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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
PROFILES -

Part 2: Additional fieldbus profiles for real-time
networks based on ISO/IEC 8802-3

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization f i 30 comprising
all national electrotechnical committees (IEC National Commlttees) The i promote
international co-operation on all questions concerning standardization in the e
this end and in addition to other activities, IEC publishes International chnical Speci |cat|ons
Technical Reports, Publicly Available Specifications (PAS) and Guides € S “IEC

governmental organizations liaising with the IEC also partlmpate in
with the International Organlzatlon for Standardization (ISO it ditions determined by

2) The formal decisions or agreements of IEC on technical matiers & ¥ @S possible, an international
consensus of opinion on the relevant subjects since gash\te i \ttee has representation from all
interested IEC National Committees

3) IEC Publications have the form of recom ernatiQnal use/and are accepted by IEC National
Committees in that sense. While all reasonable effqrt o-ensdre that the technical content of IEC

Publications is accurate, IEC cannot be he it the way in which they are used or for any
misinterpretation by any end user.

indispensable fo hecorreet application of this publication.

9) Attention is drawn_to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shafl not be held responsible for identifying any or all such patent rights.

NOTE Use of some of the associated protocol Types in the IEC 61158 family are restricted by their intellectual-
property-right holders. In all cases, the commitment to limited release of intellectual property rights made by the
holders of those rights permits a particular data-link layer protocol Type to be used with physical layer and
application layer protocols in Type combinations as specified explicitly in the IEC 61784 series. Use of the various
protocol Types in other combinations may require permission from their respective intellectual property right
holders.

International Standard IEC 61784-2 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This second edition cancels and replaces the first edition published in 2007. This edition
constitutes a technical revision.

The main changes with respect to the previous edition are listed below:
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e update of the dated references to the IEC 61158 series, to IEC 61784-1, to the
IEC 61784-3 series, to the IEC 61784-5 series and to IEC 61918 throughout the document;

e update of selection tables for CPF 2, CPF 3, CPF 11 and CPF 14;
e addition of a new profile CP 11/2 in 12.3;
e addition of a new profile CP 14/3 in subclause 15.5;
e addition of a new Communication Profile Family - CPF 17;
— new subclause 3.3.12 (CPF 17 symbols);
— new Clause 18 for CPF 17 with one profile;
e addition of a new Communication Profile Family - CPF 18;
— new subclause 3.3.13 (CPF 18 symbols);
— new Clause 19 for CPF 18 with one profile;
— specification changes for CPF3;
e update of the requirements for all conformance classes;
e added precise timing requirements for IP;

e updated timing requirements for 10 devices;

e added precise timing requirements for PTCP;

e increasing the amount of synchronized device

o the English version published
in 2010-07.

The text of this standard Wo
E&K — Report on voting

FO(S
Q %)()‘6{)1/}{{3 ) 65C/617/RVD
Full information o

f tWoval of this standard can be found in the report on
voting indicated ip/ths ble:

communication networks — Profiles, can be found on the IEC web site

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be:

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a

colour printer. _ ___ Documents

Document Sharing Hub

Full document details: IEC 61784-2 2010


http://avadocuments2026.com/doc/iec-61784-2-2010
http://avadocuments2026.com/doc/iec-61784-2-2010

61784-2 © IEC:2010 -15 -

INTRODUCTION

This part of IEC 61784 provides additional Communication Profiles (CP) to the existing
Communication Profile Families (CPF) of IEC 61784-1 and additional CPFs with one or more
CPs. These profiles meet the industrial automation market objective of identifying Real-Time
Ethernet (RTE) communication networks coexisting with ISO/IEC 8802-3 — commonly known
as Ethernet. These RTE communication networks use provision from ISO/IEC 8802-3 for the
lower communication stack layers and additionally provide more predictable and reliable real-
time data transfer and means for support of precise synchronization of automation equipment.

More specifically, these profiles help to correctly state the compliance of RTE communication
networks with ISO/IEC 8802-3, and to avoid the spreading of divergent implementations.

Adoption of Ethernet technology for industrial communication betwes and even
for communication with field devices promotes use of Internet tec ies W the fi
This availability would be unacceptable if it causes the loss of fea
area for industrial communication automation networks, such as
e real-time,

e synchronized actions between field devices like drjv€és,

s of Ethernet networks in

e typical Ethernet communication
ed, so that the software involved

k , each with different performance
atching the diverse application requirements.
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INDUSTRIAL COMMUNICATION NETWORKS -
PROFILES -

Part 2: Additional fieldbus profiles for real-time
networks based on ISO/IEC 8802-3

1 Scope

This part of IEC 61784 specifies

e performance indicators supporting classification schemes for R&
requirements;

e profiles and related network components based on ISO/E
and IEC 61784-1;

o RTE solutions that are able to run in parallel with |

NOTE The RTE communication profiles use ISO/IEC 88 2 ipati etworks and its related network
components or IEC 61588 and may in some casg a > RTE features.

IEC 61158-2:20104_/ns 1 g ynication, networks — Fieldbus specifications — Part 2:
Physical layer s' i ! ] it

Data-link layer servicé definition — Type 7 elements

IEC 61158-3-11:2007, [Industrial communication networks — Fieldbus specifications -
Part 3-11: Data-link layer service definition — Type 11 elements

IEC 61158-3-12:2010, Industrial communication networks - Fieldbus specifications -
Part 3-12: Data-link layer service definition — Type 12 elements

IEC 61158-3-13:2007, Industrial communication networks - Fieldbus specifications -
Part 3-13: Data-link layer service definition — Type 13 elements

IEC 61158-3-14:2010, Industrial communication networks — Fieldbus specifications -
Part 3-14: Data-link layer service definition — Type 14 elements

IEC 61158-3-15:2007, Industrial communication networks — Fieldbus specifications
Part 3-15: Data-link layer service definition — Type 15 elements Documents
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IEC 61158-3-17:2007, Industrial communication networks - Fieldbus specifications -
Part 3-17: Data-link layer service definition — Type 17 elements

IEC 61158-3-19:2010, [Industrial communication networks — Fieldbus specifications -
Part 3-19: Data-link layer service definition — Type 19 elements

IEC 61158-3-21:2010, [Industrial communication networks — Fieldbus specifications -
Part 3-21: Data-link layer service definition — Type 21 elements

IEC 61158-3-22:2010, Industrial communication networks - Fieldbus specifications -
Part 3-22: Data-link layer service definition — Type 22 elements

IEC 61158-4-2:2010, Industrial communication networks — Fieldbus specifications — Part 4-2:
Data-link layer protocol specification — Type 2 elements

Data-link layer protocol specification — Type 4 elements

IEC 61158-4-11:2010, Industrial communication network
Part 4-11: Data-link layer protocol specification — Typs

IEC 61158-4-12:2010, [Industrial communicatig specifications -

IEC 61158-4-13:2007, Industrial communication. ne Fieldbus specifications -
Part 4-13: Data-link layer protocol specificati 3

IEC 61158-4-14:2010,
Part 4-14: Data-link la

IEC 61158-4-17: 7,
Part 4-17: Data- ayé

IEC 61158-4-19:
Part 4-19: Data-lik

specifications -

specifications -

specifications -

IEC 611 communication networks - Fieldbus specifications -
Part 4- ayer protocol specification — Type 21 elements
IEC 61158-4-22: Industrial communication networks — Fieldbus specifications -

