
T e otential of 
Circular Looms I ' 

I 1 With Regard to 
Productivity and 
Cloth 

The next development in the weaving industry to fol- 
low on shultuleless weaving may be in multi-phase 
weaving whcre more than one shuttle or weft carrier 
inserts weft simultaneously. The circular loom has 
been in industrial use for some years weaving certain 
types of fabrics in the form of hoses. Conventional 
flat fabrics can also be woven on circular looms. This 
paper is a report of the work done on a circular loom 
to investigate the possibility of attaining higher 
weft densities and to find the length of weave repeat 
in temzs of the number of shuttles used. The possibi- 
lity of automation of weft replenishment is also dis- 
cussed. 

' ' 1  I I 

1. INTRODUCTION 

Construction 

During the last two or three decades, the 
weaving industry has taken a large technological 
step forward by changing from shuttle to shuttleless 
weaving. From the point of view of indusrial 
application, this change-over is by no means 
complete and indeed may never be complete because 
shuttle looms will probably continue to be required 
for certain types of fabric. However, from the 
development point of view, the major changes 
appear to have been rcalised and m p y  textile 
engineers and technologists feel that the time has 
come to look for the next great step forward. It is too 
early to say when this next step will occur and what 
form it will take but, up to now, the only technology 
which appears at all likely to follow on shuttleless 
weaving is multi-phase weaving where more than 
one shuttle or weft carrier inserts weft into the warp 

at the same time. Multi-phase looms have been 
shown at various machinery exhibitions for some 
time but so far they have found only very limited 
application in industry. Therefore, very little 
practical experience exists with regard to the 
economic and technical potential of these looms. 
What tends to be frequently overlooked, however, is 
that a certain type of multi-phase loom, i.e. the 
circular loom has been in industrial use for a number 
of years. The available circular looms are therefore 
mature machines and with the growing interest in 
multi-phase weaving generally, it seems reasonable 
to turn attention to the circular looms with a view to 
finding out that they can teach us about multi-phase 
weaving in general and about circular weaving in 
particular. With this in mind, some research has 
recently been undertaken at the University of 
Manchester, Institute of Science and Technology 
(UMIST) and some of the results of this work are 
presented here. 

In present-day industrTa1 practice, fabrics 
produced on circular looms are almost invariably 
woven in the form of hoses for applications where 
this shape is actually required such as fire-hoses 
(hoses for fire brigades). bags etc. It is useful to 
remind ourselves, however, that this need not 
necessarily be the case. Conventional flat fabrics can 
be woven on circular looms and this possibility 
received serious attention by weavers and loom 
makers some twenty to thirty years ago. It is to some 
extent related to the possibility of automating 
circular weaving and is also briefly discussed near 
the end of this paper. 

From the above observations, it will be clear 
that in approaching the problem of circular looms, 
one has to distinguish between those aspects of 
circular looms which are special to them and those 
which they share with flat multi-phase looms and 
where they can therefore be regarded as being 
representative of this type of loom whether flat or 
circular. 

For the experimental work reported here, no 
flat multi-phase loom was available and it was 
decided, therefore, to work on a circular loom which 
was installed in the UMIST laboratories and which 
was designed primarilly for the weaving of Jute bags. 
One important feature which is common to circular 
and many flat multi-phase looms is the method of 
beat-up which is very different from the bcat-up in 
conventional looms and which is a potential source of 
difference with regard to the cloth constructions that 
can be woven. It was therefore decided to conduct 
parallel experiments on a conventional 
(single-phase) loom for the purpose of making 
comparisons. These comparisons were concerned 
primarily with the maximum cloth density that 
could be achieved. 
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Dokuma endiistrisinde mekiksiz dokumayt izleyecek 
bir sonraki gelisme birden ~ o k  mekik ya da atkr 
tagyrcrsrnrn aynt anda a t h  yerle~tirdigi ~ o k  fazlr 
dokuma alanrnda olabilir. Bazr k u m a ~  tiirlerini 
hortum formunda dokuyan dairesel tezgah b i r ~ o k  
yrldan beri endiistriyel kullantmdadrr. Dairesel 
tezgrihlarda klasik diiz kuma~lar da dokunabilir. Bu 
makale dairesel tezgahlarda daha yiiksek atkr 
htzlar~na u l a ~ m a  olanagr ara~trrmak v e  kullan~lan 
mekik sayrsrna bag11 olarak orgii rapor biiyiikliigiinu 
saptamak i ~ i n  yaprlan ~alrgmanrn bir mporudur. 
Atkr yenilemenin otomasyonu olanag~ da tart~gtl- 
maktadrr.  

1. G i ~ t $  
Son yirmi ya da otuz y11 icinde dokuma 

endiistrisi, mekikliden mekiksiz sisteme gecerek 
buyiik bir ilcri teknolojik a d ~ m  atm~gt~r. Endustriyel 
uygulama agsmdan, bu donugum hiq bir bicimde 
tamamlanmam~g olup, gercekte hicbir zaman 
tamamlanamayabilir, cunku mekikli tezgahlara 
bclki de bazi kumag tipleri icin gereksinim duyul- 
maya dcvam edilecektir. Bununla birlikte, geligme 
aq~s~ndan buyuk degigikliklerin gerceklegtirildigi 
gnriilmcktcdir ve birqok tekstil muhendis ve 
tcknolojistleri bundan sonraki buyuk a d ~ m  icin 
zamanln gcldigini dugunmektedirler. Bu ikinci buyuk 
adim~n nc zaman ve hangi bicimde gelecegini 
siiylcmck iqin zaman erkcndir; ancak guana kadar 
nickiksiz dokumay~ izlcmesi o las~  gorulen tek 
tcknoloji, birden cok mekik ya da a tk~  tag~y~c~nin 
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qozguler arasma a t k ~ y ~  aynl anda yerlegtirdigi cok 
fazh dokumadlr. Bir suredir cok fazh tezgahlar 
cegitli makina fuarlarmda gosterilmektedir; ancak 
bugiine kadar endustride s l n ~ r l ~  uygulama olanag~ 
bulmugtur. Dolay~slyla mevcut dairesel tezgahlar 
olgun makinalardn ve cok fazh dokumaya gittikce 
artan ilgi aq~s~ndan dairesel tezgahlara bize gcnel 
olarak cok fa211 dokuma hakkmda ve ozellikle 
dairesel dokuma hakkmda ne ogretebileceklerini 
ortaya q~karmak icin dikkatleri cevirmek ak~ll~ca 
gorunmektedir. Bu dugunce ile Manchester 
Universitesi Bilim ve Teknoloji Enstitusu 
(UM1ST)'nde son zamanlarda b a z ~  aragt~rmalara 
girigildi ve bu qal~gman~n b a z ~  sonuclan burada 
verilmektedir. 

Bu gunun endustriyel pratiginde dairesel 
tezgahlarda uretilen Fumaglar hemen degigmez 
bicimde y a n p  hortumlar~nda (yangm sondurme 
ekiplerinin hortumlan), torbalarda oldu* gibi, bu 
biqimin gerqekten gcrekli oldugu uygulamalarda 
hortum bi~iminde dokunurlar. Bununla birlikte, 
bunun her zaman gerekli o lmad~gm kendimize 
hatmlatmakta yarar vard~r. 'Dairesel tezgahlarda 
klasik diiz kumaglar dokunabilir ve bu olanak yirmi 
ya da otuz y11 once dokumac~lar ve tezgah 
yap~mc~la r~  tarafmdan ciddi ilgi gormugtu. Bu bir 
olcude dairesel dokuman~n otomatize edilmesi ilc 
ilgilidir ta r t~g~lmaktad~r .  ve ayrlca bu bildirinin sonuna do@ k~saca 

Yukar~daki gozlemlerden, dairesel tezgahlar 
problemine yaklag~rken dairesel tezgahlar~n 
kendilerine has yonleri ilc duz qok fazh tezgahlarla 
payla~t~klart ve d o l a y ~ s ~  ile duz olsun, dairesel 
olsun bu tezgah tipini temsil eder nitelikte 
s a y ~ l d ~ k l a r ~  yonleri arasmda aymm yaprlmas~ 
gerekir. 

