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FACULTY OF TEXTILE ENGINEERING,
TECHNICAL UNIVERSITY OF LIBEREC

Radko Kovdi, Dean of the faculty

HISTORY

Texti le products are very old. Nobody knows ex-
actly how old, the oldest t i l l  now discovered prints
of woven fabrics are old about 27 thousand years.
The faculty of text i le engineering is much younger
and her age is known exactly. This issue is devoted
to her 40th anniversary what means, that this lady is
in the best age. Let us discuss in brief her history,
the present and perspectives.

Our Technical university was at the beginning in
1953 named "Col lege of  Mechanical  Engineer ing"
with one faculty only. Liberec, the town of developed
industry, with beauti ful surroundings, l iv ing culture,
pure 100 km from Prague and yet very near to Po-
land and Germany, was without fail worth of its higher
education inst i tut ion. The region was exuberant with
texti le industry, research and text i le machines pro-
ducers. No wonder that the department of text i le
machines and technology was founded and that i t
became incubator of text i le special ists. As i t  was not
suff icient, the Faculty of text i le engineering was es-
tabl ished in 1960. From today view it  seems strange
but the situation used to be l ike this - the main docu-
ment  that  enables our  facul ty  or ig in  was "Resolut ion
of  centra l  commit tee of  the Communist  par ty  of
Czechoslovakia", the body of extreme power in the
country. The name of inst i tut ion was changed on
"College of mechanical and text i le engineering" and
in the same year the group of about 100 young peo-
ple ( including author of this paper) started to study
new and just being developed study program.

The f irst dean and one of the originators of the
faculty was Prof. lng. Jaroslav Simon, who leads the
faculty for the longest period tll 1972. His succes-
sor was Prof. lng. dr. techn. Radko Krdma, DrSc.
(1973-1979), next Prof. Ing. Jdchym Novdk, CSc.
(1980-1982). When i t  became known among the "no-
menclature staff" that his daughter l ives in the USA
he was replaced by Doc. Ing. Vladimlr Moravec, CSc.
(1983-1986). Then once more became a dean Prof.
lng.  Jachym Novdk,  CSc.  (1987-1989)  when some-
body found out that daughter in the USA is not so
fatal mistake. After November 1989 our students
agreed with only two people to stay in their high
academic position (rector, vice rector, dean and vice-
dean). One of them was Prof. Ing. Jaroslav Nosek,
CSc., faculty dean in 1990. Next deans were in ac-
cordance with the new regulat ions (Higher Educa-
tion Law) elected by academic senate. First was Doc.
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Ing.  Otakar  Kunz,  CSc.  (1991-1993) ,  second Prof ,
Ing. Ji i i  Mil i tky, CSc., who served two periods (what
is  maximum al lowed by law,  1994-1999) ,  th i rd is
Prof. lng. Radko Kovdi, CSc. (from 2000).

One of the best known persons of the faculty was
Academic Jovan Cir l ic .  Twice he was the rector
(1966-1969 and 1972-1984)  but  never  dean.  He
was famous with the number of degrees and state
dist inct ions, unfortunately this number was not ac-
companied by adequate number of scienti f ic works
and publications.

MILESTONES

Let us remind the main points in the life of the fac-
ulty.

M1.  Establ ish ing of  the facul ty  (1960) .
Every beginning is dif f icult .  First study programmes

ware created short while before courses start, at the
end of summer hol idays we did not know which sub-
jects we shal l  study next week. First programmes
copied these of faculty of mechanical engirreering,
some lectures ware commonly red.  In i t ia l  four  years
of the studies were united, we were separated only
in the last (f i f th) year. Next special isat ion was pos-
s ib le:  sp inning,  weaving,  kn i t t ing,  text i le  f in ish ing and
clothing. How the special isat ion and next employer
was determined? l t  was simple. 41 graduates re-
ceived from government 41 so cal led "placing bi l lets"
and the choice was over, job selection was done by
central organs.

Science and research are the basic activities of any
university. What was the situation in the init ial  years
of our faculty l i fe? Simply something schizophrenic.
Government and communist party ordered to each
teacher 500 hours of the science a year. First two
professors of the faculty, Jaroslav Simon a Franti5ek
Pompe, have not reached any scienti f ic degree in
all their life. Neveftheless some enthusiasts searched
into text i le problems, carr ied out some research and
development ,  whereas some others more or  less
successful ly pretended these activi t ies and put them
into statements. Nevertheless textile science started
to take root in Liberec.

M2. Normalisation (1 969-1 989).
The f irst real,  deep and long crises started in 1969,

short after Warsaw pact invasion. Not crises in con-
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ception of official documents of Communist party, but
crisis of moral i ty, of truth, personal cr isis. The sub-
stantial part of the best teachers had to leave the
university and the most of them was not allowed to
be employed in any quali f ied occupation. For exam-
ple Prof. Ing. Zdendk Kovai, CSc., rector of the uni-
versity from 1991 to 1996, could not go on teaching
and his job for about ten years was: lorry driver.
There were tens of the fates l ike this. l t  was almost
miracle that the faculty managed to l ive somehow
even in this period and quali ty of teaching and re-
search was not as bed as the condit ions.

In the years of  deep normal isat ion (1969-1971)  the
situation on our university was may be yet worse then
in other inst i tut ions. Some not too able persons and
careerists felt  and used their chance. Good luck was
that for some others the job of university teacher was
as well  a hobby and that they did not al lowed com-
plete faculty destruction.

Typical evidence of moral degeneration is, for ex-
ample, the fact, that the great majoity of educated
people as f lock of sheep signed the protest against
the document  they was not  a l lowed to read.  Of
course it was well known "Chari 77".

M3.  Reorganisat ion ( f rom 1960,  never  ending
activity).

To put reorganisation anywhere on the t ime axis
is impossible as the process of changes cannot be
interrupted. l t  is in the Czech nature to love change,
especial ly i f  this change is not too deep and i f  i t  is
real ised by another people. The most of our changes
was reorganisation of department structure and study
programmes. The only real great change was ena-
bled by our "velvet revolut ion", which brought to the
facul ty  autonomy t i l l  th is  t ime unknown.

M4. Liberal isat ion (from November 1989).
An attempt to set a past wrong doings r ight was

great ,  the success was only  par t ia l .  Some of  the
"punished without trial" teachers came back, they can
quickly get the degrees they were worth of, but for
some of them 20 lost years was too much to start
again.

One of the students revolut ionary demands was
return to 5 years M. Sc. study courses. l t  was not
problem for university management to meet this de-
mand, because previous shofiening of the studies
was against their opinion and against healthy rea-
son as wel l .

Af ter  our  revolut ion the students woke up and
started to be very active, they were even able to fight
for their opinion. Some two or three years later they
fal l  again into deep sleeping and started to deal only
wi th s tudies and thei r  o ther  usual  dai ly  problems.
From some point of view it  is natural,  but the share
of social act ivi t ies of our students should be higher.
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Faculty management and al l  the teachers were
aware of possible problems, connected with losing of
the eastern marked and with far east countries com-
petition in the textile branch. The impact on our textile
and clothing companies was really great. The response
of our faculty was large diversification of the study
programmes. Some til l this time quite new bachelors
programmes was created, form example Textile and
fashion design and Textile marketing. ln M. Sc. pro-
grammes the stress was put on advanced technolo-
gies, very perspective technical textiles, knowledge
about the structure and properties of textiles etc.

PROBLEMS (contemporary and eternal)

P1.  Money.
The majori ty of problems is based on economy.

The occupation of university teacher is not too at-
tract ive, good graduates can easi ly f ind much better
paid job. To save up money for l i t t le house or f lat
from teacher's income is mere vision and not each
young gir l  or boy have to their disposal r ich parents.

Labs equipment is rather better then ten years ago
but st i l l  far from being the best. Our government is
g iv ing to univers i ty  smal ler  par t  o f  smal ler  s tate
budget that i t  is usual in advanced countr ies. The
situation was acceptable til l 1996, when came restric-
t ions connected with the problems of our economy
caused by bad governing of our country.

We probably did not ful ly real ised that the way to
prosperity leads only through education. Saving on
education means to borrow money from the next
generations. As well  an approach to other f inancial
resources is  l imi ted.  For  example GAeR (Grant
agency of Czech Republic) has not text i le in the l ist
of branches, other agencies has wide range of dif-
ferent priori t ies but not text i le etc. Sometimes i t  is
possible to l isten to opinion that there in nothing l ike
texti le science. The true is, that the exact descrip-
tion of very complicated textile processes and tex-
t i le structures is as well  very complicated and this is
why the text i le science is comparatively young.

P2. All other problems can be transferred on Pl.
Not at l  graduates from our faculty work in the tex-

t i le branch. From one point of view we can be proud
of their abi l i ty to be successful at a very wide range
of professions, from another we feel pity that some
share of knowledge is not used. On our faculty there
is  approx.75% gi r l  s tudents.  That  is  no wander that
they have for their further l i fe other priori t ies then is
branch of the study. Nevertheless education with
large adaptabi l i ty of graduates is modern and prob-
ably the only way to the future. Development of sci-
ences and technologies is too quick and human l i fe
too long, re-quali f icat ion wil l  be necessary.



One of the problems is disl ike of many graduates
to work as industr ial managers. In the both social
formations (socialist and capitalist) majority of stu-
dents prefer peaceful and tranquil  occupation.

ACHIEVEMENTS

It is not popular to praise ourselves and i t  is not
good strategy to undervalue our home inst i tut ion.
This paragraph should therefor mainly to state the
objective facts.

Faculty of textile engineering has succeeded in her
main goal to educate experts of both M. Sc. and Ph.
D. level for text i le industry, research inst i tut ion,
technical secondary schools etc. on the territory if
Czech and Slovak republics. Many of graduates comes
from another counties, which were chosen with respect
to current political situation. lt was for example Korea,
Vietnam, Mongolia, Cuba, some of Africa countries and
of course other European socialist countries.

Many of our graduates took the possibility to reach si-
multaneously technical and pedagogical education (now
on our Faculty of Education), in last almostten years they
can receive with technical M. Sc. (lng.) diploma as well
bachelor diploma in economics thanks to a special
courses provided by our Faculty of Economy.

All  her l i fe faculty used to co-operate with text i le
facult ies abroad. Of course, after 1989 there was a
rapid movement to the west Europe, USA etc. After
opening of the frontiers we started to travel and be-
came known even behind the border of former
RVH P.  Soon we received accredi ta t ion of  M.Sc.
courses by The Texti le Inst i tute Manchester, world
wide association of textile producers, universities and
other inst i tut ions. Now we have ful l  accreditat ion of
al l  graduate courses. We belong as well  among fac-
ult ies, accredited by FEANI (European Associat ion
of Engineering Universit ies) and each our graduate
with some praxes can receive degree of Euro-lng,
val id in al l  EU states. We are as well  act ive mem-
ber of AUTEX (Associat ion of Texti le Universit ies in
Europe), Texti le Academy etc.

Faculty organises each 2 or 3 years world wide
conference "Texti le Science", this year forth one.
From the very beginning (1991) the part icipants from
all  over the world are coming to Liberec to transfer
the latest knowledge.

Faculty appreciates the best specialists in the tex-
t i le branch as well  by awarding them the degree of
"dr. honoris causa". This year it will be Prof. S. Batra
(USA), Prof. A. Hamza (Egypt) and Prof. J. Kurz
(BRD) .

MAIN GOALS

ln brief:  how we see the future? As the behaviour
of the faculty has been since 1989 rat ional, no other
revolution is necessary. The only one exception may
be connected with preparation of our admission to
European Union. l t  is probably necessary change on
the serial system of bachelor @ master courses. The
faculty is well  prepared for i t .  Our M. Sc. courses
are divided into two parts. First (base studies) can
be transferred to bachelor studies, second (branch
studies) wi l l  provide M. Sc. degree. As well  we have
some experience with credit system.

It wi l l  be necessary to improve eff iciency of our
studies and to enlarge the space for scienti f ic and
other creative work of our teachers. Possible way can
be reduction and more effect ive forms of the direct
teaching hours with stress being put on self  educa-
t ion, larger students projects, greater part icipation of
students on departments activi t ies etc. Reduction of
number of subjects would be useful as well .

We hope that after bad years of our economy we
can wait a better period and that i t  wi l l  become real-
ist ic vision to employ the best of the best as an uni-
versity teachers. We hope that one of our future
governments wil l  have development of education as
real priori ty, not only as a part of the program be-
fore elect ions. We hope that each cit izen of Czech
Republic wi l l  have the real r ight to be enrol led into
university he has chosen and to prove i f  he/she is
able to  complete the studies.

What is the chal lenge of modern university, what
change of  i ts  s tudents should happen dur ing stud-
ies? Sure ly  not  to  change them into walk ing (or  car
dr iv ing)  encyclopaedias.  The amount  of  human
knowledge increases quicker than the brain capac-
ity. ln addit ion to i t  the modern information technolo-
gies are able to connect everybody with the resource
of information at any place and any t ime. The mat-
ter is to develop abi l i ty to use information, to become
creative, to understand problems and context, to be
able to communicate, to have opinion etc. We are
st i l l  far  f rom th is  v is ion.  l t  is  good luck for  d i l igent
people, we have enough to do in the next years.

Survey of the degrees, given by the Faculty of tex-
t i le  engineer ing:

Faculty keeps the rights (accreditation) to confer
al l  main academic degrees, such as bachelor (8c.,
equiva lent  of  B.  Cs.) ,  engineer  ( lng.  or  M.  Sc.) ,  doc-
tor (dr. or Ph. D., previous equivalent C. Sc.) and
can administrate appointing of associated (Czech ab-
breviat ion Doc.) or ful l  professors (Prof.).
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INTRODUCTION

The ring spinning process has been and remains
a cri t ical f inal step in the formation of yarns from sta-
p le f ibers.  The wor ld wide use of  r ing spindles is  i l -
lust rated in  Table 1.  In  1881 [1] ,  roughly  50 years
after i ts invention by John Thorpe [2],  r ing spinning
may perhaps be the first textile process to have at-
tracted analytical attention by physicists and engi-
neers of the day. Since then the need for analysis

DYNAMIC ANALYSIS OF RING SPINNING:
A BRIEF REVIEW1

Subhash K. Batra, Tushar K. Ghosh, Qingyu Zeng2

College of Textiles, North Carolina State University, Raleigh, NC, USA
2Present Address; Owens Corning Research Center, Granville, OH

Dedication: This paper is dedicated to Professors Stanley Backer (MlT), Edward R. Schwarz
(MlT),  Freder ick F.  L ing (RPl) ,  Edward A. Fox (RPl)  and Mishu l .  Zeidman ( lsrael  Fiber Inst i tute)
who influenced and shaped my (SKB) analytical faculties and the abil ity to choose doable, yet
meaningful  problems.

has been motivated by the recognit ion, among other
th ings,  that :  1 .  Spinning tension is  cr i t ica l  to  " f iber
migration" during twist insert ion, for i t  develops struc-
ture responsible for consequent yarn tensile strength.
2. Unti l  the yarn is wound onto the bobbin, spinning
tension must not exceed the local yarn strength. 3.
Power consumption by the machine need be optimized
to make the process commercially viable. Etc.

This paper attempts to review some of the key
analyses s ince 1881 and d iscusses some of  the
more recent results and their implications in the con-
text of the process visual ized in the Figure 1.

REVIEW

The published work in this area can be divided into
three dist inct epochs:

Epoch 1 (1880-1950)
Much of what we know about the work done dur-

ing this period comes from the excel lent review by
Professor E. Honegger (ETH , Zurich, Switzerland)

Fis 1. Fisure or a rins spindre without baroon contror ,,ns_r^:,:, llfl#l;ft,:i::[?Jlr:Tffiff,i-3,1;,"?3lil; ill:d i s t i n c t s e g m e n t s : ( 1 ) T h e y a r n f r o m r o l | e r n i p t o g u i d e e y e , ' : ' ' . . ' - I , L : l . , . - ; - . : ' . o , . : , " . - ' ,
(2) The yarn between guide eye and the traveler, 1s) ine his quest to understand the process recognized the
yarn through the traveler, (4) The yarn between the traveler importance of the coefficient of frictioll, lrla-r, between
and the package. The balloon in region l l is a response to the ring and the traveler. HiS measurementS Sug-
rotat ion of  the package gested a relat ionship of  the form: f i tn-r  = 0.65 -

Tab le  1 .  WORLD SPINNING QUIPMENT (x1000)

Ins ta l led 1997

Short Long Rotor

Cumulative Shipments (10 years)

Short Long Rotor

Shipments

Short Long Rotor

AFRICA 7765
AMERICA NORTH 9416
AMERICA SOUTH 10780
ASIA  &  OCEANA 116681
EUROPE _ EAST 10603
EUROPE -  WEST 6256
EUROPE -  OTHERS 5382
woRLD 166883

240  190  916 .14
913  1082  1656 .4
696 400.5 1438.9

7415 2151 .8 22946
1467 2876.6 1899
5010 563.9 2527
743 388 2658.3

16484 7653.8 34497

128.38 70.61
167.34 817
100 .9  198 .8
1759 753.7

543.96 981.1
932.8 369.9
296.7 371.7

3942.5 3587.65

40.03 3.53 4
272 29 52
1 0 6  1  . 1 5  1 9 . 5 8

1403.3 38.27 36.55
25.30 6.68 10.4
161.21 64.46 36.9
343.98 16.18 24.05
2351.88 159.4 182.51

Source: ITMF (1998) Some numbers have been rounded off.
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0.00005n, where n is the traveler rotat ional speed,
5,000-8, 000 rpm in those days. A few years later,
Escher [4] "made an attempt to develop a compre-
hensive, mathematical theory of r ing spinning, ne-
g lect ing only  the a i r  res is tance . . . [3 ] ' " . . .  ca lcu lat ion
of the shape of the bal loon led to an el l ipt ic integral
which remained unsolved [3]," In addit ion [3],  Escher
determined experimental ly that tension in the yarn
at the bottom of the balloon is about half the thread
tension between traveler and the bobbin. This ac-
counted for the influence of friction between yarn and
traveler.

Honegger and Fehr [3] reponed observations made
by Brown-Boveri & Co. (precursor of the modern
ABB, fnc. )  engineers dur ing 190711908.  Using ex-

Fig. 2. Figure showing force analysis from Honegger and Fehr [3J

act photographic shape of the bal loon, mass l inear
density of the thread, i ts rotat ional speed and "ra-
dial load due to centr i fugal forces" act ing on the bal-
loon was calculated. Yarn tension (distribution) in the
balloon was then calculated using graphical meth-
ods. The results showed that the smallest thread
tension was associated with the largest diameter of
the bal loon. The higher spinning tension resulted in
contraction of the balloon to nearly a cone. Also, the
highest spinning tension occurred at the upper part
of the r ing rai l  traverse when winding onto the small-
est bobbin diameter.

58

"ln order to avoid the variat ion of the thread ten-
sion, Brown-Boveri successful ly introduced spinning
frame motors of which the speed was varied auto-
matical ly. The r ing spinning drive had been proposed
earl ier but the mechanical laws governing the proc-
ess were made clear only by the experiments men-
t ioned above." The claimed advantages were: "the
thread is spun under constant tension and becomes
more uni form, . . .  the output . . .  is  increased by 10 to
15 per  cent . "

In  1910,  L indner  [5 ]  so lved the "d i f ferent ia l  equa-
t ion of the bal loon" by assuming that mass of the
yarn in the bal loon is proport ional to bal loon height
instead of bal loon length (dz = ds). The consequent
error  was negl ig ib le because the bal loons due to
spindle rotat ional speeds of those days were slen-
der. As a result the bal loon assumed a sine func-
t ion shape with maximum radius as ampli tude.

Twenty three years later, Meister in 1933 [6],  us-
ing dynamometer spindle measurements, concluded
that "thread tension varied during each cycle of the
ring rai l  movement in the rat io of 1 :  2; with progres-
sive f i l l ing of the bobbin, i .  e. decreasing tength of
the balloon, the lower thread tension decreases while
the higher thread tension increase." For the thread
tensions before, Q, and aftet,  P, the traveler, he
derived the empir ical relat ionship:

P  :  Q(2 .3  -  1 .5  s in .a )  ( see  F ig .  2 )

He further observed that "absolute value of the
thread tension" goes up l inearly wl l i r  traveler mass
and square of the spindle speed, " in agreement with
theory." And, for unlubricated traveler the coeff icient
of friction ffip' cdtl be shown to be (and in "good
agreement" with the results of Luedicke)

tr la-r = 0.8 - 0.003vr + 0.00025 vl,

where v7 is traveler l inear speed (m/sec).
The measuremenl of m ̂ -,  seemed to attract atten-

t ion of  o thers as wel l .  Honegger in  1935 [7] ,  cur i -
ously, obtained measured values as 0.091-0. '1 while
sp inn ing  co t ton ,  and  as  0 .2 -0 .25  wh i le  sp inn ing
rayon, at 7,000 rpm spindle speed.

