MAT2001
Statistics for Engineers

Module 7
Reliability

Syllabus

Reliability:
Basic concepts- Hazard function-Reliabilities of series and parallel systems-

System Reliability - Maintainability-Preventive and repair maintenance-
Availability.




Reliability

Definition
w
?l‘he definitions given below with respect to a component hold good for a system

3
for:a device also, | | '
4F.If a component is put into operation at some specified time, say ! - O,and if T
E&-fhe time until it fails or ceases to function properly, T is called the life length or
o L v Mo pimetiliniiy)

.r

e jlure of the component, Obviously T(£0) isa continuogs random varl
ible with some probability density function f(¢). Then the }:eliab:lir_v or reliabil-
ﬂ:'%jefunctior-z of the component at time ‘¢’, denoted by R(f), 1s defined as
R@®=P(T>t)orl -P(F<t)

5 L = =1 _

§ ?ﬁ;ere F(?) is the cumulative distribution function of 7, given 131{

(1)

F(e)= J S(8) dr
0

' & |
Th _ | | ;
us RO=1-[ swar=[ suya -







Note:

Since F(0) =0 and F (o) = | by the property of edf, R(0) = 1 and R (<) =0

ie.,0'S R(f) < 1: Also since -9- - (7
since 2~ F (1) = /{0,

we get

4R(r)

J(@) = - -

€




Hazard Function
(Instantaneous Failure Rate Function)

the' msiantaneous failure rate or hazard function of the component, de
noted by A(2). N T

Thus A(f) = —+=

| (4
Now, using (3) in (4), we have -\..Y(E) B P (‘()
| (59




Mean and Variance
Mean Time To Failure (MTTF)

MTTE= E(T) = | ) dt
| 0

MTTF = j R (i) dt
0

Variance

Var(T) = 07=E{T - E(T)}* or E(T% - {E(T))*

= | Prévar— (arTFy?
0




Conditional Reliability of a System or
Component
For a Wear-in Period / Burn-in Period / After to Warranty Period:

It is d;f'med as
R(t/Ty) = P{T > Ty + tiT>Ty)

P{T>T+t} _ R(T +1)

P{T> 1y} R(T,)
Tp+1t ' e o
- = To- =e, 0 X 0
- JAwmar _
e 7 |t t

ne P RIGE
e-”{ .(,')“ = @ (..0




Special Failure Probability Distributions

1. Exponential Distribution

If fhe time to failure T follows an exponential chstnbutlon with parameter A. thétf
itspdf is given by

fy=21™ 120

R@=[ AeMdr=[-e* 7=

[

() A~ M -
A — e ——3 4 A‘
20 R(r) N - =

fl“hls means that when th e-distributionds-an.exponential distribution with
Sarameter A, the failure rate at any time is a constant, equal 1o A Conversely

P
when A (7) = a constant A, we get
- 2 - ildz
fy=A-e® =AM:20

Due to this property, the exponential distribution is often rererrea o as consran
failure rate d}s‘mby_;_zga_m».nehablhty contexts. —
S——




1. Exponential Distribution

MTTF = E(T) = —

A
_ 1
¥

/ _
R(T, +1t) _ -8—2(7‘04-1-) R (I() e %E

R(To) B e Ao

=g = e-xt

This means that the time tc failure of 2 component is not dependent on how tong

L s ——

T
the componcnt has been funcuomng In other words the reliability of the compo-
nent for the next T000 hours, say, is the same regardless of whether the compo-
nent is brand new orhas been operating for several hours.This property is known

‘as the memonlevs property of the constant failure rate distribution.

Var(7T) =

R(t/T)




2. Weibull Distribution

-The pdf of the Weibull distribution was defined as
[ = aﬁtﬂ“ e“""‘ir .220
:An alternative form of Weibull’s pdf is

ﬁ(;)ﬂ—‘ [ z)"’" -
Fliym B L R s e e8>0 g>0.r20
ro=glg) =o-(5 B

by putting % B is called the shape parameter
a4

;inﬁ 0 is called the characteristic [ife ot scale parameter of the Weibull's distri-

‘Bution If T follows Weibull’s distribution

T A~
R(1) = J%(%) e*(p. %} -\d.

