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Chapter 1
Introduction

Answers to Review Questions

1.1

1. Reliability is the probability of a device performing its function over a specified period of
time and under specified operating conditions.

2. A component ia an integral item which is nonmaintained. A system denotes an assembly
of several components which may be maintained or nonmaintained.

3. The graph of failure rate versus time of any mechanical or electronic or other component
is known as the bath-tub curve.

4, Failures in early stages of life of a product occur due to manufacturing defects and poor
quality control procedures used. As these defective products are replaced or repaired
(during the warranty period), the failure rate decreases as time progresses.

5. Because failures occur due to random causes.

6. In mechanical components: due to fatigue brought by a deterioration due to cyclic

loading.

7. Air compressor: 6 x 10 ° per hour; Ball bearings: 1.1 x 10°° per hour; Brakes: 4.3 x 10°°
per hour.

8. AC generator: 0.8 X 10°° per hour; DC generator: 36.8 x 10°° per hour; Neon lamp: 0.49
x 10°® per hour

9. Static, fatigue, creep, corrosion, wear and instability (buckling) modes.

10. Factor of safety = (mean strength/mean load). It is considered inadequate because the
same factor of safety implies different values of reliability in different situations.

11.  Advisory Group on Reliability of Electronic Equipment. The report recommends that
reliability testing must be made an integral part in the development of new systems.

12.  Air travel: 9 per year per million persons; Road travel (motor vehicles): 300 per year per
million persons.
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13. IEEE Transactions on Reliability, Reliability Engineering and System safety.

14. Failure of S. S. Schenectady T-2 tanker: Due to brittle fracture.

1.2
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Chapter 1
Introd_uction

Interval Obséniations . Freq

Data ' :
251 . 2.7 29.1 20.1 316 " 25.26 " 3 008
254 278 292 303 318 2827 i 4 0pE0
(w) 258 284 203 304 - 319 2728 "5 040
265 283 294 305 323 2829 8 0160
2686 | 283 295 308 325 2830 - 10 0200
268 28.4 208 30.8 azr . 30-31 7 0,140
269 28,6 28,6 308 328 31-32 & 0.120
272 288 29.7 3.2 334 32-33 4 0.080
274 v 287 29.8 3t3 33.8 33-34 2 . 0040
278 2849 209 314 347 34-35 1 0.020
50 1.000
Histogram
. 12 -
10

Number of Obsefvaﬁon,s

0 25 26 27 28 29 30 ] 31 32 33 34 35
Young's Modulus of Steel (10° psi)

1-1



https://ebookyab.ir/solution-manual-reliability-engineering-singiresu-rao/

https://ebookyab.ir/solution labili ' ' INg|
S: D.1r/sc -manual-reliability-engineering-sin -
Email: ebookyab.ir@gmail.com, Phone:+989359542¥44 (9e|egramQWhat%gnguEirtggg

(5

e)

Relative Frequency

0.25

0.20

@
—
wh

0.05

0.00

e
-
<

Relative fre'quency diagram

. 28

29 30

31

32

kT

33

Young's Modulus of Steel (10° psi)

DATA  'YOUNGS MOD |Xi- Xave (Xi - Xave)"2
25.1 I 25100000|  -4476000| 2.0035E+13
20.9 | 29900000 324000! 1.0498E+11
58.1 @ 281000001 -1478000{ 2.1786E+12
a0 5 | 32500000]  2924000] 8.5498E+12
28.5 | 28500000/ -1076000} 1.1578E+12
20.4 ' 29400000 -176000{ 3.0976E+10
55 4 1 25400000] -4176000; 1.7439E+13
33.4 | 33400000 3824000 1.4623E+13
31.8 | 31900000 2324000] 5.401E+12
56.6 |  26600000] -2076000] 8.8566E+12
26.5 56500000| -30768000{ 9.4618E+i2
31.2 31200000 1624000} 2.6374E+12
29.2 | 29200000 -376000| 1.4138E+11] |
56.9 | 269000000 -2676000f 7.161E+12| |
59.3 ¢ 29300000 -276000| 7.6176E+10| |
30.5 | 30500000l 924000| 8.5378E+11] |
28.6 | 28600000 -976000| 9.5258E+11
283 | 28300000] -1276000f 1.6282E+12
33.8 33800000 4224000| 1.7842E+13
 26.8 56800000] -2776000| 7.7062E+12
27.4 27400000] -2176000] 4.735E+12
32.3 32300000 5724000 7.4202E+12
29.8 29800000 224000] 5.0176E+10
30.3 30300000! 724000| 5.2418E+11
30.4 30400000 824000 6.7898E+11
31.6 31600000 2024000| 4.0966E+12
29.5 29500000 -76000| 5776000000
28.7 28700000 -876000| 7.6738E+11
30.9 30900000  1324000] 1.763E+12
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3.1542E+12

