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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPARE PARTS PROVISIONING

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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 62550 has been prepared by IEC technical committee 56:
Dependability.

The text of this standard is based on the following documents:

FDIS Report on voting
56/1711/FDIS 56/1719/RVD

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

This publication 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 publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

Spare parts provisioning is the process for planning necessary spare parts under
consideration of a customer's needs and requirements.

Proper planning and control of spare parts is a critical component of effective supportability. If
the right parts are not available when needed for routine maintenance or repairs, downtime is
prolonged. If too many spare parts are available, the enterprise absorbs excessive costs and
the overhead of carrying inventory.

Spare part planning and supply to achieve business objectives are based on four goals:

e the right spare part;
e in the right quantity;
o at the right time;

e at the right place.

Spare parts provisioning is a prerequisite for all types of maintenance tasks, such as
replacements and repairs. Spare parts for corrective maintenance tasks should be supplied at
random intervals for steady state availability. It may take three to four repairs before steady
state availability is reached. In this period repairs may be clustered, and the need can vary
significantly over time. For preventive and on-condition maintenance, fixed intervals or
approximately fixed intervals for replacement items may occur. Coordination of demand for
spare parts with supply of spare parts at the required time is an important factor. Unavailable
materials are one of the most cited reasons for delays in the completion of maintenance
tasks.

The availability of spare parts is one of the factors that impacts system downtime.
Methodologies such as integrated logistic support (ILS) and its subsidiary logistic support
analysis (LSA) provide necessary information for spare parts provisioning. This information
includes system breakdown, maintenance concept, and supply concept. Spare part
optimization will cover issues typically giving answers to questions such as:

e which spare parts should be stored within the maintenance organization or by a supplier?

e how many spare parts of each type should be stocked?

Spare part optimization is based on operations research methods and selected reliability
methods and may be analytical or use Monte Carlo simulations. The optimization process
aims at balancing the cost of holding spare parts against the probability and cost of spare part
shortage.

Before spare parts can be ordered, procedures for procurement, administration and storage of
required material should be specified. Additionally, a general supply concept should be
compiled and specified.

Correct material supply procedures will guarantee that spare parts are ordered in time and
delivered when requested. The procedures also include control of the repair of replacement
parts as well as the monitoring of repair turn-around times. All organizations involved, from
production to purchasing and storage, via maintenance, should have complete transparency
about material availability and possible completion of the task. The planned material costs in
the task should be compared with its consumption. These are then documented and form the
basis of usage-controlled materials planning. With this process, inventory of spare parts can
be optimized to meet availability requirements with minimum inventory levels.

This document is applicable to all industries where supportability has a major impact on the
dependability of the item through its life cycle.
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SPARE PARTS PROVISIONING

1 Scope

This document describes requirements for spare parts provisioning as a part of supportability
activities that affect dependability performance so that continuity of operation of products,
equipment and systems for their intended application can be sustained.

This document is intended for use by a wide range of suppliers, maintenance support
organizations and users and can be applied to all items.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviated terms
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 |SO Online browsing platform: available at http://www.iso.org/obp
NOTE Some terms listed in IEC 60050-192 are also included here for the convenience of the reader.

3.1 Terms and definitions

3.1.1
consumables
any item which is expendable, may be regularly replaced and generally is not product specific

EXAMPLE Oil, grease, nuts, bolts and screws, gaskets, etc.

Note 1 to entry: Generally consumable items are relatively low cost.

3.1.2
corrective maintenance
maintenance carried out after fault detection to effect restoration

Note 1 to entry: Corrective maintenance of software invariably involves some modification.

[SOURCE: IEC 60050-192:2015, 192-06-06]

3.1.3
failure
<of an item> loss of ability to perform as required

Note 1 to entry: A failure of an item is an event that results in a fault state of that item: see fault
[IEC 60050-192:2015, 192-04-01].

Note 2 to entry: Qualifiers, such as catastrophic, critical, major, minor, marginal and insignificant, may be used to
categorize failures according to the severity of consequences, the choice and definitions of severity criteria
depending upon the field of application.
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Note 3 to entry: Qualifiers, such as misuse, mishandling and weakness, may be used to categorize failures
according to the cause of failure.

[SOURCE: IEC 60050-192:2015, 192-03-01]

3.14
indenture level
level of sub-division within a system hierarchy

EXAMPLE System, subsystem, assembly, and component.

Note 1 to entry: From the maintenance perspective, the indenture level depends upon various factors, including
the complexity of the item's construction, the accessibility of sub items, skill level of maintenance personnel, test
equipment facilities, and safety considerations.

[SOURCE: IEC 60050-192:2015, 192-01-05]

3.1.5

integrated logistic support

ILS

<of an item> management process to determine and co-ordinate the provision of all materials
and resources required to meet the needs for operation and maintenance

[SOURCE: IEC 60050-192:2015, 192-01-30]

3.1.6
item
subject being considered

Note 1 to entry: The item may be an individual part, component, device, functional unit, equipment, subsystem, or
system.

Note 2 to entry: The item may consist of hardware, software, people or any combination thereof.

[SOURCE: IEC 60050-192:2015, 192-01-01, modified — omission of internal references and
Notes 3, 4 and 5]

3.1.7

level of maintenance

maintenance level

set of maintenance actions to be carried out at a specified indenture level

[SOURCE: IEC 60050-192:2015, 192-06-04]

3.1.8

line replaceable item

LRI

replaceable hardware or software unit which can be replaced directly on the equipment by the
user or by a maintenance support facility

Note 1 to entry: In some projects instead of LRI the term line replaceable unit (LRU) is applied.

3.1.9

maintenance

combination of all technical and management actions intended to retain an item in, or restore
it to, a state in which it can perform as required

Note 1 to entry: Management is assumed to include supervision activities.

[SOURCE: IEC 60050-192:2015, 192-06-01]
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3.1.10

maintenance policy

maintenance concept

definition of the maintenance objectives, line of maintenance, indenture levels, maintenance
levels, maintenance support, and their interrelationships

Note 1 to entry: The maintenance policy provides the basis for maintenance planning, determining supportability
requirements, and developing logistic support.

[SOURCE: IEC 60050-192:2015, 192-06-02]

3.1.11

line of maintenance

maintenance echelon

position in an organization where specified levels of maintenance are to be carried out

EXAMPLE 1st line — field; 2nd line — repair shop; and 3rd line — manufacturer's facility.

Note 1 to entry: The line of maintenance is characterized by the level of skill of the personnel, the facilities
available, the location, etc.

[SOURCE: IEC 60050-192:2015, 192-06-03]

3.1.12
maintenance support
provision of resources to maintain an item

Note 1 to entry: Resources include human resources, support equipment, materials and spare parts, maintenance
facilities, documentation and information, and maintenance information systems.

[SOURCE: IEC 60050-192:2015, 192-01-28]

3.1.13

maintenance action

maintenance task

sequence of elementary maintenance activities

EXAMPLE Fault localization, fault diagnosis, repair and function checkout.

[SOURCE: IEC 60050-192:2015, 192-06-11]

3.1.14

non-repairable item

item that cannot, under given conditions, after a failure, be returned to a state in which it can
perform as required

Note 1 to entry: The “given conditions” may include technical, economic and other considerations.

Note 2 to entry: An item that is non-repairable under some conditions may be repairable under other conditions.

[SOURCE: IEC 60050-192:2015, 192-01-12]

3.1.15

obsolescence

transition from availability from the original manufacturer to unavailability or a permanent
transition from operability to non-functionality due to external reasons

3.1.16

preventive maintenance

preventative maintenance

maintenance carried out to mitigate degradation and reduce the probability of failure
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[SOURCE: IEC 60050-192:2015, 192-06-05, modified — deletion of Note1 to entry]

3.1.17

repairable item

item that can, under given conditions, after a failure, be returned to a state in which it can
perform as required

Note 1 to entry: The “given conditions” may include technical, economic and other considerations.

Note 2 to entry: An item that is repairable under some conditions may be non-repairable under other conditions.

[SOURCE: IEC 60050-192:2015, 192-01-11]

3.1.18

spare part

component or part, either non-repairable or repairable, from the associated bill of material
used to maintain or repair machinery or equipment

3.1.19
stock position
any location where a spare part is foreseen to be inventoried

Note 1 to entry: The terms stock and inventory are generally interchangeable.

3.1.20

supportability

<of an item> ability to be supported to sustain the required availability with a defined
operational profile and given logistic and maintenance resources

Note 1 to entry: Supportability of an item results from the inherent maintainability, combined with factors external
to the item that affect the relative ease of providing the required maintenance and logistic support.

[SOURCE: IEC 60050-192:2015, 192-01-31, modified — omission of internal reference]

3.1.21
system
<in dependability> set of interrelated items that collectively fulfil a requirement

Note 1 to entry: A system is considered to have a defined real or abstract boundary.

Note 2 to entry: External resources (from outside the system boundary) may be required for the system to
operate.

Note 3 to entry: A system structure may be hierarchical, e.g. system, subsystem, component, etc.

Note 4 to entry: Conditions of use and maintenance should be expressed or implied within the requirement.

[SOURCE: IEC 60050-192:2015, 192-01-03]

3.2 Abbreviated terms

BOM Bill of material

CS Communication system

DCN Data communication network
DTN Data transport network

EBO Expected backorders

FR Fill rate

ILS Integrated logistic support

IP Initial provisioning
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IPC lllustrated parts catalogue
IPD Initial provisioning data
LORA Level of repair analysis
LRI/LRU  Line replaceable item/Line replaceable unit
MAD Mean administrative delay
MoE Measures of effectiveness
MDT Mean down time
MLD Mean logistic delay
MRT Mean repair time
MTBF Mean operating time between failures
MTBR Mean time between replacements
MTD Mean technical delay
MTTF Mean time to failure
MTTR Mean time to restoration
MWT Mean waiting time
NFF No fault found
NI Not illustrated
NOR Not operationally ready
OEM Original equipment manufacturer

QPNHA Quantity per next higher assembly

ROS Risk of shortage
TAT Turn-around time
TT Transportation time

4 Overview

4.1 Participants and major steps in the spare parts provisioning process

Items, which are foreseen to be replaced during maintenance actions are defined as spare
parts. The storage of spare parts is part of a comprehensive material provisioning process
which ensures that the required spare parts for maintenance are provided in the necessary
quantity, at the appropriate point in time and in the right place.

This document is applicable to items, which include all types of products, equipment and
systems (hardware and associated software). Most of these require a certain level of
maintenance to ensure that their required functionality, dependability, capability, and
economic, safety and regulatory requirements are achieved.

The availability of a supported system is influenced by the overall effectiveness of
maintenance. Thus, the availability of a system can be regarded as the general objective for
spare parts provisioning. The potential impact of obsolescence should also be considered as
an influencing factor (see |[EC 62407).

The operator of an item has to offer a high level of service and performance. The
maintenance organization is responsible for the effectiveness, elapsed time, and cost of the
maintenance activities. An overview of specific responsibilities and targets as well as the
major steps in the spare parts provisioning process are shown in Figure 1.


http://dx.doi.org/10.3403/30123956U
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optimization documentation
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and targets

IEC

Figure 1 — Participants and major steps in the spare parts provisioning process

For satisfying the demand of spare parts, the following considerations have to be made:

e which spare parts are required;

e how many spare parts should be stocked;

e where should the spare parts be stored;

¢ when should the spare parts be ordered or reordered,;

e what is the most economical solution for all participants.

In Table 1, responsibilities, targets and measurements for the different participants are shown
as an example.

