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Bu sayimin okurlarimizin eline gegtigi sirada TMMOB Makina Miihendisleri
Odasi’min  dergimiz dnderliinde diizenledi§i ve basarili olacagina vyiirekten
inandifimiz 1V. Tekstil Sempozyumu gerceklesmis ve Sempozyum Ozel Sayist da genel
dagituna sunulmus olacaktir. Tekstilin tiim alanlarindaki cesitli bilimsel arastirma ve
geligsmeleri yansitan, onemli yorum wve dederlendirmeleri iceren bildirilerin
yayinlanmasindan sonra bu sayimiz da arastirma yazilar afirhk  tasiyan  bir
kapsamda okurlarinmza sunulmaktadir. Kugkusuz bu sevindirici bir durumdur.

Aragtirmalarin dlkelerin kalkinmasina  bityiik ivmeler kazandiran teknolojik
geligmelerin altyapisim olusturdugu bir gercektir. Ozellikle temel ve uygulamah
bilim alanlarinda siirdiirillen aragtirma ¢aligmalar: hem teknolojik geligmelere yol
agmalart hem de bu gelismeleri gerceklestirecek bilim adamlari, miihendisler ve
uzmanlarin yetismelerindeki bilyiik ve kagimilmaz islevleri bakimindan &nemlidir.
Ulkemiz tekstil cevresinde de boyle bir arastirma potansiyelinin varoldugunu gormek
tilkemizin ve toplumumuzun kalkinmas: acisindan gelecege doniik yeni wmutlar
yaratmaktadir.

Daha Gnceki sayilarimizda yer alan sunus yazilarinda da belirttigimiz gibi
Tekstil ve Makina Dergisi'nin igerii gelen yazilarin tiir ve konulari ile olusmaktadir.
Aragtirma yazilarina oldugu kadar endiistriyel wygulamalara, teknolojik gelismelere
ik tutan yazilara da bize ulasan yazi akemi i¢inde wve yazilarin icerik zenginlii
olgiisiinde yer vermek ilkesini uyguluyoruz. Bunu yaparken dergimizde endiistriyel
uygulamalart, bulgulari, pratik bilgileri 6zlil bicimde aktaran KISA BILDIRILER
BOLUMU agtifimiz1 da belirtmistik. Degerli yazar ve okurlarimizin bu tir yazilarim
da bekliyoruz.

Gerek Sempozyum Ozel Sayisi'nda yer alan ve yurt digindan gelen bildiriler,
gerekse bu saymmizda da oldugu gibi, yurt igindeki yazarlar tarafindan sunulmug
olmakla birlikte orjinal olarak yabanct dilde yazilmig olan arashirma yazilart bir
olciide Tekstil ve Makina Dergisi'ne wluslararast bir yayin orgam olma niteligini de
kazandirmaktadir. Bu cercevede dergimize yurt disindan da yazi akisi olacad
anlagilmaktadir. Tiirk arashirmacilar tarafindan orjinali yabanci dilde yazilmg
yazilart  yayinlamaktaki amacimuz  bilimin  evrenselliini gézeterek Tiirk
arastirmacilarla  yabanct araghirmacilar arasinda iletisim kurulmasina katkida
bulunmak wve iilkemizin tekstil alamindaki potansiyelini dig diinyaya daha giiclil
bicimde duyurmaktir.

Dergimiz iistlendigi girevin ve oynadidr roliin bilincinde siirekli araypig ve gelisme
icinde varlifimi siirdiirmektedir.

Saygilarimizla
YAYIN KURULU
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A Mathematical
Approach to
Calculate the
Efficiency of a Set
of Machines
Attended by One
Operative

Giingdr BASER
Dog. Dr.
Ege Uni. Mith. Fak.Teks. Miih. Bélimii - IZMIR

The peridiction of machine efficiency when one oper-
ative attends several machines is an important prob-
lem of the industry to find the optimum running con-
ditions or to fix the correct piece rates. The machines
are attended by the operative in either a random or
regular way. Unidirectional attendance is more com-
mon when the number of machines is high. This prob-
lem is solved in this paper by a mathematical model
of operator-machines system assuming constant
walking rate and constant repair times. It is also as-
sumed that breakdowns occur at random at an aver-
age rate for all machines.

The behaviour of operator-machines system is ex-
pressed by a differential equation which is solved
for the number of machines stopping at any time. Ex-
perimental evidence is brought to verify the theory
and the applicability of the formulae derived to the
case of bidirectional attendance is discussed.

Included in the paper is an account of the experimen-
tal work to wverify the theory developed earlier
(Bager, 1972-1) for the case when the operative at-
tends several machines in a random way.
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Bir Isci
Tarafindan
Bakilan Bir Grup
Makinanin
Verimliliginin
Hesaplanmasi
Icin Matematiksel
Bir Yaklasim

Giingdr BASER
Dog. Dr.
Ege Uni. Miih. Fak. Teks. Miih. Bolimii - [ZMIR

Bir isginin birgok makinaya bakti$r durumdaki
makina verimliliginin tahminlenmesi, endiistrinin,
optimum c¢alisma kosullarini bulma ya da wygun
akord iicretlerini saptamada Gnemli bir problemidir.
Makinalar is¢i tarafindan ya gelisigiizel ya da
diizenli bir bigimde bakilirlar. Makina sayis
yiiksek oldugunda tek yinlii servis daha yaygindir.
Bu yazida problem, sabit yiiriime hizi ve sabit durus
giderme zamanlar: varsayan matematiksel bir isci-
makina sistemi modeli ile ¢oziilmektedir. Ayrica
duruglarin biitiin makinalar igin ortalama bir fre-
kansla gelisigiizel bir bicimde ortaya ¢gikhi§r da var-
sayilmaktadrr.

Isci-makina sisteminin davrams:, belirli bir anda
durug yapan makina sayist igin coziilen bir
diferansiyel denklemle gosterilmektedir. Teoriyi
ispatlayan deneysel kamitlar wverilmekte wve elde
edilen formiillerin iki yonlii servis durumuna
uygulanabilirligi tartisilmaktadir.

Yaziya ayrica, daha énce igginin birqok makinaya
gelisigiizel bicimde bakti§r durum igin gelistirilen
teoriyi (Bager 1972) kamtlayict deneysel ¢aligmanin
raporu da almnugtir.
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1. INTRODUCTION

The calculation or the prediction, rather, of
machine efficiency when an operative tends a group
of machines is an important problem of production
management. It is especially so in the textile
industry as an operative is usually in charge of
several machines or of several production units
mounted on a common frame such as in a spinning
machine. A unidirectional patrolling is the usual
practice when the number of machines attended is
very high.

A theoretical approach to the problem becomes
imperative in situations such as in fixing piece rates.
It is not practical to make an experimental
determination of the machine efficiency by assigning
a new and higher number of machines to the
operative. Objective measurements are difficult to
make and in most cases there will be psychological
resistance to such an experimentation. As this is a
well-known problem, many investigators have
tackled the general problem of several machines
under the care of one or more operatives, the problem
of machine interference in particular.

Ashcroft (1950), by a statistical approach,
calculated the average number of machines running,
assuming that breakdowns ocurred at random in time
and equal times were required for the repair of each
failure. He also examined the case when the repair
times'had an exponential.distribution function, but
he did not taken into account the walking time
between successive repairs.

Benson and Cox (1951) examined the problem in
greater detail for distributed repair times, assuming
that the operative attended the machines in the
order in which they stopped. The way the operative
patrols the machine and the effects of the walking
time between the broken down machines were dealt
with first by Brunnschweiler (1954). Mack et al
(1957} discussed the problem of unidirectional
patrolling when walking time and repair times were
assumed to be constant and gave a table of running
efficiencies. Bunday and Jackson (1975) dealt with
the problems of both unidirectional and bidirectional
patrolling for variable repair times by applying
simulation techniques. They generated the
distribution function of repair times on a computer
and calculated the efficiency of up to 28 machines
under varying conditions which depended on the
number of breakdowns per machine and on the
walking time.

Jones (1963) treated the problem of random
servicing of several machines by one operative by
calculating the machine interference itself from the
work load. He used the Binomial model and assumed
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that the operative walked an average distance each
time to repair a broken down machine.

The method of approach to the problem is
statistical in all the abovementioned treatments,
O'Connor (1965) looked into the problem of
unidirectional or cyclic servicing from a different
angle however, and aproached the problem
mathematically. He considered the effect of the
operative's work for a stopped machine on the other
machines and wrote down equilibrium conditions. His
solution, however, involved an iterative process by
assigning an initial value to efficiency. A theoretical
attempt was made by Giingdr (1967) on the same
lines, who took into account the events occurring in an
interval dt of a working cycle and derived a
differential equation for the number of machines
stopping at any time.

In a previous work [Bager, 1972-1] the author
also approached the problem mathematically by
considering what exactly happens to machines when
the operative works in a certain way and derived an
interference formula for the case of random servicing.
An attempt was also made [Baser, 1972-2] to apply
this formula in the treatment of the problem of cyclic
servicing which did not however prove to be very
practical.

What has been lacking in all these
investigations is experimental work to verify the
formulae derived and a general analysis of the axact
behaviour of man-machines system under the
varying conditions relating the method of working
and the way the machines are arranged. It has,
therefore, been the aim of this work to tackle the
problem, that of unidirectional attendance in
particular, analytically by constructing a
mathematical model. It has also been the aim to
make actual measurements of machine interference
and efficiency by the stop-watch time study
techniques to verify the theories.

2. THEORY FOR UNIDIRECTIONAL
ATTENDANCE OF SEVERAL MACHINES BY ONE
OPERATIVE

In weaving, a number of looms may be tended
either randomly or by patrolling in a certain path
whereas in the attendance of spinning machines the
method of walking is always regular in either
unidirectional or bidirectional way. As the number of
machines tended by one operative is high and great
walking distances are involved, regular attendance
becomes imperative irrespective of the type of
machine.
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1. GIRIS
lscinin bir grup makinaya baktifi zamanki ma-
kina verimliliginin hesaplanmas: ya da tahminlen-
mesi tiretim yonetiminin 6nemli bir problemidir. Bu
pzellikle tekstil endiistrisi igin gegerlidir, zira igci
enellikle ¢ok sayida makinanin ya da ortak bir
svde iizerine yerlestirilmis gok sayida iiretim
finitesinin caligtirilmasinin tistlenmistir. Bakilan
makina sayis1 ¢ok yiiksek oldugunda tek yonlii
yiiriime alisilmig bir uygulamadir.

