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RELIABILITY AND MAI NTAI NABI LI TY

PART 6: | N SERVICE R&M

PREFACE

I This Part of the Defence Standard defines those measures which nust be
consi dered when there is a requirement for the preparation of an In-Service
R&M Assessnment Plan and is for Mnistry of Defence use. It may be used by
other purchasing authorities, Government and Industry.

i1 This Standard has been agreed by the authorities concerned with its use
and shall be incorporated whenever relevant in all future designs,
contracts, orders etc and whenever practicable by amendnent to those
already in existence. |If any difficulty arises which prevents application
of the Defence Standard, the Directorate of Standardization shall be
informed so that a renedy may be sought.

iii This Part of the Defence Standard was prepared by the Conmttee for
Def ence Equi pnment Reliability and Maintainability (CODERM and as a result
of consultation reflects comments received fromvarious authorities within
the MO and Industry.

iv Any enquiries regarding this Standard in relation to an invitation to
tender or a contract in which it is invoked are to be addressed to the
responsi bl e technical or supervising authority named in the invitation to
tender or contract.

v This Standard has been devised for the use of the Crown and of its
contractors in the execution of contracts for the Crown and, subject to the
Unfair Contract Terms Act 1977, the Crown will not be liable in any way
what ever (including but without limtation negligence on the part of the
Crown its servants or agents) where the Standard is used for other

pur poses.

vi This Part of the Defence Standard includes “ALLIED RELI ABILITY AND
MAI NTAI NABI LI TY PUBLI CATION - 6" (ARMP-6).
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RELIABILITY AND MAI NTAI NABILITY

PART 6: 1N SERVI CE R&M

0 Introduction

0.1 To achieve and maintain R&M objectives defined during design,
devel oprment and production of defence materiel there may be a need to
assess and where necessary inprove |n-Service R&M

0.2 Assessnment and where appropriate inprovement of the In-Service R&M
may be carried out by various authorities - the original equipment
contractor, the purchaser, the mlitary user, another contractor or any
conbi nation of these.

1 Scope

1.1 This Part of the Defence Standard defines those neasures which nust be
consi dered by the sponsor, the Procurenent Executive and the Contractor,
when there is a need for the preparation of an In-Service R&M Assessnent
Plan, within the overall R&M plan for the specified defence nmateriel.

1.2 It should be regarded as an expansion of Def Stan 00-40 (Part 1)/2
(ARWP-1) and Def Stan 00-40 (Part 2)/1 (ARWP-2) Appendices A paragraph 325.

2 Rel ated Documents

2.1 The follow ng documents and publications are referred to in this Part
of the Standard.

STANAG 4174 Allied Reliability and Maintainability
Publ i cations

ARMWP- 1 NATO Requi renents for R&M

ARMP- 2 General Application CGuidance on the Use of
ARWP- 1

ARWP- 3 Application of National R&M Docunents.

ARWP- 4 Qui dance for Witing NATO R&M Requi r enent
Docunent s

ARMP- 5 Cui dance on R&M Trai ni ng.

00-40 (Part 1)/2 (ARWP-1) Management Responsibilities and Requirenents for
Programres and Pl ans.

00-40 (Part 2)/1 (ARMP-2) GCeneral Application Guidance on the use of
Part 1 (ARWP-1)
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2.2 \Whenever ARMP-6 is revised or amended, CODERM will| agree acceptance of
the changes follow ng which D Stan will issue copies of the |atest

i ssue/ amendment of the ARMP, together with any resultant amendnents to

Def Stan 00-40 (Part 6)/1 (ARWP-6), to all official holders of this Part of
the Standard.

2.3 The follow ng publications may be of use when using this docunment:

Def Stan 00-41 (Al Parts) MOD Practices and Procedures for
Reliability and Maintainability.

Def Stan 00-5 (Parts 1-4) Design Criteria for R&M of Land Service
Materiel .

Def Stan 00-25 (Al Parts) Human Factors for Designers of Equipnent.

2.4 The documents |isted above, clauses 2.1 and 2.3, may be obtained from
the sources shown bel ow.

DOCUMENT SOURCE
STANAG S and Directorate of Standardization
Allied Reliability and Stan 2
Mai nt ai nabi | ity Publications Kentigern House
(ARMP' s) 65 Brown Street
GLASGOW
& B8EX
Def ence St andards Directorate of Standardization
Stan 1
Kentigern House
65 Brown Street
GLASGOW & 8EX

2.5 Reference in this Part of the Standard to any related docunents neans
in any invitation to tender or contract the edition and all anmendments
current at the date of such tender or contract unless a specific editionis
i ndi cat ed.

