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SMALL-SCALE MANUFACTURE O F TEZXTIL

A review of the techniques by which low-grade cotton

textiles may be economically manufactured within small
rural comunities.

General

Textile manufacture embraces three main sub-processes - yarn
manufacture, weaving or knitting and finishing. Technologicaily
these processes have little in common and there is little, if
any, advantage to be gained by combining them on one site.

Where modern high-technology equipment is used the three sub-
processes are of roughly equal importance in terms of resources
required, particularly man-power. Where small-scale manufacture
is practised the situation is very different in that spinaing is
by far the rost prodigal in the use oi labour and most other
resources. Using the simplest and least capital intensive methods
of spinning and weaving roughly 20 spinners are needed to keep

one weaver supplied with yarn when weaving typical apparel fabrics.
Intermediate technologies can be used to reduce the ratio of
spinners to weavers to about 4:1 but these necessarily require
relatively high capital investment. High techn>lgy equipment,
completely unsuited to small-scale working, achieves rough parity
between spinners and weavers and, of course, greatly reduces che
amount of labour needed to produce a given amoint of cloth. In the
high technology mills of today the amount of labour required to
produce a given amount of cloth is from 1 to 10 thousaind times
less tkan that needed when using the simplest small-scale methods.
Using intermediate technology can reduce the ratio to about 100
times but only at prohibitive capital cost.

Paradoxically the capital cost of high technology spinning plants
is often lower than the cost intermediate technology machinery
of equal productive capacity. However, this situation cen be
greatly ameliorated in situations wkere the textile workers are
prepared to accept the cruder and simpler forms of intermediate
technologies and where the equipment needed can “e made locally
by indigenous craftsmen.

Yarn Manufacture

SPINNINC

The term 'spinning’ is often applied to the whole process of
yarn marufacture but in this paper it will be used as meaning
only the final operation in yarn manufacturs. The various
pre-spinning processes to which cotton may be subjected include
ginning. opening, cleaning, carding, combing, drawing and
penultimate attenuation. The need for any or all of these
processes is highly dependent on the system of spinning used
and to a 3lightly less extent on the type of cotton.




1) The spindle-and-whorl

without mechanical aiéds the making of all spun yarns is slow and
tedious because of the amount of twist which is needed to bind
the fibres together ani, of all the matsrials which are commonly
soun, cotton is the one reguiring most twist. Cottons vary a
little in regard to the amount of twist needed, those with short,
coarse fibres requiring more than those with long fine fibres.

The earliest spinners probably aade yarn in short lengths, twisting
the yarn directly between fingers and thumb but it was not long
before the technisuc of spinning by means of the simple spindle

and whorl Jdeveloped and used. The equinment needed is nothing

nore than a simple spindle of wood or bone to the lower end of
which is attached a small clay, stone or hardwood disc to act as

a flywheel to facilitate rapid rotation of the spindle. The
process is necesssarily a discontinuous one. During actual spinning
the spindle is suspended from the yarn and kept rotating as the
spinner draws out the fibres which are continuously beirg added

to extend the yarn. When the length of yarn free between the tip
of the spindle and the spinners vpper hand has become as loag as
the spinner can conveniently handle, usually about one metre,

he stops spinning and winds the length of yarn just spun on to

the lower part of the spindle before returning to the basic task

of drawing out more fibres and twisting them to form yarnm.

Factors which made the spindle-and-whorl the universal spinning
device until relatively recent times are:

i) It is cheap and simple to make. I% is a crude but
effec:ive device capable of giving many years service
which can be made quite quickly with only the simplest
of tools.

ii) It is readily portable and with it yarn can be spun
whilst standing, walking about tending sheep or
riding on horseback.

2) The great (or 'Cottage') wheel

The great wheel uses virtually the same system of spinning as
does the spindle-and-whorl. In its most common form it consists
of a large, manually rotated wheel arranged to drive, by means of
a cord, a single spindle carried in fixed bearings. The spinner
works standing and, with the wheel and spindle rotating briskly.
draws out fibres to extend the length of the spinning yarn,
meanwhile moving away from the spindle until there is a length
of about two metres of yarn free between the srindle tip and

the fingers of his drawing hand. Twisting is continued until
the yarn is judged to be sufficiently twisted and them, with the
other hand, he stops the wheel, turns it backwards a little to
unwind the few coils of yarn on the spindle blade, and proceeds
to wind the yarn just spun on to the lower part of the spindile
before beginning the cycle again.

Althouzh much more vroductive, the great wheel has not tr any
means entirely displaced the simple spindle-and-whorl. Reasons




for this situation are:

i) It is, relatively, a very expensive piece of eguipment
to make.
ii) It is not readily portable

iii) It canzot be used when walking or teading livestock.
3) The Brunswick (or Saxony) wheel

The 3runswick wheel is a widely used embodiment of a principle

of spinning by means of which twisting and winding up the yarn

can vroceed zogether. The essence of this system is the same as
that used in roving frames, spindle-and-flyer frames and ring
frames. The bobbin of spun yarn and a yarn guiding device are
both rotated continuously in the same direction about a common
axis with a speed differential such that yarn is wound on to

the bobbin at the same time as the yarn forming between the
spinners hand and the yarn guide is being twisted. The arrangement
by which this is done is shown in Fig 3.

Being a more complex device it is even more expersive to make
than is the great wheel and, like the latter, it is not readily
portable. Because it is a continuous process it is simpler to
operate and time does not have to be spent stopring the spindle
in order to wind up the successive lengths of yara spun. Against
this advantage must be set the fact that power reguired to drive
the srindle of a Brunswick wheel at a given speed is very much
higher than that required to drive the spindle of a discontinuous
spinrer. This is not a matter »>f details of design and construction,
it is a fundamental weakness of all such systems of combined
winding and twisting systeas.

3ecause of this the 3runswick wheel is widely used for the spinning
of flax, hemp, jute and woollen yarns. It is not suitable for

the spinning of fine yarns from long-staple cottons but is worthy
of consideration for the spinning of cotton yarns coarser than
about 12s Znglish cotton count.

4) The jenny

The spinning jenny was the first device which successfully enabled
one spinner to spin many ends (threads of yarn) simultaneously.
Essentially it is little more than a multiple form of 2) akove, the
great wheel. The fundamental principle is that of taking a number .
of short lengths of roving (lightly twisted lengths of fibres

many times thicker than the yarn to be spun) and drawing them

out steadily whilst continuing to introduce twist into the forming
yarns by rotation of a number of spindles driven by a common wheel.
Several, or even many, spindles may be criven by cords from a
single , manually rotated wheel ard to enable the spianer to draw
out a plurality of rovings a wo.den clasp (known as a clove) is
provided. Th: clove is mounted on guides such that as, with the
spindles turning, it is drawn back to attenuate the roving it will
remain parallel to the row of spindles. When drawing out is
completed the spinner continues to turn the wheel, and hence the
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spindles, until the yarns are sufficiently twisted. He then

turns the wheel backwards a little to unwind the few coils of

yarn which lie on the bare spindle blades. He next pushes the
ciove towards its initial position close to the spindles whilst

at the same time turning tre wheel slowl; in the forward direction
so as tc wind the yarn just spun on to the lower varts of the
spindles. He now releases the grip of the clove on the rovings
and draws back the clove to free a short length of roving %o

each spindle. The clove is then tightened to grip the rovings

and the whole cycle is then repeated. The operating cycle is
illuastrated in Fig 4 and the arrangement of the working elements
is shown in g 5. Not 211 jennies operate horizontally. vertical
arrangement:. are used where floor space is limited but, whether
horizontal or . 'rticle the jenny is a device easily built by village
craftsmen.

