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Step 1: Hardware Configuration

Table 1 below describes the versions and part numbers for each component used in the
EtherCAT Master Controller Kit project.

Table 1: Component Versions and Part Numbers

Component Version/Model
EXOR HMI eSMART 107
CODESYS Internal PLC Software 3.5.16.30

JMobile Software 4.5.0

Meca500 Robotic Arm R3FW 9

Galil Remote I/O RIO-57420 FW 1.0e
SCHUNK Electric Gripper MEGP 25E

Additionally, a standard 24V power supply is used to for the EXOR HMI and the Galil RIO, and
two standard Ethernet cables are used to connect the EXOR HMI to the Galil RIO and to the PC.
All components required to wire and connect the Meca500 to the Galil RIO are included in the
Meca500-r3 demo kit.

Step 1.1: Connecting the EtherCAT System

Connect the components described in Table 1 as shown in Figure 1 below. In the network
shown below, the Eth1 port of the HMI, also called Eth8 on the device, is configured as the
EtherCAT master and the EthO port, also called Eth7 on the device, is used to connect to the
HMI and load programs from a PC. The Galil RIO and Meca500 slave devices are daisy chained
together through their Ethernet input and output ports.

Galil RIO ouT
EXOR HMI Ethl

Meca500
192.168.0.102

PC 192.168.0.100

ECAT1
192.168.0.200

Figure 1: Suggested Configuration for EtherCAT Master Kit Connections
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As shown above, ensure that each device has the same IP address network ID while the last
three digits comprising the Host ID are unique to each component. Figure 2 below shows the
physical layout of the connected devices.

N il

Figure 2: Photo of the Connected System for EtherCAT

Step 2: Network Configuration

Step 2.1: CODESYS Setup
The CODESYS device setup for the EtherCAT system is shown in Figure 3 below.

=[] EtherCAT_Master (EtherCAT Master)
& RIO_57000 {(RIO-57000)
iy Meca500 (Meca500)

Figure 3: CODESYS device setup for EtherCAT

The Eth1l HMI port was configured as the source address of the CODESYS EtherCAT Master in
the device’s general settings by browsing and selecting its MAC (Figure 4).
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. e

Autoconfig masterfslaves Ethercn-l:w—
EtherCAT NIC Settings

Destination address{MAC) FF-FF-FF-FE-FF-FF Broadeast [_| Redundancy

Source address (MAC) |00-30-D8-07-6D-8E | | — Brovisen.

MNetwark name ethi

(®) Select network by MAC () Select network by name
A Distributed Clock 4 Options

Cycle time 2000 = s [] Use LRW instead of LWR/LRD

Sync offset 0 S [] Messages pertask

W] Automatically restartslaves
|:| Sync window manitaring Y
Sync window 1 > ps

Figure 4: Configuring the EtherCAT Master Source Address

Step 2.2: Configuring the Meca500 for EtherCAT

The default communication protocol of the Meca500 is TCP/IP. To switch to the EtherCAT
protocol, start by connecting to the Meca500 from a PC with the provided EtherNet cable and
typing the robot’s default IP address, 192.168.0.100, into a browser. In the web interface that
comes up, send the SwitchToEtherCAT command after connecting to the robot (Figure 5).

N\ mecapemic View Panel + O Opfons + Robot name: ion: 9.1.3
Status
Jogging (D X wts0mm| v 2v2em| : 22mm o ey o 295%] v 0¥ o Control | Requestiog
] e ™. F. L 0027 8, 0017 & 0.029" B, 2020° @, 65.401°| &, 5.019"
| cosn o o) o[ e e &=
o 0.027° Yy #% 00
Program

s | & —e— [ 175

8 0017*

70° | € —e— 3| 90"

8 0.029*
B

135° | € —e— 3| 70°

LA 2020°

SetWrf
StartProgram

170° | € —o— 3| 170

L B \ StartSaving
8 5019° k. .
-36000° | € —e— 3 a . Stopsa\‘rlng b &0 | [x][E][(B]

