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ABSTRACT

This thesis deals with the'estab]ishment_Of a planned-replace-

ment h.system.in the wire drawing.departmentfof Rabak E1ecf 3
tro]yt1c Copper and Products Co ’for‘the achievement ofIOpe—d
rational cost sav1ngs, through reduct1on of the annua1 ma1n-
tenance costs, The maJor 1nputs_ut11jzedwby,the,mode1 are, -
the oomponentvfailure data, p]anned and failure replacement
costs .for the critical components of .the wire drawfng machi-

nery‘ The model: 1s a]so expressed under constra1nt sett1ng by -

1mpos1t1on of m1n1mum product1on tonnage, max1mum product1on-»?

llosses ‘allowed ‘and maximum ma1ntenance.cash~budget‘constra1nts.

The major outpots7ofvthe‘MOde1'are, the optfmal_pTanned rep-
lacement periods,'for the'ana]ysedAconponents,which minimize
the annua] expected-p1anned1rep1acement"po]icy'costs.'The“
appTication of the propoSéd‘mode]Awil1-also 1ead to more
reliab]e production schedu1tng,hWhi1e7decreasing~expected ’
mach1ne breakdowns and product1on losses in-the draw1ng |
departmént In the overa]l, the mode] will 1mprove, the wire

drawing operat1ons, wh1]e_br1ng1ng.a systematic‘approaoh to .

‘the so]Ution of the currently existing maintenance problems.

The app11cat10n of the proposed mode] is poss1b1e in other

industries as text11e. paper, a]um1n1um and iron wire draw1ng :
etc, where cont1nous productlon is v1ta1;for,the qua11ty,andti

.COStS of the'operations The extensions to the work oan be

made in spare parts safety stock plann1ng and in opt1ma1

maintenance work and personnel" schedu11ng etc

~




SREEIS
6ZET

'Bu tezde, Rabak: E1ektro]1t1k Bakir ve. Mamu]]er1 A.S. Kag1tha-

“ne Fabr1kas1nda yer alan te1 cekme bo]umunde, p]an}1 degistir-

‘me s1stem1n1n o]usturu]mas1 ile, y1111k bakim g1der1er1n1n
7enkucuk1enmes1 amaclanm1st1r Unerilen’ mode]1n~g1rd1]er1,

kr1t1k makina parca]ar1na}111skih.bdzuima kay1t1ar1'i1e‘p1an-

11 ve bozulma sonucu parca yeni1eme véya-degistirme-giderle-.

ridir. Mode],.enaz}ﬁretﬁm,tonaj]arl ve encok Uretim kay1p]ari

ile ‘encok bakim nakit bUt;e_k1s1t1ar1_a1t1hd5 da genelléStiF

ri]mektedif‘ Modelin cikt11ar1n1, y1111k;ﬂ3h1i?bak1m politi-

kas1 g1der1er1n1 enaz]ayan, enuygun p]an11 deg1st1rme sireleri
.olusturmaktad1r. Uner11en uygu]ama ayn zamanda tel cekme bo—

Tiumiinde . daha givenilir bir uret1m p1an1anmas1n1 mimkiin k11ar-

» ken, bekienen}mak1na duruslar1n1 ve uretlm kay1p]ar1n1_buyuk-:_'

oranda aialtacakt1r- Genel olarak, stzkonusu lretim boliimin-

deki faa]lyet]er1n daha guven111r ve ver1m11 o]mas1 sag]an1r-

ken, mevcut bakim prob]em]er1n1n cozumune daha s1stemat1k b1r_v‘

yak]a$1m get1r1]m1$ o]maktad1r Uner1]en mode]1n, surek11’

~Uretimin kalite ve g1der1er ac1s1ndan buyuk onem ta$1d1g1

tekst11 kag1t, a]umlnyum, ce11k te] vs. g1b1 endustr1 ko]]a-'

r1nda da - uygu]anmas1 mumkun bu]unmaktad1r Modele ek1eme1er,'

parca emniyet stoku p]an]anma51, enuygun bakim pefsoneli'VE;,
. bakim aktivitesi pTén]anma51_konu1ar1n4a yapilabilir. |

()
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L. INTRODUCTION

1.1,

OBJECTIVES AND PRELIMINARIES

This study focusses on the deve]opment of a ma1ntenance system

" in a copper- wire draw1ng p]ant The primary- obJect1ve is to

determine effect1ve planned rep]acement times for the cr1t1-

~cal components of wire draw1ng mach1nery Thus, 1t is sought

to 1ncrease the operat1ona1 prof1ts through reduct1on of

probab]e fa11ures and lost product1on

~In many wire- draw1ng flrms,'cont1nous product1on 1s very

v1ta1 once the 11ne s set up-’ for the appropr1ate w1re dia-

’ meters The reason is that, both the qua11ty and the opera?

tional costs of drawn wire are closely re]ated to cont1nous

product1on Lost product1on costs due. to mach1ne breakdowns f

are notab]y h1gh Nhen unexpected fa11ures occur, the manage-h

~ment needs to g1vevrush-orders of spare parts, whjch in turn

significant]y increases the costs of component rep]acement.

The current]y app11ed repair or rep]ace on- fa11ure pollcy,_

'costs the company approx1mate]y 348 m11]1on TL per year,.

tak1ng into- account the costs of lost- product1on mater1a1 and

'1abour The gross profits of the company in the year th1s
-analys1s is carrled, amounts to 450 m1]11on TL It 1s

"apparent that the current ma1ntenance po]1cy costs const1tutes

approx1mate1y 77 % of the gross- prof1ts of the company and 8

(o]

deserves attention forvanalys1s. The app]1cat1on of the.

proposed p1anned rep1acement policy will maintain a cost



advantagetof about 86. 5 mi]]ion TL s annual]y to the company
under study. It w111 a]so prov1de a systemat1c approach to
the- ma1ntenance prob]ems in the draw1ng department by peri-

odic replacement of the critical componentsvof.the drawing

* machinery. ATso, significant productivity increases wi]]'be

rea11zed due to- decreased downt1mes, a]ong with qua11ty impro-
vements in drawn wires, because of less we1d1ng requirements,
:1ess scrap and more homogen1ty on'ware surfates.'The 1mp1emen-
tat1on of the proposed po11cy will also- enab]e more re11ab1e

"product1on schedu11ng in the company.

'Th1s study can be genera11zed to other wire- draw1ng opera- E
tions, such as: 1ron,pstee1 brass, a]um1n1um w1re draw1ng and

can eas1]y be adapted to other firms .-

' Before'review1ng'Some]fundamenta] rep]acement models; the
basfc'terminologys symbols.and'lifetime distrfbutions will be
introduced. if'we consider“abmachine-in any'production.shop,
- a rea11zat1on of its status through the t1me hor1zon 1s‘
111ustrated 1n F1gure 1.1. The-term mach1neuava11ab111ty is
used to descr1be the probability that the'machine can-operate:
under. satisfactory cohditions~ The Operatihg time stands. for_j
the per1ods when mach1ne is actua]]y work1ng The rema1n1ng
port1on of the ava1]ab1e t1me 1s referred to as. 1d1e t1me
The downtime cons1sts of three phases; The f1rst phase
includes administrat1Ve andzlogistic"work'such as informing
the maintenance department;’procurement:ofispare parts, fornm-
-ing.the repair team andmscheduling the'repair or rep1acement

activity. This is foTlowed by an active repair’timefand a.



Nachine Status

per1od of some more adm1n1strat1ve work

R L E — Time Horizon
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Idle time -
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Idle time -
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Idle time

'Operatihg time
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. |Administrative-and|
Loristic Time = |

FIGURE 1.1. MACHINE STATUS OVER A TINE HORIZON

Let f(t), (t) and R(t) stand for the probab111ty dens1ty '

Vfunct1on (pdf), cumu]at1ve d1str1but1on funct1on (cdf) and

'ithe re]1ab111ty funct1on respect1ve1y for the 11fet1me models

The hazard rate (a]so called fa11ure rate) is the,1nstantenousI

~probability of failure at time t given that the unit has

survived upto thaf time point. This is given as

RGERIOUION

The major ]ifetime.disfribution to be employed inythis study
is Wefbd]] distribution Th1s 1s because We1bu11 d1str1but10n.

can adequate]y represent most of the failure data co]]ected

‘The Weibull mode] wh1ch is frequent]y ut111zed for wear-out

‘types of fa11ures is 1n1t1a11y deveIoped by Ne1bu11 in 1951.

)

The probab111ty dens1ty function can be-expressed as;



Hachineé Status

per1od of some more adm1n1strat1ve work

Tlme Horizon

. Available
Idle time
Operating time

Idle time
Operating time

~Idle time
Opgrating time
Idle time

'Operatihg time

Time
.Administrative
' Time

Unavaildble

J|administrative -and

Loristic Time
‘}Active:Repair

FIGURE 1.] MACHINE STATUS OVER A TIFE HORIZOV

Let f(t),- (t)- and R(t) stand for the probability density =

function (pdf), cumulat1ve d1str1but1on funct1on (cdf) and

'xthe re]1ab111ty funct1on respect1ve1y for the 11fet1me mode]s

The hazard-rate,(a]so called fa11ure rate) is the,lnstantenous

_ probabi]ity'of'fai]urefat time t given that the unit has

survived upto that time point,‘This is given as

r(t) = f(t)/R(t)_j

The maJor ]1fet1me d1str1but1on to be emp]oyed in th1s study
is we1bu]1 d1str1but1on Th1s 1s because Weibull d1str1but1on

can adequate]y represent most of the fax]ure data co]]ected.

’The Weibull model whlch is frequently ut111zed for wear-out

types of fa11ures is initially deve]oped by Ne1bu11 in 1951,

The probabi]ity dens1ty function can be expressed as;’

Tin



e = EHT e [('})B:!

where its hazard rate is;

r(t) « BB withe s o
and x > 0

and its»re1iabi]ity function is;

R(t}_ . e-(t/x)'3

The parameters A and.B are referred to as scale and- shape'
-parameters respectively. The sca]e parameter 1s ‘a measure of
degree of spread whereas the shape parameter 1nd1cates ‘the

degree of skewness of the p d.f.

When g=1, exppnentia]'11fettme,mode] emerdes as a_speCialrh
case of weibull._Exponehtial'distribution‘yields'a'c0hStant
haiard'rate.1When B<1, this means'thathhazard rate is of-

mohotonita]]y»deCreasing-type;'Nhen B>1,-thevhazard~rate 1s
monot1ca11y 1ncreas1ng The'fai1Ure rate fuhction is exemp-

11f1ed 1n F1gure 1 2.
- The p]anned-rep1acemeht times need to be-obtained’ohly‘for .
the case B>1. Otherwise, the policy of replace on failure is

optima1.

When B>4,.the skewness of the Weibull distribution starts to
disappear and it tends to look more like a symmetric distri-

‘butiph,,

Log-Normal fai1ure“probability distribution is also applﬁcab1e



I.

for wear-out failures due to its increasing failure rate. The

p.d.f. of this_distributioh is expressed“as;'

-Ont-i) 2

o 1 - _ z .)
- f(t) ={ —_— e .20 -}
‘where o>0,
't
R
N S ormiei - 3
= \\ : Increas;ng Failure Rate for B>1
v N o
1 ON
, N S
25 N S Constant Failure Rate for [5=1
© . - . — " . . »
. ~
ul
- N ~
3 S
[2 . :\\\ — Decreasing Failure Rate for |
- .
—
\\\ -_
t (Time) :

FIGWRE 1.2 WEIBULL FAILURE RATE FUNCTION

.

. LITERATURE SURVEY ON PLANNED REPLACEMENT POLICIES

In prevent1Ve rep]atement strategies{'a unit is replaced

) e1ther at some Spec1f1ed t1me or at t1me of fa11ure, wh1ch-

ever occurs f1rst Such po]1c1es are mean1ngfu1 for ‘the ma1n?
tenance systems, because the rep]acement-cost 1ncurred at '

fa1]ure 1s usua11y much h1gher campared to the planned repla-
cement cost A]so, the Operat1ng items have the ag1ng charac-

‘ter1st1cs In other words, the fal]ure rate r(t) 1s IFR

‘ (Increas1ng Fa11ure Rate) type and 1tems tend to wear out as:v'



}their operationa]ﬂtime4increases{Barlowdand_Prdschan, 1962}.

For a p]ann1ng hor1zon .t, ‘the expected total rep1acement cost

E[jg] can be expressed as:

| E[T'C:(t')'] . CpE [Nkp'( ;')j + CfE[:Nf("’:c):]v

where:
Cp = Planned-replacement cost
Cs = Replacement cost dn feilure N

N (t) e Number of p]anned rep]acements in per1od (0 t)

f(t) = Number of fa11ures in per1od (0 t)

The obJective can be'stated as the minimization'bf’thek
expected cost- per unit. t1me,_E[§j for an-infinite. t1me»'
_hor1zon{Ross, 1970}

EE___] lim E[TC(t)_'_]

| trow  t

It can be shbwn{Jardine,V1978} that the expected coet'per_

"uhit-time is equal ‘to:
] = e[ J/E[]

Where:

_:Y = Cost 1ncurred between two renewa]s

Z = Cycle t1me(durat1on of renewa] per1od)

Sy

We shall refer to those t1me po1nts at which ‘the process

starts over aga1n,-as renewq] ‘times. In the rema1nder of. th1s



_sect1on, some of the maJor prevent1ve replacement po]1c1es

will be rev1ewed

Age Rep]acement Po]1cy (ARP) An item is either replaced at a

spec1f1ed age tp or on.fa11ure For a-p]anning horizon t,.a.
rea11zat1on of renewa] t1mes 1s portrayed in Figure 1.3. Each

crossmark corresponds to a renewal point in th1s flgure

REPLACEMENTS |
ON FAILURE - 1 l l

O ~—— H——k * —% ' - time
PLANNED -t __" - 4 , | |
REPLACEMENTS p o=y :

GURE 1.3 A REALIZATION OF REP. TIMES FOR A PLAN. HORIZON t FOR AGE REP.- POLICY

The value of tp can be found by m1n1m1z1ng the expected cost

- perﬁunjt time:
e D-R(E)T ¥ cR(E)
tPR(tp)_.‘+ M(tp-) »D - R('tp)j |

EC ]

where M(tp) is the mean time to failure‘(MTTF),lof the‘unft"
given thatfplanned-repldcement occurs atfage-tp. '

. Block ReélaCement Policy (BRP)' In these po]icies,‘p]anned

rep]acements occur at flxed 1nterva]s of length tp Thus,

| they are a]so referred to as constant 1nterva1 po]1c1es A
rea11zat1on of rep]acement t1mes and renewa1 t1mes is 111ust-_
rated in F1gurev1f4 It shou]d be noted that the renewalv

'times-designated with_crossmarks appear on]y at f1xed'1nter-

v

‘va1s tp; | g - | : | o S



ON FAILURE .
‘ [ -
t (AN
, 0
PLANNED. L :
REPLMEMENT: o o S -

REPLACEMENT l

‘ .*‘ time

FIGURE 1.4 A REALIZATION OF REPLACEMENT TIMES FOR A PLANNING 'HORIZON t
FOR A BLOCK REPLACEMENT POLICY. :

The va]ue of tp can be found by m1n1m1zing{

cfE-[—Nf(t'p)] toc,
tp o

]~

-_DeTivery and RepJacement'Policy'with DeTay In th1s type of

po]1cy,>a de]ay per1od as ‘the de11very perlod, is 1ntroduced
into the system.”Th1s perrod TS viewed as extending the
expected stage duration. For instance,-we'coqu consider the

fo]10w1ng app11cat1on g1ven by T. Nakagawa{Nakagawa, 1977}

A one un1t system is. g1ven w1th failure. t1me d1str1but1on
F(t) The 1nventory of spare unit 1s assumed to be at most
one‘un1t The un1t starts operat1ng and the spare unit is
ordered at t= 0 The de11very of the spare un1t w111 be at
‘t=t (ca]]ed the p]anned delivery time of Spare un1t) The
spare unit cannot fail, its installation time is close to

zero and rep]acement of it starts thesnext renewal period.

-The spare unit's order1ng cost is Co’ which 1nc1udes 1ts own-

v

cost aTso
.y

- If the unit fails'before spare unit is delivered, the system

ihcdrs-a unit cost}k for idle time due to late delivery. -



If thenunt isdelivered before it is needed, the system incurs

a unit cost Cj for 1nventory

"The planning horizon is.assnmed te be.fnftnite A cycle'time
or a renewal per1od is 1dent1f1ed here as the per]od start1ng
FJUSt after 1ts rep]acement The expected cost of one stage is
g1ven then, by sum of. order1ng, downt1me and 1nventory costs:

to'

c, *+ ke f (to-t)dF(t) + c, f (t-t )dF(t)
to
| e e
= ¢ + k. SF(t)dt + ¢, . [ (1-F(t)).dt
0 . " . .
% o Tty |

The expeeted?eyglehtimeﬁjsﬁ
+ [ [O-F(t]].dt
t, S
‘Thus,_thenexpected costnper’unit time is:
c. + k. f (t) dt+c f DF(t)jdt

0

+f°°[1 - F(t)].dt
t,

Repair-ijit Models: One of these mode]s is . f1rst ap p11ed
,'hy'Drinkwater and:Hastlngs on‘army_veh1c1es{Dr1nkwatep*and
_Hastings,'1967}. In thefr model, ‘they check the situatfon of
the fai1ed unit at a time t‘.and estimate its repair'cost 'If
the est1mated cost of repa1r 1s 1arger than a certa1n amount

' they de]ete repa1r ‘and rep]ace the unit.
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An_a]ternative‘approach is to repair the failed unit, if
repair time is shdrt‘and td~rep]aceiit, if repair time is
long{Nakagawa and Osaki; 1974}. In otherfwdrds,-if nepair
cannot be_cdmp]efed'in'a:specified period (i.e. the_repair-

- limit time); then'the unit is‘replaced with a new one. The
obJect1ve is aga1n to m1n1m1ze the expected cost per unit
time for an infinite tjme span.,Cons1der1ng a}cyc]eftjme,
from the beginning of the‘operating unit ti]]-the completionv'
of repa1r (or rep]acement), the expected cost per un1t t1me,

- when a repair 11m1t durat1on of t -is g1ven, can be expressed

f Ce - é(go) + f }G(;).dch(t)s

. (0] :
oo T/x o+ L G(t).dt

where:

Ce e‘Fa11ure replaeement cost of the unit |
G(t ),: C.d. funct1on va]ue of repa1r times: over. repa1r 11m1t

time t

G(t) = C.d.f. of repair limit times .

t. .

0 .
S G(t).dt = Mean time to repa1r unit, g1ven rep]acement done
o ' at tg, if repair is not finished till that time.

dC_(t) = Expected repa1r -cost + downt1me cost 1ncurred at
ST instant dt.

