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INTRODUCTION

The IEC 61800 series is intended to provide a common set of specifications for adjustable
speed electrical power drive systems.

IEC 61800-7 describes a generic interface between control systems and power drive systems.
This interface can be embedded in the control system. The control system itself can also be
located in the drive (sometimes known as "smart drive" or "intelligent drive").

A variety of physical interfaces is available (analogue and digital inputs and outputs, serial
and parallel interfaces, fieldbuses and networks). Profiles based on specific physical
interfaces are already defined for some application areas (e.g. motion control) and some
device classes (e.g. standard drives, positioner). The implementations of the associated
drivers and application programmers interfaces are proprietary and vary widely.

IEC 61800-7 defines a set of common drive control functions, parameters, and state machines
or description of sequences of operation to be mapped to the profiles.

IEC 61800-7 provides a way to access functions and data of a drive that is independent of the
used drive profile and communication interface. The objective is a common drive model with
generic functions and objects suitable to be mapped on different communication interfaces.
This makes it possible to provide common implementations of motion control (or velocity
control or drive control applications) in controllers without any specific knowledge of the drive
implementation.

There are several reasons to define a generic interface:

For a drive device manufacturer

— Less effort to support system integrators

— Less effort to describe drive functions because of common terminology

— The selection of drives does not depend on availability of specific support
For a control device manufacturer

— No influence of bus technology

— Easy device integration

— Independent of a drive supplier
For a system integrator (builds modules, machines, plants etc.)

— Less integration effort for devices

— Only one understandable way of modeling

— Independent of bus technology
Much effort is needed to design a motion control application with several different drives and
a specific control system. The tasks to implement the system software and to understand the
functional description of the individual components may exhaust the project resources. In
some cases, the drives do not share the same physical interface. Some control devices just
support a single interface which will not be supported by a specific drive. On the other hand,
the functions and data structures are specified with incompatibilities. It is up to the systems

integrator to write interfaces to the application software to handle that which should not be his
responsibility.

Some applications need device exchangeability or integration of new devices in an existing
configuration. They are faced with different incompatible solutions. The efforts to adopt a
solution to a drive profile and to manufacturer specific extensions may be unacceptable. This

will reduce the degree of freedom to select a device best suited for this application to the
selection of the unit which will be available for a specific physical interface and s r

the controller. Lbogéed ments
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is divided into a generic part and several annexes as shown in Figure 1. The
drive profile types for CiA 4021, CIP MotionTM2, PROFIdrive3 and SERCOS Interface™4 are
mapped to the generic interface in the corresponding annex. The annexes have been
submitted by open international network or fieldbus organizations which are responsible for
the content of the related annex and use of the related trademarks.

This part of IEC 61800-7 specifies the profile type 2 (CIP Motion™).

The profile types 1, 3 and 4 are specified in |EC 61800-7-201, |[EC 61800-7-203 and
IEC 61800-7-204.

IEC 61800-7-301, I[EC 61800-7-304, [EC 61800-7-303 and [EC 61800-7-304 specify how the
profile types 1, 2, 3 and 4 are mapped to different network technologies (such as CANopen>,
EtherCATTM6  Ethernet PowerlinkTM7,  DeviceNetT™8  ControINet™9, EtherNet/IPTM10,
PROFIBUS 1!, PROFINET 12 and SERCOS Interface).

1 CiA 402 is a trade name of CAN in Automation, e.V. This information is given for the convenience of users of
this International Standard and does not constitute an endorsement by IEC of the trade name holder or any of
its products. Compliance to this profile does not require use of the trade name CiA 402.

2 CIP Motion™ is a trade name of Open DeviceNet Vendor Association, Inc. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by IEC of the
trademark holder or any of its products. Compliance to this profile does not require use of the trade name CIP
Motion™. Use of the trade name CIP Motion™ requires permission of Open DeviceNet Vendor Association, Inc.

3 PROFIdrive is a trade name of PROFIBUS International. This information is given for the convenience of users
of this International Standard and does not constitute an endorsement by IEC of the trade name holder or any
of its products. Compliance to this profile does not require use of the trade name PROFIdrive. Use of the trade
name PROFIdrive requires permission of PROFIBUS International.

4 SERCOS™ and SERCOS Interface™ are trade names of SERCOS International e.V. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by IEC of
the trade name holder or any of its products. Compliance to this profile does not require use of the trade name
SERCOS and SERCOS interface. Use of the trade name SERCOS and SERCOS interface requires permission
of the trade name holder.

5 CANopen is an acronym for Controller Area Network open and is used to refer to EN 50325-4.

6 EtherCAT™ is a trade name of Beckhoff, Verl. This information is given for the convenience of users of this
International Standard and does not constitute an endorsement by IEC of the trademark holder or any of its
products. Compliance to this profile does not require use of the trade name EtherCAT™. Use of the trade name
EtherCAT™ requires permission of the trade name holder.

7 Ethernet Powerlink™ is a trade name of B&R, control of trade name use is given to the non profit organisation
EPSG. This information is given for the convenience of users of this International Standard and does not
constitute an endorsement by IEC of the trademark holder or any of its products. Compliance to this profile
does not require use of the trade name Ethernet Powerlink™. Use of the trade name Ethernet Powerlink™
requires permission of the trade name holder.

8 DeviceNet™ is a trade name of Open DeviceNet Vendor Association, Inc. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by IEC of the
trademark holder or any of its products. Compliance to this profile does not require use of the trade name
DeviceNet™. Use of the trade name DeviceNet™ requires permission of Open DeviceNet Vendor Association,
Inc.

9 ControlNet™ is a trade name of ControlNet International, Ltd. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by IEC of the trademark holder or
any of its products. Compliance to this profile does not require use of the trade name ControlNet™. Use of the
trade name ControlNet™ requires permission of ControlNet International, Ltd.

10 EtherNet/IP™ is a trade name of ControlNet International, Ltd. and Open DeviceNet Vendor Association, Inc.
This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by IEC of the trademark holder or any of its products. Compliance to this profile does not require
use of the trade name EtherNet/IP™. Use of the trade name EtherNet/IP™ requires permission of either
ControlNet International, Ltd. or Open DeviceNet Vendor Association, Inc.

11 PROFIBUS is a trade name of PROFIBUS International. This information is given for the convenience of users
of this International Standard and does not constitute an endorsement by IEC of the trade name holder or any
of its products. Compliance to this profile does not require use of the trade name PROFIBUS. Use of the trade
name PROFIBUS requires permission of PROFIBUS International.

12 PROFINET is a trade name of PROFIBUS International. This information is given for the convenience of users
of this International Standard and does not constitute an endorsement by IEC of the trade name holder or any
of its products. Compliance to this profile does not require use of the trade name PROFINET. Us the t
name PROFINET requires permission of PROFIBUS International. Wb@tﬁﬁents
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IEC 61800-7 Generic interface and use of profiles for power drive systems

EC 61800-7-1 — Interface definition

Generic PDS interface specification

Annex A Annex B Annex C Annex D
Mapping of Mapping of Mapping of Mapping of
Profile type 1 Profile type 2 Profile type 3 Profile type 4
(CiA 402) (CIP Motion) (PROFIdrive) (SERCOS)

IEC 61800-7-200 — Profile specifications

|EC 61800-7-201

JEC 61800-7-202

Profile type 1

Profile type 2

EC 61800-7-20

Profile type 3

EC 61800-7-204

Profile type 4

(CiA 402) (CIP Motion) (PROFIdrive) (SERCOS)
IEC 61800-7-300 — Mapping of profiles to network technologies
JIEC 61800-7-301 JEC 61800-7-302 JEC 61800-7-303 JEC 61800-7-304
Mapping of profile Mapping of profile Mapping of profile Mapping of profile
type 1 to: type 2 to: type 3 to: type 4 to:
e CANopen e DeviceNet e PROFIBUS e SERCOSI+II
e  EtherCAT e ControlNet e PROFINET e SERCOSIII
e ETHERNET e EtherNet/IP e  EtherCAT

Powerlink

Figure 1 — Structure of IEC 61800-7
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ADJUSTABLE SPEED ELECTRICAL POWER DRIVE SYSTEMS -

Part 7-202: Generic interface and use
of profiles for power drive systems —
Profile type 2 specification

1 Scope

IEC 61800-7 specifies profiles for Power Drive Systems (PDS) and their mapping to existing
communication systems by use of a generic interface model.

The functions specified in this part of IEC 61800-7 are not intended to ensure functional
safety. This requires additional measures according to the relevant standards, agreements
and laws.

This part of IEC 61800-7 specifies profile type 2 (CIP Motion™) for Power Drive Systems
(PDS). Profile type 2 can be mapped onto different communication network technologies.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

EC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1. General
requirements

EC 61131-3, Programmable controllers — Part 3: Programming languages

EC 61158-5-4, Industrial communication networks — Fieldbus specifications — Part 5-2
(Ed.1.0): Application layer service definition — Type 2 elements

EC 61158-6-4, Industrial communication networks — Fieldbus specifications — Part 6-2
(Ed.1.0): Application layer protocol specification — Type 2 elements

IEC 61588:2004, Precision clock synchronization protocol for networked measurement and
control systems

IEC 61800-7 (all parts), Adjustable speed electrical power drive systems — Generic interface
and use of profiles for power drive systems

EC 61800-7-1|, Adjustable speed electrical power drive systems — Part 7-1: Generic interface
and use of profiles for power drive systems — Interface definition

IEEE 802.1Q, IEEE standards for local and metropolitan area networks — Virtual bridged local
area networks
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.11

algorithm

completely determined finite sequence of operations by which the values of the output data
can be calculated from the values of the input data

[IEV 351-21-37]

3.1.2

application

software functional element specific to the solution of a problem in industrial-process
measurement and control

NOTE An application may be distributed among resources, and may communicate with other applications.