Burada aqklanan deneysel cal~gma icin cok 
fazla bir duz tezgah bulunamam~g ve do lay~s~  ile 
UMIST Laboratuvarlar~na kurulmug olan ve 
oncelikle jiit torbalarm dokunmas~ iqin ta- 
sar~mlanm~g olan bir dairesel tezgah uzerinde 
cal~gmaya karar verilmigti. Dairesel ve birqok duz 
cok f a z l ~  tezgahtn ortak ozelligi, klasik 
tezgahlardaki vurugtan qok farklt olan ve 
dokunabilen kumag konstruksiyonuna iligkin 
muhtemel bir farkl~hk kaynag~ olan vurug 
yontemidir. Bu nedenle karg~lagtumalar yapmak 
amacl ile klasik (tek fazl~) bir tezgah uzerinde 
paralel deneyler yap~lmasma da karar verilmigti. 
Bu karg~lagtmmalar oncelikle saglanabilcn 
maksimum kumag yogunlugu ile ilgili idi. 

Duz cok fa211 tezgahlar~n, dairesel qok fazh 
tezgahlara gore tek fa211 tezgahlarla ilk bak~gta 
daha qok paylagt~klar~ bir kumag kalite ozelligi, 
dokunabilen orgu rapor uzunlugudur ve bu ozcllik 
teorik bir analizin konusu olmugtur. 
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An aspcct of cloth quality where, at first sight, 
flat multi-phase looms have more in common with 
single-phase looms than with circular multi-phase 
looms is the length of the weave repeat that can be 
woven and this aspcct has been the subject of a 
theoretical analysis. 

Thus, the paper consists essentially of the 
following parts: 

1. A report on experimental work comparing 
maximum cloth conshuctions on singleand 
multi-phase looms. 

2. A theoretical analysis concerning the length 
of the weave repeat on circular looms. 

3. Some observations on the weaving of flat 
fabrics on circular looms and on automation of 
the weft supply. 

It is hoped that the paper will stimulate 
interest in multi-phase weaving and also in circular 
weaving, a branch of weaving which seems to have 
received little attention in recent years. 

2 THE MAXIMUM CLOTH DENSITY 
Experiments to determine the maximum cloth 

density were carried out on a circular multi-phase 
loom and on a flat conventional single-phase shuttle 
loom. The construction on the warp was the same in 
both looms and the cloth density was varied by 
changing the pick density and/or the linear density 
(count) of the weft yam until the highest possible 
weft density (as defined below) had been obtained. 

2.1 Loom and Yam Particulars 
2.1.1 The Circular Loom 

The circular loom uscd in the experiments was a 
Fairbairn Lawson Combe Barbour (F.L.C.B.), Mk 11, 
type J2 which was specially designed for weaging 
Jute cloth in tubular form. 
No. of shuttles : 4 

Weigh of weft package : 0.75 kg 
Weft replenishment : Manual 

1 Diameter of weaving ring: 0.34 m ( The function of 
1 the weaving ring on the circular loom is similar to 

Maximum loom speed: 130 r.p.m (thus giving 520 
picks/min.) 

Actual loom speed: 57 r.p.m. (228 picks/min.) This 
was the speed used during the experiments 

Maximum weft insertion rate: 520~1.16 = 603 m/min. 
(The weft insertion rate is the product of picking 
rate and the cloth fell circumference and 
therefore also an appkoximate figure). 

Actual weft insertipn rate: 228~1.16 = 264 m/rnin. 
Shedding motion: 2 cam shafts located at each side 

of the loom baseplate operate 24 pairs of sectional 
heald frames sitpated around the stationary 
circular reed. 

Sheeding sequence: All experiments were carried out 
with plain weave. For this weave, each pair of 
heald frames crosses four times in one loom 
revolution to form alternative sheds for four 
continuously moving shuttles. The length of the 
shuttles is such that the space between 
consecutive shuttles is only large enough to 
accommodate the warp ends from one pair of 
heald frames. If these pairs would have to stay in 
the fully open position until the shuttle has left 
their warp section, this arrangement would not 
allow any time for shed crossing since a shuttle 
enters a particular section at the same time as the 
previous shuttle leaves it. In actual fact, 
however, the healds can start to change their 
position well before the shuttle leaves their 
section so that the shuttle itsclf keeps the shed 
open. By the time the shuttle leaves the section, 
the heald frames ' are already near the 
closed-shed position and it is only the warp ends 
themselves that have to change shed. At any 
point in time, each of the four shuttles has six 
pairs of heald frames allocated to it. Of these, 
four are in the fully open position while the other 
two are crossing over. 

Let-off motion: Negative friction brake type acting 
on two beams located on either side of the loom. 

Take-up motion: Continuous downward take-up with 
coiling up below the working platform. 

that of the breast beam on a flat loom except that 
the distance from the cloth fell to the weaving 
ring is much smaller than the distance between 
the cloth fcll and the breast beam). 

Cloth circumference: 1.07 m (This is determined by 
the diameter of the weaving ring). 

Cloth well circumference: 1.16 m (This is an 
approximate figure since the actual position of 
the cloth well depends on the cloth construction as 

2.1.2. The Flat Shuttle Loom 

A Crompton & Knowles C-5 shuttle loom was used in 
the experiments. Although it was a 4/1 drop box 
loom, it was in fact only used for single-colour 
weaving. 

Weft replenishment : Automatic pirn changing 
Maximum reed width : 1.10 m 
Utilised reed width : 1.005 m 

will bc discussed in greater detail later) Maximum speed : 160 p.p.m 
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Boylece esas olarak makale agag~daki 
bolumlerden olugmaktadtr. 

Gerqek tezgah h m  : 57 d/dak (228 atkddak) Bu 
deneyler s~ras~nda  kullan~lan h ~ z d ~ .  

1. Tek ve cok fazh tezgahlarda maksimum 
kumag konstruksiyonlann~ karg~lagt~ran deneysel 
cahgmanm bir aqklanmas~. 

2. Dairesel tezgahlarda orgii rapor uzunlu&na 
iligkin teorik analiz. 

3. Dairesel tezgahlarda duz kumaglann dokun- 
mas1 ve a tk~  beslemede otomasyon uzerine baa  goz- 
lemler. 

Makalenin son zamanlarda qok az ilgi 
uyand~rd~@ gorulen bir dokuma brans1 cok fazh 
dokuma ve aynl zamanda dairesel dokuma 
konusunda ilgiyi kamqlayacag~ umulmaktad~r. 

2. MAKSiMUM KUMAS YO&JNLU~U 
Maksimum kumag yo&nlu&nu belirlemek a m -  

CI ilc yapdan deneyler bir qok fa211 dairesel tezgah 
vc bir klasik, duz tek fazh mckikli tezgahta ya- 
p~lm~gt~r .  Cozgii konstruksiyonu her iki tezgahta da 
aynl idi vc kumag yogunlugu, a t k ~  s~kl~glnl ve/veya 
a t k ~ n ~ n  lineer yogunlu$nu (numarasm~) en yiiksek 
olas~ a t k ~  s~kl~glna (yukanda t an~mland~g~  gibi) 
cldc cdilinceye kadar degigtirilerek cegitlendiril- 
migtir. 