Together with simple equipment for the preparation of rovings

the jenny, in its crudest form, will enable a spinner to increase
his output of yarn ten-fold without incurring any greater capital
investment than that which would be needed to provide the ten
Zzreat wheels which would be required to produce the same amount
of yarn. It is perfectly practicable to build jennies with
greater numbers of spindles but for purely manual operation the
maximum number of spindles which one spinner can manage is about
twenty. This number can usefully be greatly increased if power
can be used to =~ive the spindles during the drawing and twisting
part of the operating cycle. Where power is available it is a
sinple matter to arrange that it is automatically harnessed to
drive the spindles at the appropriate times leaving the spinner
to operate the jenny during the remainder of the cycle manually.
With this sort of arrangement a male spinner assisted by a young
person can operate a jenny of up to 200 spindles.

5) The water frame

The waterframe was so called because it was designed to be driven
continuously by means of a water wheel. It combines the continuous

spinning device of spindle-and-fiyer as used in the Brunswick

wheel with the concept of metering roving, similar to the roving

used in jenny spinning, to each of a number of spindle-and-flyer

units by means of pairs of rollers. A water frame is shown

schematically in Fig 6. In this particular form the roving passes
successively -hrough four pairs of drafting rollers to give primary
attenuation prior to the roving entering the secondary

attenuation zone. The relative speeds of spindles, flyers and

drafting rollers are so arranged that the fibres of the formiag

yarans are further drawn out in roughly the same way as is dcne

by the hand of the spinner in greatwheel spinning and in jenny ’
spinning. The object of secondary attenuation is to draw out

preferentially any unduly thick places and thereby improve the .
regularity of the yarn. Th~ degree to which this can be done is
significantly lower than iz achieved with the discontinuous systems

and as a compensation for this weakness it is necessary to provide

roving of greater uniformity than is needed for jenny =pinning.




Like the 3runswicik wheel in relation to th2 great wheel, the

water frame is at a considerable disadvantage in relation t¢ the
jenny in that much =ore effort is reguired to drive it. For this
reason it is seldoam used in manually driven form with more than
four spindles and is only viable for the spinning of coarse low-
twist yarns. It has, kowever, the very great advantage that. -then
vower driven, it will s@»in cortinuously and consistently for lonsg
teriods without any direct huzan involvement. t is itself the
spinner; tke major attention which the machine rejuires is occasional
renewal of the suprly of rovings and the more freguent removal of
completed bodbins of yarn. Beyond this , all that is needed is
routine cleaning and lubrication. '

6) The hand nmule

The hand mule, or 'mule jenny', is essentially a jenny which uses
drafting rollers to control, and at the same time attenuate, the
roving supplied to the drawing and twisting zone. This feature
enables the machine to »roduce finer and more uniform yarn than
is possible with any other simple machine. It is similar in
nethod of operation to the basic jenny but simpler in that the
arrangement by which the drafting rcllers are driven ensures
precise feeding of rovings to each draw - a feature which improves
yarn uniformity and réduces dependence on the skill and judgement
of the spinner.

Lixe the siz=gple jenny, the mule jenny can have a great many spindles
but the mazximum number recommended for purely manual operation is
about twenty. Again as with the jenny, this number may be increased
to about 2C0 by aprlyirg rower to drive the spindles during the
drawing and twisting par* of tae c¢ycle. The quality of roving
needed for satisfactory ozeration is the same as that needed for
oriinary jeany spinninzg. The greater uniformity of roving shich

the water frame demands is not necessary

7) Frame spinning

Three methods of frame spinning are all refinements of the systenm

of continuous spinning embodied in the Brunswick and in the water
frame. That is , simultaneous winding-on and twisting of the

yarn is achieved by arranging that the yarn bobbin rotate co-axially
within a rotating yarn guiding device. The refinements are all
concerned with simplification of the construction and increasing

the speed of rotation. The throstle uses a very lightly constructed
flyer similar in other ways to the flyers used on modern speed
frcmes- In the cap spinner (sometimes referred to as the Danforth
throstle) the yarn is guiisd by the lower edge of a co-axial ca:t

as shown in Tig 7. The ring frame uses a very small wire 'traveller’,
constrained o move round a circular track (the 'ring') co-axial
w#ith the spindle to act as yarn guide. This very widely used system
is shown in Fig 8. All three devices are used in conjunction

witi: drafting rollers which meter fully attenuated roring to them

at the required constant speed. is there is little, ir any,
secondary attenuation during twisting, a high standard of roving
uniformity is necessary.
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The ring frame ics the most difficult to manufacture because of
the vrecision withk which a number of small components, such as
the rings themselves, must be made and heat treated. Total
manufacture by leccal village craftsmen cannot be recommended

but if the Zfew critical conmponents can be provided by specialist
enzin eers it is guite possible to build the machines lacally
and iz small batches. In general the higher cost of ring {rames
is more than offset by the higher speeds at which they will
orerate excevot where very full soft yarns are to be spun.

Like *he water frame, all three of these devices when coupled

to 2 source of rotary power will spin continuously for long
veriods without attention. Labour is required only for the
replenishment of the roving suprly, removal of completed bobbins
of yarn and general supervision. At thc lowest level of working
human rotary power may ve used. This is common in India, a
country with a large and long established industry based on
cottage spinning. The coming of large-scale, power-driven =mills
had a disastrous effect on rural economy. To counter this a
sreat deal effort has been directed to the development of
small-scale srinning machines suitable for cottage use in rural
areas. Much of this effort has been concerned with the design
of small, manually <riven ring frames and throstles. The
smallest machine, known as the imbar charka, is a very
small ring frame very lightly constructed, mostly from wood.

It is readily vortable, has four very small spindles which can
be driven, by hand, at 8000 revolutions per minute without

undue fatigue. This is an enormous advance on single spindle
spinning and, forty years ago at the time of its inception it
was truly viable 3ince then continuing industrialisation of
the country has progressively reduced the viability of the Ambra
charka and led to a demand for manually driven charkas capable
of higher and higher rroductivity. The result was the lew Model

charika which has six not-so-small spindles. It is more substantially

built, iz heavier to drive and it is not so readily portable. It
does nowever enadble cottage spinning to continue as a rural
induscry in India.




rrezsure ¢ Iurther increase ciharka profuctivity grew, and the
#ay o d¢ this seemed Ig z2 :2 inerease the number of spindles

3 the llew Y¥ogel c¢zzrka. It was, howevar, appreciated that a law
of <iminishing retuirns =ust %e 2pplied o any increase in thae
number of =zyindlaes. Ths four-3tindle gimbar charia could be iriven
at 3CCO revolusicns cer =izmuiz giving a2 total twisting rate of

2 thousani Zurns ¢ Iwist Ter =inute. The same amount oi Touwer
apzlied to z six-spindle I charka sives a spindle speed of only
42500 revolutions vaer =inute znd, hence, 2 total twisting rate of
only 39 thouszangd turas cf twist per minute. “hen full account

is taken of *he nizher cost rer machine as the number of srindles

is increases it becsmes clezr that to increase the number of
spindles of 2 hand-érivsn, small-scale ring frame beyond six

would not %e worthwaile. aiccordingly development has more recentl:
been directed to the design of pedal or treadle driven ring Irarces
with some success.

For either pedal or irezdle driven operation much more substanti=l
methods of construction are neecded but, except for a few small
specialist coaponents, such charkas can be ..ade in simple rural
workshops. Many are now in use, mostly with eight or twelve
spindles and with the more successful of these, a healthy adult
can maintazin a total t{wisting rate of about 80 thousand turns of
twist per =inute. This is, of course, an enormous advance on
single spindle spinning but it is a strenuous task which, in

-

teras of job satisfzciion is 1lttle better than driving a treadmill.

dhere power i3 available these relatively cheaply built ring frzmes
frames-are sometires ganged together and driven by a small electric
motor. Cozmonly =2 zominal %3? motor drives four frames, each
of 12 spindies, at 10,000 revolutions rer minute so giving a.
total twisting rate of 480 thousand turns of twist per minute.