I3 4

1_\-"3

T .. .
= J e™ dx, on putting k% | =x
. }




2. Weibull Distribution
if

MTTF=E(D= 0T {1+ .é.\

e g )

R(t+ 1)
R(Ty)

i {“(t +9T0 )ﬁ]
mEe)

R(t/To)=

Il




3. Normal Distribution ‘\j C M, 0—-)

If the time 1o failure 7" follows a normal distribution N (L, o) its pdf 1s given:hy
2
1 ~{¢— 1)
——€eXp| ————— |, — = <t <oo
o2m T [ 20° }
In this case, MT7TF = E(T) = it and
Var (T)=c%=02

(0=

R(t) = f f(z) dr is found out by expressing the integral in terms ot standaris
g

normal integral and using the normal tables.
then found out A(¢) ‘




4. Log-Normal Distribution | —{\f C £M 5 15 )

[f X = log T follows a normal distribution ¥ (4, 0), then 7 follows a lognoringk

distribution whose pdf'is given by
Ny 2
{Iog[ £ J} } (>0
Lm

[ = stJ_ exp[

where s = o is a shape parameter and ), the median time to failure is thei
e s

tocation parameter, given by log ¢, = M.
[t can be proved that T T

2
MTTF = E(T) =ty exp(%—)

Var(T) = 65 = ¢2,, exp(s’) [exp (s?) ~ 1]




Example:
The density function of the time to failure in years of the gi?.mos (for use

$1dgets) manufactured by a certam company is given by f (t)-— m >
; 4

-+(a) Derive the reliability flmctlon and determine-the re.hablhrv for: the fi
year of operation. ; .. -.. - . g hd e wee gt

4 (b) Compute the MTTF. g
A(c) What is the e design life fora rehablhty 0.95? " ay
(d) Will a one-year burn-in-period improve the rehabxhty 143&11 (@? Iﬂ
-what is the new reliability?- - . i




Solution:
200~ ~rne_

(a) f'= =0
(t+10)
=100 100
RW=| f@di= | =
| I [(z+1o‘J (t+10)"
100
R(1).=~— =
(1) 0 1077 0.8264.
®)  MTTF= | R@yd=] —190 g4
" }[ “ j(r+10) t

- 100
= ( ™ 1'0)(.1 = leye?rs.




Solution (Continued):

Design lzfe is the time to failure (¢5).that correspapds-tp a spegified reliabil-
; it isfequired to find ¢ ¢orregponding to R = 0.95

. 100
(tp +10)
e, (tp+10)>= 100.2632
tp="0.2598 year or 95, days
R(¢+1) _ 100 100 _ _-121
R(1) = (1) 10300 (f4 11V

Now R/ >R, it s 2 100,
(-tvq--‘pl;) (-10)>

=0.95

(d) R(t/1) =

- .. (-Z s+ -10) 1*00—

1t
(£+11)" _121
) L-{-IO ;20
"f ;+11 11

Loy ~iia> 101: whnch is: true, ast=0
~. One year burn-in period wiu improve the reliability.

Wow-R(1/1)= —2L_ =o0. 8403 > 0.8264.

(1+1 -1-) :




Example:

The time to failure in operating hours of a critical solid-state power unit has theéd

0.5
‘hazard rate ﬁmcuon )»(t)l 0.003 ( 50 Oj for 20

) What is the rehab:lxty if the power um’c must operate continuously for50%

(a
- hours?
the. de51gn hfe if a relidbility b2 0: 90 is desn‘ed

(b): ‘Petermine
MTTEF.
n'that the unit has operated for 50 hours, what 1s-the probability thatif

o
(d) Give
1d 50 hours.of operation?

- will survive a seco




Solution:

(a) R(f) =exp |- j l(t)dt}
1

[ s0 ;0
R(50) = exp L— !D[ 0.003(-5—66-) dr}

— 50
0.003 2 3/2]

= ex -—T:_—-—t
pL 500 31 - 0

—

0.003 _ 2
=exp | - x—xSOJSO}
LL J500 3

"= exp [~ 0.03162]
= 0.9689.




