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FOREWORD

This publication is the eighth of a series devoted to textile engineering and
closely related fields. It is part of the Training for Industry Series published by the
United Nations Industrial Development Organization (UNIDO).

Rapid world-wide increases in population and industrialization are reflected in
the textile and allied industries. In any ranking of hur.-1n needs, fibres and textiles
for clothing and industrial purposes are second only tc foodstuffs. The continuing
Quantitative and qualitative changes in textile production require the broadest and
most complete dissemination of information in this important area.

The purpose of the present series is to make availsble to the developing countries
the most recent scientific and technical information in order to help them to
establish textile industries or to improve the effectiveness and economic viability of
existing textile industries that are still in the earlier stages of economic development.

At the suggestion of UNIDO, with the support of the authorities of the Polish
People’s Republic, s post-graduate in-plant training course in textile industries was
held in LOdt from May through September 1967. The course was repeated from May
through October 1968, and its content was modified and up-dated on the basis of
experience snd new information. It was repezted again in 1969 and it is planned to
contines this programume, up-dating its subject matier and improving its usefulness to
the textile industries of the developing countries. It is on these courses that the
prent wriss is besed.

The cournes were organized by the Textile Research Institute in LOdZ with the
object of training & growp of aleeady highly qualified specialists in all branches of
industry ' ting to textiles. Under nor el conditions, such traininr would 1 quire
work in mills snd in resserch and development over 3 penod of several years.

The courws give the perticipants an cpportunity 10 brcome acquainted o'd to
do ctusl work = conjunction with some of Poland’s leading rescarch centres and
indusiriel emtorprinss, and 10 divum with experts problems commected with
tochniqgee. technok gy, economics, organizstion and seseerch in the fiedd of textides.
in copanizing the courws, the Tentils Rewarch Institute endsavours to co-ordinste
e contont of theesstical lectuses, tochnicel dincu.sions snd practical studies in
lebusstories snd mills, covering all the fundamental problems of textile industries.

The mein cbiject of the wminern is 10 2 'ispt the brosd raags of problems
mnmmuummammmm

by e ewarch worken of the institute formed the core of the programme.
The bctusss ¢) not soviow or sepost the bosic probiems wimally swudic ; 3¢ technical
culloges snd high xhooh i the coure of sormnl vecationsl training. rather, they
dodl with whjects most often of concem 1o the monagsment snd technical saff of 3
eatle enterpring.



The lectures, as presented in this series, have been grouped in eight parts: textile
fibres; spinning; Knitting, weaving and associated processes; non-conventional
methods of fabric production; textile finishing; testing and quality control; and plant
and power engineering.

It is hoped that the experience gained from these courses, as presented in this
series, will contribute to the improvement of textile industries everywhere, and
particularly in the developing countries.

The views and opinions expressed in this publication are those of the individual
authors and do not necessarily reflect the views of the secretariat of UNIDO.
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EXPLANATORY NOTES

References are indicated m perenthe<sis W the text, by nome of swthor sl your of

publication. The full references are listed, alphabetically by author, ot the end of sach artich.

References to ““tons” indicate metri tons and to “dollars” (). United States dollar. salee

otherwise stated,

The following abbreviations have been uwd

cPi means “courses per ih”,

Denier (den) is the veight in gramm of 9,000 metres of yarn.

g is geupe’.

keal is kilocalorie.

Metric count (Nm) is the number of kilometies of yarn per hilogram,
A nonometer (nm) is 10 mm.

rev/mun is revolutions per minete.

Tex is the weight in grams of | 000 metres of yarn: milldex (miex) s 0.001 ten.
wpi is “wales per inch”,

Worsted count is the number of 560-yard lengths per pound of yarn.




&
A. Bobthbi

An mtdistions phay 3 very imparient rols i tentih plants and constitute an
: ‘ e movoment of av s ved i the
tntile industry for the Wenpant of ciooning. yorn snturing, the drying of
moteviuin. the coaning of mechinery. duvet womevel. wist daprredd ond the s
conditioning of prodiuctina dopartments. Ducoues of Yol mportance, most
stontion i gven hove to e probioam of aiv conditioning. dest somoval snd the

|
i
1
|

Als conditioning of preduction de ertments

Anconditioning sastslistions s weed in production depertments in which the
wchaical procen oguises the maintonsnce. thee Jhout the your, of constant and
sty dofined siv parametors. Thove instalistions maks the condition of the air in
e roome complotoly ndopondont of the outdorw cenditions, thus perraitting th-
ssishiishawnt snd maintsnsnce of doeived conditions indoors.

{¢) wchnical snd building comtruction .




ND POWER ENGINEERING

LE SEMINARS. PLANT A

$8—0L (LT—9T OL—%9 OL—S9 ST—tT 0T SL—S9 ST—¥T 08—0L poys Sutawop
0§ 0c—LT SS—SyY SS—0S O0f—LZ LZ—¥T SS—S¥ LT—¥C Suruunds suy
OL O0f6—LT SS—Sy 09—0S Ot—LZ LT $9—$§ LT—¥ 90§ Suruuids
[RUOCTIUdAUOD
woos Sunuundg
09 L $5—0§ $S—0¢ 87— SC—CT $S9—S$§ LTV 090§ yssunuedop
fioyeredairyg
o8—0L, O0¢€—8C . Jwuins
$¢ LT—¥C S99 $9—09 9T—tl PI—T SL—05 LT—V¥T SS—SF 1uim
wWooJ pie)
fmu uos0)
(13 sad) (D) L0004 Fro Sy 0 dounung (re3> 4a2d) (D) (M3 42d)
Crpprmy my Gppyumy am  Kypprmy
sapwpay  -susdwaj (a2 s2d) (3 sauepy -saadway Yy
Anppury 2010y asmpmandins §
SPIBPUDIS NON Iy SPIBPANS JHACS

SAPSPuNs N0y oTPpuTs
wwaig

sAMISNGNI TILLXAL FHL 20
SINSNLEVINCD NOLLONGOEd 804 GBENENNCOTY SYALINVEVd EIV 40 SCEVANVIS NOWd SIOVIIXA T 3Vl




AIR CONDITIONING
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Production and technological requirements

With unsuntable values of ar parameters i produs tion de partments. produc tam
provesses may undergo conuderable desturbance Many varn faulls. such & roughnes
and nonunformity. fuctiations n the mmeration nd differences m yarn
properties. are the result of unsurtable relatve humnd 1o and s temperatuees
n spinning malls.

The production provess n weaving sheds has umiar . 2cments & regards s
parameters. Variable relatve hurmdity of the aw cavers Muctuations m the wrewrs
and extensions of the weft and warp. which i tum cawaes icressed breshage and
fluctuations in the fabrc width. Quality consequently de teriorates. produc twvsty falle
and the proportion of waste nses.

The choice of optimal physical as parameters n some tunes @ffcult becsuw of
the complex nature of fibrc processing. Thus far. there » no rele which allows them
10 be established univocally. Masry years of expenence have shown thet the roquised
t«npcmunndnhtmhumﬁtyd!heuh’ndnneﬁyenhm-iﬁ
kind of fibres being procemed (for example, thew hygroscopuity ) but slw on the
way in which "¢ production process 11 conducted. uch s the dogor of b
opening. the yarn number. the extent of stretching. the number of twishs snd the
kind of weave. The meterial used 10 cover the guide rollers is aleo snporiant. Al ene
time, when calf hide was used, American cotton, for example. could be processd
with a relative air humidity in the range of 60 10 70 per cent At prerent. however.
umsysmticﬁbnmlﬂmkmmnhﬁmmﬁvﬁam
air humidity in the range of 50 to 60 per cent.

The most reluble method for determining the optimal climetx conditions B
m;:maunwmmayvm:msmm.u-u
takes much time, since a great number of expsniments must be performed. Very
unfortunately. it is mst always possible 10 make ver of experiments performod
other countries, because differences in fibee processing must ofien be tahen inte
account. This can be seen in table |, I which the ais perametens secommended for
textile mills in France, Poland. the Soviet Union and the United Uates s compared.

Hy gienic requirements

In order 1o provide suitable working conditions for the aperatives. seages of
temperatures, relative humidity and speeds of the sir movemad in which they can
work most productively and feel comfortable must bs asintained. Whon stseming the
significance of climate for humans, the American whoiar Ellsworth Huntingien
(1876 -1947) showed, in his works concerning human grogrghy, that ane of the
fmmrmﬁbhfovthcnpﬂwam&mitmhh
temperate climate of that continent. Man xts and works best when he & notther toe
hot nor too cold. The adapiation of enviconmental conditions 10 the sequissments of
his organism increases his productivity and loser sbesuces attributable to illnon
(see figures | and 2). The measure of the cocking capenlity of the meduam e
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their thermal properties, so as to avoid urJdue losses or gains of heat and the
condensation of steam on them, which directly affect the size of the airconditioning
installations and. at the same time, the consumption of electrical and heat energy.

It is recommended that the heat transfer factor (k) through the outside walls and
especially through the ceiling, under the roof, at high relative humidities should
exceed 0.5- 0.7 kcal/m?- hour-°C. This especially concerns climatic zones where
there are great fluctuations of temperatures and also temperatures below the freezing
point. To equalize heat balances and to eliminate the effects of outside conditions,
new ways of constructing buildings and their internal walls are being sought. Special
effort is being directed toward means of limiting the relative humidity within a room
to 70 per cent. It has been found that too high a humidity can be avoided by
carrying out production processes in a suitable manner. For example, if a starched
cotton warp has only 12 per cent humidity. that of the air in the weaving mill need
not exceed 70 per cent; indeed. a humidity as low as 65 per cent might suffice.

The principal parts of air-conditioning systems and their functions

Every airconditioning system is made up of two basic groups of equipment:
sir-preparation devices and air<irculation devices.

The air-preparation equipment is comprised of the following elements: a mixing
chamber, air filters, air heaters and a sprinkling chamber with full fittings.

The following are included in the air<circulation equipment: blowers, inlets,
air-exhausts and ventilation ducts.

The basic air treatment takes place in the preparatory equipment where the air,
depending on conditions both indoors and outdoors, is suitably mixed, humidified,
heated or cooled.

Air-conditioning processes on the graph “i—x"" of Mollier

The thermodynamic processes of the preparation of the air, illustrating typical
air conditioning in the textile industry, is shown in graph i—x in figure 3, which
illustrates a typical process of air conditioning by drying. This function consists of a
mixing process (line A8), drying-cooling process (line M0) and the heat assimilation
process in the room (line 08).

Figure 4 illustrates a typical airconditioning process with humidification of the
sir when outdoor temperatures are higher than the indoor temperature. Figure §
shows the air-conditioning process with humidification of the air when indoor
temperature is higher than the outdoor temperatures. The characteristic feature of
the airconditioning process shown in figure S is the additional heating of the air
before humidification (line MX).

The basic type of airconditioning equipment that has been adopted in the
textile industry has one circulation of air and a single-stage sprinkling chamber
(figure 6a). Double air circulation (figure 6b) is applied only with variable and
negative heat balances in order to protect the heating element from wear.

When water from mountain streams or from deep wells is available,
airconditioning equipment with two sprinkling chambers should be used (figure 7),
since they make possible a decreased demand for water. Usually, with single-stage
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Figure 3. Typicel run of air-conditioning process with drying (cooling) of e

sprinkling chambers, the rise in temperature of the water that receives the heat from
the air is not more than 4.5° to 4.8°C, but with two-stage sprinkling chambers the
rise can be increased by as much as 80 per cent.

The operating principle of a two-stage sprinkling chamber diagrammed in figure
7is as follows: .

Pump (A4) sucks (W) cubic meters of water from the second-stage chamber and
forces it through nozzles into the chamber of the first stage. Part of this water (W, )
flows out of the equipment through the overflow, the rest (W) after mixing with
cold water coming from the outside source, is drawn up by pump (8) and forced
through the nozzles of the second-stage chamber. The air in the chamber of the first
stage is first cooled by contact with water that has been partly heated in the
second-stage chamber and next passes through the inter-stage water-drop remover
and reaches the second stage, where it reaches the required parameters.
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Figwre 7. Airconditioning equipment with two sprinkling chambers (see text)

Air conditioning with supersaturation of air

The sirconditioning equipment described thus far is often called “equipment
with dry saturation” because, after humidification in the sprinkling chamber, the air
pesses through the water-drop remover, which eliminates drops of water that have
not evaporated. Airconditioning equipment with supersaturation of the air does not
heve a drop remover, and the air therefore carries water droplets into the rooms. The
sbility of the air to assimilate heat is thereby increased, because the air assimilates
not only active heat but also the steam given off by the water droplets in the
compartment as they evaporate, radiating heat into the room. The airconditioning
process with supersaturation of the air is illustrated on the graph / - x of figure 8.

In this process, the characteristic bru<cn line 08 symbolizes the process of
smimilation of heat and steam within a room. Increasing the ability of the air to
sssimilate heat makes possible the air conditioning of rooms with fewer air
exchanges; for example, for a required level of relative humidity of 65 per cent,
spplying a supersaturation of 2 g of water to 1 kg of air, the number of exchanges
docrenses by sbout one half.

Alr-conditioning equipment with the supersaturation of air is constructed quite
differently from equipment with dry ssturation. Equipment of the first type (figure
9) does not have spraying chambers, but all the other elements, such as the drop
semover (1), heater (2), valves (3), applisnces for sprinkling the water (4) and a
dower (5) sre in one ventilation duct. Because of the drops of water carried into the
toom, they must be sprayed sufficiently high that they do not fall on the machinery
and floor. For this purpose, special fog generators or an axick-flow fan working with
tpeaying disk are used.

Incressing the ability of the air to assimilate heat permits a decrease in the
poviod during which the sirconditioning equipment must operate. Comparing tive
different sis-conditioning systems that have been described, it can be seen that, with
mperssturation, the ambient temperature in the room will be 1° or 2°C higher than
without it. The temperature rise Jepends on the degree of supersaturation and on the
love: of the required relstive humidity in the room. For this reason, the maxsnum
spermstuntion (2g/kg) is used with supersaturation equipment and, spact from this,
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Figure 9.  Diagram of sir-conditioning equipment with mpersshwetion of the abv (s tent)

s application is limited to levels of humidity not less than 65 per cent. Thin
limitation does not exist with air treatment with cold water. For this ressom,
sis-conditioning equipment, shown in figure 10, was built for the first time in the
Textile Research Institute. This is a vertical airconditioning chamber with 3 normel
sprinkling chamber and equipment for supersstursting the air, suspended on the
ventilator axis. The air in this equipment can be humidified and cooled with
circulating water from a tank or with cold water taken from mountsin streame or
from deep wells.
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The use of only two circuits with two controls is possible because, in each
circuit, the second air parametcr is always constant. The air in the sprinkling chamber
is of constant relative humidity (approximately 100 per cent), and the air in the
room is at the appropriate absolute humidity. The most usual control system is
pneumatic, although mixed electrical-pneumatic systems can be found.

In modem air-conditioning systems, the cleaning of the air and water filters is
also automatic. The cleaning of the air filter (figure 11) is controlled by a pressure
control that sends impulses to the appliance that operates the suction device that
collects the dust from the filter. The suction device is put in operation by a fall in
pressure in the ventilation duct caused by thick layers of dust on the filter. The water
filter is rotary and runs continuously, and the dirt is washed from it by nozzles that
spray it with water (figure 12).

L
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Figure 11.  Operation of the air filter of an air conditioner

Figwe 12, Operuation of a rotary water filter for an air-conditioning sy stem

The basic operations for the servicing of the airconditioning system in a factory
can be reduced to the maintenance of the individual elements of the system; that is:

(e) The cleaning and freshening (painting) of the ventilation ducts;

{b) The maintenance and replacement of damaged parts of the control fittings;

(c) The starting and maintenance of the electric motors and the pumps, blowers
and compressors;

(d) The daily cleaning of permanent filters or periodic emptying of the dust
containers of the mechanical filters:

(e} ﬂiipem&c washing of the nozzles and removal of slime from the water
tank.
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Instructions for the performance of these tasks are issued by the makers of the
equipment.

Adjustment of air-conditionirg systems to the working conditions

A change in the kind of fibres or assortment of products being processed very
often entails a change in the air parameters required for the rooms. In this case, the
air-conditioning system must be adjusted to the new working conditions.

Because air-conditioning systems operate automatically, the problem is reduced
to the appropriate adjustment of the temperature controls and the relative-humidity
controls,

In the conventional doublecircuit control system, the hygrostat, which is
located in the air-conditioned room, is adjusted by a special hand-wheel for the level
of relative humidity required by the changed processing conditions. The chief
engineer should know what this value should be.

The temperature to which the thermometer (which is located at the exit for the
air from the s~rinkling chamber) should be adjusted, is determined from the curve
i-x by plotting the direction of change of the air modification in the airconditioned
room. Since the direction of the transformation in spinning and weaving mills which
are most often air conditioned is

Ai
— OO

Ax

the point where the straight line x = constant cuts the saturation curve ¢ = 100 per
cent gives the required temperature. In this case, the straight line x = constant must
pass through the point, defining the new state of the air required in the
airconditioned room.

~ Clearing fogged air

The problem of de-misting is met with in finishing departments and dye-houses
in which raw fabrics, loose fibres or yarn undergo bucking, bleaching, dyeing,
washing, rinsing and other operations to give them their appropriate wearing
properties. In most cases, these operations take place in baths, sometimes at high
temperatures, often reaching 100°C. The high temperatures in the tanks cause the
evolution of large amounts of steam which, in summer, form a “tropical” climate
that is difficult to bear and, in winter, an unwanted steam-air mixture. The air in the
finishing departments therefore must be dried and brought up to a state that will
ensure good working conditions for the operatives and protect the buildings and
machinery from rapid deterioration.

To clear the misty air, simple ventilation equipment is used, with heating of the
air when outside temperatures are low. The mist-dispersal process is illustrated on the
curve i—x (figures 13 and 14).

The exhaust for the used air is located at the highest point of the airconditioned
room, to which the highest concentration of steam, which is lighter than air, rises.

Where there is intense evaporation of water, the exhausts are located near the
source, with the use of appropriate shields, eaves or edge suckers.
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Figure 15, Course of heating of water in a washing vat: (a) with hocd, (b) without hood

concentration, the required degree of the cleaning of the air etc. These problems are
50 complex that they cannot be discussed fully in the space available here.

In general, however, it should be said that problems of trapping the dust in
modem textile plants are solved by the manufacturers of the machines. The correct
location of the suction devices during the construction of the machine ensures the
efficient removal of dust without causing interference with the production process.
Since the rapidity of dust removal is connected with the speed of the transport and
with the whole dust-removal system, modern textile plants have complete individual
dust-removal installations in which a single dust collector serves several machines and
even 2 whole department.