[IEC/TR 62390:2004, 3.1.2, modified]

3.1.3
application mode
type of application that can be requested from a PDS

NOTE The different application modes reflect the control loop for torque control, velocity control, position control
or other applications like homing.

3.1.4
attribute
property or characteristic of an entity

IEC/TR 62390:2004, 3.1.3]

3.1.5
axis
logical element of a motion control system that exhibits some form of movement

NOTE 1 Axes can be rotary or linear, physical or virtual, controlled or simply observed.

NOTE 2 A physical axis may include one or more of the following components: a motion sensor, a motion control
structure, a power amplifier, and a motion actuator.

3.1.6

bus regulator

any method used to limit the rise in DC bus voltage level that occurs when decelerating a
motor

3.1.7
CIP Motion™ 13
extensions to the CIP services and protocol to support motion control over CIP networks

13 CIP Motion™ and CIP Sync™ are trade names of Open DeviceNet Vendor Association, Inc. This information is
given for the convenience of users of this International Standard and does not constitute an endorsement by
IEC of the trademark holder or any of its products. Compliance to this profile does not require use of the trade
names CIP Motion™ or CIP Sync™. Use of the trade names CIP Motion™ or CIP Sync™ requires iSSi
Open DeviceNet Vendor Association, Inc. ﬁﬁ&sﬁ?ﬂents
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3.1.8
CIP (Motion) drive
drive that complies with the CIP (Motion) specification

3.1.9

CIP Motion drive profile

collection of objects used to implement a CIP Motion drive device that includes the Motion
Axis Object, as well as standard support objects like the Identity Object and the Time Sync
Object

3.1.10

CIP Motion I/0 connection

periodic bi-directional, class 1, CIP connection between a controller and a drive that is defined
as part of the CIP Motion specification

3.1.11

CIP Sync™13

extensions to the CIP services and protocol to encapsulate JEC 61588:2001 time
nchronisation functionality over a CIP Network (see Time Sync Object in and

S
EC 61158-6-4)

3.1.12

class

description of a set of objects that share the same attributes, operations, methods,
relationships, and semantics

[ISO/IEC 19501, modified]

3.1.13

closed loop

methods of control where there is a feedback signal of some kind that is used to drive the
actual dynamics of the motor to match the commanded dynamics by servo action

NOTE In most cases, there is a literal feedback device to provide this signal, but in some cases, the signal is
derived from the motor excitation (i.e. sensorless operation).

3.1.14

commands

set of commands from the application control program to the PDS to control the behaviour of
the PDS or functional elements of the PDS

NOTE 1 The behaviour is reflected by states or operating modes.

NOTE 2 The different commands may be represented by one bit each.

3.1.15
control
purposeful action on or in a process to meet specified objectives

[IEV 351-21-29, modified]

3.1.16

control device

physical unit that contains — in @ module/subassembly or device — an application program to
control the PDS

3.1.17
converter
device that generally converts AC input to DC output Documents
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NOTE A converter is also commonly called the Drive Power Supply. In the context of a drive system, the
converter is responsible for converting AC main input into DC bus power.

3.1.18

cyclic data block

high priority real-time data block that is transferred by a CIP Motion connection on a periodic
basis

3.1.19
data type
set of values together with a set of permitted operations

[ISO/IEC 2382-15:1999, 15.04.01, modified]

3.1.20

device

field device

networked independent physical entity of an industrial automation system capable of
performing specified functions in a particular context and delimited by its interfaces

[IEC 61499-1:2005, 3.30, modified]

entity that performs control, actuating and/or sensing functions and interfaces to other such
entities within an automation system

[1ISO 15745-1:2003, 3.11]

3.1.21

device profile

representation of a device in terms of its parameters, parameter assemblies and behaviour
according to a device model that describes the device’s data and behaviour as viewed
through a network

NOTE This is a definition from IEC/TS 61915 which is extended by the addition of the device functional structure.

[IEC/TR 62390:2004, 3.19, modified]

3.1.22
drive
device designed to control the dynamics of a motor

3.1.23

event data block

medium priority real-time data block that is transferred by a CIP Motion connection only after
a specified event occurs

NOTE Registration and marker input transitions are typical drive events.

3.1.24

functional element

entity of software or software combined with hardware, capable of accomplishing a specified
function of a device

NOTE 1 A functional element has an interface, associations to other functional elements and functions.

NOTE 2 A functional element can be made out of function block(s), object(s) or parameter list(s).

[IEC/TR 62390:2004, 3.1.12]
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3.1.25

get/read

operation that involves the retrieving of an attribute value from the perspective of the
controller side of the interface

3.1.26
input data
data transferred from an external source into a device, resource or functional element

[IEC/TR 62390:2005, 3.1.14]

3.1.27

interface

shared boundary between two entities defined by functional characteristics, signal
characteristics, or other characteristics as appropriate

[IEV 351-21-35, modified]

3.1.28
inverter
device that generally converts DC input to AC output

NOTE An inverter is also commonly called the Drive Amplifier. In the context of a drive system, the inverter is
responsible for controlling the application of DC bus power to an AC motor.

3.1.29

model

mathematical or physical representation of a system or a process, based with sufficient
precision upon known laws, identification or specified suppositions

[IEV 351-21-36]

3.1.30
motion
any aspect of the dynamics of an axis

NOTE In the context of this part of IEC 61800-7, it is not limited to servo drives but encompasses all forms of
drive based motor control.

3.1.31

Motion Axis Object

object that defines the attributes, services, and behaviour of a motion device based axis
according to the CIP Motion specification

3.1.32

Motion Control Axis Object

object that defines the attributes, services, and behaviour of a controller based axis according
to the CIP Motion specification

3.1.33
open loop

methods of control where there is no application of feedback to force the actual motor
dynamics to match the commanded dynamics

EXAMPLE Examples of open loop control are stepper drives and variable frequency drives.
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3.1.34

operating mode

characterisation of the way and the extent to which the human operator intervenes in the
control equipment

[IEV 351-31-01]

3.1.35

output data

data originating in a device, resource or functional element and transferred from them to
external systems

IEC/TR 62390:2004, 3.1.21]

3.1.36

parameter

data element that represents device information that can be read from or written to a device,
for example through the network or a local HMI

NOTE 1 Adapted from IEC/TS 61915.

NOTE 2 A parameter is typically characterised by a parameter name, data type and access direction.

[IEC/TR 62390:2004, 3.1.22, modified]

3.1.37

profile

representation of a PDS interface in terms of its parameters, parameter assemblies and
behaviour according to a communication profile and a device profile

3.1.38

service data block

lower priority real-time data block associated with a service message from the controller that
is transferred by a CIP Motion connection on a periodic basis

NOTE Service data includes service request messages to access Motion Axis Object attributes or perform various
drive diagnostics.

3.1.39

set-point

(in the context of a device) value sent to the drive that is used to directly control some aspect
of the motor dynamics, which includes (but is not limited to) position, velocity, acceleration,
and torque

3.1.40

set/write

operation that involves the setting of an attribute to a specified value from the perspective of
the controller side of the interface

3.1.41

shunt regulator

specific bus regulator method that switches the DC bus across a power dissipating resistor to
dissipate the regenerative power of a decelerating motor

3.1.42

status

set of information from the PDS to the application control program reflecting the state or mode
of the PDS or a functional element of the PDS

NOTE The different status information may be coded with one bit each.
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3.1.43

synchronised

condition where the local clock value on the drive is locked onto the master clock of the
distributed System Time

NOTE When synchronised, the drive and controller devices may utilise time stamps associated with CIP Motion
connection data.

3.1.44

System Time

absolute time value as defined in the CIP Sync specification in the context of a distributed
time system where all devices have a local clock that is synchronised with a common master
clock

NOTE In the context of CIP Motion, System Time is a 64-bit integer value in units of nanoseconds with a value of
0 corresponding to the date 1970-01-01.

3.1.45

thermal model

any algorithm that attempts to model the thermal behaviour of the associated device during
operation

3.1.46

time offset

System Time offset value associated with the CIP Motion connection data that is associated
with source device

NOTE The System Time offset is a 64-bit offset value that is added to a device’s local clock to generate System
Time for that device

3.1.47

time stamp

System Time stamp value associated with the CIP Motion connection data that conveys the
absolute time when the associated data was captured, or that can also be used to determine
when the associated data shall be applied

3.1.48

type

hardware or software element which specifies the common attributes shared by all instances
of the type

[IEC/TR 62390:2005, 3.1.25]

3.1.49
variable
software entity that may take different values, one at a time

[IEC/TR 62390:2004, 3.1.27]

NOTE The values of a variable as well as of a parameter are usually restricted to a certain data type.

