
Bu sayrntn okurlanmrzrn dine ge~t ig i  srrada TMMOB Makina Miiltendisleri 
Odasr'nrn dergimiz onderliginde diizenledigi ve bagarrlr olacagrna yiirekten 
inandtgrmtz IV. Tekstil Sempozyumu ger~eklegm$ ve Sempozyum &el Sayrsr da gene1 
da@hma sunulmug olacakhr. Tekstilin tiim alanlanndaki ~egitli  bilimsel aragttrma ve 
geligmeleri yansttan, onemli yorum ve degerlendirmeleri i ~ e r e n  bildirilerin 
yaytnlanmastndan sonra bu saytnlrz da aragttrma yazrlarr agrrltk tagtyan bir 
kapsamda okurlanmtza sunulmaktadtr. Kwkusuz bu sevindirici bir durumdur. 

Aragtrrmalann iilkelerin kallhnmasrna biiyiik ivmeler kazandtran teknolojik 
geligmelerin altyaptstnr olugturdugu bir ger~ektir. dzellikle temel ve uygulamalr 
bilim alanlarrnda siirdiiriilen aragttrma ~alrgmalan hem teknolojik geligmelere yo1 
a~malarr hem de bu geligmeleri ger~eklegtirecek bilim adamlan, miihendisler ve 
uzmanlartn yetigmelerindeki biiyiik ve ka~tnrlmaz iglevleri baktmrndan onemlidir. 
Ulkemiz tekstil ~evresinde de boyle bir araghrma potansiyelinin varoldugunu garmek 
iilkemizin ve toplumumuzun kalkrnntasr a~tstndan gelecege doniik yeni umutlar 
yaratmaktadtr. 

Daha onceki sayrlarrmrzda yer alan sunug yaztlannda da belirttigimiz gibi 
Tekstil ve Makina Dergisi'nin icerigi gelen yazrlann tiir ve konularr ile olugmaktadtr. 
Aragttrma yaztlanna oldugu kadar endiistriyel uygulamalara, teknolojik geligmelere 
rgrk tutan yaztlara da bize ulagan yazt ahmr i ~ i n d e  ve yazrlartn iqerik zenginliB 
olplsiinde yer vermek ilkesini uyguluyoruz. Bunu yaparken dergimizde endiistriyel 
uygtilamalarr, bulgularr, pratik bilgileri ozlii biqintde aktaran KlSA BfLDfRlLER 
B ~ L U M U  a~ttgrmtzr da belirhnigtik. Degerli yazar ve okurlarrmrzrn bu tiir yazrlartnr 
da bekliyoruz. 

Gerek Sempozyum &el Saytsr'nda yer alan ve yurt dtgrndan gelen bildiriler, 
gerekse bu sayrmrzda da oldugu gibi, yurt i~indeki  yazarlar tarafindan sunulmug 
olmakla birlikte orjinal olarak yabancr dilde yazrlmtg olan araghrma yazrlarr bir 
ol~iide Tekstil ve Makina Dergisi'ne uluslararasr bir yaytn organ1 olma niteligini de 
kazandrrmaktadrr. Bu ~ e r ~ e v e d e  dergimize yurt dtgrndan da yazr ahgr olacagr 
anlagtlmaktadtr. Turk aragttrmactlar tarafindan orjinali yabancr dilde yazrlmrg 
yaztlarr yaytnlamaktaki amacrmtz bilimin evrenselligini gozeterek Tiirk 
aragtrrmactlarla yabancr aragttrmactlar arasrnda iletigim kurulmasrna katkrda 
bulunmak ve iilkemizin tekstil alanrndaki potansiyelini dtg  diinyaya daha g i l ~ l n  
bi~imde duyurmaktlr. 

Dergimiz iistlendigi gorevin ve oynadrgr roliin bilincinde siirekli arapg ve geligme 
i ~ i n d e  varlrjrnr siirdiirmektedir. 
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The peridiction of machine efficiency when one oper- 
ative attends several machines is an important prob- 
lem of the industnj 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 i 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 

operator-machines system assuming constant 
king rate and constant repair times. It is also as- 
red that breakdowns occur at random at an aver- 
rate for all machines. 
behaviour of operator-machines system is ex- 

;sed by a differential equation which is solved 
the number of machines stopping at any time. Ex- 
'mental evidence is brought to verify the theoy 

the applicability of the formulae derived to the 
! of bidirectional attendance is discussed. 
uded in the paper is an account of the experimen- 
work to verify the theoy  developed earlier 

ger, 1972-1) for the case when the operative at- 
is several machines in a random way. 
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Bit i g~ in in  b ir~ok  makinaya baktrgt durumdaki 
makina verimliliginin tahminlenmesi, endiistrinin, ' 
optimum ~alrgma kogullarrnt bulma ya d a  uygun ' 
nkord iicretlerini saptamada onemli bir problemidir. 
Makinalar ig~ i  tarafrndan ya geligigiizel ya da 
diizenli bir b i~ imde  bakrlrrlar. Makina saytst 
yiiksek oldugunda tek yonlii servis daha yaygtndrr. 
Bti yaztda problem, sabit yiiriime htzr ve sabit durug 
giderme zamanlarr varsayan matematiksel bir igci- 
nrakina sistemi modeli ile ~oziilmektedir. Ayrrca 
duruglarrn biitiin makinalar i ~ i n  ortalama bir fre- 
kansla geligigiizel bir bi~imde ortaya ~ r k h g  da  var- 
saytlmaktadrr. 
fg~i-makina sisteminin davmntgr, belirli bir anda 
durug yapan ntakina saytsr i ~ i n  ~oz i i len  bir 
diferansiyel denklemle gosterilmektedir. Teoriyi 
ispatlayan deneysel kanrtlar verilmekte ve elde 
edilen formiillerin iki yonlii servis durumuna 
uygtilanabilirligi tartrgtlmaktadrr. 
Yazrya ayrtca, daha once igginin bir~ok makinaya 
geligigiizel bi~imde baktt@ durum i ~ i n  geligtirilen 
feoriyi (Baser 1972) kanrflaytct denysel ~alrgmanrn 
raporu d a  ahnmrgtrr. 



1. INTRODUCTION that the operative walked an average distance eact 
The calculation or the prediction, rather, of time to repair a broken down machine. 

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 
undcr 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 

The method of approach to the problem i 
statistical in all the abovementioned treatments 
O'Connor (1965) looked into the problem o 
unidirectional or cyclic servicing from a differen 
angle however, and aproached the problen 
mathematically. He considered the effect of th 
operative's work for a stopped machine on the othe 
machines and wrote down equilibrium conditions. Hi 
solution, however, involved an iterative process b~ 
assigning an initial value to efficiency. A theoretica 
attempt was made by Giingor (1967) on the sam, 
lines, who took into account the events occurring in ar 
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, 1972-11 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 [Bager, 1972-21 to apply 
this formula in the treahnent 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 
AlTENDANCE OF SEVERAL MACHINES BY ONE 
OPERATIVE 

In weaving, a number of looms may be tendec 
either randomly or by patrolling in a certain pat1 
whereas in the attendance of spinning machines th~ 
method of walking is always regular in eithel 
unidirectional or bidirectional way. As the number oi 
machines tended by one operative is high and grea 
walking distances are involved, regular attendancf 
becomes imperative irrespective of the type o: 
machine. 
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ridilignin-hesaplanhas~ ya'ha tahminlen- 
?tim yonetiminin onemli bir problemidir. Bu 
? tekstil endiistrisi iqin geqerlidir, zira igs 
.le qok say~da makinamn ya da ortak bir 
iizerine yerlegtirilmig qok say~da iiretim 
lin qa l~gt l r~ lmas~n~n iistlenmigtir. Bak~lan 
saylsl qok yiiksek oldugunda tek yonlii 
a l~g~lm~g bir uygulamad~r. 

ord iicretinin saptanmasl gibi durumlarda 
le teorik bir yaklag~m yap~lmas~ zorunlu 
d ~ r .  Makina verimliliginin igqiye degigik ve ,,.., , ~ k s e k  say~da makina vererek deneysel yolla 

saptanmas1 pratik degildir. Objektif olqiimlerin 
yap~lmas~ giiq oldu* gibi, qok kez boyle bir deneye 
karp psikolojik direnme olacakhr. Bu qok iyi bilinen 
bir problem olduendan birqok araghrmacl bir ya da 
birden qok igqinin gozetimine verilmig genel qok 
makina problemini ve ozellikle makina girigimi 
problemini incelemiglerdir. 