Solution (Continued):

(b) R(tp) = 0.90
: | 0.5
eXP{ joooa(sgoj dzj\ =0.90

_j‘ 0.003 12 4, = _0.10536

A 3500

0003 , 2 432 =0.10536

Js00 3

: N 2/3
o {3"“500 "0'10536} = 111.54 hours.

2 x 0.003




Solution (Continued):

(©) MTTF=| R@)adt
0

e _(0:003_11“3;1)
— e J500 3 dt

0

TP g amrng o B3 R
= Jero™ dt,wherea= T

0

. . 432
- j e -—‘—"2213 x~ dx, on putting x = af
3a

I

@73 = 2 2[573)

302!1 3(12[3 2

= 09033 o @ the tabl .
-————-a2,3 » from the table of values of Gamma function.

= 451,65 hours.




Solution (Continued):

(d) P(T2100/T2 50y = £(72100) _ R(100)
P(T250)  R(50)

=exp| - lj’ol(t)er

_ Il o002 ] [ =0.002 ,
=exply- X 1007 p— 72
|- oo 1002 { 2 0

= (0.9438




Exercise:

2
The reliability of a turbine blade is given by R(z) = [1 - —{—-) , 0 <t <, whegg
. to
ty is the maximum life of the blade.
(a) Show that the blades are experiencing wear out,
(b) Compute MTTF as a function of the maximum life.

(c) If the maximum life is 2000 operating hours, what is the design life for.4
reliability of 0.90?




Example:
termines that, on the average,a television setis used 1.8 hours’

_per day. A one-year warranty is offered on the picture tube having a MTTF of -
0000 hours. If the distribution is exponential, what percentage of the tubes will-

fail during the warranty period?

A manufacturer de




Solution:

. Since the distribtition of the timie to failuire of the picture tube is ex
R()= ¢*' where A is the failure rate

Gwcn that MTTF = 2000 hours

poneritial,

ie, j e dt = 2000
0

ie, -i— = 2000 or A = 0.0005/hour
P(T <1 year) =P (T <365 x 1.8 hours) [ the T.V. is operated forl.R hours’
| day]
=1-P{T>657}
=1 - R(657)

= ] - o~0:0005 x 657

=0.28
i.e., 28% of the tubes will fail during the warranty period.




Example:

A cuttmg tool wears out with a time tos ﬁﬁlure that is normally distributed. It is
‘known that about 34,5% of the tools \fail bcfore 9:working days and about 78.8%

fail before 12 working days. s

. (a) Compute the MTTF
(b) Determine its design life for a reliability ofO 99
(¢) Determine the probab111ty that the cutting tool will last one more day gwen
that it has been in-use for 5 days. ' -

(a) Let T followa N (i, 0)




Solution:

9
Givén J' £() dt = 0.345
9-u

g

by _[ 6 (z) dz = 0.345, on putting z =

—o

t— U

=9
o’ ) '~
ie., _[ o (2) dz = 0.155
S |
' L
B vy
(o)

using the normal tables.

-~

12
Alss-. f f(t) dt =0.788

12= 4t -

a
je., j 6 (2) dz = 0.788

12-4

: |
ie., J’ 0(z)dz=0288

0




Solution (Continued):

12—-p _
o
using the normal tables
Solving equations (1) and (2), we get
H=10and o=2.5
i.e.,, M.T.T.F= 10 days.
(b) Let t, be the required design life for R = 0.99

0.8

oo

jf(:)d::o.w or

‘x 410
25

$(z) dz = 0.99

10=r1g
2

j ¢ (z) dz =0.49
0

n

—102;5{’2 = 2.32, using the normal tables.
tp =4.2 days
S(t)adr
sdy
(c) P(T=26/T>5)= f;g_;g ==L
: [r)a
5

= =L.6

oo 2w
[p2) dz 0.5+J¢(z) dz
-2 P

- 1.6
fqb(z) dz 05+ J-t))(z)dz
0

_ 094520 _
OBEEs e




Exercise:

Aone-year guarantee is given based on the assumption that no more than 10% of
the items will be returned. Assuming an exponential distribution, what is the
maximum failure rate that can be tolerated?

Exercise:

A component experiences failures at a constant rate
(CFR) with an MTTF of 1100 hours. Find the
reliabilitv for a 200-hr mission. Please round vour
answer to 2 decimals.