/A= Mean time. to fa11ure for ‘the fa11ure d1str1but1on F(t)

-Replacement Mode1s Combined with:Ordering Po]feies_fof‘Spare

Units: If Lead-times for replacement parts-canndt be neg]ee-
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“ted s then ordering’ po]1c1es for spare un1ts wou]d be cons1der-
ed. w1gg1ns{W1gg1ns, 1967} cons1dered such an ordering policy f
- where a spare un1t is ordered at t un1ts of t1me, after
'1nsta1]at1on of the original unit or at fa1]ure of the origi-
nal un1t wh1chever one occurs f1rst Then he m1n1m1zed the
Expected Average Cost funct1on g1ven by the expected inven-
tory and expected shortage costs, by obta1n1ng the opt1ma17

re- ordering t1me t
Wiggins introduced;the following costs in his modeI;

fa] ='Shortage cost/unit t1me, when the system fa11s before
'~ spare un1t 1s ava11ab1e - _

a, = Inventory cost/un1t t1me, when the spare un1t is de11vered
a before needed.®"i- , : ‘ ,

Cy = Exped1ted Order1ng cost/unit, when the system fails -

o before the f1xed order1ng time t -

¢é'= Norma] order1ng cost/un1t when order1ng at the norma]

T ,order1ng t1me to. _ e _
'1/i- Mean time to failure for the arb1trary fa11ure d1str1bu-

- tion F(t). -

L '='Ledd-time for.de]ivery‘of'the'spare unit.

Then, the eXpected cost tor’each~stage 1s_deye1oped into the

‘following formulas;

‘t +L SR : S _ :
0 ‘ ’ @ . oy , :
| a .tf F(t)dt + a, .tf;L(l-l-_f(t)).dt+c]F(to-)‘+czl(’1-F(to),)v |
: - .0 o o
efe]e —0— O T
| " B2 F(t).dt
e 3 ,

.The Expected Cost per un1t t1me, g1ven t s W111 be m1n1m1zed

at»opt1mal t (the opt1ma1 re- order1ng t1me for the spare un1t).
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'Some of the other rep]acement modeIs take 1nto account addi-"

t1ona] cost factors as for. 1nstance, the -costs of keep1ng a

: un1t operat1ng, as adJustment deprec1at1on and 1nterest .'

costs{C]earoux and Hanscom, 1974} There are age rep]acementv

.fp011c1es whlch take 1nto account pr1mar11y the d1scount fac-

: tor. Such app11cat1ons wou]d be feas1b1e for po]1c1es pIanned"
;}over Ionger tlme hor1zons,}1 e ]onger than a year{Fox, 1966}.
A‘Some authors assumed replacement on]y on detect1on of fa11ure‘:
~and 1ntroduced 1nspect1on per1ods, wh1ch would m1n1m1ze the
',expected tota] cost unt11 detect1on of the fa11ure{Bar]ow and i*

‘Proschan, 1965}

. SCOPE AND ORGANIZATION -

_Thtsfwork_covers;only the,wirebdrawing_machineryhtn the.dra- -
wing department of theaselected‘company; It tnc1udes”sixteeniI
:’machines and eighteen types’of criticaI componentvaocated;on__‘

: -these mach1nes A total of n1netyn1ne components on all

mach1nes are cons1dered in. th1s study

. In Chapter'II,'an oVerview of:the!production system is giVen

. and the current malntenance pract1ces in the wire-drawing

department is. rev1ewed in deta11 In Chapter III, the fa1]ure
vdata 1s organ1zed and the cr1t1ca] components are 1dent1f1ed

;The cr1t1ca1 components se]ected for ana]ys1s are coded to

enabIe data process1ng app]1cat1qn and. to. aid 1n presentat1on.

. Stat1st1ca1 anaIys1s 1s performed on the organlzed fa11urel

0]

data, inorder to determ1ne the types . of 11fet1me modeIs rele-

“vant for each component By the end of - Chapter III dec1s1ons
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_'are taken to de]ete p]anned rep]acement policy for some com-
*ponents The dec1s1on ru]e for delet1on is s1mp1y the fa11ure

~rate, be1ng monoton1ca]1y decreas1ng or rema1n1ng constant

' ‘,fThe parameters of. 11fet1me mode]s are est1mated for the .

rema1n1ng se]ected components and the adequacy of the mode]s

fare checked

" In Chapter IV, expectedjunit:costiformu1as7appldcab1ento}eachf5t
componentvtype'are°developed MateriaT”']abor and”prodUCtdon-
'1loss costs are calcu]ated for each component both for p]anned{
;and fa11ure rep]acement events Then, computat1ons for expects.
d_ed costs of the proposed p011cy per un1t t1me are performed
’and the Opt1ma1 planned rep]acement per1ods wh1ch m1n1m1ze
the expected un1t costs are: obta1ned Next, a more genera11zed
:»model, 1nvo1v1ng m1n1mum product1on requ1rements on ma1n-'
feeder mach1nes, max1mum a]]owab]e product1on ]osses on f1na1 L
- ddrawers and m1n1mum cash budget constra1nts on fa11ure and |
: p]anned rep]acement per1ods is constructed The se]ect1on of on]y one. 1nte~
: ger var1ab]e is: 1mposed for each component by 1ntegra]1ty o
rconstra1nts An app]1cat1on w1th the mode] 15 carr1ed by |
-,1mpos1t1on of m1n1mum productxon requ1rements on the ma1n- g
;feeder mach1nes and a]so a cash budget constra1nt for fa11ure

: and;p]anned-rep]acement~act1vat1esg

In. Chapter v, ana]ys1s of so]ut1ons re]ated to optimal
p]anned rep]acement per1ods and costs, under non- -constraint

| ndvconstra1nt settjngs Js performed.

The fina1echapter,inv01ves conclusions and suggestions as to
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the improvements obtaihed~by.the'imp]eméhtatién_of'the
| prOposed model and accounts for possible extenéidns.

in:Figuré ].3,ué macro flow-chart for the application of the

'p]ahned-kepidcément modé1 is given.
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11, DESCRIPTION OF THE CURRENT SYSTEM

11.1,

MATERIAL FLOW AND'THEtDRAdING-PROQESSES WITHIN THE PLAN%

Figure“2v1 ref1ects the d1rect1on of material flow together
“with the d1mens1ons of the drawn W1res produced by each type
'.-of mach1ne The approx1mate da11y capac1t1es of each mach1ne )

-are a1so g1ven in. th1s f1gurer

As can ‘be observed from F1gure 2 1., the draw1ng mach1nery 1nv
the department are c]ass1f1ed under three pr1mary categor1es,-’

namely Ma1n Feeder, Intermed1ate and F1na1 Draw1ng Mach1nes

| The. ma1n feeder mach1nes, a]so ca]led Th1ck w1re Drawers, are

N very v1ta1 for the overa11 draw1ng 0perat1ons, since they

| produce 1nputs to a]] other draw1ng mach1nery A

A draw1ng operatlon con51sts of the fo1low1ng maJor phases

F1rst the feeder -spool g1ves the w1re 1nto ‘the. dancer pu11eys

twh1ch 1ets the w1re 1nto the f1rst draw1ng die at a r1ght-
'ang]e.;Second]y, the w1re is pu]led over. the Draw1ng Head
'after pass1ng through the f1rst d1e and’ the w1re gu1de
:'channel Next. it is fed 1nto the next d1e at r1ght ang1e and:
.fed 1nto the f1rst draw1ng capstan The draw1ng capstan lets_-'

the w1re 1nto the th1rd d1e at a. r1ght ang]e and then 1nto'

the second capstan and so forth The. d1ameter of the w1re 1s

Jreduced at a certa1n 1eve1 as 1t runs through each d1e, w1th- N
"1n spec1f1ed tolerances Actua]]y, reduct1on _amounts are pre-

set by mach1nery techn1ca1 data and are a]most standart for

Q’each s1ze of w1re d1ameter to be produced The wire is fed
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into the capstans severa] tlmes back and forth. before be1ng
Vsent into the f1na1 die and over the dancer pul]eys after
vwh1ch they are fed into the spoo]er system. Part1cu1arly 1n
thosevmach1nes, wh1ch manufacture very th1n wires, the travei
v‘of the w1re over the same. capstans (over 1ts d1fferent w1re-

tracks), may be ten to f1fteen t1mes. wh11e the tota] number

of draw1ng capstans used may range up to twenty

The ten51on and heat 1eve1 is usual]y very h1gh dur1ng the
‘draw1ng operat1ons, wh1ch requ1res constant coo]1ng by spray-
1ng of a spec1a1 borax and water emu]s1on onto the mov1ng
_wnre Sometlmes, the w1re trave]s w1th1n the emu]s1on 1tse1f

_ The.w1re,greduced to 1ts f1na1 requ1red d1ameter 1s'fed 1nto
-'the spoo]er system, governed by an N- Shalt .and var1ator system

'wh1ch enab]es proper spool1ng of the w1re

In those draw1ng mach1nes, wh1ch have automat1c heat treatment
‘system, the drawn w1res run 1nto a heat treatment un1t after |
- final reduct1on.;In th1s un1t, current 1s app11ed at 1ncom1ng

' and outgo1ng ends of the runn1ng w1re, at low vo]tage and
-hlgh 1ntens1ty The runn1ng of the w1re in the heat treatment
unit is over ‘the porce1a1n pu]]eys and br1dges to prevent
short current damages To g1ve an 1dea of the draw1ng opera-vi
t1on, an: overv1ew of the draw1ng head,_capstans, d1es, feeder:
g;spoo], along w1th the dancer pulleys and the f1na1 spoo]er

- system is 111ustrated 1n F1gure 2. 2
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'.FIGURE 2.2 AN 'OVERVIEW OF THE MAJOR-DRANING COMPONENTS IN A 5- DIE AND .
AUTOMAT1C-SPOOLER. MACHINE, WITH NO HEAT TREATMENT UNIT.

11.2. CURRENT MAINTENANCE PRACTICES AT THE WIRE- DRANING PLANT

The company management be1ng under pressure for cont1nous .;,,
product1on 1n the wire draw1ng pTant carr1es the general -
attitude-of overlook1ng at the machine prevent1ve repTacement
pract1ces‘ They be11eve that the machine 1nterrupt1ons for

'~ such purpose wou]d mean cons1derab1e 1oss of product1on.-It
is thought that repa1r on- fal]ure po]1cy is cheaper and more E
pract1ca] than a per10d1c check= up and p]anned rep]acement

.policy for the draWing machines.

It is observed that some of the mach1nes carry - certa1n measu->
.rement dev1ces like vo]tmeters, ampermeters, 0i] Jevel and |
" emulsion leveT 1nd1cators, wire breakage s1gnals. However, the,
0perators do. not usually react at the r1ght t1me to such
»dev1ces Nhen they react, they 51mp1y stop the. mach1ne and

1nform the techn1ca1 superv1sors The: superv1sors sometlmes
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forego necessary 1nspect1ons, unless they are very cr1t1ca1‘
'Dur1ng night-shifts, the operator check- ups of these dev1ces,'
'are at minimum. The mach1nes are connected to automat1c
contro] and 1t 1s when the w1re breakages occur or when the

. machine totally stops, that the operators would check-up theh

mach1nes

The operator warn1ng s1gnals on the draw1ng mach1nes can be

c]ass1f1ed as fo]1ows,
. 1-_Signa1s«for'electeral and electronicvequipment (control -
' devices_for e]ectrica] c1rcu1ts, termlcs, N- sha]ts, poten- -

tiometers, vo]tmeters,'ampermeters)

~2-‘S1gnals for . other than electr1ca1 and electron1c equ1pment ..

(Speaiometers, 0il- pressure, emuls1on Ievel 1nd1cators,

~ Wire- breakage s1gnals)

By the f1rst group of s1gnals, automat1c contro] is more or.

less prov1ded for e]ectr1ca1 and e1ectron1c systems. In fact,

",1n this® work, e]ectron1c and e1ectr1ca1 components are exclu-

Jdedfrom the cr1t1ca1 components 11st except for N- sha]ts
wh1ch are c1rcu1t contr0111ng dev1ces for regular funct1on1ng

of the spool1ng and variator systems

There are a]so‘somerc1eaning, Oiling’and dieemai“tgnancefaFti-
. vities on thevmachines;*Especia11y the die'maintenancebaCti-
t1v1t1es are carr1ed w1th care Infact, there s a separate
die- repa1r and ma1ntenance shop equ1pped with die- 1nspect1on

’m1crosc0pe, rect1f1cat1on and po]1sh1ng 1nstruments and d1e-
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’ ang]e measurements are ‘made- between certain draw1ng tonnages
"and necessary ang1e adjustments, rect1f1cat1ons and p011sh1ng
. work are.carr1ed hy 2 experts in this room. It should be
pointed out that uire~surface quaiity is'direct1y,proportiona1
. to a propertdie-maintenance aCtivity' As to this maintenance |
act1v1ty, the p1ant management is- sens1t1ve and aware of the.
_1mportance of thls component Thus in th1s work "d1es" are

,also exc]uded from analys1s.

Severa1'meaSUres are'taken in the‘p]ant tOJrepair fai]ing

components.'These_can be'summariZed asf

l-gTo keep the frequently fa111ng jtems such as seals, bolts,
nuts, N-Shalts, hoses, sleeves,rc1utches, fllters in the -

‘spare partastocks }ﬁ
27,Prov15ion'of such.materia]rinkthe in-plant auxiTiary-depot,
3-'16 keep_maintenance personnel'in thecp]ant.f

Even though such ‘measures. have been app11ed in the draw1ng
'department for the 1ast four years, stock scarc1t1es are faced
‘frequently for many cr1t1ca1 1temsateTh1s 1nd1cates that han
:cr1t1ca1 stock 1evels are not properly spec1f1ed in the p]ant
wh1ch causes the purchas1ng department to buy at h1gh pr1ces
for urgent repa1r needs “For certa1n other 1tems, undes1red

. stock p111ng is. observed which leads to unnecessary work1ng-'

capital t1e7up.

'}A pos1t1ve approach noted as to the ma1ntenance actlthies 1n.

the p1ant, is. re]ated to. fa11ure 1nformat1on co]]ect1on
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Mach1ne failures and actions taken to. repa1r the fa111ng
components:, are recorded 1nto the "Sh1ft F11es" by the tech-

n1c1ans. »

Current]y, f1ve ma1ntenance personne1 are employed 1n the B
p]ant, one of wh1ch 1s a qua11f1ed technician wh11e others
~are expert 1abourers It is a]ways poss1b1e to prov1de seven
more. workers from other departments for repalr or replacement
operat1ons, 1f requ1red Fa11ures are hand1ed in fo]1ow1ng

steps,' o L'c;,;

1- If 1t is a sma1] fallure, 11ke capstan wear-out (wh1ch 1s

hrhandled when w1re breakage occurs due to the track wear-v
out in the capstan), the operators w111 record fa11ure and
rep]ace the capstan wh11e the worn out capstan is . sent to

repa1r sh0p for renewa1

2- If 1t 1s a maJor fa11ure, 11ke breakdown of shaft or p1n1on'
group, the operators warn ‘the head techn1c1an and. the
department ch1ef eng1neer about the event The head eng1neer
informs the factory manager The mach1nery is d1smounted
by a group of workers and techn1c1ans, wh11e a 11st1ng of

y the fa1]1ng components and requ1red number of. rep1acement

- 1tems is prepared by ‘the techn1c1ans. Then starts a search

| for the ex1stence of requ1red 1tems in P]ant Spare Partsc
.1[epot._Another Tisting ‘is made for non ex1st1ng items.
'These 1iStings,at0gether with;causes of breakfdown are

’,subm1tted to factory manager The factory'manager contacts y

2ae!

Genera] Manager, who in turn 1nstructs the Pumﬂms1nghhnager
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for urgent‘prOVision of missing items A]so, if'required ;
add1t1ona] e1ectr1c1ans and mechmncs from tzmit P]ant are
requested "The purchas1ng department usua]ly takes about 3-10-
days in order to comp]ete market search.and collects offer -

« letters.'Meanwht1e productions‘of the faiiing machinery andv‘
 related machinery have~stopped.'This is]critﬁca] espeCially:v
'; for first, secondfand thfrd thick wire drawers, since inter;

mediate stocking cannot be made‘forwthese machines.

Thus usually a long process takes place before the mainte-
'nance people can'get-their'missing parts and Start re-assemb-
ly. Genera11y, the results of the current repa1r or rep]ace-’

'on fa11ure ma1ntenance pollcy leads to the fo]]ow1ng costs,

a) Costs due to Machine Failures;
1= Product1on -Los's costs ‘due to‘down t1mes
‘2 Qua11ty -Loss costs due to sudden stoppages
3= Product1on 1nterrupt1on costs in re]ated mach1nes

4- Idle operator time costs

b) Costs due to Late Hand11ng of Worn- Out Components,
1- Costs. re]ated to qu1cker wear out of components

2- Costs due to Slde effects of breakage in other compo- -
nents : , :

NC)“Costs due to Rush -Orders;

1= Purchas1ng department is ob1lged to buy at h1gher costs .
than norma] o

‘,d) Costs due to Fa11ure Repairs;

~

1- Fa11ure repa1r leads to h1gher costs then p1anned rep]a-

cement, s1nce more damage is 1ncurred usua]]y

BOGAHC\UNNERSWES\KUTUPHH\ESK
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2 More labour t1me is required for dismounting and repla-
cement act1v1t1es

o~y
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111, STATISTICAL ANALYSIS OF FAILURE-DATA

IT1I.1.

DATA COLLECTION AND ORGANIZATION

The raw‘data for.component fai]ures are coTTeCted from the

p]ant maintenance fiTes -Data as to the repa1r and replace-‘

,ment pract1ces are obta1ned from the ch1ef eng1neer of the-

draw1ng department, ma1ntenance superv1sor and mach1ne fore-'

me A]so, machlnery cata]ogs and buTTet1ns ‘were used for

,obta1n1ng 1nformat1on on machines and.components.

The cr1t1ca1ness of the components 1nc1uded in our modeT

depends on the foTTow1ng factors,

1- The frequency of its breakdowns,

>2-.The duratlons of repalr or repTacement due’ to sudden
' fa1]ures, :

o §+ The durations of replacement per1ods when pTanned repTace—

ment is appT1ed

4--The product1on Toss costs incurred.

The se]ected components are class1f1ed 1nto four pr1mary

1 groups,.1n 11ne with the1r degree of cr1t1ca]ness as A, B C

and D types In Tab]e 3:1, a 11st1ng of the cr1t1ca] compo-
nents, 1nc1ud1ng thelr code names used in this app11cat1on is

g1ven In Table 3.2, the maln characterlst1cs of each critical

" component group are summarlzed The Tocat1ons of the magor

components: are 111ustrated in Flgure 3 1.

The organ1zat1on of fallure data is performed in the foT]ow-

ing manner. For each component, success1ve fa11ure per1ods
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TABLE 3.1~ COMPONENTS USED FOR THE APPLICATION

|Code

Name of Component -
or Component' Group

Function of the Component or
Component Group on the Machine

001
002
003
004

{005

007

008

009

o10
fo11
012
013
o1

015

{006

Mirror

Drawing Head an_Capstan

0i1 Filters -

Emﬂﬁoanm
Cooler System

Grip

Gears- + Pinion + Schaft

-AutdmaticfStop Motor

Wire—Induction Bridge_
Air Ventilsand
Channels System
N-Schaft

Variator

Wire Guide'Channe]

Spooling System .