The focus up to this stage was on understanding
dynamics of the yarn bal loon in the absence of air
drag (ustifiable at the low spindle speeds of the day),
establ ishing a relat ionship between thread tension
before and after the traveler, and measurement of
the ring to traveler coefficient of friction. Some key
elements, as we shal l  see, of the r ing spinning dy-
namics were missing.

Epoch 2 (1950-1980)
During 1950s, to improve productivi ty of the proc-

ess, machine bui lders began considering design of

f
/l
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machines for larger diameter bobbins, which rekin-
dled an interest in theory of r ing spinning.

On the academic end,  in  ear ly  1950s,  Hannah [8,
9l developed analyses for cap spinning, related to
ring spinning in many of i ts features. She assumed
uniform, f lexible yarn and accounted for centr ipetal
acceleration and air drag (simplified). Further, assum-
ing slender bal loons (dz-ds) she obtained the fol-
lowing bal loon Equations of Motion (EoM):

-#x=!(r!)*nf*.
02\  ds)  '  '

_#v =!(rly)*arlrx,ano' dzl ds/
n d  ( -dz \'=a['*J'

where m is mass l inear density, r local radius of the
balloon with x, y coordinates, w angular velocity of
the balloon and P is the air drag coefficient. How she
solves these equations and the boundary condit ions
used is dif f icult  to determine from her papers.

In  1953,  Crank [10]  t r ied to formulate the same
problem for  cap/r ing spinning.  He assumed f lex ib le,
uni form yarns and inc luded a i r  drag,  centr ipeta l ,
Coriol is and gravitat ional accelerat ions. The air drag
coefficient was assumed independent of radius of the
balloon and the air drag force was assumed propor-
tional to square of circumferential velocity. The quasi-
stationary case EoM were:

Error! + Error! + 2mwvError! + mwzx : O
Error! + Error! + 2mwvError! + mwzy = 0

E r r o r !  + f t t g : 0
T' , :  T -  f f iv7 '

where v is the winding speed of the yarn and f re-
lates to air drag but was left  undefined; neither were
the boundary condit ions stated. Using a ,,Differen-
tial Analyzer," he showed that for assumed values of
spinning tension at the guide eye, shape of the bal-

i

Fig. 3. Cap
Spinn ing

loons for cap spinning can be cal-
culated, and for low values of spin-
ning tension it is possible to get col-
lapsed balloons which would lick the
cap; he also showed that presence
of air drag makes the yarn path in
the balloon bend out of plane. lt is
unclear how he used the inextensi-
bility condition. For the case of ring
spinning he seems to be the first to
develop correct EoM of traveler, al-
though he did not use them to solve
the problem in any way. He did rec-
ognize its importance in determin-
ing the correct bal loon shape for
specif ied spinning tension.

About  the same t ime Mack [1 1]  publ ished a s imi-
lar formulation of the EoM of the bal loon excluding
Coriolis and gravitational acceleration. He introduced
the inextensibi I  i ty condit ion (E rror! )2+ (Error!)2+ (Er-
ror!)2 = 1 and introduced the scal ing length, t  = (TJ
w2mlttz for non-dimensional ization of the equations.
While he suggested the use of Runge-Kutta method
to solve the dif ferential equations, he neither formu-
lated any boundary condit ions nor obtained any so-
lu t ions.  Mack and Smart  [12]  made some usefu l
measurements of the air drag force on yarn held
across a moving air stream and compared them to
what would be obtained from the empir ical formula-
t ions for smooth cyl inders found in the f luid mechan-
ics textbooks. Mack's [13] later attempt at the prob-
lem did not provide any addit ional useful insights.

On the industr ia l  end,  larger  d iameter  and ta l ler
bobbins meant " long l i f t  spinning." This generated
considerable interest in understanding the theory of
r ing spinning even among machine designers. In this
mi l ieu,  Gr ish in,  an 6migr6 to the US f rom Russia,
made a big impact through the publication of a f ive
part series [14-18] that looked at the problem seem-
ingly  comprehensive ly .  He formulated EoM of  the
balloon including air drag, Coriol is accelerat ion and
the centr ipetal accelerat ion. He also suggested a
connection between forces acting on the traveler,
shape of the bal loon and tension in the yarn. And
finally, he appears to be the first to deal with analy-
s is  of  the col laps ing bal loon.

Further, Grishin [16] devoted part of his attention
to the problem of control led bal loon. He real ized that
the mathematical treatment for control led bal loon is
more dif f icult  than that for free bal loon. He tr ied to
expand his semi-empir ical method for free bal loon
introduced in his previous papers 114,151 to deal with
the problem of  contro l led bal loon by addi t ional
simplifications and modifications; he basically treated
balloon segments separated by control r ing(s) as
individual and independent free bal loons. The cal-
culated results so obtained were not consistent with
his experimental observations. His experimental re-
sults in general were consistent with what were in-
dependently reported in Bracewell  and Greenhalgh's
exper iments [19] .

Grishin in his analysis used unorthodox methods
sometimes mysterious and difficult to follow. He used
what might be cal led "engineering approximation"
approach of the t ime, using Lindner's solut ion for
zero air drag case as the fundamental frame of ref-
erence for his solut ion. The strength of his contr ibu-
tions lay in the fact that he offered many "approxi-
mate" but simple formulas to calculate parameters
useful to machine designers. His formulation of air
drag force, traveler dynamics, effect of balloon con-
trol rings were at least somewhat questionable, if not
wrong. The principal value of his contr ibution l ies in
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bringing together al l  physical effects into considera-
t ion

The interest in analysis of the r ing spinning prob-
lem was not  l imi ted to U.K.  and U.S.A.  a lone.
Capel lo ,  in  1958 120,211 publ ished the l ta l ian per-
spective. He obtained shapes of the bal loons for dif-
ferent yarns and spinning condit ions through an in-
genious experimental procedure using two cameras
viewing the bal loon at r ight angle relat ive to each
other. His stroboscopic images were excel lent. Un-
fortunately, he l imited himself to very slow spindle
speed ( less than 9,000 rpm). The logic of his analy-
sis of the images and his subsequent simpli f ied equa-
t ions for shape of the bal loon l2l lare dif f icult  to un-
derstand in terms of physical nature of the problem.
He seems to suggest, i t  is possible to calculate air
drag force at every point of the yarn from the two
projection images of the balloon, for the specific yarn
and machine parameters; the process is somewhat
unclear. His results suggest that air drag force is
proportional to yarn diameter (average) and square
of velocity of the element in the bal loon. His equa-
t ions of motion to determine shape of the bal loon [21]
are given without adequate just i f icat ion.

To obtain shape of the bal loon, including the ef-
fect of air drag, Capello f irst obtains shape of the
balloon without the inf luence of air drag but assum-
ing the bal loon to be slender (Lindner's sinusoidal
solut ion). This shape is then used to calculate the
circumferential velocity of the yarn elements, assum-
ing the velocity square law and that the air drag acts
in the circumferential plane. This leads to tr igono-
metric expressions for distorted shape of the balloon
(due to air drag) l inearly superposed over the sinu-
soidal solut ion. The solut ion contains constants of
in tegrat ion to be determined through the use of
"boundary condit ions." The boundary condit ions are
not  speci f ied.  F inal ly ,  i t  must  be pointed out  that
shape of the bal loon is dependent on the spinning
tension assumed known. Capello sees no role for
traveler dynamics in the analysis to determine shape
of the bal loon.

Working in paral lel with Capello, De Barr, publ ished
several papers 122-241which might be described as
"descript ive account of yarn tensions and bal loon
shapes in r ing spinning." Sadly though, he promoted
the view that spinning yarn bal loon is minor modif i-
cation of a circularly polarized vibrating string unaf-
fected by air drag and Coriolis acceleration [22]. This
view, also shared by a few others, was most unfor-
tunate and resulted from their inabi l i ty to integrate
properly the role of the traveler and that of the air
drag. De Barr uses the EoM of the traveler, devel-
oped by Honegger and Fehr [3] to make estimates
of the inf luence of yarn and process parameters,
such as fr ict ional coeff icients between yarn-and-
traveler as well  as traveler-and-ring, bobbin radius,

60

etc.,  on spinning tension. De Barr also used some
results derived by Mack [1 1] to study the inf luence
of  a i r  drag on the spinning bal loon.  To just i fy  h is
approach, De Barr stated l22l:"A complete treatment
of the problem is necessari ly complicated and in-
volves much mathemat ica l  ingenui ty .  ln  conse-
quence, although fairly complete theoretical accounts
of most aspects of the problem are now avai lable,
their completeness makes i t  di f f icult  to form a satis-
factory picture of the mechanisms involved." As a
result, despite the asserted completeness, he comes
up with "rules of thumb" only. For example [22]: " i t
is also evident that the rate of increase of tension
as a (angle between r ing radius at traveler location
and tangent connecting wind-on point to the traveler)
decreases below, say 40, increases rapidly as the
coeff icient of fr ict ion between traveler and the r ing
increases." ". . .  with the larger values of m, the ten-
sion passes through a minimum as a increases" from
its value at winding on empty to ful l  bobbin. "Thus the
minimum tension may be obtained when winding on
to a diameter" less than that of the full bobbin.

The formulae he developed, or borrowed, do not
seem to yield a predict ion of spinning tension dur-
ing bobbin formation for a given set of yarn and op-
erating parameters. They do in some cases, how-
ever, lend credence to the observed variat ions of
sp inning tension or  bal loon shapes.  His  approach is
s imi lar  to  that  of  Gr ish in;  he too makes the problem
linear through numerous plausible simpli f icat ions and
assumes e i ther  the spinning tension or  the bal loon
shape to be known in order  to  predic t  the other
through superposit ion of separate effects.

The paral lel act ivi ty in Japan is represented by an
excel lent  exper imenta l  s tudy by Musha [25]  who
concluded that:

" (1)  The var iab le speed dr ive of  sp indles is  usef  u l
for reducing the tension variat ion for chases in which
the winding angle varies during the vert ical motion
of the r ing rai l .  l t  is possible to keep tension uniform
if the speed of the spindle is properly adjusted with
considerat ion g iven to the bal loon height  and the
winding angle, and i f  the bal loon control r ing is f ixed.

(2)  The smal ler  the winding angle,  the larger  the
spinning tension.  A winding angle smal ler  than 23
degrees is undesirable.

(3) Use of antinode r ing reduces the spinning ten-
sion level by an average of 15% and the variat ion in
the spinning tension by 50%. The posit ion of the
control ring should be at 40-50% from the bottom
of the bal loon. A control r ing of equal radius with the
spinning r ing can be used with satisfactory results.

(a) The variat ion in spinning tension can be re-
duced by proper vert ical motion."

Note that these experiments were carried out us-
ing spindle speeds less than 9,000 rpm.

Dur ing 1970s,  Migushov publ ished a ser ies of  pa-
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pers, some translated into English 126,271others in
Russian [28-30], attempting to understand the r ing
spinning problem analyt ical ly as well  as experimen-
tal ly. He acknowledged only the previous work of
Mack and Smart [12] conveying thereby his " inde-
pendent" approach. His f irst analyt ical treatment
deals with equi l ibr ium of the quasi-stat ionary bal loon
including the effect of air drag, gravitat ional and
Coriol is accelerat ions; the formulation is r igorous and
elegant [26]. Both air drag along and across the yarn
are considered. The equations of motion appear to
have been formulated in a moving cyl indrical polar
coordinate system. Migushov uses TfT - mu' (m :

f f i ,  u :  v) as the general tension parameter, remi-
niscent of Crank [10]. Very ingeniously, he is able
to part ial ly integrate the equations to show that ten-
sion distr ibution along the bal loon can be predicted,
provided shape of the bal loon, spinning tension and
coeff icient of air drag along the yarn are known. The
results suggest that tension distr ibution in the bal-
loon is directly affected by the coefficient of air drag,
along the yarn path, and only indirect ly, through the
balloon shape, by the coeff icient of air drag across
the yarn; the inf luence of the weight of the yarn on
i ts  tens ion is  negl ig ib ly  smal l .  Then he c la ims h is
equations are suitable for solving a variety of practi-
cal problems in text i le technology, even though he
does not give solut ion for the shape of the bal loon.

ln his fol low up attempt, Migushov [27] makes an
effort to solve the EoM derived in his previous pa-
per [26] by neglecting air drag and gravity but in-
cluding the effect of Coriolis acceleration. The closed
form solut ions obtained show that shape of the bal-
loon can be determined, with the help of the inex-
tensib i l i ty  condi t ion,  prov ided spinning tension and
balloon angle to the axis at the guide eye are known.
Similarly, i f  shape of the bal loon is known the ten-
sion distr ibution in the bal loon can be predicted in
terms of spinning tension and shape related param-
eters.  Far  more in t r igu ing,  though,  Migushov shows
that Coriol is accelerat ion tends to distort the bal loon
out of plane into a spiral and the degree of distor-
t ion is direct ly proport ional to product of the yarn
rotat ional speed and i ts speed of throughput. This
is the f irst t ime, and perhaps, the only t ime the ef-
fect of Coriolis acceleration has been elucidated thus.

Migushov's later publ icat ions [28-30], formulate the
EoM of a bal looning yarn in batloon twist ing or axial
unwinding from packages where non-steady state
dominates the phenomenon and includes the effect
of air drag and Coriol is accelerat ion. To the best of
reviewers' abi l i ty, i t  does appear that in i ts appl ica-
t ion to r ing spinning traveler dynamics is not brought
into consideration at al l  and the method st i l l  remains
semi-empir ica l -semi-analy t ica l .  The contr ibut ion of
these papers is best summed up by the "abstracts"
given in the World Texti le Abstracts: "A mathemati-
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cal analysis is given."(1975/9465), or "A mathemati-
ca l  analys is  is  presented.  Equat ions are der ived
which make i t  possible to determine the parameters
corresponding to changes in the bal loon rat io."(19761
1 e60)

Thus Migushov, too, fal ls into the same concep-
tual trap as did al l  previous investigators: namely,
you can calculate shape of the bal loon and tension
distr ibution in the yarn for a specif ic set of operating
condit ions without paying attention to dynamic equi-
l ibr ium of the traveler. In this framework, i f  shape of
the bal loon is "measured" experimental ly, the tension
distr ibution can be predicted, or vice-versa. The ar-
gument is perfect ly val id, because either of the two
experimental measurements automatical ly takes the
traveler  dynamic equi l ibr ium into account  and the
latter is control led by mass of the traveler selected,
coefficient of friction between yarn and traveler and
coeff icient of fr ict ion between traveler and r ing. Thus
even i f  such a semi-empir ical-semi-theoretical ap-
proach is practical ly useful,  the physics of this dy-
namic remains to be fu l ly  understood.

Epoch 3 (1980-??)
Before 1980's, the solut ion of the EoM of the r ing

spinning bal loon was often looked at as an init ial
va lue problem independent  of  the dynamic equi l ib-
r ium of the traveler. Those few who recognized their
interdependence were unable to do much about i t .
L is in i  ,  Ner l i  and Rissone [31]  resurrected the idea
of interdependence in the context of two-for-one
twist ing, and proposed a rudimentary methodology
to solve the two point boundary value problem us-
ing "f ini te segment" (equivalent to f ini te dif ference or
one d imensional  f in i te  e lement)  approach.

Nerl i  [32, 33] used this methodology in the con-
text of r ing spinning; the procedure consisted of di-
v id ing the length of  yarn in  the bal loon in to smal l
segments of equal length joined by completely f lex-
ible nodes. The forces acting on a segment length
are then concentrated on the subsequent node. The
direction of the segment is determined by the need
to equil ibrate the forces. The forces considered are
those due to dif ferential tension at two ends of the
segment, air drag forces across and along the seg-
ment, dynamic force due to Coriol is accelerat ion,
dynamic force due to centr ipetal accelerat ion, and
inert ial  force due to relat ive motion along the curva-
ture of the bal loon. The last one is a bit  mysterious.

To start the solut ion process, the angle of incl ina-
t ion of the bal loon at the guide eye is f i rst assumed.
To arr ive at the r ing radius in the f inal segment, for
a g iven bal loon height ,  the value of  angle of  inc l ina-
tion at the guide eye is adjusted, iteratively. The next
step is to establ ish the dynamic equi l ibr ium of the
traveler by using the direct ion and magnitude of the
tension in the bal loon at the r ing. This equation of
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Fig. 4. Tension variat ions for changing traveler mass and bal loon
heights. [37J

equil ibr ium is used to predict the required coeff icient
of friction between the ring and the traveler. lf this
value is dif ferent from the specif ied "real" value, the
whole process is repeated until the specified frictional
coefficient is arrived at.

While accuracy and robustness of Nerl i 's method,
in the l ight of nonl inearity of the problem, is in doubt,
i t  is to Nerl i 's credit that he recognized the need to
satisfy dynamic equi l ibr ium of the traveler to arr ive
at the correct solut ion for tension distr ibution and
shape of the bal loon.

Unaware of Nerl i 's work, in 1989 Batra, Ghosh and
Zeidman [34, 35] at NCSU developed an integrated
approach to solving the two-point boundary value
problem (BVP) for the quasi-stationary case of dy-
namics of r ing spinning, numerical ly. This scheme
allowed calculat ing spinning tension as well  as the
balloon shape for a specif ied count, traveler mass,
traveler rotat ional speed, bal loon height, coeff icient
of friction between yarn and traveler, and the coeffi-
cient of friction between traveler and the ring. lt was
possible to show that col lapsed bal loons were plau-
sible for tal l  bal loons and low traveler mass. l t  was
also possible to show why in practice at the start of
the process the base of the bobbins had to be bui l t
at spindle speeds lower than that used subsequently.

ln 1990, W. Barrie Fraser of the U. Sydney, Aus-
tral ia, began to col laborate with the NCSU group to
solve the problem of over-end unwinding from cyl in-
drical packages [36]. In 1993, he looked at the r ing
spinning problem as well  and confirmed the results
obtained by Batra, et al.  [34,35]; his formulation and
symbols are brief ly described in the Appendix. In
addit ion, Fraser showed that relat ionship of normal-
ized spinning tension (To/(mc,r2a2)) to normalized
traveler mass (M = mt/(ma)) for fixed values of bob-
bin wind-point radius (b/a), air drag coeff icient (po),
yarn-traveler friction parameter (exp(mva)), traveler-
r ing fr ict ion coeff icient (mt), and bal loon height
(h/a) exhibited s-shaped regions of the form shown

62

in Fig. 4. Note that the relat ionship is also depend-
ent of values of h/a and that the s-shaped region gets
accentuated at smaller values of the traveler mass.
More to the point, for traveler mass values corre-
sponding to the s-shaped regions there exists the
possibi l i ty of two or three dif ferent bal loon shapes
corresponding to two or three dif ferent spinning ten-
sions which sustain them. That is, these shapes and
their corresponding tensions could be meta-stable.

Fraser further showed that for a fixed traveler mass
(M : 150 in non-dimensional terms), the spinning ten-
sion nearly doubles, as chase of the bobbin is formed
from a ful l  bobbin radius (b/a : 0.9) to empty bob-
bin radius (b/a = 0.3). And, correspondingly, as the
chase height varies from ten r ing radi i  (10a) to eight
r ing radi i  (8a), see Fig. 5.