2.1. Tezgah ve iplikOzellikleri 
2.1.1. Dairesel Tezgah 

Dcneylerde kullan~lan dairesel tezgah, jut 
kumaglar~ hortum biqiminde dokumak iqin ozel 
olarak tasar~mlanmq J2 tip yaplm 11. Fairbairn 
Lawson Combe Barbour (F.L.C.B.) 

Mekik say~sl : 4 
Atk~ bobininin a & h &  : 0,75 Kg. 
Atk~ yenileme : Elle 

Dokuma Cemberinin  cap^: 0.34 m (Dairesel tezgahta 
dokuma cemberinin fonksiyonu, kumag on 
qizgisindcn dokuma qemberine kadar olan 
uzakl~ktan kuquk olmas~ d ~ p n d a  duz tezgah~n 
gogiis kop~sune  benzerdir.) 

Kumag qevresi: 0,07 m (Bu dokuma cemberinin cap1 
ilc bclirlcnir.) 

Kumag 6n qizgisi cevresi : 1.16 m (Bu yaklag~k bir 
rakamdw, zira kumag on qizgisinin gerqck konumu 
daha sonra daha a y r ~ n t ~ l ~  olarak tart~g~lacag~ 
gibi kumag konst~ksiyonuna baglldlr. 

Maksimum tezgah h ~ z ~  : 130 d/dak (Boylcce 520 
atkddak vcriyordu) 
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Maksimum a t k ~  yerlegtirme hlzl : 520x1,16=603 
m/dak. (Atk~ yerlegtirme h m  a t k ~  atlm hlzl ile 
kumag on cizgisi qevresinin qa rp~m~d~r  ve boylece 
yaklag~k bir say~d~r . )  

Ag~zhk acma hareketi : Tezgah taban plakasln~n 
her bir yanlna monte edilmig olan sabit dairesel 
tarak qevresinde konumland~r~lm~g 24 cift bolum 
giicii wrcevesi 

A&zhk acma plan1 : Tum'deneyler bezaya@ orgii ile 
yap~lm~glard~r. Bu orgii iqin gucu cercevelerinin 
her bir cifti dort adet siirekli olarak hareket edcn 
mekik icin bir tezgah devrinde dort kez yer 
degigtirir. Mekiklerin uzunlugu, ardlg~k mekikler 
arasl boglugun yalmzca bir giicii qerqevesi ciftin- 
den ggen qozgii ipliklerini almas~na yetecek ka- 
dar buyliktiir. E&r bu pftler mekik cozgii bolumunii' 
terkedinceye kadar tam aqk a@zhk konumunda 
kalsalard~, bu duzenleme a@zh@n deggmesi iqin 
hie zaman b~rakmayacakt~, zira bir mekik belir- 
li birbolume bir onceki mekigin terkettigi aynl 
anda girer. Bununla birlikte gercekte gucu cer- 
ceveleri mekik u y y n  bolumu terkettikten cok once 
konurnlarln~ degigtirmeye baglarlar ve boylece 
mekik a@zhg~ kendisi aqk tutar. Mekik bolumu 
terkettiginde giicu cerqeveleri zaten kapal~ ag~z- 
Ilk konumuna yak~nd~rlar ve aglzl~k deggtirmesi 
gereken, cozgii ipliklerinin kendileridir. Zamanm 
herhangi bir an~nda dort mekiBn her bin, onlara 
tahsis edilmig a l t ~  giicu cerpvesine sahiptir. Bun- 
lardan dordu, diger ikisi gecig doneminde iken 
tam a q  konumdadr. 

Cozgii b~rakma hareketi : Tezgahm her iki yanma 
yerlegtirilmig iki levent uzerinde etken olan 
negatif surtunmeli frenli tip. 

Kumag fekme hareketi : Callgma platformu onunde 
sarma yaps1 siirekli agag~ dogm qekim hareketi. 

2.1.2. Diiz Mekikli Tezgah 
Deneylerde C-5 tipi Compton ve Knowles mekik 

tezgah~ kullan~lnughr. Her ne kadar bu bir 4/1 diigey 
mekik yuval~ tezgah idiyse de gerqekte yalnrzca tek 
renkli dokuma iqin kulla~ulm~gt~r. 
A t k ~  yenileme : Otomatik masura degigtirme 
Maksimum tarak eni: 1 , lO m 
Faydal~ tarak eni : 1,005 m 
Maksimum h ~ z  : 160 atk~/dak 







colleagues to consider in greater detail what the true 
position was. Their findings were summarised by 
Townsend and the salient points of this analysis will 
be quoted here very briefly but with some additions 
which are intended to further clarify the situation. 
Fig.6 is a modified version of a diagram produced by 
Townsend and any reader who is seriously interested 
in the subject would be well advised to study the 
original paper. 

Fig.6 represents a loom with four shuttles 
(S,T,U,V) at a particular moment in time. The fabric 
is a 2/1 twill, i.e. a weave which has a pick repeat 
of 3. This mcans that the conditions stipulated by 
Ineson are not fulfilled because the number of shuttles 
is neither equal to the weave repeat nor a multiple of 
it. Townsend, however, demonstrated with the aid of 
fig.6 that the fabric could nevertheless bc. woven. 
One of the present authors has shown that the 
shedding motion of any multi-phase loom, whether 
flat or circular, must be divided into a much greater 
numbcr of sections than there are shuttles inserting 
weft simultaneously, (In the F.L.C.B. loom, for 
instance, the number of shuttles was 4 and the 
shcdding motion was divided into 24 sections) For 
simplicity, however, the shedding motion in figd is 
only divided into four sections (J, K, L, M). With 
regard to the weave repeat, the 2/1 twill has three 
diffcrent sheds (i.e. shafts I + 11, I + I11 and I1 + I11 
liftcd) These different sheds required by the 2/1 
twill are numbered 1 to 3 in fig.6. The spaces between 
adjacent parallcl spiral lines represent the passage 
of the shuttles round the loom. Thc arrow shows the 
direction of movement of the shuttles. Following now 
the passage of each individual shuttle round the 
loom, it will be seen that each shuttlc stays in the 
same shed for most of its journey but changes into a 
diffcrent shed as it passes the line OA which will 
therefore be referred to as a "change line" This 
change is necessary in order to preserve the 
continuity of the weave in any one section. It poses 
the question, however, how the continuity of the 
weave along any one weft thread (which is equally 
essential) can be preserved when the pick passes 
from one shed to another. This question arises from 
the fact that normally the continuity of the weave 
on any one pick is preserved by the shuttle staying in 
the same shed. In order to answer this question, it is 
necessary, first of all, to clarify: 

a) What is meant by "the same shed? 
b) Must the shuttle always stay in the same 

warp alone. Here, the same shed exists when the 
same combination of heald shafts is lifted. 