3.1.50

Variable Frequency Drive

VFD

class of drive products that seek to control the speed of a motor, typically an induction motor,
through a proportional relationship between drive output voltage and commanded output
frequency

NOTE Variable Frequency Drives are therefore sometimes referred to as a Volts/Hertz drives.
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3.1.51
vector drive

class of drive products that seek to control the dynamics of a motor via closed loop control
which includes, but is not limited to, closed loop control of both torque and flux vector
components of motor stator current relative to the rotor flux vector

3.2 Abbreviated terms

Ack
Act
Blk
Cipm™

Cmd
Cyc
HMI
ID
1/0
Opt.
PDS
Req.
RMS
RPM
Sync’d
TCP
UDP
VFD

4 General

4.1 General

Acknowledge
Actual
Block

Common Industrial Protocol
(see IEC 61158 Type 2, JEC 61784-1 and |[EC 61784-2 CPF2)

Command

Cyclic

Human Machine Interface

Identifier

Input/Output

Optional

Power Drive System

Required

Root mean square

Revolutions per minute

Synchronized

Transmission Control Protocol (see RFC 793)
User Datagram Protocol (see RFC 768)

Variable Frequency Drive

A CIP Motion drive device controls the motion of one or more drive axes, typically consisting
of a rotary or linear motor actuator and one or more optional feedback devices. Each
associated motor is driven by an associated drive power structure that is also part of the
device. Motor control functionality supported by the CIP Motion drive device profile can be
applied to “open loop” Variable Frequency Drives or “closed loop” Vector Controlled Servo
Drives. In either case, axis motion is controlled via a command reference that can be
configured for position control, velocity control, acceleration control, or current/torque control.
The CIP Motion drive device profile also supports use of additional drive feedback channels
as master feedback sources.

This CIP Motion drive profile specification and the associated Motion Axis Object specification

define the interface, the specific attributes, and command behaviours required to support

motion control when connected to a CIP Motion compliant controller through a CIP rk.
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Applicable CIP Networks are DeviceNet™, ControlINet™, and EtherNet/IP™. EtherNet/IP is
the network of choice for high performance, synchronised multi-axis control. ControlNet and
DeviceNet would only be targeted for lower performance non-synchronised device
applications such as simple variable frequency drives, velocity loop drives, and indexing
drives.

4.2 Control modes
4.2.1 General

The Motion Axis Object covers the behavior of various motion control system devices that
includes feedback devices and drive devices. For drive devices, the Motion Axis Object
covers a wide range of drive types from simple variable frequency (V/Hz) drives, to
sophisticated position control servo drives. Indeed, many commercial drive products have
axes that can be configured to operate in any one of these different motion control modes
depending on the specific application requirement.

The attributes of the Motion Axis Object are therefore organized to address this broad range
of functionality, using the framework of “applications modes” defined in |EC 61800-7-1|, and
further detailed in the following subclauses.

and this part of the IEC 61800-7 series are organised around the general
philosophy that position control is the highest form of dynamic control. That is, position control
implies velocity control, and velocity control implies acceleration control. Acceleration is
related to torque or force by the inertia or mass of the load, respectively, acceleration control
implies torque control. And finally, since motor torque or force is generally related to motor
current by a torque or force constant, respectively, torque control implies current control. The
torque or force constant can be a function of the motor magnets as in a Permanent Magnet
motor, or the induced flux of an Induction motor.

Since acceleration, torque/force, and current are generally related by a constant, these terms
are sometimes used interchangeably in the industry. For example refers to a
torque control loop rather than a current control loop. This specification attempts to
differentiate between these control properties where applicable. This is particularly useful
when the relationship between them is not static, such as when inertia/mass changes with

position or time, or when the torque/force constant changes due to temperature change or
motor flux variation.

4.2.2 Control methods

Within this basic control paradigm, there is latitude for different control methods, both closed
loop and open loop. By closed loop, it is generally implied that there is a feedback signal that
is used to drive the actual dynamics of the motor to match the commanded dynamics by servo
action. In most cases, there is a literal feedback device to provide this signal, and in some
cases, the signal is derived from the motor excitation (i.e. sensorless operation). By open
loop, it is implied that there is no application of feedback to force the actual dynamics to
match the commanded dynamics. While precision and performance are the hallmarks of
closed loop control, simplicity and economy are the hallmarks of open loop control.

4.2.3 Control nomenclature

Finally, as evident in the description above, linear and rotary control applications can affect
the control nomenclature. While rotary applications speak of Torque and Inertia, linear
applications speak of Force and Mass. For the purposes of this part of the IEC 61800-7
series, when referring to rotary nomenclature, the defined behaviour can generally be applied

to linear applications by substituting the terms, force for torque and mass for inertia. With that
understanding, Figure 2 to Figure 8 follow the |EC 61800-7-1 nomenclature using torque

rather than force without loss of generality.

Documents

Document Sharing Hub

Full document details: BS EN 61800-7-202:2008


http://dx.doi.org/10.3403/30141706U
http://dx.doi.org/10.3403/30141706U
http://dx.doi.org/10.3403/30141706U
http://dx.doi.org/10.3403/30141706U
http://www.avadocuments.com/doc/bs-en-61800-7-202-2008
http://www.avadocuments.com/doc/bs-en-61800-7-202-2008

BS EN 61800-7-202:2008 -22—

4.2.4 Position Control
4.2.41 General concepts

In position control application mode, either the application control program (command
execution function) or the motion planner (move trajectory control function) provide a set-point
value to the CIP Motion device via the cyclic data connection. The position control method
can be either open loop or closed loop.

4.2.4.2 Open Loop Position Control

A device configured for open loop position control applies to a class of drive devices called
stepper drives. This type of drive is illustrated in Figure 2.

Application Program
Controller

Motion Planner

y
Command Position Actual Position

v

Position Control CIP Motion Device

Motor + Feedback (opt) Actuator

Figure 2 — Open loop position control

A feedback device for this configuration is optional. In the absence of a feedback device,
actual position can be estimated by the drive and returned to the controller.

4.2.4.3 Closed Loop Position Control

A motion control device configured for closed loop position control is traditionally referred to
as position loop drive or position servo drive. A position servo drive implies an inner velocity
and torque control loop as shown in Figure 3. The presence of the torque/current control loop
sometimes results in this kind of drive being referred to as a vector drive.
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Application Program

Controller

Motion Planner

y
Command Position Actual Position

v

Position Control

Velocity Control CIP Motion Device

Torque/Current Control

I

v

Motor + Feedback Actuator

Figure 3 — Closed loop position control

A feedback device for this configuration is generally required to achieve good positioning
accuracy. The feedback device may also be used to return Actual Velocity, and Actual
Acceleration data to the controller via the cyclic data connection.

In addition to Command Position, the controller can pass Command Velocity and Command
Acceleration for the purposes of forward control.

4.2.5 Velocity Control
4.2.5.1 General concepts

In velocity control application mode, the application control program and motion planner
provide a set-point value to the CIP Motion device via the cyclic data connection. The velocity
control method can be either open loop or closed loop.

4.2.5.2 Open Loop Velocity Control

A motion control device configured for open loop velocity control is traditionally referred to as
Variable Frequency, or V/Hz, or VFD, drive. This type of drive is illustrated in Figure 4.

A feedback device for this configuration is optional. In the absence of a feedback device,
actual velocity can be estimated by the drive and returned to the controller.
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Application Program

Controller
Motion Planner
1
Command Velocity Actual Velocity
v
Velocity Control CIP Motion Device
Motor + Feedback (opt) Actuator

Figure 4 — Open loop velocity control

4.2.5.3 Closed Loop Velocity Control

A motion control device configured for closed loop velocity control is traditionally referred to
as velocity loop drive or velocity servo drive. A closed loop velocity control drive implies an
inner torque/current control loop (see Figure 5) and therefore is sometimes referred to as a
vector drive.

Application Program

Controller

Motion Planner

A
Command Velocity T Actual Position/Velocity

v

Velocity Control

CIP Motion Device

Torque/Current Control

*

Motor + Feedback (opt) Actuator

Figure 5 — Closed loop velocity control
A feedback device for the velocity loop drive configuration is optional. Tighter speed

regulation is achieved when using a feedback device, particularly at low speed. When the
feedback device is included, it may be used to return actual position, vebc&&tﬁcﬁents
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acceleration data to the controller via the cyclic data connection. When the feedback device is
not included, only estimated velocity can typically be returned to the controller.

In addition to Command Velocity, the controller can also pass Command Acceleration for the
purposes of forward control.

4.2.6 Acceleration Control

While neither a mainstream control mode in the industry nor mentioned in , the
acceleration control mode is included here to complete the dynamic progression from velocity
control to torque control and because the Motion Axis Object can support an Acceleration
Command, potentially derived from the controller’s motion planner. In the acceleration control
mode, the application control program and motion planner provide acceleration set-point
values to the CIP Motion device via the cyclic data connection. The drive converts the
acceleration set-point into a torque command using the estimated system inertia. Acceleration
control works in concert with the inner torque/current control loop as shown in Figure 6.

Application Program

Controller

Motion Planner

A
Command Accel Actual Position

v

Acceleration Control

CIP Motion Device

Torque/Current Control

*

Motor + Feedback Actuator

Figure 6 — Acceleration control

A feedback device for the acceleration control configuration is mandatory and may be used to
return actual position, velocity, and acceleration data to the controller via the cyclic data
connection.

4.2.7 Torque Control

In torque control application mode, the application control program or the motion planner
provide torque set-point values to the device via the cyclic data connection (see Figure 7).
Because motor current and motor torque are generally related by a torque constant, Kt,
torque control is often synonymous with current control.
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Application Program
Controller
Motion Planner
A
Command Torque Actual Torque

A 4

Torque/Current Control CIP Motion Device

Motor + Feedback (opt) Actuator

Figure 7 — Torque control

A position feedback device for this control mode is optional. If a feedback device is present, it
may be used to return actual position, velocity, and acceleration data to the controller via the
cyclic data connection.