The most frequently used dust collectors are those of the sack fabric (sleeve)
type, which consists of a series of long fabric sleeves through which the air flows,
carrying the dust from the source. The dust-removal operation is completely
mechanical, consisting in the stopping of the dust by the weft and warp threads as
the air fows through the fabric. °

In addition to sack dust collectors, cyclones, multicyclones, vertical filters, slide
filters and the like are also used. The use of such devices is simple and requires no
discussion here. All that is needed is compliance with the recommendations of their
makers and good maintenance.

In conclusion, it should be stressed that, in the textile industry, air-treatment
installations are the most important auxiliary production equipment. Indeed, it has
been said, facetiously, that textile mills and fibre-processing plants are actually
air-treatment factories. The importance of this squipment is evidenced by the fact
that the amount of electrical power consumed by it may be roughly equal to half of
that used in actual production.
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by
J. Wolanski

Energy characteristics of textile plants

All technological processes in the textile industry are connected with the
consumption of electrical and heat energy. The electrical energy is used to operate
machinery, for lighting, sometimes for space heating and for technological purposes;
the heat energy is used for heating and for technological purposes, because several
processes require definite ternperatures for correct operation or to obtain exact
timing of operations. An analysis of the main production phases in the textile
industry shows clearly that spinning mills, weaving shecCs and finishing shops vary in
their consumption of energy. Each stage of the production process has a slightly
different energy characteristic.

Spinning mills

The spinning process, taken as a whole, is one with an exceptionally high
concentration of mechanical work and that usually operates in normal thermsl
conditions, with the use of a great many machines, as in cotton and worsted
mills. There are certain divergences from this rule in woollen-spinning mills, which
have some machines that consume heting steam. However, this group of machines is
only a tiny part of the combing mill. This does not include the scouring of greass
wool, which in some cases is part of woollen-spinning mill operations.

Spinning machines are driven by their own electric motors. In them, the
electrical energy consumption per kilogram of yarn is always high, but this is
especially true of ring spinning frames. Half of the electrical energy used by »
cotton-spinning mill is used in these machines.

As examples, some typical figures can be given. To produce 3 single tom of
20 Nm yam, 3,300 kWh must be used. With 33 Nm yam, electrical energy con-
sumption is much lower; that is, only about 2,000 kWh. Increasing the productivity of
machines, especially by increasing their speed. implies the increase of electrical
energy consumption per kilogram of yarn, because the consumption of energy rises
more rapidly than the increase in speed. The heating of the production rooms in
spinning mills is 3 complex problem because it is usually connected directly with ais
conditioning. Both heating and air conditioning are directly related to clismstic zones,
because the conditions that prevail in Poland and in Central and Northern Eusope ase
quite different from those that prevail in the tropics, for example.
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The comsumption of electrnal energy per ton of fabr  amounts to
spproxmately Y00 kWh_ which 1s lower than in spinning and weaving milis. The heat
consmption per ton of fabrc amounts to about 15 to 10* kcal, for which
approxummately 30 toas of steam 13 necesary .

Because there 1 3 large heatenergy consurption in finishing departmerts,
usually carried by steam (in complete textie plants. finishing departments consu ne
sbout 70 per cent of the total amount of heat produced), and quite a significant
electrical energy consumption. and also because finishing departments are very often
connected with spnning and weaving mills, where there is a significant electrical
energy consumption, the manner of providing electrical and thermal energy is of very
great importance. As a rule. large factories have their own power plants, which must
provide all of the heating steam required. Electrical energy is most often absorbed
from the factory's own power plant as well as from the power network. In certain
cases. the factory power plant gives off excess electrical energy to the network.
Co-operation of this kind with the power network is, however, not practical for the
production factories.

The problem of producing electrical and thermal energy in factory power plants
is discuseed below.

Supplying textile mills with steam and electrical energy

The esential condition for the existence and operation of textile mills is an
ensured supply of heat and electrical energy, the carrier of which is usually steam. As
noted above, however, hot water is sometimes used. The size of this energy
consumption and the inter-relationship between the consumption of clectrical energy
and that of heat energy (with the exception of heat energy obtained by changing
electrical energy to heat energy) depend on the size of the factory and its
production, as well as on whether the factoiy inchudes all departments or only some
of them.

Textile mills usually have their own boiler houses to supply all of the steam or
hot water required for space heating and for technical purposes. Thus, the condition
most often set in the building of a boiler house is that it must supply all of the heat
requirements of the factory. While the present development of power engineering in
most countries permits the supplying of factories with electrical energy on quite
convenient conditions, very many factories have power plants that supply their own
requirements, partially or entirely. Whether or not a given factory will have its own
power plant is decided by economic factors that can differ in each case. The specific
operating conditions of individual factories determine whether a factory will have
only a boiler house or also a power plant, and also the choice of the type of boilers,
turbines, piston engines or other machinery that does not consume steam, such a8
internal combustion engines and water turbines.
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If a factory has a boiler house that supplies steam only for technical purposes
and for space heating (this situation is usually met with in smaller factories, as in the
knitting and woollen industries), there is usually no necessity for boilers with steam
pressures higher than 12 atmospheres. There will also be no need for such boilers to
have steam superheaters. but it is advisable to have water economizers. Textile
factories, especially those with finishing departments, are characterized by « very
irregular steam consumption during a shift, mainly because many of the machines
and dyeing apparatuses operate discontinuously; that is, cyclically. Such vanation of
steam consumption directly affects the operation of the boilers. If the steam
requirements exceed the capacity of these boilers, then a fall in their pressure takes
place, which in turn causes a fall in pressure in the pipelines that carry steam to the
machines. Consequently, the boilers in boiler houses in textile factories should be
capable of meeting the specific conditions of operation.

Lancashire boilers and the new packaged boilers (which are, in principle, Cornish
fire-tube boilers) are adapted especially to this kind of non-uniform operation
because they have a large water capacity and therefore a great steam-storage
capability when pressure falls.

Flue-tube boilcrs are only slightly sensitive to the hardness of water; they can be
fed with water of a hardness up to 12° on the German scale of water hardness. The
principal limitation of flue-tube boilers is their low total output, which averages up
to about 3 tons per hour. From this point of view, very much better results can be
obtained with the above-mentioned packaged boilers. which can have very much
higher outputs; for example, 10 tons per hour. Many factories have other types of
boilers, such as those of the water-tube and radiant types. However. such boilers are
sensitive 10 severe working conditions and require special preparation of the water.
Even more complex conditions appear in factories that have their own electrical
power plants.

Only rarely does a factory have a power plant that supplies electrical energy
without also supplying steam for heating and technological purposes, because the
power plants of textile factories normally supply both electrical energy and steam.
This situstion directly affects the choice of the steam turbines to drive the
generators. If the power plants produce only electrical energy, the best selection
would be s condensing turbine; however, when producing both electrical energy and
hesting steam, back-pressure condensing-extraction turbines or back-pressuse
extraction turbines must be considered. This kind of connexion is, of course, a classic
example of the so-called coupled heat-power economy.

Condensing-extraction turbines of suitable size make it possidle to supply the
requirements of a factory for both electrical energy and industrial steam. This besic
principle was generally followed before the Second World War, but in later years this
situstion has been completely changed. Also, actual conditions can deviate 10 8
considerable degree ;rom the neat theoretical assumption, especially when the steam
requirement is large. In such cases, part of the steam by-passes the turbines, flows
through a reducing valve and reaches the steam network. However, if a factosy power
plutheonmdwithﬂnwbﬁcpm'id.mdifﬂucwnydmm'l
turbine (or turbines) is sufficiently great, the plant can discharge its excess electrical
energy into the power grid.

lnmymmnnhpodbhto&wcbcukdmyfmhwﬂt
power grid, condensing-extraction turbines are not used and 0"y back-pressure ot
extraction back-pressure turbines are installed. The reason for this solution is that, in
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the condensing part of the condensing-extraction turbines. large amounts of heat are
lost. resulting in the production of electrical energy at a lower efficiency and at
greater cost than in large power stations. With back-pressure turbines. steam 1s not
lost in the condenser. and all of the steam, with a reduced heat content, is given off
for technological and heating purposes. The heat cost per kilowatt hour of energy is
in this case very low (e.g. 1,300 kcal). Apart from this, the entire installation of the
back-pressure turbine is much simpler than for condensingextraction turbines. Of
course, pack-pressure turbines only partly cover the electrical energy requirements.
Extraction steam or back-pressure steam usually has pressures in the range 3 to §
atmospheres. If steam at higher pressure is required. an additional steam extraction is
applied with a higher pressure. It is obvious that the choice of a given type of power
plant depends on the conditions of a given factory and on economic considerations.
In the power plants of textile factories. the choice of the type of steam boilers and
their parameters, that is, the pressure and the superheating temperature. is important.
Generally, over the last thiriy years a tendency can be noticed to raise both of those
parameters. As background, it can be stated that, betore the Second World War, the
steam pressure usually did not exceed 25 atmospheres, and the temperature of
superheating was approximately 380°C.

Since that time, there lias been a rapid rise in these parameters, as a result of
which some textile factories have boilers with pressures of up to 90 atuiospheres and
temperatures up to $10°C. Superheating temperatures higher than 510°C require the
use of very expensive austenitic steels.

With stcam at such high temperature and pressure, the steam turbine is highly
efficient. A large part of the heat content of the steam can be transferred into
electrical energy and there is a resultant increase in the power supply from the
factory power plant even with completely back-pressure turbines.

Steam turbines have, to a great extent, replaced the piston steam engines used
previously. Piston steam engines are still being installed, but only sporadically,
especially in small industrial plants. Modern piston steam engines belong, as a rule, to
the group of standing, high-speed, back-pressured motors. The steam coming from
these motors, at a pressure of several atmospheres, is utilized for technological and
heating purposes. The posibility of contamination of the steam with oil raises
certain objections that can be very important when the steam comes in direct contact
with the water-baths. This can be avoided by fitting to the steam pipelines a de-oiling
device, the efficiency of which depends on correct maintenance.

The boilers usually found in power plants of textile factories belong to the
water-tube and radiant groups. Apart from their high output and high parameters,
they are characterized by great elasticity; that is, they quickly adapt themseives
to changes in load. Their outputs are scmetimes as high as 50 tons per hour and even
more. They are, a3 a rule, equipped with a water heater, superheaters for the steam
and, sometimes, with air heaters. The boilers may be fired with oil or coal or
sometimes even with gas. The choice of fuel used depends to a great degree on the
fuel situation of a given country. For example, in Poland, only solid fuel (bituminous
coal and lignite) is used fcr firing industrial boilers, but in France many boilers are
fired with oil.

Liquid fuels are very much easier to use than solid fuels; they have higher net
caloric value, they bum with a slight excess of air and produce very little ash. Boilers
fired with them are easily regulated and adapted to various load conditions.
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production of dectrical energy  furthermore  the heated « clmg water { lemper ature
of about 70° 10 75°C') may be explusted dwe. thy fur techavkoge sl purposes.

At this point, mention should be made of the most recent lembene et m the
development of power engintering admmestratun mn the textile wduitry  hoe
example, in Poland. In centres that have high concentrations of mdustrial plants the
trend is to mpply both clectrical energy and steem from central thermo-ele. tra
power stations. In this way. sch thermoelsctiric powsr satiom e wperste
on'erprises and no longer constitute parts of textile mills. which no longet need the
boller howses and power plant conventionally sttsched te them. (W course. the
problems conmected with the economical consumption of slectrical ensrgy and weam
a8 carriers of heat do not disappeas. In certam caans, it s possible to wpply {actones
with hot water at a temperatuse of appronimately 100°C instead of steam. Thas hind
of heat supply requires sdaptation of the whole network of the factory.

The design of indusirisl power plants requires 3 short discwsmon. and elaborstivn
of the asumptions is very important. The basis of this elabourstion s sdways the
planned size of the factory from the pomt of view of its ssticipeted production
capabilities and the kind of production planned. On ihe basis of thew data, the
required productive capsbility of the power plant and the output of the complen
that produces the electrical energy can be determined, besed on the mdicators of
energy and heat consumption per unit of production.

On the basis of the machinery that is 10 be used, the way in which it will be st
up and the approximate estimation of its energy consemption, & i possible to
determine the daily electrical and heat loads for both the summer and winter periods
if, in the country in question, there are definite scaonal differences. Such gaphic
determinations constitute the basis for the choice of sizes of the bou.r units and of

the electrical current-forming complex.

In addition, a scale graph of the power engineering load. showing for how many
hours in a year there is a given load, can be calculated. Such a3 graph provides
additional information about the choice of boiler units and current-forming units and
about the amount of reserve power required.

A further step is the choice of units and the elsboration of the basic power

diagram of the factory. Once this has been done, design work on the project can be
carried out.
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Setrcted problems of power engineering administration

Recin ey 1f waste heat

As already stated the heat consumed duning technical processes serves for
heating all Linds of baths and ar. and 1n some cases for the heating of surfaces. Apart
from thin w the cave of the drving of printed fabrics, the technological agent is
seam. whah s at the tame Uime the carrier of heat. All of these agents are expelled
sfver g thew wourk. penodually or continuously. However, their temperature is
quite hagh the temperature of baths poured into the sewerage system is sometimes
shout 100 (  the temperature of the au leaving the driers sometimes reaches 130° to
140°C and the temperature of steam leaving the agers is usually about 100°C. It
thondd aot be forgotten that heating steam fed into all kinds of heaters or driers,
contral heating mstallations and 0 on condenses in them at a temperature
carserpunding t0 the pressure of the steam, that is, for example, 140° to 150°C.
After posmng through the seam traps to the space where the pressure is nearly
stmouphe .. the condensate expands and as a remlt, part of it re-evaporates.
Nevertholess. the steam traps permit some condensed steam to pass through them. As
s wak of these phenomuens. 3 large amount of steam evaporates from the
condineste containers.

Luwg amounts of heat excape into the astmosphere with the flue gases of the
oam boders. erpecially when thews boilers do not have sconomizers and the flue-gas
tomperature 1o haghet than 200°C. 1t may be 1aid that an amount of heat equal 10 the
whele snvmnt of host mpplied for technological and heating purposes is lost in this

The removal of hest. sumetomes st s high temperature. has drawn the attention
of mdustrial power enginsens to the pomibility of recovering at lesst part of it 30 as
to duce expenditure of fusl and 10 rtionslize technological processes.

Lost heat thould be sbeerbed by an agent. such & water or air, that is casy to
wes. Mt water can be wied dinectly for technological purposes if its temperature is
wificonty hgh for e gven provess, if not, # can be heated additionally. Hot air
can be wend for hesting and do-wusting budding compertments, or it can be fed into
weam bSuoders. hewedy mmproving thew heat balanc.. Generally, hot water is very
mch moge werdul then hat ar. since water B easinr 10 collect, heat and distribute.

1 socavery of woste hoot is always connected with the installation of switable
Moot erchangsrs. pusps. hot-water containers and s complete network of pipelines
for he dmtrduton of warm water all over the [xctory. However, the pipeline
stwurk for the wam water must b independsnt of the cold-water netwurk.
Varmwater pyeiinss roquene sfoyuate hest maistion, in the same way a8 steam
pipotines. Of the shove-mentioned eat losess, it » casiont 10 recover the hest from
oam that lsoves the condonesie contaimers. Aa example of the amount of heat that
can bu woovered u pron Wiow.

M the hosting steam s ot s poessuss of p = 4 stmospheres, the enthalpy of the
condemasre /; * 1521 hcallhg After exnpenmon to normal stmospherc pressure,
whah roughly pcevade m the condensste contamers, the condensate has an enthalpy
of auly i3 * 99 | healhg. The dfference betwosn these enthalpers is

Q= =521 - 99 ) heal/hg = S) kool

Thes asncunt of hest (33 heal/hg of condenmste) can theovetically be recovered

with 2 hest enchenger. Howewer, m practice, shghtly lew » recovered (ot least 80 por
cont), thet m_ 53 X 0.8 = 42 heal/ig.
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If, for example, a factory consumes SO tons of steam per hour, and if the return
of the condensate amounts to SO per cent, then the amount of recoverable heat (with
cormrectly acting steam traps) amounts to

50,000 X 0.50 X 42 = 1,050,000 kcal/hour.

Since, in actuality, steam traps permit uncondensed steam equivalent to about
10 per cent of the condensate to pass, the amount of heat in this leakage steam must
be added to the heat calculated above. It must be taken into account that this steam
expands to a pressure of 1 atmosphere. In this case, the amount of heat will amount
to

50,000 X 0.5 X 0.1 X 539.4 X 0.8 = 1,080,000 kcal/hour

The total quantity of heat that can be recovered (Q) here amounts to
Q= 1,050,000 + 1,080,000 = 2,130,000 kcal/hour.

The amount of water that can be heated (W) can be calculated, taking, for
example, the cold water temperature as ¢, = 15°C, and the hot water temperature as
t; = 65°C. For the example above, it will be

Q _ 2130000
fg_‘l 50

that is, 42.5 m®.

This is a large amount of water, and it could, to a great extent, cover the hot-
water require:nents of a cotton mill. [t should be stressed here that installations for
waste heat recovery from hot baths, hot air and the like already exist.

A more precise calculation of the waste heat shows that there is 30 much of it
that it is impossible to re-use it completely with the help of hot water, because each
factory (or more precisely, each finishing department) requires only a limited
amount of hot water.

Considering the processes used in the finishing departments of various kinds of
textile plants (cotton, woollen, linen etc.), it can be said that the greatest use of hot
water can be nade in the finishing departments of the cotton industry because of its
many wet processes (bleaching, dyeing, washing). Very much less is used by finishing
departments of the woollen industry, which affects the course of the technical
processes and their requirements.

On the basis of tests camrieu out by the Textile Research Institute, it was
calculated, for example, that in the finishing departments of cotton mills, the hot
wates consumption can reach approximately 10 litres/running metre. Taking into
account the great production volume of cotton mills, it can be stated that
warm-water consumption amounts sometimes to 100m? /hour.

From all of the foregoing, it can be concluded that, in any situation, that system
thould be used which recovers the waste heat most easily and gives the best results.