Akord ticretinin saptanmasi gibi durumlarda
robleme teorik bir yaklagim yapilmas: zorunlu
olmaktadir. Makina verimliliginin isciye degisik ve
daha yiiksek sayida makina vererek deneysel yolla
saptanmas1 pratik degildir. Objektif dl¢iimlerin
yapilmast giig oldugu gibi, ok kez byle bir deneye
karg: psikolojik direnme olacaktir. Bu gok iyi bilinen
bir problem oldugundan birgok aragtirmac: bir ya da
birden ¢ok iscinin gbzetimine verilmis genel cok
makina problemini ve 6zellikle makina girigimi
problemini incelemiglerdir.

Ashcroft (1950) istatistiksel bir yaklasimla,
duruglarin zaman iginde geligigiizel bicimde ortaya
ciktigim ve her bir durusu gidermek igin esit zaman-
lar gerektigini varsayarak ortalama gahigan makina
sayisim1 hesaplamughir. Ayrica durug giderme za-
manlarimin exponansiyel bir dagilis gsterdigi duru-
mu da incelemis, fakat birbirini izleyen durus gider-
meler arasi yiiriime zamanin dikkate almamugtir.

Benson ve Cox (1951) iscinin makinalara durus
yaptiklan siraya gore baktigim varsayarak proble-
mi dagilis gdsteren durug giderme zamanlar: igin
daha ayrintili olarak incelemistir. Isginin makina-
lar boyunca yiiriime bigimi ile yiiriime zamaninin
diger makinalar iizerindeki etkileri ilk kez
Brunnschweiler (1954) tarafindan ele alinmistir.
Mack ve arkadaglar: (1957) yiiriime zamani ve durug
giderme zamanlannn sabit oludugunun varsayildig:
durumda tek yonli yiiriime problemini incelemigler
ve bir verimlilik tablosu vermiglerdir. Bunday ve
Jackson (1975) simiilasyon teknikleri uygulayarak,
degisken durus giderme zamanlan igin hem tek ydnlii
hem de iki yonlii yiiriime problemini ¢dzmiislerdir.
Durus giderme zamanlarimin dagilig fonksiyonunu bir
bilgisayarda iireterek yiiriime zamanina bagh olarak
degisen kosullarda 28'e kadar gikan sayida maki-
nanin verimnliligini hesaplamglardir.

Jones (1963} ¢ok sayida makinanin bir isgi ta-
rafindan gelisigiizel bigimde bakilmas:1 problemini,
makina girisiminin kendisini is yiikiinden hesapla-
mak bigiminde ele almistir. Binom modelini kul-
lannug ve isginin duran bir makinarun durusunun gid-
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erildigi her bir durumda ortalama bir uzakligt
ylirtidiigiini varsaymstir.

Yukarida sozii edilen tiim incelemelerde prob-
leme yaklasim metodu istatistikseldir. O'Connor
(1965) tek yonlii ya da dairesel servis problemine
bagka bir agidan bakmig ve probleme matematiksel
olarak yaklagmuigtir. [scinin duran bir makinada
yaptig ¢alismanin diger makinalar iizerindeki etki-
sini ele almug, denge kosullarim1 yazmistir. Bununla
birlikte, ¢bziimii, verimlilige bir basglangic degeri
vererek uygulanan iteratif bir iglemi icermektedir.
Aym gizgide teorik bir yaklagim, bir i ¢evriminin dt
zaman aralifi icinde ortaya gikan olaylan dikkate
alan ve herhangi bir anda durug durumunda olan
makina say1st igin bir diferansiyel denklem gikaran
Giingor (1967) tarafindan yapilmigtir.

Daha 6nceki bir caligmada [Bager, 1972-1] ya-
zar da, iggi belirli bir bicimde yiiriirken makinalara
tam olarak ne oldugunu ele alarak probleme mate-
matiksel bir yaklasim yapms ve gelisigiizel servis
icin bir girisim formiili elde etmistir. Ayrica bu
formiilii dairesel yiirtime probleminin analizinde kul-
lanma yo6niinde pek pratik olmadii goriilen bir
girisim de yapilmugtir [Bager, 1972-2].

Tiim bu arastirmalarda eksik olan, elde edilen
formiilleri kanitlayan deneysel galigma ile galisma
yontemi ve makina dizilisleriyle ilgili olarak
degisen kosullarda insan-makina sisteminin tam
davramiginin genel bir analizidir. Bu nedenle bu
galigmanin amaci problemi ve dzellikle tek ydnlii
servis durumunu matematiksel bir model kurarak
gbzmek olmugtur. Makina girisiminin ve verimlili-
ginin teorileri kamitlamak igin kronometre yardi-
miyla gergek olgiimlerini yapmak da ayrica amag o-
larak alinmistir.

2, BIRGOK MAKINANIN TEK BiR i$Ci
TARAFINDAN TEK YONLU YURUME iLE
BAKILMASI PROBLEMI iCIN TEORI

Dokumada belirli sayida tezgah geligigiizel ya
da belirli bir yol izleyerek bakilabildigi halde,
iplik makinasinin bakilmasinda yiiriime metodu tek
yonlii ya da iki y6nlii olmak tlizere daima diizenli
bigimdedir. Bir ig¢i tarafindan bakilan makina
sayist ylikseldikge ve biiyiik yiiriime uzakhklar s6z
konusu oldukga diizenli servis makina tipine
bakilmaksizin zorunlu hale gelir.
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What is happening when an operative attends
several machines by walking in a certain path may
be described as such: The operative will walk along
and service the broken down machines one after the
other, completing his or her tour in a certain time.
The operative may do other useful work at the
running machines but will give priority to the
stopped machines. In such servicing the period of one
tour will depend on the frequency of stoppages as
well as the walking speed of the operative.

At the onset of a working period, the time of one
cycle of the operative round the machines under his
or her care may vary from cycle to cycle. After a
certain time has elapsed, however, a steady state
will develop where the operative is in equilibrium
with the machines. That is to say, the operative
will set his walking and working rate to complete
his or her tour round the machines in a theoretically
fixed time. The number of the stopping machines at
any instance will also reach a constant value, on the
other hand, starting with an initial value of zero at
the begining of a working period at which all the
machines are running. Thus the number of machines
stopping as a function of time may be expected to be a
periodic function which is damped out at a certain
level when the steady state conditions are obtained.

In developing a theory according to the above
described model of man-machines system, we may
assume that the walking rate is constant and no work
is done other than reparing the broken down
machines for simplicity.

Let us assume that breakdowns occur in a
machine at an average rate of f per unit time, the
time taken by the operative to walk from one
machine to the next is w and that the repair time of
a broken down machine is z.

If in the steady state conditions the number of
machines stopping at agiven instance is n and the
number of machines assigned to one operative is N,
then (N-n)f dt new stoppages will occur in an
interval of time dt. In the same interval of time, the
operative will repair some machines.

The time taken by the operative to repair one
machine will be obtained by the sum of the repair
time and the walking time from one stopping
machine to the other. This time will, on the average,
be dt/(Nw/n + z) and thus the increase dn in the
number of machines being at a stop at any time will
be given by

dn=(N-n) fdt-dt/ NW/n + 2) ceerireirecnrrenene. (1)

Equation (1) may be arranged as a differential
equation of the form,
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dn Nw+m
3 ' 5 5 = 0 2
b 2i?+[1-IN(z-w)]l n- wiN
Substituting the values
A=wN
B==z
a=-zf
b==[1-fN(z-w)]
c=wiN2
and on integrating ,Equation (2) has a solution
A @ g _mdn e
ar’ +bn +c an?+bn+c¢

where C is a constant. Solving the integrals in
Equation (3) and applying the boundary conditions n
=0 when t = 0 to solve for C, the equation,

f=(a_@) 1 (n-p)g

2aja(p-q) (n-q)p

LR ks S (4)
2a c

is obtained when b? > dac, where p and q are the
roots of the quadratic an? + bn + c. For the case when
b? < 4ac the equation takes the form,

t= A——bB) - tem“1 Zarth --tam_1 b
2 4/ (dac-b) A/ dac-b 4/ 4ac-b
B 2+T::n+
an c
OB | )
+2’_:l og . G)]

These equations give the time t in terms of the
number of stopping machines n and therefore not
suitable to investigate the variation of n from the
start of a working period until a steady state is
reached where the number of the stopping machines
reamins constant. However,by applying the steady
state condition that

dn
—a-'t—— 0, n=n
the number of machines stopping at any time may be
obtained by the roots p and q of the quadratic
function an?+bn+c as,
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Bir igci belirli bir yol izleyerek cok sayida
makinaya bakarken ortaya gikan durum su gekide
aciklanabilir: Isgi makina boyunca yiiriiyecek ve du-
ran makinalara birbiri akdinca bakarak turunu be-
lirli bir zaman iginde tamamlayacaktir. Isgi calisir
durumdaki makinalarda bagka faydali is yapabilir,
fakat duran makinalara dncelik verecektir. Bu tiir
serviste bir turun peryodu igginin yiiriime hiz: kadar
duruglarin frekansina da bagh olacaktir.

Bir galisma peryodunun baglangicinda, igginin
pakirnina verilen makinalar cevresinde yaptif:
devir siiresi, devirden devire degisebilir. Bununla
birlikte, belirli bir siire gectikten sonra isgiyle
makinanin dengede oldugu kararh bir durum ortaya
cikacaktir. Bu demektir ki, is¢i makinalar
gevresindeki turunu teorik olarak belirli bir zaman
icinde tamamlamak igin ytirtime ve ¢aligma hizini
ayarlayacaktlr. Diger yandan, herhangi bir andaki
duran makina sayist da, tiim makinalarin gahgir
durumda oldugu galigma dénemi baginda sifir
baslangig degeri ile baglayarak sabit bir degere
erigecektir. Boylece, zamanin bir fonksiyonu olarak
duran makina sayisinin, kararli durum kogullan
elde edildigi zaman belirli bir diizeye soniimlendigi
peryodik bir fonksiyon olmasi beklenebilir.

