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The next development in the weaving industry to fol-
low on shultuleless weaving may be in mulfi-phase
weaving where 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 terms of the number of shuttles used. The possibi-
lity of automation of weft replenishment is also dis-
cussed.

1. INTRODUCTION

- 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 recalised and many textile
. engineers and technologists feel that the time has
|| come to look for the next great step forward. It is too
| carly 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

it e e e ]
|18

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 industrfal 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 beat-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 dokumay izleyecek
bir sonraki gelisme birden cok mekik ya da atk
tagiyrcistmn aynt anda atki yerlegtirdigi cok fazli
dokuma alaninda olabilir. Bazi kumag tiirlerini
hortum formunda dokuyan dairesel tezgah bircok
yildan beri endiistriyel kullamimdadir. Dairesel
tezgahlarda klasik diiz kumaglar da dokunabilir. Bu
makale dairesel tezgahlarda daha yiiksek atki
hizlarina ulagsma olanag: arastirmak ve kullanilan
mekik sayisina bagl olarak orgil rapor biyiikliigiini
saptamak icin yapilan calhigmamn bir raporudur.
Atkt yenilemenin otomasyonu olanat da tartisil-
maktadar.

1. GIRIS

Son yirmi ya da otuz yil iginde dokuma
endiistrisi, mekikliden mekiksiz sisteme gecerek
biiyiik bir ileri teknolojik adim atrmgtir. Endiistriyel
uygulama agisindan, bu dontigiim hig bir bicimde
tamamlanmamig olup, gercekte higbir zaman
tamamlanamayabilir, ¢linkii mekikli tezgahlara
belki de baz1 kumag tipleri icin gereksinim duyul-
maya devam edilecektir. Bununla birlikte, gelisme
agisindan. biiyiik degisikliklerin gergeklestirildigi
goriilmektedir ve bircok tekstil miihendis ve
teknolojistleri bundan sonraki biiyiik adim igin
zamanin geldigini diisiinmektedirler. Bu ikinci biiyiik
adimin ne zaman ve hangi bicimde gelecegini
stylemek igin zaman erkendir; ancak guana kadar
mekiksiz dokumayi izlemesi olasi goriilen tek
teknoloji, birden ¢ok mekik ya da atk: tagiyicinin
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cbzgiiler arasina atkiyr aymi anda yerlegtirdigi ¢ok

~ fazhh dokumadir. Bir siiredir ¢ok fazh tezgahlar

cesitli makina fuarlarinda gosterilmektedir; ancak
bugiine kadar endiistride simirli uygulama olanag:
bulmustur. Dolayisiyla mevcut dairesel tezgahlar
olgun makinalardir ve ¢ok fazh dokumaya gittikce
artan ilgi agisindan dairesel tezgahlara bize genel
olarak cok fazli dokuma hakkinda ve &zellikle
dairesel dokuma hakkinda ne 6gretebileceklerini
ortaya gitkarmak igin dikkatleri ¢evirmek akillica
goriinmektedir. Bu digiince ile Manchester
Universitesi Bilim ve Teknoloji Enstitiisii
(UMIST)'nde son zamanlarda bazi aragtirmalara
girisildi ve bu galigmanin bazi sonuglar1 burada
verilmektedir.

Bu giiniin endiistriyel pratiginde dairesel
tezgahlarda iiretilen kumaglar hemen degismez
bigimde yangin hortumlarinda (yangin sondiirme
ekiplerinin hortumlari), torbalarda oldugu gibi, bu
bigimin gergekten gerekli oldugu uygulamalarda
hortum bigiminde dokunurlar. Bununla birlikte,
bunun her zaman gerekli olmadigini kendimize
hatirlatmakta yarar vardir. 'Dairesel tezgahlarda
klasik diiz kumasglar dokunabilir ve bu olanak yirmi
ya da otuz yil 6nce dokumacilar ve tezgah
yapimcilar tarafindan ciddi ilgi gérmiistii. Bu bir
olgiide dairesel dokumanin otomatize edilmesi ile
ilgilidir ve ayrica bu bildirinin sonuna dogru kisaca
tartisilmaktadir.

Yukaridaki gozlemlerden, dairesel tezgahlar
problemine yaklagirken dairesel tezgahlarin
kendilerine has ydnleri ile diiz ¢ok fazh tezgahlarla
paylagtiklar1 ve dolayis: ile diiz olsun, dairesel
olsun bu tezgah tipini temsil eder nitelikte
sayildiklar1 yonleri arasinda ayirim yapilmasi
gerekir.

Burada agiklanan deneysel gahigma igin gok
fazla bir diiz tezgah bulunamamig ve dolayisi ile
UMIST Laboratuvarlarina kurulmus olan ve
dncelikle jiit torbalamin dokunmas: igin ta-
sarimlanmig olan bir dairesel tezgah iizerinde
galigmaya karar verilmisti. Dairesel ve birgok diiz
cok fazli tezgahin ortak 6zelligi, klasik
tezgahlardaki vurugtan ¢ok farkli olan ve
dokunabilen kumags konstriiksiyonuna iliskin
muhtemel bir farklihlk kaynag: olan vurug
yontemidir. Bu nedenle kargilagtirmalar yapmak
amaci ile klasik (tek fazli)) bir tezgah {izerinde
paralel deneyler yapilmasina da karar verilmisti.
Bu karsilastirmalar oOncelikle saglanabilen
maksimum kumag yogunlugu ile ilgili idi.

Diiz ¢ok fazlh tezgahlarin, dairesel ¢ok fazl
tezgahlara gore tek fazh tezgahlarla ilk bakista
daha ¢ok paylastiklar1 bir kumag kalite 6zelligi,
dokunabilen drgii rapor uzunlugudur ve bu bzellik
teorik bir analizin konusu olmustur.
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An aspect 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 aspect 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 constructions on single-and
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 yarn until the highest possible
weft density (as defined below) had been obtained.

2.1 Loom and Yarn Particulars
2,1.1 The Circular Loom

The circular loom used in the experiments was a
Fairbairn Lawson Combe Barbour (F.L.C.B.), Mk II,

type J2 which was specially designed for weaving
Jute cloth in tubular form.

No. of shuttles I
Weigh of weft package : 0.75kg
Weft replenishment Manual

- Diameter of weaving ring: 0.34 m ( The function of
the weaving ring on the circular loom is similar to
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 fell 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
will be discussed in greater detail later)
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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: 520x1.16 = 603 m/min.
(The weft insertion rate is the product of picking
rate and the cloth fell circumference and
therefore also an approximate figure).

Actual weft insertipn rate: 228x1.16 = 264 m/min.

Shedding motion: 2 cam shafts located at each side
of the loom baseplate operate 24 pairs of sectional
heald frames situated 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.

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 : 1L10m

Utilised reed width : L.005m

Maximum speed : 160 p.p.m
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Boylece esas
poliimlerden olusmaktadir.