Ashcroft (1950) istatistiksel bir yaklag~mla, 
dumglarln zaman iqinde geligi@zel biqimde ortaya 
gkhg1n1 ve her bir durugu gidermek iqin egit zaman- 
lar gerektigini varsayarak ortalama qahgan makina 
sayslnl hesaplam~ghr. Aynca durug giderme za- 
manlannm exponansiyel bir da&l~g gosterdigi duru- 
mu da incelemig, fakat birbirini izleyen dumg gider- 
meler arasl yiiriime zamanm dikkate almamlghr. 

Benson ve Cox (1951) igqinin makinalara dumg 
yaphklan slraya gore bakt~&m varsayarak proble- 
mi daa l~g  gdsteren durug giderme zamanlar~ iqin 
daha aynnhh olarak incelemigtir. fgqinin makina- 
lar boyunca yiiriime biqimi ile yiiriime zamanlnm 
diger makinalar iizerindeki etkileri ilk kez 
Brunnschweiler (1954) taraflndan ele a l~nm~gt~r .  
Mack ve arkadaglar~ (1957) yiiriime zamanl ve dumg 
~ d e r m e  zamanlanlun sabit oludugunun varsayld~@ 

umda tek yonlii yiiriime problemini incelemigler 
~ i r  vcrimlilik tablosu vermiglerdir. Bunday ve 
son (1975) simiilasyon teknikleri uygulayarak, 
~gken dumg giderme zamanlan idn hem tek yonlii 
I de iki yonlii yiiriime problemini qozmiiglerdir. 
ug giderme zamanlannm da@hg fonksiyonunu bir 
isayarda iireterek yiiriime zamanma bag11 olarak 
lgen kogullarda 28'e kadar q~kan say~da maki- 
In verimliligini hesaplam~glard~r. 

Jones (1963) qok say~da makinamn bir igqi ta- 
ndan geligigiizel biqimde bakrlmas~ problemini, 
cina girigiminin kendisini iq yiikiinden hesapla- 
: bi~iminde ele almlghr. Binom modelini kul- 
N$ ve isinin duran bir makinamn durugunun gid- 

Yukanda sozii edilen tiim incelemelerde prob- 
leme yaklapm metodu istatistikseldir. O'Connor 
(1965) tek yonlii ya da dairesel servis problemine 
bagka bir aqdan bakmq ve probleme matematiksel 
olarak yaklagmlgt~r. lgqinin duran bir makinada 
y a p t ~ g  qallgmanm diger makinalar iizerindeki etki- 
sini ele alm~g, denge kogullarm yazmqtlr. Bununla 
birlikte, qoziimii, verimlilige bir baglangq degeri 
vererek uygulanan iteratif bir iglemi iqermektedir. 
Aym dzgide teorik bir yaklag~m, bir ig ~evriminin dt 
zaman arahg~ iqinde ortaya qkan olaylan dikkate 
alan ve herhangi bir anda durug durumunda olan 
makina says1 i ~ i n  bir diferansiyel denklem gkaran 
Giingor (1967) taraf~ndan yapllmghr. 

Daha onceki bir qallgmada [Bager, 1972-11 ya- 
zar da, igqi belirli bir biqimde yiiriirken makinalara 
tam olarak ne oldugunu ele alarak probleme mate- 
matiksel bir yaklaglm yapmlg ve geligigiizel servis 
iqin bir girigim formiilii elde etmigtir. Ayr~ca bu 
formiilii dairesel yiiriime probleminin analizinde kul- 
lanma yonunde pek pratik o lmad~g~  goriilen bir 
girigim de yapllmghr [Bager, 1972.21. 

Tiim bu aragttrmalarda eksik olan, elde edilen 
formiilleri kan~tlayan deneysel qahgma ile qallgma 
yontemi ve makina diziligleriyle ilgili olarak 
degigen kogullarda insan-makina sisteminin tam 
davranlgmn genel bir analizidir. Bu nedenle bu 
~ahgmanln amact problemi ve ozellikle tek yonlii 
servis durumunu matematiksel bir model kurarak 
~ozmek olmugtur. Makina girigiminin ve verimlili- 
ginin teorileri kan~tlamak iqin kronometre yardl- 
m~yla gerqek ol~i iderini  yapmak da aynca amaq o- 
larak al~nmlgt~r. 

2. BhCOK M-ANJN TEK B h  iSCi 
TARAFINDAN TEK YoNLIj Y L ~ R ~ & I ~  ILE 
BAKILMASI PROBLEM1 ia TEORi 

Dokumada belirli say~da tezgah geligigiizel ya 
da belirli bir yo1 izleyerek bak~labildigi halde, 
iplik makinaslnln bak~lmaslnda y i i ~ m e  metodu tek 
yonlii ya da iki yonlii olmak iizere daima diizenli 
biqimdedir. Bir igqi taraf~ndan bak~lan makina 
say~s! yiikseldikqe ve biiyiik yiiriime uzakl~klan soz 
konusu oldukqa diizenli servis makina tipine 
bakllmaksmn zomnlu 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 incrcase dn in the 
number of machines being at a stop at any time will 
be given by 

Equation (1) may be arranged as a differential 
equation of the form, 

Substituting the values 

and on integrating ,Equation (2) has a solution 

A,/ ch + B j  ndn = t + c ......... (3) 
a d + b n + c  d + b n + 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, 

1 moj 
i sab 

ma: 
is obtained when b2 > 4ac, where p and q are thc 
roots of the quadratic an2 + bn + c. For the case when 
bZ c 4ac the equation takes the form, 

These equations give the time t in terms of the 
number of stopping machines n and therefore no 
suitable to investigate the variation of n from thi 
start of a working period until a steady state i! 
reached where the number of the stopping machine 
reamins constant. However,by applying the stead! 
state condition that 

the number of machines stopping at any time may bi 
obtained by the roots p and q of the quadratic 
function an2 + bn + c as, 
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Bir igqi belirli bir yo1 izleyerek ~ o k  say~da 
makinaya bakarken ortaya q~kan durum gu gekide 
,@lanabilir: fgci makina boyunca f i ~ y e c e k  ve du- 
ran makinalara birbiri akd~nca bakarak turunu be- 
lirli bir zaman iqinde tamamlayacakhr. fgci qal~g~r 
duNmdaki makinalarda bagka faydah ig yapabilir, 
fakat duran makinalara 8ncelik verecektir. Bu tiir 
serviste bir turun peryodu igqinin yiiriirne h m  kadar 
du~glar ln  frekansina da bag11 olacaktw. 

Bir qalrgma peryodunun baglang~nnda, igcinin 
baklmlna verilen makinalar cevresinde yaptlgl 
devir suresi, devirden devire degigebilir. Bununla 
birlikte, belirli bir sure geqtikten sonra igciyle 
rnakinanln dengede o l d u e  kararl~ bir durum ortaya 
Slkacakt~r. Bu demektir ki, igqi makinalar 
qevresindeki turunu teorik olarak belirli bir zaman 
icinde tamamlamak iein yiiriime ve qalqma h m n ~  
ayarlayacakhr. Diger yandan, herhangi bir andaki 
duran makina saylsl da, tum makinalar~n cal~g~r 
durumda oldugu calqma donemi bagmda %fir 
baglangc degeri ile baglayarak sabit bir degere 
erigecektir. Boylece, zamanm bir fonksiyonu darak 
duran makina sayslnln, kararh durum kogullan 
elde edildigi zaman belirli bir diizeye sonumlendigi 
peryodik bir fonksiyon olmas~ beklenebilir. 

