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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL-PROCESS MEASUREMENT, CONTROL AND AUTOMATION -
LIFE-CYCLE-MANAGEMENT FOR SYSTEMS AND COMPONENTS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct 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 shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 62890 has been prepared by IEC technical committee 65: Industrial-
process measurement, control and automation.

The text of this International Standard is based on the following documents:

FDIS Report on voting
65/805/FDIS 65/820/RVD

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e 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.
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INTRODUCTION

In today's automation applications, an increasing divergence of the life-cycles of components,
devices and systems in comparison to the life time of overall plants is evident. The increasing
functionality of components, the advancing development of electronics and the innovation
dynamics inherent to hardware and software are continuously shortening the life-cycle of
individual automation components. Certain semiconductor components are only manufactured
for a short period of time, for example, and subsequently abandoned.

By comparison, the time in use of automation systems is considerably longer. Moreover, there
are considerable differences depending on the industry sector. The time in use of a production
line in the automobile industry is usually identical with the period of time in which a new model
is manufactured which is around 7 to 8 years today. By comparison, the operational life of a
process plant in the chemical industry is typically some 15 years, while up to 50 years may be
reached in the case of oil and energy, and power plants. The plant and product life-cycles have
to be considered by the management for the overall plant functionality and economic
considerations.

Increased utilization and integration of plant process data from automation systems towards
enterprise and asset management systems has caused technology dependencies between
hierarchy layers of automation systems. A more uniform way of dealing with Life-Cycle
Management between these layers and all partners in the value chain is essential with respect
to plant regularity, operability and security aspects.

Consequently, this necessitates different strategies to maintain the availability of the plant by.
sophisticated maintenance strategies. As a result, considerable demands are made on the
delivery capacity of automation products and spare parts, as well as the provision of services,
such as maintenance and repairs. For example, when the planning of a new plant envisages
the usage of a newer version of an engineering system, the producer has to ensure that this
newer version can also be employed for older components and systems already in use in the
existing plant and may have to develop upgrades accordingly. To an increasing extent, this
calls for close cooperation between the partners along the value chain.

The presented situation illustrates that mastering these conflicting characteristics of Life-Cycle-
Management will become increasingly significant in automation, not least in the ongoing
discussions between plant users and manufacturers as well as manufacturers and suppliers.
The interaction between global, legal and technical aspects — including demands for high
functionality and efficiency, as well as the influence of IT technologies in automation — helps to
demonstrate the scope of this topic.

This International Standard has been prepared in response to this situation. It is comprised of
basic, complementary and consistent models and strategies for Life-Cycle-Management in
automation. These generic models and strategies are then applied to various examples.

Consequently, this document represents a consistent general approach, which is applicable to
automation in various industrial sectors. The economic significance of Life-Cycle-Management
is a recurring theme of this document. The definitions of generic models, terms, processes and
strategies form an indispensable foundation for a joint understanding between plant users and
manufacturers and between manufacturers and suppliers regarding Life-Cycle-Management.

Proactive Life-Cycle-Management focuses on the selection of robust components,
specifications, and technologies that consequently have long-term stability. The proactive
approach includes the application of this set of generic reference models in the development of
standards in order to be able to efficiently ensure sustainable interoperability and compatibility.
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INDUSTRIAL-PROCESS MEASUREMENT, CONTROL AND AUTOMATION -
LIFE-CYCLE-MANAGEMENT FOR SYSTEMS AND COMPONENTS

1 Scope

This International Standard establishes basic principles for Life-Cycle-Management of systems
and components used for industrial-process measurement, control and automation. These
principles are applicable to various industrial sectors. This standard provides definitions and
reference models related to the life-cycle of a product type and the life time of a product instance,
It defines a consistent set of generic reference models and terms. The key models defined are:
— Life-Cycle-Model;

— structure model;

— compatibility model.

This document also describes the application of these models for Life-Cycle-Management
strategies. The content is used for technical aspects concerning the design, planning,

development and maintenance of automation systems and components and the operation of
the plant.

The definitions of generic models and terms regarding Life-Cycle-Management are
indispensable for a common understanding and application by all partners in the value chain
such as plant user, product and system producer, service provider, and component supplier.

The models and strategies described in this standard are also applicable for related
management systems, i.e. MES and ERP.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviations

3.1 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp

3.1.1

after-sales support phase

phase in the life-cycle of a product type which begins at the end of the selling phase and ends
with product abandonment

3.1.2

backward compatibility

downward compatibility

fulfilment by a new component of all the specified requirements of the compatibility profile of its
predecessor

Note 1 to entry: Antonyms are forward compatibility and upward compatibility, respectively. Documents
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3.1.3
capability profile
compatibility profile that represents characteristics of a product type

3.1.4
compatibility
ability of a component to fulfill the compatibility profile of another component

3.1.5
compatibility assessment
verification of an agreed compatibility level

3.1.6

compatibility profile

list of all compatibility requirements of a system, or a component of a system, depending upon
the application

3.1.7
component
autonomous element of a system, which fulfills a defined sub-function

3.1.8
construction compatibility
fulfilment of the constructional aspects of a compatibility profile by a component

Note 1 to entry: Related requirements are physical dimensions, construction properties, connection method
(including e.g. power supply) and the location with respect to environmental conditions.

3.1.9

data compatibility

fulfilment of the functional aspects related to data type and format of a compatibility profile by
a component

3.1.10
delivery release
end of the manufacturing preparation process after which series production can begin

Note 1 to entry: The manufacturing preparation process is part of the development phase.

3.1.11

development phase

phase of the product life-cycle which begins with the decision to develop a product type and
ends with delivery release of the product type

3.1.12
disposal
removal of a product instance following the time in use and disposal or recycling

Note 1 to entry: This is the final phase of the life-cycle of a product instance

3.1.13
end of sales
end of all active sales activities for a product

Note 1 to entry: This is also called discontinuation of a product.

3.1.14
end of service
end of all service activities for a product type

Documents
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3.1.15
end of production
point of time when instances of a product type are no longer produced

3.1.16
full compatibility
fulfilment of all aspects of a compatibility profile by a component

Note 1 to entry: The aspects are function, construction, location and performance.

3.1.17
function compatibility
fulfilment of the functional aspects of a compatibility profile by a component

3.1.18
instance
concrete, clearly identifiable component of a certain type

Note 1 to entry: It becomes an individual entity of a type, for example a device, by defining specific property values.

Note 2 to entry: In an object-oriented view, an instance denotes an object of a class (of a type).

3.1.19

last-time buy

Life-Cycle-Management strategy in which instances of an abandoned product type are
purchased before end of sales

3.1.20
level of compatibility
fulfillment of the requirements described in the compatibility profile

3.1.21
life time
length of time from the end of the creation of a product instance to the end of disposal

3.1.22

life-cycle

length of time from the start of the development phase of a product type to the product
abandonment

3.1.23

Life-Cycle-Costs

sum of all instance costs for plant user incurred after purchase up to the end of the life time of
a system

3.1.24

Life-Cycle-Excellence

holistic approach to managing changing conditions to ensure technical, application specific,
economic and ecological robustness of the Life-Cycle-Management for products

3.1.25

Life-Cycle-Management

methods and activities for the planning, realization and maintenance of products for the life-
cycle of types and the life time of instances

3.1.26
Life-Cycle-Management strategy
strategy for applying Life-Cycle-Management methods to ensure the availability of a system

throughout the time in use Documents
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3.1.27

migration

replacement of components in an existing system by a component with extended or modified
functionality or with a different technology while maintaining functionality

3.1.28
milestone
defined point in time with a specific meaning for example:

— 3.1.10 delivery release

— 3.1.13 end of sales

— 3.1.15 end of production

— 3.1.14 end of service sales
— 3.1.32 product abandonment

3.1.29
obsolete product
not available product from the original producer to the original specification

[SOURCE: IEC 62402:2019, 3.1.15, modified]

3.1.30

producer

company which develops a product type, maintains it during its life-cycle and manufactures
instances of this type

3.1.31

product

commodity (goods or service) for operational business, with defined properties (of product type),
which is created (product instance) in a value chain process with reproducible quality

Note 1 to entry: It is sold during a defined period and is technically and logistically supported until product
abandonment. The value chain process can be a process for integrating components into a system (integration
process). Products can be hardware, software, services or combinations thereof.