Yukarida belirtilen insan-makina sistemi
modeline gore bir teori geligtirirken, yiiriiyiis hizinin
sabit oldugunu ve basitlestirme agisindan duran
makinada durug giderme disinda bagka higbir ig
yapilmadigin1 varsayabiliriz.

Bir makinada duruslarin birim zaman bagina
ortalama f hiziyla ortaya ciktigini, isginin bir
makinadan digerine yiiriimesi i¢in gegen zamanin w
oldugunu ve duran bir makinada durus giderme
siiresinin z oldugunu varsayalim.

Eger kararli durum kosullarinda belirli bir
andaki duran makinalarin sayisi n ve bir isciye
verilen makina sayist N ise, o zaman bir dt zaman
araliinda (N-n)f dt yeni durus ortaya ¢rkacaktir.
Ayni zaman arahginda isgi bazi makinalarin
durugunu giderecektir.

Isginin bir makinamin durusunu gidermesi icin
gecen zaman, durug giderme siiresiyle duran bir
makinadan digerine yiiriimesi igin gegen zamanin
toplamu olarak elde edilecektir. Bu zaman ortalama
olarak dt/(Nw/n+z) olacak ve dolayisiyla herhan-
gi bir anda durug durumunda olan makina sayisin-
daki artig dn,

dn=(N-n) fdt-dt/ (NW/n + 2) ccecerreeenerrennns (1)

olarak verilecektir.
(1) esitligi, bir diferansiyel denklem olarak,
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N
dn 0 ren 2 s @)

dt zfn? + [1-fN (z - w)] n— wfN?2

biciminde diizenlenebilir.

A=wN

B==z

a=-zf
b=-[1-fN(z-w)]
c=wiN2

degerlerini yerine koyarak ve integrali alinarak (2)
denklemi,

dn
Aj‘z——'f'BJ-_Ld‘n— Sl L G — (3)
an’ +bn +c an®+bn + ¢

¢bziimiinii verir. Burada C bir sabittir. (3)
denklemindeki integraller ¢oziildiigiinde ve t = 0
oldugunda n = 0 siir kosullan C'yi bulmak igin
uygulandiginda, eger b? > ac ise,

t=(a_l—)-§] 1 (n-p)q
2aja(p-q) (n-g)p
B an +bn+c
+.2_10g | e (4)

elde edilir. Burada p ve q an’ + bn + ¢ kuadratiginin
kokleridir. b%< 4ac durumu icin denklem

t=(A_bB-) 2 tam_1 btk —tan-1 5

2a A/ (dac-b) 4/ dac-b A/ dac-b

+£1 an +bn+c 5
= [ 5

bigimini alir.

Bu egitlikler t zamanim duran makina sayist n
cinsinden verir ve dolayisiyla bir ¢alisma déneminin
baglangicindan duran makina sayisinn sabit kaldig
kararli duruma kadar n'in degisimini incelemeye
uygun degildir. Bununla birlikte,

%s 0, n=n
kararlt durum kosgullarimi uygulayarak, herhangi bir
andaki duran-makina sayisi, an? + bn + ¢ kuadratik
fonksiyonunun p ve q kékleri olarak,
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2.1. Machine Efficiency
The machine efficiency E may be simply
expressed as

2.2. Cycle Period

The period of one cycle, 1, at the end of which
the operative returns to the starting point may be
obtained by the sum of the walking time per cycle
and the time spent by the operative to repair the
machines stopping. If the machines repaired per

cycle is n,, then the cycle period 7 is given by

T=wN+n,z

2.3. Number of Machines Repaired per Cycle

In steady state conditions there will be n,
machines stopping at any time and thus N-n,
machines will be in the running state. In each cycle
the operative will have to repair n, stopping
machines plus those machines that are likely to
break down during the cycle period 1, which lie
ahead of the operative. Since it may be assumed
equally likely that breakdowns will occur both in
front and bchind the operative (i.e. between the
operative and the starting point of a cycle in two
opposite directions), the operative will tend only
half of the machines broken down in the course of one
' cycle, which lie ahead relative to the starting point.
. Thus the number of machines to be repaired in the
course of one cycle, n,, will be
n =n°+—12-(N—nD) S RO S——————

Substituting Equation (9) in Equation (8) the
cycle period T will be obtained as

wN+zm,

T=
2 ( O)

With Equations (6), (7) and (10), all the
important parameters that will be useful in an
analysis of unidirectional or cyclic service of N
machines by one operative are, thus, theoretically
definable.

3. EXPERIMENTAL WORK
3.1. General Method of Experiment

The method adopted in the experimental work
was to make a more comprehensive time study than
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usual, of a particular process while a given number of
machines were being attended by one operative
working in a standard way. The special technique
applied in this time study included the observation
and timing of each breakdown occuring in a succession
of machines which were next to each other and
whose number was so chosen as to allow easy and
accurate observation. Those breakdowns which
occurred spontaneously were also noted down when
possible. Thus, it was hoped to measure the actual
loss of production time due to both the time spent to
repair breakdowns and the time lost due to machine
interference. The repair times were, however,
studied separately by the work measurement
technique. Separate measurements were carried out
for each type of repair.

The same attitude was taken for the walking
time between breaks as well as for other useful work
done by the operative when the machine was runing,
In the cases of regular attendance the cycle periods
for each run were timed several times by the
stopwatch. The working rates of the operatives were
evaluated as the overall rate of each operative
taking part in the experiment.

The actual productions achieved during the
course of the time studies were also determined as
the net weights of single doffs from a given number of
machines. The purpose was to compare the actual
productivity calculated on the basis of time units
with that calculated on the basis of direct
measurement of production and production rate.

3.2. Experiments of Regular Attendance

Two experiments-were carried out applying the
method explained above inasmuch as it was possible,
one being on a Zinser ring spinning frame working a
26/2 Nm worsted yarn, another on a Gilbos winding
machine working a 36/2 Nm worsted yarn.
Unidirectional patrolling was applied by the
operatives in the spinning machine whereas in the
winding machine bidirectional patrolling was the
only way since the operatives were given the care of
25 bobbin heads which were on one side of the
machine frame.

The particulars of the complete time study
measurements are given in Tables I and II for the
spinning and winding machines respectively. Four
studies on spinning machines, five studies on the
winding machine were done. As it is intended to
verify the theory by the experimental results of
productivity, all elementary times in Tables I and II
are shown as the actual times achieved in the actual
working rates.
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N5 {1-tNG-wtV TN w2t N ......®
bigiminde elde edilir.

2.1. Makina Verimliligi
Makina verimliligi E, basit olarak,

bigiminde gosterilebilir.

2.2 Tur Siiresi

Iscinin, sonunda baslangig noktasina geri ddndii-
gil bir turunun siiresi T, tur bagina yiiriime zaman ile
isci tarafindan duran makinalarda durug giderme
icin harcanan zamanun toplamu olarak elde edilebi-
lir. Eger tur basina durugu giderilen makinalarin
say1si 1y ise, 0 zaman tur stiresi, )

........................................................

olarak werilir.

2.3. Tur Bagina Durugu Giderilen Makina Sayis1

Kararli durum kogullarinda, herhangi bir anda
n, makina durug durumunda olacak ve dolayisiyla
N-n, makina galigir durumda bulunacaktir. Her

turda is¢inin duran n, makina art1 tur siiresi 1
boyunca durmasi beklenen ve isginin dniinde yer alan
makinalarin durusunu gidermesi gerekecektir.
Duruglarin isginin Oniinde ve arkasinda, diger bir
deyimle isgi ile turun baglangig noktasinin her iki
yénde ortaya gikma olasiliginin esit oldugu
varsayilabileceginden, isci bir tur siiresi i¢inde durus
yapan makinalarin yalnizca baglangig noktasina
gore dniinde olan yamisina bakacaktir. O halde bir
tur stiresince bakilmasi gereken makina sayisi n,,

n1=no+l2(N—no) -

..........................................

olacaktir,
(9) egitligi (8) esitliginde yerine konarak tur siiresi 1,

WN +zn,
T=

1
1~ = (N-n,) fz

olarak elde edilir.

Boylece (6), (7) ve (10) egitlikleri ile, bir isci
tarafindan N makinanin tek ydnli ya da dairesel
yiiriime ile bakilmasi durumunun analizinde yararl
olacak tiim &nemli parametreler teorik olarak
belirlenebilir olmaktadir.
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3. DENEYSEL CALISMA
3.1. Genel Deney Metodu

Deneysel galisgmada uygulanan metod, verilen
sayida makinanin standart metodla galisan bir isci
tarafindan bakildig: belirli bir islemin ahisilmistan
daha kapsamli bir zaman etiidiiniin yapilmasi
olmugtur. Bu zaman etiidiinde uygulanan &zel teknik,
yan yana bulunan ve sayisi kolay ve hassas
lgtimlere izin verecek bigimde secilen bir dizi
makinada ortaya gikan her durugun gozlenmesini ve
6lglimiind igermigtir. Aym anda ortaya gitkan duruglar
da olanak 6lgiisiinde kaydedilmistir. Boylece hem
durus giderme igin harcanan zamana, hem de makina
girisimi nedeniyle yitirilen zamana bagh gercek
tretim kayipmarimi saptamak umulmustur. Bununla
birlikte, durus giderme zamanlar1 ayri olarak
eleman zaman etiidii teknigiyle dlciilmiistiir. Her
durus giderme tiirii igin ayr1 6lgiimler yapilmustr.