Quite separataly from this charka development considerable
progress i1zs teen made in the design of simple, low cost spinzing
machines to %2 power driven in small rural mills. These mills
are very much cheater to build than are high technology mills
and have the great adventage that satisfactory operation and
nmaintenance is within the capability of relatively primitive
rural labour. The output per worker is very much lower than in
high-tech mills and the quality of the yarn produced is markedly
lower. However, such mills are certainly viable in rural areas
and the lower quality of the yarn is no real disadvantage in the
end uses to which it is likely to be zvut.

There is experience in India of the operation of small-scale
(400 to 500 ringspindle) mills using locally made machinery.
They have been found carable of producing coarse to medium

(10s to 2Cs) count yarns , of adequate quality for small-scale
weaving, at costs alittle lower than those of new or existing
full-scale (25, to 35,0CO spindle) mills. As these costings
include fixed and working capital costs as all direct operating
cost, such mills are regarded as a sound economic proposition
and have attracted private capital for their establishment
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né spinning is 2 develoopment of the last 25 years, it
ethod of spinning which germits direct winding of the
un ryzrn onto very large packages. The most common fora of
en-end spinner is shown schematically imn Fig 9. Card sliver
sses Into the spinning urit throuzh a miniature dish-feed ard
i5 ogened by 2 licker-in type cylinder, about 23" in diameter,
ruanaing at 6 €00 to 8,000 revolaulons ver ulnute. The opened
fibres are carried to tke inner surface of thke spinning pot in
sn airsirear which is maintained vartly by the fan action of the
--cxe*-*n and partly by the centrifugal pumping action of the pot
itse’.f. The yarn is withdrawn through a fixed baffle plate
whica serves to vrevent ingoirng fibres from being prematurely
attached to the yarn surface.
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The ability to deliver yarn directly on to very large packages

is a great advantage for large-scale working and much high-technology
has been lavished on the development of high productivit; open-end
spinning systems, Large package delivery is of little advantage

in small-scale spinning but open-end spinning has turee important
attributes which will be of value in small-scale working. These

are, relative to ring spinning:

i) Speed for speed it requires much less driving power
B X 3 g F

ii) The working elements are less complex and fewer in
number

iii) The expensive pre-spinning processes of drawing and
pernultimate attenuation are not required.

All three of these features are very desirable in small-scale
working and a great deal of effort is currently being applied to
the Jevelopment of low-technolozy. low-cost open-end spinner-.
Several single spindle, treadle driven machines have been built
as well as four-spiudle power driven models, These are designed
to be made by rural craftsmen from commonly available materials
in rural workshops. Operating experience to date has been
encouraging and there is little doubt that small-scale open-end
spinning, either treadle or motor driven, will be economically
viable for coarse yarns. There is also every expectation that
it will later be developed for medium to fine yarns.

Pre-spinning orocesses

The pre-spinning processes are:
i) Ginning
ii) Opening and cleaning
iii) Carding and combing
iv) Drawing
v) Penultimate attenuation

Only ginning is an abaolutely necessary preliminary when using
any one of the three single-spindle devices described above. It




“li. hovever generally ve found that a2 modicum of opening,

cleaning ané cardiag is well rewarded in terms of increased

croductiviizy and superior yara guality. 'With all multiple

svindle spinning devices all the above processes need to be

emricyed. to 2 greater or lesser extent depending on the numbers
f 3zindles zer 4evice. the nature of the cotton being used and
o8

the 1ualily of rarn Zesired. In modern large scale ring-spinning
=ills the cost of nost-glnnlng/pr-/splnnlng processing costs
roughly as =much as the spinning processing itself in terms c?
capital Investment, power consumption and overative wage costs.

GIINIING

At the time - harvesting the seeds bolls the cotton fibres are
very securely attached by their 'tails' to the seeds themselves.
The basic objective in ginning 3.s to separate the cotton fibres
from the s2eds. This can be done quite simply and satisfactorily
by human {ingers but, unfortunately, this is a very slow zrocess
but not, however, impossibly slow in relatiom to single-spindle
spinaing. It is, therefore, completely practicable to gin by
hand where over-riding circumstances preclude the use of a
ginning machine.

1) Sinmple roller gin (or churka)

The Indian churka is a very simple machine. It consists of only
two small rollers mounted horizontally at such a separation that
seeds cannot pass between them. The rollers are rotated by

means of a cranked handle and seed cotton is fed to them., The
lint fibres are caught up by the rollers and drawn forward so
that they are torn from the seeds, which cannot pass between the
rollers. Being simple and crude, this type of gin can easily be
made at low cost by village craftsmen and it is typically carable
of a throughput of 2bout five pounds of lint per day.

2) Cther roller gins

The Facarthy gin is often referred to as a roller gin ana it is,

in fact, a roller gin although it does not work in the crude

way in which the simple roller gin does. A common form of Macarthy
gin also has two horizontal rollers but these are covered with

very rough-grained leath.~ and are much larger (8" to 10") in
diameter. Seed cotton is fed through a hopper immediately above
the rollers, The rough leather drags the seed cotton past closely
set doctor blades which effectively remove the seeds and allow

the lint to zo forward.

In another form of Macarthy gin seed cotton is pressed on to a
single leather covered roller from a smooth hcrizontal feed plate
by means of a1 reciprocating 'pusher'. The surface of the roller

is moving ugwards at this point and, immediately above the rusher,
i3 a closely set Zoctor blade oscillating in a manner which
i2taches the seeds 7rom the fibres, The feed plate also oscillates
in a way which allows the seeds to fall clear whilst the lint

is carried over the top by the roller into a receiver




“acarthr zins are mazie in a wide range of sizes. The smallest

3 iriven a2né carable of a through-put rate 20 to 40
counds o lin: fibre ver zour. Larger gins, whick must be
tower iriren. have through-rut rates up to 2CO rounds yer hour.
The sma2ll.:r sizes czan e made in rural workshovs out the making
of gins 3 <he larcer sizes is better left to specialist

manuiacturers.

=ay be zani
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3) Saw gias

The saw 7in works on a wholly different principle whick at

first sigh: zdpears %o be so arutal as to inflict serious

iazage on ...2 is2licate cotton fibres. In fact it is no more
srone %o =his than zre the apparently much gentler roller gins.
The rrinciral feature of a sav gin is a heavy, horizontal

shaft carrying from 50 to 200 ganged circular saws, typically
about 12" in diameter and spaced about 2" apart along the shaft.
The saws vroject a little way through narrow slits in a vertical
plate Zorzing one side of a hopper within which the saws rotate.
The feed cotton, in a fairly compact state, is piled above the
rotatinz saws, the teeth of which are continuously engaging
tufts of fibre with attached seads and drawing them through

the narrow slits. As the seeds will not pass through the slits
they are detached from the fibres and fall down between the
saws. ~_he detached fibres are then stripped from the saw teeth
by meanc of either a rotating brush or an air blast.

Jery largze modern saw gins are huge complex machines each
cavable of a through-put of about 5000 vounds of lint fibre
rer hour. delivering this automatically as wrarpped, highly
compressed bales weighing about 450 pounds each. Clearly
such large machines are inarpropriate for small-scale rural
working but gquite small saw gins also are made and these are
well able to deal with low quality, short staple cottons.