3 Definitions

For the purpose of this Part of the Standard, the terms and definitions
shown in Annex A of Appendix A of Def Stan 00-40 (Part 1)/2 (ARVP-1) apply.

4 Application

This Part of the Standard and in particular the ARMP-6 Appendix A of this
Part of the Standard, shall be used for In-Service R&M
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NORTH ATLANTI C TREATY ORGANI ZATI ON
M LI TARY AGENCY FOR STANDARDI ZATI ON ( MAS)
NATO LETTER OF PROMULGATI ON

MAY 1988

L ARWP-6 "In-Service R & M is a NATO UNCLASSI FI ED publication. The
agreement of interested nations to use this publication is recorded in
STANAG 4174.

2. ARVP-6 is effective on receipt.

3. It is permssible to distribute copies of this publication to
contractors and suppliers and such distribution is encouraged.

A J MELO CORREl A
Mpj or - General , POAF
Chai rman MAS
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CHAPTER 1
| NTRODUCTI ON

101. GENERAL

In addition to the engineering disciplines enployed during design
devel opment and production of defence materiel, to achieve and naintain
specified R&M obj ectives, there may be a requirenent to assess and, where
necessary and cost effective, to inprove the in-service R&M achi evenent.
This may arise fromlatent design or manufacturing defects, or because the
effects of the in-service environnent cannot be fully predicted during
design and development. It nmay also arise fromthe need to determne
deviation of actual R&M performance fromthe expected and to recomrend
appropriate changes to design, manufacture or |ogistic planning.

Assessnent and, where appropriate, inprovenent of the in-service R&M

achi evement nmay be carried out by a variety of agencies - the origina

equi pnent contractor, the purchaser, the mlitary user, another contractor
or any conbination of these.

102. SCOPE

Thi s docunent defines those measures which nust be considered by
t he responsi bl e organi zati ons when there is a requirenent for the
preparation of an In-Service R&M Assessment Plan, within the overall R&M
plan for the specified defence materiel. It should be regarded as an
expansion of ARMP-1 and 2, paragraph 325

103. APPLICABILITY

(a) This document applies to all materiel when referenced - in
part or as a whole - in a contract or purchase order. |f any
I nconsi stency exists between the contract requirenents and
this document, then the contract requirements shall prevail

(b) In-Service R&M assessment defined herein shall be conducted
in accordance with this docunent to the extent specified in
the contract. The purchaser nust ensure that his
requirements in the contract are conplete and clear

104. TERM NOLOGY

A glossary of some inportant terns used in this document is
contained in ARWP-1.

105. RELATED DOCUMENTS

ARWP-1  NATO Requirements for R&M

ARWP-2  Ceneral Application CGuidance on the Use of ARWP-1
ARWP-3  Application of National R&M Docunents

ARWP-4  Cuidance for Witing NATO R&M Requi renent Docunents
ARMP-5  Cui dance on R&M Trai ni ng

NATO UNCLASSI FI ED
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CHAPTER 2

GENERAL REQUI REMENTS

201. GENERAL

This Chapter outlines the general requirenents for an R&M
programme during the in-service phase. The objectives of such a programe
are described along with details of the plan necessary to achieve them

202. OBJECTIVES OF | N SERVI CE R&M ASSESSMENT

The objectives of the in-service R&M assessnment will vary with
different systens/equipnents and different operational roles, but wll
generally include one or nore of the follow ng.

(a)
(b)

ARMPG- 6

To quantify the achieved R&M of the system equi pnent.

To assess the requirements and capabilities of technol ogies
which are newto the mlitary services and to provide
information for the user and for future generations of

syst ens/ equi pment s.

To identify the factors inhibiting a system equipnent from
achieving the specified R&M Ilevels.

To initiate action to inprove R&M where appropriate,
i ncluding the establishment of additional R&M goals, and to
eval uate the effectiveness of those actions.

To determ ne the effectiveness of the R&M engi neering

di sciplines and practices which were applied during

devel opment and producti on.

To assess the effectiveness and/or necessity of built-in or
mlitary users test equipment and related procedures in the
identification of failures.

To assess the effectiveness of maintenance procedures,
including the training of personnel engaged in such tasks

To reconmend appropriate and cost-effective measures for
i nproving the systeniequi pment R&M

To use the observed R&Mresults to the fullest advantage,
such as revising spare parts scaling.