Ayni tutum hem duruglar arasi yiiriime zamani,
hem de makina galigirken igci tarafindan yapilan
faydal: is igin de siirdiiriilmiistiir. Diizenli servis du-
rumlarinda her bir etiid icin tur stireleri kronome-
treyle bircok kez &lgiilmiistiir. Iscilerin ¢alisma tem-
polar1 deneyde rol alan her bir isci igin genel tempo
olarak degerlendirilmistir. Zaman ediidleri
stiresince elde edilen gergek iiretim miktarlar1 da
iggiye verilen belirli sayida makinadan cikarilan
tek bir takimin net agirhigi olarak saptanmustir.
Bunda amag zaman birimi bazina gére hesaplanan
gergek verimlilik ile {iretimin ve {iretim hizinin
dogrudan &lgiimiine dayali olarak hesaplanan verim-
liligi kargilagtirmak idi.

3.2, Diizenli Servis Deneyleri

Biri 26/2 Nm kamgarn iplik galigan Zinser
bilezikli egirme makinasinda, digeri 36/2 Nm
kamgarn iplik calisan Gilbos bobin makinasinda
olmak tizere yukarida agiklanan metodu olanak
dlgiisiinde uygulayarak iki deney yapilmugtir. iplik
makinasinda iggiler tarafindan tek yonlii yiiriime
uygulanmug, buna kargin bobin makinasinda iki y&nlii
yiriime uygulanabilen tek yol olmusgtur, giinkii iscilere
makinanin bir tarafinda bulunan 25 bobin bag
verilmigtir.

Tiim zaman etidii 6lgiimlerinin aynntilan iplik
ve bobin makinalar: igin sirasiyla Tablo 1 ve 2'de ve-
rilmigtir. Iplik makinasinda dért etiid, bobin maki-
nasinda bes etiid yapilmigtir. Teoriyi deneysel ve-
rimlilik sonuglari ile kanitlamak amaglandigindan,
Tablo 1 ve 2'de tiim zaman elemanlan gergek calisma

temposunda saglanan gercek zamanlar olarak
gosterilmistir.

227



R R R R A R D e i e e
N ——weeeess e ————7—Y—0Y

Table 1: Results of the Time Studies Carried out on the Zinser
Spinning Frame

Material Properties

Yarncount : 26/2Nm
Twist 430 t.p.m.
Blend 50 % Domestic wool,

30 % Viscose staple, 20 % Polyester

Conditions of the Time Studies

Number of spindles/operative : 400
Number of spindles studied : 20
Number of time studies carried out : 4
Distance between spindles ]
Diameter of front rollers

Time Study Results

Study Study Study Study

1 2 3 4
Duration of the time study (min) 120 120 120 120
Number of revolutions of front
rollers (rev/min) 146 146 148 150
Working rate (%) 95 90 90 90
Yarn count measured (Nm) 255 254 256 259
Production time of a full set of
cops (min) 168 160 162 157
Amount of production
(net Kg/400 spindles) 39 37 385 385
Total break frequency of the
spindles (breaks/20 spindles) 7 4 8 7
Total stoppage time of the
spindles {(min/20 spindles) 1293 794 13.29 13.12
Number of interferences 2 0 2 1
Number of stoppages with
interference 4 Y 4 2
Average cyde period : 240 min
Walking time between two spindles : 0.00225 min

Average walking time between two stoppages : 28.3 centi-min
Standard piccing time : 12.2 centi-min
Standard time for roving feeding and piecing  : 40 centi-min

Standard time for change of bobbin and piecing : 48 centi-min

The evaluations of the experimental results
obtained and given in Tables I and II are shown in
Tables 11l and IV for the spinning and winding
experiments respectively. Estimates of the actual
total stopping time for the number of spindles or
winding heads were made as the weighted averages
obtained by taking all the separate studies together.
The automatic times were then calculated by the
subtraction of this value from the total working time.
The break frequencies were also calculated as the
weighted averages, as the ratio of the total break
frequency to the total automatic time.

The average repair times per stop were
calculated from the standard repair times given in
Tables 1 and II, which themselves were evaluated by
the work measurement technique, as the weighted
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averages corrected for the actual working rates. The
process of weighting was based for the spinning
experiment on a composition of 96 % normal piecing
and 4 % feeding of roving and piecing or change of
roving bobbin and piecing as the calculated
percentages giving an average time of 44 centi-
minutes for the latter type of piecing. For the
winding experiment the actual composition of the
various types of breaks was used for the weighting of
the repair times to find the average repair time at
actual working rate.

The actual productivity is obtained by diving
the automatic time by the working time (automatic
time + total stopping time). The productivity is also
calculated on the production basis by dividing the
actual production rate by the theoretical value.

Table 2: Results of the Time Studies Carried out on the Gilbos
Winding Machine

Material Properties

Yamcount :  36/2Nm
Twist 430 t.p.m.
Blend 45 % Merino wool, 55 % Polyester
Conditions of the Time Studices
Number of heads/operative : 25
Number of heads studied %5
Number of time studies carried out : 5
Distance between heads : 3Bdan
Diameter of winding drum : 7Dmm
Number of revolutions of the drum  : 2750 rev/min
Winding angle : 1757
Time Study Results
Study Study Study Study Study
1 2 3 4 5

Duration of the time study

(min) 39 42 40 4] 41
Working rate (%) 95 95 90 100 90
Yarn count measured

(Nm) 172 172 176 175 174
Amount of production

(net Kg/25 h.) 206 313 295 316 283

Total break frequency of the
heads (breaks/5 heads) 38 42 42 41 43
3

—Plecing 2 2 1 3
~ Change of cop and
plecing 30 35 35 35 %5

— Bobbin doffing 5 5 5 5 5
Total stoppage time of the

heads (conti-min/5 heads) 2186 1965 3566 1725 3339
- Piecing 474 222 212 61 151
- Change of cop and

piecing 1417 1464 3072 1281 2364
- Bobbin doffing 295 279 282 283 824

: 10 centi-min

Standard piccing time
: 12 centi-min

Standard time for change of cop and piecing

Standard time for bobbin doffing : 17centi-min
Average cycle period : 136.7 centi-min
Average walking time between two heads  : 0.00076 min

Average walking time between two stoppages : 0.763 centi-min
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Tablo 1: Zinser lplik Makinasinda Yapilan Zaman Etiidi
Sonuglan

Materyal Ozellikleri

Iplik No :26/2 Nm
Biikiim :430 Tur/m
Harman : % 50 Yerli Yapak, % 30 Viskon, % 20 Polyester

Etiid Kogullari

1g say1s1/lgci : 400
Etiid edilen i sayisi 1 20

Etiid say1st : 4

1gler arast uzaklik :10,25am
Verim silindiri gap1 : 35mm

Etiid Sonuglar:

Etiid1 Etid2 Etid3 Etid4

Etiid siiresi (dak.) 120 120 120 120
Verim silindiri devri (d/dak) 146 146 148 150
Isci temposu (%) 95 90 90 90
Olgiilen iplik No (Nm) 255 254 256 259
Takim dolma siiresi (dak.) 168 160 162 157
Uretim miktan (net Kg/400 ig) 3 37 385 385
Iglerin toplam durus frekansi
(/201 7 4 8 7
Iglerin toplam durus siiresi
(dak/20 ig) 12,93 794 1329 13,12
Cirigim sayist 2 0 2 1
Girigimli durug sayisi 4 0 4 2
Ortalama tur siiresi : 2,40 dak.

Iki ig aras1 yiiriime zamani : 0,00225 dak

Iki kopus arasi ortalama yiiriime zamam : 28,3 sdak.

Standart kopuk baglama stiresi : 12,2 sdak.

Standart fitil besleme ve kopuk baglama siiresi : 40 sdak.

Sianc?art bobin degigtirme ve kopuk baglama

sliresi : 48 sdak.

Not: sdak., santidakikanin kisaltilmis bicimidir.

Elde edilen ve Tablo 1 ve 2'de gosterilen deney-
sel sonuglarin degerlendirmeleri egirme ve bobin de-
neyleri igin sirasiyla Tablo 3 ve 4'de gosterilmistir.
Gozlenen sayida ig ya da bobin bagina ait gergek top-
lam durus siiresinin tahminlenmesi, tiim bagimsiz
etiidleri birlikte ele alarak elde edilen agirlikli or-
talamalar olarak yapilmigtir. Daha sonra bu degeri
toplam ¢aligma zamanindan ¢ikararak otomatik za-
manlar hesaplanmugtir. Durug frekanslari da toplam
durus frekansinin toplam otomatik zamana orani cin-
sinden agirhikli ortalamalar olarak hesaplanmig-
lardur,

Durug bagina ortalama durus giderme stiresi,
Tablo I ve II'de verilen ve kendileri de eleman za-
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man etiidd teknigi ile degerlendirilmis olan standart
durug giderme siirelerinden, gergek ¢alisma temposu-
na gore diizeltilmig agirhkli ortalamalar olarak
hesaplanmuglardir. Egirme deneyi igin agirlikli or-
talama alma iglemi, % 96 normal kopuk baglama ve
% 4 fitil besleme ve kopuk baglama ya da fitil bobini
degistirme ve kopuk baglama kompozisyonuna day-
andirtlmug, ikinci top kopuk baglama igin ortalama
44 santidakika alinmigtir. Bobin deneyinde, gergek
galigma temposunda ortalama durus giderme siiresini
bulmak igin durug giderme stirelerinin agirlikli orta-
lamasinin alinmasinda gesitli tip duruglarin gercek
kompozisyonu kullanilmuigtir.

Gergek verimlilik, otomatik zamani ¢alisma
zamanina (otomatik zaman + toplam durus zamani)
bolerek elde edilmistir. Verimlilik ayni zamanda
gercek tdretim hizini teorik degere bdlerck de tirctim
bazinda hesaplanmugtir.

