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1.1 Introduction

TT3001GB

Industrial Ethernet is becoming more and more
popular as it offers

* Very fast response time

* Predictable delay times (deterministic protocol)

¢ Safe transmission of data

* In a certain extended standard Ethernet hard-
ware switches can be used

Compared with most of the “classic” non Ether-
net based protocols the indstrial Ethernet offers
state of the art performance.

The MACO00-Ex4 Industrial Ethernet module can
be configured by the end user to a number of dif-
ferent Ethernet protocols, for instance

e EtherCAT
¢ EthernetlP
* More to come

Main Features:
* High speed communication - | 00Mbits/sec.
* 2 individual ports on the module offers Daisy
chaining possibility.
* Standard M2 circular industrial connectors
* | Digital input (24V) and | digital output
(24V) for local use around the motor

* Multiple alternative I/O possibilities available
on request (OEM applications)

* LED’s for easy monitoring of operation sta-
tus

* Optional encoder I/O
* Rough design
* Access to all internal motor parameters and

registers possible. No need of pre-setup of
the motor.

* Optional RS232 connection available for
monitoring and setup use if desired
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1.2

Hardware introduction

1.2.1

Overall hardware description
All internal and external main connections can be seen in the illustration below.

10
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General Hardware description
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2.1 | / 0 dESCI"iptiOI‘IS Only MAC400&800

2.1.1 External signals available at the MIACOO-Ex4
Following signals are available at the MACO00-Ex4 module.

e “L/AIN” and L/A OUT” connector.
- The Ethernet connection. L/A IN is connected to the upstream master and L/A
OUT can be used downstream for the next motors/units in the chain.

*  “l/O” connector.

- AIN - analogue input +/-10V.
Can be used as input for the zero search sensor or as general analog input for
speed or torque control depending on the what the actual operation mode in the
motor has been setup for.

- Ol - user output |
Can be used as dedicated “in position” output (default) or as general output con-
trolable over the Ethernet interface.

- RS232 Interface.
Serial unbalanced interface for connection to a PC or a controller. The protocol
is similar to the USB or RS485 interface, which means that all registers/parame-
ters in the motor can be monitored or changed. RS$232 is not recommended for
long distances (> 10m).

- INI - User input I.
Can be used as general input which can be read over the Ethernet interface.

- 1/O supply and gnd (IO- and O +).
Used as ground and supply for the user infoutput (Ol and IN1).

* “PWR” connector.
- 24V supply for the internal control circuitry in the motor

2.1.2 Hardware overview

Picture arrives soon !
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2.1

1/0 descriptions Only MAC4008800

2.1.3

General power supply description

The Ethernet modules can only be used in the MAC400 and the MAC800 servomotor.
The diagram below shows how to connect power to a MAC400 motor mounted with a
MACO00-Ex4 module.

Please notice that the voltage connected to P+ and/or CVI must stay in the range + |2-
26VDC. Precautions must therefore be taken if the system also contains MAC50, 95, 140
or 141 which may require 48VDC in order to reach maximum motor speed.

See also the general power supply description in the MAC motor main manual LB0O047.
For further information concerning physical connections, see the Expansion module
MACO0-Ex4 connector description, page 6.

Power supply connections to a MAC400
mounted with a MACO0-Ex4 module.

Make sure that all Power Supply

involved units are
connected to the same
potential

+12-26VDC
(control voltage)

|
GND

>

N\

]

[
-

MAC400 Motor & | N
tis recommende

with MACO00-Ex4 that a separate supply

line is used for each motor.

Max. 26VDC !

Supply P-
Control Volt. I: CVvi

Power I: P+

Mains 115|or 230VAC

A

MAC400 Motor
with MACO00-Ex4

Power P+ .
Supply I: P- J Max. 26VDC !

Control Volt. l: CVi

Main supply <
L

— TT3011GB

Mains 115 or 230VAC
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2.1

Only MAC400&800

1/0 descriptions

Analogue input connection at the MAC motor
mounted with a MAC00-Ex4 module.

Connected to a external controller

Position or
velocity
controller

]
|

I

MAC motor
+MACO00-Ex4

AIN1 (analogue input)

]

|

Screen
U | | GND (ground)
I
-l; Note ! :screen only
. connected to signal source.
| Connected to a potentiometer
MWW\ [f only 24V supply is available MAC motor
l insert a 2.7k resistor here. +MACO00-Ex4
+
Power supply "== .
10VDC | Screen | I AIN1 (analogue input)
GND (ground)

! ~ .
2kOhm potentiometer Note ! :screen only
connected tosignal source.

(VL typeno. “POT2K”)

Make sure that all
involved units are
connected to the same
potential

Make sure that all
involved units are
connected to the same
potential

.

This example only covers 0-10V but other configurations do of course also exist, such as 0-5V or +/-10V.

Connected to a zero search switch

Zerosearch switch

MAC motor
+MACO00-Ex4

o O
=l
Power supply "=F
10-32VDC  mmiam

—

GND (ground)

AIN1 (analogue input)

Make sure that all
involved units are
connected to the same
potential

]

TT3012GB

Note: Do not apply voltages higher than 32V to the analogue input (AIN)

2.1.4

Using the analogue input (AIN1).
When a MAC00-Ex4 module is mounted in the MAC400 or MAC800 motor, the ana-

logue inputs is available in the same manner as in the basic motor itself.
The analogue inputs can be used for several applications and the function of the analogue

input is determined by the mode in which the motor is set to operate.
Typically the inputs is used for controlling the velocity, torque or position of the motor
but the input is also used as digital input for zero search or in “Air Cylinder Mode” where

it is used as trigger input for the movement done by the motor.
For further information concerning physical connections, see the Expansion module

MACO00-Ex4 connector description, page 16.

14
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2.1

1/0 descriptions

Only MAC400&800

2.1.5

RS232 - General description when using the MACOO-Ex4 module

The RS232 interface is consid-
ered the main interface to the
motor when the motor is set
up using the MacTalk win-
dows software from a PC or
from any kind of controller us-
ing a RS232 interface.

When connecting the RS232
interface to a PC or control-
ler, the following rules must
be followed:

| Only one motor can be
connected at the interface
line.

2 Use screened cable.

3 Ensure that GND (interface
ground) is also connected.

4 Ensure that all units have a
proper connection to safety
ground (earth) in order to
refer to the same potential.

5 The RS232 interface cable
length should not exceed 10
metres.

Connectors:

RS232 connection between a PC or central controller
to MAC400 with a MACO0O-Ex4 module.

Central

Controller
(for example a PC)

Opto isolation *

Make sure that all
involved units are

* Opto isolation is recommended if connection is permanent.

<«— Screen connected
to GND in each end

MAC400 Motor
with MACO00-Ex4

Rx  |ps232
Tx Interface

L

connected to the same Q
potential g
N
D
2 «
= 2 -
(L] +
— S — —

Power supply

Max. 32VDC !

IGND | power [ P+
Supply P-t
Contr. Voltage I:CVI

Main supply 147

Mains 230VAC

TT3013GB

To see the specific connector pin-out please see the chapter Expansion module MACO0-

Ex4 connector description, page 16.

A finished RS232 cable also exist. Please see Cables for the MAC00-Ex4, page 18
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Connector description

| Only MAC400&800

L/A IN

Primary Ethernet

channel

MI2 - 4pin female

Ethernet coded
(D coded)

L/A OUT

Secondary Ethernet

channel

M2 - 4pin female

Ethernet coded
(D coded)

Used when module

Expansion module MAC00-Ex4 front plate

Power supply

M2 - 5pin male

connector including:

P+ (primary supply), and CVI
(secondary supply) and P-

110

I/O’s and RS232 interface
MI2 - 8pin female
connector including:

| digital input and | digital

is daisy chained TT3002GB

output, | analogue input

2.2.1 Expansion module MACOO-Ex4 connector description
The MACO00-Ex4 offers IP65 protection and M2 connectors which makes it ideal for au-
tomation applications where no additional protection is desired. The M12 connectors of-
fer solid mechanical protection and are easy to unplug.
The connector layout:
“PWR?” - Power input. M12 - 5pin male connector
JVL Cable
WI1000- Isolation
Signal name | Description Pin no. M12F5TO5N | group
P+ Main supply +12-24VDC. Connect with pin 2 * |1 Brown 1
P+ Main supply +12-24VDC. Connect with pin 1 * |2 White 1
P- Main supply ground. Connect with pin 5 * 3 Blue 1
Control supply +12-24VDC.
cvi DO NOT connect >25V to this terminal ! | Black 1
P- Main supply ground. Connect with pin 3 * 5 Grey 1
* Note: P+ and P- are each available at 2 terminals. Make sure that both terminals are connected in order to
split the supply current in 2 terminals and thereby avoid an overload of the connector.
(Continued next page)
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2.2

Connector description

Only MAC400&800
“l1/0” - 1/0’s and interface. M12 - 8pin female connector.
JVL Cable Isolation
WI1000-M12 | group
Signal name | Description Pin no. M8TO5N (See note)
(o) Output 1 - PNP/Sourcing output 1 White 2
RS232: TX RS232 |nter{ace. Transmit terminal 2 Brown 1
Leave open if unused.
RS232: RX RS232 |nterf_ace. Receive terminal 3 Green 1
Leave open if unused.
Interface ground to be used together with the
GND other signals in this connector. Also ground for |4 Yellow 1
the analogue input (AIN1 - pin 5)
AIN1 Analogue input1 +10V or used for zero search |5 Grey
IN1 Digital input 1 - 12-32V tolerant. 6 Pink 2
1/0 ground to be used with the I/O terminals O1
10- and INT. 7 Blue 2
Positive supply input to the output circuitry.
O+ Connect 5-32VDC to this terminal if using the O1 | 8 Red 2
output.
“L/A IN” - Ethernet port connector - M12 - 4pin female connector “D” coded
JVL Cable Isolation
WI1046- group
Signal name | Description Pin no. M12M4S05R | (See note)
Tx0_P Ethernet Transmit channel 0 - positive terminal | 1 - 3
Rx0_P Ethernet Receive channel 0 - positive terminal | 2 - 3
Tx0_N Ethernet Transmit channel 0 - negative terminal | 3 - 3
Rx0_N Ethernet Receive channel O - negative terminal |4 - 3
“L/A OUT” - Ethernet port connector. M12 - 4 pin female connector “D” coded
JVL Cable Isolation
WI1046- group
Signal name | Description Pin no. M12M4S05R | (see note)
Tx1_P Ethernet Transmit channel 1 - positive terminal | 1 - 4
Rx1_P Ethernet Receive channel 1 - positive terminal | 2 - 4
Tx1_N Ethernet Transmit channel 1 - negative terminal | 3 - 4
Rx1_N Ethernet Receive channel 1 - negative terminal |4 - 4
* Note: Isolation group indicate which terminals/circuits that a galvanic connected to each other. In other
words group 1, 2, 3 and 4 are all fully independantly isolated from each other. Group 1 correspond to the hous-
ing of the motor which may also be connected to earth via the DC or AC input supply.
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2.3

Cable accessories

| Only MAC400&800

2.3.1

Cables for the MIACOO-Ex4

The following cables equipped with M2 connector can be supplied by JVL.