When one considers, however, the situation 
where a shuttle or a weft thread passes from one 
section to the next, question a) can, in theory at least, 
be answered in several different ways because one 
now changes to a different set of heald shafts. In 
practice, however, it is invariably answered by 
numbering the heald shafts in all sections in the 
same way&.g. shaft No I is the outermost shaft) and 
then calling adjacent sheds to be the same when the 
same combination Of shaft numbers is lifted. In the 
present case, for instance, the designation of the 
three sheds would be as follows: 

Shed No 1: Shafts I + I1 lifted 
Shed No 2: shaft; I1 + 111 lifted 
Shed No 3: Shafts I + 111 lifted 
Having thus defined the three sheds, it must be 

emphasised that the continuity of the weave in the 
weft direction when the pick passes from one section 
to the next depends not only on the shed sequence but 
to an equal extent on the draft sequence in the healds 
at the junction of the two section. If the shuttle 
remains in the same shed, the continuity of the 
weave may or may not be disrupted, depending on the 
draft, and the same applies if the shuttle changes 
into a different shed. This becomes clear from figures 
7 and 8. Fig.7 depi~ts  the situation at a section 
boundary where the shuttles do not change into a 
different shed. Here, uninterrupted continuation of 
the straight draft across the section boundary ensures 

Bdliim Smrl 
Ccrgcve No. Section Boundary 
Shaft No. I 

I +...- .... 4 1  
n .... 4 n 

= .... m 
A e l r k  No. I Aglzhk No 
Shed No. I Shed No. 

1 

J 
shed in order to ensure continuity of the weave in the ~ i ~ .  7. H~~~~ draft and shuttle path of wno-changew 
weft direction? boundary (2/1 twill) 

Question a) can be answered quite unambiguously Sekil 7. "Hicbir degigim" wnmnda tahar ve mekik yolu 
whcn one considers the sheds in any one section of the (2/1 Dimi) 
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(yanhgl~kla) belirtti. Her ne kadar bu yorum yanllg 
idiyse de Townsend ve arkadaglanm gerce:. durumun 
ne oldu&nu daha buyuk bir ayrlnt~yla ele almaya 
yoneltmesi gibi gansll bir sonuc vermigtir. Bulgular 
Townsend tarafmdan ozetlenmigtir ve bu analizin be- 
lirgin noktalar~ k~sa  olarak fakat durumu ileri olcu- 
de agkhga kavugturmasl amadanan ban  eklenti- 
lerle, burada aktanlacakt~r. Sekil 6 Townsend ta- 
rafindan elde edilen bir diyagramm degigtirilmig bir 
ornegidir ve konuyla ciddi olarak ilgilenen herhangi 
bir okuyucuya orijinal tebligi okumaw sahk verilir. 

*kil 6 belirli bir zaman kesitinde dort mekikli 
(S,T,U,V) bir tezgahi gostermektedir. Kumag 2/1 
dimi, bir bagka deyigle 3 a tkh  raporu olan bir 
orgiidur. Bu Ineson tarafindan ongoriilen kogullarln 
yerine gelmedigi anlammadlr, cunku mekik s a p  ne 

kombinasyonu yukar~ kaldmldlg~nda aynl a g ~ z l ~ k  
olugur. 

Bununla birlikte bir mekigin ya da bir a t k ~  
ipliginin bir bolumunden digerine gectigi durum 
gozden gecrildiginden en azmdan teorik olarak soru 
a) bircok degigik bicimde cevaplanabilir; ~ u n k u  
gimdi farkll gucu cercevesi gruplarma gecilmigtir. 
Diger yandan pratikte bu giicu prcevelerini degigmez 
olarak tum bolumlerde aynl vkilde numaralayarak 
(ornegin cerceve No. I en digtaki Cerc;eve clacak 
bidmde) ve daha sonra da aynl Cerceve numaralar~ 
kombinasyonu yuka r~  kaldlr~ld~glnda bitigik 
aglzhklar~ ayn1 bicimde isimlendirerek cevaplan- 
maktad~r. b e g i n  burada ele a h a n  durumda us 
ag~zh&n tanimlanmas~ a ~ g l d a k i  gibi olacakt~r: 

No: 1. ag~zhk I+II &qeveler yukarl 
orgii rapor buyuklugune, ne de onun katlna egittir. 

- 
No: 2. aglzhk I+II cerceveler yukar~ 

Bununla birlikte Sekil 6 yardlmlyla Townsend 
knmaam vinp de dokunabilecesini ~6stermistir. No: 3. a&zhk I+II cerceveler yukan , -- .--..- ---~- -....--- ~ --.-- ~ 

Yazarlardan biri duz olsun dairesel olsun herhangi Uc aglzligi boyle tan~mlad~ktan sonra atki bir 
bircok fa211 tezgahm ag~zllk acma hareketinin, aynl bolumden digerine geqerken orgiinun atk1,yonundeki 
anda a t k ~  yerle$iren mekik saylslndan ~ o k  daha surekliliginin yalnizca aglzllk slraslna bag11 
fazla savlda bolume ayrllmas~ gerektiBni ortaya olmaylp egit olciide qercevelerin iki bolumun birlegim 
koymugtur. (Ornegin P.L.c.B. kzgahl;da mekik 
sayw 4 idi ve aglzllk acma hareketi 24 bolume 
boliinmugtu). Bununla beraber basitlik aqsmdan 
gekil 6'daki a&zlik acma hareketi yaln~zca dort 
bolume aynlmlghr (J.K.L.M.) orgii raporu aqs~ndan 
2/1 dimi uc farkll ag~zliga sahiptir (bir diger 
deyigle, I+II, I+III ve II+III Ferceve kalklgl). 2/1 
diminin gerektirdfg bu farkh agtzl~klar Sekil 6'da 
l'den Ye numaralanm~slard~r. Komsu helezon cizgi- - ., 
ler aras~ndaki bogluklar mekiklerin tezgah etrafm- 
daki geciglerini temsil eder. Ok mekiklerin hareket 
yonunu gosterir. Simdi her bir mekigin tezgah etra- 
f~ndaki hareketini izleyerek her mekigin seyahati- 
nin buyuk biilumunde aynl a&zl~kta kald@ fakat o 
ncdenle degigim cizgisi ad1 alan OA ~izgisini ge- 
~crken farkl~ bir a&zllga gectigi go~lecektir .  Her- 
hangi bir bolumde orgiinun surekliligini saglamak 
iqin bu dcgigim gereklidir. Bununla birlikte a tk~  bir 
aglzhktan digerine ggerken orgunun herhangi bir 
a t k ~  ipligi boyunca surekliliginin ( ayn~  olqiide 
gcrekli olan) nasd korundugu sorusunu da ortaya 
atmaktadlr. Bu SON normal olarak orgiinun herhangi 
bir a t k ~  uzerindeki surekliliginin mekigin aynl 
agtzhkta kalmas~yla korunacag~ gercegi nedeniyle 
ortaya gkmaktad~r. Bu soruya cevap vermek i ~ i n  
once gu noktalar~ aqkhga qkarmak gereklidir: 

a) "Aym aglz11k"tan ne kastedilmektedir? 
b) Atk~ yonunde orgiinun surekliliBni saglamak 

noktaslndaki tahar duzenine de  bag11 oldugu 
vurgulamak gerekir. Eger mekik ayn1 ag~zl~kta  
kal~rsa orgiinun devamllllg~ tahara bag11 olarak 
bozulabilir ya da bozuimayabilir ve eger mekik 
farkli bir aglzllga geqerse de aynlsl gecerlidir. Bu 
gekil 7 ve 8'de aclkhga kavugmaktad~r. Sekil 7 
mekiklerin farkl~ bir a&zhga gecmedikleri bir 
bolum suurindaki durumu sergilemektedir. Burada 
bolum smmda duz tahara kesintisiz devam etmesi 

Bdliim Smmn 
Ccrgcvc No. Section bundary  
Shaft No. I 

I c . . . - - I  -4 I 
n I- ...- -.-4 n 
m I- ..---4 u 

A@!k No. i A@k No 
Shed No. I Shed No. 