Part 4-22: Data-linkayer protocol specification — Type 22 elements

IEC 61158-5-2:2010, Industrial communication networks — Fieldbus specifications — Part 5-2:
Application layer service definition — Type 2 elements

IEC 61158-5-4:2007, Industrial communication networks — Fieldbus specifications — Part 5-4:
Application layer service definition — Type 4 elements

IEC 61158-5-9:2007, Industrial communication networks — Fieldbus specifications — Part 5-9:
Application layer service definition — Type 9 elements

IEC 61158-5-10:2010, [Industrial communication networks — Fieldbus specifications -
Part 5-10: Application layer service definition — Type 10 elements

IEC 61158-5-11:2007, Industrial communication networks - Fieldbus specifications -
Part 5-11: Application layer service definition — Type 11 elements Documents
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IEC 61158-5-12:2010, Industrial communication networks — Fieldbus specifications
Part 5-12: Application layer service definition — Type 12 elements

IEC 61158-5-13:2007, Industrial communication networks — Fieldbus specifications -
Part 5-13: Application layer service definition — Type 13 elements

IEC 61158-5-14:2010, Industrial communication networks — Fieldbus specifications -
Part 5-14: Application layer service definition — Type 14 elements

IEC 61158-5-15:2010, Industrial communication networks - Fieldbus specifications -
Part 5-15: Application layer service definition — Type 15 elements

IEC 61158-5-17:2007, Industrial communication networks — Fieldp sifications —
Part 5-17: Application layer service definition — Type 17 elements

IEC 61158-5-19:2010, [Industrial communication networks
Part 5-19: Application layer service definition — Type 19 eleme

IEC 61158-5-21:2010, Industrial communication network N 5 ificati —
Part 5-21: Application layer service definition — Type 21 9

IEC 61158-5-22:2010, [Industrial

communicatig

IEC 61158-6-10: 0,
Part 6-10: Appli

IEC 61158-6-11:2007; 1 Fieldbus specifications —
Part 6-11: Applicatior\lay

IEC 61158 : qdustrial communication networks - Fieldbus specifications -

IEC 61158-6-13: Industrial communication networks — Fieldbus specifications -
Part 6-13: Applicatiof layer protocol specification — Type 13 elements

IEC 61158-6-14:2010, [Industrial communication networks — Fieldbus specifications -
Part 6-14: Application layer protocol specification — Type 14 elements

IEC 61158-6-15:2010, Industrial communication networks - Fieldbus specifications -
Part 6-15: Application layer protocol specification — Type 15 elements

IEC 61158-6-17:2007, Industrial communication networks - Fieldbus specifications -
Part 6-17: Application layer protocol specification — Type 17 elements

IEC 61158-6-19:2010, [Industrial communication networks — Fieldbus specifications -
Part 6-19: Application layer protocol specification — Type 19 elements

IEC 61158-6-21:2010, [Industrial communication networks — Fieldbus specifications -
Part 6-21: Application layer protocol specification — Type 21 elements Documents
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IEC 61158-6-22:2010, Industrial communication networks - Fieldbus specifications -
Part 6-22: Application layer protocol specification — Type 22 elements

IEC 61588:2009, Precision clock synchronization protocol for networked measurement and
control systems

IEC 61784-1:2010, Industrial communication networks — Profiles — Part 1: Fieldbus profiles

IEC 61784-5-2:2010, Industrial communication networks — Profiles — Part 5-2: Installation of
fieldbuses — Installation profiles for CPF 2

IEC 61784-5-3:2010, Industrial communication networks — Profiles — Par; ._Installation of

fieldbuses — Installation profiles for CPF 3

IEC 61784-5-6:2010, Industrial communication networks — Profile
fieldbuses — Installation profiles for CPF 6

IEC 61784-5-11:2010, Industrial communication networks
fieldbuses — Installation profiles for CPF 11

11: Installation of

IEC 61918:2010, Industrial communication network ‘ ¢ mmunication networks
in industrial premises

ISO/IEC 8802-2, Information technoloyg 3 murNcations and information exchange

Logical link control
ISO/IEC 8802-2/Cor. 1

ISO/IEC 8802-3:2000,
exchange betwe
Part 3: Carrier s

Telecommunications and information
yS Yo)s wetropolitan area networks — Specific requirements —

technblogy — Telecommunications and information exchange
qetropolitan area networks — Specific requirements Part 11:

ISO 15745-4:2003, Industrial automation systems and integration — Open systems application
integration framework — Part 4: Reference description for Ethernet-based control systems

Amendment 1 (2006): PROFINET profiles

IEEE 802.1AB, |IEEE Standard for Local and metropolitan area networks Station and Media
Access Control Connectivity Discovery

IEEE 802.1D, [EEE Standard for Information technology — Telecommunications and
information exchange between systems — |EEE standard for local and metropolitan area
networks — Common specifications — Media access control (MAC) Bridges

IEEE 802.1Q [|EEE Standard for Information technology - Telecommunications and
information exchange between systems — IEEE standard for Local and metropolitan area
networks — Virtual bridged local area networks
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IEEE 802.3-2002: |EEE Standard for Information technology — Telecommunications and
information exchange between systems — Local and metropolitan area networks — Specific
requirements — Part 3: Carrier Sense Multiple Access with Collision Detection (CSMA/CD)
Access Method and Physical Layer Specifications

NOTE 1 Compliance with future editions of this standard will need checking.

NOTE 2 |IEEE 802.3-2002 includes extensions to ISO/IEC 8802-3:2000. When a next edition of ISO/IEC 8802-3 is
available the references to IEEE 802.3-2002 will be replaced if appropriate.

IEEE Std 802.3ab, Information technology — telecommunications and information exchange
between systems — local and metropolitan area networks — Specific requirements.
Supplement to Carrier Sense Multiple Access with Collision Detection (CSMA/CD) access
method and physical layer specifications — Physical layer parameters apd specifications for
1000 Mb/s operation over 4-pair of category 5 balanced copper cabling type 1000BASE-T

IEEE Std 802.11h, IEEE Standard for Information

in the 5§ GHz band in Europe

IEEE Std 802.11e, IEEE Standard fo
information exchange between syste

wology — Telecommunications and
ropolitan area networks — Specific

requirements — Part 11, W 3 n Aceess Control (MAC) and Physical Layer
(PHY) specifications — 3 s\ Medium ecess Control (MAC) quality of service
enhancements

IEEE Std 802.1@ ) nfogmation technology — Telecommunications and
information exchawnge ket S Local and metropolitan area networks— Specific

requirements — Paq " Medium Access Control (MAC) and Physical Layer

(PHY) specificatiQns\— ¢ ;/Medium Access Control (MAC) security enhancements
IEEE Std 80 rd for Information technology— Telecommunications and
informatjo nge between systems — Local and metropolitan area networks — Specific
require ireless medium access control (MAC) and physical layer (PHY)
specification personal area networks (WPANSs)

IETF RFC 768, User Datagram Protocol, available at <http://www.ietf.org>

IETF RFC 791, Internet Protocol, available at <http://www.ietf.org>

IETF RFC 792, Internet Control Message Protocol, available at <http://www.ietf.org>
IETF RFC 793, Transmission Control Protocol, available at <http://www.ietf.org>

