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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

An increasingly dynamic business environment and the rapid changeover from a buyer’s to a seller’s
market have gradually been increasing the complexity that companies are facing over the course of
their product creation processes. Shortening product lifecycles, the extension of planning extents
across global planning networks and an unwaveringly high expectation of process stability and quality
have all turned change management within the product creation process into a vital success factor
for internationally active manufacturers. In some of their departments, such as product development
and the associated product data management manufacturers have already begun responding to these
developmen & ] ide change-
driyen management w1th1n the product development process However this coordlnatlon and structural
mapping of product changes [better known as engineering change management (EGM)] dovers only
a part of the relevant change processes occurring in digital product creation. Althpugh [SO 10303,
ISO[15531, ISO 19439 and IEC 62264 offer several data models, the current context ‘of thi§ document
focyises on the area of production planning. Heterogeneous information technelogy (IT) systems and
data models are common use due to the high amount of variations in the planhing procesf. The data
scheme in this document offers a generic method to structure the data and to'present basic opject types
in drder to implement manufacturing change management. In practice{ the product systenjs required
for the manufacturing and assembling of the products are likewise stibject to many differeht changes.
Sonpe of these changes are preplanned and they are implemented, specifically to achievg efficiency
incrreases. Other changes, however, are subject to processes that,are less structured or planned, which
means that their practical repercussions and follow-up measutes often cannot be adequatelyf predicted.
Typiical for all of these types of change measures is the faet that the production system’s| applicable
documentation and the actual state of production are temporarily or permanently incons|stent with
each other, i.e. they are asynchronous (see Figure 1).

Scope of

[SO 18828-2
ISO 18828-3
ISO 18828-4

Product Design

\\J
o5 _
Prodm@ﬁ%’n Planning
a e

Scope(of

ISO 14828-5
Manufacturing Change Management

Production

Product Lifecycle

Figure 1 — Context of manufacturing change management

The applicable documentation for the creation, the commissioning and the operation of production
systems is provided by the planning documentation. At the start of production, the documents and
definitions of the planning departments serve as a reference for everything. Subsequently, some new
measures typically emerge that are more practical than the originally planned ones, and they are the
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ones that are ultimately implemented. Figure A.1 provides an example of how a system’s actual state can
deviate from the planned state over time. There are many different ways in which deviations from the
planned state can occur. For example, ongoing improvements to the process often reduce the base time
required for completing the process, thereby directly increasing its efficiency. Of course, there can also
be entirely different adjustments, e.g. pertaining to ergonomics or machining capacities. These cannot be
visually mapped and evaluated as easily. In addition, the triggers for changes can vary considerably and
they can be identified and suggested by a wide variety of parties. Starting when the initial production
process is implemented, the many changes that are introduced subsequently represent the actual
manufacturing process at any given time. In the context of holistic production systems, the adaptability
of manufacturing processes is crucial to competitiveness. Across-the-board efficiency increases are
usually demanded-enayearty is—ereatings OHE d RS-
adapt and ¢ptimize the process, the planning documentation necessarily deviates from the actual’sfate
of the production system sooner or later, i.e. all producers experience their manufacturing processes
deviating firom the original planning to some degree. However, in order to test, evaluate and ireach|the
goals set if} terms of quality, time required and cost-effectiveness, the planning needs te be’constahtly
compared fo the actual state. Any changes to the manufacturing process and planning)take place ¢ver
the course|of an iterative process requiring the agreement of numerous participants.

vi © IS0 2019 - All rights reserved
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nufacturing change nmanagement

Scope

5 document specifies a formal description of the manufacturing chafige’ managem
resses to provide an organizational and technical solution for the cemprehensive m4
ressing of changes between production planning and operations. The aim of this docy
formly capture and track change measures, and to sensibly forecastand coordinate the
lired for change processes in the planning and production depafktments.

5 document presents a data-oriented view for implementation of MCM. The most impor
e data-oriented view is that the central change element{glinked to the objects of the dig
the process, the product and the resource). The basis for MCM and the different views p
document are production planning processes.