4.2.8 No Control

The Motion Axis Object supports a “No Control” application mode. This configuration, also
referred to as “feedback only” or “master feedback”, can be of value when a particular
feedback channel in the CIP Motion drive device is to serve simply as a master feedback
source to the rest of the control system. This application mode can also be applied to CIP
Motion feedback devices. In this “No Control” configuration, no set-point value is supplied to
the CIP Motion device via the cyclic data connection, but actual position, velocity, and
acceleration can be supplied by the device to the controller via the cyclic data channel. The
No Control drive configuration is illustrated in Figure 8.
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Application

Program

Motion Planner

1

Actual Position

Feedback Interface

Feedback

5 Data types

5.1 Data type overview

Figure 8 — No control

BS EN 61800-7-202:2008

Controller

CIP Motion Device

Feedback Device

Table 1 shows references of data types used in this profile and the related definitions.

Table 1 — Data types

Data Types used in
CIP Motion

Reference to definition

BOOL

Boolean (see 5.3.1.1.2 of |JEC 61158-5-9)

SINT

Integer8 (see 5.3.1.4.2.2 of |[EC 61158-5-2)

INT

Integer16 (see 5.3.1.4.2.4 of |EC 61158-5-2)

DINT

Integer32 (see 5.3.1.4.2.6 of |EC 61158-5-9)

LINT

Integer64 (see 5.3.1.4.2.8 of |EC 61158-5-2)

USINT

Unsigned8 (see 5.3.1.4.3.2 of |EC 61158-5-2)

UINT

Unsigned16 (see 5.3.1.4.3.4 of |EC 61158-5-2)

UDINT

Unsigned32 (see 5.3.1.4.3.6 of |EC 61158-5-2)

ULINT

Unsigned64 (see 5.3.1.4.3.8 of |EC 61158-5-2)

REAL

Float32 (see 5.3.1.4.1.2 of |EC 61158-5-9)

LREAL

Float64 (see 5.3.1.4.1.4 of |[EC 61158-5-9)

SWORD/BYTE

Bitstring8 (see 5.3.1.2.2 of |JEC 61158-5-3)

WORD

Bitstring16 (see 5.3.1.2.4 of |EC 61158-5-9)

DWORD

Bitstring32 (see 5.3.1.2.6 of |[EC 61158-5-9)

LWORD

Bitstring64 (see 5.3.1.2.8 of |[EC 61158-5-9)
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5.2 Conventions

Hexadecimal numbers in this part of the IEC 61800-7 series may be represented by nny,, (if
their exact data type is not defined) or Oxnn, Oxnnnn (if their data type is specified).

6 CIP Drive Profile

6.1 Object model
6.1.1 Object overview

The object model in Figure 9 represents a CIP Motion drive device.

Identity
Object

Time Sync
Object

Motion Axis
Object(s)

Message
Router

Connections

Network

C'P Specific Link
Motion Object
I/0

Figure 9 — Object Model for a CIP Motion drive

Table 2 indicates:

— the object classes present in this device,
— whether or not the class is required,
— the number of instances present in each class.
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Table 2 — Objects present in a CIP Motion drive device

Object class Optional or Required Number of instances
CIP common required objects Required See |JEC 61158-5-4 and |EC 61158-6-2
Motion Axis Object Required 1 per axis
Time Sync Object Optional 1

Refer to |EC 61158-5-2, [IEC 61158-6-4 and 6.4.6.1 for more details about these objects.

6.1.2 Object description

The object model in Figure 9 shows the main functional components of the CIP Motion drive
device profile defined as part of the CIP Motion extensions to CIP.

This object model also illustrates the use of multiple instances of a Motion Axis Object to
implement a multi-axis drive device. Each Motion Axis Object instance governs the behavior
of the associated drive axis. In this device profile, the term “drive axis” is synonymous with a
“Motion Axis Object instance”.

A single bi-directional I/O connection to the Motion Axis Object class instance provides a
cyclic data path between the controller and each individual Motion Axis Object instance. This
connection passes on a special data structure whose self-defining format can be used to
transfer cyclic, event, and service related data.

An optional Time Sync Object is included in the object model to facilitate accurate time
synchronization between CIP Motion controllers and drive devices for high performance
motion control. For lower performance drives such as V/Hz or VFD drives, the Time Sync
Object is not necessary for drive operation.

6.2 How objects affect behaviour

The objects for this device affect the device’s behavior as shown in Table 3.

Table 3 — Object effect on behavior

Object class Effect on behavior

CIP common required objects See |JEC 61158-5-4 and JEC 61158-6-4

Motion Axis Object Provides dynamic control interface to drive, motor,
and feedback components that comprise an axis.

Time Sync Object Provide absolute time synchronization services
between devices on the control network.

6.3 Defining object interfaces

Objects supported for the CIP Motion drive have the interfaces listed in Table 4.

Table 4 — Object interfaces

Object Interface
CIP common required objects See |EC 61158-5-4 and |EC 61158-6-9
Motion Axis Object Message Router or Motion Axis Object class
Time Sync Object Message Router or Motion Axis Object class
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6.4 1/0 Connection messages
6.4.1 General

The CIP Motion drive device profile supports a point-to-point bi-directional 1/O connection
between the controller and the Motion Axis Object class: this 1/O connection is specifically
referred to as the CIP Motion I/O connection.

The Motion Axis Object distributes the data in this connection to each instantiated Motion Axis
Object instance. Therefore, the produced and consumed connection paths explicitly target
Motion Axis Object class attributes (i.e. instance 0). The Consumed Connection path
corresponds to the Controller-to-Device (C-to-D) connection, while the Produced Connection
path corresponds to the Device-to-Controller (D-to-C) connection as detailed in the following
subclauses.

The I/O Connection paths for this device are as follows:

Consumed Connection Path | =| Motion Axis Object class/Instance 0/
(Controller Consumed Connection Data attribute)

Produced Connection Path =| Motion Axis Object class/Instance 0 /
(Controller Produced Connection Data attribute)

6.4.2 CIP Motion I/O connection
6.4.2.1 Overview

The following subclause specifies the CIP Motion 1/0O Connection format that includes the
Controller-to-Device (C-to-D) Connection and the Device-to-Controller (D-to-C) Connection for
bi-directional data transfer between a CIP Motion Controller and a CIP Motion drive, as shown
in Figure 10.

CIP Motion
Controller

Motion

Control Axis

Object

(User Units) )
CIP Motion

Device

Motion Axis

Object
(Device Units)

Figure 10 — CIP Motion 1/O connection model Documents
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6.4.2.2 1/0 connection formats

BS EN 61800-7-202:2008

The Controller-to-Device connection format is shown in Figure 11 and the Device-to-Controller

connection format is shown in Figure 12.

| & 32-bit Word 2>

Controller-to-Device Connection Format

Connection Header

Instance Data Blocks

Connection Header

Connection Format Format Revision Update ID Node Control

Instance Count - Time Data Set

Controller Update Period

Controller Time Offset

Controller Time Stamp

Instance Data Block

Instance Data Header

Cyclic Data Block

Cyclic Write Data Block

Event Data Block

Service Data Block

Instance Data Header

Instance Num Instance BIk Size Cyclic Blk Size

Cyc. Cmd BIk Size Cyc. Write Blk Size Event Blk Size Service Blk Size

Cyclic Data Block

Control Mode Feedback Config Axis Control -

Command Data Set Actual Data Set Status Data Set Interpolation

Control

Cyclic Data

Cyclic Write Data Block

Cyclic Write Blk ID | Cyclic Read Blk ID

Cyclic Write Data

Event Data Block

Event Checking Control

Event Ack. ID1 | Event Ack. Status 2

| Event Ack. Status 1 | Event Ack. ID2

Service Data Block

Transaction ID |  Service Code | - | -

Service Specific Request Data

Figure 11 — Controller-to-Device Connection Format
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| & 32-bit Word 2>

Device-to-Controller Connection Format

Connection Header

Instance Data Blocks

Connection Header

Connection Format Format Revision Update ID

Node Status

Instance Count Node Alarms Node Faults

Time Data Set

Device Update Period

Device Time Offset

Device Time Stamp

Timing Diagnostic Data

Instance Data Block

Instance Data Header

Cyclic Data Block

Cyclic Read Data Block

Event Data Block

Service Data Block

Instance Data Header

Instance Num Instance Blk Size

Cyclic Blk Size

Cyc. Act. BIk Size Cyc. Read BIk Size Event Blk Size

Service Blk Size

Cyclic Data Block

Control Mode Feedback Config Axis Response

Response Status

- Actual Data Set Status Data Set

Axis State

Cyclic Data

Cyclic Read Data Block

Cyclic Read Blk ID |

Cyclic Read Data

Event Data Block

Event Checking Status

Event ID | Event Status | Event Type

Event Position

Event Time Stamp

Service Data Block

Transaction ID |  Service Code | General Status

| Extended Status

Service Specific Response Data

Figure 12 — Device-to-Controller Connection Format

6.4.2.3 CIP Motion connection structure

The CIP Motion 1/0 Connection actually consists of two unidirectional unicast connections;
one passing data from the controller to the drive and the other passing data from the drive to

the controller.

Both CIP Motion connection data structures (Controller-to-Device and Device-to-Controller)
begin with a Connection Header that includes a 32-bit time stamp, followed by a series of data
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Each instance data block within the CIP Motion I/O connection packet consists of three sets of
data blocks associated with the cyclic, event, and service data channels. The size of these
data blocks for a given update is variable and determined by the connection and instance
data block headers. From the drive’s perspective, these three distinct data channels have
different data processing priorities as illustrated in Figure 13.