Magnetic Capstan
Brake System

Draw1ng wire and feedlng lnto d1es or’
over the pulleys il

F1]ter1ng mach1ne oil in’ the system

| Pumps borax + water emu]s1on lnto spray

channe]s and nozz]es

Pumps water through cooler p1pes in the
system :
Aids -in spooiing.of wire-over the drumsd

Connected directly ‘to head and capstans
group, produces clockwise turn-in-this
group; also drives spooler system and :

: 01] d1str1but1on mechanism.

StopsiFeeder-Spoo]er,System s Motor,
when wire is broken in the system
Helps easy running of ‘the wire and also
prevents contact of it with metal parts

. {by aid of porcelain bands, in the heat

treatment unit

Blows air through‘1ts ventils over the
drawn wire to dry -emulsion and clean any

|particles rema1n1ng .on w1re surfaces

Aids in automatic spoo]1ng of the drawn R
w1re over the drums 1n an orderly way

Regulates spooling operat1on and stops ‘
final -spooler system if breakage occurs

Guides runn1ng wire for proper]y and
straight forward feed1ng into and’ out—of
dies . _ :

Consists of the spoo]1ng mechan1sm,: -
spooler shaft and gears

~ |Aids 1in proper and order]y strand1ng of
‘ w1res in the w1re-strand1ng mach1nery

A1ds in sudden stoppage of the capstans ,
‘and head when wire is broken by magnet1c-
brake mechan1sm
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TABLE
. Code fName'of‘COmponent Function of the Component or
17 :oeromponentZGroup = Component Group on the Machine
016 |Die-Holder Holds die in a straight and firm position
by aid of a spec1a1 mechanlsm
017 |Turks Head F]attens round wire in requ1red rectan-
gular crossection in the flat—w1re draw-
ing machine '
018 |Vee-Belt Transfers motor- dr1ve movement to vant1]-
S ' ators o

'mw&&mmWWMmﬂmmWMmeWMWWMSE

. ‘Duration of Replacement _Existence of -
Type. or' Group| Activity - Product1onfLoss o
of Component | Fai]ore P]anned» Fatlure Planned -
o - |Replacement Rep]acement Replacement Rep]acement o
A <TDAY | <1HOUR | ‘YES NO
B <1 DAY | >THOWR | YES YES
C >T DAY | <1 HOUR|  ¥ES N
0 | >voar | >tHowr | ves [ ves

are carefu]]y recorded and tabu]ated as in Tab]e 3.3,

creasing. order

in in-

i

TABLE 3. 3- "MAGNETIC GRIP SYSTEM" FAILURE DATA "FOR" FIRST THICK WIRE
DRAWING MACHINE _

33

T(I), (Days of Surv1va1 Slnce Last Failure) 14 17 220 . 22 32
| FREQUERCY TT(1)77 (Frequency oF The | —
|Specific Survival Period) ) 1. 1 27 1 | 2 B 1
5 36 39 4 42 45 48 55 62|
(AR R R . 1 R R
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‘Next, above data is-re-organized in fractional days by-assum-

ing uniform distribUtioh,Of failures in each day (e.g. two

occurrences were recorded on day 32; it was then recorded as

31.5 and 32 days at néxt step). This procedufe”wou1dienéb]eb

- us to index each occurrence as a specific time-interval and

in an increasing sequence with i = 1,2,3....... n.

MENNON ESTIMATORS FOR WEIBULL PARAMETERS

In,ofder‘to‘aetermiﬁe fhe:shap§ and §ca1e'parametefs”of the )
Weibull lifétimg mddeT,‘seVefa]‘estimatbr‘fofmulas:a}e_~
5va{lab1é.such gs;,“Maximum.L%kglfhopd,Esfimgtor“;'“Bain gndil»
Antle Estimator" and “Mennoh Estimator":fbrmdlas{ Thehéuper->

iority of thg!Menndn Estjmatofs.with‘reSpect»tq others is

primarily that the Q-statistic, which is used for Weibull

lifetime mode1 check is found‘to-be-c1osest to:tﬁe fishqr o
distribﬁtﬁon, when Mennon estimated,shabe parameter is used.
Aiéo,;thé Mehndﬁ}Estihéték for?tﬁis parameter is consistent
{Th1agara3an and Harris, 1976}. Due to above reasons, oniy

Mennon Est1mators are used in th1s work. The shape parameter

B, is es¢1mated as:
g =1
. d

' S . _ -’,'.n ' " | .: e
»where_a'; {—? (1nt ) (iff 1nti)2/{lkn-]82 .

and t; s‘are the brderedvfai]ure times of the component

analysed and n.is the total number of observat1ons
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The scale parameter, g is estimated by emp]oying;

o - n o o | 2
Tny = g (Int, /n) = 0.577 (|: :l E; (]nt ) -(z 1nt ) /rz[
, 1;1 uf (n 1) | _ _

R o - ) A - . . .
Once InA is ca]cu]ated,;we»derive A = e lnx

:as the scale
'parameter estimate{Mann,:et.al s 1974} The shape parameters
'are ca]cu]ated for all components in th1S work. and the sca]e-:
pparameters are - ca]cu]ated for on]y those components, wh1ch
pass the we1bu11 Check exp1a1ned in the next sect1on The.

'-shape and sca]e parameter est1mates for those components

.‘wh1oh,have__Me]bu11*,d1str1but10n are displayed in Append1x?3,

I11.3. VERIFICATION.OF WEIBULL-MODEL

In orderrto che;ktmhether thé'féiIUre‘oata comes from .a

weibu1] distrihption,‘theffOlIoWing procedure is used:

As expiatned;before, the‘shape*parameter's should be.larger
than 1.0, to justify_a‘p1annedereplacementfoppTicatfon. If.
 the estimated‘shape’peremeters'are bigger-than 1.0, the
fai]ure:tfmes-tiis from'the'suspected weibu11'popu1ati0n are o
transformed to exponential times‘bx'uSing the B estimates as:
Xy = ti'_
| Gredénko-F test for exponentiality is epplied to-transformeo
o datavatmtheﬂnext step{Thiagaréjen and Harris, 1976}.‘USing
the transformed variables, the statistio cailed the "Q-Statis-

tic" will be calculated as‘fo]]ows:



11

4.

] ,
Q(r.n-r) = (1/r) 5 S:/(-=) 3 s.
) izl | (’?"”) izr+l |

Where, r is taken approximately as half of the total number
of observations, n. Si’ called the ith. normalized spacing is

calculated by '

0

_Si = (n-ifJ) (xi'xifﬂ) i=1,2,...nand x, = 0

The resulting Q-statistic is tested against the F-distribu-

tion with 2r and 2(n-r) degrees of freedom at o =5% criti-
éa] Tevel. If the Q-Statistic < F-Value at 5 %, the exponen-
tiality of the transformed distfibutipn and thus the Weibull

lifetime model is verified.

TESTING FOR LOG-NORMALITY OF DATA

The Tog-normality.of failure-data is tested, if the check for
the Weibull check is negative. The commonly applied method
used for the verification of the‘suspgcted log-normal p.d.f.
is the "Lillieford's Test". In this test, the log-normal
failure data are converted into normal data first. Then a

statistic called “B-Statistic“ is calculated{Mann, et.al.,

1974}:
Bn = max (Ei)’ T <i<ng

- - i-1 -
I._'i = max l_FO(].i;];S) S N FO (]'i’]’s)]

Iae'

Where F0(1i;T;s) is the cumvlative distribution function. If

the value of Bn is lower than the critical D-statistic value
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ata =5 % 1eve1; the hypothesis thet\the faiTure data‘c0mes
~ from a suspected lognormal fa1]ure d1str1but1on is accepted

In above re]at1ons

e
n

hatural'log.v§1ues,of"dbser9ed interfailure periods, t;

1 :;-sampTe mean of 1ogti

s eASamp]e,standard deViation“of-logt;

n = no of observed 1nterfa11ure per1ods in the ana]ysed
samp]e The resu]ts of theLNorma11ty Test are ref]ected |

-fin”Append1xf3, whjch summarizes the means ‘and standard =

devi-ations of,the*yeriffedf1dg{norme] disiributjpns.



- 35 -

Iv, CDNSTRUCTION-OF THE_PLANNEDjREPLACENENT MODEL

IV.1.

- as

t.

COMPUTATION' OF THE EXPECTED PLANNED REPLACEMENT POLICY COSTS

‘AND TOTAL" EXPECTED REPLACEMENT CYCLES

v-The expected age rep]acement pollcy cost perunlt t1me can be

- expressed as:

E(C) = 0P R(ty) + Cp [-ROE T
S TOR(t).dt
o

| (4.1)

In our ana]ys1s, thlS formu]a w111 be used w1th a s]1ght

‘modification. That is, the 1ntegrat1on of R(t) in the deno-

' minator'isiconverted into the,d1screte summation expressIOn

"U‘",-

R(E) ey

™

1

for computat1ona1 conven1ence on the computer A sMﬁlar app- :

roach is made by Ackoff -and Sas1en1{Ackoff and Sas1en1, -1968}.

" Also, an extens1on per1od due -to 1ate replacement days. (d ),i

for the C and D types of components are added to th1s,»

‘express1on as:

z‘:i) R(t)+d [-Rt)j[ ' - (4-%‘3)"""

t;=0

' The general unitécost“expreSS1on utilized in this work is:
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v +CP..T R.. U e CF TFoR. (s T
EDCijftp} = [‘]J.f 1$1’ 1J(tp)'+ Ip‘ﬂ +CF1J][3 R1J(tp)J

’?0 Ryj(t5) + dy5[1 - Ri'j(tpﬂ_’

(4.4)

i
where

tp‘= Planned replacement per1od in. days
EDCij(tp) = Expected Daﬂy Pollcy Cost for component iof -
: S mach1ne Js glven p]anned rep]acement per1od tp

-Rij(tp) Re11ab1]1ty funct1on va]ue at tp,. for, component i
IR of mach1ne g . .

Vi: = Product1on Loss Cost for p]anned rep]acement event

Sy
Cpij = P]anned Rep]acement Material and Labor Cost
-Uij’= Product1on-Loss.Cost,for fa]]urefreplacement eVent.

CFy5 -‘Failore Rep1acement Material and,Labor Cost.

; dij e”Extended'daysfof.failure,rep]acement,
.\Thevabove formulaﬁwj]1lchange s]ightly for each critical

group of components, by:droppihg'some‘of the-coefficients,as.,

'explainedghelow:”' | ’

~In "A type“ of components, where there s no p]anned rep]ace-

ment product1on loss and no. de]ays dn days for failure- repla-

~ cement, the express1ons vy -.and d]J[: R1J(t {] will be

dropped

.

In "B type“ of components, where there is no de]ay in failure- -
-feplacement act1v1ty,_1n days,_the’ eXpress1on d13[- R1J(t f]
"will_be dropped} | |

In "C type"” components, where there is no product1on 2105 1n-

curred in p]anned replacement act1v1t1es, Vij.1s dropped and

't in "D type" of. components, the formu]a 1s utilized fu]]y ‘In
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our study, production;loss effects are conSidered only-for
those mach1nes wh1ch are in fa1lure state. Th1s assumpt1on is
based on the availability of sufficient buffer 'stocks which
can feed the follow1ng machines w1thout any 1nterrupt1ons

. The deta1ls of obta1n1ng mater1al labor ‘and product1on losse
- costs are expla1ned in deta1l in. Append1x 2. To 1llustrate -
how these costs components are 1dent1f1ed, we w1ll summarize
the procédure used for'“l KATEL/OOl“ coded component which

,'1s an A- type of component The CP cons1sts of weld1ng and

»pol1sh1ng costs of the 1nner Wwire channels, us1ng ma1ntenance4

fpersonnel costs Also, 1t w1ll dinclude mater1al costs of the

;newly 1nstalled bolts, nuts, spec1al washer and pressure -

plates There-1s no V j cost 1ncurred, s1nce, planned repla-.;
cement act1v1ty takes less than an hour on the average wh1ch B

means that it can be completed in set up hour w1th no produc--

tion- loss cost 1ncurred

M1n1mum expected Da1ly Costs and the1r assoc1ated opt1mal
'planned replacement per1ods (1n days) are computed by a prog-

ram and tabulated in summary form for all components in-

Append1x 3.

lThe total number of- expected replacement cycles perannum,v
‘:n(t ), -is ut1l1zed in the constra1ned planned replacement

;model in the next sect1on.»The n(t ) can be def1ned as the
total number of planned and fa1lure replacement cycles per
:annum, given a planned replacement per1od tp Generally

expressed;




1V

.2

- w1de range of poss1b]e rep]acement per1ods for each componen-,

n(t,) =

| opt1ma1 p]anned rep]acement per1ods can. be ach1eved - from & |
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( ‘Work-Program Days
Expeited Replacemenf*Cyc1e 3 Duratlon)

where the denom1nator va]ues are retr1eved from equat1on 4.2

for A and B type of components and from equat1on 4 3 for C

~and D type of components ‘Work- program days is- g1ven by the
Vmanagement In the company stud1ed, the work program days for‘

‘the wire- draw1ng department was taken to be 280 days

. CONSTRUCTION OF THE GENERAL CONSTRAINT RELATIONS AND THE -
‘OBJECTIVE FUNCTION :

In th1s sect1on, the planned- rep]acement mode] is genera11z

' by emp]oyment of the poss1b1e product1on and budget con=.

',stra1nts on the w1re-draw1ng mach1nery The se]ect1on of the

—-—

type, through ut1l1zat1on of thel“M1xed-IntegervProgram Pack-

age" A sma]] saca1e app]1cat1on of. the genera] mode] 1s'

exp1a1ned in Sect1on IV 5.
The generalized model, inc]Uding'the production‘tonnaget
requ1rements for main- -feeder draw1ng machlnery, max1mum

product1on Tloss a]lowances for f1na1 drawers and the max1run

';cash budget constra1nt for the app11cat1on of the planned -

rep]acement po]1cy, can be summar1zed as follows:

- The bbjective Function

d I(J) K(i3)

Minimize Annual Policy Cost, Zoan =W. 2 kZ] EDC, (k) n i3k
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1Jk -.1 if p]anned replacement is done at period k
0, if p]anned -replacement is not done at period k

U_: Annua] work program days p]anned for operations
i = Component index (i=1, ..,I(J), I Total ‘no of cr1t1cal
" components for mach1ne J ' : :
j = Mach1ne 1ndex {3= ], ..J), Jd= Total no-of mach1nes
R I ) . .
k = p]anned-replacement‘period in days;'k;1,.;;;K(i,j)A-

Subject to;

1- M1n1mum Product1on Requirements for-Méin-Feeder Drawing

Mach1nery

I(J)K(1,J) 4 X o ‘g
- LCo> XL, V.
w 1=] kz] 1Jk. 1-]!- 13( )] 1JRJ J -] -J
where,
d. . Fa11ure replacement per1od in days for C and D type of

J j components,

Cj = Dayly production capacity for machine i

XS :lMinimum'prOduetidn fonnage*requirement for machine J

n;., = Total number of expected replacement cycles per annum'
13k .for Eomponent i of machine j-at per1od k L

" =-Re]1ab111ty va]ue at per1od k for component_i of
713( ) machlne J ' R

2- Max1mum Product1on Losses Affordab]e on F1na1 Draw1ng
Maéﬁnnes A -

ey

z

i=] k=1,

e
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where,
U, . =-Downt1me cost for fa11ure replacement event for compo-
A P
v nent i of mach1ne J
Vijeé Downt1me cost for p]anned rep]acement event for
, --component i of mach1ne J
Y5 = Mex1mum prqduct]on-loss in TL allowable on machine j

3- Maximum,Cash-Budget A]]owed for P]anned-RepIacementfPolicy

J o I(3) K(i,j |
JZ A E z IJ[ RlJ(k)___{ +CP (k)} .nwk.muk < B-

1 9=l k=1

where,

- B = Cash or dutfof\Pocket.Costs,Budget Censtetnt,."

4?'InteghaTity‘Constrafnts for (0-1) Integers

_K(hJ) o 1v
| k g gk

. For computat1ona1 s1mp11f1cat1on, -the .range. for the 1ndex k-
of the dec1s1on var1ab1es m1 k is restr1cted by some upper

bound des1gnated,as K(1,J) These values can be determ1ned as'
‘ K(i,j)';,max {k; (k) > al

.Nhere o va]ue is. se]ected .as a sma]l value such as 10 20‘%

- Th1s rate is bas1ca11y re]ated to the aging character1st1c of

S1nce it 15 predeterm1ned that. the components

LS

fthe components

o under 1nvest1gat1on are IFR type, the risk of fa11ure 15

h-qu1te h1gh after the surv1va1 funct1on R(k) reaches a certaan
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'IEVGI a. COnsequently; it is more advantageous to make thev

~ planned replacement before that time.

-

PROBABLE IMPACTS 0F CONSTRAINT RELATIONS ON - SELECTION OF

- PLANNED REPLACEMENT PERIODS

o Vthe se]ect1on of the P.R.. per1ods would be the same w1th ths

,shorter per1ods (represented by t

I the th1rd d1agram of Figure 4. 1) After the P.R. per1od tp

It is benef1c1a1 at this po1nt to account for the poss1b1e
1mpacts of above constralnts on the se]ect1on of optimal - )

pTanned rep]acement per1ods

As can<be"observed from Figure 4.1, the impacts of each ‘con-

‘straint'iS‘reercted as- upward orﬁdownward~mOVement on ‘the .

p]anned repTacement (P R.) time sca]e. For 1ncreased produc-N
tion requ1rements, the se]ect1on of P. R. per1od wou]d be at

p'1n the f1rst d1agram in

_Flgure 4, T), and under no- constra1nt sett1ng the se]ect1on

would beiat tp“. At product1on tonnages to the left of P, '
which is-the TeveT at non-constra1nt setttng,,seTect1on of *
repTacement per1ods would be the same. For decreased cash -
budget constra1nts, the select1on of the p]anned rep]acementit

per1ods wou]d be.. towards upward d1rect1on, represented by tp

v'1n the second dlagram of Flgure 4.1. At cash budget IeveIs to

) the r1ght hand side. of M", which is the cash ut111zat1on at

non- constra1nt sett1ng, the se]ect1on of the P R per1ods

wou]d be the same, as tp“. The effect of maximum productlon -

~Tosses on P R. per1ods woqu be towards downward d1rect1on as

~ the product1on loss. T1m1ts are lowered (represented by té in

which corresponds to the solut1on at non- constraint’ sett1ng,e
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when the production-loss constraint is relaxed}

In Table 4.l,~the effects of'the-model,constraints on_Selec—

tibntof planned-replacement periods, reliabilities-of compo-

nents, expected number of replacement cycles, fa1lure replace-I

ment downtlme days and cash costs of the planned replacement

pol1cy, are summar1zed ‘with arrows 1n upper and lower d1rec-

tions (1nd1cat1ng increases and decreases.correspondlngly).