1 I 

i ~ i n  mckik her zaman GI agrzhkta m~ kalmahd~r? Sekil 8. Degigim ~izgisinde tahar ve mekik yolu (2/1 
Yalnlzca herhangi bir cozgii bolfimundeki a&zl~klar &mi). 
cle ahnd~g~ndan bu soru oldukca a ~ k  bir bicimde Fig. 8. Heald draft and shuttle path at change line (2/1 
cevapland~r~labilir. Burada aynl gucu ~er~eveler i  twill). 
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weave continuity. If the continuity of the draft were 
interrupted here, the weave would also be disrupted. 
Fig.8 shows the draft arrangement at  a section 
boundary which is a change line. Here, an 

' interruption of the straight draft combined with a 
shed change leads to weave continuity. Indeed, if the 
shuttles here remained in the same shed, the 
continuity of the weave would be interrupted. 

The lower parts of figures 7 and 8 can be 
interpreted as  fabric cross-sections but also as 

indicating the shuttle path in the vicinity of a 
section Wndary .  At a boundary which is not a 
change line, (fig.7), the sequence of shuttle passages 1 will be as follows: 

Shuttle passes S T U V S T U V S T U V 
From Shed 1 2  3 1  2 3  1 2  3 1  2 3 
To Shed 1 2  3 1  2 3  1 2  3 1  2 3 

, In the light of this table, the three 
cross-sections can be regarded as showing the three 
consecutive passages of the same shuttle across the 
same boundary. The sequence of these passages is the 
same for all shuttles but their start is different. 
Thus, an observer, looking at a particular boundary 
at the moment in time when shuttle S passes from 
shet 1 to shed 1 will have his first glimpse of shuttle 
T while it passes from shed 2 to shed 2. etc. 

For fig.8, the above kind of table looks very 
similar except that at a boundary which is also a 
change line, every shuttle changes to the next higher 
shed number. 

Most practical weavers would regard the draft 
shown in fig.7 as the normal state of affairs and 
would describe the change-over to fig.8 as "casting 
some ends out". Townsend described the process in 
these terms and showed how by appropriate casting 
out of ends at the change line it is perfectly possible 
to weave a 2/1 twill on a circular loom with four 
shuttles inspite of the fact that this required the 
shuttle to change sheds at some stage. 

A rather unexpected outcome of his analysis 
was the fact that, although there are four section 
boundaries, each shuttle changed shed at only one of 
these boundaries and that the change line was the 
same for all shuttles.. At first sight, this state of 
affairs seemed to be out of keeping with the essential 
symmetry of the whole system and its rotation. On 
closer examination, however, one finds that the 
number and location of change lines can be chosen 
arbitrarily by chosing the starting position of the 
four shuttles with regard to the shed and section 
they are in. 

In chosing his particular starting position, 
Townsend clearly attempted to have things as 
"normal" as they coul be under the circumstances. As 
Fig.6 shows, he plac 2' d shuttle S i n  shed 1, shuttle T 
in shed 2 and shuttle U in shed 3. Having only three 
different sheds available to accommodate four 
shuttles, he then decided to place shuttle V in shed 1 
too. If this distribution of the four shuttles over the 
three sheds remained unchanged as the shuttles 
travel rount the loom, a shed sequence 1,2,3,1,1,2,3 
etc. would occur in every one of the four sections and 
this would disrupt the warpways continuity of the 
2/1 twill which requires a sequence of 1,2,3,1,2,3, 
ect. It follows that, at the section boundary where 
the shedding sequence of the shuttles is wrong, i.e. 
where a suhttle in shed 1 is followed by another 
shuttle in shed 1 instead of a shuttle in shed 2, the 
second shuttle in shed 1 (in this case shuttle S) must 
change into shed 2 as it crosses the section boundary 
line OA. As a result of this change and of the 
movement of the shuttles, shuttle S is now in section 
K and in shed 2 while shuttle T is in section J and (not 
having changed shed) is also in shed 2 so it is now 
shuttle T that must change sheds (into shed 3) but 
the change takes place at the same section boundary 
as before. It can easily be shown that the same 
applies to all three shuttles and it explains: 

Firstly how the choice of the initial shuttle 
and shed disribution determines the position of the 
change line and secondly why the change line 
remains stationary inspite of the rotation of the 
shuttles and of the shed. 

All the above argument is essentially due to 
Townsend and colleagues. They did not point out, 
however, that their choice of starting conditions was 
an arbitrary one and that there exist several other 
alternatives. One of these alternatives is to start off 
with all four shuttles in the same shed (say shed 1) 
In this case which is illustrated in Fig.9 the shed 
sequence of consecutive shuttles would be wrong at 
every section boundary and therefore all four 
boundaries would have to be change lines. This 
arrangement has a certain attraction because it 
preserves the basic symmetry of the system. There is 
no arbitrary discrimination between individual shed 
boundaries and all shuttles would always be i? the 
same shed. 

Having demonstrated that a circular loom with 
four shuttles can produce a 3-pick weave repeat, it 
remains to examine whether it is possible to produce 
on the same loom a weave repeat which is larger 
than four. This problem can be studied in relation to, 
for instance, a 5-end weft face satin whose 5 shafts 
form 5 different sheds as follows: 
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orgiinun surekliligini giivenceye almaktadir. Eger 
tahar~n surekliligi burada kesintiye ugramig 
olsaydi, orgu de bozulacakt~. Sekil 8 bir degigim 
~izgisi olan bir bijlum sininnda tahar duzenlemesini 
gostermektedir. Burada duz taharin kesintiye 
ugramasiyla birlikte olan bir ag~zlik degigimi 
orgiinun devamlih$na yo1 acar. Gercekten eger bura- 
da mekikler ayni agzlik icinde kalmig olsalard~, 
orgiinun surekliligi kesilecekti. 

Sekil 7 ve S'in alt bolumleri kumag kesitleri 
olarak yorumlanabilir; fakat bunlarin bir bolum 
siniri yak~nindaki mekik yorungesini de gosterir 
olduklari soylenebilir. Bir degigik cizgisi olmayan 
(Sfkil 7) bir sinirda, mekik geqiglerinin sirasi goyle 
olacakt~: 

Mekik Gecigleri S T U V S T U V S T U V 
A&!iktan 1 2 3 1 2 3 1 2 3 1 2 3 
Agizliga 1 2  3 1  2 3  1 2  3 1  2 3 

Bu tablo igig~nda, verilen iic kesitin aynl 
mekigin ayni sinir boyunca birbirini izleyen uq 
ggigini gosterdigi dugunulebilir. Bu gqiglerin sirasl 
tum mekikler icin aynidir, ancak baglangi~ta 
farklidir. Dolayisiyla S mekiginin 1. agizliktan 1. 
aguhga gectiij aym anda belirli bir sinira bakan bir 
gozlemci, T mekiijnin ilk goruntusunu 2. agizliktan 2. 
agizliga gqerken vb. olacaktir. 

Sekil 8 icin yukar~daki tipte bir tablo ayni 
zamanda bir degigim qizgisi olan bir sinirda her 
mekigin bir sonraki daha buyuk bir agizhk 
numarasma gecmesi diginda cok benzer bir goriiniimde 
olacakt~r. 

Pratik dokumacilann qogu Sekil 7'de gosterilen 
tahar planini normal bir durum olarak 
kargilayacaklardir ve Sekil S'e donugumu "ban 
cozguleri atlama" bi~iminde aciklayacaklardir. 
Townsend iglemi bu terimlerle a~iklamig ve 
cozgulerin degigim ~izgisinde uygun biqimde 
atlanmasiyla, bunun belirli bir agamada mekigin 
agizlik degigtirmesini gerektirmesine ragmen, 2/1 
diminin dairesel bir tezgahta dort mekikle 
miikemmel bir biqimde nasil dokunabilecegini 
gostermigtir. 