1. Tek ve ¢ok fazh tezgahlarda maksimum
kumas konstriiksiyonlarimi kargilagtiran deneysel
calismanin bir agiklanmasi.

2. Dairesel tezgahlarda 6rgii rapor uzunluguna
iliskin teorik analiz.

3. Dairesel tezgahlarda diiz kumaglarin dokun-
masi ve atki beslemede otomasyon iizerine bazi goz-
lemler.

Makalenin son zamanlarda ¢ok az ilgi
uyandirdigi goriilen bir dokuma brangi ¢ok fazh
dokuma ve aym zamanda dairesel dokuma
konusunda ilgiyi kamgilayacag: umulmaktadir.

2. MAKSIMUM KUMAS YOGUNLUGU

Maksimum kumas yogunlugunu belirlemek ama-
a ile yapilan deneyler bir ¢cok fazhi dairesel tezgah
ve bir klasik, diiz tek fazli mekikli tezgahta ya-
pilmistir. Cozgii konstriiksiyonu her iki tezgahta da
aym idi ve kumag yogunluguy, atki siklifim ve/veya
atkinmn lineer yogunlugunu (numarasini) en yiiksek
olas1 atki sikhigina (yukarida tanimlandig gibi)
clde edilinceye kadar degigtirilerek cegitlendiril-
migtir.

2.1. Tezgah ve IplikOzellikleri
2.1.1. Dairesel Tezgah

Deneylerde kullanilan dairesel tezgah, jiit
kumaglart hortum bigiminde dokumak igin &zel
olarak tasarimlanmis J2 tip yapim II. Fairbairn
Lawson Combe Barbour (F.L.C.B.)

Mekik sayis1: 4
Atk bobininin agirligi : 0,75 Kg.
Atki yenileme : Elle

Dokuma Cemberinin Capi: 0.34 m (Dairesel tezgahta
dokuma cemberinin fonksiyonu, kumag 6n
gizgisinden dokuma gemberine kadar olan
uzakliktan kiiglik olmasi diginda diiz tezgahin

. gogiis kopriisiine benzerdir.)

Kumas gevresi: 0,07 m (Bu dokuma ¢emberinin cap1
ile belirlenir.)

Kumasg on gizgisi ¢evresi : 1,16 m (Bu yaklagik bir
rakamdir, zira kumasg 6n gizgisinin gercek konumu
daha sonra daha ayrintilh olarak tartisilacag:
gibi kumag konstriiksiyonuna baghdir.

Maksimum tezgah hizi : 130 d/dak (Bdylece 520

atki/dak veriyordu)
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olarak makale agsagidaki .

Gergek tezgah hizi : 57 d/dak (228 atki/dak) Bu
deneyler sirasinda kullanilan hizdi.

Maksimum atk: yerlestirme hiz: : 520x1,16=603
m/dak. (Atk: yerlegtirme hiz1 atk1 atim hiz1 ile
kumas 6n ¢izgisi ¢evresinin ¢arpimudir ve bdylece
yaklagik bir sayidir.)

Agizlik agma hareketi : Tezgah taban plakasinin
her bir yanina monte edilmig olan sabit dairesel
tarak ¢evresinde konumlandirilmig 24 ¢ift bolim
giici gercevesi

Agizlik agma plan ;: Tiim deneyler bezayag orgii ile
yapilmuglardir. Bu 6rgili igin giicii gergevelerinin
her bir cifti dért adet siirekli olarak hareket eden
mekik igin bir tezgah devrinde dort kez yer
degistirir. Mekiklerin uzunlugu, ardigtk mekikler
arasi boglugun yalnizea bir giicili gercevesi giftin-
den gegen ¢bzgii ipliklerini almasina yetecek ka-
dar biiyiiktiir. Eger bu ciftler mekik ¢6zgii boltimiinii
terkedinceye kadar tam agik agizlik konumunda
kalsalards, bu diizenleme agizligin degismesi icin
hi¢ zaman birakmayacakti, zira bir mekik belir-
li birbjliime bir énceki mekigin terkettigi ayn
anda girer. Bununla birlikte gercekte giicii ger-
geveleri mekik uygun boliimi terkettikten ¢ok dnce
konumlarin: degistirmeye baglarlar ve boylece
mekik agizlig1 kendisi agik tutar. Mekik bélimii
terkettiginde giicii cerceveleri zaten kapal agiz-
ik konumuna yakindirlar ve agizhik degigtirmesi

- gereken, ¢dzgli ipliklerinin kendileridir. Zamanin
herhangi bir aninda dort mekigin her biri, onlara
tahsis edilmig alt1 giicii cercevesine sahiptir. Bun-
lardan dordii, diger ikisi gegis ddneminde iken
tam agt konumdadir.

Cozgii birakma hareketi : Tezgahin her iki yanina
yerlestirilmig iki levent iizerinde etken olan
negatif siirtiinmeli frenli tip.

Kumas ¢ekme hareketi : Caligma platformu &niinde
sarma yapisi siirekli agag1 dogru cekim hareketi.

2.1.2. Diiz Mekikli Tezgah

Deneylerde C-5 tipi Compton ve Knowles mekik
tezgahi kullanilmugtir. Her ne kadar bu bir 4/1 diisey
mekik yuvall tezgah idiyse de gergekte yalnizca tek
renkli dokuma igin kullarulmastir.

Atk yenileme : Otomatik masura degigtirme
Maksimum tarak eni: 1,10 m

Faydal: tarak eni : 1,005 m

Maksimum hiz : 160 atki/dak
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Actual speed : 157 p.p.m.
Max. weft insertion rate : 176 m/min.
Actual weft insertion rate: 158 m/min

Shedding motion: 20 shaft negative type dobby with
only for shafts actually used for plain weave.

Shed timing: 255 degrees (carly shed crossing was
chosen for the sake of high pick density)

Temples: Spiked rollers
Let-off motion: Negative
Take-up motion: Ratchet and pawl type

2.1.3 Warp and Weft
Warp yarn: Ring-spun cotton, 5 x 49.2 = 246 Tex
(Ne =5/12) on both looms.
Warp density in the fabric: 8.0 ends/cm on both
looms.
Weft yarn: Ring-spun cotton in four different counts
Tex: 148 236 295 394
Ne: 40 25 20 15
Weft density: The weft density (weft cover factor)

was varied as part of the experiments described
later.

It has always been said that one of the important
shortcomings of circular looms (and indeed of all
multi-phase looms) is the inability to weave
closely-set cloths. This point was therefore
investigated. The F.L.C.B. circular weaving

machine was originally supplied with a take-up

motion capable of producing a range of pick
desnities from 2.45 to 6.42 picks/cm which seems
to be reasonable for weaving sackings. However,
this was not considered enough for the proposed
investigation and therefore the take-up unit was
modified so as to allow a maximum of 8.62
picks/cm.

The take-up motion of the shuttle loom was
capable of producing pick densities in the range
from 3.46 to 31.5 picks/cm.