MACO00-Ex4 Connectors |Description JVL Order no. Picture
“LIAIN” | “LIA OUT” [ “lfO” | “PWR”
8pin 12pin 8pin 5pin
male Female Female | Male
RS232 Interface cable. Connects
X directly from MAC00-Ex4 to a PC RS232-M12-1-5-8
Length: 5m (197 inch)
Cable with M12 male 8-pin
connector loose wire ends
X 0.22mm? (24AWG) and screen. WI1000-M12M8TOSN ,
Length: 5m (197 inch) » ’
X Same as above but 20m (787 inch) WI1000-M12M8T20N
Cable (85.5mm) with M12 female
5-pin connector loose wire ends
X 0.35mm? (22AWG) and foil screen. WI11000-M12FSTOSN »
Length: 5m (197 inch) A - —t
. o
X Same as above but 20m (787 inch) WI1000-M12F5T20N
Ethernet cable with M12 female 4pin D
X X coded straight connector, and RJ45 | WI1046-M12M4S05NRJ45
connector (fits into std. Ethernetport)
Ethernet cable with M12 female 4pin D
X X coded straight connector, loose ends. WI1046-M12M4S05R
X X Same as above but 15m (590 inch) WI1046-M12M4S15R
Protection caps. Optional if connector is not used to protect from dust / liquids.
IP67 protection cap for M12
X X female connector. WI1000-M12FCAP1 '
IP67 protection cap for M12
X X male connector. WI1000-M12MCAP1 .

Important: Please note that the cables are a standard type. They are not recommended for use in ca-
ble chains or where the cable is repeatedly bent. If this is required, use a special robot cable (2D or 3D

cable).

18
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3

MACOO-EC4 EtherCAT® module
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3.1

Introduction to EtherCAT®

3.1.1 Intro to EtherCAT®.
EtherCAT® is a Real Time Ethernet technology which aims to maximize the use of the
100 Mbit, full duplex Ethernet bandwidth. It overcomes the overhead normally associat-
ed with Ethernet by employing "on the fly" processing hardware. An EtherCAT® net
consists of a master system and up to 65535 slave devices, connected together with
standard Ethernet cabling. The slave devices process the incoming Ethernet frames di-
rectly, extract or insert relevant data and transfer the frame to the next slave device, with
a delay of approx. 4us. The last slave device in the bus segment sends the processed
frame back, so that it is returned by the first slave to the master as a kind of response
frame. There are several protocols that can be used as the application layer. In the CAN-
open over EtherCAT® (CoE) technology, the CANopen protocol is applied to Ether-
CAT®. CANopen defines Service Data Objects (SDO), Process Data Objects (PDO)
and the Object Dictionary structure to manage the parameters. Further information
about EtherCAT®, is available from the EtherCAT® technology group (http://
www.ethercat.org).

3.1.2 Abbreviations
Following general used terms are usefull to know before reading the following chapters.
100Base-Tx 100 MBit Ethernet on twisted pairs
CAN Controller Area Network
CANopen  Application layer protocol used in automation.
CoE CANopen over EtherCAT®.
DC Distributed Clock
EMCY Emergency Object.
EoE Ethernet over EtherCAT®.
ESI EtherCAT® Slave Information
ESC EtherCAT® Slave Controller
ETG EtherCAT® Technology Group
EtherCAT® Ethernet Control Automation Technologie
IPInternet  Protocol - IP address ~ the logical address of the device, which is user con-

figurable (not used in EtherCAT®).
MAC Media Access Controller - MAC address ~ the hardware address of the
device (not used in EtherCAT®)

PDO Process Data Object (for cyclic data)
SDO Service Data Object (for acyclic data)
Sli Slave Infirmation Interface
XML eXtensible Markup Language - used for the ESl file.
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3.2

Protocol specifications

3.2.1

3.2.2

3.2.3

3.2.4

EtherCAT® - communication

The EtherCAT® fieldbus system is standardised by the EtherCAT® user organisation
(ETG). The driving force behind this is the german company, Beckhoff GmbH. Due to
the advanced Ethernet technology used for EtherCAT®, in the future, customers can
change from other fieldbus systems to EtherCAT® or generally equip new plant models
with EtherCAT®.

Communication on EtherCAT® is based on a master/slave operation. The update cycle
between master and slave depends on the number of EtherCAT® slaves, the amount of
process data of the individual slaves, and the set update time of the master. Due to the
ring topology, in every bus cycle only one telegram is sent on the bus. The bus cycle time
thus remains exactly the same in every cycle.

Slave addressing can be done in two ways:

¢ Auto increment addressing
* Fixed node addressing

With Auto increment addressing the master scans the net for slaves, and the slaves are
then addressed in the sequence they are physically present on the net. With fixed node
addressing, the addresses that each node has programmed, is used.

EtherCAT® frame structure

In EtherCAT®, the data between the master and the slaves is transmitted in Ethernet
frames. An EtherCAT® Ethernet frame consists of one or several EtherCAT® tele-
grams, each addressing individual devices and/or memory areas. The telegrams can be
transported either directly in the data area of the Ethernet frame or within the data sec-
tion of a UDP datagram transported via IP. The EtherCAT® frame structure is pictured
in the following figure. Each EtherCAT® telegram consists of an EtherCAT® header, the
data area and a working counter (WKC), which is incremented by all EtherCAT® nodes
that are addressed by the telegram and have exchanged associated data.

44 - 1498 bytes - ‘
8 bytes 14 bytes 2 bytes 10 bytes 2 bytes 4 bytes
‘Preamble‘ Ethernet header - 1'5‘&2'33:“ Data ‘ WKC ‘ n'th EtherCAT datagram ‘Checksuﬂ

TI3007GB

Sync managers

Sync managers control the access to the application memory. Each channel defines a con-
sistent area of the application memory. The adapter module has four sync manager chan-
nels. The mailbox protocol (SDO's) and process data (PDO's) are described later in this
chapter.

Sync manager watchdog

The sync manager watchdog monitors the output sync managers. If the output data is not
updated by the EtherCAT® master within the configured time, the watchdog will acti-
vate time out and change the state of the adapter module from Operational to Safe-Op-
erational.

Note: EtherCAT® has been designed so that it provides no way for a slave to monitor
the connection to the master if the slave gets no output data.

Note: The drive reaction to a communication fault must be configured in the module
write flag register (object 201 | subindex 6 - motor set passive or motor set velocity =0).
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3.2

Protocol specifications

3.2.5

EtherCAT® - State machine

Both the master and the slaves have a state machine with the states shown below. After
boot the slaves are in INIT state, and then it's up to the master to request state transi-
tions. The standardized EtherCAT® state machine is defined in the following figure. The
bootstrap state is not supported.

Init

A A
(IP) i ) L(IB) T(BI)

Pre-Operational Bootstrap

A (PS) (s
o) Y (SP)

(OP) Safe-Operational

(OS)T i(so)

Operational

TT3009GB

The module enters the Init state directly after start-up. After this, the module can be
switched to the Pre-Operational state. In the Pre-operational state the EtherCAT® mail-
box communication is allowed and CoE objects can be accessed by SDOs. After the mas-
ter has configured the slave, it can switch the module to the Safe-Operational state. In
this state input I/O data (PDOs) is sent from the adapter module to the EtherCAT® mas-
ter, but there is no output I/O data from the master to the module. To communicate out-
put I/O data the master must switch the adapter module to the Operational state.

State description table:

State Description

State after device initialisation. No Application layer communication (no SDO and
PDO communication).

Init

Pre-operational SDO communication possible. No PDO communication.

Safe-operational Transmit PDO operational (drive sends data to master)

Operational Drive fully operational, responds to data via receive PDO

Boot-strap Not used.

22
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3.2 Protocol specifications

3.2.6 CANopen over EtherCAT®

The application layer communication protocol in EtherCAT® is based on the CANopen
DS 301 communication profile and is called CANopen over EtherCAT® (CoE). The pro-
tocol specifies the Object Dictionary in the adapter module, in addition to communica-
tion objects for exchanging cyclic process data and acyclic messages.

The EtherCAT® module uses the following message types:

* Process Data Object (PDO). The PDO is used for cyclic I/O communication,
in other words, process data.

* Service Data Object (SDO). The SDO is used for much slower acyclic
data transmission.

* Emergency Object (EMCY). The EMCY is used for error reporting when a fault has
occurred in the module or in the drive.
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3.3

Commisioning

3.3.1 Indicator LED’s - description.
The LED's are used for indicating states and faults of module. There is one power LED,
two link/activity LED's (one for each Ethernet connector), and 2 status LED's.
Indicator and label overview
General status indicator —‘ r Error indicator
— .
»-ERROR
s 1
"y Power indicator
Line activity indicator ——
Line activity indicator
00:50:C2
00:C0: 30
Tranoice MAC address ——— Hardware serial number
LED indicator descriptions
LED Text | Colour| Constant | Constant [Blinking [Single flash |Double flash|Flickering
off on
No valid Ethernet Activity on
LAIN | Green | Ethernet is - - - e
: ine
connection. | connected.
No valid Ethernet Activity on
L/AOUT | Green | Ethernet is - - - iy
: ine
connection. | connected.
Device Device state Device [Device state =
RUN Green |state = INIT| = Opera- |state =Pre-| Safe-opera- - -
tional operational tional
Process data
Critical com- General watchdog time-
munication ) out/ Booting
ERROR Red No error or controller c;icz)r:]ﬁglrjrroar- Local error EtherCAT® error
error watchdog time-
out
Power is
Power is ap- applied to
Powerisnot | plied to both module but
PWR Green applied. motor and ) B ) no communi-
module. cation with
motor.
Notes:
Blinking: Flashing with equal on and off periods of 200ms (2.5Hz). Single flash: Repeating on for 200ms and
off for 1s. Double flash: Two flashes with a period of 200ms followed by 1s off period. Flickering: Rapid flash-
ing with a period of approx. 50ms (10 Hz).
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3.3

Commisioning

3.3.2

Quick start with TwinCAT.

I. Copy the Ethernet slave information file (“)VL ECS V10.XML”) to the folder

“..\Twincat\|O\Ethernet\” on the master PC.
2. Apply power, and make sure the PWR (power) LED is lit.
3

Connect the Ethernet cable from Master to the L/A IN connector, and check that the

corresponding LED is lit.

4. Start TwinCAT - system manager on the master, and make sure that a proper Ether-

net I/O device is appended (consult your TwinCAT manual).
5. Right click the I/O device, and select "append box".

+r Untitled - TwinCAT System Manager,

File Edit Actions Miew OCptions  Help

D w & B3 3 =

- B 1/0 Devices

+ .

| e ————
E‘E Mappings B Append Box...

( Delete Device

@ Online Reset
{‘}, Cnline Reload {Config Mode only)
Cnline Delete {(Config Mode onky)

"ﬁ Expart Device. ..

g Irnport Box. .,

“x_ Scan Boxes. ..

4 oot Chris
Copy Chrl+C

TT3004GB

=[]
+ S¥STEM - Configuration 5
B& PLC - Configuration En
= 1/0 - Configuration N
a

Continued next page
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3.3 Commisioning

6. Unfold "JVL Industri Elektronik" and "MACO00".
7. Select "MACO00-ECx" and press the OK button.

Insert EtherCAT Device

Search: :_ | Mame: Bow1 .' Multiple: 1 : .

[ ok ]
Tupe: -5t Beckhoff Automation GmbH [
Communication Terminals [ELBxxx)
Syztem Couplers Fart
[ EK1100 EtherCAT Coupler [24 E-Bus)
fi  EK1101 EtherCAT Coupler [24 E-Bus, ID switch]
fi  EK1501 EtherCAT Coupler (24 E-Bus, F-Multitdode, 1D switch)
f#  EK1501-0010 EtherCAT Coupler (24 E-Bus, FX-SingleMade, 1D switch)
[ C<1100-0004 EtherCAT Power supply (28 E-Bus)
5§ Teminal Couplars (BE1 s, ILssw-B110]
H Miscellansous
| BB EtherCAT Fieldbus Boxes [EPmmms]
&l Drives

(%) B [Ethemnet]

|+

w
[#-E¥ EvaBoard [Interfaces]

[#-&F EvaBoard [Sample Souce Demos]

3] m EtherCAT Piggyback controller boards (FE1#563<)

vl WL Industn Elektronik
-4l MACOD

[ Extended Information [] Show Hidden Devices [] Show Sub Groups

TT3005GB

8. The device should now appear in the left side of the TwinCAT window, with a tiny
JVL logo.

9. Press F4 (Reload I/O devices), and select the JVL device on the left side of the win-
dow.

10. The "L/A IN" LED should now be flashing and the process data should now appear
on the bottom right side of the TwinCAT window.