3.1.32
product abandonment
point of time when all service for a product type have stopped

3.1.33
product instance
Instantiated product types

Note 1 to entry: Instantiated expresses that the product has been produced, the service has been performed, the
software has been registered, etc.

3.1.34
product type
definition of all characterizations for instantiated products

Note 1 to entry: Instantiated expresses that the product has been produced, the service has been performed, the
software has been registered, etc.

3.1.35
re-design
Life-Cycle-Management strategy in which a new version of a product type is developed which
typically fulfils or exceeds the specification, and therefore the compatibility profile, of a previous
type
Documents
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3.1.36

requirements profile

compatibility profile that represents characteristics of a role-based equipment, required to
achieve its role

3.1.37

revision

defined status of a software or hardware, including all of its integrated components, which is
explicitly identified by a revision number

3.1.38
robustness
capability of a system to continue to fulfill its function under changing conditions

3.1.39
sales phase
phase of life-cycle which begins at delivery release and end with end of production

3.1.40
sales release
point of time when active sales activities for a product type have started

3.1.41
service
total of all supporting activities for products (types and instances)

Note 1 to entry: Standard services end with product type abandonment. Supporting activities after product
abandonment are subject to special service agreements.

3.1.42

signal compatibility

level of compatibility from the function view of the compatibility profile related to signal
acquisition and processing

3.1.43
software compatibility
level of compatibility from the function view of the compatibility profile related to software

3.1.44
standard services
level of service without consideration of specific user requirements

3.1.45

substitution

Life-Cycle-Management strategy in which instances of a product type are replaced by instances
of a compatible new type without repercussions for the system

3.1.46

system

defined and structured set of components which fulfill a function (system function) through
interactions or interrelationships with each other

Note 1 to entry: Systems could have a hierarchical structure, i.e. they could consist of underlying systems (which
are then considered components of the system).

Note 2 to entry: From a sales perspective, a system denotes a set of product types belonging to a specific portfolio
line.
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3.1.47
time in use
portion of the life time in which a product instance is actually in use for its intended purpose

3.1.48
update
new revision of a version designed for error correction and/or minor functional improvements

Note 1 to entry: For software, an update is called a patch which can include bug fix for general errors and hotfix for
critical or urgent error corrections.

3.1.49
upgrade
product for upgrading a component to a newer version with improved or enhanced functionality

Note 1 to entry: The term upgrade can apply to hardware and software.

3.1.50

version

defined status of a product type, including all of its integrated components, which is explicitly
identified by a version number

3.1.51
warranty period
time frame in which a replacement or repair of a faulty item is contractually assured

3.2 Abbreviated terms and acronyms
ASIC  Application specific integrated circuit
CE Conformité Européenne

COTS Components Off The Shelf

NOTE 1 Also used for Commercial Off The Shelf.
EMC Electromagnetic compatibility
ERP Enterprise Resource Planning
EU European Union

FDA Food and Drug administration
FPGA Field programmable gate array
ID Identifier

IT Information technology

LCC Life-Cycle Costing

MES Manufacturing execution system
PLM Product Life-Cycle Management
RoHS Reduction of Hazardous Substances
TCO Total Cost of Ownership

UML Unified Modelling Language

NOTE 2 See Annex F.
USB Universal serial bus
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4 Generic models for Life-Cycle-Management

4.1 Product type and product instance

Requirements from industries result in a very wide range of factors which affect the life-cycles
of products to varying degrees. Consequently, the Life-Cycle-Model specified in this document
takes this into account. The differentiation between product types and product instances is
fundamental. Each product instance is an instantiation (produced product, registered software,
performed service, etc.) of a product type. As shown in the UML diagram of Figure 1, a product
type can be represented by a UML class and a product instance by a UML object. The semantics
of the UML elements used in this document are explained in Annex F.

Examples:

Product_Type_1
Measuring transmitter (type)

Py Property_1: order_number:string

Serial_number : siring Property_2: serial_number:string
Property_3: max_power_consumption:string
calibrate() Property_4: measurement_range:string[2]

AR Method_1: calibrate()

. ’ \ *kk
<<instanceOf>> ,’ \

7 \
/ \ <<instanceOf>> Measuring transmitter (instance_n)
Product Instance_n - \ Property_1: order_number=1234"
Frolduct Type 1 \ Property_2: serial_number=“abcd”
order_number = Value_x \ Property_3: power_consumption=“40mW”
\ Property_4: measurement_range=“20° C”, “100° C”

*kk

\ Measuring transmitter (instance_m)

Product Instance m Property_1: order_number=1234"
Broduct Type 1 Property_2: serial_number=“efgh”
order_number = Value_y Property_3: power_consumption=“40mW”

Property_4: measurement_range=“-10° C”, “510° C”

IEC
Figure 1 — Relationship of product type and its product instance(s)

A product type is characterized by an unambiguous product ID (for example the order number),
a set of development documents, manufacturing and test descriptions, and technical
documentation. For approval of a product type for specific applications, certificates can be
demanded and issued. This definition of a product type is valid for hardware products, software
products, and products that are hardware/software bundles. Typically, the right to use product
types is regulated in reproduction licensing agreements. All activities that are performed
regarding the development, maintenance, and service of a product type, regardless of how often
it is manufactured, refer to the product type.

According to Figure 1, each produced unit of a product type represents a product instance of
this type. The product instance is always an individual entity and shall be identified by an
unambiguous identifier (such as a serial number). The right to use product instances of software
products is regulated by license agreements.

NOTE 1 Some countries have specific guidelines. [9]1.

Activities for a product instance are: manufacturing, all services during the life time, etc. It is
recommended to document activities related to the product instance throughout its life time for
e.g. asset management (see Figure 2).

NOTE 2 In some cases, there exists recommendations or regulation for archiving of history beyond the end of the
life time.

1 Figures in square brackets refer to the bibliography. Documents
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4.2 Life-Cycle-Model
The life-cycle of a product type is divided into phases as shown in Figure 2. Milestones are

associated to these phases (see the filled diamond in Figure 2) and the announcements (see
diamond in Figure 2).

NOTE 1 Each phase can be further detailed, if necessary.

1 3A-->3 5A----- >45 6
m After-sales support Obsolete
> »IIIIIIIIIIIIIIIII»
Development Upgrading and updating
of product type Legend:
Milestones
2 4 Announcements
| N =
Manufacturing 5
H B H EEERE >
Standard service Special service
®» Sales release 2 Delivery release
9 End of sales 3A  Announcement of end of sales % End of production
9 End of standard service %A~ Announcement of end of service & Product abandonment

IEC
Figure 2 — Generic Life-Cycle-Model of a product type

The life-cycle begins with the development phase, in which the product is developed as a
product type. During the development phase of a product type, the product type is developed
by some activities such as designing, testing, sales preparation, and trials (piloting) in the
targeted system environments. When the specified technical and commercial criteria have been
met, the product is released for sale (see milestone 1). Following the conclusion of successful
testing, Production preparation process and service preparation, the delivery release is
achieved (milestone 2). This enables manufacturing of the product, which means, in the context
of the introduced terminology, the instancing of the product type starts.

