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ABSTRACT: In this paper, the problem of reliability
with a fuzziness is discussed by means of fuzzy ma-
thematics. This paper describes the basic concepts
(definition of fuzzy reliability, fuzzy subsets of
reliability, fuzzy failure) and the major indexes
of fuzzy reliability. The purpose of this paper is
to provide the new concepts and method which can be
used in calculation of the fuzzy reliability for
different systems.
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I. BASIC CONCEPTS OF FUZZY RELIABILITY

1. Definition of general fuzzy reliability

The definition of general reliability is expressed as
follows: "Fuzzy reliability is the ability of a device
verforming its purpose in varying degrees of success for
the period of time intended under the operating conditions
encountered".

It should be observed that the definition stresses
five elements, namely, ability, device, performance in vary-
ing degrees of success, time, and operating conditions.
This performance is called fuzzy performance.
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Prom the point of view of fuzzy probability theory,
the problems of fuzzy reliability are classified as three
nodesy namely, fuzzy event-accurate probability (i.e. FA
node), clear event-fuzzy probability (i.e. CF mode), and
fuzzy event-fuzzy probability (i.e. FF mode). The defini-
tion above mentioned completely contains these three modes.

In view of the definition of fuzzy reliability, at first,
there is no mistaking what the fuzzy reliability is aimed
ats next, the fuzzy reliability is development of the
general reliability.

2. Puzzy subsets of reliability

The fuzzy performances may be expressed by fuzzy sub-
sets by means of constructing rule of fuzzy language in
fuzzy mathematics. At first, the fuzzy performances are ex-
pressed by two fuzzy subsets, namely, "large performance” |
and "small performance". Next, we make use of language Ope-
rators in order to differentiate varying degrees of "large
performance” and "small performance". The language opera-
tors may be classified as mood operator, fuzzy operator and
judgement operator.

By means of mood operators —— "more", "very" and "ex-
tremely", fuzzy performance subsets are classified as eight
types, namely, "extremely large performance" (i,e. "extreme-
1y reliable device"), "very large performance” (i.e. "very
reliable Aevice"), "Large performance" (1.e. "reliavle de-
vice"), "more large performance" (i.e. "more reliable de-
vice"), "more small performance" (i.e. "more unreliable de-
vice"), "small performance" (i.e. "unreliable device"),
"yery small performance” (i.e. "very unreliable device")
and "extremely small performance" (i.e. "extremely unreliable
device"). )

In the same way, by means of the fuzzy operator ("pro-
bably") and the judgement operator ("be tend to"), the fuzzy
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performance subsets may be classified as sixteen types.

If consider different compositions of the mood operator,
the fuzzy operator and the judgement operator, then the
quantity of fuzzy performance subsets still increase.

Except for the language operators are applied, we also
make use of the concept of complement set and the operation
rules of the language value in order to further differ the
fuzzy performance subsets.

In short, by means of the methods above mentioned, the
various fuzzy performances may be expressed by the various
fuzzy subsets. These fuzzy performance subsets may fully
satisfy the requirement for researches on fuzzy reliability.

3. Fuzzy failure

The definition of fuzzy failure is expressed as fol-
lows: "Fuzzy failure is a phenomenon, that appears when the
true values of performance indexes of a device break away
from the 1imits permitted by the'performénce specification
in varyine degrees. ‘

In fuzzy reliability theory, must differentiate the
degrees of the large failures and the small failures, the
many and little indexes in excess of the limits permitted
by performance specification of a device, the easy main-
taining works and the difficult maintaining works.

Bvidently, the fuzzy failure subsets correspond one by
one to the fuzzy performance subsets.

II. MAJOR INDEXES OF FUZZY RELIABILITY
411 indexes of the fuzzy reliability are classified as
three modes, namely, FA mode, CF mode and FF mode. Now we
discuss the indexes of FA mode. Indexes of FA mode may sa-—
tisfy various operations of classical mathematics and
general probability theory, due to they all are numerical
values. |
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1. Fuzzy reliability

The definition of fuzzy reliability is expressed as
follows: "Puzzy reliability is the probability of a device
performing its purpose in varying degrees of success for
the period of time intended under operating conditions en-
countered"”, and that is denoted by the sign R. Evidently
R is a function of Aj. The sign Aj denotes discussing one
of fuzzy performance subsets. Certainly, this definition
completely contains the three modes above mentioned.

Now we shall derive the expression-of FA mode for the
fuzzy reliability. If the sign A denotes that a device
performs its purpose adequately, then in terms of the de-
finition of fuzzy conditional probability, we have

P(AAA3) = P(A1]4) P(A) (1)

According to the definition of general reliability (R) and
the definition of fuzzy reliability (R), we know

P(4) = R P(AAA3) =R (2)

where the sign A denotes algebraic product.
Substituting Bq. (2) into Eq. (1), we obtain

R =P(a;]4) R (3)

Suppose that‘pAi(R) is the degree of membership of R in 4,
and substitute p, (R) for P(A;]A), then
~1

R =}1Ai(R)R (4)
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If the sign,éi denotes one of fuzzy performance sub-
sets from "more large performance" to "extremely large per-
formance”, then R and R have a same tendency when they vary
with time, i.e. R is a monotomic decreasing function (as
shown in Fig. 1).