System Reliability

Serial or Non-redundant Configuration

ggnes Oor nonredundant configuration is, one in which'the components e

_S_Ygtiﬂ; are connected in series (or serially) as shown in the following reliab
g ck diagram . Each block represents a component. |




Serial or Non-redundant Configuration

’lllm conﬁguranon all Componcnts must function for the system to ﬁmctgﬁ

T Ometﬂ_éihe failure of any component causes system failure T =

LetR, (1), R (2) and R, (?) b{the reliabily iues of th&components C,and C, ¢ ad
the system (assuming that there are only 2 components in senes)

Jfen R, =P(C,) = probability thatG, functions, . .

sd R, =P(C)= probability that C, functions . | W

j,?w Ry probablhty that both C, and Lo functlon C;'-
- =P(C, N Cy) =P(Cy) P(Cz). assummg that C; and C, function =

o independently. ' |

tfwind o =Rl'xR2 - b




Serial or Non-redundant Configuration

This result may be extended. If C,, C;, --:, C, be a set of n independent coip%
nents)in series withrreliabilities R;(#), Ry(#); - R,,(r), then :
RO = RO X Ry (1) X -+ X Ry (D)
Smin-{R, (), Ry(®), -~ Ru®) [ O0<R 0

i'e., the _szstem tehabxhty will not be greater than the smallest of the comp ‘

—

l'e*m SCITLEIS b 1 Tl




Parallel or Redundant Configuration

Parallel or redundant configuration is one in which the components of the svs-
Ema‘.re connected in parallel as shown in the following reliability block diagram.




Parallel or Redundant Configuration

EﬁMlel configuration, all components must fail for the system to fail. This
that if one or more components function, the system continues to function.
[aking n = 2 and denoting the system reliability by R, (‘p’ for parallel con-
guration), we have
‘ Rp = P(C, or C, or both function)
=P(C,u ()
=P(C,))+P(C,)-P(C,nC,)
= P(Cy) +P(C,) - P(C)) P(C,), since C, and C, are independent
=R +R,-R R,=1-(1-R)(1 -R,)
lending to n components, we have
: R,=1-(1-R)(1-Ry - (1-R,)

ZMED( {Rl' Rz, R Rﬂ]




Parallel Series Configuration

has n components connected in parallel as in shown Fig.
parallel series configuration or low-level redundancy.

A —s 5 e
— > S
= =

LA\_} — | 2 1 _C_y:'_;




Series Parallel Configuration

X system, in which m subsystems are connected in parallel where each Subz
system has n components connected in series as in Fig.
parallel configuration or high level redundancy.

l_“'_‘l -1
1 A ! 2 B
S s IO o B
| _
]
!.
L= | A B

, is said to be in serigsH




Example:

“electronic circuit conslsts of 5 31110011 transistors, 3 silicon diodes W0 comp:
",on resistors and 2 ceramici: capac1torsloonnec’ted inseries boﬁﬁgaﬁhﬁohm
durly failure rate of zach component is given below?

Silicon transistor : T A=4X 10“5
Silicon diode . | 1 "2; =3% 107
Composition resistor * =L L 1 o TR D 1*0"’“
Ceramic capacitor e & -‘-}L =2 107

Calculate the reliability of the cucultfqr 10 hours, when the compangnis fit
low exponential distribution,




Solution:

Sinr:-_e the components are connected in series, the system (circuit) reliabiiit
[given by

Ry(1) =Ry(0) - Ry(® - Ra(®) - Ry(0)
:e—llt . e‘—l‘il ) e—.a:'al ..‘ e ‘-)..'4f

Y

= {52+ 3Aa+ 104, + 2201
_ (20 % 10754 9.xA0-3 + 20 x 1074 + 4 x 1079 x 10
R,(10) =& @ A ko™
' _ (2049 +7200 + 49) x 10~4

-0,02

=0 %% =0.9T38&




Example

il
here are-16. components:in.a- ngnﬁrggqpq?pt ;system- The‘avemge"lg:bm \
"_#h component is ‘0.99. In ordér:to" achxeve at least this systﬁl'l\it :%Mdbf;
] a

