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Abstract: Two terms for determination mean time to failure, exist, first via gamma function, and second from
distribution function for reliability or unreliability R(t) =F(t) = 0,5, are analysed in this paper. Comparison both of
terms pointed that the time to failure is direct proportional with position parameter 1 and the gamma function I”
corespond K value, both in function of shape parameter [3 also on differences between gamma I and K values and
their application, to.
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Vejbulova funkcija raspodele — izrazi za srednje vreme bezotkaznog rada do otkaza: strukture, poredenje,
razlike i primenljivost. U ovom radu su analizirana dva uslova za izracunavanje srednjeg vremena rada do otkaza,
prvo preko gama funkcija, zatim preko funkcije pouzdanosti ili nepouzdanosti R(t) =F(t) = 0,5. Poredenjem moze se
zakljuciti da je vreme bezotkaznog rada direktno proporcionalno parametru razmere n i gama funkciji I’ odgovara
vrednosti K, i u oba slucaja su u funkciji parametra oblika p, takode i razlika izmedu I'i K vrednosti kao i njihove
primene.

Kljucne reci: pouzdanost, otkaz, srednje vreme rada do otkaza, Vejbulova raspodela

1. INTRODUCTION the mean time to failure is
Starting with probability positions mean time to T = (/N) Znf(ti; + 1) ]2 = 2 An t;/N (6)
failure can be determined on the basis of observed where An is the number of failures in interval At
failures in time [1, 2, 3, 4]. and 1., is the time on beginning and ¢ on the end of
Observed object in time can be described with interval, and #,, the time in the middle of interval
simple state function [7-9].

Lo . If the distribution function is known the reliability is
1 object in available
x(t)= {

R()=1-F( 7
0 object in failure ® v @
because it is
The time in failure on observed object is not
constant and present random value which we can R +F) =1 ®)
prognose if it is known distribution function The frequency of failure as defined as
parameters and/or approximate - analytical or B
graphical [3, 5, 6]. J) = dR(y)/dt ©)
For discrete systems if we observe N objects and and failure intensity
if after time ¢ is N(?) objects in available and n(?) in
failure, the reliability can be expressed as A=f)/R(1) (10)
R(t) = N(®)/N = [N - n(®) JN = n(t)/N (1) The mean time to failure by definition is
and unreliability T = of "R(1) dt an
F() =1-R) = [1-N(t)N [N-n(t) JN=1-n(t)/N (2) and represent an area under a curve of reliability
From previous equation follows R(W)= f{0).
Rt +F@) =1 3) How is known Weibull’s distribution function,
which indicates complementarities. Ft)=1I- exp(—t/ﬂ)ﬁ (12)

Frequency of failure is
which finds its application in analysis of reliability of
f) = An/N “) technical systems.
and intensity of failures The mean time to failure can be determined
analytical via gamma functions

A= AN = f/R(1) L up (13)
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As shown in [9,10] mean time to failure
correspond reliability i.e. unreliability R(2) = F(t) =
0,5 and can be determined directly analytically [11].

Tm=11[0,6931472] P (14)

2. ANALYSYS OF TERMS FOR
DETERMINATION OF MEAN TIME TO
FAILURE

On the above, mentioned mean time to failure can
be determined analytically: [1,2] using Weibull’s
distribution function (12) for R(t) =F(t) = 0,5.

Staring from Weibull’s distribution function (12),
mean time to failure T, can be determined directly
from Weibull’s distribution function for R(?) = F(t) =
0,5, from [11, 12] we have
t=mn [-In(1 - F()]"?
and for F(t) = R(t) = 0,5
t= TR:0,5 = Tm
Tw=n [-In(1 - 0,5)] "P= 5 C"P

where is C=0,6931472

or
T,=nkK (15)
where is

K =[-In(1-0,5)] " = C"?

2.1 Applicability terms for determination mean time
to failure

How be fore is presented, mean time to failure, with
two equation, in analytical form, can be determined

Tw=nT(1 +1/B)

T =1 (0,6931472)"% = nK where is K = f(B)

By comparing this terms we can conclude that the
mean time to failure T, direct proportional with
position parameter of Weibull’s distribution function 1.
Values of gamma functions corresponds to values of K.

Determination mean time to failure via gamma T’
function

T,=nl{l+1/p
demand use gamma function table I or table T1

I'=f, (ﬁ)

When in usage is equation
Tm=1[0,6931472] P

for calculation needs computer or calculator or slide
rule or table T2, K= f, (B), because shape parameter 3
is in exponent.

But mean time to failure can be determined also,
graphically from graphics R(?) = f;(t) and/or R(t) = f>(?)
or via probalistic paper, for R(z) = F(t) = 0,5 [12].
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B r B r
0,2 120,00 2,5 0,887
0,35 6,292 3,0 0,893
0,5 2,000 4,0 0,906
0,7 1,266 5,0 0,918
1,0 1,000 6,0 0,928
1,5 0,903 7,5 0,938
2,0 0,886 10,0 0,965
Table T1.