The sales phase follows the development phase. The operational business with the product
type finishes with the end of sales (see milestones 3). the end of production (see milestone 4)
is after the end of the sales phase and depends on technical and economic conditions. An
announcement of end of sales (milestone 3A) should be communicated to enable plant users
to cover their demands before end of production.

Standard service for the product begins with delivery release (see milestone 2) and ends with
end of standard service (see milestone 5). The after-sales support phase begins with the end
of sales (see milestone 3) and finishes with product abandonment. The end of standard service
(see milestone 5) occurs in the after-sales support phase prior to product abandonment. This
means that all product-related deliveries i.e. spare parts, documentation, etc. and standard
services provided by the producer end with the product abandonment. An announcement of end
of sales (milestone 5A) should be communicated to enable plant users to cover their service
demands before product abandonment. In the phase between milestone 5 and 6 special
services maybe available. After milestone 6, the product (type) is obsolete.

The sum of these phases for a product type is called the product life-cycle. The term "cycle" is
meant to express that there is a recurring sequence in the context of the product evolution
(Figure 3). These innovation cycles result in new product versions of the product. Rules for

versioning of a product type should be specified. D
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Process descriptions are used for all activities required for managing a product life-cycle,
enabling concurrent workflows while ensuring fulfilment of required quality criteria. This
process is usually referred to as the Product Life-Cycle-Management process (PLM process)
and comprises the type-related sub-processes portfolio management, definition, realization,
commercialization, and after-sales support.

In order to manage the history of design and design change of a product type, version and
revision are used. The product manufacturer should keep information regarding history of
design and design change available.

V2.y » After-sales support
V1.x » After-sales support Obsolete

Product %
evolution

: Time
Vn.m Version
n: version number

m: revision number
IEC

Figure 3 — Evolution of products (type with version and revision)

Product evolution is described by version number and revision number. More detailed
versioning conventions may be applied, for example a third level for minor error corrections or
a fourth level for build numbers of software products. This version information is highly relevant
with regard to the compatibility and requires version management conventions. Typically,
product types with different version numbers have their own after-sales support phase.

NOTE 2 In some industries, there are recommendations for version management for example the NAMUR

recommendation NE53 [10].
V1.2 » After-sales support
V1.1 » After-sales support
V1.0 » After-sales support

Vn.m Version
n: version number
m: revision number

Product *
mainte-
nance

Time
IEC
Figure 4 — Maintenance of products (type with version and revision)

The service provided in the after-sales support phase depends on service levels (see 5.7.2).
Typically, product types with different revision numbers are not maintained as individual
products. Instead, only the type with the latest revision has an after-sales support (see Figure 4).
In case of specific service contracts (see 5.7.4), other revisions may be mamtam@ggﬁgﬁ;‘ents
Each product instance has a life time (see Figure 5) that starts with producticn
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for example the hardware manufacturing, and ends with start of disassembling or with disposal
of this instance (milestone f). The product life time can last significantly longer than the end of
the life-cycle of the product type (milestone 6) (Figure 5). The essential section of the life time
is the time in use, which begins at milestone c¢, for example with the software
installation/activation, and ends with the decommissioning (milestone e), for example de-
installation or irreparable defect. The time in use can be interrupted by outage times (down
times).

The warranty period begins when the risk is passed to the customer (milestone b), for example
the handover of a plant to the customer after acceptance and ends in accordance with legal
regulations or customer contracts (milestone d). The warranty period is independent from the
milestone "end of sales".

All deliveries i.e. spare parts, documentation, etc. and standard services provided by the
producer, related to product types and instances, end with the product abandonment
(milestone 6). Support may be extended through special agreement.

6
Product Type |
Life cycle solete
® @ é
Product Instance N ; © D _
Life time AH Disassembling,
. . S : . R A - d 1
Time in use s R tuan’ s FURR
Outage time N P P P
Warranty period P o i o
Standard service ! p— > ro
Service through R A
special agreements RN i Lo
T 7t — Time
<@ Product instance manufactured
® Start of warranty period for the customer
@ Start of time in use
<@ End of warranty period
<© End of time in use
6> Product abandonment < End of life time

IEC
Figure 5 — Life time of a product instance

4.3  Structure model

A system can be understood as a defined, structured set of elements (components) which fulfills
a function (system function) through interactions or interrelationships with each other. Systems
can be hierarchically structured, which means that they can consist of underlying systems
(which are then considered components of the system above). A UML diagram is shown in
(Figure 6), emphasizing the system — component hierarchy. The left part contains the definition
of an abstract system with an aggregation of (underlying) systems, each of it known as a
Component to the system. The right part contains specific systems ("System (n+1)", "System
n", "System (n-1)") that are derived from the abstract system. Additionally, the hierarchical
relation is shown, indicating e.g. that "System n" is known by "System (n+1)" as its "Component
(n+1).2", while "System n" itself knows "System (n-1)" as its "Component n.3" and so on.
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<<abstract>>
System

0.* 4

- 17 -

System (n+1)

Component

0.1

inSystem

Component [(n+1).2]

System n

Component [n.3] I

System (n-1)

Component [(n-1).2]

Figure 6 — UML diagram of a hierarchical system structure

For example, a "measuring transmitter" system consists of hardware components, such as the
housing, connector and electronics (which again represent a system consisting of components
such as capacitors, resistors, processer, memory, etc.). The "measuring transmitter" system is
itself a component in the "instrumentation and control" system (Figure 7).

- ~
- ~
~ ~
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A= ==

System (n+1
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-
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System n
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Component n.2
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Z

d ~
’ ~
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Examples:

(n+1) Instrumentation and control

(n+1).1 Control system
(n+1).2 Measuring transducer

n Measuring transmitter
n.1 Housing

n.2 Connector

n.3 Electronics

Electronics

1 Processor

.2 Memory

3 System software

mmﬁ

“é._?.

e g W g5
II o

1
1
1
1

IEC

Figure 7 — Hierarchical system structure (example)

Regardless of the hierarchy level, each system has a life-cycle that can be depicted according
to Figure 2. Each phase of life-cycle of a system needs to be covered by the corresponding
phase or an earlier phase, of life-cycles of all components of the system (Figure 8).
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D ®

System n >

Componentn.1 > >

Component n.2 =

> )
-» )‘

2 Delivery release
4 End of production

Component n.3 >

After-sales support
of component n.2
before product
abandonment

Sales of component n.3
ends before end of sales
of system n

& Product abandonment

IEC

Figure 8 — Example for Life-Cycle-Management of a system (type)
by integrating components (types)

System producers face a major challenge due to dependencies on the divergent life-cycles of
components. The system producer is responsible for continuous, evolutionary development of
his system to meet compatibility demands. For example, in Figure 8, the transition of
Component n.2 into after-sales support takes places before product abandonment of System n
(milestone 6). In order to ensure and extend the production of System n, some measures
against the product abandonment of component n.3 are necessary.

Components are integrated into a system as shown in Figure 9 using Event-driven Process
Chains (EPC). The integration process needs to be defined and documented. A specific role
"System-Life-Cycle-Manager" should be assigned.
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Integration \ Document
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Figure 9 — Example of integrating components into a system

4.4 Compatibility model

In automation, compatibility is defined as the ability of a new component to satisfy the
requirement profile of an original component based on technical properties. The compatibility
model represents a view regarding the properties by using categories. The properties should
be defined according to IEC 61987 (all parts).

A capability profile should be defined for each product type. A requirements profile should be
defined for each role-based equipment according to its role.

The product producer shall describe the features (capabilities) of the product (type) using
properties. He should make the capability profile available at sales release (see Figure 2).

The product user specifies product requirements according to the users use case e.g. with
properties (requirements view).