IETF RFC 826, Ethernet Address Resolution Protocol, available at <http://www.ietf.org>

IETF RFC 894, A standard for the Transmission of IP Datagrams over Ethernet Networks,
available at <http://www.ietf.org>

IETF RFC 1112, Host Extensions for IP Multicasting, available at <http://www.ietf.org>
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IETF RFC 1122, Requirements for Internet Hosts — Communication Layers, available at
<http://www.ietf.org>

IETF RFC 1123, Requirements for Internet Hosts — Application and Support, available at
<http://www.ietf.org>

IETF RFC 1127, A Perspective on the Host Requirements RFCs, available at
<http://www.ietf.org>

IETF RFC 1213, Management Information Base for Network Management of TCP/IP-based
internets: MIB-II, available at <http://www.ietf.org>

IETF RFC 1305, Network Time Protocol (Version 3), available at <http://
IETF RFC 2131, Dynamic Host Configuration Protocol, available at

IETF RFC 2236, Internet Group Management Protoco
<http://www.ietf.org>

3.1 Terms an@fi
For the purposes™of thi

IEEE 802.1D, as

transmission between non-immediately-connected devices is
nts within those intervening devices that form the connection path

3.1.2

communication cycle

<CPF 16>

fixed time period between two master synchronization telegrams

3.1.3
cyclic
repetitive in a regular manner

3.1.4

domain

<CPF 10>

part of the network consisting of one or two subnetwork(s)

NOTE Two subnetworks are required to compose a dual-redundant network, and each end-station in the domain

is connected to both of the subnetworks. D
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3.1.5

end-station

a system attached to a network that is an initial source or a final destination of MAC frames
transmitted across that network

NOTE A network layer router is, from the perspective of the network, an end-station. A switch, in its role of
forwarding MAC frames from one link to another, is not an end-station.

3.1.6
field area
place in a manufacturing or process site where field devices are located

3.1.7
frame
a unit of data transmission on an ISO/IEC 8802-3 MAC (Media Access 0 onveys a
protocol data unit (PDU) between MAC service users
[IEEE Std. 802.1Q]

3.1.8

identification number (IDN)
<CPF 16>

designation of operating data under which a data bl
unit, minimum and maximum input values, and the da

its attribute, name,

3.1.9

IP channel
<CPF 16>
defined time slot within the communfcatipn_cycle, passes ISO/IEC 8802-3 Ethernet
protocol frames (non-real-tikge commu 'cat%

3.1.10
jitter
hange in otherwise regular event

3.1.11

linear topology
topology where the node yanécted in series, with two nodes each connected to only
one other ngde ) 3 each connected to two other nodes (that is, connected in the

transmission path between two adjacent nodes
[derived from ISO/IEC 11801]

3.1.13

logical double line

<CPF 18>

sequence of root device and all ordinary devices processing the DLPDU in forward and
backward direction

3.1.14

master

<CPF 16>

node which assigns the other nodes the right to transmit
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3.1.15
message
ordered series of octets intended to convey information

[derived from 1SO 2382-16.02.01]

NOTE Normally used to convey information between peers at the application layer.

3.1.16

MDTO telegram

<CPF 16>

telegram, in which the master transmits its synchronization data, as well as parts or all of its
real-time data, to the slaves

3.1.17
node
network entity connected to one or more links

NOTE A node may be either a switch, an end-station or an RTE end-sta}i

3.1.18
packet
logical grouping of information used to describe af uni layer to convey the
upper layer user data to its peer layer

NOTE A packet is identical to the PDU at each\JayeNn QS| reference model. A data-link layer packet
is a frame.

3.1.19
real-time

3.1.20
real-time com icatio
transfer of data | al tin

3.1.21

NOTE 1 ¢ X ication san be supported, providing the real-time communication is not compromised.

specifications, for exaqple AEEE 802.11.

3.1.22

real time frame line (RTFL)

<CPF 18>

communication model with devices communicating in a logical double line

3.1.23

real time frame network (RTFN)

<CPF 18>

communication model with devices communicating in a switched network

3.1.24

ring

active network where each node is connected in series to two other nodes
[IEC 61918:2010]

NOTE Ring may also be referred to as loop. Documents
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3.1.25

router

<CPF 10>

intermediate equipment that connects two or more subnetworks using a network layer relay
function

3.1.26
RTE end device
device with at least one RTE end-station

3.1.27
RTE end-station
end-station with RTE capability

3.1.28
schedule
temporal arrangement of a number of related operations

3.1.29

star

network of three or more devices where all devices a
[derived from IEC 61918:2010]

entral point

3.1.30
subnetwork
<CPF 10>

NOTE 1 A subnetwork consis{s of snd-§tatio

3.1.31
switch
MAC bridge as defi

3.1.32
telegram
<CPF 16
frame

3.2 Abbreviate ms and acronyms

AL Application Layer

APDU Application Protocol Data Unit

API Application Process ldentifier

AR Application Relationship

ARP Address Resolution Protocol

ASE Application Service Elements

CP Communication Profile [according to IEC 61784-1:2010]
CPF Communication Profile Family [according to IEC 61784-1:2010]
CRC Cyclic Redundancy Check

CSMA-CD Carrier Sense Multiple Access with Collision Detection
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DA Destination MAC Address

DHCP Dynamic Host Configuration Protocol (see RFC 2131)
DL Data-Link layer (as a prefix)

DLL DL-Layer

DNS Domain Name Service

DUT Device under test

ECSME EPA Communication Scheduling Management Entity
FA Factory Automation

FCS Frame check sequence

FramelD Frame ldentificator (see IEC 61158-6-10:2010)

GSD General station description

HW Hardware

IANA Internet Assigned Numbers Authorj

ICMP Internet Control Message Protoco

ID Identifier

IDN IDentification Numbe

IETF

10

IP

IPv4

IRT

LAN

LLC

LLDP

MAC

MAC gia Access Control (see ISO/IEC 8802.3)
Mbit/s Million bits per second
Moctets/s Million octets per second

MCR Multicast communication relation
MIB Management Information base
MRP Medium redundancy protocol
MRPD Media redundancy for planned duplication
ms milli seconds

n.a. Not applicable

NoS Number of Switches

NRT Non-real-time
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PDU Protocol Data Unit

PhL Physical Layer

Phy PHY Physical layer entity sublayer (see ISO/IEC 8802.3)
Pl Performance indicator

pps Packets per second

PTCP Precision Transparent Clock Protocol

PTP Precision Time Protocol [IEC 61588]

RPC Remote Procedure Call

RSTP Rapid Spanning Tree Algorithm and protocol (see | 0
RT Real-time

RTA Real-time protocol acyclic

RTE Real-time Ethernet

RT-Ethernet Real-time Ethernet

RTFL Real time frame line

RTFN Real time frame nepwork

RTO Retransmission TimeQOut

RTPS
SERCOS
SNMP
TCC
TCP
TOS
ubP
VLAN
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3.3 Symbols
3.3.1 CPF 2 symbols

