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KAPITOLA 1
Uvod

101.  VSeobecne

S ciel'om dosiahnut’ vysoku operacnu efek-
tivitu a nizku nékladovost’ musi byt veno-
vana vysoka pozornost R&M vojenskych
materidlov na vSetkych stupfioch obstara-
vacieho cyklu. Tento proces musi zacat’ od
zaCiatku koncepcie a pokracovat’ ako ne-

oddelitelna cast’ planovania, vyvoja,
produkcie, testovaciecho procesu az
postupne k prevadzke.

Toto ARMP poskytuje navod k zostave-
niu dokumentu R&M poziadaviek v prie-
behu trvania (zZivotného cyklu) projektu
s pouzitim NATO PAPS ako zakladu.
Tento dokument tiez obsahuje nevyhnutné
informécie, rady k zostaveniu R&M pozia-
daviek a poziadavky dostupnosti a rizika,
ktoré st z nich odvodené.

102.  Ugel

Redlne R&M poziadavky musia byt néle-

zite a dosledne stanovené v kazdom ddle-

zitom bode v NATO PAPS.

Ciel'om tohto dokumentu je:

a. Opisat’ koncepty a faktory, tykajuce sa
formulacie R&M poziadaviek. To ma
pomoct’ (operacnému Stabu) definovat’
zakladné R&M poziadavky a preniest
tieto poziadavky do zmluvne dohodnu-
tych Specifikacii.

b. Opisat’ systém pre vyvoj (rozvijanie)
R&M néplne pre kazdy PAPS medznik
101. Aplikovatelnost’

Tento dokument sa tyka vSetkych materia-
lov vyvinutych pre NATO. To dopiia
ARMP-1 poskytovanim navodu pre pisanie
dokumentov R&M poziadaviek. ARMP-4

a.

CHAPTER 1
Introduction

101. General

In order to achieve high operational effective-
ness with low life cycle cost the Reliability
and Maintainability (R&M) of defence mate-
riel should be given full consideration at all
stages of the procurement cycle. This process
should begin at the concept stage of the project
and be continued, in a disciplined manner, as
an integral part of the design, development,
production and testing process and subse-
quently into service.

This ARMP provides guidance on writing
R&M requirement documents during the life
cycle of a project using the NATO PHASED
ARMAMENTS PROGRAMMING SYSTEM
(NATO PAPS) as a framework. This docu-
ment also contains the necessary information
and advice to write quantitative reliability and
maintainability requirements, and availability
and risk requirements which are derived there-
from.

102. Purpose

Realistic R&M requirements should be stated
properly and consistently in each milestone of
the NATO PAPS.

The purpose of this document is to:

Describe the concepts and factors affecting
the formulation of R&M requirements to
assist operational requirements staff to de-
fine the basic R&M requirements, and the
procurement agency to convert these re-
quirements into contractually agreed speci-
fications.

Describe a framework for the development
of the R&M content of each PAPS mile-
stone.

103. Applicability

This document applies to all material devel-
oped for use by NATO. It complements
ARMP-1 by providing guidance for writing
R&M requirements documents. ARMP-4 deals

-13 -
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sa hlavne zaobera kvantitativnymi R&M  mainly with quantitative R&M requirements,
poziadavkami, zatial ¢o ARMP-1 sa za- whereas ARMP-1 deals with the requirements
obera poziadavkami pre programy R&M . for R&M programmes.

104. Suvisiace dokumenty

ARMP-1 Poziadavky NATO na R&M
ARMP-6 PouZzivanie R&M
ARMP-7 Terminoldgia NATO o R&M aplikovand na ARMP

STANAG 4174 Spojenecké R&M publikacie (ARMP)

AQAP- 150 Poziadavky NATO na zaruky kvality pri vyvoji softvéru
AQAP- 159 Sprievodca NATO pre AQAP-150

AAP-20 Postupny vyzbrojny programovaci syst¢ém NATO

104. Related dokuments

ARMP-1 NATO Requirements for Reliability & Maintainability
ARMP-6 In-Service Reliability & Maintainability
ARMP-7 NATO R&M Terminology Applicable to ARMPs

STANAG 4174 Allied Reliability and Maintainability Publications (ARMPs)
AQAP- 150 NATO Quality Assurance Requirements for Software Development
AQAP- 159 NATO Guide to AQAP-150

AAP-20 NATO Phased Armaments Programming Systems
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KAPITOLA 2
Koncepcie a faktory

201. VSeobecne

Tato kapitola opisuje niektoré koncepty
a faktory, ktoré ovplyviiuju R&M pozia-
davky. Stabne poziadavky pre R&M st
zvyCajne uvedené v operanych terminoch
ako dosiahnutelnost’, uspesnost’ ulohy,
udrzba, a logistick4 podpora.

Ked’ze tieto poziadavky nemdzu byt pria-
mo prenosné (transforamovatel'né) na do-
davatela vtom pripade je odporucana
dvojkrokova metdda:

1. R&M poziadavky musia byt operacne
nastavené tak, aby nasledky akého-
kol'vek deficitu mohli byt identifiko-
vané a technicky a ekonomicky reali-
zovatel'né v pojmoch Zivotného cyklu;

2. Obstaravacia agentira musi previest’
tieto poziadavky do zmluvne nazor-
nych pojmov.

Za kvalitativne poziadavky R&M mébzu

byt mimo toho povazované nasledujuce:

a. poziadavky pre pouzitie urcitych mate-
ridlov a elektronickych komponentov;

b. poziadavky pre dodrziavanie Specific-
kych vyvojovych a bezpecnostnych
smernic;

c. dopravné, manipulacné¢ a skladovacie

poziadavky;
d. poziadavky vyvoja, nastavovania a
montaze jednotiek;

e. poziadavky dotykajuce sa na dostupnos-
ti, zamenitelnosti.

Podrobné analyzy operacnych, enviromen-

talnych a logistickych podmienok podpory,

pre ktoré je ocakévana funkénost’ systému/

vybavenia, musia byt zabezpecené poZia-

davkami opera¢ného Stabu.

Tieto analyzy, ktoré st vyvijané na systé-

movej urovni, musia zabezpecit’ vyuzitie:

a. operaéného modelu, opisujuceho pro-
fil tlohy (misie), pozadované funkcie,
cyklus ulohy, podmienky prostredia, v

CHAPTER 2
Concepst and factors

201. General

This chapter describes some concepts and
factors which affect R&M requirements.
Staff requirements for R&M are usually
written in operational terms such as avail-
ability, mission success, maintenance man-
power and logistic support.

As these requirements may not be directly
transferable to the Contractor, a two step
approach is recommended:

1. First, the R&M requirements should be
operationally justified such that the con-
sequences of any shortfalls can be
identified, and technically and eco-
nomically feasible in life cycle cost
terms;

2. Secondly, the procurement agency
should translate these requirements into
contractually demonstrable terms.

In addition, qualitative R&M requirements

may be considered as follows:

a. requirements for the employment of cer-
tain materials/electronic components;

b. requirements for the observance of
specific design and safety regulation;

c. transportation, and

requirement;

handling storage

d. requirements concerning set-up/ ar-
rangement/assembling of the units;

e. requirements concerning accessibil-
ity/exchangeability.

A detailed analysis of the operational, envi-

ronmental and logistic support conditions,

under which the system/ equipment is ex-

pected to operate, should be undertaken by

the operational requirements staff.

This analysis, which is to be developed at

system level, should make use of:

a. the operational model describing the mis-
sion profile, the required functions, mis-
sion cycle and the environmental/ opera-

-15-
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ktorych existuje predpoklad vyuzitia
systtmu (vid para 206 apriklad
v tab.2);

opis prostredia pouZzivatela, ktorému
bude systém vystaveny, presnejsie kon-
cepcia udrzby (spojenia a stupne udrz-
by, udrzbové zariadenia, stupen kvalifi-
kacie persondlu, podporné vybavenie
a logistika (vid’ para 207));

c. je nevyhnutné vyvinut podrobny popis
tychto podmienok, vratane opisu ako
musia byt merané R&M, verifikované
a validované v priebehu vyvoja pozia-
daviek systému.

Na trovni vybavenia, t.j. v neskorSich fa-
zach PAPS, musi byt dodavatel’ zacCastne-
ny pri vymedzovani poziadaviek R&M.

202. Ddlezitost’ pouzivania kvantita-
tivnych poZiadaviek R&M

Existuju  vSeobecné poziadavky R&M,
ktoré su aplikovatelné na stupni zbraio-
vych systémov. Aj tie ktoré su pouzivané
dodévatelom ako poziadavky na navrh st
odvodené z tychto vSeobecnych poziada-
viek. Musia byt Specifikované v po-
jmoch spol'ahlivosti, udrziavatel'nosti, sku-
Satel'nosti, skladovatel'nosti alebo v blizsie
Specifikovanych  charakteristikach  ako
pravdepodobnost’ uspechu splnenia ulohy,
alebo uvazovany c¢as medzi zlyhaniami
(MTBF) pre spolahlivost, uvazovany cas
opravy (MTTR) pre udrziavatelnost’, de-
tekciu zlyhania a dobu izolacie pre testova-
telnost’.

V skorSich fazach Zivotného cyklu systé-
mu/vystroja nie je mozné urcit R&M po-
ziadavky pokial' sa jedna o kvantitativne
poziadavky. Je dolezité, aby ¢im skor, ale
najneskor na konci vyskumu uskutoénitel’-
nosti, boli poziadavky R&M urcené
v kvantitativnych pojmoch a doplnené tam,
kde je to nevyhnutné kvalitativnymi $peci-
fikdciami (pozri paragraf 201). Poziadavky
R&M musia byt definované kvantitativ-
nymi pojmami vo vSetkych suvisiacich

tional conditions under which the system
is expected to be used (see para 206 and
the example given in table 2);
the description of the user environment to
which the system is expected to be ex-
posed, especially the maintenance con-
cept (lines and levels of maintenance,
maintenance facilities, personnel skill
level, support equipment and logistics
(see para 207));
It is necessary to develop a comprehen-
sive description of these conditions and
include a narrative on how the R&M pa-
rameters should be measured, verified and
validated as the system level requirements
are being developed.

b.

At equipment level, ie. in later PAPS
phases, the contractor should be involved in
the allocation of the R&M requirements.
202. Importance of using quantitative
R&M requirements

There are general R&M requirements which
are applicable at the weapon system level.
However, those which are used as design
requirements by the contractors are derived
from these general requirements. They
should be specified in terms of reliability,
maintainability, testability, shelf life, or in
more specific characteristics such as Prob-
ability of mission success, or Mean Time
Between Failure (MTBF) for reliability,
Mean Time To Repair (MTTR) for main-
tainability, failure detection and isolation
rate for testability.

In the earlier phases of a system's/ equip-
ment's life cycle it may not be possible to
state the R&M requirements in quantitative
terms. It is important, however, that as soon
as possible and at the latest by the end of the
feasibility study, the R&M requirements are
stated in quantitative terms, supplemented
where necessary by qualitative specifications
(see para 201). The R&M requirements
should be defined in quantitative terms in all
related documents for the following reasons:
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dokumentoch z nasledujtcich pricin:

a. Definovanie urovni R&M, ktoré je pot-
rebné splnit’ (pozri paragraf 205) ope-
racnych vizieb, zhodnych s planmi
rozmiestnenia, pouzitia I'udskych zdro-
jov a prostredia. Po urCeni tychto kritérii
moZe tvorca rozhodnut s ohladom na
uplné potreby ¢i stupne R&M mozu byt
dosiahnuté v spojeni s ostatnymi ope-
raénymi a podpornymi poziadavkami,
alebo je potrebny kompromis.

b. Od dodavatel'a vykonavajuceho realiza-
ciu sa nemoze ocakavat’ splnenie pozia-
davky ak nie je Specifikovana kvantita-
tivnym spdsobom.

c. Kvantitativne poziadavky R&M mozu
byt pouzité ako zaklad pre preukazanie
R&M na konci vyvoja/produkcie. Preto
je dolezité pri Specifikécii poziadaviek
R&M, zvazit' ako mozu byt preukazané
zmluvné hodnoty R&M. Obstaravacia
agentira by mala v pociato¢nej faze
rozhodnut, nakolko boli splnené (preu-
kazan¢) poziadavky R&M a zvazit' d’al-
Siu ¢innost’ vykonavanu dodavatelom,
ak tieto poziadavky splnené neboli. To
sa tyka predovSetkym toho, ak je za-
myslané preukazanie R&M v prevadz-
ke. Ak st povolené urcité ulavy, smer-
nica pre preukazovanie musi jasne sta-
novit' najnizsi stupen akceptovatelného
vykonu.

203. Potreba sledovatel’nosti

Potreba pre sledovatelnost’ znamend za-
znamenavanie a udrziavanie udajov v da-
tabaze, ktoré musia byt’ pouzité ako zaklad
pre hodnotenie postupu programu pocas
procesu obstardvania a zivotného cyklu.
Pre zebezpecenie sledovatelnosti musi byt
dokumentécia uchovavand, a to v spojitosti
so vsetkymi rozhodnutiami v programoch,
ktoré maju dopad na poziadavky R&M
s logickym odvovodnenim kazdého roz-
hodnutia. Musi existovat’ logicka spojitost’
medzi R&M v dokumentécii (prevadzko-
vych) poziadaviek a vSetkymi zmluvnymi

a. To define the levels of R&M required to
meet (see paragraph 205) operational
commitments, consistent with the plans
for deployment, use manpower resources
and environment. Having stated these the
designer can decide in considering the to-
tal requirement, whether these levels of
R&M can be achieved in conjunction wi-
th all the other operational and support
requirements, or whether some compro-
mise is necessary.

b. The Contractor doing the feasibility can-
not be expected to meet a requirement if it
is not specified in a quantitative way.

c. Quantitative R&M requirements can also
be used as a basis for R&M demonstra-
tions at the end of develop-
ment/production. It is therefore important,
when specifying the R&M requirements,
to consider how the contractual R&M
values can be demonstrated. The pur-
chaser's procurement agency should at an
early stage decide how compliance with
the R&M requirements is to be demon-
strated and the action to be taken by the
contractor if these requirements are not
met. This applies especially when In-
Service R&M demonstrations are in-
tended. If graceful degradation is permis-
sible, the demonstration directive should
clearly state the lowest level of acceptable
performance.

203. Need for traceability

The need for traceability is to document and
maintain all records in a database, which
should be used as bases to assess the pro-
gramme progress throughout the procure-
ment and the life cycle.

To provide traceability, documentation
should be maintained which relates all pro-
gramme decisions which impact on R&M
requirements with the basis of rationale for
each decision. There should be a logical rela-
tionship between the R&M in the (opera-
tional) requirement documents and all pro-
gramme and contractual documents.
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dokumentmi .

Je obzvlast’ dolezité zaznamenat prevadz-
kové odévodnenie pdvodnych poziadaviek,
aby mohol byt odhadnuty désledok akych-
kol'vek neskorS$ich deficitov.

Je taktiez dolezit¢ poznamenat, Ze Udaje
R&M mozu byt ulozené (teda l'ahko vy-
hl'adateI'né a sledovatel'né!) v databaze ako
napr. databaza podpory produktu, integro-
vana databaza zbranovych systémov. Pre-
toze pre R&M data je vyzadovana presna
kalkul4cia podpory pre akykol'vek zbraiio-
vy systém, su dostupné Specifické Casti dat
pre zachovanie idajov R&M (napr. MTBF,
MTTR, FMECA a RCM zavery).

Z hl'adiska podpory produktu st R&M data
pouzivané prevazne na realizdciu stupna
opravy a analyzy Uspornosti.

204. Stavy zhody

Vojenské poziadavky vyjadruji aka vy-
konnost je vyzadovand od systé-
mu/vybavenia anemaju obsahovat roz-
hodnutia, ako bude splianie tychto pozia-
daviek overované. Metodologia preukazo-
vania splfania zmluvnych poZiadaviek
musi byt zahrnutd v Specifikdcii obstara-
vania. Vyjadrenia Statistickych zisteni su
preto integrované v Specifikaciach systé-
mu/vybavenia, planoch programu a pla-
noch testovania. Si neoddelitelnou sucas-
tou planov pre testovanie kvalifikacie spo-
lahlivosti (RQT) a preukazovanie spolah-
livosti a udrziavatel'nosti v praxi (ISRMD),
ktora moze byt zaloZend na Stadidch ob-
chodnej vymeny, ktoré¢ tiez obsahujui roz-
hodovacie rizika ako spotrebitel'ské riziko
a riziko vyrobcu.

205. Vyber parametrov R&M

A. VSeobecne

R&M ovplyviluju operacné a podporné
aspekty ako dostupnost’, ispesnost’ splne-
nia ulohy, udrzba a logistickd podpora.
Preto musia poziadavky R&M obsahovat
vyhlasenia, tykajace sa tychto kategorii.

It is particularly important to record the op-
erational justification for the original re-
quirements so that the effect of any subse-
quent shortfalls can be assessed.

It is also important to note that R&M data
can be stored (thus easy to find and trace-
able!) in a database such as a Product Sup-
port Database or Integrated Weapon System
Database. Because R&M data are critical to
calculate the support required for any given
weapon system, specific data elements are
available for R&M data storage (for example
MTBF, MTTR, FMECA and RCM results).

From a Product Support perspective, R&M
data are used mostly to carry out Level of
Repair and Sparing Analysis.

204. Confidence statements

Military requirements state what perform-
ance is required of a system/equipment and
should not include statements on how com-
pliance with these Requirements is to be
verified. The methodology for the demon-
stration of compliance with contractual re-
quirements should be included in the pro-
curement specification. Statistical confidence
statements are therefore incorporated into the
system/equipment specifications, programme
plans and test plans. They are an integral part
of the test plan for Reliability Qualification
Testing (RQT) and In-Service Reliability
and Maintainability Demonstrations
(ISRMD) which may be based on trade-off
studies which also involve decision risks
such as Consumer's risk and Producer's risk.

205. Selection of R&M parameters

A. General

R&M affect operational and support aspects
such as availability, mission success, main-
tenance and logistic support. Therefore,
R&M requirement documents should con-
tain statements which apply to these catego-
ries.
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Tieto vyhldsenia sa musia stcasne tykat
hardvéru, softvéru aludskych elementov
systému/vybavenia.

Vyber parametrov R&M musi byt prispd-
sobeny pre kazdy systém/vybavenie.
S ohladom na to, by mali byt brané
do tvahy rozdielne prevadzkové a sklado-
vacie rezimy (moédy) systému/vybavenia.
(napr. bojové pouzitie, operacie Vv Case
mieru, dlhodobé uskladnenie, preprava).
Velky doraz musi byt kladeny na to aby
vybrané parametre, ktoré popisuji R&M
spravanie sa systému boli navzajom kom-
paktibilné (a taktiez s kategdriami uvede-
nymi vysSie). Z toho dévodu musia byt
uskutociiované priebezné analyzy vSetkych
parametrov z hl'adiska zhodnosti skor, ako
su predlozené dodavatelovi.

The statements should address together the
hardware, software and human elements of
the system/equipment.

The selection of the R&M parameters should
be tailored for each system/equipment. In
this respect, the different operational and
storage modes of the system/equipment (for
instance: Battlefield-Day, peace time opera-
tions, long term storage, transportation) have
to be considered. Great care should be taken
that the selected parameters which describe
the R&M behaviour of the system - and con-
sequently the categories mentioned above -
are compatible with each other. Therefore, a
thorough analysis of all the specified pa-
rameters in terms of consistency should be
carried out before the requirements are
passed to the Contractor.

uspesnost’ tlohy

/\

technicka uspesnost’ ulohy

udrzba a logisticka

podpora
A 4
v hodnotenie rizika
poziadavky R&M
A ? A 4
, poziadavky rizika
dostupnost <
A A X
spol'ahlivost’ udrziavatel'nost’ analyza rizika
7y
\ 4 >
MTBF MTTR MTBCF
MTTF % zistenych chyb matica kritickosti
vyskyt porich d’al$ie parametre udrziavatel'nosti

Obrazok 1: Vztahy (spojitost’) medzi operaciami, logistikou a R&M
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Mission succe

S

/\

Technical succes of the
mission

Maintemance & lo-
gistic support

\ 4

R&M requirement

Risk
assessment

!

7'y 5
Availability  |g Risk Requirement
7'y 7'y
Reliability Maintainability > Risk analysis
A

v >
MTBF MTTR MTBCF
MTTF % faults detected Criticality matrix

Failure Rate

Figure 1: Relationship between

Obrazok 1:

Uspesnost ulohy zavisi od vlastnenia
prvotriedneho vybavenia (PE), vhodného
k splneniu ulohy bez véaznych zlyhani
(prerusenie ulohy) v priebehu ulohy. Po-
ziadavka na technicku uspesnost vedie
poziadavky spolahlivosti a Specifikacie
spol'ahlivosti pre PE. Dostupnost’ PE pre
ulohu (misiu) zavisi od dostato¢nej tdrz-
by a logistickej podpory (t.j. mat’ adek-
vatne a dostato¢né zdroje ako: ndhradné
diely, dokumentacia, podpora a skusobné
vybavenie, prisluSenstvo, kvalifikovany
personal) na rychle uskuto¢nenie obno-
vovacich aktivit. Potreba rychlosti tychto

aktivit zavadza poziadavky
udrziavatel'nosti a Specifikacie
udrziavatel'nosti.

Mozné¢ priklady parametrov R&M st na
obrazku 1.

other Maintenance Parameters

operations, logistics and R&M

Figure 1:

Mission success depends upon having a
Prime Equipment (PE) available to perform
the mission, and no critical failure (i.e. mis-
sion abort) during the mission. The require-
ment for technical success drives the reliabil-
ity requirements and the reliability specifica-
tions for the PE. The availability of a PE for
a mission depends upon adequate mainte-
nance and logistic support (i.e.: having ade-
quate and sufficient resources such as: spare
parts, documentation, support and test
equipment, facilities, qualified personnel,
etc) to quickly perform the restoration activi-
ties. How quickly these actions need to be
performed drives the maintainability re-
quirements and the maintainability specifica-
tions.