OPENING AND CLZANIIG

In ordinary full scale mill practice baled cotton passes

through a succession of several large machines with the two-fold
object of breaking the mass down into very small tufts and
extracting such trash as stalk, leaf, seed coat and dust. The
broad principle of the machines is to strike and beat the

cotton with rotating spiked or bladed beaters and allow the
trash to fall out, by means of various stratagems, as the
material passes from one beater to the next. These opening

and cleaning lines are typically proportioned to have an

output of 5C0 to 1000 pounds of clean cotton per hour.

A modern coarse-to-medium count large-scale mill equipped
with 25,00C ring spindles would be adequately served by two
of these machines. Clearly this is much toc large a machine
to have any place in small-scale spinning. Just one of them
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wouli T~ zble %o zerve

10 small-scale mills of I5C locally zade ring spindies
1200 treadle driven, 5 spindle charka sctinners
s

4CCC single stindle great-wheel spinners.

It is just rracticadle to do all the orening and cleaning needes
Without recourse to machinery. Tor single-spindlie spinrers

Shere Iz no Trodisz at 31l as each spinner car, +with advantage,

Se resgonsidle for all zre-spinning treatzent of the ginned cotton.
For all =muitiple spindle spinners and smali-scale =ills some
centraliszation ¢ rre-spinning processinzg is desirable. Iven here
the orening c2n de done directly by hané and the cleaning then

done by scutching the opened cotton with light willow wands or

the classical strung dow.

AS a rmore 3leasant and less dusty alternative, ovening can be

done by one or two passages through 2 locally =made, single-beater
opening machine. The opened cotton may then be cleaned mechanically
using 2 simple willowing machine, which may also be locally =ade

at modest cost.

In mill practice it was long the custom for the opening-and-cleaning
line tu deliver its product in the form of a ‘'lap’', a compact

roll of cotton weighing about 40 pounds, 40 yards long and 40"

wide. This form of delivery is now giving way to direct shute
feeding to the cards. These forms of delivery are very convenient
but experience has shown that neither is suitable for small-scale
working. It is strongly recommended that the output from the
opening and cleaning processes should be in the form of loose

open cotton, preferably in binms.

CARDING

The object of carding is the removal of entanglements which

exist beotween fibres so as to facilitate the smooth drawing out
of fibres during later processes. The extent to which this is
necessary depends on the “ype of cotton, the fineness of the

yarn to be spun and the nature of subseguent processes. For
rough coarse yarans it is just possible with care and great skill
to spin on a single spindle but this is tedious business and even
a 1little carding before starting to spin is well wortawhile.

1) Hand cards

Tor single-spindle spinners the equipment needed is just two
hand cards - two flat pieces of wood, each with a wire-brush
surface attached to one side. A small handful of cotton is laid on
one card and the fibres are progressively straightened by a
brushing action applied by the other card. The layer of cotton
may ve worked from one card to the other until all major
entanglements have been removed, and it is judged that the
fibres are sufficiently aligned. The thin sheet of fibres is
then carefully removed from the lower card and then lightly
rolled to form a cylindrical bundle in which individual fibres
lie substantially along the axis of the roll or bundle. Yhen
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2nough cf these carded bundles have been prepared they are
joined end-to-end to form a soft rope which., because of the
axial alignment of the fibres and the freedom from serious
entanglements can be drawn out easily and smoothly in spinning.

t is quite practicable to make slivers suitable for multi-
svindle charka spinners from material prepared using only hand
cards. Although slow in relation to mechanised carding it is
not slow in relation charka spinning productivity. i spinner
with a six-spindle treadle driven charka could card enough
material for a days spinning in less than one hour.

2) Simple rotary cards

The classical mill cards have a typical productive capacity in
the range 5 - 20 pounds per hour depending on the type of cotton
being used. This is not inconveniently large for small-scale
use but these cards are guite unsuitable for rural use. This

is largely because of the high degree of precision involved in
their construction and maintenance but also because of the fact
that they are very easily (and expensively) damaged by careless
or unskilled operation. For tkese reasons simple rotary cards of
various types are used.

The simplest type is manually rotated. Like a mill card it

has a feed-plate and roller set close to a small licker-in
cylinder which throws small tufts combed from the feed roller

nip on to the surface of the main cyiinder. The main carding
action takes place between ‘he rotating cylinder and a small

number of stationary, but readily removable flats mounted above
the cylinder. A web of carded fib:res is coatiuously being
stripped from the cylinder by a doffer cylinder which, in its

turn is stripped by an oscillating comb as used in mill cards.
This is the commonest way of working but .uny small rotary cards
do not have means for automatic doffing ot the weh. These

need to be operated batch-wise. A roughly weighed quantity is

fed to the licker-in, this is automatically transfe:red to the

the cylinder which is then kept turning until the operator

judges that sufficient carding has been accomplished. He then stops
the cylinder and carefully remcves the carded material in a sheet
as wide as the cylinder and as long as the circumference of the
cylinder. Usually the sheet is thencut into strips longitudinally
ready for drafting on a single zone, manually driven drafting
device. Where automatic continuous stripping of a web from the
cylinder is practised the web is usually drawn through a condenser
truspet to form a sliver which is then coiled intoc a small

sliver can. It is necessary to remove the flats from time to

time in order to strip them of short fibre and such impurities

as fragments of seed coat.

The great merit of these simple rotary cards is that they are

cheap to build, very robust and tolerant of rough usage., Naturally
the quality of carding achieved is far short of modern mill standards
but it is adequate for a great many rural end uses. Typically
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those carcs intenZed to be manually driven have a working width
of about #" bu: where power is available working widths of about
23" are =ore usual. The frames are usually made from wood as also
are the czylinzers and the flats. The clothing of cylinders and
flats may consist of sharsened steel pins driven through hardwood
lags or, Zexenzing on local availability. classical fillet
clothing nailed %40 woocden lags. The flats are not screwed or
bolted to the machine but rest with their ends in suitably

rlaced slots from which they are easily removed.

Cards of this general description but usually more heavily
constructed with =metal cylinders and main frames, have been found
satisfactory for use in service centres set up to provide grougs
of charxza spinners with roving and also in small-scale mills. In
these situation it is tempting to suppose that secondhand mill
cards would be a better buy. Experience has shown that this is
not so because it is difficult to attract skilled card maintenance
men to work in rural situations and it is also difficult to get
rural worker to accept the strict operational practices which

are necessary to avoid expensive damage to card clothing.

3) Roller-and-clearer cards

Roller-and-clearer carding, which has been widely used for
many different fibres is no longer the preferred mill method
of carding cotton. The revolving-flat card has largely displaced
the roller-and-clearer card on the grounds of the much higher
carding quality which it gives. The quality improvement is
very important- to the spinners of fine yarns from long-staple
cottons. In the later days of the roller-and-clearer card it
became common to card twice or to use tandem cards but, for
most cottons, this became unnecessary with the coming of the
revolving flat card. A penalty had to be paid for the improved
performance - the expensive working elements are very much
more easily damaged by trash in the cotton or by slipshod
performance of the card tenders duties. For this reason the
roller-and-clearer card is stili prefered for mill processing
of waste and low grade cottons as well as for wools. It
follows that it is logical that roller-and-clearer carding

is the more appropriate for small-scale carding of cotton in
rural situations.