Yukanda belirtilen insan-makina sistemi 
deline gore bir teori geligtirirken, yiiriiyiig hmnin 
it oldugunu ve basitlegtirme a p ~ n d a n  duran 
kinada durug giderme d ~ g ~ n d a  bagka hicbir ig 

yap~lmad~gm varsayabiliriz. 
Bir makinada duruglann birim zaman bagma 

ortalama f hmyla ortaya g k t ~ g ~ n ~ ,  igcinin bir 
makinadan digrine firiimesi iqin geqen zamanln w 
olduenu ve duran bir makinada d u n g  giderme 
siiresinin z oldugunu varsayal~m. 

Eger kararh durum kogullannda belirli bir 
andaki duran makinalar~n sayrsl n ve bir i~qiye 
verilen makina says! N ise, o zaman bir dt zaman 
arali@nda (N-n)f dt yeni durug ortaya q~kacakt~r. 
Ayn~ zaman a ra l~g~nda  igci b a z ~  makinalar~n 
dunqunu giderecektir. 

&.~inin bir makinan~n durugunu gidermesi i ~ i n  
en zaman, durug giderme siiresiyle duran bir 
kinadan digerine y u ~ m e s i  iqin gqen zamanm 
lam olarak elde edilecektir. Bu zaman ortalama 
rak dt/(Nw/n+z) olacak ve dolay~s~yla herhan- 
)ir anda durug durumunda olan makina saym-i- 
.i artlg dn, 

rak verilecektir. 
egitligi, bir diferansiyel denklem olarak, 

bieminde duzenlenebilir. 

degerlerini yerine koyarak ve integrali almarak (2) 
denklemi, 

coziimiinu verir. Burada C bir sabittir. (3) 
denklemindeki integraller cozuldiigiinde ve t = 0 
oldugunda n = 0 s m r  kogullan C'yi bulmak icin 
uyguland~@nda, eger b2 > ac ise, 

elde edilir. Burada p ve q an2 + bn + c kuadratiginin 
kokleridir. b2< 4ac durumu i ~ i n  denklem 

biqimini ahr, 

Bu egitlikler t zamanlnl duran makina says1 n 
cinsinden verir ve dolaymyla bir qal~gma doneminin 
baglangclndan duran makina sayslnln sabit kald~@ 
kararh duruma kadar n'in degigimini incelemeye 
uygun defjildir. Bununla birlikte, 

kararl~ dumm kogullann~ uygulayarak, herhangi bir 
andaki duran makina saylsl, an2 + bn + c kuadratik 
fonksiyonunun p ve q kokleri olarak, 
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usual, of a particular process while a given number 
machines were being attended by one operati1 
working in a standard way. The special techniq~ 
applied in this time study included the obsematic 
and timing of each breakdown occuring in a successi~ 
of machines which were next to each other ar 
whose number was so chosen as to allow easy ar 
accurate observation. Those breakdowns whi~ 
occurred spontaneously were also noted down whc 
possible. Thus, it was hoped to measure the actu 
loss of production time due to both the time spent 
repair breakdowns and the time lost due to machi 
interference. The repair times were, howeve 
studied separately by the work measureme] 
technique. Separate measurements were carried o 
for each type of repair. 

The same attitude was taken for the walki~ 
time between breaks as well as for other useful wor 
done by the operative when the machine was mnin 
In the cases of regular attendance the cycle perio( 
for each run were timed several times by tl 
stopwatch. The working rates of the operatives we 
evaluated as the overall rate of each operati! 
taking part in the experiment. 

3. DENEYSEL CALISMA 

3.1. Gene1 Deney Metodu 
e elde edilir. 

21. Machine Efficiency 
The machine efficiency E may be simply 

expressed as 

Deneysel qaligmada uygulanan metod, verilen 
sapda makinanm standart metodla qal~gan bir igqi 
tarafmdan bakildrg belirli bir iglemin ahg~lm~gtan 
daha kapsamli bir zaman etudunun yap~lmas~ 
olmugtur. Bu zaman eiiidunde uygulanan 6zel teknik, 
yan yana bulunan ve sayw kolay ve hassas 
olqumlere izin verecek biqimde seqilen bir dizi 
makinada ortaya qkan her durugun g8zlenmesini ve 
olgimiinu iqermigtir. Ayru anda ortaya qkan dumglar 
da olanak olqusunde kaydedilmigtir. Boylece hem 
dumg giderme idn harcanan zamana, hem de makina 
girigimi nedeniyle yitirilen zamana bag11 gerqek 
uretim kaylpmann~ saptamak umulmugtur. Bununla 
birlikte, .durn$ giderme zamanlar~ ayri olarak 
eleman zaman etiidu teknigiyle olqulmugtiir. Her 
durug giderme turii idn ayn olqumler yapllmlghr. 

ina Verimliligi 
verimliligi E, basit olarak, 

22 Cycle Period 
The period of one cycle, r, 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 

le gosterilebilir. 

'2.2 Tur 
I? 

gii bir I 
igqi tal 
i ~ i n  ha 
lir. Egl 
sapst r 

ired 
un, sonunda baglanpq noktas~na geri dondii- 
runun suresi 2, tur b a p a  y i i ~ m e  zamay ile 
f~ndan duran makinalarda durug giderme 
anan zamanln toplanu olarak elde edilebi- 
tur bagma durugu giderilen makinalann 

ise, o zaman tur siiresi, 

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

23. Number of Machines Repaired per Cycle 
In steady state conditions there will be no 

machines stopping at any time and thus N-no 

Aynl tutum hem dumglar arasl y i i ~ m e  zamam, 
hem de makina qaltg~rken igqi tarafindan yap~lan 
faydah ig iqin de s i i rdu~hugt i i r .  Duzenli semis du- 
mmiarlnda her bir eiiid iqin tur sureleri kronome- 
treyle birqok kez olqulmugtur. lgqilcrin qahgma tem- 
polar1 deneyde rol alan her bir igqi iqin gene1 tempo 
olarak degerlendirilmigtir. Zaman edudleri 
suresince elde edilen gerqek uretim miktarlar~ da 
igqiye verilen belirli say~da makinadan q~kanlan 
tek bir tak~mm net agr11g1 olarak saptanmlgt~r. 
Bunda amaq zaman birimi baz~na gore hesaplanan 
gerqek verimlilik ile uretimin ve uretim hmnin 
dogrudan olgimune dayall olarak hesaplanan verim- 
liligi karg~lagt~rmak idi. 

.r = wi' 

olarak 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 

erilir. 

ie 2.3. TLU B 
as Kar; 
of no makir 
al N-no m; 

ts , turda igc 
ct 

boyunca I 

makinali 
Duruglar 

I deyimle 
' yonde c 

1e 1 
varsaylal 
yapan n 

a gore onu 
Ie' I tur .psi 
'g ' 

iagma Durugu Giderilen Makina Saym 
xr11 dumm kogullannda, herhangi bir anda 
la dumg dummunda olacak ve dolay~siyla 
%kina qahglr durumda bulunacakhr. Her 
;inin duran no makina art1 tur stiresi r 
durmasi beklenen ve ixinin onunde yer alan 
Inn durugunu gidermesi gerekecektir. 
In igqinin onunde ve arkasmda, diger bir 
igqi ile turun baglanpq noktas~nm her iki 
wtaya gkma o l a s ~ l ~ g ~ n ~ n  egit oldugu 
bileceginden, igqi bir tur suresi iqinde dumg 
~akinalann yalnizca baglangq noktas~na 
nde olan yamsma bakacakhr. 0 halde bir 
nce balalmas~ gereken makina sayw n,, 

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

break down during the cycle period r, which lie 
ahead of the operative. Since it may be assumed 
equally likely that breakdowns will occur both in 
front and behind 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 3.2. Experiments of Regular Attendance 

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

The particulars of the complete time stuc 
measurements are given in Tables I and II for tl 
spinning and winding machines respectively. Fo! 
studies on spinning machines, five studies on tl 
winding machine were done. As it is intended 
verify the theory by the experimental results 1 

productivity, all elementary times in Tables I and 
are shown as the actual times achieved in the actu 
working rates. 