Examples of possible R&M parameters are
listed in Figure 1.
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Parametre systému/zariadenia

Pri pouziti parametrov R&M sa musi
v pozadovanych dokumentoch venovat’
vysoka pozornost’ z nasledujucich dévo-
dov:

a. VysS$ie spomenuté parametre R&M, sa
nemusia nevyhnutne tykat vsSetkych
typov systémov/zariadenia. Koncept
operacie alebo podpory pre prislusny
systém/zariadenie moze urcit, Ze je-
den alebo viac parametrov  R&M nie
je aplikovatelnych;

Parametre R&M nie su jedinymi opat-
reniami k dostupnosti a uspechu spl-
nenia Glohy (misie). Dalsie faktory
ako logistické straty v Case a vykon-
nosti tiez musia byt zahrnuté
v akejkol'vek definicii stupna pre-
vadzkovej dostupnosti a Gspesnosti
splnenia Glohy systému/zariadenia;
Parametre, ktoré opisuji prevadzkové
a podporné aspekty navzajom suvisia.
Napriklad tspeSnost’ splnenia ulohy
modze byt zvySend taktiez pomocou
prebytkov, ktoré mézu mat’ za nasle-
dok nérast ceny logistiky a ceny pra-
ce, alebo zmeny k vysSej spol'ahlivosti
aredukcii poziadaviek na material.
Udrziavanie pracovnej sily a logis-
tickej podpory taktiez priamo ovplyv-
nuje dostupnost’.

B.1  Dostupnost’

Dostupnost moéze byt vyjadrena ako
pravdepodobnost’, Ze systém alebo zaria-
denie pouzivané v stanovenych pod-
mienkach su schopné pouzitia a vykona-
nia v akomkol'vek uréenom case.
Dostupnost’ mdéze zavisiet’ na viac para-
metroch. Moze byt ovplyvnend R&M
charakteristikami systému/zariadenia
a taktiez zavisiet na type dostupnosti,
poskytovanej logistickej podpore a poza-
dovanej pravdepodobnosti uspechu spl-
nenia ulohy. Systém musi byt navrhnuty
tak, ze individudlne zlyhanie hardvéru
alebo softvéru nespdsobi kritickii poru-

B.  System/equipment R&M

parameters

Great care should be taken when using R&M
parameters in requirement documents for the
following reasons:

a. the R&M parameters referred to above
do not necessarily apply to all types of
system/equipment. The concept of op-
eration or support for a particular sys-
tem/equipment may dictate that one or
more of the R&M parameters is not ap-
plicable;
the R&M parameters are not the only
measures of availability and mission
success. Other factors such as Logistic
Delay Times and Performance should
also be included in any definition of the
level of the operational availability and
mission success of a system/equipment;

the parameters which describe opera-
tional and support aspects are interre-
lated. For instance, mission success can
be improved either through redundancy
which should cause increased logistic
and manpower costs, or changing to
higher reliability and reduce materiel
requirements. Also, maintenance man-
power and logistic support directly af-
fect availability.

B.1  Availability

Availability can be expressed as the prob-
ability that the system or equipment used
under stated conditions is in an operable and
committable state at any given time.

Availability can depend on several parame-
ters. It can be influenced by the R&M char-
acteristics of the system/equipment and, de-
pendent on the type of availability, the logis-
tic support provided, and the required prob-
ability of mission success. The system
should be designed such that an individual
hardware or software failure does not result
in a critical failure while operating under pre
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chu, pokial’ pracuje (posobi) v uréenych
(skor definovanych) podmienkach.
Faktory logistickej podpory zahfiiaju
vojakov (osoby), vycvik (tréning), na-
hradné diely (zasobovanie) atd’. Existuje
niekol’ko typov dostupnosti. Dva najcas-
tejSie pouzivané st skutocna dostupnost’
(A1) a operac¢na dostupnost’ (Ao).
Skuto¢na dostupnost’ je pravdepodob-
nost, ze systém/zariadenie pracuje prija-
telne v akomkol'vek casovom okamihu
ked’ je pouzivany/¢ v stanovenych pod-
mienkach, kde uvazovany Cas je operac-
ny ¢as a aktivny Cas opravy. Tak skutoc-
na dostupnost’ vylucuje vsetok vol'ny cas,
preventivhu udrzbu (prehliadky), cas
uskladnenia, Cas logistického oneskore-
nia. Pre sistavne pdsobiace zariadenie, to
moze byt opisané nasledovne (pre pripad
stavu ustalenosti):

defined conditions.

The logistics support factors include person-
nel, training, spares supplies etc. There are
several types of Availability. The two most
commonly used are Intrinsic Availability
(A1) and Operational Availability (Ao).

Intrinsic Availability is the probability that
the system/equipment is operating satisfacto-
rily at any point in time when used under
stated conditions, where the time considered
1S operating time and active repair time.
Thus, intrinsic availability excludes all free
time, preventive maintenance, storage time,
administrative and logistic delay times. For
continuously operating equipment, it can be
expressed as follows (for the steady state
case):

MTBF

'~ MTBF + MART

kde MART znamena uvazovany c¢as ak-
tivnej opravy.

Operacnd dostupnost’ je pravdepodob-
nost, ze systém/zariadenie kedykol'vek v
pozadovanom operacnom ¢ase pracuje
uspokojivo v stanovenych podmienkach
kde uvazovany Cas zahfna operacnu, na-
pravnu a preventivnu udrzbu a logisticky
a administrativny ¢as oneskorenia.

where MART is Mean Active Repair Time.

Operational availability is the probability
that a system/equipment at any instant in the
required operating time operates satisfacto-
rily under stated conditions where the time
considered includes operating, corrective
and preventive maintenance, administrative
and logistic delay time.
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Operacna dostupnost’” méze byt defino-
vana v pripade stavu ustdlenosti nasle-
dovne:

Operational Availability may be defined, for
the steady state case, as follows:

4 = or + ST
" OT+TCM +TPM + ST + ALDT

kde: Where:

OT = Operacny Cas oT Operating Time

ST = Cas klPudového rezimu (Cas, ST Standby Time (time during
pocas ktorého je zariadenie - which an equipment is in
zbranovy systém v kl'udovom a standby mode)
rezime)

TCM = Celkovy ¢as udrzby za Specifi- TCM = Total Corrective Maintenance
kovanu ¢asovl periddu Time per specified time period

TPM = Celkovy c¢as preventivnej - TPM = Total Preventive Maintenance
drzby za Specifikovani cCaso- Time per specified time period
vu periodu

ALDT = Administrativne a logistické ALDT = Administrative and Logistic
oneskorenie Delay Time

Specifikacia Ay musi byt zaloZeni na
identifikacii zivotného profilu systé-
mu/zariadenia, vratane profilu(ov) tlohy
a sluzieb.

Specifikacia dostupnosti musi byt vni-
mana ako doplitujica Specifikaciu R&M,
ale nie nahraddzajuca. Musi byt rozozna-
vana ako charakteristika kombindcie po-
ziadaviek R&M  systému/zariadenia
a udrzbovej pracovnej sily a logistickej
podpory, ktora je poskytovana.

Ak Ay (alebo iny druh dostupnosti) je
$pecifikovana, treba venovat velka po-
zornost’ uisteniu sa o neexistencii kon-
fliktu s pozadovanymi stupfiami R&M.

Dodatoc¢né pri¢iny pre neSpecifikovanie
R&M vyhradne pokial pre Ay st:

a. je ,necitlivé”, ako index, na zmeny
v R&M parametroch,;
b. Existuje mnoho dalSich faktorov,

The specification of Ao should be based on
the identification of the system/equipment
life profile, including the mission and servi-
ce profile(s).

The specification of Availability should
normally be seen as complementing the spe-
cification of R&M, but not replacing it. It
should be recognised as a characteristic of
the combination of the system/equipment
R&M and the Maintenance Manpower and
Logistic Support that is provided.

If Ao (or any other type of availability) is
specified, great care should be taken to ensu-
re that there is no conflict with the required
levels of R&M.

Additional reasons for not specifying R&M
solely in terms of Ao are:

a. It is insensitive, as an index, to changes
in R&M parameters;
b. There are many other factors which de-
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ktoré vyjadruji hodnotu A, ako vo-
jaci, vycvik, zasoby. Tieto Ccasto
viac ovplyviiuju Ay viac, ako R&M,
napr. dlhé casy logistického one-
skorenia;

je tazké planovat pre Ao, kvoli
mnohym faktorom (napr. zabezpe-
covanie néhradnych dielcov), ktoré
su mimo kontroly ,,planovaca®;
Casto to moze byt preukdzané iba
na bojisku.

Preto musi byt’ stanovena uroven spolah-
livosti aj udrziavatelnosti. Ako je uvede-
né v predchadzajucom, spolahlivost’ a
udrziavatel'nost’ spolo¢ne stanovuju Ai
systému/zariadenia. Nie je vhodné stano-
vovat iba Ai, pretoze Ai zavisi iba od
pomeru MART/MTBF. Samozrejme,
nespocetné mnozstvo kombinacii MART
a MTBF moéze vytvorit’ rovnaké Ai. Z
tohto dovodu Specifikacie dostupnosti by
mali byt vzdy sprevddzané prinajmen-
Som poziadavkami spol'ahlivosti.

Technické Studie a Stidie nékladov zi-
votného cyklu musia byt vykonavané za
ucelom optimalizacie uspechu tulohy
a operacnej dostupnosti vo vztahu k nak-
ladom zivotného cyklu. (pozri obr. 2 a 3)

Obrazok 2 ilustruje faktory, ktoré musia
byt brané do uvahy a obrazok 3 ilustruje
vzadjomné vztahy medzi réznymi pouZzi-
tymi modelmi.

Pre poziadavky namornictva je casto
pouzivany termin ,efektivna dostup-
nost™. Tu sa berie do uvahy, ze lod nesie
vlastné zéakladné opravarenské
a udrzbarske kapacity, ktoré mozu byt
zamestnan¢ v priebehu plnenia ulohy
(¢asto meranej v diloch). Definicia Efek-
tivnej dostupnosti tiez rozoznava rozdiel
medzi prvkami, ktoré st opravitelné na
mori a ktoré nie.

Efektivna dostupnost’ je definovana ako
pravdepodobnost’, ze lodny systém je
dostupny v akomkol'vek okamihu v prie-
behu maximalnej operacnej periddy, be-

termine the value of Ao such as person-
nel, training and supplies. These
frequently affect Ao more than R&M,
e.g. long logistic delay times;

It is difficult to design for Ao, because
of the many factors (e.g. spares provisi-
oning) which are beyond the control of
the designer.

It can usually be demonstrated only in
the field.

Therefore the level of both Reliability and
Maintainability should be specified. As sta-
ted earlier, Reliability and Maintainability
jointly determine the Ai of a system/equip-
ment. It is unwise to specify only A1 because
Ai depends only on the ratio of
MART/MTBEF. Obviously, innumerable
combinations of MART and MTBF can
yield the same Ai. Therefore, availability
specifications should always be accompa-
nied by, at least, reliability requirement(s).

Technical and life cycle cost studies should
be performed to optimise the mission
success and the operational availability rela-
tive to life cycle costs (see figures 2 and 3).

Figure 2 illustrates the factors that should be
taken into account and figure 3 illustrates the
inter-relationship between the various model
employed.

For naval requirements, the term Effective
Availability is often used. This takes into
account the fact that a ship carries its own
organic repair and maintenance capability,
which can be employed during a mission
(often measured in days). The definition of
Effective Availability also recognizes the
difference between those items which are
repairable at sea and those which are not.

Effective Availability is defined as the pro-
bability that the ship system is available at
any instant during the maximum operational
period, taking into account all critical failu-
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ruc vuvahu vsetky kritické poruchy,
oboje opraviteI'né i neopraviteI'né na mo-
ri a preventivnu udrzbu. Kritické zlyha-
nie lodného systému ja definované pre
kazdy systém alebo vybavenie, zvycCajne
predpokladéd stratu Specifikovanej funk-
cie.

Efektivna dostupnost (Ag) moze byt

res, both repairable and not repairable at sea,
and preventive maintenance. A critical ship
system failure is normally defined for each
system or equipment, and usually implied
the loss of a specified function.

Effective Availability (Ag) can be expressed

vyjadrend  nasledujicim  empirickym as the following empirical formula:
vzorcom:
MART PM _éas s éas_misie
® " MTBCF + MART ¢as misie  MTTCFnr
MART PM downtime 5 mission_time
“ " MTBCF + MART mission_time MTTCFnr
Kde: Where:
MTBCF =  Priemerny c¢as medzi MTBCF Mean Time Between
kritickymi zlyhaniami Critical Failures
(opraviteI'né na mori) (Repairable at sea)
MART =  Priemerny aktivny cas MART Mean Active Repair
opravy Time
MTTCFnr =  Priemerny ¢as do kritic- MTTCFnr Mean Time To Critical
kého zlyhania Failures
(neopravitel'né na mori) (Not Repairable at sea)
PM cas =  Celkovy cas (Casovy PM downtime Total preventive main-

prestoj) preventivnej U-

drzby pre tlohu

Priklad efektivnej dostupnosti je uvedeny v prilohe A.

An example of Effective Availability is given at Annex A.

tenance downtime for
mission
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Obrazok 2:

NAKLADY

Naklady Zivotného cyklu
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An example of Effective Availability is given at Annex A.
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Naklady na zivotny cyklus rozdelené na obstaravacie a prevadzkové naklady
vo vztahu k spol'ahlivosti

Prevadzkové naklady

* nahradné diely
* naklady na opravy
* riadenie a vstupy zasob
* podporné zariadenia
* technické udaje
a dokumentacia
* vycvik a zariadenia
vycviku
* riadenie logistiky
* obsluha
* zariadenia

Obstaravacie naklady

* zakladna udrzba

« skusanie a hodnotenie

* program manazérstva/
riadenie

* riadenie vyroby a kvality

* vyrobné naklady

* sktiSobné nastroje

Acquisition Cost

Basic Engineering

Test & Evaluation

Programme Management/ Control
Manufacturing & Quality
Engineering

Production Costs

Experimental Tooling

Operational Support Cost

- Spares

- Repair Labour Costs

- Inventory Entry & Supply
Management

- Support Equipment

- Technical Data & Documentation

- Training & Training Equipment

- Logistic Management

- Operators

- Utilities
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Povodné hodnoty Poziadavky Obmedzenia Navrh bilané-
operacng navrhu nych &innosti
o MTBF
o MTTR o Uloha o Velkost
o Realizacia o Vaha
& Operacné mody & Vykon
> . »  Navrh ciel’ov
R&M " Model nakladov na "
v , RMaC
Modely < Zivotny cyklus
7'} 7'}
v
Model akvizi¢nych Model nakladov » Hodnoty (Stavy)
nakladov logistickej podpory R,MaC
7'} 7'} 7'} 7'}
v
Manazérstvo sle-
dovania
Naklady na Néklady na Néklady na
navrh vyrobu udrzbu
a vyvoj
o dielce a mate- o ND
o prebytky ridly o udrzba
o diagnostika & vyroba & podporné
o skusky a O riadenie zariadenia
hodnotenie kvality

Obrazok 3: Metody R&M a nakladov

_27-




Slovensky obranny Standard

ARMP-4
(3. Vydanie)

Operational Re-
Initial quirements Design Con- Design balancig
Values o straints activites
5 MTBF o Mission
o MTTR o Performace o Size
o Operational o Weight
Modes o Power
> . »| Design Targets
R&M > Life Cycle > RgM ’ g
Models < Cost Model ’
A A
v
Acquisition Cost Logistics Support > R M&C
Model Cost model Values (Status)
A A A A
v
Management
Tracking
Design Production Maintenance
Levelopment Cost Cost
Cost
& Redundanci o Parts & mate- & Speres
o diagnostics riel o Maintenance
o Test & o Fabrication & Support
Evaluation o Qality Equipment
Control

Figure 3 : R&M and cost methods
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B.2  Uspesnost’ iilohy

Parametre R&M tspesSnosti ulohy sa
vztahuju k pravdepodobnosti vyskytu
poruch v priebehu ulohy, ktoré mozu
sposobit’ prerusenie tejto ulohy a k prav-
depodobnosti napravy tychto portach po-
Cas priebehu samotnej ulohy.

B.3  Udrzba

Pri uréeni vhodnych parametrov systé-
mu/zariadenia R&M, je nevyhnutné zva-
zit’ planovany koncept prevadzky a udrz-
by systému/zariadenia.

Typické pouzité parametre, su priemerny
Cas medzi udrzbovymi c¢innostami na
zaistenie spolahlivosti a normohodina
pre personal operacnej udrzby. VSetky
urovne udrzby musia byt zvazené pri
vyvoji poziadaviek, ktoré ovplyviiuju
naklady na normohodinu persondlu pri
udrzbe.

Pri definovani poziadaviek R&M je do-
lezit¢é zvazit obmedzenie ndkladov na
normohodinu personalu pri udrzbe. Toto
je zapri¢inené tym, Ze cena prace a s tym
spojenych c¢innosti, pozadovanych na
udrzbu systému/zariadenia st riadené
snahou o dosiahnutie poziadaviek R&M.

Takéto obmedzenia moézu byt taktiez
vyjadrené peniazmi alebo Ciselne a urov-
nou kvalifikécie osob.

B.4  Naklady na logistickd podporu

Parametre, ktoré ovplyviiuju ndklady na
logisticki  podporu systému/zariadenia
zavisia na Case a peniazoch. Urcuju tie
aspekty R&M, ktoré sa tykaju spotreby
materidlu. (Spotreba materidlu taktiez
ovplyviiuje dostupnost’ tym, Ze sa priamo
tyka poziadaviek na materidl a schop-
nosti retazcov logistickej siete splnit
tieto poziadavky).

Priklady parametrov su stredny cas me-
dzi premiestneniami pre spolahlivost
a celkové ndklady na premiestnenie pre
udrziavatel'nost’.

B.2  Mission Success

Mission Success R&M parameters relate to
the probability of failures occurring during a
mission which would cause an interruption
of that mission and to the probability of cor-
recting these failures during the mission it-
self.
B.3 Maintenance Manpower

In determining the appropriate sys-
tem/equipment R&M parameters, it is neces-
sary to consider the system's/equipment's
intended operations and the maintenance
concept.

Typical parameters used are Mean Time Be-
tween Maintenance Actions for reliability,
and Direct Man-hours Per Operating Hour
for maintainability. All levels of mainte-
nance should be considered in developing
the requirements which affect Maintenance
Manpower Cost.

It is important to consider Maintenance Ma-
npower Cost constraints in defining R&M
requirements. This is because the manpower,
and its associated costs, required to maintain
a system/equipment are driven by the
attainment of those R&M requirements.

Such constraints may be expressed either in
terms of money or in terms of number and
skill level of personnel.

B.4  Logistic Support Cost

The parameters which influence the Logistic
Support Costs of systems/equipment are de-
pendent on both time and money. They ad-
dress those aspects of R&M which are con-
cerned with the consumption of material.
(The consumption of materiel also affects
availability by being directly related to mate-
riel demands and the ability of the logistics
pipeline to meet those demands).

Parameter examples are Mean Time Be-
tween Removals for reliability and Total
Parts Costs Per Removal for maintainability.
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C.  Specifikacia

poziadaviek R&M

Poziadavky R&M musia byt Specifiko-

vané ako minimalne hodnoty, ktoré spi-

naju operacné a logistické potreby nado-
budatel’a.

C.1  Spolahlivost

Aby mala vyznam, poziadavka spolahli-

vosti musi byt” Specifikovana kvantitativ-

ne.

Existujii Styri zékladné sposoby, podla

ktorych méze byt definovana poziadavka

spol’ahlivosti:

(1) Ako priemerny c¢as do zlyhania
(MTTF), pre neopraviteIné polozky,
alebo priemerny ¢as medzi poruchami
(MTBF) pre opravitelné polozky. Ta-
to definicia wuzitoCnd pre systé-
my/zariadenia s dlhodobou Zivotnos-
tou, pri ktorych forma rozlozenia spo-
lahlivosti nie je rozhodujuca alebo
kde planované dizky uloh su vzdy
kratke vo vzt'ahu ku $pecifikovanym
MTTF alebo MTBF.

(2) Ako pravdepodobnost’ prezitia pre
stanovenu Casovu periodu. Tato defi-
nicia je uzito¢na ked’ je pozadovana
vysoké spolahlivost’ v priebehu doby
ulohy ale stredny ¢as medzi poru-
chami (MTBF) okrem doby tulohy je
mimo takticky uc¢inok, okrem toho, ak
ovplyviiuje dostupnost’. Dalej parame-
ter prezitia na stanoveny cas je ob-
zvlast’ relevantny pre mechanické sys-
témy ako motory a konStrukcia lieta-
diel, kde cas medzi vykonanim gene-
ralnych oprav (TBO) je bezny para-
meter.

(3) Ako pravdepodobnost’  Uspesnosti,
nezavisla na case. Tato definicia je
uzito¢na pre Specifikaciu spolahlivosti
jednovystrelovych zariadeni ako leto-
va spolahlivost’ strely, spolahlivost’
detonacie bojovej hlavice atd’. Je to
taktiez Specifikované pre cyklické po-
lozky, ako spolahlivost’ vypustenia
raketového kompletu.

(2) As a probability of survival for

C. Specifying R&M

requirements

The R&M requirements should be specified
as the minimum values which meet the pur-

chaser's/user's operational and logistics
needs.
C.1  Reliability

To be meaningful a reliability requirement
should be specified quantitatively.