- 2.1.4 General Cloth Quality

On the circular loom, the most serious problem
concerning cloth quality is to produce uniform warp
and weft spacings. With regard to warp spacing, the
quality of fabrics woven on the flat shuttle loom was
far better than on those from the circular loom. This
is probably due to the fact that the reed on the flat
loom places the warp yarn at regular intervals every
time it beats up the weft. The stationary reed of the
circular loom, however, is never in contact with the
cloth fell and in fact has nothing in common with the
flat loom reed except that, like the latter, it guides

22

the warp. Therefore, on the circular loom, the
denting of the warp threads in the reed has far less
effect on their spacing in the fabric which is also
strongly influenced by the uniformity of their
tension. Because of the long path of the warp ends
between the warp beams and the cloth fell and also
because the circular distribution of the warp ends
which come from two rectilinear beams gives rise to
large differences between the paths of individual
ends, spring-loaded compensators are used to balance
tension differences. The shuttle drive and the
beat-up discs also disturb the warp spacing.

With regard to weft spacing, the differences in
warp tension also have an effect because they affect
the position of the cloth fell. The method of beat-up
which requires the four discs to rotate in the same
circular track is also liable to create irregular
pickspacing. As with warp spacing, the weft spacing
was also found to be more irregular on the circular
loom.

In general, it was noticed that the irregularity
of warp and weft spacing increased with finer yarns
and at lower pick densities.

2.2 Criteria For Limit of Weft Density
2.2.1 Measurement of The Cloth Fell Position

It is well known that the position of the cloth
fell during weaving is an indication of the difficulty
of weaving a particular fabric. The more difficult
the weaving is, the greater is the distance between
the cloth fell and the weaving ring (on the circular
loom) or between the cloth fell and the breast beam
(on the flat loom). This change in the cloth fell
position not only reduces the shed size, more
important still, it leads to "bumping" (a slackening
of the fabric during beat-up) and to increasingly
unstable weaving conditions until weaving becomes
impossible i.e. the limit of weft density is reached.
Thus, the position of the cloth fell is one important
criterion indicating whether or not the limit of weft
density has been reached. For this reason,
Measurements of the cloth fell position at various
weft densities were carried out on both looms and the
results are shown in fig. 1 and 2 for the circular and
the flat loom respectively. These diagrams show the
progressive movement of the cloth fell away from
the weaver as the weft density is increased.

Fig.1 shows that, on the circular loom, the total
change in the cloth fell position amounted to
approximately 10 mm, corresponding to an increase in
the diameter of the cloth fell of approximately 20
mm, i.e. some 6% of the weaving ring diameter of 340
mm. Apart from its effect on the beat-up process
which is discussed in the next section, this also is
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Gergek hiz : 157 atki/dak

Maksimum atk yerlegtirme hizi : 176 m/dak

Gercek atki yerlegtirme hizi : 158 m/dak

Agizlik agma hareketi : Bezyag Orgii icin gergekte
yalmz dért ¢ercevenin kullaruldig: 20 gergeveli
negatif tip armiir

Agizlik zamanlamasi : 255 derece (yiiksek atk
siklig1 yararina erken agizlik agimu secilmistir.)

GCimbarlar : Igneli rulmanlar

Cozgii birakma hareketi : Negatif

Kumag ¢ekim hareketi : Tirnak digli tipi

2.1.3. Cozgii ve Atla

Cozgii ipligi : Her iki tezgahta ringte egirilmig
pamuk ipligi 5x49,2=246 Tex (Ne=12/5)

Kumagta ¢6zgii sikligs : Her iki tezgahta 8,0
¢ozgii/cm.
Atkr ipligi : Dort farkh numarada ringde egirilmig
pamuk ipligi
Tex : 148 236 295 394
Ne : 40 25 20 15

Atki sikligs @ Atki siklif (atk: 6rtme faktérii) daha
sonra agiklanan deneylerin bir béliimii olarak
cegitlendirilmigtir. Dairesel tezgahlarin (ve
gergekten tiim cok fazlh tezgahlarin) 6nemli deza-
vantajlarindan birinin ¢ok sik olarak tasarlanmis
kumaglar1 dokumadaki yetersizligi oldugu daima
sOylenmigtir. Dolayisiyla bu nokta aragtiril-
migtir. F.L.C.B. dairesel dokuma makinasi, bas-
langigta torbaliklarin dokunmasi igin uygun
goriilen 2,45 ile 6,42 atki/cm atki sikhik aralifs
saglama yeteneginden bir kumag gekme mekaniz-
mast ile donatilmigti. Bununla beraber bu
amaglanan inceleme icin bu nokta yeterince ince-
lenmemistir ve dolayisiyla kumasg ¢ekim tinitesi
maksimum 8,62 atki/cm'ye olanak saglamak
tizere tadil edilmigtir. Mekikli tezgalun kumag
¢ekim harcketi 3,46'dan 31,5 atki/cm'ye kadar
olan araliktaki atki sikiiklarim saglama ye-
teneginde idi.

2.1.4. Genel Kumasg Kalitesi

Dairesel tezgahta kumag kalitesini ilgilendi-
ren en ciddi problemi diizgiin ¢dzgii ve atki araliklan
olugturmaktir. Cozgii aralig: acisindan diiz mekikli
tezgahta dokunan kumasg kalitesi dairesel tezgahta
dokunaminkinden ¢ok daha iyi idi. Bu biiyiik olasilik
diiz tezgahta taragin atkiya her vurusta ¢ozgi ipligi
diizglin araliklarla yerlestirmesi gergegine dayan-
maktadir. Buna kargin dairesel tezgahin hareketsiz
taragi, kumas en gizgisi ile hicbir zaman temasta
degildir ve gergekte dbiiriinde oldugu gibi ¢ozgiiyii
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yonlendirmek diginda diiz tezgah tarag: ile ortak
hicbir 6zellige sahip degildir. Dolayist ile dairesel
tezgahta ¢8zgii ipliklerinin taraktan gecirilmeleri
ayni zamanda gerilim diizgiinliiglinden de biiyiik
Olgiide etkilenen kumagtaki arahklan iizerinde cok
az etkiye sahiptir. Cozgii levendi ile kumas én
cizgisi arasindaki ¢6zgii ipliklerinin uzun yolu
nedeni ile ayn1 zamanda iki diiz leventten gelen
¢ozgii ipliklerinin dairesel dagitiminin ¢dzgiilerin
izledikleri ayr1 yollar arasinda biiyiik farkliliklar
yaratmas: nedeni ile yayh gerginlik diizenleyicileri
gerginlik farklarini dengelemek igin kullanilir.
Mekik tahrik sistemi ve tefe vurug diskleri de ¢dzgii
aralifin1 bozarlar.

Atk araligi agisindan, ¢bzgi gerilimindeki
farklar da kumag &n ¢izgisinin konumunu etkiledik-
lerinden etkili olmaktadirlar. Ayni dairesel kanal
icinde ddnen dort disk gerektiren tefe vurus metodu
da diizensiz atki araliklan1 olugsturmak egili-
mindedir. Cézgii aralifinda oldugu gibi atki ara-
hginin da dairesel tezgahta daha diizgiinsiiz oldugu

" saptanmugfir.