Table 1 — Responsibilities, targets, and measurements
for suppliers, maintainers, operator and users

Supplier of spare parts Maintenance organization Operator/user
Responsibility |appropriate spare parts high availability of maintained |high operational availability
availability items
quality of delivered items high maintenance service

quality of supply service

Target profit with supply of spare ensure that the system is operator: operational profit and
parts successfully restored availability
certification of items (if profit of the maintenance user: high service performance
required) organization

Measurements [service level system down times system availability
lead time maintenance cost quality of service

repair quality
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4.2 Types of spare parts

For most maintenance tasks, materials and spare parts are required. When a component fails,
it is replaced by a new or repaired component. The time of the replacement depends on the
maintenance concept. If the failed item is repairable, it can be repaired off-line or in situ. The
repair-by-replacement policy requires that new or ready-for-use spare parts are quickly
available at the moment that failures occur.

During maintenance, some materials, referred to as consumables, are consumed or replaced
and are not able to be re-used. Other items are called spare parts and are distinguished as

e repairable items, or

e non-repairable items.

Ideally, repairable items can be repaired in each case. In some instances, such as when the
repair is not economic or not technically possible, or where the reliability of the item has been
degraded by the number of repair actions undertaken, they are condemned and replaced by a
new item.

In many projects, especially for large systems, repairable items can represent a significant
proportion of the initial investment in spare parts. With regard to products such as household
equipment, entertainment equipment or even cars, repairable items represent a smaller
portion.

Non-repairable items are ones that are not able to be repaired due to technical factors or are
not worthwhile to be repaired due to economical reasons. They are then condemned and
replaced by a new item. The quantity of non-repairable items is determined similarly to the
repairable items by the demand rate and the time until a new part is made available. This time
comprises the procurement lead time, administrative delay times, and transport times.

Non-repairable items are consumed during maintenance. The initial investment in those items
compared to repairable items is small, but the yearly cost for replenishment may be
considerable.

In addition to repairable and non-repairable items, consumables have to be provided, such as
nuts, bolts, washers, lubricants. When applicable, consumables are mentioned, but it is not
the intention of this document to address consumables in detail.

4.3 Identification of spare parts as integral part of the level of repair analysis (LORA)

LORA is a specific trade-off study that is used to identify the optimum maintenance level or
location for a repair to be undertaken. LORA will also identify the lowest repairable item such
as a bearing or motor, or a complete motor generator, which relates to the combination of
spares cost plus labour cost times task frequency versus opportunity costs that provides the
best return on investment for the organization. It may be used for design optimization or as
part of a support system assessment.

During the design stages, LORA addresses a number of scenarios, which may include the
following:
a) The maintenance methodology, such as to:
— replace and dispose;
— repair in situ;
— replace and repair externally.
b) The indenture level for removal such as to:

— remove the item as part of a sub-assembly, and replace and repair at the current
maintenance echelon level;
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remove the item as part of a sub-assembly, and replace and repair at a higher
maintenance echelon level;

remove and replace the item with repair at the current echelon level;
remove and replace the item with repair at a higher echelon level.

c) The echelon, such as:

during operational use;

in the field with the system non-operational;
at a repair shop (may be multi-echelon);

at the manufacturer’s site.

LORA also has to operate within a number of constraints such as:

e the maintenance concept which may pre-determine the maintenance echelons and their
capability of repair;

e criticality of the items;

e user policy and constraints;

o safety criteria;

e proprietary aspects;

e customer requirements;

e economic aspects.

The types of spare parts that are needed are defined during the development of the
maintenance concept and it is part of the LORA process and/or the establishment of the
required supportability.

The principles of spare parts identification are illustrated in Figure 2.
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Figure 2 — Identification of spare parts

All spare parts, consumable items, special supplies and related inventories needed to support
corrective and preventive maintenance tasks are elements of supportability. The quantity of
spare parts to be supplied and stocked should be determined for each maintenance echelon
(see Clause 6).

The vast majority of spare part (and consumable) quantities for scheduled preventive tasks
may be derived deterministically as the requirements for each task are known in advance.
However, some tasks, which include a condition monitoring element will require parts to
replace items identified as failed or failing. Such parts may be required as part of the task
which identified the need or later as part of a scheduled corrective task. In either case, the
quantification of spare parts required can be performed in the same manner as that for any
corrective task.

4.4 Overall spare parts provisioning process

The overall spare parts provisioning process can start when the maintenance concept has
been elaborated as described in the previous subclause and when a supply concept is



BS EN 62550:2017

IEC 62550:2017 © IEC 2017 -17 -

available. Both the maintenance and supply concept may be adjusted during the spare parts

provisioning process.

In Figure 3, the major steps in the spare parts provisioning process are shown.
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Figure 3 — Spare parts provisioning process during design and development

5 Demand forecast

5.1 General

The demand for spare parts determines the size and organization of the inventory system.
The accuracy of the demand forecast is a decisive factor for the quality of the disposition
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model. The demand is expressed by the required quantity of an item during a specified period
of time.

If the level of the future demand is known and can be determined, it is regarded as
deterministic, otherwise it is stochastic. A demand or the distribution of demand, which is
variable over time, is regarded as a dynamic process. When there is no influence of time on
the demand, the process is regarded as stationary. A relatively even structure of demand will
result in a continuous spare parts requirement; fluctuating demand is regarded as sporadic.
For spare parts, all described demand characteristics are applicable. A generally preferred
method of demand forecast is not available.

For technical systems or facilities, a demand occurs when an item fails and has to be
replaced by a functional item. The demand is determined by the intensity of use, the failure
behaviour of the item and environmental aspects. Ideally, quantified values for applicable
parameters are able to be determined within this context. Determination of the failure rate is
achieved via investigation of the behaviour of a representative number of identical items or
items of similar design by applying statistical methods, for example, Weibull analysis
(). The prognosis method actually used for demand forecast will depend on the
actual information available. If the failure rate and/or intensity of use are missing as concrete
figures, only prognosis methods can be applied by substituting the missing information using
assumptions with an associated higher risk.

5.2 Forecast based on consumption data
5.2.1 General

A production process can generally be regarded as a deterministic process since material
planning is conducted by the production process and interrelated inventory. Buffer stocks
have to be put in place only for short-term and medium-term deviations in the production.
Major changes in the production demand will cause a change in production capacity. The
requirements at spares stocks are mostly of a stochastic nature, i.e. only over a longer period
or over a larger number of operational systems can the need be planned on the basis of
average values. The deviations from these average values are often considerable.

The intermittent nature of spare part demand due to failures makes it difficult to apply
conventional time series based algorithms. The choice of the right model becomes essential
and that would depend on usage rates and operational patterns.

5.2.2 Procedures for forecast

The overview of existing forecast procedures described in detail in Annex A cannot only be
applied for the forecast of spare parts but also in general for the demand forecast in industry
and trade.

Procedures for demand forecast can be divided into three major categories:

o deterministic procedures;
o statistical analysis;

e subjective estimation.

For a number of items it can be too complex to perform demand planning from the provided
BOM of the semi-manufactured and/or final products. In these cases, past consumption can
be assumed as an indicator for future material consumption. The factors that determine the
materials consumption are then not considered and it is assumed that the influencing
variables which worked in the past will affect future material consumption in the future in an
analogous way. Past consumption is thus considered as the basis for demand planning. From
so-called time series, conclusions as to future demand may be drawn.
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5.3 Initial determination of demand
5.3.1 General

In the previous paragraph it was explained that, if historical data for a unit is available, the
demand rate can be forecasted. At the initial stages, often no historical data is available for
an estimation of the amount of maintenance and logistic support including spare parts.
Consequently, methodologies for reliability prediction are required for early use during system
development. Such methodologies exist (especially concerning electronic equipment). It
should be noted that these methods are based on empirical data. This means that formulas
and data are based on existing technology, design practice and equipment environment.

The following characteristics affect reliability significantly:

e system design;
e component quality;
e stress intensity;

e environmental factors.

For more detailed information, there are specific standards or reliability data handbooks for
specific industries available (see IEC 61709).

Consideration could also be given to:

e supplier requirements on maintenance methods and frequencies, as well as supplier
exchange frequencies for wear-out parts related to supplier guarantees;

e specific insurance requirements;

e spare parts for systems/components with long life, long usage period when technical
development, or other factors (e.g. supplier out of business) affect the availability of spare
parts;

e aging of spare parts/consumables in storage and requirements of correct storage -
packaging, environmental characteristics such as humidity and temperature (see
IEC PAS 62435).

5.3.2 Prediction of failure rates and failure intensities

The failure rate and intensity of an item are essential parameters when determining the
number of spares required. According to their definitions, failure rate is for non-repairable
items and failure intensity is used for repairable items. For this document, since it is not
always possible to determine which one is applicable, failure rate is used for both repairable
and non-repairable items because in both cases an action needs to be taken to deal with the
failure, i.e. either a permanent replacement or a repair. The accuracy of the failure rate value
is a risk factor that should be considered when estimating the quantity of spares. The failure
rate can be obtained from published data, historical data, testing, and operational usage.
Commercial organizations publish ‘average’ values for component failure rates and
environmental factors based upon data received from a wide range of industries. Historical
data by a company for an item (or similar items) can produce more accurate failure rates if
there is sufficient data available for the items operating in the specified or comparable
environment. Testing a system to establish accurate failure rates can be prohibitively
expensive and usually only serves to give confidence in the derived values. Operational
usage can provide the best data, but this is not available for initial spares. However, gathering
this data can enable the failure rates to be adjusted for future spares provisioning (see also

IEC 61709).

When calculating the number of spares, it is usually assumed that the failure rate does not
change over time (or number of cycles, distance travelled, etc.). This constant failure rate may
not be correct, but when a large number of components is used in the product (system), each
having failures that occur stochastically over time, the product (system) tends to a constant
failure rate. It is important to recognize that a risk factor exists for initial spares provisioning
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when using a constant failure rate if small quantities are in operation; even for large
quantities, it may take a year or more before the failures are sufficiently random over time for
an item’s failure rate to become constant.

The failure performance is specified either by the failure rate or by the MTBF. For a constant
failure rate, the MTBF is the reciprocal term of the failure rate.

When the failure rate is not constant, it may be caused by a wear-out failure mechanism and
variance in the life distribution. In such cases, life prediction should be performed and
reflected in the failure rate prediction for the required time interval.

5.3.3 Calculation of demand rates

In the synthetic procedure, the demand rate A is calculated on the basis of the estimated
failure rate and the number of identical items under analysis. Applicable equations are shown
in Clause A.3.

The expression A T represents the average number of demands during a given time 7. It can
be calculated by Formula (B.3) in Annex B.

Sometimes faults are indicated, which are unconfirmed during a later test. Therefore, the
probability of no fault found (NFF) has to be included in the calculation of the demand rate.
Some failures (secondary failures) are induced by external events, such as inappropriate
repair, failure of other items. For these reasons the replacement rate and not the failure rate
has to be applied in spare parts quantification. The replacement rate includes all external
factors, which are influencing the number of removals of an item (see Annex B).

6 Spare parts quantification

6.1 General
6.1.1 Process overview

The methods used to manage spare parts provisioning depend on their use for preventive or
corrective maintenance.

For corrective maintenance, the spare parts quantification and optimization should initially be
performed on the basis of MTBF, MTTF or non-constant failure rates applying mathematical
and statistical methods. The accuracy of the quantification has a significant impact on both
the cost and the availability of the product. MTBF, MTTF or failure rates are initially estimated
but, with the experience of use, a better correlation is established from actual usage data. In
addition to reliability parameters, the required quantity of non-repairable items is determined
based on the period for which spares have to be provided and should be optimized. For the
quantification of repairable items, the repair turn-around time needs to be considered.