In general structure the roller-and-clearer card is very similar

to the simple rotary card, 2) above, and the revolving flat card,
4) below. It has feed-plate and roller, licker-in, main cylinder
and doffer - the last three of these having finely, but sharply,
spiked working surfaces. The important difference is . iat,

instead of the carding taking place between the main cylinder

and a number of flats, several pairs of carding rollers are mounted
close to, and above, the main cylinder. The rollers of each pair are
known respectively. as the worker and the stripper. The worker

is typically 5" to 8" in diameter and is driven at a low speed,

the stripper, 3" to 4" in diameter, is driven at a high speed

such that its working surface is moving in the same direction as,
and at about half the speed of, the main cylinder surface. The

slow moving workers act almost as flats io straighten out




=3ins 3T on :ze rapidly moving surface of the nain
ind =t the same time they pick u:r layers of fibre for
=. These Sizres are Turther straightened by the
==3 2ifzgan: strizser ~vhich, moving much more =uickly,
-2z “rge She worizer 2ad returas thez to the r~zin
Jhz zTrizving e the car<d2i wen is done by zither of two mezhods.
m2 37 tiZszzs Is 33 zrrange that the wed is 3 very light one z2nd to
»iz i% I-oz the dgifar 9y means of an oscillating comh hafgre
niznzing =% -ace a single sliver by <Zrawing it through =z trumvet.
T 3

to form 3 slightly heavier ek znd

W

< f2r as a2 number of continuous Tznds -raickh
e ctly into slubbings by means of rubding
isting them lightly into rotating cans. The

se nethods, followed by drawing operations, leads

to stronger and more uniform yarns, but at the expense of needing
the use of Zrawframes and speedframes before spinning. The
second method offers the great advantage that spinning can be
done 2irectly fror the slubbings produced by the card. Although
the resulting yarn is inferior in strength and uniformity it

has a pleasing fulaess which is to be preferred in a number of
ens uses. Ior rural situations lacking higher technical skills
and with access only to low grade ccitons the roller-and-clearer
card rroducing slubbings directly is most strongly recommended.

For any systez of continuous carding it is important that the

rate of feeding should be kept reasonably comstant. “hen delivery
is to ve in the form of slivers or slubbings it is essential

that the feeding rate should be kept absolutely constant or great
difficulty will be experienced in maintaining yarn count uniformity.
In mill scale carding this problem is dealt with by feeding opened
cottcn in the fora of a tightly wound lap weighing about one vound
per running yard. This is an excellent system but it is very
dependent on the availability of an automatically controlled

lap =making =machine. Unfortunately, the design of these machines
is such that they will maintain the weight per yard of the lap
very precisely under continuous running conditions. They will

not work properly when run only spasmodically and they are
very expensive to buy and service. In short, they are quite
impracticable for small-scale working. T7or this reason it is
recommended above, under 'opening and cleaning', that opened and
cleaned cotton should be delivered in loose form into binms.

As an aid to providing a sufficiently uniform feed it is recommended
that each card be fitted with an open, continuousiy running, feed
lattice boldly marked with transverse lines at uniform intervala

of 20" or so. The operator will be charged with taking

aporopriate weighed guantities of cotton from the bin and

spreading each weighing as uniformly as possible between

successive transverse markings on the feed latice. To facilitate
the entry of the loose material into the nip of the feed roller

a lizht wooden consolidating roller widely fluted and about 6"
diameter should be provided immediately before the feed roller.




1) Revolrinz-Ilat cards

the revolving-flat caré is basically nothing =more than a mechanised
forz of the simzle rotary card, of 2) above, in which the actual
cariing takes place between the surfaces of the main cylinder and

2 number of flats set close to the cylinder surface. This extremely
effective way of carding cotton was only supercedei by the less
effective systen of roller-and-clearer cariirg because of the
z=echanical 4ifficulties which were enconntered in attenpts made

to automate the stripping of short fidre and trash “rom the flats.
There was no shortage of ideas as to how this aight be done but,
even so, it was many years before az successful automatic ‘'flat®

(a2s distiact from 'roller') card appeared. This breakthrough came
only when the machine makers realised, and the spinners were ready
to accept, that much greater precision in manufacture, location

and mairtenance of all critical working elements if rrogress were
to be made. The breakthrough was the now-classical revolving-flat
card which became almost the universal cotton carding machine for
full scale =mill use.

Because cf its better carding performance the revolving-flat card
was quickly taken up by the spinners of high quality, fine and
superfine, yvarns and more slowly adopted t—- spinners of the less
dermanding yarns. The relative delicacy of the new machine and
its need of great care in the setting of very small clearances
between the various carding surfaces led to a marked upgrading of
mill personnel. concerned with carding arndé an accertance of the
need for higher standards of opening and cleaning. Spinners of
coarser yarns from lcw grade cottons continue to use roller-and-
clearer cards. :

Clearly the revolving-flat card is not a =machine to be introduced
lightly into rural areas where the workers do not already have

a background and traditions of mill-scale cotton rrocessing. It
would certainly be necessary to bring in a nucleus of mill-trained
staff and to incur further expense in the pre-carding processes.
Successful use ofrevolving-flat cards would undoubtedly improve
yarn aprearance and reduce the rate of yarn breakage in both
spinning and weaving, but would this be worthwhile for our present
purpose? These features of better carding enabled mills to increase
the number of spindles which one spinner could tend to about 1,000
and the number of looms which one weaver could tend to about 80.
This would be gross 'over-kxill' in relation to low-capital-cost,
small-scale working in rural areas.

S) High production cards

Until relatively recently a typical spinning =ill with 25 thousand

ring spindles required - 'ly two opening lines, each feeding 50 cards.
The thought of using micro-computers to control the whole cf the
sre-spinning prncessing opened-up the further possibility of completely
un-manned spinning. The =major obstacle to this was the necessity of
having to have simultaneous flow through about 50 channels at the
carding stage. Great pressure was applied to the solution of this




trobdle= and the noéern kish rroduction card is now able to

handle the whole zroduction of one opening line. These huge and
incredibly extensive mzchines are nou single items in a machine
line which starts with an assembly of bales ready for breaking and
ends with sliver ready to go directly to the creel of an open-end
Spinning frame. <lthough the concept ard principles of open-end
spinning could well rind aprlication in small-scale there seems

to be nothing in hiz% production carding which has relevance.

DRAYING

Coarse to medium count, full and lofty yarns can be spun directly
from card sliver, slubbing or roving but where compact, high-strength
yarns are wanted the fibres must be drawn after carding. It is a
simple, low-power and low-cost operation which can be carried out
by means of either simple drafting rollers or a drafting arrangement
within which a small amgunt of twist can be introduced.

1) Drawing without twist

The simplest mechanical device is a basic, two-line drafting unit
consisting of only two pairs of rollers with a fixed draft ratio

of about 4 to 1. For single-spindle spinners even this is more
than is strictly necessary. A skilled single spindle spinner
contrives to provide the required "amount of drawing continuously

as the fibres pass through his fingers before entering the spinning
zone. For individuals or small groups of multi-spindle charka
spinners the simple hand-driven, two line drawframe is ideal and
one could easily meet the needs of from 5 to 10 such spinners.

The method of use is simple and undemanding. Four equal lengths
of carded sliver (made after carding on a simple rotary card or
by means of a pair of hand cards) are placed side-by-side and
passed through the 2-line drawframe. The delivery is consolidated
into a single sliver of substanially the same weight per unit
length as the original card sliver. The once-drawn sliver is

then divided into four equal lengths which are placed side-by-side
and passed again through the drawframe. This process is repeated
until it is judged that the fibres are sufficiently well aligned
for attenuation to proceed smoothly. Four passages.of drawing are
usually encugh. %Where a suitable weighing device is available

and the lengths of sliver used is standardised it is sasy to
maintain consistency of yara count.