Continued next page
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3.3

Commisioning

3.3.3

I 1. By pressing the "CoE online" tab, it's possibly to inspect the CANopen objects, and
modify motor and module parameters.

.~ Untitled - TwinCAT System Manager

File Edit Actions Yiew Options Help
D& wd % B IR 2. IR IEEGE Y K
=B - fa
i EIET-E?WE;SEE: . Gereral | EtherCAT | Process Data | Statup | Cof - Drline: | Oriine |
= - I1jO - Configuration .
=B} 1JO Devices [ &t Update Single Update [] Show Offine Data
[=-7== Device 1 (EtherCAT) All Objects
-I- Device 1-Image o =
=% Device 1-Image-Info Onlive Data Moduls 0D [AcE Port): |
- &1 Inputs
@ §l outputs Index Mame Flags Walue
= § InfoData 1000 Device Type RO 000000000 (0]
[ [ 1008 Manufacturer Device Mame RO JYL MaCoo-EC
B8 Mappings 1003 M anufacturer Hardware Yersion RO MACOO-Exx -1.10
1008 Manufactuer Software Yersion RO m
+1018:0 Identity RO »4<
+-1600:0 R«PDO 1 RO >1¢
+ - 1A00:0 T«PDO1 RO 1<
+-1C120 Senc Man 2 Assignment RO »1<
+ 10130 Sync Man 3 Assignment RO 14
2mn Module command w0
+-2011:0 Module parameters RO » B3¢
+- 20120 Motor parameters 32-bit RO > 254 ¢
Mame Online Type Size =Addr...  InfOut | User... #
T 1 Byte In (0) 000 (0 BVTE 1.0 26.0 Input O
ST 1 Byte In (1) 000 (0 BYTE 1.0 27.0 Input 0
ST 1 Byte In(2) 0x00 () BVTE 1.0 28.0 Input 0
ST1Byte In(3) 000 {0} BYTE 1.0 9.0 Input a
ST 1 Byte In (4) 0xFE (254) BVTE 1.0 30,0 Input O
T L Byte In (S) 0xFF (255) BYTE 1.0 310 Input 0
ST 1 Byte In (8) 0xFF (255) BYTE 1.0 32.0 Input O
ST 1 Byte In (7) 0xFF (255) BVTE 1.0 33.0 Input O
11 Byte In (8) 0x00 (0) BYTE 1.0 34.0 Input O
ST 1 Byte In () 000 (0 BVTE 1.0 35.0 Input O
71 Byte In (10) 000 (0} BYTE 1.0 36,0 Input 1}
11 Byte In(11) 000 (0 BYTE 1.0 37.0 Input O
11 Bvte In (124 000 (0% EYTE 1.0 38.0 Inout 0O X
TT3006GB F3 >
Ready Local (127,255.255.1.1.1)

Mechanical ins

tallation

The network cables must be connected to the two M|2 connectors (marked "L/A IN"
and "L/A OUT") on the module. The cable from the EtherCAT® master is always con-
nected to the "L/A IN" port. In the line topology, if there are more slave devices in the
same line, the next slave device is connected to the port marked "L/A OUT". If there is
a redundant ring, the right "L/A OUT" port of the last slave device is connected to the
second port of the EtherCAT® master. See the figure below. Standard CAT 5 FTP or
STP cables can be used. It is not recommended to use UTP cables in industrial environ-
ments, which is typically very noisy.

EtherCAT
master

Drive Drive Drive
with with with
EtherCAT EtherCAT EtherCAT
module module module
LAINA L/A OUT LaN A L/A OUT LA INA LA ouT
|
ouT |
IN |
L — —
TT3007GB
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3.4

EtherCAT® objects

3.4.1

3.4.2

3.4.3

Process Data Object 21 (PDO)

PDO's (Process Data Obijects) are used for cyclic transfer of time-critical process data
between master and slaves. There is one receive PDO and one transmit PDO which is
fully user configurable. Tx PDOs are used to transfer data from the slave to the master
and Rx PDOs to transfer data from the master to the slave.lt is possibly to set up five, 32
bit registers in each PDO. The setup is done with MacTalk or via SDO object 0x201 |
subindex 16-31. It requires a save in flash and a power cycle before the new configuration
are used. If the configuration of the PDO's, is not altered by the user, the MAC00-EC4
module uses the default mapping shown in the tables below.

Default registers in transmit PDO 21| (Slave > Master)

Object index | Register no. | Motor register short Motor register description
0 2 MODE_REG Operating mode

10 P_IST Actual position

12 V_IST Actual velocity

169 VF_OUT Actual torque

35 ERR_STAT Status bits

Al |IN|-=

Default registers in receive PDO 21 (Master > Slave)

Object index | Register no. | Motor register short Motor register description
0 2 MODE_REG Operating mode

3 P_SOLL Target position

5 V_SOLL Maximum velocity

7 T_SOLL Maximum torque

Alw|IN|~

Service Data Objects (SDO)

Service Data Objects (SDOs) are mainly used for transferring non time-critical data, for
example, identification, configuration and acyclic data.

Emergency Objects

Emergency Objects (EMCY5s) are used for sending fault information from the communi-
cation module and the drive to the EtherCAT® network. They are transmitted whenev-
er afault occurs in the drive or in the module. Only one Emergency Obiject is transmitted
per fault. EMCYs are transmitted via SDO's.

28
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3.4 EtherCAT® objects

3.4.49 Object Dictionary

An important part of the CoE protocol is the Object Dictionary, which is different objects
specifying the data layout. Each object is addressed using a | 6-bit index and possibly a sub
index. There are some mandatory objects and some manufacturer specific objects. The
objects in the CoE Object Dictionary can be accessed with SDO services.

3.4.5 Mandatory objects:
Index | Sub Read
Name (hex) Index | Data Type only | Default Description
. Contains information about the
Device type 1000 UNSIGNED32 X 0x0 device type.
This is the mapping error register,
Error and it is part of the emergency ob-
Reqister 1001 UNSIGNEDS X ject. If some of the sub index are
9 high, an error has occured. See
also section 4.3.21. Mandatory
0 Generic error. Mandatory
1 Current
2 Voltage
3 Temperature
4 Communication (Overrun)
5 Device profile specific
6 Reserved
7 Manufactor specific
Manufacturer JVL -
device 1008 JSBLE X | MACoO-
name ECx
Manufacturer
hardware ver- | 1009 \S/lTSR“I3I\Il_(E X 1.0
sion
Manufacturer
software 100A \Slll'sl?lllal\ll_g X 1.0 Example: Version x.x
version
Identity Contain general information about
object 1018 IDENTITY X the module
0 1.4 X 4h Number of entries. Mandatory
Vendor ID, contains a unique value
1 UNSIGNED32 X 0x0117 ?qc;cr:]ated to each manufactor.
is JVLs vendor ID. Mandatory.
Product Code, identifies a specific
2 UNSIGNED32 X 0x0200 device version. The MAC00-EC4
has the product code 200h
UNSIGNED32 X 0x20020 | Revision number.
UNSIGNED32 X Serial number
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3.4 EtherCAT® objects

3.4.6 Manufacturer specific objects.

The manufacturer specific objects, provides access to all module registers, and all motor
registers, as well as a module command object.

Index Sub Read
(hex) | Index Type only |Default [Description
Module command object. See possi-
Module command 2010 0 UNSIGNED32 ble commands below.
Module ;
parameters 2011 0 UNSIGNED8 X 63 Subindex count
High 16 bit of MAC address (placed
1 UNSIGNED32 in Tow 16 bit of word)
2 UNSIGNED32 X Low 32 bit of MAC address
3 UNSIGNED32 IP address
4 UNSIGNED32 Net mask
5 UNSIGNED32 Gateway
6 UNSIGNED32 0x0 Setup bits
7 UNSIGNED32 0 Digital outputs on module
8-15 UNSIGNED32 - Reserved for future use
Register no. to place in TxPDO 21,
16 UNSIGNED32 2 position 1.
Register no. to place in TxPDO 21,
17 UNSIGNED32 10 position 2.
Register no. to place in TxPDO 21,
18 UNSIGNED32 12 position 3.
Register no. to place in TxPDO 21,
19 UNSIGNED32 169 position 4.
Register no. to place in TxPDO 21,
20 UNSIGNED32 35 position 5.
21 UNSIGNED32 - Reserved for future use
22 UNSIGNED32 - Reserved for future use
23 UNSIGNED32 - Reserved for future use
Register no. to place in RxPDO 21,
24 UNSIGNED32 2 position 1.
Register no. to place in RxPDO 21,
25 UNSIGNED32 3 position 2.
Register no. to place in RxPDO 21,
26 UNSIGNED32 5 position 3.
Register no. to place in RxPDO 21,
27 UNSIGNED32 7 position 4.
Register no. to place in RxPDO 21,
28 UNSIGNED32 0 position 5.
29 UNSIGNED32 - Reserved for future use
30 UNSIGNED32 - Reserved for future use
31 UNSIGNED32 - Reserved for future use
32 UNSIGNED32 X - Module serial no.
33 UNSIGNED32 X - Module hardware version
34 UNSIGNED32 X - Module software version
No. of internal motor communication
35 UNSIGNED32 X - timeouts
36 UNSIGNED32 X - No. of retry frames to motor
37 UNSIGNED32 X - No. of discarded frames to motor
38 UNSIGNED32 X - Total no. of frames to motor
39-46 UNSIGNED32 X - Reserved for future use
47 UNSIGNED32 X - Digital inputs on module
48 UNSIGNED32 X - Status bits
49-63 Reserved for future use
Motor :
parameters 2012 0 UNSIGNED8 X 254 Subindex count
N UNSIGNED32 Access to the motor parameter n

Note: Module parameters are not automatically saved to permanent memory after a
change. The parameters can be saved permanently by applying a "Save parameters to
flash" command afterwards.
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3.4

EtherCAT® objects

3.4.7

3.4.8

3.4.9

3.4.10

3.4.11

3.4.12

3.4.13

Object 0x2010 - Subindex O

This object is used for sending commands to the module and is write only. The possible
commands are listed in the table below.

Command no. |Function
0x0 No operation

0x10 Save parameters to flash

Object 0x2011

The module registers is mapped to object 0x201 |. The subindex 3-31 is R/W, the rest is
read only.

Object 0x2011 - Subindex 1-5

Reserved for future use.

Object 0x2011 - Subindex 6 Setup bits

This register is used to setup how the module should react on different events.

Bit 1-31 0

0 : Ethernet error handling = motor set passive mode
1 : Ethernet error handling = motor set velocity to 0

Output | Reserved

Object 0x2011 - Subindex 7 Digital inputs on module
With this object the status of the 4 digital inputs can be read.

Bit 4-31 3 2 1 0

Input Reserved IN4* IN3* IN2* INT*

* The availability of the inputs depends on the actual version of the module used. Exam-
ple MAC00-EC4 only support Input | (IN1).

Object 0x2011 - Subindex 16-23 Register no. to place in TxPDO 21

These registers contain the numbers that define the registers which are in the TxPDO
21. That is the register's, which is transmitted from slave to master cyclically. If some of
these registers are changed, it is necessary to issue a "save in flash" command and to re-
boot the device before the changes take effect.