For preventive maintenance, the quantification of spare parts is mainly deterministic, and in
some cases, the quantity of spare parts is derived from a probabilistic pattern.

Complex technical systems consist of many items. These items again may be made up of
assemblies, sub-assemblies and/or components. If a failure arises in such a system, it
depends to a large extent on the effectiveness of the fault diagnosis and isolation as well as
on the repair effort, how quickly the system can be repaired and when the system is ready
again. Another important factor in this context is the availability of spare parts. High system
availability requires a sufficient supply of spare parts and is particularly crucial if the repair
times of assemblies or individual parts are long, and the replacement times at the system
level are short.
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Spare part stocks require considerable investment. The increasing shortage of funds and/or
the growing pressure of competition require methods of spare parts quantification which
consider both technical and economic boundary conditions.

The cost of repairable items represents a major part of the total cost of spare parts. However,
their number is relatively small. The required quantity is basically determined by the repair
turn-around time and the failure frequency. The selection and quantification of repairable
parts require great care.

The required quantity of non-repairable items is determined, apart from the failure frequency,
substantially by the re-provisioning time, which includes lead time and processing time.
Procedures for the quantification of non-repairable items are therefore different from those for
repairable items.

The overall spare parts provisioning process during design and development is shown in
Figure 4.
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Figure 4 — Spare parts provisioning process during utilization

Spare parts quantities are based on the following:

e spare parts required for corrective maintenance (repairable items and non-repairable
items);
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e spare parts required for preventive maintenance (items which are replaced periodically);
e spare parts required to replenish the stocks of non-repairable items;

e spare parts necessary to support operation while repairable items are being repaired
(turn-around times);

e spare parts required to replace repairable items which are condemned (condemned items
are removed from the inventory).

Spare parts may be sourced directly from a vendor or manufacturer or may be stored in
readiness for use to guarantee their availability. It is important to ensure that they are
appropriate for their intended use.

6.1.2 Probability distributions for spare parts quantification

Spare parts quantification is performed on the basis of probability distributions. Selection of
the applicable distribution depends on failure characteristics. The following probability
distributions can be used for spare parts quantification with the Poisson distribution being the
most common:

e the Poisson distribution with all simple computing procedures, for example, in spread-
sheet programs, if the value (A7) is smaller than 50; between 50 < AT < 100, both the
Poisson and the normal distribution can be used;

e the normal distribution at values (AT) greater than 100;

e the negative binomial distribution for compound problems, for example, multi-echelon or
multi-indenture applications, may be applied if readily available, otherwise the Poisson
distribution can be used without large loss of accuracy;

e the log-normal distribution, for example, for cases such as estimating the number of
products in the filed (population at risk);

o other probability distributions only in justified cases, for example, the Weibull distribution
is used for analysis of components with limited life (wear out).

The Poisson distribution is a single-parameter distribution where the expected value and the
variance have the same value. The Poisson distribution can be applied when some measure
(time or something else) is continuous while the number of events which may occur during
this continuous random variable is established by counting (discrete). It can be applied when
the probability of occurrence is very small. This is the case when the time interval is long
and/or the demand rate is low. The Poisson distribution is the most commonly applied
probability distribution for the quantification of spare parts.

The normal distribution is a two-parameter distribution and is applicable when the distribution
of a random variable is determined by many factors independent from each other. The normal
distribution is applied when a high demand rate occurs. The normal distribution is therefore
frequently used with high consumption rates for the determination of the safety stock of non-
repairable items. Since the normal distribution could result in negative values, care should be
taken to avoid this.

The Poisson distribution can be regarded as a particular type of the negative binomial
distribution. The negative binomial distribution is sometimes used for a multi-indenture and
multi-echelon inventory system. For the negative binomial distribution, both time (or other
related variable) and the random variable are counted (discrete), for example the number of
failed items up until finding a working one.

When performing spare parts quantification, a constant failure rate over time is presumed. For
large populations, the observed rate appears constant because the varying operating time
intervals result in failures becoming evenly distributed. Applying the Weibull type distribution
or negative binomial distribution requires two parameters with sufficient statistical confidence.
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6.1.3 Measures of effectiveness (MoE)
6.1.3.1 Overview

High effectiveness of supportability is crucial for the availability and the economical operation
of a system. Therefore optimization of maintenance policies, maintenance resources, and
spare parts inventory policies should be conducted in parallel.

MoE for spare part management can be divided into two groups:

o stock-related MoE, such as fill rate, risk of shortage, expected backorders, mean waiting
time;

e system-related MoE, such as operational system availability, number of systems NOR,
probability of mission success.

The cost optimization of an inventory system is attained by a trade-off of these measures of
effectiveness against inventory cost.

6.1.3.2  Fill rate (FR)

This MoE is defined as the probability that demand can be satisfied immediately. It is
calculated per stock position. FR is sometimes also referred to as service level or demand
satisfaction rate.

The average FR is calculated as a weighted average for groups of stock positions according
to the relative demand rate of each stock position. The relative demand rate is in this context
based either on the entire demand rate to the stock position or on the demand rate with a
certain origin.

6.1.3.3 Risk of shortage (ROS)

This MoE is defined as the probability of an unsatisfied (backordered) demand. It is calculated
per stock position, with the same definitions and assumptions as described in 6.1.3.2 for FR.

The ROS is the complement to the FR and is calculated as 1-FR.

The measure ROS does not state anything about the time delay, which results from the lack
of spare parts. Therefore, the mean waiting time is a meaningful measure.

6.1.3.4 Expected backorders (EBO)

An additional MoE when performing spare parts quantification is the average number of
backorders (EBO). The backorder is a measure of those demands, which are not fulfilled
immediately but postponed until the next supply (for repairable items the next return of a
repaired item). Both the number and the measure of the temporary delay are considered in
this measurement.

6.1.3.5 Mean waiting time (MWT)

The waiting time at a stock position is the time from when a demand — an order — occurs until
the requested item can be handed out from stock. If the item is on hand at the moment when
a demand occurs then the waiting time is zero. Delays in delivery due to administrative
procedures or physical handling of the item are considered to be part of the administrative
delay time and the transportation time.

The MWT is a weighted average, according to the relative demand rate of each stock position.
The waiting time is a part of the technical delay and sometimes MWT can be equal to MTD.
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It is assumed that as soon as a unit arrives at a stock position, it is available to be handed
out. Hence, any time spent on unpacking the item is thus considered to be part of the
administrative delay time.

Note that the above definition is used even when the nominal (maximum) number in stock is
zero. The waiting time is then equal to the waiting time at the supporting stock position plus
the transportation time and repair turn-around time.

MWT plays an important role with quantification and optimization of multi-indenture and multi-
echelon inventory systems.

6.1.3.6 Operational system availability

The time fraction of a system's availability during the entire period of operation is defined as
the operational system availability.

6.1.3.7 Number of systems not operationally ready (NOR)

The expected NOR is calculated for all groups of systems where availability is calculated.
This MoE gives the mean NOR in the group that are unavailable due to down time.

6.1.4 ABC-analysis (Pareto analysis)

Inventory frequently contains a great number of different spare parts, especially non-
repairable items. Such a range of items is believed to be a barrier to perform a detailed
inventory analysis. The cost for the assessment of thousands of items having a generally low
individual price outweighs the stock value. For practical reasons, not all items can be planned
and controlled with the same effort. This results in the requirement for a procedure that
relates the costs for planning and control of individual items with their contribution to the
overall investment. ABC analysis does not consider the criticality of spares for operation or
safety, nor does it consider the delivery time.

Storage cost and system unavailable cost could also be included as a contribution to the
overall investment if it is considered to be significant.

ABC-analysis enables a procedure for classifying a range of spare parts by grouping the
individual articles into three classes. The procedure includes the following steps:

e calculation of an annual budget for each individual article based on consideration of the
item's price and its annual demand;

e ranking of all articles by descending order of the annual budget;

e calculation of the percentage of each article's impact on the total budget;

e accumulation of the percentages;

e categorization into A-, B-, and C-articles (see Figure 5).
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Figure 5 — Principle of an ABC-analysis

If the item's price is not known, an estimate has to be made. For prediction of the annual
demand, refer to Clause 5.

Typically the item-budget-statistic shows the following results:
e only very few items, approximately 5 to 10 per cent of all items, contribute to about 65 per
cent of the overall budget; these items are identified as A-articles;

o few items, approximately 25 to 30 per cent of all items, contribute to about 25 to 30 per
cent of the overall budget; these items are identified as B-articles;

e many items, approximately 60 to 70 per cent of all items, contribute to about 10 to 15 per
cent of the overall budget; these items are identified as C-articles.

In an inventory system, A-articles should be considered with respect to their consequence on
the overall costs. It is valuable to spend more effort on planning and control of these items so
that major savings can be achieved.

B-articles are subject to routine procedures. The spares manager will control in detail the
stock quantities and the stock development.

C-articles are controlled by a simple system that should be automated even when this may
result in slightly higher stock levels.

For the different article categories, the following processes have to be considered:

a) For A-articles:
e detailed analyses of market, price, cost structure and value;

e accurate supply procedures;
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e particular demand forecast;
e precise inventory control;
e accurate control of the supply chain;
e careful definition of safety and reorder stocks;
e accurate calculation of cost-optimal order quantities;
e stringent control of time duration in inventory.
b) For B-articles:

o for articles in this category, intermediate procedures between A- and C-articles should
be considered.

c) For C-articles:
e simplified supply procedures;
e simplified inventory control procedure;
e basic control of the supply chain;
o definition of higher safety and reorder stocks;
e simple calculation of order quantities;

e simple control of time duration in inventory.
6.1.5 Quantification of repairable items

In general, repairable items can be considered as A- or B-articles following the terminology of
the ABC-analysis.

At each time of the utilization period, the same probability of failure and a constant repair
turn-around time are assumed. Furthermore, it is assumed that the repair of repairable items
forms a closed loop. In practice, this is not always the case since sometimes items cannot be
repaired under certain conditions, such as economic reasons, wear or obsolescence.

In the following, the most important conditions and prerequisites are described, which are the
basis for the quantification of repairable items.

e The failures of different items are independent of each other, i.e. the failure of an item
does not cause the failure of another item at the same indenture level. If such secondary
or induced failures have to be considered, a factor has to be included in the demand rate
(see 5.3.3).

e The failure rate is constant over time, and material fatigue or wear is not explicitly
considered.

e Constant repair turn-around times for each part are assumed, i.e. no time distribution and
no dependences on repair volumes are considered.

e A closed repair cycle is assumed. Partially repairable items have to be considered with a
certain probability as repairable items and for the remaining portion as non-repairable
items.

The turn-around time is defined as that time which passes between the removal of a defective
item from the system up to its re-arrival in the spare parts stock after the repair. In addition
the transportation and administrative delay times have to be included as well.

6.1.6 Quantification of non-repairable items

In general, non-repairable items can be considered as B- or C-articles following the
terminology of the ABC-analysis.

In an inventory control system, inventory position can be monitored continuously or after
certain time intervals. The continuous review system triggers an order, which will be delivered
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after a certain lead time, as soon as the inventory is below a certain level (order point s).
Another alternative is periodic review, since it considers the inventory position only after
certain time intervals T, which in general are constant. It is also possible to combine these two
strategies. The most common ordering policies connected with inventory control are shown in
Figure 6.

Inventory control policy

An order is placed when the stock An order is placed after every time
level falls below the order point s interval T
I I
[ I I I
(s,0) policy (s,S) policy (Q,T) policy (S,7T) policy

An order is placed when both
the order point s and the time

interval T are reached.

