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Abstract:

The study of the efficiency of the reliability of systems or productive systems in scientific life has a significant and
important role in the scientific and technological development of these systems. This study deals with the superiority of
mass fuzzy exponential distributions (exponential, wibble, kama, natural logarithmic) in measuring the reliability of the
machines of the successive system.

The applied study included data taken from the Diesel Station north of Diwaniyah, which is the time of failure and
taken to a single block consisting of five machines operating respectively.

The most important results of the study are that the data follow the distributions of the mass fuzzy exponential and
the best distribution is the natural distribution logarithmic as the owner of the highest reliability as it turns out that the
machines decreased significantly and largely because of the lack of preventive maintenance of these machines because of
lack of equipment backup materials as a result of the austerity policy as well as the poor fuel used in operation.

Keywords: Fuzzy reliability - Wibull distribution - fuzzy gama distribution - fuzzy groups

Introduction

The Reliability has become an important aspect of the
life and effectiveness of equipment and machinery. The
interest increased during the Second World War and
expanded in the recent years as a result of rapid
developments and the use of electronic devices and
complex systems. The time of this development has
been increased interest in studying the causes of
holidays that result in the cessation of machines and
devices at different , the breakdown of these machines
and devices leads to material losses as well as low
production ,

The Parallel production systems consist of many
production systems and the effectiveness of these
systems can be determined by reliability. Validity
suggests that the system is effective or ineffective.

The concept of reliability is the possibility of the ability
of the machine or the device to complete the operations
of non-failure (malfunction) either statistically, the
reliability is the possibility that the machine or the
device is working to accomplish a certain work for a
period of time until the breakdown in this machine, Its
occurrence is how long it will take to be repaired.
Mistakes have an effect in the decision-making process
to solve any problem. In practice, most of the problems
faced by researchers may suffer from a lack of
information or inaccuracy in the collection process.
Adversely affect the solution of these problems.
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The phenomenon that has the fuzzy character estimate
the remaining time of the cancer patient misery of
treatment for survival may determine the doctors a
number of months and four months to stay alive and
then will die life until we find that this patient may
leave life before or after this time and hence the soul ,
The variable age of the patient is a misty variable, and
other phenomena that have the fuzzy characteristics,
the estimate of the operation period of the machine
through the operating life of the machine and the
expected time period in which the machine works
without failure, such as working for two years, but this
machine may fail before the period due to certain
circumstances as high temperature or because of poor
fuel and other factors that led to the breakdown of the
machine ahead of time for breakdown, and here we find
that estimate the function of the machine reliability and
probably two years is hazy number.

Research problem :

The Diesel station north of Diwaniyah suffers from
sudden stops at its engines, which have a negative
impact on the production of electric power , as well as
the lack of accuracy in times of breakdown and
operation and we will study the fuzzy reliability .

The Search's Goal:

1- Calculating the reliability function of the system and
the normal way of blurred failure times, which follow
the exponential distributions of mass exponential and
using the functions of belonging and non-trigonometric
affiliation

2- Studying the distributions of mass fuzzy exponential
and finding the preference of the exponential
distributions of the Fuzzy groups in the calculation of
the reliability of the successive system.

The theoretical aspect :

1. Introduction:

The reliability function [2] is defined as the probability
that a vehicle will remain in a given system after time t,

if our symbol of reliability function is:
R@t)= p(T>t) t>0

1—1’f Odt e @

As representing  f (X) the probability density
function(p.d.f) of the random variable reliability X; any
vehicle represents the wvehicle's ability to continuity
work to certain time periods without stop working
before but in fact can be the vehicle to stop working
before the time period identified here will show the type
of uncertainty in Determination of the duration of the
vehicle's suspension, which is due to the presence of
fuzzy at the time of suspension of the vehicle and
therefore the reliability to be estimated will be a fuzzy
reliability.
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This chapter deals with some of the basic concepts in
the fuzzy  groups and clarifies the concept of
ambiguous reliability. It also includes the study of some
distributions of fuzzy failure times (The Mass
exponential )

2 - Some Basic Concepts In Fuzzy Set

The Fuzzy group theory is a generalization of classical
group theory. The set group can include the classical
group as a special case. The fuzzy group theory
mathematical deals with form strict group theory to
describe Fuzzy terminology in Fuzzy groups of
linguistic modifiers to represent the disparity slightly in
meaning, we find that the concept of the degrees of
membership or concept of values of organic
probabilistic we can get it in a simple as it can represent
a membership of some elements in the overall groups
and that this membership change from full membership
to non-membership and either have full membership or
ownership of membership or perhaps a partial
membership, and thus any phrase is described as a
mathematical function of a group of couples, each of
which value .