These observat ions led to the conclus ion that ,
mathematical ly, a discussion of the behavior of the
solut ions of r ing spinning system must be set in the
context of the bifurcation theory [38]. According to
Golubitsky and Schaeffer [38], "...bifurcation theory
is  the study of  equat ions wi th mul t ip le  so lut ions.
Specifically, by a bifurcation we mean a change in
the number of solut ions of an equation as a param-
eter varies." Thus to validate the theoretical model
using some special ly generated experimental data
and to derive practical ly useful information, Batra et
a/. [39] recast the bifurcation problem to seek spin-
ning tension as a function of the other parameters
of the problem; That is,

To: ma2w't (M, h/a, b/a, frr, mv, po)

Detai ls of the experiments can be found in [39].
Suffice to say, experiments were conducted to meas-
ure bal loon shapes for a f ixed height bal loon while
bui lding the bobbin chase by chase. For three dif-
ferent traveler mass cases the bifurcation analyses
suggested the spinning tension vs. normalized wind
radius as shown in F ig.  6 .  Note that  the spinning
tension decreases monotonica l ly  as the yarn is
wound from empty to ful l  bobbin for traveler mass
M =  1  15 .5 ,  105 .6 .  Bu t  fo r  M :  87  the  sp inn ing  ten -
s ion can assume mul t ip le  va lues (2 or  3)  in  the wind
radius range of 0.64-0.72; beyond 0.72 the tension
drops dramat ica l ly .  Thus,  i t  turns out  that  in  the
b/a : 0.6+072 range there is inherent instabi l i ty in
the process; the bal loon can f l ip between a "single
loop" to col lapsed "mult ipte loop" bal loon. In the re-
gion beyond 0.72 the mult iple loop bal loon is sta-
ble. This is borne out by experimental data shown
in Figures 7. The calculat ions show the three possi-
ble bal loon shapes corresponding to three dif ferent
spinning tension values. The geometry of the mult i-
ple loop shape suggests that the col lapsed node wil l
hi t  the empty bobbin. The experimental ly measured
profi le shows that i t  does. Theoretical calculat ions
have verified several other experimentally measured
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balloon profi les for dif ferent traveler masses, etc.;
please see [39].
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Fig.7. Measured and calculated bal loon shapes
for (M = 87, b/a = 0.69, fr-t  = 0.1, fr  v= 0.3. po = 3.0)
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Fig .8 .  B i furcat ion curves for t rave ler  mass M = 90 and 160
for  (m- ,  =  0 .1 ,  mn= 0.3 .  Po = 3 .0)

Extensive analyses have been carried out to pro-
duce solutions typified by Figure 9. Here bifurcation
curves are shown for dif ferent values of bal loon
heights for two traveler masses M = 90 and 160. For
the M = 90 case, the instabi l i ty seems to exist for
bal loon heights greater than g. For M = 160 no in-
stabi l i t ies are anticipated in the range calculated.

These procedures have also been used to study
the cases of control led bal loons as well ,  and wil l  be
reported elsewhere. Also, our col leagues in Austral ia
have looked at several other issues, such as stabi l-
i ty of the bal loon in the presence of a slub in the
yarn, twist propagation in the yarn, etc. These have
been reported in the literature.
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Appendix (reproduced from t39])
The model assumed that: 1. The effect of gravitat ional, and

Coriol is accelerat ion as insignif icant, 2. The effect of tangential
air drag as insignif icant, 3. The coeff icient of air drag normal to
the yarn path was constant throughout the bal loon length, 4. The
air drag was proport ional to square of the normal velocity com-
ponent.

z
Fig. A 1 Inert ial  and Moving Reference Frames for Dynamic Analy-
sis of Region l l .  Reference is made to Figures 1 and A.1, repro-
duced from Batra et al .  [34]. In deriving the EoM, by Fraser [37]
the fol lowing symbols were used: a - traveler-r ing radius, b -
bobbin  wind rad ius,  h  -  ba l loon he ight  f rom guide-eye to  r ing,  r  -
radius of an arbitrary point on the yarn bal looD, z - vert ical dis-
tance of the arbitrary point on the bal loon from the guide eye, mr
- mass of the traveler, m - mass l inear density of the formed
yarn, mr - coefficient of friction between traveler and the ring, m"
- coeff icient of fr ict ion between yarn and the traveler, a - angle
of wrap of yarn around the traveler, s - yarn length of the bal loon
measured from guide-eye point as the origin, w - angular veloc-
i ty of the traveler, v - l inear velocity of the yarn in the bal loon
along the tangent vector, vn - velocity of a yarn element along
the normal vector, T - tension in the yarn, Dn - air drag related
parameter of yarn in the bal loon.

The fo l lowing non-d imensional  parameters  are usefu l  in  the
formulation of the problem:

5 : s / a , ? = r I a , 2 :  z I a v : v I a ,  T =  f  1 1 m w 2 a 2 ) ,
R  =  i e ,  +Zk ,  h  : h  l a ,  M  =  mr  / (ma) ,  Po  =  16Dn(a  /m) ,

5, :  non-dimensional length of yarn from guide-eye to the traveler.
The relevant non-dimensional dif ferential equations describing

the shape of the bal loon are

The associated boundary condit ions are:

r(0) = 0, Z(o) = 0, P(0)= 0, Z(Sr)= n, i1s,1, r(sr) = 1

and the EoM of the traveler at s = s,.
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THE PRESENT STATE OF DEVELOPMENT OF INTERFER-
OMETRY OF FIBROUS MATERIALS
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Prof . of Physics, and the President of the University of Mansoura, Mansoura , EGYPT

Key Words: lnterferometric methods, Two-beam interference, Multiple-beam interference Fizeau
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propert ies of  f ibres,  VAWI technique, Opt ical  Four ier  Transform.

Abstract :  The present work descr ibes the appl icat ion of  interferometr ic methods to determine
the refractive indices and birefringence of texti le f ibres. lt summarizes the different interferometric
techniques used in f ibre science. Opto-thermal and opto-mechanical  propert ies of  f ibres are deal t
wi th dynamical ly by interferometry.  The obtained opt ical  propert ies of  f ibres throw l ight  upon their
structure and other physical properties.

The recent advances in fibre interferometry are dealt with including the application of Optical
Fourier Transform (OFT) and improving the accuracy of measurement. l l lustrations are given
using microinterferograms.

1. lntroduction

Natural and synthetic fibres are composed of long
chain molecules and have different structural elements.
Textile fibres have a wide range of physical properties
which are related to their structure. Most textile fibres
are anisotropic materials as a result of fibre drawing.
Interferometric methods were applied to determine the
mean refractive indices and birefringence of these fi-
bres. (t- tz)16"re methods are; two-and mult iple-beam
interference techniques. Many techniques based on
two-beam interference microscopy were used to study
the optical properties of fibres. These techniques have
many advantages in fibre investigation. Multiple-beam
interference systems have the advantages that the
fringe patterns are sharp and has a narrow width. So,
measurements obtained are more accurate than in the
case of two-beam interference.

Plane polarized monochromatic l ight vibrat ing par-
al lel  and perpendicular to the f ibre axis are used to
determine the refractive indices of both state of polari-
zation ntt, nt, respectively,(12-zz) which are used for in-
vestigating the molecular alignment with respect to the
fibre axis.(13-16'1e-22) Measurement of the changes in nll,
n'and birefr ingence An due to mechanical drawing,
thermal treatment and exposure to ionizing radiat ion
throw l ight upon the changes in optical propert ies of
treated textile fibres.

In this paper, a review of the modif icat ions in the
methods used to ca lcu late ref  ract ive ind ices,
birefringeflce,(6-0' 23) refractive index profile and mate-
rial dispersion(e-11'24'25) in the University of Mansoura
are dealt with. Moreover, the improvement in the ac-
curacy of the measured optical and structural param-
eters have been studied.(e-11'26'27) Some instruments
have been introduced in the f ield of f ibre investiga-
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1|on (26'22) and also computer programs have been de-
s igned for  automat ic  analys is  of  the micro inter fe-
rograms.(28'2e)

2. Interferometric Methods Applied
to Determine the Optical Propert ies of Fibres

Both two- and mult iple-beam interference methods
are used extensively in the University of Mansoura to
study the opt ica l  proper t ies of  text i le  f ibres.  These
methods can be summarized as fol lows:

a) Two-beam microinterferometry

i) Pluta potarizing interference microscopsu'3j)
It is a double refracting interference microscope with

variable amounts and direction of wave front shear. lt
is capable of giving either the uniform or fr inge inter-
ference f ields with continuously variable amounts and
direction of lateral image duplication. lt can be used for
both qual i tat ive and quanti tat ive examinations.

ii) Variable wavelength interference sysfem (VAWI)
Pluta(31-33) presented this interferometric method

which is based on the change in the interfr inge spac-
ing with wavelength. A continuous white l ight source
(Halogen lamb) with continuous interference wedge
fi l ter are used to obtain a coincidence and anti-coinci-
dence posit ions of the fr inge shif t  inside the f ibre with
the air fringes. Pluta(28) automated his microscope to
be suitable for variable wavelength automatic meas-
urements. Figure (1) shows a schematic diagram of
automatic VAWI Pluta interference microscops.(2a' zel

iii) Michelson interferometer
The Michelson interferometer is adjusted to obtain a
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Fig.1 Schematic diagram of Automatic (VAWI) Pluta Microscope
(From Ref. No.28,24), where; 1-Halogen lamp(12Vlt00W),
2-Continous interference f i l ter, 3-Condenser, 4-Sl i t  dia-
phragm knobs, S-Microscope stage, 6-Sample (f ibre),
7-Wollaston Objective lens, 8-Wollaston prism head, g-CCD

camera,  1O-Stepper  motor  cont ro l ler ,  11-Halogen lamp
Power supply, 12-PC computer and software display moni-
tor, 13-lmage display monitor.

straight paral lel l ine fr inges.(34) The examined f ibre
sample was mounted vertically in a cell containing a

' l

matching oil. An identical cell contains the same liquid
was introduced in the other path ray. The produced
interference pattern has been analyzed to obtain the
refractive index profile of the fibre.

b) Mult iple-beam microinterferometry.

i) Multiple-beam Fizeau Fringes in transmission
and at reflection
Multiple-beam Interferometric methods were applied

for the measurement of optical properties of fibrous
materials.(1'3's'12'35) The microintederograms produced
from these methods give valuable information about the
optical properties of each point along the fibre radius.(s
tt) Figure (2) shows; a) schematic diagram of the set-
up of multiple-beam Fizeau system (s) and b) the pro-
duced microinterferogram at ref lect ion crossing a
Dralon fibre.(1s)

ii) Fringes of Equal chromatic Order (FECO)
When a monochromatic light source is replaced by

a (pointolite) white light source and adjusting the edge
of the interference wedge to be parallel to the slit of the
spectrograph, the white light fringes of equal chromatic
order are obtained. As these fringes cross the fibre,

@ fr-o -='
- _--

I  r r r r  I  l r _ J l

Yr-r E-o m

[-F' l'[, I' l-l.
Fig.2 a) The arrangement for producing multiple-beam Fizeau

fringes in transmission (i) and at reflection (ii), respectively,
(From Ref. No. 5). b) Multiple-beam Fizeau fringes at re-
flection crossing a Dralon fibre ( From Ref. No. 19).
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Fig. 3 a) Scanning electron micrograph of a transverse seclional
view of a Dralon fibre and Multiple-beam Fizeau fringes in
transmission crossing; b) unirradiated fibre, and c) a fibre
irradiated with a dose = 28.896 Mrad (From Ref. No. 19).
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their shift varies with the wavelength of light and with
the direction of light vibration. (3'12)

Most of the above techniques are used frequently in
the University of Mansoura. Recently, systems based
on these interferometers attached to computers are
used to study the optical propert ies of f ibres. Many
other inter{erometers are used in fibre science of which
the fol lowing are examples:

i) Dyson(su't') interference microscope.
It is a two-beam intederence microscope in which a

direct and a comparison ray pass through the sample.

ii) The Baker interference microscope
It was developed in 1950, i t  is a double refract ing

intederence microscope. Heyp(sel discussed the use of
this microscope in the study of text i le f ibres.

iii) Zeiss-Linnik interference microscope
It is a modif ied Michelson interferometer used to

study the microtopography of surfaces.

iv) Nomarski sysfems
It is a modif ied Wollaston prism used to spl i t  the

beam. l ts principles are widely used in dif ferent de-
vices and microscopes.

3. Texti le Fibres Investigation

a) Refractive index and Birefr ingence measure-
ment  for  f ibres having regular  and i r regular
cross-sectional shapes;

Microinterferometric methods were applied for the
measurement of refractive indices and birefringence of
text i le f ibres with regular and irregular cross-sectional
shape.(1'2'4's'e-1z) Hamza (23) presented a method using
the interference and scanning electron microscopy to
measure the mean refractive indices and birefringence
of  f ibres having i r regular  t ransverse sect ions.  This
method is used to solve the problem of optical prop-
ert ies measurement of natural and synthetic f ibres
having irregular cross-sectional shape.

Figure (3) shows, a) scanning electron micrograph
of a transverse-sectional view of a Dralon f ibre, b)
Mul t ip le-beam Fizeau f r inges in  t ransmiss ion for
unirradiated Dralon fibre, c) y-irradiated Dralon fibre
with a dose = 28.896 Mrad (cf.  Hamza and Mabrouk
1988) .  (1e )

b) Structural anisotropy using optical methods;

i) Determination of the polarizability per unit
volume ( p)
Two- and multiple-beam interference methods were

applied to measure some structural parameters of tex-
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ti le fibres, one of these parameters is the polarizability
per unit volume geu2z3e)

, t t  =4  r l , lu t t  - ' t - 'Y - g , s ' @  - q l - *  ( 1 )

A similar equation tor gL can be writ ten. When us-
ing l ight vibrat ing paral lel and perpendicular to the f i-
bre axis, respectively, rptt  and rp' are the electr ic
polar izabi l i te is  per  uni t  vo lume,  a l l  and o4 are the
polarizabi l i t ies of one molecule, N is the number of
molecules per unit  volume and nl l  and nt are the f ibre
refractive indices for parallel and perpendicular light
state of polarization .

ii) Determination of the optical orientation function
tP r( 0)'
The value of the optical orientation function .Pz(O)t

can be determined approximately(13) using the fol low-
ing equation;

< Pr(o), = -4- - 1o e)' 
A/?max

Where Mr is the measured birefringence and M,nu,.
is the maximum value of birefringence for fully oriented
fibre. de Varies(ta) giveS an accurate value of <P2(0)>
in terms ot ro':ruXl,T,l 

l:,:_ # 
< o 8 u'',r,

where

n, and n2 are the principle refract ive indices for ful ly
oriented f ibre, nu is the virtual refract ive index re-
places the mean refract ive index n.

iii) Determination of n, and n,
The principle refractive indices for fully oriented fi-

bre(14)were obtained by extrapolation of nll, nl meas-
ured at different values of ln using the same mono-
chromatic light. The values of nr and nrare the values
corresponding to the value of An,"r.(2t) Figure (4)
shows the mean refractive indices ntt, nt plotted against
M to calculate n' and n, (ct.  Ref. 21).

iv) Determination of A,alSas
The value Lal3as = 1 l2(3cos'0^ - 1 ) is constant for

a given polymeric fibre. lt depends only on the molecu-
lar structure of the polymer and determined by the
angle d,n which is the angle between the dipole moment
and the chain axis.(15'16'20'4H.2)

The following equation is used to calculate Lql3a":

(ptt - a\l@tt * 2,p') = a'al3ap.Pr(0), (4)

Knowing ett, et and <Pr(d)>, the value of A,al3aocan
be easily obtained. Hamza et al.(20)measured the value
of Lal3aofor y-irradiated Nylon-6 fibres and found that

(1+ a) - -2n?n3
ni@t+ nz)
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Fig. 4 The mean refract ive indices nrr and nI plotted against the
birefr ingence an. The values of n.,  and f i2 c?n be calcu-
lated (From Ref. No. 21).

i t  is constant with the dose. Moreover, measurement
on the drawn polypropylene fibres show that Aal3ae is
constant with the draw ratio.

c) Effect of radiation on fibre optical parameters

The effect of y-irradiation and ion-beam irradiation on
some fibres optical parameters were studied by Hamza
and co-workers. (17-1e'40)

Empir ica l  formulae were presented to re late the
changes in the measured parameters with the irradia-

tion dose. The effect of y-irradiation on the interference
fr inge shif t  is clearly shown in f igures 3 (b and c).

d) Opto-mechanical propert ies of f ibres

The opto-mechanical properties of textile fibres were
studied extensively using intederometric methods in the
University of Mansoura.('u'*n) In 1988, Hamza and co-
workers designed an instrument used to stretch lon-
gitudinal ly (or twist) text i le f ibres. The f ibre must be
fixed from its ends and stretched during the measure-
ment process. With the aid of this instrument the opto-
mechanical properties of many textile fibres have been
studied. Figure 5(a) shows a schematic diagram of the
stretching instrument designed by Ham za etal.(26) Fig-
ure 5(b) shows total ly dupl icated images for Nylon-6
f ibres wi th draw rat ios 1,  1 .5,  2  and 3.75,  respec-
tively.(+ol

e) Determination of Opto-thermal properties of fibres

The study of textile fibre molecular structure shows
a relat ionship with i ts thermal propert ies which have a
direct effect on the structural properties(12'3e'50'st) such
as, refract ive index, polarizabi l i ty, orientat ion of the
chain molecules and the value L,a l3as.  F igure (6)
shows a cross-section view of the opto-thermal device
carried by the mult iple-beam Fizeau system.(3e)

f) The spectral dispersion of refract ive indices
and birefr ingence of f ibres

One of the important parameters in textile fibre per-
formance is  i ts  mater ia l  d ispers ion.  Di f ferent  tech-
niques(24) are used to obtain the spectral dispersion
curves of polymeric fibres.('u) One of these techniques
is the automatic VAWI .(28'52) This technique has the
advantage that it could calculate the spectral disper-
sion of refractive indices and birefringence of a fibre
directly without prior preparation and fastly.

Fig. 5 a) Schematic diagram of the f ibre manipulat ion device for
opto- mechanical studies of fibres, where; a and a'are two
small round clampes, b and b' are two wheels, c and g
are gear boxes (From Ref. No 26). b) Totally duplicated
images for nylon 6 f ibres with draw rat ios 1, 1.5, 2 and
3.75, respectively (From Ref. No 40).
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Fig. 6 a) Cross section view of the opto-thermal device carried
by the mult iple-beam Fizeau system; i t  consists of H, the
metal l ic chamber (heater), W, the heating wire, M, a ther-
mal refractory material, G, the interferometer (jig), S, one
of three screws, T.C, the temperature controller, and V,
the varic (voltage). b) Plane view of the heating device
(From Ref. No. 39 ) .

4. Modif icat ion in the Methods of Calculat ion of
Reflect ive Indices and Birefr ingence of Fibres

a) Determination of refract ive indices and
refractive index profi le of f ibres.

Simmens(2) described an elegant technique using the
Bapinet compensator to determine the birefringence in
objects of constant weight per unit length but irregu-
lar cross-sectional shape.

Hamza(z3) extended the application of the Pluta mi-
croscope to measure the mean refract ive indices,
birefr ingence of f ibres with irregular transverse sec-
tions. The mean refractive index of fibre involves the
th ickness of  both the sk in and core regions.  These
measurements were carried out by the complementary
use of the scanning electron microscopy and interfer-
ence microscopy. The scanning electron microscope
was used to determine the cross-sectional area ( in
mm') of the f ibre.

Using Pluta interference microscope the refractive
indices and birefringence are given as a function of the
area enclosed under the interference fringe shift F as:

lli = llt *

mean cross-sectional area of the fibre and M is the
birefringence.

The above method was extended using mult iple-
beam Fizeau fringes to measure the refractive indices
and birefringence of fibres having irregular transverse
sections and with a skin-core structureo and also for
cylindrical fibres having multi-layers structure.(8)

Mathematical expressions are derived form homo-
geneous(6) skin-coreo and multi-layers fibres having
irregular cross-section shape(8) using mult iple-beam
Fizeau fr inges as fol lows ( in case of mult i- layer-f ibre);

!z'= i @x - nx-)vf - x2)1t2 (7)
4h  k=1

2 is the wavelength of l ight, Z' is the fr inge shif t ,  h is
the interfr inge spacing, m is the number of layers, n*
and nr., are the refractive indices of two successive
layers, r* is the radius at the layer k and x is the dis-
tance from the fibre axis to the mid-point of the layer
k along the x-axis. f tk- l= n. when k = 1.

To overcome the presence of any irregularity in the
cross-section of the f ibre, integration of equation (7)
between the l imits a and b along the x-axis gives :

4r,: i @x - nr-)A*,^ (8)
4 h  ? '

where F,n is the part of the area enclosed under the
fringe shift, and Ar,,are the pafis of the corss-sectional
area of the fibre layer. Figure (7) shows a cross-sec-

EEEEI

(b)(a )

h M A
(5)

(6)

where n' are the mean refract ive indices using l ight
vibrat ing in the i  direct ion (paral lel or perpendicular to
the f ibre axis), 2 is the wavelength of the l ight used, n.-
is  the immers ion l iqu id ref ract ive index,  h is  the
inter f r inge spacing,  M is  the magni f icat ion,  A is  the
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( F l l  - F r )  A
An - l--------------- -

h M A B P

where Fm = 
JZ' a* and Ak,, = 

Itri 
- r')'t'd,
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t x
Fig. 7 A cross-section of a cyl inderical f ibre immersed in a si lvered l iquid wedge interferometer, showing the notat ion used for

cross-sectional areas of the fibre and, on the right of the figure, the deviation of the rays passing through the fibre (fringe
shift) ,  (From Ref. No. 50).

t ion of a cyl indrical f ibre immersed in a si lver l iquid
wedge interferometer, showing the notation used for
cross-sectional areas of the fibre and, on the right, the
interference fringe shift (cf. Ref.50).

