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Abstract: In this paper, the predictive reliability study it has been made analyzing the failure modes of
elements, starting from undesirable events. The events tree of BV it has been represented in view of the
undesirable hypothesis (events), like: the failure of a function (f;); the failure of a BV subsystem.

1. Introduction

In this second paper it has been continued the studies of BV predictive reliability
using the failure and events trees.

During the reliability analysis, the butterfly valve (BV) from HPP Remeti, it has been
regarded like a system compound of following subsystems:

¢ The closing subsystem (CSS);

® The sealing subsystem (SSS);

¢ The control subsystem (NSS);

e The operate subsystem (OSS);

e The protection subsystem (PSS).

2. The reliability analysis of BV using the failure and events trees

For a profound understanding of the BV elements failure modes, in succession it is
presented a case study for BV 360-170 from HPP Remeti (table 1).

Table 1 Failures modes of BV elements

Subsystem Elements Failures modes Symbol
0 1 2 3
e flaws or holes (pore appearance) F4
* solid bodies accumulations F2
the carcass [ 4 fixed joining surface of two semi carcass | Fs
wear (upstream and downstream)
e wear of assembling elements (screws) Fq
* wear Fs
the shutter disk | e deviation ~ (changing  the  functioning | Fs
cSsS parameters)
e cavitation F7
e shutting of Fs
e greased absence Fo
e wear Fio
_ e screws deterioration Fi1
the spindles g \year of sealing elements (rubber seals, quad | Fiz
rings)
e searing sleeve Fis
» change of dimension, flare and ovality Fia
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the arms * shutting of pin tearing Fis
e shutting of Fis
the sealing seat | e wear Fi7
e the pshycal-chemical properties changing Fis
the sealing e the pshycal-chemical properties changing Fig
SSS elements e wear Fao
e wear of control elements Fo1
the rubber seal | e seal breakage Foo
e stressing up to specified limits Fos
manual » functioning parameters changing Fos
e interruption Fos
automatic e functioning parameters changing Fo7
NSS e interruption Fos
the protections | e interruption Foo
e unidentified Fso
* needle blocking Fs;
e sticking the sealing surfaces Faz
the needle valve [ o wear of assembling and fastening elements Fas
(screws, pins)
e the rod thread deterioration Faa
e servomotor functioning parameters Fas
modification
e wear of piston Fas
e the rod thread deterioration Fa7
the servomotor | « wear of sealing elements (seals, rings) Fag
e wear of assembling and fastening elements Fao
(screws, pins)
e wear of rod head bushing Fao
e wear of servomotor pin Fa1
e wear of slide -valve Fao
the control valve | e the tilting screw deterioration Fas
with e the rod thread deterioration Fas
electromagnet "y \year of sealing elements (seals) Fas
0SS e wear of a;ssembling and fastening elements Fae
(screws, pins)
e the electromagnet spring distortion Fa7
e the electromagnet coil tension absence Fas
e the insulation parameters modification Fao
* unadjustement motion Fso
the constriction | e wear of sealing elements (seals) Fs1
valve with | o wear of valve seating Fso
double direction "y girain of valve springs Fs3
e the valve balls deterioration Fs4
e wear of fastening and anchoring elements Fss
* noises in pipes Fse
* flaws or holes pipes Fs7
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the operate e wear or unadjustement of fittings Fss
circuit e MCA unadjustment Fso
* water losses Feo
e the oil pressure absence Fe1
e wear of assembling and fastening elements Fe2
the manual (screws, pins
pump e wear of sealing elements (seals) Fe3
e the inlet and outlet valve unadjustement Foa
e noises and vibrations during functioning Fes
e manual pump functioning parameters
the lubricate | modification Fes
circuit * flaws or holes pipes Fez
* il losses Fes
* valves unadjustement Feo
the signaling | e wearing F7o
devise * unadjustment Fr1
PSS the pin tearing | » wearing Fz2
e torn Fzs
the differential |  wearing F74
manometer with | e functioning parameters modification F7s
electric contacts
the level relay | e wearing Fze
e functioning parameters modification F7z
the end running | e wearing F7s
limits e unadjustment r Fzo

In figure 1, it has been represented the events tree related to the undesirable event
“catastrophic failure of BV operate subsystem”. In figure 2 it has been represented the
events tree related to undesirable event “the failure of BV closing-sealing function, f,”.

The probability appearance of undesirable event “catastrophic failure of BV closing
subsystem” is:

Foss =Fnv +Fs +Fcve +Fev +Foc +Fup (1)
5 9 1 9 9
Fnv =D FaisFs = D Fai + > FaisFove = 2 FaisFov = 2 Feis
= =6 =0 -2 i=5 @)
9 1 5
Foc = 2 Fsi + 2 Fei: Fmp = _Fei
i=5 =0 =2

Fi — the probability appearance of F; fault; Fj - the probability appearance of Fj fault.
Knowing the failure probability value (Foss) it has been evaluated the others reliability
indicators:

Ross =1-Foss:Boss (Ta)=FossXTa (3)

Base on the graph represented in figure 2 it has been wrote the relation of the
probability of undesirable event appearance, “failure of BV closing-sealing function”:
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. - 9 9 3
P(f,)=Prob(CSSUSSS)=Fcss +Fsss = Y Fi + > Fii+ > Fa 4)
i=1 i=0 i=0

4. Conclusions

As a result of analysis and studies achieved it obtained that the butterfly valve
reliability it is important for the HPP reliability. The predictive reliability analysis it has been
continued using the failure and events trees. Base on them it can evaluate, also the
reliability indicators.
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Catastrophic failure of BV operate subsystem
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Fig. 1 The events tree related to the undesirable event ,,catastrophic failure of BV operate subsystem”
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Fig.2 The events tree related to the undesirable event failure of BV f, function