There are some concepts of Fuzzy groups which we
will discuss in detail as follows:

2-1 Fuzzy Groups Fuzzy Set

(( Zimmerman)) identified the Fuzzy groups as a set
of elements  that can be specific or non-specific so that
each element that belongs to Group A and will be the
degree of membership in one or non-specific to the
group and the degree of membership of zero, and allows
varying degrees between zero and one.

Thus, the group theory is characterized by the presence
of the function of affiliation so that each element of the
total group is associated with a number in the range
[0,1] represents the achievement of that element of the
characteristic which is trying to sub-group to represent
it mathematically If we had a space that includes all the
elements of a comprehensive group

X={Xi} i=12,...,n

Az{Xi c 1A (%) X eX ,yA(Xi)e(O,l)} .......... (2)
A is called a blurred group and is called a function of
belonging. We note that a function ,, (x) that is asso-

ciated with X that represents the degree of belonging
of that element to group A [8].

2-2 a-cut

Defined ¢x as the lowest degree of belonging
owned by any element of the cloud group A and the
value is within the closed period [0,1] [7]
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3-2 Membership Functions :
The main motivations for the formation of fuzzy
clusters are to deal with concepts of a hazy nature that
cannot be categorically determined. Each group A is
defined in terms of a comprehensive set X defined by a
function called the membership function
x e X and symbolized by (iyR)
indicating a wvalue in the closed period [0,1]
characterizes the degree of membership of element X in
A. The most famous of these formulas:
e Triangular-Shape Membership Function [13]
It is a function of three parameters (a, b, ¢) and
its general form

0 if Xx <a
E_a if a<x <b
luA(x,a,b,c): C——s (3)
if b<x <c
c—-b
0 if x>c

e Trapezoidal Function [13]

Is a function that has four parameters (a, b, c, d) and
can be expressed as follows :

0 X <
X —a
<x <
b_a a<x <b
Ha(X,a,b,c,d)=11 b <x <c 4)
d—x
< <
d—c c<x <d
0 X >d

e Bell function [13] is a nonlinear exponential
function that expresses the natural curve shape
and its formula:

X —ay2
,u(x):ce_(T) —0<X <00 5)

There are other functions, such as the function of
oversize and other functions.
The functions used in this research are the functions of
the triangular member ship function non-member, ship
Function and symbolizes these functions with the
symbol and the wvariance in the forgx/:()gf }z‘i‘?x)

forms : [11: pp352]:
e
INQE :::;(2 a, <x <a, (®)
0 otherwise

Each element xe X
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a—X as<x<a,

a,—8
v o (x) =12 =% <x <a @)
A a3—a2 az a3
1 otherwise
;
0.5
0 al al' az a3 a3’

Figure (1): represents the function of belonging - not
belonging to the fuzzy number (reference No. 11)

3 -The Fuzzy Reliability
The Fuzzy reliability is defined as follows:
The probability of working the vehicle with varying
degrees of success and for a period of time t When
calculating the reliability of any vehicle and for a
specified period between t1 and t2, it is certain that the
vehicle is working at time t1 but the vehicle may stop
working before time t2 ie the time of stop t2 is
something of uncertainty, For this reason, the value t2 is
ambiguous and according to the group theory, the whole
set of elements is fuzzy .