Since water that must be heated to a temperature of, for example, 95°C,
roquires very much less heat (and because of this, less steam) if it is already hot than
does cold water, its uss therefore positively affects the work of the boiler houses,
becauss they lower the peak losding of the boilers. The load compensation of the
Sodler housss can be improved still further by using the fresh steam that is available
during periods of lower demand. This is also tru. of heating water, except that this
water s sent on 0 the hot-water storage tanks. Such tanks must be sufficiently large

W= = 42,500 kg of water;
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that they can collect envugh water o cover every requuenment |iperence M
shown that they should have a capacity of three to four temes the rverage hourly
requirement of hot water

In addition to the accumulation of hot water based on the recercery of waste
heat, another way of accumulaing heat 11 by the acummistion of gdeam. wuth the
use of Ruths steam accumwiators. Ths method n based om thse phenowmennn
that, in a closed vessel about 90 per cemt full of water the wpove dbuve e
water will be filled with steam and the water will be ot the boding pomt 2t the gven
pressure. By lowering the pressure within the vessi an amouwrt of water wilhan #
that corresponds 10 the fall of the enthalpy of the tcihng water with s fol @
pressure immediately evaporates off. If. ‘or example. s prewuse of p, > 8 e ®
atmosphcres prevails in (he vessel, then "¢ enthalpy of the water 1w /] = |76 4 heal.
With a fall in pressure (1or example, 10 p; = 4 to S atmospher 1), the enthalpy of the
water decreases to iy = 1521 kcal. The difference between thew enthalpus

Ai=i', i, =176.4 - 1521 = 243 kealiyg

is consumed 10 evaporate this amount of water. With 2 very shight orver, 2 can bo
ssumed that, if the evaporation tahes place ot o presssre of, for enample,
P ® 4 stmonpheres. and / is the latent heat. then from esch hilogram of weter contained
within the steam sccumulator, the amount of seam (5)

s i 243 o kg
- w— a (.048
1 8037

will b obtained. If the water capecity of the steam accumulster i, for enample.
80.000 kg, then. by the calcuisted docreams im prosmuer, the amount of seam will be

50,000 X 0.048 = 3 840 kg.

Since this amount of steam can be supplind simo.! wnodistely . even wry logp
peak requisemerts for steam cam be covered. thet i, it is pomibls to ebisin ameunty
of steam that nxrmal boilers could not sppld: in vy way. It & hese thet the goet
sdvertags of Ruths steam accummuleton lies.

For pexctica! colculation of the amounts of steam recovessd within gven lmits
of top and bdottom pressuse. the Backstrom graph s weed. The sccummiston e
losded with sievm ot 2 suitably high pressuse (not highes than the perminble
maximum) in i periods when the boillers ase lews loeded and the steem posum
the accumulaton is high, and they ae uwaiceded when the peessuse in th: astwerk of
techaical steam falls below a certain limit.

The steam accummistors wewm fiest constructed (from 1923) fer low-povemse
charging (below 10 atmosphives), and they conequently squind lap wew
capacity 80 be sbis to meet the requisemments. indsed. some of thew scumuiston
have volumes a2 great 2s 300 m’ .

Tendencies in the development of the construction of steem sccumnd storn went
in the divection of gradually raising the charging pressure snd docrenting the vobems.
The accumulaton constructed at present have volumes of showt 100 m’ and 2 charging
pasuse of 25 atmospheres. With such 3 high charging pressuss, 2 pest amount
of steam is obtained per kilogram of water. For example, it can be said thet, vtk &
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LUBRICATION

by
J. Wolsheki

Textile machines, like other machines, are, to \ i ving extent, made up of moving
elements; that i . those with rotary or linear motion. Wherever there is friction
between two surfaces, mechanical energy is changed into hest energy. The greater the
friction, the greater are the resistance moment and the power necessary to drive the
machine, which can be seen from the equations:

N
M=716.2— (1))
n

N.-——-—M—!—M 2

in which N ia the power expressed in metric horsspower, M is the resistance moment
in kilopond' metres, and n is the number of revolutions per minute.

Analysis of the work of most textile machinery reveals that about 85 to 90 per
cent of the power of the driving motors is used to overcome friction resistances in
the bearings and other rubbing surfaces; only a small fraction of the total power
consumed is used to overcome friction resistances in the raw material that is being
processed. The direct result of the friction of ths moving machine clements is the
release of heat, which amounts to 632 kcal per metric horsepower hour and 1o 360
xcal per kilowatt hour.

i friction resist>.ces a2 decreased, the amount of power needed 10 drive the
machines is decressed correspondingly. This is of particular interest becauss
present tendency is 10 raise productivity snd thus 10 increass the speed of
machines, with 3 resulting need for increasing the driving power (see equation 2).

Friction resistances sppear mainly in the bearings of various kinds of rotating
rollers snd spindies and on the surfaces of the teeth of the geared wheels that an
peesent in larger or smaller numbers in every maching. Other clements, such as guides

‘tumnmhmn»emn 1 hg of mass. It is oqual to shout 2.8 aswiem, A
Knopond metre in thus the ferce of uoe hilnpond ating ever 5 distance of one metre.

]
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exceptional place is taken by shuttle loon.s, in which a large amount of power 1
necessary to throw over the shuttles.

The lubrication of slowly moving elements

With a few exceptions, textile machines require rather small driving power Fven
the fast modern ring spinning machines and frame driers are driven v motors with
outputs smaller than 20 metric horsepower. From this. 1t can be wen that e 1al
lubrication problems such as circulation lbrication with cooling od do not apre ar
here, although there are several specific problems for the textile mdustry

As noted above, there are very many different kinds of rotatng rollers i tex tie

besrings, were 2150 used. In modern comnstructions, slide bearings have been partly
replaced by anti-friction bearings. This concerns, s 3 rule, the bearings of the mam
shafts and those of the high-speed thalts and sverage-speed thafts, dthough it thould
stressed that most shafts in textile mach.mes rotate ot wpeeds not exceoding
500 rev/min. Slide bearings are usually lubricated with oil and thes kand of Mbrication
must be carried vut quite ofien; for example. once per thift or once Gadly . which
requires much lsbour. Replacement of dide bearings with anti-hiction bearings (Sell-,
roller-, and berel-bearings and others) has simplified the lubricotion prodiom o 3
peat extent, because antifriction bearings are hbricated with geows. which
changed very smidom or mevely added to. Antifriction besrings prestly mduce
friction resistances, which in turn reduces the requised driving power

4

i
4!
{
L
4

i}
f
i
1
I

i
|
!

el

{1

!
s;
§
i
- §
e
i
£
{
{

{
;Q:’
ilﬁ
}
L]
f
4

!
t




12 BOBS 1H N THLE W VINARS PLANT AND PEARE R § W PN R

fuln st tuvw e, unary b (Eart Eae e Wl TRt A e mary ko hebew ate e hearing
i wheoll: will dhauts ste The sy ntages oA eniral ebrs ssm

A Ferther sep trmand the rats magls stnm oA the  entral ebrn stun gy em m the
metallatnm A g appluare That s inastes e ol pumpe of wt wterval Suech m
ppiame con for example be 2 cam Bk rotated by 3 seitably g mechanam,
However equpping mahmes onh ash pphences n thew entral bra stew
sy e does mt Pree (wine renpomenble L S hine MERten s ¢ from the roaeting
hochmg oA the conditam A thew spphones wha(l ma fad hecanw of 1 Malage
" the ppes squeering o diomaeyan hetween the pupe and the hesring ond w om

For the hebon stam of the shwwe mentimed hesrmgs mu hene ool 5 weed wuth 2
vomomty i the Doty of 5 0o & on the Pagler wale ot 4 lompurstase of SO0 AL
the e twme the oo dus haben stes the mrfaes of the rbbung wheel m the drivmng
head

The lobeic stion of pindlre

Muse omplin sted prodleme sppest with hebvicasting wpndiee. that n. the
hgh-apoed cloments whah operste ot words At often encood 10000 rov min.
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and m an extremne .o thes coudd resull m the Durningout of the bearmg. A
practaal ®my % contrel the opemtum of the brarng conmsts m checking 1ts
tomperasture maneally I the hearmg m w hot that 1t 8 aut possble 10 keep one’s
hand on W (tewmpreratum over SO () then ot should be (hecked. otherwmse the
rabbang werfaces could be damaged.

Improverment w the operation of the hearng usially con be aheved by
hobric stion with od that contams 8 certam amount of graphste, which settles on the
mrface nd wmonthes out vy wregulartes

Special hebric sting preblons snd special lubric ating agents

Among all the special probie'ne of ebri stion, only the most significant ones can
b dncuesd here One of the most important problenss in lubricating textile
machiniey u the applicateon of the wcalled wathable oils. Oils of this kind are
wiguired sepecully where they may sod the fabeic. and this can happen, for example,
in wosving theds. in hantting dopertnunts snd in finnhing depertments. This problem
@ sppesrs in lebeicsting the rings of wpimning mechines. It is true that techaology
hes ot s dinpossl ol het contain mebstances which faclitate the washing of od
deins. however, # thould bv weosesd that the ode thet coums Maining contsin very
wnall pivess of metal worn sway feom the bearings. As 2 meult, washing is not always
complotely secconful, snd dight swiling remeaine en the fabric.

Modvon finishing technigues, snd sepecially thormal sabiination carried out
wontey dvioms ot tosngevatuses maching 220°C. make it necossary 10 wwe seitable
nts fer lobuicsting the choine, bucowes various lwbricants applied at lower
geer’sevs, such ot goess. asw of no value in sich high tomperatuses. In the lest
fow yours. motor hebeicants have bocome svadehie thet se meistant 10 lemperatures
oon o Mgh 0 O0'C. Lubvicants of this kind can be wiscted an the besis of the
cotalugues of the fiows thet produce them. It chould be added thet such lubricants
o vory enpovaing . for example. 333.00 por kilugram.

In the lest few | hebvicants containing molybdenum dinsiphide (MaS, ) have
Sosome svoillably. compound has certain properties simier 1o thow of graphite,
Sut 5 much sagurine to £. The properes of Mo, sesult from its physcal stvucture
(phates). With the wes of oils containing Mo, . low friction factor sse schisved. and
e posied betwoon mdividusl hebvications s longthened. it must be sdded thet the
ol canteining i compesnd we mese sxponsive than the normel oibs.

The dxumion thows only vory gononslly the post number of problems
connwcted with the hebricstion of machines @ 3 factor with s definite effect on the
caswvet eporntion of machines snd en production loees caused by stoppages. It sleo
ndicstes thet production managers snd peeduction nginsers thould give post
sttontisn to this peoblom.




DRYING

by
J. Wolsheki

Characteristics and ranges of application of driers used
in finishing departments

Drying is one of the principal technical operations in the finishing of all kinds of
fabrics, including knitted ones. It is the logical consequence of wet operations and is
repeated many times in many cases, especially with printed fabrics. Drying normally
involves heat loss except that, before thermal drying in the finishing departments,
various kinds of squeeze are used, the construction of which depends on the purpose
for which they are intended, since drying can be connected with other operations,

Generally speaking, the six following groups of driers used in finishing
departments can be distinguished: Jdrum driers, lis-on-gir (jet-type) driers, shortdoop
driers. hot-air (hot-flue) drying machines, perforated-drum driers, and stente: driers.

Drum driers are used mainly in finishing departments for cotton fabrics and ase
used for drying after bleaching and dyeing. Their prime advantages are their great
evaporation and low steam consumption (shout 1.3 to 1.4 kg of steam per kilogram
of evaporated water), but they have certain significant drawbacks, such as the
streiching of the fabrics, despite the application of bresking drives.

Lie-on-ait (jet-type) driers ase modern devices that disect an air jet onto the
fabric. They are characterized by high evaporation and ou’put, quite low specific
sicam conmumption (1.6 to 2.5 kg per kilogram of water) and very little stretching of
the (abric along the warp. These driers can eplace drum driers.

Shortdoop driers are chatacterized above all by the fact that they dry the fabric
completely without temsion, since the fabric kies loosely on the rollers of 3 moving
conveyor. These driers can be used especially for drying fabrics that ase very sensitive
0 steetching lengthwise, that is, fabrics made from regenerated celiuiosic filament
and staple fibres, and for drying knitted fabrics. With most fabrics, they are used for
drying after bleaching and dyeing. Fabrics, including knitted ones, can be dried in
one O two tracks or even more. Driers of this kind have superseded the so-called
long-loop driers that were used formerty.

Hot-aie (hot-fue) drying machines are also used for drying dyed fabrics. In driens
of this kind, the fabric runs through a drying chamber, pasing between two sets of
rollers (upper and lower). Air is blown onty the fabric cither directly or at 3 tangent,
or by jets placed along the fabric on both of its sides either over its entire length or
only over part of it, which is 3 feature of the latest versions. Driers of this kind ase
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used ecither individually or in sets. which is the case in the aggregates for the
Thermosol or pad-steam methods of dy eing. The driers are eqinipped with a drve that
makes it possible for the fabric to pass with the lowest poss bie longitudinal stress.
Another of their advantages is that, while their dimensions are comparatively wnall,
their outputs are high.

Perforated-drum driers, which were used originally for drying lovse fibres. are
now being used also for drying fabrics, and especially knitted ones. They are
characterized by high output and comparatively low specific steam consumption.
Their primary drawback is the need for a rigid drive for each individual drum.
another is that driers of this type do not have the ability to widen the fabric. which s
stretched along the weft to a constant width,

Stenter driers are of four kinds: those that blow air slong the surface of the
fabric, driers that blow air across the fabric, driers with drums for pre-drying lateral
ventilation, and jet driers. There are horizontal and multi-layer stenters into which
the fabric is introduced by two chains, which serve to widen the fabric 10 a given
width and to transport it in this stressed state through the dry ing chamber. However.,
the chains make it possible to obtain shrinking along the warp for which there 18 a
suitable drive system that permits adjustment of speeds. Stenter driers are used to
dry nearly all fabrics, including certain knitted ones. Final drying is usually carned
out on these driers, but they are also very often used for drying between cartier
finishing operations.

Stenter driers have undergone greater constructional changes over 1ne year then
those of any other type. These changes concern the action of the drier taelf 2 well
a8 its output. Modern stenter driers are. 23 a rule, constructed as nozzle dners. in
which air is blown at great velocity directly onto the fabric through a great number
of holes or gaps (so-called nozzles). Because of this, and slso because of the adoption
of the principle of the greatest possible difference of temperature between the dry-
and wet-buld thermometers, the amount of heat applied 10 the fabric by the aw has
boen increased significantly. The evaporation of moisture from the fabric follows the
two basic formulae that characterize the heat and masm transfer, in which () is the
quantity of heat (kcal/hour), F is the total area of both sides of ¢ fabric. @ » the
hestexchange coefficient, J is the mase-transfer cosfficient, 1, s the dry-buld
temperature, 1, is the wet-buld temperature. W is the amount of waler evapurated
(kg/hour), R, is the gas constant of steam, T is the sbwlute temperature of steam,
Py, is the abwolute pressure of steam on the marfaces, and P, ie the sbevluie perseuse
of steam in the drying air:

Q= Falt,—ty) (H
snd
)
W= P -

In modern jet driers, from | m? o¢ tiw dried fabric, an evaporation of 30 e 3$
or even 40 kg/hour is achieved, the high values ot high heating steam vabues. Such
Evaporstion intensities ase higher than thow sttainable with perforated-drum driers.
which are no longsr used for shight pre-drying in modern stemter driers. although
drums of this kind were eseentinl clements of stemier driers buidt before 1945 Driers
intended for um with fabrics of light or middie weight are comstructed 2
tingle-pessage machines. Depending on the requirements. they can have evaporstion
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rates in the range of 1.300 to 1.400 kg/hour with fabrics 160 ¢cm wide, The rapidity
of the run of the fabric in such driers has been raised as high as 200 to 250 m/min.
However. it should be stressed that thick fabnics. such as most woollens or some very
thick cotton ones. should not be dried in drers with such high intensities of
evaporation, because the fabrics dry mainly in their surface layers. while the inside of
the fabric remains wet. For this reason. jet driers with an evaporation intensity not
exceeding 10 kg/m?/hour are used to dry woollen fabrics. To conserve space. such
driers are built in layers (as many as six) and are known as multi-layer stenters.

Because of their great advantages, jet driers have superseded practically all of the
older types of driers, such as those mentioned above that blow the air along or across
the fabric. Driers of these older kinds are rarely built now although many of them are
still in op. ration,

The automation of these driers and changes in their drive systems have also
caused a great rise in their evaporation and output rates. The old driers had driving
systems with very complex gears, but the present frame driers, which are coupled
with padders, are equipped with double-motor driving systems. Hlowever, the electric
motors can be regulated either steplessly, as regards speed, or they may be coupled
with gears that permit stepless regulation of revolutions per minute within a wide
range. Another constructional feature of the new driers is a drive system that makes
possible the introduction of more fabric on the chains than their linear speed
amounts to, This is the so-called “overfeeding” system, with which it is possible to
achieve much more shrinkage of the fabric during the drying.

The stressing chains that widen the fabric can be made as pin chains, clip chains
or combined pin<clip chains. In the older frame driers, the fabric was introduced on
the chains manually, with the resuit that the position of the edge was not uniform
but varicd when the fabric narre wed suddenly. With manual pinning of the fabrics to
the chains, the travelling speed of the fabric did not exceed 20 m/hour. However, by
uting the system that automatically controls the position of the chains in the pinning
zone in relation to the edge of the fabric, the possibility of increasing the speed of
the driers to 250 m/min has been achieved.

Between the drier and the padder there is a compensating roller, called the faller
roller, which, depending on the tension of the fabric, raises or lowers and decreases
or increases the speed of the padder, thus permitting good co-ordination of the two
machines (the drier and the padder), with very low stress along the fabric.

The stenter driers, as well as driers of other types, are now equipped with
imstruments for measuring and recording the moisture of the fabric, because it has
been noticed that the residual moisture of the dried fabric affects the drying process
and the properties of the fabric. However, in industrial practice, a tendency to
overdry the fabrics can be seen. Of all the different types of moisture controller, the
most usual at present are appliances that measure the moisture of the fabric on the
basis of its changes in electrical resistance.

In recent years, equipment has appeared for the automatic straightening of the
weft in the fabric. This is impoitant. since the operative has no means of controlling
manually the elements that serve to straighten the weft.