A property of capability profile of a product type can be not relevant to some use cases. There
are situations where requirements cannot be mapped to the properties of the capability profile.

In a compatibility assessment, two profiles are compared. This can be:
— requirements profile versus capability profile,

The compatibility assessment should be used for the selection of a product, based on a
comparison of a requirements profile and a capability profile.

— two requirements profiles of different points in time,

A plant user maintaining the requirements should use the compatibility assessment to determine
gaps in compatibility and associated risks.

— two capability profiles of different points in time. Documents
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A producer designing a new product type should use the compatibility assessment to determine
the impact of the changes by comparing two capability profiles.

The use of properties is related to application, technical, economical, and environmental
aspects as well as standards and regulation. These requirements can change over time and
require maintaining of the profiles as described above.

The following lists of properties and blocks of properties are examples and thus do not claim to
be complete.

NOTE 1 Properties can be defined in the same way as specified in IEC 61987 (all parts).
Typical properties and blocks of properties regarding function are the following:

— Processing functions for measuring, regulating, controlling, diagnostics, etc.;

— Functional interfaces (such as data type and format, service signature);

— Presentation (such as structure, resolution, color depth, aspect ratio);

— Handling (such as operating sequence, menu structure);

— Engineering (such as configuration, parameterization, data storage);

— Information management (such as archiving of production data);

— Communication services (such as time synchronization, security-related services);
— Security features;

— Safety features;

— Availability features (such as redundancy mechanisms);

— Diagnostic functions.

* %%k

Typical properties and blocks of properties regarding construction are the following:

— Installation, mounting and dimensions;
— Connection facilities;

— Power supply;

— Main circuit;

— Input/output circuit.

*k %k

Typical properties and blocks of properties regarding performance are the following:

— Cycle time;

— Response time;

— Telegram length;

— Memory consumption;

— Redundancy switchover time.

*kk

Typical properties and blocks of properties regarding location:

— Electrical environmental conditions (such as EMC);
— Climatic environmental conditions (such as temperature, humidity);
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— Mechanical environmental conditions (such as vibration resistance);
— Protection type;
— Explosion protection.

*k*k

Typical properties and blocks of properties regarding business are the following:

— ldentification;

— Product price;

— Delivery time;

— Life-cycle status;

— Annual service cost;

— Certificates and standards.

* %%k

The level of compatibility (level of exchangeability, consistency or equivalency) defines the
fulfillment of the requirements. In practice, qualitative considerations have predominantly been
established. A compatibility assessment shall be based on an agreed compatibility level with
its criteria. A compatibility profile is the list of the values of the requirement criteria. The
following terms are used for the level of compatibility:

e Full compatibility:

See 3.1.16.

e Function compatibility:
See 3.1.17.

e Software compatibility:
See 3.1.43.

e Signal compatibility:
See 3.1.42.

e Data compatibility:
See 3.1.9.

e Construction compatibility:
See 3.1.8.

NOTE 2 The compatibility levels of the data and connection compatibility can be seen in IEC 61804-2 and in
IEC TR 62390.

Further levels may be defined, depending on use cases. Levels may be further detailed into sub
levels.

Figure 10 illustrates the mapping of the above-mentioned compatibility requirements to a
required level of compatibility. It is evident that to fulfill certain levels of compatibility, additional
effort can be necessary. Meeting these enhanced compatibility requirements can lead to
increased demands in testing and certification, for example to ensure compliance and
interoperability of communication interfaces.

Documents

Document Sharing Hub

Full document details: IEC 62890-2020


http://avadocuments2026.com/doc/iec-62890-2020
http://avadocuments2026.com/doc/iec-62890-2020

- 22 - IEC 62890:2020 © IEC 2020

Level of compatibility

Function
compatibility
Software
compatibility
Signal
compatibility
Data
compatibility
Construction
compatibility

Properties and blocks of properties

Results of processing functions

Functional interfaces

Presentation

Engineering

Information management

Function

Communication services

Security features

X | X | X [ X | X |X|X|X |Full compatibility

XX [ X[X]|X]|X|X|X
XX [ X[X]|X]|X|X
x

Safety features

*kk

Installation, mounting and dimensions

Connection facilities

Power supply

X | X | X | X
X | X | X | X

Main circuit

Construction

*kk

Electrical environmental conditions

Climatic environmental conditions

Mechanical environmental conditions

Location
X[ X[ X|X
X | X | X[ X

Protection type

*kk

Cycle time

Response time

Telegram length

X | X | X | X

Memory consumption

Performance

*kk

Product price

Delivery time

Life-cycle status

Annual service cost

Business

Certificates and standards X X

*kk

Figure 10 — Example of mapping of compatibility requirements
to the level of compatibility

Based on Figure 10, the level of compatibility is used to determine which specific properties
need to be considered to fulfill the requirements for a given application. Each requirement
should be specified quantitatively.

The value of each property of the requirements profile is compared with the value of the
corresponding property of the capability profile (Figure 11).
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. Fuiffiimen
Location

- Climatic environmental conditions

- Protection type IP20 IR54 IR67
Performance

- Cycle time 20ms 14ms Ks 5ms

IEC
Figure 11 — Example of a compatibility assessment of a product

Fulfiiment of every requirement of the requirements profile should be checked by comparing
the requirements profile with the corresponding capability profile (Figure 11). Each property
from the requirements profile shall be compared with the corresponding property from the
capability profile.

5 Strategies for Life-Cycle-Management

5.1 General

When considering life-cycle aspects, the plant user’s main goal is the economical operation
during the time in use of the plant. System producers are requested to meet the life-cycle related
requirements of the users. Consequently, the producers have to meet complex technical
challenges while complying with their own economic constraints. Given that the length of the
life-cycles of products (producer perspective) and plants (user perspective) usually diverge,
Life-Cycle-Management strategies are needed to address the resulting, conflicting interests.

Product/system
producer
()

Figure 12 — Relationships between the partners in the value chain

Component

Plant user supplier

IEC
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Figure 12 illustrates the fundamental roles of the partners in the value chain and their
relationships to each other. Each element of this value chain can itself represent a value chain
in the sense of the hierarchy from 4.3 (Figure 6, Figure 7). Customer-supplier relationships exist
between partners in this value chain and partners can take on multiple roles. The different roles
result in different views and tasks (see Annex E). Responsibilities regarding Life-Cycle-
Management depend on these roles.

Interface 1 in Figure 12 shows the relationship between the plant user and the producer of a
system. Individual, application-based services (usually engineering and maintenance) are
provided here. In the context of the model described in 4.1, this is where products instances
are created, configured and parameterized. Interface 1 includes responsibilities for all
components of the delivered product, including all components from component suppliers via
interface 2, for example COTS.

In contrast, interface 2 represents the relationship between the product/system producer and
the component supplier. In the context of a value chain, system development always includes
the integration of third-party components (Figure 9). With reference to the model described in
4.1, this is where product types are developed and maintained.

Interface 3 represents the direct relationship between the plant user and the component supplier.
Because this bypasses the support of the product/system producer, it entails risks for the plant
user. In this case, the user partially takes over the responsibility of the product/system producer
(Figure 9). As changes are not coordinated with the product/system producer, this can lead to
compatibility problems. Integration tests conducted by the product/system producer, with
resulting releases and/or handling instructions, are indispensable for ensuring compatibility.

The producers and users of automation systems and components have developed methods and
strategies that are intended to allow them to maintain both product types (Figure 2) and their
delivered product instances (Figure 5) within a system generation. This is done in order to
ensure their usability over a long period of time.

Maintenance methods have been introduced for ensuring the usability of product instances (in
accordance with [11], for example inspection, (preventive) maintenance, and repair). Last-time
buy of product instances, substitution of product types, re-design, and migration are specific
strategies for preserving system usability. These strategies are often employed in combination.