There are four basic ways in which a reliabil-
ity requirement may be defined:

(1) As a Mean Time To Failure (MTTF), for

non-repairable items, or Mean Time Be-
tween Failure (MTBF), for repairable
items. This definition is useful for long
life systems/equipments in which the
form of reliability distribution is not criti-
cal or where the planned mission lengths
are always short relative to the specified
MTTF or MTBF.

a speci-
fied period of time. This definition is use-
ful when a high reliability is required dur-
ing the mission period but Mean Time
Between Failure (MTBF) beyond the
mission period is of little tactical conse-
quence, except when it influences avai-
lability. Furthermore, survival for a
specified time is particularly relevant to
mechanical systems such as engines and
aircraft structures, where Time between
Overhaul (TBO) is a common parameter.

(3) As a probability of success, independent

of time. This definition is useful for speci-
fying the reliability of one shot devices
such as the flight reliability of a missile,
the detonation reliability of a warhead etc.
It is also specified for those items which
are cyclic such as the launch reliability of
a launcher.
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(4) Ako stupent zlyhania “ Lambda “ (I)
pocas Specifikovaného c¢asové obdo-
bia. Tato definicia je uzito¢na na Spe-
cifikaciu spol'ahlivosti ¢asti, jednotiek
a montaznych dielov, ktorych prie-
merné ¢asy zivotnosti su prili§ dlhé na
to aby bol dodlezity, alebo ktorych spo-
lahlivost pocas casového obdobia
zadujmu sa priblizuje k zhode. Taktiez
to moéze byt wuzitocné pre tie
komponenty, ktorych priebeh
poruchovosti je zavisly na ¢ase alebo
ktor¢ st kombinované v sériovej
spol'ahlivostnej Strukture.

Pri zostavovani Specifikécii spol'ahlivosti
by mali byt’ vzaté na zretel’ aspekty ako
pracovné cykly (paragraf 206 A), pros-
tredie (paragraf 206B), definicie poruchy
(paragraf 208).

Ked’ je to pouzite'né, poziadavky tlohy
a zékladnej spolahlivosti musia byt iden-
tifikované oddelene. Tak ako sa moézu
poruchy vyskytnut’ v priebehu neoperac-
nych obdobi, poziadavky na spolahlivost’
by mali vziat' do tvahy spolahlivost
uskladnenia a transportu. To sa hlavne
vztahuje na defenzivny material, ktory je
dlhodobo uskladnovany, ako miny, stre-
ly, municia alebo torpéda alebo systémy
ktoré su Casto prepravované.

C.2  UdrziavatePnost

Nadobudatel’ sa ststred’'uje na dobu, kto-
rd prejde od zistenia zavady systé-
mu/vybavenia po ukoncenie napravnej
¢innosti. V tejto dobe nie je iba Cas dia-
gnostikovania zavady a ukoncenia opra-
vy ale taktiez Cas potrebny na obdrzanie
nahradnych dielcov a dostupnost’ kvalifi-
kovanych opravarov (administrativny
alebo logisticky Cas omeskania). Tieto
posledné dva aspekty nie st uplne pod
kontrolou navrhara. St uréené pravidlami
udrzby a nakladmi zivotného cyklu, ktoré
su riadené a kontrolované Staibom logisti-
ky.

Poziadavky udrziavatelnosti su casto
$pecifikované parametrami ako stredny

(4) As a Failure Rate "Lambda" (1) over a
specified period of time. This definition is
useful for specifying the reliability of
parts, units and assemblies whose mean
lives are too long to be meaningful or
whose reliability for the time period of in-
terest approaches unity. It may also be
useful for those components whose fail-
ure behaviour is time dependent or which
are combined in a serial reliability struc-
ture.

When writing reliability specifications, as-
pects such as duty cycles (para 206 A),
environmental envelope (para 206 B), failure
definitions (para 208) should be taken into
consideration.

Where applicable, mission and basic reliabil-
ity requirements should be separately identi-
fied. As failures may also occur during non
operational periods, reliability requirements
should also take storage and transportation
reliability into account. This applies espe-
cially to defence materiel which is subject to
long term storage, such as mines, missiles,
ammunition or torpedoes, or to systems
which are subject to frequent transportation.

C.2  Maintainability

The Purchaser/User is concerned with the
time it takes from detecting a sys-
tem/equipment failure to corrective action
being completed. Included in this time is not
only the time to diagnose the failure and
complete the repair, but also the time to ob-
tain the necessary spares and the availability
of skilled manpower (Administrative or
Logistic Delay Time). These last two aspects
are not entirely under the designer's control.
They are determined by maintenance policy
and life cycle costs which are managed and
controlled by Logistics Staff.

Maintainability requirements are often speci-
fied by parameters such as Mean Time To
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c¢as do opravy (MTTR) alebo dalsie
priemerné periédy pre udrzbu (preven-
tivne a korektivne). V tomto kontexte
priemerny aktivny ¢as opravy komponen-
tu (niekedy nazyvany MART) musi byt’
brany v uvahu mimo logistickych omes-
kani. Je nevyhnutné, aby boli vztahy
medzi jednotlivymi parametrami a roz-
nymi typmi Casu (Obrazok 4) jasne defi-
nované a aby si rozdielne Specifikované
parametre navzajom neodporovali.

Avsak tieto nemdzu Uplne urcit’ vSetky
charakteristiky udrziavatelnosti. Napri-
klad parametre ¢asu do opravy vseobecne
nasleduju normalne logaritmické rozde-
lenie pravdepodobnosti. Preto pri stano-
vovani parametrov moéze byt uzitocné
Specifikovat’ dva body normalneho loga-
ritmického rozdelenia.

Priloha B - KVANTIFKOVANIE
POZIADAVIEK UDRZIAVATELNOS-
TI poskytuje dalSiu informéciu o pou-
zivani normalneho logaritmického rozde-
lenia.

C.3 Bojova odolnost’

V priebehu konfliktu prirodzené prostre-
die zahfiia bojové zatazové situdcie. Pre-
to nasledujiice poziadavky musia byt
Specifikované na zéklade poziadaviek
uzivatela:

(1) dostato¢nd bojova odolnost’ (napr.
pancierovou ochranou, povrchovou
ochranou, premiestiiovanim citlivych
komponentov do chranenych oblasti,
l'ahkou vymenitelnost'ou zraniteI'nych
komponentov atd’.).

(2) rychla udrzba aj za cenu obmedzeného
splnenia ulohy.

Repair (MTTR) or other average periods for
maintenance actions (preventive and correc-
tive). In this context, the mean active repair
time component only (sometimes called
MART) should be considered, excluding
Logistics delay time. It is essential that the
relationships between the single parameters
and the different types of time (Figure 4) are
clearly defined and that the different speci-
fied parameters are not contradictory.

However, these may not fully address all
maintainability characteristics. For example,
time to repair parameters generally follow a
log-normal probability distribution.
Therefore, when establishing parameters, it
may be useful to specify two points on a log-
normal distribution.

Annex B - QUANTIFYING
MAINTAINABILITY REQUIREMENTS
gives further information about the use of the
log-normal distribution.

C3 Combat Resilience

During a conflict the natural environment
includes battlefield loads. Therefore, the
following requirements should be specified
on the basis of the user requirements:

(1) sufficient combat resilience (e.g. by ar-
mour protection, shielding, relocation of
sensitive components to protected areas,
easy replacement of particularly vulner-
able components etc.).

(2) quick maintenance even at the cost of
limited mission accomplishment.
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Obrazok 4 ukazuje na casova vztaznost.

Neaktivny cas

Cas ¢innosti

(skladovanie)

Cas naviac

Cas ,strateny*

3

Cas necinnosti
(Pripravené na

Cas pohoto-

Cas reakcie

vosti

Cas
tlohy

Cas udrzby

Cas modifi-
kécie

Cas zdrza-
nia

pouzitie)

——

—

Cas na ob- Cas oprav Cas preven- Cas zdrza-
novu pocas tivnej Gdrzby nia doda-
ulohv vok
r b4
Obrazok 4:Vztah ¢asu
Figure 4 shows time relationships.
Time
Inactlve Time
(atorage)
Actlve
Time
up Down
Time Time
- e Alert Reactlan Misslon Malntenance MadiTicaticn Dialay
Dperating Tirme Time Tirme Tirme Tirme Time
Tirmi
{Dparationally
avallable)
1 Time to Restore Carrectiva Praventative
1 1 = C W W &, v Dielay
* Functlans Durin Malntemence Kalntenance SUpply DElay
1 Time Time
i __ Misstlon __ 4 Tima Time

Cas adminis-
tracie

Administrative

Figure 4: Time relationship
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C.4  SkuSatel’nost’

Pouzitie vstavanych testovacich jedno-
tieck (BIT), zabudovaného testovacieho
vybavenia (BITE) alebo externého testo-
vacieho vybavenia (ETE), je mimoriadne
uzitotné na zlepSenie udrziavatelnosti
a efektivnosti tlohy. Poziadavky na skus-
ku systétmu (BITE, BIT, ETE) musia
obsahovat’ nasledujuce Specifikacie:

(1) FDR (miera detekcie poruchy) -

percentualne vyjadrenie portch,
ktoré musia byt zistené a indikova-
né;

(2) FAR (miera falo$nych poplachov) -
indikécia zlyhania ak toto neexistuje
napr. Chyba operatora alebo chyba
testu,

(3) Zmluvny stupenn (napr. priamo vy-
menitelnd jednotka, mudul), pre
ktory musi byt’ vyhradené percentu-
alne vyjadrenie zlyhani a

(4) ze 100% bezpecnostnych systémov
musi byt neustdle monitorovanych,
poruchy musia byt zistované
a indikované v Case ich objavenia
pomocou BIT.

Odportca sa vyhladat odborni pomoc
pri stanovovani poziadaviek skuSatel'nos-
ti. Obzvlast pri praci so softvérom. Ziad-
na jednoducha porucha nesmie byt kri-
ticka pre bezpecnost’.

Je dolezité poznamenat’, ze spolahlivost
(R), udrziavatelnost (M), dosiahnutel-
nost’ (A) a skusatelnost’ (T) st vzajomne
prepojené. Ak je nevyhnutné Specifiko-
vat’ R&M, A aT poziadavky, mala byt
venovana pozornost’ konzistencii medzi
nimi.

C.4  Testability

The use of Built-In-Test (BIT), Built-In-Test
Equipment (BITE) or External Test Equip-
ment (ETE) is an extremely useful means of
improving the maintainability and mission
effectiveness. The requirements for system
test (BITE, BIT, ETE) should include state-
ments specifying:

(1) FDR (Failure Detection Rate) - the per-
centage of total number of failures
which should be detected and indicated;

(2) FAR (False Alarm Rate) - indication of

a failure where no failure exists such

as operator error or test deficiency;

(3) The indenture level (i.e. Line Replace-

able Unit, module) to which a specified

percentage of failures should be iso-
lated; and

that 100% of safety critical systems

should be continuously monitored, fail-

ures being detected and indicated at the
time of occurrence by BIT.

(4)

It is highly recommended that specialist ad-
vice is sought when formulating testability
requirements, especially where software is
involved. No single failure may be safety
critical.

It is important to note that Reliability, Main-
tainability, Availability and Testability pa-
rameters are inter-linked. When it is neces-
sary to specify R&M, A and T requirements,
care should be taken to ensure consistency
between them.
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% sposobilosti

urovei opravy (idrzby)

Zistenie chyba (vSetky prostriedky)

Zistenie chyby: BIT a ETE
BIT a ETE
BIT a ETE

90-100
100
100

90 - 98
95-98
95 -100

1. Groven
2. troven
3./4. Uroven

1. Groven
2. Groven
3./4. Uroven

Rozhodnutie o lokalizécii chyby

Tri alebo viac LRU
Jedna LRU

Styri alebo viac SRU

Jedna SRU

100
90 -95
100
75 -85

1. Groven
1. uroven
2. uroven
2. uroven

Poznamky:
LRU -
SRU -
BIT -
ETE -
1. uroven -
2. uroven -
3. a 4. Uroveii

Vymena jednotky na mieste (napr. skrina, zdroj a pod.)
Vymenitel'na skladova jednotka (napr. obvodova dosticka)

zabudovand skuska

externé skuSobné zariadenie
tiez ekvivalent pre Organizac¢ny
tiez ekvivalent pre Prechodny
tiez ekvivalent pre Depo (Sklad)

Tabul’ka 1: Priklady poZiadaviek skuSatel’nosti

% Capability Repair Level
Fault Detection (All Means) 90-100 | 1st line
100 | 2 nd line
100 | 3 rd/4 th line
Fault Detection:BIT & ETE 90 — 98 | 1st line
BIT & ETE 95 —-98 |2 nd line
BIT & ETE 95 —-100 |3 rd/4 th line
Fault Isolation Resolution
Three or fewer LRUs 100 |1 st line
One LRU 90 — 95 | Ist line
Four or fewer SRUs 100 | 2 nd line
One SRU 75 —85|2 nd line

Notes:

LRU -
SRU -
BIT -
ETE -
1 st line -
2 nd line -
3 rd and 4 th line -

Line-Replacement Unit (e.g., Box, Power Supply, etc.)
Shop-Replaceable Unit (e.g., Circuit Card)

Built-in-Test

External Test Equipment

Also equivalent to Organizational
Also equivalent to Intermediate
Also equivalent to Depot

Table 1: Examples of testability requirements
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206. Pracovné cykly a vonkajSie

prostredie

Pracovné cykly avonkajSie prostredie
musia byt popisané pre systém/zaria-
denie. Popis musi obsahovat’ vsetky situ-
acie zivotného profilu systému/zariadenia
od doby dorucenia pokial' nie je k dis-
pozicii, alebo v pripade jedno vystrel'o-
vych poloziek, pokial’ nesplni pozadova-
ntu ulohu.

A. Pracovné cykly

Cas je zakladom pre kvantitativnu $peci-
fikaciu spol'ahlivosti pretoZe je nezavis-
lou premennou funkcie spolahlivosti.
Pouzitie musi byt jasne stanovené ako
vysledok akejkol'vek poziadavky pretoze
vo vel'kej miere ovplyviiuje vyber vhod-
nej formy a ¢asového intervalu pre vy-
hlasenie spol'ahlivosti.

Pouzitie alebo pracovné cykly sa zvycaj-
ne liSia v scenaroch pre obdobie vojny
a obdobie mieru ato moze mat vyz-
namny vplyv na spolahlivost’, dostup-
nost, cenu logistickej podpory a kritéria
uspesnosti ulohy.

V takychto pripadoch musi byt vypraco-
vany rozdielny uzivatel'sky/pracovny
cyklus pre kazdu verziu.

Pre kazda fazu tlohy musia byt posude-
né prostrednictvom analyzy funkcnosti
funkcie systému/zariadenia.

Niektoré typické funkcie systému/zaria-
denia su:

(1) Strukturalna podpora;

(2) usmernenie a navod;

(3) riadiaci pomer a stabilizacia;

(4) elektricka energia;

(5) pohon;

(6) komunikacia a telemetria;

(7) wvelenie a postupnost’;

(8) riadenie prostredia a

(9) sledovanie terénu.

Pre tie pripady, kde od systému/zaria-
denia nie je vyZadovana nepretrzita pre-
vadzka, celkovy predpokladany c¢asovy
profil alebo casové sekvencie operacie

206. Duty cycles and environmental

envelope

The duty cycles and environmental envelope
for a system/equipment should be described.

The description should include all situations
in the life profile of a system/equipment
from the time of delivery until the time of
disposal, or in the case of a one-shot item,
until it has accomplished the required mis-
sion.
A. Duty cycles

Time is essential to the quantitative specifi-
cation of reliability because it is the inde-
pendent variable in the reliability function.
The usage should be clearly stated at the
outset of any requirement as it heavily influ-
ences the selection of an appropriate
form and time interval for the reliability sta-
tement.

Usage or duty cycles usually differ between
wartime and peacetime scenarios and  this
can have a significant effect on reliability,
availability, logistic support costs and mis-
sion success criteria.

In such cases different usage/duty cycle sta-
tements should be made for each scenario.

For each phase of the mission profile, the
system/equipment functions have to be
considered through a functional analysis.
Some typical system/equipment functions
are:

(1) structural support;

(2) navigation and guidance;

(3) attitude control and stabilisation;

(4) electric power;

(5) Propulsion;

(6) Communication and telemetry;

(7) Command and sequencing;

(8) Environmental control, and

(9) Terrain following.

For those cases where a system/equipment is
not required for continuous operation,
the total anticipated time profile or time se-
quences of operation should be defined ei-
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musia byt tiez definované v pracovnom
cykle alebo profilovymi diagramami.
Pouzitelnost’ alebo profily pracovnych
cyklov musia identifikovat’ ¢i je sys-
tém/zariadenie vo faze aktivnej, kl'udove;j
alebo uskladneny (neaktivny) v priebehu
kazdej fazy tlohy.

Priklad je v tabul’ke 2, ktora ukazuje ope-
ratni sekvenciu pre hypoteticki tlohu
Stihacieho lietadla.

Profil ulohy apomocné data musia u-
moznit’ urcenie pracovného cyklu na sys-
tém/zariadenie v priebehu zamyslaného
opera¢ného pouzitia.

B. VonkajSie rostredie
Systém/zariadenie  moze  vyzadovat
uskladnenie, prepravu a pouzitie v mno-
zstve roznych podmienok. Mdze podstu-
pit’ extrémne klimatické podmienky, su-
bezne s indukovanymi podmienkami
okolia, vyplyvajacich z pouZzivania.

Niektoré typické parametre systé-
mu/zariadenia su:

(1) tlak;

(2)  teplotné vyzarovanie;

3) zrychlenie;

(4)  vlhkost;

(%) korozivne prostredie;

(6) vibracie a akusticky hluk;
(7) Sok;

(8) elektromagnetizmus a

9) piesok a prach.

Avsak, zvycCajne je obtiazne definovat
uplni kombinaciu a variacie podmienok,
v ktorych sa predpoklada pouzitie kazdé-
ho systému/zariadenia.

Preto je nevyhnutné stanovit' Standardy,
ktoré¢ Specifikuji opakovatel'né vplyvy
prostredia ako vychodiskové body
a potom ich modifikovat’ s pouzitim in-
formacii, ktoré boli obdrzané
z detailnych analyz pouzitia systému/vy-
bavenia. Tabulka 2 poskytuje priklad
analyzy prostredia systému/zariadenia.
Predchadzajuca analyza prostredia moze
byt spomenutd v Specifikdcisch R&M

ther in terms of duty cycle or profile charts.
Usage or duty cycle profiles should identify
whether the system/equipment is in an ac-
tive, standby or storage (inactive) role during
each phase of the mission.

An example is given, in Table 2, which
shows an operational sequence for a hypo-
thetical Fighter Aircraft Mission.

The mission profile and utilisation data
should allow the determination of the duty
cycle imposed on the system/equipment dur-
ing the intended operational use.

B. The environmental envelope

The system/equipment may have to be
stored, transported and operated in widely
different conditions. It may experience ex-
treme climatic conditions concurrently with
induced environmental conditions arising
from the service applications.

Some typical system/equipment parameters
are:

(1) pressure;

(2) thermal radiation;

(3) acceleration;

(4) humidity;

(5) corrosive atmosphere;

(6) vibration and acoustic noise;
(7) shock;

(8) electromagnetism, and

(9) sand and dust.

However, it is usually difficult to define the
complete combination and variation of con-
ditions, which each system/equipment is
expected to meet in service use. It is there-
fore necessary to utilise standards which
specify repeatable environmental conditions,
as starting points and then modify them with
information obtained from a detailed analy-
sis of the use of the system/equipment. Table
2 provides an example of an analysis of a
system/equipment environment.

The above environmental analysis may be
addressed in the system/equipment specifi-
cations and other R&M related documents.
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systému/zariadenia a d’alSich suvisiacich
dokumentoch. Tato analyza musi byt
pouzita v planovani testu aby =zaistila
realistické testovacie prostredia.

Pre kazda fazu pracovného cyklu moéze
byt podmienka prostredia stanovena
nasledovne:

(1) normalne operacné prostredie:
- rozsah podmienok prostredia v prie-
behu normalneho (bezného) vykonu.
V tomto rozsahu prostredia by malo
vybavenie fungovat’ bez poruchy.
(2) navrh hrani¢ného prostredia:
- najhorsie podmienky prostredia uva-
zované v priebehu normalnej ¢innosti.
Vykon méze byt znizeny, ale v rdmci
hranic bezpecnosti. Vykon sa ma vra-
tit bez zniZenia, ked’ sa podmienky
¢innosti vratia do normalu.
extrémne prostredie:
- podmienky prostredia, ktoré prekra-
¢uju podmienky navrhnutého hranic-
ného prostredia. Vykon méze byt zni-
zeny nevratne, ale bez katastrofického
zlyhania. Analyzy rizika a bezpecnosti
pre toto okolie s nutné.

3)

This analysis should be used in test planning
to ensure realistic test environments.