Calculstion of the output of frame driers

When buying 1 new fabex dnver of any type. it is important to calculate its
production capacity. As a basis for such calculations. the tender evaporation (W) is
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assumed. Since the permitted tolerance is 10 per cent. this figure should be decreased
in that proportion to find the real calculated evaporation (W, ). thatis, W. = 0.9 W,

Modern jet stenter driers with high rated outputs only achieve them when all of
the requirements given in the tender are fulfilled. When other conditions are present,
some Juite serious errors may appear. If, for example, it is accepted that a drier will
have a guaranteed output when drying a cotton fabric of a width equal to the
maximum operating width of the drier (b, ) and with a mass (M) of 100 or |25 g/m?
in an absolutely dry state, with a linen weave, not raised. not finished, drying
normally, brought to the padder-drier aggregate in a dry state, padded in a padder
with clean water, with a moistare (/) at entry into the drier m; = 100 per cent and
moisture at its exit m, = 8 per cent, and the pressure of the steam (S) is equal to that
specified in the tender (for example, p = 4 atmospheres), then the specd ot the drier
(V) will be

S, X 10,000,000
b Gy (my —my)

{m/hour) (R))]

where V isgiven in metres per hour, the heat of the steam in calories (S.). M in grams,
by in centimetres, and m, and m, in percentage. If actual conditions vary from
those specified in the tender, a certain correction factor (K) should be introduced
into the calculations. Formula (3) then takes the form

_ 5 X 10,000,000 K
b,,G (m; —m,)

(4)

The factor K is the product of a series of component factors k,, k,, k3 etc.
which take into consideration the effect of each divergence on the conditions given
in the tender, such as: the weight of the fabric, steam pressure, fabric weave, fabric
raising, the bringing of the fabric to the aggregate padder-drier in a wet state. raw
material, moisture of the wet fabric, moisture of the dry fabric, kind of finish with
which the fabric was padded in the padder, the altitude of the location of the drier,
the width of the fabric, the impurities on the filter of the cnrculatmg air and the
conditions of the air that surrounds the drier.

Therefore, K== k, X ky X ky X ky . . . X k5 )

In practice, some of the factors can be omitted, if it is assumed that they equal 1.

In addition, when calculating the rate of production, stoppages for technical
reasons must be taken into account. The real average speed (V,) of the drier is then
calculated according to the formula

V,=Vv

5y Im/ou) (6)

(4
B is the size of the batch (in running metres) in which there are stoppages
caused, for example, by a change in finish;
Tp is the down time (in hours) required to readjust the machine because of
changes in the batch being processed; and
V is the speed of the drier as calculated according to formula (4).
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Estimation of the power required (o operate the drier

In the use of driers, the consumption of heat (usually supplied by steam) s
important and may sometimes be very high. The simplest measure of heat
consumption is the indicator determining the heat consumption per kilogram of
evaporated water. If we assume that steam is the camier of heat, then the indicator of
heat consumption is the amount of steam (3) consumed for the evaporation of | kg
of water; that is,

s =2 g o

where
D is the total steain consumed by the drier (kilograms) and
W is the total evaporation of the drier (kilograms).

In very favourable conditions, the indicator s can be approximately 1.6 kg/kg,
but it is usually higher. With incorrect operation, it can amount to 4 tv S kg/kg and
even more.

If the indicator s is too high, the reason for this must be sought. Generally, it
will be found to lie in the faulty operation of the steam traps, which should always
receive proper attention.




AUTOMATION

, by
W. Winlarski

Automation is a field of science and technology. the purpose of which is to
replace man, partially or completely, by automatic devices that perform the
functions of operation, control and supervision of machines and also to control the
products to the extent that the human hand does not touch them between the first
and final phases of the production processs.

in a greatly simplified form, human actions in industrial production may be
characterized as follows:

fa) Physical activities in which human muscles are used, usually controlled by

the nervous system;

{b) Measurement and comparison of the results of physical activities.

(c) Control (that is, conscious direction) of the activity, according to an
established programme;

{d) Calculation of the physical and mental actions performed;

(e} Projection of a plan of action; that is, a programme based on the acquired
knowledge accumulited in the memory, on experiments and on the results
of the preceding action process. The programme is thus a product of the
mental process.

The use of human muscular energy in industrial producnon has been largely

eliminated by mechanization.

According to the definition of automation given above, the machine should
assume functions that correspond to the higher levels of human activity, that is,
functions of a mental nature, such as measurement, comparison and directional
activities, according to the established programme.

The range of mental activities that includes logical functions such as the
arrangement of plans of action (that is, programme planning), still remains beyond
the capabilities of machines. In practice, automation means the introduction of
sutomatic (that is, self-acting) controls in industrial processes.

The purpses of automation

Automatic control devices ure employed industrially not only with regard to
their technological and economic effects but also for humanitarian reasons.

The advaniages of automatic control are many, such as greater productivity,
higher quality of the products, greater uniformity of the products, more economical

39
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processing of the 'naterials, more economical managem nt of energy. and reduced
human effort.

Al of these factors generally lead to increased productivity. Also. the wide
introduction of automatic controls into industry has necessitated the elevation of the
levels of qualification and education for a considerable number of formerly
semi-skill*d workers who are needed for the operatior and maintenance of control
devices and equipment.

The basic concepts of sutomatic control

Automatic control can be defined as the maintenance of a desired value,
quantity or state by means of measuring the real value, comparing this value with the
desired one and obtaining their difference, o as to permit Uie initiation of activities
that will lead to a reduction of any difference that has resulted from disturbance of
the operation. An automatic control thus requires a closed-action circuit and a
reaction produced without human participation.

The distinctive feature of a controlling activity is that it takes place within a
closed system in the direction from the controlled variable to an error, then to a
manipulated variable and again to the controlled variable (figure 1).

CONTROLLED
VARIARLE

Figure |,  Contro! action in & closed circuit

The closed control circuit can be divided into two parts. The first part is a plant;
that is, an aggregate of controlled devices in which great quantities of energy and
material are used and processed. The second part of the circuit is a controller; that is,
a device that incorporates many separate instruments, such as sensors, amplifiers and
adjusting ¢lements. It comprises those parts of the automatic control system that
usually receive sniall quantities of energy.

A controller normally operates in cither of two ways. If it measures the
controlled variable, the deviation esiimate and the manipulated variable without
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interruption. it is termed a2 “continuous controller”. The other type 1s the “unpulse
controller”, which performs its functions penodacally (that is. with pauses). There i
also a guastcontinuous type of control that results from the appliwation of 4
non-continuwous (impulse) controller that has supplementary mechaniuns for objects
of great ineriia.

Continuous controllers may be divided into several groups according to the way
in which they react to the error of the controlled variable, as follows:

(a) Proportional controllers (P);

(b) Integral controllers (1);

(c) Proportional-plus-integral controllers (P1),
(d) Proportional-plus-derivative controllers (PD);

(e) Proportional-plus-integral-plus-derivative controllers (P1D).

Generally speaking. the controller estimates the value of the controtled variable,
compares its actual value with the desired onc, estimates the deviation and produces
the counteraction required to obtain the simallest possible deviation value. lo
petform these activities, a controller incorporates a measuring unit. an input unit. a
comparison element and a control-adjusting unit. Figure 2 is a schematic diagram of a
closed sutomatic control circuit, showing its relation to the plant and its component
units.

1
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2

Figure 2. Diagram of an automstic control system. (4) measuring unit, (B) regulating-odfusting
{control) unit, (C} input element: (1) comparison clement, (2) final control unit

Practical application of sutomatic controls in the textile industry

Automation is at present in practical use, to a greater or smaller extent,
throughout the textile industry, and the scope of its use increases continually.

Although spinning machines are rather difficul( to control sutomatically, there is
nevertheless a continual expansion of their degree of automation.

In the set of opening machines, a control for feeding individual machines with
cotton fibre mass is applied. The principle of the control consists in maintaining the
quantity of fibre in the machine within definite limits. Upward or downward
varistion of the fibre mass level affects the switching on or off of the pneumatic
transporters or mechanical feeding devices. In this case, the simnlest type of on-off
controller can be used.
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A rather semdar type of control has also been used m woollen carding mahmes
that have a “wesght controller” that automatually weghs definte quantities of fibre
and drops them onto the transporter persodscally.

More complwated in action and contaning all of the elements of the atomatc
control 18 the spmning controfler used n rnng spmnmg frames. Its task 8 to
programme the control of the rotational speed of the propulssve motor and that of
the spndies, depending on the phase of the winding of the varn on the cop. This
contiod ensires the tenswon stabdty of the yarn during balloonmg and thus tends to
decrease the number of thread breaks.

The conventional method of production of worsted yaen. for which 2 hagh
degree of uniformaty 1s required. demands the employ inent of a great number of
plyings n the preparatory divimon, and that. in turn, requires a great number of
passages through the machines.

In order to decrease tne high costs of worsted yarn production, the
manufacturers of textile machines are producing shortened machine sets that consist
of equipment for the automati equalization of the drawing shver. The self-equalizing
equipment that acquired recognition in wool-spinning 1s now employed (o a great
extent in cotton-spinning as well. These machines equalize the siiver on the basis of
sutomatic change of the draft according to changes of thickness of the feeding layer.
However. machines constructed by dafferent firms are Rased on different principles.

Among the mwst generally uwsed devices of this type may be included the Raper
(United Kingdom) device, which acts on a2 mechanical principle used in the Prince
and Smith (United Kingdom) drawing frame. an electrical device employed in
Tematex (ltaly ) drawing frames and hydraulic equipment applied in the OTO Melara
(L:aly) and SACM (France) drawing frames. In all these devices the actual specific
weight measurement of the input draw:ng sliver is performed mechanically.

The measurement made in the Raper equipment is registered in the mechanical
memory that adjusts the magnitude of the draft. In electrical or hydraulic
equipment. the measurement result regulates the draflt magnitude by the decelerating
system. The need for decelerating devices is caused by the fact that measurement of
the thickness of the sliver is performed before it enters the drawing field.

Experiments are being carried out on the use of radioisotope thickness meters to
measuring sliver thickness in automatic equalizing machines. Such a3 measuring
system is used at the drawing frame constructed by IVUT (Czechodovakia).

In weaving mills, where almost all of the basic machine elcrments of wtomatic
control can be found, automation is applied (o a far greater extent than in spinning
mills.

The sizing and drying units for warp thweads deserve special atiention. In the
warp-sizing process, special attention has been given 10 the needs 10 maintain a
constant tension on the warp, both during its passage through the machine and
during winding onto the beam, to maintain 3 constant concentration and level of size
in the size box and also 10 maintain ¢ constant humidity of the dried warp.

Maintenance of a constant tension of the warp theead wound on the beam
requires a proper control of the rotational speed. It is well known that, to obtaim
high quality of the warp beam, it is necessary (0 maintain a strictly defined and
constant warp tension in ecach layer. According 10 the latest findings, this tension
should amount to about 25 g per thread, regardiess of warp yam count.

A warp beam driven by a winding device should rotate at a speed sufficient to
ensure that the threads will be wound with the required tension at a constant rate of
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feed of the dned warp In other wuvds. the prodisct of near vmding wpeed and the
total tenmon of warp theeads hould be constamt However we the prodiact thes
calculated reprewnts 3 power eth whach the wndng drvie hould work  the
wattmeter that messures the ateal power sbuwbed by the vmg mokw of the
device n the measurmg-unst component of the sstomatn controd of the drme

Conmderng the swsumed mowmum and maxswem wurp beam dameters the
asdjustment houwld make i powble to control the rotational spweeds w range from
1 6. Other very mportant mfiuences on warp quaity e e final homedity of the
warp wnd mach parameters of the wing agent m the e rough as comcentration
temperature .nd degree of expresaon,

The orly widety uaed wystem for the comtrol of we comentratam w hat of
Shirley. 1n (ve system. the amount of wre fed depends strctly on the ime ot speed of
the warp course. and the propet level of the sre n the rough n adjusted by the level
controlier, whch afjusts the quantity of the foed water waed 10 dilwte the
Mz&iwwmﬂ.fh%ﬁ-ﬁmtmmdmﬁdmhm
series

Expenments are bemng made on the wee i . adiooi. De meters 10 Measre Wi
coacentration. It thould be noted that the viscometen that were wied | the pest to
messuce the guality of the size weee of little seal value. snce it has been proved that
considerably different sipe concentrations can have the wme viconty . depending on
the degree of mechanical diapersion of "¢ sise particies.

The trend toward awtomstion theoughout the ltextile mdustry has awo
influenced finiching and dyeing machines snd oquipment. The most snportant
following:

Genetal technclogical development,

The introduction of new flbres that require special finishing technigques.

The inmtroduction of new dyestufls, finihing agents and the like

The clevation of the quality standirds of tex tiles finidhes; and

The general tendency 10 reduce production costs whils mcressing machine

output.

AL present, 10 3 greater or smaller extunt. almost all finshing machines heve
boen sutometed. Moreover, aaong others, the following process perammeters are
sstomatically reguisted:

The dyo-beth, air, and steam

mm«mumum

The level of the dye-beth;

The concentration of chemicals,

The tension of the fabric track;

The purpendicularity of the weft.

Toemperature control

Autometic temperature control has bren used in textile finushing of variows
Kinds for manvy years. Coasiderations of techaology and power wpply have tended to

V). 29@e (1970) “Trends m Me Dovolupment of Autometic Maing (oatrel m Connerion
with the intemification of Wegving Peconmm™ in Thw Lodi Teanwir Sermunars 6, Wegving ond
Amevisted Processes, United Ratioms, Vieana, ID/SER . Dy 4.
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Lavems The mtr wden tum of setomatn _ontrots Thi tendemy may e dhastrated by
e Tt thel el wmata temperature comirol of the dyve-bath makes t posebie 1o
ot the s dye tommg m optmal coure of s operatams and sw g
comude s able  sevimg of vieam twometimes o muah s W o per cemt) Sutomen
temperature  oRtrod has s d wgnitn smce eweially dinng the Last fifteen yean
that i from the stroductaon on o large wale of nee finahing methods snd mw
dewtuffs m the produ tion of wynthetn Nibres Proveses wah i dyemg o presune
dyemg apparstuses o By the Thermosol method would not be possible without
sstometi derpersture control

Automatn  temperatare control 8 most often wsed 0 mamtam constanl
temperature during 4 provess Devies for this purpose have been m wee for X0 to
3% years The inteoduction oi programme control was 2 great acheevement thet ha
made posssbie the mamtenance of a presy ribed temperature over 3 gven persod of tims.

Atomutn  temperature control can be uwied with most textie fimishng
equipment At this time @ n used i winch dyeng machenes for woven and bntied
LMas and M comtmuous maltompertment mahmes. m the last Case. wme
mdridual ompartments are supphed with thew own control devices. They are dw
tund in padding mahmes. partcularly m the mpregnation of woven fabricy with
dastaphor (an ensymatn deszng agent) or nepthol, m mercerszing machmnes, in
prosure-dyemg machmes m which temperaturs regulations sre applind . in wouring
machine: for woven woollen fabrics (also programme lemperatuse control), in te
sabdizmg parts of stenter frames ( where the mamtenance of aiv ‘emperatures withia
2 wierance of 17 10 2°C n of grest ugnificance), m condensation machines, in
calenders (im whach high cylinder heat must be mantamed ot 2 constant level), and in
cylinder driers and the hike

in gemeral. 1t should be stated that use of sutomatic temperature controk i
ncreating. Lately. steam temperature comtrol has slso been mtroduced in agens,
especially where steam flows within them theough 3 perforated pipe. The
temperature 1 controlled by the imection of water into the sicam in the pipeline.
Controts of these kinds may be inchuded in the goup known o seif-operated
controllers. that is. those in which the agent contained in the sensing element itulf
changes the manipulated vanable, or to the group of controllers with suxiliary power
agents, mich as compeessed air (servo-operat:d regulstors). These devices also can be
ssigned 10 the group of controliers that have definite varisble adjustments (two- of
theee-step comtrols) or 10 those that have infinitely variable adjustments (P, P ond
D controllers).

Hemidity control in the drying process

For many years the stiention has been atiracted 10 the neceseity of maeintiining
the humidity of dned woven and knitted fabrics on a definite level becaves, in
practice. they are often overdried. Overdrying decresses the output of the driers ad
cautes deterioration of the qualities of dried materials, ewpecially of wool
Furthermore, too much steam is used, with a reslting increass in drying coss.
Manual control of the condition of the dried material is usually imsufficient, being
restncted to deciding whether the material is still wet or sufficiently dry.

For at least 25 to 30 years, devices of several kinds for automatic humidity
control have been in use. Some of thess devices operate on the principle of measuting
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the durdectra constant of the fabrw s others on the primuiple of me asurement of thew
electrostata. charge and stilll others on the prinuple of meswsire ment of electnal
rewndame

The fest of these mwthonds depends upon the delectrn Lonstant (e ) of the tab
After fimal dryng. the constant has 4 value of sbout 2 when the fabric inwet this
constant can have a value an hgh &8 M) depending on the water content [hn
method gves very good results v estunating the humadity of fabww s of 4y constant as
posabie 2 wirfae weght (grams per square cenhimetre). . does ot give orredd
results w»ith fabrxs of conwderably differmg weghty This defterence of rewlty
consed B0 the fact that the capacity of the feeler-condenser deedec trw (that i the
fabric) depends on the humadity as well as on the weght of the fabew (onwquently
e mct) od 1 very seldom used.

The secuud method comasts i meawrement of the statw electnony charge of
the fabric. This method has been ittle used hicause the magntude of the chage
depends not only on the humdsty content but v on the ypeed at which the fabm
passes through the machine The charge measutement b perfonined w4 contutlew
method by meam of an elec trostatic voltmeter.

A third method is widely used |1 in besed on the cross-resestance of the dred
fabric. Simce there in » logarithmic dependence of the electrical rewstance on the
water content of the fabric. the humidity change per unit affects the rewtance
changs by ome order. that is. by a factorof 10

The clectrical resictance measured xcordng to thn method depends to the
pestest extent on the humudity content, to 2 leser (but pevceptible) degree. thn
sosistance depends on mamy other factons, wch 20 surface weaght. the Kind of fibre,
the weave, the wtface condition and the compontion of the bath wmpregnating the
fabric. Al of these factors affect the precition of the messurements by ? ) per cent in
the case of cotion fabric and by t 5 per cent with woollens Consequently. the
indications of devices for the messurement and control of humaedity are n wme
dogros refative. To Obtain more accurate values, it 1s peCessary 10 Wale. i an
exporimental way (for example. on the conditioning base) what humidities of
definite assoriments correspond with the indication of the measurng devicey and 1o
sdjust the proper values in the controllers xcordingly. [t must be emphasized that 4
device for swtomatic humsidity comtrol docs not remove irvegnelanties of drying
cauand, for example. by mom-uniform wringing or drying.

The development of the construction of ‘riers has exercised a decnive influence
on the design of devices for sutomatic humidity control. Drsers of the older types
(the socalled muitilayer stenters) treat 2 great amount of fabww. and therefore its
pontage through the drying chamber often takes 2 slong 1 10 mmutes.

Modern driers are wsually characierized by the fact that the fabric i fed into
them in umall quantitios snd pesess through iem rupidly ( sommstiones oaly 1010 15
weonds). In thew ciscumetances, the w-called “dead time™ of the drier is reduced
prestly. and the drier becomes more .Japtable 10 sutomatic control. Devices for
sutometic humidity control ase installcd on the stenter driers (Ome-passage dupien,
muiti-layer), on hot-air drying machines and even on cylinder driees.