CIP Motion I/O Connection

< Cyclic Data Channel >
< Event Data Channel >
< Service Data Channel >

Figure 13 — CIP Motion I/0O Connection Channels

CIP Motion Device
(Motion Axis Object)

CIP Motion Controller
(Motion Control Axis Object)

The specific functionality of these three data channels is as follows:

e Cyclic Data Channel — carries cyclic data blocks that are sampled or calculated every
Controller Update Period and synchronised with other nodes in the motion control system
through use of distributed System Time. Cyclic data is high priority data that shall be
immediately processed and applied to the drive axis within one Device Update Period.

e Event Data Channel - carries event data associated with drive event(s) (e.g. registration,
homing, etc.) that have occurred within the last Controller Update Period. Event data is
medium priority and shall be processed and applied within one Controller Update Period.

e Service Data Channel — carries data associated with service requests to read or write
attribute values of the Motion Axis Object as part of on-line configuration and diagnostic
functionality, as well as service requests to affect Motion Axis Object behaviour as part of
controller instruction execution. Service data has lowest priority and is typically buffered
and processed as a background task. There is no guarantee that a service request will be
processed within Controller Update Period.

Taken together, these three data channels provide a comprehensive controller to drive data
connection solution for industrial motion control.

6.4.3 Controller-to-Device connection
6.4.3.1 General

To facilitate a detailed description of each of its constituent data elements, the CIP Motion
Controller-to-Device Connection is organised as shown in Figure 14.

CIP Motion Controller-to-Device Connection Format
Connection Header
Instance Data Blocks

Figure 14 — CIP Motion Controller-to-Device Connection Format
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6.4.3.2 Controller-to-Device connection header
6.4.3.2.1 General structure

The Controller-to-Device Connection Header contains critical axis configuration information
needed to parse the Instance Data Blocks. The fixed portion of the connection header is
defined as shown in Figure 15.

Connection Header
Connection Format | Format Revision | Update ID | Node Control

Figure 15 — Connection Header

e Connection Format: This enumerated byte determines what the format of CIP Motion
connection is according to the definition in Figure 16.

Bit 7 Bit 0
Connection Format
(Reserved) | Connection Type

Figure 16 — Connection Format

e Connection Type: This 4-bit enumeration defines the CIP Motion connection type as
shown below. Valid values for a Controller-to-Device Connection are 2 and 6. Fixed
connections have a fixed connection size during operation to support lower-performance
CIP networks like ControlNet and DeviceNet and typically associated with a simple single
axis drive device that does not support time synchronisation services. Variable
connections allow the connection data structure to vary in size during operation and are
targeted for high-performance drives and CIP networks like EtherNet/IP.

0 = Reserved

1 = Reserved

2 = Fixed Controller-to-Device Connection

3 = Fixed Device-to-Controller Connection

4 = Reserved

5 = Reserved

6 = Variable Controller-to-Device Connection
7 = Variable Device-to-Controller Connection
8 to 15 = Reserved.

e Format Revision: This edition of JEC 61800-7-202 defines Format Revision 1. Devices
utilizing this edition of _C 61800-7-204 will only recognize Format Revision 1. This value
is incremented by 1 for every revision of the Controller-to-Device Connection format that
impacts the interface. The Format Revision allows newer drives to support the connection
formats generated by an older controller. It also allows older drives to recognise a newer

connection format from a controller that it cannot support and to generate a Node Fault
Errror Code 4 (Data Format Error).

e Update ID: This cyclic transaction number is incremented every update period. The
Update ID is like the CIP sequence count and is used by the drive to determine whether
the connection buffer contains fresh data. If the Update ID has not changed, the drive
attempts to ride through the missed update by extrapolation based on previous trajectory
until fresh data arrives. In the case where the drive axis is not synchronised, or does not
support time synchronisation services, the time stamp data is either not included or
invalid, so the Update ID is the only way for the drive to detect new connection data. In
this case, the Controller-to-Device Connection Update ID is applied to the next Device-to-
Controller Connection Update ID.

e Node Control: This element is applied to the Motion Axis Object class attribute “Node
Control”, which is used to control the state of the associated drive communications node.
See 7.2.2.3 (Motion Axis Object) for details.
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6.4.3.2.2 Fixed connection header

If the Connection Format is a Fixed Controller-to-Device Connection, the above header is
immediately followed by the instance data block.

6.4.3.2.3 Variable connection header

If the Connection Format is a Variable Controller-to-Device Connection, then the connection
header contains additional fields related to multi-axis drive addressing and time stamping, as
shown in Figure 17.

Connection Header
Connection Format Format Revision Update ID Node Control
Instance Count Time Data Set

Controller Update Period
Controller Time Offset
Controller Time Stamp

Figure 17 — Connection Header

e Instance Count: This value reflects the number of instance data blocks present in the CIP
Motion Controller-to-Device Connection data structure.

e Time Data Set: This bit-mapped byte contains flags that determine the usage and format
of the controller and drive timing information, as specified in Table 5. The Time Data Set
value sent by the controller in the Controller-to-Device Connection becomes the Time Data
Set value sent by the drive in the Device-to-Controller Connection. The value of this
element is transferred to the Motion Axis Object attribute “Command Data Set”.

Table 5 — Time Data Set

Bit Definition Syntax

0 Update Period 0 = no update period
1 = update period included

1 Time Stamp 0 = no time stamp and offset
1 = time stamp and offset included
2 Time Diagnostic Data 0 = no diagnostic data
1 = diagnostic data included
3to7 (Reserved)

e Controller Update Period: This 32-bit element specifies the update period of the
Controller-to-Device Connection in nanoseconds. The value of this element is transferred
to the Motion Axis Object class attribute of the same name. When the connection is
synchronised, the Controller Update Period can be used by the drive along with the
Controller Time Stamp to check for missed or late updates. If the difference between the
last Controller Time Stamp and the current local drive time stamp exceeds the maximum
value given by,

Max Delay = Controller Update Delay High Limit x Controller Update Period,

the Controller Update Fault bit is set in the Node Faults class attribute of the Motion Axis
Object. An optional Controller Update Delay Low Limit attribute is also available. If the
difference between the last Controller Time Stamp and the current local drive time stamp
exceeds the maximum value given by,

Max Delay = Controller Update Delay Low Limit x Controller Update Period,

the Controller Update Alarm bit is set in the Node Alarm class attribute of the Motion Axis
Object.
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When the connection is synchronised and fine interpolation is enabled, the Controller
Update Period is also used by the drive along with the Controller Time Stamp value to
compute new coefficients to the interpolation/extrapolation polynomial.

In the case where the connection is not synchronised, no late update checks are
performed by the drive. In this case, the command data should be applied immediately,
which means applying the data immediately as a command reference.

e Controller Time Offset: This element represents the 64-bit System Time Offset value
associated with the Controller Time Stamp that follows. The value of this element is
transferred to the Motion Axis Object class attribute of the same name. The Controller
Time Offset value is used by the drive to determine if System Time as defined in the
controller is skewed relative to System Time in the drive. Normally, System Time between
the drive and the controller are closely matched at any given time. But every few seconds,
according to the |EC 61588:2004 protocol, the time master of the system can correct the
System Time reference by a significant amount of time, perhaps an hour. Indeed, even the
master itself can change as a higher quality time master is discovered by the system.
These step changes to the System Time reference propagate through to the various
devices on the network in such a way that the controller and the drive are running with
skewed System Time values. The Controller Time Offset value can be used together with
the System Time Offset for the drive to both determine if System Time between the drive
and the controller is skewed and if so, to compensate for the skew.

e Controller Time Stamp: This element represents the 64-bit System Time value at the
beginning of the Controller Update Period when the controller’'s update timer event
occurred. It is calculated by the controller as the sum of the controller’s local clock value
when update timer event occurred and the controller’'s System Time Offset value. The
Controller Time Stamp is therefore directly associated with the command data contained in
the connection. The value of this element is transferred to the Motion Axis Object class
attribute of the same name. Taken together with the Controller Update Period and the
Command Target Time (discussed later), the drive has all the information it needs
compute command interpolation/extrapolation polynomials to correct command data
values for differences between the drive and controller update timing. These differences
can occur when the Controller Update Period is not an integer multiple of the Device
Update Period or when the drive updates are phase shifted relative to the controller.

6.4.3.3 Instance data blocks
6.4.3.3.1 General structure

After the Connection Header are one or more Instance Data Blocks as determined by the
above Instance Count. The Instance Data Block has the basic structure shown in Figure 18.

Instance Data Block
Instance Data Header
Cyclic Data Block
Event Data Block
Service Data Block

Figure 18 — Instance Data Block

6.4.3.3.2 Instance data header

The Instance Data Header contains critical axis configuration information needed to parse and
apply the data contained in the three data channels (see Figure 19). This header is only
included in the Variable Connection format to accommodate multi-axis drive applications.
Information within the header can be used by the drive communications interface to copy the
individual data blocks into separate fixed memory locations for processing.
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If configured for a Fixed Connection format, only the Cyclic Data Block for a single axis
instance is supported so there is no need for any information to specify instance number or
block sizing. The Instance Data Header is therefore not included.

