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Introduction:

Reliability tests are intended to find whether a system can operate satisfactorily for a
specified period of time under prescribed operating conditions. Different types of
reliability tests are conducted at various stages of the life cycle of a system as
indicated in the following list:

Tests conducted during the design stage: .
At the end of the design stage, prototypes are built and tested to analyze the failure
modes and reliability of the system. The results of the tests are used to check whether
the system is behaving as intended. The results are also used to modify or redesign the
system for improved reliability.

Tests conducted during the construction (or manufacturing) stage:

Before the system is put into service, qualification and acceptance tests are conducted
to prove that the design standards of reliability are met. In acceptance tesfs, the system
are component is tested to determine whether it should be accepted or rejected (on an
individual unit or lot basis). Based on the results, better quality control methods can
be used to reduce the defects in construction or manufacture. In' qualification tests, the
system is tested to determine whether it truly qualifies for its intended application.
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Tests conducted during the operating stage: ‘ i

Tests are conducted during the operating stage of the system to ﬁnd the failure rate b
and. reliability of the system. These results are used to verify. the rehablllty a.nalysls o
conducted previously and also to find whether any modifications are needed in- the

design and/or operating procedures to improve the rcliability.

The life of a system can be divided into three phases, based on tle’ fallure rate, as_'
follows; ' '

1. Infant-mortality phase (also known as burn-in phase) durmg which a hlgh
failure rate is observed due to manufacturing defects. . ' o
2. Operating-life phase during which a constant failure rate is. observed due 'to : '
random failures. e,
3. Aging or wear-out phase during which a high failure rate is observed due to

mechanical wear of the components.

Objectives of Reliability Tests :
Depending on the objectives, reliability tests can be classisfied into four categories as

follows:

1. Longevity tests. The objective is to find the length of the useful life of the
system has a constant failure rate.

2. MTBEF tests: The objective is to determine the mean time between failures of-
the system.

3. Operating life tests. The objective is to find the ability of the system to
perform without failures for a prescribed minimum time period

4. Reliability margin tests. The objective is to establish the margin of safety

between the extreme operating conditions of the system.

In this paper, we study reliability test of individual failure data of 11 Kvfeederwith 10
autoreclosures. The failure times of ten autoreclosures are observed to be as follows.

i Ol1)23 4 |516 7 |8 9 [10
Time(min)|0[5|8[25(34{35]39/40/44/50|57

o0

Let the failure times of the components be arranged in an increasing order. The
cumulative distribution function, F(t), represents the probability of realizing the
failure time of the component less than or equal to t. Thus, F(ti) denotes the fraction

of components failed in time t;is F(t;) = i
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The rehabxllty of the component at time t=ti, R(t) can b e\pﬁ\m‘! a8
R(t)=1-F(t;)=

%

By using a forward-fmnte difference formula, the probability dexmh Reection of e

failure time can be expressed as

_F(ti+1)—F(ti)_ 1 o . Si=1.2.3 N N
Kt) ti+1—ti n(ti+1-¢i) ° IS = L2 3l ™

The failure rate or hazard function of the componemnt can be Nlmated a

_ I 1 D .
h(t) = R(t) (n—z){tH—] ti) SIS+l 1= 1. %3, ‘&‘l .- !

Computation of the hazard function from failure data

i jti (min)lti+1FGRORD WO

0 0 G

15 3 0109003 D033 |
2 8 17__0.2 0.8 0.005880.00735 |
5 ks B s 07 0.0111 0015837
434 I loalbe01  0.1oee i'
535 K 05050025 005 |
639 [t loenab1r o025
740 K 0.7 030025 008333
3 |44 0.8 0.2 10.0166 0.083

9 |50 0.9 10.1 0.0142800.1428
1057 - 1 o L -

—
/,/

SFOR®
o

b
»

(=]

~N
p A
L4

!

o
© §ir

20 1Q &2

t(min) i
Variation of F(t) and R(t) with tmair)