Tablo 2: Gilbos Bobin Makinasinda Yapilan Zaman Etadii
Sonuglar

Materyal Ozellikleri

Iplik No  :36/2Nm
Harman : % 45 Merinos yapag, % 55 Polyester
Etiid Kogullar:
I sayisi/lsci : 25
Etid edilen if sayis1 @ 5
Igler arasi uzaklik : 334em
Baraban gap1 : 7Z0mm
1 devri : 2750d/dak.
Sarma agist : 17,5
Etiid Sonuglar
Etid1 Etid2 Etid3 Etid4 Etid5
Ethd siiresi (dak.) 39 42 40 42 4]
Isci temposu (%) 95 95 90 100 90
Olgiilen iplik No
(Nm) 172 172 176 175 174
Uretim miktar:
(net Kg/25ig) 296 313 295 316 283
Iglerin toplam durus
frekansi (/5 ig) a8 42 42 41 43
— Kopuk baglama 3 2 2 1 3
— Masura degistirme
ve kopuk baglama 30 35 35 35 35
— Bobin cikarma 5 5 5 5 5
| Iglerin toplam durus
siresi(sdak /5 i) 2186 1965 3366 1725 3339
— Kopuk baglama 474 222 212 61 151

— Masura degistirme

ve kopuk baglama 1417 1464 3072 1281 2364

— Bobin gikarma 295 297 282 283 824
Standart kopuk baglama siresi : 10 sdak.
Standart masura degistirme ve kopuk ’
baglama siiresi : 12 sdak.
Standart bobin ¢ikarma stiresi : 17 sdak.
Ortalama tur siiresi : 136,7 sdak.
iki ig arasi yiiriime zamani : 0,00076 dak.
lki durus aras: ortalama yiiriime zamam  : 0,763 sdak.
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Tablo 3: Zinser lplik Makinasinda Yapilan Zaman Etidi
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Table 5:Results of the Time Studies Carried out on the Tablo 5: Schweiter Diiblaj Makinasinda Yapilan Zaman Etidii

Table 3:Evaluation of the The Studies Carried out on the Zinser

Spinning Frame Schweiter Doubling Machine Degerlendirmesl Sonuglan
Number of Machines assigned =N : 400 spindles Materdal Prapextdes lscye prdlen el sy =N go%ggsawzmg Materyal Ozellikleri
i : ; oplam durusg H A
Total stoppage time : (1)57982 Eﬁg Spfng}"—’s Yarn count : 32/2Nm Toglam otomatik zaman : 159,2 saat/201g Iplik No : 32/2Nm
ic ti ! . indles + . WA : :
g;?uacﬁtvoirt;a(lé; ttl;nni o 2y spindle gl\,;q;,é : ;goer:'ﬁg;im A — ¥mn},(1;&1e]; lu(:aman bazinda) : ‘1’/’2923.3;/‘:181( . Harman : % 70 Yerli merinos, % 30 Polyester
. 16 ; ; : " eori : 16, ;

Theoretical production rate : 1622 m/min/spindle — - _ e erim . 15.14 m/dak. /i )
Actual production rate o 15.14 m/min/spindle Conditions of the Time Studies vgr;;mlilik ivelim Bazuda) - 9333 g Etiid Kosullar
Productivity (on production basis) : 93.33 % Number of heads Y Ortalama durus frekansi = £ . 01634 /saat/ig "o e .
Average break frequency =f : 0.163 breaks/h /spindle Number of heads/operative : 6 Ortalama durus giderme sitresi =z : 14,78 sn =0,00411 saat § sayst '
Average repair time = z : 14.78 sec =0.00411h Number of heads studied D3 (el tones Ig sayisi/lsci 6
(actual working rate) Number of time studies carried out : 5 Orlalama tur stiresi = 1 + 2,40 dak. (0,04 saat) Etiid edilen ig sayis1  : 3
Average cycle period =1 : 2.40 min (0.04 h) gfstan::e bt;tw.ee; he.:ids . ggcm ILi ig arast ortalama ytriime Etiid sayist .5
Average walking time between iameter of winding drum mum e . = ’ )
two spgindles = “zr; : 0.00225 min (0.0000375 h) Number of revolutions of the drum 1362 rev/min TEIZS&JV arasi ortalama yiiriime 0,00225 dak. (0,0000375 saat) [gneler aras1 uzakhk : 30cm
Average walking s betieen Winding angle 18 e Nw/ng : 0,283 dak. (0,00047 saat) Buraban qapl : 76mm
two stoppages = Nw/nj : 0.283 min (0.00047 h) Time Study Results g devri ortalama : 1362 d/dak.

dy Study Study S Sarma agist - 18

Study Stu tudy Study Stud e ; . .

Table 4:Evaluation of the Time Studies Carried out on the Gilbos 1 Y 2 F 3 4 5 % Tablo 4: Gilbos Bobin Makinasinda Yapilan Zaman Etiidii

Etiid Sonuglar:

Degerlendirmesi

Winding Machine Duration of the time study TR
i 36 35 46 39 A . i _ g tii tiid2 Etiid3 Etid4 Etid5
Number of Machines assigned =N : 25 heads g“ulr‘;\)ber of the revalitions 4 lsciye vgﬂlﬂn makina sayiss =N 331!1{54 .
Total stoppage time t 2114 b/ 3 heads of the drum (rev/min) 1303 1303 1423 1380 1380 e ks o p v Etiid stiresi (dak.) 3 35 46 39 4l
Total automatic time : 14.88 h/5 heads Working rate (%) 95 9 100 90 90 1op Sk o i s o ;gﬂ‘/ 18 ig devri (d/dak.) 1303 1303 1423 1380 1380
Productivity (on time basis) : 87.56 % Amount of praduction (net g) 4500 4450 5940 5190 Vem.'rll: ilik (zaman bazinda : 6°34 /S Isi Temposts (%) 05 95 100 90 90
Theoretical production rate : 6344 m/min/head Total break frequency of the Teori kven_m §-i m/ dak./ ig Uretim miktan (net g) 4500 4450 5940 4900 5190
Actual production rate DTy head heads (breaks/3 heads) ~ 37 30 36 39 35 e B baznd e by Ilerin toplam durus
Productivity {(on production basis) : 80.73 % _ Bobbin unwiding and Verimlili d(uretlm azinda) : % 80,73 i frekans: (durus/3 ig) 37 30 36 39 35
Average break frequency =f : 13.89 breaks/h/head iecin 0 i 1 0 0 Ortalama durug ffekanst =“f } : 13.89 durug/saat/ig — Bobin sagma k
Average repair time = z : 13.325ec =0.0037 h pie a Earing - 19 6 1 9 3 Ortalama durus giderme stiresi =z : 13,32 sicn. =0,0037 saat opuk -baglama 0 1 1 0 0
(actual working rate) — Change of cop and o (gergek tempo) — Nope temizleme 12 6 11 9 8
Average cycle period =1 : 1.368 min (0.0228 h) piecing 17 15 19 20 18 Ol:tfnlama tur stiresi =1 : 1.368 dak. (0,0228 saat) — Masura degigtirme-
Average walking time between - Piecing 8 8 5 10 o ! I}‘:.x ig arast ortalama ytriime kopuk baglama 17 15 19 20 18
twispindles = w - 0.0076 min (0.000127 1) Total stoppage time of the } siiresi = w : 0,0076 dak. (0,000127 saat) — Kopuk baglama 8 8 5 10 9
P PpPag ki s ; -
Average walking time between heads (centi-min/3 heads) 771 728 617 g7z 72 1:1 d[—“"-‘$ arasi ortalama yiiriime Iglerin toplam durus stiresi
two stoppages = Nw/n : 0,763 min (0.0127 h) - Bobbin unwinding and siiresi = Nw/n, : 0,763 dak. (0,0127 saat) (sdak/3 ig) 771 728 617 872 72
piecing 0 43 27 ¢ 0 L b_B(I)bm sagma kopuk -
Table 6: Evaluation of the The Studies Carried out on the —(C:Learing ?eps J 160 M0 112 12 18 5 Tablo 6:.5‘:]1“'?“0: Diiblaj Makinasinda Yapilan Zaman Etiidi —a%\lir;:temiz[eme 158 lig 1%; 132 .
Schweiter Doubling Machine pi?zc'mgnge otcopan 433 338 410 504 380 Degerlendirmesi — Masura depistirme-
: ; — Piecing 178 207 68 236 233 Isciye verilen makina sayis = N : 6 kopuk baglama 433 338 410 504 380
Number of machines assigned =N : 6 Number of interferences 2 1 5 6 4 Toplam durug siiresi = Xt : 3710 sdak./3 i — Kepukbaglamg L i & &
Total stoppage time = Ztg : 3710 cent-min / 3 heads Number of stoppages with | d : sdak./318 Girisim say1st 2 1 5 6 4
Total working time = £ T : 59100 centi-min / 3 heads ?tfrlferenceE t 4 2 12z 13 . ?P“’m galigmastiresi= L : 59100 sdak/3 ig gigggh gzrrﬁ;l;:{:;]am 4 2 12 13 7
otal time of stoppages ik = . BB el /72
Total automatic time = Ity : 55390 centi-min/ 3 heads with irlterﬁ")encepgen%i-min 99 e 318 339 220 | Goplat: oto.mafll.\ zaman = Ity : 55390 sdak. /3ig siiresi (sdak) 99 68 318 339 230
Actual productivity (on time basis) : 93.72 % Standard time for bobbin unwinding and piecing: 64.3 centi-min | %eggen verimlilik (zaman bazinda) : Standart bobin sagla-kopuk baglama 64,3 sdak.
Total stoppage time without Standard time for neps clearing : 5,3 centi-min Giris'imsiz toplam durus siiresi Standart nope temizleme 5,3 sdak.
interference (at actual working rate): 2479.5 centi-min / 3 heads Standard time for change of cop and piecing : 17.7 centi-min | i ];) 3 . 24795 sdak./3 Standart masura degistirme-kopuk baglama 17,7 sdak.
break fr =f . 18,35 breaks/spindle/h Standard piecing time £ 14.5 centi-mig 4 - st Sl Standart kopuk baglama 14,5 sdak.
Average bre equenay = : 18,35 breaks/spindle | Ortalama durus frekansi = f

Average stoppage time (at actual : 18,35 durug/ig/saat

3.3. Experimentson Random Attendance ‘ Ortalama durus siiresi

The experiment was carried out on a Schweiter
doubling frame working a 32/2 Nm worsted yarn.
Five time studies were done and great care was taken
to measure the stoppages at each of the winding
heads under observation. The spontaneously occurring
stoppages were carefully noted down. The |
particulars of the time study measurements thus |
carried out are shown in Table V. The evaluations of |
these measurements were done in a similar way to
those for the experiments on regular attendance case.

