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Estimator the Reliability System of Stress — Strength of Three
Parameters Weibull Distribution with Application.

Abstract:

Today for much expensive and complex mechanical system the
stringent reliability requirements are one of the major equipment
developmental factors.

The frequently used concept of predicting mechanical component
reliability is by applying the interference theory. This theory is based the
fact that when the strength of a material, a component or device is less than
the imposed stress on it, the failure occurs.

The strength is defined as the ability of the component, a device or a
material to accomplish its required mission satisfactorily without a failure
when subject to the external loading and environment.
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This paper presents newly developed reliability expressions for interference
theory when the strength and stress has three parameters of weibull
distributions ,Comparing between the estimated mathematical forms by
find (MSE) by using the direct procedure for the forms depending on the
parameters value, or by using the simulation procedure for the remaining
forms.
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Let, we have two continuous random Samples (XPK?KB““*KH) and

(Tifri"“rijﬁﬁ’"'JYH:I represent Strength and Stress respectively with three

parameters weibull distribution, let %i @14 ¥i are independent.

Xi~we( B, 1Y) Where >0 is the shape parameter, p>0 is the scale

parameter and -co< y< oo is the location parameter and

Yi~we( @, 4, 6) where >0 is the shape parameter, >0 is the scale

Parameter and -oo< § < w0 is the location parameter.
Let f(x) and f(y) the (p.d.f.) of the Strength and Stress respectively.

;__‘_P.E_ie:,{ _uﬁ“—,{ :‘_::»{]
Then fx Bowy) =7 C )" exp [ )] and

(. 0 =5 ES lexp [,y > 0
So, the reliability (R) of the system (Strength and Stress) = P(X >Y).

Therefore P(X >Y) = ﬂx oy ) dy dx and with , then we have:
R=

oy 8 e DA (%)“-lexp [~} dy a
-, (%)ﬁ-lexp [—cﬁﬁ]} 28
IS {8 e Y1} 1 - exp [—(‘T) ]]

= H H

dx
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Then by McCool [23]) we have the rellablllty of the system is:
R =P(X >Y) = 4 .. (2)

sl (MLE 0f R) wlua 030 2 (MLE of ) 5 (MLE of % :0fs dle s
The log-likelihood function of the observed sample is:

L(B;0; ;M) = nlnptnlna-nln(u)—n In(;t:j +(B- 1) iz In(x) +
(a= X2, In(y;) -3 Lx —iEE S L(3)

Therefore The MLEs of the parameters can be obtained as the solutions of:
dl n

= HIin(x) - I, In(x) =0 -4
dL n 1vYm ..o
£=E+ZP= In {}Ti)_TZ':jyj In (y;) =0 - (9)
aL n B
—=—- —|— X
du u? E =1 (%) =0 ... (6)
% _m Zm ( ) — 0
ai =1 }Il B (7)
From (6) and (7) we obtain:

e
M(B) ] 11{] And

A(B) = ;z;zlyf ()

Putting the values of i(B) and A(B) in (4) and (5), we obtain the solution of
the shape

Parameters (P) 414 (@) 55 follows:
T B

Lijmq (%] |]n\]|_i_i
iy B
-11“(“{'3 0 . (9)
E{li\_ |]n‘,] 11
And ;:Elnziff']d & n
I =g .. (10)
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b WS maay (MLE Of R) old 44

. isn E
R— __ il
E PP S
n=i=1™* T p=i=1 i (11)

:(MLE) abae¥l Gl&aY) ddyh Cuea plaill ddgna yadi 10— )

Since Xi~We(B,iY) ang Yi~we(a,2,8) gng independent,
and let? =9 =0,
A8V Axpal) ) g5 (1)) dagall Gl dle

. (12)

g 1

o

1
= HE — - .
Now let k=  then  BXF dk=dx

. | :cE a
1=, {e‘-{e‘”:-. « F}dk

a
By using Taylor series with 6= /B and C =

o (-1)ickd
e R yE Rl gk
Rzl-”r =0 .. (13)

Zx ( ]-IIC J’G o K kodk

R =

L we have:

. (14)

o |i -1 :I ! Il..! :a::-ﬁ .
2 L s+ 1
#R=1-270 & 4 ﬁ( ) (1)
b LS (R 580 ) 18 e Joans Jlladll 5,51 ) DA (505

w (-1 =% :
5 2.t 'PT(@{8+ 1)
Roq =075z .. (16)

nt nx

Now let, Q= * and V=  then Q and V ~Gamma (n, 1).

o N :jjﬂ Q¥® T(i6 + 1) an
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Where A(n) =4 and B(n) =*

;R () L (MSE) 4 e

Q) il s AL A By e 3 )R (501 A el (MSE) e sy
HAY) Lgal) Cay (V)

f(Q, V) = HQ*(V),

_(FQrte@ ) x (T vaTte™) , Q, V>0, Then

R _Jo Jo R

E ( f(Q, v)dQ dv
o {_ye= (-1)' B'r(i5+1) T(is + |
SOE(R)= Zizo i AR m))® % njr(n —1) .. (18)

ean el () Aad slan ¥ o) g (18)  Alsbaall LAY sall o Jsill (he Y Liag
Sl b il LlS dly e Jasd Cag uSayge (i <) gl e aall 6 4l