On this basis we will deal in this research with the
concept of fuzzy reliability symbolized by the symbol R
and expressed as follows:

Let R be part of a group A whereas Ais a group of
fuzzy event and if it expresses the performance of the
vehicle to be operated and reflects the performance of a
group of vehicles. From the definition of fuzzy
conditional probability we have [15]:

P(ANAI)=P(A).P(A A) )
By compensating equation (9) in equation (8) we get:
PA)=R , P(AnA)=R 9)
)

And assuming that A~ it is the degree (R) in of
bglonglng in and compensation Hp® INpaa):

R =P(A |A).R (10)

According to the definition of reliability we obtain:

R =R, (R) (L)
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In equation (8) we obtain:

R =Tf (t)dt 12)
T

R :Tf t)dt. 4 (R) (13)

We also assume that the random fuzzy variable
represents the working time t of the system components.

Itis also assumed x to have a distribution function ¢ (x )

and a cumulative distribution function g~ ) since [4:
pp1295-1298]

Fyt)=px<t)
Depending on the natural cumulative distribution

function, the mathematical uncertainty is defined as
follows:

Fx@)=p(T>t)=1-Fx ) (15)
2{[1_ Frnax (X )(e)].[1— Fmin x)(@)], [,UF (x )(a)]}

14

X : Normal random variable

Frnax (X) (): Is the cumulative distribution function of
the upper limit at the cutting level-a

Fin(0)(@) : Is the cumulative distribution function of
the minimum at the cutting level-o

F in () () : The degree of belonging to the cumulative
distribution function at the level of cutting-a

4- Fuzzy Reliability calculation of systems :

The components of any functional system are generally
related to several forms, such as sequential correlation
and parallel correlation, and there are double-
installation systems. Each of these forms has special
mathematical treatment, the results of which are
reflected in the results of the total system

4-2 Series System [5: pp74]

It consists of a set of components linked together in a
way that can be represented in Figure (2-2), which
shows the connection of the system respectively, so that
failure of one of the components causes the collapse of
the entire system and that the success of the system
depends on the success of the work of its components in
this model to obtain the highest reliability so that The
number of components is less than possible. If it is the
uncertainty of the system  of components, the
reliability of the system R4ds calculated as follows:

N represents the number of system dependencies
Rs =TTLR; an

R2 |

'R1

Figure (2): Sequential scheme scheme (pp74: source 5)
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4.2 Parallel System [5: pp74]

This system consists of a set of components that are
related to each other so that the success of the system
depends on the success of at least one component and
lose the system function when the breakdown of all
components at one time so the system's fuzzy reliability

: .

. Is the fuzzy reliability of the componenti
N': The number of system dependencies The parallel
system is represented as follows:

“

Figure 3: Parallel Link Scheme (PP75: Source 5)

—1-1i

i=1

R;) 18)

Rp
As:
R.

(16)

5 - Distributions of the exponential mass
This study included a study of a number of important
distributions in measuring reliability, including:

5.1 Fuzzy exponential Distributions

The exponential distribution is one of the most
common distributions that is a special case of gamma
distribution and is associated with some continuous
distributions such as (Pareto Distribution). If the
random variable X has a Pareto distribution with a
parameter _7the random variable Z=In(x) is distributed
in the exponential distribution L The risk function is a
constant quantity, the probability density function for
exponential distribution is as follows [16]:
f(t;A)=A8~% t-0,1>0 19)
As A itisthe parameter of measurement for
exponential distribution. If the distribution parameter is
ambiguous then the probability density function will be
defined as the following formula [10: pp75]:

f(t)=2e" t~0,1>0 (20)

f (t; )=
{f (t)[a],,uf (()l f (t)[a]f min (t)[a],f max (t)[a]”uf (t)}
fmin (t )[0{] = i nf {f (t’ i)[a]‘i € i[a]}

_ { aLlede _AL[a](t)}

(21)
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f o 2] =SUP{t (t.1)[al|2 < A[a]]

_ { Aulalg —Aulal® } 23

As:
A : Measurement parameter for exponential
distribution
f(XA ) Fuzzy probability density function
AV[ax] : Measurement parameter for minimum
exponential distribution
A[a] : Measurement parameter for upper limit of
exponential distribution
The average is:

E (0 ={% B ei[a]}

24

The distribution variation is:

(25)

var(t) = {% |1 e Z[a]}

The aggregate function (C.D.F) is
F(t.A) = }F (1)[a.f&, [F (1) =Fa (e) ] Foa (1)) i, = O’}