The applicability of the individual strategies varies depending on the producer and plant user.
Various criteria should be considered and assessed in order to select the suitable strategies.
These include:
e Compatibility

See 3.1.4
e Reaction time:

The reaction time is the period of time between the onset of an event which reduces usability
and the time when full usability is restored by means of the selected strategy.

e Sustainability:

Sustainability describes how long usability can be ensured by means of the selected
strategy, giving an indication of how future-proof something is — taking into account the
expected remaining life time of a plant.

e Effort:

Effort describes the amount of material, personnel and financial resources required for
ensuring usability. Depending on the strategy, the amount of effort assigned to the producer
and the user varies.
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e Innovation potential:

Innovation potential describes the capability of a system to be further enhanced through the
addition of new features such as new functions and improved performance, serviceability,
and profitability.

e Risk:

Risk describes the threats and opportunities for the suitable strategy to help decision takers
to understand the total consequence of chosen strategy (technological, operational, and
economical risk) and evaluate it against remaining life time.

Annex A describes the current status of life-cycle aspects. Annex D describes an examples of
Life-Cycle Management strategies.

5.2 Last-time buy

Last-time buy describes the purchase and storage of an abandoned component. The storage
conditions shall ensure compliance with the technical properties specified by the producer over
a defined period of time.

The last-time buy strategy is used after the component’s end of production (milestone 4 as
shown in Figure 2) and is applied by the producer for covering the demand in manufacturing
and repair of the system and also by the plant user for stocking up on spare parts and for plant
expansions. Last-time buy is also used to extend the time until another strategy is used (such
as substitution).

®
Systemn

Shortfall
Component n.1 »
3A
Component n.2 —
Component n.3 -
@ Delivery release 3A. Announcement of end of sales EﬂSUHng

milestone 6

End of product
@ £nd ofproduction of the system

@ Product abandonment
IEC

Figure 13 — Ensuring delivery of a system through last-time buy of a component

In Figure 13, the shortfall between the end of production of component n.2 and the
abandonment of the system n is covered by an increased stockpiling of component n.2. The
amount of stock needs to be sufficient for the demand that arises during manufacturing and
after-sales support. Planning of stock piling of component n.2 should start at milestone 3A of
this component at the latest. In addition to complying with the storage conditions, the last-time
buy approach has to be considered from an economic point of view (committed capital, storage
costs).

For example, the abandonment of an electronic part before the end of production can be
countered by purchasing a sufficient quantity. In this case, it can be necessary to store the
parts under defined climatic conditions, for example, with a protective gas.

If the last-time buy strategy is inappropriate from a technical or economic standpoint, then

substitution or re-design strategies can be required in order to fulfill the productis, life-

requirements. Dgaﬁfﬁents
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Characteristics of the last-time buy strategy are:

— compatibility: no restrictions;
— reaction time: short, fastest strategy;
— sustainability: limited by physical properties (for example drying out of

electrolytic capacitors) and availability of know-how, depending
on the remaining expected life time of the plant;

— effort: costs for storage, capital commitment, costs of maintaining know-
how;

— innovation potential:  none, because it preserves the status quo;

— risk: typical low technological and economical risk, medium operational

risk (no improvement).
5.3 Substitution

Substitution is a strategy whereby a component in the system is replaced with a compatible
successor type in such a way that there are no repercussions on the system. The basis for this
is a requirement specification which considers technical, economic, and regulatory aspects.
Compliance with a compatibility profile as described in 4.4 is crucial. This profile contains the
relevant requirements and their value ranges for product properties, for example, as specified
in IEC 61987.

Substitution always requires integration effort. Substitution with a large amount of integration
effort, for example due to a technology change, is classified as a re-design of the product type
in the context of this document. Typical reasons for substitution can be abandonment of
hardware components or COTS products. Innovation of the product type is not the goal of
substitution.

& %
System n
Shortfall g
Component n.1
Component n.2° version x+1 »
Component n.2 version x
Component n.3 | >
@ Delivery release Ensuring
<4> End of production milestone 6
@ Product abandonment of the system

IEC
Figure 14 — Ensuring delivery of a system through substitution of a component

Figure 14 shows a shortfall for the system due to the end of production of component n.2 in
version x. Substitution of a new version (x+1) for this component covers the shortfall.

For example, a change in the dimensions of a power supply can result in integration effort
because adapters need to be designed. As another example, when new software versions are
introduced, changes to the internal interfaces as a result of the new component require system
integration effort.
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The use of standardized hardware and software interfaces (external and internal) within the
system architecture allows for and simplifies substitution, thereby having a large impact on the
system integration effort.

NOTE Regardless of the un-effected compatibility of the system, in some industries there could be some restrictions
requesting a re-certification.

Substitution is inappropriate when essential properties of the compatibility profile cannot be
fulfilled. As a result, substitution may not be justifiable for technical or economic reasons.

Characteristics of the substitution strategy are:

— compatibility: no restrictions;

— reaction time: longer than last-time buy, typically shorter than re-design
(depending on the integration effort);

— sustainability: better than last-time buy, depends on the life-cycle of the
successor type or the remaining expected life time of the plant;

— effort: costs  for  substitution (ensuring integration  without
repercussions), avoiding last-time buy costs;

— innovation potential:  limited, as it generally preserves the status quo;

— risk: typical low technological and economical risk (what you have is

what you get), medium operational risk (no improvement)
5.4 Re-design

Re-design is a strategy whereby a new version of a product type is developed. The new version
typically fulfills or exceeds the product specification, and therefore the compatibility profile, of
a previous type. This includes the activities for maintaining the required qualification and
certification.

Typical causes for re-design for both producers and plant users are:

— abandonment of a component if the last-time buy or substitution strategies are not suitable
solutions;

— fulfilment of changes in standards and legal regulations (such as RoHS, environmental
ordinances, export laws).

Typical causes for re-design for producers are:

— optimization of manufacturing and testing technology;

— improvement of profitability (re-design to cost).

Typical cause for re-design for plant users are the compatibility restrictions of a successor
product.
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Figure 15 — Re-design of a system due to end of production of a component

In Figure 15, component n.2 is replaced by the new component n.2’. This necessitates the
development of a new version for the system n (version x+1) while taking into account
compatibility requirements. This can result in extending the life-cycle of system n through
postponing the end of production (milestone 4) and abandonment (milestone 6).

NOTE The life-cycle of a component which is different to the replaced one (component n.1 in the figure) can
determine the length of the life-cycle of the system.

For example, abandonment of a processor can lead to a re-design of the system if substitution
through a new type is not suitable for technical reasons. There can be other causes for re-
design, particularly due to wildcards such as RoHS.

Characteristics of the re-design strategy are:

compatibility: restrictions are to be expected;

— reaction time: longer than substitution, typically shorter than migration
(depending on the integration effort);

— sustainability: better than substitution, depends on the life-cycle of the new
system version and the remaining expected life time of the plant;

— effort: costs for development, testing, qualification, etc., including
system integration; avoidance of last-time buy costs;

— innovation potential:  exists, new version can include new functions;

— risk: typical medium technological and economical risk, more complex
solution then last time buy or substitution but with lower
operational risk.

5.5 Migration

Migration solutions are applied when the above-described strategies of last-time buy,
substitution, and re-design are not justifiable.
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Migration refers to:

— the (partial) replacement of existing components with new components with extended or
modified functionality in an existing system configuration;

— the extension of an existing system configuration through components of a new generation.
This generally includes a change of technology.

Generally, migration is necessary when the effort required to maintain and enhance the existing
system is not justifiable.

This strategy can be applied to different levels (see Figure 16).