Instance Data Header
Instance Num (Reserved) Instance Blk Size Cyclic Blk Size
Cyc. Act. Blk Size Cyc. Write Blk Size Event Blk Size Service Blk Size

Figure 19 — Instance Data Header

e Instance Number: This is the number that identifies the specific Motion Axis Object
instance the following instance data block applies to. Motion Axis Object instances are
created as a contiguous series of instance numbers starting with instance 1. Within the
connection data structure, the Instance Numbers for each consecutive instance data block
shall be an ordinal sequence, i.e. 1, 2, 3, etc. (instance 0 is defined as the class instance
and not generally used as part of the connection data). Thus, in theory, up to 255
instances can be serviced by the CIP Motion I/O Connection.

e Instance Block Size: This value represents the size of the Instance Data Block in 32-bit
words including the header. The Instance Block Size is useful when the drive wants to
directly access the next instance data block without having to add the sizes of the cyclic,
event, and service blocks.

e Cyclic Block Size: This value represents the size to the Cyclic Data Block in 32-bit word
units including the header.

e Cyclic Command Block Size: This value represents the size to the Cyclic Command Data
Block in 32-bit word units including the header.

e Cyclic Write Block Size: This value represents the size to the Cyclic Write Data Block in
32-bit word units including the header. If the Cyclic Write Block Size is 0, the drive does
not need to support the Cyclic Read/Write functionality.

e Event Block Size: This value represents the size to the Event Data Block in 32-bit word
units including the header. If the Event Block Size is 0, the drive does not need to support
the event functionality.

e Service Block Size: This value represents the size to the Service Data Block in 32-bit word
units including the header. A Service Block Size value of 0 indicates there is no service
request to process.

6.4.3.3.3 Cyclic data block

The Cyclic Data Header at the top of the Cyclic Data Block is always included regardless of
the connection format. This header contains key elements related to the content of the Cyclic
Data Block of both the Controller-to-Device Connection and Device-to-Controller Connection,
and the context of the data as determined by the Control Mode and Feedback Configuration
(see Figure 20). The header also provides a mechanism to control the state of the targeted
drive axis.

Cyclic Data Header
Control Mode Feedback Config Axis Control -
Command Data Set Actual Data Set Status Data Set Interpolation Control
Cyclic Data

Figure 20 — Cyclic Data Header

e Control Mode: This 8-bit enumerated value determines the control mode context of the
command data as presently configured in the motion controller. This value can be
changed while on-line and even while the drive axis is in the Running state. If a particular
Control Mode transition is not supported by the drive, an lllegal Mode Change exception is
generated that can be configured to perform any one of a number of actions in response to
the illegal transition.
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The value of this element is transferred to the Motion Axis Object attribute of the same
name. The complete Control Mode attribute definition can be found in the attribute tables
of the Motion Axis Object (see 7.3.2.2.1).

e Feedback Configuration: This 8-bit enumerated value indicates the feedback context of the
command data as presently configured in the motion controller. Command data can be
referenced to feedback counts of either Feedback 1 or Feedback 2, or motor units for
sensorless operation. This value can be changed while on-line and even while the drive
axis is in the Running state. If a particular Feedback Configuration transition is not
supported by the drive, an lllegal Mode Change exception is generated that can be
configured to perform any one of a number of actions in response to the illegal transition.

The value of this element is transferred to the Motion Axis Object attribute of the same
name. The complete Feedback Configuration attribute definition can be found in the
attribute tables of the Motion Axis Object (see 7.3.4.2).

e Axis Control: This 8-bit enumerated code can be used to directly initiate drive state
change operations that do not require either passing or returning drive parameters, and
therefore, do not require a CIP service to initiate. Valid enumerations for this data element
are shown in Table 6.

Table 6 — Axis Control

Request Code Requested Operation
0 No Request
1 Enable Request
2 Disable Request
3 Shutdown Request
4 Shutdown Reset Request
5 Abort Request
6 Fault Reset Request
7 to 127 (Reserved)
128 to 255 (Vendor Specific)

e Command Data Set: This bit mapped value has a bit defined for each possible real-time
command reference (see Table 7). Command data appears in the same order in the
Command Data Set as the bit numbers, so Command Position would appear before
Command Torque in the real-time data structure of the Controller-to-Device Connection.

The value of this element is transferred to the Motion Axis Object attribute “Command

Data Set”.
Table 7 — Command Data Set
Bit Controller Command Data Element Data Type
0 Command Position DINT
1 Command Velocity REAL
2 Command Acceleration REAL
3 Command Torque REAL
4 Position Trim DINT
5 Velocity Trim REAL
6 Acceleration Trim REAL
7 Torque Trim REAL
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The above Controller Command Data Elements apply to the Controller-to-Device
Connection’s cyclic data structure and map to corresponding attributes in the Motion Axis
Object as shown in Table 8.

The units of the Command Data Elements match the units defined for the associated
Motion Axis Object attribute.

Table 8 - Command Data Element to Motion Axis Object Attribute mapping

Bit Command Data Element Motion Axis Object Attribute
0 Command Position Controller Position Command

1 Command Velocity Controller Velocity Command

2 Command Acceleration Controller Acceleration Command

3 Command Torque Controller Torque Command

4 Position Trim Position Trim

5 Velocity Trim Velocity Trim

6 Acceleration Trim Acceleration Trim

7 Torque Trim Torque Trim

It is the job of the controller to ensure that the necessary Command Data Elements are
included in the connection data to support the specified Control Mode.

e Actual Data Set: This bit mapped value has a bit defined for each possible real-time actual
data attribute that is to be included in the Actual Data Set of the Device-to-Controller
Connection’s Instance Data Block in the next update (see Table 9). Actual data appears in
the same order as the bit numbers, so Actual Position would appear before Actual Torque
in the Actual Data Set structure. Using this mechanism, the contents of the Actual Data
Set may be changed at any time during drive operation. The value of this element is
transferred to the Motion Axis Object attribute “Feedback Data Set”.

Table 9 — Actual Data Set

Bit Actual Data Element Produced Data Type
0 Actual Position DINT

1 Actual Velocity REAL

2 Actual Acceleration REAL

3 Actual Torque REAL

4 Actual Current REAL

5 Actual Voltage REAL

6 Actual Frequency REAL

7 (Reserved)

The above Actual Data Elements map to corresponding attributes in the Motion Axis
Object as shown in Table 10. The units of the Actual Data Elements match the units
defined for the associated Motion Axis Object attribute.
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Table 10 — Actual Data Element to Motion Axis Object Attribute Mapping

Bit Actual Data Element Motion Axis Object Attribute
0 Actual Position Position Feedback

1 Actual Velocity Velocity Feedback

2 Actual Acceleration Acceleration Feedback

3 Actual Torque Torque Reference

4 Actual Current Ig Current Reference

5 Actual Voltage Output Voltage

6 Actual Frequency Output Frequency

7 (Reserved)

e Status Data Set: This bit-mapped byte contains flags that determine the contents of the
Status Data Set of the Device-to-Controller Connection’s Instance Data Block in the next
update (see Table 11). Status data appears in the same order as the bit numbers, so Axis
Fault Status would appear before, for example, Axis Alarm Status data in the Status Data
Set structure. Multiple attributes comprising a selected Status Data Element are
transmitted in the order listed from top to bottom, so Axis Fault Code is transmitted before
Mfg Axis Fault Code. The definitions of each of these Status Data Elements can be found
by looking up the corresponding Motion Axis Object attribute (see 7.3). The value of this
element is transferred to the Motion Axis Object attribute “Status Data Set”.

Table 11 — Status Data Set configuration

Bit Status Data Element Produced Data Type

0 Initialization Fault Code USINT
Initialization Fault Code — Mfg USINT
Axis Fault Code USINT
Axis Fault Code — Mfg USINT
Axis Alarm Code USINT
Axis Alarm Code — Mfg USINT
Start Inhibit Code USINT
Start Inhibit Code — Mfg USINT
Axis Fault Time Stamp LINT

1 Axis Fault Status LWORD
Axis Fault Status - Mfg LWORD

2 Axis Alarm Status LWORD
Axis Alarm Status - Mfg LWORD

3 Start Inhibit Status WORD
Start Inhibit Status - Mfg WORD

4 Axis Status DWORD
Axis Status - Mfg DWORD
Axis 1/0O Status DWORD
Axis 1/0 Status - Mfg DWORD

5 (Reserved)

6 (Reserved)

7 (Vendor specific)

e Interpolation Control: The byte contains information needed to control the fine
interpolation algorithm and determine the target time of the command data to the drive
control structure (see Table 12). The value of this element is transferred to the Motion
Axis Object attribute of the same name.
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Table 12 - Interpolation Control

Bit Definition Syntax

0to1 Command Target Time 0 = Immediate

1 = Extrapolate (+1 Update Period)
2 = Interpolate (+2 Update Periods)

3tob (reserved)

6to7 (vendor specific)

Command Target Time — This 2-bit integer defines a specific time relative to the
Connection Time Stamp that the Command Data is targeted for, as defined by the
controller’s motion planner. The absolute command target time is the sum of the Controller
Time Stamp from the controller and the product, Command Target Time x Controller
Update Period.

A Command Target Time of 0 implies that the Command Data is targeted for
the beginning of the current update cycle and, thus, needs to be applied to the
control structure Immediately. In this case, there is no need for any fine
interpolation. This situation can occur when the Controller Update Period is
significantly shorter than the Device Update Period, or when the controlled
motion of the axis is nearly constant during the span of the Controller Update
Period.

A Command Target Time of 1 implies that the target for the Command Data is
the next Connection Update timer event. In this case, the command interpolator
functions primarily as an extrapolator that estimates the next Command Data
value based on the present trajectory of the axis. This is a typical setting when
the Controller Update Period is comparable to the Device Update Period or
when the controlled motion of the axis is relatively constant during the span of
the Controller Update Period.

A Command Target Time of 2 implies that the target for the Command Data is
two Connection Update timer events from the Connection Time Stamp. In this
case, the command interpolator can compute a smooth trajectory based on the
current dynamics of the motor to reach the Command Data value at the
targeted time. This is true fine interpolation and is applicable when the
Controller Update Period is significantly larger than the Device Update Period.