Object 0x2011 - Subindex 24-31 Register no. to place in RxPDO 21

These registers contain the numbers that define the registers which are in the RxPDO
21. That is the register's, which is transmitted from master to slave cyclically. If some of
these registers are changed, it is necessary to issue a "save in flash" command and to re-
boot the device before the changes take effect.
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3.4

EtherCAT® objects

3.4.14 Object 0x2011 - Subindex 32-38
These registers contain HW, SW and communication information of the module.
3.4.15 Object 0x2011 - Subindex 47 Digital outputs on module
With this object the digital outputs can be controlled.
The value written to this object is directly shown on the digital outputs.
Bit 2-31 1 0
Output | Reserved Ou(tgg)tz* Ou(’g);))ﬂ*
*  The availability of the outputs depends on the actual version of the module used.
Example MACO00-EC4 only support Output | (Ol).
3.4.16 Object 0x2011 - Subindex 48 Status bits
This register is used for miscellaneous information about the module.
Bit 8-31 7 0-6
o 1=No communication with
utput |Reserved the motor Reserved
3.4.17 Object 0x2012
Object 0x2012 are for acyclic view or change of motor registers, se register descriptions
in specific motor manual.
3.4.18 EtherCAT® Slave Information file
EtherCAT® Slave Information file (ESI) is a XML file that specify the properties of the
slave device for the EtherCAT® master and contains information on the supported com-
munication objects. EtherCAT® Slave Information files for VL drives are available
through your local VL representative. If TwinCAT is used for master then the XML-file
shall be copied to the folder ".\TwinCAT\lo\EtherCAT\".
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4.1

Introduction to EthernetiP

4.1.1

Intro to EtherNet/IP

The JVL MACO00-El -module makes communication using EtherNet/IP possible with the
JVL motor.

The Ethernet technology gives the advantages of fast data access using standard off the
shelf hardware which again has the advantage of large accessability and low prices.

The JVL implementation is done in a way that minimizes the complexity of getting a sys-
tem up and running but still utilizes the benefits of industrial ethernet.

The JVL EtherNet/IP implementation supports both explicit messaging and I/O messages
with up to 5 free configurable input and output words.

With a basic knowledge of the JVL motor operation through the register structure and a
basic knowledge of the EtherNet/IP technology, a motor can be setup and controlled in
a very short time without first doing extensive studies in complex motion control stand-
ards etc.

EtherNet/IP is basically divided in 2 groups of data, explicit and /O messages in other
words messages requiring fast data response time and data not so time critical typically
used for configuration purposes. In the EtherNet/IP terminology these messages are also
called Explicit messages (not time critical) and /O messages (time critical).

In the motion control world, time critical data would be actual position, actual status and
actual speed and actual torque where data not time critical would be such as motor tem-
perature and setup parameters.

EtherNet/IP is object based similar to DeviceNet and follows the standards issued by
ODVA.

For more information on EtherNet/IP please visit www.ODVA.org for further details on
EtherNet/IP and to get the EtherNet/IP standard specification issued by ODVA.

The JVL implementation supports manufacture specific objects to gain access to each
register in the motor.

34
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4.1

Introduction to EthernetiP

4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

4.1.7

EthernetlP specification

The JVL implementation supports manufacturer specific objects to gain access to each
register in the motor.

Supported standard EthermetIP classes

Type Class
Identity Object, class 0x01
Message router object, class 0x02
Assembly object, class 0x04
TCP/IP interface object, class OxF5
Ethernet link object, class OxFé6

On top of this the JVL manufacture specifi class object 0x64 has been added.

Identity object class 0x01

Holds information about the JVL device on the network. Typical used by other devices
to identify devices on the network.
(for further specification please refer to the EtherNet/IP appx.)

Message router object class 0x02
Handles all messages to/from object's in the device.

Assembly object class 0x04
Object that binds all IO data to a connection point.

TCP/IP interface object class OxF5

Holds all information on the Ethernet connection, such as the IP-adress, Network mask
and GateWay.

Ethernet link object class OxF6

Holds information on link specific counters and instances associated with the communi-
cation interface.

To gain access to the motor registers Class object 0x64 is used.

See section "Objects accessable using Explicit messages" for further details.
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4.2

Using non cyclic messages

4.2.1 Using non cyclic messages (Explicit messages)
Non cyclic messages in the EtherNet/IP domain is called Explicit messages. This message
type is typically used to perform configuration and other non-time critical operations.
Explicit messages can be send as a connected or unconnected message.
All registers in the motor can be accessed explicitly using object class 0x64. The register
range in the motor is from 1-255 all 32bit size.
For a complete register list please See “Motor registers” on page 53.
The object class 0x64 explained in details:
Service type and code supported:
Set_Attribute_SingleOx 10
Get_Attribute_SingleOxE
Instances supported: 0x0I-OxFF (motor registers |-255)
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4.2

Using non cyclic messages

4.2.2

4.2.3

Example 1

We would like to set the motor into velocity mode.

This requires that the mode register 2 = 0x|.

Velocity mode is 0x|, Position mode = 0x2 etc.

All modes of operation is further described in the servo manual.

Package:

Class: Ox64

Service: 0x 10 (write data)

Instance: 0x2 (mode register in the motor

Attribute: Ox|
Data: 0x01 0x00 0x00 0x00

This will set the mode register in the motor into velocity -mode
Motor Register 2 = |

If we choosed the Littleendian format we would form the data structure in this way:
Data: 0x00 0x00 0x00 0xO01

Now if we want to read a value from the motor we use the service code OxE.

Example 2

After setting the motor into velocity mode it will start running. Now the actual velocity
can be read while the motor is running.

Package:

Class: Ox64

Service: OxE (write data)

Instance: 0x5 (mode register in the motor

Attribute: Ox|
Now the response data is received:
Data: 0x01 0x15 0x00 0x00

This value 0x1 |5 is the decimal value 277 which corresponds to 100 RPM. This is the de-
fault velocity value.

So basically the motor can be controlled and all needed data can be retrieved using ex-
plicit messages. This method is not suitable when data is needed fast and frequently for
this purpose I/O messaging (Implicit messaging) is used.

Not only motor registers are accessable using explicit messages, also static data such as
serial numbers, network status etc are accessable. These informations are accessable ac-
cording to the EtherNet/IP standard and follows the implemented classes: 0x 1, 0x4,
OxF5, 0xF6. These classes are explained in details in the EtherNet/IP standard (optained
from www.ODVA.org) and in

For further info please See “Obijects accessible using Explicit messages” on page 47.
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4.3 Using cyclic messages |I/0-messages

4.3.1 Cyclic messages.

I/O messaging also refered to as Implicit messages is used when data is needed fast and
frequent. That is fast dynamic changing data such as position, velocity, torque etc.

These data is send cyclic using the assembly class object 0x04.

The JVL assembly consists of 5 I/O words that is freely configurable. This means that 5
input motor registers can be selected and another 5 motor registers for output purposes.
The terms Input and output is considered from the scanner so input is data flowing from
the motor to the scanner and output is vice versa.

Cyclic data setup

ReadWaord 1 1 0 - Actual position v'|<— Here the actual position is transfered
Read'Waord 2 |12 - Actual velocity v | in the 1. word of data.

ReadWord 3 |20 - Follow erar L'

ReadWord 4 |16 - Motor load [mean) _'.|

Read'Word 5 |35 - Enor status |

Write Word 1 -éjﬁmtirwg mode v|<— ;t;etzoc;peration mode is written in the
Wite Word 2 |6 - Acceleration v| )

Wite Word 3 |5 - Velocity v

Wiite Word 4 |7 - Torque v |

Write Word 5 |3 - Requested position |

TT13014GB
All words are 4 bytes.
In the example shown above the 5 read words (data read from the motor) are:
Motor register 10 (Actual position) The actual motor position
Motor register 12 (Actual velocity) The actual velocity of the motor
Motor register 20 (Follow error) The actual follow error the motor is experienc-
ing
Motor register 16 (Motor load - mean) The load the motor is experiencing over time
Motor register 35 (Error status) Bit-field that holds both error information and

status of movements etc.

The 5 write registers are configured to hold the following data:
Motor register 2 (Operating mode)  O=passive, | =Velocity, 2=position etc

Motor register 6 (Acceleration) The requested acceleration to be used.

Motor register 5 (Velocity) The requested Velocity to be used

Motor register 7 (Torque) The max. allowed Torque to be used

Motor register 3 (Requested position) The requested position if operating mode = 2
(position)

For a complete register description please See “Motor registers” on page 53.
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4.4

Commissioning

4.4.1

Indicator LED’s - description.

The LED's are used for indicating states and faults of module. There is one power LED,
two link/activity LED's (one for each Ethernet connector), and 2 status LED's.

Indicator and label overview

General status indicator “ ’— Error indicator
= -

Power indicator

Line activity indicator

Line activity indicator

e 00:50:C2
D0:C0: 30

TT3001GB

MAC address —— Hardware serial number

LED indicator descriptions

LED Text | Colour| Constant off Constant on Blinking Flickering
. Ethernet
L/AIN Green No valid Et_hernet is - Activity on line
connection.
connected.
. Ethernet
L/AOUT | Green No valid Et_hernet is - Activity on line
connection.
connected.
RUN Green TBD TBD TBD TBD
ERROR Red TBD TBD TBD TBD
Power is applied to
PWR Green Power IS not ap- Power is applied. - modyle .bUt no com-
plied. munication with mo-
tor
Notes:
Blinking : Flashing with equal on and off periods of 200ms (2.5Hz). Flickering : Rapid flashing with a period
of approx. 50ms (10 Hz).
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4.4 Commissioning

4.4.2 MacTalk Ethernet configuration
The module is by default setup with the following Ethernet configuration:

¥ MacTalk - Noname

|File Wiews Moktor Setup Updates Help

{} ) {j é&, p, 'Em ) & @ & .

Qpen Save Savein flash Reset position  Clear errors  Reset motor  Filker sebup STOP Motor COM scan

Main I Hegistersl Advancedl Filker parametersl Testz | Scope

—Setup
—Ethemnet setting —Cyclic data setup
IF addresz I1 B9.254.214.248 Feadwaord 1 |2 - Operating mode Ll
B bty SEE OEROEE O Fead'word 2 |10 - Actual position j
Fead'word 3 |12 - Actual velocity _VJ
Diefault gateway | 0.0.00 Read'word 4 [169 - Actual torque LI
Fiead Word § |35 - Emror status j_l
[T Use DHER to opkaitt P address
~PLCIDLE setup erte Wword 1 |3 - Hequx.ested position _VJ
% fotoreet Passive model R | - Velodly LI
. o winte'Word 3 |B - Acceleration j_l
€ Wator set velocity = [0 ;
wirite Word 4 |7 - Targue LI
~EthemetlP emor handling————————————— “wirite Word 5 |0 - Mo Selection LI
2 ot set"Passive made!!
€7 Witor, setvelosity = 0

Apply and save |

—Statu

Firrmware ersion: W1.80 [Build:115)
Hardware Version: %1.00
MAC: 00:50:C2:00:CO:00

Senalnumber: 0

The MAC-address and
other basic info is
shown here

TT3022GB

After adjusting all settings press "Apply and save" for the settings to take effect and for
permanently saving the setup.

Information such as EtherNet/IP firmware version, MAC-address and module status is
displayed in the "Status" -field. Notice that the MAC-address is unique for each module
and can not be changed.

A label at the frontplate of the module also indicate the MAC-address.

Basic use of MacTalk is described in the MAC-motor manual (lit. no. LB0047-xxGB)
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4.5

Examples

4.5.1

Running Velocity control
To use the JVL motor in velocity mode the following registers are basically of interest.

"Mode" - Mode register register 2
"V_SOLL" - Velocity register 5

"A_SOLL" - Acceleration register 6
"Error/Status" - Error and status register 35

N -

So, to control these registers the assembly object needs to configured.
From MacTalk the setup is configured as this.