TR 18828-1 gives an overview of the ISO 18828 series and links the MCM to the other
28, focussing on production planning processes, as well as information flows and key pg
cators. The following aspects are covered within this document:

processes of MCM;
roles in MCM;
data-oriented view of MCM;

workflow of MCM.

Normative references

re are no normative references in this document.

Terms and definitions

For

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

ent (MCM)
pping and
ment is to
capacities

ant aspect
ital factory
resented in

arts of ISO
rformance

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

3.1

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

manufacturing change management
MCM
overall change management activities that apply for manufacturing
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3.2

manufacturing change request

MCR
initial stag
evaluated

3.3

e of the manufacturing change management (3.1) in which a request for a change is made and

manufacturing change order

MCO

final stage of the manufacturing change management (3.1) in which the implementation and

accompan

7ing steps of the requested manufacturing change are conducted

34
acquisitio
steps from

3.5
evaluatio

clarificati;Ll of and decision about a change request as well as the subsequent steps

3.6

receive change order

formal acti

3.7
plan chan
arrangeme

3.8

implement change order

realization|

3.9
inform pa

informatioh of participants about the change’to increase transparency

3.10
complete
update and

3.11
create cha
initial stag]

3.12
process ch
examinatic

3.13

n
the change enquiry to the released change request

vity how a change order is obtained for further processing

e order
nt or updating of the product plan and the associated planning documentation

of the manufacturing change in the produetion facility

ticipants

change order
documentation of the'change status, as well as informing the initiators of the change reqyiest

nge enquiry
e of the acquisition (3.4), where the change enquiry is initiated

angeenquiry
nrof the change enquiry

create change request
preparation of the change request

3.14

maintenance of manufacturing change list
updating and prioritizing the change requirements in the manufacturing change list (3.25)

3.15

compare affected objects

reconciliat

ion of existing change requests and affected objects
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3.16
clarify change request
examination of the change request

3.17
release change order
clearance of the change order

3.18
assign change order
identification of a suitable person and issuing responsibility

31
compare shopfloor and planning documentation
collption of workshop and planning document

3.2
praduction planning of change order
chaphge order in regard of documentation required for the shopfloor

3.2
update change status
update of the change status in the documentation

3.2
infgorm change request initiator and creator
repprt of the conducted change to the request initiator.and creator

3.28
mahufacturing change management process
profess consisting of two basic structural stages: the manufacturing change request (3.
manufacturing change order (3.3)

3.24
mahufacturing change management roles

relgvant roles needed to ensure.all functional and process-related operations for the ma
chahge management process (3:24)

3.2p
mahufacturing change list
MCL
relgvant changes in the manufacturing environment (shop floor)

3.26
product structure
structurerproviding a functional classification of all items, parts, components, subassel
ass¢mblies of a product

) and the

hufacturing

mblies and

Note 1 to entry: The hierarchical “as-designed” product structure which is defined during product design allows

the creation of an engineering bill of materials.

[SOURCE: ISO 18828-2: 2016, 3.1.9]

4 Abbreviated terms

ECM engineering change management
CIP continuous improvement process
IT information technology
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MCM
MCO
MCR
MCL

manufacturing change management
manufacturing change order
manufacturing change request

manufacturing change list

5 Process-oriented view of manufacturing change management

The proce
model is d
by drilling
connected
an appropt
These leve
their respe
of each prq
according

EXAMPLE 1
The proces

EXAMPLE 2
change reqy

bs model of manufacturing change management is based on a multi-level structurg, [The
btailed by progressive stages in a top down approach. The degree of abstraction decregses
down through the levels. The number of available levels depends on the processes-and|the
subprocesses. Here, the main processes are broken down into several sublevels. To rdach
iate degree of abstraction, especially for the main change activities, four levels are defined.
Is are illustrated in Figure 2. The notation of the elements within the proeess repres¢nts
ctive model level in order to reach a better orientation while going thyough the description
cess. Except for the root process 0 at model level 0, each process refers to the model lgvel
o the number of numeric digits in the notation.

The process 112 contains three numeric digits and belongs to themodel level 3.
s number in each level includes the stage numbers of thepper-level-processes.

The process 112 (Process change enquiry) is derived\from the processes 1 (Manufactufing
est) and 11 (Acquisition).