Genelde ¢bzgii ve atk: araligs diizgiinsiizliigiiniin
ince ipliklerle ve diigiik atki sikliklarinda arttig
gorilmiigtiir.

2.2. Atk Siklik Sinirimin Kriterleri
2,21, Kumas On Cizgisi Konumunun Olgiimii

Dokuma sirasinda, kumag 6n ¢izgisinin konumu-
nun belirli bir kumagi dokumadaki giigliigiin bir belir-
tisi oldugu ok iyi bilinir. Dokuma giiclestikce kumag
on cizgisi ile dokuma gemberi (dairesel tezgahta)
arasindaki ya da kumasg 6n gizgisi ile gogiis kdpriisii
(diiz tezgahta) arasindaki uzakhk o flgiide daha
biiyiiktiir. Kumas 6n ¢izgisinin konumundaki bu
degisim yalmzca agizhik genigligini azaltmakla
kalmayip, daha da &nemlisi, torbalamaya (vurug
sirasinda kumagin gevsemesine) ve dokumanin im-
kansizlagtigi, bir diger deyigle atki sikhifinda li-
mite erigildigi gittikge dengesizlesen dokuma
kogulllarina da yol acar. Boylece, kumag 6n cizgisi-
nin koruma atki sikhk simirina ulagilmadigm
gosteren dnemli bir kriterdir. Bu nedenle gesitli atki
sikliklarinda kumas 6n gizgisinin konumu her iki
tezgahta da 6l¢iilmiis ve sonuglar dairesel ve diiz tez-
gah icin swrasiyla gekil 1 ve 2'de gdsterilmiglerdir.
Bu diyagramlar atki sikhg artik¢a kumag 6n
¢izgisinin dokumacinin uzagma dogru ilerleyen ha-
reketini gosterirler.

Sekil 1, dairesel tezgahta kumag 6n gizgisinin
konumundaki toplam degigimin, kumag 6n gizgisinin
capindaki yaklagik 20 mm. lik, yani 340 mm. olan
dokuma g¢emberi gapimin % 6's1 kadar, bir artisa
kargilik gelen yaklagitk 10 mm'ye vardigini
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bound to have a significant effect on the weft crimp
and -to a lesser extent- on the weft insertion rate as
was pointed out earlier.

The changes in the fell position on the flat loom
were somewhat larger than those on the circular
loom.
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Fig. 1. Effect of pick density on cloth fell position (Circular
loom).

Sekil 1. Atki sikligimin kumas 6n ¢izgisi konumu
{izerindcki ctkisi (Dairesel tezgah).
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Fig. 2. Effect of pick density on cloth fell p051t10n (Flat
shuttle loom).

Sekil 2. Atki sikhfimin kumas o6n ¢izgisi konumu
tizerindeki etkisi (diiz mekikli tezgah).

2.2,2 The Beat-Up Mechanism On The Circular Loom

The change in the cloth fell position as the weft
density is increased is common to both types of loom
but the effect of this change on the weaving process is
different. The circular loom uses a kind of rotating
«omb for beating up the weft and it was observed
that, when the weft density reached a certain value
i.c. when the cloth, fell reached a certain position,
the fabric would tend to 'jump’ over the beat-up comb,
thus eliminating the latter's proper function. This
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phenomenon was studied by means of high-speed cine
photography and some stills from the films are
shown in figures 3a to 3d. Fig. 3a shows a normal
beat-up. Fig. 3b shows the build-up of the cloth fell
on the beat up comb. Fig. 3c shows the cloth fell after
it has jumped over the beat-up comb and Fig. 3d
shows the nature of the beat-up after the "jump" of
the cloth fell.

Fig. 3. The cloth fell of circular loom at high weft densities.

Sekil 3. Yiiksek atki sikliklarinda dairesel tezgahta kumag

_ On cizgisi.

2.3 The Observed Limits of Pick Density

On the basis of the above measurements and
observations, the limits of pick density were found
for both looms and these are shown in figures 4 and 5
in the forms of plots of maximum pick density (fig.4.)
and maximum weft cover factor (fig.5) against the
linear density (tex) of the weft. Fig.4. shows that, as
expected, the maximum pick density decreases as the
weft linear density increases. The results shown in
fig.5., however, could not be predicted. They indicate
that the maximum weft cover factor increases as the
weft linear density increases.

3. THE LENGTH OF THE WEAVE REPEAT IN
CIRCULAR LOOMS

This problem was the subject of a published
exchange of opinions in the years 1962/3 when
Townsend presented a paper to the annual conference
of the Textile Institute outlining the capabilities and
limitations of circular looms. Commenting on this
paper, Ineson pointed to the relationship between
the number of shuttles and the length of the weave
repeat in terms of the number of picks and stated

' (mistakenly) that number of shuttles must be equal to

or a multiple of the number of picks in the weave
repeat. Although the comment was incorrect, it had
the fortunate result of inducing Townsend and his
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gostermektedir. Bunun bir sonraki bliimde incelenen
vurus islemi iizerindeki etkisi disinda atki kivrim
tizerinde ve daha az Olgiide, daha 6nce de belirtil-
digi gibi, atki yerlegtirme hiz1 iizerinde de &nemli
otkileri olmas: kaginilmazdir.

Diiz tezgahta kumag 6n ¢izgisi konumundaki
degisimler bir bakima dairesel tezgahtakinden
daha biiyiik olmuglardar.

2.2.2. Dairesel Tezgahta Vurug Mekanizmasi

Atk sikhigr arttrkga kumag 6n gizgisinin konu-
mundaki degigiklik her iki tip tezgahta da ortak
bir oOzelliktir, fakat bu degisimin dokuma iglemi
iizerindeki etkisi farkhdir. Dairesel tezgah atkiyt
sikistirmak igin déner bir tip tarak kullanur ve atk
sikligh belirli bir degere ulaginca, bir diger deyimle
kumasg On cizgisi belirli bir konuma erigince, kumagin
vurug taragmn {istiine "sigradigr” ve bdylece onun uy-
gun fonksiyonunu ortadan kaldirdigy gbzlenmigtir. Bu
olay yiiksek hizh bir film ¢ekimi ile izlenmigtir ve
filmlerden bazi enstantaneler gekil 3a-3d'de goste-
rilmiglerdir. Sekil 3a normal bir vurusu gosterir.
Sekil 3b kumas 6n gizgisinin vurug taragma dogru
yigiligini gostermektedir. Sekil 3c kumag 6n cizgi-
sinin vurug taraginin iistiinden atladiktan sonraki du-
rumunu ve sekil 3d kumasg 6n ¢izgisinin sicrayigindan
sonra vurugun niteligini géstermektedir.

2.3, Atk Sikhigimin Gozlemlenen Sinirlar

Yukaridaki ¢oziimlere ve gbzlemlere gore her
iki tezgah icin de atki siklik simirlan1 bulunmusg ve
bunlar gckil 4 ve 5'de atkimin lineer yogunlugun
(tex) kargt maksimum atki sikhginin (gekil 4) ve
maksimum atki 6rtme faktoriiniin (sekil 5) degisim
grafikleri olarak gosterilmiglerdir. Sekil 4, beklen-
digi gibi, maksimum atki sikhfimin atki lineer
yogunlugu arttikga azaldigm gdstermektedir. Sekil
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Sekil 5. Atla lineer yogunlugunun maksimum atk: értme
faktori tizerindeki etkisi.