Adjra e 5AY) el ()5S

A A DA e e Jpaadl (Sa(R) i) pupad i ial) el Cloal

U,J'\-|1|E

ER)? = E[1-3%, 502

Q® I(i6 + 1) 2
;b LS (R) dpedl 5d (MSE) Ll clagye Laus i Bina e ot sl e

R)(1-R)—1+R2 41y BTG

[[(n)]2 <1=0 i Al

= MsE Ry =2 (

w (=1} Bl I(j5+1)
j=0 j! AlS

T8 +is+n)Tn—i—j) ...(19)

: rhadail) quilad)
sl alaainly Uiy aisl s ilily adg DA e AKE Gny 23 ailal) 128 3
Pt el O bl DA e (Sl Jysal

P

F(E) =1—e 3
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orE? =G=—Aln(1- U), where U ~ uniform distribution and by using

(Gauss Qadrature Rule).

(10) Aapally (V£) Aapall Guki DA (e (R) Adseall af o ol £5)ie &5 )

dapall slael I gl s (V0) Gapall 35 (e Jual & (V) £) dageall il (f aag 268
fooly LSy allaall dalide o alaiid ey (V) Jsaadl 3 LS dlgaall ad Gl 4 (0 £)

Let, p=(1,2,4,6),a=(1,2,4,6),u=(0.5,1,3,9)and A=(0.2,0.9, 1.5,
3, 19) with sample size n = (10, 20, 30, and 40), we get the following

results:
P Alls U< gl i 2000 Jglanl)
(1 A, B, 0) (e IS0 Aliaa ad e Raad (1) b s

n (A 0.2

o 1 2 4 6

g 2 4 6 1 4 6 1 2 6 1 2 4

W
10 |05 [0.891 [0.964 [0.979 |0.490 | 0.891 |0.944 | 0.313 | 0.490 | 0.830 | 0.236 | 0.379 | 0.582
20 [ |0941 [0.980 |0.986 |0.689]0.941 |0.969 | 0.527 | 0.689 | 0.906 | 0.463 | 0.594 | 0.750
30 | 3 0.984 |0.993 |0.994 |0.853]0.984 |0.990|0.788 | 0.853 | 0.974 | 0.782 | 0.804 | 0.896
40 | 9 0.998 | 0.998 |0.998 |0.994 | 0.998 | 0.998 | 0.982 | 0.994 | 0.997 | 0.962 | 0.986 | 0.995
n (A 0.9

o 1 2 4 6

E 2 4 6 1 4 6 1 2 6 1 2 4

W
10 |05 0471 | 0561 [0.596 |0.257 |0.471 |0.529 | 0.195 | 0.257 | 0.425 | 0.179 | 0.215 | 0.294
20 [ |0581 [0.622 | 0638 | 0471|0581 |0.608 | 0438|0471 |0.559 | 0438 | 0.447 | 0.493
30 | 3 0.751 |0.718 | 0.704 [0.770 [ 0.751 | 0.731|0.782 [ 0.770 | 0.762 | 0.782 | 0.778 | 0.769
40 | 9 0.881 | 0.806 | 0.766 | 0.900 | 0.881 | 0.839 | 0.874 | 0.900 | 0.901 | 0.852 | 0.887 | 0.907
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n | A 15

o 1 2 4 6

g 2 4 6 1 4 6 1 2 6 1 2 4

1
10 | 0.5 | 0327 |0.394 |0.422 | 0.190 | 0.327 | 0.369 | 0.158 | 0.190 | 0.295 | 0.155 | 0.165 | 0.211
20 ‘1\ 0.422 | 0.447 | 0.459 | 0.390 | 0.422 | 0.427 | 0.391 | 0.390 | 0.411 | 0.412 | 0.386 | 0.303
30 |3 0594 | 0539 | 0521 |0.713 0594 | 0558 |0.768 | 0.713 | 0.625 | 0.782 | 0.745 | 0.696
40 | 9 0.761 | 0.636 | 0.586 | 0.864 | 0.761 | 0.683 | 0.843 | 0.864 | 0.812 | 0.827 | 0.853 | 0.869
n |[A 3.0

o 1 2 4 6

g 2 4 6 1 4 6 1 2 6 1 2 4

1
10 |05 [ 0.184 | 0.223 | 0.241 | 0.118 | 0.184 | 0.208 | 0.115 | 0.118 | 0.166 | 0.119 | 0.114 | 0.125
20 \]_\ 0.248 | 0.259 | 0.266 | 0.283 | 0.248 | 0.256 | 0.319 | 0.283 | 0.246 | 0.351 | 0.306 | 0.266
30 |3 0.381 | 0.325 | 0.309 | 0.619 | 0.381 | 0.342 | 0.712 | 0.619 | 0.422 | 0.771 | 0.667 | 0.578
40 | 9 0.547 | 0.403 | 0.359 | 0.827 | 0.547 | 0.450 | 0.815 | 0.827 | 0.636 | 0.806 | 0.821 | 0.816
n |[A 19