I
I I

(s,5,T) policy (s,0,T) policy

IEC
Figure 6 — Inventory control policies

Two parameters essentially control the inventory policy:

a) pointin time for ordering ("When does an order have to be placed?"):

e An order is placed when the stock level falls below a “stock limit”. This stock limit is
called order point s.

e An order is placed at every T time intervals.

e An order is placed when both the order point s and the time interval T are
accomplished, i.e. at every T time interval an order is placed only if the stock drops
below order point s.

b) order quantity ("How much has to be ordered?"):
e A quantity of Q is ordered each time, which is regarded as optimal order quantity.
e The difference S from the maximum stock level and existing stock at the time of order
is ordered.

The (S,7) policy leads to the disadvantage of alternating order quantities, which can become
difficult with decreasing consumption to very small orders, so that economic conditions
negotiated with the supplier may not be applicable. The (Q,7) policy can quickly lead with
decreasing consumption to inflated stocks; this policy is generally the most inflexible.

The (Q,7) and (s,Q) policy will cause identical inventory processes when the demand is
continuous and deterministic.

Thus the procedure for quantification of non-repairable items includes the determination of
order point s and the maximum stock level S.
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6.2 Strategic (critical, insurance) spare parts

As high quantities of spare parts lead to considerable costs, other factors affecting the
operation of a system have to be investigated, such as

o faster repair time responsible for lead time,
e better reliability of the system/subsystem/item, or

e one or more operational systems.

A very effective method for investigation is marginal analysis, which identifies the benefits and
costs of different alternatives by examining the incremental effect on total revenue and total
cost caused by a very small (just one unit) change in the output or input of each alternative.
Marginal analysis supports decision-making based on marginal or incremental changes to
resources instead of one based on totals or averages.

In situations in which the future production of spare parts is not guaranteed or parts can only
be produced with large additional costs, it may be necessary to stock parts above the required
amount as a safety reserve (insurance spare parts). See (Obsolescence
management).

6.3 Inventory systems

Spare parts can be stocked in an inventory system in many locations, centrally or locally.
Larger enterprises and/or organizations will generally stock required spare parts in a
hierarchically structured inventory system. An example of such a multi-echelon system is
illustrated in Figure 7. The highest is the origin which represents the central store, the second
level may be the country, the third level may be the region, both are intermediate stores,
finally the fourth level may be the site and called the local store.
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Figure 7 — Hierarchically structured inventory system

The demands within such a hierarchical inventory system are aggregated from the lowest
level. At that level where the systems and/or devices are operated, the demand rate varies for
different spare parts. Demands at the lowest level may change sporadically whereas at a
higher level where the demand is aggregated, it becomes more evenly distributed. This effect
has to be considered when selecting the appropriate distribution to perform spare parts
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calculations in determining the individual demand rates, the response time and the
transportation time of the supplying stock to the supplied stock.

In traditional inventory systems, the management of each store only knows where to order
spare parts ready for service and where to send defective items. Typically, in those situations
hierarchically structured inventory systems are applied. Since computer based information
systems are commonly available and in use for inventory management, it should be possible
for each store manager to have information about the individual stock levels in the
surrounding stores to make support more flexible. Examples are shown in Figure 7 and are
named “lateral support”.

The MoEs have to be calculated from the top of the hierarchy downwards. In many cases, it
may be better to establish the re-order strategy to minimize the EBO or MWT and apply a
multilevel optimization to find the suitable values instead of using FRs.

Average values of MoE can be grouped in many different ways, for example:

e all stock positions at a station (MoE per location);

o all stock positions directly supporting a certain system type at a certain location;

e all stock positions, for a given primary item, that support systems directly;

e all stock positions that support systems directly; this is the total MoE experienced from the
system level.

For inventory systems one can distinguish between

e multi-product-multi-inventory systems,

e single-product-multi-inventory systems, or

e single-product-single-inventory systems.

In practice, multi-product-multi-inventory systems are more common; they can be
characterized as follows:

e in each stock several articles are stored;

e demand is stochastic and typically intermittent;

e delivery time is stochastic;

e dispatching takes place after fixed periods (daily, weekly, monthly) for each article
individually or for several articles of a supplier;

e inventory management is mostly continuous;

e with the selection of the dispatching procedure, long-term aspects of costs are considered.

When modelling the dispatching procedure, multi-product-multi-inventory systems will be
replaced by subsidiary single-product-single-inventory systems, for example, a chain of stores
maintains for its assortment of goods (multi-product) with central, regional and local stocks
(multi-inventory), where these are regarded separately for each product (single-product) and
each site (single-inventory). The same applies to spare parts stocks which are hierarchically
supplied and where different spare parts are stored.

This reduction is necessary, since stochastic-dynamic multi-product-multi-inventory systems
are mostly not solvable analytically in the whole of their complexity. For spare parts stocks,
reduction takes place in two steps:

e reduction of a multi-product-multi-inventory system into a system of joined single-product-
multi-inventory systems determining the target quantities in the dependent supporting
stocks;

e reduction of the single-product-multi-inventory system into a single-product-single-
inventory system for the selection dispatching procedure at the highest stock level.
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In Figure 8, an overview of the basic single-product-single-inventory models is shown. This
differentiates into deterministic and stochastic models.

Single-product
single-inventory

models
Deterministic models Stochastic models

Models with Models with Models .with Models .with

constant demand variable demand stochastically stochastically
independent demand dependent demand
Wagner-Whitin model
(dynamic lot size)
Economic order quantity Model with
Harris-Wilson model stationary demand

Sliding lot size

cost alignment model Adaptive (s,5) model
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Figure 8 — Single-product-single-inventory models

By simulation methods, solutions are achievable for very complex applications, but the effort
however is high. A generalization of solutions obtained beyond the case under consideration
is often not possible.

6.4 Inventory optimization

Many industries such as aerospace, power plants, and manufacturing plants that use complex
equipment are often faced with the difficult task of maintaining high system availability, while
on the other hand, spare parts inventories have to be limited. A random failure of just one
component can cause the system to be not operationally available. As downtime can be very
costly, spare part inventories are required to keep the downtime to a minimal level. Therefore,
it is very important to keep the probability of parts being out of stock as low as possible.
However, as most parts are quite expensive, maintaining an unnecessary number of spare
parts should also be avoided.

With inventory optimization, stock levels of spare parts can be optimized to support maximum
availability with minimum inventory.

Maintenance policies and spare parts inventory policies should not be treated separately or
sequentially as is often done in practice. To ensure availability of spare parts for an operating
system, there is often a tendency of overstocking. Exorbitant inventory quantities tie up
capital. The stock level of spare parts is mainly dependent on the maintenance concept.
Therefore, maintenance programs should be designed to reduce both maintenance and
inventory related costs.

Minimization of total inventory investment is a nonlinear integer optimization problem. Such
problems are known to be hard to solve, even for a small number of items.
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An overview of techniques for inventory optimization is shown in Annex C.

Procedures for the optimization of non-repairable items should also consider storage costs
and order costs associated with the completion of an order. The total order quantity depends
on the order cycle time, which has to be optimized. The main components of total costs are
storage costs, minimum order quantities, quantity-dependent prices and cost of the
completion of an order.

Cost optimization for non-repairable items entails basically an optimal order policy, i.e.
optimal order quantities and optimized order points, in line with the delivery service. The
computation of order quantity and the order lead date can only be accomplished
independently. Large order quantities with the same boundary conditions cause wider stocks
ranges, larger stocks and fewer order transactions than small order quantities. Therefore it is
necessary to optimize these influencing factors and the costs of the present inventory system.

The optimization of non-repairable items is carried out on the basis of two parameters of the
inventory model (see Figure 9), which are

e the order quantity O, and
e the safety stock SS.
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Figure 9 — Idealized inventory model for non-repairable items

The number of spare parts required can be determined on the basis of the forecasted
consumption rate of an item. The operational stock is optimized so that the total costs are
minimized for

e storage costs,

e indirect (order quantity-independent) procurement costs, and
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e direct procurement costs.
The order quantity Q includes

e operational stock,
e stock consumed during re-supply time, and
o safety stock.

On the basis of a defined system availability, the safety stock is determined by applying
probability considerations. For each individual non-repairable item, the safety stock is
selected such that storage costs are minimized considering a given mean waiting time.

The safety stock of spares represents a buffer, which is to guarantee the supply readiness on
fluctuations of consumption and/or the replacement times. Safety stocks are necessary in
order to maintain supply readiness and thus the availability of the system. On the other hand,
they entail storage costs and thus it is necessary to optimize the safety stock amounts against
storage costs.

7 Spare parts documentation

71 Principles and objectives

All spare parts ordered should ideally have a unique identification and clearly indicate the
equipment, assembly or sub-assembly to which they belong. During the provisioning process,
a code should be developed and assigned to each part. The code is the link between the
supportability analysis and the user, for whom it defines the approved maintenance plan.

7.2 lllustrated parts catalogue (IPC)

The IPC and/or the spare parts list are essential for maintenance and provide the link
between the physical location of an item in the product and the unique identification applied
for supportability.

The IPC and/or the spare parts list are usually contractual requirements for delivery to the
customer. They should be tailored to suit maintenance that will be undertaken by the
customer and/or other maintenance organizations.

A general approach to compiling data will present an engineering breakdown in disassembly
sequence, identifying all assemblies and their individual components together with other detail
parts, which cannot be assigned to assemblies, in accordance with their engineering drawings
and BOMs. Sequencing of these items will be by using unique identification and it is this
practice which enables production of the IPC from the same data. The engineering breakdown
will be to the level which matches the customer’s maintenance plans.

In addition to the engineering breakdown, the following will also be listed:

e raw materials;
e consumables;
e repair Kits;

e shipment/storage parts.

When required, the presentation of the IPD should be done in a form that can be applied for
more than one customer using the same system or equipment. Different configuration
standards can be readily identified and data specific to each customer recorded on the same
list.
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Whenever there is a difference in level of breakdown required by two or more customers, the
IPD compilation and presentation will have to provide the maximum breakdown required.

A data dictionary contains all the data elements required to cover the different types of
information that may need to be provided for a compiled item. When compiling a record,
however, it is necessary to provide only that data which is relevant to the item, and data
elements have been categorized in such a way that selection of the appropriate data elements
can be made in a logical and orderly fashion.

This categorization divides data elements into three groups:

¢ mandatory data elements which are essential in establishing an item record;
e conditional data elements used depending upon the nature of an item record;

e optional data elements introduced by special arrangements between customer and
contractor.

Throughout the compilation, the categorization of parts-related and location-related data is
identified. This signifies whether a data element for a given item will have the same value at
every location in which the item is used (parts-related), or whether the value of a data
element for a given item may differ and has to be held independently at each location
(location-related). For example, an MTBF may be the same or diverse at different locations.

The compilation of data is achieved by taking information from engineering drawings and
BOMs, together with other associated product definition data sources and structuring it with
appropriately assigned data elements into IPD records. The hierarchical breakdown has to be
reflected in the structure of the IPD, by showing the engineering relationship of assemblies
and their parts, recorded as a logical order of breakdown of items. This relationship is
identified using the data element indenture, which is a numerical code allocated to indicate
the different levels of breakdown. Indenture “1” is used to show the top level, the next level
would be shown as indenture “2”, and so on as the breakdown progresses. For all items, the
quantity per next higher assembly (QPNHA) should indicate the quantity of the item fitted in
one unit of the next higher assembly.