Symbol Definition Unit
APDUsize Size of the application protocol data unit per CP 2/2 connection octets
CD Cable segment delay us
CL Cable segment length m
DT Delivery time us
EN_NRTE_PR |End-station non-RTE packet rate per CP 2/2 connection pps
EN_RTE_PR End-station RTE packet rate per CP 2/2 connection —~_ |PPS
EN_PR End-station packet rate /4 WS
EN_PR_MAX End-station maximum packet rate /\\ ) pps
EN_TNRTE_PR |End-station total non-RTE packet rate in pps \ \ ﬁs\ >
EN_TRTE_PR |End-station total RTE packet rate ( \ \ 90
k Number of CP 2/2 connections supported by the endW\ \\ \ —

m Number of CR 2/2 non-RTE connections \ \ ) —
n Number of switches between sending and recF’l/vin encﬁt\a%n{ \ —
p Number of CR 2/2 RTE connections /\\ ) / A —
NRTE_BW Non-RTE bandwidth N /\\ > ( ( ) K} %
PD Cable propagation delay n/m
SD, Receiver stack delay us
SDg Sender stack delay \ Q\ \/ us
SL Switch Iatenﬁ{ ( ) v us
SPD Switch pf&gsswde‘lay(\ \J us

Tx_packet Packet trksgnsmit t}?e > s
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3.3.2 CPF 3 symbols
Symbol Definition Unit

cd Cable delay (see attribute cable_delay in IEC 61158-5-10) s

clt Total cable length m

cta_R Application cycle time of the Receiver s

cta_S Application cycle time of the Sender s

ctc Communication cycle time s

ctc Communication cycle time s

data Complete Ethernet frame octets
data_request Requested RTE throughput octets/s

data_RTE

Actual RTE throughput

cktqts/s

DT

Delivery time

endStations

Number of end-stations

SN
~

EthernetDataRate Ethernet data rate of the network \ \\ \ yr%it/s

MAC_delay Delay on MAC layer & \ \ \ s

NonRTE Percentage of non-RTE bandwidtf/\ N \ %

NoS Number of switches _ (7 \/ —

od Other delays, e./g\signal f}{(wa}i{Mn/a rﬁ\ \ s

pd Propagation deﬁiy & ) ( \ NS )\/ s

Phy_R_delay Phy delay on rece/i_\gr she\ N s

Phy_S_delay Phy delay on seﬁder ?d{ \ s

protocolRTE Bék‘\entag/e.oQ)rXro&\tim\é\ s

Queue_delay . eue\c(élay in a\s\ itch ~ V s

RM I Tig\e\@ede fo ma}w\ehweu—t/{unctions to support redundancy s

RR N \ Attr@te\@d%n\@ti (see IEC 61158-5-10) —

SCF Attribute Sen Clodk Factor (see IEC 61158-5-10) —

STTr /\\ ‘R{ec@e@r \s\féa\Mersal time including Phy and MAC s

STTs \ \ Se}%r\s\bacg/k(aversal time including Phy and MAC s

Throughput_lﬁE \ \ T ougBmt RTE octets/s

Time_sW&cc&*@& \'{ime\{ynchronization accuracy s

tt \ \ ansfer time ]
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3.3.3 CPF 4 symbols

Symbol Definition Unit

cd Cable delay (Maximum on 100m) us

DT Delivery time ps

DTb Delivery time, calculated by best-case values us

DTw Delivery time, calculated by worst-case values us

FS Number of frames allowed to be sent per second for one RTE end-station —
NoAS Number of accesses allowed per device per second —
NoCEN Number of RTE end-stations which can produce frames on the critical —

switch-to-switch link

NoNs[x] Number of RTE end-stations connected to switch number x /\\ ~ \
NoNt Number of RTE end-stations, in total /\ \ —

NoS Number of switches in path from sender to receiver \ \ —\/
pd Propagation delay within a switch. Required minimum value & \ \ @
QTES Ethernet enforced quiet time on end-station to switch Ii@ \ \\ \ us
QTSS Ethernet enforced quiet time on switch-to-switchyrf\ N\ \ us
STTr Receiver stack transversal time including Phy ahd I\/€7¥§ ) us
STTs Sender stack transversal time including Pt‘(zh\c}\lwf(/ /\ \ us

ttES P-NET transfer time RTE end%ta%&tcéw\i}chqat m ximWAM size) us
ttESmin P-NET transfer time RTE end-st}&)n %\{Nh (é“nin)\*llD_Uéize) ps

ttSS P-NET transfer time switch-to-éwitcl;_@ mNNn A&QU size) us

3.3.4 CPF 6 symbol

Symbol e}?nition Unit

NS 2 D
DTLD Totm@m@\ig\e b}N{een\{T% 8 slave and a Type 10 entity us
i
DT10 Deliyefty tie Ok the\Type 10 netiwork us
Cta_M A pm*\atiérqéy{lehh@ Mapping application in the linking-device

M Type \{as\gr i}M\Iem}ntation factor —
n (\Mmk&(} daﬁ\octets (user data; payload) octets

sl8 MbeNWS slaves connected to the linking-device —

Thit Nomjnal t) duration (see 27.2 in IEC 61158-2:2010) us
ts Software processing time of the Type 8 master (application specific) us
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3.3.5 CPF 10 symbols
Symbol Definition Unit

Cdly Cable delay us

Clen Cable length m

Dlen Length of the complete Ethernet frame bit

DT Delivery time ps

DTlost1 maximum delivery time with one lost frame for communication between two end- |us
stations belonging to the same domain

DTlost2 maximum delivery time with one lost frame for communication between two end- |us
stations belonging to different domains

DTmax1 maximum delivery time for communication between two end-stations %ging toNus
the same domain \

(N

DTmax2 maximum delivery time for communication between two end-statio elenging to tus
different domains \

NoS Number of switches in path from sender to receiver ( \ \

Spd Switch delay under not congested condition /\\ \\ \ us

STTr Receiver stack transversal time including PhL, DLL/'amQH\\ \ ) ps

STTs Sender stack transversal time including PhL, Dl/(an/d\AP X us

Trate Transfer bit rate f\\)/ A Mbit/s
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3.3.6 CPF 11 symbols
Symbol Definition Unit
BWcNT |Bandwidth used both for the communication scheduling and the protocol overhead %
BWNRT |Bandwidth used for the non-RTE communications %
BWRTE |Bandwidth used for the RTE communications %
cd Cable delay us
cdl Cable length total km
ct Cycle time ms
data Complete Ethernet frame /\ —
DTy Delivery time of the high-speed cyclic data, which includes both the sender s, k tra- ms
versal time (STTs) and the receiver stack traversal time (STTr) including P
DT Delivery time of the low-speed cyclic data, which includes both the sen C trav ms
sal time (STTs) and the receiver stack traversal time (STTr) |nc|ud|p,g\ an
DT Delivery time of the medium-speed cyclic data, which includes bot the%n\‘&gh ack }ns
traversal time (STTs) and the receiver stack traversal time (S ingludi
MAC
DVys Total volume of the high-speed cyclic data octets
DV g Total volume of the low-speed cyclic data ( \/ octets
7\ IN
%
DVpms | Total volume of the medium-speed ic da% > ( O N> octets
NoS Number of switches \ \ / —
od Other delays us
pd Propagation delay \ (\ \) us
STTs Sender stack traverél t\%Q iMﬁQy MAQ\ > us
STTr Receiver stack tf‘Kers |me ingtuding \y\{dWC us
Th The high-speed ltrans tim e basic cycle_time (ct) of the TCC data ms
service ZP\
Tus Total sum\o‘ﬁ eYawe, transqit Whmh the TCC data frame conveys the high- us
speed cycl';\ ta
T The Low eé&\e\srﬁs{Wenod ms
TLs Tot4] su e ame\transgnit time, in which the TCC data frame conveys the Low- us
|spee Cycl|c
Tm < \Mékb‘\-\&@d t&nsmlssmn time period ms
TMAC Time the maintenance and control, in which a new end-station is solicited to join and |us
the periodthc ti operation is controlled
TMms Total sum of the frame transmit time, in which the TCC data frame conveys the medium- |us
speed cyclic data
TNRT  |Total sum of the frame transmit time, in which the frame, with the non-RTE data as a us
payload, is sent out of the end-station within the time period of Ty, and is used for the
standard Ethernet application on sporadic basis
TRus Throughput RTE of the high-speed cyclic data Moctets/s
TRLs Throughput RTE of the low-speed cyclic data Moctets/s
TRMms Throughput RTE of the medium-speed cyclic data Moctets/s
TRRTE |Throughput RTE, and the sum of TRyg, TR g and TRyg Moctets/s
TRTE Total sum of the frame transmit time, in which the frame, with the RTE data as a payload |us
of a fixed length, is sent out of the end-station within the time period of Ty,
TgcH |Total sum of the frame transmit time for the transmission scheduling us
tt Transfer time Bocuments
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3.3.7 CPF 12 symbols