Analizinin bir bak~ma beklenmeyen bir sonuca, 
her ne kadar dort bolum siniri var ise de, her bir 
mekigin bu s in~r l a r~n  yalnizca birinde agizl~k 
degigtirdiij vc degigim qizgisinin tiim mekikler ion 
ayni oldugu gerqegi idi. Ilk bakigta bu durum tum 
sistemin tcmel olan simetrisi ve donugu ile 
uyumsuzluk icinde gibi gorundu. Mamafih, daha 
yakin bir incelemede degigim qizgilerinin say1 ve 
konumlarinin, bulunduklari agizlik ve bolum 
bakimindan dort mekigin baglangiq konumlarinin 
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istege bag11 olarak secimiyle sedlebilecegi goriilur. 
Townsend kendi ozel baglangiq konumunu 

seqerken agk olarak var olan kuglarda her geyin 
olanak ol~iisunde "normal" olmasina caligmigtir. 
Sekil 6'da goruldu$ gibi S mekigini 1. a@zliga, T 
mekigini 2. a g ~ z l ~ g a  ve U mekigini 3. agizliga 
yerlegtirdi. Dort mekigi icine almak uzere yalnizca 
mevcut iic agizhga sahip olarak V mekigini de 1. 
ag~zliga koymaya karar verdi. Eger mekik tezgah 
etrafinda gezerken dort mekigin iic agzliga bu 
gekilde dagitim deijgmez ise, dort bolumun her 
birinde 1,2,3,1,1,2,3, v.s. mekik sirasi olugacak ve bu 
1,2,3,1,2,3, V.S. biciminde bir mekik slrasl gerektiren 
2/1 diminin cozgii yonundeki surekliliijni bozacakti. 
Bundan mekiklerin agizlik sirasinin yanlig oldugu 
bir bolum sinirinda dfger bir deyigle 1. agizliktaki 
bir mekigi 2. agizliktaki bir mekik yerine 1. 
agzliktaki bir bagka mekigin izledigi bir durumda, 
1. ag~zliktaki ikinci mekigin (bu durumda S 
mekiginin) OA bolum sinir fizgisini gecerken 2. 
agzliga gepes i  gerektiij sonucu cikar. Bu degigimin 
ve mekiklerin hareketlerinin sonucu olarak, S 
mekiij gimdi, T mekigi J bolumunde ve o da (a$zlik 
deijgtirmeksizin) 2. agizlikta iken, K bijlumiinde ve 
2. agizliktadir ve boylece ag~zhk degigtirmesi 
gereken (3. agizliga) gimdi T mekigi olacaktir. 
Fakat deijgtirme daha once oldugu gibi yine ayni 
bolum sinirinda olacaktir. Ayni durumun her iic 
mekik iqinde gecerli gosterilebilir ve bu p n u  agklar: 

once ilk mekigin ve agzhk d a g h m  qiminin 
deijgim cizgisinin konumunu nasil belirledigini ve 
ikinci olarak mekiklerin ve a@zligm donmesine 
kargn deijgim qizgisinin niqin sabit kaldigni. 

Yukaridaki savm tumu esas olarak Townsend ve 
arkadaglarina aittir. Bununla birlikte, yaptiklari 
baglangf kogullari sqiminin istege bag11 olduguna 
ve bircok bagka secenek bulunduguna igaret 
etmemiglerdir. Bu sqeneklerden biri dort mekiijn de 
ayni agzlikta (ornegin 1. agizlik) oldugu durumla 
baglamaktir. Sekil 9'da sergilenen bu durumda 
birbirleri ardindan gelen mekiklerin agzlik sirasi 
her bolum sinirinda yanlig olacak ve dolayisiyla 
tum dort sinirinda degigimi cizgileri olmasi 
gerekecektir. Bu duzenlemenin belirli bir cizgici yani 
vardir; ciinku sistemin temel simetrisini korur. Ayni 
agizlik sinirlari arasinda yapilan keyfi hifbir 
aynm olmamaktadir ve tum mekikler hep ayni 
agizlikta olacaklardir. 

Dort mekikli dairesel her tezgahin atkili bir 
orgu raporunu u:etebileceijni gosterdikten sonra ig 
aynl tezgahta dortten daha buyiik bir orgii raporunun 
elde edilmesinin olasi olup olmadigini incelemeye 
kalmaktadir. Bu problem, ornegi 5 cercevesi agagda 
gosterildigi gibi 5 farkli agizlik olugturan bir 5'li 
atki sateni ele alinarak incelenebilir: 



Fig. 9. Circular loom with 4 shuttles weaving 2/1 twill (Four 
change lines). 
Sekil9.2/1 Dimi dokuyan 4 mekikli dairesel tezgah (Di5rt 
de&im qizgisi). 

Shed 1 : Shaft I lifted 
Shed 2 : Shaft 111 lifted 

Shed 3 : Shaft V lifted 
Shed 4 : Shaft I1 lifted 
Shed' 5 : Shaft N lifted 

Figures 10 and 11 show the conditions at a "no 
change" boundary and a change line respectively. 

Having considered both these weaves, it can be 
concluded that the number of shuttles represents 
neither an upper nor a lower limit to the size of the 
weave repeat that can be produced. This wide 
flexibility, however only applies to regular weaves, 
i.e. weaves where all warp ends interlace in the 
same way and their individual interlacings are 
displaced by regular steps relative to each other. 
Also, it must be remembered that the shedding 
motion must be capable of catering for whatever 
weave one choses. Provided the weave is regular and 
the shedding motion capable of producing that 
weave, the only questions that need to be answered 
concern the number of ends that have to be cast out 
and how their casting out will affect the total 
number of warp ends. 

a) Number of Ends to be Cast Out 
This depends on the weave and is found by 

bearing in mind that, at a change line, the shuttle 
always-moves into the next shed 6.e. the next pick on 
a point paper design). The number of ends to be cast 4 

out is equal to the number of ends one has to move 
forward on the point paper in order to arrive at the 
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same design when starting it on the second pick. In 
the case of the 5-end satindiscussed above that 
number is 2 and therefore 2 ends must be cast out. In 
the case of the 2/1 twill, that number is 1 and 
therefore 1 end has to be cast out. 

bf Total Number of Ends 
If there is only one change line, the casting out 

of two ends at that line will not have a significant 
effect on the total number of ends and can probably be 
ignored. If, however, it was decided to have four 
change lines, the total number of ends cast out would 
be eight and this may be a significant number if the 
warp yarn is very coarse and therefore the total 
number of ends small. Iq such a case, it will be useful 
to remember that the term "casting out" refers to the 
next higher multiple of the weave repeat, i.e. in the 
above case, the next higher multiple of 5. This means 
that "casting out" of 2 ends can also be achieved by 
adding 3 ends. Both alternatives are open at each 
change line and this makes it possible to bring the 
net change in the total number of ends down to a 
minimum. For instance, if one wanted to weave the 
5-end satin with an approximate number of 400 ends 
and with four change lines, one could add 3 ends at 
two change lines and cast out 2 ends at the other two 
or one could add 3 ends at one change line and cast out 
2 ends at the other three. In the former case, the 
total number of ends 402 and in the latter case 397. 
Both figures are probably sufficiently near the target 
of 400 to be acceptable. 