3.2. Diizenli Semis Deneyleri 

Biri 26/2 Nm kamgarn iplik qahgan Zinser 
bilezikli egirme makinasmda, digeri 36/2 Nm 
kamgarn iplik qaligan Gilbos bobin makinas~nda 
olmak uzere yukar~da aq~klanan metodu olanak 
olqusunde uygulayarak iki deney yap~lm~gt~r.  fplik 
makinasinda ig~iler tarafmdan tek yonlu yuriime 
uygulanmg, buna karg~n bobin makinas~nda iki yonlu 
yiiriime uygulanabilen tek yo1 olmugtur, ginkii i~ i l e re  
makinanin bir tarafmda bulunan 25 bobin bag1 
verilmigtir. 

Tum zaman etudu olqumlerinin aynnhlan iplik 
ve bobin makinalan iqin s~ras~yla Tablo 1 ve 2'deve- 
rilmigtir. Iplik makinas~nda dort etiid, bobin maki- 
nas~nda beg etud yapllmlghr. Teoriyi deneysel ve- 
rimlilik sonuqlar~ ile kanitlamak amaqland~kndan, 
Tablo 1 ve 2'de tiim zaman elemanlan gerqek qahgma 
temposunda saglanan gerqek zamanlar olarak 
gosterilmigtir. 

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

*+m, 
r= ................................... (10) 

i (8) egitlignde yerine konarak tur suresi r, 

With Equations (6), (7) and (101, 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. 

ur 

le I 
olarak elc 

to , Boyl 
of 1 taraf~ndal 
I1 I flriirne il 
a1 I olacak ti 

1 belirlenet 

fe edilir. 
ece (6), (7) ve (10) egitlikleri ile, bir ig~i  
n N makinanm tek yonlu ya da dairesel 
le bak~lmas~ dummunun analizinde yararh 
i m  onemli parametreler teorik olarak 
)ilir olmaktadir. 

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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Table I: Raults of the Tlme Studies Carried out on the Zinser 
Spinning Frame 

averages corrected for the actual working rates. The 
process of weighting was based for the spinning 
e x p e r i m e n t  on a composition of 96 % normal piecing 
and 4 % feeding of roving and piecing or change of 
r o v i n g  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 o f  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 ( a u t o m a t i c  
time + total stopping t ime) .  The productivity is also 
calculated on the production basis by dividing the 
actual production rate by the theoretical value. 

I 1:Zinscr lplik Makinasmda Yapllan Zaman Etiidii 
ian 

M a t e r y a l  6 z e i l i k l c r i  

lplik No : 26/2 Nrn 
: 430 Tur/rn 

Harman : % 50 Yerli Yapak, % 30 Viskon, % 20 Polyester 

E t i i d  K o g u l l a r l  

lg s a y d l z $  : 400 
Etnd edllen ig sayln : 20 

~ t i ~ d  say151 : 4 
lgler ans l  uzakllk :10,25on 

Verlm silindiri qapl : 35mm 

E t i i d  S o n u g l a r l  

man etudu teknigi i l e  d e g e r l e n d i r i l m i ~  o l a n  standart 
durug giderme siirelerinden, gerqek q a l t ~ m a  temposu- 
na gore d i i z e l t i l m i g  a g t r h k l t  o r t a l a m a l a r  olarak 
h e s a p l a n m ~ g l a r d l r .  Egirme dcneyi iqin a g ~ r l l k l l  or- 
talama alma iglemi, % 96 normal kopuk b a g l a m a  vc 
% 4 fitil besleme ve kopuk baglama ya da fitil bobini 
degigtirme ve kopuk b a g l a m a  kompozisyonuna day- 
a n d ~ r i l m t g ,  ikinci top kopuk b a g l a m a  icin o r t a l a m a  
44 santidakika a l l n n u g h r .  Bobin deneyinde, gerqek 
qal lgma temposunda o r t a l a m a  dumg giderme siiresini 
bulmak iqin durug giderme s i i re le r in in  a@rl tkl i  orta- 
l a m a s l n l n  a l t n m a s t n d a  qegitli tip duruglarm gerqek 
kompozisyonu k u l l a n ~ l m ~ g t t r .  

Gercek v e r i m l i l i k ,  otomatik z a m a n l  q a l ~ g m a  
zamamna ( o t o m a t i k  zaman + t o p l a m  durug z a m a n l )  

bolerek ,elde edilmigtir. V e r i m l i l i k  a y n t  zamanda 
gerqek iiretim ~ ~ Z I N  teorik degere bolerek de iirctim 
bazinda h e s a p l a n m l g h r .  

1 M a t e r i a l  P r o p e r t i e s  

Yarnmunt : 26/2Nm 1;;;; ; 430 t . p m  
50 %Domestic wool, 
30 % Vixose staple, 20 % Polyestw 

C o n d i t i o n s  o f  t h e  T i m e  S t u d i e s  

Number of spindlcs/operaHve : 400 
Number of spindles studied 
Number of time studies camed out : 4 
Distance between spindles : 10.25 o n  
Diameter of front rollers : 35m 

T i m e  S t u d y  R e s u l t s  

Study Study Study Study 
1 2 3 4 

Duration of tho time study (min) 120 120 120 120 
Number of revolutions of front 
rollers (rcv/min) 146 146 148 150 
Working rate (%) 95 90 90 90 
Yarn munt measured (Nm) 25.5 25.4 25.6 25.9 
ProducHon t h e  of a full set of 
cops (mid 168 160 162 157 

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

120 120 1~0120 Tablo 2: Gilbos Bobin Makinas~nda Yapllan Zaman Emdii 
M a t e r i a l  P r o p e r t i e s  

rnmunt  : 36/2Nm 
d s t  : 430 t.p.m. 
end : 45 %Merino wool, 55 % Polyatcr 

C o n d i t i o n s  o f  t h e  T i m c  S t u d i e s  

Verim sillndiri devrl (d/dak) 146 146 148 I50 

I@ temposu (%) 95 90 90 90 
Ol@en iplik No Wm) 53 25.4 25,6 25.9 
Takm dolma silresl (dak) 168 160 162 157 
~ m t h  miktan (net Kg/400 ig) 39 37 38,5 38.5 

M a t c r y a l  6 r e i l i k l c r i  

lplik No :36/2Nm 
Harman : % 45 Merinos yapaD, % 55 Polyester 

E t i i d  K o g u l l a r l  

16 sny~s~/ lp@ : 25 
Etiid edflen ig says1 : 5 

lglu n ras~  uzakllk : 33,4on 
Baraban gap, : 70- 

lg devri : 275Od/dak. 

Sarma a w l  : 17.5 

net Kd400 spindles) 
' ~ o t a l  &enk fkquency of the 
lsoindles (brcoks/20 spindles) 7 4 8  7 
fotal stoppagr! time df the 
spindles (minf20 spindles) 12.93 7.94 13.29 13.1 
Number of intcrfercnm 2 0 2 1 
Number of stoppages with 
interference 4 0 4 2 

Average cyde period : 240 min 
Walking time between two spindles : 0.W225 min 
Avcragc walking time between two stoppages : 28.3 ccnti-m 
Standard piecing time : 122 ccnti-m 
Standard timc for roving feeding and piecing : 40 centi-mir 
Standard timc fur change of bobbin and piecing : 48 mnti-mi1 

umber of headslopcrative : 25 
umber of heads studied : 5 
umber of time studies carried out : 5 
istance between heads : 33.4~11 
iameter of winding drum : jl)m 

umber of revolutions of the dmm : 2750 mv/min 
'inding angle : 17.5' 

- 
Girivim saym 2 0 2  1 
G i i m l i  durug saym 4 0 4  2 
Ortalama tur silresi : 2.40 dak. 

Iki ig a m s ~  p i i m e  zamanl : 0,0025 da 
k i  koprq arasl ortalama yiiriime zomanl : 28.3 sdak 
Standart kopuk bnglarna silresi : 12.2 sdak. 
Standnrt fltil beslcmc ve kopuk baglama siiresi : 40 sdak. 
Standart bobin dcgigHrme ve kopuk baglama 
s ibsi  : 48 sdak. 

~- 

T i m c  S t u d y  R e s u l t s  

Study Shtdy Study Study Stud) 
1 2 3 4 5 

E t i id  S o n u g l a r r  

Etiidl Etiid2 Etiid3 Etiid4 Etiid5 

EtiId 511mi (dak.) 39 42 40 42 41 
tempmu (%) 95 95 90 100 90 

Olcillcn iolik No 

uration of the Hmcsiudy 
nin) 39 42 40 41 41 

95 95 90 100 90 
Not sdnk., wntidakikanm klsilltlim~r bidmldir. 