Equation (8) was solved tor nr as follows(50)

k-1

Ztr, 
- n i-t)A1,x

j=1

ties, and the other is the tested fibre of unknown refrac-
tive index. A modified mathematical formula is used
with the two-beam interference microscope to deter-
mine the refractive index of the fibre.

The bases of this method are applied to skin-core
structure textile fibres to determine the skin and core
refractive index using a standard fibre without need of
known refractive index of the immerssion liquid.(s4) An
expression based on the same idea is used to calcu-
lated the refractive index at any point along the radius
of mult i- layer(55) f ibre using a standard f ibre.

c)  Using the VAWI technique to determine
the dispersion curve of f ibres.

The variable wavelength interference system is at-
tached with a computer via a CCD camera and frame
grabber digitizer to form a system used in automatic
interference fringes analysis. This system offers both
accurate and fast measurements.(2a'25'28) Hamza and
co-workers modified the expressions used to measure
the refractive indices and dispersion curves using the
area under the interference fr inge shif t  inside the f i-
bre.(2s)

5. lmproving the Accuracy of the determined
refractive indices of fibres.

a) Determination of the refractive index profile
of a mult i- layers f ibre taking into consideration
the effect of refraction of the incident ray when
crossing the f ibre.

When a beam crosses a f ibre immersed in a l iquid
of different refractive index, it refracted according to the
Snell's law. The effect of refraction on the measured
refractive index profile of homogenous fibre has been

A l-k
t1k = t7k-t * 

qn ^^r
(e)

Ax,r

where

and As,sis the same as equation (10) putt ing i  = k.
Dividing the mult i- layer f ibre into m-layers of equal

thickness, each of which considered of constant refrac-
tive index, with r* and rr*, redii, one can easily meas-
ure the refractive indices al m points along the fibre
radius.

b) Determination of the refractive index profile
of fibres using a standard fibre to avoid the
problems of  us ing immers ion l iqu id of  h igh
refractive index.

Hamza and co-workers(5}s5)preseflted a method for
the measurement of ref ract ive indices and
birefringence of fibres having high values of refractive
indices. Liquids of highly refractive indices are normally
unstable and rear. So, the present method overcomes
the problems of using such l iquids as an immersion
liquids. The method used two homogenous fibres im-
mersed in a suitable liquid.(s3) The first is a standard
fibre of known refractive index and dispersion proper-
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Fig. 8 The contour lines traced along a chosen fringes, while its
average were fitted and plotted beside the fringes (From
Ref. No. 29).

studied by Hamza et al.(e) In case of skin-core fibre they
derived an expression to determine the refractive in-
dices of both the skin and the core considering the
refraction effect.(1o) In an extension to this work, they
considered the case when the fibre has Q-layers and
derived a mathematical expression using mult iple-
beam Fizeau fringes as follows;

7zo_s^t-F- azn,lrltn-u -1)a)2 -l+& l-
t J  l l l  \  n i  )

where de :
n o ( R - ( O - 0 , 5 ) a )

Zo is  the f r inge shi f t  a t  the Qb layer ,  h  is  the
interfr inge spacing, R is the f ibre radius, no: nL is the
immersion l iquid refract ive index, Xq is the immerged
ray distance from the fibre center and do is the incident
ray distance from the fibre center.

b) Automatic determination of f ibre refract ive
index profi le.

A CCD camera is attached to the microscope of the
mul t ip le-beam Fizeau system. The camera is  con-
nected to a frame grabber digitizer and a computer to
form an automatic system used to analyze the multi-
ple-beam Fizeau fr inges. A computer program has
been prepared to enhance and analyze the interfer-
ence fr inges.(2e) Figure (8) shows the contour l ines
traced along a chosen fringes, while its average were
fitted and drown outside the fringes.(2s)

c) Using Optical Fourier Transforms

Studying the spectral dispersion curues of polymeric
b i ref r ingent  text i le  f ibres has been considered by
Hamza et al.  (27) They analyzed the optical Fourier
transform (OFT) patterns when the wavelength of the
light used is varied continuously. Using this technique,
one can identify the positions of the anti-coincidence
and coincidence of the fringe in the image of the fibre
with its empty field when variable wavelength VAWI
technique is appl ied manually.

Figure (9;tzzl shows sequences of inter.ferograms of
PE fibre at different wavelengths using OFT and VAWI
techniques.

( 1  1 )
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(b 1)

Fig. 9 A sequences of microinterferograms of Aramide fibre at different wavelengths using OFT and VAWI techniques (From Ref. No. 27).

The optical Fourier transform technique overcomes
the problem of visually detecting of the coincidence and
anti-coincidence of the fringes in the image of the fi-
bre under study with empty fringe field especially in
short wavelength at the visible region.

d) Design of a device to study the opto-thermal prop-
erties of fibres and effect of temperature on refractive
index profile of these fibres.
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Hamza and co-workers (3e) designed a chamber
that contains a set-up to regulate the samples tem-
perature via a thermostat whose thermocouple ends
close to the sample. A regular increase of tempera-
ture can be obtained and hence, the change in the
optical properties of the fibre due to temperature
change can be determined. Using this device, ac-
curate measurements of the refractive index and
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refract ive index profi le with the correction of tem-
perature can be obta ined.

The opto-thermaldevice designed by Hamza et al.(3s) is
a controlled temperature chamber contains the interferom-
eter (see figure (6)). lt enables us to study the opto{hermal
properties of fibres under test at given temperature.

e) Prediction of the reflectance curves of dyed
fibres on the bases of refract ive indices of
f ibres

A model to predict the colour of absorbing-scatter-
ing substrates, taking into account the effect of optical
anisotropy of fibres and definite values of the indices
of refraction in the visible spectral range is suggested
by Sokkar et al.(s6) This model based on a model of
Al len and Goldf ingep(sz) in which the fabric was repre-
sented by a paral lel bundle of cyl indrical f ibres. Using
the suggested model  and a computer  program the
spectral reflectance curves of dye-fibre polymer are
calculated. This model al lows the colour of absorbing-
scattering substrates to be predicted from the optical
propert ies of the f ibres without recourse to sample
dyeing. l t  is possible to optimize the dye concentra-
tions with the optical properties of the fibre substrate
to get the desired appearance.

6.  Conclus ion

Interferometric techniques are important tools in in-
vest igat ing the molecular  proper t ies of  f ibres.  The
range and detail of structural information provided by
the interferometric methods are of grade potential im-
portance in quality control in the textile industry. lt is
useful to use these techniques in conjunction with the
evidence obtained from the scanning electron micro-
scope, the transmission electron microscope and the
x-ray diffraction studies in order to fully investigate the
structural changes of f ibres during processing.
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SCIENTIFIC INSIGHTS INTO THE THERMODYNAMIC PROCESSES
IN THE CLEANING OF TEXTILES IN ORGANIC SOLVENTS

Prof. Dipl.- lng. Josef Kurz

Hohenstein /nsfitutes, Sch/oss Hohenstein, D-74357 Boennigheim

INTRODUCTION

Compared wi th the f in ish ing processes in  the
manufacture of textiles, restorative activities in the
sense of preserving the serviceabil i ty of text i les may
at first sight appear to be of secondary importance;
however, on closer examination of the situation, the
reverse is the case. Texti le f inishing can produce the
most interesting, beauti ful and promising fabrics, but
if the clothing produced from them cannot be cleaned
again by means of restorat ive measures such as
washing or dry cleaning, and thereby restored to a
usable state, such fabrics are not saleable. People
take the term "text i les" to mean reusable materials.

From this point of view it  is somewhat astonishing
that restorative measures are accorded a relatively
low posit ion in practice - and also in science. The
reasons for this are to be found in the human psy-
che. Anything that is new we f ind interesting, whilst
the everyday is taken for granted.

New developments in text i le f inishing interest peo-
ple, because they can be used for adornment. Regu-
lar care through washing or dry cleaning on the other
hand is routine. But this routine too can be very in-
teresting in scienti f ic terms. The author of this art i-
cle has been dealing with questions and problems
of restorative textile chemistry and textile technology
for around 40 years. Natural ly there is a r isk of over-
estimating one's own contr ibution, but in view of the
many interfaces between text i le cleaning and other
areas of science, one can constantly measure one-
self against the other discipl ines.

Here, textile cleaning in organic solvent represents
an extremely interesting research activity. The fol-
lowing article combines research and active contri-
butions by the author to this area of knowledge:

1.  Basic  pr inc ip le of  dry c leaning

To start with, we must get r id of a misunderstand-
ing: the whole world insists that dry cleaning is car-
r ied out in organic solvents. Whilst this is true in prin-
ciple, science knows that organic solvents can loosen
only fat and fat- l ike, i .e. non-polar, substances, and
thus remove them from the text i le. But every normal
person knows that also contained in the textiles there
are general ly substances which are not fat- l ike.
These are the polar substances such as amino ac-
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ids, salts, carbohydrates, pectins and protein. To
release these substances, one needs polar solvents.
The most important and economical of these is wa-
ter! And i t  is precisely this insight which leads on to
the fundamental problems in text i le cleaning in or-
ganic solvents. Textile cleaning actually requires two
solvents, such as e.g. perchloroethylene, hydrocar-
bons or  re lated compounds,  possib ly  a lso com-
pressed carbon dioxide as a future-oriented solvent
- and to go with i t ,  a certain amount of water. Ex-
pressed in physico-chemical terms, one uses a non-
polar solvent together with a polar solvent; the spe-
cial feature here is that these two solvents practically
do not  d issolve in  one another .  The solubi l i ty  of
perchloroethylene in water is only 0.01% at 25"C, the
solubility of water in perchloroethylene being likewise
0 . 0 1  % .

There is no cleaning process used in practice in
which solvents are used which are miscible in one
another. In the f irst instance, there is just one rea-
son for this: i f  the two solvents are not miscible with
one another, they can easi ly be separated from one
another, providing the specif ic density dif fers suff i-
ciently. In the case of perchloroethylene in water, the
rat io  is  '1  .6  :  1  .0 ;  in  hydrocarbons i t  is  0 .8 :  1 .0.  In
both cases the difference in density is quite sufficient
to separate the solvents into two phases solely
through the gravity of the room temperature, provided
there are no emulsif iers in the two phases.

In relat ion to the use of solvents in dry cleaning,
their non-miscibi l i ty is a huge disadvantage, which
however also represents the reason for the scien-
t i f ic level of text i le cleaning. This is due to the fol-
lowing reasons:

The non-polar solvent does not mix with the polar
water. Through the mechanical movement of the l iq-
uid in the rotat ing drum of a cleaning machine, the
two l iquids are mixed with one another in purely
mechanical terms, but they separate as soon as
possible when the mechanical act ion is removed.
This would in i tself  not be a problem, for the two
phases could absorb non-polar or polar dirt  unhin-
dered. This would also be desirable. However, things
happen rather differently in practice:

The predominantly hydrophil ic text i les absorb the
entire water present in the cleaning l iquor, become
moist in doing so, and suffer irreversible changes.
For example, text i les made of wool would felt ,  since
the water content of the [ iquor],  in conjunction with
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the mechanical action of a rotating drum, pushes the
scale layer of the wool together. The result would
be shrinkage of the textiles.

In the scienti f ic sense, a one-sided dif fusion of the
water out of the cleaning l iquid onto the text i le f ibre
would take place. An enrichment of water would take
place in the textile fibre. The water could lead to the
swelling of the natural fibres. In the case of wool and
si lk, this would result in irreversible changes. In the
case of cotton, the water could act as a diffusion sink
for water-soluble dirt ,  which would lead to greying
of the textiles. To this extent, free water, i.e. water
as a phase of i ts own, is not suitable for cleaning
texti les. The solut ion to the problem l ies in the form-
ing of micelles with the aid of surfactants. States of
solubi l isat ion arise in which the water is bound in
such a way that it is no longer present as a free
phase, but nevertheless retains the capacity of main-
taining, at least in part,  i ts own dissolving action for
polar substances.

2. Solubi l isat ion of water in the organic solvent

2.1 Pr inc ip le
Similarly to the emulsif icat ion of water in organic

solvents, the chemical constitutions and the concen-
trat ion of the surfactant represent joint ly decisive
cri teria for the procedure of a solubi l isat ion.

According to the definit ion, solubi l isat ion is taken
to mean "making a non-soluble l iqu id so luble in  an-
other l iquid"; here, for example, water in perchloro-
ethylene. Solubi l isat ion is the state between solubi l-
i ty and emulsion.

Solubi l isat ion takes p lace on the ind iv idual  sur-
factant molecules, which can then aggregate in the
bond to form micel les. For the solubi l isat ion of wa-
ter in perchloroethylene, i t  is predominantly anionic
surfactants, possibly mixed with [ ionic] surfactants,
which are used. In the case of anionic surfactants,
the solubi l isat ion takes place on the polar group.

The force of attraction K) between the surfactant
and water is calculated for the molecules of the 1"
hydration sphere in accordance with the Coulomb
equation for electrostatic attraction.

K = (B,on" goipor") / I3

For the subsequent spheres, the rules for dipoles
apply in accordance with the formula

K = (et,oor"x €oipor")/Ia

e corresponds to the water which is not yet solubi-
l ised, et corresponds to the dipole of the water mol-
ecule in the 1st hydration sphere, r = spacing between
charges.

The dipole of the water (e') is greater than the di-
pole of the non-solubi l ised water, since the water
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molecule is heavi ly induced through the negative
charge of the surfactant ion. This induction decreases
with the number of hydration spheres.

The solubi l ising power of the surfactants is ex-
hausted when e1 equals e, i .e. when the induction
going out from the surfactant ion to the already solu-
bi l ised water molecule is equal to zero. Then water
can also col lect outside the hydration spheres of the
surfactants, to form molecule aggregates. This state
then corresponds to that of the emulsion.
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g Hr0/1009 surfactant solut ion

Fig. 1 With increasing water content, the volume of the water is
drawn together less, due to the decreasing binding force
of the surfactant ion. Once the binding power of the sur-
factant is no longer effect ive, the water retains i ts origi-
na l  vo lume of  1 .0 .

2.2 Micelle formation
In contrast to surfactants in aqueous systems, no

lami l lar  micel les ar ise in  organic  so lvents,  but  only
g lobe micel les.  The ind iv idual  sur factant  par t ic les
bring their hydration spheres as water into the mi-
cel le. Within the micel les, the water is bound to the
sur factants.  Due to the ion-b inding,  there is  a
stronger force of attraction between the water mol-
ecules than in water alone. This is expressed in a
reduced volume of the water present in the micel les.
As an example, show below is the specif ic volume
of  the solubi l ised water ,  bound in  micel les,  in  a 10%
anionic surfactant solut ion.

The end point of the solubi l isat ion power of a sur-
factant can be defined - in thermodynamic terms -
as the state in which the force of attraction between
the electrical charge of the surfactant and the dipoles
of the water is equal to zero. A measure of this could
be the specif ic volume of the water. However, this
method is not suitable for practical purposes in the
sense of a technical application. What is usable, on
the other hand, is indirect measurement of the chemi-
cal activity of the water as steam pressure equilibrium.

3.  Composi t ion of  the c leaning l iqu id

Cleaning l iqu id refers to  the l iqu id consis t ing of
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several components, in which the soi led text i les are
treated and thereby cleaned.

The major part consists of organic solvents, nor-
mally perchloroethylene or hydrocarbons.

Water is present as the second "solvent". The
amount of water lies between 0.5 and 5%, relative
to the weight of the text i le material to be cleaned,
and not to the proport ionate volume amount of or-
ganic solvents. The reason for this l ies in the fact
that dif ferent text i le types can withstand only l imited
amounts of water without suffering irreversible dam-
age (see also fol lowing chapter). l f  one converts the
percentage amount of water for the text i le types into
volume percentages, then the water addit ions per
l i tre of organic solvents l ie at 0.5 to 5 ml. At f i rst sight,
this appears a negl igible parameter, but i t  practice
it  is an extraordinari ly important concentrat ion.

Since organic solvents and water do not dissolve
in one another, a homogenous phase is necessary
for the practical execution of a cleaning process,
surfactants are added which effect a solubi l isat ion
of the water within the organic solvent

The surfactants are usually not used as pure sub-
stances, but are used in preparations with dissolv-
ing agents; such preparations are cal led cleaning
promoters. These are produced by chemical facto-
r ies which special ise in the development of highly
effect ive products in the text i le cleaning sector.

The composit ion of the cleaning l iquid of organic
solvents, small  amounts of water and cleaning pro-
moters represents an extremely complex l iquid with
f luid phase transit ion points.

4. Interactions between the solvents
and the text i les

4.1 Fundamental processes
Regardless of whether text i les come into contact

with water, organic solvents or other l iquids, there
are four possibilities for how interactions can develop:

- Adhesion of the l iquid in the macroscopic outer
area (= adhesive l iquid)

- Binding of the l iquid within the capi l lar ies (= cap-
i l lary  l iqu id)

- Absorption of the liquid into the textile substance,
i .e. the f ibre i tself  (= absorption l iquid)

- Incorporation of the liquid into the chemical struc-
ture of the f ibres (= crystal l ine l iquid).

Whi ls t  the amounts of  adhesive l iqu id and capi l -
lary l iquid depend predominantly on the technologi-
cal condit ion of the text i les, the absorption l iquid and
the crysta l l ine l iqu id depend on the speci f ic  f ibre
characterist ics. This means for example that poly-
ester behaves quite dif ferently from cotton or si lk.
The considerations below relate only to the absorp-
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t ion f luid, since i t  plays a decisive role in the proc-
esses in cleaning technology.

4.2 Organic solvents
On the basis of the surface tension, one can make

concrete statements about the polari ty of the sol-
vents. Perchloroethylene is 32.3, hydrocarbons 23-
25 mN/m and water 71 mN/m.

It must now be assumed that the non-polar sol-
vents such as perchloroethylene and hydrocarbon
solvents act predominantly on the non-polar f ibres
wi th low e lect ro-chemical  potent ia l .  Exper imenta l
work has confirmed this impressively. Some tr ial  data
from a piece of research work carr ied out at the
Hohensteiner lnst i tutes are reproduced below in ex-
tract form.

The absorption of perchloroethylene into the tex-
t i le f ibres l ies in the order of micrograms. For practi-
cal purposes, these amounts are of no economic
importance, but they could be of signif icance in ecol-
ogy,  i f  the zero theor ies of  the envi ronmenta l is ts
become ever more widespread.

Fig. 2 Synthetic f ibres, such as polyester, polyamide and
polyacryl ic, absorb considerably more perchloroethylene than
natural f ibres. What is surprising is that acetate too shows a rela-
t ively high absorption of solvent. On the basis of the chemical
structure, this was not to be anticipated, since despite the acetyla-
t ion of, on average, 2.5 OH groups in the cel lulose, hydrophobicity
comparable to the synthetic fibres should not arise. However, com-
prehensive investigations with the scanning electron microscope
showed that i t  is not the chemical structure of the acetate f ibres
which is responsible, but the microscopic f ine structure of the f i-
bres themselves. The acetate fibre has a larger inner surface with
canal- l ike structures, into which the solvent is deposited. Here,
absorption and inclusion overlay one another.

5. Interactions of text i le f ibres with water

The fundamental interactions between water,
whether in the l iquid or gaseous state, and text i le
f ibres are fair ly precisely known in science, and are
part of standard knowledge in textile chemistry. How-
ever, two of these phenomena are of part icular im-
portance for text i le cleaning in organic solvents.
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5.1 lsothermic water vapour equi l ibr ia in the gas
phase

In the scienti f ic sense, this is taken to mean the
absorption or emission of gaseous water into or out
of text i le f ibres in a gaseous environment. The cor-
responding values are known.

Now for text i le cleaning in organic solvents i t  is
particularly important that the rules of water uptake
in the gas phase - referred to in practice as dry swell-
ing - also apply when the water is present as a l iq-
uid phase in the state of the thermodynamic activity
lying below the value 1. Such states are present in
text i le cleaning.

