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m A2 B1 B2 D3 D4 

2 1.880 0 3.267 0 3.268 

3 1.023 0 2.568 0 2.574 

4 0.729 0 2.266 0 2.282 

5 0.577 0 2.-089 0 2.114 

6 0.483 0.030 1.970 0 2.004 

7 0.419 0.118 1.882 0.076 1.924 

8 0.373 0.185 1.815 0.136 1.864 

9 0.337 0.229 1.761 0.816 1.816 

10 0.308 0.284 1.716 0.223 1.777 

5(mm) 

81

no. of sample X1 X2 X3 X4  no. of sample X1 X2 X3 X4 

5 31 90 90 31 59 31 31 31 31

8 31 90 31 31 51 31 31 31 31

3 31 31 31 31 51 31 31 31 31

9 90 31 31 90 57 37 90 95 31

1 31 31 90 31 52 31 31 31 31

1 90 31 31 31 51 31 90 31 31

7 31 31 31 31 80 31 39 39 39

2 95 95 90 37 85 31 90 31 31

1 31 31 31 31 88 31 31 31 31

50 31 31 31 31 83 31 31 37 95

55 31 31 31 90 89 31 90 90 31

58 31 31 31 31 81 31 31 31 31

53 31 31 31 31  

iXRi

no. of sample 
iX  Ri  no. of sample 

iX  Ri 

1 38.75 4 59 35.50 1 

2 37.75 4 51 35.75 1 

3 36.75 3 51 36.25 4 

4 38.75 4 57 39.25 4 

5 39.25 1 52 36.50 4 

6 37.00 4 51 37.85 4 

7 36.75 3 80 34.25 1 

2 39.75 4 85 36.50 5 

1 35.50 1 88 35.75 1 

50 36.00 0 83 38.00 6 

55 38.50 4 89 39.50 1 

58 36.00 0 81 36.75 3 

53 36.75 3 ∑ 929.25 70 
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XR

17.37
25

25.929

n

X
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n

1i
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

8.2

25

70

n

R

R

n
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i





ChartX A2 = 0.729   with  m=4 

211.398.2*729.017.37RAX)X(UCL 2 

129.358.2*729.017.37RAX)X(LCL 2 

RiiX no. of sample 

531.811

931.712

931.8157

539.8180

531.1089

newX
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525
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Rand86.36
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19225.929
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709.3495.2*729.086.36RAX)X(LCL new2newnew  
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σ- chart

no. of samples σi  no. of samples σi 

1 1.89 14 0.58 

2 2.06 15 0.50 

3 1.50 16 1.89 

4 1.89 17 1.71 

5 0.50 18 1.73 

6 2.00 19 2.06 

7 1.50 20 0.50 

8 1.89 21 2.38 

9 0.58 22 0.50 

10 0.00 23 2.58 

11 1.73 24 0.58 

12 0.00 25 1.50 

13 1.50 ∑ 33.55 
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5059Chart  -P

m

)P1(P
*3P)P(LCLand

m

)P1(P
*3P)P(UCL







m

n

P

P

n

1i
i



Pi 

5

8500

30

881800

  2 , 3 , 4, 0 , 5, 2 , 13 , 2, 3 , 10, 3 , 0 , 4, 2 , 1, 4 , 5 , 3, 5 , 4, 1 , 2, 6 , 2 ,5 

n defective Pi  n defective Pi 

1 2 0.010 14 2 0.010 

2 3 0.015 15 1 0.005 

3 4 0.020 16 4 0.020 

4 0 0.000 17 5 0.025 

5 5 0.025 18 3 0.015 

6 2 0.010 19 5 0.025 

7 13 0.065 20 4 0.020 

8 2 0.010 21 1 0.005 

9 3 0.015 22 2 0.010 

10 10 0.050 23 6 0.030 

11 3 0.015 24 2 0.010 

12 0 0.000 25 5 0.025 

13 4 0.020 ∑ 91 0.455 



 137 

                         0182.0
25

455.0

n

P

P

n

1i
i



  

0010.0
200

)0182.01(*0182.0
*30182.0

m

)P1(P
*3P)P(LCL

0466.0
200

)0182.01(*0182.0
*30182.0

m

)P1(P
*3P)P(UCL

















PiPi

Pi Def. n 

0.011537

0.0105050

0.55183∑

0147.0
225

115.0455.0
P new 






       

00108.0
200

)0147.01(*0147.0
*30147.0)P(LCL

0402.0
200

)0147.01(*0147.0
*30147.0)P(UCL

new

new











0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0 5 10 15 20 25 30no.of 

UCL ( 0.0466 )