( ~ h  A 17.2 172 
b t i m  miktar~ 
(net Kg/25 ig) 29.6 313  
lglcrin toplnm d m $  
frekanu (/5 ig) 38 42 
-Kopuk baglama 3 2 
- M a s m  dcgi$Hrme 
vekopuk bagiama 30 35 
- Bobin ~ ~ k n r m a  5 5 
lglcrin topiam d m $  
silresi(sdakf5 ig) 2186 1965 
- Kopuk baglama 474 222 
- Masura dcgigHrme 
ve kopuk bagiama 1417 1464 
- Bobin g~karma 295 297 

Standart kopuk baplama silrcsi 

The e v a l u a t i o n s  of the experimental results 
o b t a i n e d  and g i v e n  in Tables I and I1 arc shown in 
T a b l e s  111 and IV f o r  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 w e i g h t e d  averages 
obtained by taking a l l  the separate studies together. 
The automatic times were t h e n  c a l c u l a t e d  by the 
subtraction of this value from the total working time. 
Thc break frequencies were a l s o  calculated as the 
w e i g h t e d  averages, as the ratio o f  t h e  total  break 
frequency to the total automatic time. 

mount of production 
bet Kg125 h.) 29.6 313  29.5 31.6 283 
otal break frequency of the 
eads (breaks/5 heads) 38 42 42 41 43 
-Piecing 3 2 2 1 3 

Elde edilen ve Tablo 1 ve 2'de gosterilen deney- 
sel sonuclann degerlendirmeleri egirme ve bobin de- 

yleri icin s t r a s t y l a  T a b l o  3 ve 4'de gosterilmigtir. 
j d e n e n  saylda ig ya da bobin bag tna  ait gercek top- 
n dumg siiresinin tahminlenmesi, tiim ba$msiz 
idleri b i r l i k t e  ele alarak elde edilen a $ r l l k l ~  or- 
a m a l a r  olarak yap t lmig t t r .  Daha sonra bu degeri 
>lam cal~gma zamanindan c t k a r a r a k  otomatik za- 
m l a r  hesap lanmig t t r .  D u n g  f r e k a n s l a n  da t o p l a m  

lrug f r e k a n s l n t n  toplam otomatik zamana orani cin- 
lden a g l r l l k l t  o r t a l a m a l a r  olarak h e s a p l a n m i g -  
r d t r .  

DUNS b a g i n a  ortalama dumg gidcrme siiresi, 
Tablo I ve II'de verilen ve kendileri de eleman za- 

otol stoppage t h e  of the 
eads (ccnti-minf5 heads) 2186 1965 3566 1725 333 
- Piecine 474 222 212 61 151 .. 
-Change of m p  and 
iecing 1417 1464 3072 
-Bobbin dofflng 295 279 282 

Standard picdng time 
Standard time for change of m p  and piedng : 
Standard time for bobbin doffing 

1281 236 
283 824 

10 centi-min 
12 centi-min 
17centi-min 
136.7 ~entl-rn 
O.CCU76 min 
0.763 centi-m 

1 Standart misura d&istirmc ve koouk 

L 
- .  

bagima siiresi 
Standart bobin @arm= s u n i  
Ortalama tur siircsi 
iki ig arasl yiiriime z m a n l  
Iki durug amsl ortalama yiiriime zamanl 

The average repair times per stop were 
calculated from the standard repair times given in 
Tables I and 11, which themselves were evaluated by 
thc work measurement technique, as the w e i g h t e d  

Average cydc period 
Average walking time bctween two heads : 
Averape waikina time between two stoppages : 
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Tnblo 5: Schweiter Diiblaj Makinasmda Yapllan Zamm Etiidii 
Sonuqlan 

M a t e r y a l  d z c l l i k l e r i  

Iplik No : 3212Nm 
Harman : % 70 Yerli merinos, 90 30 Polyester 

E t i i d  K o g v l l a r ~  

Ig saym : 12 

Ig saylu/Igqi : 6 
Ehid edilen ig says1 : 3 
Ehid s a p 1  : 5 
Igneler a m ,  uzakllk : 30an 
Baraban qapl : 76mm 
Ig devri ortalama : 1362 dldak. 
Sarma as131 : 18 

q .  E t i i d  S o n u g l a r l  

Etiidl Etiid2 Etiid3 Etiid4 Etiid 

.--- 3 3:Zinser lpiik Makinasmda Yapllan Zaman Etiidii 
gcgcrlendirmesi 

verilen makina says1 = N : 4Wig 
Toplam d W  3- : 0,788 saatl20 ig 
 lam atomatlk zaman : 159.2 saatl20ig 
verimlilik (zaman bazmda) : % 99.51 

: 1622 mldak l ig  
: 15.14 m/dak.lig 
: 9 3 3  
: 0,163 dwq/saat/ig 
: 14,78 sn =O,W411 saat 

(gerqek tempo) 
mtalama tur sU~esi = r : 2.40 dak. (0.M saat) 
I k j  ig arasl nrtalama yiirilme 
m i =  w 
]ki d u r q  arasl ortalama yiirilmc 
siircsi = Nwln, : 0,283 dak. (O.OW47 saat) 

Table 3:Evaluation of the n~e Studies Carried out on the Zinser Table 5 . X d t s  of the Time Studies Carried out on the - 

Schwciter Doubling Machine 

I M a t e r i a l  P r o p e r t i e s  
Spinniig Frame 

Number of Machines assigned = N  
Total stoppage time 
Total automatic time 
~roductivity (on time basis) 
Theoretical production rate 
~ r m a l  production rate 
Productivity (on production bask) 
Avwage break frequency = f 
Avenge repair time = z 
(actual working rate) 
Average cycle period = r 

400 spindles 
0.788 hl20spindles 
1592 h12Ospindlrts 
99.51 % 
1622 mlminlspindle 
15.14mlminIspindie 
93.33 % 
0.163 breakslhlspindle 
14.78 sec = 0.00411 h 

2.40 min (0.04 h) 

&ck verim 
~ ~ r i m l i l i k  (iirctim bazmda) 
&tdarna durug frckansl= f 
mtdame d m  gidwme siirffii = z 

Distance between heads 

Winding angle 

T i m c  S t u d y  R e s u l t s  

Shldv Studv Study Study Stud! 

0,00225 dok. (0,0000375 sa2 Average waking time between 
two spindles = w : 0.00225 min (0.0000375 h) 
Average waking time between 
two stoppape5 = Nwln, : 0283 min (0.00047 h) 

Tablo 4: Gilbos Bobin Makinasmda Yapllan Zamw ENdii 
Degericndinnni 

Toplam d m  siircsi 
Toplam otomatik zaman : 1489 mat15 ig 
Verimlilik (zamnn bazmda) : % 87.56 
Teorlk vcrim : 621.4 m/dak./ig 

: 512,2 m/dok./ig 
: % 80.73 
: 13.89 duruglsaatlig 
: 1332 sn. = O,W37saat 

(gervk tcmpo) 
: 1.368 dak. (0,0228 saat) 

Table 4:Evaluation of the Time Studles Carried out on theGUbw 
Winding Machine 

Number of Machmffi assigned = N  : 25 heads 
Total stoppage time : 2.114 h l 5  hoads 
Total automatic time : 14.88 h l 5  heads 
Produdvity (on time basis) : 87.56 % 
Theoretical production rate : 634.4 mlminlhead 
Actual production rate : 5122 mlminlhead 
Productivity (on production basis) : 80.73 % 
Average break frequency = f : 13.89 breakslhlhead 
Average repair time = z : 1332 set= 0.0037 h 

(achlai working rate) 

Average cvde period = r : 1368 min (0.0228 h) 

1' 2 ' 3 -  4 -  5 '  

Duration of the time study 
lrnln) 36 35 ,- . .. . , - - 

Number of the revolutions 
of the drum (rwlmin) 1303 13@3 
Working rate (%I 95 95 
Amount ofmduction (net d 4500 