"gﬁ.‘xg ‘a.redundant system with 4'idgntical _new components w NSO
al€ast reliability of each now componenti=: =~ " e




Solution:
iFor the non-redundant systeii,
R,=R!% = (0.99)!¢ = 0.85

A PR

Lét the dew domponents have a reliability of R” each.
Then for the redundant system with 4 components, R, 2 0.85

ie., 1= ~R’)*20.85

ie.,  (1-R")*=0.15

- Lt

N 1T=R’<(0.15) * or 0'.‘62 e

| R’ 20.38 'w '

i.e., thc reliability of each of the né?’&xnponents should be at least 0.38.

O e -




Example:

t‘u
v

a failure rate of 0.008 per hour. HO®

' Thermocouples of a particular desigﬁ—have
many thermocouples must be placed in parallel if the system.is to run for, 19U
hours with-a system failure probabi ﬂ“y of ho more than 0.05? Assume t gy

failuressare independent.




Solution:

IfT ,i§_1ﬂ1,e__ time to failure of the sa.{;_teﬁl;;it;.is xequired that
P(Ir<100)=0.05

1 - Rp(l()p) <0.05

1e.,
Let the number of thermocouples to be connected in parallel be 7.
Then " Ry = 1 -(1-R)"

Nk R (¥t reliability of ec couple. " T
The failure rate of each couple = 0.008 (constant)
— 0008 -

o R=e
Using (3) in (2), we have
' I—RP(I)=(1 —e
1 —RP(IOO) =(1-

Using (4) in (1), we have
(h—e %" 0.05
L ¥

ie.  (0:55067)" <0.05 .
(5) is not satisfied Svlten 7 =0,1,

“By trials, we find that ’
When 5 = 6, (0.55067)" = 0.02788 < 0.05 _ _
be used in the pardllel configuration.

Hence 6 therrocouples must,

-0.008 r )-n'

—O.B)n

2,3,4and5.




Maintainability

NO equlpment (system) can be perfettly™ reﬁable in spite of the utmost care &nd. '3@
est cﬁfo,rt Pn thc part of the designer,and, afmfa irer. In fact, very few system's'ﬂ:f ;
mg:ﬂqs;,gpcdae Ogezate.gwnhout mamtenegﬁq:p of; ahy\kmd Fo;n a large, numbe% oL,
Systems, mallqtenance is,a must, as 1t isone.of, the effcctwe ways of i 1ncreasmg the 55 !

el ablhtyo the system.\._. R s v ;[ & ' i
et afsf NeHa H AT REVEA TR g Tl TR
ted They are prevennve mam‘fé*, o

'S ventwe maintenance 1s mamfe-—js

nancc,. one PeErio y ‘ al ul;e,gf ghe System,.so as to increase’ thej
El’i’éﬁim system by removingthea yeing effects of wear, corrosmn,,fa»% 1
@‘E‘Eﬁ LTELat 1"3"'/ | phenomena. { . On the. otherL}gpnd,‘;epa1r maintenance is. Iﬁr_@_x;_med,“

oomés{@

[er,1he gLure has, occurred 50 .as t0 I ‘tum the; system to, operahon as s

8

p0351 e, ; T pi-
is, used depends on the respectwé

The amo} q't and, type oﬁ mamtenance _that
PRI TR = 7 ?
costs apd sa ety consxderatlon of system ‘Failure’ 1t is generally assumed tha »
less costly than a repalr mamtenance actxon e

pgeVethe mmntenance actlon 1s




Reliability Under Preventive Maintenance

ty C of a. system -thhout maintenance: andAuith

T—

;Letﬂ{t}apd R M;(}) beffhc reli ablh
"maiﬁ'f&.'l.

ance be performed on the system at intervals- of/ T

p. ventwc ma;nten
d system does not faxl before 1}, we have

Smce R,,, ()= P{the, maintaine
Ry () = R(0), for0< < ¥

JR(T), for t = CT. | e .o
0 A%, 4 the system becomeﬁlag

. After pei‘formmg the first mamtenimcé operation a

gén&nmemt:'

mﬂmne,nﬁTJSJt <2Z, . . »