3.3. Gelisigiizel Servis Deneyi

Deney 32/2 Nm kamgarn iplik calisan bir
Schweiter katlama makinasinda yapilmgtir. Bes
zaman etiidii yapilmus ve gozlem altindaki her bir
T 8 « )
. ek m““““_da _0”_"1"“1“ duruy bobin bagindaki duruslar 6lgmek igin biiyiik dikkat
?Eflllgl =p=f(id +1y) : 1.368 dak. (0,0228 saat) gisterilmistir. Aym1 anda ortaya gikan duruslar
¢k makina verimliligi : 0,0076 dak. (0,000127 saat) dikkatlice not edilmistir. Boyle viiriitiil :
Toplam girisimli d liresi : 0,76 , 5 o s ey & e
Tog o gf:i?{;‘IlkaL;rbLis surest /763 dak. (0,0127 saat) etiidii 6lglimlerinin ayrintilar1 Tablo 5'de gdsteril-
migtir. Bu dl¢limlerin degerlendirmeleri, diizenli ser-
vis deneylerinde yapilana benzer bigimde yapilmig-

working rate) = tg : 14 centi-min (0.00233 h)

Average repair time
(including walking at actual

(gercek tempoda = tg)
Ortalama durug giderme siiresi

: 14 sdak. (0,00233 saat)

(ytiriime dahily = tg +_ty : 19,6 sdak. (0,00327 saat)

working rate) = -td+ _ty : 19.6 centi-min (0.00327 h)

Average probability of a stoppage

: 0.06
: 9996 %

at a single machine =p=f (tg+ ty)
Productivity of single machine
Total time of stoppages with
interference

Total interference loss

: 1230.5 centi-min / 3 heads
: 485.7 centi-min / 3 heads

Total interference loss

Toplam girigim kayb1

Ortalama girigim = =G :0,0082

. = =G - 00082 ; Toplam galigma stiresi = ol ' P et
AVCARE Tl TES Total working time The evaluated results are shown in Table VL. Some of | fe oo . 338,1 m/dak./ig :lr ?ege_ze}r:dlrrr;e SOI]'lLIg]aI'l Tablo 6'de gosterilmis-
Actual production : 338.1 m/min/head the symbols to be used in the theoretical calculations Teorik verim : 342 m/dak./ig i LEOFLE JEaapiattid arda. k“uam'? i bl Isernbo.l )
Theoretical production rate : 342 m/min/head feature also in this table as put equal to the items Verimlilik iiretim bazinda : % 98,85 ler de bu tabloda, gosterdikleri degerler esitlenmig

Productivity (on production basis) : 98.85 %

they denote. olarak goriilmektedirler.
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4, THEORETICAL CALCULATIONS
4.1. Regular Attendance

The parameters N, f, z and w shown also in
Tables III and IV were used for the theoretical
calculations of productivity for the spinning and
winding machines respectively. If the variation
with time of the number of machines stopping is
obtained, starting with a value of zero when all
machines are running, then the behaviour of
man-machine system in a multi-machine assignment
can be better investigated in many of its aspects by
simple graphs. However, the fact that the time
variable t is given in terms of the number of stopping
machines n presented some difficulties. A computer
programme was prepared to invert Equation (5) to get
the number of stopping machines n as the function cf
time t. This was done by calculating the time t in
succession for a set of values of n generated by the
computer in ascending order and by comparing each
value in turn with a given value of t also generated
by the computer and increased by equal steps after
each run.

The variation with time of the number of
stopping machines is shown in Figures 1 and 2 for the
spinning and winding machines respectively. It can
be observed in both graphs that the number of
machines stopping shows sudden jumps at single
points above a succession of gradually increasing
points. This is due to the mathematical structure of
the function and does not reflect the true nature of the
actual event. Therefore it can be concluded that the
number of machines stopping at any time increases
gradually until a limiting value is reached after
which it remains constant.

< I 1 1 ] 1 ) ] + t

G 9,01 5,92 0,03 3,34 0,05 0,06 0,07 2,08

Fig.1:The variation of the number of stopping machines
with time in the Zinser spinning machine.

pekil 1:Zinser iplik makinasinda duran makina sayisinin za-
mana gore degiigimi
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The programme also calculated the number of
machines stopping at the steady state, n,, by
Equation (6), the cycle period and the efficiency. The
results are shown in comparison with the
experimental results in Table VII for both the
spinning and winding experiments.

Table 7: Comparison of Theoretical and Experimental
Results for Regular Attendance

Spinning Exp. Winding Exp.
Parameters Theory |Experiment| Theory | Experiment
Number of Stopping
Machines 1,161 1,960 3,012 3,110
Cycle period (hour)| 0,0228 0,0400 | 0,0330 0,0228
Efficiency (%) 59,71 99,51 87,95 87,56
4.2, Random Attendance

The machine interference or the fraction of the
production time lost as a result of spontaneous
machine stoppages when one operative tends several
machines at random was given by the author
previously [Bager, 1972-1] as

G=_L {N [(N-1Dp-1]-(1- )N+1) (11)
N P P P) # focsesininie

where p is the work load of a single machine
including walking time when the operative services
it from an average distance. p is given as

tmttatty

where t_ is the automatic time, t, is the total time
spent by the operative to repair production breaks, t,

is the time spent for useful work when the machine is
running and t, is the time spent by walking. The
machine efficiency can then be expressed as

t
R e (13)
tm+ta+ty+tg
where t  is the time lost per machine due to
interference given by

tg=% O T (14)

By calculating the efficiency and machine
interference from the parameters given in Table VI, 2
comparison between the theory and experiment may
be made as shown in Tale VIIL

Table 8: Comparison of Theoretical and Experimental Results for
Random' Attendance

Parameters Theory Experiment
Efficiency (%) 93,98 93,72
Machine interference (%) 0,48 0,82
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4, TEORIK HESAPLAMALAR
4.1.Diizenli Servis

Iplik ve bobin makinalarimin verimliliklerinin
teorik olarak hesaplanmasinda sirasiyla Tablo 3 ve
4'de gosterilen N, f, z, ve w parametreleri
kullamlmiglardir. Eger tiim makinalarin caligir
durumda oldugu sifir degeriyle baglayarak duran
makina sayisinin zamana bagh degisimi elde
edilirse, o zaman bir ¢ok makina gorevindeki
insan-makina sisteminin davramg basit grafikler
yardimuyla birok yonleriyle daha iyi incelenebilir.
Bununla birlikte, zaman degiskeni t'nin duran
makina sayisi n cinsinden verilmis olmasi baz
giicliikler yaratmgtir. (5) esitligini, duran makina
sayis1 n'i t zamamnn fonksiyonu olarak elde etmek
amactyla ters gevirmek igin bir bilgisayar progranu
hazirlanmigtir. Bu, bilgisayar tarafindan artirimli
olarak tiretilen bir dizi n degeri igin t zamanimu ard
arda hesaplamak ve her degeri sira ile yine
bilgisayar tarafindan iiretilen ve her hesap sonunda
esit Olgiide artirilan bir verilmis t degeri ile
karsilagtirmak bigiminde yapilmigtir.

Duran makina sayisinin zaana gore degisimi,
sirastyla iplik ve bobin makinalar i¢ni Sekil 1 ve
2'de gosterilmistir. Her iki grafikte de duran makina
sayisinin, bir dizi agamali olarak yiikselen
noktalarin iistiinde, tek noktalarda sicramalar
yaptig1 gdzlenebilir. Bu fonksiyonun matematiksel
yapisina bagh olup, asil olayin gergek niteligini
yansitmamaktadir. Dolayisiyla, herhangi bir
andaki duran makina sayisimin bir limit degere
ulagincaya kadar asamali olarak arttigr ve daha
sonra sabit kaldig1 sonucuna varilabilir.

4 "o -
35 L nuy
L2
LU I
3 L " 3+ L
i #
ant
25 L e
any
i
2 #
"o
.

o . %

wit

[
1 L o»

[

"
0,5 d
a 1 f 4 X I i t

G G, 02 G, 04 2,06 0,08 0,190 0,12

vekil 2: Gilbos bobin makinasinda duran makina sayisimn za-
Mana gére degisimi

F fg-z-‘The variation of the number of stopping machines
With time in the Gilbos winding machine.
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Program ayni zamanda, kararli durumda (6)
esitligi ile hesaplanan duran makina say1sl n,'1, tur
siresini ve verimliligi hesaplamaktadir. Sonuglar
deneysel sonuglarla kargilagtirmali bigimde hem
egirme, hem de bobin deneyi igin Tablo 7'de
gosterilmiglerdir.

Tablo 7: Diizenli Servis Durumunda Teorik ve Deneysel
Sonuglarnn karsilagtirilmasi

Egirme Dencyit Bobin Deneyi
Parametreler ;
Teori Deney Teori Deney|
Duran makina sayis: | 1,161 1,960 3,012 3,110
Tur stiresi (saat) 0,0228 0,0400 0,0330 0,0228
Verimlilik (%) 99,71 99,51 87,95 87,56

4.2, Geligigiizel Servis

Makina girigimi veya bir isgi birden cok
makinaya gelisiglizel bicimde bakarken aym anda
ortaya ¢ikan makina duruglari sonucu yitirilen
dretim zamani payi, daha énce yazar tarafindan
[Bager, 1972-1]

1 N
= {Np[(N-Dp-1]-(1=p) +1}.ccrumr......
2N{ p[(N-1)p-1]-(1~-p) +1} (11)

bigiminde verilmisti. Burada p, isci makinaya
ortalama bir uzakliktan baktginda harcanan
ylirdme zamanini da igeren tek makinanin ig yiikiidiir.
Otomatik zaman ty, tiretim duruslarim gidermek igin
is¢i tarafindan harcanan toplam zaman t;, makina
caligirken yapilan faydali i i¢in harcanan zaman t.
ve yliriimeye harcanan zaman t, oldugunda,

_ tartett,
Et Egi b 77T (12)
olarak verilir. O zaman makina verimliligi,
t
R= = S —————— (13)

tmt ta+tyttg

olarak- gosterilir. Burada t;, makina bagina girisin
nedeniyle yitirilen ve

tg=% R R (14)

olarak verilen zaman kaybidir.