It must be emphasiced thet the residual humidity of the fabeic 18 2 controlled
varigble. The rate of pessage of the fabric is s manipnilsted variable and n changed 0
obtain the constant humidity of the fabric keaving the drwer  Fuperiments on
influencing fobric humidity by means of umperature changes i the drying an (for
example. by varying the pressure of the hesting sicam in the heaser or by changng




yvy LOD T XTIE SEMINARS PLANT AND POWE R FNGINEERING

the amount of exhant air) vielded no positive results. pnmarnidy because the dead
times wer oo long and the reaction verny sbow
Siwe the speed of passage of the fabr 18 a mamipulated vanable the basw
condition of humidity controd s to equip the dners with drive devies that permit
wfinstely vanable speed adqustment This condition has been really tulfilled wn the
construction of modern drers  The advantages obtaned by the employment of
automatk humidity control of the dred tabrw are the following
fa) bncrease of dner output by about 10 per cent.
b Decrease of the per-umit consumption of heating steam, also by about
10 per cent,
fc) The possiahity of obtasming proper hurmedities (for cotton, about 9 per cent,
and for vikone fibee  from 12 to |3 per cent) when additional finishes such
as Sanforizing and crease-rewstance are applied.

Control of the dye-bath level

An astomatic level control » seldom used because s constant level is wavally
mamtained by overflow of the exces dye-bath. Examples can be found, first of ot
im padding machines where 2 constant rate of passage of the fabrc through a pedding
dye-bath u of pnmary importance.

The dye-bath level can be regulated by acting on the solution inflow. The fabric
pasung through the boxes takes up a quantity of the bath proportional o its weight,
speed and initial humdity . If the quantity of the solution thus remon od i the same
as the smount of mflowing solution. the level m the box (for example. in the washing
machine) does not change.

A constant bath level car. he mauntamed n either of the two following ways

(a) By the matallation of meter pumps whose deacharge 18 directly proportional
to the speed of the fabri: run. The coefficient of propos.ionality can be
sdusted acording to the weight and humadity of the fabric and the
required degree of impregnation with chemu als,

(D) By sppication of a control wstem that measures the bath level by meam of
an appropriate detecting clement (foeler) that compers i with the requised
level and. i the case of dicrepancy. sets I MOtiOn 3 PUMP Of 2 Meterng
needie.

An clectrode feetes for level measunng cannot be used with solutioms that
peoduce froth, which can cause a shont circwit of the sensar eloctrodes even ohon the
actual bath level may be lower In this cose. floet sy slems oF preumats ry Lewms s
more stable for wae 20 semsors. With them, measszement of the height of the liqeid
colema 0 the trough 1 transformed mto proportionsl aw pessmse that controk the
operstion of the pump or metering needie

Contrel of concontration

in most tentide finuhing proceses. trestments are spplind during whish the
water vaed contams vanous chemical addutrves such 2 xds. alhain. dyeonfe nd
sabts. The necermty then arnses o apply control devices m oeder %0 momtawr e
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concentration of the solution on the level required for the given process so that
disturbing influences may be disregarded.

Three types of concentration-control systems are in present use, as follows:

f{a) A system whereby conductometric methods for concentration measurement
are applied. These methods are based on the dependence of the conductivity
of the solutions on their electrolyte content. Systems of this kind have been
used successfully with solutions of hydrochloric acid, sulphurous acid, soda
lye, sodas and the like.

(b) Systems that apply the photo-electric method for concentration
measurement (the absorption coefficient of the light depends on the dye
substance concentration in the solution). Devices of this type are used to
control the concentration of dyestuff in a solution.

(c) Systems in which measurement is performed by an automatic titration
device. These systenis do not perform measurement continuously but in a
periodic (impulse) manner.

All of these control systems influence the magnitude of .he chemical influx in
given process by means of automatically controlled valves or metering pumps.

The control of fabric tension in finishing

One of the principal demands placed at present upon finishing processes, and
especicily with fabrics made from artificial fibres, is the tensionless passage of the
fabric, so as to minimize shrinkage.

The fultilment of this condition requires appropriate changes in the construction
of the machine and in the power transmission system. Such changes are especially
necessary when the machine has a multimotor system of power transmission or when
the process is performed in a system of two or more machines coupled in line.

The multi-box open-width washing machine is a good example. It has a
multimotor drive, and the padder-drier unit is perhaps the simplest example of such a
machine set. Between the successive pairs of squeezing rollers of the washing machine
(each pair is driven by a separate motor), as well as between the padder and drier
(each machine has its own driving motor), devices must be installed to correct
changes in fabric tension caused by changes in the rotational speed of the next motor
in the series.

In the examples mentioned above, the rotational speed of the next motor is
usually changed; for example. the speed of the driving motor of the second pair of
squeezing rollers is changed with respect to a box of a washing machine and to the
driving motor of a padding machine. In a padder-drier unit, the driving motor of the
padder is the leading une because. at a change of the speed of the set, only its speed
is changed from the control panel or by means ol automatic humidity controllers. In
multi-box washing machines, this function is performed by the driving motor of the
last pair of squeezing rollers (that is, those located at the delivery end of the
machine). In multimotor driving systems, drives with compound direct-current
motors in Leonard’s system are used. There are only a few multimotor systems that
use an altematingcurrent commutator motor. In two-motor systems, driving by
Leonard’s system is also used, as the asynchronous motors coupled with P.L.V.
transmissions or with Behringer’s hydraulic transmissions.
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The rotational speeds of the various driving metors are controlled by properly
balanced compensating rollers. which are activated by the horizontal and vertical
movements caused by longitudinal tension on the tabric.

Compensating rollers cannot be used with very fine fabrics: for them, a sensor is
used that acts without contact. In this method. the tension is noted at definite points
in the length of the sag in loops of the fabric while it hangs freely. Variations,
whether greater or less than the standard. are detected by changes in the flux of light
falling on a photo-electric cell. These changes in the light flux change the current in
the photo-electric cell, which in turn changes the rotational speed of the next motor
in the series and thus the rate at which the fabric travels.

Straightening of the weft

During the finishing process. a change of weft position in relation to the warp
often occurs. and bevels. bows and waves appear. Deformations of this kind can be
removed. and this is usually done in a stenter drier with appropriate mechanical
devices. Until recently these devices were controlled manually. which decreased the
rate of fabric passage. In the last few years, however. devices for the automatic
control of weft straightening have appeared that can operate at speeds unattainable
with manual control.

There are three automatically controlled methods for eliminating weft
deformation:

(a) With photo-electric sensing;

(b) With the sensing of plotted markings, which define the rectilinear track of
the weft:

(¢) With mechanical sensing.

The devices that operate on the principle of photo-electric sensing include two
photo-electric cells that have diaphragms with pre-set gaps set between them and the
illuminators. The gaps are set up at a definite angle (for example, +6° and --6°) in
relation to the proper position of the weft.

When the weft appears to have shifted 6° from the normal position, one gap is
completely covered and the other is strongly lighted, causing a signal, the intensity of
which is a measure of the crooking of the weft. The photo-electric cells are placed on
one side of the fabric and the illuminators are set out on the other side. The device is
usually equipped with three heads, each of which is supplied with a pair of
photo-electric cells. The six cells are spaced across the width of the fabric. The
measured value of the weft deformation is thus obtained. An electronic deformation
analyser can give four orders, namely:

(a) Arc to the front:

(b) Arc to the back;

{¢) Right diagonal to the front;

(d) Left diagonal to the front.

Fabric through which light cannot pass can be supplied with markings of weft
perpendicularity plotted in the form of points set at definite intervals. These points

can be sensed by means of indicative sensors if they contain a ferritic powder, or by
photo-electric cells if they are marked with brightly glittering dyestuffs. The sensor
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simultaneously controls the position of two points: one from the reverse side of the
fabric, the second from the obverse side.

When a weft deformation (usually bevelling) appears, the device functions on the
basis of a measurement of the time difference between the appearance of the first
and the second points. An order sent by the controller then straightens the bevels.

The third mechanical method is employed in the case of fabrics led without the
use of chains. In this situation, the weft deformation affects the warp deformation.
For measurement of both the warp and weft deformations, a very sensitive sensing
wheel can be used, the plane of which is set up according to the direction of warp
threads on which it lies. The position of the wheel axis is registered on the
potentiometer, which gives the proper orders to the device that straightens the weft.




The organization of repairs in the Polish textile industry

by
A. Znosko

The main duty of repair services in textile industry is to maintain the full
efficiency of all buildings and plant equipment. Regulations conceming the authority
and responsibilities of the repair services in Poland have been established.

Generally, the repair function in the textile industry may be divided into
activities concerning machinery and production equipment and those concerning the
plant buildings. This division is reflected in differences in organization.

In Poland, for the care of machinery, the method of periodical and standard
repairs is applied. Buildings on the other hand are subjected to overhaul repairs.
Methods for the repair of machinery and buildings have been codified into a System
of Planned Preventive Repairs (SPPR).

The system of planned preventive repairs

This system includes all organizations and technical enterprises that have to do
with protection, inspection, operation and repairs of buildings, grounds, and
machinery. Preventive maintenance is performed according to a previously fixed
plan. A system of this kind can ensure conditions for the maximal improvement of
resources over as long a period of exploitation as may be technically and
economically justified, and for the planned interrelation of repair and production
activities.

SPPR has many advantages, the most important of which are the three
following:

fa) It lays primary stress on the prevention and retardation of wear and tear.

(b) Particular attention is given, not to major repairs, but to minor repairs and
to periodical and conservation repairs, since these are of prime importance
for the proper maintenance of the plant and for the extension of periods of
operation.

(c) 1t permits the planning of repair activities in connexion with the general
economic programme of the plant.

SPPR is based upon scientific and technical principles and also on a set of
rational, economic and technical indices. The actions and operations of this system
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are incorporated into suitable instructions and regulations concerning both
exploitation and maintenance activities,

These regulations are entitled “Instruction for exploitation and repair action”
and include the following elements:

(a) The manner of preparation for exploitation. and for the putting into
operation, control and stopping of machinery and equipment;

(b) The service, maintenance and lubrication of machinery and equipment;
(c) Technical conditions of exploitation;

(d) The principles governing overhauls, minor and current repairs, and of
control inspections. They determine the frequency of repairs, periods
between repairs, the timing of a given repair, its range, the number of
specialists needed in the repair crew. the list of needed spare parts and
materials, and regulations for technical checking of the acceptability of the
completed works;

{e) Guide-lines for the use of control and measurement instruments,
(f) The recording of repairs; and
(g) Regulations for work and fire safety.

The exact observation of these regulations permits the plant to operate without
breakdowns and provides for the proper protection of machinery and its rational,
economical and technical use.

Methods of repair

The three following methods are contemplated in SPPR: repairs after inspection,
planned periodical repairs and standard repairs.

The method of repairs after inspection is the simplest of these. In the textile
industry, it is applied only for buildings, water-supply and sewerage installations
air-conditioning systems and, exceptionally, for some unusual machines about which
insufficient information is available.

In this method, only the time of inspection and the size and composition of the
inspection crew is planned. Generally, such inspections take place twice yearly. The
inspection consists in the testing of particular parts, and the fundamental purpose is
to determine the rate of wear and tear and to establish the range of repair work.
Based on the findings, a suitable documentation is prepared and spare parts for the
repair are procured.

The disadvantage of this method is that the range and time of repair are not
planned in advance but determined only after the inspection. 1t is therefore the
method applied mainly for buildings, where the determination of the range of repair
and time required is rather difficult to anticipate.

The method of planned periodical repairs is 1 system of higher order. By this
method it is possible to plan all repair work in advance and calculate its optimum
timing and range. Thir can be done on the basis of knowledge of the operating
characteristics of the machines and of the pattern of their wear.

The main feature of periodical repairs is that all repair work is dealt with in a
planned period, called the overhaul cycle, which is defined as the time interval
between two consecutive general overhauls. During this period, inspection,

preservation and lubrication operations and repairs of various kinds are made at
predetermined intervals and in a definite order.
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The length of the overhaul cycie is determined by the permissible degree of wear
of the parts and assemblies of the machine m question. The range of the repair must
ensure the normal operation of the machine, at least until the next overhaul.

The application of the periodical repairs metl.od makes it possible to draw up
plans for repairs, for the purchase of spare parts and materials, for the planning of
labour utilization and of financing. It also makes possible the rather exact
determination of the scope and kind of repair shops needed and the interrelation of
repairs with the productive activity of the plant. The primary advantage of the
periodical planned repairs method is the possibility of complete preparation for the
given repair and the avoidance of unplanned stoppages of the machinery and
equipment.

This method is obligatory in the textile industry and is applie’ to all machinery
and technical equipment except for machines of key importance, such as
turbo-generators, the main power machinery and large production aggregates. With
equipment of this kind. the method of standard repairs is used.

The method of standard repairs is characterized by exactly determined times of
obligatory stoppage of a given machine and the execution of the determined range of
repair work, irrespective of the actual condition of elements to be replaced. The
repairs are made according to a previously elaborated technology. and the repair
periods are established in a manner that will ensure that the wear and tear on
individual machine parts will not exceed the permissible limits during the overhaul
cycle. since the standard repairs method increases the use of spare parts. However,
some of the elements replaced can be re-used, after suitable selection. in a subsequent
repair.

The method of standard repairs has the advantage of reducing machinery
down-time to a minimum and also permits the performance of all preparatory work
before the actual repair.

Repairs made by this method are more expensive than those made by the
method of periodical repairs, but the basic importance of some machines and
equipment in manufacturing processes justifies this increase of costs. Abo, the
application of this method ensures the absolute continuity and reliability of
machinery.

Kinds of repair and maintenance service

The ‘ollowing maintenance and repair operations are foreseen in SPPR: current
maintenance, periodic inspection, current repair, intermediate repair and general
overhaul (major repair).

Current (inter-repair) maintenance is the basic preventive operation. The currect
organization of the maintenance scrvice ensures a period of longer utilizability of
equipment, lowers down-time for repair and maintains good machine performance
Current maintenance comprises the correct supervision of the machine, cleaning by
the cleaning crew, changing of oil and other lubricants according to the special
time-schedule by the lubricating crew, the supervision of the correct use of machine,
regulation of mechanisms and elimination of minor irregularities of operation.

Periodic inspection work is performed according to the time-schedule. The
causes of damage to machine eiements and assemblies that are inaccessible to direct
observation are determined. With suitable control and measurement instruments, the
technical state of details is asceitained and the regulation and precision of their
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operation is tested. Inspection is performed without interrupting production. during
technical stoppages. in the time between shifts or even on non-working days.

Current repair is charactcrized by small operations. such as the changing of a
small number of worn parts and the regulation of mechanisms. Repair of this kind
ensures normal operation during the period before the next overhaul. The hfetime of
parts is equal to or even less than in the overhaul cycle. Current repair is performed
during any normal stoppage of machinery.

Intermediate repair is the kind of planned repair that requires a partial
dismantling of the machine. During such repairs. some parts and asse:nblies are
changed so as to restore the precision. efficiency and productivity of the machine
until the next general overhaul. The lifetime of the parts is the same as for the period
between two intermediate repairs. Although the machinery is not dismantled
completely. its operation must be interrupted.

General overhaul includes repairs within the major range of planned operations.
The machine is almost entirely dismantled, and all worn parts and assemblies are
replaced. This restores the efficiency and precisior. of the machine almost to their
original levels. During the general overhaul, modernization may also be attempted.
This means that not only technical wear but, when possible, obsolescence should be
corrected.

The experience acquired with SPPR permits the introduction of additional
technical and orgz.nization forms: namely, complex repairs and shop repairs.

Complex repair is characterized by dismantling the machine into assemblies thai
are convenient for repair work. Such repairs are previously prepared in the shop.
After preparation on special regulation stands, such a rebuilt assembly is replaced in
the machine as a unit instead of only individual parts. The early preparation of an
assembly shortens the down-time of machinery. The system is applied at this time to
some selected textile machines such as carding machines and roving and spinning
frames.

Shop repair is performed in the textile industry in plants that have many
machines of the same type or machines such as looms that are of small size and
therefore may be transported easily. :

In plants in which shop repairs are made, a number of reserve machines are
required. A reserve machine is repaired in the repair shop, exactly controlled and
then transported to the work-place. From the production point of view, this is one of
the better repair m.thods, since the actual production stoppage covers only the time
needed to disconnect the womn maciine and bring in, set up and set in operation the
repaired, re-painted, run-in and controlied machine.

After major or intermediate repair and after service testing, the machine is
delivered to the head of the manufacturing department, with a record of delivery.
This record contains the date, the personnel roster of the repair crew and an estimate
of the cost of the repair. The receipt for the machine is divided into primary and
definitive parts. The primary receipt records the repair quality and the mechanical
properties of the machine before it is introduced into the production line while
it is still accessible for any testing. The definitive receipt is completed after a
determined time of production by the repaired machine without any damage and
after it has produced a suitable amount and quality of its product. A supplementary
control consists in the measurement of the power input.
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Organization of repair and maintenance services

The principle of organization of repair and maintenance is uniform throughout
the Polish textile industry and is based upon SPPR. Only the number of repair
workers and the equipment of repair shops vary, depending on the size of a particular
plant and the characteristics of its production and machinery.

Repair service organization is of a mixed ty pe: that is, some of the operations are
centralized, others are decentralized. The centralized elements include repair shops,
major and intermediate repairs of machinery. and all repairs of buildings.

Manufacturing departments are responsible tor the proper technical state of their
machirery. for maintenance operations and for current repairs. The responsibility of
manufacturing departiments is relieved only when a machine is turned over. together
with a transfer record, to the Chief Engineer for major or intermediate repair. The
Chief Engineer is an inspection officer who controls the correct exploitation of
machinery. its maintenance and the exccution of current repairs. This officer is the
chief of the repair service and bears the full responsibility for the maintenance of
machinery, equipment and buildings in a proper technical state that will ensure the
optimal operation of the plant.

The Chief Engineer superintends and bears responsibility for the proper
functioning of the repair shop, the economical operation of the tooling and
lubrication services, the acquisition of materials and supplies. the production and
repair of spare parts and the proper exploitation of repair machines and construction
equipment.

The repair service is divided into branches for management and execution. The
management branch is divided into the six following ranges of operation:

(a) The Division for Planning Reports and Statistics maintains the file on
equipment used for repair purposes. for planning on the basis of standards
of annual and long-term repair programmes, for planning the modernization
of machinery, for the elaboration of a time-table for repairs and for the
planning of building repairs, reports and statistics.

