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Labour productivity has been continuously increasing since the days of spinningjenny to the modern day 
roto r frames. To visualize the spinning industry in the year 2000, the past and the present technologica l 
changes have been analyzed so as to assess their overall impact in terms of labour complement.. material 
handling, required operative skill and automation. The automation in textile industry has already begun with 
the introduction of micro-electronics, computer systems, special textile manipulators. automatic guided 
vehicles and integration of automated machines into the production line by computer control. Computer 
Integrated Textile Enterpri se (CITE) system has been considered for the mill of the future . 
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1 Historical Remarks 
In the last few decades the scientific and technical 

progress influenced the textile industry all over the 
world. The technological changes brought into 
spinning mills the new automatic machines resulting 
in considerable reduction in labour costs, 
enhancement of product quality and process 
flexibility . All these factors must be taken into 
consideration to review the development of spinning 
in the past years and to make some prognostic 
remarks for the future. The history of the last 200 
years, as found by Krause l , shows that the manhours 
required to produce on.e kilogram of cotton yarn 
since the beginning of the mechanization till date has 
a constant rate of reduction . The data indicate that 
during a 75-year period the decrease is by a factor of 
10. It is possible to interpret these data from the point 
of view oflabour productivity to have a fresh look on 
this matter2 . 3 . The production of 30 tex yarn per 
worker in a spinning mill increased from 0.075 kg/h in 
1767 (Spinning Jenny) to 0.7 kg/h on the first ring 
frame in 1860. The modern ring frame produced 8.1 
kg/h in 1960 and the automatic open-end spinning 
machine about 40 kg/h per worker in 1989. The 
extrapolation for the year 2000 shows 100 kg/h. The 
future spinning mill, therefore, ought to calculate the 
machinery requirements with this production figure 
(Fig. I). 

"Present address: Barcalova 142, 56201 Ost{ nad Orlicl, 
Czechoslovakia 

The new features of the modern spinning mill were 
practically developed in the last few decades. To look 
at the progress in spinning in the year 2000 it will be 
very useful to analyze the past and present 
technological changes, to compare which trends were 
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Fig. I- The 1ahour productivity in spinning during the period of 
years 1500-2000 [t- time; and G- yarn production per operator 

in kg/h) 
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wrong and which innovations were successful. In 
sixties, the textile manufacturers emphasized on high 
production machine, e.g. carding and jet looms. 
Around the year 1970 the great interest concentrated 
on the reduction of labour (number of workers). 
Flock feeding and storing of material in bigger can 
was introduced in carding machine. The open-end 
rotor spinning also spared a lot of workers and 
increased productivity. 

The decade of the eighties showed the lesser 
dependence of qualified operators. Exchangeable 
modules were used for the maintenance ofmachines 
and monitoring systems were adopted on the 
productive machines .' During 1990-2000 there is the 
premise to apply a computer technique and the 
broader use of microprocessors together with 
industrial robots. 

The realization cycles of the R&D results are 
becoming more and more shorter. In the beginning 
(1950) it took 35 years and now the introduction of 
automatic machines a nd links is expected to be in 
about 10 years only. There is a great interest to 
increase quality, reliability and economical aspects of 
the production . 

With time the approach of 'a utomation' is being 
changed4

. With the development of technology we 
have seen first the 'mechanization' of machines 
which after some years changed to ' hard automa­
tion' . This sy~tem has still mass application in the 
present textile mills. The negative connotation of 
hard automation is that these machines can do the job 
but to do any other job they must be completely turn 
apart. Examples are many types of spinning 
machines. 

The last type of automation is the 'intelligent 
automation' that we discuss presently. Its most 
advanced form is the robot. The American definition 
shows exactly what intelligent automation is 
supposed to be about: "A reprogrammable, 
multifunctional manipulator designed to move 
material, parts, tools and other specialized devices, 
through variable programmed motions to 
accomplish a variety of tasks ". In connection with it 
we speak sometimes about the textile robots where we 
expect to have not only the possibility to move textile 
material of all forms but also to control the action of 
the manipulator by the 'Tactile Sensor Systems' or 
even the 'Vision Systems' 5. 