System (x) C=>  System (x+1)

[ Client| | Client | | Client | | Client |

I I

:'; Data :D Application
Server converter Server

Migration level 1

____________________________________________ .I_____________________________
Gateway . .
Automation Automation Migration level 2
Controller Server

1/0 Distributed 1/0

 [Freta bus Migration level 3
______________________________________________ |_______.|_____________________
Field Field Field Field ) .
device | | device > device device Mlgratlon Ievel 4

IEC

Figure 16 — Level model for migration steps

NOTE The migration levels are not the functional levels defined in IEC 62264-1.

The innovation cycles of the components of migration level 1, along with economic
considerations, lead to this level generally being the starting point for migration. The effort for
migration increases from level 1 to level 4. As a result, the frequency of migration decreases
from level 1 to level 4.

Migration should not cause significant repercussions. To limit the repercussions, it is necessary
to develop suitable adaptation solutions while considering general regulatory conditions. The
compatibility model presented in 4.3 is a means for assessing the repercussions. For migration,
the fulfillment of the functional compatibility requirements is the focus. Examples of adaptation
solutions in the respective migration levels include data converters, gateways, proxies,
virtualization of operating resources, and replacement of central I/O devices with field bus
coupled distributed devices.

Migration is most appropriate when productivity gains or cost reductions are expected, for
example from new functions, standards or technologies. Migration offers the greatest innovation
potential, but at the same time it represents the most complex strategy. The migration from
proprietary communication interfaces to open field bus systems can be seen as an example.
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Characteristics of the migration strategy are:

— compatibility: preservation and expansion of the function, function compatibility
is typically fulfilled;

— reaction time: depending on the migration level, can be considerably longer than
re-design,;

— sustainability: high level of sustainability due to the introduction of a new system;

— effort: greatest effort, costs for development, testing, qualification, etc.,

including adaptation solutions and system integration;

— innovation potential:  greatest innovation potential because the latest, most advanced
technologies can be taken into consideration;

— risk: typical medium technological and high economical risk,
depending on the compatibility but with lower operational risk
seen in a life-cycle perspective.

5.6 Comparison of the strategies

In practice, these Life-Cycle-Management strategies are applied in various combinations. Life-
Cycle-Management should include a risk assessment and a definition of measures as early as
possible. Generally, this is a part of the product and system planning process. In practice,
however, it is not possible to avoid unplanned events. External influences, such as a component
fault or the abandonment of components, play a crucial role here.

With the various strategies, the steps to be taken should be evaluated from technical, time, and
economic points of view and the consequences should be considered. The following overview
(Figure 17) is intended as a starting point and can be used to provide orientation for selecting
a suitable strategy or combinations thereof. The typical characteristics (see 5.2, 5.3, and 5.4)
are shown in colors. The weighting of the characteristics depends on the individual case, which
makes a detailed analysis indispensable.
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Figure 17 — Typical characteristics of the Life-Cycle-Management strategies

Because the considered components and systems differ greatly, it is important that the specific
problem is reflected by the respective strategies. Often multiple strategies are applied either
sequentially or simultaneously.
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The described strategies can be applied individually or in combination at different times
throughout the time in use of a plant. It is important to plan and implement a coordinated
strategy for the system based on the individual life-cycle considerations of the components.
This has to take the plant user strategies into consideration (see productivity maintenance or
productivity optimization in Annex E).

5.7 Application of Life-Cycle-Management strategies for service
5.71 Service regarding Life-Cycle-Management

Life-Cycle-Management services are applied to product instances during the time in use (see
Figure 5). The objective of Life-Cycle-Management services is to maintain the system (instance)
throughout the time in use by ensuring that the utilized components can be maintained. Life-
Cycle-Management services can also cover the disposal of product instance. The services
support the plant user in achieving his productivity and availability goals.

For Life-Cycle-Management services for components and systems, the strategies described in
Clause 5 can be applied individually or in combination.

Life-Cycle-Management services can essentially be divided into standard service and service
through customized special agreement.

See Annex C for examples involving Life-Cycle_Management.

5.7.2 Service levels

Service may be defined on different levels. These levels are a consistent foundation for both
standard service and service through special agreements. Examples for service level definition
may be:
— level 1: on-site service;
— level 2: service via hotline;

e level 2-1: service via hotline in local language

e level 2-1: service via hotline in other language (i.e. English)
— level 3: service including development support.

5.7.3 Standard service

Standard services describe a degree of service without consideration of specific user
requirements. These services end when the product type is abandoned (Figure 5). Update and
upgrade, the provision of spare parts and repair services are examples of this. Standard
services can include training offers, commissioning, and remote support (such as telephone,
hotline and remote maintenance).

5.7.4 Service through special agreement

Service through special agreement refers to instances and may be available after product
abandonment. They are based on individual service agreements (contracts) between the
service provider and plant user in order to support the user’s strategy for plant operation. These
agreements differ from standard services in terms of the scope of services offered or the
respective period of time. Technical feasibility and economic viability can limit the application
of this service.

Special agreements can ensure the preservation of the status quo of the installed system
(instance) for example by means of extended ability to deliver spare parts or software support
that continues beyond the end of service for the type.
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6 Life-Cycle-Management

6.1 Proactive Life-Cycle-Management

Clause 4 has identified that comprehensive Life-Cycle-Management begins as early as the
planning phase of a system and includes thorough consideration of the requirements. In
essence, this involves the active management of the life time of a plant including its components.
This calls for proactive Life-Cycle-Management [12] that — according to IEC 62402 — begins
already in the phase of the product development and supports the lowest possible effort for
migration and re-use of configuration data in the event of a technology change. For this purpose,
a Life-Cycle-Management mindset should already be present when a system is being developed,
because foreseeable influences such as technology changes or changing regulatory
requirements should already be taken into consideration during this early phase [13]. A robust
design should include the consideration of life-cycles of the system’s components in order to
prevent situations as shown in Figure 8 for component n.2 and n.3. This approach ultimately
leads to an expanded quality concept because comprehensive planning also means planning
ahead for the sustainability of the products and components and continuously anticipating
replacement and re-use solutions. Thereby, interoperability and compatibility are better
anchored in the long-term development strategy. For example, a system design based on
standardized product profiles with pre-defined compatibility levels (see IEC 61804-2 and
IEC TR 62390) reduces long-term system maintenance effort. This has far-reaching
consequences for the structural and technical system and product design. To ensure long-term
sustainability, the diversity of system components should be minimized in favor of platform
strategies. In addition, the complexity can be limited by creating modular solutions based on
stable and standardized interfaces. Consistent development documentation of the product type
based on standardized processes and regulations is indispensable for achieving this.

Annex B describes requirements, influencing factors, industry-specifics.

Proactive Life-Cycle-Management also means the sustainable optimization of a plant
throughout its time in use. Measures for ensuring the sustainability of Life-Cycle-Management
can only be based on intensive cooperation between plant users and producers. Thereby,
analysis of the following factors is necessary:

— the life time of the plant and the life time of the products that the plant manufactures,
— the life time of the system components (for example based on probability of failure),

— the supplier selection based on life-cycle relevant criteria, such as financial stability,
availability of second source, or ability to deliver,

— the delivery terms and conditions for products and services, including those for software [9].

Proactive Life-Cycle-Management contributes substantially to minimizing the costs, which
makes this aspect an essential part of TCO considerations (Clause B.1).

Proactive Life-Cycle-Management results in changes to the evaluation criteria for decision-
making processes and new opportunities for partnership-based relationships between users
and producers. Proactive Life-Cycle-Management of components and systems enables the
development of suitable strategies for a plant's time in use. An optimized, plant-specific strategy
is created by combining the goals of the user and the capabilities of the producer regarding the
products that are employed and their life-cycle specific characteristics. The strategies described
in Clause 5 form the basis for this work.