Level 0

(o]

Manufacturing change

nahagement
Level 1 \
Manufacturing change Manufacturing change
request order
LevelZ/ &
Receive Plan Implement Inform Complete

Acquisiti Evaluati .
g1tlon valuation change order change order changeorder participants change order

Levg
4

Create changg

13 \ \
AN
Release change Production 251 252

enquiry

|113 | Compare order N planning of
Inform change
affected change order Update change request
Create change objects status . q
request Compare initiator and

Maintenance of shopfloor and creator
Process change manufacturing Clarify change  Assign change planning
enquiry change list request order documentation
Level 4

D = Process activity

Figure 2 — Structure of manufacturing change management process model
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The modelling makes use of combining recurrent functions and constraints into aggregated modules.
As a result, clear structured processes consisting of input and output data have been modelled. The
description of manufacturing change management is combined at the root level. This aggregation leads
to a significant increase of clarity of description and enables a prioritized view for the user at the change
management process. The description of the detailed model levels follows the same top down approach.
First, the level with the highest degree of abstraction is described (referred to as level 0), following
a description of the level consisting of the main function of the manufacturing change management
process. In reference to this basis, every possible characteristic change activity is consecutively
described. To ensure a consistent description of the different model levels, the detailed description of
the levels contains the following structure:

— |the graphical abstract of the detailed process activities using Structured Analysisygnd Design
Technique (SADT) notation;

— |the textual description of the process activities;

— |the additional explanation of specific model details.

6 |Detailed description of process 0
As ijlustrated in Figure 3, the manufacturing change management cofisists of two basic structyiral stages:
— the manufacturing change request (MCR) (1);
— the manufacturing change order (MCO) (2).

These two stages are described in greater detail in théfollowing clauses.

change trigger Manufacturing Change MCR status*
Request i

Manufacturing Change

NICM status™*
Order L

* rejected change request / initiated manufacturing change order
** rejected change request / completed change order / canceld change order

Manufacturing Change Management Model level 1

Figure 3 — Structure of “manufacturing change management” at model level 1

© IS0 2019 - All rights reserved 5
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7 Detailed description of process 1

As illustrated in Figure 4, within the scope of the MCR, all of the manufacturing changes are captured
and checked in terms of their permission to change the planning documentation, i.e. their permission
to trigger an MCO. Within this first stage of the overall MCM process, both the initiators of the change
enquiries and the employees who implement them are known; they are predefined as part of the
company’s in-house rules and modalities. Structurally, the MCR process can be subdivided into eight
subprocess steps with varying levels of complexity. The first five steps (111, 112, 113, 114, 115) serve
to fully capture the change enquiry (11), whereas the sixth to eighth steps (121, 122, 123) initiate and
implement the enquiry’s evaluation (12) in terms of downstream process flows within the overall MCM

..........

to any parties, i.e. any relevant MCM change enquiry.

The followfng clauses provide an overview of the steps of the MCR process, divided into thé captufing
and the evaluation of any given change enquiry.

change trigger released change request

Acquisition

Evaluation MCR status*

* rejected change request / initiated manufacturing change order|

Manufacturing Charjge Request Model lejel 2

Eigure 4 — Str re of “manuf ring change r " atm 1level 2

8 Detailed description of process 11

The detailed description of the MCR acquisition (11) is pictured in Figure 5 and is described in detail in
the following. The capture procedure of the MCR begins where the initiator creates the change enquiry
(111). As described above, both in-house areas such as product development and manufacturing or
assembly planning as well as external parties such as suppliers or customers can act as initiators. In
practice, these deploy different forms of communication. In terms of structure, they also map their
ideas and requirements heterogeneously. What they all have in common, however, is that they issue a
specific change enquiry to other parties of the change process.

6 © IS0 2019 - All rights reserved
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The process of capturing the change enquiry entails supplementing and completing the existing
information, frequently using queries, detailed process know-how, or employee expertise (112) (see
Figure B.1). In addition, the enquiry is checked for its general validity in terms of changes within the
company, which can involve examining the enquiring party’s area of responsibility or the general
framework conditions. A first plausibility test is also to be run at this time in order to efficiently pre-
filter the submitted enquiries. Enquiries that do not pass this test are rejected: they are returned to the
enquiring party with an explanatory message and they are excluded from the subsequent activities of
the MCR process. Enquiries that do pass the test are classified according to their extent of change and
an estimate of their attainability.