Fig. 5. Effect of weft linear density on maximum weft
cover factor.

5'teki gosterilen sonuglar ise tahmin edilemezdi.
Maksimum atki drtme faktdriiniin atk: lineer
yogunlugu arttkca arthgim gostermektedirler.

3. DAIRESEL TEZGAHLARDA ORGU
RAPORUNUN UZUNLUGU

Bu problem, Townsend 1962-63'te Tekstil Ens-
titlisti'niin y1llik konferansinda dairesel tezgahlarin
yeteneklerini ve sinirlamalarim 6zetleyen bir teblig
sundugunda yapilan yayimlanmig bir goriig
aligverisinin konusu idi. Bu teblig {izerinde goriis
bildiren Ineson, mekik sayisi ile bir 6rgii raporunun
atk1 sayis1 olarak uzunlugu arasindaki bagintiya
isaret etti ve mekik sayisinin 6rgii raporundaki atki
sayisina esit ya da onun kati olmas1 gerektigini
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m

Sekil 4. Atk lineer yogunlugnun maksimum atki sikhit
tizerindeki etkisi.

Fig. 4. Effect of weft linear density on maximum pick
density.
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Sekil 6. 2/1 Dimi dokuyan 4 mekikli dairesel tezgah (Tek
degisim cizgisi).

Fig. 6. Circular lJoom with 4 shuttles weaving 2/1 twill (One
chage line).
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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
(5,T,U,V) at a particular moment in time. The fabric
is a 2/1 twill, i.c. a weave which has a pick repeat
of 3. This means 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 be 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
number 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
shedding motion was divided into 24 sections) For
simplicity, however, the shedding motion in fig.6 is
only divided into four sections (J, K, L, M). With
regard to the weave repeat, the 2/1 twill has three
different sheds (i.e. shafts I + II, I + TIl and II + III
lifted) These different sheds required by the 2/1
twill are numbered 1 to 3 in fig.6. The spaces between
adjacent parallel spiral lines represent the passage
of the shuttles round the loom. The 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 shuttle stays in the
same shed for most of its journey but changes into a
different 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
shed in order to ensure continuity of the weave in the
weft direction?

Question a) can be answered quite unambiguously
when one considers the sheds in any one section of the
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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 (e.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: Shaftg I + II lifted
Shed No 2: Shafts II + III lifted
Shed No 3: Shafts I + III 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 depicts 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

Boliim Sinir1
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Fig. 7. Heald draft and shuttle path of "no-change"
boundary (2/1 twill)

Sekil 7. "Hicbir degisim” simirinda tahar ve mekik yolu
(2/1 Dimi)
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(yanhglikla) belirtti. Her ne kadar bu yorum yanhsg
idiyse de Townsend ve arkadaglarimi gerceis durumun
ne oldugunu daha biiyiik bir ayrintiyla ele almaya
yoneltmesi gibi gsansh bir sonug vermistir. Bulgular
Townsend tarafindan 6zetlenmistir ve bu analizin be-
lirgin noktalar kisa olarak fakat durumu ileri 8lgii-
de agikhia kavusturmas: amaglanan bazi eklenti-
lerle, burada aktarnlacaktir. Sekil 6 Townsend ta-
rafindan elde edilen bir diyagramin degigtirilmig bir
ornegidir ve konuyla ciddi olarak ilgilenen herhangi
bir okuyucuya orijinal tebli§i okumasi salik verilir.

Sekil 6 belirli bir zaman kesitinde dort mekikli
(5,T,U,V) bir tezgahi1 gostermektedir. Kumag 2/1
dimi, bir bagska deyisle 3 atkili raporu olan bir
drgiidiir. Bu Ineson tarafindan dngoriilen kogullarin
yerine gelmedigi anlammadir, giinkii mekik sayis1 ne
orgii rapor bliyiikligiine, ne de onun katina egittir.
Bununla birlikte Sekil 6 yardimiyla Townsend
kumagin yine de dokunabilecegini gdstermistir.
Yazarlardan biri diiz olsun dairesel olsun herhangi
bircok fazli tezgahin agizlik acma hareketinin, aym
anda atk: yerlestiren mekik sayisindan ¢ok daha
fazla sayida boliime ayrilmasi gerektigini ortaya
koymustur. (Ornegin F.L.C.B. tezgahinda mekik
sayist 4 idi ve agizlik agma hareketi 24 bdliime
béliinmiistii). Bununla beraber basitlik agisindan
sekil 6'daki agizhik agma hareketi yalmzca dort
boliime aynlmigtir (J.LK.L.M.) drgii raporu agisindan
2/1 dimi ii¢ farkli agizhifa sahiptir (bir diger
deyigle, I+II, I+III ve II+III gerceve kalkisi). 2/1
diminin gerektirdigi bu farkh agizhiklar Sekil 6'da
1'den 3'e numaralanmglardir. Komgu helezon gizgi-
ler arasindaki bosluklar mekiklerin tezgah etrafin-
daki gecislerini temsil eder. Ok mekiklerin hareket
yoniinii gosterir. Simdi her bir mekigin tezgah etra-
findaki hareketini izleyerek her mekigin seyahati-
nin bityiik bliimiinde aym agizlikta kaldig: fakat o
nedenle degisim cizgisi ad1 alan OA ¢izgisini ge-
gerken farkl bir agizlifa gectigi goriilecektir. Her-
hangi bir boliimde 6rgliniin siirekliligini saglamak
i¢in bu degisim gereklidir. Bununla birlikte atk: bir
agizhktan digerine gecerken Orgiiniin herhangi bir
atki ipligi boyunca siirekliliginin (aym dlgiide
gerekli olan) nasil korundugu sorusunu da ortaya
atmaktadir. Bu soru normal olarak 6rgiiniin herhangi
bir atkr iizerindeki siirekliliginin mekigin aym
apizlikta kalmasiyla korunacag: gercegi nedeniyle
ortaya ¢ikmaktadir. Bu soruya cevap vermek igin
6nce su noktalan agikhga gikarmak gereklidir:

a) "Ayn agizhk"tan ne kastedilmektedir?

b) Atk ydniinde orgiiniin siirekliligini saglamak
icin mekik her zaman ayni agizlikta m1 kalmahdir?
Yalnizca herhangi bir ¢6zgii bolfimiindeki agizhklar
cle ahndigindan bu soru oldukga agik bir bigimde
cevaplandirilabilir. Burada aym giicii gergeveleri
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kombinasyonu yukar: kaldmildiginda aym agizhk
olusgur.