Foo (O[] =INF {F (1, 2)[a]|2  2[ ]}

=1-e[a] (26)
Fc(0)[] = SUP {F (x,. 1) ]| 1 £ £}
=1-¢~ M (27)

From (25) and (26) we obtain :

F (ti ,;L):[e—/u[a]t ’e—ﬂu[a]t]

The distributive reliability function of the distribution is
calculated as follows [10: pp76]:

R (t)[a]=1- sup{F(t ﬂ)[a]Meﬂ[a]}

(28)

=g (29)
Rnex (0[] =1—inf {F t, Vel ea] }
= ~A:k (30)
From (29) and (30) we get:
R(t,1) :{e_}“"[o‘]t e AVlalt } (31)

10
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5.2 — Fuzzy Log-Normal Distribution!™

This distribution is characterized by its close
relationship to one of the most important statistical
distributions and widespread, which is the normal
distribution and can clarify the relationship as follows :
If a random variable X has a normal distribution with
parameters X ~N(u,o) , a random variabley has the
natural logarithmic distribution with the same
parameters. Note that |, _a-x  the new parameters
do not represent the mean and variance of the variable.
The logarithmic distribution has the following
probability density function:

_[In 0-p
f (t;y,az):—e 2

j; t>0,—0< [<00,0°~0 (32)
ty270°

If the time of life follows the lognormal distribution of
the two parameters 4 and O , then exponential

function potential is known :

tp g )={E (el f (X)) [l £ e, frae el uf 0=t

Throughout this function we could get (C.D.F)

Flt i .6 )={FOlal. sF O F]=[F (e, Frola]), u(X) =0
={® e [a])} >

#4"= The expected minimum for failure time .
ﬂ'z The expected maximum for failure time.

oY = The standard deviation to the minimum for
failure time .

o= The standard deviation to the maximum for
failure time

By using function ( C.D.F) fuzzy we could get the fuzzy
reliability as follows :

RMO)[a]l=1-F(t,u,0)

— {l_q)(IOg(t)LiluL )’1_(I)(|Og(t ),_.7 /uu )} (34)
o (o2
And its average
y+lo-2 B -
Et)=1e" 2" /uepylal,c? eola] (35)
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And contrast:

var(T) = {[e @ _1[e2+°]/ pe ulal o2 € &[a]}

Using the CDF function. We can calculate the
reliability function of fuzzy coli:

ROLE]=1-F | =200 1 (20 2L
5-3(fuzzy Weibull distribution)

It is the most useful distribution of reliability analyzes
by controlling the distribution parameters that enable us
to make a fit for the distribution of( times) or (ages) .
The Weibull distribution of 1951 was used by the
researcher Wallodi Weibull for the experimental
demonstration of changes in expansion Iron and also
used to express the period of service spent by radio
personnel. This distribution can be shortened to the
exponential distribution when the shape parameter is
equal to one and Wipple's distribution has an increasing
failure rate when the shape parameter is greater than
one and has a decreasing failure rate when the shape
parameter is less than one.

The Variable Weibull @ =, £ and in which field g<x<w
its measurement parameter g~ g an form g>0
Therefore, the probability density function p.d.f is as
follows [3: pp200]:

f (t):(ﬂtﬂ’llﬁﬂ)e{%) t>0:4,60%0 (38)

In case the distribution parameters are fuzzy then the
probability density function will be defined as [9:

pp82]:

X

e e (01 1090 (39

f(x,é)={9[/;](

Using this function we can obtain the aggregate
function C.D.F:
F(t!é):
{FOLal. 4 | FX)[e]=[Fy, Olal, Fra O]l #FO)=a}

t Ly

~(7)
fle Pl 1 F1T) (&)

11

37) )
| (6T (A+57) | 0<bla)
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Depending on the CD.F mist function, we calculate the
uncertainty reliability function for the failure times on

(3ahe following formula:

. LIV o
Rit)[a]=1e Hlal” o 0l

and its average
(42)
Contrast :

| FIr(B+)1 B1-I{(B+D A | 0<blal} 43)

5-4 (Fuzzy Gama distribution)