4. THE WEAVING OF FLAT FABRICS ON 
CIRCULAR LOOMS 

It is of course always possible to cut a hose 
lengthways and thereby convert it into a flat fabric. 
The binding or 'sealing of the selvedge created by this 
method should not present any problems. Nor should 
the spirality of the weft which would not be 
different from the situation encountered in flat 
multi-phase looms where the angle between warp 
and weft is slightly less than 90 degrees. A more 
fundamental problem concerns the automation of the 
weft suply which presents no serious problems in flat 
multi-phase looms but which is difficult if not 
impossible in circular looms. It must be remembered, 
however, that this difficulty arises from the fact 
that, at present, circular looms are invariably used 
for weaving hose where the shuttles never leave the 
warp shed and therefore remain inaccessible while 
the loom is running. On such looms, the weft 
replenishment is only semi-automatic (as was the 
case on the F.L.C.B. loom). When a weft package is 
nearly exhausted, a photo-electric sensor ensures 
that the loom is stopped and the shed is levelled so 
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Sekil 10. "Hiqbir degi9imm slnmnda tahar ve mekik yolu 
(5% saten). 
Fig. 10. Heald draft and shuttle path of "no-change" 
boundary (Send satin). 

A&zlik 1: Cerqeve I yukari 
ABzlik 2: Cerqeve 111 yukari 
Agzhk 3: Cerqeve V yukari 
Aglzlik 4: Cerqeve 11 yukari 
Aglzl~k 5: Cerqeve N yukari 

Sckil 10 ve 11 s~rasiyla hiqbir degigim olmayan 
bir slnirdaki ve bir degigim qizgisindeki kogullari 
gostermektedir. 

Bu her iki orguyu de dikkate ald~ktan sonra 
mekik sayismin elde edilebilen orgu rapor 
buyuklugunun ne ust ne de alt slnlnnl gosterdigi 
sonucunu vanlabilir. Mamafih, bu genig esneklik 
yalmzca duzenli orgiiler bir diger deyigle tum qozgii 
ipliklerinin aynl biqimde kesigme yaptigi ve her bir 
kesigmenin birbirlerine gore duzenli bir adimla 
kaydirildigi orguler iqin geqerlidir. Ayni zamanda 
ag~zlik aqma mekanizmaslnm hangi orgii seqilirse 
sqilsin buna uygun davranacak yetenekte olmas~ 
gerektigi de hatirda tutulmalidir. Orgunun duzenli 
ve a$zlik aqma mekanizmasmin o orguyu saglaya- 
cak yetenekte olmasi koguluyla cevaplanmasi gerek- 
en sorular atlanmasi gereken qozgii telleri sayisi ile 
bu atlamamn toplam qozgii tel saylsim nasd etkile- 
ycccgi ile ilgilidirler. 

a) Atlanacak qozgii tel s a y ~ s ~  
Bu orguye baghd~r ve bir degigim qizgisinde 

mekigin her zaman bir sonraki agizliga (bir bagka 
deyigle kareli desen k5gidinda bir sonraki atkd 
girdigi hatirda tutularak bulunur. Atlanacak qozgu 
tel saylsi kareli desen k8$d1 iizerinde ayni deseni 
elde etmek iqin orguyu ikinci atkidan ba~lat~rken 
ileri gidilmesi gereken qozgii tel saylslna egittir. 
Yukar~da sozu edilen 5'li saten iqin bu sayl Z'dir ve 
dolayislyla 2 qozgu teli atlanmal~dir. 2/1 dimi 
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durumunda bu say1 l'dir. Dolayls~yla bir qozgii teli 
atlanmahd~r. 

b) Toplam fiizgii tel says1 
Eger yalnizca bir degigim qizgisi varsa bu 

qizgide iki qozgunun atlanmasi toplam qozgu tel 
sayismda onemli bir etki yapmayacak ve belki de 
ihmal edilebilecektir. Buna kargin eger dort degigim 
qizgisinin bulunmaslna karar verilmiwe, atlanacak 
toplam qozgu tel says1 sekiz olacaktlr ve eger qozgii 
ipligi qok kalin ve dolaylsiyla toplam qozgii tel 
saylsi kuquk ise bu onemli bir rakam olabilir. Boyle 
bir durum "atlama" teriminin o r ~ u  ranor 

0 

biiyuklugiinun bir ust katI ile bir bagka dey&le 
yukaridaki durumda 5'in bir ust ka t~  ile ilintili 
oldu@nu hatirlamak yararli olacaktir. Bu 2 qozgu 
telinin atlanmsm~n 3 qozgii telinin eklenmesiyle de 
saglanabilecegi anlamma gelir. Her iki seqenek de 
her degigim qizgisinde ge~erlidir ve bu toplam qozgii 
tel sayis~ndaki net farkin minimum indirilmesine 
olanak saglar. h e g i n  eger bir 5'li saten yaklagik 
400 qozgii teli ve dort degisim dzgisi ile dokunmak 
istenirse, iki degigim qizgisinde 3 tel eklenir ve diger 
ikisinde 2 tel atlan~r ya da bir degigim qizgisinde 3 
tel eklenir ve diger uqunde iki tel atlanir. ilk gikta 
toplam qozgii tel sayisi 402, ikincisinde 397'dir. Her 
iki rakamda 400 hedefine biiyuk olas~likla kabul 
edilebilir olqude yalandir. 

4. DAhESlX TEZGAHLARDA D~JZ 
KUMASLARIN DOKUNMASI 

Siiphesiz her zaman bir hortum kumagi 
uzunlamasina kesmek ve boylece duz bir kumaga 
donugtiirmek mumkundur. Bu yontemle olugturulan 
kenarin baglanmas~ ya da kapat~lmas~ herhangi bir 
sorun yaratmayacakt~r. Cozgii ve atki arasindaki 
aqnm 90 dereceden biraz kiiquk oldugu qok fazh duz 
tezgahlarda rastlanilan durumdan farkh olmayan 
doniikluk de sorun yaratmaz. Daha temel bir sorun 
qok fazh duz tezgahlarda ciddi hiqbir problem 
yaratmayan, fakat imkansiz olmasa da dairesel 
tezgahlarda guq olan a tk~ beslemenin otomasyonu ile 
ilgilidir. Bununla birlikte bu giiqlugun bugiinku 
durumda dairesel tezgahlarin degigmez biqimde 
mekiklerin hiqbir zaman agizlig~ terketmedigi ve 
dolayisiyla tezgah qalig~r durumda iken erigilemez 
durumda kald~klari hortum kumag dokumada 
kullan~ldig~ gerqeginden kaynakland~g~ da hatIrda 
tutulmal~d~r. bu tur tezgahlarda a t k ~  besleme 
yalnlzca yari-otomatiktir (F.L.C.B. tezgah~nda 
oldugu gibi). Bir atki masurasl hemen hemen 
bogaldlgmda bir fotoelektrik yoklayic~ tezgah~ 
durmasin~ guvenceye a l ~ r  ve yeni bir a t k ~  
masuraslnln elle yerlegtirilmesi iqin mekigi geqici 
olarak erigilebilir hale getirmek iqin kapal~ 
a@zlik saglan~r. Bu son i~lem belki otomatik olarak 



firm of Mayer & Cie and was described in a patent in 
the name of the inventor. No reports on the 
development of the latter machine seem to have 
appeared in the technical press but clearly, with 
present-day technology and with the practical 
experience which already exists with regard to 
shuttle drive, shedding and beat-up on multi-phase 
and circular looms, the development of such a 
machine seems perfectly feasible to-day. 

5. C O N C L U S I O N S  

The work revorted here has drawn attention to 

Fig. 11. Heald draft and shuttle path at change line (5-end 
satin). 

