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INTRODUCTION

The Editorial to the Golden Jubilee issue of the Journal
concluded: ‘Great as has been the progress now
recorded, there is no doubt that the end has by no means
been reached, for in completing one epoch, we are but
on the verge of another era likely to be even more prolific

in discovery ...." [1].

Looking back at dyeing machinery developments dur-
ing the period under review, these confident predictions
by the Editors are seen to have been amply justified,
thanks mainly to the inventiveness and enterprise of the
major machinery manufacturers, usually with the active
support of the practical dyer and the dye/chemical
supplier. Naturally, the rate of introduction of new
developments has been dependent largely on the
demands from and the prosperity of the dyeing and
finishing industry and many of the major developments,
especially in terms of radically new designs, have been in
response to the urgent demands of the dyer. Examples of
this reaction are the rapid development of:

(i) Horizontal beam dyeing machines for warp-knitted
nylon fabrics in the late 1950s

(i) High-temperature (HT) machines for dyeing pack-
ages of nylon and polyester textured filament yarns
in the early 1960s

(i) HT rope dyeing machines for textured filament
polyester, circular-knitted fabrics, 1967-69

(iv) Machines more econemical in the use of water and
energy (in response to the rapid escalation in prices
from 1970 and 1974 onwards)

(v) Machines providing greater productivity in terms of
kg/h or m/h and output per operative; this trend
was particularly noticeable from about 1965
onwards.

As well as these major developments in machine
design which have received a great deal of publicity,
there has also been a programme of continual improve-
ment of existing machines and examples of this are
discussed below.

The widespread introduction of HT dyeing machines
(i.e. operating above 100°C) from about 1960 onwards,
led to several accidents in which operators were injured,
in a few cases fatally. Following discussions with
machinery makers, major users and representatives of the
industries concerned, the Health and Safety Executive
issued, in 1876, a Guidance Note [2] which effectively
governs the installation, operation and maintenance of
HT dyeing machines in the UK. Particular stress is laid on
the security of cover-locking mechanisms and the need
to ensure cooling and complete depressurisation before
attempting to open the vessel. It is to be hoped that
these guidelines will point the way towards internation-
ally-accepted standards leading to greater safety.

The quadrennial ITMA exhibitions have provided
excellent opportunities for displaying and reviewing the
latest developments in dyeing machines and also pro-
vide useful milestones along the path of progress. The
machinery at these exhibitions has been reviewed in the

in Batch-dyeing Machinery,

Journal [3-6] and several excellent reviews embracing
machinery developments have been published by the
Society {7-12].

GENERAL ADVANCES IN DYEING MACHINERY
Many developments in dyeing machinery have been
applied to a wide range of machines and some examples
can be summarised as follows:
(i) The universal adoption of stainless steel for all
surfaces coming into contact with the dye-liquor
and its vapour has been one of the most important
advances
(i) Individual drives to machines (usually by well-
guarded V-belts to electric motors) have replaced
overhead lineshaft drive systems
{iii) The need to maintain higher dyeing temperatures,
more uniform dyebath temperature and to eco-
nomise in energy, has led to the enclosure of long-
established machines such as winches and jigs.
Enclosure also reduced damages caused by con-
densation spots falling on goods in the dyehouse
and improved the working environment
(iv) Direct steam heating of dyebaths through per-
forated (sparge) pipes has been largely replaced by
closed-coil heating and heat exchangers, the con-
densate being returned to the boilerhouse for re-
use
(v) Many heavy castings used in dyeing machinery
have been replaced by lighter steel fabrications.
The quality of rubber and synthetic seals has
improved immensely, particularly in their resistance
to hot, wet conditions
(vi) After much work in the 1950s on the performance
characteristics of axial-flow and centrifugal pumps,
multi-flow pumps were introduced and widely
adopted

(vii) On HT machines, multi-baolted cover-locking sys-
tems have given way to pneumatically-operated
locking rings or rotating-locking covers. Safety
interlocks and two-stage unlocking systems are
frequently built into the design.
However it is probably in the fieild of dye-liquor
control that the greatest advances have been made. In
1934, most thermometers in the dyehouse were hand-
held, but temperature control has advanced through the
following stages:
(i) A thermometer probe leading to a dial indicator
(i) Temperature recording, usually on a circular chart
(iii) The feedback of the indicated temperature to con-
trol the steam-valve, so providing top temperature
control

{iv) The programming of temperature throughout the
dyeing cycle with rate of rise control, holding
periods, and rate of cooling (by controlling the
addition of cold water to the dyebath, or the
passage of cold water through cooling coils/heat
exchanger).