(b) The Division for Repairs of Buildings is responsible for the continuous
inspection of buildings, for the planning of current building repairs and
maintenance, for the preparation of documentation for repairs, for the
inspection of completed repairs of buildings, for acceptance of repairs, for
the costing of repairs and for ordering building materials.

(c) The Division for Technical Documentation takes care of the archives of
technical documentation for repairs of machinery and equipment, the
execution of workshop drawings and catalogues of spare parts, the
documentation for modernization and the documentation of instruments
and their proper use.

(d) The Division for Spare Parts records the amounts and Kinds of necessary
spare parts, orders spare parts from producers, inspects existing stocks of
spare parts, orders materials for the in-plant production of spare parts and
prepares statistics on the use of spare parts in repairs.

(e) The Division for Technical Inspection is responsible for the inspection and
co-ordination of intermediate and major repairs of machinery, the receipt of
machines for repair, the technical receipt after repairs, the climination of
worn machines, the inspection of production machinery and of current
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(1)

The

repairs in manufacturing departments, and for the analysis and recording of
machinery breakdowns,

The Division for Qils and Greases maintains the archives of lubrication
regulations, new regulations of lubrication, standards for lubricant use,
statistics of the use of fresh lubricants and the return of used oncs, the
inspection of supply of lubricants and of the work of the lubricating crew
and the control of the lubricant quality.

larger textile plants have both central repair shops and small shops in

individual manufacturing departiments. The latter deal exclusively with minor repairs
of machine parts and current repairs. Central repair shops are small plants for the
production of spare parts. Since they produce many different objects in short series,
such shops must have universal equipment. Repair s:.0ps perform funciions such as
machining, bench work, heat and plastic treatment, welding, tin-sinithing, matenals
storage and cutter-shop and tool-room operation.

The
sections:
(a)
(b)
(c)
(d)

fe)

The

executive branch of the repair service is divided into the following five

The chief of the central repair shop is in charge of control workers, foremen
and workers of different crews, a planning specialist, a tool engineer, a cosi
accountant and shop office workers.

The wood-working and pattern shop executes all joinery work and
pattern-making.

The building crew includes masons, carpenters, roofers, painters and
glaziers.

Repair crews perform general overhauls and intermediate repairs of
spinning, weaving and finishing machinery.

The store-room for spare parts operates in close collaboration with the
inspector of quality of spare parts obtained from in-plant production shop
and by purchase.

executive branch of the repair service also includes a Department for

Modernization and Repairs. 1ts operation range is as follows:

Documentation of sparc parts for older machines (that is, those produced before
1945);

Preparation of new catalogues of spare parts,

Establishing branch acchives of documentation;

Co-ordination of the design offices of differcnt plants;

Standardization of spare parts;

New production techniques for spare parts;

Testing of the wear of spare parts,

Establishing technical standards for the receipt and storage of spare parts,
Drawing up regulations for repairs, lubrication and exploitation of machinery;
Investigation of new lines for modemization;

Testing of prototypes of textile machines;

Establishing principles for the construction of new machines;

Testing of substitute materials and plastics;

Testing of anticorrosion materials;

Investigation of new improvements in repair methods;

Study of the economic effectiveness of repairs,

Investigation of new methods of organizatior: of the repair service.




SOME PROBLEMS OF WATER SUPPLY AND WASTE-WATER
TREATMENT IN THE TEXTILE INDUSTRY

by
T. Sedzikowki and E. Kwasik

Water in the textile industry

Water demand

About 69 per cent of the water consumed in the textile industry is used in
production processes. About 6 per cent is lost, and the remaining 25 per cent is used
about as follows: power supply, 15 per cent; drinking-water, 9 per cent; and
miscellaneous, 1 per cent.

The water demand in different sections of textile industry varies widely. In
spinning and weaving mills, water demand is slight and is used mainly for sanitary
purposes. Great amounts of water are used in the washing, dyeing, bleaching and
retting processes.

Water consumption also differs between plants, even when production processes
and machinery are alike. Measurements of watcr consumption show that unit
consumption (in litres or cubic metres per running metre or per kilogram) deviates
considerably from mean values. The range of unit water consumption in various
operations is shown in table 1. From the figures of this table and the production
volume of a given plant, it is possible to estimate the total water demand for it. As
the production of large textile plants ranges approximately from 100,000 to 250,000
running metres per day in the cotton industry, 5,000 to 25,000 running metres per
day in the woollen industry and about 4,000 running metres per day in
rayon-finishing plants, the water demand for these plants is 12,000 m*/day,
5,000 m?/day and 4,000 m®/day, respectively.

The requirement for fresh water for feeding boilers in plants with dyeing and
finishing departments is small, not exceeding 10 per cent of the production-water
demand.

Quality requirements for water

The requirements for boiler water are analogous to those for boilers in other
branches of industry. They depend entirely on the type of boiler used.

Water for use in finishing operations must meet only three standards. The actual
requirements are the following:

fa) The water must not have too high a content of heavy-metals salts, as they
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TABLE 1. CONSUMPTION OF WATER IN TEXTILE INDUSTRY ’ROCESSES
Water consumption Remarks
Cotton industry
Bleaching of yarn 110—220 litre/kg Depends on method
Bleaching of fabrics 1,500—3,700 litre/100 m  Depends on method
Mercerizing 700—1,500 litre/100 m Depends on method
Dyeing of fabrics:
continuous process 1,200—1,250 litre/100m  Depends on method
periodic process 1,200—5,000 litre/100 m  and dyestuffs used
Dyeing of yarn 60—200 litre/kg Depends on method
and dyestuffs used
Washing after printing 1,500—2,500 litre/100 m
Generally 50 litre/m For 1 running metre
of fabric
Rayon and silk industry
Dyeing of yarn 240 litre/kg
Bleaching of fabrics 275 litre/kg
Dyeing of fabrics in
winch machines 175 litre/kg
Dyeing in vats 1,000 litre/100 m
Bleaching in vats 1,250 litre/100 m
Generally 60—70 litre/m For 1 running metre
of fabric
Flax industry
Retting 20—60 litre/kg Depends on method
Wet spinning § litre/kg
Bleaching of fabrics 200—450 litre/kg
Dyeing of fabrics 150—240 litre/kg
Generally 150—200 litre/kg For 1 running metre
of fabric
Wool industry
Washing of loose wool 80—150 litre/kg
Carbonization 130—200 litre/kg
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TABLE | (continued)

Water consumption Remarks
Washing of hair wastes
in oval vats 525 litre/kg
Dyeing of loose fibre 80—150 litre/kg

Dyeing of combed wool 150 litre/kg
Dyeing of yarn on cross

cops 200 litre/kg
Dyeing of pieces 150—290 litre/kg
Washing of pieces 110 —270 litre/kg
Generally 250 litre/m For 1 running metre
of carded fibre
350 litre/m For 1 running metre
of combed fibre

9 The volume of waste water is roughly 90—100 per cent as great as total water consumption.

can cause discolouration of the fibre. In the water for bleaching, the iroi
content must be below 0.1 parts per million (ppm), and manganese conten
must not exceed 0.05 ppm. The limitations for drinking-water are stricte
0.3 ppm and 0.1 ppm for iron and manganese respectively. In water fc
dyeing, the content of these metals may be as high as | ppm.

(b) The water must be soft. Total hardness must be kept within the limits of
to 2 milligram equivalents (mval) per litre. In some cases the hardness o
water may be higher—up to 4 mval/litre. Absolutely soft water is unsuitabl
for finishing purposes, since the soap used would be too strongly absorbe
by the fabric. which would necessitate long rinsing and consequently lowe
machine productivity.

(c) The water must be free from mechanical contaminations (suspended mattes
and micro-organisms, and it should not be discoloured. However, littl
attention is paid to this last consideration.

It is thus clear that the requirements for water purity in textile industry ar
more stringent than hose for drinking-water. Nevertheless, for some productio
operations the requirements can be considerably lower. 1t has been shown in som
investigations that water with a biochemical oxygen demand (BOD) of even 50 t
70 ppm may be used with good results for leaching acid washing and rinsing fror
acid in the cotton-bleaching process. Also, for retting, surface water with a hig
content of organic matter (BOD of more than 50 ppm) can be used.

This entire problem is presently under detailed study in connexion with th
secondary utilization of polluted waters.

Methods of water purification

In order to attain the above-mentioned requirements for water. suitabl
arrangements must be made. Their nature depends upon the quality of raw wate
Subsoil waters will usually require softening and removal of iron. Coagulation wil
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aluminium sulphate and rapid filters are applied to surface waters. Boiler-feed water
is softened by liming. lime-and-soda treatment, and by ion-exchange. Generally, the
methods used are the same as in community waterworks and in other industries.

Waste water

Quantity and quality of textile industry wastes

The problem of waste water from textile industry is rather complicated, since
this industry uses a great variety of raw materials, intermediate products and
chemicals. Methods of production also vary widely.

As noted in the footnote to table 1. the quantity of waste water discharged into
sewerage per production unit is roughly frcm 90 to 100 per cent of total water
consumption. An important fact is the flow of waste waters caused by different finish-
ing machinery and technology applied is irregular. The same machinery in the same
plant can produce different waste flows when different dye-stuffs are used. Similarly.
each change in the number of machines will change the amounts and composition of
waste waters.

Generally, the hour-variability index! of waste waters exceeds 2, and in small
plants this index may be considerably greater. The flow rate varies with rather great
frequency; for example. it may be that the greatest volumes of waste water are
discharged only once per shift, once per day or even once in several days. Evaluation
of the inequality of waste water flow requires either the detailed analysis of all
production operations based upon the plant project or the measurement of flow
rates.

The qualitative characteristics of waste water are variable to a great extent and,
even in the same industry branch, depend on the dye-stuffs and raw materials used,
their ratios and the type of machines that are employed. Table 2 contains a summary
comparison of limit and mean values of waste contaminants of water in the wool,
cotton and rayon industries, Generally, these concentrations vary within broad limits
for different plants.

The evaluation of the quantity and quality of waste waters must be made in
close connexion with production analysis and the chemicals and production
processes used, and nmwust be based upon the plans for a new plant project or
examination of an existing one. For existing plants suitable measurements and
chemical analyses must be made, and for plants in the project stage, the
characteristics of waste water from a similar existing plant can be considered.

Requirements for waste waters, depending on the means at their disposal

Waste water from a textile plant may go into a community sewerage network or
directly into a river. The requirements for sewage quality are different in these two
cises. The necessary pre-treatment condition of ‘he waste water determines the size
of a suitable sewage plant.

Discharge of sewage into a seweraye network
In this case, in addition to characteristics of the waste waters from a given plant.
at least the approximate quality data of sewage in the municipal system upstream

1The Rour-variability index (/) is Ihe ratio of the maximum volume (¥ gmqy) to the mean
volume (¥ uqqn).
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from the wastes inlet must be known. This is necessary in Poland, because
permissible concentrations of wastes, when mixed with a given industrially polluted
water, have been set by law. Therefore, otherwise identical plants must deal with
their wastes in different ways, depending on the size of the municipal sewer. The
maximum permissible values of some contaminants in communal sewers are shown in
table 3. Sewage of these kinds may be treated in a biological sewage plant. However,
the legal limitations do not necessarily ensure the correct functioning of the
biological sewage plant. Consequently, industrial wastes must be suitably treated in
the textile factory. Nevertheless, such treatment is not always possible or
economically justifiable. In arguing in some cases against the planning of a local
sewage-treatment plant it may be stated that:

fa) Waste water from the cotton industry does not interfere with the process of
biological treatment, even when its amount is considerable in comparison
with normal sanitary sewage. In some cases the ratio of cotton industry
wastes may be 95 per cent of the total sewage. When sulphur or aniline dyes
are used, the ratio must be lower. When the plant is not far from the
municipal sewage-treatment plant, because of the fluctuation of pH values
and the possibility of there being a toxic compounds content, a suitable
equalization of wastes composition may be effective.

(b) Waste water from the wool industry is only rarely free from chromijum and
considerable amounts of sulphides and fatty compounds. They can
therefore be deleterious to biological sewage treatment. The ratio of wool
waste water to total municipal sewage must be low; in some cases only 2 per
cent is permissible. If the ratio is higher. the wastes must be pre-treated to
equalizing its composition and to remove noxious compounds.

(c) Waste water from the flax industry, when it flows off at a uniform rate, may
safely be accepted into a community sewage-treatment station. However,
the fact must be taken into account that high concentrations of organic
matter in retting wastes may essentially influence the size of the municipal
sewage-utilization plant.

(d) Waste water from the rayon and silk industry may be treated similarly to
that from cotton plants. '

TABLE 3. MAXIMUM PERMISSIBLE CONCENTRATIONS OF CONTAMINANTS

IN SEWAGE
Maximum

Coniamination Unit value
Biological oxygen demand (BOD,), expressed

in oxygen units (O,) mg/litre 700.0
Suspension mg/litre 330.0
Chloride (Cl) mg/litre 350.0
Magnesium compounds, expressed in MgO units mg/litre 300.0
Sulphate (SO,) mg/litre 300.0

Phenols mg/litre 40.0
Methanol mg/litre 15.0
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TABLE 3 (continued)

Maximum
Contamination Unit value
Detergents mg/litre 100
Carbon sulphide (CS,) mg/litre 50
Sulphide (S) mg/litre 3.0
Cyanide (CN) mg/litre 1.0
Heavy metals (Ag, As, Cd, Cr, Cu, Hg,

Ni, Sb, Zn) — global mg/litre 1.0
Zinc (Zn) mg/litre 50
Nickel (Ni) . mg/litre 25.0
Chromium (Cr) mg/litre 0.2
Fats and greases mg/litre 50.0
Inorganic salts mg/litre 1,000.0
Reaction pH 6.5—9.0
Temperature °C 35.0

Discharge of sewage into rivers

In Poland, rivers used for the disposal of waste water are divided into four classes
by law, depending on the utilization of their water and specifying the maximum
permissible contents of contaminants. The maximum values concern the mean
low-water low of the receiving river and are valid for the dilution ratios of waste
waters from 1:6 to 1:20. Other ratios are determined for special conditions.
Industrial waste water must also meet additional requirements. The permissible
concentrations in Poland of contaminants in rivers and in waste waters discharged
into them are shown in table 4.

It can be seen from this table that the requirements are so high that, as a rule,
effective treatment of sewage is necessary; 80 per cent removal of BOD and chemical
oxygen demand (COD) must be reached.

Methods for the treatment of waste water

In the treatment of waste water from the textile industry, the three following

methods are generally applied:

(a) Mechanical (physical) treatment, which consists of the elimination of
floating particles, fats and quickly settling suspensions. Mechanical
trez‘ment requires devices for equalizing the quantity and the quality of
waste water (retention tanks).

(b) Chemical treatment consists in the elimination of colloidal particles and
dissolved components, mainly inorganic but also some organic ones.

(c) Biological treatment for removal of colloids and dissolved organic
substances.
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TABLE 4. SOME MAXIMUM PERMISSIBLE CONTAMINATION VALUES OF
RIVERS DURING MEAN LOW WATER FLOW AND OF INDUSTRIAL WASTES
DISCHARGED INTO RIVERS

(in dilutions from 1:6to 1:20)

Maximum values in rivers

Maximum
For For For values
For municipal  salmon agricultural in waste

Contamination basic use use lisheries use waters
Temperature (°C) 26 26 20 26 35
Residue after

evaporation 1,200
Suspension 30 20 10 30 60
Smell (plant smell

wale, 1—6) 1—6 3 1—6 1—6
Colour Natural Natural Natural Natural 100
pH 68—90 6890 68—85 68—90 5090
Oxygen Above4 Above4d AboveS Aboved
Total alkalinity

(mval/litre) Above 0.6 Above 0.6 Above 0.6 Above 0.6 1.0
BOD, 8 4 4 8 30
Oxidizability 30 20 20 30 80
Decay time (days) Above S Above5 AboveS Above$
Chloride — 250 250 400 2,500
Sulphate — 50 50 250 500
Organic nitrogen 2 2 2 2 _
Nitrate 0.1-30 01-30 0.1-30 01—-30 1-13
Ammonia 2 2 2 2
Iron —_ 1 03 — S
Zinc 0.7 _— 0.02 0.7 1
Manganese — 0.1 0.1 — 1
Chromium (VI) 0.1 0.05 0.08 0.1 1
Chromium (III) 0.5 0.5 0.5 0.5 1
Silver 0.005 0.005 0.005 0.00S 1
Copper 0.1 0.1 0.1 0.1 1
Phenols 0.02 0.005 0.005 0.02 1
Oils and fats No visible No visible No visible No visible 30

film film film film
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Both chemical and biological treatments can be successful only when the waste
water is equalized in quantity and quality and gross contaminations aic removed
from it. Therefore. such treatments must follow mechanical treatinent.

The water-treatment devices in general use are well kiiown, so discussion here is
limited to only some of the problems that concern their proper size.

Since the sewage produced by the textile industry contains only small amounts
ot auickly settling suspensions. preliminary sedimentation basins are not used. The
first step in the treatinent of sewage is screening through fine racks. For wastes from
the woollen industry. mesh screens and acrated grease-removal tanks are used. The
most important problem of mechanical treatment is the calculation of the size of
retention (equalizing) tanks. The proper size of the retention tank must ensure the
equalizing of each important polluting agent. mainly: temperature, alkalinity or
acidity (pH), free chlorine. sulpludes and sulphates. It must also permit the
continuous removal of suspensions or ensure agitation to prevent sedimentation.

Generally. the capacity of retention tanks permits a retention time of 3to 12
hours. depending on machinery volume and the assortment of dyestuffs.

Retention tanks are either circular (Dorr type), with a mechanical agitator, or
rectangular, with aeration in a ratio of 3 to § m3 of air per | m® of sewage. They are
equipped with an effluent weir or a floating overflow tube.

Chemical treatment consists in the coagulation of sewage with ferrous sulphate,
lime-water and chlorinated lime. Sewage from the wool industry is often acid and
must be treated first with lime and then with the addition of ferrous sulphate. The
amount of the last must be limited. as this compound causes a rapid increase in the
sulphate content of the effluent. Coagulation produces a volume of precipitate
(sludge) equal to 3 to 15 per cent of the total sewage volume. The precipitate is
highly hydrated, containing up to 99 per cent of water. The precipitate from dyeing
wastes can be quickly dehydrated: it can be disposed on sand filters even in a I-m
thick layer. Filter presses work rather poorly, because the filtering cloth very soon
becomes clogged.