TABLE 4 1- EFFECTS OF MODEL CONSTRAINTS “ON SELECTION OF P R. PERIODS
: RELIABILITIES, EXPECTED NO- OF REPLACEMENT-CYCLES, FAILURE -
REPLACEMENT DONNTIME DAYS AND CASH-COSTS OF THE P.R. POLICY

Effects of

Increased
| Production
Requirements |

s
///-I‘
-/

Effects:of
Decreased
Production
Losses -

7z
/.

Effects of
Decreased :
Cash-Budget

Constra1nts S

/
/
/

NOTES
l-:Planned-Replacement Period'(k)
2- Reliability at ‘Selected P.R.
Period
3-:Expected No: of Total Replacement |
Cycles/Annum ;
"4->Fallure Replacement Downt1me |
*DaySv :
5- Total Cash Cost of the P.R..
- .Policy -

1v.4. APPLICATION OF THE MODEL UNDER CONSTRAINT SETTING FOR MAIN-'

FEEDERS"”‘

/
s

A small s1ze appl1cat1on of the model under constra1nt set-

~ting is carr1ed out by 1mpos1ng m1n1mum productlon tonnage

requ1rements and replacement cash -budget constra1nts on main-

: feeder mach1nes, namely the f1rst, second and th1rd th1ck-

wire dravers, coded ‘by 1 KATEL,

2 KATEL and 3 KATEL in th1s
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" study.
. The 'components-inyo]véd'in this application were:
1= Gear, P1n1on and Schaft System

: 2- Magnet1c Capstan Brake System

'Both components have fa1]ure rep]acement per1ods of more than
- a day and a]] have We1bu]] 11fet1me models except for second
component in 3 KATEL, wh1ch has 1ognorma1 l1fet1me mode]

;Also, the fa11ure 'and p]anned rep]acement cash requ1rements-

are re]at1ve1y h1gh for both components The constra1nt rela-

, t1ons used 1n thls case are summar1zed below

ls.Minimum ProdUCtdonuRequirement Constraints -

K(1,J)

il k1
Where,

w"=h280 work- program days

€, =15 tons/day for 1 KATEL

| C2.= 12 tons/day for 2 KATEL

C; = 9 tons/day for 3 KATEL
_X]:; 3800 tons/annum for T’KATEL |
Xp = 3100 tons/annum for 2 KATEL
‘X3 = 2400 tons/annum for 3 KATEL

' other coeff1c1ents are taken from f1rst phase solut1ons of
' ‘7

“the computer program
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2= Maximum Replacement Cash-Budget Constraint

ZE T {OF51-Ry (K L R(K))
j=1 i=l el {.“J ' 1J( i]'f CP}J R1J(k)}_ n

ijkMigk S B

| Where,

B = 10.0 million TL/annum

K(1 ,J) oy o
by Mkt T

l
|
|
|
|
1
1
1
3f‘Integra11ty‘Constraints for (0-1) Integers - L o
4
\
|
In above, app11cat1on, K(1,J) per1ods are given upper Timits 1

at those;kth periods, where R (k) values are at or below 20 %

limit.

- The objective function is:

3
Min Cost =~ %
M1xed 1nteger mode of FMPS package program is used on Unlvac B

1106 System to solve the above mode] the summary resu]ts of

"whlch w1]1 be presented in. the next
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V. ANALYSIS OF SOLUTIONS

V.1. ANALYSIS OF soLurloNs UNDER'NOrCONSTRAINT SETTING

The solut1ons taken in the f1rst phase of this study 1nvolves
opt1ma1 p]anned rep]acement perlods and related minimum

expected- costs, under the assumpt1on that there are no pro-

'duct1on or cash- budget constraints for the operat1ons.

The.optimal p]anned-replaCement'periods under no constraint
setting is obtained with the aid of a computer program; which~

is'runfon;annivac-]106-System, in fourfprimary’steps:

1= Identification of the Lifetime-models, for components with
increasing failure rates and elimination of components

With constant or decreasing failure rates. . - =

2—'Computation'of ”Expected Cycle COst“'and jlExpetted-Cyc]e
Duration for each component g1ven a set. of rep]acement
~ _per1ods, k= 1 K(1,J), where K(1,J) is the longest 1nter-

fa11ure per1od ooserved

3- Computat1on of the "Expected Planned Rep]acement Po]1cy
Cost Per Day. 1J(k), for each a]ternatlve k'th per1od

4-_Se1ect1on of the minimum EDC (k), the correspond1ng k' th

- per1od of which is the opt1mal planned rep]acement per1od
for component 1 ) o j';-;
V'The computed day]y expected m1n1mum costs are mu]t1p11ed by

.’280 work program days,_to annua11ze the cost f1gures In

order to. be able to compare the P]anned Replacement Policy -

~
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Costs with Current Po]icy Costs, the current "Annual Failure#
‘Maintenance Costs" are calculated manually in the_foTTowing

manner:

- Computatjon‘ of Fai]ure-Replacement Costs per‘faiiure
event. ‘ N | R

'24*Computat10n of mean failure durations for each" component
' given-its a]ready 1dent1f1ed lifetime d1str1but1on

3- Computation'of_“Average Dayly‘Faf]ure-Replacement Cost“ -

“which is.then’annoalized by mUltipIyTngﬂwith.ZSO.

In Table'5tl, the computedroptimal'pIanned repTacementbperiod'-

____per1ods, m1n1mum p]anned rep]acement and current po]lcy costs‘*

r.together w1th the annua] cost advantages of ‘the proposed

po]1cy are tabu]ated The annual cost of the current pol1cy ‘:

is at a. level of 348 m1]11on TL, whereas the proposed pol1cy
cost is at about 261.5 m1111on TL, with an annual cost advan-

__tage of about 86 5 m1111on TL.

AIn Table 5. 1, also the ]1fet1me models app11cab1e to each
‘ component are summar1zed In few cases, some type,of compo-
.nents, located_ln s1m11ar type of machﬁnes;fare obserVed‘to

have different"]ifetime modeis;'Thisfdfscrepancy:is main1y

~due to-different”work-loads’on same components and also due( :
Afto‘different models'and.sizes-of’these_componentsl'The ratios -

of the mean;failure’périods,jderjved'from the Iifetimepmodeis'A,

identified in this work, to thé,optima]‘planned—replacement

periods are observed‘to'jncrease as the ratios of faiiure'jpf
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replacement costs te p]anned-replaeement-costs increase  For
’example, for 1 KATEL/OO] coded component the mean failure
per1od to P.R. per1od is 1.9, whereas the fa1]ure rep]acement'
to p1anned-rep1acement_cost‘rat1o is 6.8. For-]3FR9/002 com-
';penent,_the first\ratie is 3,bwhefeas,the eecoﬁd ratio’fS;
8.5 A:summéry of above fetioe for a number of‘compoﬁents-isf
given in Table 5.2. | o c
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TABLE 5. 1- SUMMARY OF PLANNED REPLACEMENT POLICY COSTS AND CURRENT POLICY COSTS

| (000 TL)
o "MIN. EXP. P.R. CURRENT F.R. :
o - Optimal Policy. Costs Policy - Costs  Annual P.R.
,Mach}ne/ - Comp. Failure . P,R.  Average Average . Pohcy Cost |
Component-~ Type . Distrib. - Period - /Daj’ _Annual - /Day. Annual Advan:a:es
1 KATEL/OO]",A -~ WEIBUL ~ 6 - 1.5 420 3.6 = 1.008 o
- 005 A v 16 . 0.6 .168 0.9 - 252
006 - D “ . -9  65.8 18.424 80.0 - 22.400
013 A " 100 1.6 448 2,0 - 560
05 D " . 13 25,0 -7.000 31.3 - 8.764
016 A M 16 0.9 252 1.1 - - 308
018 A " - 2 03 __ 8 04 _ W2 _
. | | - 26,796 . 133.404 . 6.608
2 KATEL/001 A WEIBULL . B 3.1 868 4.4 1.232 -
005 : A v 13 0.6 168 1.2 - .33 .
006 D X 15 59.6- 16.688 68.7  19.236
013 A " 15 0.8 224 1.3 364
015 ' D " 16 18.7 5.236 . 29.7 8.316
016 A u 15... 0.6 168 1.1~ . 308
018 - A " 19 0.2 ¢ .56 0.5 "~ 10
_ | L . 23.408" 29,932  6.52¢
,.3 KATEL/OO]_‘ A WEIBULL 5. 1.6. 448 4.3 1,204
“005 A LOGNOR. -~ 13 0.5 ~ 140 1.2 = 33
006 D " 9  19:7. - 5.516. 68.7 . 19.236
013 A WEIBULL. 10 0.8 224 1.3 364
015 A - LOGNOR. 15  .16.8 ~ 4.704 29.7 8.316
016 - D " - 15 - 0.5 140 1.0 280
018" A, WEIBULL ~ 18 .0 0.2 56 0.5 140
| : S | §9-71:3 29,876  18.648
8 ORMET/OOZ A WEIBULL - - . 15 0.3 84 0.8 224
006 D W 21 T 457 12.796° 49.2 . 13.776 .
012 A " 14. 0.5° 140 -+ 1.0 280 -
013 A n n 0.6 168 1.2 3%
014 A n 14 0.3 .- . 8 0.6 168
018 A " 13 0.1 - - 28 0.4 112 =
13.300 14.896 1.58¢
9 0RME2/002 A WEIBULL 17 0.3 - -8 0.9 = 252,
‘006 D - " - 25 47.7 - 13.356 51.1  14.308
012 A L 0.6 140 1.1 . - .308
013 A w 10 0.6 168 1.5 420
014 A L -9 0.6 168 0.9 - 252
018 A T I 0.1 28 0.4 N2

13,944 - 15.652  1.708




TABLE 5.1- (CONT'D)

_ MIN. EXP. P.R. - CURRENT F.R.
Optimal Policy . Costs Policy Costs Annual P.R.:

Ma;hine/ : __Comp.” B F.Ex_il_u‘re‘ ° P.R. -Average ~  Average ~. Poliey Cost
Component: Type -Distrib.’ Period  /Day - Annual [Day Annual Advantages
10 0RME3/002 A LOGNOR. - 16 - 0.4 112 1.0 .. 280 '
006 ~ D WEIBULL 16 - 104.5 ~ 29.260 117.2  32.816
012 A " 1 0.6 168 1.6 448
013 A " 10 0.7 - 19 1.8 504
014 A ] 14 0.7 - 196 0.9 252 -
018 A s n 0.3 84 0.7 _ 196
' 30.016 34.496 4,480
11 HK9/001 - A~ WEIBULL 3 24 672 69 . 1.9%2
003 B e 6 7.3 2.044 10.2 2,856
004 B . * 36 15,7 . 4396 .16.5 - 4.620° -
006 - D - . " 14 103.8  29.064 116.5.. 32.620
018 A " 12 0.9 282 1.6 448
| o 136.428 42,476 - 6.048
12 FS13/001 A WEBUL . 2 3.2 896 10.8  3.024 -
- 002 - A . 4 2.9 812 49 1.372
003 B L M 58 1.624 7.2 2,016 .
006 D . " 22 67.7. 18.956 74.4 20.832..
007 C  LOGNOR. - 6 1.7 . 476 29.3 © .8.204 ...
018 ~ A WEIBULL. 12 0.3 84 0.7 196
. | 22,848 - 35.644 12.796
13 FR9/001 A WEIBULL - 3 7.4 . 2.072 9.0 - 2.520 )
002 A " 2 3.5 - 980 5.7 . 1.596 i
. 003 B LR g8 7.5 2.100 , 85 . 2.380 °
004 - B u 22 17.3 - -4.844 15.8 . 4,424 . .
005 A LOGNOR. = 15 0.5 140 1.2 336
006 D  EXPONENT. (NO PLANNED- REPLACEMENT APPLICABLE) -
018 A MEIBUL 14 0.3 84 0.6 _ 168
| o S 10.220 1426 1.208
17 u71/001 A WEIBULL 3. 5.0, 1.400 6.0  1.680
002 A LOGNOR.. 1M 0.4 112 1.2 3%
003 B8 " 2 2.0 . 560 3.7  1.036
006 D-  WEIBULL 8  17.2 - 4.816 - 55.6 = 15,568
08 B .M. 14 3.5 980 5.0 - 1.400,
009 A L 10 0.3 84 .0.7. 196
018 A 0.4 112~ 8.0 .2.240

B { ] ]5
' o .8.064 . 22.456 - 14.392
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TABLE 5.1- (CONT'D)
. MIN. EXP, P.,R.  CURRENT F.R. )
P : ‘ Optimal Policy Costs Policy -Costs Annual P.R.
Machl_nga/ Comp. Failure - P.R. Average‘ - Average .~ Polu.y Cost
Comgonent: . Type Dlstrib' Period [Day Annual - _ /Day_  Annual. Advanta.;es

18 U172/001 - D.F. R. (NO PLANNED REPLACEMENT APPLICABLE)

392

002 A - LOGNOR.: 16 0.2 . 56 1.4
003 B WEIBULL 16 3.3 04 3.4 95
06 D ' 25 105.1  29.428 115.6 32,368
008 B - “ 16 3.4 . 952 - 4.4. 1.232
009 A LOGNR. 25 0.1 28 0.4 112
018 A . WEIBULL 17 0.4 112 0.7 196 o -
B | o - 31.500 35,252 . 3,752
14 DECCO/002 A LOGNOR. 10 0.6 . 168 1.8 504°
‘003 B MWEIBULL . 13 5.9 1.652 11.8 - 3.304.
017 B . " 10 153 4.284 155 4.340
018 A w19 0.3 8% 07 196 . _
| . 6.188 V8;344,' 2.156
21 w211/001 A WEIBUL - 4 20 - 588 44 1.232
002 A  LOGNOR.- 15 0.2 56 1.4 . 392 -
008 B w150 3,2 8% 4.5 1.260
011 B WEIBULL - 13 6.4  1.792 - 6.6  1.848
013 A LOGNOR. 21 0.3 84 0.9 . 252
018 A WEIBULL' - 14 0.4 -112 0.9 _ 262
“ R 3,528_- . 5.23  1.708
| e e
21 w212/001 A MEDBUL - 5 1.6 448 3.8 1.064 |
| 002 A - LOGNOR. 13 0.3 - ‘84 1.3 - 364 .
008 B " 15 31 88 4.7  1.316 |
011 B  WEIBUL - 10~ 6.4 1,792 7.2 2.016 .
013 A LOGNOR. . - 17. 0.3 . 8 0.9 252
018 A MEIBUL 13 0.15 140 1.0 - _280
| e 3.416 - 5.292"  1.876
19 NIE1/001 A - WEBULL 4 1.8 504 3.5 980
002 A LOGNOR. 14 0.3 84 1.0 280
006 D WEIBULL . 24 - .34.4  9.632 37.0. - 10.360
008 - B - LOGNOR. 16 2.37 64 2.9. 812
009" A WEIBULL 13 0.2 56 - 0.6 168
o018 A 20 0.4 N2 0.7 19

o032 12,79  1.768
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TABLE 5.1- (CONT'D)

_ - 'MIN, EXP, P.R. - CURRENT F.R. S
Optimal  Policy Costs. Policy Costs ‘Annual P.R.

Machi,ne/‘ " Comp. ‘Failluré " P.R. - Average . . .  Average . . Policy Cost
Component ~ Type . Distrib.  Period /Day  Annual _ /Day  Annual  Advantages -
20 N1E2/00T A~ WEIBULL © 7 1.2 33 2.3 - 644 -~ '

; 002 A LOGNOR.- 12 0.3 - 8 0.9- 252

006 D WEIBULL 28  30.2  8.456 32.3  9.044

008 - B LOGNOR. 20 1.9 532 . 2,1 588

03 A . " 15 0.2 56 0.4 - 112

018. A - WEIBULL ~~ 18 0.4 N2 0.7 1%

e ’ | 9.576 10.836 . 1.260

261,492 - 348,012 . .86.520

)
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TABLE 5.2- CALCULATED RATIOS OF FAILURE REPLACEMENT COSTS AND

MEAN FAILURE PERIODS .TO OPTIMAL PLANNED- REPLACE-"
MENT POLICY COSTS AND PERIODS

| Machine/Component Failure-Rep. costs __Mean Failure Periods
1 " - {Planned Rep. Costs Optimal Planned Rep. Periods].
1 KATEL/001 = s,sf | | 1.9 |
2 KATEL/015 35 1.6
|5 xateL/018 | 6.2 - 1.8
|8 orME1/012 7.7 1.7
|9 orME2/002 7.3 - 1.9
100RME3/014 © a5 5
11HKWO/003 26 IR
12FS13/007 00 4.6
13FR9/002 8.5 3
17u171/qo1-f3 8.5 ; 1:9f;'
apeccorooe ?_' : 2.0
|eweri/o0s a7 1.7
-~ |1oNIET/009 15 1.9

o~y
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ANALYSIS OF SOLUTIONS UNDER CONSTRAINT SETTIN -
FEEDERS G FOR MAIN

TheiappTication-of the'modeT'under constraint-setting for‘the:
,~most cr1t1ca] drawlng mach1nes, the main-feeders, prooved

‘ that high product1on requ1rements on these mach1nes wou]d

shift the optimal p]anned rep]acement»per1ods to ear11er'1'

fperiOds, while‘the-restrictionS'pnethe Cash-budgethwou]d urge S

~selection of optjmal,p]anned—repTacement periods_athaterfy'

periods. . 7 : iha FLITYISTINAS e f?”:<72¢f~-»ﬂﬁfﬁ‘ G

“‘a—_\"""'ﬂ.

A parametr1c analys1s 1s also carr1ed by alter1ng the degree

1'vof the app11ed product1on and cash budget constra1nts on’ ‘the

| ma1n-feeders The cash budget ut111zat1on and the productlon
‘tonnages atta1nab1e with the opt1ma1 rep]acement per1ods,

' ca]cu]ated under no constralnt sett1ng, 1s reflected 1n Trial
'0 of TabTe 5. 3 In Tr1a1-1 the m1n1mum product1on requ1re- -

'ments for the first- and second th1ck wire drawers are ra1sed

11ght1y, while the cash budget is reTaxed to 10 m1111on TL.
The optgma] p]anned rep]acement per1ods seTected under ‘this
setting, are re]at1ve1y shorter “than- the 1n1t1a] soTut1on,

a1n1y due to decreased down t1me days, requ1r1ng ear11er

’ rep]acement per1ods In Trial- 2 the minimum product1on

: requ1rement for f1rst th1ck w1re drawer is ra1sed further,

wh1]e keep1ng “the product1on tonnages for the second and

"th1rd th1ck w1re drawers and the cash budget requ1rement at -

" the. same Tevel w1th Tr1a1 1. The effect of this change is on

' rthe replacement per1ods of components in. the f1rst and- second

thick- w1re drawers, urg1ng still shorter opt1ma1 rep]acement-
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periods. In Trial 3, the minimum productiOn_tonnages were

kept atvthe same levels with Trial-1, while the cash-budget
limit was decreased to 9 m1]11on TL. The so]ut1ons for opt1ma1'
- pIanned rep]acement per]ods were . 51m11ar to solutions of

E Trial-1, since the decrease in cash- budget constra1nt was not -
sufficient to,produce a-shtft in- the planned—replacement
'periOds; IndTrjaI-A,,fhe minimum production requirements uerehl
raised further, while the:cash4budgét‘was kepthat 10 mflldon
'TLvstill'“There*uas no¥teasib1e.solution7for this tria],'sdnce
vboth the cash budget and- the productlon tonnage requ1rements

- could not be fu1f111ed by any alternate selection of the |
hplanned—rep]acement per1ods ‘In Tr1a1-5 the'cash-budget-was_
lowered to 7. 5 m11]1on TL, wh1le _the product1on requ1rement
“constra1nts were kept at the same Ievel w1th Trial- 1 The.f
p]anned replacement per1ods for th1rd th1ck w1re drawer were
'selected at- s]1ght1y h1gher per1ods for th1s tr1a1 as:-

'compared to Tr1a1 1.