Bununla birlikte bir mekigin ya da bir atk
ipliginin bir boliimiinden digerine gectigi durum
gozden gecrildiginden en azindan teorik olarak soru
a) bircok degisik bigimde cevaplanabilir; ¢linkii
simdi farkh giicii gergevesi gruplarina gegcilmistir.
Diger yandan pratikte bu giicii cercevelerini degismez
olarak tiim bdliimlerde aym gekilde numaralayarak
(drnegin cerceve No. I en digtaki gerceve clacak
bicimde) ve daha sonra da aym gerceve numaralari
kombinasyonu yukari kaldirildiginda bitisik
agizhiklar1 ayni bigimde isimlendirerek cevaplan-
maktadir. Ornegin burada ele alinan durumda iig
aglzllgm tanimlanmasi agagidaki gibi olacaktir:

" No: 1. agrzlik I+II dergeveler yukan
No: 2. agizlik I+II cerceveler yukar
No: 3. agrzlik I+II gerceveler yukan

Ug agizligs bdyle tanimladiktan sonra atki bir
boltimden digerine gecerken 6rgiiniin atk: yéniindeki
siirekliliginin yalmizca agizhk sirasina bagh
olmayip egit dl¢iide gercevelerin iki boliimiin birlesim
noktasindaki tahar diizenine de bagli oldugu
vurgulamak gerekir. Eger mekik aym agizlikta
kalirsa orgiiniin devamlihg tahara bagl olarak
bozulabilir ya da bozuimayabilir ve eger mekik
farkli bir agi1zhga gecerse de aymsi gegerlidir. Bu
sekil 7 ve 8'de agikhga kavugmaktadir. Sekil 7
mekiklerin farkhh bir agizhifa gegmedikleri bir
bolim smirindaki durumu sergilemektedir. Burada
bolitm smurida diiz tahara kesintisiz devam etmesi
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Sekil 8, Degisim cizgisinde tahar ve mekik yolu (2/1
dimi).
Fig. 8. Heald draft and shuttle path at change line (2/1
twilD).
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I ' weave continuity. If the continuity of the draft were
|  interrupted here, the weave would also be disrupted.
‘FlgS 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 boundary. At a boundary which is not a
| change line, (fig.7), the sequence of shuttle passages
. will be as follows:

| Shuttlepasses STUVSTUVSTUYV

| From Shed 123123123123
| To Shed 123123123123
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
ame 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
| jsimilar 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.

I 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

!‘same for all shuttles.. At first sight, this state of
| affairs secmed to be out of keeping with the essential
| symmetry of the whole system and its rotation. On
g 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
I thev are in.

these boundaries and that the change line was the .
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In chosing his particular starting position,
Townsend clearly attempted to have things as
"normal” as they could be under the circumstances. As
Fig.6 shows, he placed shuttle S in 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 sequence1,2,3,1,1,2,3
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 in 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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rgiliniin strekliligini giivenceye almaktadir. Eger
taharin siirekliligi burada kesintiye ugramig
olsaydi, orgii de bozulacakti. Sekil 8 bir degigim
cizgisi olan bir boliim siinnda tahar diizenlemesini
gostermektedir. Burada diiz taharin kesintiye
ugramasiyla birlikte olan bir agizhk degigimi
orgiiniin devamhiligina yol acar. Gergekten eger bura-
da mekikler aym agizlik iginde kalmug olsalards,
drgiiniin sirekliligi kesilecekti.

Sekil 7 ve 8in alt boliimleri kumag kesitleri
olarak yorumlanabilir; fakat bunlarin bir bolim
sinir1 yakinindaki mekik yoriingesini de gosterir
olduklar: sdylenebilir. Bir degigik ¢izgisi olmayan
(Sekil 7) bir sinirda, mekik geqxslermm sirast goyle
olacakt1:

Mekik Gegisleri S TU VS TUVSTUV
123123123123
123123123123

Agizhiktan
Agrizliga

Bu tablo 1s1ginda, verilen ii¢ kesitin aym
mekigin ayn1 simir boyunca birbirini izleyen iig
gecisini gosterdigi diigiiniilebilir. Bu gegiglerin siras1
tiim mekikler i¢in aymdir, ancak baglangicta
farkhidir. Dolayisiyla S mekiginin 1. agizhktan 1.
agizhga gectigi ayni anda belirli bir sinira bakan bir
gozlemci, T mekiginin ilk goriintiisiind 2. agizliktan 2.
agizliga gecerken vb. olacaktir.

Sekil 8 i¢in yukaridaki tipte bir tablo aym
zamanda bir degisim gizgisi olan bir sinirda her
mekigin bir sonraki daha biiylik bir agizlik
numarasina ge¢mesi diginda gok benzer bir gériiniimde
olacaktir.

Pratik dokumacilarin ¢ogu Sekil 7'de gosterilen
tahar planin1 normal bir durum olarak
kargilayacaklardir ve Sekil 8'e doniigiimii "bazi
gOzgiileri atlama" biciminde agiklayacaklardir.
Townsend islemi bu terimlerle agiklamug ve
¢ozgiilerin degisim ¢izgisinde uygun bigimde
atlanmasiyla, bunun belirli bir agamada mekigin
agizlik degistirmesini gerektirmesine ragmen, 2/1
diminin dairesel bir. tezgahta d&ért mekikle
miikemmel bir bicimde nasil dokunabilecegini
gostermigtir.

Analizinin bir bakima beklenmeyen bir sonuca,
her ne kadar dort bdlilm simin var ise de, her bir
mekigin- bu . sinirlarin yalmzca birinde aglzhk
degistirdigi ve deg1§1m cizgisinin' tiim mekikler-igin
ayn1 oldugu gercegi idi. Ik bakigta bu durum tiim
sistemin temel olan simetrisi ve doéniisi ile

yakin bir incelemede degisim gizgilerinin say1 ve
konumlarinin, bulundukian agizlik ve bélim
bakimindan dért mekigin baslangi¢ konumlarinin

TEKSTIL VE MAKINA YIL: 3 SAYI: 13 SUBAT 1989

e

olanak Blciisiinde "normal”
- Sekil 6'da gﬁrﬁldﬁgﬁ gibi S mekigini 1. agizhiga, T

uyumsuzluk icinde gibi gdriindii. Mamafih, daha
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istege bagh olarak secimiyle secilebilecegi goriildr.
Townsend kendi 6zel baglangi¢ konumunu

segerken acik olarak var olan kuglarda her geyin

olmasima caligmigtir.

