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The present paper intends to overview the
problems of the failure causes and effect analggis
water supply systems. The author's efforts were
channeled to systemizing, classifying and adagtieg
content to the hydraulics engineering field.

1. Failure Causes

In the analysis of failure possibilities, of notigi the secondary
faults and foreseeing the adequate compensatorysuresa the
identification and description of all the potent@duses of each analyzed
failure mode is necessary.

The analysis of the faults has been done togethigh whe
identification of failure modes.

The failure effects, the consequences of eachréaituwode has been
estimated both at the level of the analyzed compiprend also at the
superior level.

Thelocal effectnotion means the consequences of the failure mode
upon the studied element from the system. The gser of the local
consequences, and also of the secondary effeats |& to establishing the
replacement or recommendation of adequate corctiona solutions.

The general effectnotion (at the system level) means the influence
of a possible failure upon the highest level of flystem. Generally, the
final effect is produced by a multiple fault orltae, fact which implies the
analysis of all the superior intermediary levelglsd production spot up to
the highest level.

Each analyzed failure mode needs the methods sidpyaivhich it
can be identified. As the analyzed water supplytesysincorporates
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redundant elements, the notification of the idérdiion method or methods
of their failure during normal functioning, is nesary.

The existence of a flaw in the system implies thplementation of
some compensatory measures, which measures sdethbgirevention and
also the reduction of the consequences of the aedlailure mode.

In order to optimize the reliability of a water glp system, the
prevention methods are very important and not thetisns for fixing the
faults, in consequence the use of the followingpdures is recommended:

» Reducing the possibility of a failure by using soswety
devices and an adequate maintenance;

» Limiting the effect propagation in the system byngssome
structures or redundant elements, as well as signand
alarm devices;

» Diminishing the consequences’ gravity by using thee
protection devices or the existence of store elésnesich
automatically undertake the tasks of the fault phas

2. Risk Evaluation

The risk evaluation for each analyzed failure ma&leone on the
basis of some gravity (of consequences) rate sealdsthe possibility of
producing these events.

By establishing a scale of values which shouldvallbe estimation
of consequences’ gravity according to certain gatewe can define the
criticality and risk concept. The relevant criterdnich establish the risk
degree are the following:

accidents (injury, death) of persons;
the loss of one or more functions of the system;
affecting the environment;
. the equipment’s failure.
Estimating the emergence of a failure mode frequexan be done
in two ways:
a) determining the gravity level of failure mode or thasis
of failure rates afferent to the systems’ elements;
b) evaluating the failure modes identified in F.M.EAC.
(Failure mode and effect and criticality analysisjerms
of achievement probability.
In the following table is presented the estimatioode of the gravity
level for the analyzed water supply system, takirig account the criteria
mentioned before.
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Level of Defining Conditions

Gravity
1 Susceptible of harming the well functioning of tegstem, negligibl
deteriorations on the system and the environmeittipwt risk for people.
2 It harms the well functioning of the system, withoimportant|

deteriorations and without presenting a considerebk for people.

The loss of one or more essential functions of shstem, importar
3 deteriorations of the system and environm@nésenting a negligible ri
in harming or death of people.

The loss of one or more essential functions of shstem, importar
4 deteriorations of the system and environment, prt@se an imminent ris
in harming or death of people.

In the second case, the estimation of the prooicgrobability
levels for the failure modes is done on the bakike@ proportion out of the
total probability failure F(t) of the system forgaven operation time. In the
analysis for the technical and technological systetime general probability
levels are:

very low probability: < 0,01 F(t);
reduced probability: (0,01 ... 0,1) F(t);
medium probability: (0,1 ... 0,2) F(t);
high probability: > 0,2 F(t).

By evaluating the probability and risk degree d&iture emergence,
the quantitative estimation of the risks associatedhe different failure
modes of the system becomes possible.

Frequently, for evaluating the risk associatethefailure modes, a
matrix is used, called the risk matrix, which camsathe levels of gravity in
the y-coordinate, and in the x-coordinate — thebabdlity levels of the
failures. The risk class is expressed with the loélp number made up of
two digits, resulting from the combination of theagty level with the
probability one.

The next step consists in the area delineatidhefisk matrix in the
acceptable risk areas, respectively, unacceptable.

The correction measures will be applied accorditty the
acceptability area, respectively, unacceptabilityvhich each failure mode
IS situated.

The evaluation of the risk level and the secugiyel is done on the
basis of theyravity-probability couple, according to the following table:
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GRAVITY-PROBABILITY SECURITY
LEVEL RISK LEVEL LEVEL
(1.1);(1.2);(1.3);(1.4). 1 — MINIMUM 4 — MAXIMUM
(2.1):(2.2);(2.3);(2.4). 2 - LOW 3 — HIGH
(3.1),(3.2)(3.3);(3.4);(4.1). 3 — HIGH 2 - LOW
(4.2);(4.3),(4.4). 4 — MAXIMUM 1 — MINIMUM

F.M.E.C.A.. Failure mode and effect and critigalanalysis is a
method currently used in engineering practice amlpf reliability and
security of technical systems and which presentth laalvantages and
disadvantages.

Among the method’s main advantages we can enumeélae

following:

v' it achieves a systematical identification of thasmand effect relations;

v it permits the identification of critical failure ades;

v it offers information about the propagation in thgstem of singular
failures;

v it investigates, identifies and evaluates the petidn causes and
consequences as compared to normal or faulted idmog of the
system.

Among the disadvantages of the method we can eratener

>

>

the method becomes impractical when a direct celahip

between cause and effect cannot be realized;

the analysis of the temporal variable events, efrtinstatement
processes, of the maintenance, of the ambient tonslj etc. are
completed with great difficulty;

the complex interactions between the failures @& tlifferent

elements of the system cannot be molded easily;

it doesn’t allow a single quantitative evaluation;

the number of discharge data is higher, even fetesys of low

complexity.

The failure categories frequently used in the F.)M.EFailure mode
and effect analysis) or A.M.D.E.C. according to thiek level are the

following:
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Failure Risk
category level

Defining conditions

1

Catastrophic failure: the failure cannot béoreseer|
4 by examination or supervision and it produces
total or partial loss of the system’s function.

Critical failure: failure capable to cause injas oif

2 3 death to people, as well as important materiakl®si
Major failure: failure susceptible of reducing t
3 2 capability of a more complex device to fulfill f
specified function.
Minor failure: failure which is not susceptible
4 1 reducing the capability of a device to fulfill th
specified function.
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