i

LoX
Ax

7.8 278000001 -1776000
28.4 284000001 -1176000] 1.383E+i2
34,7 34700000 5124000 2.6255E+13
30.1 30100000] 524000 2.7458E11}
25.9 55900000] -3676000] 1,3513E+13
31.4 31400000 1824000 3.327E+12
32.8 32800000 3224000| 1.0394E+13
30.6 30600000 1024000 1.0486E+12
29,8 29600000! " 24000| 576000000
29.6 29600000| 24000| 576000000
28.9 28900000 7676000| 4.5698E+11
29 .1 29100000 -476000! 2.2688E+11
27.2 57200000] -2376000] 5.6454E+12
31.3 31300000 1724000] 2.9722E+12
27.6 57600000] -19760006| 3.9046E+12
32.7 32700000 3124000] 9.75%94E+12
28.3 58300000] -1276000] 1,6282E+12
31.8 31800000 2024000| 4.9462E+12
30.8 30800000 1224000] 1.4982E+12
27.7 577000000  -1876000| 3.5194E+12
29,7 29700000 124000| 1.5376E+10]
TOTALSUM | 1478800000 ] LA079E+14
MEANVALUE | 295760001 ib/inz - :
STDDEV _ ~ | 2194498.58 Lo/ 2
: i
!

29.5760Mps{ = mean value

241945 Mpst = stomcga.roq deviation
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Observations of eccentricity of applied load

n e Ye Yehr2
inches inches inches?2
1 04101 . 0410 0.1681} .
2 0.050 0.460 0.1706]:
.3 0.090 0550 0.1787( |
4 0.195 0.745 - 0.216725
51 0.345 1,000 033575} |
6 0.155 1,245 - 0.359775}
7 0.320 1.563 0462175{ -
8 0.120 1.685 0476575
0 0.200 1.975 0.560675
10 0.065 2040 0.5649
11 0.275 2315 0.640525
12 0,230 2.545 0.693425
13 0.140 2.685| 0.713025
14 0.265 2.950 0,78325
15 0.215 3.165 0.829475(
16 o070l . 3235]  0834375))
17} 0.115 3.350 (L8476
18 0.305 3.655 0.940625
19 0435 4,000 1.12985
20 0.130 4,220 1.14675
21 0.535 47551 1432975
22 0.110 4,865 1.445075
23 0.205 5.070 1.4871
24 0,085 5,155 1.494325 '
25 0.135 5.290 “1.51255]
26 0.125 5415 1528175
27 , 0,185 5.600 1.5624
28 0480 6.080 1.7928
29 0.175 6.255 1,823425
30 0.145 6.400 1,84445
31 0.380 6.780 1.98885
32 0,165 6.945 2.016075
33 0.255 C7.200 20811
34 0180[ . 7.380 21135
35 0.240 T7.620 21711
- . 36 0.220 7.840 22195
37 0.105 + 7,945 2.230525
— Number of observations in each inferval ‘
From: ' 0 0.05] ~0.1 o458 0.2{- 0.25 0.2 0.35 0.4l 0.45 05
To: 0.06 0.1 0.15 0.2 * 0.25 031 0.35 0.4 0.45 0.5 0.55
"Midpoint, | 0.025] 0.075] 0.125 0.175] ©0.225] 0.275] 0.325] 0.375] 0425 0.475 0.525
Total: 0 3 9 6 5 4 3 1 2 1 1
Eréaency: | 0.00% 13.51%] 24.32%| 16.22% 13.519%) 10.81%| 8.11% 290%| 541%| 2.70% 2.70%
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Column Load Eccentricity Histogram