LCL ( 0 )

7

10

P (0.0182)



 138 

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0 5 10 15 20 25no.of 

samples

UCL ( 0.0466 )

LCL ( 0 )

P (0.0147 

)

508

 

 

         1
T

3



T 

  N




T
N 

 

 

 

 

 

 

 

 

 

 

 



 139 

Def. % 1/2  area 
N

5000.1000 00

20.80.9050.81

15.20.3010.10

91.90.8870.71

30.20.5115.00

85.80.5015.81

53.90.0175.10

2.00.0905.71

9.10.0838.00

8.90.0588.81

5.80.0018.10

0.10.0038.71

0.80.0053.00

3

5 = 1.34 σ

T = 39.011 – 36.86 = 2.151

187.1
151.2

34.1*3

T

3




6.1
34.1

151.2T
N 




5.1
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950

80

0.050.03

0.081

0.80

 

P

P = P1(0) + P1(1) . P2(0) + P1(1) . P2(1) + P1(2) . P2(0) 

P1(x)x

P2(x)x
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 )p5.231()p1(p101)p1()p(P

)p1()p1(p45
)p1(p20.)p1(p10)p1()p1(p10)p1()p(P

)p1(p20)p1(pC)1(P

)p1()p1(pC)0(P

20,...,2,1,0x,)p1(pC)x(P

)p1(p45)p1(pC)2(P

)p1(p10)p1(pC)1(P

)p1()p1(pC)0(P

10,...,2,1,0x,)p1(pC)x(P

1810

2082

19920910

19120120

12

20020020

02

x20x20

x2

82210210

21

9110110

11

10010010

01

x10x10

x1


































p

p 0.01 0.03 0.05 0.10 0.15 0.20 0.25 0.30 

P 0.998 0.955 0.857 0.524 0.269 0.129 0.062 0.029 

 

0.081

  1 – P(0.025) = 1 – ( 1 – 0.025)
10

 { 1 + 10 * 0.025* (1 – 0.025)
18

(1 + 23.5*0.025)}   

= 0.03 

3

0.8058.1
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510

80

58358818313183531839

( ans.0 , 0.1533) 

8501

 

( ans. a) 0.9679 , 1.0429   ,  b) 0 , 0.137 ) 

3

Date Sample size No. of defectives  Date Sample size No. of defectives 

1 200 3 12 200 3 

2 200 1 13 200 6 

3 200 0 14 200 8 

4 200 2 15 200 5 

5 200 4 16 200 9 

6 200 1 17 200 3 

7 200 2 18 200 1 

8 200 0 19 200 0 

9 200 3 20 200 2 

10 200 2 21 200 3 

11 200 1 22 200 1 

(ans. 0  , 0.0332 ) 

 

n 

measurements 

X1 X2 X3 X4 X5 

1 1.04 1.01 0.98 1.02 1.00 

2 1.02 0.97 0.96 1.01 1.02 

3 1.01 1.07 0.99 1.03 1.00 

4 0.98 0.97 1.02 0.98 0,98 

5 0.99 1.03 0.98 1.02 1.01 

6 1.02 0.95 1.04 1.02 0.95 

7 1.00 0.99 1.01 1.02 1.01 

8 0.99 1.02 1.00 1.04 1.09 

9 1.03 1.04 0.99 1.02 0.94 

10 1.02 0.98 1.00 0.99 1.02 
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9

N X1 X2 X3 X4 X5 X6 

1 0.498 0.492 0.510 0.505 0.504 0.487 

2 0.482 0.491 0.502 0.481 0.496 0.492 

3 0.501 0.512 0.503 0.499 0.498 0.511 

4 0.498 0.486 0.502 0.503 0.510 0.501 

5 0.500 0.507 0.509 0.498 0.512 0.518 

6 0.476 0.492 0.496 0.521 0.505 0.490 

7 0.483 0.487 0.495 0.488 0.502 0.486 

8 0.502 0.500 0.511 0.496 0.500 0.503 

9 0.492 0.504 0.472 0.515 0.498 0.487 

10 0.511 0.522 0.513 0.518 0.520 0.516 

11 0.488 0.512 0.501 0.498 0.492 0.498 

12 0.504 0.502 0.496 0.501 0.491 0.496 

13 0.501 0.413 0.499 0.496 0.508 0.502 

14 0.489 0.491 0.496 0.510 0.508 0.503 

15 0.511 0.499 0.508 0.503 0.496 0.505 

               ( ans. 0.0002  ,  0.0158 ) 

 

1819

  25.160X i

  19.2Ri  05.2i

1.121.821.991.32

( ans. a) yes  ,  b) no   ,  c) yes ) 
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[3]