To identify training needs, where such training will enhance
the R&M of the systeniequipnent.

To assess the life of the system equipment.

NATO UNCLASSI FIED
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203.

ARMPG- 7

| N- SERVI CE R&M ASSESSMENT PLAN

(a) Definition. A docunent show ng how the in-service R&M

assessnment will be carried out. The plan shall describe in
detai|l the tasks necessary to effect the assessment, show ng
chronologically, and in relation to the overall project
tinmescale, their sequence, phasing and planned duration

I nportant stages, such as Periodic Reviews, shall be

i dentified.

(b) Preparation. The responsible organization shall prepare an

I n-Service R&M Assessment Plan (subsequently referred to as
‘“the Plan’) detailing the agreed activities which are to be
carried out for the assessment and, where specified, the

I nprovenent of the R&M of defence materiel in service use

The necessary R&M data will usually be obtained by nonitoring
sel ected equi pnents during their nornmal service use but, in
some cases, there may be a need for special trials conducted
on a sanple of equipnents.

(c) Format. The Plan shall define the tasks to be undertaken and

the organi zations responsible for them The Plan shal
i nclude, as required:

(1) A definition of failures and a categorization as to
cause, criticality, frequency and chargeability;

(2) A description of the data to be collected, the tinescale
and the method of collection, and the authorities
responsible for collection and analysis;

(3) Alist of the procedures to be enployed in carrying out
the tasks, including a description of software packages
used in the analysis of the raw data

(4) Alocation of resources required to performeach task;

(5) Anticipated problemareas in the collection and anal ysis
of data and the possible neans by which these problems
may be overcomne;

(6) Establishment of stages for the Plan and their
relationship with other activities in hand

(7) The means by which all personnel associated with the
I n-service R&M assessnent are nade aware of the
requirements of the Plan;

(8) The key appoi ntnents responsible for managing the Plan
and their responsibilities and functions;

NATO UNCLASSI FI ED
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(99 The overall organization, to indicate the integration
between reliability, maintainability and rel ated
di sci plines;

(10) The lines of authority and comrunication;
(11) The arrangenents for the periodic review and, if

necessary, changing of the plan to take account of
I n-service experience

(d) Reports and Recommendations. The Plan shall stipulate the

content, distribution and frequency of progress and stage
reports to be issued during the agreed tinescale and in
accordance with any current contract. Additional
requirements for items such as design review conmttees and
safety commttees shall also be stipulated.

(e) R&M Inprovenents. As a result of the collection and anal ysis

of data, action may be proposed to inprove R&M Such action
may involve design changes to the systen equi pnent, design
changes to test equipnent, or changes to |ogistic support
such as test philosophy or maintenance routine. The Plan
shall state the format and information content of such
proposals. The purchaser will consider such proposals
together with the mlitary staffs, or any other interested
party, and decide on the appropriate followup action

NATO UNCLASSI FI ED
2-3
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CHAPTER 3

SPECI FI C R&M | N- SERVI CE REQUI REMENTS

301. GENERAL

This Chapter highlights the factors to be considered when
establishing the requirements for data collection and analysis. The
addi tional factors that should be considered when further service trials or
denonstrations are necessary are also described.

302. DATA COLLECTI ON

(a) Methods of Collection

(1) The Plan shall detail the manner in which specific data
are to be gathered. The mlitary services of the NATO
nations already organize the retrieval of R&M data using
standardi zed procedures and reporting formats and these
shall normally be adopted. Proposed variations from
t hese procedures shoul d, when appropriate, be agreed
with the purchaser

(2) The Plan shall identify the organization or personnel
responsi bl e for the data collection, and the nethod of
data collection. The responsibility for collection may
rest with mlitary users’ personnel at the location
where the equipnment is in use, or the contractor may be
given a mandate to collect and evaluate the data. The
met hod used to record the data shall be via existing
mlitary documents or conputer systens or by specia
arrangements agreed between the contractor, the
purchaser and the relevant mlitary staffs

Data Set Requirenents. The data required will depend on the
obj ectives of the assessnent, which mght range from
assessing the achieved |evels of R&M to determ ning what
design changes are required to inprove these |evels. Each
project will have its own particular requirenents and a data
set shall be agreed between all concerned. \Werever possible
the data set should be chosen so that the selected data itens
can be extracted fromthe data set used by the rel evant
mlitary service for defect/failure reporting.