mekigini 2. agizhga ve U mekigini 3. agizhiga
yerle§t1rd1 Dort mekigi icine almak iizere yalnizca
mevcut ii¢ agizhga sahip olarak V mekigini de 1.
agizhga koymaya karar verdi. Eger mekik tezgah
etrafinda gezerken dért mekigin ii¢ agizhga bu
sekilde dagitimu degismez ise, dért bélimiin her
birinde 1,2,3,1,1,2,3, v.s. mekik siras1 olusacak ve bu
1,2,3,1,2,3, v.s. bigiminde bir mekik siras1 gerektiren
2/1 diminin ¢bzgi yoniindeki siirekliligini bozacakt:.
Bundan mekiklerin agizlik sirasimin yanhg oldugu
bir boliim simirinda diger bir deyigle 1. agizliktaki
bir mekigi 2. agizliktaki bir mekik yerine 1.
agizliktaki bir bagka mekigin izledigi bir durumda,
1. agizliktaki ikinci mekigin (bu durumda S
mekiginin) OA bdliim sirur ¢izgisini gegerken 2.
agizhga gegmesi gerektigi sonucu ¢ikar. Bu degigimin
ve mekiklerin hareketlerinin sonucu olarak, S
mekigi simdi, T mekigi ] b6liimiinde ve o da (agizlik
degistirmeksizin) 2. agizhkta iken, K bdliimiinde ve
2. agizhktadir ve boéylece agizlik degistirmesi
gereken (3. agizhga) simdi T mekigi olacaktir.
Fakat degistirme daha &nce oldugu gibi yine aym
boliim sinirinda olacaktir. Aym durumun her iig
mekik icinde gegerli gbsterilebilir ve bu sunu aciklar:

Once ilk mekigin ve agizhk dagitimu segiminin
degisim cgizgisinin konumunu nasil belirledigini ve
ikinci olarak mekiklerin ve agizlifin dénmesine
kargin degisim ¢izgisinin nigin sabit kaldigini.

Yukaridaki savin tiimii esas olarak Townsend ve
arkadaslarina aittir. Bununla birlikte, yaptiklan
baglangi¢ kogullar: se¢iminin istege bagh olduguna
ve bircok bagka secenek bulunduguna igaret
etmemiglerdir. Bu segeneklerden biri dort mekigin de
aym agizlikta (6rnegin 1. agizlik) oldugu durumla
baglamaktir. $ekil 9'da sergilenen bu durumda
birbirleri ardindan gelen mekiklerin agizlik sirast
her bdltim simirinda yanhs olacak ve dolayisiyla
tim dort simirinda degisimi cizgileri olmasi
gerekecektir. Bu diizenlemenin belirli bir cizgici yam
vardir; ¢linkii sistemin temel simetrisini korur. Aym
agizhik simnirlan1 arasinda yapilan keyfi hicbir
ayrnim olmamaktadir ve tiim mekikler hep aym
agizlikta olacaklardir.

Dort mekikli dairesel her tezgahm atkill bir
orgii raporunu iiretebilecegini gosterdikten sonra ig
aym tezgahta ddrtten daha biiyiik bir 6rgii raporunun
elde edilmesinin olas1 olup olmadigin incelemeye
kalmaktadir. Bu problem, &rnegi 5 gercevesi agagida
gosterildigi gibi 5 farkh agizhik olusturan bir 5l
atk: sateni ele alinarak incelenebilir:
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Fig. 9. Circular loom with 4 shuttles weaving 2/1 twill (Four
change lines).

Sekil 9. 2/1 Dimi dokuyan 4 mekikli dairesel tezgah (Dort
degisim cizgisi).

Shed 1 : Shaft I lifted
Shed 2 : Shaft III lifted
Shed 3 : Shaft V lifted
Shed 4 : Shaft II lifted
Shed 5 : Shaft IV 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.
i Also, it must be remembered that the shedding

| | motion must be capable of catering for whatever
1 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
| 1 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 (i.e. the next pick on
‘ a point paper design). The number of ends to be cast

| | out is equal to the number of ends one has to move

forward on the point paper in order to arrive at the

" a0

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.

b) 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. In 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. "Hicbir degisim” simrinda tahar ve mekik yolu
(5'i saten).

Fig. 10. Heald draft and shuttle path of "no-change"
boundary (5-end satin).

Aghzlik 1: Cergeve I yukari
Agizlik 2: Cergeve III yukar:
Agrzhk 3: Cerceve V yukari
Agzhk 4: Cerceve Il yukari
Agnzlik 5: Cergeve IV yukari

Sekil 10 ve 11 sirasiyla hicbir degigim olmayan
bir simirdaki ve bir degisim gizgisindeki kogullar:
gostermektedir.

Bu her iki orgiiyli de dikkate aldiktan sonra
mekik sayisinin elde edilebilen §rgii rapor
biiyiikliigliniin ne iist ne de alt simrim gosterdigi
sonucunu varilabilir. Mamafih, bu genig esneklik
yalmzca diizenli drgiiler bir diger deyigle tiim ¢6zgii
ipliklerinin aym bigimde kesisme yaptig1 ve her bir
kesismenin birbirlerine gére diizenli bir adimla
kaydinldigy orgiiler icin gecerlidir. Aym zamanda
agizhik agma mekanizmasinin hangi érgii secilirse
secilsin buna uygun davranacak yetenekte olmas
gerektigi de hatirda tutulmalidir. Orgiiniin diizenli
ve agizhk agma mekanizmasmin o 6rgiiyii saglaya-
cak yetenekte olmas: koguluyla cevaplanmasi gerek-
en sorular atlanmasi gereken ¢Ozgii telleri sayist ile
bu atlamanin toplam ¢ozgii tel sayisini nasil etkile-
yecegi ile ilgilidirler.

a) Atlanacak ¢dzgii tel saysi

Bu orgiiye baghdir ve bir degisim cizgisinde
mekigin her zaman bir sonraki agizhga (bir bagka
deyigle kareli desen kagidinda bir sonraki atki)
girdigi hatirda tutularak bulunur. Atlanacak ¢ozgi
tel sayis1 kareli desen kédgidi iizerinde aymi deseni
elde etmek igin Orgliyii ikinci atkidan baglatirken
ileri gidilmesi gereken ¢bzgii tel sayisina egittir.
Yukarida sdzii edilen 5'li saten igin bu say1 2'dir ve
dolayisiyla 2 ¢ozgil teli atlanmalidir. 2/1 dimi
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durumunda bu say1 1'dir. Dolayisiyla bir ¢ozgii teli
atlanmalidir.

b) Toplam ¢bzgii tel sayist

Eger yalnizca bir degisim ¢izgisi varsa bu
gizgide iki ¢dzgliniin atlanmas: toplam ¢ozgi tel
sayisinda nemli bir etki yapmayacak ve belki de
ihmal edilebilecektir. Buna kargin eger dort degisim

gizgisinin bulunmasina karar verilmigse, atlanacak

toplam ¢dzgii tel sayisi sekiz olacaktir ve eger ¢ozgii
iplii cok kalin ve dolayisiyla toplam ¢ozgii tel
sayis1 kiigiik ise bu dnemli bir rakam olabilir. Boyle
bir durum "atlama" teriminin orgii rapor
bityiikltigiiniin bir iist kah ile bir bagka deyigle
yukaridaki durumda 5'in bir iist kat1 ile ilintili
oldugunu hatirlamak yararli olacaktir. Bu 2 ¢dzgii

telinin atlanmasinin 3 ¢ozgii telinin eklenmesiyle de
saglanabilecegi anlamina gelir. Her iki segenek de
her degisim cizgisinde gegerlidir ve bu toplam ¢6zgii
tel sayisindaki net farkin minimuma indirilmesine
olanak saglar. Ornegin eger bir 5'i saten yaklagik
400 cdzgii teli ve dirt degisim cizgisi ile dokunmak
istenirse, iki degisim cizgisinde 3 tel eklenir ve diger
ikisinde 2 tel atlanir ya da bir degigim cizgisinde 3
tel eklenir ve difer iigiinde iki tel atlanir. Ilk gikta
toplam ¢bzgii tel sayis1 402, ikincisinde 397'dir. Her
iki rakamda 400 hedefine biiyiik olasilikla kabul
edilebilir dlglide yakindir.