All these considerations aim at the new 
technological processes with small number of 
operations o n automated machines . This tends 
towards high rate of productivity, especially because 
of the changes in the technological structure of 
production. The reduction in the number of 

operations and the progress of automation tends to 
better quality and the high performance allows 
uninterrupted operation of 3 to 4 shifts in 24 hours. 
What is important is that the streamlining of the yarn 
production simplifies the technological control 6 . 7. It 
is possible to say that the modern spinning mill was 
developed , as mentioned before, in the last few 
decades. The technologica l changes bring the 
reduction in the number of technological operations 
in the spinning process3 . The example of this trend is 
the spinning of short staple fibres (Table I). 

The reduction in technological steps in spinning 
has increased the production of single machines. The 
modern textile mill can be characterized by linkage of 
processes, progressive automation, complex control 
systems and last but not least improved technolo­
gIes. 

2 Spinning 
The modern mill of today has, however, some 

problems. The management of the spinning mill 
ought to strike a balance between the yarn quality and 
the production costs8 and the produced yarn quality 
is connected with the requirements of customers. To 
reduce procuction costs, the latest machines and 
technologies must be applied. To reduce personnel 
costs, more automation is necessary both within and 
between machines and integrated electronic 
supervisory systems must be introduced. The 
production costs are also limited by mill production 
and the surrounding conditions. Considering these 
facts the competition of the mills in ya rn sales is to be 
taken into account 7 . 

The management of the mill must follow nowadays 
the following trends in spinning: 
• the raw materi a l is taking a large share of yarn costs 
• the fibre qualit y of cotton is decreasing although the 

demands on the yarn quality are increasing 
• the costs of new machinery, energy and salary are ri sing 
• the availability of qualified personnel is decreasing 
• the demands of care to the environment are growing. 

Besides the product costs the quality is the main 
issue for competitive position of the mill in the 
market. Thercfore, it is important to secure the 
TQM- Total Quality Management. Regarding this, 
the approach of Zellweger Uster is interesting 7 - 10. 

To necessitate an intensive quality control and 
reach the acceptable limits of yarn characteristics, the 
best and most economic possibilities are: 
• on-line quality and productivity control at the processes 

prior to spinning 
• on-line quality and productivity control at spinning 
• off-line quality control in the mill laborato ry. 

These would also represent the fundamental 
requirements for instituting some form of computer-
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Table I- Reduction in techn ologica l steps in spinning 

1950 1960 1970 

S OE 

o 0 + 8 L L 

B Cb DI DI 

Cb K D2 D2 

K DI R O Eb 

DI D2 S 

D2 Ro W 

D3 Ri 

Ro S 
Ri W 

R f 
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W 

n = 12 9 ·6 

n - No . nf tt!cil nll iogica l opc:ra lio ns (passages) 
OE Opcn-e nd ro to r spinning on conica l bobbins 
OEb - O pen-end ro to r spi nnin g o n cy li nd rica l bobbins 

R - Roving 
R,)- Roving, first speed frame 
Ri Rlwing. in tcrmediate frame 
Rf- Roving, fine speed frame 

W 

5 

integra ted manu fac ture. O n-line supervisio n is the 
o nl y mea ns of ensuring a 100% contro l o f each stage 
or processin g. Its ma in purpose is to single o ut the 

outs ide tolera nce' producti on positio ns. This is no t 
poss ible only by off- li ne tes ting, i.e. by mea ns o f spo t 
checks. O utside to le rance ca n be referred to va ri o us 
sli vc r and yarn character istics 7 .R, e.g. too hi gh 
random va ri at io n, per iodic sho rt- o r lo ng-te rm 
varia ti o n, thick a nd thin pl aces, devia ti o ns fro m 
nom ina l co unt , e tc. A ll these characteri sti cs can be 
measured o fT- line, with mill la bo ra to ry equipment , 
hut the wrong production positi o ns ca nn o t be 
detected in this way, or if so, on ly by cha nce! 