Within an IPD presentation, the overall structuring of the data may be defined by a specific
"chapterization". Standard "chapterization" is introduced in many industries, such as
aeronautics, railway, automotive. This identifies the chapters and sub-chapters into which the
data has to be organized and hence provides values for the initial characters of the unique
identifier. The sub-division of these sub-chapters into sub-sub-chapters, units and figures, in
order to establish values for the remaining characters of the unique identifier, is undertaken
with special regard to the particular content of each sub-chapter. This sub-division results in
the creation of figures whose contents are suitable for effective and economic pictorial
representation as illustrations. This compiled IPD is the basis for the creation of the
illustrations used in the IP process. These same illustrations, together with specific parts of
IPD, are subsequently used in the preparation of the IPC.

Particular items will be required to be listed at the end of a figure with an indenture code of
"1". Items, which should be listed in this way are those which require to be included in the IPD
presentation, but which are not contained in the hierarchical breakdown. It is possible for a
figure to contain more than one of these types of items. The sequence in which they should
be presented should be consistent with:

e storage and shipping parts;

e un-programmed devices and data carriers;

e markings (placards, decals, etc.);

e storage and shipping containers;

e repair Kits;

e parts kits.



BS EN 62550:2017
- 34 - IEC 62550:2017 © IEC 2017

Specific items require to be contained in separate figures. Types of items may include:

e raw material;

e screws and gaskets;

e consumables;

e general tolerance figures;
o test equipment and tools;

e repair kit breakdown.

Items that are not presented in the figure should be marked as "not illustrated (NI)".

Certain conditions arise where it is only possible, or where it may be desirable, to supply
items as spares, which are not identical to the OEM item. In these situations, the supplied
item requires the allocation of special spares condition information including:

e providing an item in its “pre-fitted” state, for example items supplied with excess trim
allowance;

e providing units complete with additional items fitted;

e providing units with items removed or supplied loose, for example special attachments,
bolts, electrical conduit and seals as loose items.

These parts should be provided in a separate record with the same unique identifier as the
fitted or production built items. The production built item should be listed first as a non-
recommended item followed by the items carrying the appropriate data to support a
recommended spare.

Particular items cannot be fitted in their “as supplied” state; they require some form of
operation (such as drilling or reaming) before, or during, installation. Such items have to be
identified and the appropriate information has to be provided.

A repair kit comprises a number of items supplied under a single part number which is used to
undertake a manufacturer’s approved repair scheme. A kit may include standard parts,
special repair parts and, where applicable, auxiliary tools and special consumables.

A parts kit is a kit which comprises a set of items such as gaskets, seals, O-rings supplied
under a single part number, which should be replaced whenever the item for which the parts
kit is produced is disassembled for repair or overhaul. The parts kit normally comprises items
which are contained in the engineering breakdown of the equipment/component and these are
identified as kit items.

For a spare parts kit, the shelf life of the individual items should be considered (see
IEC 62435).

Details of the consumables (e.g. fuels, oils, lubricants, fluids, paints, adhesives, compounds,
solvents and similar material) required in the operation, maintenance and repair of the
equipment in accordance with the maintenance concept and support policy should be listed in
a separate figure. These consumables should be grouped together in consumable types (e.g.
lubricants, lacquers, solvents, cleaners). All line items contained in a consumable figure
should carry not illustrated (NI) information.

When two or more items are interchangeable at a specific location, these items should be
presented with the same unique identifier. These items should have the appropriate
interchangeability information code assigned.

Specific information should be defined in the data dictionary and the appropriate codes have
to be provided. These codes may include but are not limited to:
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e interchangeability;

e special spares condition;
e "to be fitted";

e parts kit;

e repair kit.

7.3 Parts catalogue

Parts catalogues serve the communication between users and manufacturers or suppliers with
spare parts needs and assist during the execution of repairs. In addition, parts catalogues are
organizational resources for spare part management with the manufacturer or supplier and
with the user. Parts catalogues are supplied based on agreement between manufacturers or
suppliers and users.

The extent of the parts catalogue depends on the intended purpose and/or the maintenance
concept and is to be agreed upon between manufacturers or suppliers and the user.

The range of information in parts catalogues is to be agreed upon by manufacturers or
suppliers and the user.

8 Supply management

8.1 General
8.1.1 Activities

Supply management encompasses medium and short term activities. Supply management
should ensure (see Figure 10):

e spare parts planning (strategic, budgetary, supply, workflow);

e preparation, scheduling and placing of spare parts orders;

e control of order times;

e control of turn-around time.
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Figure 10 — Supply management activities

This document describes supply management as it affects spare parts provisioning but does
not cover all aspects of supply management.

8.1.2 Economic provisioning
Prerequisites for economic provisioning of spare parts are:

o definition of tasks and responsibilities;

e personnel to perform the tasks;

o definition of measures of effectiveness, such as FR, availability, waiting time;
e organizational aids;

e approved storage techniques;

e spare parts documentation.
8.2 Sources for spare parts

Spare parts and other materials needed for maintenance are available not only from the OEM
but often also from other sources. Specifications and quality of spare parts and materials are
determined by the OEM and are also based on their operational environment and use.
Ensuring that quality is met in a shared responsibility between the manufacturer of spare
parts and the end user.
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8.3  Supply policies
8.3.1 Insourcing

The term insourcing stands for the transfer of other enterprises or services to the company’s
area or to its direct neighbourhood with the objective of releasing transportation procedures
from external influences. In the context with spare parts supply an external service provider
may manage, for example, a distribution store at the premises of the operator of a system.

8.3.2 Outsourcing

The term outsourcing indicates the transfer of services to external enterprises. The enterprise
tries to arrange its work "as slim as possible" ("lean production") and with regard to supply
support services to maintain only those regarded as core business. As such, core business
products or services are to be regarded with and/or on which the majority of the turnover is
carried out. Core competence represents those parts of an enterprise, which perform
something that cannot be bought at this price on the market.

In this sense it is economical to transfer or close those areas, which can be procured more
economically on the market. Other criteria have to be evaluated such as market presence,
and dependency on and stability of supply.

The outsourcing of supply service functions has a great impact on system support for
managing service needs. The operational planning process needs to be closely integrated
with the service and maintenance planning functions and in a service provider scenario; it
becomes vital that there is integration from both a process and a system perspective.

8.3.3 Single sourcing

Many enterprises perform single and modular sourcing, in order to lower the complexity of the
sources of supply and the costs of the procurement completion as well as to increase the
transparency of the procurement process. The term single sourcing relates to the
concentration on one source of procurement. The selected supplier should be competent.

With increasing quality requirements, the importance of single sourcing has grown as a supply
policy. Usually common investments are conducted which result in interdependences. Close
co-operation by learning, experience and synergies can lead to cost reduction, from which
suppliers and customers profit and which would not have developed without co-operation.

With regard to higher contingency risk, infrastructure conditions should be established so that
they ensure quick and safe supply. The co-operation needed when using a single source
requires especially the ability to interact with different organizational cultures by promoting
confidence, openness and acceptance of criticism with a high measure of willingness at all
levels. In order to ensure close co-operation, structures should be created, which minimize
interfaces and promotes optimal instead of isolated local solutions to problems. Efficient flow
of material and data is an integral component of a single sourcing relationship.

By concentrating on one or a few suppliers, the cost of procurement completion and logistics
costs can be reduced. Further advantages are the possible better utilization of capacity of
suppliers by larger order quantities. A concentration on their own capabilities leads to cost
savings, which result from the division of labour. Also reorganization of the flow of material
and goods will lead to cost reduction, for example by smaller costs of capital commitment of
the material and in smaller inventory costs.

When considering the economics of single-sourcing, it may be difficult to compute the costs
and benefits of cooperation. Besides, it is questionable whether existing systems of
accounting are able to assist with this analysis. Evaluation of the risk, which is taken by the
restricting to one supplier is difficult to measure. There are some risks, such as production
disturbances and interruptions, strike vulnerability, lack of recognition of a new technological
development, renouncement of competition as well as potential “switching costs“, which make
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a later change to a supplier more difficult. Therefore, it should be examined whether the cost
advantages of single sourcing are sufficiently beneficial and are counterbalanced by hard
calculable risks. When considering the disadvantages of a single sourcing policy, it should be
evaluated if dual sourcing is feasible, i.e. at least two suppliers should be planned for each
product.

8.3.4 Global sourcing

The term global sourcing is not clearly defined despite intensive discussion in the literature.
Often global sourcing is known as "international purchase" or efficient use of world-wide
resources within the ranges of personnel, material, energy and capital. Global sourcing can
be defined as international market cultivation in the context of the strategy of the supplying
management and as systematic expansion of the procurement policy on international sources
of procurement under strategic adjustment.

A set of internal and external considerations is required in order to be able to operate global
sourcing effectively and efficiently. Political stability, security of trade and law belong to
external considerations, and a transition from a pure purchase function to supply chain
management should be implemented. Global sourcing can only become effective with
extensive knowledge, management experience, good qualifications and an appropriate
orientation of employees. Expanded study of the procurement market is a substantial
prerequisite for obtaining the necessary information. The logistic chain should be controllable
and manageable over all frontiers and jurisdictional systems and this leads to increasing
complexity, global data networks and to the use of different means of transport.

The evaluation of global sourcing concepts involving the component of international purchase
is mostly focused on lower delivery costs. The differences in prices are clearly and directly
noticeable, however this view hides an integrated approach. The evaluation should include
aspects of smaller procurement risk and higher supply security. The evaluation of the risks of
currency fluctuations, interruptions of supply chains and political changes should be
considered.

Increased transition to world-wide procurement leads mostly to a degradation in quality and
determinability of the schedule and quantity of material streams. In order to hold a fixed
service level, extended planning instruments need to be made available, for example separate
control systems or higher planning frequency.

8.3.5 Concurrent sourcing

Technical systems can be procured and introduced in one or several stages. Different
procedures are applicable and recommended regarding spare part quantification and
procurement.

During a single-stage system installation, generally higher requirements have to be set with
regard to quality of spare part quantification than with a start-up in several stages, in
particular if it concerns plants or systems which are produced in a small number. Since
breakdowns and first-time production difficulties cannot be excluded, suitable initial supply
procedures have to be applied.

With systems that are produced in larger quantity but are procured by a single customer in a
small quantity compared to the overall production volume, it can be assumed in general that
spare parts with slightly changed costs can be procured within a short time. In these cases,
an estimated spare part provision with stocks, which corresponds to the requirements of a
consolidated operational phase, is economic and suitable. Besides, the quantification can
usually rely on reliability data of other operators.

For systems with a limited group of users, which are only produced in small quantities the
requirement commonly exists for a so-called life-time-buy, i.e. procurement for the entire
system lifetime, since production is phased out after installation of the equipment and spare
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parts. Later reorders could, if generally technically possible, only be manufactured in single-
unit production at a considerably higher price. This means that spare parts have to be
procured concurrently with the system production.

8.3.6 Obsolescence management

The term obsolescence is used to refer to the fact that an item, in this case a spare part, is no
longer procurable. In principle, all products available on the investment and consumer goods
markets can be affected by obsolescence since the supply of spare parts can phase out
towards the end of the product life cycle.

Any piece of equipment, tools, hardware, software, by-product, etc. can become obsolete.
The obsolescence problem impacts at all stages of a product life cycle, but the effects of
obsolescence are particularly great once serial production has ended. As a general principle,
the obsolescence phase of a product begins immediately after the information about
discontinuance is issued and the product is considered as obsolescent. Obsolescence is
unavoidable, expensive and cannot be ignored.

Obsolescence management is the process of ensuring that the product is able to be
manufactured and supported for its intended life. The process consists of planned and co-
ordinated activities for providing availability of a product during its intended life, by the
economic and practicable provision of replacement components and support activities.