SwitchToEtherCAT -
i ted to Meca5e@ R3 v9.1.3]
ActivateRobot MR CA R e N

nd essful:

Jog Speed
= | |20% +

[ tal J i
Incremental Jogging [13:45:10][2000] [Motors activated.]

sStep: 1,000 [13:45:13][2002] [Homing done. ]

[x][®] @]

Figure 5: Switching the Meca500 to EtherCAT
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Note that after switching to EtherCAT, it is no longer possible to connect to the Meca500
through the web interface. To switch back to TCP/IP mode, you will need to perform a factory

reset of the Meca500 by unplugging the power supply from the AC side, and then replugging it

while holding the Power button on the robot’s base for about 20 seconds.

Step 3: CODESYS Variable Mapping

With the EtherCAT protocol, the MEca500 is controlled using cyclic data exchanges by detecting

changes in the input and output fields addressed in the EtherCAT mapping. The 10 mapping of
the meca500 is obtained from the ESI file provided by Mecademic as part of the Firmware
Update folder. Add the Meca500 and Galil RIO ESI files to the project from the Device

repository as described in Figure 6.

@ MecaS00_Rv6.project* - CODESYS
File Edit

View Project Libraries Build Online Debug | Tools | Window Help
e & v « X B X AL N U | O Package Manager.. bevic
|@P Library Repository.
Devices > 2 x (i wran @) Devic ’
= 3] Mecasoo Rve -v] ﬂAddlewry ﬂ Visua on Style Repository... P
- Olsveaoneg) [ K
= )4 PLC Logic 2% Device Repository X
= J Application
22 MECA_I (STRICT) Location | System Repository - Edit Locations...
2 o T
3 MECA_O (STRUCT) (C:\ProgramData\CODESYS\Devices)
# o
m Ubrary Manager
s £ Installed Device Descriptions
5]
5] =mRoR ¢7) String for a ful text search vendor | <All vendors> v
E] mECA FB)
\B] Mecavove (PRG) Name Vendor  Version  Description
|E) SquareMove (PRG) + [ miscetaneous
®:3 symbol Configuration + B Feldbuses
= {4 Task Configuration * 5?1\11 devices
= §5 ManTask i :ﬂ PLCs
CB.’
:bj ?Mmf\: + o SoftMotion drives Renew Device
CharCAT N Repository
123 MecaMove
= () sNrCAT Master (EtherCAT / D;:_wni_oad
=Y " issing
3 Juo_57000 Ri0-57000) Descriptions
k 2500 (Meca500) _ . . . - = = -
/ Meca300 Control Project Firmware and Mapping Files Meca300_v3.1.3.3733-rc

vy

Meca3d) Control Project Firmware and Mappj

#~

MName

@ G5DML-Mecademic-rmeca300.bmp
D G5DML-V2.42-Mecademic-meca500- 20,
D Meca500_E_LD_v9.1.3.3733-rc.update

308.xml

|_| Meca300_FtherCAT_ES|_v9.1.3.3733-rcxml |

Mame Statu
Meca300 v3.1.3.3733-rc [ =
meca500-vE-4-5-2 98  official [~ =

[ 7 rio-57000-r10a.xml oA

/| Meca500_v9.1.3.3733-rc.eds
[EH Release_Motes_v9.1,3.3733-rc.pdf

Status
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©A
9 A
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Figure 6: Adding Device Descriptions to the Device Repository
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The Meca500 10 fields are described in Figure 7 below. In this example project, variables have
been mapped to custom made data structures (Robot_O and Robot_I) by specifying the
corresponding structure in the Variable field. Since the 10 fields are automatically mapped to
available addresses, the PLC code references them through structures to avoid having to edit
the code every time the 10 mapping is changed when adding a new device or mapping file.