Fo r the assessment of ya rn q ua lity the Ze ll weger 
USler co mpany recommended the use of Uste r 
Lahdala System. T he "Qua lit y Certi fica te" refe rs 
to: 
• thc header data. i.c . cOll nL fibre fi neness, style, da te of 

tes t, la hora tory assis ta nt carrying o ut th e tes t, etc ., 
• Comll, count varia ti on a nd the 95% confidence li sts of 

the mcan val ue, 
• EI'(,III1(,SS. mcan the sta ti s tica l val ues as well as th ose fo r 

Thin plac('s. Thick Flacc.1 and Neps ( Im pe rfec ti on 
Ind ica tor), 

• Scldolll .1'([/'11.//1111/ .1' (C l([s.lil/ liIl) in terms o f the freq uency 
or ya rn faults acco rd ing to Ic ng th and c ross-sec ti o na l 
size, and 

1980 

S OE 

L L 

D I D I 

D2 D2 

R OE 

S + W 

5 4 

W- Winding 
O- O pen ing 
S - Ring spin ning 
D- D rawing ( 1-3 passage) 

B- Blending 
Cb- --C lea ning and beating 
K- Ca rd ing 
L- O + B + Cb + K = Link 

1990 

S O E 

L L 

D D 

R +S+ W OE 

3 :3 

• Tel/sill' pro perties o f breaking fo rce a nd elo nga ti on, 
tenacit y, wor k do ne, e tc. 

With thi s ya rn quality ce rtifica te, which co uld be 
m ade ava ilab le to the yarn processo r (knitter o r 
wea ver) o n reques t. a ll the mos t impo rta nt ya rn 
pa ramete rs a re ava ila ble o n thi s ya rn certifi cate 

whe ther: 
• the ya rn pa ramete rs a re according to th ose required a nd 

reques ted, 
• the ya rn pa ra mete rs sa ti sfy the requirements of 

ma nufac ture (t ype of processing, appea ra nce of clo th ) 
fo r th e pa rtic ul a r fab ri c being produced , 

• etc. 

3 Open-end Rotor Spinning 
The ques ti o ns dea ling with the inc reasi ng 

produc ti vity of machines, reduct io n in the 
techno logica l p rocessing steps a nd the stress o n 
qua lity a re the bas is fo r the development o f future 
modern mill s. A uto ma ti o n of spinning o pera ti o n is 
the rea lity of present and o f future too . For a 
Hi gh-Tech a uto ma ti o n o f a spinning mill the 
key-po int wi ll be a completely a utoma ted spinning 
machine. The open-end ro tor spin ni ng techn o logy 
has a ll the p roperties to meet this req ui rement. Let us, 
therefore, ma ke an analysis o f tha t techno logical 
o pera ti o n. 
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The modern rotor spinning machines are the 
results of long dated research and development in 
textile technology, machine aggregation, 
automation and computerization II. 

The mill managements and technologists are 
mainly interested in production capabilities of 
spinning machines, namely: 
• processing capabilities of avai lable fibres, range of 

spinnable counts of yarns; 
• production parameters (highest yarn take-up speed, 

maximum speed of spinning rotors .... ); 
• important yarn properties (quality, tenacity, elongation, 

imperfection, seldom faults , etc.); 
• yarn package (shape and size, kind of winding, lengths of 

wound yarn, yarn reserve, fixing of yarn tails .... ); 
• machine design (arrangement of spinning unit , gauge, 

drives, winding device, automat ic devices travel, 
transportation of packages and tubes, etc .); and 

• functions of automatic devices and their coupling with 
machine environment and in case of need a possibility of 
manual yarn spinning-in . 

The automation of a rotor-spinning machine as 
regards its design is, however, necessary from another 
point of view. It is possible to describe the automation 
as 'use of automatic equipment to save mental and 
manual labour'. The designer of automated machines 
is, therefore, interested in such activities of spinning 
operations which will at first facilitate the work of 
operator on the machine and, in perspective, will shift 
him into a function of supervision control. 