5.2 Hysteresis of water uptake/ release
The time delay between water uptake and water

release in the gaseous state (hysteresis) has an in-
f luence on the moisture equi l ibr ia to the extent that
the absolute amount of water present in the text i le
f ibre depends on whether i t  was absorbed in the
adsorption phase or was reached in the desorption
phase. Since the water content, or the activity of the
water, represents an important parameter for the
cleaning effect, it is of importance whether the state
of equi l ibr ium between air and text i le was reached
in the adsorption or the desorption phase. ln prac-
t ice, one almost always works in the absorption
phase, and thus ensures reproducible condit ions.

6. Moisture transit ion points
and steam pressure equil ibr ia

Within the framework of a cleaning process car-
ried out in practice in organic solvents, three phases
are involved in water transport. These are the clean-
ing l iquid, the goods to be cleaned (text i les) and the
gas space above the cleaning l iquid.

Fig. 3 The individual phases are l iquid (cleaning l iquid), sol id
(goods to be cleaned, i.e. the textiles) and gaseous (gas space
above the liquid and textiles). The gaseous phase represents a
measuring opportunity, since it does not directly have anything to
do with the cleaning effects, but stands in equilibrium with the
two other phases.
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A scienti f ic consideration of the individual phase
equil ibr ia must be based on the fundamental ther-
modynamic principles.

6.1 Moisture equi l ibr ium between the gas phase
and the c leaning l iqu id

The experimental pieces of work have shown that
the water bound in the micel les of the surfactants
stands in direct relation to the enthalpy of the water.

Un2o = Uo + R.T. ln  a

a = c . f a = p / p o

UHro = enthalpy, free energy, act ivi ty, c = mass of
he water, Fo = normal potential of the free energy,
a = activity of water, p/po = relative water vapour
pressure

According to that, the activi ty of the solubi l ised
water bound in the micel les is in direct relat ion to
the relat ive water vapour pressure in the gas phase.

By measuring the relat ive water vapour equi l ibr ia
in the gas phase, the free energy of the water in the
micel les can be establ ished. The stronger the bind-
ing of the water to the surfactants, the lower the free
energy. l f  there is no binding between the surfactant
and water, then the free energy of the water is at its
greatest. ln the measurement, this is then expressed
such that p/0 = 1, or in engineering terms the rela-
t ive air humidity is 100 %. The steam pressure iso-
therms thus ref lect the binding state of the water in
the micel les.

Shown in the fol lowing i l lustrat ion are some exam-
ples of steam pressure isotherms with dif ferent
surfactants, in dif ferent constel lat ions.

On the basis of the thermodynamic relat ions, i t  is
possible, with a given surfactant and with defined
concentration, to determine both the absolute amount
of water in the cleaning l iquid and the activi ty of the
water. For the use of surfactants in organic solvents
in cleaning technology, the activi ty is of part icular
importance, as can be seen from section 4.2.
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Fig. 4 Differing concentration of the surfactants influence the
free energy of the water bound in the micel les.
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6.2 Moisture equi l ibr ium between text i les and
cleaning l iqu id

Texti le f ibres, part icularly natural f ibres, have hy-
drophil ic groups with polar characterist ic, similar to
the surfactants. In these groups, water can be de-
posited, through which - just as in the case of a solu-
bi l isat ion through surfactants - the free energy of the
water, i .e. the activi ty, is reduced. Just as with clean-
ing l iquids, the free energy of the water in text i le f i -
bres can be determined via the relat ive water vapour
pressure.

10 2o 
*^t rt1ootnor,or"" 

40

Fig. 5 Steam pressure isotherms for various text i les at 25 
' .  

Just
as with solubi l isat ion, the activi ty of the water is greatest
at p/po = 1.

Appl icat ion of  the laws of  thermodynamics now
allows one to draw the conclusion that transporta-
t ion of  water  f rom the c leaning l iqu id to  the text i le
f ibre or vice versa runs in accordance with the dif-
ferences in free energy of the water, and not accord-
ing to the dif ferences in the absolute concentrat ion
of the water. Through measurement of the relat ive
water vapour pressure in the gas phase above the
cleaning f luid, the water transportat ion to be antici-
pated can be checked, and also control led i f  suit-
able technical equipment is avai lable.

Knowing the content of act ive water is enormously
important, to some extent even decisive, for the suc-
cess of cleaning. lf for example the activity of the
water in the text i le f ibres is too great, then irrevers-
ible changes can occur. Experimental values for the
l imits of water act ivi ty are e.g. for wool: not higher
than 0.82 p/po, cotton C.87 p/po and si lk 0.83/p/p".

T.Signif icance of the water content in the
cleaning system for the cleaning action

Water in organic solvents can have posit ive and
negative effects:

I t  has a negative effect i f  in the text i le f ibre i t  has
a higher act ivi ty than corresponds to the relat ive
water vapour pressure defined in section 6. The tex-
t i les then change irreversibly.

The water has a posit ive effect i f  in the activi ty
range of approx. 0.4 p/po up to the l imit value de-
f ined by the sensit ivi ty of the text i les i t  has. ln this
range, i t  has an adequate soi l  release capabil i ty.

The solvent power of the water which has been
solubi l ised by surfactants and bound in micel les de-
pends decisively on the activi ty of the water. Here,
fundamental ly the same rules apply as for f ibres.

Summary

Text i le  c leaning in  organic  so lvents requi res,  in
addit ion, water and surfactants in order to release
out of the textiles as broad a spectrum of substances
as possible. The removal of non-polar compounds
such as fats, oi ls and waxes is taken care of by the
non-polar solvent, usual ly perchloroethylene or hy-
drocarbon solvents.

The polar dirt can be released by added water. The
amounts of water range between 0.5 and 2% of the
texti le weight. What is decisive for the effect iveness
is the activi ty of the water. Activi ty which is too high
can change the text i les irreversibly, whilst too l i t t le
activi ty heavi ly restr icts the solvent power for polar
substances.

The activity of the water can be controlled through
surfactants. Measurement of the activi ty is via the
re lat ive water  vapour  pressure in  the gas phase
above the cleaning f luid. The water transport in the
c leaning l iqu id fo l lows the laws of  adsorpt ion and
desorption in the gas phase. Accordingly, the laws
which apply there also apply in ful l .

Hohenstein Inst i tute, 1 4.04.2000
Prof. Dipl.- lng. Josef Kurz
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DEPARTMENT OF TEXTILE STRUCTURES

1. Something lrom history or
. .HOW WE COME INTO BEING' '

Production and usage of text i les belongs to the
oldest act ivi t ies of human civi l isat ion. Archaeologi-
cal discoveries from south Moravia proved that yarns
and woven fabrics were used even 27,000 years
ago. Almost al l  long t ime of i ts existence the text i le
structures were produced on purely empirical bases.
Only in 19th century some f irst lonely attempts of
more exact understanding of production processes,
structures and propert ies of the text i le formations
can be found. More compact scienti f ic knowledge
on the topic is characterist ic for the second half of
2Oth century.

Establ ishing of the technical higher education in-
stitutions at the end of 19th century brought textile
problems on the academic f ield. In the Czech terr i-
tory first textile department arose in Brno in the time
of Austria-Hungary state. After 1948 the department
moved into Prague and soon after i t  definitely on
young inst i tut ion in Liberec (present Technical uni-
versity of Liberec). Faculty of textile engineering was
establ ished in 1960. Department of spinning and f in-
ishing and Department of weaving and knit t ing be-
longed to the oldest departments.

An interest to recognise regularities of the struc-
ture and properties of textile formations appear in
the 60th. This word wide tendency was reflected in
activities of the Czech textile departments and re-
search institutes. So there were created foundations
of own Czech "school" of structural mechanics of
yarns, woven and knit ted fabrics and non-woven
products as well  near the year 1968. In the 70th and
80th this development was, as a result of so-cal led
"normalisation", slowed down. The intensive research
of structure and properties of the fibrous formation
was revived on technological departments after 1989.

Two new departments were originated after reor-
ganisation of the faculty in 1997. l t  was Department
of mechanical technologies and Department of tex-
t i le structures. So came into being as well  working
place, that could its efforts devote to the recogni-
t ion of inner laws of bui lding - structure - of the f i-
brous formations and to understanding of the struc-
tural causes of behaviour - properties - of different
textiles. When the main interest was put on mechani-
cal behaviour, arouse structural mechanics of fibrous
formations.
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2. Something about us or "WHO WE ARE"

The corn of the department is formed by the team
of 8 university teachers, namely by:

lng. Mirka Dostdlovd, (didactic, technological rela-
t ions),

lng. Jana DraSarovd, (theory and experiments of wo-
ven structures),

Prof .  lng. Radko Kovdi CSc., dean of the faculty
(structure and structural mechanics
of knitted fabrics, knitting technol-
ogv),

Dr. lng. Dana Kiemendkovd, (yarn theory, experimen-
tal methods of yarn structure re-
search),

lng. Maria Kiivdnkovd, department secretary (twisted
yarns, technological relations)

Doc. lng. Jan Marko, CSc., deputy head of the
department (theory of yarn, theory
of yarn twist, spinning technology)

Prof. lng. Bohuslav Neckai, DrSc., head of the
depatrment (structure and struc-
tural mechanics of general fibrous
formations, yarn theory),

Prof. RNDr. Bohuslav StFiZ, DrSc., (theoretical me-
chanics, mechanics of f ibrous for-
mations).

Co-operators in research activi t ies are as well  stu-
dents of Ph. D. programmes Ing. Kateiina Zelenkovd,
lng. Daniela Patejdlovd, lng. lrena Plachd,
lng. Marcela Hlavova, lng. Leona Tvrdd and lng.
Zuzana So/tdsovri.

Other co-workers, namely Mrs. Vdra Markovd,
Ludmila Hladikov1, Jana Voborovd. lng. Vit Roeek,
lng. Pavel Hanus works in the mechanical laborato-
r ies of the department, equipped for example with
system of image analysis and processing, optical
microscopy, special dynamometers etc. Secretary of
the department is Mrs. Jana Novdkovd.

3. Several words about research or
. .HOW WE RACK OUR BRAINS' '

The main scientific and research effort is concen-
trated on the structure and structural mechanics of
general f ibrous formations, yarns, woven and knit-
ted fabrics. Original results are publ ished in journals
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and on foreign conferences (annually about 20 pa-
pers). The main topics are next:

a) Structural theory of f ibrous tormations
- Theoretical (mathematical) modelling of structure of

general f ibrous formations
- Theoretical (mathematical) modelling of spun yarn

structure (including stochastic model of components
distribution, theory of twist, yarn packing density etc.)

- Theoretical (mathematical) modelling of the knitted
structures (stitch models, yarn in the fabric interac-
t ion etc.)

- Theoretical (mathematical) modelling of the woven
structures (binding element geometry, radial yarn
deformation in fabric etc.)

- Special experimental methods development for re-
search of textiles structure (microscope cuts, image
analysis)

b) Structural mechanics f ibrous formations
- Stochastic modelling of mechanical behaviour of fi-

brous bundles and nets (mechanics of mult iaxial
text i les, stochastic f ibrous bundles, yarn strength
and break elongation as stochastic process etc.)

-  Models of  cont inuum used for  text i le  mechanics
analysis (multi-axes load of the fabric, fibrous sys-
tems compression etc.)

- Special mechanical appearance of textiles (rheology
of compressive stockings etc.)

ln the department grant project of GRCR 106197t
0372 "Structure and structural mechanics of f ibrous
formations" was solved, now we deal with research
pro ject  of  our  Min is t ry  of  h igher  educat ion of  the
same name, we solved several projects of the Fund
of universit ies development etc. ln the department
some special experimental methods of mechanics
analysis of f ibrous systems were developed, some
of them are used for special expert ises.

4. Something about teaching or
..HOW WE TORTURE STUDENTS''

Department of text i le structures is responsible for
19 text i le subjects. In M. Sc. courses i t  is Basics of
text i le and clothing production, Structure and prop-
ert ies of text i les I  and l l ,  Knitt ing and subjects of

specialisation Structural models of fibrous formations,
Yarn theory,  Worsted spinning,  Qual i ty  contro l  in
spinning mil ls, Theory of knit t ing, Structure and prop-
ert ies of knit ted fabrics, Weft knit t ing, Sol id state
mechanics, Basics of mechanics of continuum, Me-
chanics of text i les. In bachelor studies i t  is lntroduc-
t ion to text i le, Survey of text i le technologies, Longi-
tud inal  text i les product ion,  Text i le  technologies l ,  l l .
The content of the most of the subject is original,
issued from own results of research.

ln "our" courses usually students needn't to learn
mechanical ly  many facts .  In  return at  exams we
toughly demand to understand a l l  the laws and con-
sequences in text i le structures theory, what means
that students need know "\y'YHY" as well ,  not only
"WHAT".  (One student  who fa i led c la imed on the
department " l t  is always WHY the sky is blue and
WHY the grass is green"; another explained to ex-
aminer  the cause of  h is  fa i lure "You want  me to un-
derstand i t";  he was quite al l  r ight!)

5 Something as conclus ion or
. .SHORT VISION ON FUTURE' '

When hearing the word science, usual image is
something l ike b lack hole in  the space,  molecular
biology, quarks in the nuclear physics or something
l ike i t .  Ordinary people assume that this is something
majestic, complicated and useful.  "Shirt",  "Handker-
chief",  "rag" usually do not associate the word sci-
ence, as these terms are too ordinal and banal, not
d igni f ied of  sc ience nobi l i ty .

I  bel ieve, that in the near future this view can be
substantively changed. The theory of structure and
propert ies of text i les as well  as other parts of text i le
sciences are becoming to be worked out in suff icient
depth what al low us to think about other possibi l i -
t ies of i ts practical ut i l isat ion. One of the perspec-
t ive direct ions is processing of exist ing relat ions into
comprehensive systems of computer projecting (con-
struction) of textile formations of required properties.
As designers of machines or architects of bui ldings
use systems of calculat ions, tomorrow texti le design-
ers and technologis ts  wi l l  use some inst ruments
al ike. May be, that then the word science wil l  asso-
ciate handkerchief, shirt  or even rag.
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THE MECHANICAL STRUCTURE MODELING OF STAPLE YARN

Bohuslav Neckdi

Textile Structure Department, TU Liberec, H1lkova 6, CZ-46117 Liberec.

It is well known, that to achieve high quality texti le products, a lot of yarn properties should be
deeply and carefully investigated. Yarn properties result from interacting of two main factors:
1)f ibre propert ies and 2) the way of  how they were arranged "spun",  i .e.  yarn structure.  Fibre
propert ies dur ing processing "spinning" changes very l i t t le,  but  yarn structure dur ing processing is
directly created; this certainly affects significantly yarn properties. This article deals with some
brief structural relationships of staple fibres, where these were in details investigated at Texti le
Structure department, TU Liberec. Here is short information about the main logical characteristics
of yarn structure and the possibil i ty of making use of the results of the introduced yarn structure
models,  these models based on the so-cal led , ,  structural  mechanics of  yarn relat ionships".  This
work introduces better understanding of yarn quality and offers some basic ideas for precise
future projecting yarn staple structure.

1 .  PRINCIPLE RELATIONSHIPS
AND BASTC DEFINITIONS(1)

1.1 F ibre mater ia ls
Staple fibre materials characteristics used for yarn

production are widely. They are material type and
their characteristics as fibre density ((usually 900 to
1500 kg r-t) , fibre tength /, mass of individual fibre
m, which is usually expressed by fibre fineness f :

m/ (normally 0,13 to 0,6 tex), also area of fibre cross
section s : t/p te) lorder of 1Oa mm2) according to
the different shape of fibre cross section. Equivalent
fibre diameter d (regular circular diameter , s : ndzl
4) ,  which takes the values between 0,01 and
0,025 mm. S/enderness of staple fibres A: l/d range
is in order of 103. lf lhe fibre circumference is de-
noted by p, then the cross section shape factor [11
is given by g = pl(nd) -1 (ranges between 0,03 for
circular shape, and for real , ,circular" cross section
0,6 for viscose fibres). Specific fibre surface d = 4(1 +
q)ld is expressed as the surface area relative to
the mass of  one f ibre (usual ly  in  the order  of  103
m'kg-t).  Mechanical f ibre behaviour is described by
the so-called sfress - sfrain cLlrve, specific strength
(and elongation a. The ratio of the force F and the
area of cross section s physically express the ten-
sion streSS, o1 = F/s: in textiles the strength ,,tenac-
ity" o is defined as the ratio of the force F and the

fibre fineness f [tex], here o : F/t : F/(s/p) = o,/p(t)
(for ex. in Ntex-l).

For  mul t i  n  component  b lend ( i  =  1 ,2 , . . . . ,n)  wi th
weight  por t ion of  9 , ,  the mean b lend parameters
should be known.  They are the mean densi ty  p:11
I(g,/p,),='...n, based on volume portion of the compo-
nents Vi :gi p/pi, mean fibre frneness f : 1/:(gi/fi)i=r...n
and the mean specific surface area o = I(g,/pi)i:r...n.

1.2 The yarn
Considering a yarn segment of length L and mass

M. created from some f ibres described before - see
fig. 1. This yarn has l inear den-
sity of T : MIL [tex]. The
hatched (black) f ibre area in
the yarn cross section forms
the yarn subsfance cross sec-
t ion cross section S = TlpJat
The imaginary yarn would not
have any a i r  gaps,  and in  th is
case should have THEoRETcALLY
THE sMALLEST DTAMETER, def ined

as substa nce yarn diameter Dt
: (4s/n)1'' : ((4Tlbn))tt' - see
tig. 2 [D in mm]. For real yarn
diameter D t Dr and it is valid
D = (4S/(np)tt'= ((4Tl(prsl)1t2,

(1) Where i t  is not l isted else where, the given expressions in this
article are valid with the defined units, for example the Sl unit sys-
tem. (According to Sl the unit of f ineness is lkgm-1=1Mtex =106

tex.).  The most practical equation form could be derived by cor-
rect ing the units by the reader himself.

(2) l t  is clear that, t  is dependent on the geometry "roughness" of
fibre material surface, i.e. Area of fibre cross section s, also de-
pends on f ibre density p. Orue cANNor coMpARE FTBRES rHRouGH rHE
vRlue t which have different density! (according to fibre type ,,for
viscose 1,7 dtex polypropylene also 1 ,7 dtex" is principal ly false)
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(3) Physical ly, understood that the stress ol is not only dependent
on the value o, but also on the material density p. Therefore the
values of type cANNor BE usED rN coMpARrNG MEcHANtcAL BEHAVToUR
(strength and similar characterist ics) of f ibres with orrreneNr DEN-
srrv!

(4) Substance cross-section S is expressed also by the fibre vol-
ume in unit yarn length, i.e. As ,,roughness" of yarn in geometri-
cal meaning. f  is then depends as on this geometricalyarn ,,rough-
ness", and also on the f ibre density of the used material r .  Simi-
lar to f ibres (see remark Error! Unknown switch argument.)
therefore by means of the value f we cnruruor coMpARE vARNS pno-

DUCED FROM MATERIALS OF DIFFERENT DENSITY.

Fig.  1
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F ig .2

where the so-called packtng (expresses the portion
of yarn occupied with air. (it is valid that p = 4Sl(D2n) =
(Dr/D)'). From the equation of yarn diameter D it is
obvious, that the tradit ional used ,,equation" Ds =

K(T)' t ' ,  where the nominator of the diameter T =

2l(nvd't ' is constant, this is val id only for yarns from
rHE sAME MATERTAL DENSrry and twisted in such a man-
ner that that they have rHE sAME pAcKrNG.

The rat io between yarn f ineness and f ibre f ineness
defines the relative yarn fineness r = Tlt. Frequently
this expression is used FALSE to express the number
of in yarn cross section. The true is the NuMeER oF
FTBRES rN vARN cRoss sEcroN is n = t.k' where the
fac tor  kn < 1  rs  rHE MEASURE oF FIBRE TAeERTNG in  the
yarn, then i t  is val id that k, :  s/s*, s* is the mean
value of (shaded) area of one f ibres in yarn cross
section. (For open-end yarn the value of k, is about
0,8, for combed and carded yarn is about 0,95 and
for untwisted si lk is k, about 1.)

As a result of the twist in the yarn Z lZ in m-t1 the
(ideal ised) f ibres in the yarn take a hel ical shape.
The angle of inclination of the fibres on the yarn
sufface Be is shown in f ig. 3. The tangent of this angle
is the measure of yarn twist,  which is known as the

intensity of twist rc = tgpo = nDZ.
Another characterist ics are the
Kdchlin l2l twist cnefficient ct =

" ' . " '  Z(D' t '  :  (Z(S) ' / ' )  (p) ' t '=  [ ( * (p) t / t ) /
(2(")'t')(p)''' lo in m-1ktex?31, or the
Czech standard Phrix twist coeffi-
cient a : ZT43 [a in kg-1ktex"31.