One of the most important Gamma distributions used in
the field of reliability which is often used as a model for
the distribution of failure times in electrical,
mechanical, and electromechanical systems. This
distribution has the following probability density
function [2]:

f(t, 4, r):w 120 (44)
I(r)
If the distribution parameters are fuzzy , then the
density function p.d.f will be defined as follows
s At 5
f(t,A,1)= 120, 1efa], ref[a] (45)
As:
A Shape parameter
r Represents the measurement parameter
I"(r) 9amma function
It could be identify the Gama Function as follows :
F(r)zoft rDe-t dt (46)
This fun(::tion is characterized by [12]:
1- Eachr>1is r)=r-n.0@¢-n
2-for each correct number(n) is r(n)=(mn-1!

3 1
F(E) = ,\/;
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For the blended aggregate function of the Cama D.F
distribution, it is defined as:

F(t.r ) ={——(r . 2t)| rera]. A< Aal} (a7)
I'(r)
And distributional mean :
E) :{% | e dfa], rer[a]} (48)
The contrast
var(t) :{% | 2ea], rerfal} (49)
The fuzzy reliability function of the fuzzy Gama
distribution [4]:
R(t) = %F(r,lt) | Ae ], rerfa] 50)
It is defined at the a-level :
R )] = [R,[],R,[e]
as .
R o] = min r(lr)r(r ) | Aedld], rerfa] )
R[] = max F(lr)r(r ) | Aedd], rerld] 9
Applied side :

1. Introduction :

Due to the importance of the location and population
density of the Middle Euphrates region and the urgent
need for electric power, a diesel station was established
in Diwaniyah in 2012 with a design card of 196 MW. It
consists of 48 engines (generating unit with a capacity
of 4.02 MW) distributed over 8 blocks and each block
consists of 6 motors connected in parallel with auxiliary
devices Fuel purifiers, oil purifiers, water treatment
unit, oil heaters, boilers, air compressors and fuel tanks
of both types (Diesel and HFo oil). It was initially
operating on the fuel oil (Diesel) and then the automatic

(5

12
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conversion of the operation of black oil for the low
costs and economic feasibility.

2. Data collection stage :

Data on working times were collected from the
planning and maintenance department of one block
which consists of six motors connected in parallel for a
period of five months from 1/1/2015 to 1/6/2015. All
non mechanical and non-electrical stops were excluded.
In some cases, the machine may be disrupted and then
return to work on the same day before issuing the order
for that fault, thus producing inaccuracies. In running
the holidays, we are told that the holidays are
maintenance times.

The following table shows the times of holidays and
one block.

Eng.1 | Eng.2 Eng.3 | Eng.4 | Eng.5
1 32" 56~ 26~ 17" 29°
2 105~ 13° 42 22" 26~
3 42" 83" 62" 42" 22"
4 85" 61" 67" 170" 52"
5 56~ 326" 13° 88~ 87"

Table (1) shows the breakdown times for the five
machines

By collecting data and information on the production
machines at the diesel station north of Diwaniyah, the
stopping hours were obtained. As shown in Table (4-1)
we arranged these data upward and then calculated the
function of belonging to these times as shown below
and according to the formulas (6, 7)

13,22,26,29,32,45,52,56,61,62,67,85,87,88,105,170, 326

1t3_33 3<t<13
/’IE‘3 (t) = -
23-t g3 t<23
23-13
ij_; 3<t<13
Vi, (1) = .
I3 _
t-13 13<t <23
23-13

In order to obtain the fuzzy reliability is extracted
and for fuzzy numbers as shown below:

13¢ =3+10 , 23-10
22¢=12+10a ,32-10c
260 =16+10a +36-10c

138=13-105 , 13+108
228=22-108 , 13+108
268 =26-108 , 13+108
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Thus, the function of fuzzy reliability is measured by
using the trigonometric function and the non-affiliation
function, and by the type of distribution the data takes

* Measurement of the fuzzy reliability of the failure
times that follow the distal exponential mass
distributions

* If the failure times are followed for the exponential
distribution, we apply the formula (41) mentioned in the
theoretical side and using the function of belonging and
non-trigonometric affiliation