For larger installations using a card, or cards, fed at a uniform
rate and delivering sliver continuously it is better to use
drawframes arranged for continuous operation and with automatic
sliver coiling facilities. The classical (pre-195C) mill type
drawframe is ideal except for the fact that they were commonly
made with six or eight deliveries per frame. For small-scale
working the number of deliveries should not exceed two. Secondhand
mill machines can easily be converted to two delivery working, or
local engineering companies can easily construct machines which
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would be suitavle. The general specification would be for three
or four pairs of drafting rollers to give two or three drafting
zones, arrangeito give a delivery speed of about 1C0' per minute.
Zaca delivery should have guides to keep separate six izgoing
slivers and the overall draft ratio shculd be six. i pair of
calender rollers should te trovided tc consolicdate the Zelivered
aaterial into sliver form br drawing through a trumzet. The

tyoe of coiler used on mil! cards and drawframes could be used
but this not rezlly necessary for small scale working. Loose
delivery iInto srcall bins is sizgpler.

Generally two or three rassages of drawing will be needed. In
zill practice it was usual to achieve this by vputting three
drawfranes one behind another so that six of the cans delivered
by the first f{rame would be the feed :to the second frame, and
similarly from the second to the third frame. For small-scale
working only one drawframe may be needed, the same material being
passed three times through the one frame.

2) Drawing against twist.

For roller drafting to be successful it is necessary for the
distance between successive roller nips to be just a little
greater than the length of the fibres. If it is too great

there will be a tendency for fibre movement to be initiated at
the weakest point and for movement there to continue untili the
now further weakened place has passed through the outgoing nip.
This difficulty can be overcome by drafting against twist. The
principle involved in this is that when a lightly twisted sliver
is being drawn the twist tends to run into the thinner places
thus strengthening them in such a way that fibre movement

is more likely to occur in the thicker places. By continuously
introducing twist progressively as drawing proceeds the uniformity
of a sliver can actually be enhanced. Skill is needed in doing
this as excessive twisting will lock up the fibres and merely
result in breakage.

This principle had long been exploited by single-spindle spinners
and jenny spinners and can also be used to align the fibres in
slivers. A larger and more substantially made version of the great
wheel is used to do this. At the start of each draw the operator
grips the sliver about one font away from the spindle tip with
one hand and sets the wheel turning with his other hand. He then
proceeds to draw out the sliver to a length of about five feet,
meanwhile taking great care to ensure that the amount of twist at
any time is such that uniform. drawing will continue to occur. He
then winds the drawn sliver, now more properly slubbing,on to the
spindle in a loose cop fashion which will fz~ilitate overend
unwinding from the spindle. Substantially the same process is
carried out o1 a multi-spindle machine known as a slubbing billy
which is basically alarger version of the spinning jenny. “hen
these processes are used roller type drawframes are not needed.
Cne slubbing billy is adequate for yarn counts up to about 20s but
for finer counts a second process on a roving billy will be
needed
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tenuation is the term applied to the crocesses *
ich drasn sliver is attenuated to sucr a degree
fore actual spinning can begin. The degree
eeded is highly dependent on the count of yarn
» to sorme extent, on the type of spinning syste=x

Single-spindle <nlnners are able to make fairiy goodé yarn fro=
cotion -thich has merely been carded although, zenerally, the rarn
will Te detter znd the work of spinning more easily verformed

if the cardec cotton is presented as lightly drzwm sliver.

1) 3y siubbing billy

“Yhere jennies or hand mules are used for spinning it is usuzl %o
use a slubbing 9illy to achieve the needed degree of attenuaticna.

This i3 certzinly the most economic way of working in relation

to c¢aritzl cost and also in relation to the use of technologically
ccxmretant sersonnel. It does, however, involve tie use o larger
nuabers of -vorlers rossessing natural manipulative sizills.

So long as the carded cotton has been vell <Zrawn the range o
final 4r22%¢ ratios which a jenny spinner can wori with is from

2% - 10 to 1. I2a other uords the weight ser unit langih of the
slubzing or rocving {rom which ke can stin shoul:l e Irom 2=

12 tizes that cf the yarn fo %e spun, Jor most 2fficiant worizing
tme roving shoulsi Je Zrox £ to I timas neavier than the yara %2
ge szun. .S the hand mule is provided with a zimrie reller
draftinz system the irngoing roving may be up to 25 tizmes heavier
than the rara and, for good work, should not be less than 5 tirces

although drawing and sre-srinning attenuation agaiast twist is
commonly associated with jenny or =ule spinning it is ezually

suitable Jor the prervaration of slubdbing or roviag Jor Zraze

pinners. & 1?-sp1ndle jenny spinner of medium count raras (125 - 20s)
can easily 3o all his own pre-spinning preparation using only a

rair of hand cards followed by attenuation against twist using

a single-spindle billy. These items of equiprment are so simple

and of so rugged a construction that they can be made by a village
crafisman in two or three days. In use the esuipment is so

robuast that virtually no maintenance i3 needed.

For a service centre charged with supplying slubbings or rovings
to a group of spinners (jenny, mule or frame) more approrriate
equipment would be a2 simple rotary card followed by a slubding

billy of about 12 spindles. Again, the eguipment can be . -
locally made and in use would be almost maintenance-free. It
certainly would not require the presence of technician or

technologist once the personnel of the centre had received
initial traianing.




2) 37 speed frames

g atienuation by means of billies has the disadvantage

a Ziscontinuous zrecess which requires a modest degree

of skill and =anual <exterity on the part of the operator. The
alternative, the steed frame has the merits of running continuousiy
and o reguirins very little skill and virtually no manual dexterity
on the vart of ithe operative. It is however highly dependent

on the services c¢i moderately sikilled technicians and of experiencead
spinning technologists.

et

Kodern high-draft sveeé frames are completely unsuitable for rural
operation. 7he most advanced type of speed frame which can even

%e consilerecé Jor small-scale working is the classical pre-1950

mill type and even this is too complex and too highly productive

a nmachine for most small-scale situations. For successful operation
it is necessary to have both competent technicians and in-plant
discipline which will ensure a high standard of operational care

and working cleanliness.

The Achilles heel of all speed frames is the mechanism by which

the soft, low-strength slubbing or roving leaving the drafting
rollers is packaged. For mill use it is convenient to wind it to
form a firm bobbin, usually supported on a wood, paper or plastic
tube. The great problem in doing this is to maintain the speed
differential between the flyer and the surface of the bobbin
constant despite the continuously increasing diameter of the
bobbin. The ultimate solution to this problem was Houldswortas
differential motion, a beautiful but highly complex and expensive
mechanism. It is because of the incorporation of this device in
the classical mill speed frame that the latter can only be recommended
for small-scale working where competent technicians are available.
Attempts have Jeen made to build speed frames for use in rural
areas employing simplified versions of the differential motion, Sut
none of these has been successful.

The most practicable solution to the problem is to allow the
rovings to fall into rapidly rotating cylindrical cans, the speed
of rotation of the cans being just sufficient to put the desired
amount of twist into the rovings. The cans themselves may then
be transferred to the spinning frame but it is generally regarded
as more efficient to wind the roving from the cans on to bobbins
before spinning. The construction of speed frames employing this
system of roving packaging is well within the capability of rural
workshops as also is the construction of simple roller drafting
systems suitable for attenuation of slubbings and rovings.

Most post-1940 mill type speed frames are equipped wit. drafting

systems more complex than can be recommended for rural use. The

reason for this complexity is that, in the interests of labour

saving, high and ultra-high draft ratios are being used as a way

of reducing the number of speed frame passages needed. For rural

use very simple 3- or 4-line drafting is much to be preferred, it

will be found to be entirely adequate if draft ratios at a single

passage are limited to 4 for slubbings and 6 for rovings. Locally

made, power driven speed frames of from 10 to 20 deliveries, with

3-line drafting and rotating-can consolidation of the roving, are '
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used rerr successy
servins zrouzs of

2lly in small-scale mills and also in centres
reial charka spinners.

