunikationsanschluss (COM15)
“_}f Intel(R) Active ment Technology - SOL (COM1Z)

1JSE Serial Part (« 6}

+ ﬂ Processors

+ % 351 and R.aID controllers

5

Serre Dinibal host rontenllers

154

Figure 18: Serial port of AKKON Handwheel in the windows device manager
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USB Serial Port [COM36) Properties

General | Anschlusseinstellungen |Driver Details

Bitz pro Sekunde:

Daterbits: |8 |
Paitét: [Keine ~|
Stoppbits: |1 v|
Flusssteuenung. |Keine ~|

[ Erweitert... ] [ wiederherstellen ]

[ (] 8 ][ Cancel ]

Figure 19: Screen shot of USB driver properties

Click “Erweitert” button.

Erweiterte Einstellungen fiir COM20

UISE PacketgrifGen Abbrechen
Reduzieren Sie die Werte, um Perfarmance-Probleme bei getingen Baudraten zu beheben,
Standard

Erhéhen Sie die Werte fir eine hihere Geschwindigkeit,
Empfangen (Bytes):
Senden {Bytes):

EBM Einstellungen Allgemeine Optionen

Reduzieren Sie die Werte, um Kommunikationsprobleme zu
wertingern,

Serieller Drucke
‘Warkezeit {ms): erieller Drucker
o

PlugPlay Fir serielle Schnittstell

Abbrechen der Kommunikation, wenn das Gerat
ausgeschaltet wird
Tirneouts

Event bei unvorhergesehener Entfernung des
Gerdts

1
Eﬂini;nale Anzahle der Lese-Timeouts EBeim Schliefien der Yerbindung RTS akkiv setzen
ms)i

Abschalten der Mademansteuerung beim

Minimale Anzahle der Schreib-Timeouts HochFahren des Gerdts
{ms):

OF000F

Figure 20: Windows device manager

If checkbox “Beim Schliessen der Verbindung RTS aktiv setzen” is eabled then disable it.
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5 Running AKKON Handwheel test and configuration application

f AKKON Handrad Test- und Konfigurationsprogramm [Z|[E|rz|

File Einskellungen

Firrmwareversion: Freie Epu:m:i o5 Achgp:

| (;-—-4\
Compilierungsdatum: \ ’ _.-I
Jog-Modus: Encoder: FEEEEes

| | L . @ gesperri

Anbwort wom AKEON Handrad: |

| | |
f
Hardwareversion e

| | Pot 1: FE8E Pot 2: FE8E

pdvise ™ ™,
wIsk iy min \ '|
wSall i '\!_ A '\!_ 4
Inidex 1 Tastelfiae

vH: oy min
& & &

Taskaturereignisse:

Figure 21: AKKON Handwheel test application
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% Rad-Parameter |Z||E|E|

File  Handwheel

Bixis X ‘nxis ¥ ‘Axis z | ‘ | ‘ | ‘ ‘ | ‘ |
al{[mm's2] 0.0 i0.0 0.0
all{[mm)'s2] 0.0 -D.D 0.0
wI{ [/ min] 0.0 0.0 0.0
I [rmnn)'rnin] 0.0 0.0 0.0
LT[y min] 0.0 0.0 0.0
wUp/[rmm/min] 0.0 0.0 0.0
wUp Tmm/min] 0.0 0.0 0.0
lResalution/Tmm] |0 0 0
Jog 0j[1] 1] 0 o
Jog 1)T1] 1] ] ]
Jog 2/[1] i} ] i
Jog 3T1] 1] ] ]
Akkuelle Werke Rad ‘Werbe des Rad

Auflgsung Encoder: Ii PulsefUmdreh. v Tranform: mnyrnin w3oll; linm,l'min
Abkastrate ms w-Ist; limll'min
nspeedUp off: 1fmin v Wheel: ,7 1fmin
nispeedup on: ,7 1rmin firele ’7 1min

Figure 22: AKKON Handwheel parameterization
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6 Disclaimer

6.1 Limited Warranty and Disclaimer of Warranty

THIS SOFTWARE AND ACCOMPANYING WRITTEN MATERIALS (INCLUDING INSTRUCTIONS FOR USE)
ARE PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND. FURTHER, the author DOES NOT WARRANT,
GUARANTEE, OR MAKE ANY REPRESENTATIONS REGARDING THE USE, OR THE RESULTS OF USE, OF
THE SOFTWARE OR WRITTEN MATERIALS IN TERMS OF CORRECTNESS, ACCURACY, RELIABILITY,
CURRENTNESS, OR OTHERWISE. THE ENTIRE RISK AS TO THE RESULTS AND PERFORMANCE OF THE
SOFTWARE IS ASSUMED BY YOU. IF THE SOFTWARE OR WRITTEN MATERIALS ARE DEFECTIVE YOU,
AND NOT the author OR ITS DEALERS, DISTRIBUTORS, AGENTS, OR EMPLOYEES, ASSUME THE ENTIRE
COST OF ALL NECESSARY SERVICING, REPAIR, OR CORRECTION.

THE ABOVE IS THE ONLY WARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE, THAT IS MADE BY the author, ON THIS PRODUCT. NO ORAL OR WRITTEN INFORMATION OR
ADVICE GIVEN BY the author, ITS DEALERS, DISTRIBUTORS, AGENTS OR EMPLOYEES SHALL CREATE A
WARRANTY OR IN ANY WAY INCREASE THE SCOPE OF THIS WARRANTY AND YOU MAY NOT RELY ON
ANY SUCH INFORMATION OR ADVICE.

NEITHER the author NOR ANYONE ELSE WHO HAS BEEN INVOLVED IN THE CREATION, PRODUCTION OR
DELIVERY OF THIS PRODUCT SHALL BE LIABLE FOR ANY DIRECT, INDIRECT, CONSEQUENTIAL OR
INCIDENTAL DAMAGES (INCLUDING DAMAGES FOR LOSS OF BUSINESS PROFITS, BUSINESS
INTERRUPTION, LOSS OF BUSINESS INFORMATION, AND THE LIKE) ARISING OUT OF THE USE OR
INABILITY TO USE SUCH PRODUCT EVEN IF the author HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

6.2 ACKNOWLEDGMENT

BY USING THIS PRODUCT YOU ACKNOWLEDGE THAT YOU HAVE READ THIS LIMITED WARRANTY,
UNDERSTAND IT, AND AGREE TO BE BOUND BY ITS' TERMS AND CONDITIONS. YOU ALSO AGREE THAT
THE LIMITED WARRANTY IS THE COMPLETE AND EXCLUSIVE STATEMENT OF AGREEMENT BETWEEN
THE PARTIES AND SUPERSEDE ALL PROPOSALS OR PRIOR AGREEMENTS, ORAL OR WRITTEN, AND
ANY OTHER COMMUNICATIONS BETWEEN THE PARTIES RELATING TO THE SUBJECT MATTER OF THE
LIMITED WARRANTY.
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