7
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®

- 29 V@LWDS o mArimum z(aa.& cavried Ey welded beams given.

smallegh vedue: 1231 «N , Largest velues (86,9 N
Range chesen: 120 «Ni— 190 kN |

All dater points are 5;raulaeo¥ into 7 infervals of 10 kN
each. o .

ey

Renge of foad: Freguency of load
volues _—fcpuir:f in the range

z120< (30 KN : g
2 130 < 146 KN 4
E 40 < (50 &N 5
= 18p < 60 %N ' 7
266 < 170 RN 5
2170 < {80 %N 2 |
Z(Bb < 190 «N , 1
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Compressive strength of Concrete cylinders (in Kpsi):

Date: 5.9 &2 5.8 78 6.5 — == 32:2
63 9 53 37 04 — = = 25/§

2. 68 Gl 4.3 3.2 —» == 255

72 &1 57 49 26 — = = 265

3.4 .8 838 5.1 T3 — = = 30.9

g2 77 54 T 45 — == 295

4.1 5:6 64 &7 T2 — ZF= 307

%-q 2.5 5.2 43 &6 — = = 305

5.y G4 — = = 8

Totad Aum = 2482

Mean volue = X = 243:2 . 579 kpsE

42
N 2 ,
Standard devistion = /.S’K = &i—l st (X,-.-’)Z) } = g1 Rpsi

-y

Pl

Range of Number of - Relative
compressive occuyrances aore@uency_
strength (kpsi)
t—2 | ' ! ng = o024
Z~3 z 2/42 = 0.048
Chate 4 ‘f/a;cz = 0.095
4’"’5‘ 5 5'/4,2 = o.]19
¢ 5 942 = o2y
‘ h‘._7 ' Uigg = 0°:262
T—8 .
g & 5/42 = o0-143
7 . 3/42. = @.07!
P10 l 1/42 = 0,024
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Histo gvam ’

Number of Observations

1-2 2-3 3-4 4-5 5-86 8-7 7-8 8-9 9-10
Concrete Compressive Strength, kilb/in2)

Relative freguency die-gram
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0.25 . | ‘ | %7?\ | | i
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e L ¢

-t ol

0.05 :;3;——/
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@ yield sTrength date of reinforcing bavs (in kpsid
made of Twe o\n‘Ff@-ren’c gra.c?es of /sfeel.!

Rénge ~ # of OQcoourances  Relative Frequenay

80.0 - 80.9' 1 0.019
'310-81.9. 3 0.058
320-329 5 0.008
23,0 - 33.9 4 0.077
340-34.9 3 0,058
85,0 - 35.9 2 0.038
36.0 - 36.9 1 0.019
37.0-87.9 2 0/038
38.0 - 38.9 3 0.058
30,0 - 39.9 5 0.006
40,0 - 40.9 7 0.135

- 41.0-418 8 0.164
| 42.0-42.9 5 0.115
430 - 43,0 2 0,038
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(€) The relative freguency diagram has o distinct peaks
which shows that the fwe grades of steel have fwe
di'fferent average yield strengths which are a.jafsrax;‘ma,i'el‘y

225 amd 41:5 # (/).