For each phase of duty cycle, the environ-
mental condition can be classified as fol-
lows:

(1)

2)

3)

normal operating environment:

- the range of environmental conditions
encountered during normal service opera-
tions. Within this environmental range,
the equipment should function without
failure;

design Limit environment:

- the worst environmental conditions en-
countered during normal service opera-
tions. Performance may be degraded, but
within safety limits. Performance should
return without degradation when the op-
erating environment returns to normal;
extreme environment:

- environmental conditions which exceed
the Design Limit environment. Perform-
ance may be degraded irreversibly, but
without catastrophic failure. Risk and
safety analyses for this environment are
essential.
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Fazy dlohy
POJAZD START | VZLET | ZRYCHLOVANIE | BOJ ZOSTUP | PRISTATIE
Parametre ulohy/prostredia
Trvanie fazy 5 min. 5 min. 30 min. 5 min. 5 min. 5 min. 5 min.
Trvanie celkom 5 min. 10 min. 40 min. 45 min. 50 min. 55 min. 60 min.
Vyska (1000 ft) 0 0-0.5 20 20 az 30 10 az 40 40az3 3az0
Pocet Mach 0 0-04 0.8 0.8-1.7 20-0.8 0.8 03-0
q (aerodyn. tlak) - - 550 620 1800 450 -
Vibracie (g” /Hz) 0 0.002 0.0012 0.002 0.003 0.004 0.002
(120 — 200 Hz) 0.006
Teplota 75° C/-54° C 56° C/-50° C 56° C/-50° C 5°C/-54°C 93° C/-26°C 71°C/-54°C 71° C/-54° C
Extrém
(Hortci den/Chladny dett)
Vlhkost’ Rosny bod 31° C alebo vyssie
Funkcie systému/zariadenia
Funkcie avioniky
Napadnutie a identifikacia X X X X X
Obranné prostriedky X X X X X
Navigécia X X X X X X
Komunikécia X X X X X X
Zobrazenie a Riadenie X X X X X X
Vyzbroj X
Kontrola vyzbroje X
Schvalenie, Instalacia a Strel’ba X
Funkcie obecnych systémov
Riadenie letu X X X X X X
Druhotny zdroj X X X X X X X
Hydraulické zariadenia X X X X X X X
Elektrické zariadenia X X X X X X X
Riadenie prostredia X X X X X X X
Cinnosti pristavacieho podvozku X X X
Stav paliva X X X X X X X
Ochrana Zivota X X X X
Hnacia jednotka X X X X X X X

Tabul’ka 2: Matica prostredi, funkcii a faz ulohy pre hypoteticku ulohu stihacieho lietadla
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Mission phases

TAXI | TAKE-OFF | CUISE | ACCELERATION | COMBAT | DESCENT | LANDING
Mission/environmental parameters
Duration of Phase 5 min. 5 min. 30 min. 5 min. 5 min. 5 min. 5 min.
Duration total 5 min. 10 min. 40 min. 45 min. 50 min. 55 min. 60 min.
Altitude (1000 ft) 0 0-0.5 20 20 az 30 10 az 40 40az3 3az0
Mach Number 0 0-04 0.8 0.8-17 2.0-0.8 0.8 03-0
q (aerod. press (psf)) - - 550 620 1800 450 -
Vibration (g /Hz) 0 0.002 0.0012 0.002 0.003 0.004 0.002
(120 — 200 Hz) 0.006
Temperature 75°C/-54° C 56° C/-50° C 56° C/-50° C 5°C/-54°C 93° C/-26° C 71°C/-54° C 71°C/-54° C
Extreme
(Hot Day/Cold Day)
Humidity Dewpoint 31° C or greater
System/equipment functions
Avionic functions
Attack and Identification X X X X X
Defensive aids X X X X X
Navigation X X X X X X
Comunication X X X X X X
Displays and Controls X X X X X X
Armament X
Armament control X
Carriage, Installation and Gun X
General Systems Functions
Flight Control X X X X X X
Secondary Power X X X X X X X
Hydraulics Supply X X X X X X X
Elektrical Supply X X X X X X X
Environmental Control X X X X X X X
Landing Gear Operations X X X
Fuel Supply X X X X X X X
Life Supply X X X X
Propulsion X X X X X X X

Table 2: Matrix of environments, functions and mission phases for a hypothetical fighter aircraft mission
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207. Koncepcia udrzby

Koncepcia udrzby je sériou vyhlaseni
a/alebo ilustracii, definujacich kritéria za-
hifajace linie udrzby (napr. kol’ko ma byt
pouzitych), hlavné funkcie plnené na kaz-
dej urovni udrzby, faktory efektivity
(stredny ¢as medzi vykonmi udrzby, stred-
ny ¢as do opravy, ¢as normohodiny perso-
nalu/normohodiny prevadzky, naklady na
udrzbu atd.) azakladné logistické pozia-
davky podpory. Koncepcia udrzby je defi-
novana na zafiatku programu aje nevy-
hnutnym predpokladom pre navrh a vyvoj
systémov/produktov. Koncepcia udrzby
zahffia operacné a vykonné Specifikdcie,
pricom ich prevadza do cielov pre
udrziavatel'nost’ a podporovatel'nost’, tak
ako je znazornené na obrazku €. 5. Kazda
moznost  opravy je  ohodnotena,
primeranym vyjadrenim hodnoty efektivity
nakladov anakladov na Zivotny cyklus.
Vstupné  adaje su  zalozené na
skusenostiach ~ ziskanych  z podobnych
systtmov ako st navrhované v novych
prevadzkovych podmienkach. Kone¢na
koncepcia udrzby musi byt zaloZzend na
relativnych hodnotach kazdej moznosti, pri
porovnavani na ekvivalentnych zékladoch.
Ako priklad, dosiahnutelnost’ alebo ope-
racnd pripravenost’ systému je Specifiko-
vana sucasne s pouzivanymi tdajmi (tlo-
hy/priprava uloh/pocet tloh za rok, atd.).
Toto stanovuje zakladné kritérid spolahli-
vosti, udrziavatel'nosti a dostupnosti. Rov-
nako aj koncepcia udrzby moze definovat
poziadavky na zariadenia podpory, optima-
lizaciu dostupnosti alebo pocet osdb poza-
dovanych na udrzbu. Napriklad moze byt
rozhodnuté od zaciatku programu, Ze ope-
rator musi byt prvym udrzbarom na palu-
be. To znamend, ze koncepcia drzby musi
nariadit’ ndvrhdrom systému prisposobit’ sa
tejto poziadavke. Zabudované testovacie
zariadenia, systémy monitorovania vykon-
nosti, redundantné obvody, moznosti zni-
Zenia vykonu alebo Tlahko vymenitel'né
moduly st moznymi spésobmi ako splnit
tieto poziadavky. Koncepcia udrziavatel-

207. Maintenance concept

The maintenance concept is a series of
statements and/or illustrations defining
criteria covering maintenance lines (i.e.
how many should be used ), major func-
tions accomplished at each line of mainte-
nance, effectiveness factors (Mean Time
Between Maintenance Action, Mean Time
To Repair, Maintenance Man-hours/Opera-
ting Hour, Cost per Maintenance Action,
etc.) and primary logistics support re-
quirements. The maintenance concept is
defined at the programme inception and is
a prerequisite to systems/products design
and development. The maintenance con-
cept takes operational and performance
specifications and translates them into go-
als for maintainability and supportability as
illustrated in Figure 5. Each repair option
is evaluated in terms of an appropriate ef-
fectiveness figure of merit and life cycle
cost. Input data is based on experience
obtained from similar systems as projected
into the new operational environment. The
final maintenance concept should be based
on the relative merits of each option when
compared on an equivalent basis.

As an example, the system availability or
operational readiness is specified, along
with some usage data (i.e., missions/ pre-
paration of missions/number of mission per
year, etc.). This establishes baseline relia-
bility, maintainability and availability cri-
teria. Likewise, the maintenance concept
may define support facility requirements,
optimisation of affordability or the number
of maintenance personnel required. For
example, it might be decided early on in a
programme that the operator should be the
first line maintainer on board ship. This
means that the maintenance concept should
direct the designers of the system to ac-
commodate this requirement. Built-in-test
equipment, performance monitoring sys-
tems, redundant circuitry, degraded per-
formance abilities or easily replaceable
modules are possible ways to meet this
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nosti musi taktiez zdoraznit' poziadavky
pristupnosti pre udrzbu, tak ako potrebu
pre Standardizdciu néstrojov, softvéru
a hardvéru, a pouzivanie NBC oblecenia ak
je to potrebné. V niektorych pripadoch
poziadavky bezpecnosti, technicka doku-
mentécia, Standardné elektrické konektory
a mnozstvo d’alSich prvkov moézu byt za-
hrnuté v tom istom projekte a taktiez so
zékaznikom, ktory ma moznost’ odmietnut’
akékol'vek navrhy koncepcie udrzby na
pociatocnom stupni.

Zatial' ¢o koncepcia udrzby je kIicovym
faktorom v procese navrhu systému alebo
vybavenia, aktudlne planovanie pre kazdo-
dennu udrzbu nezacina neskdr v procese
LSA a kulminuje pri ndvrhu planu udrzby.

requirement. The maintenance concept
should also emphasise any accessibility
requirements for maintenance, as well as
the need for standardization of tools, hard-
ware or software and the use of NBC
clothing if required. In some cases, re-
quirements for safety, technical documen-
tation, standard electrical connectors and a
whole host of other items may be involved
in the same project and also with the cus-
tomer who has an opportunity to reject any
of the maintenance concept ideas at an
early stage.

While the maintenance concept is a key
factor in the design process of a system or
equipment, the actual planning for day-to-
day maintenance does not start until much
later in the LSA process and culminates in
the development of a Maintenance plan.
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Analyzy vykonania tlohy

Operacéné poziadavky

Koncepcia udrzby

Vol'ba
Neopravite'né

Utinnost’ a
naklady ziv. cyklu

Volba
CiastoCne
opravitelné

Uginnost a
naklady ziv.
cyklu

Volba
Plne
opravitel'né

Uéinnost a
naklady ziv. cyklu

Hodnotenie alternativ

Vyber opravy

Plne vyvinuta
koncepcia udrzby

Obrazok 5: Vyvoj koncepcie udrzby
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MISSION PERFORMANCE
ANALYSIS

OPERATIONAL REQUIREMENTS

PRELIMINARY
OPERATIONAL MAINTENANCE

NONREPAIRABLE PARTIALLY FULLY
OPTION REPAIRABLE OPTION REPAIRABLE OPTION
EFFECTIVENESS EFFECTIVENESS EFFECTIVENESS
AND AND AND
LIFE CYCLE COST LIFE CYCLE COST LIFE CYCLE COST
EVALUATION OF
ALTERNATIVES
SELECTED REPAIR
POLICY
FULLY DEVELOPED
MAINTENANCE CONCEPT

Figure 5: Maintenance concept development
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208. Definicie chyby a poruchy
Chyba je akakol'vek nezhoda, ktora vy-
zaduje neplanovanu udrzbu na jej opravu,
kym porucha je strata funk¢nosti (pre
uplnt definiciu pozri ARMP-7). Preto
musi byt stanovena jasnd, zrozumitel'na
definicia chyby a poruchy pre dany sys-
tém/zariadenie vo vztahu kjeho funk-
cidm a vykonnostnym parametrom. Toto
je dolezité pre zabezpecovanie zmluvné-
ho navrhu, akceptovate'ného pre kupuju-
ceho 1 predavajiceho pre sprdvne zazna-
menavanie poctu chyb a zlyhani. Odtial
mozu byt odvodené zmluvne vyznamné
udaje R&M. Kazd4d zmluva musi jasne
stanovit' odsthlasenti definiciu zlyhania
a Specifikovat’ podmienky, v ktorych za
zlyhania nenesie zodpovednost’ dodava-
tel' ako napr. znicenie v boji, prevadzka
mimo dohodnutych limitov, nedbalost’
pouzivatela.

Uspesny vykon systému/zariadenia musi
byt definovany a vyjadreny v hodnotach,
ktoré st meratelné v priebehu skusania,
v prislusnej spolahlivosti poc¢as pouziva-
nia, udrziavatel'nosti a skusSatel'nosti, kto-
ré nie si vykonavané v laboratornych
podmienkach. Merania parametra musia
zvyCajne obsahovat’ oba atributy vykon-
nosti ,,pocas ¢innosti/pocas necinnosti‘
a premenné charakteristiky vykonnosti.

209. Zdroje informacii

Priprava dokumentacie poziadaviek za-
hfiia konzultidcie s mnohymi zdrojmi in-
formécii.

Specialisti mézu poradit’ pri vyvoji bu-
ducich technologii a odhade ich mozného
vplyvu na systém, identifikovat’ problé-
my s podobnymi systémami/zariadenim,
ktoré su pouzivané a navrhnut’ ako je im
mozné predist’ a poskytnut’ odborné rady
na riadenie obsluhy a koncepcie udrzby.

S pouzivatel'om musia prebehnut’ konzul-
tacie ohl'adom informécii o systéme/za-

208. Definitions of fault and failure

A fault is any non conformance which re-
quires unscheduled maintenance action to
correct it, whilst a failure is a loss of func-
tion (for full definition, refer to ARMP-7).
Therefore clear, unequivocal definitions of
fault and failure should be established for the
system/equipment in relation to its functions
and performance parameters. This is impor-
tant in terms of providing a contractual fra-
mework acceptable to both the purchaser and
the contractor for the proper accounting of
faults and failures. From there, contractually
meaningful R&M data can be derived. Any
contract should clearly state agreed failure
definitions and specify any conditions under
which faults are not the contractors liability
such as battle damage, operations outside
agreed limits, and user negligence.

Successful system/equipment performance
should be defined and expressed in terms
which should be measurable during demon-
stration testing, in particular during In-
Service Reliability, Maintainability and
Testability Demonstrations which are not
conducted under laboratory conditions. Pa-
rameter measurements should usually in-
clude both “go/no-go” performance attrib-
utes and variable performance characteris-
tics.
209. Sources of information

The preparation of Requirement documents
involves consultation with many sources of
information.

Specialist engineers can advise on future
technology developments and their possible
impact on the system under consideration,
identify  problems with similar sys-
tems/equipments currently in service and
suggest how these could be prevented, and
provide specialist advice on service engi-
neering and maintenance concepts.

The User should be consulted for informa-
tion on systems/equipments currently in ser-
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riadeni prave v pouZzivani. Podobne od-
borné rady by mali byt’ poskytnuté obsta-
ravacej agentire Specialistom R&M.
Rézne druhy udajov st pozadované
pre planovanie R&M a kontrolu pocas
vyskumu, vyvoja, skuSania, hodnotenia
procesov apouzivania. Su dva druhy
pozadovanych informacii, operacné in-
formacie a informacie planovania udrz-
by. Nasleduje zoznam tychto udajov,
ktory nie je uplny:

A. Operacna informacia

(1) spol’ahlivost’ ulohy;

(2) pozadované trvanie ulohy;

(3) reak¢ny cas;

(4) dostupnost’;

(5) planovany stupeii vyuzitel'nosti;

(6) planovany casovy obrat;

(7) operacné a tdrzbové podmienky
prostredia;

(8) zakladna spol'ahlivost’ a

(9) vyuziteI'nost’ pocas obdobia mieru.

B. Informacia planovania udrzby

(1) ¢as medzi planovanymi funkciami
udrzby, ktory je pripustny pre Us-
pech ulohy. Tato Cinnost’ by mala
byt vykonavana pre kazdu aplikova-
telnu uroven preventivnej udrzby;

(2) stredny dovoleny spodny cas pre
navrat vybavenia do prevadzky;

(3) koncepcia udrzby;

(4) stupen opravy pozadujici vymenu
montované¢ho komponentu;

(5) skuska a kontrolné metody;

(6) spol'ahlivost’ po uskladnenti;

(7) aroven personalu udrzby a jeho kva-
lifik4cia a

(8) rozsah nahradnych dielov.

vice. Similarly, advice should be taken from
specialist R&M branches within the pro-
curement agency. Various kinds of data are
required for R&M planning and control dur-
ing the design, development, test and evalua-
tion process and servicing. The required in-
formation is of two kinds, operational infor-
mation and maintenance planning informa-
tion. A list of such data, which is not exhaus-
tive, is as follows:

A.  Operational information

(1) mission reliability;

(2) required mission duration;

(3) reaction time;

(4) availability;

(5) planned utilisation rate;

(6) required turn around time;

(7) operational and maintenance environ-
mental conditions;

(8) basic reliability, and

(9) usage Time during Peace Time.

B. Maintenance planning information

(1) time between scheduled maintenance
functions which is allowable for mis-
sion accomplishment; this activity
should be performed for each applicable
level of preventive maintenance;

(2) mean down time allowed to return the
equipment to serviceable conditions;

(3) the maintenance concept;

(4) the degree of repair desired by compo-
nent assembly replacement;

(5) test and check-out methods;

(6) reliability after storage;

(7) maintenance staff level and skills; and

(8) spares ranging.
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Pri zhromazd’ovani informacii pre novy
systém/zariadenie, mézu byt vo velkej
miere napomocné udaje/informécie pre
pouzivanie a udrzbu z podobného systé-
mu.

Napriklad:

(1) operacné prostredie;

(2) pracovné cykly;

(3) histdria poruch;

(4) podmienky skladovania a

(5) plany a koncepcie udrzby.
210. Bezpecnost’ a s tym spojené
analyzy rizika

Tato kapitola neopisuje vSeobecné krité-
ria bezpecnosti, ale zdoraznuje tie kritéria
R&M, ktoré sa bezpecnosti tykaju.

Poziadavka spol'ahlivosti musi definovat’
pravdepodobnost’ uspesnosti ulohy. Po-
ziadavka bezpecnosti musi definovat’
pravdepodobnost’ nevyskytnutia sa ne-
bezpecnej udalosti. Preto pri zostavovani
poziadaviek spolahlivosti musia byt zo-
braté do Givahy aj poziadavky bezpecnos-
ti. V skutocnosti, poziadavky bezpecnosti
mozu uréit minimalnu akceptovatel'ni
uroven spolahlivosti. Napriklad bezpec-
nostny spina¢ vyzbroje moze mat’ dovo-
lent mieru nebezpecia od 1 do 106 leto-
vych hodin. Analyzy navrhu a spol’ahli-
vosti spina¢a musia preto brat’ toto ne-
bezpecenstvo do uvahy. Obdobne, analy-
za kritickosti ulohy musi byt vykonana
pre funkénost’ zbrafiového systému.

211. R&M programy

Akonaéhle s dostupné poziadavky R&M,
musi byt stanoveny sposob na dosiahnu-
tie programov R&M. Tento sposob musi
identifikovat’ Specifické kroky nevyhnut-
né na umoznenie splnenia poziadaviek
spojenych s projektom. Rozsah krokov
musi byt zaloZzeny na analyze rizik
a moznych znizovaniach nakladov v prie-
behu zivotnosti vybavenia. Musia zaht-

In establishing the information for the new
system/equipment, usage and maintenance
data/information from previous similar sys-
tems/equipment can be very helpful.

For example:

(1) operating environment;

(2) duty cycles;

(3) failure histories;

(4) storage environments; and

(5) maintenance Concepts and Plans.

210. Safety and associated risk analysis

This paragraph is not intended to describe
general safety criteria, but to highlight those
R&M criteria which are safety related.

A reliability requirement should define the
probability of mission success. A safety re-
quirement should define the probability of
non-occurrence of  a hazardous event.
Therefore, when setting reliability require-
ments, the safety requirements should be
taken into account. Indeed, safety require-
ments may determine the minimum accept-
able level of reliability. For example, an
armament safety switch may have an allow-
able hazard rate of 1 per 106 flying hours.
The design and reliability analysis of the
switch should, therefore, take this hazard
rate into account. Similarly, a Mission Criti-
cality Analysis should be performed for the
weapon system functionality.

211. R&M Programs

Once the R&M requirements are available,
an approach to achieve R&M programmes
should be established. The approach should
identify specific actions necessary to enable
the project-related requirements to be met.
The scope of actions should be based on the
risk analysis and the possible cost savings
during the life of the equipment. They
should address the following areas:
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nat’ nasledujuce oblasti:

a. ohodnotenie poziadaviek;

b. zaistit' zhodu s tymito poziadavka-
mi;

c. preukazat’ zhodu s tymito poziadav-
kami;

d. zachovavat  dosiahnut¢ = R&M
Standardy v priebehu obstardvania
a prevadzky;

e. zaistit zhromazd’ovanie informacii
a spitna vdzbu pre nasledujuce pro-
jekty;

f. zriadit zber udajov a hodnotiacich
postupov a

g. pripravit a prezentovat spravy, za-

very a dokumentéciu.

R&M musia byt overené a schvélené
nadobudatel'om. Pokial’ rozsah planova-
ného pristupu na dosiahnutie poziadaviek
R&M ma podstatny vplyv na naklady,
tato Cast’ spojend s podstatnym podielom
na cene (R&M cinnosti a R&M preuka-
zovania) musi byt uréend v ¢ase podpi-
sania zmluvy.

KAPITOLA 3
Vyvoj charakteristik a medznikov
R&M frazovaného systému vyzbroj-
ného programu (PAPS)

301. VSeobecne
Tato kapitola poskytuje struény popis
krokov, ktoré maju byt vykonané
v priebehu roznych faz zivotného cyklu

zbranového systému na vyvoj obsahu
R&M PAPS medznikov.

Kompletny proces PAPS, so vSetkymi
relevantnymi fazami a medznikmi, je
znazorneny na obrazku 6.

evaluate the requirements;

b. ensure compliance with these require-
ments;

c. demonstrate compliance with these re-
quirements;

d. maintain the achieved R&M standard

during procurement and In-Service;

ensure information accumulation and
feedback for follow-on projects;

establish data collection and evaluation
procedures; and
prepare and present reports, results and
documentation.

R&M should be verified and approved by
the purchaser. Since the scope of the planned
approach to achieve R&M requirements has
an essential influence on the costs, the price-
relevant portions (i.e. R&M activities and
R&M demonstrations) should be established
at the time of contract award.

CHAPTER 3
Development of the R&M characteristics
of the phased armaments programming
system (PAPS) milestones

301. General
This chapter gives a brief description of the
actions to be taken during the different
phases of a weapon system life cycle to de-

velop the R&M content of the PAPS mile-
stones.