)
§
!
i
i

Scanned with CamScanner

N



114 Dr. D Sharada Devi

Hazard function

heopNiIn

Conclusion:
The length of 11 KV feeder, location of autoreclusures, type of faults, design and

selection of switchgear equipment and performance of equipments plays an important
role to improve the reliability of power system. The hazard function technics can be

utilized to study the power system reliability.
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; AB;S‘TRACT‘ A real or-complex valued function defined on the set of all positive: Integers is called an
t_zrrthmetic functionAn arithmetic function is said to be completely multiplicative function if f is not
rdenu:cally zero and f(mn) = f(m)f(n) for allmn.Let k be a positiveinteger. In numbertheory, Jordan’s totlent .
function Jk (n) of a positive integer n is the number of k-tuples of positive integers all less than or.equal to'n s 8
fhat form a coprime (k+1) -tuple together with n. (A tuple is coprime if and only ifit is coprime asa set) This*. -

~ isa generalisation of Euler's totient function, whichisJ1, - w0 0 N L e

" Inthis paper we present a review of an alternate proof for the generalizédBrauer - Rddériather identity.t 2757 7
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L. Introduction
A real or complex valued function defined on the set of all positive integers is called an arithmetic function.
An arithmetic function f is said to be multiplicative function in one argument if f is not identically zero and
f(mn) = f(m)f(n) whenever (mn) = 1.:The function,men)Loﬁ(mo,variables defined for pairs of positive
integers m and n is said to be multiplicative in/both the Argumenssgpiand n if f(1,1) =1 and f( mimzninz) =
f(my,mz)f(mz,nz) where (myng,mznz) = 1.
An arithmetic function is said to be completely multiplicative function if f is not identically zero and f(mn) =
f(m)f(n) forallmn.cm.. oo 26 ARSI '
The Euler Totient function ¢ (n) is defined to be the number. of positive integers not.exceedingn which are
relatively prime. The Mobius function p (n) isdefinedby " "¢ I e L G
1 ifn=1

(1-1) ”(n) = ("1),( if n=p1Pz-::Pk, Sl posdtive il Ve BloHY Bt

. L .\ . 0 i . otherwise: .. (& Luple is coprime.if und only if it is copinne us uself Qi
where py's are distinct primes. s coticnit juacton, wilCh iS4 2 R ST LU i e el
Eckford cohen [3] introduced a function @x (n), where ¢ (1) denote$ thé numberdf norrnegative integers -

less than Nk ,

whichare relatively K-prime to N¥ and’ . on i e P er e B o

a2) e %(Va) = V" »

" 'Nageswara rao [7] discussed the Jordan Totient function Jx(N) which is defined for positive integers K

and N to be the number of ordered sets of K non-negative integers less than N such that greatest common

divisor of each setisprimetoNand ORI R
: i [T I TRN Y MYY) ol Lo cinales v e pida s Desilive

- ' = Nk t Cb
(13) Ed/uj“ ( .N/d)...'s'ul.v:. itz ot ool Li-rc-a;u;p,-u-nw;nws-mand.n.,if (k)= ail bl il ining) -
By the Mobius Inversion formula, from (1.2) and (1.3) it follows that

© gk N b R RTRR N W
(1.4) ]k(N) = wk(N) =Zd/Nd #(Z) A FE EERNTRITAT AR I R
.| : -

l‘t'ls we“lm?).“'ndlalt{i[\7,'r1}vle'orle,n:116] ; ‘ T Lo ol Pt gt aul L‘XC\‘&.‘dl-lH-.- Vel
(15)Je (DM (tmgg):
where Py's are distinct prime factors of M and Jiy (M) is the function defined as the number of ordered sets |
integers less than Mk such that greatest common divisor of each set is relatively prime to Mk,

IL Preliminaries - '/ LW
izt - The generalizedBrauer Rz;:iemacher identityis . ’h" f e
L gty (M o dfhcia e e @ (MY dhanotes the et aF Mt e e
“(@1) Ju 00T, 4y @) Ferw = H O WL

1)
b
RSN

N

" IJRAR- International Journal of Research and Analytical Revlews\ 675x

id

[

Research Paper, -

T

e . T, st
Seoaidasas Ay it follows that 7

Scanned witvh CamScanner



1 A

v,fbenote the left and rightof (2.1) b '
fia(M M, N tivel
A now prove the following lem( ma)s d “( N) and g”( ) respectivey.