From the other observed yarn
characterist ics, the behaviour of
yarn dur ing tension loading,  de-
scribed by work of rupture curve,
relat ive strength(5) and elongation
and further more the irregulari ty
parameters(u), mainly the coeff i-

. . . . . . .  c ient  Of  var ia t ion CV, ampl i tude
spectrum, yarn imperfection etc..

I

Fig.  3

(5) Remark Error! Unknown switch argument. is also analo-
gously val id for yarn.

(6) Measured usually by Uster Tester and Classimat from
Zellwewger - Uster.
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2.  DETERMINATION AND MODELLING
OF YARN STRUCTURE

2.1 Relat ionship between f ineness, twist and
yarn diameter

The equation stated in chat. 1.2 shows that, the
yarn diameter D depends on the values of yarn l in-
ear  densi ty  f  and f ibre densi ty  (and on the less
known coeff icient of yarn packing m. Simple solu-
t ion is introduced on idea that, i t  is , ,understood" that
the yarns from the same material,  produced on the
same technology and for similar end use, have the
sAME pAcKrNG FACToR (Kochlin model).  In praxis sucH
IDEA ts Nor pnoveo, i t  is evident that f ine yarns with
higher twist have higher packing values.

In fact, the packing results from the force interac-
t ion of twist and the material resistance against this
compression. Solut ion of internal mechanics of yarn,
requires specif ic models deal with f ibrous material
compression(7) [3],  fol lowing two equations were de-
rived from this theory.

( t , / t , ) u / '
r  ^ . ^ t 2

L1-t t  / t . ' )^ t ' ' l

(p / Fr' )t/t

MJ:= 
-(71rny2

2OOOpr fl'Jp \ | ( 1 )

t1- (rr I  p^)o*' l '
K

(2)
f -7 -7  - r  - ,  r t2

8r/nr, i l ipJI(1 - Jt lJr )
where: A - characferisfics contact between fibres
(usually A = 1), p,n - l imit packing; general ly lr , . , . ,J 1,
taken in confederation the effect of outer layers of
yarn, this value approaches Fm = 0,8. M - over-al l
parameter of fibre compression in yarn, DErEND oN rHE
USED MATERIAL AND THE TYPE OF SPINNING TECHNOLOGY.

Some orientat ion values are given in the fol lowing
table:

1
z

Material Density

P1,g.m-31

Values of M1,1

Combed Carded OE (BD)

cotton 1520
VS - c type 1500
PES -  c  type 1380
Wool  1360

0,0064 0,0042 0,0027
0,0180 0,0077
0,0125 0,0054

0,090 0,0050 0,0027

Material Kt*l Material Kt..l

Cotton - long
Cotton - middle.
VS - C type

PES -  C type 1,37
wool  0 .917

0,780
0,975
1,68

(7) Introduced solut ion is based on the equations of a simple
model for f ibre material compression. l t  was found also a solu-
tion based on general model for two dimension fibre material com-
pression, which is physical ly more accurate for solut ion. Equa-
tion derived are more complicated and numerical results are prac-
t ical ly the same as found from the simpli f ied described model.



K - twist characteristic, expresses ,,twist intensity"
(as well as the twist coefficient; oeperuos oNLY oN MA-
TERIAL rypE. For ordinary yarn (weft yarn), orientation
values are given as fol lows:

Equations (1) and (2) faci l i tate the solut ion of fol-
lowing tasks:
1. Knowing the values of M, K, (and f, it is possible to

find for each yarn count T the suitable value of pack-
ing (as which is the root of equation (2). Definition
expression for yarn diameter D = (4Tln$p)'t2 can be
calculated. From equation (1) the required yarn twist
Z can be found.

2. Knowing the values of M, (and t for given yarn count
T and twist Z, the packing (can be found and used
as the root of equation (1). From equation (2) is then
the value of the twist characteristic K. (This can be
used for calculating the suitable twist for yarns of
other counts according to point 1.)

The relat ion ship between the packing and prod-
uct of 77tF according to eqn. (1) is il lustrated in fig. 4.

For practical point of view, the calculation of both
types are very long(8), therefore it reasonable to ap-
proximate the equations. The approximated expres-
sions are relatively valid for wide range of yarn cha-
racteristics, yarn count f* and twist Z*. The only
required yarn parameters are packing p* and diam-
eter D*, which could be found from eqn. (1), (2). Then
the following parameters are calculated (eltsl'

b=3
1+(1+ A)}f l  /r^)2*A

1-(tt pr)z*o

D :  Q T u a u ;  Z =  a o l T q (4)

(Considering for ex. ordinary cotton carded yarn, this
is  t  =  0,16 tex,  p  = 1 520 kgm-t ,  A = 1,  Fm = 0,8,  M
= 0,0042 m, K = 0,975 mm and yarn characterist ic
T  =  T* :29 ,5  tex ,  we  f i nd  by  app ly ing  eqn .  (1 )  and
(2)  f t  =  p*  = 0,4573,  D:  D* :0 ,2324 mm. Approxi -
mated equations gave then concrete form D :

o,O7g2TQ'5e1 a-0'21e Z = 582qf'62t. l t  is interesting,
to find the twisf exponent q : 0,621, which is very
close to the empir ical exponent 213 defined by Phrix
twist coefficient.)

2.2Porosity and equivalent diameter of pores
between-f ibres.

The yarn behaviour is to a great extend depends
on size and the characterist ics of the air space in-
side the yarn. The volume port ion of the yarn f i l led
with air is defined as porosity v.

r / = 1 - p  ( 5 )

The air volume in yarn can be concentrated in small
number of big "holes", as well  as, contrary to this,
the same air port ion can be distr ibuted in small  "cap-
illary" holes between fibres. The dimension charac-
terist ic of air volume between f ibres can be ex-
pressed as equivalent diameter of pores between
fibres do. According to some definite assumptions
equation [4] was derived for the equivalent diameter
of pores between fibres.

dr: lcl(1 + q)l [(1 - rr)/rr]d (6)

Equivalent diameter of pores is dependent on f i-
bre diameter d and shape factor q, yarn packing m.
General solut ion is derived in the work [6] instead
of equation (6), the following is more general expres-
s ion:

dp = [1 l(  * q)l t(1 - p)/pl*d (7)

Where the parameters c and k essential ly found
empirically, according to the applied case (pores from
the point of view filtration, capillary phenomenon etc.)

2.3 Number of f ibres in cross section and
coefficient kn

For better understanding some yarn properties one
can simplify the assumption by using ideal helical
path of fibres model. This is based on the assump-
tion that the fibres are arranged in a helical path. For
such ideal yarn lhe coefficien kn was derived.

(8) Packing should be obtained in advance from eq. (2), resp. (1)
by using suitable numerical method, or by using in advance pre-
pared tables.
(9) at is Phrix twist coetficient of dimension m-tktex"3. The value
of oo is the general ised twist mult ipl ier with the dimension
m-ttexq, where g is twist exponent .
(10) Fo in another form, il is the angle of inclination of the outer
f ibres; see chap. 1.2. and f ig. 3.

3 b + 1

" 
= 

,{* -r 
v = -2'4Lt +1'2i

a*  _z (T )213 :  o=  D*  :  B=L ,s  
1oo 

'  s  -  
1r* ;u13* ; ' ' '  JT*  l f  

'

b -0 .5
4 = 

ff i i  
q =[(t * a7 +\t 4; dq = Z* (T*)q;

For a relative wide range around yarn character-
istics, then the following neenoxtMArED EouArloNS ARE
vALtD for yarn diameter and yarn twist.

o  o  o  o o o o o  o o o o o o o o
o  o  o  O  o o c t c t  c t  o o o o o o c t
( ' t  t t  lo (o F ro oo N !t  (o €o(\. !(o

-  ?  F  F N N N G a

*Vaz[-ul '1,- I

F i g . 4

1.00

p

0.50

0.'fO

0.30

0.20

0.10

Carded cotton yarn

expenm. yarns

experim. roving
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k, = 12 t (,D42[ ,11 . QrDZf - 1] = ,
L '  r  1 8 ; t t o l

= 2cos  Fo  l (+  cospr )

And for the number of fibres in yarn cross section
the fol lowing expression was found

n = knx = kr(Tl t)  =

1) Preparation of a microscopically yarn cross section
sample, i .e. pour the yarn sample to a polymer bitu-
men and cut t ing the cross sect ion by u l t ra  f ine
microtom with glass cutter, or pour the yarn to an
adhesive type ,,dispersion adhesive", after that to a
wax and paraffin mix and cutting the sample by a
quality steel cutter.

2)  Enlarg ing the image of  the yarn cross sect ion
through an optical microscope, which is transmitted
to the computer an correction of image ( i .e. insert
more contrast, etc..)

3) Extracting position ,,centre,, of cross section of indi-
vidual fibres and saving the data to the computer.

4) Using a developed software to evaluate f ibre ar-
rangement of fibres in yarn cross section..

2.6 Radia l  packing behaviour  and b lend rat io
In the previous chapter, packing was understood

as mean yarn packing. ln fact inner layers, i .e. the
layers at  the smal l  rad i i (11) ,  show the h ighest  va lues
of packing, and in the direct ion of the surface, i .e.
at bigger radi i ,  packing is characterised by S-curve
decreased to 0. According to our experience, [6] and
[7] this decrease is sharp at the most better arranged
fibres (combed yarns), and in contrary to that, for
yarns wi th less arranged f ibres ( rotor  yarns) ,  the
decrease is some how moderate. The results of three
cotton yarns are i l lustrated in f ig. 5. (yarn No. 5 -
25 tex, rotor yarn BD; yarn No. 6 - 29.5 tex, rotor
yarn BD; yarn No. 7. - 20 tex, r ing spun carded yarn.)

For two components yarn (for example cotton -
polyester) one can beside the radial packing behav-
iour, evaluate the radial part ial  packing behaviour of
each component and then, finding the radial blended
ratio behaviour [8] of components. Usually i t  is found
that one component (for ex. polyester) has clear ten-
dency to be at the yarn core, while the second com-
ponent (for ex. Cotton) is to a great extend found at
the yarn surface.

.o45 .065 .085 .105 .125 .145

diameter Imm]

F i g . 5

=lr(rt0t@Dzfll,q.t"r+ -,1 (e)

For a yarn with , ,good" oriented f ibres (twisted si lk,
combed yarn, carded cotton yarn), the value kn
(ranges about 0,95 for staple yarns) that is f i t ted to
the expression (8), in this case also expression (9)
is satisfactory. Yarns with , ,bad" oriented f ibres (ro-
tor yarn, woollen yarn etc..),  are never confirm with
the ideal hel ical model, and therefore equations (8)
and (9) could not be applied.

2.4Yarn contraction
Twist ing a f ibre assembly of length (o form a yarn

of length e < eo.This shortening due twist is known
as contraction due to twist e :  (eo - () l ]o. l f  the in-
put f ibre assembly is , ,suff icient" paral lel  and optimal
twist is inserted ,,not over twisted - no sl ippage be-
tween staple f ibres", then the expression 6 = 1 - kn
is  used.  Apply ing th is  express ion and rearranging,
the well-known equation according to Braschler [5]
then i t  is  va l id :

( 10 )

At almost staple yarns, due to twist the "so-cal led
false twist" may occur mainly, at the outer yarn lay-
ers, therefore the real contraction is smaller. To f ind
out fhe contraction of staple yarn, formally eqn. (10)
can be used, but instead of yarn diameter D, i t  is
necessary to apply the smaller values Du, found ac-
cording to [6] by the empir ical form:

D6 :  D [1  -  1  ,2 ( r t ^  -  p ) / (1  180s1 'aa  +  1 ) ]  (1  1 )

(Simi lar  to  chap.  2.1,  i l  is  su i tab le to  use Fim = 0,8.
For substance cross section according to chap. 1.2,
the equation S = Tlp is val id.)

2.5 In ternal  f ibre arrangement  in  yarn -  pr inc i -
ple of experimental methods

A lot of yarn propert ies can be better understood,
on base of deep information about the yarn arrange-
ment inside the yarn. One of the most effect ive tools
for experimental investigation of internal structure,
is rrunce pRocESSTNG ANALysts oF yARN cnoss secrroru. The
procedure is as fol lows:

vl^kna a textitT (2) 82-89 (2000)
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(1 1) Except small  space around yarn axis.
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2.7 Component consti tut ion "assembly" of
f ibres in blended yarn

During production of two-component yarn, the start-
ing material is separated ( in bales) and is blended
first ly in spinning process, where cohesion and simi-
lar forces have the tendency to keep the fibres from
one or other component together. In yarn cross sec-
t ion there for the higher frequency of number of f i -
bres of one or another component are found in the
observed places. In our method we arrange each
fibre in yarn cross section as one assemb/y of n ti-
bres(t2).

The experimental procedure is as follows:
1) Arranging the fibres in yarn cross section according

to their distance (distance of cross section) from the
starting fibre.

2) First n fibre, i.e. starting fibre and n - 1 next the near-
est to it, compose assembly of n fibres.

3) Establishing the number of fibres of the first and the
second component in the observed assembly n fi-
bres.

Repeating this procedure, where we chose EAcH
FTBRE in yarn cross-section as starting fibre. For evalu-
at ion we arrange assemblies of big (for ex. 60) ran-
dom cross sections and we define experimentdly the
distribution of component portion in the assembly n
f ibres.

l f  the f ibre distr ibution is to a great extend random,
then the frequency distr ibution of f ibres of one (for
ex. f i rst) component in assembly of n f ibres is then
can be fitted to the theoretical hyper geometrical dis-
tribution.

H,(k)= (?) (y.- ?) /ry.) (2)- 
U,/[M- k ) l  lM )

where H,(k)- assembly portion with n fibres, in which
is k f ibres of the f irst component (k e (0,n)),  N - total
number of fibres in yarn crosses section, M - number
of fibres of the first component in yarn cross-sec-
t ion

ln comparison to the theoretical distr ibution, i t  is
found that the observed distr ibution of the assembly
is of higher weight, for one or another component,
and the frequency of assemblies with pronounced
port ion both component is small .  This dif ference fa-
cilitate the possibility of quantities some kind of meas-
ure of mutual interaction of blending of components,

H^(k\  
05 o experim. frequency

O tlreor. frequency

which is a measure of the quality of non-separation
of f ibres during spinning process. Example accord-
ing to [9] is evaluation of assemblies of n = 10 f i-
bres of a blended combed yarn of 28 % cotton and
72% polyester and is i l lustrated in f ig. 6.

2.8 Yarn hair iness
Recently some methods are developed for evalu-

at ing yarn hair iness via image processing analysis.
The present experience [6] show that there ARE rwo
REGToNS oF HArRtNEss and they are:
1) Region of ,,dense" hairiness, which consist of fibres

at distance about one yarn radius far from its surface
(from the observed place where yarn diameter is
invest igated) .  ln  th is  region the f ibres are s t i l l  in
mutual contact, material is characterised as,,elastic
mesh", which is very important for hand and abra-
sion of textiles

2) The second region ,,soft" hair iness and contains
mainly isolated (free,,nested") fibre ends, which cre-
ate some technological problems (for ex. the so-
called ,,spinners") and appearance problems in fab-
r ics.  (By s inging process such hai r iness can be
eliminated.)

2.9 Yarn mass irregulari ty
Real values of yarn irregulari ty CV are always

higher, than the l imit values CV'i ,  calculated from
Martindale model, where i t  is assumed that the f i-
bres are random distributed in yarn (The most simple
equation for , , l imit" i rregulari ty is CV,,, , , , ,  :  100/(n)1/2
where n is the number of f ibres in yarn cross sec-
t ion). This is due to the fact that most probably the
fibres moves in spinning process not individual ly, but
in some FTBRE GRoups AND ASSEMBLTES. Modell ing an
solut ion of this problem is given in [10], where we
find for calculat ing the irregulari ty the fol lowing equa-
t ion:

CV -1ooJ6+ Bn)tn (13)

where A - parameter depend on f ibre f ineness vari-
at ion, mainly the tendency of , ,clamping" ibre row
material in nroro FIBRE ASSEMBLTEs (,,knots", fibre), B -
parameter expresses the rMpERFEcroN oF sprNNrNG pRoc-
ess during individualisation of fibre row material.

From the stored data in spinning mil l ,  the param-
eters A,B,os) could be found, accordingly one can
judge in case of bad values, of irregulari ty i f  the
cause is occurred due to bad row material (A) or
originated from bad spinning technology (8).

(12)  Evaluat ing gradual ly  assembl ies  conta in ing n = 1 ,2 , . . .10f i -
bres.
(13) For example applying stat ist ical method ( l inear transforma-
t ion) of regression; from (13) also is val id lCVTtOO;'? :  A(1ln)+B.
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3.  STRUCTURAL RELATIONSHIP OF MECHANI-
CAL PROPERTIES OF YARN

3.1 Yarn strength and span length
According to the so-called weak point principle it

is observed that the mean value of yarn strength and
its coeff icient of variat ion decrease as the span
length rncreases. lf yarn strength is P for ,,short" span
length /o by NoN-coRRELATED random process with dis-
tribution function Fo(P), then the distribution function
F(P) of strength for other span length / is given by
[ 1  1 ]  a s

F(P)= 1 - [1 - Fo(P'11t tto

3.2 Fibre ut i l i ty of tensi le strength and yarn
breakage.

The relat ionship between yarn tensi le strength o1
and relat ive elongation ((average) of a f ibre is de-
scribed by fibre sfress-sfrain curve or(e). Similar to
that the relat ionship between the tensi le load (of a
yarn and i ts relat ive elongation ,,extension" ( is de-
scribed by yarn stress-sfrain curve o(e). Because the
yarn is complicated in structure, created though dif-
ferent fr ict ion binding forces, so that, natural ly at the
same extension (the o(e) < or(e). The dif ference be-
tween work of rupture of f ibre and yarn is cauter-
ised by the substance tensile force utility, given by
the rat io:

s(e) = o(e)/o1(e) (16)

Experimental results [6] show, that the values of
ut i l i ty (except at the region of small  extension e) is
relat ively high. For dif ferent yarns of the same vis-
cose cotton type, the values are given in the table
and i l lustrated in f ig. 8.

( 1 4 )

l f  the distr ibution F6(P) is normal with mean value
of Po and standard deviation oe, then by app]ying
expression [1 1] for calculat ing the mean value P and
the standard deviat ion o of yarn strength for span
length /.

P = 4 +4,Zosl ( l  I  to1: ts  - , |  o :  o( l  I  t ,J ' tu  (15)

F i g . 7

The strength P at ,,short" span length /o is often
creates coRRELATeo random procecg(14) with auto-
correlation function in the form of the sum of rwo
exponential functions [4].  This means, that two dif-
ferent effects cause decreasing yarn strength. One
of them is probably caused by yarn mass irregular-
ity, The second effect was til l now unexplained. Find-
ing and modelling the distribution and statistical char-
acterist ics for strength at dif ferent span lengths is
very dif f icult  [4],  applying and working out simula-
tion software can be easy realised. Results of an ex-
ample for a r ing spun cotton carded yarn, (T : 29,5
lex, Z : 710 m-t; is plotted in f ig. 7.

Knowing probabi l i ty  densi ty  d is t r ibut ion of  yarn
strength at span lengths of 50, 500 and 5000mm.
( in  graph the l inear  t ransformat ion of  the random
variable u = (P -Puo)/oro is used, where P is the ran-
dom variable of yarn strength at given span length,
Puo and o,56 dre the mean value and the standard
deviat ion of strength at span length 50 mm.)

(14) More accurate the sum of two independent stationary, ergodic,
Markov and Gauss random processes.

Vldkna a textil 7 (2) 82-89 (2000)
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Yarn z
lm-' l

Settled
value 9(e)

combed
carded
OE
woollen

40,5
36,8
38,3
1 0 1

about 0,83
about 0,79
about 0,62
about 0,45
(unsettled)

The settled values of 9(e) are really HrcHER, than
strength substance rlp, defined from the ratio of the
mean value of the relative fibre strength Pr and mean
value of the relative yarn strength P.

\p: P/Pr (7)

Difference between the value 9(e) and qp is ex-
plained by the EXTENSToN DTFFERENcE of yarn and f i-
bres, which caused due to the so-cal led weak point
principle (see the previous chapter).