Cyclic Command Data: The Cyclic Command Data contains high priority data that needs to
be applied to the associated drive axis during the next drive update. This block consists of
command data elements that are applied as references to the drive’s control algorithms
and explicitly determined by the Command Data Set element in the Cyclic Command Data

Header.

6.4.3.3.4 Cyclic Write data block

The Cyclic Write Data Block can be used to synchronously update one or more targeted
Motion Axis Object configuration parameters within the drive. This mechanism can be used in
conjunction with a Function Block program to implement sophisticated outer loop control, gain
scheduling, and dynamic limiting algorithms. Unlike service channel Set Axis Attribute service
requests, which may take several drive update cycles to process, the Cyclic Write Data
mechanism guarantees that the targeted parameter is applied at the next available drive

update.

The Cyclic Write Data Block is only supported in the Variable Connection format (see

Figure 21).
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Cyclic Write Data Block
Cyclic Write Blk ID | Cyclic Read BIk ID

Cyclic Write Data

Figure 21 — Cyclic Write Data Block

The associated header for this block contains key elements related to the content of the
Cyclic Write Data Block.

e Cyclic Write Block ID: This 16-bit ID determines the pre-defined Cyclic Write Block
structure to apply to the Cyclic Write Data for this update. Cyclic Write Block structures
are defined using the Set Cyclic Write Data List service. A successful response to this
service includes a new Cyclic Write Blk ID that can be used in the next connection update
to pass cyclic data in this format. The previous Cyclic Write Blk ID and its associated
structure shall be maintained until the controller requests transmission of the new Cyclic
Write Blk ID at which point the old Cyclic Write Blk ID and structure definition are no
longer required.

e Cyclic Read Block ID: This 16-bit ID determines the pre-defined Cyclic Read Block
structure to apply to the Cyclic Read Data for next Device-to-Controller Connection
update. Cyclic Read Block structures are defined using the Set Cyclic Read Data Block
service. A successful response to this service includes a new Cyclic Read Blk ID that can
be used in the next connection update to allow the drive to use the new Cyclic Read Data
format for next available Device-to-Controller Connection update.

e Cyclic Write Data: The Cyclic Write Data contains high priority data that needs to be
applied to the associated drive axis during the next drive update. This block consists of
parametric data elements that are applied to Motion Axis Object attributes that are used
by the control algorithms. The contents of the Cyclic Write Data are explicitly determined
by the structure identified by the Cyclic Write Blk ID found in the Cyclic Write Data
Header.

6.4.3.4 Event data block

The Event Data Block is used to convey information regarding the event channel. In
particular, the Event Data Block for the Controller-to-Device Connection is used to control the
arming of event checking functions in the drive as well as acknowledge receipt of event
notifications from the drive that are sent via the Device-to-Controller Connection’s Event Data
Block.

The Event Data Block for the Controller-to-Device Connection has the format shown in

Figure 22.
Event Data Block
Event Checking Control
Event Ack. ID1 | Event Ack. Status 1 | Event Ack. D2 | Event Ack. Status 2

Figure 22 — Event Data Block

e Event Checking Control: This 32-bit word is copied into the Motion Axis Object attribute of
the same name that is used to enable various drive inputs, for example marker and
registration inputs, to generate events. When these events occur, the drive captures both
the time and exact axis position when the event occurred. The last 4 bits of the Event
Checking Control is a binary value that specifies the number of active events, which is
literally the number of Event Acknowledge IDs listed in this Event Data Block. A complete
definition for the Event Checking Control attribute can be found in 7.3.5.2.1.

The Event Control mechanism works as follows:

1) Controller sets the appropriate Event Checking bit to look for a specific event
condition to occur. Multiple bits in the Event Checking Control word may be set at
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2) Drive detects that the Event Checking Control request bit is set and initiates the
requested event checking action.

3) Drive sets the corresponding Event Checking Status bit to acknowledge that the
drive is now actively checking for the specified event condition.

4) Controller sees that the Event Checking Status bit from the drive is set indicating
that specified event trigger is “armed” at the drive. Starting with this update, the
controller can process any event notifications from the drive that match the
specified event condition.

5) Drive detects the specified event condition, increments the Event ID, and sends an
Event Notification Data Block with this ID to the controller. If the associated Auto-
rearm bit is clear in the Event Checking Control word, the drive discontinues
checking for the specified event. However, the Event Checking Status bit remains
set until the Event Checking Request bit is cleared by the controller. Notifications
for other events can be sent in the same update.

6) Controller processes the Event Notification, sends the Event Acknowledge to the
drive and, if Auto-rearm is not enabled, clears the associated Event Checking bit
for the next Controller-to-Device Connection update.

7) Drive detects that the Event Checking Request bit is clear and clears the
corresponding Event Checking Status bit prior to the next Device-to-Controller
Connection update.

8) Controller is able to set the Event Checking bit again as soon as it sees the
associated Event Checking Status bit has been reset. Therefore, the minimum time
between when the Event Notification was received by the controller to the time
when the drive is rearmed for the next event is one Controller Update Period.

In the case of a Registration event where Auto-rearm Event Checking is requested, the
event handling sequence would be as follows:

1) Controller sets the appropriate Event Checking bit to look for a specific event
condition to occur and also sets the Auto-rearm bit for that event condition.

2) Drive detects that the Event Checking Control request bit is set and initiates the
requested event checking action.

3) Drive sets the corresponding Event Checking Status and Auto-rearm bits to
acknowledge that the drive is now actively checking for the specified event
condition.

4) Controller sees that the Event Checking Status bit from the drive is set indicating
that specified event trigger is “armed” at the drive. Starting with this update, the
controller can process any event notifications from the drive that match the
specified event condition.

5) Drive detects the specified event condition, increments the Event ID, and sends an
Event Notification Data Block with this ID to the controller. Since the corresponding
Auto-rearm bit is set, the drive continues checking for the specified event. The
Event Checking Status bit remains set until the Event Checking Request bit is
cleared by the controller. If the Drive detects another specified event condition
prior to transmission of the first event to the controller, it increments the Event ID
again, and appends another Event Notification with this ID to the Event Data Block
to the controller. Since the corresponding Auto-rearm bit is set, the drive continues
checking for the specified event.

6) Controller processes the Event Notification, sends the Event Acknowledge to the
drive but, since the Auto-rearm bit is enabled, it leaves the associated Event
Checking bit set for the next Controller-to-Device Connection update.

7) Drive receives the Event Acknowledge from the controller. It can now send another
Event Notification if the specified event has occurred again. Otherwise, go to the
next step.

8) Drive continues checking for the specified event condition and send@(ﬂments
Notification Data Block to the controller whenever the event caridition .
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Event Checking Status bit remains set until the Event Checking Request bit is
cleared by the controller. With the Auto-rearm feature, event checking is
continuously enabled, ensuring that no registration events are missed during the
normal one cycle delay in re-arming the event checking mechanism. The down
side of Auto-rearm feature is that it can generate a multitude of uninteresting
events to process, in fact, multiple specified events per Controller Update Period.
Therefore, these events shall either be buffered in the controller in an event array
attribute or filtered based on the event data. The later case is how Windowed
Registration functionality is implemented; the Windowed Registration feature
checks each registration event that arrives from the drive to see if the Event
Position yields an absolute position value that is within the configured Registration
Window. If the computed registration position is outside the window, the event is
discarded. If the computed registration position is within the window, the
registration position and registration time stamp is stored in the controller.

e Event Acknowledge ID: Transaction number assigned to this event by the original event
notification. Each event is assigned a new Event ID by incrementing the current Event ID
stored in the drive. Using the Event ID, the drive is able to match the event
acknowledgement to the appropriate event notification to complete the event data
transaction.

e Event Acknowledge Status: Enumerated value indicating controller response to the event.
A value of 0 indicates that the event was successfully processed. A non-zero value
indicates that an error occurred in the event processing and the event shall be resent.

6.4.3.5 Service data block

The service data block allows one service request per instance to be sent to the drive in a
given update. The service request requires a specific service response from the drive
indicating success or an error. In some cases, the response service contains requested data.
In any case, the service request data persists in the Controller-to-Device Connection data
structure until the controller receives the associated service response from the drive.

Each service request is represented by a block of data organized as shown in Figure 23.

NOTE By design, the first 4 bytes of the service data block do not follow the traditional CIP standard messaging
format. That is primarily because this connection structure is, fundamentally, a CIP Implicit I/O connection, not an
Explicit Messaging connection. However, in the case of a Fixed Connection format, the Service Specific Request
Data defined below is sent via an Explicit Messaging connection and follows the CIP rules for explicit service
request format.

Service Data Block
Transaction ID |  Service Code | - | -

Service Specific Request Data

Figure 23 — Service Data Block

e Transaction ID: Transaction number assigned to this service request by the controller.
Each service request is assigned a new Transaction ID by incrementing the current
Transaction ID stored in the controller. Using the Transaction ID, the controller is able to
match the service response to the appropriate service request and complete the service
transaction.

e Service Code: Identifier that determines the object specific service request that follows.
The list of supported Service Codes can be found in the Object Specific Services
subclause of this part of the IEC 61800-7 series (see 7.5.1). CIP Common services are not
applicable to the Service Data Block.

e Service Specific Request Data: The format and syntax of the Service Specific Request
Data depends on the specified Service Code. This is true regardless of whether the
service specific request data is passed in the Controller-to-Device connection or as part of
an Explicit messaging connection.
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6.4.4 Device-to-Controller connection
6.4.4.1 General

Like the Controller-to-Device Connection data structure described above, the CIP Motion
Controller-to-Device Connection is organised as shown in Figure 24.