Table T.3, contain differences between gamma
function I" and K values both in function of shape
parameter 3, are given.

Differences between gamma function and K values
for B>2 are smoler than 10%.

p K p K
0,2 10,160 2,5 0,864
0,35 0,349 3,0 0,885
0,5 0,481 4,0 0,912
0,7 0,592 5,0 0,929
1,0 0,693 6,0 0,941
1,5 0,803 7,5 0,952
2,0 0,833 10,0 0,964
Table T2.
B r K r-K %
0,2 120,00 10,160 | -40,000 33,3
0,35 6,292 0,349 5,943 94.5
0,5 2,000 0,481 1,519 84,0
0,7 1,266 0,592 0,674 53,2
1,0 1,000 0,693 0,307 30,7
1,5 0,903 0,803 0,100 11,1
2,0 0,886 0,833 0,053 6,1
2,5 0,887 0,864 0,023 2,6
3,0 0,893 0,885 0,008 1,5
4,0 0,906 0,912 -0,006 0,7
5,0 0,918 0,929 -0,011 1,2
6,0 0,928 0,941 -0,013 1,2
7,5 0,938 0,952 -0,014 1,6
10 0,965 0,964 0,001 3,4
Table T3.
3. CONCLUSION

On the basis of before mentioned we can
conclude:

e The mean time to failure can be determined:
- via gamma function / and,
- from veiblle's distribution function, for R(t)
=F(t)=0,5
in analytical form,




If comparing terms for mean time to failure in
both cases first part is proportional with position
parameter 1, and second parts of terms are
functions of shape parameter 3,

For calculation mean time to failure via gamma
function I' the table of gamma function or table
I'=f1 (B), needs use,

How mean time to failure correspond to reliability
and unreliability R(t) = F(t) = 0,5, the mean time
to failure can be determined from graphics R(t) =
fi(t) and/or F(t) = f5(t) or from probalistic paper,

Differences between gamma function and K
values (table T.3) are consequences of data
processing by calculation values for gamma
function table.
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APENDIX 1

In goal to determine the mean time to failure of
cutting tool 7, and reliability R(?), which
corresponding the observation of cutting tool failure, by
turning on the lathe, in real production conditions, by
different cutting conditions, on operation turning,
external, longitudinal, rough-finish, by machining
cylinder head of engine “Perkins”, type M3. The 25
different cutting conditions was varied (5 different

cutting speeds v and 5 different feeds s, in combination
each with everyone. By grapho-analytical data
processing, the distribution function parameters, for
Weibull’s distribution function £ and 7, on the basis of
that, the mean time to failure

T,, = n I{1 +1/p) and reliability which corresponding
R(T,) = exp(-T,/n)’ and Tp_ys which corresponding
reliability or unreliability R@®) = F(t) = 0,5. are
determined. Quoted data are classified in Table T.4.

(n, rev/min) (160) (200) (250) (315) (400)
v, m/min 47,226 59,03 73,79 92,98 118,06
1 2 3 4 5
0,8 B m 3,0 600 3,1 320 3,3 158 2,9 70 3,65 38
T 535,8 286,1 141,7 62,4 34,3
R(T.) 0,49 0,49 0,50 0,49 0,50
T ros 531,0 284,3 1414 61,7 31,0
6 7 8 9 10
1,0 B n 3,28 290 3,07 132 2,48 65 32 318 3,65 14
T 260,1 118,0 57,7 28,5 12,6
R(T.) 0,50 0,49 0,48 0,50 0,50
T ros 2593 117,2 56,1 28,4 16,7
11 12 13 14 15
s, 1,2 B n 2,72 170 2,76 80 2,7237,5 2,75 19 1,6 8
mm/rev T 151,8 71,2 333 16,9 7,2
R(T.) 0,48 0,48 0,48 0,48 0,43
T ros 148,6 69,9 32,8 16,6 6,4
16 17 18 19 20
14 B n 2,91 118 3,0 57 30 28 3,012,5 1,9 55
T 105,0 50,9 25,0 11,2 4,9
R(T.) 0,49 0,49 0,49 0,49 0,45
T raos 104,0 50,5 25,8 11,1 4,5
21 22 23 24 25
1,6 [ 3,54 89 3,2 40 1,62 17 2,01 8 14 35
T 80,1 358 15,2 7,1 32
R(T.) 0,50 0,50 0,43 0,46 0,42
T raos 80,3 35,7 13,6 6,7 2,7

Table T.4. Estimated values of and correspond mean time to failure T m i T R=0,5

The table contains values of mean time to failure given from two equations

T,=nI{l+1/p

and

T, =n/[In(l-0,5]"" = 10,6931472)"

which relates on same experimental data.
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