If the sign A; denotes one of fuzzy performance sub-
sets from "extremely small performance" to "more small per-
formance”,‘g,have a tendency as shown in Fig. 2 when it vary
with time.

f '

‘R) (R
}ﬂ%i( )iéi( )

Fig. 1 Fig: 2

The fuzzy reliability (R) also may be expressed in
terms of a probability density function [p(t)] for general
reliability theory. According to general reliability theory,
we have |
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R = j: p(t)at
Substituting it into Bq. (4), we obtain

R=py, (R) f: p(t)dt (5)

2. Fuzzy failure rate

The fuzzy failure rate is expressed in terms of a prob-
ability happened to one fuzzy failure per unit of time, and
that is denoted by the signA.

Now we shall derive the expression of FA mode for the
fuzzy failure rate. Suppose that the sign By denotes that
a device not heppen to one fuzzy failure over interval co,
t 1, and the sign B, denotes that a device happen to one
fuzzy failure over interval(t, t + dt}, then in terms of
the definition of fuzzy conditional probability we have

P(B1AB))

P(B,!B,) =

(6)

If the sign T denotes time not happened to one fuzzy failuxje,
then we have *
BIABy = "t<Tgt + ar”

B1 = "T>¢"
Substituting they into Eq. (6), we obtain
\ P(t< Tt + dt)

P(T>t)
P(T<t + dt) - P(Tg t)
P(T>¢)

P(By|By) =

~

Bt + at) - E(%) aF(¢)

P(T >4) P(T>t)

II
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where E(t) is the probability distribution function of T,
and P(T>t) = R.

According to the definition of probability distribu-
tion function, we have

F(t) @ P(Tst) =1 -P(T>t) =1 - R

Thus
a(1 - R) dR,
P(B,|By )= — = = - — gt
~ R Rat
Therefore
4R
A=- (7)
}j: dt

Substituting Bq. (4) into Bq. (7), we obtain

ACpy, (R) RJ Wy, (R)
?Lv = = ﬂ.-—-l (8)
Py, (R) R at Py, (R) at

where A is general failure rate.
Now let us consider the problem expressed Rbya . In
terms of Bq. (7), we have
1

Adt =—dR
~ R

~,

Integrating this equation over interval Lo, t], we obtain
t
J adt = -1n R
0 -~

Therefore

}t dt
p-e "% (9)



165
ifz'\.’ is equal to constant, then
- At
R=¢@ (10)
A»
3« Fuzzy mean life

The fuzzy mean life is expressed in terms of a expec-—

tation of time not happened to one fuzzy failure, and that
is denoted by the sign MITF.

According to definition of a mathematical e xpectation,
we have

arF (t)
re = §v (E
at
®w  3(1 - R)
= ft at
° at

=—ftd§,

By means of a integration by parts and L'Hospital's rule,
we obtain in conclusion

MTTF=fg,dt (11)

Now let us consider the problem expressed MITF by A
Substitut ing Bq. (9) into Bq. (11), we obtain

%

- [Faat
MTTF=’€ L2 at
P W 4 (]

(12)
If A is equal to constant, then
oy - et ar - L (13)
Thus

-t /MTTF
R = e P Y
N

(14)
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4. Mean time between one fuzzy failure (MTBF)

MIBF is the fuzzy mean 1life for a repairable device.

5. General fuzzy maintainability

/ We define the general fuzzy maintainability as the abi-
lity of a device recovering its purpose in varying degrees
" of success for the period of time intended under the re-
pairing conditions encountered.

Major indexes of general fuzzy maintainability are the
fuzzy maintainability (M), the fuzzy repair rate (?i) and
the fuzzy mean repair time (MITR).

@® Puzzy maintainability (1)

We define the fuzzy maintainability as the prqbability
of a device Mseovering its fuzzy performance for the period
of time intended under the repairing conditions encountered.

In the same way as the fuzzy reliability we have

where M is general maintainability of a device; Ei is one
fuzzy subsets of a device recovering its one fuzzy perfor-
mance, i =1, 2, ..., n.

@ Fuzzy repair rate (}\1)

The fuzzy repair rate is expressed in terms of the
pro#ability of a device recovering its one fuzzy performance
per unit of time. '

In the same way as the fuzzy failure rate we obtain

aM 1
= . (16)

vhere is the repair time.
® TFuzzy mean repair time (%)
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MITR is mean repair time of a device from happening to
one fusgy fallure to recovering one gy performance.

In view of the definition of general fuzzy maintain-
ability: At first, there is no mistakil what the fuszy
maintainability is aimed at. The values of the fuzzy main-
tainability indexes vary with Bj. Rext, the fuzzy main-
tainability is development of the general maintainability.
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