Such activities of operat ions are the folIowing 
ones: 

(I) Start of spinning (either by stop-start motion 
for simultaneous spinning-in of all spinning units, or 
by successive spinning-in of individual spinning 
units by an automatic piecing device) . 

(2) Indication of the presence of sliver i.n spinning 
unit. 

(3) Automatic cleaning of spinning rotor and yarn 
spinning-in (piecing). 

(4) Checking of piecing slub quality during 
automatic piecing. 

(5) Spun yarn waxing. 
(6) Conveying of tubes to automatic doffer. 
(7) Ooffing of full packages (by travelling dofTer of 

another automatic device). 
(8) Conveying of full packages on the 

rotor-spinning machine. 
(9) Loading and transport of full packages from 

the machine. 
(10) Automatic cleaning and checking of spinning 

units. 

It is also necessary to consider the kind of machine 
cq'ntrol (electric/electronic), data acquisition, 

integral or independent computer system, inspection 
of yarn quality, e.g. by Uster Polyguard, etc. 12 . 

The operations specified above are automatic on 
most of the new OE machines and it may be said that 
they work reliably. 

The feat:ues of the presently manufactured 
machines can be compared with the information 
presented by Artzt l3 and in Table 2 (refs 14 & 15). 
Table 2 ilIustrates the specified technical parameters 
of modern Czech rotor spinning machines produced 
by ELITEX in Ustl' n.O. (BOA 10) and ELITEX 
Cerveny Kostelec (BO 20001). 

The features of the fulIy automated rotor spinning 
machine have been described earlier in this text. 

The reason why the above types of Czech 
automated machines have been mentioned in Table 2 
is that these machines have the longest reputation 
and comprise the greatest technological knowledge 
since their development in 1968-1969. These 

Table 2- Specifications of two modern Czech rotor-spinning 
machines 

Specification Type of machine 

BDA 10 N BD 200 DI 

Max. number of spinning units (SU) 224 192 

Standard number of SU 192 192 

Gauge. mm 216 200 

Max . speed ofSU (in thousand), rpm 90a 3 l·90 

Range of combing rollers speed 
(in th :)Usand), rpm 5-8 5-9 

Machine standard length . mm 28980 23685 

width. mm 2000 1040 

height. mm 2930 1955 

Max. dimensions of sliver cans. mm 508 x 914 406 x 914 

Max . staple length, mm 60 19-40 

Range of sliver counts, tex 2500-6250 2200-5000 

Draft range 13-284 40-243 

Range of yarn counts. tex 166-14.5 50-14 

Twist range. tpm 214-3629 238-3780 

Max . yarn delivery speed. m/min 168 170 

Max. package size (cylindrical). mm 300 x 150 300 x 150 

weight, kg 4.15 4.15 

Type BDA 10 NK: 

Max. package size (conical). mm 250 x 150 

weight. kg 2.5 

angle of taper 4°20' 

Total insta lled capacity. kW 60.5 51 

aBDA W: for special order and after tech nological tests, m:.x . 
speed- 105,000 rpm. 

BD 200 D I has manually package doffing. Filii package is placed 
onto package conveyor after opening the winding arm. 
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machines were also installed in large quantities in 
several countries all over the world 16 , 

There still exist several problems which are to be 
mastered before aggregating the OE machine into a 
continuous production line coupled with the 
preceding and following procedures, so as to obtain a 
real High-Tech intelligent automatic spinning mill. 

Naturally, besides these technical and technologi-­
cal problems to be taken into consideration the 
questions regarding the economy and perspective of 
the respective mill must be solved. 

Let us mention for instance the relation of labour 
costs and full cost of an automatic High-Tech 
machine connected with the system CITE. Sometime 
ago the trend to a spinning mill of future was 
considered as a long and s/On)' path which tex tile 
producers and machinery manufacturers will have to 
take l 7

• This path with all its problems still exists. A 
complete replacement of operators. by robots or 
robotized machine which can only be supervised by 
highly qualified electronics / mechanical-electronics 
engineers will depend more on the mill possibilities to 
invest a large amount for the pretentious equipment 
and on the possibilities of all the sys tems CITE, than 
on the research and development of such machinery. 