—Cyclic data setup
Feadword 1 |12 - Actual velocity
Fead Word 2 |10 - dctual position
Fiead*#ord 3 {198 - Bus vaoltage
Read Word 4 1169 - Actual torgue
FeadWord 5 |35 - Emor status

<——| The actual velocity is transferred in the 1. word

The 5. word holds the data from the error/status
register. This data is a bitfield structure holding both
motion related information and present error type.

KNENEHENER

Lelefelefe

The operation mode is set in the 1. Word,
O=passive mode and 1=Velocity mode.
Use passive mode to stop the motor and
velocity mode to start the motor.

White Wford 1 |2 - Operating mode
Wiite Wiord 2 |3 - Requested position
Wiite Wiord 3 |5 - Velocity

Write Wiord 4 |7 - Torque

Wwiite Wwiord 5 |6 - Acceleration

The requested velocity is set in the 3. word |

The requested acceleration is set in the 5. word |

TT3016GB

With the settings illustrated above we initiate the velocity mode by writing Ox | to the first
word-value, this is velocity mode.

From the scanner the registers is accessed using the assembly object and accessing the
registers R/W on words |-5.

Since different PLC's have different methods of implementation the basic steps is de-
scribed in the following.

I. Set the needed velocity. V_SOLL =V x 2.77 [rpm]
Ex. We need the motor to run with a constant speed of 1200 RPM. So,V_SOLL =
1200/2,77 = 433 cnt/smp

2. Set the needed acceleration. A_ SOLL = A x 271 [RPM/s?]
Ex. We need the motor to accelerate with 100000 RPM/s2 so, A_ SOLL = 100000/
271 = 369 cnt/smp2.

3. Now set the motor into velocity mode and thereby activate the motor.
Ex. The motor needs to be activated by setting it into velocity mode, so we need to
set the mode register to the value |. Mode = | which is velocity mode, now the mo-
tor will use the acceleration and the velocity just configured.
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4.5

Examples

4.5.2 Running Position control
Running the motor in position control requires that the mode register is set for position
control. The following registers is of particular interest when position mode is used.
I. "Actual position" -P_IST, register 10
2. "Actual velocity" -V_IST, register 12
3. "Follow error" - The actual position error, register 20
4. "Motor load mean" - average motor load, register 16
5. "Error/Status" -register 35
6. "Requested position" -P_SOLL, register 3
7. "Requested velocity" -V_SOLL, register 5
8. "Requested acceleration" -A_SOLL, register 6
In this mode the position is controlled by applying a requested position to the "P_SOLL"
-register and the actual position is monitored in the "P_IST" register. The V_SOLL and
A _SOLL registers sets the velocity and acceleration used when the actual positioning oc-
curs.
el e et 10 Actual position, P_IST value is sent back in
Read'word 1 |1D - Actual pozitian j<— this word
Bead'word 2 |12 - Actual velocity jq— 12 Actual velocity, V_IST is sent back in this word
Readword 3 |2D - Follows error j<— 20 Follow error, the position error
Feadword 4 |1B - Motor load [mean) j<—— 16 Motor load mean. The mean load on the motor
Readwiord B |35 - Errar statusz j<— 35 Error/Status holds information regarding motion
status and error status/code if any
write Wwiord 1 |2 - Operating mode j<— 2 Operating mode is used to enable/disable the motor
white Word 2 |3 - Reguested position j<— Values: Passive mode =0
Wiite Word 3 |5 - Velact -|« Postion mode =2
¥ T 3 Requested position, Sets the P_SOLL value.
Write Wiord 4 |E - Acceleration v |
. ) . | ) 5 Velocity, sets the V_SOLL requested velocity value
wfrite: tord 5 |EI No Selection j The resolution is 100 RPM = 277 counts/sample
6 Acceleration, requested acceleration
17301768 0 Not used - Any register can be inserted here
4.5.3 General considerations
The register 35 in the motor holds information on the actual error/status. So it is crucial
that this register is configured in the assembly object and thereby obtained and moni-
tored in the scanner. In case of an error situation the motor will stop and the cause will
be present in the register 35 and hence in the I/O -data.
This register also holds information on the motion status such as:
- In position, bit 4
- Accelerating, bit 5
- Decelerating, bit 6
For a complete register list please See “Motor registers” on page 53.
The JVL motor is basically put into a working mode and into a passive mode where the
motor axle is de-energized, by setting register 2 into either 0 = "passive mode" or into
one of the supported modes.
Example.
| = "Velocity mode" / 2= "Position mode" / etc.
So in order to Stop or Start the motor this register can be supported in the I/O data or
by sending an explicit message.
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4.6 Configuration using different methods

Basically a JVL motor works by loading a configuration into RAM memory from the non
volatile flash memory when 24V power is applied and the motor is initialized.

The motor only holds one configuration and this configuration can be stored into the NV
flash memory.

Several approaches can be used to configure the motor with data and finally saving them
permanently in the NV flash.

A very general approach could be by using the PC-based software tool MacTalk, which
offers both basic motor setup and control and the possibility to save all parameters in a
separate file for backup purposes.

This software package utilizes the serial connection to communicate with the motor
from any standard Windows PC.

Configuration over EtherNet/IP is possible by using explicit messages to address each
register to be setup and then command the motor to save the configuration in flash af-
terwards for permanent storage.

Using this method the motor only needs to be setup ones and is easy achievable from the
scanner itself either as an initialization routine each time the PLC initializes, and thereby
avoiding the permanent storage in the motor or simply using a configuration routine that
simply sends the required explicit messages to address the needed registers followed by
the message to save the settings permanently.

IP-address and other network settings still needs to be setup using MacTalk.
Ex. Setting up a motor sending messages explicitly

We want to change the default motor settings and save them permanently into flash.
The following settings needs to be changed:

I. Velocity
2. Acceleration
3. Torque

The registers needed to be addressed are:
Velocity = V_SOLL = register 5
Acceleration = A_SOLL = register 6
Torque = T_SOLL = register 7

To address individual registers explicitly we use the class 0x64 for the purpose.
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4.6 Configuration using different methods

First we change the Velocity setting, we want the motor to spin with 1000 RPM.
The message for addressing V_SOLL is formed:

We need to scale 1000 RPM to the correct value in the motor the factor is | RPM = 2.77
counts/sample so we need to send the value 2770 = 0x00000AD?2.

The instance refers to the register number, so we need to set instance to 5 (V_SOLL)
Please notice that the value is represented as 32bit.

Service [hex] l'l n Clazz [hex) !Ed
Inztance [hex) !5 Attribute [hey) I'I
tember [hes] I

Symbol Tag I

Fequest Data, Each byte iz a 2 char hex value,
separated by a space [i.e. Ua 26 9.

inn 00 04 0 j

TT13018GB

Next we set the acceleration to be used.

We need the acceleration to be 20000 RPM /s2

This value also needs to be scaled, the factor is | RPM/s2 = 0.0036 counts/sample? so, in
order to reach 20000 we need to send the value 72 = 0x00000048.

Acceleration is instance 6 (A_SOLL).

Service [hex) ]‘I 1] Clazz [hex] 154
Inztance [hex) lE Attribute [hex) !1
tember [hex] I

Symbol Tag I

FRequest Data. Each bute iz a 2 char hex value,
zeparated by a space [ie. Oa 26 [9),

‘nn 0o o0 44

TT3019GB

=
i
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4.6 Configuration using different methods

Then configure the maximum motor torque to be used.

The motor can reach a peak torque of 300% the rated value. This value corresponds to

1023 in the register. We need 25% so we write 255 = 0x000000FF to instance 7
(T_SOLL).

Service [hex] i‘l 1] Clazs [hex) iE#
Instance [hex] !? Attribute [hex) I'I
tember [hex] |

Symbol Tag I

FRequest Data, Each bute iz a 2 char hex value,
zeparated by & space [ie. Oa 26 3.

|nnnunnFH fj

TT3020GB

And finally we send the command that saves the settings permanently in flash. This is ba-
sically a matter of writing the "save in flash" command to the command register 21 | in
the motor. The command is 2 and the instance is 21 | = 0xD3. Value = 0x00000002.
Now the motor saves the setting and resets.

It is required to toggle the 24V power in order to do a internal synchronization.

Service [hex) I‘I 1] Clazz [hex] 154
Inztance [hex) !dS Attribute [hex) I'I
tember [hex] |

Symbol Tag I

Fequest Data. Each bute iz a 2 char hex value,
zeparated by a space [i.e. Oa 26 (3],

innnnnnna

L]
T13021GB
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4.7 Using and Selecting an Ethernet switch

Depending on the network size and requested package interval (RPI) a suitable switch
must be used. Also if multiple separated networks needs to be connected a switch is
used.

Depending on the actual size of the network different requirements needs to be meet.
Generally using EtherNet/IP with a fair package interval a | Gbps switch is typical ade-
quate along with the following features:

- Autonegotiation, full duplex 100 MBit

- Port mirroring for network analyzing and troubleshooting purposes. This feature
makes it possible to route traffic out on a separate port connected to a network an-
alyzer for debugging purposes and general performance monitoring.

The JVL EthernerNetlP module has a small build in 2 port switch use full if a small amount
of motors is connected in a daisy chaining topology.

The disadvantage of this approach is that the package RPI timing is reduced as each motor
needs to handle the incoming traffic for the other motors connected on the line.
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4.8 Objects accessible using Explicit messages

4.8.1

4.8.2

Type definitions:

UINT  Iébit

DINT  32bit

STR String of ASClI-chars

Identity object class 0x01

Holds data on different module specific data.

Instance = |

Attr. ID |Access |[Name Data type [Description

1 R Vendor ID UINT JVL vendor ID = 936 (0x3A8)
2 R Device Type UINT Value=10

3 R Product code UINT Value = 1

4 R Revision UINT Major = 1.byte, minor = 2. byte
5 R Status UINT Status

6 R Serial number DINT Serial number

7 R Product name STR "MACO00-EIx"

See the EtherNet/IP spec. for further details section Vol2 sect.5-3.

Supported Services

Oxl  Get_Attribute_All
O0x10 Set_Attribute_Single
OxE  Get_Attribute_Single
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4.8 Objects accessible using Explicit messages

4.8.3 Assembly object class 0x04

Holds pre-configured motor registers to be accessed.

Instances
0x64  Write Data to motor register.
0x65 Read motor register data.

Attr. ID|Access |Name Data type Description
3 R/W Get/Set Assembly |20 bytes Get/Set all assembly data
4 R Bytes UINT Bytes transferred in assembly

Supported Services
Ox10 Set_Attribute_Single
OxE  Get_Attribute_Single

This object can be used to access the predefined registers, configured from MacTalk.
They are also accessed when using the implicit connection cyclically.

If other registers than the one defined in the assembly object needs to be accessed then
the class 0x64 needs to be used.

This class accesses each register in the motor for a more dynamically way of controlling
registers explicitly.

The vendor specific class 0x64 is specified in details later in this chapter.

4.8.4 TCP/IP object class OxF5

Holds data on different module specific data.

Attr. ID [ Access | Name Data type | Description

1 OxE Status DINT Status bit-field

2 OxE Configuration capability DINT DINTbitfield = 5 (BOOTP+DHCP)
3 0x10 Configuration control DINT Bitfield = 0 (use NV-setup)

4 OxE Physical link object 6 bytes Size+path

5 0x10 TCP/IP interface zup 22bytes IP+subnet+GTW info etc.

6 0x10 Host name DINT Host name

See the EtherNet/IP spec. for further details section Vol2 sect.5-3.