(c) Systens/Equi pnent Data

(1) The Plan shall stipulate the type and nunbers of
systems/ equi pnents which are to be considered in the
in-service assessment of R&M  This may be the conplete
production conplenent or may be restricted to a
particul ar manufacturing batch, build standard or
operational group.

(2) The Plan shall define which in-service applications of
the system equipnent are to be analysed. For exanple, a

NATO UNCLASSI FI ED
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particul ar systentequipnent may be installed in a nunber
of different ships, tanks or aircraft; it my be used in
a standby or a fully operational node

The Plan shall identify the equipment parameters or data
which are considered relevant. These may include seria
numbers, build standards, delivery dates, and relevant
history, such as schedul ed or unschedul ed maintenance
actions.

(d) Qperating Data

(1)

(3)

In order to assess the R&M of a group of systens/equip-
ments it is essential that the operating data for the

i ndi vi dual systems/equipnents within the group are
specified and recorded. This applies to systens/equip-
ments which remain fault-free in addition to those which
have failures.

Wiere it is necessary and cost-effective to record
OEerating times the method shall be stated in the Plan
This may be by use of elapsed tine indicators recording
the operation of the system equipnent, or by a variety
of other neans including manual recording of operating
time or, for aircraft, flying time. Care will be taken
to assure that, for multi-function systems/equi pment

all applicable measurable use, rounds fired, mles
travel led, operating times - are considered. Were an
overal |l estimate of reliability and maintainability is
to be obtained, fornula for converting the neasures of
use to a conmon base will be proposed in the Plan and
tested for realismduring the initial data collection
and anal ysis phases

The responsibility for recording and collection of
operating data shall be stipulated in the Plan

(e) Environnental Data

(1)

The | ocalized environment of an equipnment will have a
maj or bearing on its ultimate reliability. Methods may
need to be devised for determning the environnenta
condi tions which the system equi pnent experiences in
service use. The method used for determning the

envi ronmental conditions shall be specified in the Plan
This may be by reference to previously published data,

by cal culation, or by direct measurement of the
environnent. The size of sanple should be statistically
sound.

The R&M assessnents may not be limted to climtic and
mechani cal conditions, but may also include the

| ocal i zed environment of the system equipnent, duty
cycles, switching, electro-magnetic environment, etc, as
wel | as conditions such as storage, handling,

NATO UNCLASSI FI ED
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mai nt enance and operational standby. The Plan shal
state all the conditions to be considered

(f) Limts of Performance. The Plan shall define the limts of

acceptabl e performance and the method of measurenent.

DATA ANALYSI S

(a)

(c)

Organi zation. The Plan shall define the organization
responsible for the analysis of the data collected or for the
assessnent of the systenfequipment R&M  The anal ysis may be
undertaken by contractors’ or purchasers’ staff. In each
case the arrangenents shall be agreed between the contractor
and the purchaser.

Method.  The nethod of data analysis shall be defined in the
Plan this shall include terms of reference and noninated
menmber ship of relevant defect/failure investigation
commttees, the periodicity of R&M assessnments and definition
of reporting methods

Qbj ectives. The objectives of R&M analysis and R&M
assessnment will vary with different equipments and different
operational roles, but will generally include one or nore of
the items listed in paragraph 202. This list of objectives
is not intended to be exhaustive; the particular requirements
of the contract shall be specified in the Plan.

Limtations of In-Service R&M Data. Data collected during
devel opment can differ significantly fromthat collected
during the in-service assessnent for many reasons. The
differences may be due to all or any one of the follow ng:

(1) Latent design or manufacturing faults

(2) The actual in-service environnent differs from that
predi ct ed.

(3) The actual usage of the equipment, ie the duty cycle,
differs fromthat predicted.

(4) The understanding of what constitutes a defect or
failure may differ.

(5) The use of data collection systens established for
reasons other than R&M assessnents.

The anal ysis of in-service R&M data shoul d recogni ze these
differences, and it may be necessary for agreenent to be reached between
the contractor and the purchaser on whether specific defects/failures are
attributable to the contractor or otherw se, and to establish an exclusion
list before the analysis is started. Care should be taken to ensure that,

NATO UNCLASSI FI ED
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if in-service R&M test results are to be conmpared with the original design
and devel opment R&M test results, then both sets of tests should use the

operating conditions of the equipment used during the devel opnent R&M
tests.