To this system of temperature controf can be added
the control of the direction of liquor flow with reversal at
pre-determined periods. This led to complete dye-cycle
control units which can control all the parameters of
liquor temperature and flow and, at appropriate times,
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control the filling and emptying of the vessel, signal for
dyes/chemicals to be added, or for a sample to be taken
for matching (although increasingly this operation was
omitted in the interest of gaining greater productivity).
Reliability became the paramount feature of most types
of dye-cycle controller and many arguments ensued over
whether the controllers should be sited adjacent to the
machines (in a hot, damp atmosphere) or in the dyer's
office where, hopefully, conditions would be better, but
with longer distances for information and the responding
instructions to be transmitted. The problems were not
only technical; the introduction of advanced dye-cycle
controllers, although welcomed by management and
unskilled dyehouse operatives, were sometimes resented
by the more experienced operatives who feared them as
a means of de-skilling their function and as another step
towards their eventual replacement.

The Society’s Symposium in 1967 discussed the
‘Impact of Automation and Instrumentation in the Col-
our-using Industry’ [13] and more recent reviews of this
subject have been published [14,15]. ‘Automation in
Coloration’ was the subject of another conference in
1978 [16] and the cost effectiveness of automation has
been discussed in a recent paper [17].

MACHINES FOR DYEING STAPLE AND YARNS
The development of machinery for dyeing loose staple
and tow in annular cages and for dyeing yarns in
packages on spindles has followed along similar lines.
The term ‘pressure dyeing’ has been discontinued as it
led to confusion when HT pressurised machines were
introduced in the 1950s.

A significant development in the early part of the
period under review was the introduction of closed
machines. By reversing the pump, the dye-liquor could
be pumped out-to-in through the package as well as the
conventional in-to-out flow. A major problem at this
time was the loss in pump efficiency as the temperature
of the dye-liquor approached the boil. This was caused
by cavitation created on the suction side of the pump. To
overcome the problem, pumps were always located at
the lowest point of the liquor circuit so as to operate
under the maximum head of water. However, trials from
1948 onwards in a Belgian dyehouse by Baldwin Stev-
erlynck, led to the construction of a closed-liquor circuit
fitted with a sealed expansion tank (to accomodate the
increased volume of liquor on heating), which could be
pressurised by compressed air to prevent cavitation.
Further development led to fitting a small secondary
pump to transfer liquor from an open expansion tank
into the main system, a small bleed of dye-liquor being
taken from the top of the closed dye vessel and passed
through a regulator valve and condenser into the expan-
sion tank. This arrangement enabled dyes and chemicals
to be added to the system while under pressure and for
temperatures above 100°C to be used. The Steverlynck
principle [18] has been universally adopted by package-
dyeing machine makers.

Towards the end of the 1950s, much experimental
work was carried out on the performance characteristics
of both axial- and centrifugal-flow pumps [19] and on
the development of reliable valves and seals to control
the direction and rate of flow of liquor at HT and under
pressure. Machine diameters increased to slightly over
2 m, and multi-bolted covers were replaced by manually
or pneumatically-operated locking rings. In the 1260s
the introduction of first nylon and then polyester tex-
tured filament yarns provided an upsurge in demand for
new machines capable of delivering high flow rates to
take advantage of the very high permeability of the new
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packages. Whereas flow rates of 2-10 I/kg goods/min
were acceptable in the early 1960s, this was increased to
about 30 I/kg/min by 1967, so permitting a more rapid
rise in temperature whilst maintaining acceptable insi-
de/outside package levelness. A few dyehouses pro-
vided pressurised blow-down drains so that on the
completion of dyeing polyester, the exhausted dye-
liqguor containing cyclic oligomers could be rapidly dis-
charged from the dye vessel at 125°C.