Two main strategy options should be considered in obsolescence management:

e reactive strategy: react to problems of obsolescence as and when they occur;

e proactive strategy: develop and implement an obsolescence management plan in advance.

For more detailed information, refer to |[EC 62402.

8.4 Planning and control of the flow of repairable spare parts
There are several flow options that can be considered for the replacement of spare parts:

e Continuous: spare parts are sent for repair immediately when they are identified as
requiring repair;

e Batch: spare parts are only sent for repair when a pre-defined quantity has been reached;

e New parts: a percentage of spare parts is estimated to be beyond economic repair and
these have to be ordered to keep the number of spares constant — manufacturing a
complete item may take longer than a repair;

e Strip down and repair: a replacement part may comprise a number of minor parts, but it is
considered more expedient to replace the larger part. Subsequent strip down identifies the
minor part which then undergoes a continuous or batch repair;

e Modification: the criticality of a modification may require all spares to be modified
immediately, spares to be modified only on repair, or the spare to be modified only when
the repair relates to the modification. Modification can increase the turnaround time.

In addition, spares can be held in a number of locations and also there may be centres
feeding a number of specific locations. This can enable an urgent spare part to be "borrowed"
from another location or centre. This is particularly true for global systems.

A dynamic inventory system, which automatically monitors spare parts, provides immediate
identification of potential problems, which can greatly enhance spares flow for large systems.

When the spares flow has been planned, it is also necessary to consider the time required to
adequately package spares to allow for transportation and storage without damage caused by
either handling or environmental exposure. In some cases, a package is designed to
accommodate the quantity in a pre-determined batch.
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Annex A
(informative)

Prognosis of demand

A.1 General

The starting point for all decisions is the prognosis of future demand. Three main groups of
demand forecast procedures are able to be applied:

e deterministic procedures;
o statistical analysis based on consumption data;

e subjective estimation.

An overview of the forecast procedures is shown in Figure A.1.

Procedures of demand forecast
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Figure A.1 — Procedures of demand forecast

A.2 Synthetic determining of demand

The most disadvantageous case is when for initial provisioning only an estimation of the
failure rate is available. The amount and the demand over time of spare parts are estimated
by the failure behaviour of the items. In addition, the operating conditions and intensity have
to be considered.

A further important parameter for the computation of the spare part quantity is the
replacement time for non-repairable items or repair turn-around time for repairable items.

If a new technical system is introduced, no past consumption figures are available for the
initial provisioning of spare parts. A time series analysis cannot therefore be accomplished.
Instead the need is prognosticated by means of reliability data.

In principle, there are three methods to determine reliability data:
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o reliability test and/or experimental determination by component manufacturers;
e evaluation of operational data and failure statistics from users;
 reliability prediction guides, such as JEC 61709 and |JEC 6230§.

The first method is suitable for new components for which no empirical values are yet
available. This procedure has the advantage that measurement conditions and rated loads are
able to be monitored and accurately adjustable. Failure samples and failure causes can be
exactly evaluated in the laboratory. Laboratory tests do require a high degree of technical
sophistication and are very cost-intensive because of test times and sustained testing.
Accelerated testing according to |JEC 62506 and |EC 61649 can be used to reduce test time.

The second method is generally cheaper and applicable when operational data and failure
statistics are available. On the basis of the failures and running times, the MTBF can be
computed and computation operational reliability is determined directly, i.e. all environmental
influences are able to be considered. With operation-specific failure rates, spares stocks can
be optimized and measures to increase availability can be introduced.

Feedback to the equipment manufacturer may be however problematic. Only failures which
have occurred during rated load without excessive load by mechanical, electrical, thermal or
other environmental influences should be considered. In addition, failure causes and the type
of failure (primary or secondary failure) might not be recognized accurately.

The third method, instead of laboratory tests or evaluations of operation data taking over the
experience of third parties in the determination of failure rates, is a simple way to get a first
rough reliability figure. Estimates of failure rates of common market components can be found

in handbooks listed in |[EC 61709.

A.3 Prognosis based on consumption data

A.3.1 Overview

Well-established procedures for demand forecast on the basis of observation results from the
past include:

o forecast on the basis of a moving average;

o forecast on the basis of a weighted moving average;

o forecast on the basis of exponential smoothing;

o forecast on the basis of regression analysis;

o forecast on the basis of simulations.
A.3.2 Forecast on the basis of the moving average

When applying the forecast on the basis of a moving average, the values of a certain number
of past time periods are averaged:

d._ d._ d._ d._ 1
Pi =4 1td; Z+n+ i—ktdi—n :;Z;clzldi—k (A1)
where
D; is the forecast for the current planning period;
di g (k=1,2,...,n) is the demand in the previous planning periods;
n is the number of planning period considered.

This forecast procedure requires that demand data of previous periods is available. All
planning periods have the same weight in this computation.
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A.3.3 Forecast on the basis of the weighted moving average

A forecast on the basis of the weighted moving average applies different weighting factors for
particular planning periods. When a seasonal influence is present, values of similar periods
will be considered by a higher weight. If the recent demand is considered more important
compared to earlier periods, weights will be ordered downwards. This procedure requires that
the demand of the preceding periods and their weights are available.

_ widi_q1twadi_ s+ twidi_gtwndi_n _ 1 on
pi = =~ k=1 Wk i1 (A-2)

n

A.3.4 Forecast on the basis of exponential smoothing

A forecast on the basis of exponential smoothing represents a special case of forecasting on
the basis of a weighted moving average. Exponential smoothing is a technique that can be
applied to time series data to make forecasts. The procedure requires not all individual values
of the past but only three data elements:

Ppredicted, old forecast for the previous planning period;
Pactual, old actual demand for the previous planning period;
o smoothing coefficient.

The term "smoothing" stands for a kind of averaging. The subsequent formula shows the
exponential smoothing for a 1st order:

pnew = ppredicted,old +a(pactual,old _ppredicted,old) (A3)

The smoothing coefficient a is a constant, which should be specified and has values between
0 and 1. The new prognosis p,g,, is computed from the preceding (old) prognosis pycgicted,old:
corrected by the product of the smoothing coefficient « and the difference between the actual
and predicted demand of the preceding planning period.

If ais set to 1, the new prognosis p,,, is equal to the actual demand in the previous planning
period. With « = 0,1 only 10 percent of deviation from predicted and actual demand is
considered in the new forecast. Values of « close to 1 have a minor smoothing effect and give
greater importance to recent changes in the data, values of « closer to zero have a greater
smoothing effect and are less sensitive to recent changes.

By formulating Formula (A.3) as follows:

pi=pia+ta-ldi1-piq)=a-d_q+p,1-(1-a) (A.4)

and replacing in the formula p, 4 (the old prognosis) sequentially by the value of the preceding
period the formula can be written as follows:

pi=a-d,_q4+a(1-a)-d;_» +a(1-a)? di_3 +a(1-a)® di_g +... (A.5)

Formula (A.5) shows that the value applied in the prognosis is an average value which is
determined on the basis of consumption in past periods and multiplied by weighting factors.
The weighting factors represent a geometrical progression. The term "smoothing" stands for
the fact that older values have a smaller influence than recent values.

No formally correct procedure for estimating « exists. In practice, a-values between 0,2 and
0,5 are applied. Also statistical techniques may be used to optimize the value of a. For
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example, the method of least squares may be used to determine the value of « for which the
sum of the square differences (p,_4 = d;_4)? is minimized.

A.3.5 Forecast on the basis of regression analysis

Many observations in economic science as well as in inventory management are collected in
the form of a time series. To estimate future demand, past demand history and various factors
that influence the demand have to be examined. For example, research may reveal that in the
past demand was growing by a constant factor from a previous planning period to a
succeeding period. There are three major factors that may influence the growth of demand:
the number of systems evoking demand, utilization intensity, and decreasing reliability for
example due to wear-out or fatigue. Therefore, those factors have to be assessed.
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Annex B
(informative)

Measures of effectiveness

B.1 General

Spare parts are considered as an important factor for the effectiveness of a support system.
The provision and maintenance of an appropriate stock of spare parts is decisive for the
availability of a technical system. These models do not include the consideration of cost. It
may be more effective to include the cost.

The different effectiveness measurements are described in Annex B.

B.2 Stock-related measures of effectiveness

B.2.1 Fill rate (FR) and risk of shortage (ROS)

An inventory system with nominal stocks S of a given item can be described on the basis of a
chain that can adopt the following states:

S, S-1, 8-2, S-k ,.,8-(S-1), S-S, S-(S+1), -2, ..., -0

In the states S to S-(S-1) all demands can be fulfilled. The state S-S marks that situation in
which no spare part is on stock and also no demand exists, which could not be fulfilled
anyway. The fill rate is thus the sum of all probabilities w(k) for the states S to S-(S-1):

FR = Yi—gw(k) (B.1)

The risk of shortage (ROS) or probability of a stockout determines the fraction of demands
which cannot be satisfied immediately from spare parts stock. In the above described chain,
these are all states which are not considered for the determination of fill rate. The sum of the
fill rate and risk of shortage together always result in a value of 1.

ROS =1-FR (B.2)

Assuming a Poisson distribution for w,(k|AT), the equation reads

© k S-1 k

ros=3 VI 1) 4 5 D) ) (B.3)

Il k!
k=S k=0

where

T is the transitory period, i.e. repair turn-around time (including transportation times) for
repairable items, replenishment lead time (including transportation times) for non-
repairable items, expressed in hours;

A is the average demand rate per hour;

S is the number of spare parts.

Assuming a constant failure rate, the average number of demands during a given time T is
equal to the expression AT and can be calculated by the following formula:
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where

sys

OPS

Pitem
MTBR

Negys v-OPS T

AT =Ngys V-OPS" pitem -1 =
sys OPS: pitem MTBR

is the number of systems;

is the utilization rate (e.g. operating hours per system and calendar hour);
is the quantity per system;

is the replacement rate;

is the mean time between replacements;

is the transitory period, i.e. repair turn-around time (including transportation times)
for repairable items, replenishment lead time (including transportation times) for non-
repairable items, expressed in hours.

In Figure B.1 the FR is shown as a function of the average number of demands during a given
time T (AT) and number of spares S.

(FR)

© Fill rate

813__

0

0,6

0,4

0,2

A

0 1 2 3 4 ! 5 6 7 8 9 10

Average number of demands over time 7, AT
IEC

Figure B.1 — Diagram for the determination of the fill rate
(FR) with a Poisson demand

Generally, the number of required spare parts can be computed with the following
approximation formula for quantities greater than 30:

S={,1T+K-J/1_T} (B.5)

The factor K defines the fill rate and has to be defined according to Figure B.2.
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Figure B.2 — Diagram for the determination of the factor K for the required fill rate

B.2.2 Expected backorders (EBO)

Backorders are demands that cannot be satisfied immediately. These demands will be
satisfied when a spare part is coming out of the repair cycle or the replenishment process. An
inventory system with a backorder case is shown in Figure B.3.

A
T
€ »
y
+1
>
1 1) Time T
T > ls 7 lg f9
-1 _| = % " i
t3 t5
2 | ”
.
1 (.
Y
IEC

Figure B.3 — Inventory system with a backorder case

Within a considered representative period of time 7, four demands of each one spare part
occur: demand D, through D,. At the time Sy to S, a repaired spare comes out of the repair
cycle. Hence, the stock level is 1 during the times ¢4, ;7 and ¢y, during time ¢g the stock level is
2, and during the remaining times ¢, to tg no spare parts are available.