CO!) DATA Y, STRENGTHS | XI - Xave {Xi - Xave}'2
35.7 35700[-2315.38462| 5361005.92
31.1! 31100| -6915.38462| 47822544.4|
33.2] 33200|-4815.38462| 23187929
42,51 42500] 4484.61538| 20111775.1
41.2 41200| 3184.61538] 10141775.1]
42.8 42800| 4784.61538| 22892544.4)
37.5] . 37500(-515.384615| 265621.302
40.7 40700| 2684.61538| 7207159.78
42.3 42300 4284.61538] 18357929
42,2 42200| 4184.61538| 17511005.9
34.1 34100| -3915.38462] 15330236.7|
40.9 40900 2884.61538| 8321005.92
43.3 43300| 5284.61538| 27927159.8
38.8 38800] 784.615385] 615621.302]
40.4 40400] 2384.61538) 5686390.53
42,9 42900 4884.61538] 23859467.5!
38.4 38400| 384.615385( 147928.994]
41.7 41700| 3684.61538] 13576390.5
42.7 42700] 4684.61538| 21945621.3
40.1 40100 2084.61538! 4345621.3
41.4 41400| 3384.61538] 11456621.3]
39.2 30200| 1184.61538| 1403313.61
43.4 43400] 5384.81538] 28994082.8
40.8 40800] 2784.61538] 7754082.84
39.6 39600 1584.61538] 2511005.92
33.8}" 13800| -4215.38462] 17769467.5|
36.6 36600/ -1415.38462| 2003313.61),
39.9 39900| 1884.61538| 3551775.15)
32.3 39300|-5715.38462| 32665621.3]i
32.6 30600/ -5415.38462| 29326390.5);

" 32.9 32000| -5115.38462; 26167159.8/

) 34.5 34500 -3515.38462] 12357929|
30.2 30200| -7815.38462| 61080236.7

38.1 38100| 84.6153846 7169.76331|
41.5 41500| 3484.61538| 12142544.4]
31.2 31200|-6815.38462| 46449467.5

31.7 31700] -6315.38462| 39884082.8
 34.5 34600] -3415.38462 11664852.1!
41.1 41100 3084.61538] 9514852.07
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" 37.2 37200| -815.384615| 664852.071
385 35550 1484.61538] 2204082,84!
39.3 39300] 1284.61538] 1650236.69} -
35.5 35500| -2515.38462| 6327159.76]
23,71 . 33700|-4315.38462] 18822544.4
'32.5 325001 -5515.38462| 30419467.5..
40.3 30300] 2284.61538] 5219467.46]
41.8 41800| 3784.61538] 14323313.6]
32.2 32200| -5815.38462| 33818698.2|
40.6 40600 2584.61538] 6680236.69
"33.4 33400| -4615.38462] 21301775.1
41.6 41600| 3584.61538] 12849467.5)
41.3 "41300] 3284.61538| 10788698.2
TOTAL SUM 1976800|LB/INA2 _816187692]
VIEAN VALUE | 38015.3846|LB/INA2 |
STD. DEV. 3961,80731|LB/IN*2___|
!
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Date on compressive strength of aluminum - Lith fum

Specivnens (in MF):

I_hter\r’ai'a’s- Nu.mlae.r'i%a Relative
Compressive - observed fregu’eﬂcy
zg'l;reng'l:h (MP) values Vel
0:500] — 0.6080 f a.g 1373
otoo | — ar 7800 T2 a-02 g7
G: 7001 —~ 08000 5 0.04¢0
0'8 —_— ’ .

OO'I (&} 9609 4—' O'Og 33
0:/80C0] —l-poo O q o:{2 0 ©
lc000l — I:lo00O |6 021293
(vloet — (2000 (7 '0.2267
{20061 — |+ 300 C 7 609 33
(-300)1 — 114000 9 01200
l-400l — I'5000 A ore2677
|-5001 — - 6004 3 004 060
{-6co) — [r'?ooo‘ 2 8.0 2 &7

Tekd 75 lFoocoo
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)

)

bar 25.33 /,

' 75
meﬁ-\r\ VOJ/AL = -}E = -L- Z"Z‘- - _'_;_E (['03?5+9"9302+--‘—f;’ ‘,3099

L=

41227 Mt

‘ I = —2 _1?:
. L=

I

{

' 2 . ~Z
= {:]—:3" [Q-OBBS—f- 1227)%—!— vt (l-ao?t - 1'1227-> ]}

= 8, 0227 M B .

From the -3iven cia.t:u) num[)&'f‘ o§’ XFeaimens el ja-\re o/

9
vetue O'G x; belew 4 M = (9 out of 75 = ._;_5 = 0.2533
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