Biological treatment may be applied to sewage from cotton bleaching. The
activated-sludge method or biological beds without additional nitrogen-phosphorous
food are used. The rate of BOD removal is from 10 to 15 per cent lower than in the
case of sanitary sewage.

Possibilities for the secondary utilization of polluted water

Secondary utilization of polluted water is discussed in connexion with water
deficiency in some regions. Ecomomic analysis +2s proved that cost of water is, in
most cases, less than 2 per cent of total proauction costs. Therefore, secondary
utilization of water in the textile industry can be considered only in regions
especially lacking in it, where this factor might limit production volume, or cases
where the requirements for waste water are very high. In the latter case, economic
considerations may be secondary.

The greatest possibilities for secondary water utilizaion are in the cotton, flax
(retting) and silk industries. Systems whereby waste water from some operations may
be re-used for others are best. Such a system would not require desalting of water or
periodical exchange of all water. However. the removal of concentrated salt is
necessary in a closed water cycle. and this involves the use of electrodialysis, reverse
osmosis or ion-exchange methods, which complicates the problem.
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Present investigations of secondary utilization of waste water from cotton
bleaching after biological treatment and of wastes from the retting of flax and hemp
after aeration give positive results. These investigations also prove that the
requirements for water used in the textile industry are often too high: in many initial
finishing operations, water with a relatively high content of both inorganic and
organic mdtter may be used.

It would appear that some opinions on the requirements for water in the textile
industry should be revised. Such changes of opinion may influence the further

development of systems for the secondary utilization of polluted water in the textile
industry.




PROBLEMS OF THE AUTOMATION OF CLOTHING PRODUCTION

by
W. Wigtlak

The direction of development of clothing production
and an appraisal of its technology

The clothing industry is still based on traditional technological principles that
evolved during the nineteenth century. This technology consists in the mechanization
of hand sewing and the division of the sewing process into a series of separate
technical operations that can be executed by non-skilled workers. Because of the
complexity of these operations, most of them are performed manually or with the
aid of lock-stitching machines; that is, by combined machine and manual methods.
The introduction of special machines has facilitated, in a certain degree, a reduction
in the number of manual operations, but the rather complex construction of clothing
products, and specifically of outer garments, does not permit the effective utilization
of machines that depend for their efficiency not only on the speed of the sewing
~ tools, but on the time required for auxiliary operations.

The time needed to perforru these auxiliary processes, which constitute the
majority of the technical operations, presents a serious hindr-.uce to the further
development of mechanization of clothing production; the sirictly mechanized
production time is only 14 per cent of the total.

In other domains of technique, the development of production methods has led,
in the leading producing countries, to the highest forms of technological progress,
that is, to automation, and other countries are entering this new phase of industrial
evolution. However, not all fields of praduction are adaptable to automation, despite
the existence of objective circumstances favourable to it, such as a relatively high
level of the theoretical science of automation and the actual productive possibilities
of automatic systems of process control. The primary obstacle in this respect is the
still low degree of development of areas of production in which manual labour
continues to play a large part, as in the clothing industry. The construction of
machines that attempt to simulate human actions requires intricate patterns of
mechanical performance, thereby raising the cost and minimizing the efficiency of
such equipment. For this reason, many major enterprises that produce sewing
machines (for example, both Singer and Reece in the United States, and Diirkopp in
the Federal Republic of Germany) are rather sceptical about the introduction of
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automation into the clot! ing industry. 1t is therefore necessary to analyse the present
methods of productior. and to appraise the real possibilities of automation in this
field. This in turn requires analysis of its productive processes and of their
fundamental part; namely, the technical operations.

The technical process, considered as a complex of actions directed toward
production, may have a complex structure. It usually represents a set of operations
of different kinds; that is, dissimilar ways of using productive tools on the workpiece.
In determining the percentage share of operations of different kinds, higher or lower
degrees of the technical process may be distinguished. The more prevalent the higher
classes of operation are, the more receptive to automation the given process will be
and, consequently, the more economically effective its automation will also be.

According to thc manner in which a given tool acts upon the treated object,
technical operations may be divided into three classes:

In the first class there is the needling operation of the tool on the treated
workpiece. In this class of operations may be included all that are executed with an
ordinary lock-stitching machine. In this class of machine work, the workpiece must
be free to be shifted in space with regard to the three co-ordinate axes X, Y and 7.

The second class includes operations characterized by the linear action of a tool
on the workpiece. Here belong various cutting actions, for instance the cutting-out of
various small details, cutting along determined lines, measuring, bending and the like.
The transporting device must shitt the workpiece with regard to the two co-ordinate
axes X and Y.

The third class includes operations in which the tool works on the surface of the
workpiece, as in pressing and bending. In operations of this kind, transport is carried
out along a straight line.

When analysing the traditional technical processes, classified in the
above-mentioned manner, it can be seen that the most important of them may be
assigned conveniently to the first class. These operations consume more than 90 per
cent of the processing time of a workpiece. It thus follows that, in introducing
automation into a production process that is characterized by the above-mentioned
structure, the prime necessity is to design transporting links that can deal with
operations of the first class. This possibility, although fully practicable under present
technical conditions, is not sufficiently effective. An aggregate of apparatuses and
mechanisms to replace manual work would feed an adequate supply of workpieces
into the machine and provide appropriate transport during the sewing, in accordance
with the technical programme. The process itself should be performed by properly
controlled sewing devices. The aggregate would bring about co-operation between the
transporting link and the sewing link, this co-operation being regulated by a special
commanding device that operates in accordance with the controlling programme,
ensuring the regular performance of both. Human participation would be confined to
putting the aggregate into operation, shutting it down and servicinug it. The ideal
scheme of such a device (a monohead sewing automat) is diagrammed in figure 1.

The productivity of such an automat would depend on two links: the
transporting link and the sewing link, both of them operating on the principle of
reproducing human actions and those of sewing machinery. Increase of the efficiency
of the automat may be achieved only through acceleration of the speed of action of
the two essential links, and there is little hope that the productivity of such an
automat would greatly exceed that of a man operating a sewing machine. On the
other hand, the cost of the automat would be greater than that of a <»wing machine
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and would be increased still further by the costs of the transporting, controlling and
command links. 1n consequence, the productivity of an automated aggregate of this
type is rather doubtful.

TRANSPORTING

LINK COMMAND'NG

I.CLASS DEVICE
CONTROL

SEWING LINK DEVICE

Figure 1.  Diagram of an ideal monohead sewing automat

However, there are some other methods of increasing productivity without
changing the basic process (class of operation). An increase in the productivity of an
automat may be produced by connecting some operations, by the simultaneous
performance of some of them by the sewing links or by performing an operation in
parallel on a number of workpieces. The first solution would lead to an example such
as that shown in figure 2. With this scheme only the construction principle of the
sewing link is changed, while the remaining links remain as before. However, the
connexion of some operations and their simultaneous performance leads to a
complicated kinematic sewing link, where it is difficult to combine more than three
operations, as for instance, sewing together a double two-line stitch and overcasting
the edge.

TRANSPORTING COMMANOING
1.CLASS DEVICE
[ 1 11
SEWING LINK CONTROL
OPERATIONS : DEVICE
Ky Ky K,

Figure 2.  Diagram of an ideal multioperational sewing automat

A complicated scheme is also characteristic of the transporting link which, as in
the first design, sets the workpiece in motion with regard to the three co-ordinate
axes (operation of the first class). In consequence, the entire construction has a very
complex kinematic layout, and the production costs of such a mechanism may
strongly influence the feasibility of its industrial application.

For in-parallel operation on a number of workpieces, as shown in figure 3, there
must be two or more sewing links combined into a set, which should be of a

o
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reasonable size. A good example would be a set for sewing the edges of three
punched holes. Obviously, the cost of such an aggregate would be high, since it
would include that of the basic machinery as well as that of the sewing links. In all
three of the solutions discussed above and illustrated in figures 1, 2 and 3, the
transporting, commanding and controlling links should be very much alike, and their
cost should be considered as a constant.

I!RNAK NSPORTING
1. CLASS COMMANDING

_Lt_ ‘ T DEVICE
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Figure 3.  Diagram of an ideal multihead sewing automat with three sewing links

Analysis of these three construction schemes leads to the presumption that
automation of clothing production may be accomplished in two different ways:

(a) By the construction of multi-operational machines (figure 2) or of
sewing sets that combine, in parallel, two or more modern, automatically
controlled sewing machines (figure 3);

(b) By the introduction of new technical methods for producing clothing; for
example, by the use of machines designed for adhesive bonding or welding.

There appear to be other possibilities of intensifying the work of the sewing
machines, although modern construction of these devices permits speeds from 5,500
to 7,000 stitches per minute. Some important reserves of production capacity may
be gained by the elimination of technically needless stoppages and by the practical
exploitation of the rated speed of the machines. The actual utilization of sewing
machinery speed, as appraised on the coefficient of speed (the ratio of effective to
nominal speed) is usually low, sometimes being as small as 15 per cent, and rarely
exceeding 70 per cent. It is therefore necessary to analyse new ways of joining
threads and to appraise their usefulness in the construction of automatic sewing
aggregates. First of all, all machinery that sews with the lock-stitch or that performs
double-thread chain-stitching should be studied, since these two types of stitching are
used for many different articles and may be mutually interchanged without
detriment to the quality of the product.

Although seams made with the double-thread chain-stitch are susceptible to
stretching and are relatively easy to unsew, their great strength guarantees good seam
quality. An additional advantage of chain-stitching machines is their low incidence of

lCommanding and controlling devices are usually electronic and of standard construction;
their cost can be taken as a constant, The cost of a transporting device will depend on the degree
of its complexity, but this may be estimated approximately and will be constant for a given type
of operation, .
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stoppages caused by the need to replace the bobbins and less damage to the sewing
threads during stitching. This last feature is of especial importance to the technician,
as it may, in a great degree. reduce breakage of the sewing threads. In consequence.
the wider use of this stitch may increase the productivity of sewing automats.

The testing of the threads used in sewing machines is an important subject of
laboratory research in industrial research institutes throughout the world. in Poland.
a great deal of such research has been conducted for many years. especially as regards
the testing and appraisal of the mechanical wear on threads and the technical
appraisal of their properties.

Some technical aspects of machine sewing

The findings of tests made in the Clothing Department of the Lodi Polytechnic
School permit the statement that the operational strain on the threads in the sewing
machine is relatively heavy and that during the sewing process a thread is subjected
to great wear and tear, with the result that its mechanical properties, as well as its
structure, may be altered. In the extreme cases. the threads may be destroyed
completely, as when an unfavourable layout of the tensions and loads applied to the
threads causes convergence of their weakened portions. which may cause them to
break.

The destruction of threads during the sewing process occurs for many different
reasons. They may be divided into the following groups:

(a) The nature and technical condition of the sewing machine. such as its way
of forming the stitch, the characteristics of its components and the
condition and working precision of the mechanisms and of their surfaces;

(b) The technical parameters of the sewing machine include the speed of
sewing, the number of layers of fabric sewn together. the quality of the
textile being sewn, the density of the stitch, the static and dynamic tensions
on the threads, and many other factors;

(c) The technical properties of the sewing threads, such as the resistance of the
threads to the cyclic and dynamic stretching loads, the action of the
twisting and untwisting forces, resistance to abrasion, resistance to heat,
stiffness and very many others. '

To put it another way, it could be stated that, in the greater number of cases in
the contemporary technology of clothing products, the sewing thread should be selec-
ted carefully, taking into consideration the types of machinery that will be used and
the technical parameters of treatment. For this reason the group of properties of
threads that determines their «:itability to form joinings under the specific technical
conditions of machine operation may be designated as the technical properties of the
sewing threads.

Obviously, these properties of threads do not and cannot be the only criteria for
their selection; equally important are their specific properties, as determined by
requirements that do not fall within the scope of this report.

Experiments have been made in which various operational strains on sewing
threads were compared, using both lock-stitching and chain-stitching machines. It
was found that the operational strains on the sewing thread in lock-stitch machines
are far heavier than those existing in chain-stitching machines. In other words, on a
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lock-stitching machine the needie thread 1s subjected to greater and more numerous
tensions and abrasive torces than the bobbin thread.

In the sewing-up of fabrics woven from synthet vams. an additionsl hesting of
the needie ovcun. This phenomenon has been partly overcome by the application of
well-known cooling methods. In this seres of tests only the relative effectiveness of
various systems of needie cooling was appraised.

Characteristics of the dynamic loads that cause stretching of

The fundamental charactenstcs of the dynamw stretching loads on threads
during sewing can be determined with tensometric methods. that is. recording the
incidence of tension on the threads with the aid of an owillograph A typical
oscillogram showing the thread tension in the lock-stitch sewing machine is shown in
figure 4. Analysis of this oscitlogram readily reveals that the thread receives the
preatest umpact when th  main machine shaft tums about 30° . The magnitude of the
stroke may change to a great gxtent. but under the most unfavourable conditions of
operational strain on the thread it does not exceed the value of 700 gram force units
(G). Under these conditions it should be accepted that the rise and damping
(attenuation) of the load occurs at a speed of 700 G per microsecond when the
machine is operating at 5.000 rev/min.

QOCORT L

Figure 4,  Oscitlogram of thread tension in the lock-stitch sewing mechine

The frequency of these tensions (loads) equals the speed of the main shaft of the
machine, since during one revolution of the main shaft the thread receives only one
maximal stroke (approximately 80 Hz).?

The magnitude of the maximal dynamic tension of threads depends
proportionally on their static tension (figure S). Nevertheless, certain difficulties are

2Some other local increases of dynamic tension may occur within a working cycle of the
machine, but these will be considerably less than those described here.
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assxiated with the magnitude of the static tension of the threads. In our research the

stalic tensions were determined by the *nsometric system. measured as machine
speed approached zero.
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Figorr 5. Inserdependence between the stotic ension (Py) of & thread and the maximum velue
of the dvmamic tensiom (P « cpressed n gram force units 161

It should be stressed that, for the proper formation of a stitch, the static tension
of the needic thread must be equivalent 10 the defined tension of the bobbin thread.
The interdependence between the static tensions of the needle and bobbin threads is
illustrated in figure 6. which demonstrates that the tension on the former is far
grestet than that on the latter.

w)
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Figure & Interdependence between the static tension on the threed on the needie (Py(n)) and
that on the bobbin thread [Py b)) expressed in gram force units (G)

Comparison of the oscillograms of the lock-stitch sewing machines (tigure 4)
with those executed for the double-thread chain-stitch sewing machines (figure 7)
permits the statement that substantial differences exist between the runs of these
tensions.’ These differences consist in the change of the lesser value of the maximal
tension of the threads in the chain-stitch sewing machines performing double-thread

’!n figure 7 it can be seen that the first line characterizes the magnitude of tension on the
needie thread, whereas the second line registers changes in tensions of the bobbin thread. The
scute angles along the bottom of this oscillogram symbolize the direction of rise of the curves,
since thelr courses have been reversed to facilitate their recording,
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stitching, as compared with lock-stitch sewing machines. There are certain analogies
consisting in the fact that the tension on the needle thread is about double that on
the catcher thread. The absolute value of the tensions observed does not exceed 500 G
(gram force). Needle thread tensions rise threefold in the course of one working
cycle of the machine, whereas the tension remains nearly constant on the bobbin
thread throughout almost the entire working cycle. running down to zero during the
period of throwing of the previous loop of the needle (120° + 130°) and while the
needle leaves the cloth. It follows that, in the chain-stitch machine. the needle thread
is not subjected to as great changes of speed as in the case of the lock-stitch sewing
machine. Greater changes in speed may be observed in the case of the bobbin thread.,
which is subjected to the influence of a single stretching impulse during the pulling
(drawing) of the thread. The peak occurs at 25° of shaft rotation. Generally
speaking, the variation of the run of dynamic tension in chain-stitch sewing machines
operating with a double thread is less marked.

Figwre 7. Oscillogram of the tensions of the needle thread and bobbin thread in a double-threed
chain-stitch sewing machine

For technicians. the character of the changes in the dynamic tensions as
functions of the speed of a given machine is specially important. The characteristics
obssrved with some types of machines are illustrated in figure 8.4

g o

Figure 8& Change of dymamic tension (Pg) expressed in gram force (G) as a function of
machine speed. (a) tension on the ne Jle thread, (b) tension on the bobbin thread

‘TM needie thread is subjected to three stretching impulses: the first during the drawing of
the formog loop (at the 25° peak), the second st the moment when the needie pierces the fabric
(at “t‘ln 90~ peak) and the third when the bobbin thread enters the loop of the needle (at the 228°
peak),
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Tests have revealed that this characteristic differs from the others in that. to a
great degree. it depends upon the construction of the machine. Figure 8 shows the
changes in dynamic tension found with two lock-stitch sewing machines, namely the
Lucznik LZ 3 (Poland) and the Minerva 321 (Czechoslovakia). and with the Union
Special BP 51400 (United States). a double-thread chain-stitch machine. The
fundamental difference lies in the fact that the maximal magnitude of dynamic
tensions with the lock-stitch sewing machines is associated with relatively low speeds.
This does not occur with the double-thread chain-stitch machines. When comparing
the dynamic tension on the thread in various machines. it must be pointed out that
there are distinct differences in its magnitude: the differences are twice as great at
speed ranges up to 3.000 needle thrusts per minute. Furthermore. to obtain a
double-thread chain-stitch, far less static tension on the thread is required. It is
evident that this tension is smaller for the bobbin thread than for the needle thread.

The stitch-forming process requires a zone of stitch formation in a given
machine. The dimensions of this zone are determined by the construction parameters
of the machine. It is in this zone that the most intensive wear and tear on the sewing
thread occurs.

Within the stitch-forming zone a separate section can be distinguished in which
the thread is subjected to the actions of the instruments that form the stitch and of
the fabric that is being stitched. The instruments and the fabric act. within a single
cycle of the machine work. upon one definite section of a thread. and this section
may be designated as the working zone of the thread.

It is evident that the smaller the zone of stitch formation and the shorter the
time during which a thread passes through it, measured by the number of working
cycles of the machine. the smaller is the wear of the threads. It can be assumed that
the influence of the tools and the fabric stitched in the work zone of the threads
does not alter. A given section of thread enters the stitch-forming zone and passes
through a set number of cycles there. It has been found that the magnitude of the
stitch-forming zone of the lock-stitch sewing machine is several times greater than
that of the chain-stitch sewing machine. For this reason. the time of passage of a
section of thread through this zone is much shorter. In addition. the actions of the
working parts of the machine (that is. the actions of the bobbin catcher and the
take-up lever) are not as powerful as in the lock-stitching machine. Changes of the
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Figure 9, Drop of resistance (per cent) of two threads (Lotos-40 and Elena) after passage
through a lock-stitch sewing machinc
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mechanical properties of the thread after it has passed through the stitch-forming
zone may be quite important. For example. the losses of tensile strength of thread
are considerable; under unfavourable conditions they may reach a magnitude of
approximately 50 per cent (figure 9). At the same time. increase of thread diameter
and its elongation occur.