At the 1987 ITMA, Callebaut de Blicquy demonstrated
that single packages of woollen yarn could be dyed at
110°C with premetallised dyes, the complete cycle tak-
ing only twelve min. Similar demonstrations were carried
out on acrylic and polyester yarn packages. This concept
launched a wave of activity by machine makers closely
supported by dye producers to develop ‘rapid-dyeing’
techniques mainly for polyester yarns (i.e. complete dye
cycles not exceeding 90 min). Progress advanced along
the following lines:

(i) Pump capacities were raised to provide liquor flows
of 100 I/kg/min, giving 6-8 complete liquor circu-
lations per min; larger valves, pipework and motors
were fitted

(i} To take advantage of the increased circulation,
larger heating coils or an external heat exchanger
were fitted to increase the rate of rise of temperature

(i) To reduce the heat capacity of the system, the LR
was reduced to about 8:1 and, in extreme cases,
using one-way flow in a partially-filled vessel, only
3:1.

The introduction of rapid-dyeing techniques, which
obviously did not permit the taking of samples for
matching and subsequent shading, stressed the import-
ance of a uniform substrate, accurate weighing of dyes
and good instrumentation to give reproducible results,
but made spectacular progress in combating the rapidly-
growing inflationary pressures in the 1970s caused by
major increases in the cost of labour, water and energy.
Packages for dyeing were usually wound onto compres-
sible wire springs and, in the case of textured yarns,
compressed on the spindle to give more uniform perme-
ability and higher machine loading.

Excellent reviews of developments in yarn dyeing
during the period 1967-76 have been published
[9,10,20]. Naturally, not all new developments in this
field have proved successful. Amongst these was the
Thies Burl-Vac in which air was removed from the dye
vessel before the preheated dye-liquor at 130°C was
allowed to rush in and saturate the packages. Trouble
was experienced caused by (i) the lack of stability of
some disperse dyes at these temperatures when sub-
jected to high rates of circulation and (ii) the sudden
cooling of the dye-liquor on entering the vessel leading
to dye recrystallisation. The latter problem was minim-
ised by a modification proposed by Hoechst to preheat
the vessel and packages by pressure steam so expelling
entrained air. Another novel idea which failed to find
general acceptance was that of Serracant, who built a
machine in which the conventional circulation pump
was replaced by a reciprocating piston sweeping out a
volume slightly greater than that contained by the pack-
ages. Liquor/goods exchanges of 20 times per min were
claimed, equivalent to a nominal flow of 66 I/kg/min.

VISCOSE CAKE DYEING

In the 1930s nearly all viscose filament yarn was dyed in
skeins (hanks) on rotating roller machines, but around
1935 work started to try to dye viscose yarn in cake form,
initially on vertical spindle machines. Progress was slow,
but immediately after the Second World War trials were



carried out to modify horizontal-arm cake-washing and
bieaching machines in the spinning factaries for dyeing
using one-way flow (in-to-out). Several hundred
machines of this type were built to apply direct and vat
dyes to viscose cakes. One dyehouse had a standing
order from a Midlands customer for over 50 tonnes per
month for a specific peach coiour. However, increasing
competition from mass-coloured (spun-dyed) yarn of-
fering excellent fastness at a low price led to a steady
decline in demand for yarn-dyed viscose in the early
1960s. This was intensified by the increasing use of
nylon and pelyester yarns so that UK production of
viscose filament yarn for textile purposes ceased early in
the 1970s and the considerable volume of technology of
cake-dyeing built up over the years became redundant.