To
reld
cha

manufacturing changes and document its status. A transparent overview of all the requs

is Vi
prid
the

ivity of the MCR process (113) (see Figure B.2). Most importantly, this activity is‘used to i

ning objects and responsible parties affected by the planned manufacturingchanges.

¥ once these have been identified can the processing timespan be estimated and the 1
Lies assigned to the request.

'reate and maintain a superordinate and central manufacturing change list (MCL) is ¢
vant in practice (114) (see Figure B.3). This list makes it possible to precisely control a
hges in a wide range of areas, as well as precisely track the,change request within a m:
ital to each decision-making process in order to enable sensible overall schedule pl3

MCL makes it possible to capture and evaluaterejected change requests in a separa

an

whyd
per
bet
a st
wed

y
Fojll‘owing analysis of the objects affected, the'current change requests are sighted in the n¢g

sis of rejected requests sometimes yields very valuable insights.

bre they are also reconciled with existing change requests within the manufacturing d
fain to the same objects (115) (see Eigure B.4). Time estimates can be confirmed and 4

andard monthly communication-from management, experts communicating via social
kly launch management meétings, or quarterly workshop schedules.

tions, this
ing team.
n the next
dentify the
n practice,

se might be machines, tools, workplaces, or work plans, as well as foremen;, 0perators, of planners.
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st changes
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xt activity,
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Create change [

change trigger !
— ¥ enquiry

change enquiry

Process change
enquiry H

i1 classified enquiry

period of
ii processing

Create change
request

Maintenance of |..
manufacturing
change list

e

prioritized
mc list

i number and
type of
affected

objects number

| o
r |

i change reqyest
-

objects \p| Compare affected

objects

Acquisition Model lejel 3

Figure 5 — Structure of “acquisition” at model level 3

9 Detailed description of process-12

Within the{ following three activities of the MCR process illustrated in Figure 6, the change reque$t is
evaluated.|The objective of this evaluation is to make an informed decision about whether a change
order is isqued. To this end, the Sixth step (121) is used to clarify the participants of the change reqtyiest
(see Figurg B.5). This includes identifying the decision makers required for instating a qualified
decision-mjaking process, The decision-making process itself and its organizational implementation|are
both subjert to a widesand varying range of external conditions that frequently hinder this progess
from being properly iiapped within the MCM reference sequence. Accordingly, the reference sequgnce
does not eptail mapping the decision-making process; nevertheless, its outcomes do also inform|the
subsequent steps,0f the MCR process.

The next a¢tivity comprises the processing of the change enquiry, which ends with the change reqgyiest
either being approved or rejected (122). A formal specification of how the decision is documented
and conveyed has not yet established itself in practice, which means that the approvals and rejections
are issued by parties such as planners (with or without reports), or verbally within workshops or
team meetings. In addition, the initiator and creator of the request are informed about the decision,
regardless of its outcome.

The last activity of the MCR process is to prepare the change order. Essentially, this step (123) comprises
two implementation tasks (see Figure B.6). Firstly, a suitable contact person needs to be chosen for
implementing the change request. This person acts as the MCO operator and is responsible for all
subsequent processing of the change request. It is important to distinguish here that this refers to the
organizational responsibility for the further processing and maintenance of the change request, not
the responsibility for physically implementing the change within the production and planning system.
After the MCO operator is assigned, the change order itself (the MCO) is issued.