This approach leads increasingly to strategic partnerships within the industries. This can result
in the introduction of new business models in which producers of instrumentation and control
systems assume the responsibility for the availability of the user’s production processes. In
addition to the different cost schedules, criteria for task allocation within the partnerships
specifically includes the tolerable reaction time, the available personnel resources, and, above
all, the specific know-how.
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Proactive Life-Cycle-Management also leads to requirements related to standardization. Only
in this way can requirements regarding compatible innovation be fulfilled from the outset with
low effort. This requires open, vendor-independent conventions for creating products and
processes which can only be defined in standardization committees.

In addition to standardization of technical content, it is necessary to develop uniform and
accepted methods for the holistic consideration, assessment, and calculation of TCO.

NOTE Examples of approaches for this can be found in [13] and [14].This would allow evaluation and comparison
of different strategies with regard to economic aspects.

6.2 Life-Cycle-Excellence

The conclusions based on the different industry requirements (see Clause B.5), the generic
Life-Cycle-Model (see 4.2), and the presented strategies for Life-Cycle-Management (see
Clause 5) show that Life-Cycle-Management in industrial-process measurement, control and
automation is highly complex and requires holistic consideration. This includes application-,
technical-, time-, and economic-aspects, as well as the use of the models defined in this
standard (see Clause 4), compatibility assessments (see 4.4), and the anticipation of wildcards.

NOTE The reliability of the properties stated in the profiles (see 4.4) is an important prerequisite for Life-Cycle-
Excellence.

It also became clear that successful Life-Cycle-Management has a great influence on the
competitiveness of products, systems, services and consequently the respective company.

In this context, four fundamental requirements regarding the robustness of the Life-Cycle-
Management of components, products, and systems can be identified.

e Technical robustness:

To allow compatible system enhancement and substitution of components for a particular
system generation, specific technologies shall be selected, and rules shall be defined for
the system development. This calls for proactive measures, particularly the anticipation of
changes due to technical innovations, standards and regulations. It also includes the
modularization of systems (see 4.3), the definition of open interfaces with long-term stability,
and the definition of compatibility profiles for components (see 4.4). Technical robustness
can only be achieved if the differing lengths of the life-cycles of the various component types
(Figure 15) are considered. Technical robustness also includes support for changing the
system generation with suitable migration solutions (see 5.5).

e Application robustness:

Application robustness describes the capability of a system to adapt to changes related to
the operation of the plant. For example, this includes product changes (batch), changes in
production quantities, changes to input materials, and changes to production processes or
revision times. Also included are changes, which increase the degree of efficiency or
availability, and changes due to standards, and industry-specific stipulations.

e Economic robustness:

Economic robustness describes the capability of a system to adapt to changes in the
economic goals and constraints of the plant operation during the time in use. This includes
external influences such as altered economic conditions, market fluctuations,
competitiveness, general legislative conditions, and changed business strategies and
decisions. These goals and constraints can lead to changes in the planned time in use of
the plant, the plant operating models and, consequently, to changes in the criteria for
selecting Life-Cycle-Management strategies.
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e Ecological robustness:

Ecological robustness describes the capability of a system to adapt to changes in the
ecological goals and constraints of the plant operation during the time in use. This includes
external influences such as altered ecological conditions, environmental regulations and
standards, and changed business strategies and decisions regarding environmental and
sustainability aspects. This can lead to changes in the criteria for selecting Life-Cycle-
Management strategies.

Optimal profitability is always the highest priority when selecting suitable strategies.
Strengthening of requirements on security, safety and environment protection is expected over
time. Thus, these requirements will drive Life-Cycle-Management, especially during operational
phase.

Life-Cycle-Excellence is the term for managing the influencing factors for the robustness of the
Life-Cycle-Management of components, components and systems by means of holistic
consideration (see Figure 18). Life-Cycle-Excellence is based on standards and the common
models described in this document.

Life-Cycle-Excellence

Technical robustness
Application robustness
Economic robustness
Ecological robustness

Models and standards

IEC
Figure 18 — Life-Cycle-Excellence

In the context of robustness, the dimension of time includes the life-cycle of types (components,
products, and systems) and the life time of their instances. Life-Cycle-Excellence is achieved if
the product Life-Cycle-Management satisfies these demands throughout the entire time range
—sustainably. Life-Cycle-Excellence can only be achieved by means of cooperative, continuous,
and proactive Life-Cycle-Management.
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Annex A
(informative)

The current status of life-cycle aspects

Modern production facilities and installations are structured and subdivided into different
functional areas. These functional areas are assigned to instrumentation and control equipment
that consist of a multitude of individual components which form a distributed system. As shown
in Figure A.1, the components are assigned to different functional levels. Each of these
components and its elements (microprocessor, capacitors, firmware, etc.) is defined by specific
characteristics of its life-cycle. Awareness and mastery of the life-cycles of the individual
components and their interactions throughout the life time of the plant — Life-Cycle-Management
—represents the fundamental precondition for maintaining the economical operation of the plant

throughout the planned time in use.
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Figure A.1 — Typical structure of an instrumentation and control system

with functional levels according to IEC 62264-1

The following example illustrates the influence of component life-cycles (see also Annex C) on

economically maintaining operations (Figure A.2):
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Figure A.2 — Example of the effects of component failure

In a computer — which performs fundamental functions within a process control system of a
plant that has been operational for a number of years — a graphics card needs to be replaced
because of a defective component. Repair work is not possible. As this particular type of
graphics card is no longer available, it is necessary to use a suitable replacement. While the
replacement graphics card is functionally compatible, a graphics card driver that is compatible
with the installed operating system does not exist. It is also not possible to change the operating
system as the applications (software) running on the process computer have not been approved
and released for use with the newer versions of the operating system.

A solution to this conflict could involve the replacement of all of the computers of the process
control system, including the operating system, upgrading of the application software and the
adaptation of applications to the altered conditions. Within the context of these changes, the
employees have to be retrained and a software maintenance agreement has to be made with a
service provider.

This example illustrates the complexity of maintaining plant functionalities, and how extensive
the effects on the plant can be. These effects can also apply to parts of the plant that are
operating correctly and are not directly linked with the defective component. A comparable
situation is discussed by Hauff and Weigel [12].

One of the reasons that maintaining plant and system functions is so complex is the fact that
over the life time of a plant, the innovation cycles and the related life-cycle of components vary
considerably (Figure A.3). The life time of the plant itself and the associated, specific
requirements (such as the planning of maintenance cycles) are highly dependent on the
respective industry — the time in use of a process plant, for example, is between 15 years and
40 years, while a production line in automobile manufacturing is usually changed to meet new
requirements of the production of a new model.
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Figure A.3 - Life-cycles of plants and their components

Plant operators in particular do not evaluate the cost efficiency of their investments solely based
on the procurement costs (planning and setting up), but increasingly they also consider the
costs of maintaining plant operation across the entire life time (Life-Cycle-Costs). In this way,
the overall costs and the total benefits of a project can be evaluated in a transparent manner
by including all of the follow up costs. As various studies [19] have shown, the costs for the
operation of a system may exceed the procurement costs (initial investment) many times over.
This is due to the long time in use of plants where costs of operation and maintenance reoccur
periodically. Therefore, the total costs calculated across the life time of the plant — also referred
to as TCO [20] — assume the character of an iceberg, whereby the total volume is not readily
visible (see Figure A.4).

| Purchase price "price tag"

@
/mral/costs | | Procurement costs\

| Training | |Additional applications
| |

| Spare parts Maintenance | | Personnel
| Taxes | | Insurance | | Energy |
| Spare parts storage | | Migration |

| Modification/dismantiing|
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Figure A.4 — The iceberg effect

At first glance, only the purchase costs are visible (the "price tag"), while the follow-up costs
that are implicit in this investment usually remain concealed or tend to be overlooked [21].