ﬁu@ﬁ?{me‘systemrdaesfnot failaiptorT and-it survwes:tor.v-a:tlme (i)
' withotitfailure}

=R(T) - R(t— T, for rse<2T
nance operatlons,

il "ﬂ tw infe
& ‘EPE A '(}"zmizrir oy, fo 2141 23T

-

il wi = !
thls We. S in ener‘al,'_ g
’"’k"’?‘ o T + DT




Reliability Under Preventive Maintenance

('@")\:\'(D = {/Q (1 )}1 R(: Uy
o T—> Poveq




MTTF of a System with Preventive Maintenance

MTTE = [ Ry (o) dt ]
0

L

- (n+0)T
= Z J. R, (t) dt, by dividing the range into intervals of length 7
n=0 nT
w (n+1)T
=Y J’ (R(T)}" R(t—nT) dt ’
=0 nT . ‘:

oa T
<y {R(T)}"j R(t”) dt’, on putting t — nT = ¢

n=0 0

}R(r;;‘r

] = R{TY

M’ﬂ‘p




Reliability Under Repair or Corrective Maintenance
Maintainability

A measure of how fast a component (system) may be repaired following fail
known as maintainability. Repairs require different lengths of time and even the
time to perform a given repair is uncertain (random), because circumstances
skill level, experience of maintenance personnel and such other factors var)E
Hence the time 7 required to repair a failed component (system) is a continuous
RY.

Maintainability i1s mathematically defined as the cumulative distribution fancs
tion (cdf) of the R.V.T. representing the time to repair and denoted as M)

1.e.,

J =PIT
where m (2) is the pdf of T. P OU“ % T




MTTR and Repair Rate Function
The expected value of repair time 7 is called the mean time to repair (MT'ER&J

and is given by ‘E‘;
‘ MTTR = E(T) = j ¢ x m (1) dt

il
If the conditional probability that the (component) system will be repaired
{made operational) betweéen s and? — Ay, given that it has failed atz and the repair

starts immediately, is g (£) A2, then 1 (2) is called the instanianeous regair raté

or simply the repair rate.and denotes the number of repairs in unit time.
- P ————

T Pp<T<St+Ah

e, uAr=—"po—0

m
i
3 M:(t) .
L 7 7))
. —Lu(z)dr
M@=1-e° .

| ‘ - Hudga
m() U@, el .




Example

i‘fﬁﬁéﬂﬁ\a s a failure rate of' e >
) l(t) = (0.015 + 0. 02t)/year where 7 i9in years,
(a) Ca’],culate the rehablllty for as year desxgn hfe, assummg that no maifiteZ

" “nanceis perf‘ormed
(b): Caleulate the reliability for a.5 year desig
preuentwe .mamtenance restores’the device to‘an as-

tion:
(ﬁ)nﬂepna\t part (b)
/' wmatatenance wi

n life, assummg ‘thiat atiial
-good as newsConal:

assummg that there is a 5% chanc’e that the preventive

i1l cause immediate failure:




Solution:
:jet(r).d_p

(2) R(=¢ °
-—j_(o.mﬁgdz:; dt
R(S) =g ‘
- 0018 % 5+ 0.01 % 25)

o 095209225 ‘_

e is performed; there will be 4 pfE¥EHg

(b) Since annual preventwe maintenanc
tive maintenances in the first 5 ye‘ai's

Ry (1) = {R(T)}" < R (t — nT), after n maintenances

Here t=5,T=1andn=4
IGM(S)r—{R(l)}4><R(S——4)
= (R(1)}?

— {€~(J.025}5’ USing (])

= (0.8825.




Solution (Continued):

(c) P {preventive maintenance causes immediate failure} = 0.05
. P {the device survives after each preventive maintenance }

As there are 4 maintenances, g
R ;4(5) = R s (5) without breakdown X probability of no
. breakdown in 5 years

=0.95

= 0.8825 x (0.95)
~ 0.7188.




Example:
The time to repair a power generator is best déscribéd by its pdf
2
t
)= —, 1<t <10 hours

(a) Find the probability that a repair will be completed in 6 hours:

(b) What is the MTTR? ' '

(¢) Find the repair rate.