HANK-DYEING

The rotating roller machines of the 1930s gave way to
overflow-type machines (often called Hussongs) which
were more compact and kept the yarn stationary and
therefore in better condition during the dyeing operation.
These machines proved very successful over several
decades, particularly for dyeing woollen yarns for knitting
and for carpets. The introduction of high-bulk acrylic
yarns for knitted outerwear in 1967-69 provided an
upsurge in demand for hank-dyeing machines of which
the Pegg GSH design with dye-liquor pumped through
perforations in the top sticks of the carrier was the most
advanced. Developments in this field included increasing
the capacity up to 750 kg of yarn, fitting pneumatically-
operated covers, and a few machines strengthened to
operate at 105-8°C (primarily to get improved levelling
for ‘menders’). Nevertheless, hank-dyeing machines with
gentle liquor flow through a bulky substrated have
comparatively low productivity and efficiency in terms of
water and energy consumed. Furthermore, backwinding
hanks after dyeing is costly in terms of labour and space.
In the mid-1970s methods were devised by which yarns
were prebulked and then dyed as parallel-sided packages,
the substantial econaomies outweighing the slight loss in
bulkiness [21].

Some package-dyeing machine manufacturers sup-
plied internal fitments from which hanks could be sus-
pended while the liquor circulated vertically (two-way
flow may be used). Although offering the facility of
using HT and high liguor flows, few machines of this
type have been installed in the UK.

JIGGERS

In 1934, automatic jiggers which reversed the direction
of cloth travel at the end of a run, were still in the
experimental stage and, 20 years later, were still rarities
in commercial dyehouses. The development of suitable
drive systems for the draw rollers has dominated techni-
cal progress in jigs, the main requirements being:

(i) A drive to the unwinding roller as well as the

winding roller
(ii} Nearly constant speed from start to finish of the run
(iii} Automatic stop and reverse at the end of the run for
a preset number of passages
(iv} Control of iengthways tension in the cloth.

A refinement was a system of oscillating the rolls
when the machine had completed the programme in
order to prevent liquor drainage and out-of-balance
rolls.

Mechanical gearing drive systems devised by Bennin-
ger, Vald Henriksen and Smith's (Whitworth) have
proved successful in large-scale practice, whereas elec-
trical and hydraulic systems have so far met with little
success. Design modifications have enabled fabric rolls

of up to 1.2 m diameter to be accommodated (equiva-
lent to 4-5 000 m of light-weight nylon taffeta) and the
draw rollers have been increased in diameter to take the
additional load and incidentally, to minimise the ‘water-
ing” of filament taffetas.

To maintain the temperature of the fabric an the roll
(especially at the edges) and to save energy, light-
weight covers have been added complete with viewing
panels. Steam injection under the covers is available for
use when dyeing slow-dyeing fibres. improvements
have been made to expander bars to minimise creasing
during dyeing, and a few wide-width machines have
been fitted with a liquor circulation system.

Much development effort has been expended over at
least 30 years to produce an HT jig for dyeing polyester
fabrics, but so far success has been limited. Early experi-
mental models had a heavy cover secured by numerous
bolts and difficulties were experienced with fabric creas-
ing and running out of true, particularly at HT. Recent
machines have a horizontal pressure shell which moves
along rails to form a seal with the side frame of the jig.
Although occupying more floor space, this arrangement
is simpler and quicker than fitting a cover.

In a classic series of papers [22] Morton has explained
the fundamental principles of jig processing, which can
be regarded as a series of padding operations followed
by a dwell period on the roll during which time dye
diffusion into the fibre takes place. The irregularity of this
treatment through the length of the roll and the long
periods of apparent inactivity of the fabric have cast
doubt on the long-term future of jig-dyeing which offers
little scope for future development. Nevertheless, when
completely crease-free fabrics are required, jig-dyeing
provides a comparatively simple, cheap and efficient
method of achieving a satisfactory end-product.

WINCHES

Like the jig, although the principle of the winch has
remained unchanged, almost every design detail has
been modified during the last 50 years. The bark or
vessel, originally made of wood and sometimes lined
with vulcanised rubber or enamel, is now made of
stainless steel and the reel driven by a V-belt from an
individual electric motor. For light-weight filament
fabrics, shallow draft machines were designed, some-
times with a raised shelf at the front to provide a good
pull through the liquor prior to lifting from the bath.