« If follow the best time to distribute and apply the
formula (56) mentioned in the theoretical part

Using the function of belonging and non-trigonometry

o If the failure times are followed for the distribution of
Gama, the formula (65) mentioned in the theoretical
aspect is applied

Adnan .S/ Safa .F

Using the function of belonging and non-trigonometry

* If the failure times are followed for natural logarithmic
distribution, the formula (47) mentioned in the
theoretical side shall be applied using the function of
belonging and non-trigonometric affiliation. In applying
the above formulas,

1- The reliability of the system is significantly reduced
as it does not return again because of the lack of
preventive maintenance on these machines in order to
increase their production capacity

2 — The fluctuation of the values of reliability
uncertainty at different levels of the values of a as the
value of the value increases the value a of the system

3 - It has been observed that the natural logarithmic
distribution is the best in the measurement of the fuzzy
dependence of the system because it is the owner of the
highest priority.

Table (2): The values of uncertainty for the failure times that follow the exponential distribution and using the

trigonometric function

2 0.1 02 03 04 0.5

- MIN MAX MIN MAX MIN MAX MN MAX MIN MAX

1 0.9953251 | 0.9999356 | 0.9959653 | 09998836 | 09965431 | 0.9998085 | 0.9970616 | 0.9997053 | 09975239 | 09995686
2 0.9720468 | 0.9928779 | 0.9742092 | 09916701 | 09762698 0.99034 0.9782294 | 0.9888837 | 09800885 | 09872979
3 0.9505615 | 0.9795584 | 0.9535541 | 0.977261 | 09564473 | 0.9748222 | 0.9592405 | 0.9722414 | 09619331 | 09695182
4 0.8335587 | 0.8674438 | 0.8387506 | 08616576 | 08438936 | 0.8557929 | 0.8489854 | 0.8498538 | 08540237 | 08438443
s 0.5208156 | 0.5193613 | 0.5274864 | 0.5111798 | 05342103 | 0.5030882 | 0.5409864 | 0.4950874 | 05478137 | 04871786

13
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Table (3): The values of the uncertainty of the failure times that follow the exponential distribution and the
non-trigonometric function

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

ey R

01741521 || 0.1732936 | 0.1639001 | 0.1868645 | 0.1542517 | 02014982 | 0.1451712 | 0.2172779 | 01366252 | 0.2342933

< 0.05908045((0.04874455 ] 0.0556025 | 0.05256183 | 0.0523293 | 0.05667803|0.04924878 | 0.06111659 | 0.0463496 |0.06590274

0.02890183(10.02038604 | 0.02720044 0.02198251 | 0.0255992 | 0.023704 |0.02409223 | 0.0255603 | 0.02267397 |0.02756197

4 0.00347958((0.00161294 | 0.00327474 0.00173925 | 0.00308197 | 0.00187546 ] 0.00290054 | 0.00202233| 0.00272979 | 0.0021807

"

4.5165E-05 |( 1.1069E-05 | 4.2506E-05 | 1.1935E-05 | 4.0004E-05 | 1287E-0S | 3.7649E-05 | 1.3878E-05 | 3.5433E-05 | 14965E-05

( Table 5)The values of uncertainty are shown for the failure times that follow the Weppel distribution and
using the function of trigonometry

a 01 02 03 o4 0os

%

!:‘ MmN W X MN MAX MN Max MmN MAX MmN e X

1 oy 0.99%9%%7 099%482 09%9%%%N 03382 0 %9%93 0 9%9%8s 09999987 0% 09999587
2 0 ¢80 09994888 09971238 09992819 oy 0NN 1N 09882228 099354898 0993823 N 03

0NIMNN 0939086 03343368 0237063 0971334 0992309 LR 1 1)

-~
-~

09907004 0% 09%085%

“
“

4 oS0 03803317 0308798 o128 08158739 03419318 03258184 08324728 0838604 032280

S Q20728 0372972 027137 03408502 028233 0HNsN eaneIn2 03378728 0Ns501 03IWaTe

14



Journal of AL-Qadisiyah for computer science and mathematics Vol.10 No.1 Year 2018
ISSN (Print): 2074 — 0204  ISSN (Online): 2521 — 3504