8 © IS0 2019 - All rights reserved
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Having uniform management and tracking of change requests provides a significant advantage,
namely the reinforcement of standards within the improvement of standardized production systems.
Approved changes to the production system can offer significant opportunities of improvement
for other system areas — or even other departments or company sites — that are identical or similar.
When this is the case, the structural MCM process not only facilitates the approval of the individual
change at hand but also the triggering of further MCRs for similar instances where the process can be
applied in the same way. The last step of the MCR process is to prepare the change order. Essentially,
this step comprises two implementation tasks. Firstly, a suitable contact person needs to be chosen
for implementing the change request. This person acts as the MCO operator and is responsible for all
subsequent processmg of the change request It is 1mportant to dlstlngulsh here that this refers to the
org g
the respon51b111ty for phy51cally 1mplement1ng the change w1th1n the productlon and plann ng system.
Aftér the MCO operator is assigned, the change order itself (the MCO) is issued. The MCO"specifies the
impglementation of the requested manufacturing change. The individual steps and.associated tasks of
the[MCO are summarized in the following clauses. Note that the main overall stages’'of docimentation
and implementation cannot always be completed in sequence.

d change request Clarify change

rejeGted change request
request

request

initiated
manufacturfng
change ordgr

Release change
order released

change order

Assign change
order

* approved change request / rejected|change request

Evalpation Model level 3

Figure 6 — Structure of “evaluation” at model level 3

10 Detailed description of process 2

The first activity of the MCO, as illustrated in Figure 7, is purely formal. It is for the change order to
be accepted by a person who subsequently acts as the MCO operator and assumes responsibility for
processing the manufacturing change (21). In day-to-day operations, this assignment might take
place as part of a regular status meeting or team meeting. The second activity entails the required re-
planning or updating of the product plan and associated planning documentation (22) (see Figure B.7).
This applies not only to the detailed planning documents, digital models and analyses, but also to the
documentation required for the shop floor (e.g. work plan).

© IS0 2019 - All rights reserved 9
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In the third activity, the actual implementation at the production site takes place (23). This can comprise
manufacturing as well as assembly processes. This step has been formalized so that the manufacturing
process can be based on the most up-to-date planning documentation just as it did when the original
plans were implemented. If possible and where necessary, this can be done together with the production
planner in charge or with one of the core production teams. This ensures the process capability, and any
further changes that might result from implementation can be reported back to production planning so
that the documentation can be updated.

The fourth and fifth activities (24, 25) represent the completion of the MCO (see Figure B.8). While
this can seem like a mere formahty, itis 1n fact qulte important to ensure the transparency of the given
manufact i
that the ch nge has been implemented and the documentation updated, and to formally close theMCM
process. Ir] addition, the manufacturing change needs to be documented as “completed” within|the
MCL. The dompleted manufacturing change represents the latest version of the overall MCL,|and ith
it, the lategt status of simultaneously planned other manufacturing changes on the same linie or statfion.
The definefd structural steps form the basis for adequate IT support on the one hand, and on the otfher,
for the tramsparent management of other manufacturing changes being triggered fromdifferent argas,
which can pverlap both in terms of content and timing.

..receipted
i manufacturing
i change order

Receive
change order

planned
change,
;. order

H Plan
[BE] 3 change order

Implement H
change order

canceled
production

implementation*

rejedted
charlge planning . .|nformed
- Complete Is**
t S
L reqyes Inform participant: change orde §
* implemented change / canceled implementation
** rejected change request / completed change order / canceld change ofder
Manufacturing Change Order Model level 2

Figure 7 — Structure of “manufacturing change order” at model level 2

11 Manufacturing change management roles

To be implemented, however, MCM should not entail the creation of any new departments or units, but
rather be integrated into the existing organizational structures for planning and production. Changes
that can have considerable consequences for production require unambiguous documentation and
assignment of responsibilities. In some areas, such as ideas management (company suggestion system),
these approaches are being applied already. A guided change process for planning and production relies
on a predefined role concept that details the required tasks and responsibilities. In terms of the MCM
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stages, this suggests two employee roles for MCR and MCO operation respectively. The MCR operator is
responsible for the request stage of the manufacturing changes, while the MCO operator is responsible
for their implementation stage. Depending on the types and extents of the changes, the groups of
employees relevant to these roles vary considerably. Almost all organizational structures already have
dedicated tasks and responsibilities for these.

The responsibilities of the MCR and MCO operators are derived from the requirements of day-to-day
production, which in many cases are identical to the responsibilities of the organizational structure for
planning. Implementing the role concept within the MCM process does not necessitate any additional
staffmg The advantages of a clearly defined role concept on the other hand are obv1ous Existing
ncept, and
rrent state
of planning and the actual system state. The 51gn1f1cant roles within the MCM conceptgasiillpstrated in
Table 1, are only briefly sketched in.