Symbol Definition Unit
It Total cable length m
NoS Number of slaves
Pd Propagation delay us
teq Cable delay ps/m
tepai Data copy delay within a slave us
teycre Cycle time us
tp Delivery time us
tyata Time to transmit the longest real-time Ethernet frame ( s
N
3.3.8 CPF 13 symbols <\
Symbol Definition Q \ \ Unit
BNRTE Non-RTE bandwidth <\\ N \ %
M Network MTU (maximum transmission unit) \\\ octets
N Number of RTE end-stations processed in one (omr(f“r)lcatk&cy\cbs\) —
Ta Time reserved for non-RTE data within on@\m{ﬁ/ahih\ CR ps
Tc Communication cycle time & &‘ Q \ N )\/ ps
b Delivery time } us
TET,i RTE frames transmission time&or R nd—éﬂ%«w\i) ps
Tp Processing tin@in\%mw(-;zi_&n \) us
TRD,i Response Fe{y o\RQe‘RTEE\d-s}a\M us
Tg n|c ion cyc\?\xt d > us
TsD i Sum Wﬁ(ﬁs}r\ture omponents (switches, hubs, cabling) for the us
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3.3.9 CPF 14 symbols

Symbol Definition Unit

DT Delivery time ps
D_size Data size octets
LCable Cable length m

Ndata Length of complete Ethernet frame octets
NRTE_BW Non-RTE bandwidth Y%
NSwitch Number of switches between end-stations

RateofEthernet |Ethernet data rate Mbit/s
RMData Redundancy management data [ octets
RTEData Real-time data A(\\ (k{gts

(@AN
TApp_R Receiver stack processing time including Phy and MAC ( \ \ \p,i \

TCable Cable delay /\\ \ us
TD_Sw Time delay in switch \ \\ \ }é
>

TEthernet_S Sender traversal time through MAC and Phy based O&OWEQE&%\

us
ThroughputRTE |[RTE throughput / h \ octets/s
TQueue_S Sender queuing delay /\ ( g 7 \/ us
TSData Time synchronization data X\/ ( \> octets
TStack_S Sender stack processing tn%te\ \ \ \ ) us
TSwitch Switch delay /X us
TTrf_S Transfer time for one octet Q > us

T_wire Time per oc{e’{&&\a W/(e“sag\rthnt \\ S us
STT_s Stack tra’\ers\me\éf tr}e\se%%\ ) us
STT_r Stack trab/eéeﬂiq\s\of tr}e\r}sﬁiver us

N
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Symbol Definition Unit
D_size Data size octets
DT Delivery time us
DT_If Delivery time when a frame is lost us
DT_Ifh Delivery time when a frame is lost and the configuration is reliable with us

heartbeat

DT_Ifp Delivery time when a frame is lost and the configuration is reliable periodic us
DT_n Delivery time for the NACK message us
H Period of the heartbeat, which is a configured parameter ps
N_Sw Number of switches between end-stations /\\ ~

RTO TCP retransmission time out parameter /\ \ S
STT_r Stack traversal time of the receiver \ \ %s\/
STT_r1 Part of the stack traversal time of the receiver that is indep%\nderw- \'{e B’}
STT_r2 Part of the stack traversal time of the receiver that d@nwaw D s\{e us
STT_s Stack traversal time of the sender \ us
STT_s1 Part of the stack traversal time of the sender (hat isi depﬁ\dewue us
STT_s2 Part of the stack traversal tirpe\of the s;\l@e»\t\fwt/df:(pefai Iing‘asly on D_size us
T Period, which is a configur&&paﬁ}qe(ir ) ( \ NS )\/ us
T_wire Time per octet on a wire segnﬁ&t \/ us
TD_Sw Time delay in switch us

N
3.3.11 CPF 16 squo\M

Symbol f|n|t|on Unit
ac l(Qn-% %sed s{ch&za\\/racy ns
cd Cab/l\ dela \/\\/ us/m
clt T tal\sg\blg length ] m
ct %\%tm{e}&qﬁg}@d for the network segment us
data E{a\t\a\fs\\pe\ans}\inéd in one cycle (including the complete Ethernet frame) bit
DT . \[Reliery time) us
fr Fr\ame\mtime us
ma SMization accuracy of the master device us
mct Minimum cycle time ms
N Integer value —
nf Number of frames —
nn Number of nodes —
pd Propagation delay (signal delay) of a forwarding node us
sa Synchronization accuracy of one slave device us
st Separation time per frame us
tt Transfer time us
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3.3.12 CPF 17 symbols

Symbol Definition Unit
APDUsize Size of the application protocol data unit in octets octets
BWnrte Non-RTE bandwidth, in % Y%

LDR Link data rate in bit per seconds bps
LTC Total cable length in meter m
M Number packets in the port transmit queue of node i in front on of this —

packet
N Number of nodes between sending and receiving end-stations —
NFe/s max Maximum number of frames allowed to be sent per second for onefﬂd\ pps

station
NFgrress Number of frames allowed to be sent per second for one RTIE/\éd\éta(aﬂ\ st
Posize Size of the protocol overhead in octets < \ octe
Tceo Cable propagation delay time in microseconds /\\ \ us
Tcrom cable propagation delay in nanoseconds per meter(de ending\§& th ns/m

characteristics of the selected cable) z\Q\ \ \
ToeLay Delivery time in microseconds N\ \\/ us
ToeLay MAX Maximum delivery time in microseconds( ('7 ) us
ToeLay_miN Minimum delivery time in m|crosec nd \// /\ \ us
Throughput_RTE Throughput RTE < < ( \ U )\/ octets/s
Throughput_RTEuax |[Maximum throughput RTEL \/ octets/s
Tnip Node latency delay time¢ in m}@s&%\}e\ \ us
Tnip_i Node Ia}ergy dela)/_@e\)f n&{e\Q mkx{;‘az{nds us
Tneo Nodf; pNQag jon dela}f\}re\inﬁ'growds us
Tnpo_i c’\s%)pﬁ{tion c@h}\timxwm microseconds us
Tekr /\Qac ttrans)n\t{ne\\o\s%onds us
Texr_i /ack\\t\trjknswlmw n}ge i in microseconds us
Trev \%b{el\k(\st\s{trave\%\(me including Phy and MAC in microseconds us
Tsnp Séw%\ste%l\tra\srse/ltime including Phy and MAC in microseconds us
Trx_pkT jj & ck ttr%\s;n}ime of packet j in microseconds in the port transmit queue |us