The unsolved and partly solved problems in the 
way to the future spinning mill are: 

• Aggregation between drawing (or possibly carding) and 
spinning machines. There is a problem whether to 
arrange ror a continuous flow o r stock ror feeding each 
spinning unit or the machine or to give prererence to the 
predominant opinion to accept discontinuous method o r 
reeding. The use or AGV with robot ror transporting cans 
and their loca ting at a mac hine with sliver piecing is a 
solution which is now being investigated by seve ral 
companies. 

• Introduction of sliver end into spinning unit in case of 
interruptio n of yarn spinning, With this problem the 
question or sliver reeding control is connected, 

• Visual checking of complete machine 'function and 
removal or defects on a spinning unit or machine which 
·cannot be mastered by travelling automatic device for 
robot cleaning and yarn piecing, 

• Controlling of tubes and ya rn pac kages transportation 
on the machine (in particular for co nical packages). 

• Classirying of yarn packages as to their size and yarn tail 
forming . 

• Exchange or raulty spinning 'units or those with rogue 
rolOrs producing downgrade ya rns, 

• Technologica l supervi sio n . 

In the considerations about future ways of 
automation in rotor-spinning technology, the long 
experience of experts in the Cotton Industry 
Research Institute (VUB) which they had with the 
technology of BD 200 machines and with the 

designing of all the types of OE machines since 
1968-1969 has been taken into actount l6 . 

To conclude the remarks concerning the develop­
ment of OE spinning it is possible to say that the 
High-Tech automatic rotor machine must respect 
the following trends: 
• Proc/ucrion o/qualilY yafl7- This may be achieved by the 

ingenious design of the spinning unit, dema nding 
technological research a nd complex on-line supervision 
orthe machine . The manufacturers of the machine must 
consider to be competitive with ring spinning. 

• High ralor ,\peed- The revol utions or ro tors on modern 
machines are increasing especially ror production offine 
yarns. This trend has the technologica l limit because of 
the decreasing quality o f yarns and the effectiveness of 
spinning process. 

. , The /Iexihle inler-linkage syslems helween 
machines- The OE machine has all the presumptions to 
follow this demand, but the intelligent robot ror thi s 
attendance operation must be outfit with tactile and 
vision systems. Some machine makers are working on the 
development of automated sliver piecing, spinning from 
rectangular cans from the card sliver. etc. 

• Users COI11j()J'I- The automation of seve ral operations 
and on-line control will result in reduction of manual 
piece of job on the machine. 

The economical studies must determine the ra· 
tional relation between labour costs and invest­
ments in expensive machines, instruments, robots 
and supervision systems. 

4 Future Mill 
The entry of computers into the managements of 

companies and into the technology of production 
evoked discussions , experimental solutions, hopes 
and even losses. The Computer Integrating Manu­
facturing (CIM) system is frequently discussed 
especially in engineering, electronics, aircraft and 
automobile industries. Naturally, the interpretation 
ofCIM introduces certain simplifying conceptions. 
The defenders of the modern management state-that 
, M' should be derived from the word 
, management' and sometimes they recommend to 
give preference to CI B (B = business), denoting 
integrated management of enterprise. In our 
consideration regarding a textile mill of future the 
abbreviation CITE (Computer Integrated Textile 
Enterprise) has been used because of the fact that the 
textile production , including its preparation and 
control , is much more different to single part 
engineering production for which the system CIM 
has been developed. In USA , the abbreviation CITE 
ha s been used for general determination of 
computerization of textile enterprise 10

. 

The main condition for an integrated sys tem is the 
introduction of uniform information basis. In such 
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case, all the departments of an enterprise have an easy 
access to all mutually tuned internal data. It is of 
course necessary to bear in mind that in such a case the 
computer network is very widespread. Hence, 
emphasis should be laid on a good and complexed 
preparation, effective organization and maximum 
automation of the respective production . Managing 
and training of staff is not any subordinate affair but a 
very important factor influencing substantially the 
final effects6 . 