Tab]e 5,4 aIso ref]ects the da11y expected cost va]ues of
~each trna]. In Tr1a1 0 the da11y expected cost is 205 600
:.TL; 1n Tr1aIs 1 and 3 the da1Iy expected costs are 205 700

TL due to s]1ght1y ra1sed product1on requ1rement constra1nts.'
In Tr1a1 2, the da11y expected cost 1s 230.700 TL due to .
h1gh1y restr1cted product1on requ1rement constra1nts and
}shortened, p]anned rep]acement per1ods In Tr1a1 5, the da1Iy -
;expected cost is at 210300 TL. It can be general1zed that in .
turn for 1ncreased product1on and Iesser downtime days, | .

~

relat1ve1y h1gher da1]y-costs will be: 1ncurred by the p]anned—
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. replacement app11cat1on as compared to- the daily po]1cy costs
__under no- constra1nt sett1ng The same-is true when . the cash -

budget a]]owances are decreased for the po]1cy app11cat1on

S TABLE 5 3- SUMMARY INPUT DATA FOR MODEL APPLICATION ON MAIN-FEEDERS

TriéTs * Cash Budget Mjnjmum.ProductJon-Requjrements_(TonS'/Year);‘
. »(In Mi]lian) TKATEL - 2 KATEL - 3 KATEL
0 (1.8) (3669) . .  (3077) . (2486)
1| a0 - 30 2400

2 | w0 e  mo . 200
3 | 9 | mw . a0 200
4 0| s00. 3300 2470

5 7.5 30 - 3100 - 2400

~ TABLE 5 4- SUMMARY OUTPUT DATA FOR MODEL APPLICATION ON MAIN- FEEDERS ;

| AQT.KATEL-ZLKATEL 3 KATEL EXPECTED COSTS
TRIALS| | A
- 905.015 006|015 0O6~01§:@ 338]¥L) (fﬁﬁﬁfﬁk)
.Lo 9 [13 15 |16 ) 9 |15 | 205,6 | 57.568
0 o |1z e Jis |9 |is | 205,7 | 57.506
2 |6 |12 |8 |0 15. 230,7 | 64.596
3 o 12 |14 15 | o ]5,A‘ 205.7 : f$7;596-
4| NOHeASIRLE SoLUTIGN OBTAINEY | E
5 | 9 f12-|1a hrs 12|17 | 210.3 | s8.884
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'.‘CONCLUISIONS AND SUGGESTIONS

CONCLUSIONS

Th1s s tudy d1splays the fact that the appl1cat1on of a planned-

'-replacement o pol1cy in the w1re drawing department of the

analysed company, would prov1de both cons1derable cost advan-—

-tageSand a systemat1c approach for the solut1on of the main-

~tenance problems in th1s department.,

G1ven the character1st1c fallure dlstr1but1ons, 1dent1f1ed
for the cr1t1cal components stud1ed 1n th1s work, the total
annual cost of the currently appl1ed'"Replace on- Fa1lure“n

Pol1cy“ is at a level ofi348 m1ll1on TL. The appllcatlon of

~ the proposed policy would maintain a cost advantage of about -

'86 5 million'TL‘peréyear, to the company under study, which

‘; 1nd1cates a- cut down of approx1mately 25 % in the current

‘reased,

_ma1ntenance costs and is approx1mately about 29 % of the net

earn1ngs of the company for the year th1s study is carr1ed.

The planned replacement model was converted into a more

general form in Chapter IV -The productlon requ1rement con-.
stra1nts and a cash budget constra1nt was appl1ed on the

Main- Feeder Machlnes to observe the probable 1mpact of these'

_constra1nts on the select1on of opt1mal planned replacement
;per1ods "The solut1ons ‘of this appl1cat1on reveals that, as

the cash-budget allowance for replacement activities is dec-A

the optlmal‘replaCementlperfods will be'selected at -

'vlater per1ods, whereas when the product1on tonnage require-. -

ments are 1ncreased the opt1mal planned replacement per1ods _
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~will be selected at earlier periods. “fhe effect of- the

_ app11ed constra1nts, 1ncrease the pIanned rep]acement pol1cy |
costs slightly. However, the 1ncrease in these costs, wou]d
not s1gn1f1cant1y reduce ‘the high cost- advantages of the |
vplanned rep]acement po]1cy. Thus, even under constra1nt ‘
.setting, the p]anned-rep]acement application would still
maintain very high‘cost advantagesfwithﬁrespect to the"cursv
rent policy. The'app]ication of"the-proposed plannedareplacee
‘ment policy will alsobleadvto.other cost advantages‘which,'
cou1d not be}eXpressed in monetary terms, as. reduced sCrapf
costs due to. decreased dOWnt1me days on the mach1nes, as

f decreased overhead expend1tures due to increased product1v1ty,
less 1d]e-t1mes:because of decreased fa11ures, 1esser over-
'timetcosts for maintenance;personnel together w1th sav1ngs

=’due to less ru$h orders in. the company

' Apart 'from the above stated cost advantages a much re11ab1e
_ year]y product1on ‘schedule. w111 ‘be poss1b1e due to cons1de-
'gvab]ecutdowns in the-number of expected fa11ures in the draw-
%1ng mach1nery A]so, the schedu11ng of the ma1ntenance per-»
sonne] for. the p]anned replacement act1v1t1es will be eas1er,
twh11e-the .requ1rement ‘to ass1gn ma1ntenance personne] to ‘

' n1ght sh1fts w111 be decreased

| In the overall, '”he operations of the wire-drawing department;_
A”w111 be 1mproved both w1th respect to the reduction of the

"ma1ntenance prob]ems and to the cut down of the annua] ma1n-

-
.tenance costs-1n this department.
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SUGGESTIONS

For eff1c1ent ut111zat1on of the proposed p]anned rep]ace-

_ ment policy a. fo]low up- system w11] ‘be requ1red A type of

1dent1ty card for each component w111 be prepared 1nvolv1ng
techn1ca1 1nformat1on as to the suggested work- 1oads and-
planned rep]acement per1ods, serv1ce entry dates, fa1]ure ok

t1mes and act1ons taken for each renewal or rep]acement

Extensions of the'mode] are possible in spareparts safety -

stock plann1ng and in opt1ma1 ma1ntenance personne] plann1ng

vetc. by us1ng some of the resu]ts of the p]anned replacement
'policy, In safety stock planning, the cr1t1ca1 parts“]1st-

ing,’a]ong.with the ekpected number of repiacement'cycles'perb
“annum, for each- component, can be used to calcu]ate the |

expected yearly parts requlrements. In ma1ntenance personnel

p]ann1ng, knowledge of the expected number of rep]acement

act1v1t1es would lead to adJustments in the number of current'

._ma1ntenance personnel.

In an extended study, product1on loss effects of the stopp1ng
_mach1nery on other mach1nery due to 11m1ted 1ntermed1ate .

stocks cou]d be cons1dered as an add1t1on to down t1me costs

per fa11ure or planned rep]acement act1v1ty
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~ COMPONENTFAILURE - DATA SUMMARY

MACHINE. JCOMPONENT/|

"CODE CODE DAYS.A ELAP_‘SE.D T_I»LL‘, vava‘T FAILURE  / N'NO’OFv'fOBsERVATION.S

A}

T KATEL | 001 |5 7 7 9 9 9 11 11 11 12 13 13 13 14 16 16 16 16]

16 17 17 17 18 18 18 18 19 19 19 20 20 21 22 22 23

- {23 24 25.27 28 / N = 40

005 |14 17 20 20 22 32 32 33 35 36 39 41 42 45 48 55 62

T/ N= 17

006 |6 6 6 8 -8 8 9 9 9 9 10 10 10 11 1111 12 12

120 12 2 12 13 13 13.-14 15 15 15 16 17 17 17 18 19

19 -

19 19 2022 24 25 /.N .= 41

013 6. 8 .9 11 12 13 15 15 15 15 15 16 16 17 19 19 24
‘ 24 .27 29 30 30 31 31 32 32 36 37 37/ N=29 '
015 | 7. 8 817 18 19 21 21 22 24 30 32 33. 35° 35 40 43 43| -

44 45 46 50 / N = 22

L016 | 8 15 21 23 27 28 28 28 29 33 36 54 56 .59 60/ Na15 |
018 | 2123 28 28 32 40 47. 47 5462 65 67 70 74 77 77 /N«16

2 KATEL | 001 | 4 7 8 10 14 14 22 27 28 29 30 33 35 44-/ N « 14




~COMPONENT FAILURE - DATA SUMMARY

 MACHINE
CODE

COMPONENT

CODE

DAYS ELAPSED TILL NEXT FAILURE - / ~ N=NO.OF OBSERVATIONS

2 KATEL -

3 KATEL

- 005

e 18

20

23

23

26

26

26

27"

27

29

33

36

43

49 52 / N=_]6 :

006 .

7 13

16

16

'I 6

19

22

24

24

31

32

32

40

/N = 14

013

121,

oo

24

o5

28

28

31 ‘,.‘

33

35

36

20

41

43

50 62 / N=z16

114 18

23

23

23

27

28

30

30

3

32

35

36

37

015

=18

38 39 .44

|56/ N
| 20

-: 2.4

31

31

35

37

41

44

016

28

.30

32

46 50 56 /.

018

25 29

29

32

'33 .

38

42

54

55

69

77

/

'= 13

001,

14

16

18

18

20

21

24

26

28

32

35

/N =14

005

117 18

20.

23

24

24

24

24

25

25

27

28 -

31

33 39 44 /

N 1'7 

. 006

11 14

17

17

19

19

19

19

20

20

22

24

24

26

29 35 /N =16

013

116 18

18

19.

20

20

21

22

24

27

29

30 .

41

. _4_6.

497 N =15

015

|16 18

25

25

28

28 .

30

30

32

32

32

32

35

37

/ N =14

016

14 21

25

29

32

34 .

34

36

36

36

36

37

40

42

47 54 / N-16

=29 -



'COMPONENT FAILURE - DATA SUMMARY

MACHINE - |COMPORENT]  DAYS ELAPSED TILL NEXT FATLURE - /  NaNO.OF OBSERVATIONS

3 KATEL 018 19 19 .22 26 30 30 37 41 49 54 55 57 62 65 66 71 /N =16/

8 ORMET | 002 [ 2125 29 32 32 35 38 41 49 54 60 69 /N =12 -

006 | 810 13 16 20 21 23 23 25 29 31 36 39 / N =13

‘012 | 14 200 27 30 33 33 36 39 43 46 53 / N .= 11

013 . | 1217 23 28 30 33 34 36 41 46 51 56 60 / N = 13

014, | 17 20 23 24 25 25 27 31 34 39 43 49:52 60/ N = 14

-89-

018 | 26 27 29 29" 32 '36 39 41 54 62 71 76 80/ N« 13

9 ORME2 002 ‘|24 28 32 34 36 36 37 38 40 44 56 59 64 6672/ N.= 15
006 | 1115 17 21 21 24 24 25 .28 36 43 54 65/ N = 13. :

012 | 16 23° 26 27 30 32 32 32 42 45 49 /53 58 64 / N = 14 "
013 . | 1316 19 22 28 28 30 30 30 30 32 37 44 56 64 / N = 15
© 014 911 15 18 22 24 24 26 29 37 42 49 56 / N a 13
018 | 30 3031 32 35 39 46 54 60 66 69 74 79 86 / N = 14




‘COMPONENT . FAILURE - DATA SUMMARY

MACHINE  [COMPONENT)  DAYS ELAPSED TILL NEXT FAILURE  /  NaNO.OF OBSERVATIONS

10 ORME3 | 002 |18 29 30 30 34 35 37 .41 42 44 / N =10

006 [3.5 7 8 9 .9 11 13 15 1920 20 21 22 22 23 24 24

124 25 /' N = 20 .

012 {1119 25 28 29 29 29 30 31 32 42/ Nal11

013 . [1119 20 32 33 33 34 35 35 38 / N 10 :
014 |16 18 20 22 22 24 29 33 36 41 54/ N =11 - |
018 |19 22 22 267 29 35 44 48 56 61 72 78 / N =12

11 HKW9. | 001

| oos.
004
006

018

81112 12 12 14714014 14 16 16 19 26/N=17
10010 10 1011 17 13 15 17 20/ N .13
8 8 8 12 14 17 22/ N =14
614 14 15 15 17 17 17 17 18 20 21 /N =15
20.20 22 26 29 36 39 47 56 63 69 / N = 13

o |lw]lw]| oo
(o)
oo
o
(o)
[Ye)
[t)
ve)

oclwleslolw

I ) — . — — —
12Fs13 | 001 |4 4 5 6 7 7 8 8 9 .10 10 12 12 13 15 21 /Nel6
002 [26 6 7 7910 10 11 11 11 13 14714 14 14 16 16|

,

_Vg‘-




~ COMPONENT - FAILURE - DATA SUMMARY -

MACHINE CONPONENTL DAYS ELAPSED TILL NEXT FAILURE /  N=NO.OF OBSERVATIONS

12 FS13 | 002 |20 20 21 22 23 / N = 23

003 . | 712 13 14 14 18 19 20 23 24 28 32 34 35/ N .13 .

| oo | 816 16. 17 23 35 37 42 44 47 / N =10

007 1618 18 24 25 28 30 31 32 32 35 40/ N =12

12

018 - {1924 .26 29 32 38 46 51 62 67 76 81 / N

13 FRe. | 001 |1 3 4 7 8 & 9 9 9 10 11 12 14 27 28 30 32

-69 -

02 | 3.3 4 6 6 6.6 .7 7 7 7 8 9 9 9 10 10 11

003 5 8 -9 10 11-.13 13 14 14 15 16 17 26. 27 32 46 / N=16

004 |1 4 5 7 7 9 13 14 16 17 21 22 25 25 26 32 / N=16

005 |23 23 23 23 24 25 30 32 35/ N =9

006 | 2 6 10 15 21 23 30 44. 56 .56 59 / N =11

018 |19 24 26 29 32 38 46 51 62 67 76.81 / N=12




COMPONENT ‘FAILURE - DATA SUMMARY

1 MACHINE
CODE

fcomponeNT]

CODE

'DAYS ELAPSED TILL NEXT FAILURE -/ NaNO.OF OBSERVATIONS

14DECCO

17.U171

18 U172

002

1313 16,

16

21

21

22

003

12

12

13

14

15

29

30

22 23 23723 24 24 30/ N =14
32 34 38 54/ Na11 |

07

s

e

i'7;‘

8

10

13

5

16 17 17 18 /'N = 11

0'[8

27

30

32

37

'4'1'1-

48 -

50

57 64 69 77 81/ N.=12

001

8 9 .9 10 11 12 13 14 15 16

31

58

/ N

002

14

22

25

29

29

30

32 34 34 46 /N

11

003

| 23

PEs

29

29

29

3

32 .

32 38 40 142/ N« 11 .

006,

10

16

22

23

24

25

26

31 32 34 37 /N

11

008

K

..]‘7

24

28

29

29

009

16

28

30

3]

132

29 30 31 32 32/ N =12
61 65 /N=9 S

0]8 ,

23

23

28

.33

37

.204

i 26

44 49 57 64 69 74 79/ N =14

501

9 100 10 10 11 11 12 14 14. 15

16

17

20 20

22 -

27/ N w25

- 99 -



' COMPONENT FAILURE - DATA SUMMARY

R e O N ENT | DAYS ELAPSED TILL NEXT FAILURE /  NaNO.OF OBSERVATIONS

‘18 U172 | 002 21 24 25 26 26 26 27 27 27 28 28 28 29 29 30 30 30

34 35 37 37 / N =21 .

003" | 14 19 1927 29 29 30 34 37 40 48/ N =11

006 |23 7 7 8 9 10 11 12 14 15 20 ‘22 23 .30 34 49 / N=16]| -

008 |20 27 .27 29 29 30 31 31 31 32 34 34" 35 36 38 38 41

009 ‘| 3236 37 41 47 47 48 50° 51 52 53 56 / N =12

;Lg‘_

018 | 25 25 26 28 29 34 39 44 48 52 57 63 69 71 76 / N = 15

19 NIEV | 001 | 5 7 & 70 10 12 12 12 12 12 13 16 17 21 ‘32 / N =15

‘002 | 16 24 25 .27 27 ‘28 29 30-30 30 30 31 33 34 39 41 / Nel6|
C 006 | 1416 23 28 300 30 32 32 32 34 38 44 / N e 12 o

008 | 18.21 23 23 25 25 25 25 27 31 36 37 46 / N = 13
3 | 009 | 1822 26 26 28 28 28 29 34 38 44 47 54 56 / N - 14
| 018 | 26 izav,sl“ 35 39 46 49 53 64 70 76 81 /N =12




* COMPONENT FAILURE - DATA  SUMMARY

- MACHINE
1 CODE

COMPONENT
. COBE

DAYS ELAPSED TILL NEXT FAILURE  /  NaNO.OF

(0BSERVATIONS

20 NIE2

001

6 8

15

15

17

17

a7

18-

18

20

2

24

27 34 41 /N:16 |

002 -

17

23

26

26

28

34

37

40

44

52

/N

=11

006 -

15

17

26

27

33

33

36

36

37

39

.40

9

47 49/ N = 14

008

Y23

25

28"

28

30

30

31

33

38

45

49

- 51

5459/ N =15

009

2

24"

27

27

29

33°

33

38

N".

16

29

29

29

.35

42 44 50 56 /.

21 W21t |

25

25

29

-39

47

63

68

79/ N = 14

018

27

31

36

43

.12

001 -~

1

1

n

13

16

19

23

26

/ N

= 12

002

18

23

25

25

28,

28

28

30

30

30.

30

31

31

33 36/ Na 15

008

16

21

21

23

- 23

v

24

24

26

31

33

34

/N

=12

0”..

10

11

12

16

16

17 23

25

29

 _:~32.

35

36

VETRE

013

23

34

40

42

43

47

48

49 ..

51

52

53

53

57

59 67 / N = 15

018

22

22

23

o4 :

27

-3

33

38

42

47

54

59

63

15

S unz |

001

13

15 .

15

6

[T .