3.3 Effect of f ibre incl ination and substance
tension force ut i l i ty

Twisted inclined fibres are loaded by higher force
during tension than those f ibres of paral lel assem-
bly. In simple case [6] applying the ideal hel ical path
model and further assumptions, the value ol <pz which
expresses the total substance tension force utility,
which is caused only by this phenomenon. Further
i t  is val id

9z = (1 * c)cos2po + cln(costprlltg'p, (18)

Where Bp - angle of incl ination of outer f ibres (tgF,
= nDZ, see chapter 1 .2 and 2.1), c - rat io of radial
contraction (c e(0;0,5)),  for f i rst approach the value
may be chosen as c = 0,25).

This expression is suitable for , ,good" oriented
yarns(l6) ffwisted silk, combed yarns, carded yarns.)

3.4 Effect of f ibre extension variabi l i ty
on substance strength ut i l i ty

Fibres of high extension variability cause lower yarn
strength. For simpli fying this phenomenon can be

modelled as parallel fibre assembly, and deriving
stochastic substance strength utility model r1p (see
eqn.  (17) ,  which is  va l id  only  for  f ibre assembly as-
sumptions according to [4].  Putt ing the value of f i -
bre extension a1 q, a'nd mean value of yarn exten-
sion a the substaice yarn extension utility can be
expressed as :

\ "  = e ler  (19)

In simpli f ied case according to [4] we f ind the fol-
lowing equation

va t - nf (,') = 't (= u... root of egn. ) (20)
tuva+1 gr..r(u)

r ls  = uv"  + ' l '  lP = (uv"  + 1) [1 -  G*(u) ]

where v" - coefficient of variation of fibre extension
(as a fraction and never in percentage), gr.r(u) - prob-
ability density function of standardised normal dis-
tribution, Gr(u) - distribution function of standardised
normal distr ibution.

(From the f irst equation the root u must be numeri-
cal calculated, other equation could be direct ly
solved.) ln such a manner, the relat ionship between
r1p and 11" drd the fibre extension coefficient of vari-
at ion v, €rIe calculated and i l lustrated in f ig.9; actu-
ally, the practical region is to about vu = 0,3.

3.5 Yarn hardness
Yarn hardness affect hand and other resulting tex-

t i le propert ies. Yarn hardness depends on the ap-
p l ied f ibre mater ia l  and type of  sp inning process
mainly the coefficient of yarn packing. By using the
model of f ibre compression (see also chapter 2.1)
we can express the yarn hardness by the following
equation:

E  -  k re  e  =  3p311+2(1 t l1 t  )31 / t1 - ( r r /p . ) t l o  ( z t )

where E - absolute value of yarn hardness (with
pressure dimensions, for ex. MPa), e -relative yarn
hardness (dimensionless alue) , kr- fibre material nd
technology type parameter (pressure dimensions, i.e.
MPa), Fm - packing l imit ( for yarn according chap.
2.1 about  p,  = 0,8) .

Calculat ing the value of ko, and the absolute value
of the yarn hardness is really difficult. In contrary to
that, i f  the material and the type of appl ied technol-

(15) Combed yarn l99o/o viscose fibre was prepared only as spe-
cial experimental material with extreme perfect fibre arrangement.
(16) l f  for ex. Do= 25", then for c = 0,25 we calculate 9.=0,800,
which good corresponds to the settled value j(e) for combed and
carded yarns in the table in chapter 3.2. Most probably, that the
incl ination of the f ibres is for , ,good" oriented yarns with usual
twist are the main reason for reaching the values of substance
tension force ut i l i ty.

Type T
Itex]

400
497
517
372

6(ts)
M
R
V
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ogy are known, one can judge yarns of different counts
and twist via the relative values of hardness e.

3.6 Further mechanical propert ies
A lot of further information at and research works

due to the course of mechanical structure as shrink-
age due to washing of cel lulose yarns, radial com-
pression and yarn deformation, yarn abrasion, such
detai l  information are found at the text i le structure
department TU Liberec.

4.  CONCLUSION

The present work introduce short information about
some less known problems, although some phenom-
enon are introduced in short and are imperfect, but it
gives global idea about the present knowledge in the
area of textile structure. Offering wide range of knowl-
edge help in clarifying yarn behaviour and solve con-
crete problems. The global aim of our investigation is
to realise the idea of vnnru ooNSTRUCTToN sysrer,r, (ex-
tended to weaving and knitting) by means of special
software. Such tool facilitates projecting more exact
yarn properties suitable for praxis and industry.

Acknowledgement: The present workis sponsored by the re-
search grant No. MSM 244100004.
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Characteristics
A new department of Technical University of Liberec

- Department of Evaluation of Textiles - was established
at the Textile Faculty of Technical University in Liberec
on 1" September 1999. The situation converged to this
act some time ago and now it came true.

There has been an effort for some time already to
establish a department, which would guarantee the BSc
field of Texti le Marketing, but only now after being
staffed by specialised workers the new Department was
created.

Thus, the creation of this new department partially
fo l lows the tendencies which appeared e.g.  in  the
U.S.A. in last decades. Due to increasing import of
cheap fabrics from Asia, the production of text i les
stepwise moved form the Eastern coast to South, to-
wards the resources of primary textile materials, mainly
cotton. Consequently, also the tuition of classical tex-
tile technologies was strongly reduced in the study pro-
grammes of text i le departments in the north of the
U.S.A., whereas the study of textile technologies keeps
important at universities of Carolinas, Texas, Tennes-
see and Georgia in the South of the States. ln order to
meet the increasing demands of the U.S. customers,
new subjects respecting the necessities of textile end-
users begun to be lectured in textile departments in the
whole country. No wonder, that names of some new
U.S. textile departments, like Dept. of Home Ecology,
Dept. of Customer Seruices, reflect these world trends.

Teaching activities
The new Department of Evaluation of Texti les in

Liberec should guarantee the university education of
Textile Marketing in daily as well as in combined study.
There is about 200 candidates for daily education every
year from which just 70 students is admitted. The se-
lection is based on compulsory tests, but the results of
secondary school study (with respect to different level
of tuition in various types of schools) are taken into
account as well. The combined education presents only
small part of the daily study and the main part is pro-
vided as the distance study, i.e. individual study accord-
ing to time possibilities of students. This form is advan-
tageous mainly in situation when workers of textile mills
want to complete their education and gain the BSc ti-
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tle. The combined form of study consists of two parts:
first one, lasting 3 semesters has to be covered by a
student, the resting BSc part (6 semesters) is free of
charge. Both mentioned types are concluded by the de-
fence of BSc work and by State Final Examination af-
ter which the students receive the university title of BSc
(Bc in Czech version).

Bachelor of Textile Marketing is a profession, which
is strongly required in the field, because after retirement
of many professionals there are many posts free and
textile and commercial organisations call for graduates
of this specialisation.

As forthe disciplines taught, the department offers the
discipl ines of three BSc f ields of Texti le Faculty, as
Textile expertise, Textile comfort, Strategy of sale of
text i le goods, and as for computing abi l i t ies, there is
Administration on PC, Microsoft Access Database
disciplines aimed at requiring knowledge of textile pro-
fessional and besides disciplines of economic charac-
ter as Marketing, Finances, Taxes, Commercial law etc.
which are taught by depafiments of Economic Faculty
of the University.

The specialisation of individual stuff members at the
new department is chosen so that all requirements of
the study program are covered. The program is made
up in order to meet the requirements of modern soci-
ety and with the effort to offer to students interested in
this f ield the discipl ines which could determine their
orientation in practical life.

Research activities
Besides the mentioned activi t ies the Department

members use to work up various expert ises on new
technologies, on projects ordered by Ministry of lndus-
try and Commerce and they are also asked to evalu-
ate new types of textiles and technologies prepared for
domestic and foreign markets.

Within the framework of long time collaboration with
TRUSTFIN a.s. there are many specialised research
works executed for this company, where students of
second year of Textile Marketing are also engaged, in
orderto enrich their knowledge and to learn to know the
inland marketing mil ieu.

lnternational collaboration is based on individualcon-
tacts of the Department members and is aimed at in-
novations of the teaching process in daily and distance
study and also to research works embracing new types
of textile materials and membranes used in production
of garments and clothing to achieve their optimum sen-
sorial and thermo-physiological comfort.

Mechanical and thermo-physiological propert ies of
fabrics are also studied within PhD works of young
members of the new department.

vldkna a textil 7 (21 90 (2000)



AN INDIRECT METHOD FOR FAST EVALUATION OF SUR.
FACE MOISTURE ABSORPTIVITY OF SHIRT AND UNDER-

WEAR FABRICS

Lubos Hes

Technical University of Liberec, Czech Republic, e-mail /ubos.hes@ vslib.cz

Abstract: Customers wearing shirts understand, that the feeling of comfort when wearing shirts
in hot days should depend on their vater vapour permeabil ity and their moisture sorption capacity,but
both these parameters do not characterise the thermal contact comfort feeling of shirt fabrics in
wet state.

ln order to explain the thermal contact comfort of superficially wetted shirts, a new parameter
cal led moisture absorpt iv i ty was introduced and a s imple equat ion of  the moisture t ransfer be-
tween the fabr ic and skin was der ived in the paper.  Since the direct  measurement of  the moisture
absorptivity is complicated, an indirect method for its experimental determination was described
and used for the evaluat ion of  thermal comfort  of  fabr ics contact ing wet human skin.

1.  INTRODUCTION

Men general ly prefer to wear 100% cotton shirts,
because they consider their thermal and sensorial
comfort better, especially in hot days, in spite of the
common exper ience,  that  sh i r ts  conta in ing even
small portion of PES fibres exhibit less wrinkles, show
smooth surface and can be easi ly ironed. Wearer
general ly bel ieve, that higher thermal comfort of pure
cotton shirts is due their higher water vapour per-
meability and sorption capacity compared with shirts
made of PES/cotton blends.

ln order to explain the effect of this f i rst param-
eter, water-vapour permeability of both kinds of shirts
was measured in this study. From the measurements
made on the Permetest  (Sensora)  inst rument  re-
sulted, that water-vapour permeabil i ty of the meas-
ured shirts depends more on their mass per area
then on their composit ion, and that in al l  cases the
relative vapour permeability was very good, exceed-
ing  15  %.

The next parameter in question is the moisture sorp-
tion capacity (absorbency) of shirt fabrics. There are
plenty of method to measure this parameter [1]. Nev-
eftheless, the moisture absorbency characterises just
the specific moisture retention corresponding to the
state of full saturation of the fabric volume by water
or sweat, and is directly proportional to the fabric mass.
No transient aspects are considered here, and no dif-
ferent boundary conditions of moisture transmission
between the skin and a fabric are respected.

Therefore, Scheurel l  and al.  [2] reminded the im-
portance of studying the dynamic surface wetness
of fabrics, and developed a new method of their de-
termination, which is based on humidity dependent
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colour changes of a special chemical agent depos-
ited on the fabric surface. In their study, a cotton
fabric freely exposed to saturate water-vapour in-
creased i ts surface humidity 2-3 t imes faster then a
PES fabric of similar parameters. The authors con-
cluded, that the dynamic surface wetness is a very
important factor inf luencing the clothing comfort of
garments. A survey of other techniques to measure
transplanar  l iqu id t ranspor t  in to fabr ics publ ished
Kissa [3].

Nevertheless, al l  the found measuring method are
not  su i tab le for  s imple s tandard measurements of
t ransient  fabr ic  wet t ing,  due to qui te  compl icate
preparat ion of  the measurements,  poor  dynamic
properties of some methods or due to inexact results
evaluation in some cases. Moreover, the reduced
comfort caused by wearing the PES/cotton shirts in
hot  day is  fe l t  main ly  in  the moment ,  when the sud-
denly wetted fabric touches the skin. Consequently,
the local cool feel ing occurs, which is considered as
unpleasant. Within the contact t ime, heat is trans-
ferred by conduction through a thin intermediate
layer, created by wet outstanding f ibres. Thus, the
boundary condit ion approximates to the heat trans-
fer of 1st order, which should be respected within a
measuring method in question.

Therefore, the first objective of the research work
was to develop a method of an indirect experimen-
tal determination of the so cal led surface moisture
absorptivi ty B [4],  whose higher level apparently in-
creases the contact comfort of wet fabrics and on
the contrary. A new measuring method described in
the paper is easy and reproducible, and ref lects the
real moisture and heat transfer condit ions between
the fabric and the skin.
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2. THEORETICAL PART

2.1. Introduction of moisture absorptivi ty

The amount of l iquid inside any porous structure
or text i le fabric can be expressed in terms of the
fabric free volume saturation s [11. Thus, for s :  0
the fabric is dry, and for s = 1 al l  the pores are ful l
o f  a  l iqu id.

ln this case, the saturation propagation within a
fabric, either along its surface, but also perpendicu-
larly to its surface, can be characterised by the clas-
sical part ial  dif ferential equation of dif fusion proc-
ESSES:

(as/ar) = A (azs lax') (1)

where A [m2/sec] is so cal led moisture dif fusivi ty.
This parameter is for text i le fabrics sometimes mois-
ture dependent due to swelling. The solution of equa-
t ion of this kind for A = conSt is general ly known. l f
we consider just short time moisture conduction, then
we can convert a textile fabric to a semiinfinite body,
where the 1st order boundary condit ion is appl ied.
In this case, the moisture saturation propagation in
the x direct ion is given by the equation

s : erfc (xl1A1tzrttz\ e)

The experimental determination of the moisture
diffusivi ty from the moisture propagation along the
measured fabric is possible. Unfortunately, the mois-
ture dif fusivi ty in this form does not characterise the
volumetric capacity V of the fabric expressed in this
case in m3/m2s to conduct the moisture (sweat) from
the contacted skin away towards a fabric interior. To
cope with this task, a Darcy law modif ied for the
saturation gradient should be introduced as fol lows:

V = - \ , ( d s / a x )  ( 3 )

where lt" [m2/s] is the volumetric moisture flow con-
ductivity, which is proportional to the fabric permeabil-
ity. ln the next step, we should remind, that in the first
Fick's diffusion law, which is used to express the mass
flow in the form formally identical with Eq. (3), the same
diffusion coefficient D occurs, as in the second Fick's
law for transient mass transfer by diffusion. By simpli-
fying the problem solved to a simple diffusion, we can
express the moisture flow conductivity in Eq. (3) \. bv
means of the moisture diffusivity A.

From applying this relat ion in equation (2) fol lows:

V : A,/2( Lslnltzrttzl (4)

The first term in this equation fully characterises
the fabric abi l i ty to absorb the moisture from any
moist surface which contacts the fabric. Then this
so called moisture absorptivity B [m3suz1 is defined
by the next relation:

As shown in [3],  many researchers have already
measured the t ime-dependent longitudinal wicking of
fabrics. From these results, the moisture dif fusivi ty
A could be determined and i ts square root used for
the calculat ion of the spontaneous moisture uptake
according to Eq. 4. Some research work in this fiefd
is going on at the MINHO University [4].  Neverthe-
less, this approach may produce inaccurate results,
since longitudinal wicking rates not always correlate
with the corresponding transplanar ones, due to the
complexity of the wicking processes, which besides
the dif fusion processes include capi l lary penetrat ion
of moisture inside fabrics, and also moisture absorp-
t ion of the on the f ibre surface.

Therefore, the goal of this paper is to develop a
technique, which would determine not the moisture
absorptivity itself, but its real impact on the comfort
properties of a surface wetted fabric. To achieve this,
an indirect way was chosen, as explained in the next
chapter.

2.2. lndirect method of the moisture
absorptivi ty measurement

The suggested method is based on the objective
evaluation of warm-cool feel ing perceived by a
wearer of a cloth, which suddenly comes into con-
tact with a wetted skin. In this moment, the cotton
fabric absorbs the l iquid sweat rapidly, and con-
ducts i t  away from the fabric surface towards to
the fabric inerroir.  Due to high adhesion forces,
the sweat keeps accumulated in the fabric close
the places where the sweat was generated. l f  the
amount of sweat is not too high, within a short t ime
the moisture concentrat ion close to the fabric con-
tact surface reduces, and the wearer feels the pleas-
ant contact of nearly dry fabric.

The other mechanism of achieving the pleasant dry
feel ing of underwear and shirts is based on the use
of PES microf ibres, which, due to higher surface,
absorb in some extend the humidity also, but the
l iqu id sweat  is  rapid ly  d is t r ibuted by capi l lary
forces in larger area surrounding the perspirat ion
zone, thus reducing the average relat ive humidity of
fabr ic  under  the l imi t ,  which would resul t  in  unpleas-
ant wet feel ing. Unfortunately, this mechanism re-
quires also some addit ional dymamic contact forces
typical for sport act ivi t ies.

ln the case of blended fabrics containing too
much poorly absorbing PES f ibres of common
section and f ineness, the sweat keeps adhered
on the skin, and provokes an unpleasant cool feel-
ing due to sweat evaporation.

The suggested method is based on the objective
evaluation of cool feeling effect within an experimen-
tal procedure which simulates the real fabric wear-
ing condit ions described above. Before the method(5)
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is explained, the instruments for the objective warm-
cool feel ing determination are described.

2.2.1.  lnst ruments for  the evaluat ion of  thermal
contact feel ing of text i le fabrics

Warm-cool feeling means the feeling which we get
when the human skin touches short ly any object, in
our case text i le fabric, leather or any polymer used
in clothing, furniture or carpets. l t  was found, that
this parameter characterises with good perfection the
transient thermal feeling which we get in the moment,
when we put on the undergarment, shirts, gloves or
other textile products, especially these in wet state.
Since this feeling strongly affects the choice of peo-
ple when buying the clothes or garments, the objec-
t ive assessment of this feel ing became very impor-
tant in the last decade.

The f irst instrument, which was able to evaluate
the warm-cool feel ing of fabrics objectively, was de-
veloped by YONEDA and KAWABATA in 1983 [1].
They have introduced also the maximum level of the
contact heat flow g,", [Wm'K] as a measure of this
transient thermal characterist ics, and KAWABATA
has published the f irst objectively determined values
describing the thermal-contact propert ies of text i le
fabrics. The instrument, cal led THERMO-LABO, was
commercial ised and became used in laboratories.

Some years later ( in 1986 - see in l2l),  an other
instrument for the objective evaluation of warm-cool
feel ing of fabrics, but of dif ferent concept, was com-
pleted at  the Technical  Univers i ty  in  L iberec ( in
Czech Republ ic) .  This  computer  contro l led inst ru-
ment cal led ALAMBETA works in the semi-automatic
regime, calculates al l  the stat ist ic parameters of the
measurement  and exhib i ts  the inst rument  auto-
diagnostics, which checks the measurement preci-
sion and avoids any faulty instrument operation. The
whole measurement procedure, including the meas-
urement of thermal conductivity \, thermal resistance
R, g,n"r, sample thickness and the results evaluation,
lasts less than 3-5 min. As the objective measure
of warm-cool feel ing of fabrics, so cal led thermal
absorptivity b [Wsu21m2K1 was introduced t3]

This parameter (formerly used in the civi l  engineer-
ing and health protection sciences) was derived simi-
larly as the moisture absorptivi ty above mentioned.
Provided that the time r of thermal contact between
human skin and a fabric is short,  text i le fabric was
again ideal ised to a semiinf inite body of f ini te ther-
mal capacity pc [J/mt] and init ial  temperature tr.
Transient temperature f ield between human skin and
a fabric is then given by the fol lowing part ial  dif fer-
ential equation

(dt/dt) = a(azv axz) (6)

and can be used for the calculation of the initial level
of heat flow q passing between the skin (character-
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ised by a constant temperature t1) and text i le fabric
according to the next equation, whose derivation for
the boundary condit ion of 1st order is similar to deri-
vation of the Eq. (a):

Qdyn = b(t.' - l2)lftrr)1t2 (7)

Thus derived thermal absorptivity b [Ws1i2/m2K] is
given by the fol lowing relat ion:

5 = 1\pc)1/2 (8)

As i t  can be see, the level of thermal absorptivi ty
depends nei ther  on the temperature gradient  be-
tween the fabric and skin, nor on the measurement
t ime. This value just depends on the contact pres-
sure, which also correspond to the real situation. The
pressure is adjustable.

The simpli f ied scheme of the instrument is shown
on Fig. 1. The principle of this instrument protected
by several patents depends in the application of a
direct ultra thin heat flow sensor 4, which is attached
to a metal block 2 with constant temperature which
differs from the sample temperature. When the meas-
urement starts, the measuring head 1 containing the
mentioned heat f low sensor drops down and touches
the planar measured sample 5, which is located on
the instrument base 6 under the measuring head.
ln this moment, the surface temperature of the sam-
ple suddenly changes ( i .  e. the boundary condit ion
of f i rst order is worked out),  and the instrument com-
puter registers the heat f low course. Simultaneously,
a photoelectr ic sensor measures the sample thick-
N E S S .