4. DAIRESEL TEZGAHLARDA DUZ
KUMASLARIN DOKUNMASI

Siiphesiz her zaman bir hertum kumag
uzunlamasina kesmek ve boylece diiz bir kumaga
doniistiirmek miimkiindiir. Bu yéntemle olugturulan
kenarin baglanmasi ya da kapatilmasi herhangi bir
sorun yaratmayacaktir. Cozgii ve atki arasindaki
acinin 90 dereceden biraz kiiciik oldugu cok fazh diiz
tezgahlarda rastlanilan durumdan farkh olmayan
déniikliik de sorun yaratmaz. Daha temel bir sorun
¢ok fazh diiz tezgahlarda ciddi hicbir problem
yaratmayan, fakat imkansiz olmasa da dairesel
tezgahlarda gii¢ olan atki beslemenin otomasyonu ile
ilgilidir. Bununla birlikte bu gii¢liigiin buginkii
durumda dairesel tezgahlarin degismez bicimde
mekiklerin higbir zaman agizlifn terketmedigi ve
dolayisiyla tezgah cahgir durumda iken erigilemez
durumda kaldiklar1 hortum kumas dokumada
kullamildigi gerceginden kaynaklandigr da hatirda
tutulmahidir. bu tiir tezgahlarda atki besleme
yalmizca yari-otomatiktir (F.L.C.B. tezgahinda
oldugu gibi). Bir atki masurasi hemen hemen
bogaldiginda bir fotoelektrik yoklayic1 tezgahi
durmasim1 giivenceye alir ve yeni bir atki
masurasinin elle yerlegtirilmesi igin mekigi gegici
olarak erigilebilir hale getirmek igin kapali
agzlik saglanir. Bu son iglem belki otomatik olarak
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Fig. 11. Heald draft and shuttle path at change line (5-end
satin).

Sekil 11. Degisim cizgisinde tahar ve mekik yolu (5'li
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

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. CONCLUSIONS

The work reported here has drawn attention to
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 and 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 yapilabilirdi, fakat ¢ok karmagsik bir
mekanizmay1 gerektirecek ve yine de tezgahin
durdurulmasini igerecekti, =zira agizligin
kapatilmas: gerekmektedir. Bu nedenden dolays,
dairesel tezgah tasanmcilan gu ana kadar tam
otomatik bir atki yenileme saglamaktan
kaginmuslardir. Ancak eger dairesel tezgahlar diiz
kumaslanin dokunmasinda kullanilmis olsalards,
durum farkh olacakti. Bu tiir dokuma igin ¢bzgiiniin
tam bir cemberi cevrelemesi gart degildir ve
dolaysiyla iki kenar arasinda ¢bzgiide bir bogluk
olugturulabilir. Mekik bu bogluktan gecerken mekik
tezgahin durdurulmasi icin herhangi bir zorunluk
olmaksizin atki yenileme igin gegici olarak
erigilebilir hale gelmektedir. bu olanak gercekte
otuz yildan daha fazla bir zaman dnce "Slot”
tezgah1 adi altinda incelenmig ve $Sekil 12'de
gosterilen fotografin sahibi Turton tarafindan rapor
edilmistir. Bu tezgahin esas oarak bir ¢ember

etrafinda yerlegtirilen ortak bir mekik ya da bir
atki atimlik atki ipligini ¢dzgii aralifi icinden
gegerken geken bir atki tagiyic, tarafindan beslenen
yedi klasik tezgahtan olugsan ¢ok kaba bir prototip
oldugu goriilecektir. Benzer bir temel prensibe gore,
fakat ¢ok daha gelismig bir bicimde calisan bir
prototip makina da ITMA 1975'te Milano'da Mayer
ve Cie Alman firmas: tarafindan sergilenmig ve
mucidinin adina c¢ikanlmig bir patent altinda
aciklanmusti. Bu ikinci makinamin gelisimi iizerinde
teknik yayinlarda hicbir raaporun yer almadigt
gorilmektedir, fakat agik olarak bugiinkii teknoloji
ve ¢ok fazli ve dairesel tezgahlarda mekik hareketi

TEKSTIL VE MAKINA YIL: 3 SAYI: 13 SUBAT 1989

aglzllk agma ve vuruga iligkin mevcut deneyimle
bugiin bu tiir bir makinanin gelisimi mutlak olast
goriinmektedir.

5. SONUCLAR

Burada aciklanan calisma o6zellikle klasik tek
fazli tezgahlarda kullamlan metoddan prensipten
farkli olan vurus metodu dikkate alindiginda
dairesel ve diiz ¢ok fazli tezgahlar arasindaki temel
benzerlige dikkati ¢ekmigtir. Bu fark muhtemelen
aym ¢dzgii ve atk ile diiz tek fazh tezgahta dairesel
tezgahta olandan 6nemli dlciide daha yiiksek atki
sikhiklarinin saglanmasi gergegini agiklar.
Maksimum atki sikligina ulagithp ulagilmadigin
belirlemek igin kullanilan kriterler diger bir
deyimle tek fazh tezgahta agiri "torbalama" ve
dairesel ¢ok fazli tezgahta vurug sirasindaki
"sicrama” bu amag agisindan uygun gdriinmdigtiir.

Farkli numara atki ipliklerinden dokunmug
kumasglarda atki sikliklarim kargilaghrmanin
pratikte tek yolu olan, atki drtme faktsrii agisindan
dokunabilen maksimum degerin atkinin lineer
yogunlugu (tek degeri) arttikca arttign bulunmugtur.

Orgii agisindan daha dnceki aragtirmacilarin
yazarlar tarafindan giiclendirilen teorik goriigleri
dairesel tezgahlarin yeteneklerinin yaygin olarak
bilinenden ya da pratikte kullanilandan &nemli
Ol¢iide daha fazla olduguna isaret etmektedir. Eger
diiz kumaglarin dairesel tezgahlarda dokunmasi
fikri tekrar ciddi olarak ele alinacak olursa bu
6nemli olabilir. Bu fikir ayrica dairesel
tezgahlarda tam otomatik atki yenileme saglama
olanagina da yol agacakhr.

Bu yaz1 dairesel ve ¢ok fazli dokumanin sinirh
yonlerini ele almaktadir. Bununla birlikte burada
anlatilan calisma dokumadaki geligmelerin
geleceginin tartigildigs bu dénemde bu alanda daha
cok arastirmanin verimli olabilecegini gdstermigtir.
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