I E N ~  siiresi (dak.) 36 
ig devri (dldak.) 1303 
I s  Tunposu (4s) 95 
Urctim miktarr (net g) 4500 
lglerin toplam d u n q  
frekansl ( d m 1 3  ip) 37 
- Bobin sagma k 

o p u k  -baglama 0 
-Nope temizleme 12 
- Masura degigtinne- 
kopuk baglama 17 
- Kopuk baglama 8 
lglerin toplam durug sllresl 
(sdakl3 lg) ?7l 
-Bobin sagma kopuk - 
baglama 0 
-Nope temizleme 160 
- Masura degigtirme- 
kopuk baglama 433 
- Kopuk baglama 178 
Girigim says1 2 
Girlgimli durug saytsl 4 
Giriqimli durq la r  toplam 
siirffii (sdak) 99 

Total breok'frequency of tGe 
heads (breaks13 heads) 
-Bobbin unwiding and 

piedng 
-Clearing n e p  
-Change of cop and 

piecing 
-Piecing 

Total stoppage time of the 
heads (centi-mi1113 heads) 

-Bobbin unwinding and 
piecing 

-Clearing neps 
-Change of cop and 

pi*g - Piecing 
Number of interferences 
Number of stoppages with 
interference 
Total time of stoppages 
with interfrence cenH-min 

Gwqek vwim 
Vcrimliilk (iiretim bazmda) 
Ortdoma d m $  frcknnsl= f 
Ortdama d m ?  gidwme siiresi = z  

Ortalsma tur siiresi = r 
Iki if! arasl ortalama y i i r h e  

0,0076 dak. (0,000127 s a t )  I 
- .  . 

Average waLking time between 
two spindles = w : 0.0076min (O.W0127 h) 1 siueii = w 

Iki d m g  araa ortalama y i i r b c  
s W  =Nw/n, : 0,763 dak. (0,0127 saat) I ~ v e l ? ; ~ e  walking time bctwccn 

two smmams = Nwln, : 0.763 min (0.0127 h) I 
Tablo 6:Schweiter Diibisj Makinunda Yap~lan Zamm Etiidii 

Table 6: Evaluation of the The Studies Carried out on the 
Schweiter Doubling Machine 

Number of machines sssigned = N : 6 
Total stoppage time = Z td : 3710 -ti-min 1 3 heads 

Total working time = ZT : 59100 centi-min 1 3  heads 

Total automatic time = 1 tm : 55390 wti-mi1113 heads 

Adual productivity (on time basis) : 93.72 % 
Total stoppage time without 
interference (at actual working rate): 2479.5 centCmin 1 3  headr 

~ v a d g e  break frequenay = i : 1835 breakslspindlelh 
Average stoppage time (at actual 

working rate) =& : 14 centi-min (0.00233 h) 
Average repair time 
(including walking at actual 

. - 
working rate) = td+ ty : 19.6 -ti-min (0.00327 h) 
Average probability of a stoppage 

Igqiye verilen makina says1 = N : 6 
Toplam dunq  siiresi = Dd : 3710 sdak.13 ig 
Toplam qalqmn s h i =  IT : 59103 sdakl3 ig 

Toplam otomattk w m w  = D m  : 55390sdak.13lg 
Gerqek vcrimlilik (zaman bazmda) : 
% 93,72 

I Glriglmsiz toplam d u r q  siiresi 
(gw~ck tmpo)  : 2479.5 sdak.13 ig 

01 
Standard time for bobbln unwinding and piedng: 643 mti-min 
Standard time for neps clearing : 5.3 centi-min 
Standard time for change of m p  and pledng : 17.7 centl-mh 
Stamdard piecing time : 145  centi-min 

39. Experimenkon Random Attendance 
The experiment was carried out on a Schweiter 

doubling frame working a 32/2 Nm worsted yam. 
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, 
The evaluated results are shown in Table VI. Some Of 
the symbols to be used in the theoretical calculations 
feature also in this table as put equal to the items 
they denote. 

Standnrt bobin sagla-kopuk baglama : M,3 sdak. 
Standart nope temizleme : 5 3  sdak. 
Standort masura degigtirme-kapuk baglama : 17,7 sdak. 
Standart koouk baelama : 14.5 sdak. 

Ortalama d m $  frckansl= i : I835 durugliglsaat 
Ortalama d u n q  siiresi 33. Geligigtizel Servis Deneyi 

Deney 32/2 Nm kamgarn iplik qallgan bir 
Schweiter katlama makinasmda yaptlmtgttr. Beg 
zaman etudu yap~lmtg ve gozlem altmdaki her bir 
bobin bagndaki duruglan olqmek i ~ i n  buyiik dikkat 
gisterilmi~tir. A y n ~  anda ortaya qtkan duruglar 
dikkatlice not edilmigtir. Boyle yuriitulen zaman 
etiidu ol~iimlerinin ayr~nhlari Tablo 5'de gosteril- 
migtir. Bu olqumlerin degerlendirmeleri, duzenli ser- 
vis deneylerinde yaptlana benzer biqimde yaptlm~g- 
tlr. Degerlendirme sonuqlari Tablo 6'de gosterilmig- 
tir. Teorik hesaplamalarda kullandan baz~ sembol- 
ler de bu tabloda, gosterdikleri degerler egitlenmi? 
olarak gorulmektedirler. 

(gwqek tempoda = b )  : 14 sdak. (0,00233 saat) 
Ortalama d m g  giderme f i e s i  

(yiirrlme dahii) = 6 +i Y : 19.6 sdak. (0,00327 saat) 
Tck makinada ortalama durur, 

ohsd~gt = p = i  (id +iy) : 1.368 dak. (0,0228 saat) 
Tck makina vcrimiiligi : 0,0076 dak. (0,000127 saat) 
Toplam girigimli d u r q  swesi : 0,763 dak. (0,0127 s a t )  , Toplam girigim kayb~ 

. .. 
at a single mechine = p =  f ( td+  iy) : 0.06 
Productivity of single machine : 99.96 % 
Total time of stoppages with 
interference : 1230.5 -ti-min 1 3 head! 
Total interference loss : 485.7 centi-min 1 3 heads Toplam girigim kaybl 

Orhiama girigim = = G  : O,W82 
Toplam @qma f i c s i  Total interference l a a  

Average interference = = G : 0.0082 
Total working time G a p k  iiretim : 338.1 m/dak./ig 

Teorik vcrim : 342 mldak l lg  
Verimlilik iirctim bazmda : % 98.85 

Actual production : 338.1 mlminlhead 
Theoretical production rate : 342mlminlhead 
Productivity (on production basis) : 98.85 % 



4. THEORETICAL CALCULATIONS 
4.1. Regular Attendance 

The parameters N, f, z and w shown also in 
Tables 111 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 cc 
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. 

The programme also calculated the number of 
machines stopping at the steady state, no, 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 Re& Attendance - 

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, 1972-11 as 

Parameters 

Number of Stopping 

Cyde period Olour) 

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 

where t, is the automatic time, t, is the total time 

Spinning Exp. 

1,161 
0,0228 
99.71 

-. - 
spent by the operative to repair production breaks, t, 
is the time spent for useful work when the machine is 
running and ty is the time spent by walking. The 
machine efficiency can then be expressed as 

R = t m ........................................ (13) 
t,+td+tY+t8 

where t, is the time lost per machine due to 
interference given by 

G t g = -  (tm+ td+tY) ..................................... (1 
1 - G  

By calculating the efficiency and machi 
interference from the parameters given in Table VI 
comparison between the theory and experiment m 
bc made as shown in Tale VIII. 
Table 8: Comparison of Theomtical and Experimental Results 
Random Attendance 

Winding Exp  

1.9M) 
0,WOO 
9951 

Fig.l:The variation of the number of stopping machines m,t, 
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Expaimcnt Theory 

3,012 
0,0330 
87,95 

with time in the Zinser spinnine machine. " 
$ekil 1:Zinser iplik makinasmda duran makina soyrsmm za- 
mana g6rc degigimi 

4. TEOR~X HESAPLAMALAR 

g.l.~iizenli Servis 

fplik ve bobin makinalann~n ~erimliliklerini~ 
worik olarak hesaplanmaslnda s~ras~yla Tablo 3 ve 
gde gosterilen N, f,  z, ve w parametreleri 
kullan~lmlglard1r. Eger tiim makina lab  qal~gtr 
dummda oldu& slfir degeriyle baglayarak duran 
rnakina saylslnln zamana bag11 degigimi elde 
edilirse, o zaman bir qok makina gorevindeki 
insan-makina sisteminin davranlg~ basit grafikler 
yard~myla birqok yonleriyle daha iyi incelenebilir. 
~ununla  birlikte, zaman degigkeni thin duran 
rnakina saylsl n cinsinden verilmig olmas~ baa  
giidfikler yaralmlghr. (5) egitligini, duran makina 
says1 n'i t zamarunln fonksiyonu olarak elde e h e k  
amac~yla ters cevirmek iqin bir bilgisayar program1 
haz~rlanmlghr. Bu, bilgisayar tarafmdan artmml~ 
olarak iiretilen bir dizi n degeri iqin t zamanrru ard 
arda hesaplamak ve her degeri slra ile yine 
bilgisayar tarafmdan iiretilen ve her hesap sonunda 
egit olqiide artmlan bir verilmis t degeri ile 
karj~lagt~rrnak biqiminde yap~lrnqt~r.  