Table 1 — Significant roles in the MCM concept

Roll designations Short description
MCM initiator Records and formalizes/changes
MCM coordinator Coordinates and pridritizes changes
MCM responsibility holder Tracks and steers changes
MCM business administrator Administets the system from a business view
MCM system administrator Administers the technical infrastructure

Thg MCM initiator is the most frequent role and is'significant for a later implementation of the concept.
The integration of information capture and ptovision within the scope of the MCM prodess during
other day-to-day tasks is characteristic for the MCM initiator. This leads to the assumption that time-
consuming documentation or networking-tasks are only carried out on site under orgpnizational
prepsure, or not at all.

Coordinating the different change‘requests and change orders on the strategic level requires an
insflance that prepares decisians.about change measures, covers conflicts between plannfjng objects
and| contributes to clarification of the overall change. To identify change conflicts, in pdrticular to
prepare for the requisite decisions, this MCM coordinator needs comprehensive informdtion about
chapges of all relevant business areas, as well as additional information about the persons jnvolved in
implementing the change, so company-internal clarification is initiated as required.

If a positive decision’has been made to implement the change measures, the status of the impl¢mentation
needs to be kept transparent among the MCM responsibility holders, who are often numlerous. The
MCM responsibility holder primarily ensures continuation of the company-specific configyred status
of the MCM process. With a special filtering of the changes relevant for the respective| employee,
synchronizing the physical implementation of change measures with the digital representgtion of the
MCL ean be simplified.

To be able to ensure a specialized engagement with the MCM general conditions and processes
for this function, the role of an MCM business administrator in production operation is helpful. The
administrator undertakes data and software maintenance, derives corresponding change management
processes and maintains and develops the roles and rights management in the MCM concept. In the
process, the administrator takes the expert view of the participating structures and is directly involved
in the MCM process.

One of the key requirements for the effective implementation of the MCM methodology is the
integration of structural data from primary IT systems. The MCM business administrator, working
alongside the IT managers, also accordingly carries out the complex task of data synchronization for
linking and managing changes in the MCM software. A further requirement includes the ability to feed
key information back from change management to established data management workflows, which
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could take the form of workflow support, for example. Developing alternative solutions and adapting
workflows to meet the requirements for MCM usage can only be effectively performed by the MCM
business administrator.

The role of the System Administrator is required for configuration and maintenance of the MCM system
as a supplement to the above roles, which participate directly in the MCM process. This administrator
manages the users and undertakes system updating and maintenance in the existing IT landscape
(e.g. security concepts, interfaces). The tasks are restricted to provision and maintenance of the
infrastructure necessary for the MCM process.

12 Data-oriented view of manufacturing change management

The manufpcturing change process facilitates several structures:

The structlures are set up and stored in diverse native systems, usdally using heterogenous (¢
ee Figure 8). Mostly the exchange of data between them“accurs through specialised ¢
Data interface formats have been developed and shapéd in order to seamlessly and secu

schemes (3

produ

t structure;

process structures;
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produ

interfaces.
transfer al
providers

states, life

artefact.

Figure 8 dg

tion structures.

main entitles, i.e. Production Site, (Production) Line and (Production) Station.

information stored in the main entities (e.g. object types). In addition, homogenous solu
leveloped and implemented general data structufés that contain all different aspects
cycles, relations, maturity degrees) that can be required by a change management (¢

bpicts the four main structures. The production structure has been broken down into tH
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Figure 8 — Relationship of different structures required in the MCM process

Each structural element interacts at least with one another. All inter-relations usually apply from the
data stored in the object instances of the structure.
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However, in manufacturing, all structures are important and hold certain information that is useful
and necessary in order to produce the product. Figure 9 integrates an object called “manufacturing
change”. A manufacturing change affects a product in the design phase, it affects a process as a
manufacturing process step might be added, omitted or changed and it affects a resource that is used
by the manufacturing process. A manufacturing change can occur either at a production site (i.e. a
factory), a (production) line or a (production) station.