Sekil 11. Degi~irn qizgisinde tahar ve mekik yolu (Sli 
saten). 

as to make the shuttle temporarily accessible for the 
manual insertion of a new weft package. This latter 
operation could probably also be done automatically 
but it would require a rather intricate mechanism 
and would still involve stopping the loom since the 
shed must be levelled. For these reasons, designers of 
circular looms have so far refrained from introducing 
fully automatic weft replenishment. The situation 
would be different, however, if circular looms were 
used for the weaving of flat fabrics. For this kind of 
weaving, it is not necessary for the warp to enclose a 
complete circle and therefore a gap can be introduced 
into the warp between the two selvedges. As the 
shuttle passes through this gap, it becomes 
temporarily accessible for weft replenishment 
without any necessity to stop the loom. This 
possibility was in fact explored more than thirty 
years ago in the form of the "Slot" loom and was 
reported by Turton to whom credit is due for the 
photograph of the loom shown in Fig.12. It will be 
seen that this loom was a very crude prototype 
which consisted essentially of seven conventional 
flat looms arranged in a circle and served by a 
common shuttle or weft carrier which collects the 
weft supply for one pick as it passes through the 
warp gap. A prototype machine working on a similar 
basic principle but in much more sophisticated way 
was shown at the ITMA 1975 in Milan by the German 

the essential similarity between circular and flat 
multi-phase looms, particularly with regard to the 
method of beat-up which differs in principle from 
the method used on conventional single-phase looms. 
This difference probably accounts for the fact that, 
with the same warp a i d  weft, significantly higher 
weft densities could be achieved on the flat 
single-phase loom than on the circular loom. The 
criteria used to establish whether the maximum 
weft density had been reached, i.e. excessive 
bumping on the single-phase loom and "jumping" over 
the beat-up reed on the circular multi-phase loom 
appeared to be appropriate for this purpose. 

With regard to the weft cover factor which 
provides in practice the only means of comparing the 
weft densities of fabrics with different counts of weft 
yarn, it was found that the maximum value that 
could be woven increased as the linear density (tex 
value) of the weft increased. 

With regard to weave, theoretical 
considerations of earlier workers, amplified by the 
present authors, indicate that the versatility of 
circular looms is considerably greater than is widely 
believed or used in practice. This could be of 
importance if the idea of weaving flat fabrics on 
circular looms were to be seriously considered again. 
This idea would also open up the possibility of 
introducing fullyautomatic weft replenishment on 
circular looms. 

The present paper deals only with limited 
aspects of circular and multi-phase weaving. The 
work reported here, however, has shown that 
further researches in this field may well be 
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Sekil 12. "Slot" dairesel tezgah. 
Fig. 12. Slot circular loom. 

da yap~labilirdi, fakat qok karmag~k bir 
mekanizmay~ gerektirecek ve yine de tezgahm 
durdurulmas~nl  iqerecekti, zira a g ~ z l ~ g ~ n  
kapat~lmas~ gerekmektedir. Bu nedenden do lay^, 
dairesel tezgah tasar~mc~lar~ gu ana kadar tam 
otomatik bir a t k ~  yenileme saglamaktan 
kaqmrn~glard~r. Ancak eger dairesel tezgahlar duz 
kumaglar~n dokunmaslnda kullan~lmq olsalard~, 
durum farkh olacakt~. Bu tur dokuma iqin qozgunun 
tam bir qemberi qevrelemesi gart degildir ve 
dolay~s~yla iki kenar araslnda qozgude bir bogluk 
olugturulabilir. Mekik bu bogluktan geqerken mekik 
tezgah~n durdurulmas~ iqin herhangi bir zorunluk 
olmaks~zin a t k ~  yenileme iqin geqici olarak 
erigilebilir hale gelmektedir. bu olanak gerqekte 
otuz ylldan daha fazla bir zaman once "Slot" 
tezgah~ ad1 altmda incelenmig ve !jekil 12'de 
gosterilen fotografin sahibi Turton tarafmdan rapor 
edilmigtir. Bu tezgah~n esas oarak bir qember 
etrafinda yerlegtirilen ortak bir mekik ya da bir 
a t k ~  a t~mhk a t k ~  ipligini qozgu a r a l ~ g ~  iqinden 
geqerken qeken bir a t k ~  taglylcl tarafindan beslenen 
yedi klasik tezgahtan olugan qok kaba bir prototip 
oldu* goriilecektir. Benzer bir temel prensibe gore, 
fakat qok daha geligmig bir biqimde qal~gan bir 
prototip makina da ITMA 1975'te Milano'da Mayer 
ve Cie Alman firmas1 tarafmdan sergilenmig ve 
mucidinin adma q ~ k a r ~ l m ~ g  bir patent alt~nda 
aqklanmqt~. Bu ikinci makinanm geligimi uzerinde 
teknik yay~nlarda hiqbir raaporun yer a lmad~g~  
gorulmektedir, fakat aqk olarak bugiinku teknoloji 
ve qok fa211 ve dairesel tezgahlarda mekik hareketi 

ag~zhk aqma ve vuruga iligkin mevcut deneyimle 
bugun bu tiir bir makinan~n geligimi mutlak olas~ 
goriinmektedir. 

5. SONUCLAR 
Burada agklanan qahgma ozellikle klasik tek 

fazh tezgahlarda kullan~lan metoddan prensipten 
farkh olan vurug metodu dikkate a l ~ n d ~ g ~ n d a  
dairesel ve duz qok fazh tezgahlar aras~ndaki temel 
benzerlige dikkati qekmigtir. Bu fark muhtemelen 
aynl qozgu ve a t h  ile duz tek fazh tezgahta dairesel 
tezgahta olandan onemli olqude daha yuksek a t k ~  
s~khklarlnm saglanmas~ gerqegini aq~klar.  
Maksimum a t k ~  s ~ k l ~ g ~ n a  u lag~l~p u lag~ lmad~g~n~  
belirlemek icin kullan~lan kriterler diker bir 
deyimle tek fazll tezgahta agm "torbal<ma" ve 
dairesel qok fazh tezgahta vurug s~ras~ndaki  
"s~frarna" bu amaq aqs~ndan uygun pijriinmiigtur. 

Farkl~ numara a t k ~  ipliklerinden dokunmug 
kuma~larda a t k ~  s ~ k l ~ k l a r l n ~  karg~lagt~rman~n 
pratikte tek yolu olan, a t h  ortrne faktKrii aqsmdan 
dokunabilen maksimum degerin a:kmln lineer 
yogunlu* (tek degeri) artt~kqa artt@ bulunmugtur. 

Orgu aq~smdan daha onceki aragt~rmac~larm 
yazarlar taraf~ndan gudendirilen teorik gorugleri 
dairesel tezgahlann yeteneklerinin yaygln olarak 
bilinenden ya da pratikte kullan~landan onemli 
olqude daha fazla olduguna iwret etmektedir. Eger 
duz kumaglarm dairesel tezgahlarda dokunmas~ 
fikri tekrar ciddi olarak ele al~nacak olursa bu 
onemli olabilir. Bu fikir ayrlca dairesel 
tezgahlarda tam otomatik a t k ~  yenileme saglama 
olanagna da yo1 aqacakt~r. 

Bu yazl dairesel ve qok fa211 dokumanm s~nir l~  
yonlerini ele almaktadlr. Bununla birlikte burada 
anlat~lan q a h ~ m a  dokumadaki geligmelerin 
geleceginin t a r t ~ g ~ l d ~ g ~  bu donemde bu alanda daha 
~ o k  aragtlrman~n verimli olabilecegini gostermigtir. 
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