The complete PAPS process, with all the
relevant phases and milestones, is shown in
Figure 6.
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MEDZNIKY

Dokumenty potrebné pre
ulohu
(MND)

Naért zamerov Stabu NATO
(ONST)

Zamer Stabu NATO
(NST)

Poziadavky Stabu NATO
(NSR)

Navrh a vyvoj cielov NATO
(NADDO)

Ciele vyroby NATO
(NAPO)

Prevadzkové ciele NATO
(NASEG)

Narodné ciele
(NADI) FAZY

._.
&)
w
N
W
(@)
~J

Analyzy tloh
Hodnotenie potrieb ulohy
Predbezna pripustnost’
Pripustnost’

Definovanie projektu
Navrh a vyvoj

Vyroba

Prevadzka

Obrazok 6: PAPS fazy a medzniky

Dokument potrebny na tlohu (MND) a naért cielov stibu NATO (OSNT) su oboje
celkom rozsiahle navrhy funkcie a pozadovaného vykonu nového systému/zariadenia. ONST
musi obsahovat’ poziadavky R&M vo vSeobecnych operaénych pojmoch.
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MILESTONES
Mission Need Document
(MND)

Outline NATO Staff Target
(ONST)

NATO Staff Target
(NST)

NATO Staff Requirement
(NSR)

NATO Design & Development
Objective (NADDO)

NATO Production Objective
(NAPO)

NATO in-Service Goals
(NASEG)

National Disengagement
(NADI)

PHASES

Mission Analysis
Mission Need Evaluation
Pre Feasibility
Feasibility
Project Definition
Design & Development
Production
In-Service

Figure 6: PAPS phases and milestones

The Mission Need Document (MND) and the Outline NATO Staff Target (ONST) are
both rather broad outlines of the function and desired performance of a new sys-
tem/equipment. The ONST should contain R&M requirements in general operational terms.
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302. R&M obsah ciel’a Stabu NATO

A. Stidie predbeZnej pristupnosti
Je dolezité, ze od zaciatku projektu su
poziadavky R&M podrobne Studované
v suvislosti s celkovymi operaénymi po-
ziadavkami pre systém/zariadenie a ze
vC€asné podrobné zvazovanie je zahrnuté
v cieloch projektu. Nerealne ciele
anejasnostt moézu viest k drahému
a ¢asovo narocnému mrhaniu Usilia
v neskorsich obdobiach.

Je rozhodujlce, Ze v priebehu najskor-
Sich faz programu je vytvorena skupina
technickych a najdolezitejSich ucastnikov
pre vymenu informacii anéapadov
a definiciu  predbeznych poziadaviek,
ktoré st v sulade s operacnymi a logistic-
kymi potrebami a cielmi. Tato skupina
pozostava minimalne z:

(1) uzivatel’;

(2) udrziavatel’;

(3) servisni a obstaravaci R&M Specia-
listi;

(4) manazér projektu a

(5) manazér integrovanej logisticke;j
podpory (ILS).

Skupina R&M sa moze dohodnut’ na
poziadavkach R&M a sulade s operacny-
mi poziadavkami, ciel'mi logistickej
podpory, rizikami a ndkladmi na Zivotny
cyklus. Na podporu tychto diskusii by
mali byt uskutonené predbezné Studie
na definiciu cielov ulohy, Specifickych
charakteristik ulohy (prostredie, taktiky,
pracovné cykly), implementaciu obme-
dzeni  ulohy avykonnosti  systé-
mu/zariadenia a profilu prostredia. Musia
byt vykonané analyzy citlivosti. Vyvoj
cielov R&M v kategoriach definovanych
v paragrafe 205B, musi byt zaloZeny na
zhrnuti a hodnoteni:

(1) funkéného profilu systému/zaria-
denia, ktory ukazuje v ¢asovej mie-

302. The R&M content of the NATO

staff target
A. Pre-feasibility studies
It is essential that, from the start of a project,
the R&M requirements are carefully studied
in the context of the total operational re-
quirements for the system/equipment, and
that early in-depth consideration is given to
the project objectives. Unrealistic aims or
ambiguities can lead to expensive and time
consuming waste of effort in later stages.

It is critical that during the earliest phase of
a programme, a group of technical and es-
sential participants is formed to exchange
information and ideas and define preliminary
requirements which are in compliance with
the operational and logistics needs and ob-
jectives. As a minimum, this group should
consist of the following:

(1) the User;

(2) the Maintainer;

(3) the Service and Procurement R&M spe-
cialists;

(4) the Project Manager; and

(5) the Project Integrated Logistic Support
(ILS) Manager.

The R&M group may agree to R&M re-
quirements consistent with the operational
requirements, logistics support objectives,
risks and life cycle cost considerations. In
support of these discussions, preliminary
studies should be carried out to define mis-
sion objectives, specific mission characteris-
tics (environment, tactics, duty cycles), mis-
sion implementation constraints and sys-
tem/equipment performance and environ-
mental profiles. Sensitivity analyses should
be carried out. The development of the R&M
objectives in the categories defined in para-
graph 205B, should be established by com-
piling and evaluating:

(1) the system/equipment function profile
which shows, on a time scale, all the
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re, vSetky stupne funkcii , ktoré mu-
sia byt’ vykonané na splnenie ulohy
v $pecifickych podmienkach;

(2) profilu prostredia systému/zaria-
denia, ktory ukazuje v Casovej mie-
re vyznamné vlastnosti prostredia
(a limity), ktoré maji pravdepodob-
ne vplyv na operdciu alebo prezitie
systému/zariadenia.

Niektoré typické funkcie systému/zaria-
denia a parametre prostredia st v para-
grafe 206A a B.

B. Formulacia obsahu R&M
zameru Stabu

Odsek R&M zameru §tabu musi byt tpl-
ny a jednoznacny.
Musi obsahovat’:

(1) vyhlasenie kvantitativnych cielov
R&M v Styroch kategoriach, ak je to
aplikovatel'né, spolu so zékladnymi
predpokladmi na ktorych su zaloze-
né;

(2) vyhlésenie pravidiel udrzby a pred-
pokladanych postupov, spolu s po-
zadovanymi konkrétnymi znakmi

udrziavatel’nosti, vratane zameni-
tel'nosti.
303. Obsah R&M poziadavky Stabu

NATO

A. Stidie realizovatelnosti

Pred akceptovanim zdmeru Stabu je dole-
zité¢ aby jeho R&M ciele boli hodnotené
s ostatnymi hlavnymi ciel'mi projektu
a aby akékol'vek nejasnosti v stanove-
nych ciel'och boli vyriesené. Ako stucast
tychto $tadii od organizacie vykonavaji-
cej Studie uskutocnitelnosti vyzadované,
aby prihliadala na uskutoc¢nitelnost’ cie-
lov skoér uvedenych. V priebehu stadii
uskutocnitel'nosti zamer Stdbu musi byt’
preskimany aak je to nevyhnutné, aj
prepracovany.

system/equipment level functions that
should be performed to accomplish the
mission under its specified conditions;

(2) the system/equipment environmental
profile which shows on a time scale
the significant properties of the envi-
ronment (and the limits) which are
likely to have an effect on the operation
or survival of the system/equipment.

Some typical system/equipment functions
and environmental parameters are listed in
paragraph 206A and B

B. Formulation of the R&M contend
of the staff target

The R&M section of the Staff Target should
be comprehensive and unambiguous.
It should include:

(1) a statement of quantitative R&M objec-
tives in the 4 categories, as applicable,
together with the basic assumptions on
which they are founded;

(2) a statement on the maintenance policy
and procedures envisaged, together wi-
th particular maintainability features
required, including interchange ability.

303. The R&M content of the NATO
staff requirement
A. Feasibility studies

Before the Staff Target is accepted for action
it is important that its R&M objectives are
assessed with the other main objectives of
the project and that any ambiguities in the
stated objectives are resolved. As a part of
these studies, the organization performing
the feasibility studies is required to look at
the feasibility of the objectives quoted abo-
ve. During the feasibility studies the Staff
Target should be re-examined and, if neces-
sary, revised.

-5 -




Slovensky obranny Standard

ARMP—+4
(3. Vydanie)

Prepracované ciele sa potom musia stat
formalnymi poziadavkami v poziadavke
Stdbu. Musia byt realistické a usku-
to¢nitelné a taktiez optimalizované, na-
kol’ko je to mozné, pre dosiahnutie ope-
racnej efektivity a minimalnych nékladov
zivotného cyklu. Studia uskuto&nitelnos-
ti zacina urCenim profilov funkcnosti
systému/zariadenia asnimi spojenych
profilov prostredia, ktoré stanovuju stu-
pen pre sériu opakovanych obchodnych
studii.
Prevadzkové R&M stupne aktudlnych
systémov/zariadenia operujucich v po-
dobnych prostrediach st potom presetre-
né. Tam, kde je to mozné, Specifické
problémové oblasti systému, subsystému
alebo stupnia vybavenia st hodnotené pre
dosiahnutie zdmeru $tabu, pre hodnotenie
projektovanych prevadzkovych ndkladov
a nakladov na podporu a pre potencidlnu
redukciu nékladov na personal udrzby
a na a logistickt podporu.
V zdujme zabezpeCit dohodnuté R&M
kapitoly pre poziadavku §tabu, nadobu-
datel musi byt zahrnuty v obchodnych
Studidch zameriavajucich sa na hlavné
parametre systému/zariadenia ako:

(1) ¢as azdroje pozadované pre

navrh, vyvoj a vyrobu,

(2) zdroje na podporu prevadzky;

(3) celkovd  vykonnost’  systé-
mu/zariadenia;

(4) datum vstupu do pouzivania;

(5) stupen rizika spojeného s no-
vymi technolégiami a

(6) vykonnost’ ulohy.

Formulacia obsahu R&M po-
Ziadavky §tabu NATO

Poziadavka §tabu spdja vybraté vyhlése-
nia R&M poziadaviek zalozenych na
vysledkoch stadii uskuto¢nitelnosti.
R&M poziadavky musia byt definované
kvantitativne, ale nie tak, aby zamedzili
volbu navrhu, ¢o by inym sposobom
dosiahlo pozadované vysledky.

The revised targets should then become for-
mal requirements in the Staff Requirement.
They should be realistic and feasible and
they should be optimised, as far as possible,
for operational effectiveness and minimum
life cycle cost. The feasibility study starts
with the determination of the sys-
tem/equipment functional and related envi-
ronmental profiles, which set the stage for a
series of iterative trade-off studies.

In-service R&M levels of current sys-
tems/equipment operating in similar envi-
ronments then are examined. Where possi-
ble, specific problem areas at the system,
sub-system or equipment level are evaluated
for the achievement of the Staff Target, for
assessment of the projected operating and
support cost and for potential for Mainte-
nance Manpower and Logistic Support cost
reduction.

In order to establish agreed R&M clauses for
the Staff Requirement the purchaser/user
should be involved in trade-off studies con-
cerning the major parameters of sys-
tems/equipment, such as the:

(1) time and resources required for

the design, development and
production;

(2) in-service support resources;

(3) overall system/equipment per-

formance;
(4) date of entry into service;
(5) level of risk associate with new
technologies; and
(6) mission performance.
B. Formulation of the R&M content
of the staff requirement

The Staff Requirement incorporate a refined
statement of the R&M requirements based
on the results of the feasibility studies.

R&M requirements should be defined in
quantitative terms, but not in such a way as
to preclude design options which would oth-
erwise attain the desired results.
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Vo vSeobecnosti musi byt stanoveny
celkovy systém poziadaviek R&M, pod-
mienok prostredia a operacnych podmie-
nok.

V Specidlnych pripadoch poziadavky
R&M pre hlavné subsystémy moézu byt
taktiez stanovené. Na tomto stupni je
dolezité¢ zaradit’ jasné definicie toho, o
vytvara uspech tlohy a z tejto jasnej de-
finicie m6ze byt odvodené zlyhanie ulo-
hy. Pre logistickt alebo zdkladnu spol'ah-
livost a udrziavatelnost, je potrebné
definovat’ chyby a zlyhania Specifické
pre projekt.

Koncepcia udrzby a poziadavky musia
byt stanovené spolu s obmedzeniami
poctov a kvalifikacii personalu, naradia,
testovacich zariadeni, pristupov a zasob
nahradnych dielov.

304. Obsah R&M ciel’a NATO na-
vrhu a vyvoja a Specifikacii na-
vrhu a vyvoja

A. Faza definovania projektu
Cielom fazy definicie projektu je vyvi-
nat’ dalSie detailné Specifikacie systé-
mu/zariadenia, Specifikacie subsysté-
mov a pristupy navrh spdsobu vyroby.

Specifikicie musia obsahovat kvantita-
tivne a kvalitativne poziadavky R&M,
ktor¢ povedu k vytvoreniu vyhléseni
R&M.

TaktieZ obsahuji program R&M, ktory

musi byt' vytvoreny a riadeny dodévate-

lom. Musi byt vytvorena skupina R&M

na Cele s manazérom projektu, aby sa

zaoberala nasledujucimi ulohami:

(1) pomahat manazérovi projektu pri
definovani aspektov R&M Specifi-
kacii obstaravania, vratane Kkritérii
hodnotenia pre navrhy tendrov
ametod preukdzania dosiahnutia
poziadaviek R&M na doéveryhod-
nom akceptovatelnom Statistickom
stupni;

In general, the overall system R&M re-
quirements and the environmental and oper-
ating conditions should be specified.

In special cases, the R&M requirements for
major sub-systems may also be specified. It
is important at this stage to include clear
definitions of what constitutes mission suc-
cess and from this clear definitions of mis-
sion failure can be derived. For logistic or
basic reliability and maintainability, defini-
tions of fault and failure specific to the pro-
ject may need to be defined.

The Maintenance Concept and Requirements
should be stated together with any con-
straints on numbers and skills of men, tools,
test equipment, access and spares holdings.

304. The R&M content of the NATO
design & development objective
and the design & development
specification

A. Project definition phase

The aim of the project definition phase is to
develop further details of the  system/
equipment specification, sub-systems speci-
fications and design and manufacturing ap-
proaches.

The specifications should include quantita-
tive and qualitative R&M requirements
which are traceable to the established R&M
statements.

They also include an R&M programme
which is to be established and conducted by
the contractor. An R&M group should be
established, chaired by the Project Manager,
to undertake the following tasks:

(1) to assist the Project Manager in defining
the R&M aspects of the Procurement
Specification including the assessment
criteria for the tender proposals and the
method of demonstrating the achieve-
ment of R&M requirements to accept-
able statistical levels of confidence;
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(2) doporucovat’ pozmenujuce navrhy
alebo prijatia formalnych planov,
programov a skiiSok R&M, pripra-
vovanych dodavatel'om;

(3) zabezpecit, ze relevantné detaily
z tychto planov a programov su za-
hrnuté¢ ako neodlucitel'né casti su-
hrnnych planov nékladov;

(4) doporucit’ overitelné medzniky na
monitorovanie pokroku v R&M;

(5) monitorovat’ vSetky aspekty R&M,
ktoré su vysledkom vyvojovych ak-
tivit a uzivatel'skych skusok, rovna-
ko ako vsetky hodnotenia udrziava-
tel'nosti a skusatel'nosti;

(6) odsuhlasit’ hodnotenie dosiahnutych
urovni R&M na tcely akceptacie a

(7) zabezpecit obchodné stidie medzi
spol’ahlivostou, dostupnostou a nék-
ladmi na Zivotny cyklus, ktoré boli
vykonané s cielom dosiahnut’ ich op-
timalnu vyvazenost'.

B. Formulacia obsahu R&M ciel’a
NATO pre navrh a vyvoj
a $pecifikaciu navrhu a vyvoja

Vysledkom fazy definicie projektu je
ciel NATO pre navrh a vyvoj (NADDO),
ktory je dohodnutym suborom Specifika-
cii a navrhovanym programom pre ndvrh
a vyvoj. Specifikicia navrhu a vyvoja
obsahuje podrobnejsie technické infor-
macie, ktoré¢ budu pouzité projektovymi
a vyvojovymi inziniermi. PoZiadavky
R&M v $pecifikacii navrhu a vyvoja mu-
sia byt’ uvedené vo forme vykonatel'nych
kvantitativnych ~ terminov. = NADDO
a Specifikdcia navrhu avyvoja musia
obsahovat R&M vystup z fazy definicie
projektu a musia obsahovat’ nasledujtce
(nemusia vSak nimi byt nevyhnutne limi-
tované):
(1) kvantitativne poziadavky R&M na
uroven systému, subsystému
a zariadenia, ktoré su sledovatelné
k poziadavke Stabu;

(2) to recommend amendment or adoption
of formal R&M plans, programmes and
trials, prepared by the contractor;

(3) to ensure that the relevant details from
these plans and programmes are in-
cluded as integral parts of the overall
development cost plans;

(4) to recommend verifiable milestones to
monitor progress in R&M;

(5) to monitor all R&M aspects which re-
sult from development activities and
user trials, as well as all maintainabil-
ity and testability assessments;

(6) to agree an assessment of achieved
R&M levels for acceptance purposes;
and

(7) to ensure trade-off studies between reli-
ability, availability and life cycle costs
are undertaken, with the aim of striking
the optimum balance.

Formulation the R&M content of
the NATO design & development
objective and the design & devel-
opment specification

The result of the Project Definition phase is
the NATO Design & Development Objective
(NADDO), which is an agreed set of specifi-
cations, and the proposed programme for the
Design & Development. The Design & De-
velopment Specification contains the more
detailed technical information which is to be
used by the design and development engi-
neer. The R&M requirements in the Design
& Development Specification should be
stated in enforceable quantitative terms. The
NADDO and the Design & Development
Specification should include the R&M out-
put from the Project Definition phase and
should normally include, but not necessarily
be limited to:

(1) quantitative R&M requirements at sys-
tem, sub-system and equipment level,
which are traceable to the Staff Re-
quirement;
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(2) pociatocny program R&M pre fazy
vyvoja avyroby, ktoré musia for-
movat’ neoddelitel'na Cast’ celkové-
ho planu vyvoja so stanovenim ¢asu
a nakladov, ktoré st v nom zakom-
ponované. Tento plan musi urcit
spolo¢ne hardvér, softvér a perso-
nalne prvky systému/zariadenia;
vychodiskovtl identifikaciu Zzivot-
nosti poloziek, poloziek s dlhou zi-
votnostou, a kritické polozky pre
stanovenie potreby preventivnej
a napravnej udrzby;

(4) pociato¢ny odhad potreby Special-
nych skasobnych zariadeni (zabu-
dovanych, alebo  oddelenych)
a d’alSich Specidlnych vybaveni vra-
tene tych, ktoré st na testovanie sof-
tvéru spolu sich pomocnymi na-
kladmi.

Skupina R&M vytvorena v stilade s pa-

ragrafom 304A musi plynulo radit’ ma-

nazérovi projektu a naviac mé nasledu-
juce funkcie:

(1) poskytovat’ pomoc manazérovi pro-
jektu a pouzivatelovi pri navrhova-
nych pozmenovacich navrhoch
ohl'adom ¢asovych rozsahov projek-
tu alebo cielov pre kontrakt
a ndkladovych poloziek. Upozornit
projektového manazéra a pouziva-
tela na akykol'vek rozpor medzi
roznymi  poziadavkami =~ R&M
a detailnymi poziadavkami vykon-
nosti, alebo kde sa mozu vyskytnut’
vyrazné skraty a na prediskutovanie
dosledky akychkol'vek pozmenova-
cich navrhov v prevadzke.

(2) hodnotit’ vysledky ISRMD, ak su
tieto pozadované ako sucast’ obsta-
ravacej stratégie.

3)

2)

3)

(4)

an initial R&M Programme for the de-
velopment and production phases which
should form an integral part of the over-
all development plan with cost and time
scales embodied in it. This plan should
address together hardware, software and
the human elements of the sys-
tem/equipment;

initial identification of life items, long
lead time items and critical items to de-
termine the need for preventive and cor-
rective maintenance;

an initial estimate of the need for spe-
cial test equipment (built-in or separate)
and other special facilities including
those for software testing, together with
their support costs.

The R&M group formed in accordance with
paragraph 304A should continue to advise
the Project Manager and in addition has the
following functions:

(1)

2)

to provide advice to both Project Man-
ager and User on any proposed amen-
dments to project time scales or targets
subject to contract and cost factors. To
bring to the attention of the Project Ma-
nager and User any conflict found to
exist between the various R&M
requirements and detailed performance
requirements, or where significant
shortfalls become apparent, and to dis-
cuss the in-service effects of any amen-
dments;

to assess the results of Sims, where
these are called for as a part of the
equipment procurement strategy.

-56 -




Slovensky obranny Standard

ARMP—+4
(3. Vydanie)

305. Obsah R&M ciel’a NATO pre
vyrobu a Specifikaciu vyroby

A. Faza navrhu vyvoja

Detailné riadenie vyroby prototypu

a celkovd validacia systému a pomoc-
nych zariadeni st riadené v tejto faze.
Obsahuje taktiez plnt integraciu systé-
mu/zariadenia a skuSku na stanovenie
zhody pre Specifikdciu a pripravenost’ na
nasadenie.

Ciel NATO pre vyrobu (NAPO) je jed-
nym z produktov fazy navrhu a vyvoja.
Obsahuje dostato¢ne podrobné udaje o
vyrobe a logistike na zacatie fazy vyro-
by.

Specifikacia vyroby, ktora pozostava
z detailnejSich technickych Specifikécii
musi obsahovat’ poziadavky R&M na
zabezpecenie, Ze vysledky R&M nie su
znizené procesom vyroby. V priebehu
fazy navrhu a vyvoja, musi byt Specifi-
kacia R&M podla potreby prispdsobena
a upresnena.

B. Formulacia obsahu R&M ciel’a
NATO pre vyrobu a Specifika-
ciu vyroby

NAPO a Specifikacia vyroby musia sta-

novit’:
(1) kvantitativne a kvalitativne  po-
ziadavky R&M;
(2) plén programu R&M;
(3) podmienky skuSok, metody, krité-

rid prijatel’nosti, rizik4 rozhodova-
nia v priebehu procesov vyroby na
preukazanie, Zze stupein R&M bol
dosiahnuty v priebehu vyroby;
(4) zvlastne procesy, ktoré zabezpecu-
ji R&M v priebehu vyroby, ktoré
su stanovené a hodnotené v prie-
behu navrhu;
poziadavka na preukazania alebo
inu verifikaciu/zaruky R&M;

()

305. The R&M content of the NATO
production objective design &
development objective and the
production specification

A. Design & Development phase

Detailed engineering prototype fabrication
and full validation of systems and auxiliary
equipment are conducted in this phase. It
also includes complete system/equipment
integration and test to establish conformance
to specifications and readiness for deploy-
ment.