Supported Services

Ox|1 Get_Attribute_All
Ox10  Set_Attribute_Single
OxE  Get_Attribute_Single
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4.8 Objects accessible using Explicit messages

4.8.5 TCP/IP object class OxF6
Holds information for a IEEE 802.3 communication interface
Attr. ID |Access |[Name Data type | Description
1 OxE Interface speed DINT Speed in Mbit/s
2 OxE Interface status DINT Bitfield
3 OxE MAC-address 6 bytes MAC
4 - Not Implemented - --
5 -- Not Implemented -- -
6 0x10 Interface Control DINT Bitfield
See EtherNet/IP spec. for further details Vol2 sect. 5-4
Supported Services

Ox| Get_Attribute_All
0x10 Set_Attribute_Single
OxE Get_Attribute Single
4.8.6 Vendor specific JVL object class 0x64
Holds preconfigured motor registers to be accessed.
Instances
[..255  Motor registers
Attr. ID |Access Name Data type | Description
1 OxE / 0x10 Get/Set register DINT Get/Set the specified motor register

Supported Services
0x10 Set_Attribute_Single
OxE Get_Attribute_Single
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4.9 Examples of applications

4.9.1 Introduction

The following pages contains an example of how the MAC motor can be implemented in
a EtherNet-IP network.
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4.9

Examples of applications

4.9.2

4.9.3

Rockwell RSLogix example 1.

This is a simple example demonstrating the usage of both explicit messages and 10-as-
semblies to control a JVL MAC400 servo motor.

This example holds a few tags to control the inputs and outputs and a 3 rung ladder pro-
gram to demonstrate the explicit message usage.

With this example it is possible to control the positioning of the motor using the "Position
-mode" and set profile data such as velocity, acceleration and torque parameters using
the 10O-assembly.

The example is developed for use on a CompactLogix L23E PLC using the Rockwell
Logix500 software package and MacTalk from JVL.

The JVL MacTalk application is used to setup the 1O assembly to fit the example.
Although this example expects default setup in the JVL motor, the IO assembly needs to
be setup according to the following MacTalk setup (located at the EthernetlP tab).

~Cyclic data zetup

! Read'word 1 |2 - Operating mode
Fead'word 2 |10 - dctual position

=
=
| Readwiord 3 |12 - Actual velocity _VJ M oto r > P LC
4|
|

| Feadwiord 4 (169 - Actual torgue

.
|
|
|
|

| Read'woard 5 |35 - Eror status :

F i

|
|
|
|
|
|

| wite Wword 1 |3 - Requested position

I wite Word 2 |5 - Velacity

R4

1 spiite wiard 3 |6 - Acceleration jl M Oto r < P LC
=
=

ke Word 4 |7 - Torque
1 Wwiite Word 5 |0 - Mo Selection

The fixed sized assembly instances is divided into 5 read words and 5 write words.

The RSLogix ladder program.

3 different messages for both setting data and retrieving data from the motor. All 3 mes-
sages are triggered by seperate variables from the controller tag-list.

£ RSLogix 5000 - Servol in MAC400_Simple_ILACD [1769-L23E-QBL 19.11]* - [MainProgram - MainRoutine] = -0l x|
B Fle Edt Yiew Search Logic Communications Tools Window Help 18] x|

EEEREE T e S e e -] 8]
Run [l ™ Fun Mode 2 Pathc IAE_ETHIPJ\W £9.254.214.245 B ackplaneh0* viﬂ‘

Mo Forces »_| ™ Cortoller OK LQ =
HoEds £l o H e ] e o ] ] N
T

0 | 4| »[\Favorites £ &dd-on A Aarms X 61 A TmeriCounter A T

r Oraanizer ~aX (@] 8 o ] e | ] . ‘
=S Correrseren B JE S e e s e B e N B B S T
54 [ controller Tags Resd_Pos - =
g 3 Contraller Fault Handler o I Message Lcens
= {2 Power-Up Handler Message Cortrol  Msgl [ ] HCOM—
- £ Tasks (HER—
£-58 MainTask
1 £8 MainProgram
1 Program Tags Set_Mode: "
B MainRoutine 1 e | Message s
f 7 Unscheduled Programs Mezsage Cortrol [TERR
=) 5] Motion Groups HERI—

T Ungrouped Axes
(31 Add-On Instructions
-} 5] Data Types
L, User-Defined (End)
L, strings
L4 Add-On-Defined
-, Predefined
L3, Module-Defined

(3 Trends
=125 1j0 Configuration
B CompactLogh5323E-GB1 System -
0 1769-123E-GB1 Servol
= o 1769-L236-QB1 Ethernet Port LocalENG
E-g5 Ethernet
AP 1769-L23E-QB1 Ethernet Part LocalEN
F] ETHERWET-MODULE Serva_t TT3024GB
(=) B CompactBus Local
EIE Embedded I/0
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4.9.4 Message descriptions.
Msg| reads information from the motor and is setup in the following way:
Reads (GET_ATTRIBUTE_SINGLE) the actual position register in the motor (instance
10) and stores the 4 byte value in the “ACTUAL POSITION” tag.
x|
?;’j‘;::e IGel Attribute Single Sotrce Element: I Ll
Source Lenath il - [Butes]
Service I_ y I_
Code: H [Hex) Llass: |64 (Hex) Drestination (I.-’-‘-.u:tualF'u::siliu:un -
[nstance:; |1|:| .-’-'-.ttril:uute:l‘l [Hesx
Stores the value
Register 10: “actual position” into this tag
3 Enable 2 Enable "aiting 3 Start ® Done Done Length: 4
3 Ermor Code: Extended Error Code: [ Timed Out &
Errar Path:
Error Text:
% I Annuller Arrvend Hizelp
TT3025GB
Please notice the mixed decimal and hexadecimal notation used.
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4.9

Examples of applications

Message 2 and 3 (Msg2, Msg3) are writing values to specific registers in the motor. They

are configured in the following way:

Writes (SET_ATTRIBUTE_SINGLE) the value from the “MODE”-tag into the motor reg-

ister 2 (Operation mode).

Message Configuration - MsgZ i i

Configuration | Eu:ummuniu:atiu:unl Tag I

Mezzage Type:

Source Element;

Service I Set Attribute Single

iMu:u:Ie ﬂ\

Type:

|4 3: (Butes]

Saource Length:

Service :
S |1|:| [Hex] Class: |54 Hexl [ ctination =]

.-’-'«ttril:uute:|1 [Hex] Mew Tag... |

4 byte tag value to write in
register 2 (mode register)

Register 2: “actual mode”

\

3 Enable 3 Enable % aiting i Shart ® [one Done Length; 0
3 Error Code:; Extended Error Code; [T Timed Out &
Errar Path:
Error Text:

1] 4 I Arriuller Srvend Hiz=lp

Tt3026GB

Please notice the mixed decimal and hexadecimal notation used.

Explicit messages are always 4 bytes long and uses Class 0x64 to access the internal mo-

tor registers.
The instance refers to the actual motor register.

Instance = 2 points to the motor active mode -register.

Explicit messages are typical used for configuration purpose or for rare data update situ-

ation that does not require a cyclic update timing.
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4.9

Examples of applications

4.9.5

Assembly data
The complete list of Controller tags defined.

-L23E-QB1 19.11] - [Controller Tags - Servol{controller)] i
Window  Help
'I ﬁl%l@ IE @l@l @)\IQI ” IE&‘iecraianguagB.,. j !I ‘
Peth, [AE_ETHIP1v159.250.214. 245 Backplane\d” ~] ﬁ‘
4 Al fbt] L] or] o] o] A
q|x | Y Favorites £7RG00R A Mlarms & B A Timericounier AT
—-m Scope: | @ Servol vl Shaw: |A|I Tags j I .
MNarme =gl | Value & | Force Mask & | Shyle Data Tupe Description
Fl-ActualPosition 200000 Decimal DINT “Wariabel that holds result from explicit megl
H-diTemp ] 1] Decimal DINT uged in msg3, set enor = diTemp
[+-Local 1:.C S Sty AB:Embedded I0...
[ Locak 1 (.00 St AB:Embedded_|0)
[F Locak2:C e S £B:Embedded_0
acak2:| Lo ) faiaiy AB:Embedded 0.
[F-Local 20 il T AB:Embedded 0.
[F-Mode 2 Decimal DINT Used in meg2, more = mode [1= velocity, 2=position]
[+-psgl ] foaal MESSAGE
[+Hsg2 o I MESSAGE
[ Msgd fo..) Laeal MESSAGE
Oneshut o Decimal BOOL Triggers explicit meg2. set mode
Oneshut2 o Decimal BOOL Triggers explicit meg3, set eror=diT emp
Runl 1] Decimal BOOL Triggers explicit megl, get actual posiion
Run2 0 Decimal BOOL Mot Used
FHSevo 1.0 = e AB:ETHERMET ..
=l Serva_11 Foeo frataik AB:ETHERNET_... |Read words, see MacT alk
HSeva 11D | _=Tree} T ecimal DINT[S] Flead words, see MacT ak
15 awa_y' 2 Deam DINT Flead words, see MacT alk
IENE []—Sawﬁ 200000 Decimal \ DINT Read words, see MacTalk
[]‘SBI(ZL . a Decimal ) DINT Read words, see MacTalk
[]—Sew\ 1] Decimal NwT Fead words, see MacTalk
F-Serva_ 524304 Degipe” DINTS Flead woids, see MacT ak
its [=I-Servo_1:0 g P~ AE'ETHEHM Wite words see MacTalk
e S Servo_1:0 . s Jecimal DINT[S] Nite words see MacTak
[]—Sawa_r' 200000 Dec DINT 'vhwmds see MacTalk
[]—Sal\l‘l 000 Drecimal \ DINT Wute\lds see MacTalk
Fl-S al(oj 2 Crecimal ) DIMNT = see MacTalk
e 512 Decimal /. DINT Wit word\ees MacTalk
FEFGerva_ T [ D DINT wite words Yee MacTalk
-
Tt3027GB
Write assembly Read assembly
[=-Sera_1:0 IR = Serva_1: feedl
T T
[=-Servo_1:0.0ata Feanaeh [—=-Servo_T:1.Data e
[#H-Serva_1:0.Data[0] 200000 [+-Servo_1:1.0ata[0] Z
[+H-Servo_1:0.0ata[1] goon [*-Semo_1:1.Dataf1] 200000
[H-Serva_1:0.Datal2] 2 [Fl-5ervo_T1:1.Data[2] ]
[FH-Servo_1:0.0ata[3] 51z [F-Servo_1:1.Data[3] ]
[+H-Serva 1:0.Datal4] ] {+l-Servo_1:1.Dataf4] 524304
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Examples of applications

MacTalk IO assembly setup, seen in the controller tag list and read from the PLC when
the connection has been established.

= Servo_11 T
[=-Serva 11 Data eEEn
~Cyolic data setup [+-Gervo_1:l.Datall] 2
FieadWiord 1 |2 - Operating mode ;I [ Gervo_1:1.Data[1] 200000
Read Ward 2 |10 - Actual pasition _:I [+-Gervo_T:1.Data]2] a
Fiead Waord 3 |12 - Actual velocity _'J [+ Servo_1:1.Datal3] 1]
ReadWard 4 |169 - Actual torque j [+-Servo_1:1.Datal4] 5243049
Fiead Word 5 |35 - Error status LI
“whiteWord 1|3 - Requested position _'J =-Servo_ 1.0 faval
Wiite Word 2 |5 - Velocity =l ESevo 10 0ata T
‘wdriteword 3 |6 - Acceleration j E]-SEI;D 1:0.Datal0] 200000
7 - Toique E [#-Servo_1:0.Data[1] 8000
white Word § |0 - Mo Selection j F-Servo_1:0.Data[2] 2
[#-Servo_1:0.Data[3] 512
TT3028GB [F-Servo_1:0.Datal4] 0

Explanation

2 - Operating Mode = 2 (position mode)
10 - Actual Position = 200000

12 - Actual Velocity = 0 Cnt/s

169 - Actual Torque = 0 (1024 = 300%)
35 - Error Status = 524304 (no errors)

Explanation

3 - Requested position = 200000

5 - Velocity = 8000 (8000 = 2820 RPM)

6 - Acceleration = 2 Cnt/s? (2 = 543 RPM/s?)
7 - Torque = 512 (512 = 150%)

0 - No Selection (value is not updated)
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4.9.6

How to use the Example Step by Step.