In summary — due to the speed-up of the innovation rate — Life-Cycle-Management is a
significant topic in automation — especially in the discussions between end users and
manufacturers as well as between manufacturers and suppliers. The interaction between global,
legal and technical aspects — including demands for high functionality and efficiency,_as well as
the influence of IT technologies in automation — helps to demonstrate the scope of Dloﬁufnents
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Annex B
(informative)

Requirements, influencing factors, industry-specifics

B.1 General requirements

Driven by innovation in electronics and software technology, the functionality of automation
components is continually increasing. The breadth of the functionality of components is a key
sales argument. This breadth is a result of meeting customer demands for flexibility, open
systems, extensive application areas, high availability and deliverability of components, with
ever decreasing costs. At the same time, producers improve their products not only in order to
offer their customers new functions, but also to improve applications, handling, operability and
costs. As a result, the complexity of the system increases considerably due to the added
complexity of the integrated components.

The increasing speed of innovation in hardware and software continuously shortens the life-
cycle of components — however the life-cycle of systems cannot be shortened in a comparable
manner as it relates to the life time of the plant.

Not only do the life-cycles of components and systems differ, but they are also viewpoint-
specific. This is due to the perspectives of the different roles which work closely together for
the planning, set-up and operation of a plant. For example, for the use of a new version of an
engineering system, the producer ensures that the new version can also be used with the
installed device versions, or they may have to develop and deliver upgrades. To maintain
compatibility, not only could hardware and software changes be necessary, but services, and
possibly also contractual issues, should be taken into account.

Customers, suppliers and producers are partners within a value chain. Normally, this results in
different viewpoints such as that of the supplier or the customer. The producer of a product
generally integrates components which have individual life-cycles. When the producer sources
these components from a sub-supplier, the producer assumes the role of a customer.

It is important to note that these suppliers and their products are less and less geared towards
the automation requirements. As a result of worldwide rationalization and market changes,
producers of basic components, such as semiconductors and operating systems, are merging.
These merges lead to consolidated product portfolios — which often results in less product
specialization.

The importance of life-cycle aspects is increasing continuously for all industrial goods and
systems with long life times. This is due to the growing complexity of components and systems
as well as the rising application of generic components, for example COTS, that are made for
the consumer goods industry. However, compared with the consumer goods industry, the
demand emanating from the automation industry is so low that the respective requirements are
hardly given consideration. Industries such as home entertainment or mobile communication —
with considerably shorter product life-cycles — generally optimize their products with the goals
of low cost and new functionality, rather than compatibility and long-term service. This has a
major impact on the deliverability of components and spare parts. Due to the low demand from
the automation market, prolongation of production only for this industry is not profitable for the
major semiconductor manufacturers.
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In addition to requirements which result from the long time in use of components, automation-
specific application requirements include real-time behavior, functional reliability, safety and
defined interfaces. Many diverse standardization activities address these requirements. This is
a continuous process and an important precondition for ensuring the interoperability of
components and systems over the long term. To an increasing extent, the harmonization efforts
are influenced by standards and specifications which come from outside of the automation area.
The widespread integration of IT technologies in many automation areas leads to openness,
flexibility, and increased functionality of the components. This integration results in reduced
costs and accelerated innovation; however it is also accompanied by a lack of continuity from
the viewpoint of the life-cycle of automation components and systems. Automation users,
producers and suppliers demand long-term usability for IT technologies, or at the least a
transparent migration strategy in order to ensure usability over the life time of the plant. This
becomes even more critical when there is a dependency on a certain technology.

The life-cycle in automation is additionally affected by legislation and normative constraints.
The continued sale of products, and the development and production of new products, is
affected by software usage rights, open source license conditions, the internationalization of
standards, national legislation and international directives such as RoHS (Restriction of
Hazardous Substances) [17]. These demands can considerably affect strategies for maintaining
long-term usability.

All of the influencing variables described so far impact the economic efficiency of a plant. Life-
cycle related evaluation methods aim to collect and analyze the entire cost related to automation
equipment that arise across the whole life time of a plant from planning to construction, erection,
operations and finally dismantling (TCO). With the help of such cost evaluations, it is possible
to analyze the relationship between procurement cost (initial investment) and the resulting
follow-up cost (Life-Cycle-Costs). Decisions made in the planning phase, for example, can incur
effects much later during the system’s time in use. This is precisely why the Life-Cycle-Costing
(LCC) method was developed. In addition to transparently presenting the distribution of costs
over time, the method also helps to identify opportunities for optimizing economic efficiency.
The aim of Life-Cycle-Costing is to determine what proportion of the total costs is incurred
during the time in use, in order to minimize TCO. This forms the basis for optimizing the balance
between the initial investment and operating and maintenance costs by selecting the most
appropriate products. The commonly used term for this balancing of costs is trade-off
(see Figure B.1) [13].
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Figure B.1 — Trade-off between procurement costs (initial investments)
and costs for operating and maintenance Documents
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In this context, the traditional production and sales cycles of individual components become
less important, while the overall life-cycle of the investment becomes the main focus.
Consequently, and in contrast to conventional cost analysis, with the Life-Cycle-Costing
approach, the decision-making process for the initial investment takes into account the long-
term impact on the TCO of performance capability, future usability and Life-Cycle-Costs.
Because of the long-time horizon, this approach reveals hidden cost drivers, but also potential
benefits throughout the entire life-cycle. Thanks to the identification of cost drivers, it becomes
possible to make target-oriented analyses of the processes and to improve economic efficiency
through optimization and redistribution of services among the value chain partners.

B.2 Consideration of industry-specific requirements

The industry-specific requirements related to Life-Cycle-Management of automation solutions
differ due to the planned time in use of a plant — where the period of time extends from a few
years in automobile manufacturing to several decades in the areas of energy and rail transport.
Other requirements which arise during the course of operations also diverge. In order to identify
industry-specific requirements that are relevant for the life-cycles, the following industries have
been analysed:

— chemical industry;

— energy industry;

— automobile rail transport;

— manufacturing;

— machine tool manufacturing.

General characteristics of the individual industries are described along with the derived Life-

Cycle-Management requirements. Each analysis is completed with the expected industry trends.
Table B.1 and

Table B.2 show an overview of the requirements which were derived from these analyses. Time-
related, technical and service requirements are presented for each industry.

One characteristic used to differentiate the industries is time. This includes the life time of the
plant from the conclusion of commissioning to dismantling, the time between possible
production line changes (to produce a different product), as well as the cycles for modernization
and revisions of the plant.

The technical requirements include compatibility (see 4.4) of function-, construction- and
location-related properties. The following aspects are analyzed in the categories for the
industries addressed:

— function-related properties:

monitoring and operating, controlling, information management, interfaces, data types and
data formats;

— construction-related properties:

mechanical and electrical,
— location-related properties:

setting and environment.
The analysis is performed with a focus on the relevance of the properties to the product and
system life-cycles. The compatibility of data types and formats, for example, is essential for
migration and protecting investments. Further requirement clusters include the carrying out of

and the maintenance of documentation, qualification, certification and approvals for products
and plants.
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In addition to the technical and time-related requirements, service requirements also influence
Life-Cycle-Management. These include maintenance (for example repairs in the case of defects,
including delivery of spare parts if necessary), as well as troubleshooting and the correction of
faults. Service requirements also include update services for error correction and upgrade
services for upgrading to newer versions with improved or extended functionality.

The requirements of the energy industry have been selected as an example to illustrate the
analysis method.
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