oo i in frant on of this packet (depending on APDU size of node i)
Trx_pkT j \ ket tr nsmit.time of packet j ir] microseconds_ in the port .transmit queue |us
\ in fro n of this packet (depending on APDU size of node i)
O
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3.3.13 CPF 18 symbols
Symbol Definition Unit
I Distance along the cable in backward direction
I Cable length
le Distance along the cable in forward direction
NoDoB Number of devices in backward direction —
NoDoF Number of devices in forward direction —
NoS Number of switching devices —
teo Cable delay ns/m
teye Cycle time of communication system/relation ( us
to Delivery time A(\\ q’i
tdata Transmit time of DLPDUs ( \ \Q \
tod Propagation delay /\\ \ us
tsTsink Sink stack traversal time \ \\ \ W
tsTsre Source stack traversal time & \ \ \Js
tsw Delay time of a switch /\ N \ us

%

3.4 Conventions 6
3.41 Conventions common to all
3.411 (Sub)clause selection tables

(Sub)clause selection for
selected base specificatio

at the highest (sub)cla I

e profile selection unambiguously.

L (sub)clause selection tables

Clause

@wl 1-
AN

Presence Constraints

st
N/

@ \bl&ntents of (sub)clause selection tables

Colhm\\\ Jex Meaning
Clause <¢> (Sub)clause number of the base specifications
Header <text> (Sub)clause title of the base specifications
Presence NO This (sub)clause is not included in the profile
YES This (sub)clause is fully (100 %) included in the profile
in this case no further detail is given
— Presence is defined in the following subclauses
Partial Parts of this (sub)clause are included in the profile
Optional This (sub)clause may be additionally included in the profile
Constraints See <#> Constraints/remarks are defined in the given subclause, table or figure of this
profile document
— No constraints other than given in the reference document (sub)clause,
or not applicable
<text> The text defines the constraint directly; for longer text table footnotes or table
notes may be used

, as shown in Table 1 and Table 2. The
just befQre the selection table(s). Selection is done

If sequences of (sub)clauses do not match the profile, then the numbers are concatenated.
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EXAMPLE concatenated subclauses
[34-37 |— [NO —

3.4.1.2 Service selection tables

If the selection of services is defined in a table, the format of Table 3 is used. The table
identifies the selected services and includes service constraints, as explained in Table 4.

Table 3 — Layout of service selection tables

Service ref. Service name Usage Constraint

[
Table 4 — Contents of service selection ta@\ﬁw

Column Text Meaning< \ \ >

Service ref. <#> (Sub)clause number of the base specific,at@}e\w\ereﬂw\e sérvic&is detined
— Not applicable N N\ \

Service name | <text> The name of the service N\

Usage M Mandatory /

6] Optional . \ K
— Service is never used ( \ N\

/
VANAN
Constraints See <#> Constraintsﬁm&a(d@ﬁneein thé\giv@ut)c@y/se, table or figure of this
profile document
— No constraint)s;:&er W é@ inthe reférence document (sub)clause,
or not applicapie

<text> The text defines th nstraint dikectly;or longer text table footnotes or table
notes may be usecqu\

ters (s defi i table the format of Table 5 is used. Each
meters\and\includes parameter constraints, as explained in

If selection of service ra

table identifies the selected
Table 6. <>
of parameter selection tables

Parameter pef\ \ \ \l{raNer name Usage Constraint
N\ /

\\ .

JTabie 6 — Contents of parameter selection tables

Column Text Meaning
Parameter ref. <#> (sub)clause number of the base specifications where the service is defined
— Not applicable
Parameter name |<text> The name of the service parameter
Usage M Mandatory
(0] Optional
— Attribute is never present
Constraints See <#> Constraints/remarks are defined in the given subclause, table or figure of this
profile document
— No constraints other than those given in the reference document (sub)clause,
or not applicable
<text> The text defines the constraint directly; for longer text table footnotes or table
notes may be used

3.4.2 Physical layer
No additional conventions are defined. Documents
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3.43 Data-link layer
3.4.31 Service profile conventions

No additional conventions are defined.

3.4.3.2 Service and parameter selections

These are described using the common conventions, see 3.4.1.2.

3.4.4 Application layer

3.4.41 Service profile conventions

A1.1. If the
e.g. an

ASE and class selection is described using (sub)clause selection tah

Table 7 — Layout of class attri ute(s]ele

Attribute Attribute Name ,& Oiég// /\\ x Constraint

Table 8 — Content@f.st\' uteselection tables

Column Text< /\\ \) N > Meaning
Attribute <#> N\ Attribute ,nqmbe%qﬁh@ base épecification class
— | Nt applicable_

Attribute Name /xtext\ The Rame of thattribtite
Usage Q M> < Mandatery

it Optignal S
AN PAttribute/iS\g@ver present

Constraints Se§\éﬂ>\ g(o\nsgzion;sgemarks are defined in the given subclause, table or figure of this
ofile ment

No“egpnstraints other than those given in the reference document (sub)clause,
Nar p6t applicable

ext> The text defines the constraint directly; for longer text table footnotes or table
notes may be used

\‘}
3.44.2 Serviceahd parameter selections

These are described using the common conventions, see 3.4.1.2.

4 Conformance to communication profiles

A statement of compliance with an RTE Communication Profile Family (CPF) Profile of this part
of IEC 61784 shall be stated? as either

— Compliance to IEC 61784-2:2010 CPF n <Type>, or
— Compliance to IEC 61784-2 (Ed.2.0) CPF n <Type>.

and a statement of compliance with a communication profile (CP) of this part of IEC 61784
shall be stated as either

1 In accordance with ISO/IEC Directives Documents
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— Compliance to IEC 61784-2:2010 CP n/n <Type>, or
— Compliance to IEC 61784-2 (Ed.2.0) CP n/n <Type>.

where the Type within the angle brackets < > is optional and the angle brackets are not to be
included. Type could be any character string.

A conformance statement should be supported with appropriate documentation as defined in
Clause 6.

5 RTE performance indicators

5.1 Basic principles of performance indicators

A consistent se
capabilities. Some g

indicator values dg

they claim to be compfiant to this standard.

Technology specific CPF subclauses specify

a) selection of performance indicators out of possible performance indicators defined in 5.3
relevant to a given CP, optionally with their individual limits or ranges,

b) interdependence between performance indicators,

c) optionally, lists with consistent performance indicators values.
Each of the lists has one or more leading performance indicators. The leading
performance indicators are preset to a fixed value (typically optimized to have the best
overall performance). The other performance indicators in the list are shown with their
related consistency limits,

d) optionally, a more comprehensive representation of the relation between performance
indicators (Figure 1 shows an example of a graphical representation).
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Figure 1 — Example of graphical representation o indicators

The supplier of RTE end devices and R orks’shall provide at least one
consistent set of performance indicato en by the supplier should be

NOTE 1 A set of lists with consistent perfo indi gnly given when interdependence between
performance indicators exists.

others. Such applications to/select the consistent indicator list with the relevant
leading indicator. Other 3 € ave reguirements where several indicators are of equally high

importance. For su a rwise more comprehensive representation of the relation
between consisten
consistent indicators ¢

igure 1 is an example of a graphical representation of

The capabilities_ of an RTE communication network are specified in 5.3 as indicators. The
indicators are used tfo match application requirements to the capabilities of components
compliant to one or more CP(s) of this part of IEC 61784.