2.2 Lemma:]y, (M is a multi ' i
plicative functipn ey
Proof: et M and- M bethéYosi g\Ve iniege‘rs fQL{‘ch thla (MM \ nl b

C0n51der Ja(MMY) = (MMl) L ! (1 —H) whe ‘e r’s are distlnct factors ofMM1

1 1
= MMM 1—-—,‘—,)1—1(1 ——7(7)
v AN e e

where p(s are distinct factors of Mamd gy's are distinct factors of M1 S BRI R
= Mkll—l 1 -1 Mlml—.l ,__]:_ 4 : . - .
= fiy vl pld ) “qH
' Py e . . * . ‘ f__s \”]1! J’l\,.j‘\ i
= Jui (M) Jia (M?) wl

Provmg ]kx (M)isa multiphcatlve functlon l
oy, o Vet vancli

2.3 Lemma:fu (M\N)isa mulnphcanve function in M and N
Proof: Let M?, Nibe two numbers such tpat (MN M1N1) 1

“If d and d1 are divisors of M and erespectwely and ddil MM}, then ( Zl) =1
Consider fu (M,N) fa (M1, N1] ,

Qu?) kl / '\.-' ; ) .: | y , 1 kl
- L MY dY
N ‘ d d M. ) (__)_1____
| oD Z )7 ,(d) Q."""(#F?‘,‘;;‘ 2, @)@
(d'N)‘l (AR ) ) o ‘(dl,Nq)l—-:l
= Ju(M)] (M1 (ﬂ) M_l __dﬂ_
= Jua (M) Jis ) Z Z M\ )H\aT ) T (@i @D
= d/M d/;;{1 Lo
eloe @ N3)=1 Al (ddl)k!
SN PR G ]kl (MM;)“ [El ( 1) 1
IS GO dd™ ) s (449
EHI X . M}f
(dd1 N1)=1

o Sl

= fu( MM?, NNl) provmg fia (M, N) isa multlpllcative turétion.

2.4 Lemma:gu (M.N) is a multiplicative function inMandN.
Proof: Let M1, N!be twonumbers such that (MN M1N1) 1.
Consider ga (M,N) gu (M, Nl) e

MY u
Ak ”(M)m.Zm (**)dﬁ‘}{u(M )' L»Z u(dl)dl CTResearsho B

- *"‘_"f*- = Yowy - ’ (Mx Y
= u(DRMY) Z ; )(dd*)"'
Ymm? MLNY) »
= M) u(w—) (dd"
/(MM1,NN1)

= g (MM, NN‘) provinggu (M,N) is a multiplicative function in Mand N.

"”,

I MainResult (’* L
lhe theorem belowwi an lt%'rr'iét”e“ roof ,
3.1Theorem: fii (M;N) = g (M\N). R e

>roof: In view of lemma 2.3 and lemma 2.4, itis sufficient to show that
ia (M,N) = gua (M,N) when M and N are powers of a prime.
etM=pm andN= P"tThen ,
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WAPTPT) = Uy D) p(Y)a™
F’ dz,, (d)

/;()p.}’") L P ‘ o '
R g l . - .
=1 Z“(d)dk O 3

P * e . . .- .

( ‘)l“(, ’,M 4 Il(})) 1“] , . .. .
=D e \k
N X %MMNWH oL v iial Nwmber heory, Spramer 000 ool srbor
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d
20 Mo r(pe) =0 hraltar | L
Rrom RO, WO R4 s e
L i n:ﬁnt&) .
QA e = ‘h'.‘, ™ :-‘:.:o o e ey
M(\l l‘N&‘ﬂ“m &‘iiﬂnm n nl\ wlity, Anuu( m Mulh Vi CULEORT . N
Thereiore. Fa (P™P") = gu(P™.p") ' " ;

dN

.imm; M(M)] @ = HO Z u(3) e

@M= Vo

Which i genevalized Brauver - Rademacher identity.
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Abstract

An Arithmetic function is a rea] or complex valued function defined on the set of all positive integers.Consideringthese

Arithmetic functions and their multiplicative property, we shall use relatively K — Prime integers and prove few useful
identities,

Keywords: Arithmetic function, multiplicative function, K - prime integers

L Introduction

The Euler Totient function ¢ (n) is defined to be the number of positive integers not exceeding n which are relatively prime to
n.