Tablo 6'de verilen parametrelerden verimliligi ve
makina girisimini hesaplayarak teori ve deney
arasinda bir kargilagtirma Tablo 8'de gosterildigi
gibi yapilabilir. ‘ ' e s B
Tablo 8: Gelisigiizel Servis Durumunda Teorik ve Deneysel
Sonuglarin Karsilagtinlmasi

Parametreler Teori Deney
Verimlilik (%) 93,90 93,72
Makina girisimi (%) 048 0,82
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5. DISCUSSION OF THE RESULTS
5.1. Discussion of the Resuls of Regular Attendance
Experiments

When the theoretical and experimental results
shown in Table VII are compared, the agreement
seems to be quite good both for the spinning and
winding machines as far as the efficiency values are
concerned. The agreement is better in the winding
machine since the number of the stopping machines
as determined both theoretically and experimental-
ly are quite close. In the spining machine, however,
the difference between the theory and experiment is
somewhat large which can be seen as reflected in the
efficiency figures when examined more carefully. It
is 1-E that should be taken as the basis in comparing
the theoretical and experimental efficiency values.
They are 0.29 and 0.49 respectively for the spining
machine, 12.05 and 12.44 respectively for the
winding machine.

The agreement for the cycle period between
theory and experiment is rather poor. The higher
experimental value for the spinning machine is
expected since the experimental number of the
stopping machines is high too. But in the winding
machine the experimental value is lower which may
lead one to think that a different state of affairs
may be the case and that a special theory may be
needed for the bidirectional attendance. In the first
cycle begining with the state when all machines are
running the events will occur exactly in the same way
as in unidirectional patrolling. But in the second
cycle when the operative starts walking in the
reverse direction, there will be fewer machines
needing repair at the begining than towards the end
of the cycle, assuming that the breakdowns in each
machine occur at a constant rate. It may be that there
will be very few breakdowns in the second cycle as
compared with the first cycle depending on the
breakdown rate and on the number of machines
attended. Thus some of the cycle periods may be of
very short duration as indeed was observed during
the experiment on the winding machine attended
bidirectionally. This may result in the cycle period
never reaching a steady value and thus being lower
than what the theory predicts.

As there was no prior experimental work
reported on the subject, it was thought to be
convenient to compare the theoretical values given
by Bunday and Jackson (1975} in a table arrangement
with those obtained by the present theory in the
same way. Table IX shows the efficiency values for
up to 28 machines for various values of the parame-

ters Ar and N Aw given by Bunday and Jackson. Here A

is the breakdown rate, w is the walking time
between machines, N is the number of machines
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assigned and r is the average repair time. A
comparison between'the values in Table IX with
those given by Bunday and Jackson for unidirectiona
patrolling shows that the present theory gives a
similar value for N = 2, Ar = 0.05 and NAw =0 (943§
against 95.2 by Bunday and Jackson) but the values
decrease at a greater rate, with the present theory,
with increases in both Ar and NAw than is the case in
Bunday and Jackson's table. When a comparison ig
made with the table values given by Bunday and
Jackson [1975] for bidirectional patrolling with
constant walking time, a better agreement is obtained
though their table start for N = 2 with a lower value

which is 92.4
The advantage of the present theory is that it

gives a simple formula, given by Equation (6), to
calculate the number of stopping machines n,, for any
number of the assigned machines N. The efficiency
can easily be calculated along with other important
parameters such as the cycle period and the number
of machines n,, repaired in one cycle. This allows

analytical examination of the problem to be made
much easier.

Table 9: Efficiency Values for Unidirectional Attendance (%

Ar Niw/N 0.05 0.10 0.15 0.20 0.25
2 94.8 90.1 85.9 82.1 787

4 94.2 89.2 84.7 80.7 77.2

6 93.5 88.0 83.3 79.2 75.6

8 92.6 86.7 81.8 77.5 738

0.05 10 91.6 85.2 80.0 75.7 719
12 90.0 83.0 78.0 74.0 70.0

16 86.0 79.0 73.0 69.0 66.0

20 80.0 73.0 68.0 64.0 61.0

24 72.0 67.0 63.0 59.0 56.0

28 65.0 60.0 57.0 54.0 52.0

2 94.2 89.2 84.7 80.7 77.2

4 92.6 86.7 81.8 77.5 73.8

5 92.0 85.0 80.0 76.0 720

6 90.2 83.3 78.0 73.6 69.9

8 86.1 787 734 69.1 65.5

0.10 10 80.0 73.0 68.1 64.2 61.0
12 72.0 67.0 63.0 59.0 56.0

16 58.0 55.0 52.0 50.0 43.0

20 48.0 46.0 44.0 43.0 41.0

24 40.0 39.0 38.0 37.0 36.0

28 35.0 34.0 33.0 32.0 32.0

2 93.5 88.0 83.3 79.2 75.6

4 90.2 833 78.0 73.6 69.9

6 83.3 76.0 708 66.7 633

0.15 8 72.0 67.0 63.0 59.0 56.0
10 61.0 58.0 55.0 52.0 50.0

12 52.0 50.0 48.0 46.0 440

14 46.0 44.0 42.0 41.0 40.0

16 40.0 39.0 38.0 37.0 360

4 86.1 78.7 734 69.1 65.5

0.20 6 72.0 67.0 63.0 59.0 56.0
8 58.0 55.0 52.0 50.0 48.0

10 48.0 46.0 44.0 43.0 41.0

12 40.0 39.0 38.0 37.0 36.0

2 91.6 85.2 80.0 757 719

4 80.0 73.0 68.1 64.2 61.0

0.25 6 61.0 58.0 55.0 52.0 50.0
8 48.0 46.0 44.0 43.0 41.0

10 39.0 38.0 37.0 36.0 35.0
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5. SONUGCLARIN TARTISILMASI
5.1. Diizenli Servis Deney Sonuglarinin Tarhgilmasi

Tablo VII'de gosterilen teorik ve deneysel
sonuclar kargilaghinildiginda, verimlilik degerleri
dikkate alindigt siirece uyumun hem iplik, hemn de
pobin makinalar igin oldukga iyi oldugu goriildr.
Bobin makinasindaki uyum daha iyidir, zira hem
teorik, hem de deneysel olarak saptanan duran
makina sayilarnt oldukga yakindir. Halbuki iplik
makinasinda teori ile deney arasindaki farkin daha
dikkatlice incelendiginde verimlilik rakamlarina
yansidig1 gibi bir bakima biiyiik oldugu goriilebil-
mektedir. Gergekte teorik ve deneysel verimlilik
degerlerinin kargilagtirilmasinda temel alinacak
olan 1-E'dir. Bu degerler iplik makinasi i¢ni sirasiy-
la 0, 29 ve 0, 49, bobin makinas: igin 12, 05 e 12, 44'
diir.

Tur siiresi agisindan teori ve deney arasindaki
uyum oldukga zayiftir. Iplik makinasindaki daha
yiiksek deneysel deger beklenen bir durumdur, giinkii
duran makina sayisinin deneysel degeri de
yiiksektir. Fakat bobin makinasinda deneysel deger
farkl bir durumun s6z konusu oldugunu ve iki yonli
servis igin 6zel bir teorinin gerektigini diigiindiiren
tlciide daha diigiiktiir. Tim makinalarin ¢alisir
halde olduklar1 durumla baglayan ilk turda olaylar
aynen tek ydnlii yiiriime durumunda oldugu gibi
ortaya gikacaktir. Fakat isginin zit yénde yiiriimeye
basladig1 ikinci turda, her makinada duruslarin sa-
bit hizla ortaya qiktig:1 varsayildiginda, baglangig-
ta turun sonuna oranla bakilmay: gerektiren daha az
makina bulunacaktir. Durug frekansina ve bakilan
makina sayisina bagh olarak ilk tura oranla ikinci
turda ¢ok az sayida durus olabilir. O halde, iki
yonlii yiiriimeyle bakilan bobin makinasindaki de-
neyde gozlemlendigi gibi, baz1 tur siireleri ¢ok kisa
strebilir. Bu, tur stiresinin hicbir zaman kararli bir
degere ulagmamas: ve dolayistyla teorinin tahmin-
lendiginin altinda olmast sonucunu verebilir.

Konu ile ilgili olarak daha 6nce rapor edilen
hichir deneysel calismaya rastlanmadigindan,
Bunday ve Jackson (1975) tarafindan bir tablo diizeni
igcinde verilen teorik degerlerle, ayn1 bigimde bu
teoriden elde edilenleri kargilaghirmanin uygun
olacag1 diigtiniilmiigtiir. Tablo 9, 28 makinaya kadar
Bunday ve Jackson tarafindan verilen cesitli Ar ve
NAw parametreleri icin verimlilik degerlerini
gostermektedir. Burada A durus frekansi, w makina-
lar aras: yiirime zamani, N bakilan makina sayis:
Ve r ortalama durug giderme siiresidir. Tablo 9'daki
degerlerle tek yonlii yiiriime igin Bunday ve Jackson
tarafindan verilenler arasindaki bir karsilastirma,
buradaki teorinin N = 2, Ar = 0,05 ve NAw = 0 icin
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benzer bir deger verdigini (Bunday ve Jackson'un
95,2'sine kars1 94,8), fakat buradaki teori ile hem Ar
ve hem de NAw'daki artiglarla degerlerin Bunday
ve Jackson'un tablosundakinden daha biiyiik bir hizla
azaldigini gostermektedir. Bundan ve Jackson (1975)
tarafindan sabit yiirlime zaman ile iki ydnlii servis
icin verilen tablo degerleriyle bir karsilastirma
yapildiginda ise, her ne kadar bu tablo N=2 icin 924
olan daha diigiik bir degerle basliyorsa da, daha iyi
bir uyum elde edilmektedir.