A profile is suitable if its indicator values at least meet the required indicator values.

NOTE 1 Sophisticated requirements are likely to find a smaller number of matching profiles.

NOTE 2 A principle for selecting the matching CP is described in ISO 15745-1.

NOTE 3 The application-dependent class should be a subset of a CP x/y to be suitable for this application.
5.3 Performance indicators

5.3.1 Delivery time

Delivery time shall indicate the time needed to convey an APDU containing data (message
payload) that has to be delivered in real-time from one node (source) to another node
(destination). The delivery time is measured at the interface between the applicatw&rocess
and the (Fieldbus) application entity. uments
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NOTE 1 A description of the Application Layer concept with a description of the Application Process and the
Application Entity is given in the respective type-specific part of IEC 61158-5.

The maximum delivery time shall be stated for the following two cases:
e no transmission errors, and
e one lost frame with recovery.

NOTE 2 The permanent failure condition is described in 5.3.9.

Calculation of the maximum delivery time shall include the transmission time as well as any
waiting time.

NOTE 3 Waiting time depends on the RTE network concept, the RTE network topology
which is generated by the other nodes in the RTE network and the non-RTE traffic at tha

e application load

5.3.2 Number of RTE end-stations

The number of RTE end-stations shall state the maximum nd-stations

supported by a CP.

NOTE The network devices like a switch are not counted in the nun

hall be st oubof the topologies listed in
Table 9 — Basic net

p rk\topelogy types
%a/\k\netyork{o\;ploéy\ \ CP
|er§'<‘\h|c\1lstar V CP m/1
IRW \ CP m/2

Q eart ol@ \/ CP m/3
al W could be any combination of the
hr e basijc to

hesbetween RTE end-stations

5.3.3 Basic network topology

The basic network topology supporte acC
Table 9 or as a combination.

Number of \ ween any two RTE end-stations that have an application relation.

5.3.5 Throughput RTE

Throughput RTE shall indicate the total amount of APDU data (by octet length) on one link per
second.

5.3.6 Non-RTE bandwidth

The non-RTE bandwidth shall indicate the percentage of bandwidth, which can be used for
non-RTE communication on one link. Additionally the total link bandwidth shall be specified.

NOTE The indicators throughput RTE and non-RTE bandwidth are related to each other.
5.3.7 Time synchronization accuracy

Time synchronization accuracy shall indicate the maximum deviation between any two node
clocks.

Documents

Document Sharing Hub

Full document details: IEC 61784-2 2010


http://avadocuments2026.com/doc/iec-61784-2-2010
http://avadocuments2026.com/doc/iec-61784-2-2010

—-42 - 61784-2 © IEC:2010

5.3.8 Non-time-based synchronization accuracy

The non-time-based synchronization accuracy shall indicate the maximum jitter of the cyclic
behavior of any two nodes, using triggering by periodical events over the network for
establishing cyclic behavior.

NOTE 1 This factor accounts for coherency of data or actions triggered by the event, and it is a measure of the
coherency spread.

NOTE 2 The event can be unicast, multicast or broadcast, or made of a set of simpler events.
5.3.9 Redundancy recovery time

Redundancy recovery time shall indicate the maximum time from fail
operational again in case of a single permanent failure.

become fully

NOTE If a permanent failure occurs, the delivery time of a message is the redundé
6 Conformance tests

6.1 Concept

This part of IEC 61784 specifies the methodology( of @ G test for an RTE end
device for one or more CPs. The concept of thi p verify the capabilities
of a device under test (DUT) against g/tconsisie of a CP. The conformance

Conformance t Conformance test Conformance test
re@we ts implementation execution
IEC?@\-X\ b Test environment

Confermance\te Test process

Device
under test

(\ ANEEEND NN
P‘W}S{ﬁ?or Test cases s
W S (dlaus -' for CP x/z ¥
> Test run
CPY/z Test cases
for CP x/y
CP xly — 1
Test 1
Service and ng: 2
protocol selection Test 3 Test results II
Consistent set —
|| | of indicators 1 Test
Indicators / values passed ?
Conformance Statement llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll Conformance
format (clause 4) statement
IEC 1657/10

Figure 2 — Conformance test overview
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6.2 Methodology

Test cases shall be developed in a way that tests are repeatable and the results can be
verified. Test results shall be documented and shall be used as the basis for the conformance
statement.

Conformance tests of a device shall include, as appropriate, the verification of

e the availability and correctness of the specified CP functionality,
o network related indicator values,

e device related indicator values.

NOTE 1 It is assumed that the quality of the test cases guarantees the interope
irregularities are reported the test cases will be adapted accordingly.

NOTE 2 A description of a conformance testing process is given in ISO/IEC Q

6.3 Test conditions and test cases

Test conditions and test cases shall be defined and d
shall include the following indicators, when applicabl

gn a specific CP. This

e number of nodes;
e network topology;
e number of switches between nodes
e RTE throughput,

e non-RTE bandwidth.

For each measured i ondition and test case documents shall be

prepared and sh@e
e test purpose;
o test setup;

o test procedure;

Parts of the test environment may be emulated or simulated. The effects of the emulation or
simulation shall be documented.

The test procedure describes how the test should be performed, which also includes a
description of specific set of indicators required to perform this test. The criteria for
compliance define test results accepted as compliance with this test.

6.4 Test procedure and measuring
The measured indicators shall include, when applicable:
e delivery time;

e RTE throughput;

e non-RTE bandwidth:; Documents
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e time synchronization accuracy;
e non-time based accuracy;

e redundancy recovery time.

The test procedure shall be based on the principles of 6.3.
The sequence of measuring actions to complete a test run shall be provided.
The number of independent runs of the test shall be provided.

The method to compute the result of the test from the independent runs
applicable.

all be provided if

6.5 Test report

The test report shall contain sufficient information so that the and the

results verified.

The test report shall contain at least

e the reference to the conformance test methodology dcdording to &

. including network emulators,
measurement equipment and the p an responsible for the test execution,

and the date of testing,

Communication~Profije Family 2 defines several communication profiles based on
IEC 61158-2:2010 (protocol  type  2), IEC 61158-3-2:2007, IEC 61158-4-2:2010,
IEC 61158-5-2:2010, and IEC 61158-6-2:2010, and on other standards. These profiles all
share for their upper layers the same communication system commonly known as the
Common Industrial Protocol (CIP).

This part of IEC 61784 defines two RTE communication profiles.

— Profile 2/2 EtherNet/IP™3

2 CIP™ js a trade name of ODVA, 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™. Use of the trade name CIP™ requires
permission from ODVA, Inc.