Adnan .S/ Safa .F

(Table 6) shows the values of the fuzzy reliability of the failure times that follow the Weppel distribution and the
use of the trigonometric function

a 01 02 03 04 0s

g{ MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
09998888 09999993 0.9993134 0.99%9983 0999942 09999964 09999595 0.2099929 0.999%87 099998722

2 09967808 099984327 0.9973647 09992366 09978583 09983889 099827268 093868 0.9982%% 0.9986177

3 098483684 09949633 0.9866952 09938836 0938539 09928373 09901759 0.99120%4 09535849 099182689

: 0.8099397 08697895 0.5204215 03606205 08307096 08511961 05407819 0.8415339 08316524 08508171

02404458 0368374 02531115 03540432 02663213 02663213 02500744 0.3265633 02343642 03134465

Table (7): The values for the uncertainty of the failure times that follow the distribution of Gama and the use of
the trigonometric function

3 01 02 03 04 0s

Z MN MaX MN MAX MN Max MN MAX MN MAX
0974 09999976 09999768 0.%99%¢2 099%82 0.99%% 09%%%71 099%9%° 0.9%%% 13 099993587

2 0S8y 0.9%9518S 0994873 0.9993%¢6 09872187 0999163 09977684 09989208 0998237 09888273

3 1028 0%%82% 033192 02458 093852301 oL 09871208 09921887 088333 09%085%4

: oTeTI2s 08632029 0se32s4 03ss19%4 0s0s 837 03492430 03K Is2 03423724 0322851 03358

S 02876003 03839:%2 02983081 03an7s2 03s3418 03283400 oaan 03189154 oNsars 03Wan
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Table (8): The values of the uncertainty of the failure times that follow the natural distribution of logarithmic
and using the trigonometric function.

©
=

02 03 o4 0s

mn MAX v MAX LA MAX MN MaX

fuzxy R
4
K
-

0 29990 0999994 099007 09090088 099999024 0.%9% 09%9%4¢ 099%%4 020996 0 9%0%3

2 0.%2%82 09994304 0% 82%u 09992083 09984283 0998919 09% 48013 09988882 onrTd N
3 09703488 0983583 0873087 0.9922001 o8N 09NN 0979%028 09883919 0827082 09389434
¢ orsane 03255274 07604 LRI AL 07688028 03105954 07738009 03031789 07802288 0795951
$ oI : e3s3m2 03IsMTR 037681 0372213 0 R0ses 03743952 03508424 03820002 03410u

Table (9): The values of fuzzy reliability of the failure times that follow the natural logarithmic distribution and
using the trigonometric function

a 01 02 o3 04 os

ES

= MmN Ma X My MaX VN MAX MiN MAX MN Ma X
0NN 1 099%¢s5 0999%% 09999304 099%9I% 09999 099%%8 09N 09%99%%¢

2 0 M4k %I Nne 09987984 098891 09N TN 04N 09%74%¢ 0997965 099351138 o aINe

3 oNin2s 04 09783478 0 904318 LR LRI by o822 Q%4422 03358342 ONEINU 09527082

‘ 07536888 0 81%4801 0 7eass LR e oTr4s822 LRl P 07884812 07900839 o TasseY 07202288

$ 0303996 LERLLA L) o382 LR L R e3nTay © 4002308 032 03%un? 0341034 03828002
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Conclusions :

1- The results obtained in the applied side in the
measurement of fuzzy reliability showed that the
logarithmic distribution is the best distribution
among distributions. The exponential mass is the
distribution with the highest reliability

2 - Due to the results obtained in the application
side, the function of fuzzy reliability decreases with
time as well as the holidays which increase with
time due to the lack of spare materials and the
equipment needed to maintain these engines for its
durability.

3- In this study, the study of the applied side
showed the fluctuation of the value of the reliability
function and the mean time by the difference of the
value of alpha .

4 - It has been concluded that the production
machines suffer from frequent delays by observing
the rate of holidays during the five months as a
result of the lack of preventive maintenance of
these engines because of the lack of equipment
backup materials, which leads to a shortage of
capacity of these machines .
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