22

69 73/ N

AREE

-89 ~



COMPONENT FAILURE - DATA SUMMARY

~MACHINE
~ CODE

CODE

COMPONENT

DAYS ELAPSED‘TILL'NEXT.FAILURE / - N=NO.OF OBSERVATIONS

21 w212

002

n9

22

27 29

29

30

32

36 36 41 /N

11

~7 008

17

20

.22

’22=‘24

24

" 24

24

27 30 35/ N =11

011

11

13

1315

15

15

15

18 20 23 32 / N =12

013

124

30

41 .

49,‘52

52

53

59

60/ N =9

-018

19

22

23

25 29

33

37

44

49 ‘63 67 73 79 / N =13

- 69 -



CAPPENDIX-IT-
(COST-DATA SUMMARY
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NOTES ON CALCULATION OF COMPONENTS. PLANNED AND FAILURE :

REPLACEMENT COSTS

{coe/NaME oF compoNENT

CLASS OF

'|COMPONENT|

NOT ES-

001/Drawing Headand
' Capstan

002/0i1 Filters.

~

| 003/Emutsion Pump

',004]Cbo1er System[‘

. |A Type

f'BiType'

A Type

{8 Type -

jee., cons1sts of we1d1ng and po11sh1ng '

1J

‘ costs of -inner wire channe]s us1ng
ma1ntenance personne] ‘costs. Also

includes change of bo]ts and nuts if
they are worn out. No loss of produc-

: t1on incurred dur1ng P.R. act1v1ty

CF1J consists of same costs: as’ CP

'U]J will 1nvo]ve downt1me cost for 1FE

1

- | filters . using maintenance.personnel

costs. C]ean—up isperformed by spray-
ing 18 p: sl a1r and wash ‘up by kero-
sene. ' :

'Cpij consists of graph1te seal ‘costs,
_renewed pin costs and maintenance -
personne] costs. Downtime cost for 1/2
hour is incurred during planned rep]a-

; cement CF . consists of same costs
as CP U 1nc1udes 1.5 hours down-|

ij
time cost

Cpij cons1sts of change up costs of

| graphite seals + .0 - rings in the
' Draw1ng capstans + rep]acement costs,
of coup]1ngs and dr1pp1ng flanges-.: ¢ -

’us1ng ma1ntenance personnel costs. »
Planned replacement uses both set-up

4 operat1ona] hours. Operational hour

used is v 1 hour CF. ij is close to

CRij. U1j is about 2 ‘hours' of “down-

| time cost.

hour . for HKW-9,:FS- 13 FR-9, and 2 1.
i'hour for others.
CP.; consists of cleanfup of dismantleq . -




NOTES ON CALCULATION OF COMPONENTS

-72-

PLANNED AND FAILURE .

REPLACEMENT COSTS

CODE/NAME OF . componenT] CLASS OF | . aTE
_ / AMEvOF CQMPONFNT COMPONENT| NOTES
’ QOS/Gnip A‘Type ~|cp.. cons1sts of gr1p-spr1ng and pin

006/Gears, Pinion"and
Shafts System

, 007/Automat1c Stop
Motor :

008/Wire-Induction-
Bridge :

¢ Type

D Tybei'

,>ABsType-

7',’up of all bridges. "Production 1oss .
”cost is 1ncurred for 1.1/2 hours

: change -up costs. Change of bo]ts and:

7 dur1ng P. Rep1acement CF.
_ Cpij costs However product1on Toss- |
Jcost 1s about for ~ 1/2 an-hour,

1_ ings. P]anned rep]acement productlonr

: cPij cons1sts of renewal of motor
o coils, change up -of motor brushes etc.| .
, w1th ma1ntenance personne] costs P..

|almost same costs with CP,
| complete change up of all brushes,:

1§

nuts and maintenance personne] costs.
No. product1on loss cost incurred.
i is dose to

CPij cons1sts of change up of worn- up:
gears, of gear-p1ns, greasing, bear--

Toss cost, Vi:s 1s for 10 hours .

.13

A‘ CFij cons1sts of change up - of worn-up_
- |gears, pins, all shaft bearings. u,
__cons1sts of 1.5 days'

ij
product1on-1oss_

cost

Rep]acement causes 1/2-1 hour of pro-.
duct1on-1oss cost. CF1. cons1sts of
p1us
wiring and su1tches U downt1me
costs for 1.1 days..

CPij consists of: change up of worn -out
: brass bridges and porce1a1n 1nsu1a-

tors; takes ~.1/2 hours from. opera--
t1ona1 period. CF1. cons1sts of same
costs and additiona] costs of change-
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NOTES-QN CALCULATION OF COMPONENTS PLANNED AND FAILURE

REPLACEMENT COSTS

CODE/NAME OF COMPONENT

CLASS. OF
COMPONENT|

NOTES

009/A1r Vent11s and -
Channe]s '

010/N-Schalt "

';;011/Variator,

012/Wire-Guide-
Channels -

: Q]3/Spoo1ing System :

ovamirror -

’,B,Type'

A Type‘

A Typej,

- K <=

1A rypé

»A'Tybe »

A Type -

CP,. consists of cleaning-up costs of f:

13
air vent1ls and channe]s CF j almost

same with CP , U . “involves produc-
‘tion-loss: cost of 1/4 hour

Cpij cons1sts of c]ean -up and renewa]'

of end bits No Loss-of product1on N

incurred. CF j ‘consists of comp]ete

'change -up of the component + downt1me -

cost of ~-T1 hour.

"CP o cons1sts of change up of Weak-

ij '
co115, c]ean-up and adJustment Down-

t1me cost is for 1/2 hour CF1j con-

sists of change~-up of- comp]ete varia- f._'
'ftor ‘Downtime cost is for v 1 hour '

with fa11ure rep]acement

'-CP1J cons1sts of renewal costs: of

wire channe]s at no downt1me costs »
CFij cons1sts of above costs Fa11ure
downtime costs cons1sts of 1/2

hour's’ product1on-1oss cost.

Cpij consists of change up of arm-‘

Ap1ns and grear1ng at no loss of-pro-

duct1on CF j cons1sts of change up off

bear1ngs, arm-p1ns and greas1ng Downd .
| time cost 1ncurred at.fa11ure is for
.1/2 hour.

CP%j consists of enewal of mirror at |
no 1oss of product1on CF cons1sts
of comp]ete change up of the mirror.

Fa11ure rep]acement causes 1/4fhours

' downt1me cost.
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NOTES ON CALCULATION OF'COMPONENTS' PLANNED AND FAlEURE

REPLACEMENT COSTS

-~ |cope/n compongn] CLASS OF | | e
| ,,/ AME OE COMPONENT COMPONENT] - NOTES |
915/Magneticacapstan" D Type :.|CP.. consists of demounting and re-

Clutch and Brake -

016/Die-Holder

_Ql?/lurksheadbf~

018/Vee-Belt..

{A Type -

B.IYpe .

13

| coiling costs. Planned replacement
leads to loss of production for v 5

hours CF 1nvolves complete change-

up of all’ co1l1ng, plates Failure -

replacement takes 1.2 days per1od

CPij consists of change up costs of

‘bolts, nuts, washers,adgustment

spr1ngs and plates No- downt1me cost |
1ncurred at planned replacement CF ‘
cons1sts of above costs; Ui 1nvolves

_ dowtlme cost of l/2 hours._

(3P1.j cons1sts of change up of bear1ngs ,
adJustment spr1ngs and plates ‘and

fpol1sh1ng costs of inner surfaces 1

Hour's downt1me incurred with planned

i replacement CF 3 cost involves above
costs and complete renewal of the

s component Downt1me 1ncurred 1s 2

1A Type

hours with' ‘failure replacement

CP{j cons1sts of belt-stretch adJust-

| ment, oil and emulsion clean1ng with

abundant water No downt1me incurred
with: planned replacement CF -con-
sists of complete change- up of the e
belt and adJustment-cost ‘Lowntime

| cost. incurred is l/4 hours w1th

‘»fa1lure replacement '

'(\,)




. TE T, w, | FeMe b o lpMDaily Name of
Mg Component | Componerit Material Dow;lc::.m Material IF.M.Down~|F.M.Down= 'D‘c; : time } C.;m onent
Machine Code]~ Cpod' Tp ent, & ,Labour Cos ©1& Labour|time Cost|time Days :n e ponen
. oce ‘ype -} -Costs ; Qs;,_l’ ‘Costs vl d ost or
. CCn v Ce R K Subsystem
- P . £ v :
1 KATEL - 00y f° A | 6000 -  |131.000 | 30.000 - - Drawing Head and
. S . o - e : - |Capstans Group
005 | A | 7.000| - | 7.000 [ 15.000 - - [Wire-Grip -
006 | D  |80.000 {300.000{90.000 [ - | 1.5 | 420.000 [Geaus, Pinions
o _ R T T S + -land" Schafts
o . S| - R  |System.. -
013 A 110,000 :{ .- | 12.000 | 15.000 - | - [spooling System
015 | D 15,000 | 150.000{16.000 {. - .| -1.2 420.000 - Magnetic Capstan
: : - R R R | - [erip and Brake
016 A.. | 8.000| - | 8.000| 15.000 | ' - - Die-Holder
018 A 4,000 -~ | 7.000-| 7.500 | - - |vee-Belt
2 KATEL 001 | .A. 7.000 | - [ 10.000 | 40.000 | - - |prawing Head and
T . " _ o - ,  ;. o | Capstans'Group
005 _ A 6.000 | - | 6.000 | 20.000 | - - Wire Grip |
- 006 - D: 75.000 - | 440.000| 80.000 - |- 1.6 |560.000 [6ear, Pinions and|
L T B : | o : : .. [Shafts System . -
| o013 A 8,000 { - - {10.000 { 20.000 - - [Spooling System
. | 015 D 13.000- | 200.000| 14.000 | - 1.3 | 560.000 [Magnetic Capstan
- o , . , L : DR R ‘ Grip and Brake
. 016 A 6.000 | - | 6.000 [ 20000 | - - [pie-Holder
018 A | 3.000: - -1 6.000 | 10.000 | - - |vee-Belt

_SL-



P.M.

F.M.

- : P.M. | . : ' ' ?.M.Daily . Name of
' o Materiall ; Material |F.M.Down~|F.M.Down~ . :
|Machine Code Couépoodt;eng 'Con}l?onent &‘Labbﬁr D.Q‘(«:mtl_me 8. Labour |time Cost|time Days Doggts;tme Compoorqent
' o . ype -Costs ,OSt Costs R 5 d- ' ' : e )
: Y B : . : : KoL ‘Subsystem .
: Cp Cg o N
13 KATEL 001" A 5.000 | - 6.000 | 50.000 | - - | Drawing Hd and
. 5 1 o v S S -~ | Capstan
1 o005 A 5.000 - 5.000 | 25.000 - “ = | Wire=Grip
006 D '80.000 | 550,000 {90.000 | ~ - [ 1.4 |700.000 |Gears, Pinions
BN - - | : 1 & . land Schafts
o o , ‘ R P ‘System o .
013 A -6.000 [ - - |10.000 |- 25.000 - - = | Spooling System
L015 ¢ D 1.10.000 |200.000 |12.000 - 1.2 |700.000 |Magnetic Capstan|
S o . R SR E : | Grjp and Brake '
. 016 A 5.000 [ - | 5.000 |:25.000 | - - - | pie-Holder .
| - 018 A ] 3.000 [ - | 6.000 | 12.500 - =" |Vee-Belt
8ORMET | o002 | A | 300 | - | 300 [2.000 | - - |01 FiTters
e ; 006 D {90.000. {400:000 |90.000 . 1.3 | 480.000 [ Gears, Pinions
L N R Y B : R R and Schafts Syst.
012 A 5,000 - | 5.000 | 20.000 - - Wire-Guide
. R B ‘| Channels
013 A 4.000. - 8.000 .| 20.000 - - . | 'spooling System
o 014 A ] 3,000 [ - /3000 | 10.000.°| - - |Mirror .
3 o018 A | 1.000 |- 2,500 | 10.000 | - - [ Vee-Belt

-9 -



; Maéhine Code

Component
Code

"~ Type,

Component

i

P.M.-

IMaterial

&«}abour

- Costs . |
| e

P.M.
Downtime
" -Cost -

VL

- FLM.

Material

& Labour

- Costs’
Cr

F.M.Down~
time Cost
o

F.M.Down—
time Days
T

F.M.Daily

‘Downtime

Cost .
K-

Name of
Component
) S
Subsystem

10 ORME 3 _

11 HKW 9

3

9 ORME 2 |

1002
- 006

012

1 o013

o
y 018.
006
v. 012
013 -
014,
018 -
g0t

003

002

004

O T > o

>

> » > >

4,000
95,000

5.000
1.000 -

5,000
~ 5.000
+ 2,000

4,000

9.000

4.000
3.000 |

| 5.000
100,000

4,000 |

8.000 -

1 550.000

25.000
50,000

.- | 4.000
500.000

95,000

1" 5.000

| 8.000

13,000

| 3.000

'5.000
100.000.

.1 5:000

9.000

4.000
4,000

| 4.000

10.000 |-

9,000

1 25.000 |.

-25.000

25,000
12,500
#12.500

1-27.500 |

27500

27.500
14.000

14,000 |

£50.000

75.000
100,000 .

]T4“

660.000

600.000

| 0i1 Fitters

Geurs, Pinions

‘ and'Schafts Syst.

‘Wire-Guide
Channels
‘Spooling System

Mirror - -
Vee-Belt

0i1 Filters

Geaurs, Pinions

| and Schafts Syst.

Wiré-Guide
Channe]s;

'}sbddﬁing»System
‘| Mirror

Vee-Belt

Drawing Head and
Capstan
Emulsion Pump.
Cooler System

- lL -



- PML

F an .-

o : 1 e Moy o ) e MwDaily|  Name of |
S : |Material{ '~ "-°. [Material |F.M.Down~{F.M.Down- AET P
‘|Machine Code Corx::ponent Component |, Labour Downt,lt:ne & Labour{time Cost|time Days pownt:me Component
R ode. | = Type “*Costs Cost Costs | u d Cost .. .or
' R N A R Losts R <K Subsystem
NE . v - Cp. : . Cf . : ) S A
1 HW9 | - 006 D | 55.000 | 500.000{ 80.000 | - 1.4 | 600.000 | Gears Pinion,
) N R PR I S B L Schafts Syst.
| - 018 A~ | 7.000.| -  |10.000 | 25.000 - - | vee-Belt:
2 Fs a3 o1 | A | 400 - | 4000 60.000| - - | Drawing Head and|
15 R I R I | Capstan-
002 6.000 | . - | 8.000 | 30,000 - - | 0i1 Filter
003 7.500 | . 30.000| 8.000 | 90.000 - C - “Emulsion Pump.
006 | 60.000 | 600.000| 90.000 | - - 1.6 720.000 | Gears, Pinions
R ' _ R o : L . and Schafts Syst|
007 c. | 8.000 = | 8.000} - 1.4 720.000 | Automatic Stop
| 08 | A 12,000 | - '5.000 | 15.000 | = - - Vee-Belt
13FR 9 001 A | s.000| - | 5.000] 50:000| @ - . Drawing Head and|
o S B L S Capstan 5
002 | A 4.000 - | . 9.000 | .25.000 - - | 041 Filter
003 B 8.000 |  25.000{:10.000 | 75.000 - - Emulsion Pump
- 004 B 9.000 | 50.000| 12,000 | 100.000 - - ‘Water Cooling .
S S o s L | System
| 005 | A | -6.000{ =~ | 6.000] 25.000 - | -] Wire-Grip
3 006 D 60.000 | 500.000| 90.000 |- - 1.2 |.600.000 | Gears, Pinions
o S ' S . v . S and'Schaftﬂsyst.

'84- -



“|Machine Code

Component
" Code

Cdmpdnént
- Type

“P.M.
Material
& Labour

- .
Costs -

P.M.
Downtime:
~ Cost

v

-F.M.
Material
& Labour

‘| Costs

F .M.Down~
time Cost
LI

F.M.Down-
time Days
- d

F.M.Daily

Downtime
Cost
'K

Name of
" Comporient
or
Subsystem

13FR 9

T

|14 DECEO -

sz

o 08
002
1003
017 .
- 018

002

006

008

1 009

018
001

002

001 |

003

> 3w >

-

e
+3.000
£ 5.000
11.000 -
16.000

| 4.000 |
4,000

3.000

.| 6.000.
D |40

.000
15.000

‘2;00b

| 4.000 |
4.000

3.000

6.000

+30.000
60.000°

£ 30.000

'1'600.000

30,000

Cf

o= | 6.000
5.000 |

14,000
16.000 -
10.000. .

4.000

| 6.000

8.000

70,000 |

15,000

1 2.000
1 8.000
4.000 |

6.000

+8.000

13.000

30,000
90.000 -
120.000

© 15,000 -

. 30.000
30,000 -
© 90.000

190,000

15.000

15,000 . |
30.000 |

30.000

190.000 |

'Veéqu1t :

091 Filter

Emulsion. Pump

- Turkshead -
Vee-Belt

Drawing Head and

R -~ Capstan

0il Filter

Emulsion Pump

Geous, Pinions

‘and Schafts Syst

| Wire Induction
‘Bridge

Air Ventils and
Channels

Vee-Belt

| Drawing Head and|
'Capstan

011 Filter
Emulsion Pump

-6L -



‘ Machiqe Code

Component
. Code

Cqmpqneﬁt
Type

PLM.

: Material

& Labour’
Costs

P.M,
Downtime
. Cost
: \Y

‘FiM.
Material
& Labour
- Costs

Cf

F.M.Down~
time Cost
U

\F;M;Dowhé
time Days
R

| F.M.Daily|

Downtime
Cost
K

Name of
Component
. or
Subsystem

1BUIZ

{19 NIE T

" l2onE2

006
008
009

018

001

002

006 |

008

009~
018
001

002
006

T 40000

| 5.000

- 2,000

1 ‘a.000

'5.000

©3.000 |

55,000

4000

| 2.000 |

- 5.000

| s.000|

3.000 |

55,000

600.000
130.000

© 25,000

500.000

- 70.000

5,000

©2.000|.

8.000
5,000

= | 5.000
500.000]

4.000

- 2.000
).000
5,000

_10.