304. EURTHER SERVICE TRIALS AND DEMONSTRATI ONS

Further service trials and denonstrations may be required to gain
accurate R&M figures when particular problens are identified or when
alternative operational roles require conparison. Were necessary and
cost—effective, the Plan shall include proposals for further in-service R&M
demonstrations or assessment under defined conditions. As a mninmm the
Plan shall define:

(a) The statistically significant nunber of systens/equipnents to
be included in the trial.

(b) The build standard of the systens/equipnments, and seria
nunbers where relevant.

(c) The required operational performance of the systent equi pnent
and the nethod of nonitoring and test.

(d) The environnental conditions of the trial

(e) The operational role of the systenfequipnent during the
trial.

(f) The duration of the trial. This may be in terms of the
numbers of m ssions required, systenfequipment operation
time, duty cycles, calendar tine, the number of
defects/failures or any other relevant paraneter

(g) The defect/failure data reporting, analysis and
categorization procedures.

(h)  The specified R&M val ues (including confidence |evels) or
accept/reject criteria

(i) The method of nmeasurenment and statistical test plan where
appropriate.

(j) Consequence of failure to reach a system equi pment acceptance
R&M val ue, where such a decision is appropriate.

(k) The reporting procedures to be adopted.

NATO UNCLASSI FI ED

3-4



Bl ank Page



DEF STAN 00-40 (PART 6)/1 (NATO ARWP- 6)

© crown Copyright 1988

Publ i shed by and obtainable from
Mnistry of Defence

Directorate of Standardization
Kentigern House

65 Brown Street

GLASGOW & 8EX

Tel No: 041-248 7890

This Standard may be fully reproduced
except for sale purposes. The
follow ng conditions nust be observed:
1  The Royal Coat of Arns and the
publishing inprint are to be
om tted.
2 The following statenent is to be
inserted on the cover:
“Crown Copyright. Reprinted by
(name of organization) with the
perm ssion of Her Mpjesty’s
Stationery Ofice.’
Requests for commercial reproduction
shoul d be addressed to MD Stan 1,
Kentigern House, 65 Brown Street,
d asgow & 8EX

The follow ng Defence Standard file reference relates to the work on this

Standard - D/D Stan/350/02/09.

Contract Requirenents

Wien Defence Standards are incorporated into contracts users are
responsible for their correct application and for conplying with contract

requirements.

Revi si on of Defence Standards

Def ence Standards are revised when necessary by the issue either of

amendnments or of revised editions.

It is inportant that users of Defence

St andards shoul d ascertain that they are in possession of the |atest

anendnents or editions.

Information on all Defence Standards 1s contained

I n-Def Stan 00-00 (Part 3) Section 4, Index of Standards for Defence

Procur enent

Def ence Standards Index published annually and suppl enented
periodically by Standards in Defence News.

Any person who, when meking use

of a Defence Standard encounters an inaccuracy or ambiguity is requested to
notify the Directorate of Standardization without delay in order that the
matter may be investigated and appropriate action taken.

92/ 60021



	CONTENTS (page 2)
	Preface
	0 Introduction
	1 Scope
	2 Related Documents
	3 Definitions
	4 Application
	Appendix A Allied Reliability and Maintainability Publication - 6 (AMP-6)

	CONTENTS (page IV)
	CHAPTER ONE - INTRODUCTION
	Paragraph 101 GENERAL
	Paragraph 102 SCOPE
	Paragraph 103 APPLICABILITY
	Paragraph 104 TERMINOLOGY
	Paragraph 105 RELATED DOCUMENTS

	CHAPTER TWO - GENERAL REQUIREMENTS
	Paragraph 201 GENERAL
	Paragraph 202 OBJECTIVES OF IN-SERVICE R&M ASSESSMENT
	Paragraph 203 IN-SERVICE R&M ASSESSMENT PLAN
	(a) Definition
	(b) Preparation
	(c) Format
	(d) Reports and Recommendations
	(e) R&M Improvements


	CHAPTER THREE - SPECIFIC R&M IN-SERVICE REQUIREMENTS
	Paragraph 301 GENERAL
	Paragraph 302 DATA COLLECTION
	(a) Methods of Collection
	(b) Data Set Requirements.
	(c) Systems/Equipment Data
	(d) Operating Data
	(e) Environmental Data
	(f) Limits of Performance.

	Paragraph 303 DATA ANALYSIS
	(a) Organization
	(b) Method
	(c) Objectives
	(d) Limitations of In-Service R&M Data

	Paragraph 304 FURTHER SERVICE TRIALS AND DEMONSTRATIONS