It may be pointed out that the character of the action of the stitch-forming zone
on the thread may change with alterations in the conditions of treatment. First of all,
the thickness of materials sewn and the set (density) of the stitch depend upon the
duration of the time of passage through the working (stitch-forming) zone. As has
been noted. the dimensions of the stitch-fonning zone are many times greater in
lock-stitch sewing machines than in double-thread chain-stitch sewing machines and
the required number of passages is appreciably smaller. In consequence, the time of
passage of the needle threads through the working zone of the lock-stitch sewing
machine is several-score times longer than with other machines. Thus. the thinner the
cloth and the denser the stitch, the more the thread of the needle is subjected to
wear and tear. However, the action of some technical parameters may operate in
other directions. For instance. by increasing the thickness of the cloth pierced by the
needle, the time of passage of threads through the working zone may be reduced (the
per-stitch demand for thread would be greater) but, on the other hand. there would
be a decrease in the resistance of the threads. caused by increased friction in the sewn
cloth. Experimental evidence permits the statement that. for instance. by increasing
the number of layers of cotton cloth sewn together from two to ten. the required
tensile strength of the sewn thread may be halved. if a constant number of passages
of threads through the working zone and a constant dynamic tension on them are
assumed.

As noted above, extreme wear of thread in sewing machines may cause it to
break. Unfortunately, there has been a lack of research and publication concerning
this important subject. The problem of thread breakage is of special relevance in the
design and construction of certain new types of machinery such as multi-operational
and multi-needle machines as well as of automated aggregates in which the breaking
of a single thread may cause the stoppage of a number of machines or even of the
entire set. :

Distinction should be made between technical breakage, which is caused by the
mechanical conditions of the sewing process, and nontechnical breakage, which
results from the faulty setting-up of the working components of the machine. Thus,
in analysing thread breakage, it is important to determine its nature. Breakages of the
first kind are often caused by weak spots in the thread, whether originally present or
resulting from excessive wear during the sewing operation. In such a case, it may be
possible to solve the problem by using thread of a better quality:; if breakage is of the
nontechnical kind, its cause must be found and corrected.

Because of their accidental character, the incidence of technical breakages
should conform to the general laws of the random distribution; that is. with a
defined distribution of breaks in the mathematical calculus of probability . It would
seem appropriate to attempt to appraise the character of the occurrence within a
definite time of breakage. Such an effort would be complicated by the fact that
sewing machines do not operate at a constant number of revolutions per unit of time.
For this reason, breakage as a function of the length of the seam at a constant stitch
density was studied. Records were made in the manner shown in figure 10. On the
axis that represents the length of a seam, the positions of the breaks were noted
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(sectionsL,, L, ... L;) furtherassuming a periodical division of the axis (section 4;)
of the number of breaks falling within a given section. After calculating the number
of sections with equal numbers of breaks. the distribution of the breaks was found.
Figure 11 illustrates the empirical distributions of sections containing 0, I, 2 or 3
breaks within lengths of 1, 2, 3 and 10 metres. A check of the empirical distribution
permitted the statement that they are consistent with the theoretical distribution of
possibility of the seldom-occurring phenomena; that is, with the so-called Poisson’s
distribution.
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Figure 10.  Scheme of thread-breakage analysis (see text)

ol

-

0 1 2

Figure 11. Empiricel distribution of thread breakage at the seam sections: (bf) breakage
frequency (number of sections with seam breaks), (nb) number of breaks per section
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Appraisal of the character of breakage in this way makes it possible to ascertain
whether a given empirical distribution of the thread breakage observed on a sewing
machine is in accordance with the theoretical distribution. However, this requires the
application of entirely new criteria of verification of the empirical distributions (for
instance, a x? distribution) and a definition of the probability of acceptance or
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disapproval of the zero hypothesis. Also, Poisson’s distribution does not account jor
some cases. In these, a more complicated mathematical method must be used.

Observations recorded at the Clothing Institute of the £.odz Polytechnic School
permit the statement that the rate of incidence of technical breakages changes
fundamentally, not only under identical conditions of machine work (a diversified
technological regime) when different threads are used, but also when the
same threads are used under different working conditions.

Figure 12 illustrates changes in the breakage of thread as a function of thc
number of working cycles in the stitch-forming zone of a sewing machine using the
Polish cotton threads Lotos—70 and Zubr—50 under identical conditions of machine
work. The breakage observed was of the technical type.

’
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Figure 12,  Relation of thread breakage to the conditions of forming a stitch (number of
passages of the thread through the working zone of the machine)

The results of a series of such tests permit the statement that the possibilities
for automation of clothing manufacture on the basis of sewing are rather limited.
These limitations derive from the principles of formation of thread f astenings and are
connected with the phenomenon of destruction of thread during the sewing process,
as well as with the occurrence, in extreme cases, of thread breakage. Comparison
between the lock- and chain-stitches leads to the conclusion that the technical reasons
are decisive as to the greater adaptability of chain-stitches to the automation of
manufacture of clothing by sewing techniques. It must be made clear that, whatever
kinds of stitches are used, the automats that form the thread fastenings are
characterized by high price, which largely reflects the high cost of the transporting
mechanisms. As was pointed out earlier in this article, the production of clothing
with the aid of the thread seams must be classed us an operation of a low grade (that
is, of the first class), and the transporting mechanism must execute transport along
the three axes X, Y and Z. This requirement necessitates high constructional
complexity, with consequent high cost. It therefore seems suitable to introduce into
clothing technology methods of higher grades; that is of the second and third classes,
and verification of these methods under existing conditions in industrial production
and, finally, the automation of the processes on the basis of these new methods. New
possibilities are being created by the development of adhesive bonding methods,
which have found application to the manufacture of clothing in recent years.
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Techniques for adhesive bonding

The use of bonding agents in clothing production is a concept as old as the use
of threads for joining, but it could not be applied until recently because of the lack
of suitable bonding materials. Natural glues are unsuitable, since they lack
satisfactory chemical and physical properties. This problem is being solved by the
development of synthetic glues and other bonding agents.

Synthetic glues were originally introduced in the Soviet Union in 1948 and
became widely used all over the world. In some countries, among them
Czechoslovakia, East Germany, the Federal Republic of Germany, Hungary and the
United Kingdom, a wide range of bonding agents is in use as basic and auxiliary
products. These adhesives are supplied in forms of pastes, foils, powders and inserted
pads composed of woven or nion-woven fabrics covered with a layer of adhesive. The
conventional way of producing an adhesive bond by means of a thermoplastic insert
includes heating the bonding element, transforming it into a fluid state under the
action of high temperature and securing the proper contact by squeezing the
components together in a press. A conventional type of press, such as an ordinary
clothing press, is normally used. The application of adhesive bonds in this way does
not require any important outlays of capital, and the problem is merely that of
supplying the industry with a wide range of adhesive inserts.

A slightly more complex problem is presented by the application of bonding
agents in form of foils and powders, as additional equipment for decomposing
bonding agents and proper application of powders is required.

The choice of adhesives for joining materials in clothing production is
determined by the requirement that the quality of a bonded seam must not be
inferior to that of a thread seam.

These demands may be summarized as follows:

(a) There must be a sufficient resistance of the bonded seam to both static and
dynamic loads; the strength of a seam depends primarily upon the adhesion
between the fabric and the bonding material.

(b) The stiffness of a bonded seam should not be great; it should not differ in
this respect from a thread seamn.

(c) The adhesive must be resistant to the action of water and of the solvents
commonly used for removing stains and for cleaning garments.

(d) The bonding agent must have good mechanical qualities within the range of
temperatures required by nature of the clothing.

(e) The adhesives must be resistant to ageing under the influence of the
atmosphere (rain, sun, changes in temperatures and the like) within the
period of use foreseen for the garments.

All of these requirements are related to the kind of joint (permanent or
temporary) and to the conditions under which the clothing will be worn,

It must be pointed out that the typical thermoplastic bonding agents do not
fulfil all of these requirements. This is especially true of demand (d) above. Adhesives
of this kind tend to liquefy, sometimes within the range of temperature in which the
clothing will be used. Such melting, although originally small, tends to rise over the
period of use of the clothing. Consequently, the purely thermoplastic bonding agents
cannot be used to form durable primary joinings.
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Mixtures of thermoplastic and thermoreactive resins are used for netting of this
kind. Heating such blends often causes netting of the thermoplastic polymer. An
example of such a blended bonding agent is the OP | adhesive used in the Polish
garment industry. The active ingredient of this material is a mixture of a modified
polyamide and FF (phenol formaldehyde) resin.

Within the last decade, other variations of the principle of adhesive joining of
fabrics have been used in the clothing industry. These are the heat-sealing and
welding linkages, which are based on the same physical and chemical phenomena as
in the bonding methods described above. Since they are still in the experimental

ADHESIVE BONDS
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Figure 13.  Classification of adhesive linkages
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stage. the course of their future development cannot be foreseen. Meanwhile,
however. their suitability for the processing of some clothing elements made from
synthetic materials must be stressed.

There can be no doubt that some problems are caused by damage to the
heat-bonded fabric and to difficulties in the mastery of welding techniques that use
ultrasound or electrical currents of very high frequency. However, it is reasonable to
think that techniques for forming heat-sealed and welded fabric linkages will be
developed furiher.

From the technological standpoint, distinction should be made among the many
possible ways of forming these fabric linkages, according to the ways in which heat is
applied and the linkage nade. Because of the great number and variety of these
methods, it is advisable to classify them in an orderly manner. A system for dividing
them into three groups, according to whether they are formed with the use of
adhesive materials or by welding or heat-sealing is presented in figure 13.

In linkages made with adhesives, the fabrics are joined by the application of a
special adhesive substance that melts when heated. It is also possible to use bonding
agents in solution, but this method is noneconomic in the clothing industry.

Linkage by welding is done by means of the partial transformation of a bonded
fabric to a plastic consistency without the use of an additional bonding material. This
method of joining naturally requires thermoplastic properties in one of the joined
materials,

Heat-sealing linkage requires the transformation of both the bonding agent and
the fabric into a plastic or liquid state in which the separateness of these two
elements disappears.

It follows from the above-mentioned clas:ification that any given type of
adhesive bond may be obtained with the aid of different types of machines and
devices. and in some cases the same types of apparatus and of machine may be used
to produce linkages of various types, according to the conditions of treatment. It is
therefore necessary to analyse the fundamental method of forming of linkage and to
define its scope and suitability for automation of the processes of clothing
production.

It is evident that the simplest way to obtain an adhesive bond is by linkage with
thermoplastic adhesives that have been melted by resistance heating, with
simultaneous compression of the seam. Figure 14 illustrates a typical scheme of
obtaining a linkage by means of thermoplastic adhesive. Between the layers of the
textiles (or other materials) linked, a layer of adhesive material is deposited that must
be melted by the application of heat. Assuming that the pressure (p) and temperature
of the heating plate are constant, the temperature required to melt the adhesive may
be expressed as:

where:
T  isthe temperature of the heating plate (panel)

At,  isthe decrease of temperature within the time 7 caused by the
insulating power of a layer of the materials situated between
the heating plate and a layer of adhesive

t,  isthe temperature of the adhesive during the time 7, calculated
from the moment of closing the press.
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Figure 14, Diagram of the formation of a fabric linkage with the use of a thermoplastic
adhesive (see text)

It is readily seen that the decrease of the temperature At is a function of the
insulating power of the heated layer (S), its thickness and the duration of the time of
pressing.

If the initial temperature is 7, the temperature at which the bonding agent melts
is tx, and T is the temperature of the heating plate limited by the insulating power of
the cloth, the maximum permissible temperature drop (At 5x ) may be calculated as
follows:

Almax =T-— % (2)

Both equations (1) and (2) may serve as bases for the regulation of the
parameters of fabric bonding with the use of thermoplastic materials. A nomogram
for the calculation of the parameters of adhesive bonding processes is illustrated in
figure 15. The basis for the calculations is modification Ar;, which depends on the
thickness of the bonded layer of materials (magnitude S). I-or the exccution of the
nomogram, the function of Kramp was utilized, as the basis for changes of the
temperature within the period of time 7 (scconds). When analysing the set of
parameters presented in the nomogram, the scope of application of the contact
(resistance or steam) methods of heating a seam may be defined. 1t must be assumed,
from what ensues from the character of the run of the curves 7= constant, that the
application of heat for periods of time longer than 90 seconds is not reasonable:

7 < 90 sec (3)

The limitation illustrated by means of inequality (3) defines simultaneously the
scope of the described method of fabric linkage. When using one of the systems for
making heated linkages that have been described, in which a partial destruction of
the heated materials is possible, the foregoing reasoning is not applicable.
Furthermore, in similar cases it is possible to apply temperatures of the resistant
heaters (T # constant) that exceed the limits of the thermal resistance of the heated
materials. This method is called the ‘‘impulse technique”.

Another method of heating seams of great thickness is that of capacitance
heating by a high-frequency field. This method may be applied with success to
clothing technology, provided that the adhesive (or, in case of welding, a linked
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Figure 15, Nomogram for calculating the parameters of fabric linkage by contact heating of

adhesive seams (see text)

material) possesses suitable dielectric properties. Losses of energy in the heated
insulator within a high-frequency field conform to the equation

N=0555X fFPetg 0 X 107"2 O]
where:

N is the voltage loss in volts per cubic centimetre (V/cm®),

[ is the frequency in hertz (Hz),

F is the intensity of the electrical field in V/cm,

€ is the dielectric constant, and
tg 0 is the tangent of loss angle.

Capacitance heating methods are very popular throughout the world and are
commonly used for heating materials, and they miy also be used to form fabric
linkages. In this case the work of the heating devices is less complicated and does not
require regulation of bonding parameters, since the properties of the adhesive
material are constant. During heating, the parameters must, in each case, match the
magnitude € tg 0 of the bonded material.

The industrial application of capacitance heating is associated with a number of
difficulties, among them the need to provide safeguards against electromagnetic
interference. The one most commonly used is the so-called “Faraday’s cage”, which
suppresses them completely, From the technical standpoint, production problems are
of primary importance. The basic one, which constitutes a limitation, consists in tl.
too-small value ¢ tg 0 of some bonding materials such as polystyrene and
polyacrylonitrile. While it is theoretically possible to increase dielectric losses by
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adjusting the frequency or intensity of the field, there is an associated risk of
sparking and damage to the fabrics that are being joined. However, there are means
of diminishing these losses, such as by coating the fabrics to be joined with a
substance that has a great € tg 0 value or by the use of suitable adhesives. It is
probable that this method will be widely applied in the clothing industry. as it may
be exploited for the simultaneous processing of all the elements of clothing.
Treatment of the entire contour or surface of clothing by the capacitance method
permits raising the range of the technical process so that it may be included within
the operations of the second and third classes. It is evident that the construction of
an automat that operates on this principle would make possible an economically
effective application of automation to clothing production.

In the ultrasonic method of heating, it is essential to introduoe the oscillation
energy into the heating zone. The fabrics to be joined are laid on a base called an
“anvil” and pressed down by a predetermined force to a vibrator that oscillates with
a frequency in the range '8 to 22 kHz at a right angle to the surface of the heated
elements,

A heat sealer usually consists of the following parts:

(a) A high-frequency (HF) device that converts electrical osillations into
mechanical oscillations;

(b) A speed transformer, also called a “concentrator of energy”:

(c) A pound element, called a “sonotrode”;

(d) An anvil;

(e) A pressing device.

Magnetostrictional oscillation converters are commonly used in the technology
of clothing. These converters are constructed of ferromagnetic material, and their
dimensions change under the influence of the lines of force of a magnetic field (the
phenomenon of magnetostriction). A typical layout of an ultrasonic welding device is
presented in figure 16,

The range of application of ultrasound heating in clothing technology is still
restricted by the limited possibilities of linear heating in this way. The emission of a
beam wider than 120 mm is not yet possible technically. and for this reason
ultrasonic heat-sealing can be applied only to a limited number of operations.
Instances of the use of this technique for making buttonholes and the like may be cited.

Ultrasonic welders may be used for continuous heat-sealing, passing the fabrics
to be joined in a continuous manner, or by jumps (strokes) between the sonotrode
and the anvil. In the latter case, the sonotrode has a flat, curved form such as a disk;
this arrangement copies exactly the action of a sewing machine. An example of such
a device is the SL 21 MK II, a construction designed by the Omega Laboratory
(United Kingdom). This device may be used to weld woven or light knitted fabrics.
This apparatus is supplied with a controller of 600 volts working on a controlled
frequency of approximately 30 kHz, and can heat-seal fabrics at a speed of
approximately 10 m/min.

A device that operates on this principle is clearly one that performs a technical
operation of the first class. A device of this type has an adaptability to automation
similar to that of a conventional sewing machine. It may therefore be expected that,
for some materials that suffer frequent damage during the sewing process, the
application of ultrasonic welding may prove to be advantageous, but the economic
efficiency of automation with this process is questionable.
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Figure 16,  Schematic drawing of an ultrasonic welding device. (1) magnetostrictional converter,

(2) transformer, (3} anvil, (4 cooling of the transformer, _:ﬁ, %, % acoustic wavelengths

To sum up this appraisal of adaptability of various methods of processing
clothing for the automation of the making-up process, the five following statements
may be made:

{a) Furth~r development of sewing machines, directed toward the replacement

of lock-stitch processes by double-thread chain-stitching must be expected.
The automation of these machines should evolve in the direction of the
formation of multifunctional systems and of ranging various machines in
parallel.

(b) Serious obstacles to the automation of making-up processes for clothing are
their low economic efficiency and their complex manner of operation
(processes of the first class).

{c) A setious possibility for modernizing the making-up processes, of forming
the basis for a new technique and of its simultaneous automation lies in
introduction of adhesive linkages (operations of the second and third
classes).

.(d) Among all the methods of forming adhesive linkages, the best and most
efficient appear to be the methods of bonding with adhesives and of contact
welding with the aid of resistance heaters or with capacitance heating
methods.

{e) At the present stage of their development, the application of the ultrasonic
welding methods to clothing production has a limited scope and cannot
form a solid basis for planning the automation of the production of
garments.

It also appears that there is a need for research on the efficiency of the
automation of garment manufacture, taking into consideration the new techniques as
well as a thorough exploitation of the older methods of production. It is essential to
create new possibilities for the combination of various methods of treatment with
the aid of thread and adhesive linkages, directed toward the automation of the
production of clothing.
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