The spare part’s demand at the point in time D, is delayed and can be satisfied only after
arrival of an item at time §,. Likewise the demand at time D3 can be satisfied only at time §,.
In the time period 7, as shown in Figure B.3 two demands are backordered. The measure of
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"expected backorders" is an over the time weighted average value within the time period T
and can be determined as follows:

EBOZ1'(l‘3+l4);1'(l‘4+l5):l3+2'Tl4+t5 (B6)

The average number of backorders can also be described with the help of chains with the
following states:

S, S-1, §-2, S-k, ..., S-(S-1), S-S, S-(S+1), -2,..., -

In the states S to S-(S-1) all demands can be fulfilled. Starting from status S-(S+1), first 1
demand, then 2, etc., cannot be fulfilled directly. The backorders demands can be calculated
therefore as total of all probabilities w(k) for the states k = S+1, multiplied by the term (£-S);
the general equation reads:

EBO= i(k—S)-w(k) (B.7)
k=S+1

Assuming a Poisson distribution for w,(k|AT) the equation for the calculation of the expected
backorders reads:

EBO= 3 k — 8w (k|AT)= 3 k-S @) o) B.8
= 2 (k=Syw(kAT)= 3 (k=S)== e (B.8)
k=S+1 k=S+1

For practical calculations, Equation (B.8) is not suitable because of the summation to infinity.
The average number of backorders can be determined by computation more easily with finite
summation using the following formula:

S
EBO=(AT): U‘g) e (At~ S){ —(m} (B.9)

The measure EBO is not common in practice. Conceptually, it is difficult to understand and
also to measure. The reason why it is treated here in detail is the importance on the
calculation of the MWT.

B.2.3 Mean waiting time (MWT)

The MWT can be calculated from the EBO by division by the demand rate A:

MWT:%U (B.10)

The MWT considers all demands, even those for which the waiting time, because of available
stock, is zero. In the case of demands, which cannot be satisfied immediately, longer waiting
will occur than the MWT.

In Figure B.4, the relation of MWT to the repair turn-around time T as a function of the
average number of demands during a given time T (A7) and number of spares S is shown. The
MWT can be calculated thus by multiplication with the repair turn-around time T.
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Figure B.4 — Diagram for the determination of
the mean waiting time (MWT) with a Poisson demand

B.3 System-related measures of effectiveness

B.3.1 Operational system availability (Aop)

The operational system availability (Aop) for steady-state operations can be calculated by the
following formula:

MTBR
op = (B.11)
MTBR + MDT
where
Aop is the operational system availability;
MTBR is the mean time between replacements;
MDT is the mean down time.
MDT = MRT + MLD + MWT (B.12)
where
MRT is the mean repair time;

MLD is the mean logistic delay;
MWT is the mean waiting time.

The MRT is calculated as a weighted mean from the individual times to replace LRIs. The
mean logistic delay time represents delays caused by lack of resources.

For non-continuous operational profiles, Formula (B.12) is not applicable. The determination
of the practical availability with non-continuous operation has to consider the exact
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operational profile, the failure consequences and the repair resources. A more complex
method has to be applied to determine this practical system availability, such as Monte Carlo
simulation.

B.3.2 Number of systems not operationally ready (NOR)

A version of the availability measure is NOR, calculated as the average number of not
operationally ready systems due to on-going repair and shortage of spares. NOR is calculated
as

NOR =(1- 4gp)- N (B.13)

where
Aop
N is the total number of systems.

is the operational system availability;
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Annex C
(informative)

Example: Quantification of spare parts
and optimization of inventory stocks

C.1 General

The following example describes the quantification of spare parts and optimization of
inventory stocks. The example refers to a product called “data communication network
(DCN)”. This example is taken from |EC 60300-3-3:2004. The product breakdown structure,
shown in Figure C.1, lists the different elements included in the DCN.

' Datacommunication network (OCN) ‘
Communication system (CS) Data transport network (DTN)
l Communication system 1 (CS 1) }{ >
‘ Communication system 2 (CS 2) I_{ »

j
I
!
|
!
Hub |
i
!
!
!

‘ Communication system 30 (CS 30) |« I»
\ 4
Hub is a device used for data traffic External communication to operation
concentration and distribution and maintenance centre (not included

in this analysis)
IEC

Figure C.1 — Structure of the DCN

The purpose of this example is to identify the potential spare parts, to show the information as
prerequisites of the quantification, and to demonstrate the quantification and optimization
process.

C.2 Product breakdown structure

To perform the required calculations for the spare part quantification a detailed product
breakdown structure should be worked out. The product breakdown structure gives the
breakdown of the product to lower indenture levels.

As shown in Figure C.1, the product under consideration is a data communication network
(DCN) consisting of N identical communication systems (CS) and a data transport network
(DTN). The data transport network contains all data links within the DCN.

Tables C.1 to C.5 present a product breakdown structure, in three indenture levels, together
with some product dependability and cost data.
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Table C.1 — First indenture level — Data communication network

Level 1 Description for item Abbreviation Required availability Quantity
performance N
P, Communication system CS All downtimes result in 30
penalty cost
P, Data transport network DTN 99,995 % per link 30 (1 per link)

Table C.2 — Second indenture level - Communication system

Level 2 Description for Abbreviation Failure rate (z) Cost per item Quantity per next
item failures / 10% h cu? higher level

Power supply

P PSS See Table C.3 See Table C.3 1
1.1 system

Pis Main processor MP See Table C.4 See Table C.4 1

Pis Display console DC (RI) 5 per item 900 2

P4 Input / output unit 10U (Rlg) 4 per item 300 1

Pis Fan system FS See Table C.5 See Table C.5 1

Replaceable item (RI) is to be replaced at the ‘site level’ and to be repaired at the ‘workshop level’.

a8 CU: Currency unit.

Table C.3 — Third indenture level — Power supply system

Level 3 Description for Abbreviation Failure rate (z) Cost per item Quantity per next
item failures / 10% h cu? higher level

Piia Power supply unit PSU (RI,) 18 per item 350 2

Piia Power control unit | PCU (RI,)P 4 per item 200 1

Piis Battery® BATT (NR)° Negligible 100 8

a8 CU: Currency unit.

b The battery requires preventive replacement due to wear-out failures.

¢ NR: Non-repairable item.

Table C.4 — Third indenture level — Main processor

Level 3 Description for Abbreviation Failure rate (z) Cost per item Quantity per next
item failures / 10% h cu? higher level

Pioy Central processor | CP (Rl;) 15 per item 4 000 2

Pioo Program store PS (Rl,) 18 per item 1000 2

Pios Data store DS (Rlg) 22 per item 800 4

Pioa Data bus system DBS (Rlg) 3 per item 400 1

a8 CU: Currency unit.
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Table C.5 — Third indenture level — Fan system

Level 3 Description Abbreviation Failure rate (z) Cost per item Quantity per next
for item failures / 105 h CuU higher level

P51 Fan® FAN (NR)° Negligible 40 4

Pis2 Alarm unit AU (Rlg) 2 per item 80 1

a8 CU: Currency unit.

b The fan requires preventive replacement due to wear-out failures.

¢ NR: Non-repairable item.

C.3 Calculation of spare parts quantities and costs

The calculations in this example are based on the following prerequisites and assumptions
based on estimated performance parameters, cost, and other conditions:

e mean time to restoration (MTTR) = 0,5 h;

¢ mean technical delay (MTD) = 0,25 h;

¢ mean administrative delay (MAD) = 4 h;

o useful life of a battery = 4 years;

o useful life of a fan = 9 years;

e no preventive maintenance except for batteries and fans;

e all repairable items are repaired at a central workshop;

e turn-around-time (TAT) for repairable items = 672 h (= 28 days);

e transportation time (TT) for one way: site — central workshop or reverse = 24 h (= 1 day).

Table C.6 the results of the quantification of spare repairable items performed in

EC 60300-3-3,:2004 are shown.

Table C.6 — Investments in spare repairable items

Repairable Level Description for item Purchase Number of Total Mean
item cost per spare investment waiting
item repairable per SRI times
items type h
RI Cl NSRI Cu MWT
RI, P Power supply unit (PSU) 350 3 1 050 1,8
RI, Pii2 Power control unit (PCU) 200 1 200 3,6
Rl, P Central processor (CP) 400 3 12 000 1,8
Rl, Pisa Program store (PS) 100 3 3 000 1,8
Rl Pisos Data store (DS) 800 6 4 800 1,0
Rlg Pisa Data bus system (DBS) 400 1 400 3,6
RI, Pl Display console (DC) 900 2 1800 2,4
Rlg P4 Input/output unit (I0U) 300 1 300 3,6
Rlg Piso Alarm unit (AU) 80 1 80 3,6
Total 23 630

In [EC 60300-3-3, the MWT was calculated by an approximation formula without assignment
to a specific stock position.
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Figure C.2 shows the inventory system for the DCN. There are two stock position levels:
workshop level and site level.

The quantity of spare repairable items shown in Table C.6 is all stocked at the workshop
level.

" | Central workshop

T~

Site level EEEEEEEEEEEEE®

Workshop level

Site 1 Site 2 Site 3 Site 4 Site 30
IEC

Figure C.2 — Inventory system for the DCN



(1]

(2]

(3]

[4]

(3]

[6]
(7]
(8]

[0l
(10]

[11]

BS EN 62550:2017
- 54 — IEC 62550:2017 © IEC 2017

Bibliography

IEC 60050-192, International electrotechnical vocabulary — Part 192: Dependability
(available at http://www.electropedia.org)

EC 60300-1, Dependability management — Part 1: Guidance for management and
application

IEC 60300-3-3:2004, Dependability management — Part 3-3: Application guide — Life
cycle costing

EC 61649, Weibull analysis

EC 61709, Electric components — Reliability — Reference conditions for failure rates
and stress models for conversion

EC 62308, Equipment reliability — Reliability assessment methods
EC 62402, Obsolescence management — Application guide

IEC PAS 62435, Electronic components — Long-duration storage of electronic
components — Guidance for implementation

EC 62508, Methods for product accelerated testing
Hadley, G.; Whitin, T. M., Analysis of Inventory Systems. New Jersey, 1963

Sherbrooke, Craig C., Optimal Inventory Modeling of Systems: Multi-echelon
Techniques, Kluwer Academic Publishers, 2nd edition, 2004


http://www.electropedia.org)/
http://dx.doi.org/10.3403/02903008U
http://dx.doi.org/10.3403/03145201
http://dx.doi.org/10.3403/01144970U
http://dx.doi.org/10.3403/02129590U
http://dx.doi.org/10.3403/30101077U
http://dx.doi.org/10.3403/30123956U
http://dx.doi.org/10.3403/30238859U

This page deliberately left blank



NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

British Standards Institution (BSI)

BSI is the national body responsible for preparing British Standards and other
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization
products are published by BSI Standards Limited.

About us

We bring together business, industry, government, consumers, innovators
and others to shape their combined experience and expertise into standards
-based solutions.

The knowledge embodied in our standards has been carefully assembled in
a dependable format and refined through our open consultation process.
Organizations of all sizes and across all sectors choose standards to help
them achieve their goals.

Information on standards

We can provide you with the knowledge that your organization needs

to succeed. Find out more about British Standards by visiting our website at
bsigroup.com/standards or contacting our Customer Services team or
Knowledge Centre.

Buying standards

You can buy and download PDF versions of BSI publications, including British
and adopted European and international standards, through our website at
bsigroup.com/shop, where hard copies can also be purchased.

If you need international and foreign standards from other Standards Development
Organizations, hard copies can be ordered from our Customer Services team.