Production

/ Site

Product

Manufacturing
Change

Process Station

é?
@
Q
o

QO

Refﬁggb

Figure 9 — Relationship between thé main structures and a manufacturing change

The interrelations that occur during'axchange and its effects on the existing data objects df the static
stryctures are of importance when censidering a data scheme for manufacturing change management.

The central element of the MEM"data scheme is the manufacturing change object. An instance of the
maquacturing change object” represents one individual manufacturing change. The MLL derives
technically from manyinstantiations of the manufacturing change object in the context of one
profuction site. The mhanufacturing change object is created and persistently stored withjn the first
step of the MCM prdeess - the creation of the change enquiry (see Figure 10).
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Figure 10 — Data-priented view on the MCM process

Throughoyt the MCM process, the manufacturing change object is populated with attributes and links
to other o;lgects. Besides the unique-ID, the status is the object’s most important attribute, as this is

used to map the progress of proeessing the manufacturing change within the MCM sequence of steps.
NOTE The status can alse b€ used as the key characteristic of a workflow engine controlling the NICM
process.

Further attributes ofithe manufacturing change object include type, scope, responsible party pnd
planning periods. “Type” indicates the type of the manufacturing change. In the MCM prototype at hand,
the values|stored-here include engineering change management (ECM) and continuous improvenfent
process (C[P).*“Scope” contains a more detailed description of the planned or ordered change. [The
“responsible party” attribute indicates the person responsible for the change, which usually isithe
assigned MCR or MCO operator. At the point of creating the change, it is possible that the “valid to...
from” period is not yet defined, so the entries here are optional and can be estimated. Over the course
of the MCM process, this attribute needs to be updated and locked down, as it is needed for defining the
time axis when mapping a series of planned changes.

The most important aspect of the data scheme is that the central manufacturing change element
is linked to the objects of the information model, i.e. the process, the product and the resource. The
resource is particularly important in this context and its use is expanded. By distinguishing between
resources such as machines and tools - as well as between manufacturing structures such as lines and
stations - it is possible to consolidate resource uses and see how resources are linked to manufacturing
changes (e.g. all the manufacturing change objects linked to a particular station can be determined this
way). Similarly, this process can be consolidated to determine and display all the stations of a line, as
well as the manufacturing change objects linked to the line itself. Single resources such as tools can be
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allocated to multiple stations and conversely multiple tools to a single station, and again they can also
be linked to the manufacturing change object directly. The product and process structures are mapped
in the same way, permitting context-specific views of planned manufacturing changes currently being
implemented, as well as future planned manufacturing changes. For each product and each component
contained within the product structure, the allocated manufacturing change objects can be viewed.
The same applies for the processes and process structures. In addition, the products, processes and
stations are linked together. This makes it possible to determine the processes allocated to a product,
as well as the stations allocated to the processes where these are being implemented.

At last the connection between the process-oriented and the data-oriented view on MCM is required to
relate data objects to the processes. The connection is described for level 1 of the MCM process model,
the|MCR (see Figure C.1) and the MCO (see Figure C.2), using UML sequence diagrams. Amygxplanation
for the UML notation is shown in Figure D.1, Figure D.2, Figure D.3 and Figure D.4.
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Annex B
(informative)

Detailed processes of MCM (IDEF3)

. Complete change
cflange enquiry enquiry
completed enquiry
Test plausability and
permissability or
change enquiry tested enquiry
vV
Classificate enquiry
regarding extend classffied enquiry
and execution >
Procgss change enquiry Model level 4
Figure B.1 — Structure of “process change enquiry” at model level 4
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Figure B.2 — Structure of “create,change request” at model level 4
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Figure B.3 — Structure of “maintenance of manufacturing change list” at model lgvel 4
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Figure B.4 — Structure of “compare affected objects” at model level 4
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Figure B.5 — Structure of“clarify change request” at model level 4
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(N Initiate change order initiatedmanufacturing change order
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Figure B.6 — Structure of “assign change order” at model level 4
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collated documentation
production planning of
change order status >
Plan phange order Model level 3
Figure B.7 — Structure of “plan change order” at model level 3
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Figure B.8 — Structure of “complete change order” at model level 3
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