Following the fuel crisis of 1946-47, work was carried
out to determine the benefits of enclosing winches [23]
and various materials were used before stainless steel
became generally accepted. Several dyers spent much
time and effort trying to develop a satisfactory method of
dyeing an endless rope of fabric containing several
loops. Although the loops can be advanced in a slight
spiral across the winch reel without difficulty, the return
journey presented greater problems. A major break-
through came in 1864 when British Silk Dyers devised a
mock-spiral system subsequently known as the Spiral-
oda or Autoleda [24]. The leading end of the rope was
slowly led round the jockey roller and winch reel, while
the advance of the rope across the winch was restrained
by a slowly-rotating helix on the jockey roll. Despite
providing much higher machine loadings and saving
time spent sewing, this technique has found only limited
application so far.

Devices to promote increased interchange of liquor in
the fabric have been few, but in 1967 lima arranged for
each rope of fabric to pass through a spray-ring whilst
falling from the winch reel into the bath. Recently [25], a
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similar spray-ring has been proposed, but fitted adjacent
to the jockey roller.

In the mid-1960s, increasing guantities of fabrics
containing polyester for dyeing emphasised the need for
HT machines and many manufacturers produced pres-
sure winches consisting of a conventional winch reel
and jockey roller inside a pressure shell from the back of
which dye-liquor was withdrawn and passed through a
filter, pump and heat exchanger before being dis-
charged, into the machine. Loading and unloading was
carried out through small portholes and the machines
gained a reputaticn of being difficult to run with creasing
being a frequent hazard and fabric entanglement a dyer’s
nightmare. Condensation spots of carrier falling from the
roof of the vessel onto the fabric were another hazard
and taking samples for shading was difficult.

However at the 1967 ITMA, well over a dozen makes
of pressure winch were shown and attracted great
interest, but the appearance of a small jet dyeing
machine virtually killed sales of pressure winches over-
night leaving some manufacturers with substantial
losses.

JET DYEING MACHINES

The concept of using a jet of dye-liquor to transport a
rope of fabric was patented by Victor Fahringer, chief
engineer of the Pacific Division of Burlington Industries
261, but the licence to manufacture was later sold to the
well-established Gaston County Dyeing Machine Co, of
North Carolina. The first production machine was dis-
played at an exhibition in Atlantic City in 1961 [27], but
commercial interest remained at a low level over the next
five years. However in 1967, Gaston County licensed
Textile Processing AB, in Sweden, to manufacture and
sell the machine in Western Europe. To initiate sales, one
machine was installed in a Swedish dyehouse for trials,
Several Midlands dyers, sorely harassed by the problems
of dyeing textured polyester knitted fabrics in atmo-
spheric and pressure winches, carried out trials with
successful results and installed Swedish-made machines
as soon as they could be delivered.

The essential features of the Gaston County-designed
machine were that it took two or three long ropes of
fabric (up to 250 m long and weighing up to 150 kg
each) each in a separate compartment with its own jet.
After passing through the horizontal jet tube at the top of
the machine, the fabric was plaited down on a perforated
scray to slide gently to the front before commencing the
next cycle. Fabrics were run at about 250-300 m/min to
give a cycle time of about one min and the dye-liquor
was drawn off at the bottom and pumped through a heat
exchanger before passing to the jet. The machine was
compact and easy to pressurise, the LR was only about
10:1 (lower in some cases when heavy fabrics were
dyed) and heating and cocling rates were rapid. The
vigorous interchange of dye-liquor in the fabric and the
short rope cycle time promoted rapid absorption of dye
and good levelling. The introduction of jet dyeing revo-
jutionised the design of HT rope-dyeing machines and
led to a series of new designs produced in considerable
numbers during 1968-78.

The first new family of machines to appear were fully
fiooded jet machines in which a long rope of fabric was
propelled by a jet of liquor along a tube to a fabric
storage compartment where it remained in plaits until
being drawn off and again fed to the jet. The machine
was compietely filled with dye-liquor so the fabric was
immersed throughout, hence minimising the risk of
lengthways creasing. The completely-filled system also
overcame the problems of excessive foaming sometimes
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experienced in early Gaston County jets and carrier
condensation spots in winches. Fully-flooded machines
appeared in a wide variety of shapes. Thies, who sup-
plied the most widely-used machines of this type in the
UK, opted for a vertical storage compartment, whereas
Rudolf Then preferred a horizontal chamber with the jet
tube above and Vald Henriksen operated as a horizontal
torocid. However, fabric control in the storage chamber
proved difficult to maintain, especially when fashion
changes tended to move away from heavy double jersey
cloths towards lighter and thinner constructions necessi-
tating longer ropes to maintain productivity [28].