The NATO Production Objective (NAPO) is
one product of the Design & Development
phase. It contains sufficiently detailed manu-
facturing and logistics data to permit the
Production phase to proceed.

The Production Specification, which consists
of the more detailed technical specifications,
should contain R&M requirements to ensure
that the design R&M results are not to be
degraded by the production process. During
the Design & Development phase the R&M
specification for production should be ad-
justed and refined as necessary.

B. Formulation of the R&M content of
the NATO production objective
and the production specification

The NAPO and the Production Specification
should specify:

(1) the quantitative and qualitative R&M
requirements;

(2) the R&M programme plan;

(3) the test conditions, methods, acceptance
criteria and decision risks to be applied
during production in order to demon-
strate that the level of R&M achieved
has been maintained during production;

(4) the special processes, intended to safe-
guard R&M during production, which
are to be established and evaluated dur-
ing development;

(5) the requirement for demonstrations or
other R&M verification/guarantees;
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(6) plany preukazovania (ak s vyza-
dovan¢) a

(7) kritické oblasti programu R&M
a vyznamné néklady ovplyviiujuce
cenu ako:

(i) ndpravna ¢innost’ a validacia a
(i1) poziadavka na identifikéciu kri-
tickych komponentov.

306. Obsah R&M ciel’ov NATO pre
prevadzku

A. Faza vyroby

Ciele NATO pre prevadzku (NISEG) su
vytvorené v zaciatkoch fazy vyroby. Mu-
sia popisovat’ ciele R&M v prevadzke
(nezavdzné poziadavky). Zvys$na uloha
(pre nakupcu) pozostava z verifikéacie

procesov vyroby, a verifikacie dosiahnu-
tia poziadaviek R&M.

C. Formulacia obsahu R&M
ciel’ov NATO pre prevadzku

NISEG musi bezne obsahovat’:

(1) stanovenie poziadavky systému/za-
riadenia vratane R&M;

(2) poziadavky na zber udajov z pre-
vadzky a

(3) poziadavky na ,,Plan hodnotenia
R&M prevadzky*.

C. Faza prevadzky

Faza prevadzky bola definovand ako

operaéné vyuzitie systému/zariadenia.

V priebehu tejto fazy su porovnavané

operacné hodnoty systému/zariadenia s

povodnymi poziadavkami. V pripade

nevyhnutnosti st iniciované modifikécie

na zlepSenie R&M. Mensie modifikécie

v mnohych pripadoch mézu viest

k men$im zlepSeniam systému/zariadenia

a jeho vlastnému R&M. Ak je navrhova-

na alebo potrebna vyznamnej$ia modifi-

kacia alebo balik modifikacii, (ktory je

(6) demonstration plans (if required); and

(7) critical areas of the R&M programme
and significant cost drivers such as:

(i) corrective action and validation; and
(i1) requirement for identification of criti-
cal components.

306. The R&M content of the NATO
in-service goals
A. Production phase
Early in the production phase, the NATO In-
Service Goals (NISEG) are written. They
should describe the in-service R&M goals
(non-mandatory requirements). The remain-
ing task (for the Purchaser) consists of veri-
fying the production processes and verifying
the achievement of the R&M requirements.
B. Formulation of the R&M content
of the NATO in-service goals

The NISEG should normally include:

(1)

a statement of the system/equipment
requirement including R&M;

(2) in-service data collection require-
ments; and

(3) the requirements for an "In-Service
R&M Assessment Plan".

D. In-service phase

The In-Service phase has been defined as the
operational utilisation of the system/equip-
ment. During this phase the operational val-
ues of the system/equipment are compared
with the original requirements. Where neces-
sary, modifications to improve R&M are
initiated. Minor modifications, in most cases,
can only result in minor improvements to the
system/equipment and its intrinsic R&M. If a
considerable modification, or modification
package, is proposed or needed - which by
definition requires an element of re-design -
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pozadovany definovanim preprojektova-
nia prvku) tak je doélezité vratit' sa na
skorSiu  fazu  obstaravaciecho cyklu
a opakovat’ procesy R&M. To mdze za-
hifat’ nadvrat na stupen poziadavky $tdbu
NATO a hodnotenie vplyvu akychkol-
vek zmien. Je to jedina cesta, ako mdze
byt’ vykonané zodpovedajice hodnotenie
rizik a redlne analyzy nakladov.

D. Charakteristiky R&M a dopad
na plan udrzby

Monitorovanie charakteristik R&M, za-
hrnuté v plane udrzby, je vel'mi dolezité,
pretoze tieto vykonnostné hodnoty sa
menia s dozrievanim systému. MnoZstvo
zmien mdze mat’ vel’ky vplyv na podpor-
né prvky systému. Napriklad, ak sa pred-
povedan¢ MTBF ukazu ako prili§ opti-
mistické, existuje nebezpecenstvo podza-
sobenia ndhradnymi dielmi.

Prili§ pesimistické vedu k opacnému
vysledku. Dolezitost’ vplyvu predpokladu
charakteristik R&M nemdze byt zveli-
covana.

Cinnosti ILS mozu byt’ ovplyvnené, ak je
predpokladany vysoky alebo nizky vy-
skyt porach. Uvazujme pripad, ked je
predpokladany nizky vyskyt poruch. Pri
nizkom stupni predpokladu vyskytu po-
ruchy, by mohlo byt povazované za
vel'mi vhodné rozhodnutie, ze kvoli ma-
lej moznosti vyskytu poruchy by nebolo
cenovo efektivne vyskolit’ technikov na
udrzbu vybavenia, skor by bolo povazo-
vané za ekonomickejSie opravit’ polozky
v tretej linii v pripade vzniku problému.
To mdze viest’ k potencidlnemu Setreniu
nakladov na Specialne naradie, skiiSobné
zariadenie, vycvik, vyhldsenia, prostried-
ky atd. Ak sa predpovede ukdzu ako
chybné, musia byt vykonané napravné
¢innosti na vhodni podporu, pravdepo-
dobne s ovel'a va¢§imi nakladmi.

then it is important to return to an earlier
phase of the procurement cycle and repeat
the R&M processes. This may involve re-
turning to the stage of the NATO Staff Re-
quirement and assessing the impact of any
changes. It is only in this way that proper
risk assessments and realistic cost benefit
analysis can be made.

D. R&M Characteristic and impact

on the maintenance plan

Monitoring of R&M characteristics con-
tained within a maintenance plan is very
important because these performance values
change as the system matures. The amount
of change can have a great deal of influence
on system support features. For example, if
the predicted MTBF proves too optimistic,
there is a danger of undersparing.

Too pessimistic, and the opposite is likely to
result. The importance of the influence of
predicted R&M characteristics cannot be
overstated.

ILS activities may be affected if a low or
high failure rate is predicted. Consider the
case where a low failure rate is anticipated.
If it is considered low, the decision could
very well be that, because of the low number
of anticipated arising, it would not be cost
effective to train technicians to maintain the
equipment, rather it could be considered mo-
re economical to repair the item at third line
in the event of a problem.

This could lead to potential savings in spe-
cial tooling, test equipment, training, publi-
cations, facilities, etc. If the prediction pro-
ves to be erroneous, then remedial action to
furnish the proper support would have to be
taken, probably at a much higher cost.
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PRILOHA A
Priklady kvantitativnych poZziadaviek
R&M

1. Uvod

V prikladoch uvedenych nizsie su uvede-
né ¢iselné hodnoty iba na ilustraciu, nie
st vhodné ako navod pre aktualne pozia-
davky Stabu. Pre kazdy priklad je uvede-
na indikidcia moznej zmluvnej stratégie,
ktora moze byt pouzita.

2. R&M ako st urcené v
poziadavkach Stabu

A. Prieskumné helikoptéry

Pravdepodobnost’ splnenia dvojhodino-
vej ulohy (odkaz mdéze byt uvedeny
v podrobnom dokumente, alebo prilohe
“profil ulohy*) jednej helikoptéry bez
poruchy ma byt najmenej 95%, za poru-
chu sa poklada udalost’, ktord nepriazni-
vo ovplyvni ulohu.

95% indikuje to, ze pouzivatel nie je
ochotny akceptovat’ vicsiu pravdepo-
dobnost’ netspechu ulohy ako 5%. Tento
udaj je odvodeny z vojnovej hry (pocita-
cova simulacia), hodnotenia Stadie voj-
novych strat a berie do uvahy pravdepo-
dobnost toho, ze tloha moze byt splnend
inym sposobom.

Pri rozmiestneni do skupin po troch, kaz-
dy bojovy vypad moze pozostavat
z dvoch lietadiel letiacich 2 hodiny. Az 5
vypadov je pozadovanych na kazdy bo-
jovy deni. Mala by existovat’ najmenej
90% pravdepodobnost’ uspeSné¢ho ukon-
¢enia 5 bojovych dni.

Strukturalna Zivotnost kostry lietadla by
mala byt najmenej 7000 hodin a ¢as me-
dzi generdlnymi opravami motora a pre-
vodovky musi prekroc¢it’ 1000 hodin pri
vstupe do sluzby.

Opravna udrzba v prvej linii by mala byt
vykonavand iba formou vymeny. Vsetky
ulohy vprvej adruhej linii musia byt
vykonané maximalne tromi drZzbarmi.

ANNEX A
Examples of quantitative R&M
requirements

1. Introduction

In the examples given below, the numerical
values are for illustrative purposes only and
should not be taken as guidance for actual
Staff Requirements. For each example, an
indication is given of the contracting strate-
gies that could be used.

2. R&M as stated in staff
requirements

A. Reconnaissance helicopters

The probability of a single helicopter com-
pleting a 2 hour mission [reference could be
made to a detailed “mission profile” docu-
ment or attachment] without failure is to be
at least 95%, where a failure is any event
which adversely affects the mission.

95% indicates that the user is prepared to
accept no more than 5% probability that
amission cannot be successfully completed.
This figure is derived from wargaming
(computer simulations), combat casualty
assessment studies and takes into account the
probability that the mission can be achieved
by other means.

When deployed in groups of three, each sor-
tie may consist of two aircraft flying a 2
hour mission. Up to 5 sorties are required in
each battlefield day. There shall be at lest
90% probability of successfully completing
5 battlefield days.

The structural life of the airframe shall be at
least 7000 hours and the Time Between
Overhaul of the engine and transmission
shall exceed 1000 hours at entry into service.

Corrective maintenance at st line should be
by replacement only. All tasks at 1st and 2nd
line should be completed using a maximum
of 3 maintenance personnel.
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B. Strela

Spolahlivost’ strely, pri ispeSnom vypus-
teni, by mala byt 99%. Spolahlivost’
strely, z tovarne do ciel’a by mala prekro-
¢it 90% (odkaz modze byt uvedeny
v podrobnom “sekven¢nom profile mi-
sie®) v priebehu Zivotnosti strely 10 ro-
kov. V priebehu Zivotnosti strely by ne-
mala byt vyzadovana ziadna preventivna
udrzba.

3. R&M ako je Specifikované
v obstaravacej dokumentacii

Helikoptéry nesmu vyprodukovat viac
ako 25 portch ovplyviujicich tlohu na
1000 letovych hodin.

(Zékladnd) miera logistickych zlyhani
(vratane chyb objavenych v priebehu pla-
novanej udrzby) nesmie prekrocit’ 400 na
1000 letovych hodin.

95% chyb ma byt opraviteI'nych na 1./2.
linii v rdmci 2 hodin. Stredny aktivny ¢as
opravy by nemal prekrocit’ 45 minit, pri
vyuziti maximalne troch osob udrzby.

Logistické poziadavky R&M su zalozené
na maximalnej tolerovatelnej zatazi 0-
drzby, odvodenej z dostupnych l'udskych
zdrojov a materidlu na roéznych linidch
udrzby.

Tieto st Casto zdovodnené na zaklade
nakladovosti poc¢as zivotného cyklu. Po-
ziadavka spolahlivosti ulohy je vytvore-
na z 95% pravdepodobnosti splnenia 2
hodinovej ulohy.

Pri pouziti maximalne troch oséb a sku-
piny vymeny motorovej jednotky, cCas
vymeny motora nesmie prekrocit’ 45 mi-
nut.

Zmluvne dohodnuta stratégia pre vyssie
uvedené poziadavky mdze byt zaloZend
na predvedeni v prevadzke predstavuji-
cej niekolko tisic letovych hodin (pri-
blizne pocas 1 roku), podporena oddele-
nym predvedenim poziadaviek udrziava-

B. Misssile

The reliability of the missile, given a suc-
cessful launch, shall be 99%. The reliability
of the missile, from factory to target shall
exceed 90% (reference could be made to a
detailed ‘“‘sequence mission profile” docu-
ment or attachment) over a missile life of 10
years. No preventive maintenance shall be
required during the missile life.

3. R&M as specified in procurement
documentation

The helicopters shall not generate more than
25 mission affecting failures per 1000 flying
hours.

The (basic) logistic fault rate (including
faults discovered during scheduled mainte-
nance) shall notexceed 400 per 1000 flying
hours.

95% of all faults shall be repairable at 1st
/2nd line within 2 hours. The Mean Active
Repair Time stall not exceed 45 minutes,
using a maximum of 3 maintenance person-
nel.

The logistic R&M requirements are based on
the maximum tolerable maintenance burden,
derived from the available manpower and
materiel at the various lines of maintenance.

They are often justified on life cycle cost
grounds. The mission reliability requirement
is generated from the 95% probability of
completing a 2 hour mission.

Using a maximum of three persons and an
engine change unit, engine change time
should not exceed 45 minutes.

A contracting strategy for the above re-
quirements could be based on an in-service
demonstration period of several thousand
flying hours (approximately 1 year elapsed
time), supported by a separate set-piece
demonstration of maintainability require-
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telnosti, ak je to pozadované. V pripade
toho, ze dodavatel' neprejde poziadavka-
mi, moze byt poziadany o vykonanie
napravnej Cinnosti na vlastné naklady,
vratane retrospektivnej modifikacie tych
lietadiel, ktoré su uz v sluzbe. Na dova-
zok, dodavatel moéze byt poziadany
o poskytnutie ndhradnych dielov za pev-
né ceny, na zaklade poziadaviek R&M,
az pokial' zhoda so Specifikaciou nie je
uspokojivo predvedena.

Hlavny dodavatel moéze d’alej rozdelit’
tieto poziadavky na poZziadavky sub-
systémov ako: vysielacka ma mat’ plano-
vany Cas zivotnosti 10 rokov (pri pred-
pokladanom 500 hodinovom pouZzivani
pocas roka) s minimalnym MTBF 5000
hodin.

4. Priklad poZiadaviek dostupnosti
— samohybna hifnica

24 hodinovy bojovy deii pozostava z:
operacny ¢as 19.2 hodin (vratane 2 hodin
preventivnej udrzby), priemerne 300 vy-
strelov a celkového taktického presunu
125 km. Skuto¢na dostupnost’ cez bojovy
deit ma byt najmenej 80%. Dodatocne,
hafnica by mala splnit’ poziadavku spo-
lahlivosti ulohy vzhladom na vysSie
uvedené podmienky najmenej na 60%.,
kde zlyhanie ulohy je definované ako
udalost, ktord znizuje Specifikovanu po-
ziadavku tlohy o viac ako 20%.

Zmluvna stratégia mdze obnasat’ predve-
denie formou skusiek spolahlivost na
konci vyvoja a samostatnymi skuskami
pre ohodnotenie udrziavatelnosti. Obe
hodnoty musia vyustit' do vyroku o sku-
tocnej dostupnosti. V pripade, ze zaria-
denie nesplni tieto poziadavky, dodavatel’
musi byt poziadany o napravné ¢innosti
na vlastné ndklady a musi preukdzat’ e-
fektivitu tejto napravnej ¢innosti dal’simi
skuskami ak to vyzaduje kipujuica strana.

ments if required. In the event of failing to
pass the demonstration, the contractor could
be required to undertake corrective action at
his own expense, including retrospective
modification of those aircraft already in-
service. Additionally, the contractor could be
required to provide fixed price spares sup-
port, based on the R&M requirements, until
compliance with the specification is satisfac-
torily demonstrated.

The Prime Contractor may further break
these requirements down into sub-system
requirements such as: The radio shall have a
design life of 10 years (assuming 500 operat-
ing hours per year) with a minimum MTBF
of 5000 hours.

4. Example of availability require-
ments - self propelled howizer

A 24-hour battlefield day consists of: an
operating time of 19.2 hours (including 2
hours of preventive maintenance), an aver-
age number of 300 rounds fired and a total
tactical movement of 125 km. The intrinsic
availability over a battlefield day is to be at
least 80%. Additionally, the howitzer shall
meet a mission reliability requirement under
the above conditions of at least 60%, where
a mission failure is defined as an event
which degrades any specified mission re-
quirement by more than 20%.

A contracting strategy could be to demon-
strate the reliability by trials at the end of
development and to assess the maintainabil-
ity by separate trials. Both values should
result in a statement of the intrinsic avail-
ability. In the event that the equipment fails
to achieve these requirements, the contractor
should be required to undertake corrective
action at his expense and demonstrate that
the corrective action is effective, by further
trials if required by the purchaser.
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5. Obrnené transportné vozidlo

Spolahlivost’ vozidla je vyjadrend nasle-
dujucimi terminmi, podla podmienok v
ktorych pdsobi.

A. Spolahlivst’ tlohy

Je pozadovana 0.90 celkova spol'ahlivost’
ulohy. Spol'ahlivost’ ulohy na vozidlo by
mala byt hodnotena ohl'adom 48 hodino-
vého plnenia bojovych tloh. Bojova ulo-
ha obsahuje cykly Startovania/vypnutia,
jazdu po cestach a v teréne a mnozstvo
vystrelenych ndbojov a malo by to byt
blizsie Specifikované.

B. Zikladna spolahlivost’

MTBEF pre celkovy systém, s odkazom na
profil “nasadenia poc¢as mierového obdo-
bia®“, by mal byt najmenej 450 operac-
nych hodin. Tu sa bert do Gvahy iba zly-
hania a chyby, majuce za nasledok ne-
splneni tlohy.

C. Spol’ahlivost’ premiestnenia
z uskladnenia

Miera zlyhani pri presune vozidla zo
skladu méze byt maximalne 10% miery
zlyhania pri norméalnom pouzivani (ako
je to definované v opera¢nych poziadav-
kach na zariadenie).

Poznamka: Tato Specifikacia spol’ahli-
vosti sa odvolava na premiestnenie
z dlhodobého uskladnenia, kde boli vy-
konané preventivne opatrenia.

D. Zakladna spolahlivost’

Vozidlo mé dosahnut’ zakladnt spol’ahli-
vost 40% v ramci Specifikovaného ty-
pického profilu tlohy. So zdmerom hod-
notenia spolahlivosti sa pouziva nasledu-
juce kritérium poruchy: ,,Porucha, vzta-
hujuca sa k udrzbe alebo zékladna poru-
cha je definovana ako nevyhovujuci stav
vybavenia, ktory vyzaduje neplanovanu

5. Armoured transport vehicle

The reliability of the vehicle is expressed in
the following terms, according to the condi-
tions under which it is operated.

A. Mission reability

An overall mission reliability of 0.90 is re-
quired. The mission reliability should be
against the 48 hour battlefield mission for
the vehicle. The battlefield mission includes
power on/off cycles, travelling on road and
cross country and a number of rounds to be
fired and should be specified in detail.

B. Inherent reliability

The MTBF for the complete system, with
reference to “peace-time* employment pro-
file, shall be at least 450 operational hours.
Hereby, only failures or faults preventing the
completion of the mission are to be taken
into account.

C. liability on removal from storage

The rate of failure on removal of the vehicle
from storage should be, at the most, 10 % of
the failure rate while in use (as defined under
the Operational Requirements of the Equip-
ment).

Note: This specification of reliability refers
to the removal from long-term storage where
precautionary actions have been taken.

D. Basic reliability

The vehicle is to achieve a basic reliability
figure of 40% against a specified type mis-
sion profile. For reliability assessment pur-
poses the following failure criterion is to be
used: “A maintenance relevant or basic fail-
ure is defined as an unsatisfactory equipment
condition which requires unscheduled (cor-
rective) maintenance to restore the equip-
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(ndpravnu) udrzbu na obnovu daného
zariadenia do pévodného plného miero-
vého opravného Standardu; to vylucuje
preventivnu udrzbu, ale zahfna neplano-
vané Cinnosti udrzby, ktoré boli defino-
vané ako potrebné v priebehu planovane;j
udrzby.* Poruchy, ktoré¢ neboli brané do
uvahy pri Ziadnom z hodnoteni spolahli-
vosti, su bud’ komponenty za dobou svo-
jej plénovanej Zivotnosti, alebo poruchy
vzniknuté pocas nespravneho pouzivania,
nehodou, 'udskym zlyhanim alebo udrz-
bou, ktord nie je v sulade s definovanymi
postupmi.

Zmluvna stratégia moze demonstrovat
zékladnu spolahlivost’ a spolahlivost
ulohy v priebehu skusok na konci vyvoja
amobze aplikovat’ demonstracie spolah-
livosti v prevadzke pre hodnotenie cel-
kovej poziadavky spolahlivosti. Pre hod-
notenie poziadavky spolahlivosti usklad-
nenia by mali byt konzultované vhodné
databazy.

6. Poziadavky pouZitel’nosti
komecného dopravného lietadla

Dodévatel’ musi udrziavat’” 90%-nu spo-
lahlivost’ letového planu lietadla. Spo-
lahlivost’ letového planu je definovana
ako planované lety zacaté a ukoncené bez
preruSenia priraditeI'ného ku primarnemu
(nie sekundarnemu alebo naslednému)
zlyhaniu leteckého systému alebo kom-
ponentu veducemu k odvolaniu letov,
navratu, presmerovaniu pristatia, alebo
meskaniu planovaného odletu o viac ako
15 min. Nedodrzanie pozadovaného leto-
vého planu, moZze mat’ vplyv na obnove-
nie kontraktu s dodavatel'om.