Manu2lly coweres charkas of 6§ to 12 spindles often have one
spindle revlaced 3r a2 Danforth throstle spindle driven at a

much lower speei. The throstle, which is usually at one end

of the row, winds =2n3 lightly tuists roving made from slubbing
which has been 2ttesnuated by the main drafting rollers. though
this is by no =eans 'good' technology it is an effective expedient
which is widely used in the spinning of mecium counts.

Post-spinnins orocesses

YARN PACKAGING

In many circumstances the most practical way of packaging small-spun
spun yarn is in hank form. This is easily ana cheaply done and

is acceptable to most yarn users., It has the advantage that the

use of standard hanks, traditionally packed in standard bundles
effectively indicates the count of the yarn and this is a very

great convenience in rural and small-town markets. A further
advantage is that hank wound yarn can easily be bleached or dyed
without further processing.

The only situation in which another form of package is to be
preferred is where great wheel-, jenny- or mulespun yarn is

going directly to a weaver for use as weft. These methods of
spinning are able to produce yarn in the form of a cop, -a very
compact yarn package which requires no bobbin and is ideally
shage to pass through the warp shed either in a shuttle or when
hand thrown. Thkis same package is also convenient when preparing
warps for weaving.

WEAVING

Modern high speed weaving machines and even the classical 'automatic'’
loom are essentially unsuited for small-scale working. The

common ‘non-automatic' power loom, which is in fact automatic

in that the basic operations of shedding, picking and beating-up
are automatically performed (it is only non-automatic in that an
operator is required to replenish the weft in the shuttle from
time to time) is suitable for small-scale mill use. It may also
be considered for cottage use where power is available. It may
even de treadle driven but this is heavy work and it is better

to use lightweight versions of essentially the same machine which
are specially built for manual operation. These latter are almost
as rroductive as the classical mill power loom and very much
cheaper to make. They also require virtually no skill to operate.

Looms of this sort, although they weave good cloth and give high
operative productivity, are not the ideal small-scale weaving




=achine for use in every situation. One important reason is that,
although cheap in relation to full scale mill looms, they are not
cheap ia relation to rural wages. Another, almost egually importan:,
reason is that the nature of the work is sheer drudgery - treadmill
work without any of the satisfactions which the exercising of a
craft skill can give. There is a great deal to be said in favour

of the use of zrizitive looms which, as they can be easily and
cheaply built locally, can be wholly owned by the weaver himself.

The most durable and highly productive form of primitive loom is
the 18th century Zuropean frame loom. Carefully and substantially
built from seasoned hardwood it will give a lifetimes service.

It is a viable machine in its original form with hand thrown.weft
insertion and when fitted with a fly shuttle mechanism it will
weave at about hali the speed of a simple mill fowerloom. This
high standard of construction is by no means essential. Very
crudely made looms from unseasoned wood work quite well and so
also does the pit loom. This latter uses the ground as a frame
and the weaving takes place only a few inches above the ground

a pit having been dug in such a position that the weaver can sit
close to the breast beam with his knees below the cloth.

The need for a frame strong enough to maintain a tension in the

warp and permit beating-up of the weft limits the portability of

a loom. This.is overcome in the back-strap loom. In this arrangenment
the as_yet unwoven end of the warp is anchored to a pcst or peg
driven into the ground. The weaver, seated on the ground, holds

the warp taut by means of a harness which passes round his back.

The shedding of the warp is done by manipulation of lease rods.

Another type of loom which does not need an integral frame is

the warp weighted loom. Here the weaver works standing facing

tae cloth which, held out to width by a batten, hangs from a

tree or, if indoors, from a roof beam. The as yet u: roven part

of the warp hangs down below the level at which weft is inserted

and is tensioned by weights, often of stone or earthenware, attached
to groups of warp threads. This method of weaving is popular

with seasonal migratory workers.

As with the weaving process itself, modern mill methods of warp
preparation are quite unsuited to small-scale working. There are
however, a great many ways of preparing warps and there car be no
difficulty in selecting one appropriate to any scale of working.

At the highest level of capacity which may be regarded as small-scale
it is worthwhile to build a very simplie rctary veaming machine and
follow this with an equally simple siring machire. In trcpical
countries, working at low speeds, it is sometimes possible %o
dispense with drying cylinders and allow the sized warps to

dry naturally passing through the air. If this is not possible

a3 single drying cylinder heated internally by kerosene pressure
burners can be uzed. Alternatively the waryp can be dried by leading
it through a drying chimney or tunnel exterrally heated by fire

or by kerosene burners. This sort of equipment is suitable for

a small-scale weaving mill or for a service centre preparing wargs
Jor groups of very-small-scale weavers.




3mall srouss of veavers, individually workiag frazme looms, with

or wisthous S1lv shutiles, zave found It satisfactory to have a2
commonlc: ownei, rery simple Bdesm winder. Zzch weaver +ill rind
T Saw iz swpn cise zad then size it rrogressively in short

lan: using =2 23 or 2 trush o arply the size, =2ach sized langth
bei 2f* o iry naturally delore goirg on to the next length.
Siz zrouss ~ot owning 2 winder will have an array of stout
zecs Jixed in 3 wzll or nosts iriven into the ground. 3zaca weaver
w4ill grepare 2is own Wargs 3y I2SSinl FArns round each of the end
zegs uni £zssing on one side or the other of the intermediate

tegs of the zrrarv. “then the required nu=ber of ends have been
w4ouni -he 2ssembly of yarans is slicced from one of the end pegs
and wound into a2 compact dall. Lease strings haviag been inserted
gzafor: removing :he yarrn assembly from the pegs the -weaver now

has a tail warp which is very robust and easily handled.

The lenzth of warp which it is most economic for a weaver is
bound up witk the amount of fixed capital employed, the rate of
cloth rroduction and overative wage rates. In round figures

the lenzthk arprropriate for small-scale power-loom weavinz is
several hundires rards. For manually operated frame loom Jeaving
2 lamz=2 etrean 3C and TG0 rardis is more suitable. Ior users

97 rora -=rimitra looms the rrefarred lengths are =2re very much
shortsr. 3o zhert ia fact that it is desirable to make the
lengsh = simple multizle of the lensth in which the cloth will
we uszei. Tit loom weavers zre sormetimes content to use warps
fuzi long enouzh to r2ave 2 single dress length, althousgh it is
mors cowmon tc -reave Lo (or rerhars three; lengths from each
wzr=, These very short warps are easily and quickly vrepare:d
needed by winding round small arrays of tegs and then transier
tne resuliing ~wargp direcily to the loom. if sizing is recuirad
iz 33 <han, "sish rad or Trush, actually on the loonm.

wef: —renarsiion zlso involves consideration of tke local
»alationshiz S2cween capitzl costs and wage rates. “nere

zr2at wheel, fanny or mule szun yara in cor form is available
no weft grreparation is needed. Co3s use no Yobbins and can de
used iirzetly in every tyse of loom suitable for small-scale
rvral weaving. They can also be used in automatic looms working
on the zhuttle-change (as distinct from the pirn change) system

of automatic weft replenishment. Frame-spun yarn 1is almost always
removei from the bobbins on which it has been spun and is available
to 4eavars only in han!t form. It is necessary then for the ‘reaver

s o

£o rawind it into cop or zirn Zor:z.

-scale weavins mills using power looms it i3 worthwrhile
mele sower-driven pira winders. The most widely used

2vom hanks mounted onreadily detachable, light swifts.