In order to provide greater control of the fabric, several
manufacturers, e.g. llma, Hisaka (made under licence by
Mezzera), lowered the liquor level slightly and fitted a
free-running roller to lift the fabric momentarily from
the liquor and drop it into a jet tube for despatch to the
storage compartment. Other manufacturers favoured a
tower-like structure with a reel at the top feeding
the fabric into a side-tube taking it to the bottom of the
machine. Platt Longclose ingeniously incorporated the
delivery tube inside the main compartment which was
inclined at 20°C to the horizontal. The resultant Ventura
machine was the only UK-made machine to sell widely at
home and overseas.

Compared with one jet in 1967, ITMA'71 revealed
over 20 types of jet machine and introduced the first
‘overflow’ machine made in Europe, the Jagri ‘Liloc’
based on the Hokuriku 'Loco’, already well-established
in Japan. In overflow machines, the fabric was lifted
briefly from the liquor by a free-wheeling roller and then
passed into a nearly-horizontal tube continuously sup-
plied with dye-liquor not from a jet, but overflowing
from a trough. The fabric speed was lower than in a jet
machine and the action gentler. Thies, again one of the
first in the field, called its model the ‘Soft-flow’ and
machines of this type earned a good reputation for their
ability to handle a wide range of fabric constructions.

Nearly all the machines described above were pressur-
ised and designed to be capable of dyeing fabrics at
temperatures about 130°C. However, after a decade
dominated by polyester, fashion swung away from syn-
thetic fibres towards cotton, leading to a demand for
atmospheric machines to replace many winches nearing
the end of their useful life. Other factors were the rising
cost of water for industrial use and the effect of the oil
crisis of 1974. Consequently, ITMA'75 featured several
rope-dyeing machines in which the liquor:goods ratio
had been reduced from 10-12:1 for most jets and
overflow machines down to about 6:1. Typical designs
were shown by Thies and Textile Processing AB, the
overall shape being similar to the Gaston County jet, but
with the fabric being lifted by a small circular reel and
deposited at the back of the machine by a jet of dye-
liquor. This type of machine was an immediate success for
the application of reactive dyes to cotton knitted fabrics,
the low LR providing substantial economies in chemicals
as well as energy and the rapid fabric movement {(up to
400 m/min) facilitating clearing after dyeing.

Developments shown at ITMA'79 showed similar
trends towards using low LRs for dyeing, several
machines featuring a slowly-rotating perforated piatform
for storing fabric between lifting the fabric over a roller
and flooding with fresh dye-liquor. Another technique
was the use of foam for dyeing as in the Gaston County
Aqualuft. However, many low LR dyeing machines need
to be able to use longer liquors for scouring and for
clearing after dyeing and it should be borne in mind that
the economic benefits of reducing the liquor ratio below
6:1 are small and the risk of fabric creasing is greater.



FABRIC BEAM DYEING

Fabric beam dyeing advanced rapidly at the end of the
1950s with increasing demand for machines to dye large
quantities of nylon warp-knit fabrics with absolute free-
dom from creasing. Early machines were top-loading
with only one-way flow, but end-loading machines
were rapidly adopted and grew steadily in length (for
fabrics up to 450 cm wide), and diameter (upto 160 cm,
representing up to 8 000 m of 20 den. nylon fabric). It
should be recognised that the success of beam-dyeing
was very largely dependent on the equipment and
technigue for making large beams of good consistency.

The development of more powerful pumps and four-
way valves were important for adequate control of liquor
fiow and, on some of the largest machines, external heat
exchangers were fitted. The desirability of using flanges
at each end of the beam of fabric was never satisfactorily
resolved.