The decision regarding controlling and 
coriducting an enterprise by means of computers 
must be derived from the strategic aims and belongs to 
the executive management. The management must 
also take active part in its preparation and 
understand that the introduction of CITE will 
influence the organization of enterprise, its structure, 
methods of work, etc. It will, however, enable to 
respond quickly to the changed market 
requirements, preparation of calculations and 
presentation of preliminary offers. 

The basic steps in textile production (from fibre to 
fabric) are the following ones: 

• fabric designing, 
• production planning, 
• manufacturing (spinning, weaving, dyeing, printing and 

finishing), 
Ii inspection, 
• fabric handling and distribution . 

It is possible to integrate these production steps 
into one subject "CITE". The integration is to 
imagine as a complex consisting of several 
computer-aided systems, e.g. CAD, CAE, CAPP, 
CALB, KBES, etc. Such an integration shows the 
possibilities of computer technique during various 
operations in a textile mill. In the literature we find 
heterogeneous introductions of the abbreviations 
which are derived from the experience acquired with 
part-systems especially CAD/CAM or with the 
system CAQ which is a system for il1spection of 
quality. With the most progressive enterprises the 
present state is characterized in the meantime by an 
effort of connecting planning and management with 
designing and manufacturing. Naturally, such 
integrations have their own benefits. An effort is 
being made to connect these isolated ' islands of 
automation' with transient programs and data 
transformations. At present, it is a big problem to find 
a common 'language' between the different 
systems. 

Before integrating textile enterprises by 
computer-aided systems, the textile technology and 
management operations should be taken into 
cosideration . It is necessary at first to simplify all the 

operations and only after that to begin with the 
project of automation. Furthermore, it is also 
necessary to minimize the quantity of information to 
be transmitted to the another level of computer 
supported control or between workstations. For 
instance, if the stock is in the right form and in the right 
place than minimum information for manipulation is 
necessary. If technology of an automated machine is 
mastered then the necessity of information is 
minima)l8. In case the working team is capable of 
taking care of the whole production task, i.e. 
preparation of material , manipulation, machine 
attendance, programming, maintenance and 
inspection of quality, the necessity for the operation is 
also minimized. Consequentially, in the system CITE 
there is not only one centralized databank but also 
several sectional databanks which are, however, 
supervised and controlled centrally. The data from 
these banks are naturally accessible to anyone who is 
in need of them 1o. 

When concluding the remarks concerning the 
introduction of computers the following most 
important part from the " Ja'pan lessons of 
management" should be mentioned: 

"The system ol production is to be effectivefy 
organized and only alter that automated, i.e. first of all 
the system must be made as efficient as possible ". 

In modern textile mills the integration of 
production is proceeded by computer systems. For 
this, the system of Zellweger Uster, Switzerland or 
BARCO, USA has been found suitable. The 
description of these systems may be found in technical 
literature from ITMA and manufacturers' 
leaflets 7. I 2. 

The technology of yarn spinning and fabric 
processing in the 21 st century is an object of 
considerations in the world. With the present 
technology a fully automated textile plant without 
people is not yet conceivable. Therefore, an 
automated mill with minimum number of attending 
personnel is taken into consideration. It seems to be 
realistic that such kind of automated plant may start 
production in a near future I9

.zo . 
The plant offuture must be very flexible regarding 

the assortment of products so as to respond quickly to 
the needs of market. It is assumed that it will be 
composed offour parts- modules (Fig. 2). The first 
part of the plant is a stable module projected as a 
complete preparation line for spinning. It will contain 
warehouse for raw materials, blow room and carding 
and drawing machines linked into a production line. 
The second module, enabling a high adaptability to 
the required assortment, is based on OE rotor 
spinning machines equipped with automated 
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t~g. 2 - The future textile mill [Mt market requirements; 
Pma- complete material preparatio n; Sh- storehoust:; 
Br blow room: K-D- carding and drawing machines; 
BM- basic means; OM --other means; Rma - raw material; 
Oma-oth-::T m<iterial; o- operators; e- energy; in- R&D 
information; OES- OE rotor spinning; A R--assortment 
requirements; PW- preparation for weaving; WH --hard 
programmed weaving room; WF- fl ex ible programmed we<lving 