£ this sort are easily built in rural workshops with
o 20 deliveries. Typically one operator is needed to
teni frocm 6 to 10 deliveries. 3imilar machines may e used by
groups of individual frame-loom weavers but it is usual here for
each weaver to want to prepare his own pirms. This can be done
very auickly and easily on a single spindle, driven f{rom a treadled
or aand turned wheel., This device, often based on a bicycle wheel,
is very cheap to build and is capable of meeting the needs of all
small-scale weavers.,
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roiuced by small-scale methods many will 3o

having been given any finishiag treatment.
hing treatments when proverly apslied under
ni closely supervised do not cdumag: the matarial.
. true that many {inishing processes when carriec
7 under Trinitive conditions can be very daraging
. Tor this reazson only the relatively simple rrocesses

e exgected to be relevant to small-scale
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1) Tarna Syeing

It may seem varadoxical to regard yarn dyeing, which is done bdefore
weaving, as a finishing process but, nevertheless, this is how

it is regarded. Colour-woven cloths are generally more highly
grized than are prints,and yarn dyeing enables a weaver to produce
such attractive fabrics as stripes, checks, ginghams and tartans
as colour woven materials. The dyeing of yarn in hank form is

a cheap arnd simple process. The only equipment needed is a vessel
in which the dye liguor can be heated and two sticks. The two
sticks are held horizontally and parallel just above the vessel.
The hanks of yarn are hung from the sticks and immersed in the
liguor. 3y joggling the sticks the hanks are kept moving through
the liguor in order to achieve uniform dyeirg. “hen it is judged
that the dyestuf{ is adegquately fixed the hanks are removed f{rom
the liguor, soaped, washed-off and then allowed to dry.

2) Scouring and bleaching

Before eit. :r bleaching or dyeing can be done satisfactorily it

is necessary to scour the cloth. If the warp was sized before
weaving the first task is to remove the size. This is most

easily done by the use of enzymes to break down the starches in

the size. Very little equipment is needed. The enzyme is padded
on to the cloth which is then rolled up and left in a warm place

to allow the enzymes to do their work. If enzymes are not available
The size can be removed by a long and vigorous hot wash with
alkaline liguors. 7With the size removed scouring is only a matter
of removing minor impurities such as specks of seed coat and

waxy, fatty ¢ri oily substances by washing. Depending on the
guantities of cloth to be treated the cost of the esquipment

needed ranges from a simple heated vessel and a wooden paddle

to a mechanically agitated washing machine such as can be built
locally. ‘/here the quantities involved are sufficient to warrant
the use of a washing machine it is worthwhile to have also a
centrifugal hydro-extractor. This too can be made locally.

With scouring completed bleaching may be begun. It is usual to
recognise two standards of bleaching - bleaching for colour and
bleaching for white. ‘Jhen bleaching for colour it is only necessary
to achieve such a standard of whiteness as will permit subsequent
dyeing to achieve bright clear colours. Bleaching to produce a
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sure white is more demanding but the Troces
essentizlly the same but talkes longer. Ter
tleaching are used by large-scale finishers but for small-scale
@oriking slower methods are more suitable. 2 recommended zrocess,
which is chear znd reasonably rarig, is o tad the cioth %o
saturation with a chlorine based bleaching liguor and leave it
fer a few hoursz until ihe desired Zegree of whiteness has Leen
reached. During this time the cloth shkoulsd not e in contazct
with metals 2nd for this reason i% is usual %to have a tiled
cistern into which the saturated cioth can ee piled and left
whilst the licuor does its work. Immediately after bleaching

the cloth must be rinsed, preferably in running water to remove
all traces of the bleach liguor.

“here the climate is favourable naturzl bleaching can be used. This
involves nothing more than laying the cloth outdoors to be bleachesd

by the action of direct sunlight. The cloth is left out day 2and

n.ght and , depending on the degree of whiteness required and the
intensity of the sunlight the process takes several weeks. The
process can be speeded up by damping the cloth with a weak acid
solution. Sour =milk is sometimes used but dilute sulphuric acid

is generally cheaper and more effective. Even after natural sleaching
thorougk rinsing is necessary

3) Piece dyeing

The equipment needed for efficient piece dyeing derends on the
scale of operations. 'hen dealing with very short pieces it is
possible to work with nothing more than a heated vessel and a
wooden praddle. The cloth is fully immersed in the dye liquor and
agitated with the paddle as the temperature is raised =and this is
continued until the dyestuff is fixed. For longer pieces a larger
heated beck is needed and the cloth is vassed to and fro through
the dye liguor either in rope form or in oven width. The latter
will generally give more uniform dyeing but, of course, requires a
wider beck and effective cloth guiding means. The simplest way of
dyeing in open width is the jigger system in which the cloth is
drawn, rrom a roll, through the dye liquor and then rewound on to

a second roll on the other side of the ieck. This can be done
manually or under power with automatic reversals. For dyeing

in rope form a winch machire is commonly used. In addition to

a beck a winch roller is needed mounted directly above the

beck. The ends of the rope of cloth are joined by a temporary
sewing to form a loop which passes round the winch roller. lost
of the cloth is immersed in the dye liguor and the rotating

winch roller keeps the loop of cloth circulating in and out of

the liquor. The winch roller need be nothing more than a light
wooden paddle wheel. Both the jigger and the winch are machines
which can easily be built by local craftsmen and require little

in the way of maintenance. Even where pieces are woven short

they can be efficiently dyed by jigger or winch by the simple
expedient by joining them together, end to end, by temporary
sewings.

Although individual weavers, or small groups of weavers, can dye
their own cloths it is generally found to be more economic to leave
the work to someone specialising in dyeing.

s r—r -t o e g
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+) Frinting

Modern z2utomatic printing machines have no place in small-scale
textile manufacture but vrinting by hand can be a viable business
rejuiring little fixed-capital investament. There are two very
2ifferent methods of printing which are suitable for small-scale
rural use - hand block printing and flat screen printing.

Hani block printirng is still widely used where exclusive patterns
are required. The rattern to be printed is carved, standing in
relief, from the surface of a substantial block of finely-grained
hardwood. The raised pattern s smeared with a colour paste and
then pressed firmly on to the cloth. It is important ‘o have a good
flat surface immediately beneath the part of the cloth being printed
as, in practice, it is common to strike the block with a mallet to
ensure that the colour will be driven well into the cloth. This
procedure can be carried out single-handed but an assistant to move
the cloth as the work prcceeds is recommended. Where more than

one colour of printing is involved a2 separate printing block is

made for each colour.

The screens used in flat-screen printing may be ¢f silk, nylon or
fine-wire mesh and are secured in rectangular frames as long as
the length of the pattern repeat and as wide as the cloth to be
printed. A screen is prepared for each colour needed in a pattern
in such a way that where colour is not required the interstices

of the screen are sealed with a starch or a varnish. The cloth is
laid on a table, a screen is correctly placed on the cloth and
colour is applied through the open parts of the screen by means
of a brush or a squeegee. As the sharpness of definition of the
pattern is limited by tke coarseness of the screen mesh, fine
detail cannot be printed so well as by blcck printing. It is,
however, adequate for most purgoses and, on the rredit side is

the fact that it is much easier to rrerare a screen thamn to carve
a wood block.

December 1987
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The spinning principle of the
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- 8.5 Cycle of operations of the jenny:
é (1) After lay-on at the end of the

preceding cycle
(2) Ready to begin the draw
(3) At the end of the draw
{4) Ready to begin wind
(5) Winding completed

&)

Fig 4 The overating cycle of the Jenny

Y i

Fig 5 The working elements of the Jenny
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Fig 6

An early form of Jater Frame
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Fig 7

The Danforth Throstle

Fig 9

The working elements of a

common for=z of Open End Spinner