Setting up IP addresses and general usage of the Rockwell CompactLogix PLC with the
software package Logix5000 is beyond the scope of this example.

The following guideline is based on the JVL MAC400 motor with the factory setup.

I. Apply 24V, open MacTalk and setup the ethernet settings as required and the 10 as-
sembly (cyclic data setup) according to the following:

¥ MacTalk - Noname

|Fi|e Wiew Motor Setup Updates Help

. B - o- % 8 & @ N .

Cpen Save Savein flash Reset position  Clear errors  Reset motor  Filber sebup STOP Motor  COM scan

‘I&qu_ _____________________
—Ethemet setting —Cuclic data setup I

IP address |1 B9.254.214.245 Fiead 'word 1 |2 - Operating mode

Subnet mask |—255_255_255_ 0 Read Word 2 |10 - Actual position
Fead'wiord 3 |12 - Actual welocity

|
|
: Default gatewayl 0.000 Fead waord 4 | 163 - Actual tarque
|

Main I Hegistersl Advancedl Filter parametersl Tests l Scope

Fiead Wiord 5 |35 - Eror status

Lelefefele]

I~ Use DHER to optait P address

‘wiite Wword 1 |3 - Feguested position
ke Word 2 |5 - Velocity

‘winite word 3 |6 - Acceleration

adrite Wwiord 4 I? - Tarque

“frite Wwiond B |D - Mo Selection

~PLC IDLE zetup
% iton set "Passive mods!!

|
|
€ Mitor sebvelaci =0 |
|

—EthemetlP emor handling—————————
% Mutorset"Passive mods!" L

RN E KH KT

7 Wotar et velooty =0

Apply and save |

—Shatu

[ .

Firrnweare Yersion: %1.80 [Build: 115]

2. Press the "Apply and save" -button for permanent storage of the EthernetlP -settings.

3. Switch off the 24V supply while connecting the Ethernet cable to the switch/PLC.

4. Re-apply 24V set the PLC into "RUN" -mode.Now we should be able to control the
motor.

5. Start by setting the profile data such as, Velocity, acceleration and Torque. According
to the following:

[=l-Servo_1:0 1 Explanation
=-Servo 1:0.Data By

[H-Servo_1:0.Data[0] 200000 3 - Requested position = 200000

H-Serva 1:0.Datal] goon| 5 - Velocity = 8000 (8000 = 2820 RPM)

EH-Servo_1:0.Datal2] 2 6 - Acceleration = 2 Cnt/s? (2 = 543 RPM/s?)

H-Serva_1:0.Data(3] 512 7 - Torque = 512 (512 = 150%)
H-Gerva_1:0 Datald] a 0 - No Selection (value is not updated)

TT3031GB
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Now we will set the motor into an active mode (position mode), find the Controller
tag "Mode" enter 2, find the tag "Set_Mode" enter |. Now the motor is active and will
start moving to the entered position in the "Servo_1:O_Data[0]" which is assigned to
the requested position register in the motor. When the motor reaches the position
it will stop and hold this position.

From MacTalk the actual mode (see the status-panel) is changed from "Passive" to
Position and the motion progress can be followed. Remember to change the
"Set_Mode" tag back to 0 to stop the sending of Msg2 -messages.

Logix 5000 tag list MacTalk status bar

Hilocat2C
-Local 21

fo=. 3] |88 b
| |42 Ent

Actual position
Maotar load [mean)

0 Counts
1%

. = s
T | 2 =leixd
ey v W A X ‘
Scopes [ F3Seol =] Shaw [a1 Tane

Fame =z [Vakue *|FoceMak _ *]5uie | Data Ty

T 13619216 [Decena DINT |

T e = o [Decir DINT Halos ]

Leeal1 C Yea) R 21 E tadder — /m'

FHloen1l {oead) [eenl] | A8 Exvbadd Actual mode Passive

foaed] AR E bk | welocity

Analogue input AIN1
Analogue input AIN2
7 170 management

DIKT Fiegenerative load 0z

MES Temperature 36 °C

MF — Input

3 Bug voltage 313 Valts
Cantral voltage 24 Wolts
Welocity of input 0 Cts/Smp

0.32 Volts
0,40 Yolts

Changing the "Servo_1:O_Data[0]"-tag will result in an immidiate repositioning of the
axle in the motor. This value is defined in the IO assembly and is interchanged cyclic.

To stop the motor set "Mode" = 0 and set "Set_Mode" = | to apply the mode set-
ting. Reset "Set_Mode" to 0 again to stop sending Msg2. -messages.

To activate the explicit message Msgl set the commanded position to a far greater
value. For example 200000000 as illustrated below.

E-S ervo_1:0.Data

h=t
H-Servo_1:0.Data(0] | > IS

TT3032GB

8. Find the “Read_Pos” -tag and set this to |. Now the current position of the motor is

seen in the “Actual Position” -tag.
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5.1

Technical Data

5.1.1 MACOO-EI4 EthernetlIP - Technical specifications
Galvanic isolated, 100MBit, 100Base-Tx, no termination necessary.
Network topology:
Max. 100 m cable between slaves.
Connectors: “PWR” (power) M12 connector 5pin male
“I/O” M2 connector 8pin female
“L/AIN” and “L/A OUT” (Ethernet) M 12 connector 4pin D-coded female.
Supply voltage (CV): 10-25V
Current rating (CV): typical 150mA, max. 250mA
User inputs:
Input impedance: 4.7k
Input current @24V: 5.1mA
MACOO-EC4 EtherCAT - Technical specifications
Galvanic isolated, 100MBit, 100Base-Tx, no termination necessary.
Network topology: Line and tree possibly (line recommended)
Max. 100 m cable between slaves.
Maximum number of slaves: 65535
Pass trough delay: < 4us.
Connectors: “PWR” (power) M12 connector 5pin male
“I/O” M2 connector 8pin female
“L/AIN” and “L/A OUT” (Ethernet) M 12 connector 4pin D-coded female.
Supply voltage (CV): 10-25V
Current rating @ 24V DC (CV): typical 150mA, max. 250mA
User inputs:
Input impedance: 4.7k
Input current @24V: 5.1mA
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5.2

Motor registers

|Only MAC400 & 800

When using the RS232 or RS422 serial links, it is possible to access all the internal regis-

ters in the motor.

This gives the same possibilities as using the general installation and monitoring program

MacTalk.

In addition to these features, many more are accessible. In total, the MAC motor contains
more than 200 internal registers such as nominal velocity, actual position, etc.

Important note:

All registers can be read without any risk but please note that several registers are not
for the normal user and damage may occur if the contents of these registers is changed.
These registers are marked in grey in the table below.

Main Control

Reg.
no.

Name

Width

Unit

Description

MacTalk
name

1

PROG_VER.

Long int

Shows the actual version of the firmware.
Bit0-5: Minor version

Bit6-12: Major version

Bit13: (if set) Beta version

Bit14: Reserved

Bit15: (if set) MAC400 or MAC800

(status bar)

MODE_REG

Long int

The current MAC motor mode:

(see also register 37 - “Start mode”)
: Passive

: Velocity

: Position

: Gear Mode

: Analog Torque (direct)

: Analog Velocity

: Analog Velocity/Gear.

7-11: Reserved for special purposes
12: Torque zero search

13: Sensor type 1 zero search

14: Sensor type 2 zero search

16: Analogue velocity (with deadband)
17: Velocity/analogue torque

18: Analogue gear

19: Coil

20: Air cylinder

21: Analogue to position

ONPWN-2O

Mode

P_SOLL

Long Int

Encoder counts

The commanded position

Position

P_NEW

Long Int

Encoder counts

Offset position for position change

V_SOLL

Long Int

Counts/sample/16

Desired velocity 1 RPM=2.77056 counts/sample.
Example: To obtain 100 RPM, V_SOLL must be set to
277.

Max velocity

A_SOLL

Long Int

Counts/sample?/16

The desired nominal acceleration.

1000 RPM/s = 3.598133 counts/Sample?

Example: To obtain 100000 RPM/s, A_SOLL must be
set to 360.

Acceleration

T_SOLL

Long Int

The maximum allowed torque. 0-1023.
1023 = 300% (full peak torque).

Torque

P_FUNC

Long Int

Encoder counts

INDEX_OFFSET

Long Int

Encoder counts

Distance from encoder index to ext. sensor

P_IST

Long Int

Encoder counts

The actual motor position

Actual
position

V_IST 16

Long Int

Counts/sample/16

V_IST (actual speed) measured over 16 samples
Same unit as V_SOLL (register 5).

Actual velocity

12

V_IST

Long Int

Counts/sample

Actual velocity. 1RPM=0.17316 counts/sample.

13

KVOUT

Fixed 16

Overall servo filter inertia factor.

Load

14

GEARF_1

Long Int

Gear output factor. Used in gear mode

Input

15

GEARF_2

Long Int

Gear input factor. Used in gear mode

Output
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5.2

Motor registers

Only MAC400 & 800

Error Handling

Reg. MacTalk
no. Name Width | Unit Description name
Motor temperature calculated. The value is integrated
during motor operation. If it reaches 100% the overload Motor load
16 12T Long Int - bit in reg 35 (ERR_STAT bit 0) is set indicating that the (mean)
motor torque has passed the allowable continues rating
= nominal torque.
17 12TLIM Long Int - Error trip level used for 12T register. -
Returned energy from the motor (load). If the value
passes 100% the UIT bit in register 35 (ERR_STAT bit Regenerative
18 uIT Long Int - 3) is set indicating that too much energy has been re- Ioa%
turned from the motor (load). Connect an external
dump resistor or decrease deceleration.
19 UITLIM Long Int - Error trip level used for UIT register -
20 FLWERR Long Int Encoder counts Actual follow error Follow error
Logic supply voltage measurement. Logic supply volt- ;
21 U_24v Long Int VDC/74.4713 age [VDC] = U_24V x 0.013428 Logic supply
Follow error limit. If the follow error passes this limit the
22 FLWERRMAX Long Int Encoder counts motor will be stopped and the FLW_ERR in register 35 EH:Follow error
will be set.
Register to specify action when undervoltage is detect-
ed.
23 UV_HANDLE Long Int - Bit 0: (SET_UV_ERR) Error if under voltage Set error bit
Bit 1: (UV_GO_PASSIVE) Go to passive mode Go to passive
Bit 2: (UV_VSOLLO) Set speed=0 if u.volt. Set velocity to 0
24 FNCERR Long Int - Actual function error Function error
Function error limit. If the function error passes this limit
26 FNCERRMAX Long Int - the motor will be stopped and the FNC_ERR in register EH:Function error
35 will be set.
27 UVMIN Long Int - Register not used -
28 MIN_P_IST Long Int. Encoder counts Software position limit - positive Position limit max
29 DEGC Long Int. - Actual temperature. Degree celcius=DEGC x 0.12207 Temperature
30 MAX_P_IST Long int. Encoder counts Software position limit - negative Position limit min
Temperature limit. Same scale as DEGC (reg 29).
31 DEGCMAX Long int. - If temperature gets higher than this limit the -
DEGC_ERR in register 35 is set
The maximum allowed deceleration when a fatal error
32 ACC_EMERG | LongInt | Counts/sample?/16 g%ﬁ_"gﬁg;ﬁij‘é:1%’%&;';"’150650%93;?@;0“”ts’ Sam- | Eqror acceleration
ACC_EMERG must be set to 360.
Encoder counts or If the target position or velocity is reached within the tol- In pos. window /
33 INPOSWIN Long Int encoder counts/ erance specified in this window, the motor is in position At ?/el “window
sample or at the velocity. :
The number of samples the motor has to be within the
34 INPOSCNT Long Int Samples pos. interval spec. in INPOSWIN. In pos. count
Motor error status:
35 ERR_STAT Long Int Bit 0: (I2T_ERR) Overload Overload
Bit 1: (FLW_ERR) Follow error Follow Error
Bit 2: (FNC_ERR) Function error Function Error
Bit 3: (UIT_ERR) Regenerative error Regen. Overload
Bit 4: (IN_PQOS) In position In position
Bit 5: (ACC_FLAG) Accelerating Accelerating
Bit 6: (DEC_FLAG) Decelerating Decelerating
Bit 7: (PLIM_ERR) Position limits error Position Limit
Bit 8: (DEGC_ERR) Temperature error (>DEGCMAX) Temp. too high
Bit 9: (UV_ERR) Under voltage error Under bus volt.
Bit 10: (UV_DETECT) Low voltage at the high volt bus | Low bus voltage
Bit 11: (OV_ERR) Overvoltage error. UB>450V Over bus voltage
Bit 12: (IPEAK_ERR) Motor over current Peak Error
Bit 13: (SPEED_ERR) Overspeed - >3600RPM Overspeed
Bit 14: (DIS_P_LIM) Software position limits disabled -
Bit 15: (INDEX_ERR) Internal encoder error Internal error 1
Bit 16: (OLD_FILT_ERR) Filter setting not valid Internal error 2
Bit 17: (U24V_ERR) Control supply has been too low Cntr. Volt unstab.
Bit 18: (SHORT_CIRC) M. Current has been too high Short circuit
Bit 19: AC (>90VAC) supply applied -
Bit 20: - -
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5.2