Variable

i Application.GVL.Robot_O.Deactivate
"% Application.GYL.Robot_O. Activate
"% application.GYL.Robot_0.Home
i Application.GVL.Robot_O.ResetErrar
"% Application.GYL.Robot_O.SimMode
"
+- "% Application.GVL.Robot_0.MovelD
i Application.GVL.Robot_0.SetPoint
"% Application.GYL.Robot_O.Pause
" Application. GVL.Robot_O.ClearMove
"% ApplicationGYL.Robot_O,ResetPStap
+- Application. GVL.Robat_O.MoveCommand
"% Application.GVL.Robet_0.5ublndex1
"% Application.GYL.Robot_0.5ubIndex2
"% Application.GYL.Robot_0.5ubIndex3
"% Application.GYL.Robot_0.5ubIndex4
"% application.GVL.Robot_0.Sublndexs
"% Application.GYL.Robot_0O.5ubIndexs
+- i
"
"
+. i Application. GVL.Robot_0O.StatusGripper
+- "% application.GYL.Robot_O.Dynamic1
+- "
+ K@
* application. GVL.Robot_I.Busy
4 application.GVL.Robot_IL Activated
*% Application.GYL.Robot_I.Homed
“
R
“
+- % papplication.GYL.Robot_IError
£ty
+- "% application.GYL.Robot_I.MovelD
+- 4y
* application.GYL.Robot_I.Paused
*% application.GYL.Robot_I.EOB

Electromate
Quick-Start Guide

=
]

v Channel Address Type
"%  Deactivate LOM4200  BIT
T Activate SoNiIet  BIT
"%  Home o302 BIT
"%  ResstError OoMi282 BIT
"% Sim Mode LOM120-4  BIT

Recovery Mode %QX120.5  BIT
"% MovelD BLoel UINT
"% SetPoint OoMi2en  BIT
"%  Pause LLOMi2E1  BIT
"% Clear Move Lo BIT
"%  ResetPStop HONiZes  BIT
"%  Move Command foe et ] LIDINT
"%  SubIndex 001 %Oop33 REAL
"%  SubIndex 002 50p34 REAL
“#  SubIndex 003 4opas REAL
"%  SubIndex 004 OR3E REAL
"%  SubIndex 005 %Op3F REAL
"  SubIndex 006 Lop3s REAL
Host Time %QD39 LDINT
BrakesControlall... %eQX160.0  BIT
BrakesEngaged %QX160.1  BIT
"% Dynamic Type L1x=)-EER UDINT
"  Dynamic Type opdz LDINT
Dynamic Type 2eQD43 UDINT
Dynamic Type QD94 UDINT
" Busy LINda00 BIT
“@  Activated Idi2ot  BIT
"%  Homed LLINiag 2 BIT
SimActivated %I¥120.3  BIT
BrakesEngaged %LIX120.4 BIT
RecoveryMode %LI¥120.5 BIT
"  Error L18 FITES UINT
CheckPoint %ID31 LIDINT
"% MovelID LIRAIEE] UINT
FIFO Space %IWES UINT
"% Paused INi328  BIT
"%  EOB 5I¥i321  BIT

Meca500 EtherCAT
Master Controller Kit Example

Description

Deactivates robot when true

Activates robot when true

Sends command to home robot when true

Clears the error code

Sim Mode

Recovery Mode

Must change for each cydic motion command
Rising edge triggers next command in motion queue
Robot is paused when true, activated when false
Cleasrs pending commands in the motion queue
Resets emergency stop when true

ID of the motion command being sent

First argument of the motion command, "x'
Second argument of the motion command, 'y’
Third argument of the motion command, 'z’
Fourth argument of the motion command, rx’
Fifth argument of the motion command, 'ry'

Sixth argument of the motion command, 'rz'

Time elapsed

Allows brake control with BrakesEngaged when true
Brakes Engaged when true

Return type of the first dynamic input register
Return type of the second dynamic input register
Return type of the third dynamic input register
Return type of the fourth dynamic input register
True when robot is activating or homing