CIP Motion Controller-to-Device Connection Format
Connection Header
Instance Data Blocks

Figure 24 — CIP Motion Controller-to-Device Connection Format

6.4.4.2 Device-to-Controller connection header
6.4.4.2.1 General structure

The Device-to-Controller Connection Header contains critical axis configuration information
needed to parse the Device-to-Controller Connection data block. The fixed portion of the
connection header is defined as shown in Figure 25.

Connection Header
Connection Format | Format Revision | Update ID | Node Status

Figure 25 — Connection Header

e Connection Format: Same as Controller-to-Device definition except the required value for
the Connection Type is either 3, indicating a Fixed Device-to-Controller Connection type
or 7, indicating a Fixed Device-to-Controller Connection type.

0 = Reserved

1 = Reserved

2 = Fixed Controller-to-Device Connection

3 = Fixed Device-to-Controller Connection

4 = Reserved

5 = Reserved

6 = Variable Controller-to-Device Connection
7 = Variable Device-to-Controller Connection
8 to 15 = Reserved.

e Format Revision: The Format Revision number is 1 for any device that utilizes this edition
of JEC 61800-7-202. This value is to be incremented by 1 for every revision of the Device-
to-Controller Connection format that impacts the interface. The Format Revision allows
newer controllers to support the connection formats generated by older drives. It also
allows older controllers to recognize a newer connection format from a drive that it cannot
support and generate an appropriate error to its application.

e Update ID: The Device-to-Controller Connection Update ID should match the Update ID of
the preceding Controller-to-Device Update ID and therefore shall be incremented every
update period. In the case where the associated Controller-to-Device packet is lost or late,
the Device-to-Controller Update ID shall be incremented as if the Controller-to-Device
packet had arrived on time. This allows the CIP Motion control system to ride through a
lost or missed Controller-to-Device packet and maintain synchronisation with matching
Update IDs.

The Update ID is like the CIP message sequence count and is used by the controller to
determine whether the connection buffer contains fresh data. If the Update ID has not

changed, the controller attempts to ride through the missed update by extrapolation based

on the previous trajectory until a fresh update arrives. In the case where the axis is not
synchronised, or does not support time synchronisation services, the time stamp data is

either not included or invalid, so no ride through extrapolation is attempted. Ilpa

the Update ID is also the only way for the controller to detect new connzction d Ebﬁ?ﬁents
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e Node Status: Contains bits used to indicate the status of the associated drive device
communications node. The value of this element is derived from the Motion Axis Object
class attribute of the same name. See 7.2.2.4 (Motion Axis Object) for details.

6.4.4.2.2 Fixed connection header

If the Connection Format is a Fixed Device-to-Controller Connection, the above header is
immediately followed by the instance data block.

6.4.4.2.3 Variable connection header

If the Connection Format is a Variable Device-to-Controller Connection, then the connection
header contains additional fields related to multi-axis drive addressing and time stamping (see

Figure 26).
Connection Header
Connection Format Format Revision Update ID Node Control
Instance Count Node Alarms Node Faults Time Data Set

Device Update Period
Device Time Offset
Device Time Stamp

Data Received Time Stamp
Data Transmit Time Stamp
Sync Variance

Figure 26 — Connection Header

e [nstance Count: Same as Controller-to-Device definition.

e Node Alarms: Contains bits used to indicate the alarm conditions of the associated drive
communications node. The value of this element is derived from the Motion Axis Object
class attribute of the same name. See 7.2.2.6 (Motion Axis Object) for details.

e Node Faults: Contains bits used to indicate the fault conditions of the associated drive
communications node. The value of this element is derived from the Motion Axis Object
class attribute of the same name. See 7.2.2.5 (Motion Axis Object) for details.

e Time Data Set: Same as Controller-to-Device definition.

e Device Update Period: This element represents the current period between drive control
calculations that apply the command data. This value is used by the controller to configure
the behaviour of the fine interpolation blocks that are applied to the command data. If the
Controller Update Period is much longer than the Device Update Period, fine interpolation
is generally applied. When the Controller Update Period is comparable to the Device
Update Period, fine interpolation is unnecessary and only extrapolation is required to
perform time stamp corrections.

e Device Time Offset: This element represents the 64-bit System Time Offset value
associated with the Device Time Stamp that follows. The Device Time Offset value is used
by the controller to determine if System Time as defined in the drive is skewed relative to
System Time in the controller. Normally, System Time between the drive and the controller
are closely matched at any given time. But every few seconds, according to the
IEC 61588:2004 protocol, the time master of the system can correct the System Time
reference, sometimes by a significant amount of time, perhaps as much as an hour.
Indeed, even the master itself can change as a higher quality time master is discovered by
the system. These step changes to the System Time reference propagate through to the
various devices on the network in such a way that the controller and the drive are running
with skewed System Time values. The Device Time Offset value can be used together with
the System Time Offset for the controller to both determine if System Time between the
drive and the controller is skewed and if so, to compensate for the skew.

e Device Time Stamp: This time stamp value represents the 64-bit System Time value, in
nanoseconds, when the drive’s update timer event that is associated with the gﬁéqments
in the connection structure occurred, for example when the actual date ‘wzs ca ed.
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calculated by the drive as the sum of the drive’s local clock value when update timer event
occurred and the drive’s System Time Offset value. With the Device Time Stamp, the
controller has all the information it needs to correct actual data values for differences
between the drive and controller update timing that result when the Controller Update
Period is not an integer multiple of the Device Update Period or when the drive updates
are phase shifted relative to the controller. It is assumed in this timing model that the
Device Time Stamp is registered to the beginning of the drive update period and is also
the time when feedback was last captured. In the case where the Device Time Stamp does
not match the local update time stamp of the controller, the controller extrapolates the
actual response data value based on trajectory to correspond to the controller's time
stamp. The timing diagram in Figure 27 illustrates how axis position data from the drive is
adjusted by the controller based on the relative time stamps between the drive and the
controller.

Real Master Axis ?

Tfb Extrapolation Time =
(Tctr - Tfb) = 125 ps

Actual @
uP Position

- —_—
| 1 ms 1 Motion 1 1 1

f T Task T T T

Controller f
Tetr

Figure 27 — Adjustment of actual position data based on device time stamp

e Data Received Time Stamp: This element represents the 64-bit System Time value at the
moment that the last Controller-to-Device Connection data arrived at the drive device and
was ready for processing. The time stamp units are nanoseconds. This value, when
combined with controller’s corresponding data transmit time stamp, can be used by the
controller to generate Controller-to-Device Connection data delivery statistics.

e Data Transmit Time Stamp: This element represents the 64-bit System Time value at the
moment that the Device-to-Controller Connection data is transmitted to the controller. The
time stamp units are nanoseconds. This value, when combined with controller’'s
corresponding data received time stamp, can be used by the controller to generate
Device-to-Controller Connection data delivery statistics.

e Sync Variance: This element represents the current statistical variation of the System
Time Offset value from the mean System Time Offset value.

6.4.4.3 Instance data blocks
6.4.4.3.1 General structure

After the Connection Header are one or more Instance Data Blocks as determined by the
above Instance Count. The Instance Data Block is very similar to that of the Controller-to-
Device Connection and has the basic structure shown in Figure 28.

Instance Data Block
Instance Data Header
Cyclic Data Block
Event Data Block
Service Data Block

Figure 28 — Instance Data Block Documents
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6.4.4.3.2 Instance data header

The Instance Data Header contains critical axis configuration information needed to parse and
apply the data contained in the three data channels (see Figure 29). This header is only
included in the Variable Connection format to accommodate multi-axis drive applications.
Information within the header can be used by the drive communications interface to copy the
individual data blocks into separate fixed memory locations for processing.

If configured for a Fixed Connection format, only the Cyclic Data Block for a single axis
instance is supported so there is no need for any information on instance number or block
sizing. Hence, the Instance Data Header is not included in the connection structure.

Instance Data Header
Instance Num - Instance BIk Size Cyclic Blk Size
Cyc. Act. Blk Size Cyc. Read BIlk Size Event Blk Size Service Blk Size

Figure 29 - Instance Data Header

e Instance Number: Same as Controller-to-Device definition.

e Instance Block Size: Same as Controller-to-Device definition.

e Cyclic Block Size: Same as Controller-to-Device definition.

e Cyclic Actual Block Size: Same as Controller-to-Device definition.
e Cyclic Read Block Size: Same as Controller-to-Device definition.
e Event Block Size: Same as Controller-to-Device definition.

e Service Block Size: Same as Controller-to-Device definition.
6.4.4.3.3 Cyclic data block

The Cyclic Data Header at the top of the Cyclic Data Block of the Device-to-Controller
Connection is always included regardless of the connection format. This header contains key
elements related to the content of the Cyclic Data Block and the context of the data within the
block with respect to the drive (see Figure 30). Most of these elements are established by,
and are therefore direct copies of, corresponding elements of the previous Controller-to-
Device Connection Cyclic Data Block. Thus, the content of the Cyclic Data Block for the
Device-to-Controller Connection is ultimately determined by the controller.

Cyclic Data Block

Control Mode Feedback Config Axis Response Response Status
- Actual Data Set Status Data Set Axis State
(reserved)

Cyclic Actual Data

Cyclic Status Data

Figure 30 — Cyclic Data Block

e Control Mode: Same as Controller-to-Device definition.
e Feedback Config: Same as Controller-to-Device definition.

e Axis Response: The 8-bit Axis Response is an enumerated value that is used for
handshaking with the corresponding Axis Control element of the Controller-to-Device
Connection to directly initiate drive operations that do not require a CIP service request.
Valid Acknowledge Codes match the corresponding Request Codes of the Axis Control
element, and are shown in Table 13.
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