Motor registers

Only MAC400 & 800

Power + zero search handling

Reg. MacTalk
no. Name Width Unit Description name
36 CNTRL_BITS Long Int - Internal special bits: -

Bit 0: (RECORDBIT) : Controls the samplebuffer -

Bit 1: (REWINDBIT) : Controls the samplebuffer -

Bit 2: (RECINNERBIT) : Controls the samplebuffer -

Bit 3: (RELPOSPSOLL) : Relative move using P_SOLL | Reg move type

Bit 4: (RELPOSPFNC) : Relative move using P_FNC Reg move type

Bit 5: (SYNCPOSAUTO) : Syncronize int. Positionregs | Resync pos....

Bit 6: (SYNCPOSMAN) : Same as bit 5 but manually -

Bit 7: (MAN_NO_BRAKE) : Disables the brake if set Disable brake

Bit 8: (SYNCPOSREL) : Offset P_IST with P_NEW -

Bit 9: (INDEX_HOME) : Use index after zero search Use index aft...
37 START_MODE Long Int - The mode used after power up. See also register 2. (Mode)
38 P_HOME Long Int Encoder counts Motor position after zero search %g;(i)tigﬁarch
39 HW_SETUP Long Int - Hardware setup bits: -

Bit 0: (DIRAWR)

Bit 1: (DIRBWR)

Bit 2: (PULSEOUT)

Bit 3: (XSEL1)

Bit 4: (XPRINP)

Bit 5: (NOFILT)

Bit 6: (INVXDIR)

Speed used during zero search. Speed defined asreg- | Zero search
40 V_HOME Long Int Counts/sample/16 ister 5 speed

B Torque used for Torque zero search. The sign defines Zero search

41 T_HOME Long Int polarity of the zero search sensor. torque
42 HOME_MODE Long Int R Zero search mode. The type of zero search. Zero search

Bit 16: (Home_Done) bit 16.

mode
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5.2

Motor registers

|Only MAC400 & 800

Registers (P0-7, V0-7 etc.)

Reg. MacTalk

no. Name Width | Unit Description name

43 P_REG_P Long Int - - -

44 V_REG_P Long Int - - -

45 A_REG_P Long Int - - -

46 T_REG_P Long Int - - -

47 L_REG_P Long Int - - -

48 Z_REG_P Long Int - - -
Position register P1. Used with the fastmac protocol or

49 POS0 Long Int Encoder counts by the MAC00-R1/3/4 nanoPLC module. See also P1
P_SOLL (register 3)

51 POS1 Long Int Encoder counts Position register P2 - see also register 49. P2

53 POS2 Long Int Encoder counts Position register P3 - see also register 49. P3

55 POS3 Long Int Encoder counts Position register P4 - see also register 49. P4

57 POS4 Long Int Encoder counts Position register P5 - see also register 49. P5

59 POS5 Long Int Encoder counts Position register P6 - see also register 49. P6

61 POS6 Long Int Encoder counts Position register P7 - see also register 49. P7

63 POS7 Long Int Encoder counts Position register P8 - see also register 49. P8
Velocity register V1. Used with the fastmac protocol or

65 VELO Long Int Counts/sample/16 by the MAC00-R1/3/4 nanoPLC module. See also V1
V_SOLL (register 5)

66 VEL1 Long Int Counts/sample/16 Velocity register V2 - see also register 65. V2

67 VEL2 Long Int Counts/sample/16 Velocity register V3 - see also register 65. V3

68 VEL3 Long Int Counts/sample/16 Velocity register V4 - see also register 65. V4

69 VEL4 Long Int Counts/sample/16 Velocity register V5 - see also register 65. V5

70 VEL5 Long Int Counts/sample/16 Velocity register V6 - see also register 65. V6

71 VEL6 Long Int Counts/sample/16 Velocity register V7 - see also register 65. V7

72 VEL7 Long Int Counts/sample/16 Velocity register V8 - see also register 65. V8
Acceleration register A1. Used with the fastmac proto-

73 ACCO Long Int Counts/sample?/16 col or by the MAC00-R1/3/4 nanoPLC module. See A1
also A_SOLL (register 6)

74 ACC1 Long Int Counts/sample?/16 Acceleration register A2 - see also register 73. A2

75 ACC2 Long Int Counts/sample?/16 Acceleration register A3 - see also register 73. A3

76 ACC3 Long Int Counts/sample?/16 Acceleration register A4 - see also register 73. A4
Torque register T1. Used with the fastmac protocol or

77 TQO Long Int - by the MAC00-R1/3/4 nanoPLC module. See also T1
T_SOLL (register 7)

78 TQ1 Long Int - Torque register T2 - see also register 77. T2

79 TQ2 Long Int - Torque register T3 - see also register 77. T3

80 TQ3 Long Int - Torque register T4 - see also register 77. T4
Load register L1. Used with the fastmac protocol or by

81 LOADO Fixed16 - the MAC00-R1/3/4 nanoPLC module. See also KVOUT L1
(register 13)

82 LOAD1 Fixed16 - Load register L2 - see also register 81. L2

83 LOAD2 Fixed16 - Load register L3 - see also register 81. L3

84 LOAD3 Fixed16 - Load register L4 - see also register 81. L4
In position register Z1. Used with the fastmac protocol

85 ZEROO Long Int - or by the MAC00-R1/3/4 nanoPLC module. See also Z1
INPOSWIN (register 33)

86 ZERO1 Long Int - In position register Z2 - see also register 81. z2

87 ZERO2 Long Int - In position register Z3 - see also register 81. Z3

88 ZERO3 Long Int - In position register Z4 - see also register 81. Z4

Registers 89 to 120 are reserved for future purposes.
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-
5.2 Motor registers [Only MAC400 & 800

Filters (main 6.th. order servo filter)

Reg. MacTalk

no. Name Width | Unit Description name

121 KFF5 Fixed 24 | - - -

122 KFF4 Fixed24 | - - -

123 KFF3 Fixed24 | - - -

124 KFF2 Fixed24 | - - -

125 KFF1 Fixed24 | - = -

126 KFFO Fixed24 | - = -

127 KVFX6 Fixed 16 | - = -

128 KVFX5 Fixed 16 | - = -

129 KVFX4 Fixed 16 | - = -

130 KVFX3 Fixed 16 | - = -

131 KVFX2 Fixed 16 | - = -

132 KVFX1 Fixed 16 | - = -

133 KVFY5 Fixed 16 | - = -

134 KVFY4 Fixed 16 | - - -

135 KVFY3 Fixed 16 | - = -

136 KVFY2 Fixed 16 | - = -

137 KVFY1 Fixed 16 | - = -

138 KVFYO Fixed 16 | - = -

139 KVB4 Fixed24 | - = -

140 KVB3 Fixed24 | - = -

141 KVB2 Fixed24 | - = -

142 KVB1 Fixed24 | - = -

143 KVBO Fixed24 | - = -

144 KIFX2 Fixed 16 | - - -

145 KIFX1 Fixed 16 | - - -

146 KIFY1 Fixed 16 | - - -

147 KIFYO Fixed 16 | - - -

148 KIB1 Fixed24 | - = -

149 KIBO Fixed24 | - = -

154 MODEL_POT Long Int | - = -

156 S_ORDER Long Int | - = -

157 OUTLOOPDIV Long Int | - = -

Sample registers

Reg. MacTalk

no. Name Width | Unit Description name

158 SAMPLE1 Long Int - - B

159 SAMPLE2 LongInt | - - .

160 SAMPLE3 Long Int - - -

161 SAMPLE4 LongInt | - - .

162 REC_CNT LongInt | - - .
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5.2

Motor registers

|Only MAC400 & 800

Outer loop registers

Reg. MacTalk

no. Name Width | Unit Description name

163 V_EXT Long Int - Speed at the external pulseinput (if used) X%Sf"y of

164 GV_EXT Long Int - - -

165 G_FNC Long Int - - -

166 FNC_OUT Fixed 16 - - -

167 FF_OUT Long Int - - -

168 VB_OUT Long Int - - -

169 VF_OUT Long Int - Actual motor torque. See also T_SOLL (register 7) Qc;guuael motor

170 ANINP Long Int - Analogue input voltage. VDC = ANINP x 0.0048828 Analogue input

171 ANINP_OFFSET LongInt | - Analogue input offset. Same scale as ANINP (170) Analogueinput

Inner loop registers

Reg. MacTalk

no. Name Width | Unit Description name

172 ELDEG_OFFSET Long Int - = -

173 PHASE_COMP Long Int - = -

174 AMPLITUDE Long Int - - -

175 MAN_I_NOM Fixed 16 - = -

176 MAN_ALPHA Long Int - - =

177 UMEAS Long Int - - -

178 I_NOM Long Int - - -

179 PHI_SOLL Long Int - = -

180 IA_SOLL Long Int - - -

181 IB_SOLL Long Int - = =

182 IC_SOLL Long Int - = =

183 IA_IST Long Int - = =

184 IB_IST Long Int - = =

185 IC_IST Long Int - - -

186 IA_OFFSET Long Int - = =

187 IB_OFFSET Long Int - = =

188 KIA Long Int - - -

189 KIB Long Int - - -

190 ELDEG_IST Long Int - = =

191 V_ELDEG Long Int - = =

192 UA_VAL Long Int - - -

193 UB_VAL Long Int - - -

194 UC_VAL Long Int - - -

195 EMK_A Long Int - - -

196 EMK_B Long Int - - -

197 EMK_C Long Int - = =
Internal busvoltage. 1VDC = 0.888798.

198 U_BUS Long Int - Example: U_BUS = 366 is equal to 325VDC at the in- Bus voltage
ternal bus.

199 U _BUS_OFFSET Long Int - - =

200 TCO_CV1 Long Int - - =

201 TCO_CV2 Long Int - - =
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5.2

Motor

registers

|Only MAC400 & 800
Diverse
Reg. MacTalk
no. Name Width Unit Description name
202 MY_ADDR Long Int - Motor adress Motor address
203 MOTOR_TYPE Long Int - Type of the MAC motor -
204 SERIAL_NUMBER Long Int - The serial number of the MAC motor -
205 HW_VERSION Long Int - Hardware version -
206 CHKSUM Long Int - Firmware checksum -
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