True when Activated

True when Homed

true when simulation is activated

BrakesEngaged

RecoveryMode

Current error code

ChedPoint

ID of the current mation command

Mum of commands that can be added to motion q...
True when Paused

Robot stopped moving and motion queue is empty
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% application.GYL.Robot_LEOM @ EOM b3 BIT True if Robot has stopped moving
“p FIFQ Cleared %IX132.3 BIT True if motion queue is deared
*$ Application. GvL.Robot_LPStop “#%  PStop SehELg BIT True if robot is in protective stop
b ] Excessive torgue lX132.5 BIT Excessive torgue

E Offline Program ID %GIWE7 UINT ID of offline program currently running
*$ Application. GVL.Robot_L Joint1 "%  SubIndex 001 RIB34 REAL Joint 1 Angle
“$ application.GYL.Robot_I, Joint2 "%  subIndex 002 B35 REAL Joint 2 Angle
*$ Application.GVL.Robot_I Joint3 “#%  sublndex 003 IE36 REAL Joint 3 Angle
*% application. GYL.Robot_I. Joint4 “#%  SubIndex 004 2IR3F REAL Joint 4 Angle
*% application.GYL.Robot_I Joints "%  SubIndex 005 i3S REAL Joint 5 Angle
*% aApplication.GYL.Robot_I Joints "%  SubIndex 006 foen e REAL Joint & Angle
“$ application.GYL.Robot_L.xPose "%  subIndex 001 BIEe REAL End effector pose x
“$ application, GYL.Robot_LyPose "% subIndex 002 BIEH REAL End effector pose y
*$ Application. GVL.Robot_I zPose “#%  sublndex 003 eIER REAL End effector pose z
*% application.GYL.Robot_IrxPose “#%  SubIndex 004 et REAL End effector pose rx
*% aApplication. GYL.Robot_LryPose "%  SubIndex 005 IR REAL End effector pose ry
*% Application, GVL.Robot_LrzPose "%  SubIndex 006 BIR4E REAL End effector pose rz

+- "% application.GYL.Robot_L.Config_Shoul... "%  Shoulder BoiEia4 SINT Shoulder Configuration (1 aor -1)

+- % application, GYL.Robot_L.Config_Elbow "% Ebow LIRS SINT Elbow Configuration {1 or -1)

+ % Application. GvL.Robot_I.Config_Wrist T# Wrist SolEEE SINT Wrist Configuration (1 or -1)

E Turn YlB 187 SINT Turn Configuration (1 or -1)
% SubIndex 001 %eID47 REAL SubIndex 001
H SublIndex 002 %ID48 REAL SubIndex 002
R ] SubIndex 003 %049 REAL SubIndex 003
B SubIndex 004 2eID50 REAL SubIndex 004
3 SubIndex 005 %1051 REAL SubIndex 005
% SubIndex 006 %eID52 REAL SubIndex 005

+ A Dynamic Type %ID53 UDINT  Dynamic register with ID 53 for Gripper Status
% application. GYL.Robot_L.GripperHolding "% valueD BABEs REAL True if Gripper is holding an object
*p application, GYL.Robot_IGripperLimit T value 1 BLIBES REAL TRue if gripper opening or dosing limit is reached
*$ Application.GVL.Robot_L GripperClosed T value 2 2IEEe REAL True if gripper is dosed
*% application.GYL.Robot_I.GripperOpen T value 3 BIBEF REAL True if Gripper is Open
*% Application. GYL.Robot_IGripperForce T Value 4 SLIRES REAL Current force in the gripper
*% Application, GVL.Robot_I fingersOpen “#  Vales BIBED REAL True while fingers are opening