Solution:
(a) P(T<6) =P(1< T < 6), where T is the time to repair

. .
\{ =J' m () dt
]\A- (.6> L % & KB
t t
- =j—§-§dt=[+§§) =0.2152
1 _ A
- —;10 2 > 4 a0
(b) MTTR = _{[ zm(t)‘dr'-—..'!‘ 3 —(4&333 )
=*7.5 Houlg” ™+ ™ s w14
m(?)..
1- M(z) \
12 /333 t2 /333
0., 1~
t =S 3 _
[ 355 - 9510" =)
L
3?

= m per hour.




Exercise:

A reliability engineer has determined that the hazard rate function for a milling
machine is A(¢) = 0. 0004521:%%, t> 0, where tis measured in years. Determine
which of the following options will provide the greatest reliability over the
machine’s 20 years operating life.

Option A : Do rkothmg operate the machine until in fails.

Opnon B: An ghnual preventive'maintenance program (with no maintenance-

mﬁcd failures) |
Option C: Operate a second machine in parallel with the first (active redun-

dant).




Availability

Closely associated with the reliability of repairable (mamtamed) systems ig éon
f;,pt of availability. Like reliability and maintainability, avatlablhty 15 also a
;probablhty »

Avazlabzlzry is defined as the probability that a’ component (or system) is per-
forming its intended function at a given fime <z on the assumption that it is oper-
"ated and maintained as per the prescribed conditions. This is referred ta as paint
raymlabth;y and denoted by A (¢)

Itis to be observed that rehabnh‘ly is concerned with failure- free operati on up
todime 1, whereas availability is. com:erned with the capablllty to’ oper‘ate'at thé
rpomt of time r. :

If A (¢) is the point avallabxhty ofa component (or svstem) then

&-xl)=;—}7j A dj
27

1% called the interval availability or_misss ilability.
In,p_artic,uiar, thenterval avaiiaa;ny ov.e!:r: %F’Q Tterval (0: 7)) is

e ———

T
- ,
A(T)-—T_!. Alydr

Now }fi A(t) 15 called the Steady-state or.asymptotic or lone-run availibiﬁﬁ
and denoted by 4 or 4 (e0).




Availability Function of a Slngle Component

(or System) (ﬁ \ J\'; \A‘W\‘ \,\k “K"'

Point Availability
- A h % %ﬁ
R vorh e N w

Interval Availability Over (0,T)

B A -
A(T)= - + : _ oA+ T
I Avp A+’ xT e }

Steady-State Availability

1/A MTTF"

A(o0) = =
(=) 1/A+1/ 4 MTTF+ MTTR




Example:
d that a voltage inverter has a 6 month reliability

Reliability testing has indicate t
of 0.87 without repair facility. If repair facility is made available with an MTTR
of 2.2 months, compute the availability over the 6-month period. (Assume con-

stant failure and repair rates)

Sfi—-\_?“/ EDC}\ oY 3.\)
R =g§1 = oM s
MTTR: \/M: Ql _:-')M“*-’/-j
A(QO:AFEO:?




Solution:

For constant failure rate A,
As R(6) =0.87, **=0.87

1 = 0.0232/month

MTTR = L =22 -~ p= 0.4545/month
U
Interval availability over (0, T) is given by
A(T)= ﬂ:r‘ ' W : '_'1: oAt T
A(6) = 0.4545 _ _ 0.0232 | _ 04T X6,

04717 ©2%(0:4777) X6
= 0.967:

reliability is given by R () =e

-A!




Example:

A new computer has.a constant failure rate of .02
ise) and a constant repau rate of 0.1 per day.
Compute the interval avallablhty

per day (assuming continuous

for the first 30 days and the steady- state

availability.
Solution: /\ SN M =0 \ W T= 3y
AN = gl r — 2 ey

At (Arp)? xT

goianvim il Y02 e 012301 .
i (012)* x30 - ‘

= 0.8784

H ._.9._1.. =0.8333

A+p 012

,,vl-‘-i- T -.“.I

A(e=) =




Exercise:

The distribution of the time to failure of a compdnent is Weibull with f=2.4 and
6 = 400 hours and the repair distribution is lognormal with ¢,, = 4.8 hours and

s = 1.2. Find the steady-state availability.