Copyright in BSI publications

All the content in BSI publications, including British Standards, is the property

of and copyrighted by BSI or some person or entity that owns copyright in the
information used (such as the international standardization bodies) and has
formally licensed such information to BSI for commercial publication and use.
Save for the provisions below, you may not transfer, share or disseminate any
portion of the standard to any other person. You may not adapt, distribute,
commercially exploit, or publicly display the standard or any portion thereof in any
manner whatsoever without BSI's prior written consent.

Storing and using standards
Standards purchased in soft copy format:

e A British Standard purchased in soft copy format is licensed to a sole named
user for personal or internal company use only.

e The standard may be stored on more than 1 device provided that it is accessible
by the sole named user only and that only 1 copy is accessed at any one time.

e Asingle paper copy may be printed for personal or internal company use only.

Standards purchased in hard copy format:

e A British Standard purchased in hard copy format is for personal or internal
company use only.

e [t may not be further reproduced — in any format — to create an additional copy.
This includes scanning of the document.

If you need more than 1 copy of the document, or if you wish to share the
document on an internal network, you can save money by choosing a subscription
product (see ‘Subscriptions’).

bsi.

Reproducing extracts

For permission to reproduce content from BSI publications contact the BSI
Copyright & Licensing team.

Subscriptions

Our range of subscription services are designed to make using standards

easier for you. For further information on our subscription products go to
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you'll have instant access to over 55,000
British and adopted European and international standards from your desktop.

It's available 24/7 and is refreshed daily so you'll always be up to date.

You can keep in touch with standards developments and receive substantial
discounts on the purchase price of standards, both in single copy and subscription
format, by becoming a BSI Subscribing Member.

PLUS is an updating service exclusive to BSI Subscribing Members. You will
automatically receive the latest hard copy of your standards when they're

revised or replaced.

To find out more about becoming a BSI Subscribing Member and the benefits

of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards
publications on your intranet. Licences can cover as few or as many users as you
wish. With updates supplied as soon as they're available, you can be sure your
documentation is current. For further information, email subscriptions@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision.

We continually improve the quality of our products and services to benefit your
business. If you find an inaccuracy or ambiguity within a British Standard or other
BSI publication please inform the Knowledge Centre.

Useful Contacts

Customer Services

Tel: +44 345 086 9001

Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 345 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

BSI Group Headquarters
389 Chiswick High Road London W4 4AL UK



	30299855-VOR.pdf
	English
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms

	4 Overview
	4.1 Participants and major steps in the spare parts provisioning process
	4.2 Types of spare parts
	4.3 Identification of spare parts as integral part of the level of repair analysis (LORA)
	4.4 Overall spare parts provisioning process

	5 Demand forecast
	5.1 General
	5.2 Forecast based on consumption data
	5.2.1 General
	5.2.2 Procedures for forecast

	5.3 Initial determination of demand
	5.3.1 General
	5.3.2 Prediction of failure rates and failure intensities
	5.3.3 Calculation of demand rates


	6 Spare parts quantification
	6.1 General
	6.1.1 Process overview
	6.1.2 Probability distributions for spare parts quantification
	6.1.3 Measures of effectiveness (MoE)
	6.1.4 ABC-analysis (Pareto analysis)
	6.1.5 Quantification of repairable items
	6.1.6 Quantification of non-repairable items

	6.2 Strategic (critical, insurance) spare parts
	6.3 Inventory systems
	6.4 Inventory optimization

	7 Spare parts documentation
	7.1 Principles and objectives
	7.2 Illustrated parts catalogue (IPC)
	7.3 Parts catalogue

	8 Supply management
	8.1 General
	8.1.1 Activities
	8.1.2 Economic provisioning

	8.2 Sources for spare parts
	8.3 Supply policies
	8.3.1 Insourcing
	8.3.2 Outsourcing
	8.3.3 Single sourcing
	8.3.4 Global sourcing
	8.3.5 Concurrent sourcing
	8.3.6 Obsolescence management

	8.4 Planning and control of the flow of repairable spare parts 

	Annex A (informative)Prognosis of demand
	A.1 General
	A.2 Synthetic determining of demand
	A.3 Prognosis based on consumption data
	A.3.1 Overview
	A.3.2 Forecast on the basis of the moving average
	A.3.3 Forecast on the basis of the weighted moving average
	A.3.4 Forecast on the basis of exponential smoothing
	A.3.5 Forecast on the basis of regression analysis


	Annex B (informative)Measures of effectiveness
	B.1 General
	B.2 Stock-related measures of effectiveness
	B.2.1 Fill rate (FR) and risk of shortage (ROS)
	B.2.2 Expected backorders (EBO)
	B.2.3 Mean waiting time (MWT)

	B.3 System-related measures of effectiveness
	B.3.1 Operational system availability (Aop)
	B.3.2 Number of systems not operationally ready (NOR)


	Annex C (informative)Example: Quantification of spare parts and optimization of inventory stocks
	C.1 General
	C.2 Product breakdown structure
	C.3 Calculation of spare parts quantities and costs

	Bibliography
	Figures
	Figure 1 – Participants and major steps in the spare parts provisioning process
	Figure 2 – Identification of spare parts
	Figure 3 – Spare parts provisioning process during design and development
	Figure 4 – Spare parts provisioning process during utilization
	Figure 5 – Principle of an ABC-analysis
	Figure 6 – Inventory control policies
	Figure 7 – Hierarchically structured inventory system
	Figure 8 – Single-product-single-inventory models
	Figure 9 – Idealized inventory model for non-repairable items
	Figure 10 – Supply management activities
	Figure A.1 – Procedures of demand forecast
	Figure B.1 – Diagram for the determination of the fill rate(FR) with a Poisson demand
	Figure B.2 – Diagram for the determination of the factor K for the required fill rate
	Figure B.3 – Inventory system with a backorder case
	Figure B.4 – Diagram for the determination of the mean waiting time (MWT) with a Poisson demand
	Figure C.1 – Structure of the DCN
	Figure C.2 – Inventory system for the DCN

	Tables
	Table 1 – Responsibilities, targets, and measurementsfor suppliers, maintainers, operator and users
	Table C.1 – First indenture level – Data communication network
	Table C.2 – Second indenture level – Communication system
	Table C.3 – Third indenture level – Power supply system
	Table C.4 – Third indenture level – Main processor
	Table C.5 – Third indenture level – Fan system
	Table C.6 – Investments in spare repairable items


	Français
	SOMMAIRE
	AVANT-PROPOS
	INTRODUCTION
	1 Domaine d’application
	2 Références normatives
	3 Termes, définitions et termes abrégés
	3.1 Termes et définitions
	3.2 Termes abrégés

	4 Vue d’ensemble
	4.1 Participants et principales étapes du processus d'approvisionnement en pièces de rechange
	4.2 Types de pièces de rechange
	4.3 Identification des pièces de rechange comme partie intégrante de l’analyse du niveau de réparation (LORA)
	4.4 Processus global d’approvisionnement en pièces de rechange

	5 Prévision de la demande
	5.1 Généralités
	5.2 Prévision basée sur les données de consommation
	5.2.1 Généralités
	5.2.2 Procédures de prévision

	5.3 Détermination initiale de la demande
	5.3.1 Généralités
	5.3.2 Prévision des taux de défaillance et des intensités de défaillance
	5.3.3 Calcul des taux de demande


	6 Quantification des pièces de rechange
	6.1 Généralités
	6.1.1 Vue d’ensemble du processus
	6.1.2 Lois de probabilité relatives à la quantification des pièces de rechange
	6.1.3 Mesures d’efficacité (MoE)
	6.1.4 Analyse ABC (analyse de Pareto)
	6.1.5 Quantification des entités réparables
	6.1.6 Quantification des entités non réparables

	6.2 Pièces de rechange stratégiques (critiques, d’assurance)
	6.3 Systèmes de gestion des stocks
	6.4 Optimisation des stocks

	7 Documentation des pièces de rechange
	7.1 Principes et objectifs
	7.2 Catalogue de pièces illustrées (IPC)
	7.3 Catalogue de pièces

	8 Gestion de l’approvisionnement
	8.1 Généralités
	8.1.1 Activités
	8.1.2 Approvisionnement économique

	8.2 Sources d’approvisionnement en pièces de rechange
	8.3 Politiques d’approvisionnement
	8.3.1 Internalisation
	8.3.2 Externalisation
	8.3.3 Source d’approvisionnement unique
	8.3.4 Approvisionnement mondial
	8.3.5 Approvisionnement concomitant
	8.3.6 Gestion de l’obsolescence

	8.4 Planification et contrôle du flux de pièces de rechange réparables

	Annexe A (informative)Pronostic de la demande
	A.1 Généralités
	A.2 Détermination par synthèse de la demande
	A.3 Pronostic basé sur les données de consommation
	A.3.1 Vue d’ensemble
	A.3.2 Prévision sur la base de la moyenne mobile
	A.3.3 Prévision sur la base de la moyenne mobile pondérée
	A.3.4 Prévision sur la base du lissage exponentiel
	A.3.5 Prévision sur la base de l’analyse de régression


	Annexe B (informative)Mesures d’efficacité
	B.1 Généralités
	B.2 Mesures d’efficacité associées au stock
	B.2.1 Taux de remplissage (FR) et risque de pénurie (ROS)
	B.2.2 Commandes en attente attendues (EBO)
	B.2.3 Temps d’attente moyen (MWT)

	B.3 Mesures d’efficacité associées au système
	B.3.1 Disponibilité opérationnelle du système (Aop)
	B.3.2 Nombre de systèmes non prêts à fonctionner (NOR)


	Annexe C (informative)Exemple: Quantification de pièces de rechangeet optimisation des stocks d’inventaire
	C.1 Généralités
	C.2 Structure de décomposition du produit
	C.3 Calcul des quantités et des coûts des pièces de rechange

	Bibliographie
	Figures
	Figure 1 – Participants et principales étapes du processusd’approvisionnement en pièces de rechange
	Figure 2 – Identification des pièces de rechange
	Figure 3 – Processus d’approvisionnement en pièces de rechangependant la conception et le développement
	Figure 4 – Processus d’approvisionnement en pièces de rechange pendant l’utilisation
	Figure 5 – Principe d’une analyse ABC 
	Figure 6 – Politiques de contrôle des stocks
	Figure 7 – Système de gestion des stocks hiérarchiquement structuré
	Figure 8 – Modèles monostocks monoproduits
	Figure 9 – Exemple de modèle de stock pour les entités non réparables
	Figure 10 – Activités de gestion de l’approvisionnement
	Figure A.1 – Procédures de prévision de la demande
	Figure B.1 – Diagramme pour la détermination du taux de remplissage (FR)avec une demande déterminée selon la loi de Poisson
	Figure B.2 – Diagramme pour la détermination du facteur Kdu taux de remplissage exigé
	Figure B.3 – Système de gestion des stocks avec un cas de commande en attente
	Figure B.4 – Diagramme pour la détermination du temps d’attente moyen (MWT) avec une demande déterminée selon la loi de Poisson
	Figure C.1 – Structure du DCN
	Figure C.2 – Système de gestion des stocks pour le DCN

	Tableaux
	Tableau 1 – Responsabilités, objectifs et mesurages pour fournisseurs, personnel de maintenance, opérateurs et utilisateurs
	Tableau C.1 – Premier niveau dans l’arborescence –Réseau de communication de données
	Tableau C.2 – Deuxième niveau dans l’arborescence – Système de communication
	Tableau C.3 – Troisième niveau dans l’arborescence – Système d’alimentation
	Tableau C.4 – Troisième niveau dans l’arborescence – Processeur principal
	Tableau C.5 – Troisième niveau dans l’arborescence – Système de ventilation
	Tableau C.6 – Investissements sur les entités de rechange réparables





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