A1) om) =% 40 1

(dn)=1
An arithmetic function f is said to be multiplicative function in one argument if f is not identically zero and flmn) = fim)f(n)
whenever (m,n) = |, An arithmetic function is said to be completely multiplicative function if f is not identically zero and
f{mn) = fim)f(n) for all m,n.
Ifaandb are integers, not both zero, and k is any integer greater than |, then (a,b), denotes the largest common divisor of a
and b which is also a k™ power. This will be referred to as k™ power greatest common divisor of a and b,
1.2 Definition:If{a,b),= 1, then a is said to berelatively K — Prime to b.
1.3EcfordCohen [3] introduced a function @, (n)whichdenotes the number of non negative integers less than N* which are
relatively K-Prime to N¥,
(1.)Xy/n 0, (N/d) = N¥
By the mobius inversion formula, we get that

(1.5)8x(N) = g/ d* p(N/d)

IL. Preliminaries

2.1 lemma: ¢, () is multiplicative function.

Proof: In view of (1.5), we get

Ber) = )" atu(2)
(dir)

In order to prove multiplicative, we have to show that
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$u(nry) = @i (r))@y (r2) whenever (r,r,) = 1

Suppose thatry, r,are positive integers such that (r;;) = 1. Then

Q2.2 (nry) = Ziairyry d*u (rldi)

Every divisor d ofryr, can beuniquely written as d = d,d, where d‘/,.1 and dz/,-z

Then (2.2) can be written as

$u(nry) = Z (d,dz)ky(ﬂ)
(dyd;z|ryry) dldz

T T
= 2 ) diatu(3u(2)
(dylry) (d21rp) 1 2

(Z <2—1)) 2 i u(z)

= P (n)dy ()

Proving the lemma.

r“
2.3 Lemma: Letf(r) = "o Then f(r) is strongly multiplicative function.

Proof First we see that f'is a multiplicative function.
Thatis,f(nry) = f(n)f(ry)

: (nrp)*
Consider f(nynp) = PRTTS)

rk

= Erre )

-5 )
T ()] \@x(r)

in view of lemma 2.1

= f(n)f(r)
Thus f(r) is multiplicative function.

Also, we have for every prime p,

k

@) =5.®

pk

T zaatu(t)

14
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pk
= \
¥ u(P)+ Py ()

pk

TPk
and

=2
¢« (P?)

_ p2k
Z(afp2) 2 u (2

p2k
R r Gy ey

pek
—_—e—
~pk 4 p2k

pk

Tk

Similarly it can be shown that

Pk

fP) =f(PY) = ... =p=T

Thus proving that £ (r) is strongly multiplication function.

IIL. Main Result
3.1 Theorem: Let g(r) = oy Them =0 — 1 = e
: 1

Proof: Consider g(p) = e
i‘ ,
= , from (1.5
| Batu(f) Y
b ]
- _ 1
! ~ FuP)+ PRa()
| _ 1
‘ T Pk
E
. . i 1

and consider WO
Plt
=11
_ 1
Tl
Thus proving the result.
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3.2 Theorem: Z(dh)#;) H (di) = u(r)u (%) a

oi(;)

k dk
Proof: i ) =" which gi =—
roof: In view of lemma 2.3, we have f(r) 0 which gives f(d) @

and ( [S], Theorem 3.1) gives forn > 1,m > 1, we have

CHT f@n (3) = () (2) , where t = (n,m)
d
(rm) =1

using (33). Zeany g2 #(5) = (3 1 (2)

=u(m)u (f) #G) from theorem 3.1.

Hence the result.
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