3 EtherNet/IP™ is a trade name of ODVA, 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™. Us the t
name EtherNet/IP™ requires permission from ODVA, Inc. ﬁbEU?ﬁents
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This profile contains a selection of AL, DLL and PhL services and protocol definitions
from IEC 61158-4-2:2010, IEC 61158-5-2:2010, and IEC 61158-6-2:2010, and the
TCP/UDP/IP/Ethernet protocol suite. This profile uses the CIP protocol and services in
conjunction with the standard internet and Ethernet standards. This profile provides
ISO/IEC 8802-3 and IEEE 802.3-2002 based real time communication, through the use
of frame prioritization.

— Profile 2/2.1 EtherNet/IP™ with time synchronization

This profile is an extension of CP 2/2 that defines additional mechanisms to provide
accurate time synchronization between nodes using EtherNet/IP. The addition of time
synchronization services and protocols based on IEC 61588:2009 allows using it also
for the most demanding applications.

NOTE 1 See IEC 61784-1:2010, A.2, for an overview of CIP and related networks commu concepts.

NOTE 2 Additional CPs are defined in the other parts of the IEC 61784 series.
7.2 Profile 2/2

7.21 Physical layer

See IEC 61784-1:2010, 6.3.1.

7.2.2 Data-link layer

See IEC 61784-1:2010, 6.3.2. %
7.2.3 Application layer
See IEC 61784-1:2010, 6.3.3.

7.2.4 Performance indi
7.2.41 Performan

Table 10 provide : pefformance indicators.

2: performance indicator overview

< Nma\a\ce dic@or Applicable Constraints

Degﬁ?ry\ti\n@ \\ \ Yes None
NUM%N-S\@W Yes None

Basic netvhl\topoﬁgy Yes Only star topology is supported
Number of switchés between end-stations Yes None

Throughput RTE Yes None

Non-RTE bandwidth Yes None

Time synchronization accuracy No —

Non-time-based synchronization accuracy No —

Redundancy recovery time No —

7.2.4.2 Performance indicator dependencies
7.2.4.21 Dependency matrix

Table 11 shows the dependencies between performance indicators for CP 2/2.
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Table 11 — CP 2/2: Performance indicator dependency matrix

Influencing PI

: =
©
o S 'g 5 14
1S - s - c 5
= 1 2 c © a =
> oo O > P B = < he]
5 |3z |58 |3ffz|e &S
Dependent PI > = o= €c28| 3 <]
= [<=] » O Ex= 3= < c c
[ > 8 T S 3208 | < o ®
a Zo m 2 Zooo| - Z o
Delivery time No No Yes No No
Number of end- No Yes Yes No \( No
stations <
A\ (N
Basic network No No No o]

/

topology /

Number of switches Yes Yes Yes o\ No
between end-
stations

Throughput RTE No No No( No \/ Yes
() A
Non-RTE bandwidth |  No No N\ Ni &@})es

7.2.4.2.2 Delivery time

Payload delivery time_betweet s depends on many factors as shown
below. For one dire operating in full-duplex mode it can be
calculated for each t icati essage using Formulae (1), (2) and (3).

(1)
DT =SD, +T,
CD, =PB (2)
(3)
SL,
where
DT is the delivery time in microseconds;
SD, is the sender stack delay in microseconds (depending on the selected hardware platform and
the embedded software implementation);
Tx_packet is the packet transmit time in microseconds;
is the number of switches between sending and receiving end-stations;
CcD is the cable segment delay in microseconds;
PD is the cable propagation delay in nanoseconds per meter (depending on the characteristics
of the selected cable);
CL is the cable segment length in meters;
SL is the switch latency in microseconds (measured based on RFC 2544, usually provided by
the switch vendor);
SPD is the switch processing delay in microseconds (provided by the switch vendor |WUments
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SL);
Q is the number packets in the port transmit queue in front on of this packet;
Tx_packet j is the transmit time of packet j;
SD, is the receiver stack delay in microseconds (depending on the selected hardware platform

the and embedded software implementation).

NOTE If a packet is lost, e.g. due to a transmission error, but the following one is received without errors then the
delivery time will double. The CP 2/2 system performance will not be affected unless four consecutive packets are
lost.

7.2.4.2.3 Number of end-stations

With regard to star topology, this standard considers network infrastructiires containing only
data-link layer (Ethernet) switches. This assumes that all end-stationg” are sqnnected to the

the RTE data.

7.2.4.2.4 Basic network topology

star, is determined on the basis of:

— delivery time;
— network traffic

- performf
distance betwee

— network man

The minimu 3 i aximum number is 1 024 where each end-station has an
individual switch, wMNch\i s to the linear topology.

7.2.4.2.6

station and a switchvport. Based on the definition provided in 5.3.5, throughput RTE depends
on the link data rate, link mode of operation (half or full-duplex) and protocol overhead.
Throughput RTE for one direction of a CP 2/2 link operating in a full-duplex mode can be
calculated on the basis of Formula (4).

k (4)
Throughput _RTE = " (APDUsize; x EN _RTE _PR;) < EN _PR_MAX

i=1

where
APDUsize is the size of the application protocol data unit per CP 2/2 connection in octets;
EN_RTE_PR is the end-station RTE packet rate per CP 2/2 connection in packets per second (pps);
k is the number of CP 2/2 connections supported by the end-station;
EN_PR_MAX is the end-station maximum packet rate in pps.
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7.2.4.2.7 Non-RTE bandwidth

CP 2/2 does not specify a percentage of bandwidth which can be used for non-RTE
communication but it can be calculated as shown below.

7.2.4.2.8 Relation between throughput RTE and non-RTE bandwidth

A link in the CP 2/2 is a link between an end-station and a switch port. The total link
bandwidth is limited by the end-station throughput, which is the same as the end-station
maximum packet rate. The total link bandwidth is therefore a sum of end-station RTE and
non-RTE packet rates and can be calculated using Formulae (5), (6), (7), (8) and (9).

Total _Link _Bandwidth = EN_PR _MAX (5)
EN_PR=EN_TRTE_PR+EN_TNRTE_PR<EN_PR_ (6)

P (7)
EN_TRTE_PR =Y EN_RTE_PR,
i=1

ul (8)
EN_TNRTE_PR = Y EN_NRTE _PR,
=
_ [ 9
NRTE Bw - EN_PR_MAX )EN_T/%&_E 10 (9)
EN_PR M.

where
EN_PR r second (pps);
EN_PR_MAX in pps;
EN_TRTE_PR is ion a E rate in pps;
EN_RTE_PR i tion RYE packebdrate per CP 2/2 connection in pps;
P Q 2/2RTE connections;
EN_TNRTE_PR e Qtal’hon-RTE packet rate in pps;
EN_NRTE_PR i On-RTE packet rate per CP 2/2 connection in pps;
m e of CR 2/2 non-RTE connections;
NRTE, RTE bandwidth, in %.

EXAMPLE

End device maximum packet rate is 2 000 pps. It has 5 RTE connections, 2 with EN_RTE_PR = 200 pps and 3 with
EN_RTE_PR = 100 pps. It also has 4 non-RTE connections, all with EN_NRTE_PR = 10 pps.

EN_TRTE PR =2x200pps + 3 x100pps =700 pps

EN_PR =700pps + 40 pps = 740 pps

NRTE BW = —29PPS_ 1009% = 2%
- 2000 pps
NRTE _BW,, - 2000PPs —700pps 4409, 659

2000 pps

In this example 65 % of link bandwidth can be used for non-RTE traffic but only 2 % has actually been used.
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