7. Priklad poziadaviek spol’ahli-
vosti dostupnosti, udrziavatel-

nosti, pre lode

A. Dostupnost’, spol’ahlivost’ a
udrziavatel’'nost’ (ARM)

Dosiahnutiu parametrov ARM je prira-

ment to its full peacetime repair standard;
this excludes preventive maintenance, but
includes unscheduled maintenance activities
found to be necessary during scheduled
maintenance®. Failures discounted from any
reliability assessment are either those of
components beyond their specified life or
those caused through misuse, accident, hu-
man error or maintenance not in accordance
with defined procedures.

A contracting strategy could be to demon-
strate basic and mission reliability during
trials at the end of development and to apply
in-service reliability demonstrations for the
assessment of the inherent reliability re-
quirement. For an assessment of the storage
reliability requirement, suitable databases
could be consulted.

6. Commercial transport aircraft
availability requirements

The contractor shall maintain a 90% sched-
ule reliability of the aircraft. Schedule reli-
ability is defined as scheduled flights started
and completed without any interruption
chargeable to a primary (not secondary or
consequential) malfunction of an aircraft
system or component resulting in cancella-
tions, air turn backs, diverted landings, or
scheduled departure delays greater than 15
minutes. Failure to maintain the required
schedule could prejudice the contractor’s
prospect of securing contract renewal.

7. Example reliability, availability,
maintainability requirements for
ships

A.  Availability, reliability & maintain-
ability (ARM)

The achievement of the ARM parameters is
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d’ovand rovnaka priorita ako parametrom
pre vykon, Cas a néklady, s cielom ma-
ximalizacie dostupnosti pri miniméalnych
nakladoch Zivotného cyklu (LCC).

B. Efektivna dostupnost’

Pravdepodobnost’ dosiahnutia dostupnos-
ti systému lode v akomkol'vek okamihu
v priecbehu maximalnej operacnej perio-
dy, bertc do uvahy vsetky kritické poru-
chy, opraviteI'né a neopraviteI'né na mori
a preventivnu udrzbu, by mala byt vécsia
ako 98%. Efektivna dostupnost’ je defi-
novana nasledujucim empirickym vzta-
hom:

MART

PM prestoj
p J 0.5

being given equal priority with those for
performance, timescale and cost, with the
objective of maximising availability at mi-
nimum Life Cycle Costs (LCC).

B. Effective availability

The probability that the Ship system is avai-
lable at any instant during the maximum
operational period, taking into account all
critical failures, both repairable and not re-
pairable at sea and preventative mainte-
nance, shall be greater than 98%. Effective
Availability is defined by the following em-
pirical relationship:

cas misie

E

" MTBCF + MART cas misie

"~ MTTCFnr

MART PM downtime mission time
£ MTBCF + MART  mission time MTTCFnr
Kde: Where:
MTBCEF : Stredny ¢as medzi MTBCEF : Mean Time Between
kritickymi poruchami Critical Failures
(opravitel'né na mori) (Repairable at sea)
MART Stredny aktivny Cas MART Mean Active Repair Time
opravy MTTCFnr : Mean Time To Critical
MTTCFnr : stredny ¢as do kritického Failures (Not Repairable at
zlyhania (neopraviteI'né na sea)
morti)
PM prestoj : celkovy prestoj pocas PM downtime : Total preventive

preventivnej udrzby
pre ulohu.

C. Dostupnost’ (skuto¢nd)

Skuto¢nd dostupnost’ lodného systému
radaru d’alekého dosahu (LRR) ma pre-
kro¢it  99%  vpriecbehu  nepod-
porovanych operacii na mori pre maxi-
malnu operacnu periddu 45 dni, pri defi-
novanom pouziti a s odsthlasenymi do-
plnkami nahradnych dielov na palube.
MTBCF a MART poziadavky by mali
byt adresované a splnené individudlne
a v kontexte so skuto¢nou dostupnostou.

maintenance downtime
for mission

C. Availability (intrinsic)

The Long Range Radar (LRR) ship system
Intrinsic Availability shall exceed 99% dur-
ing unsupported operations at sea for the
maximum operational period of 45 days, at
the defined usage and with the agreed com-
plement of on-board spares. MTBCF and
MART requirements shall be addressed and
met individually and in the context of Intrin-
sic Availability.
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D. Spolahlivost’

S ohl'adom ku kritickému zlyhaniu lod-
ného systému, ktory je opravitelny na
mori by mali MTBCF systému lode pre-
kroc¢it’” 750 hodin.

S ohl'adom ku kritickému zlyhaniu lod-
ného systému, ktory nie je opravite'ny na
mori, LRR by mal mat’ pravdepodobnost’
prezitia maximalnej operacnej periody
v trvani 45 dni bez kritického zlyhania
vacsi nez 98%.

Kritické zlyhanie lodného systému je
definované ako ako zniZenie vykonnosti,
porucha alebo kombinacia chyb postihu-
jucich lodny hardvér, softvér alebo obo-
je, veduci k:

(1) strate schopnosti zistovat a sle-
dovat’ ciele vo vSetkych Specifi-
kovanych prostrediach a pod-
mienkach, na urovniach stanove-
nych v poziadavkach Stabu;

(2) strate schopnosti spracovat’, zo-
brazit' a postupovat’ idaje radaru
vo vSetkych  Specifikovanych
prostrediach a podmienkach na
urovniach definovanych v pozia-
davkach Stabu;

(3) strate schopnosti Uspesne vyko-
nat' rozkazy, kontrolu, BIT, vy-
cvik a dalsie funkcie Specifiko-
vané v poziadavkach stabu;

(4) strate schopnosti spesne komu-
nikovat’ s akymkolvek zo vza-
jomne posobiacich systémov.

Vo vzt'ahu k logistickym zlyhaniam lod-
nych syst¢tmov, MTBF musi byt vicsie
ako 200 operac¢nych hodin.

Logistické zlyhanie je definované ako
zlyhanie, ovplyviiujice bud’ hardvér ale-
bo softvér (vratane BIT), ktoré sposobuje
odchylenie sa od dohodnutej vykonnos-
tnej Specifikacie alebo, ktoré vyzaduje
¢innost’ napravnej udrzby. Lodny systém
by mal byt navrhnuty tak, aby individu-

D. Reliability

In respect of critical ship system failures
which are repairable at sea, the MTBCF of
the ship system shall exceed 750 hours.

In respect of critical ship system failures
which are not repairable at sea, the LRR
shall have a probability of surviving the ma-
ximum operational period of 45 days without
a critical failure of greater than 98%.

A critical ship system failure is defined as
any performance degradation, failure or
combination of failures, affecting ship sys-
tem hardware, software or both, resulting in:

(1) loss of the ability to detect any track
targets in all specified environments
and conditions, to the levels specified in
the staff requirements;

(2) loss of the ability to process, display
and output radar data in all specified,
environments and conditions to the
level specified in the staff requirements;

(3) loss of the ability to successfully exe-
cute Command, Control, BIT, Training
and other functions specified in the
staff requirements;

(4) loss of the ability to successful commu-
nicate with any one of the interacting
systems.

In respect of Logistics Failures of the ship
systems, the MTBF shall be greater than 200
operating hours.

A Logistic Failure is defined as any fault,
affecting either hardware or software (in-
cluding BIT), which results in any departure
from the agreed performance specification,
or which requires a corrective maintenance
action. The ship system shall be designed
such that an individual hardware or software
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alne zlyhanie softvéru alebo hardvéru
nevyustilo do kritick¢ého zlyhania a zni-
zenia funkcnosti vyzbroje, alebo vykon-
nosti podl'a poruchovych podmienok.

E. UdrziavatePnost’

1) VSeobecné pravidla

Vseobecné pravidlo palubnej udrzby
musi byt také, ze chybné prvky sa vy-
menia na sub-montaznej Urovni alebo na
urovni LRU.

Elektronické skuSobné zariadenie, mimo
BITE, pozadované na opravu a udrzbu
musi byt vybraté zo vSeobecného rozsa-
hu elektronickych skuSobnych zariadeni
(CRETE) tam, kde je to uskutoc¢nitel'né.
Akékol'vek vynimky podliehaju schvale-
niu projektovym manazérom Ucastnikov.
(2)  Aktivny ¢as opravy

Stredny (50 percentilny) a vyssi (95 per-
centilny) aktivny Cas opravy/obnovy vy-
konnosti systému po zlyhani, za pouzitia
stanovenych postupov opravy a zdrojov
by nemal prekrocit’ 35 minut a 150 minut
jednotlivo.

3) Napravna udrzba

Poruchy, ktoré st opravitelné na mori,
musia byt’ vykonané vymenou na module
alebo sub-montaznom stupni. Akékol'vek
poziadavky na doladenie systému po
vymene, musia byt minimalizované (i-
dedlne eliminované). Poruchy neopravi-
telné na mori (tykajuce sa jednotiek,
ktoré sa normalne nevezi na palube ako
nahradné diely) musia byt minimalizo-
vané.

4) Preventivna idrzba

Hlavné ¢innosti preventivnej udrzby mu-
sia byt vykonané mimo normalnu ope-
racnu periodu. Nasledujuce sa vztahuje
na Cinnosti preventivnej drzby vykona-

failure does not result in a critical failure,
and that there is graceful degradation of
equipment function or performance under
failure conditions.

E. Maintainability

(1) General Policy

The general on-board maintenance policy
should be to replace failed items at RU or
sub-assembly level.

Electronic test equipment, excluding BITE,
required for repair and maintenance should
be selected from the Common Range Elec-
tronic Test Equipment (CRETE) range,
whenever practicable. Any exceptions to this
are subject to the Participants Project Man-
ager approval.

2) Active Repair Time

The median (50th percentile) and the upper
(95th percentile) active time to repair/restore
the system performance after failure using
specified repair procedures and resources
shall not exceed 35 minutes and 150 minutes
respectively.

A3) Corrective Maintenance

Failures, which are capable of being repaired
at sea, shall be repaired by replacement at
module or sub-assembly level. Any require-
ments for system tuning after such replace-
ment shall be minimised (ideally elimi-
nated). Non Repairable at sea failures (i.e.
those relating to units not normally carried
as onboard spares) shall be minimised.

“4) Preventive Maintenance

Major preventive maintenance activities
should be carried out outside the normal
operational period. The following shall apply
to Preventive Maintenance activities under-
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vanych pocas operacnej periody:

(1) Prestoj pre akukol'vek c¢innost
preventivnej udrzby v priebehu 45
diovej operacnej periddy nesmie
prekrocit’ 1 hodinu a

(i1))  celkovy prestoj pre Cinnosti pre-

ventivnej udrzby v priebehu 45
diovej operacnej periddy nesmie
prekrocit’ 20 hodin.

8. Poziadavky dostupnosti pre
pozemny radar

Toto je priklad Specifikdcie poziadaviek
na zariadenie, ktoré ma dlha dobu nepre-
trzitej ¢innosti, tak ako napr. radar riade-
nia vzdus$nej (leteckej) prevadzky, ktory
moze pracovat’ 365 dni vroku a ktory
modze byt mimo vykon iba pocas preven-
tivnej udrzby v presne vopred urcenych
limitovanych periddach. To predpoklada,
ze dodavatel' poskytne vsetku podporu
nevyhnutni pre udrzanie pozadovane]
dostupnosti.

a. ,,Radarovy systém musi mat ope-
racnu dostupnost’ 98%°.

b. Ziaden neplanovany prestoj nesmie
prekroc€it’ 15 minnt.

c. Dodavatel ma poskytnat uplnu
podporu pre udrzanie skor spome-
nutych poziadaviek a popisat’ Struk-
tury na poskytovanie takejto pomo-
ci, vratane zariadeni dodavanych
kupujucim.

d. Dodavatel' musi stanovit’ pozadova-
né preventivne ¢innosti, ich trvanie
a periodicitu. Dodéavatel' musi tiez
stanovit MART a 95% percentilny
Cas opravy pre radarovy systém.

taken during the operational period:
(1) the down-time for any one Preventive

Maintenance activity during the 45 day
operational period shall not exceed one
hour; and

(i1) The total down-time for Preventive ma-

intenance activities during a 45 day
operational period shall not exceed 20
hours.

Group radar availability
requirements

This is an example of the specification of
requirements for equipment which has long
periods of continuous operation, such as an
Air Traffic Control Radar, which can operate
for 365 days a year, and which can only be
taken out of service for preventive mainte-
nance at strictly pre-determined limited peri-
ods. It is assumed that the contractor is to
provide all support necessary to maintain the
required availability.

a.

b.

“The radar system shall have a mini-
mum operational availability of 98%”;
No single unplanned downtime event
shall exceed 15 minutes;

The contractor shall provide total
support to maintain the above require-
ments, and shall describe the arrange-
ments for providing such support, in-
cluding facilities to be supplied by the
purchaser;

The contractor shall stipulate preventive
actions that are required and their dura-
tion and periodicity. The contractor
shall also state the MART and the 95%
percentile repair time for the radar sys-
tem.
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0. Priklad spol’ahlivosti, dostup-
nosti , udrziavatel’nosti, bezpec-
nostnych poziadaviek pre rake-
tu (strelu).

0. Example reliability, availability,
maintainability, safety require-
ments for missile

A. Kvantitativne poZiadavky — A. Quantitative requirements —
profil Zivotnosti life profile
(1) Kvantitativne poziadavky tcin- (1) Quantitative system effectiveness

nosti systému

Uginnost’ systému je pravdepodobnost’,
ze raketa uspesne splni operanu pozia-
davku v stanovenom case ked operuje
v stanovenych podmienkach prostredia
aulohy. Je to kombinovand pravdepo-
dobnost, ze raketa je pripravend na vy-
strel a ispeSna po vystrele a je definova-
na ako pravdepodobnost uspesnosti P
pre stanoveny profil zivotnosti a ulohu.
Pozri priklad v tab. A1 uvedenej nizsie.

requirements

The system effectiveness is the probability
that the missile can successfully meet an
operational demand within a given time
when operated under specified condition of
environment and mission. It is the combined
probability that the missile is available at
launch and successful after launch and is
defined as the probability of success P for a
specified life profile and mission. See exam-
ple in Table Al below.

skugka | skuska skuska skuska
stav necinnosti - skladovanie |preprava skladovanie |lietadlo |vypalenie rakety
(zékladnd mierna 20° C) (auto 30°C) | (zakladna 70° C 70° C
pevna 30° C)
(19.5 roka) (10 h) (6 mesiacov) |(2h) (10 min)
FAZA: A B C D E
Tabulka Al: Profil Zivotnosti strely a iloha

test ‘ test test test
storage-dormancy mode transport storage aircraft missile launch
(Ground Benign 20° C) (Ground Mobi- | (Ground Fi- | (Aircraft (Missile

le 30° C) xed 30° C) Unmanned) |Launch
Fighter 70° C | 70°C)

(19.5 years) (10 h) (6 month) (2 h) (10 min)
PHASE: A B C D E

Table Al: Missile life profile and mission
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Poziadavky ucinnosti st popisané ako:
Operacna ucinnost’ (Pg): obsahuje nasle-
dok logistickych omesSkani atd’., a je za-
lozena na operacnej dostupnosti:

P():A()*Rm

a typicka poziadavka moze byt Po> 85%

Kde:
Ao opera¢na dostupnost’
Rm = spolahlivost’ ulohy (vid ARMP-7)

Podobny pristup mdze byt pouzity pre
skuto¢nu efektivitu zalozenej na skutoc-
nej dostupnosti (A;) a typicka poziadavka
pre skutocnu efektivnost mobze byt
>0.95.

Skuto¢na dostupnost’ sa tyka iba faz A, B
aC.

B. Kvantitativne poziadavky spo-
Pahlivosti
(1) Zakladna spolahlivost’

(pozri ARMP-7)

Tato spolahlivost’ zahffia vsetky poru-
chy, vedice k technickym nezhodam
(komponent, navrh, vyroba, starnutie),
ale vylucuje poruchy, ktoré nie su zapri-
¢inené dodavatel'om, ako nespravne pou-
zivanie a zneuzitie. Tieto poziadavky sa
tykaji faz A, B a C.

Poziadavka je R=90%.

2) Spolahlivost’ ilohy
Pravdepodobnost, Ze raketa splni svoju
pozadovanu funkciu pocas trvania stano-

veného profilu tlohy.
Poziadavka je R, =97%.

The effectiveness requirements are ex-
pressed as:

Operational effectiveness (Po): includes the
effect of logistic delay times etc., and is
based on operational availability:

P() = Ao * Rm
and a typical requirement could be Po > 85%
Where:

A() =
Rm =

Operational Availability
Mission Reliability (see ARMP-7)

A similar approach can be used for Intrinsic
Effectiveness, based on Intrinsic Availability
(Ai) and a typical requirement for Intrinsic
Effectiveness could be > 0.95.

Intrinsic availability concerns only phases A,
B and C.

B.  Quantitative reliability require-
ments
0} Basic reliability

(see ARMP-7)

This reliability includes all technical non-
conformance failures (component, design,
manufacture, ageing), but excludes failures
that are not attributable to the contractors
such as improper handling and misuse. The-
se requirements concern A, B and C phases.

The requirement is R = 90%

2) Mission Reliability

The probability that a missile performs its
required functions for the duration of the
specified mission profile.

The requirement is Rm = 97%

-70 -




Slovensky obranny Standard

ARMP—+4
(3. Vydanie)

C. Kvantitativne poziadavky udr-
Ziavatel’nosti

Tato poziadavka pokryva zistenie chyby,
demontdz, opravu, opidtovnl montaz
a doby verifikacie.

Typicka poziadavka je:
(1) 75% aktivneho casu opravy by
mal byt mensi ako 3 hodiny, a
(2) 95% by malo byt menej ako 8
hodin.

Poznamka: Raketa musi byt’ konStruova-
na tak, aby maximalny cas tdrzby nepre-
kroc€il 24 hodin. To by malo byt overené
analyzou navrhu.

D. Kvantitativne poziadavky
skusatel’nosti

Pri pouziti externého skusobného zaria-
denia musi byt splnené:

(1) 90% vsetkych znamych chyb by ma-
lo byt zistenych a identifikovanych
pre jednu LRU, 95% pre dve LRU,
100% pre tri LRU;

(2) mnozstvo falosnych poplachov ne-
ma prekrocit’ 0,1% a

(3) 100% zlyhani zavaznych pre bez-
pecnost by malo byt zistenych
a oznacenych.

E. Cas zivotnosti

Strela by mala byt kons$truovana na:
(1) dobu skladovania 20 rokov (10 ro-
kov pre pyrotechnické casti) a
(2) letovy ¢as 250 hodin.

F. Kvantitativna poziadavka
bezpecnosti rizik (pozri para 210)

Ohrozenia bezpecnosti su kategorizova-
né podl'a zadvaznosti ich nasledkov nasle-
dovne:

C. Quantitative maintainability
requirements

This requirement covers fault detection, dis-
assembly, repair, re-assembly and verifica-
tion times.

A typical requirement is:
(1) 75% of active repair time shall be
less than 3 hours; and
(2) 95% shall be less than 8 hours.

Note: The missile shall be designed such that
the maximum maintenance time does not
exceed 24 hours. This could be verified by
design analysis.

D. Quantitative nestability require-
ments

Using External Test Equipment, the follow-
ing shall be achieved:
(1) 90% of all known faults shall be de-
tected and identified to one LRU, 95%
to 2 LRUs and 100 % to 3 LRUs;

(2) the false alarm rate shall not exceed
0.1%; and

(3) 100% of safety critical failures shall be
detected and indicated.

E. Lifetime

The missile shall be designed for a:
(1) storage life time of 20 years (10 years
for pyrotechnic equipment); and
(2) air carriage time of 250 hours.

F. Quantitative safety risk
requirement (see PARA 210)

Safety hazards are categorised according to
the severity of their consequence as follows:
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Popis Kategoria Vyznam
KATASTROFICKE I Smrt’ alebo strata systému
KRITICKE II Vazne zranenie alebo choroba

Zavazné poSkodenie systému
OKRAJOVE I Vyznamné zranenie alebo choroba

Vyznamné poskodenie systému
ZANEDBATEDLNE v MenSie zranenie alebo choroba

Mensie poSkodenie systému

Tabul’ka A2: Kategorie zavaZnosti ohrozenia

Description Category Consequence
CATASTROPHIC I Death or system loss
CRITICAL II Severe injury or illness

Major system damage
MARGINAL III Significant injury or illness

Significant system damage
NEGLIGIBLE v Minor injury or illness

Minor system damage.

Table A2: Hazard severity categories
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Pravdepodobnost’
vyskytu( rocne)

Probability
of
Occurrence

(per year)

> 1
107
107
10°
10"
107°

Akceptovatelné riziko

10

NeakceptovateI'né riziko

v’

v III II

Obrazok Al: Graf kritickosti

>1
10" :
Unacceptable risk
107
107
10

-5
10 Acceptable risk
10

I

ZAVAZNOST

v’

v III II

Figure A1l: Criticality graph

I

SEVERITY
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Maximdlne riziko (pravdepodobnost’
vyskytu nebezpecnej udalosti) je Specifi-
kované pre kazdu kategdriu aje casto
stanovené ako pravdepodobnost’ vyskytu
za rok. Typické priklady pre strelu st:

(1)1  Katastrofické 10 /rok (napr.
samovolné spustenie pohonu motora);

(2) II  Kritické 10 ~/rok (napr. neocaka-
vané rozostavenie riadenych ploch) a

(3) Il Nepodstatné 10 “/rok (napr. neo-
cakavana ¢innost’ tepelnej batérie).