  Reliability
 
 

Reliability

5 
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TContinuous Random Variable 

0T Reliability function 

0)t(Rlim)3

1)0(R)2

1)t(R0 )1where

0t)tTPr()t(R

t
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







t

1)t(Flim)3

0)0(F)2

1)t(F0)1where

)tTPr()t(R1)t(F

t










F( t ) Cumulative distribution function ( c.d.f. )  

Failure function

 [ a , b ]  


b

a

dt)t(f)b(R)a(R)a(F)b(F)bTaPr(

f( t )Probability distribution function ( p.d.f.) 
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Standard deviation

8p.d.f. 
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Shape parameter (β) = 1 / 3   and  Scale parameter (θ) = 16000
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1 Serial configuration

2 Parallel configuration  

3Combined series-parallel system 
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Redundante
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                                        Low – level Redundancy 
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0.11

DFRIFRCFR 

( ans. : a) f( t )= 100/ (t + 10 )
2
 , 0.8264 , b) 10 , c) 0.2598 ; d) DFR ) 
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5005000( ans.: 0.9608 ; 0.6703 ) 

 

55Power unit 

10.11
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CFR

( ans.: a)292.398 , 584.795 , 194.932 ; 97.466 , b) 0.9975 , 146.199 ) 

 

58

0.03581

0.11

89 ( ans.: 4.69 )                                              

53Electronic Circuit Boardλ(t)=0.00021 

5000( ans.: 0.9932 )          

             

59Weibull 

Shape parameter = 1.4  ,   Scale parameter = 550

500

0.10(ans.: a) 0.9122, b) 501.47 , c) 359.9 ,  d)110.224)  

51Power SupplyRectifier

‌  = 2.1βإن‌‌‌ ‌‌θمختلفف‌بحيث‌‌‌θ1 = 12  2 = 18.5  ,θ 

3=21.5  , θ0.10.‌أ جد‌‌متوسط‌زم ‌العطل‌،‌ العتب‌التصتم‌لوحدة‌تجهيز‌القدرة‌بتعوليف‌‌‌.‌

( ans.: 8.2627 ; 3.1948 ) 
‌

‌مي‌او‌العدد‌الأعظم‌م ‌التبكايت‌التتتيثلف‌ التستقلف‌الت ‌لهي‌توزنع‌ نال‌بيلتعلتيت‌:‌-51

Shape parameter = 1.3  ,   Scale parameter = 10000

0.11500

(ans.: 21 ; 888.111 )                                                                       

57

hoursin0t,
500

t
003.0)t(

5.0










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10

0.10 

 

1010

(ans.:a)0.969 , b) 111.538 , c) 451.375 ; d)0.9438 )  

52Pressure gauge 

Shape parameter = 2.1  ,   Scale parameter =12000       

1000

 

 

 

51000

8 

3

(ans.: a) 0.853 , b) 10628 , 5315.8 , c) 0.403 ,d)0.978 , 18777.638, 0.356) 

 

51Cyclone-365

0t,
)1t(

1
)t(f

2





1

0.111 

( ans.: a) 0.963 , b) 0.111) 

80500

CFRMTTF = 1000

θ = 10000   ,  β = 2 مبتاطف‌على‌التوال ‌مع‌مبكاف‌لهي‌‌‌

                             (ans.: b)‌‌‌‌‌‌.‌‌0.00001بةساف‌عطل‌قدراي‌‌ CFRتوزنع‌أس ‌

85β = 0.80

θ0.11

(ans.: 5588.23 ) 
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88

‌

 
(ans.: a) 0.994 , b) 0.940 ) 

 

83-‌0.11R 

 
(ans.: 0.99 ) 

 

89-MTTF

5000.10

CFR

R     

R     

R     

R     

0.90   

0.97    

0.95    

0.90    0.90    

0.90    

0.95    

0.80   

0.80   

0.80   0.90   0.90   

0.80   

0.70   

0.70   
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(ans.: a) 787.4 , b) 486.6 )

81500

β = 1.2   ,  θ = 840  

CFR λ = 0.0001 

(ans.: a) 0.7919 , b) 0.9704 ) 

 

81Structure function 

(ans.: a) RS(t)=R(A)+R(B).R(C)-R(A).R(B).R(C);0.964 , 

          b) RS(t) = R(A).R(D) [ R(C)+R(B) –R(B).R(C) ] ; 0.9217 ) 

 

R(A) = 0.9 0 

R(B) = 0.80  R(C) = 0.80  

R(A)= 0.95 

R(C)= 0.90 

R(B)= 0.90 

R(D)= 0.98 