5,000
80.000

90.000 |

15.000

25.000

25,000
000 | -

'~ 75.000

13.000
13,000 |
~25.000

25.000

15,000 |

1.3

1.2

- 600,000

720.000 |

-+ | 'and Schafts Syst|-
~Wire Induction

- Bridge

{-Air Ventils
“and- Channels

;| 600.000 |

Gears, Pinions

Vee-Belt

Drawing Head and

Capstans

‘011 Filters

Geart Pinioné
NandMSchaft

Wire Induction
Bridges

_Air Ventils and

Channels .
Vee-Belts

- Drawing. Head anc
- Capstans '

Oil Filters -

Gears, Pinions
" and Schafts

_‘08-



. .. |component |Componer Maiéfiél 5 BH., Maiéfial F.M.Down~|F.M.Down=|F-M-Daily| . Name of
Machine Code uépoodr;en on}ponegt & Labour .ovgntlme & Labour|time Cost|time Days -?owntlpe Cgmponent
: . ~0ad }"Pé | Tosts | ovst “Costs - oy . ‘Cost: , or
: . A - : : K Subsystem
Cp - : Ce. .| : _
“JeoNIE 2 - |. 008 B . | 4.000 | 25.000{ 4,000 { 75.000 - - ‘girﬁ Induction
009 A | 2.000 - |"2.000 .| 13.000 - - Air Ventils and -
- s B AR I B ' ‘Channels
018 A~ | 5.000 -+ | 10.000 | 13.000 - - Vee-Belt
121 w2 12 001 A | 5.000] - | 6.000 | 35,00 | - - | brawing Head and
' - _ D IR ER | Capstan =
002 A ]73.000. [ - “[73.000 | 35.000 - - 011 Filters
008 - B 6.000 | -35.000 | 8,000 | 105.000 - - Wire Induction
N _ ‘ B I D o ’ | Bridqes
o B | 10,000 | 35,000 15.000 | 70.000 - - | variator
013} A} 5,000 - | 7.000 | 35.000 | - Spooling System |
018 A 4,000 | - 8.000 | 18.000 - - Vee-Belt
Cj2rwe 001~ | A 4,500 - | 5.000 | 35,000 | - - | brawing Head and
o | . | ‘ | | | .| Capstan
002 A | 3.000 | - 3.000 | 35.000 | - - ] 0i1 Filters
- 008 B 6.000 | 35.000| .7.000 | 105.000 - - ‘Wire Induction.
. s oo O SR | Bridges :
011 B 9.000 | 35.000{15.000 | 70.000 - - |var iator
3 013 A 5.000 - 7.000 | 35.000 - - SpoolingSystem
) 018 A 4,000 | - 8.000 |:-18.000 | - - Vee-Belt’

- 18-




| APPENDIX 111 ', :
OUTPUT—DATA SUMMARY FOR FIRST PHASE SOLUTIONS



SUMMARY OF OUTPUT*DATA FOR FIRST‘PHASE SOLUTIONS

"88:'

. p ¢ _ : : Optimal - Minimum o -} Total
I | Lifetime Eara:eter ’ Q-St ~|p.~stad - Planned ‘| Expected |Reliabilities| Expected’
Mach:/Component{ "Model .- . Lstimates o . a.‘ 0 "" |Replacement| Daily Cost { At Optimal |Replacement
B : Selected ot E.Ilfie]t.me - |tisticjtistic Periods | Of P.R. ‘P.R.Periods Cycles/
- - | rose . | (pays) {Poliey (TL.D} —~ : Annum
TKATEL/00T . [WEIBULL [ ?2_6_0' L—1091f - 6 C1572,5 . 0.91 ' 48.1
| 005 |WEIBULL |'3.0|26.6 0.895| = 16 | 658;5 0.80 |. 18.5
006 |wEmuL | 3.3(10.1) |- |o:529| - - 9 | 6s791,7 | 0.5 3.7
013 - |WemBuLL | 2.6[15.3] 0.5%f = | o 1641,8 - 0.72 31.1
015 [WEIBULL |2.2{18.9] 0.79] - | 13 '25036,9 | 0.64 24.0
016 |WEIBULL | 2.3|23.2| lo0.563] - .| 16 934,0 0.66 19.9
018 |wemuL | 2:8[38 | o.869| - 22 . 289,7 0.81 135
2KATEL/001 = |WEIBULL | 1.8]12.8| 1.34 |- 5. - .3134,3 10.83 61.0
s [WemulL | 3.8|es 0.378f - | 13- 619,8 | 0.91 22.1
006 |WEIBULL | 2.8]16.1 0.577| - 15 59577 0.6 | 216
013 . |WEIBULL | 3.2[25.7 0.702) - | 15 819,1 | 0.83 | 19.6
015  [WEIBULL | 3.9|25.6 0.666| - 16 | 187185 0.85 17,9
016 |WEIBULL | 3.3[27.4 0.709 - 15 591,17 0.87 19.3
018 . |WEIBULL | 3.5]36.9 0.416| - 19, 22,3 0.91 15.1




SLWWMRY OF OUTPUT-DATA FOR FIRST-PHASE SOLUTIONS

Mach./Component

Lifetime
Model
Selected

. Of Lifetime

' Parameter
Estimates

- Model

”-Q-Sca-
“ltistic

—Sta—
tlStlc

Optimal
"Planned
Replacement
Periods
__(Days.).

Mlnlmum
Expected .

Daily Cost

Of P.R.

';Polidy (TL.)

Reliabilities
- At - Optimal
P.R.Periods

Total
' Expected
Replacement
~Cycles/ .
Annum

‘| 3KkaTEL/001 -

WEIBULL

A lg- u

2.6114.8

.08

1625,0

C0.9%

57.3

005‘;.

| LOGNORMAL | 5

L]
——

-1 6.9

26.2}

. ". 0'\2“] - .

13,

499,84

0.9

2.8

. 006

LOGNORMAL |

.7120.7

0.18 |

9 .

-~ 19672,0

0.96 =

3.2

013

WEIBULL

21.2¢

32463

10

' 805,0

93

- 28.5

015

* |LOGNORMAL |

| 5.7[28.4

BT

: -16821,3

.94

18,

0]6: o

LOGNORMAL |:

| 9.2]34.4

105

15

" 463,0 |

.93 |

v ]9.

01é

|WEIBULL

w e -<n<_ur'-b,
nljolsaslal oo

36.8

416

18

238,6

ol ol o] ©

.92 .

"ol ol o

.15,

| BORME1 /002 -

NEIBULva

32.3|

.408] .

.15

. 288,9

.94

18,

006

" |WEIBULL

16.5]- - .|

.936

21

45729,9

A5

18,

012

WEIBULL

26.9] - -

.832| .

14

523,7

.89

.20.

03

WEIBULL

26.5|

.769

IR

565,2

.91

26.

014

WEIBULL

iwlilwlwijoj] o .

26.3

.318

e

305,8

.88..

20,

08

WEIBULL

wlwlro]lwlrnl wle

1135.4]

ocjeolololo}l el

327

13

17,9

olojlo]lololol -

96,

ol ~w{nv|oleo]w]

© 21,

- $8 =



Mach./Component

Lifetime
Model
Selected

Parameter
.Estimates
Of Lifetime

Model

Q-Sta-

ftistic

DﬁSta~
tistic

* SUMMARY OF OUTPUT-DATA FOR FIRST-PHASE SOLUTIONS
: a C Minimum -
|Reliabilities

‘Optimal
Planned -
Replacement
Periods
(Days )

Expécted

Daily Cost

Of P.R.
Policy (TL.)

At Optimal
P.R,Periods;

Total -
_Expected
Replacement
Cycles/

- Annum - _

90RME2/002:

WEIBULL

A g ‘?u
36.3 T

0.327 |

13

316,7 |

- 0.95°

“16.7

006

wEIBULL'

o o

20.8

10.365

47698,7 |

.20

15.4°

02 -

WEIBULL

29.5(

0.428|

14

- '519,2

92

. 20.5

© 013

IWEIBULL

2451 —

10.548 |

0

.93

"28.

o,

o4

WEIBULL |

19.0] .

0.544 |

.9

- 592,9-

.84

33.1

.1018"‘

- MEIBULL -

w]l ol w] w] N
. [ 3 - L -
ol wl of w

40}6'v:

0.461 (. -

14

105,2

.97

o) ol o]l o] o

20.2

- g8 -

|100RME3/002.

LOGNORMAL

9 7.4

34,01

NN

16 -

401,2

.95

- 17.7¢

" 006,

WETBULL

Al10.6)

104544,9 -

J00 )

27.9

0z

WEIBULL

22.

3;29'\
1.7

o

. 634,2

.93

013

WEIBULL

wl w| ool

22.

4,88

731,0

.93

28.6

014

WEIBULL |

23.

-16.82 |-

4

.68

7
9

25,9
6
2

- 23,

-018 -

WEIBULL

o] o) o)

ol o o] o

30.

0.442|

1

288,6

.93

ololdlololol

26.1

12FS13/001 MEIBULL.

0.495

0 3227,5

143.2




SUMMARY OF OUTPUT“DATA FOR FIRST"PHASE SOLUTIONS

: - Parameter , " Optimal © Minimum : , _‘ Totalv
' b e '~ Lifetiu@e ' Estimates’ ] Q-Sta- b"'St'aH Plar_med Expected Reliabilities. Expected
[Mach./Component| Model Of Lifetime - lriscic t;'.lsti Replacement Daily Cost | At ~ Optimal Replacement
: ) Selected | - Hode‘l . > | ¢ Periods‘ Ny Of P.R. P.R. Perlods Cycles/
13 RN S . _(Days) |Policy (TL.) | _ Annum
‘ _ 18 Y o 1 -, : o | , N P '
ooz uersurt [Erte o 1.26 S 2945,6 0.85 75.3
003 - [WEIBULL | 2.8[15.5 0.6770 | o | 58136 0.68 28.5
006 |WEIBULL | 2.2[19.0| foses| |22 67680,0 | - 0.25 | .17.3
oo7 (normaL | 44| | 7.a]en3] 0 | o.e 6. | 1698,2 |  0.99. 16.7
© o018 [wemBuLL | 2.6(33.2 | | o0.457] a2 | 2,7 | o.93 23.8
“{13rRe/000  |wEBULL | 1.4 6.8| | 0.606. 3 7445,1 | 0.73 120
002 |werBuLL | 2.0| 6.8 0.406 2 | 3480,9 | 091 148.1
003 |wemBuLL | 2.3[11.5] 0.412 8- | 7472, 0.65 40.7
004 fwemsuil | v.e| 7.6f | | 1.e03] 2 173204 | - 0.02 43.6
005 |LOGNORMAL| 7.5|- | 4.5{26.3| 0.28 15 450,71 | 0.97 - 18.8.
006 EXPONENT. [21.0] -~ No PLANNEf-REPLACEMENT APPLICABLE |
018 |WEIBULL . | 2.6/32.9 0.3 | 14 33,0 | 0.0 | re0.7
2

- 98 -



| SUMMARY OF OUTPUT-DATA FOR FIRST-PHASE SOLUTIONS -

“Optimal | Minimum .{- - - Total
Planned Expected ~|Reliabilities| Expected
Replacement | ‘Daily Cost | At Optimal |Replacement
" Periods of P.R. | P,R.Periods | Cycles/
, . o e : - (Days ) |Poliecy (TL.)}. i ' Annum
14DECCO/002 - LOGNORMAL’Bﬁiﬁ A ‘?3.5P%978‘- 1 0261 10 - 635,4 0.96 | 28.3 -

003 - |WEIBULL | 2.317.5

" Parameter - ' S
" Estimates . {Q-Sta-|DSta-
Of Lifetime tisticjtistic
' Model B R .

‘ V_Lifetime
|Mach./Component| Model
' - ; Selected

st 13 5912,9 | ¢ 0.61 | 25.2
©o017  fwersue [2.310.f -f  |1eef o | 100 | o1m32,3 | 037 ] 378
018 |WEIBULL | 3.4/40.8 .| | 0.611] 19 | 29,6 | . 093 | 15.0

| 1701717001 werBuLl | 1.5 6.2 - o0.514) 3 | s061,1 [0 o 127
. 002 [LoGNORMAL| 4.3 2.9 [ | " |oag| -1 - | 366,0 | 097 | 256 |
003 * |LOGNORMAL| 7.0028.8§ | .| jo0.21| 21 | 2059,4 | - 0.89 . | 13.6 |

006 . [WEIBULL | 3.4/20.3 o &0;952 .l s - 171622 A:,.o,gs_f- | %2 o]
008 - |wEmBULL | 3.7 21,1ﬁ; R ses| | 14 - 3509,8 | - 9.81  b ooaa
009  |WEIBULL. | 2.§25.9 - ‘0.436 R RS ('R B 3083 | 093 | 286
018 {WEIBULL | 2.732.4 | | o.444 - | 15| 43,0 | 088 | 19.4

18u172/001 - | 0.7 - |D.F.R. NO PLANNED-REPLACEMENT ‘APPLICABLE

002 |LoaNormaLf 9.1f | | [ Joa7r| 16 | . 208,9 0.99 | 175

- Z8 -




SUMMARY OF OUTPUT“DATA FOR FIRST-PHASE ‘SOLUTIONS

Total

| R & Parameter Optimal Minimum S
e . |Lifetime: Estimates Q-St‘a- D.~Sta- . Planned. | . Expected Reliabilities| Expected
Mach./Component{ Model " Of Lifetime - t" £1 tr" e Replacement| Daily Cost | At  Optimal [Replacement|
Selected | vodel LSELCILLSTIC!  pariods Of P:iR. ‘P.R.Periods Cycles/
} R _ . S : — : (Days) Policy (TL.) - Annum
18U172/003  [WEIBULL [*5gfos1"—f— 0.753 S 16 | 1,9 | o 77 - 18.6
006 WEIBULL | 1.8]9.9| | 0.451 25 Toso77 8 0.01 293
008 . [WEIBULL | 2.9[24.5] 1.97. | - ©312,6 | 0.74 19.0
009 |LOGNORMAL| 7.2} - |7.3 {45.8{ ~ |o0.21| 25 94,7 | 098 | 1.2
018 . [WEIBULL | 3.1|35.2 0.574 17 353,0 © 0.90 . 16.9
 |1onIE1/000  [WEIBULL. | 2.9] 9.7 | 0.8 4. 777,80 0.92 72.2
| - 002 . |LOGNORMAL| 6.0  [5.6 [29.4|  |0.16 | 14 - | '259,3 |  0.98 20.1
006 |wemBuLL | 3.824.1 | | 1.500| 0.19 | - 24 . [ 34352,4° | .0.37 13.6
008 |LOGNORMAL| 5.0{  [7.5 [27.7] 0.26 | 16 o225 | 0.87 18.0
009 IWEIBULL | 3.8(27.6 | | 0.317f° 13 14,0 | 0.94 21.9
018 . . [WEIBULL | 3.3|38.9 10.573 20 358,1. | 0.89 14.4
20NIE2/001 - [WEIBULL | 2.7(14.5{ | - |o0.672f 7 ©1233,0 | -0.87 41.9
002 |LOGNORMAL| 4.0|  l9.7 [32.5{  [o0.3| 12 1340,5 | 0.9 23.6"

- 88 -



SUMMARY OF OUTPUT“DATA FOR FIRST-PHASE SOLUTIONS

, | Lifetime
Mach./Component| :
. ~ .| Selected

" Model

' Parameter _f

Estimates
Of Lifetime -
.7 Model -

S Q_s‘t‘a-

tistic

Ddﬁfa*
tistic

’ Optlmal

"Planned

Replacement
" Periods

(Days)

» W1nxmum

Expected

Daily Cost

Reliabilities|

At Optimal
P.R.Periods

" Total
Expected

Replacement}|

.Cycles/

20NIE2/006

WEIBULL -

A g u 
27.61 1

el

28 -

Policy (TL.)

~ 30229,8

10,35

Annum
11.9: <¥

008

~ [LOGNORMAL |

M.z

36.8.

'0.23'

20

. 1888,1

©0.85

4.5

009

 |LOGNORMAL:

. . - .. .
SRR

9.4 33.9

|o.21

15

72,1

0.96.

~-.18.8

018

A WEIBULL:V

w| ] &fw®

w——

35.2

| o.414

:”]8: ‘

408,8 |

~ |ewenyoon

WETBULL

10.3

':l0,376 -

21,1 |

©0.90

134

002"

 |LOGNORMAL

4.2

28.1

10.16 |

15 -

- 235,4

‘ 0j99~"

18,7

. 008

- |LOGNORMAL

5,1

24,8 |

0.4

15

" .3240,2

©0.90

19,0

o

WEIBULL -

14.5

0.4 |

5

©6380,0

©0.46

27.0

013

{rogNorMAL |

47.8.

L

- 297,9

0.97

' 13.4

018

WEIBULL -

ool lol ]~
- - L3 L3 - .. L]
vjolasrlol vl w

-~ ho.2
3.4

1o0.467]

T

437,6

0.91

20.5

21W212/001'

WEIBULL

8112.3

| 0.515

1622,0

0.92

57.7

002

LOGNORMAL

.5.9;

29.5°

0.12

273,9

0,98

21,6

008

-|LOGNORMAL

4.7

24.2 |

0.25

15 .

3167.9

0,92

18.9

=-68 -



SUMMARY OF OUTPUT-DATA FOR FIRST-PHASE SOLUTIONS

-06_

R Parameter | Optimal . | Minimum B Total
|sach. /component| oder | . Eseimstes . la~sea-|pgseaq, Flanied | Hbected (R e e amen
pe Of Lifetime . |tistic|tistic| b a¢ement) Dally Lost j At Uptl ep-

- .. | Selected Nodel | - | , ‘.lz%z;;osd;;i | po]_oifc;.‘(RT.L.v)' ‘_P__.R.Pe14:10‘d3‘ C;}\.’ﬁ:xﬁri/
20212/011 | MEIBULL ppderi@ i 4ol | q0 | eass5 | o0.68 308
013 |LOGNORMAL| 4.0l  |11.5 44.9| - ;0.26 4.17"f | 848 0.96 |~ 16.6

018 |wEmsuLL | 2.6]31.0] [ 0:415] T3 | 40,9 | Q,goi ~22.3
1THKN9/001 WEIBULL | 2.6| 8.9 | 0.954] 3 2404,5 " 0.98 5 96,1
003 |WEIBULL | 3.9} 9.3 0;305" 6. 7317,8 |  0.83 49.2
004 |WEIBULL | 2.9] 7.4 0.321 6 | s12,6 | 058 55.1
006  |WEIBULL | 2.1| 9.0 | s.07 ] 4 | 1038254 | 0.07 32,6
018 . [WEIBULL | 2.5]25.1 1 0.355 T2 | 98 | 0.8 24.5

L



COAPPENDIX-IV

© DATA-PROCESSING



-92 -

© FLOW-CHART FOR STATISTICAL ANALYSIS.
"OFYFAILURE DATA AND »COST—CALCULATIONS

b.( Start n’

" Enter -\
-Failure
‘Data'

¥ o

| Calculate
~.Shape .
Parameter

(<1.0) . _

1
Apply
Gnedenko
with p‘,
L Xy = £




' ' - 93 -

| calculate Print Mea
- Weibull and Stand
§g§%$eter)

routine [
‘[ ANALYZE .
v VCOSIFN

'rint Print ‘Print Prlnt Print Print.
"“R. . Exp. No. Expecte Expected | Expected/ [Relia-
'eriods of Cycls‘/ [Cycle Cost fycle Perif- [Avarage bility -/

o - odS' Costs/Da Values

T : 'r

L




X % %

RUNID * TANA

TTTTTTTTTTTT ~ AAAAAAAAAA 'NNN© NN
I A e AR CNNNN NN
1T AN TAA NNNNN ‘?.NN'
L AA L AA NN NNN = NN
T AAAAAAAAAAAA NN NNN. . NN
TT _AAAAAAAAAAAA NN NNN NN .
1T ~AA “AA- . NN - NNN NN
CTT AA -~ AA NN NNNNN
T -AA . AA NN NNNN -
TT AA - CAA NN NNN
TT AA CAA NN NN
UNpVAC 1106 - BOGAZICI UNIVERSITESI KOMPUTER MERKEZ] --ISTANBUL "VER,
USER 10 * PART NUMBER * 00 e

FILE NAME * PRAOOOTANA o

1234567890123u567a9

ARUNPE/BR TAN»111
. AASGrA LINPAK*L INPAK/

FAC WARNING

aASGyA BU*BULIB,

FAC WARNING
AFTNe IS
FTN B8R1

18,

«MAIN
*06/23/81=09343(+0)

1.
2o

-15-2190TAN950250

ouoaoooooooo o

040000000200

CREATED AT'

-

| ‘09su3tut JUN 23.1981
o123u567a9o123456789012345678901234567590123a567a9o123a56789o123u56789o123456789012

»

‘{"I,',“|’|VI‘I| .' B
 AAAAAAAARA™
e

AA
AA’ CAA e
AA AR LY
"AAAAAAAAAAAA :
AAAAAAAAAAAA
AA AA-.
AA AA
AA “AA
AA . AA
" AA . AA
33R3/aué-7

! PRINTED AT?