Duran makina saymnln zaana gBre degigimi, 
slraslyla iplik ve bobin makinalan icni Sekil 1 ve 
2'de gosterilmigtir. Her iki grafikte de duran makina 
saylsmn, bir dizi agamah olarak yukselen 
noktalann htiinde, tek noktalarda s~qramalar 
pptl@ g6zlenebilir. Bu fonksiyonun matematiksel 
yapwna bag11 olup, as11 olaytn gercek nitelifjni 
yans~tmamaktad~r. Dolay~s~yla,  herhangi bir 
andaki duran makina saylslnln bir limit degere 
ula~lncaya kadar agamah olarak a r t t ~ E ~  ve daha 

3,110 
0,0228 
8756 1 

- 
sonra sabit kald~@ sonucuna vanlabilir. 

Experiment 

I ThcT 
Effldency (%) 
Machine interference (%) 

J 
vsnil 2: Gilbos bobin makinaslnda duran makina saymln ur 
maria gatr degigimi 

Fir.2:~he variation of the number of stopping machines 
time in the Gilbos winding machine. 

Theory 

Experiment 
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93.98 
0,48 

Program aynl zamanda, kararl~ durumda (6) 
egitlifj ile hesaplananduran makina saylsl nil, tur 
siiresini ve verimliligi hesaplamaktad~r. Sonuqlar 
deneysel sonuclarla karg~laghrmalt biqimde hem 
egirme, hem de bobin deneyi iqin Tablo 7'de 
gosterilmiglerdir. 

Tablo 7: Diizcnli Swis Durumunda Twrik ve Deneysel 
Sonuqlann kargdagt~nimasl 

93.R 1 
0.82 

Paramctrdcr 

Verimlilik (%) 87.95 

. . 
4.2. Geligigiizel Servis 

Makina girigimi veya bir igci birden qok 
makinaya geligigiizel biqimde bakarken aynl anda 
ortaya gkan makina duruglarl sonucu yitirilen 
iiretim zamam payl, daha once yazar taraf~ndan 
[Bager, 1972-11 

biqiminde verilmigti. Burada p, i ~ q i  makinaya 
ortalama bir uzakl~ktan bak t~g~nda  harcanan 
yuriime zamanm da iceren tek makinanm ig yiiktidur. 
Otomatik zaman t,, uretim duruglann~ gidermek iqin 
igqi tarafmdan harcanan toplam zaman tdr makina 
callg~rken yap~lan faydal~ ig iqin harcanan zaman t. 
ve yiiriimeye harcanan zaman t, oldugunda. 

dlarak verilir. 0 zaman makina verimliligi, 

~ l a r a k  gosterilir. Burada t,, makina bagma girigin 
nedeniyle yitirilen ve 

olarak verilen zaman kayb~d~r. 
rablo 6'de verilen parametrelerden verimliligi ve 
makina girigimini hesaplayarak teori ve deney 
arasmda bir karg~lagtlrma Tablo 8'de gosterildifj 
gibi yapllabilir. 
Tablo 8: G e U $ ~ c l  *is Durumunda Twrik ve Deneysel 
Sonuqlann Kargtla~hnlmasl 

Paramchrlcr 

Verimlillk (%) 
Makina girigimi (%) . 

Tcon 

93,90 
0.48 

Dcncy 

93.72 
0.82 



5. DISCUSSION OF THE RESULTS 
5.1. Discussion of the Results 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 
theon, and experiment is rather poor. The higher 

assigned and r is the average repair time. A 
comparison between- the values in Table IX with 
those given by Bunday and Jackson for unidirectional 
patrolling shows that the present theory gives a 
similar value for N = 2, hr = 0.05 and Nhw = 0 (94.8 
against 95.2 by Bunday and Jackson) but the values 
decrease at a greater rate, with the present theory, 
with increases in both hr and Nhw than is the case in 
Bunday and Jackson's table. When a comparison is 
made with the table values given by Bunday and 
Jackson [I9751 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 (61, to 
calculate the number of stopping machines no, 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.. re~aired in one cvcle. This allows 

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 1X shows the efficiency values for 
up to 28 machines for various values of the parame- 
ters k and N hw given by Bunday and Jackson. Here h 
is the breakdown rate, w is the walking time 
between machines, N is the number of machines 
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I .. 1 

expekmental ialue for the spinning machine is analytical examination of the problem to be made 
I 

expected since the experimental number of the mucheasier, 
stopping machines is high too. But in the winding 
machine the experimental value is lower which may 

I 
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lead one to think that a different state of affairs Tnble 9: Efficiency 
may be the case and that a special theory may be 
needed for the bidirectional attendance. In the first 1 

m 
5. SONUCLARIN TARTI.CjILMAS1 benzer bir deger verdigini (Bunday ve Jackson'un 
5.1. ~i izenl i  Servis Deney Sonuqlanntn Tarhgtlmast 95,Zrsine karg~ 948.  fakat buradaki teori ile hem hr 

Tablo VII'de g6sterilen teorik ve deneyse[ Ve hem de Nhw'daki artt$larla degerlerin Bunday 
sonuclar karg~lagt~r~ld~g~nda,  verimlilik degerleri Ve Jackson'un tablosundakinden daha buyiik bir h~zla 
&&ate abnd@ siirece uyumun hem iplik, hem de azaldlknl gostermektedir. Bundan ve Jackson (1975) 
bobin rnakinalart i ~ i n  oldukca iyi oldugu g8riil"r. tarafindan sabit yuriime zamanl ile iki yonlu servis 
Bobin makinas~ndaki uyum daha iyidir, zira hem kin verilen tablo degerleriyle bir karylagt~rma 
teorik, hem de deneysel olarak saptanan duran yaplld~glnda ise. her ne kadar bu tablo N=2 i ~ i n  92,4 
rnakina saytlan o lduk~a yaktnd~r. Halbuki iplik daha duguk bir degerle baghyorsa da, daha iyi 
rnakinaslnda teori ile deney aras~ndaki farkln daha bir uyum elde edilmektedir. 
dikkatlice incelendiginde verimlilik rakamlar~na Buradaki teorinin avantaj~, igciye verilen 
yansld~@ gibi bir baktma buyiik oldugu goriilebil- herhangi N makina iqin duran makina saylsl n,'~n 
mektedir. Gercekte teorik ve deneysel verimlilik hesaplanmasm saglayan ve (6)  egitligi ile gosteri- 
degerlerinin karg~lagtmlmaslnda temel almacak len basit bir formul vermesidir. Verimlilik, tur siiresi 
olan 1-E'dir. Bu degerler iplik makinas~ iqni slrasly- ve bir tur suresince dumgu giderilen makina saylsl n, 
la 0, 29 ve 0, 49, bobin makinas1 kin 12, 05 e 12, 44' gibi diger ijnemli parametrelerle birlikte kolayca 
diir. hesaplanabilmektedir. Bu, problemin analitik ince- 

Tur siiresi aq~stndan teori ve deney araslndaki knmesini Cok daha kolaylaghrmaktad~r. 