Buradaki tecorinin avantaji, isgiye verilen
herhangi N makina icin duran makina sayis1 n,'in
hesaplanmasini saglayan ve (6) esitligi ile gdsteri-
len basit bir formiil vermesidir. Verimlilik, tur siiresi
ve bir tur siiresince durusu giderilen makina sayisi n,
gibi diger dnemli parametrelerle birlikte kolayca
hesaplanabilmektedir. Bu, problemin analitik ince-
lenmesini gok daha kolaylagtirmaktadir.

Table 9:

Tek Yénld Yiiriime Durumunda Verimlilik Degerleri (%)

Ar NAw/N 0.05 0.10 0.15 0.20 0.25
2 94.8 90.1 85.9 821 78.7

4 94.2 89.2 84.7 80.7 77.2

6 93.5 88.0 83.3 79.2 75.6

8 92.6 86.7 81.8 77.5 73.8

0.05 10 91.6 85.2 80.0 75.7 719
12 90.0 83.0 78.0 74.0 70.0

16 86.0 79.0 73.0 69.0 66.0

20 80.0 73.0 68.0 64.0 61.0

24 72.0 67.0 63.0 59.0 56.0

28 65.0 60.0 57.0 54.0 52.0

2 94.2 89.2 84.7 80.7 77.2

4 92.6 86.7 81.8 77.5 738

5 92.0 85.0 80.0 76.0 720

6 90.2 83.3 78.0 73.6 69.9

8 86.1 78.7 734 69.1 65.5

0.10 10 80.0 73.0 68.1 64.2 61.0
12 72.0 67.0 63.0 59.0 56.0

16 58.0 55.0 52.0 50.0 48.0

20 48.0 46.0 44.0 43.0 41.0

24 40.0 39.0 38.0 37.0 36.0

28 35.0 34.0 33.0 32.0 32.0

2 93.5 88.0 83.3 79.2 75.6

4 90.2 83.3 78.0 73.6 69.9

6 83.3 76.0 70.8 66.7 63.3

0.15 8 72.0 67.0 63.0 59.0 56.0
10 61.0 58.0 55.0 52.0 50.0

12 52.0 50.0 48.0 46.0 44.0

14 46,0 4.0 42.0 41.0 40.0

16 40.0 39.0 38.0 37.0 36.0

4 86.1 78.7 734 69.1 65.5

0.20 6 72.0 67.0 63.0 59.0 56.0
8 58.0 55.0 52.0 50.0 48.0

10 48.0 46.0 44.0 43.0 41.0

12 40.0 39.0 38.0 37.0 36.0

2 91.6 85.2 80.0 757 719

4 80.0 73.0 68.1 64.2 61.0

0.25 6 61.0 58.0 55.0 52.0 50.0
8 48.0 46.0 44.0 43.0 41.0

10 39.0 38.0 370 36.0 350
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5.2. Discussion of the Results of Random Attendance
Experiment

From a comparison of the experimental and
theoretical values of machine efficiency shown in
Table VIII, it can be said that the agreement between
theory and practice is very good. Nevertheless, the
theory gives 0.48 % machine interference as against
0.82 % determined experimentally. It may be that
the operatives did some useful work when the
machine was runing, which may have contributed to
the interference by increasing the value of p given in
Equation (12) although they were given the
instruction not to do. However, to be more precise it
may be stated that more experimental work is
necessary, perhaps by repeating the same experiment
for varying numbers of machine assigned to the
operative, to fully verify the theory.

The real advantage of the method of
calculating machine interference by Equation (11) is
that it is a direct calculation not needing any
iteration as in Jones' (1965) method. Jones gives the
mchine interference i as,

n
AL 1-(1-A)
e n
where n is the number of machines assigned to the
opcrative and A is given by

A=5(1 -1 41 s (16)

where S is the work load. Here i is a function of A
which is the probablility that a machine needs
attendance at any time, which is itself the function
of i. This is why iteration is necessary to find the
machine interference i. A single formula given by
Equation (11) enables us to put the time loss due to
interference in the general form of the tormula for
machine efficiency for random attendance as in
Equation (13) which is suitable for analytical
evaluations.

The problem of random attendance is very
important because even if the machines are attended
regularly, there are ancillary works to be done such
as doffing in many machines or setting the warp on
the looms. Since these operations are carried out by
special teams of operatives, they are of kind of
random services carried out when need arises. By the
method explained here the effect on machine
efficiency of such ancillary work can easily be taken
into acccunt in efficiency calculations.

One difficulty remains unsolved, however, and
that is the effect on machine efficiency of the surplus
work load when the total work load of an operative
tending N machines is greater than unity or 100 %.
Then the formula given in Equation (13) will not hold
since the operative will be short of time to achive
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the efficiency value given by this formula. If the
work load of the operative for N machine is Z, then
the surplus work load per machine, K, will be

Z-1

K= TR e (17)

and this will give rise to a loss of production time t,

given by

tk=-K— (b + ta + by + 5) e, (18)
1T ¥ B

The efficiency formula in Equation (13} will
then include t, also in the denominator as an

additional time element.

6. CONCLUSIONS

A mathematical approach made in this paper
to calculate the efficiency of a set of machines
attended by one operative provides formulae for both
regular and random attendance, which allow direct
analytical investigations.

The verification of the two theories by
experiments was achieved to some extent in so far as
the agreement obtained with the efficiency values.
The calculated cycle periods in regular attendance
and machine interference in random attendance did
not agree well with the experimental results.
Therefore, for a full varification of the theories more
experimental work is necessary.
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5.2. Geligigiizel Servis Deney Sonuglarinin
Tartig1lmast

Tablo 8'de gosterilen deneysel ve teorik makina
verimliligi degerlerinin kargilagtinlmasindan teori
ve pratik arasindaki uyumun gok iyi oldugu
sijylenebilir. Bununla birlikte, teori % 0, 82 olarak
saptanan deneysel degere karsin % 0.48 makina
girigimi degerini vermektedir. Her ne kadar tersi

gniinde talimat verilmis ise de, isgilerin (12)
esitligindeki p degerini yiikselterek girigsime katki-
da bulunmusg olabilecek olan bazi1 makina ¢ahsirken
yapilan faydali is yapmug olmalar olasiligr vardir.
Ancak, daha gergekgi olma agisindan, teoriyi tam ol-
arak kanitlamak igin belki de aym deneyi isgiye ve-
rilen makina sayilarimi degistirerek tekrarlamak
biciminde daha fazla deneysel galisma gerektigi
soylenebilir.

Makina girigimi (11) egitlifinden hesaplama
yénteminin asil avantaji, Jones (1965)'un metodunda-
ki gibi herhangi bir iteratif islem gerektirmeden di-
rekt bir hesaplama olmasidir. Jones makina girisimi

wsissamans (19)

olarak verir. Burada n, isgiye verilen makina
sayisidir ve A, ig yiikii S olmak izere,

A=51=1) +1i s, (16)

olarak verilmektedir. Burada i, kendisi i'nin fonk-
siyonu olan ve herhangi bir anda bir makinanin
bakilmay1 gerektirme olasihig1 olan A'nin fonksiyo-
nudur. Bu nedenledir ki makina girigimi i'yi bulmak
icin iterasyon gerekmektedir. (11) esitligiyle verilen
tek bir formiil, girisim nedeniyle ortaya ¢ikan zaman
kaybinin analitik degerlendirmelere uygun olan (13)
esitliginde oldugu gibi, gelisigiizel servis igin maki-
na girigimini veren genel formiil formunda gdsteril-
mesine olanak vermektedir.

Geligigiizel servis problemi ¢ok dnemlidir, giin-
kii makinalara diizenli bakilsa bile, bircok makina-
da takim gikarma ya da tezgahlarda ¢bzgii baglama
gibi ek igler vardir. Bu iglemler 6zel isgi gruplan ta-
rafindan yapildig: igin gereksinim oldugunda yapi-
lan gelisigiizel servis niteligindedirler. Burada agik-
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lanan metod yardimuyla bu gibi ek islerin makina
girigimi iizerindeki etkisi verimlilik hesaplarinda
kolayca dikkate alinabilir.

Buna ragmen ¢oziimlenmemis bir giigliik daha
vardir ve bu da N makinaya bakan bir igginin toplam
ig ytkii 1'den ya da % 100'den biiyiik oldugunda
ortaya cgikan artik ig yiikiiniin makina girigimi
tzerindeki etkisidir. O zaman (13) esitligiyle
verilen formiil gegerli olmayacaktir, ¢linkii iggi bu |
formiille verilen verimlilik degerini saglayacak
yeterli zamana sahip olmayacaktir. Eger N
makinaya bakan isginin is ytiikii Z ise, o zaman
makina bagina antk is yiiki K,

Z-1
K=—N ........................................................... (17)
olacak ve bu,
tk=L (tm + tg + bty + £ e (18)
-I — I( m y g ------------------

olarak verilen, t; {iretim zaman kaybina yol
acacaktir.

O zaman, 13 esitligiyle verilen verimlilik
formiilii paydada ck bir zaman eleman olarak t'y1
da igerecektir.

6. SONUC

Bir ig¢i tarafindan bakilan bir grup makinanin
verimliligini hesaplamak igin bu yazida agiklanan
matematiksel yaklagim, hem diizenli, hem de geli-
siglizel servis durumlarinda direkt analitik incele-
melere olanak veren formiiller saglamgtir.

Her iki teorinin deneylerle kanitlanmasi, ve-
rimlilik degerlerinde elde edilen uyum cergevesinde
belirli bir Slgiide bagarilmistir. Diizenli servis icin
hesaplanan tur siireleri ve gelisigiizel servis igin he-
saplanan makina girigimi deneysel sonuglarla iyi bir
uyum gostermemigtir. Dolayisiyla teorilerin tam an-
lamiyla kanmitlanmas: igin daha gok deneysel calig-
ma gerekmektedir.

TESEKKUR

Yazar, zaman etiidlerini planlandig1 gibi ytiriiten Aytekin
Kabu'ya tesekkiirti borg bilir.
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