room; and Sa- sale (distribution)] 

transportation. The third module is connected with 
the preparation of spun yarn for weaving. In this case, 
sufficient flexibility is required for handling of wide 
assortment of yarns. Both the production equipment 
and technology are relatively stable. The last module 
of the plant of future is internally divided in two parts, 
out of which the first one has a fixed stable program 
whereas the second part is a flexible production line 
enabling quick response to the needs of market. The 
textile material after each stage of processing is 
accumulated in intermediate storage hoppers and 
transportation is secured by means of special textile 
manipulators and automatically-guided vehicles 
(AGV). 

In the project let us assume a production of 150 
tonnes of fabrics for printing to be continually 
manufactured (seven working days per week) . There 
is anticipated spinr.i'ng of yarns oran average count 17 
tex from 50% cotton and 50% polyester fibres. For 
this purpose, 16 carding machines, frames with 5500 
spinning rotors and 300 weaving machines are to be 

taken into account. In such a mill , the efficiency is 
expected to be 36 kg per operator per hour. The 
number of direct operators will be decreased whereas 
the number of indirect workers and managing stafT 
will be increased. The method of management will 
shift from supervision to controlling the actual 
technology! <). 

In this project the expected development , which is 
supposed (0 be as follows, is very interesting: 
• In the first stage. /he process con/rot Oil-Line is to be 

solved. Such a control necessitates diagnostic sensors 
and decision elements capable of communicating with 
the host computer on one side and with a machine on the 
other side. The control and quality inspectio n will 
especially be concentrated o n the process of carding and 
preparation of weaving . 

• In the next stage, it will be necessary to ensure continual 
.flm\" orilla/erial. All the lots will be marked by codes so as 
to identify their location and quantity, whenever 
necessary, and to determine the optimum logistic of 
transportation. 

• The next stage to follow the flow of material is selec1il'e 
au/ol/w/ioll. Its implementation will be carried out by 
taking into account the effectiveness of costs and 
management. It means that only such kind of automation 
will be effected which will be found at a given period 
advantageous from the point of economy. 

• The next most interesting stage of the conception and 
development of the mill of future is the mentioned 
lIIodular prodllc/iol1 . The project comprises two levels . 
The first technologicallcvel includes relat ively simple but 
fully automated machines which do not require any 
complicated control. The second technological level 
implies much more care for the quality as well as 
computer-assisted management of production. By 
means of exchangeable programs a quick change of 
technology and products will be made possible. 

• In the last stage, it will be necessary to effect 'High-Tech 
Automation' . According to the level of technology it will 
be possible to link together all the machines by 
automated production lines so that in this stage a/fexih/e 
pl(Jf1l is created 19 

The described project may serve as an example of 
the complexity connected with the building of 
automated textile production . The sequential 
solution and implementation for the mentioned 
stages has its own reasoning. It should, however, be 
emphasized once more that it will be necessary to 
adhere to the sequentiality of individual stages which 
are to follow one after the other, whereby each stage 
must be completely finished . Skipping over some of 
the stages will result in losses. It is not possible to 
introduce the 'selective automation' without 
preceding continual flow of materia l and the process 
control on-line. Only in such case the success and 
final satisfactory economical effect of the future 
plant will be safeguarded. 
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A start for automating the textile industry has 
already begun by means: of microelectronics, 
computer systems, special textile manipulators, 
a utomatic-guided vehicles, integration of 
automated machines into production lines and by 
computer control. 

The examples have been demonstrated at ITMA 9 r 
in Hannover20 . It is to be expected that the 
application of mechanotronics will mean a real 
revolution in the textile technology. The textile 
industry faces fundamental modernization of its 
production base. (fsuch reconstruction is to pass into 
qualitatively higher level of automated plants 
operating in the CITE mode, it will necessitate 
investments not only in machinery and buildings, and 
research and development , but also in training and 
education of employees and their social protection. 
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