uyum oldukca zaylftlr. fplik makinastndaki daha ~ ~ b l ~  9: TekY6nli iYidmc ournun& v ~ m l i l i k  Dcgcrlcri (%I 

Values for Unidirectional Attendance (%) 

@sek deneysel deger beklenen bir dummdur, Ciinku 
duran makina saylslnln deneysel degeri de 
yiiksektir. Fakat bobin makinas~nda deneysel deger 
farkl~ bir dummun so2 konusu oldugunu ve iki yonlu 
servis iqin ozel bir teorinin gerektigini diigundiiren 
61ciide daha duguktiir. Tum makinalarm qal~g~r 
halde olduklar~ durumla baglayan ilk turda olaylar 
aynen tek yonlu yiiriime durumunda oldugu gibi 
ortaya qkacakhr. Fakat igcinin z ~ t  yonde yurumeye 
ba$ad@ ikinci turda, her makinada duruglann sa- 
bit h~zla ortaya q k t ~ g ~  varsay~ld~g~nda, ba~lang~q- 
ta turun sonuna oranla bak~lmay~ gerektiren daha az 
makina bulunacakt~r. Durug frekans~na ve bak~lan 
makina saymna bag11 olarak ilk tura oranla ikinci 
turda cok az saylda durug olabilir. 0 halde, iki 
y6nlu yiiriimeyle balalan bobin makinas~ndaki de- 
neyde gozlemlendigi gibi, b a z ~  tur siireleri cok k~sa 
siirebilir. Bu, tur suresinin hiqbir zaman kararl~ bir 
degere ulagmamas~ ve dolay~slyla teorinin tahmin- 
lendiginin alttnda olmas~ sonucunu verebilir. 

Konu ile ilgili olarak daha once rapor edilen 
hicbir deneysel ~aligmaya rastlanmadtgmdan, 
Bunday ve Jackson (1975) tarahndan bir tablo diizeni 
icinde verilen teorik deiferlerle, aynr bi~imde bu 
teoriden elde edilenleri karg~lagt~rman~n uygun 
olacag dii$inulmiigtiir. Tablo 9, 28 makinaya kadar 
Bunday ve Jackson tarafmdan verilen ~egitli hr ve 
Nhw parametreleri icin verimlilik degerlerini 
gostermektedir. Burada h durug frekans~, w makina- 
lar arasl yiiriime zamanl, N bak~lan makina says1 
ve r ortalama d u m ~  giderme suresidir. Tablo 9'daki 
degerlerle tek yonhi yiiriime iqin Bunday ve Jackson 
taraf~ndan verilenler aras~ndaki bir kargtlagt~rma, 
buradaki teorinin N = 2, hr = 0.05 ve Nhw = 0 icin 
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52. Discussion of the Results of Random Attendance 
Experiment 

From a comparison of the experimental and 
theoretical values of machine efficiency shown in 
Table VIU, 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 mning, 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, 

where n is the number of machines assigned to the 
operative and A is given by 

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 

the efficiency value given by this formula. If 
work load of the operative for N machine is 2, th 
the surplus work load per machine, K, will be 

and this will give rise to a loss of production time 
given by 

*< 

The efficiency formula in Equation (13) h 

then include tk also in the denominator as 
additional time element. 

6. CONCLUSIONS 
A mathematical approach made in this paF 

to calculate the efficiency of a set of machir 
attended by one operative provides formulae for bc 
regular and random attendance, which allow dirc 
analytical investigations. 

The verification of the two theories 
experiments was achieved to some extent in so far 
the agreement obtained with the efficiency valu, 
The calculated cycle periods in regular attendan 
and machine interference in random attendance d 
not agree well with the experimental resul 
Therefore, for a full varification of the theories mc 
experimental work is necessary. 
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iigiizel Servis Deney Sonuqlarmm 
nasi 
110 8'de gosterilen deneysel ve teorik makina 
gi degerlerinin kargrlagttnlmasrndan teori 
ik arastndaki uyumun qok iyi oldugu 
,ilir. Bununla birlikte, teori % 0, 82 olarak 
I deneysel degere kargrn % 0.48 makina 
degerini vermektedir. Her ne kadar tersi 

2 talimat verilmig ise de, igqilerin (12) 
ieki p degerini yukselterek girigime katkr- 
imug olabilecek olan bazr makina qahgrrken 
faydalr ig yapmrg olmalan olasrl@ vardrr. 
laha gerqekqi olma aqrsrndan, teoriyi tam ol- 
utlamak iijn belki de aynr deneyi i ~ ~ i y e  ve- 
nkina saytlartnr degigtirerek tekrarlamak 
le daha fazla deneysel qalrgma gerektigi 
~ilir. 
kina girigimi (11) egitliginden hesaplama 
nin as11 avantaji, Jones (1965Yun metodunda- 
erhangi bir iteratif iglem gerektirmeden di- 
hesaplama olmasrdrr. Jones makina girigimi 

lanan metod yardrnuyla bu gibi ek iglerin makina 
girigimi uzerindeki etkisi verimlilik hesaplarrnda 
kolayca dikkate alinabilir. 

Buna ragmen qoziimlenmemig bir gii~luk daha 
vardrr ve bu da N makinaya bakan bir igqinin toplam 
ig yiiku l'den ya da % 100'den buyiik oldugunda 
ortaya qrkan artrk ig yukunun makina girigimi 
uzerindeki etkisidir. 0 zaman (13) egitligiyle 
verilen formul geqerli olmayacakttr, qunkii igqi bu 
formulle verilen verimlilik degerini saglayacak 
yeterli zamana sahip olmayacaktir. Eger N 
makinaya bakan igqinin is yuku Z ise, o zaman 
makina bagrna antk ig yiiku K, 

2-1 ........................................................... K=- (17) 

olacak ve bu, 
K 

(t, + td + ty + tg) ............................... (18) tk = - 
1 - K  

olarak verilen, tk uretim zaman kaybrna yo1 
aqacaktrr. 

0 zaman, 13 egitligiyle verilen verimlilik 
formulii paydada ck bir zaman elemani olarak tk'yr 
da iqerecektir. 

verir. Burada n, igqiye verilen makina 
ve A, ig yiiku S olmak uzere, 

- i) + i ................................................. (16) 

erilmektedir. Burada i, kendisi i'nin fonk- 
~ l a n  ve herhangi bir anda bir makinamn 
fl gerektirme olasrlr@ olan A'nm fonksiyo- 
u nedenledir ki makina girigimi i'yi bulmak 
Isyon gerekmektedir. (11) egitligyle verilen 
~rmul, girigim nedeniyle ortaya qtkan zaman 
analitik degerlendirmelere uygun olan (13) 

ie oldugu gibi, geligigiizel servis icin maki- 
mini veren gene1 formiil formunda gosteril- 
~lanak vermektedir. 
igigiizel servis problemi qok onemlidir, qun- 
nalara diizenli baktlsa bile, birqok makina- 
I gkarma ya da tezgahlarda qozgii baglama 
iler vardir. Bu iglemler ozel igij gruplarr ta- 
yaprldrB icin gereksinim oldugunda yapt- 
igiizel servis niteligindedirler. Burada aqk- 

6. SONUC I 

Bir igqi tarafindan baktlan bir p u p  makinantn 
verimliligini hesaplamak iqin bu yazida aqklanan 
matematiksel yaklagrm, hem duzenli, hem de geli- 
gigiizcl servis durumlartnda direkt analitik inccle- 
melere olanak veren formuller saglalamigtir. 

Her iki teorinin deneylerle kanrtlanmasr, ve- 
rimlilik degerlerinde elde edilen uyum qerqevesinde 
belirli bir olqude bagarrlmlgtir. Duzenli servis iqin 
hesaplanan tur sureleri ve geligiguzel servis iqin he- 
saplanan makina girigimi deneysel sonudarla iyi bir 
uyum gostermemigir. Dolaytsiyla teorilerin tam an- 
lamryla kanrtlanmast iqin daha qok deneysel qaltg- 
ma gerekmektedir. 

T E S E K K ~ R  
Yazar, zaman etirdlerini planland~g: gibi yitriiten Aytekin 

Kabu'ya tegekkilrir borq bilir. 
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