+ My Dynamic Type YelDE0 UDINT  Current dynamic type ID for register 2 (default 0)
*$ Application. GVL.Robot_I.Dynamicl T valueo IBet REAL Value 0 of Dynamic Data object
*% application. GVL.Robot_I.Dynamic2 T value 1 fohen o REAL Value 1 of Dynamic Data object
*% application. GYL.Robot_I.Dynamic3 T Value 2 BIBES REAL Value 2 of Dynamic Data object
*% application.GVL.Robot_I.Dynamicd " value 3 LIREY REAL Value 3 of Dynamic Data object
% application.GVL,Robot_T.Dynamics @ Value 4 WIREE REAL Value 4 of Dynamic Data object
% Application,GYL.Robot_I.Dynamics T Value s prai=lts REAL Value 5 of Dynamic Data object

| Reset Mapping Always updatevariables |Enabled 1 (use bus ¢

Figure 7: Meca500 EtherCAT IO Fields
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Step 4: Sending Motion Commands to the Meca500 from CODESYS

Step 4.1: MECA Function Block

To successfully send motion commands to the Meca500, a specific process of changing |10 fields
should be followed. Since this process is the same for all kinds of motion commands, a function
block was created to handle all types of motion commands. A state machine is used to allow
the |10 fields to be sent and received at the right time. The state diagram is described in Figure 8
below.

Write
Command
ID and
arguments,
step Move
ID

Movement

Finished

Reset the
SetPoint
trigger,
send done
flag

Trigger
the
SetPoint
Bit

Command
Received

Figure 8: State Diagram for sending Motion Commands to the Meca500

The function block described above takes in 7 arguments: The ID of the motion command and
its 6 arguments. After writing the desired command and arguments to the cyclic data fields and
increasing the Move ID, a rising edge trigger is used to flash the SetPoint bit. For physical
moves, the EOB changes to false when a move is in progress. For gripper commands, the
GripperLimit field switches to false, and for configurations, several milliseconds passes. When
the function block gets indication that the command has been successfully started by the robot,
it outputs a done flag. This flag is used to cycle though different function block calls when
programming movement sequences.

Step 4.2: Square Movement Sequence in CODESYS
This example is a simple movement sequence where the Meca500 moves in a square pattern
and picks up an object at a pick point if an input signal is received from the RIO, triggering an
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output while the robot is holding the object. The CODESYS state machine for this movement
sequence is described in Figure 9 below.

CASE nStep OF

l: //Bottem right corner
MecaCMD (command :=MOVE_POSE, x:=249.484939575, y:=63.039520264, Z:=76.46474121]1, rx:=10.364617348, ry:=87.368103027, rz:=-10.525827408);
IF MecaCMD.DN=n5tep THEN
nStep:=nStep+l;
END_IF
2: //Top Right Corner
MecaCMD (command:=MOVELIN WRF, x:=0,y:=0, z:=125, rx:=0,ry:=0, rz:=0);
IF MecaCMD.DN=nStep THEN
nStep:=nStep+l;
END_IF
3: //Top left corner
MecaCMD (command : =MOVELIN_WRF, x:=0, v:=-123, z:=0, rx:=0,ry:=0, rz:=0);
IF mecalMD.DN=nStep THEN
nStep:= nStep+l;
END IF
4: //Bottom left corner
MecalMD (command :=MOVELIN WEF, x:=0,
IF mecalMD.DN =nStep THEN
(*PICRUP/DROPOFF STEPS 5-7 CAN BE SET TO ACTIVATE ON RIO INPUT BY ACTIVATING THE FOLLOWING CODE:*)
IF gvl.RIO _in THEN
nStep:= nStep+l;
ELSE

¢ Floon
A/ loop

nstep:=1;
END_IF

END_IF
Figure 9: Simple CODESYS Square Move sequence using the Function Block

In the sample code above, MecaCMD is an instance of the MECA function block described in
Figure 8. To ensure that the program is executed in the right order and to simplify
troubleshooting, each new motion command is in a separate state. The done flag from the
function block (DN) is used to move through the states as each motion command is completed.
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