In 1968 a Swedish invention (flotation dyeing) to
inject minute bubbles of air under high pressure into the
suction side of the pump to obtain increased fabric bulk,
aroused considerable interest and several injection units
were fitted to beam dyeing machines in the UK [29].
However, its success was short-lived. A few years later,
the French STX process used a solution of methanol in
perchloroethylene to apply acid dyes to nylon tufted
carpet or knitted fabric wound onto a beam. As dyeing
progressed, the methanol was distilled off, leaving the
pure perchloroethylene for re-use.

GARMENT DYEING

Throughout the period side-paddle and rotary-drum
machines have served as the work-horses of the gar-
ment-dyeing section of the industry, but have faced
competition from several novel developments.

In the 1950s, the precise presentation of nylon stock-
ings during ‘boarding’ (setting in pressure steam)
offered the possibility of dyeing by spraying, and many
dye-boarding machines operating to a programmed
cycle were built and installed, frequently by knitters
eager to undertake ‘in-house’ dyeing. However, in the
mid-1960s the introduction of, firstly, fully-relaxed
stockings and, secandly, tights (panty-hose) rendered
dye-boarding machines obsolete.

The rapid growth of knitted outerwear in the mid-
1960s was closely allied to the introduction of acrylic
and nylon yarns followed by triacetate. These fibres were
readily dyed in conventional side-paddle machines, but
the later arrival of polyester brought many probiems until
radically new HT machines were developed, the best
known being the Pegg Toroid (adapted from a wool-
garment scouring machine) and the Leemetals Epicyclic
Paddle.

Another important development has been the growth
of front-loading tumbler wet-processing machines
adapted from dry-cleaning units. These can be used for
scouring and dyeing {stockings, tights and knitwear),
rinsing, centrifuging, and drying i.e. a complete dry-to-
dry operation controlled by a programmer. Although the
capital cost per unit produced is higher than conven-
tional machinery, the labour content is reduced, the
working environment improved and the service require-
ments low [30]. Here again, automated equipment of
this type has been received more enthusiastically by the
knitter than by the commission dyer.

Interesting variations using tumbler machines
included the Sancowad (Sandoz) concept of using
foam to apply dye at a liquor ratio of about 1:1 [31]. This
technique was applied successfully to nylon half-hose
and tights, but was never widely adopted. An even

bolder venture was to apply special disperse dyes to
knitted polyester outerwear using perchloroethylene.
Several full-sized lots were dyed at 119°C for
20-30 min. The complete dry-to-dry cycle inciuding
rinsing and application of finish took only 80 min, but
the need to use a limited range of dyes and the difficulty
of getting good build-up restricted its commercial appli-
cation [32].

FUTURE PROSPECTS

Looking back it is apparent that the period 1960-75 was
the Golden Age of machinery development, but has
been followed by a drastic reduction of production
capacity in the textile industries of the UK and Western
Europe. The demand for new machinery has fallen to a
low level, leading to company mergers and a substantial
reduction in the number of machinery makers. Even in
1976, the survival of the European textile machinery
industry was a subject for active discussion [33], and
very much dependent on the willingness of a healthy
textile industry to invest some of its profits in new
machinery. At present the financial pressures on the
machinery makers leaves little provision for research and
development and there are no signs of any new fibres or
dyeing methods demanding radically new machinery.
Future progress is therefore likely to be along the lines of
improving and refining well-proven designs rather than
to try and introduce completely new concepts.

From a recent conference on package dyeing [34.35],
it appears that future dyehouses will contain only a small
number of machines catering for different batch sizes,
each with a potential capacity to dye 80 lots per 120 h
working week. Certainly the dramatic increase in prod-
uctivity in the package-dyeing field (caused by reducing
dye-cycle times to about 90 min) is setting new targets
for fabric dyeing where the best rope-dyeing machines
have reduced times to about 3 h, leaving room for
substantial improvements in productivity. The emphasis
is likely to be on improved process control of the dyeing
operation in order to achieve a high degree of repeatabil -
ity of colour, requiring more automated controls linked
with controlled dye weighing and subsequent instru-
mental colour matching and control.

in the dye-jig field, a wider acceptance of HT
machines can be expected and for garments, automated
tumbler-type machines will find favour with the smatl
knitter. Again, improved productivity will be the keynote
and will be linked with better instrumentation and auto-
mation.
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