Od dodéavatela sa pozaduje vykonat’ de-
tailnu analyzu rizik, predvedenie Ze rizi-
ka su identifikované, kategorizované
a obmedzené na maximalne vyzadované
urovne. Tato analyza je vykonavana pre
spokojnost’ nadobudatel’a.

The maximum risk, (i.e. the probability of
occurrence of the hazardous event) is spe-
cified for each category, and is often stated
as the probability of occurrence per year.
Typical examples for a missile are:

(1) I Catastrophic 10-6/year (e.g. Unin-
tentional initiation of  propulsion mo-
tor);

(2) T Critical 10-5/year (e.g. Unintended
deployment of control surfaces); and

(3) Il Marginal 10-4/year (e.g. Unin-
tended operation of thermal battery).

The contractor is required to conduct a
detailed risk analysis, demonstrating that
risks are identified, categorised and re-
duced to the required maximum levels.
This analysis is to be performed to the sat-
isfaction of the purchaser.
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PRILOHA B
Kvantifikicia poZiadaviek udrziava-
tel’nosti

1. Uvod

V priebehu praxe bolo zistené, ze vacSina
aktivnych Casov opravy zariadenia dodr-
ziava (riadi sa) normalnym logaritmic-
kym rozdelenim, teda tak, ze logaritmus
variantu (v tomto pripade aktivny cas
opravy) je rozdeleny normalne. Stredny
aktivny Cas opravy (MART) je Casto po-
uzivany parameter na Specifikaciu pozia-
daviek udrziavatelnosti. Aktivny cas
opravy je cas zvySeny opravarmi, za
predpokladu dostupnosti nevyhnutnych
nastrojov, nahradnych dielov a doku-
mentacie. Vylucuje to administrativne
a logistick¢ oneskorenie. Dosiahnutie
poziadavku MART je funkciou navrhu
zariadenia a preto spoc¢iva na riadeni do-
davatel'om. Je to preto zmluvny parame-
ter.

Tato priloha riesi relevantné charakteris-
tiky normalneho logaritmického rozdele-
nia a sposob, ako moézu byt €o najlepsie
vyjadrené v Specifikaciach. Taktiez pos-
kytuje, ako néavod, niekolko prikladov
hodnét relevantnych parametrov pre roz-
ne typy vyzbroje (vybavenia) a pravidiel
udrzby.

2. Prerozdelenie ¢asu opravy
A.  Normalne logaritmické
rozdelenie

Normalne logaritmické rozdelenie (s na-
hodnou premennou T) pozaduje dva pa-
rametre na jej definiciu, dva najvhodnej-
Sie matematické su jeho stredna hodnota
tm a jeho rozptyl c.

Rozptyl je definovany ako Standardna
odchylka normalneho rozdelenia vytvo-
rené¢ho po prevzati prirodzeného logarit-
mu (logaritmus na zaklade e = 2,718...)
originalneho rozdelenia.

Tieto dva parametre su taktiez vhodné na

ANNEX B
Quantifying maintainability require-
ments

1. Introduction

It has been found through experience that
most equipment active repair times follow
a log-Normal distribution, i.e. one where
the logarithm of the variant (in this case,
active repair time) is distributed normally.
Mean Active Repair Time (MART) is a
parameter often used to specify Maintain-
ability requirements. Active Repair Time
is the time actually expanded by the main-
tainers, assuming that all necessary tools,
spare parts and documentation are avail-
able. It excludes administration and logis-
tic delay times. The achievement of
MART requirement is a function of the
design of the equipment and lies therefore
within the control of the contractor. It is
thus a con-tractable parameter.

This Annex considers the relevant charac-
teristics of the log-Normal distribution and
how they may best be expressed in specifi-
cations. It also provides, for guidance,
some examples of the values of the rele-
vant parameters for different types of
equipment and servicing policies.

2. Repair time distribution

A. Log-normal distribution

A log-Normal distribution (with random
variable T) requires two parameters to de-
fine it, the two most convenient ones ma-
thematically being its median value tm and
its dispersion G.

The dispersion is defined as the standard
deviation of the Normal distribution
formed after taking natural logarithms
(logarithms to basis e = 2.718...) of the
original distribution.

These two parameters are also convenient
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vyuzitie v Specifikacidch udrziavatel'nosti

pretoze:

(1) tm je takd hodnota, ze 50% cCasov
oprav je menSich a 50% casov je vic-
Sich, to indikuje vSeobecnl uroven a-
lebo magnitidu (hodnotu) ¢asov oprav
a

(2) rozptyl 6 naznacuje rozsahy kratkej,
strednej a dlhodobej doby opravy
a bolo zistené, Ze ¢ ma vztah (neza-
visle od tm) od typu pravidiel udrzby
navrhnutych pre zariadenie (pozri pa-
ragraf 4 a tabul’ku B1).

B. Vzt’ah medzi MART a t,,

Zostavovatelia Specifikécii si Casto viac
znali MART neZ medianu tm ale je pot-
rebné byt si vedomy toho, Zze MART nie
je zhodné s tm. MART moze dokonca
vyznamne odchylit’ z bodu 50:50 rozde-
lenia, ktorym je median tm. Rozdiel me-
dzi MART a tm zavisi na velkosti rozpty-
lu o (pozri tabulku B1). Matematicky
vzt'ah je zndzorneny v rovnici (5) dodat-
ku prilohy B.

Pre logaritmické normalne rozdelenie, je
tm geometrickym medidnom rozdelenia,
zatial co MART je aritmetickym media-
nom.

POZNAMKA: Geometricky median n
pozorovani je n-ty koren produktu n po-
zorovani, zatial’ ¢o aritmeticky medidn je
sumou n pozorovani delenych n.

ones to utilise in maintainability specifica-
tions because:

(1) tm is the value such that 50% of repair
times are less and 50% are more, i.e.
it indicates the general level or magni-
tude of repair times; and

(2) the dispersion ¢ indicates the propor-
tion of short, medium and long term
repair times and it has been found that
o has a relationship (independent of
tm) with the type of maintenance pol-
icy designed into equipment (see para
4 and Table B1).

B. Relationship between
MART and t,

Specification writers are often more famil-
iar with MART than with the median tm
but should be aware that MART is not
equal to tm. MART may even deviate sig-
nificantly from the 50:50 point of the dis-
tribution, being the median tm. The differ-
ence between MART and tm depends on
the magnitude of the dispersion o (see Ta-
ble B1). The mathematical relationship is
shown in equation (5) of the Appendix to
Annex B.

For a log-Normal distribution, tm is the
geometric mean of the distribution, where-
as MART is the arithmetic mean.

NOTE: The geometric mean of n observa-
tions is the n™ root of the product of the n
observations, whereas the arithmetic mean
is the sum of n observations divided by n.
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3. Vyjadrenie poziadaviek

Pokial by nebolo nespradvne vyjadrit’
poziadavku udrziavatelnosti pomocou
medianu tm a rozptylu ¢ rozdelenia casu
opravy, menej matematicka prezentacia
mobze byt viac vhodna pre Citatelov Spe-
cifikacie. Napriklad, poziadavka moze
byt vyjadrena ako:

a... 50% aktivneho €asu opravy by ma-
lo byt menej ako ‘a’ minit a Y%
menej ako 'b” mintt, alebo

b.... X% aktivneho ¢asu opravy by malo
byt menej ako ‘¢’ hodin a Z% me-
nej ako "d” hodin, alebo

c....MART by mal byt 'm” hodin a U%
vSetkych oprav by malo byt kom-
pletovana v case ¢...

Pozndmka: Zvyc€ajne nie je vhodné sta-
novit median bez dodatocného najhor-
Sieho pripadu. V dodatku prilohy B, tm
a ¢ popisuju rozdelenie opravy.

4. Kvantifikacia parametrov

Empirické vysledky (pozri tabulku B1),
ukazuju Ze rozptyl o lezi spravidla medzi
hodnotami 0,6 a 1,4, vyssie hodnoty spo-
jené snalezmi aopravami na Urovni
komponentov, zatial ¢o nizSie hodnoty
su spajané s pravidlami oprav modulov.
Zostavovatelia Specifikacii musia pouzit’
tieto znalosti a zaistit’, Ze tieto poziadav-
ky nezahfiiaju nestale hodnoty s tymto
rozsahom bez pri¢iny.

Niektoré¢ typické hodnoty tm a o, ktoré
boli sledované v praxi st v tabul’ke B1.

3. Expression of requirements

Whilst it would not be wrong to express a
Maintainability requirement in terms of the
median tm and the dispersion ¢ of the re-
pair time distribution, a less mathematical
presentation may be more appropriate for
readers of the specification. For example,
the requirement could be expressed as:

a... ‘50% of active repair times shall be
less than ‘a’ minutes and Y% less
than ‘b' minutes...’or

b... ‘X% of active repair times shall be
less than ’¢’ hours and Z% less than
‘d’hours... or

¢ ... ‘MART shall be ‘m’ hours and U% of
all repairs shall be completed by
time ‘@’...°

NOTE: It is usually not advisable to state a
mean without an additional worst case. In
Appendix to Annex B, tm and o describe
the repair distribution.

4. Quantifying the parameters

Empirical results (see Table B1) show that
dispersion ¢ lies generally between 0.6 and
1.4, the higher values being associated
with diagnosis and repair to component
level while the lower values are associated
with modular repair policies. Specification
writers should use this knowledge and en-
sure that their requirements do not imply a
value inconsistent with this range without
good reason.

Some typical values of tm and ¢ which
have been observed in practice are pro-
vided by Table B1.
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typ zariadenia pravidla oprav tm [hodin] c MART [hodin]

raketa uroven komponen- 1,07 1,33 2,59

tov
raketa vymena modulov 1,45 0,63 1,77
(vacsi komplex ako hore)
letecky komunika¢ny komplet |aroven komponen- 1,83 1,08 3,28
(letecké zariadenie opravované | tov
v dielnach zakladne A)
letecky komunikacny komplet | uroven komponen- 1,84 1.17 3,65
(letecké zariadenie opravované | tov
v dielfach zakladne B)

Tabul’ka B1: Typické hodnoty tm a ¢
Poznamka: Tato tabul’ka je iba navodom.
equipment type repair policy tm [hrs] c MART [hrs]

missile Component 1,07 1,33 2,59

Level
missile Module replace- 1,45 0,63 1,77
(more complex than above) ment
ARC Communication Set Component 1,83 1,08 3,28
(aircraft equipment serviced in | Level
ground workshops A)
ARC Communication Set Component 1,84 1.17 3,65
(aircraft equipment serviced in | Level
ground workshops B)

Table B1: Typical values of tm and ¢
Note: This Table is for guidance only.

Napriek empirickému spojeniu  medzi
rozptylom ¢ auroviiou na ktorej je vy-
konavany servis zariadenia, neexistuju
presné¢ vztahy medzi tm ac na jednej
strane a faktormi vykonnosti udrzby,
ktoré ich urcuju, napr. podmienky pros-
tredia udrzby, kvalifikdcie persondlu,
sktsenost’ a vycvik, administrativne po-
ziadavky atd’.

Napriek tomu pri kvantifikacii poziadav-
ky udrziavateI'nosti musia byt uvazované
vSetky tieto faktory, rovnako ako pravid-
14 oprav a podpory. Malo by byt vyko-
nané jasné vyhlasenie vSetkych aspektov
udrzby vhodnych pre prevadzkovy sce-
nar, ktory ovplyvnil kvantifikdciu udr-
Ziavatelnosti .

Despite the empirical association between
dispersion ¢ and the level at which an equi-
pment is serviced, there are as yet no precise
relationships between tm and ¢ on the one
hand and the maintenance performance
factors which determine them; e.g. mainte-
nance environmental conditions; personnel
skills, experience and training; administra-
tive requirements, etc.

Nevertheless, when quantifying a Maintain-
ability requirement, full account should be
taken of these factors as well as repair and
support policies. A clear statement should be
made of all maintenance aspects appropriate
to the operational scenario which have influ-
enced the Maintainability quantification.
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DODATOK K PRILOHE B APPENDIX TO ANNEXB
Matematicka podpora normalneho Mathematical background
logaritmického rozdelenia To the log-normal distribution
A.1  Funkcia hustoty A.1  Density function
Plynulé a pozitivna ndhodna premenna T A continuous and positive random variable T
ma normalne logaritmické rozdelenie, ak has a log-Normal distribution if its logarithm
je jeho logaritmus In T, je normalne roz- In T is normally distributed with mean p and
deleny s medianom p a Standardnym standard deviation .
rozptylom o.
Funkcia hustoty f(t) normalneho logarit- The density function f(t) of the log -Normal
mického rozdelenia je dana distribution is given by
Ifno—u)?
1 2 ( o j

e ; 120, >0

(1) f(f):m |

kde p je parametrom rozsahu a ¢ vyjadruje tvar rozdelenia. Graf zavislosti f(t) je znazorneny
na obrazku B1.

whereas | is a scale parameter and s indicates the shape of the distribution. The graph of f{(t)
is shown in Figure B1.
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Obrazok B1: Graf hustoty funkcie f(t) normalneho logaritmického rozdelenia

Jednou z charakteristik normalnej logaritmickej hustoty je, Ze sa na zaciatku blizi k
nule, vzrastd rychlo na maximum a potom klesa relativne rychlym sposobom. To jednou
z hlavnych pri¢in, pre€o normélne logaritmické rozdelenie je zvyc€ajne pouzivané pre doby

oprav.
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Probability Density

G=0.6

Figure B1: Graph of density function f(t) of the log-normal distribution

One of the log-Normal density’s properties is that it is nearly zero at the beginning,
increases quickly up to the maximum and decreases then in a relatively quick manner. That is
one of the major reasons why the log-Normal distribution is commonly used for repair times.
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Stredny E(T) aodchylka Var(T) log-
normalne rozdelenej ndhodnej premenne;
mozu byt vyhodnotené pouZzitim rovnic:

)

3)

Ked’Ze normalna logaritmické hustota nie
je symetrickd, priemer aodchylka su
menej vhodnymi elementmi na popis
vlastnosti tohto rozdelenia. Pouzitie me-
dianu t, je ovela primeranejSie a moze
byt’ zisteny*

4

A.2  Matematicky vz€ah medzi

MART a MEDIANOM

Priemer casov oprav, ktory vyplyva z
normdlneho logaritmického rozdelenia
(pozri rovnicu (2)), je zvy€ajne nazyvany
stredny aktivny cas opravy (MART). S
pouzitim vysledkov z (4) v:

©)

Toto dovoluje zmenit,, pre zname o, po-
ziadavky MART na tie pre median
a naopak.

Zo vztahu vidiet’, Ze mozu existovat’ vic-
Sie rozdiely medzi MART at, za urci-
tych okolnosti, napriklad, ak ¢ = 1,4 po-
tom MART= 2,66 t,, a mdze byt zistené
ze 75% cCasov opravy je menej ako
MART.

A.3  Stanovenie rozdelenia
z poziadaviek

Normalne logaritmické rozdelenie moze

Mean E(T) and variance Var(T) of a log-
normally distributed random variable can be
evaluated using the equations:

As the log-Normal density is not symmetri-
cal mean and variance are less suitable ele-
ments to express the features of this distribu-
tion. The use of the median t,, is much more
appropriate and it can be found that:

A.2 Mathematical relationship be-
tween MART and MEDIAN

The mean of repair times that follow a log-
Normal distribution (see equation (2)) is
usually called Mean Active Repair Time
(MART). Using additionally (4) results in:

2
MART =1, exp(%)

This allows to convert, for known 6, MART
requirements to those for the median and
vice versa.

It can be seen from this relationship that
there can be large differences between
MART and t,, under certain circumstances;
for example, if 6 = 1.4, then MART = 2.66
tm and it can be found that 75% of repair
times are less than the MART.

Determination of the distribution
from the requirements

A3

The log-Normal distribution can be com-
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byt Uplne stanovené, ak st zname dva
parametre p aoc. V sulade so (4) modze
byt pouzity median t, namiesto L.
V porovnani s ostatnymi rozdeleniami
pravdepodobnosti normalne logaritmické
rozdelenie nie je v tabulkéach. Téato nevy-
hoda méze byt I'ahko prekonana rovni-
cou

(6) X =
ktora transformuje normalne logaritmické
rozdelenie do Standardného normalneho
rozdelenia.
Preto sa tento vztah moéze pouzit’ pre pri-
klady poziadaviek uvedenych v paragrafe 3:

Priklad (A):

» - 30% aktivneho casu opravy musi byt
menej ako ‘a’ minit a Y% menej ako b’
minut..*

Median t,, je dany a =ty .

Zo (6) moéze byt odvodeny nasledujuci
vzt'ah:

(7)

o)

pletely determined if the two parameters p
and o are known. According to (4) the me-
dian t,, can also be used instead of .
Compared with other probability distribu-
tions the log-Normal distribution is not ta-
bled. This disadvantage can easily be over-
come by the substitution

In7T—-u

which transforms the log-Normal distribu-
tion into the standard Normal distribution.
Therefore, this relationship can be used for
the examples of requirements given in para-
graph 3:

Example (A):

“...50% of active repair times shall be less
than ‘a’ minutes and Y% less than ‘b’ min-
utes...”

The median ty, is given by a = ty,.

From (6) the following equation can be de-
rived

kde B je percentil Standardného normélne-
ho rozdelenia pre pravdepodobnost’ Y%,
ktora moze byt’ ziskana z tabul’ky. Niektoré
typické hodnoty su:

where [ is the percentile of the standard
Normal distribution to probability Y%
which can be obtained from Tables. Some
typical values are:

Y% |60 70 80

90

95 99 99,9

0,253 0,524 0,842

B

1,282

1,645 2,326 3,090

Preto druhy parameter c moze byt stano-
veny z (7):

O'=l1n—

Therefore, the second parameter s can be
figured out from (7) to:

b

a
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Numericky priklad: a = 45 minaut, Numerical example: a = 45 minutes,
b = 240 minut b = 240 minutes
Y=90% Y= 90%
Tieto hodnoty vedu k: t,= 45 minut, These values lead to: tm = 45 [min];
u = In45=3,807 n = In45=3.807;
1 240
= In—=1,306
1,282 45
Priklad (B): Example (B):

,»--.X percent aktivneho ¢asu opravy musi
byt menej ako ‘¢’ hodin a Z % menej ako
"d” hodin..*

V tomto priklade moéze byt rovnica (7)
pouzitd dvakrat, nahradenim b a § znakom
c avy, a potom nahradenim b a  znakom d
ao. Mozeme to ziskat’ cez 2 rovnice na
stanovenie t, a G:

1
o=
9) th,=c¢
Numericky priklad: ¢ 2,5 hodin
X = 60%
d = 18 hodin
Z 99 %
Vysledkom je:
1 18
, . 0=———In—=0,952
Vysledkom je: 2326-0253 2.5

tn =2,5.¢ *092=1 965

ap=1In1,965=0,675

Priklad(C):

»--MART musi byt ‘'m” hodin a U% vset-
kych oprav musi byt hotovych do casu
1.

“ X% of active repair times shall be less than
‘c’ hours and Z% less than ‘d’ hours...*

In this case equation (7) can be applied twi-
ce, replacing b and B by ¢ and y respectively,
and then replacing b and B by d and &. One
can obtain then two equations to determine
tmand o :

Numerical example: ¢ = 2.5 hours
X = 60%
d = 18 hours
Z = 99%

This results in:

Example (C):

“... MART shall be ‘m’ hours and U% of all
repairs shall be completed by
time ‘f...”

_84 -




Slovensky obranny Standard

ARMP—+4
(3. Vydanie)

Pre tento pripad mozu byt pouzité rovnice
(5) a (7), (7) s primeranym oznacenim 'f’
a ‘¢’ namiesto b a f3, ktoré vedu ku kvadra-
tickej rovnici pre o. V zavislosti na rozli-
Seni moze taktiez ziskat’ dve hodnoty pre o
alebo eventudlne komplexné cCislo. Kom-
plexné cislo mdéze poukazovat’ na to, Ze
poziadavky si vzajomne odporuju a z tohto
dovodu by mali byt prehodnotené. Ak st
vysledkom dve (realne) hodnoty, jedna
znich by mala byt vyrieSend vypoctom
medianu tm, ktory musi byt’ v stanovenych
realnych hraniciach.

Riesenie kvadratickej rovnice:

This case can be covered by using equations
(5) and (7), (7) with appropriate denotations
‘ and ‘@ ‘ in lieu of b and B, which leads o
a quadratic equation for . Depending on the
discriminant one can obtain either two va-
lues for o or possibly complex numbers.
Complex numbers may indicate that the
requirements are contradictory and should
therefore be reviewed. If the result consists
of two (real) values one of them can be sol-
ved by calculation of the median tm which
shall be within certain, realistic limits.

The solution of the quadratic equation is:

10) 0,=¢* |p>+2.In| 2
(10) o,=¢t [p"+ n(f]

Nakoniec, median t,, je dany vztahom:

Finally the median t,, is given by:

(11) t, =1.e"

Numericky priklad: m = 75 mintt Numerical example: m = 75 minutes
f = 240 minat f = 240 minutes
U = 95% U = 95%

Pre ¢ = 1,645 rovnica (10) bude

As ¢ = 1.645 equation (10) becomes

01, =1,645+/0,3797 =1,645£0,616 =<2,

Pri pouziti tohto vysledku a (11) je

vysledok:
tmi2 = {

Pretoze median je mens$i ako 6 minut, zda
sa byt neredlna a naviac, hodnota ¢ patria-
ca k nej je mimo empiricky ziskany rozsah
(pozri Priloha B, paragraf 4) je pouzité
druhé rieSenie.

Teda

5,82

44,16

Using this result and (11) leads to:

Because a median of less than 6 minutes
seems not to be realistic and, additionally,
the o value belonging to it is outside the em-
pirically observed range (see ANNEX B,
para 4) the second solution is used.
Therefore,

c =1,029 ap=1In44,16=3,788

-85 -
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