o 1 2 4 6

g 2 4 6 1 4 6 1 2 6 1 2 4

1
10 | 0.5 [ 0.032 | 0.040 | 0.043 |0.024 | 0.032 | 0.037 | 0.040 | 0.024 | 0.029 | 0.059 | 0.031 | 0.024
20 \1\ 0.045 | 0.047 | 0.048 | 0.085 | 0.045 | 0.046 | 0.175 | 0.083 | 0.046 | 0.218 | 0.131 | 0.063
30 |3 0.077 | 0.061 | 0.057 | 0.336 | 0.077 | 0.065 | 0.516 | 0.336 | 0.092 | 0.582 | 0.473 | 0.234
40 | 9 0.129 | 0.079 | 0.068 | 0.668 | 0.129 | 0.093 | 0.787 | 0.668 | 0.178 | 0.786 | 0.785 | 0.541

iad o} Jsaall g K DR & Bliie S5 () HAuad) paag
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RJMSE( R) Lsiall Taall e e Jacegiad abidal aiill oo (Y) sy Json

u=0.5and A =0.2 u=1.0and A=0.9
a |1 2
i 2 4 6 1 4 6
5 6.04E-6 6.24E-6 7.23E-6 3.37E-5 | 2.77E-5 7.51E-6
TG\ 1.17E-5 4.76E-7 9.48E-8 245E-5 | 1.80E-6 3.14E-5
15 | 2.52E-7 5.52E-6 1.23E-8 4.69E-7 | 5.20E-6 3.50E-5
20 | 1.04E-6 3.89E-7 4.03E-8 1.71E-5 | 2.42E-6 3.16E-6
25 | 1.56E-6 1.81E-6 1.00E-7 143E-6 | 7.28E-7 2.14E-7
30 | 7.06E-10 | 3.78E-7 1.06E-7 8.21E-7 | 5.26E-7 1.99E-6
35 | 4.23E-9 7.86E-8 1.68E-7 3.21E-8 | 3.02E-6 5.24E-6
40 | 2.29E-6 | 1.80E-7 1.97E-7 8.80E-7 | 1.04E-7 | 2.77E-6
p=3and A=1.5 pu=9and A=19
a |4 6
i 2 4 6 1 4 6
5 |1.89E-5 | 2.26E-6 |4.54E-6 | 1.78E-6 | 7.10E-7 | 1.46E-6
2.66E-5 | 4.10E-8 | 4.69E-5 | 1.23E-8 | 7.14E-9 | 1.66E-5
15 | 6.69E-6 | 8.01E-6 | 9.26E-6 | 4.69E-8 | 1.08E-7 | 9.85E-6
20 | 1.68E-7 | 1.41E-6 | 2.88E-6 | 2.65E-8 | 1.91E-6 | 1.68E-6
25 | 1.01E-7 | 9.90E-8 | 2.98E-6 | 1.85E-10 | 6.00E-7 | 2.86E-7
30 | 3.10E-7 | 6.27E-7 | 1.68E-6 | 6.88E-8 | 1.06E-8 | 4.77E-7
35 | 2.25E-6 | 2.89E-6 |6.78E-6 | 4.23E-9 | 2.50E-8 | 7.77E-6
40 | 7.57E-10 | 2.89E-7 | 4.04E-6 | 9.39E-8 | 1.60E-7 | 3.43E-7
: clatinad

B 3 S @l il (R) Al gaal) dad ala] 4l of —)
36S 3 i wlae Y1 S il (MSE) Uasl) il e g gane dad sladf Gl of -

Yoo

. Baa
el Jiay ged Oliall (e psaaldl calidalg Jaraall 4l s g a5 il culS =¥

lelaas 4 g 5 laxall 4N 4 gyl o Cus A liall Gluhall 8 Juad)
Al gdly jaiual) Juadall s 8 dald )



Yory (Y) aasdl ())alaal) Aol g A )Y a slall o1 o€ S dzala ddae

J.AL._)AAM

1- Beg M. A. and Singh N. (1979)" Estimation of p(y< x) for the Pareto

distribution ", IEEE Transactions on Reliability, R-28 (5), 411-414.

2- Ebrahimi N. (1982) "Estimation of Reliability for a series Stress —

Strength system ", IEEE Transactions on Reliability, R-31 (2), 202-205.

3- Essam K. Al-Hussaini, Mohammed A.M. Mousa and Khalaf S. Sultan

(1997),

"Parametric and Non -parametric estimation of P(Y< X) for finite mixtures

of lognormal Components " Commun. Statistic —Theory Meth. 26 (5),

1269-1289.

4- Kim B. H., Chang I. H. and Kang C. (2001) " Bayesian Estimation for

the Reliability in Weibull Stress — Strength System using No informative

Priors”,

For East. J.Thro. Stat. 5 (2), 299- 315.

5- Lu C., Danzer R. and Dieter F. (2002) " Fracture Statistics Brittle
Materials; Weibull or Normal Distribution"”, Physical Review E. Vol. 65.

6- Tong H. (1974), " A Note on the Estimation of P(Y < X) in the

Exponential Case" , Technimetrics, 16 , 625.

You