EXTERNAL FX

‘PARAMETER L=50

INTEGER V10V2 L
CHARACTERx12 KOD,KOD1

DIMENSION TOL e XOL) oY (LD oNTY ()

. DATA ANTY(I)rI= 1vu)/0Ao'oBOOvCr'vD'/

EXL=0,95 , .
ITYpEf1 . O A , ,
CP=3000.,0 ' v ' »
"~ CKI1=20000.0 |
, CkI2=0,0 .
CF=1000.0 -
' 1<READ(5'101)K000N0(T(I) I=1, 13)
101 FORMAT(A12+13,13(F5, 0)) : '
IF(NeLE«s13)GO TO 2 =
READ(50102) (T(I)»I=14¢N)
102 FORMAT (16F5.0) :
2 READ(5o103)K001 ITYPE:CP.VIrCFvCKIIaDIoCKIZ

¥ -I0dI00

SITE
INPUT ovacE + 5C6TO1 .

]
w
>

'



19,

20,

21,

22,
23,
24,

25,
27,

28,

29,

30.

32

. 33.
' 34,.
35,

. 103

FORMAT(A1212XsT116F10.0) |
IF (KOD1+NE+KOD)PRINT* ¢+ KOD ERROR» »KOD»KOD1

CALL MENNON(T+N*BETArIER)

. CALL EXPTES(TsN#X+Y+AX+AsBsR)ALFA,BETA)

. 'MACHINE SUMMARY OUTPUT SECTION

201

202

»wRiTE(awzo1$Koo-NTY(ITYPE)oN;aErA;ALFA_;{' o o |
_FORMAT (1H1,//110X yMACHINE / -COMPONENT ~#,A12,»  TYPE GF COMPONE

*NT . »9Ale/910Xe» *NUMBER OF OBSERVATIONS(013¢/y10Xro$HAPEVPARAMETERo :

*1F10450/910X0s 1 SCALE PARAMETER+F10%5) : _ L
'WRITE(60202)CPiVIpCFrCKIloDIéCKIa'%~_: S ‘ _
FORMAT(///vIOerCOST'CoEFFICIENTS.)l.10xo17(1H*)g/'lox.‘ L ;
*1P.M MATERTAL & LABOUR COSTr ¢ TUOIFL0.24% TLavs/010XssP,M DOWNTIM

#COSTrrTUOIFL0427 s TLov 0 /000Xy oFoM MATERIAL”&'LABOUR,COST.oTQQiFIO,
. %200 TLooe/010Xe F M DOWN TIME COSTr» rTUDPFL10e20s Tlovr/r10Xr

. *TU0IF10.200 Tler)

*1FoM_DOWN TIME DAYS)eT40sF642+/+10XssF,M DAILY DOWNTIME COST.,

-SG-



()

37 ..
. 38. -
. 40.
41,
42,
43,

by,
45,
46,
47.
48,

50.

510 C
53,
54,

55,
56,

57.
58,
59,

60,
61.

. 624
- 63,
64, -
65,
66,
67,

68,

69,

50

IF(IER.EQ.1)G0 TO 91

.IF(BETA GE.EXL)GO TO 10

.10

60

PRINT: *'KODvoBETA ‘IS LESS THAN EXL'BETA "BETA
GO TO 99 (I : :

CONTINUE

FIND THE INTERVAL AND TYPE OF DISTRIBUTION

IF(BETA.GE, EXL. AND,BETALE. 1,0)6G0 70 40

IF(BETA. GT 1 0 AND BETA.LT 4, O)GO TO 50
CONTINUE -

NORMAL DISTRIBUTION

CALL NORTES(FX ToNy DMAX!TBAR.SDEV)

.60 TO 99 |
‘CONTINUE B ,
 WEIBULL DISTRIBUTION

- CALL WEIBUL(T'N'BETA'X V10V200) S

51

52
203

.40

91
99

999

ALP=0,9 - -

. Fi1= FISHIN(ALP v1.v2.551)
ALP=0,1

F2= FISHIN(ALP:VlvV2v$52)

CONTINUE
WRITE(60203)F2

FORMAT (/, IOX-vFISHER TEST CRITICAL VALUE:,F12 6)
IF (BETA.6T.3.0)60 T0 60

.60 TO. 99

CONTINUE.

EXPONENTIAL DISTRIBUTION
GO TO 99

PRINT *.KOD.;NEGATIVE ARGUMENT IN SQRT,
CONTINUE -

CALL ANLYZE(BETA ALFA!ITYPF:CP:CF DI, CKII CKIZ:VIoNvKOD T)

GO TO 1
STOP
END

-.95;:



END FTN 100 IBANK 513 DBANK
AFTNsIS «MENNON .

FIN 8R1 '*oe/as/a,-o9 44(.0)

-SUBROUT INE MENNON(T NpBETAvIER) :
2. . . - DIMENSION. T(N) .
Se IER=0 .
RERE TR . BETAYUs»v=0, 0
- Cbe -~ DO 10 1=141
D L. ,AU:ALOG(T(I))
1 Te ' T USUHAD
10 84 = . VzV+AD%AD
1 -9, 10 CONTINUE :
. 10, . AD= (V-u*u/N)*O 609 -
11, . - IF(AD«LT+0.0)GO TO 20
12, ,‘AD-SQRT(AD/(N-l)) '
“13.. - BETA=1./AD
Colay o CRETURN
.15, 20 IER=1
loe - “'RETURN
317.~ "END

END FIN 72 IBANK 22 DBANK
AFTN#IS - .NORTES :

- F N 8R1 *00/23/81 09: QQ(rO) o

1. R -SUBROUT INE NORTES(FX.T NoDMAx TBAR'SDFV)f
2. L EXTERNAL FX S .
3e : DIMENSION T(N)
: T U © SN=N : |
R R . “CALL MEAN(TsNsTBAR) - |
: b g CALL STDEV(T:TBARerSDEV) .
I 7.  DMAX==1.E10 ‘
: .8 Al"‘b 0 :
: 9 . Do 10 I=1/N
1 11, 2= (T(I)-TBAR)/SDEV
1 12, © M=(Z=A1)/0.07

- LG‘ -



b e Fe=3va¥li/oN=F
1 16, - . DEL= AMAX1(F1'F2) .
1 17, . . IF(DEL,GT DMAX)DMAX-DEL
1 . 18, -~ 10 CONTINUE
: 19. WRITE (g0 101’TBARvSDEV'DMAX ' =
20, 101 FORMAT(/oZOX:oNORMALITY TEST..zx.. MEAN..G12.5..
21s %0 MAXIMUM D-VALUEv'Gla 6)
22s 20 RETURN. - . .
 23. - - ENU '

EuD FTN 105" IBANK 80 DBANK
AFTN, IS . WMEAN

Fil 8R1 vvoo/zj/al <0944 (r0)

e : SUBROUTINE MEAN(X Ne A)
e o UIMLNSION X(N)
3 -~ 820.0

: be  00 10 I= 1'N

1 S5¢ SIS4X(1)

1 64 10 CONTINUE -

‘ 7oﬁ' ~A=S/N

8. - “ RETURN
90 N END -

END FTN 38 IBANK ]3 DBANK

BTN IS  JSTDEV
FTN 8R1 ‘*00/23/81 09 uu(oO)

1. “SUBROUT INE STDEV(X AvaSD)
26 ", DIMENSTON X(N) ,
de: 7 .820,0
« Y - DO 10 I=1,N
1 Se. - 8= S+(X(I)-A)**2
1 6e . 10 CONTINUE
_ Te SD=SURT (S/N) -
8, = . RETURN
9. . END.

EWD FTN 47 IBANK ;0 DBANK
AFTN+ IS JWEIBUL - '
FIN 8R1 %06/23/81-09: uu(.O)‘ . ’
T 1 " SUBROUTINE WEIBUL (TvN BETA.X,Vl vz,o)

2, - INTEGER -visv2
3. '~ DIMENSION T(N)#X{N)

4 C

jST,DEv 11612.59



8.

| 10,

11,
12,

foye

14,
15,
16,

17,
18,

-

20,

21‘0
22,

234

24,
25,
260
27,

13,

20

30

101 FORMAT(/o20XvoGNEDENKO TEQTvouX'o

DU - Ii"‘!l\l"'u;'ﬁ’

DO 10 I = 1N

X(I1) T(I)**BETA

L= (NeD) /7 2 )
DO 20 I = 2/L -
S1 = 51+ (N-1+1) . (xxx) - X(I-1)

- CONTINUE

‘L1 =L+ 1 : ;
Do 30 1l = L1eN
§2 =82 +. (N-I+1) * (X(I) - X(I 1)

- CONTINUE =

St =S81/7 L

S2 =.S2 /. (N'L)
V1sL '

V23N=L

Q.= S1/52 : '
CWRITE(6,101)V1, V2v0

- #¢5X 91 DEGREE - OF FREEDOM(Z)ovIS
RETURN- '
END.

EnD FTN 143 IBANK 71 DBANK

AFTN IS
FiN 8R1.

2
S
4,

S5

6

. 7e

8,

’ 9.

1 10,

13,

+EXPTES
*06/23/8]-09 44(00)
le

SUBROUTINE EXPTES(T'NvaY AXo A B RpALFAv
‘DIMENSION T(N)'X(N) Y(N)

'2lale X il

T{l) i ORDERED

AX: X INTERCEPT -
A: Y INTERCEPT :
B: SLOPE - '

SUM=0,0

)

)

, DEGRFE OF FREEDOM(1)..13'.-
o/vEOXv'

Q - VALUEorFIZ 8) .

GETA)

. ALFA: PARAMETER OF EXP DISTRIBUTION

20

DO 20 I=1,N-
X(I)=ALOG(T(I))
SUM=SUM+X (1)
ST=SUM/N
STEST=0.577%(1. /RFTA)

. =66 -



At e

- 15,

16.-“

 ALFAZEXP(ST)

- RETURN'
END

~EnD FTN 75 IBANK 31 DBANK

AFTN» IS
. FIN 8R1

b s e e

S

Gy

s ANLYZE

*06/&3/81 09 45(+0)

- le

19,
20,
22 .
23.
C 24,
25
26,

27,

28, .
29.

30.
2] 4

'SUBROUTINE - ANLYZE(BETA ALFAvITYPE cP, CF.DI CKII CKtz.vx.n.Koo n
'CHARACTERx12" KOD .

- DIMENSION T(N) X(lOO)oY(lOO)

IUk=1 ' J
IF(BETAWGE.1. 0 AND, BETA LE.4, O)IJK 1
CMIN=9,E18 .

- LIMIT= T(N)+1

‘RSUM=0,0
'WRITE(6 101)KOD

=101 FORMAT(/'ZerT(I)ovuXopMACHINE / COMPONENT.pZX A120/'5X'oN0 . -OF ¢

*YCLES,» »5X ¢y EXPECTED CYCLE COST (TL)o'SX'oEXPECTED CYCLE TIME (DAYS

%) 0 25X s yEXPECTED AVG COST/DAY..BX:.R(T(I)’.:/ 5X lu(lH*)'Sszu(lH*)_
E *'5X026(1H*)05X021(1H*)03X 8(1H*)/)‘ _

DO 10 .1= loLIMIT .
J=I .

» X(1)=g

- R= REL(BETA:ALFA IJK:J)

CALL COSTFN(CP:CF DIoCKIl CKIzrVIpRSUM Ry COST;ITYPE'ECC ECT)

Y(1)=COST
AOC=280/ECT S
WRITE (60102)J» Aoc.scc ECT» cosr R -

102 FORMAT(1Xs13/5X1F6,2¢15XsF12, 2021 F6-2'20x Fi2, 2'7X'F8 6!

- PRINT INTERMEDIATE RESULTS
CIF(COST.LT. CMIN)CMIN'COST

10 CONTINUE

WRITE(6¢103)CMIN

103 FORMAT(//+10Xr?MINIMUM AVERAGE . COST/DAY 1 iF12,200 TL-')

" IF(LIMIT.GE.1)GO TO 20 .
'CALL GRAPHUY4 (B.0» 8 0, LIMIT X» Y)

20 RETURN =

"END

= 00l -



1

2
3

4.
Se
O
7o

11,

13,

144 |

164
170
18,

19,

20,
-

22, .
23,

. 24
2‘b.

26, - _
u‘27.‘

- Be.
: '9'.
- 10

10

SUBROUTINE COSTFN(CP,CFyDY

RSUMZRSUM+R

60 TO (10.20.30 uo)'ITYPE
B=CKI14+CF -

ECC=CPxR+Bx (1,0=R)

 ECT=RSUM
(COSTZECC/ECT

20

. 30

RETURN
B=vi+Cp
C= CK11+CF

-ECC= BtR+C*(; O-R)

ECT=RSUM
COST= ECC/ECT

"RETURN

Bz CKIZ*DI+CF v
C=DI*(1.0-R) :
ECCdCP*R+B*(1 0= R) !

- ECTzRSUM+C
'COST=ECC/ECT

< RETURN
40 o
- C=DI*CKI12+CF

BzVI+Cp

D=DI*(1.0=R)
ECC=B#R+Cx(1,0=R)

ECT=RSUM+D -
' COST=ECC/ECT

RETURN

can,

END FTN 95 IBANK 12 DBANK
AFTNe 1S oREL - '

FIN 8R1

o

*06/23/81 09: 45(1.0).

.
2e
3.
q"o.
Se
6o
“Te

8.
9. -
10,

11,

10

'11

20

.FUNCTION REL(BETAvALFA IJK

GO 70 (10020).IJK
B=J/ALFA

Cz1.0 =
IF(B.EQ.0.,0)GO TO 11
B=B**BETA

C=EXP(B) -

€=1.0/C

REL=C

RETURN

CONTINUB

'CK1, CK12;VIQRSUMpRgCOST.ITYPE.ECC.ECT{

J) L

ot -



12, REL=1.0
13, " RETURN
1“0 ) ’ : END

EHD FTN 4o IBANK 13 DBANK
CAFTNe IS FX

'F|N 8R1 l“06)/23/81 09:45(s0)

1. FUNCTLON FX(X) X _
2. . FX=(1./SGRT(2+3. 14139))*EXP(-X*X/2.)v

30 RETURN

be END

EJD FTN 2“ IBANK 14 DBANK
AMAP» I~ ¢ JMAIN

VMAP 30R1 S74T11 0b/23/81 09:45: 21

'AuDRESS LIMITS 001000 005577 - 2495 IBANK WORDS DECIMAL

‘ - .040000-047150 . 3689 DBANK WORDS DECIMAL
STARTING ADDRESS 005534 ' o

bEGMfNT $MA1N$ - 001000 005677 . .'040000 047150
bINcoss/MATH S , $(1) .001000 001215 $(2) - 040000 040027
, . B 5(037) INFO=010=LC ~ $(034) MOEROS - S
MPKTS N ST e ‘sta),;,;04003g 040041
bINCOSS/MATH B o 8(1) 001000 001215 S %(2) ,ouoooo=ouooz7
- o . . %(037) " INFO-010-LC $(034) MOERO® -
MyPKTS \ o S ~%$(2) . 040030 ouoOu1"
F2RTRNS - . - - o . %(2) T 040042 ‘40043
~ OVERFLS$/FORFTN. ' $(1) 001216 001246 e 3 o
CHOPN . ' - ' BN $(4) . 0ou004Y4 QuO2u6
F2TABX o . , R S %(2) 040247 040560
F,FCA - ' _ o S . %400 . 040561 040565
FuRCOM%/FORFTN ' : S L - C$(2) 040566 040573
. FeCLOSE o B(1) 001247001300  $(0) 040574 040576
CLRU$ ’ RN v : . . o S . "  ‘ e .  -:.
' .105(‘0M(C0MM0HBLOcK) v ' o : , : 040577 040577
FeCON , T Co o %(2) 040600 oQu2us4

o 02l Y ol oy TN

- 20l -



F2INIT .
FaACTIV$/FORFTN

CHACT
CHCNE . :
. ExP3/MATH
SuRT$/MATH

U FacDCDS
XpRR$/MATH

“XpRIS/MATH

 ERU3/SYSTUR]

CF2EXIT
"FLIO0ENT .

'MQERﬂi(COMMONBLOCh).

| AL0OS/MATH

 F1gH

REL
COSTFN
3 .

ExPTES

"B5(1)

L s(3)
" 8(5)-

$(1)

- s(037)

$(1)

+$(037)
CUs(1)

$(037)
$(1) .

$(037)

$(1)

$(037)

(1)
. 3(1)

004162 004231

$(1)

$(1)

001404 001417
001420 001433
001434 001434

001435 001525

INF0-010-LC
001526 001567
INFO=010-LC

001570 001774

 INFO=-010~LC
001775 002061

INFO=-010-LC

002062 002205
 INFO=D10-LC -
002206002535

004232 004370

004371 004573

004574 004706

$(2)

$(2)

$(0)
$(0)
$(2)

$(034)

$(2)

$(034)
C$(2)

$(2)

T 5(034)

$(2)

'5(034)

SB(2)

$(034)
$(0)

%5 (4)

$(6)

L ®(n12)
©$(012)

$(0)
$(4).
$.(6)

$(012)
%000,
S 5(4)
$(6)

$(012)
$(0)
()
1»'( f))
$(012)

$(0)

043047
043227

043232
043271

043416
'MOER0S

043440 Qu3L52

W TN T A

043226 -
043231

043270
ou3415

043437

MOEROS -~
043453 043520

043521

043575

“MOERO%

043576 043603 -

MOERO$.

043604

- 043640
$(2)

04364y
MOERO$

043713

043723
043740
Nu3783

. out753

ou4756

044760
0u4765%

ou4772

LouuT73
044776

045005
045006

045007
045332

04543y

. 0us46Y
7995573

043637

043643

043712

ou3722
043737
043752
nNWR788
044755
ouu7s57
04476H4
ouu771
ouu772
ouu77s,
ous5004
045005
045006
0u5331

0“5533~v

Oubﬂb“g
ousHh72 -
ouss57%

- oL -
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