All the data are then processed in the computer ac-
cording to an original programme, which involves the
mathematical model characterising the transient tem-
perature field in thin slab subjected to different bound-
ary conditions [5]. To simulate better the real conditions
of warm-cool feeling evaluation, the instrument meas-
uring head is heated to 32 "C (see the heater 3 and the
thermometer Q, which correspond to the average hu-
man skin temperature, while the fabric is kept at the
room temperature 22 "C. Similarly, the time constant of
the heat flow sensor, which measures directly the heat

Fig. 1 Measuring system of the ALAMBETA instrument.
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flow between the automatically moved measuring head
and the fabrics, exhibit practically the same value (0,07
sec), as the human skin. Thus, the ful l  signal response
is achieved within 0,2 sec. The validity of thermal ab-
sorptivity as a new parameter expressing the warm-cool
feeling of fabrics was confirmed by several tests where
the results of subjective feeling of nearly 100 persons
were compared with the values of thermal absorptivity
found by means of the ALAMBETA instrument. During
this experiment, the subjective and objective levels of
warm-cool feel ing of nine woven samples of similar
structure (plain weave), thickness (from 0,221o 0,33
mm) and weight per area (ranging from 0,120 to 0,165
kg/m'), but made of nine different fibres and polymers,
were determined.

The results were treated statistically and evaluated
by means of the Spearman's Rank Correlation Co-
etficient. lt was found, that the level of this coefficient
exceeded 0,9, when comparing the subjective warm-
cool (short-t ime) feel ings and the values of thermal
absorpt iv i ty  and q,n""  determined by means of  the
ALAMBETA instrument, whereas the subjective feel-
ings for longer time, correlated to the thermal resistance
values, exhibited lower levels of thic coefficient, see in
tsl.

During the research projects conducted at the Tech-
nical U niversity Li berec the therm al -insu lation and ther-
mal-contact propert ies of al l  common texti le product
were experimentally investigated. lt was found, that the
practical values of thermal absorptivity of dry fabrics
range from 20 to 300, where the lowest (warmest) val-
ues exhibit  special nonwoven interl inings made from
PES microfibers - see the next table. The higher is this
value, the cooler feeling represents. For wet textile fab-
rics the level of b could increase even more than twice.

As results from the table, the thermal - contact feel-
ing of the tested fabrics is strongly affected by their

Tab. 1

structure and composition. lt was found - see in [7], that,
as expected, the f ibres and f iber polymers exhibit ing
higher equi l ibr ium humidity, provide also cooler feel ing.
Therefore, the warmest feel ings can be achieved at
fabrics made from PVC, PP, PAN, whereas viscose,
flax, cotton and PAD 6 or 66 fibers show the coolest
feel ing. Which feel ing is better, depends on customer:
for hot summer garments cooler (cotton) feeling is de-
manded, whereas in the north of Europe warmer cloth-
ing, based on the PES/wool yarns, is preferred.

An impoftant aspect of the "warm-cool" feeling evalu-
ation is the change of this feeling when the textile prod-
uct gets wet. Because the time of the warm-cool feel-
ing evaluation of samples in the A[-AMBETA instrument
is very short,  less than 3 minutes, the evaluation of
humid samples is rel iable (the sample does not turn dry
during the measurement). Because the thermal conduc-
tivity and thermal capacity of water is much higher than
these of the f ibre polymer and the air entrapped in the
texti le structure, the "warm-cool" feel ing of garments
moistened by sweat can exceed '1000. The result ing
thermal contact discomfort is generally known.

Since the thermal absorptivi ty is mainly the superf i-
cial propefty, its level can be changed by any superfi-
cial or f inishing treatment, l ike raising, brushing coat-
ing, as i t  was proved in papers [6,7]. Also the spinning
technology affects the warm-cool feeling of knits - see
in [8],  where the r ing-spun yarns provide warmer feel-
ing than OE yarns. By means of the new measuring
technique, some f inishing processes can be control led
and optimized.

2.2.2. Methodology of the indirect measurement of
the moisture absorptivity of fabrics

The intention of this research was to characterise the
contact comfort felt by a wearer of a shirt during a hot
day, a special very thin interface fabric was prepared,

ALAMBETA
A

Efect of fabric structure, composit ion and treatment on the level of thermal absoptivi ty b

1Ws1/21m2K1, head pressure 200 kPa

2040
30-50
40-90
70-120
1 00-1 50
1 30-1 80
1 50-200
1 80-250
250-350
300-400
330-500
450-650
600-750

> 750
1 600

microfibre or f ine f ibre nonwoven insulat ion webs

low density raised PES knits, needled and thermally bonded PES l ight webs

l ight knits from synthetic f ibres (PAN) or textured f i laments, l ight synthetic raised carpets

l ight or r ib cotton RS knits, raised l ight wool or wooUPES fabrics, brushes microf ibre weaves

l ight cotton or VS knits, r ib cotton woven fabrics

l ight f inished cotton knits, raised l ight wool woven fabrics
plain wool or PES/wool fabrics with rough surface
permanent press treated cotton/Vs fabrics with rough surface, dense microf ibre knits

dry cotton shirt fabrics with resin treatment, heavy smooth wool woven fabrics

dry VS or Lyocel l  or si lk woven fabrics, smooth dry heavy cotton weaves (denims) non- treated

close to skin surface of humid cotton/PP or cotton/spec. PES knits (0,5 ml of water appl ied)

heavy cotton weaves (denims) or knits from special PES Fibres (COOLMAX) in wet state

rib knits from cotton or PES/cotton or knits from microfibres, if superficially wetted

other woven and knitted fabrics in wet state

liquid water (evaporation effect not considered)
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which should simulate the effect of a sudden sweat dis-
charge on the skin. lt was found, that this sweat simu-
lator should be as thin as possible, in order not to influ-
ence (in dry state)the thermal capacity of the measured
fabric, but this interface fabric should absorb a certain
amount of liquid injected in the centre of this interface
fabric and mainly- it should distribute the liquid fast and
uniformly within a circle of approx. 50 mm diameter (in
order to cover the area 25 x25 mm of the heat f lux sen-
sors). After some trials, a thin (0,1 mm) nonwoven fab-
ric containing PP on one side and viscose fibres on the
other side was found to fulfil all demands. In order to
reduce the amount of liquid, the interface fabric was
uniformly perforated.

At  the beginning of  the measurement ,  the
A[-AMBETA instrument is switched on and the meas-
ured shirt  was placed on the measuring base of the
instrument. Then, the volume of 0,2 ml of water (con-
taining detergent) was injected on the centre of the
interface fabric surface, covered by the viscose fi-
bres. Within one minute, the l iquid distr ibuted uni-
formly within a circle of 45-50 mm, and stopped.
When this occurred, this interface fabric was turned
by the viscose side down and inserted into the space
between the measured sample and the centre of the
measuring head of the instrument (see the posit ion
number 9 in Fig. 1). At the same t ime, the interface
fabr ic  and the measur ing head of  the inst rument
dropped down towards to the measured shirt fabric.

Within a few seconds, the l iquid from the interface
fabric was more (in case of pure cotton shirt) or less
(in other cases) taken away by absorption in the
lower fabric. In the case of low absorption into the
shirt fabric, the thermal capacity of the interface fabric
is kept quite high due to higher relat ive moisture and
the initial level of thermal absorptivity b is significantly
h igher

ln the case of measurement of "warm-cool" feel-
ing of the wetted pure cotton fabrics, characterised

by higher moisture absorptivi ty, the moisture is rap-
idly distr ibuted within the whole thickness of the fab-
ric, so that the interface fabric gets nearly dry, and
the instrument shows a lower level of the result ing
thermal absorptivity.

3.  EXPERIMENTAL RESULTS AND THEIR
EVALUATION

3.1. Thermal-contact comfort after sudden
wett ing

The composition of the investigated plane fabrics
varied f rom 100t% cotton to 100 % PES f ibres, in the
first case also PP f ibres were applied. Medium val-
ues of the results are shown in the fol lowing Table
l l .

The fol lowing conclusions were drawn from these
first experiments:

1. With an increasing port ion of PES f ibres in com-
mon woven shirt  fabrics increases the unpleasant
cool feeling (i. e. increases thermal absorptivity) when
worn in conditions of surface wetting, which matches
the practical experience of wearing the tested shirts.

2. Special fabrics with improved thermal comfort
propert ies l ike double layered knits [1 1] or T shirts
knit ted from Coolmax modif ied PES f ibres reveal
more pleasant contact feel ing in condit ions of super-
ficial wetting.

3. Exceptional ly some cotton/PES blend fabrics
made from common fibres may exhibit relatively good
thermal contact comfort in the wet state, even with
quite high port ion of PES f ibres, due to some un-
known effect or due to a special fabric structure (con-
firmed by wearers).

4. Cotton shirt weaves containing too much chemi-
cal agents deposited inside the fabric may show worse
contact comfort feeling in the wet state, in spite of the
fact, that their steady-state water vapour permeability

Table l l .  Cool feel ing of various fabrics measured by the ALAMBETA instrument in condit ions simulat ing their wearing on suddenly
wetted skin

Sample
composit ion

and
structure

Sample
thickness

h [mm]

Thermal
conductivity

l.
lmWmKl

Peak value
of heat f lux

9t" t

ImW/m2K]

Temperature Thermal
diffusivity absorptivity

a[m2s] b
1ws1/21m2K1

50% cotton 50% PP smart knit

100% PES knit Dupont Coolmax

100 % cotton denim

100%o cotton shirt

100 o/o cotton shirt

70 % cot. 30 % PES woven shirt

35 % cot. 65 % PES woven shirt

75 % cot.25 % PES woven shirt

35 % cot. 65 % PES woven shirt

1OO% cotton shirt resin treated

0,66
0,54
0,71
0.43
0.38
0.21
0,28
0,23
0,26
0.22

1 0 0

97.2

86,2

83.1

90.1

78,7

120

88,9

123

149

2,20
2.29
2,72
2,32
2,61
2,41
2,52
2,99
2,77
2,68

0.057
0,048
0.028
0,027
0,025
0 , 0 1 2
0,026
0,010
0,017
0,016

421

443

452

508

565

731

751

875

935
' l  178
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keeps very high, Lukas proved in [12], that closing-up the
finest capillary channels (for example by resins) should
reduce the vertical suction height of water in these fabric
(which should result in worse moisture uptake).

From other author's measurements [13] follows, that
resin treated cotton fabrics show highest angle of the
recovery, but the pure cotton ones show the lowest one,
which may drop to 57 % of the former maximum value.
This undesired situation often appears after several
washings of the anti-crease treated cotton shirts. For
blend fabrics with 30 o/o of PES fibres or more, the re-
covery angle keeps fixed at the level of 77 % of the
mentioned maximum value, independently of the wash-
ing applied. As regards the fabric smoothness, the best
results were found for the blends with 20 and 25 o/o of
PES fibres. The lowest levels of the shear values (high-
est ability of deformation in the bias direction)was found
for the classical blend containing 55 o/o of PES fibres.
Nevertheless, allthe differences in mechanical proper-
ties did not reveal any significant differences among
pure cotton and blend fabrics, except the angle of re-
covery, where the results for the blend fabrics are bet-
ter and do not reduce with washing.

Regarding the thermal propefties of the tested samples
in dry state, samples containing more PESfibres showed
f ai rly lower thermal conductivity and su bstantially warmer
feeling (up to 60%), then the pure cotton samples.

Allthese results have preliminary character and some
measurements should be repeated. Nevertheless, even
in this research state the following observations can be
presented:

1. shirts containing 2540% of classical PES fibres
blended with cotton, compared with non-treated pure
cotton shirts have shown similar or even better water
vapour permeability, fairly warmer feeling in dry state,
better shear, fairly better ability to keep the form and a
bit lower moisture absorptivity (worse thermal contact
comfor t  fee l ing in  the case of  super f ic ia l  wet t ing) .
Moreover, thermal-comfofi properties may be stil l im-
proved by the use of modified PES fibres [14].

2. The cotton anti-crease treated shirls compared with
the non-treated ones can be characterised by similar
water vapour permeability, relatively cool (less pleas-
ant)feeling in dry state, temporary smooth surface, high
but temporary form keeping and by substantially lower
(less pleasant) moisture absorptivity.

3. Theoretical shirt containing up to 50-70 % of spe-
cial liquid transporting fibres (e.9. Du Pont COOLMAX)
may exhibit, compared with pure cotton non treated
shirts, higher water vapour permeability, warm feeling
in dry state, smooth surface, good shear, very high
ability of form keeping and excellent (most pleasant)
thermal contact comfort feeling in the case of supedi-
cial wetting (high moisture absorptivity). The cotton fi-
bres then would contribute to the lower bending and
shear rigidityand softer handle of the fabric.

96

4. CONCLUSIONS

From the first application of the indirect method of
experimental determination of the moisture absorptiv-
ity described in this paper, may be concluded that su-
perficially wetted non - finished 100% cotton fabrics
show substantially warmer (more pleasant) feeling then
those of cotton/PES blends, which correlate with prac-
tical experience. Special products like Coolmax knits
made of modified PES fibres or double layered cotton/
PP knits exhibit the same or even better "warm-cool"
feeling as the pure cotton woven fabrics. On the other
hand, fabrics containing low percentage of PES fibres,
may exhibit  higher complex quali ty, due to their better
abi l i ty  to  keep the form and easier  maintenance,
whereas the reduction of their moisture absorptivi ty
might be relatively low.
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DEPARTMENT OF TECHNOLOGY AND MANAGEMENT
OF APPAREL PRODUCTION

TEACHING STAFF

Assoc.Prof.lng.Otakar Kunz,CSc., Head of Department
Mgr. lng.Nejedla Mar ie
Mgr.Lubo5 Zatloukal
lng. Sm6kalovd Marta

It is one of the youngest departments of our Fac-
ulty of text i le engineering. The department was es-
tabl ished in 1997 in Prostejov town in the central
Moravia as detached faculty department. Department
is responsible for bachelor study program "Technol-
ogy and operation of apparel production", orienta-
tion clothing production. Contemporary there is about
105 students enrol led into this program.

Not only staff members of the department, but also
external teachers from other departments of our
Technical university, f  rom Palacky university
Olomouc, and last but not least experts from com-
pany OP Prostejov and other inst i tut ions.

Prostejov and i ts surroundings provides students,
thanks to extremely great clothing industry concen-

trat ion, with excel lent condit ions to recognise con-
temporary technologies, machines, organisation of
industrial processes etc.

ln a relat ively short t ime of the department exist-
ence i t  became supervisor of two projects of the
"Higher education development fond", f i rst was con-
nected with building of the CAD systems laboratory
and second with the change of study programmes
(completing the studies with industr ial praxes). De-
partment is as well co-operator of the project of Grant
Agency of Czech Republic called "Sensorial comfort
of clothes and shoes", main supervisor is Faculty of
technologies in Zl in.

Beside i t ,  the department is oriented on
- development of new communicative computer pro-

grammes for clothing production,
- compressive effect of the elastic clothes on human

body,
-  appare l  design for  d isabled young people

optimisation,
- computer aided clothing etc.
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DEPARTMENT OF MECHANICAL TECHNOLOGIES

Teaching staff
Prof. Ing. Petr Ursiny, DrSc., Head of Department

Prof. Ing. Stanislav Nosek, DrSc.
Ing. AleS Cvrkal
Doc. lng. Vladimlr Moravec, CSc.
lng. Eva DuSkovd
Ing.  El i5ka Chrpovd,  CSc.
Ing.  Alena Fr idr ichovd
Dr. Ing. Petr Tumajer
Ing. Petra Jirdskovd
Ing. Vdclav Bejcek
lng. Lenka Nevyho5t6n6
lng.  lngol f  Brotz
lng. Tomd5 Moravec (part t ime)

Characterist ics
The Department of Mechanical Texti le Technolo-

gies was establ ished in 1997. The Department pro-
vides education for students both in basic as well
as in advanced courses. The Department concen-
trates on theoretical and experimental training in me-
chanical text i le technology with attention given to
spinning, weaving and knit t ing. These 3 fundamen-
tal technological branches create the predominant
part of the text i le industry. These professional
branches are focused upon technology, machinery
and their faci l i t ies and are connected with relevant
questions, especial ly those dealing with the quali ty
of the entire text i le processes.

Teaching activi t ies
The Department offers 3 courses for basic study,

14 courses for special ised advanced studies and 20
courses for bachelor studies.

The Department supervises the Diploma Theses
in the special isat ion "Texti le Technology".

The Department offers postgraduates studies in
spinning, weaving and knit t ing.

Research activi t ies
Main research topics of the Department are related to:

o technology of spinning, twisting and texturing
o optimisation of technological processes in spinning
. new spinning technologies
o analysis of fibrous structures
o structure and stability of woven fabrics during the

process of fabric formation
r dynamics of the beat-up process and weaveability

at high weaving rates
. influence of dynamic motions of the reed, back-rest

and shed on weaveability
. transit ion processes after parameter variat ions

(weaving speed, tension) in fabric

98

Postgraduate Students and Their Theses
Ing. AleS Cvrkal: Fabric forming process and weft

sl ipping into the cloth fel l  during a
beat-up pulse.

Ing. Eva Cihldiovd: Structure of mass irregularity of
yarns.

lng. Monika Diinovskd: lnf luence of dynamic coeff i-
cient friction on the dynamic
weaving resistance.

Ing. Petra Jirdskovd: Relat ion between mass irregu-
larity of the linear and the plain
textiles.

Ing. lrena Mrazikovd: The dependence of static
weaving resistance on fabric
b inding.

Ing. Jaroslava Richterovd: The anisotropy of me-
chanical properties of the fabric in
various directions influenced by
the weaving process and by the
structure of the fabric.

lng. Brigita Sirkov6: Modelof the shape of binding wave
while using the Fourier series.

Ing. Duong Tu Binh: The inf luence of weaving dy-
namics on the quali ty of the
product.

Main Scienti f ic Projects
The Solution of Dynamics of the Weaving Process

and Building of the Laboratory for Diagnostics and
Measurement on Textile Machines
Project manager; Prof. lng. Stanislav Nosek, DrSc,

Project obiectives: the work focused on problems
of interactions within the systems < weaving loom -
text i le material on the machine> during the proc-
ess of fabric formation on the loom at very high weav-
ing rates. The researchers used the theoretical ap-
proach to solve dynamic questions based on dynamic
stat ist ics as well  as nonl inear dif ferential equations.
For the sake of veri f icat ion of theoretical results, as
well  as for empir ical induction of various solut ions
at the beginning of any theoretical work, the team
members in their experiments used the devices of
the bui l t  laboratory comprised of measurements sys-
tems, signal analysers, high speed video camera with
picture analysis, etc.

The activity of the project is aimed at increasing
the knowledge of the weaving process, gaining data
for appl icat ions in the industry for the design of ma-
chines as well  as exploitat ion, and also for training
students in both the engineering and PhD. programs.
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Network for Studying Warp Related Weaving prob'
lems
Project manager; Prof. Ing. Stanislav Nosek, DrSc.

Project objectives: The task of the project is to
exchange information between partners from about
17 European countr ies about present direct ions and
the results of research in the field of weaving tech-
nology. The project also seeks to inf luence the
weaving process and quality of produced fabrics by
changing or improving the propert ies of the text i le
materials on the loom and by new solutions of the
dynamics of the loom and i ts individual mechanisms.

The project is deal ing with problems in the fol low-
ing main areas of research in weaving and of prop-
ert ies of the result ing product:
1. Mechanical properties of textile materials processed

on the weaving loom, and
2. Influencing or improving of these propefties from the

point of view of quality and stability in the weaving
process.

3. Chemical origin and propert ies of f ibres from the
point of their further processing on the loom.

4. Mechanical properties of produced goods - fabrics.
5. Dynamics of the weaving process and interaction

between the weaving mechanisms and the textile
material.

6. Measurements and new research methods applied
in the weaving technology.

Novel Visualisation Sysfem for Control and Monitoilng
Project manager; Ing. Eli5ka Chrpovd, CSc.
Project objectives: Continuously increasing the

amount  of  technologica l ly  demanding products in
industr ies requires the development of objective
measurement and control methods for materials,
processes and production itself.

The project brings new techniques, relat ing to im-
age measurement and fractal measures appropriate
to chaotic systems, to practical industrial settings.
The goal of our work is to be able to monitor and
control the product and process with feedback to the
production process. For the solution we use a video
camera that al lows on-l ine evaluation. The segmen-
tation of the scanned surface into pixels and its de-

scription with a map creates appropriate conditions
for the application of means and procedures. This
project also provides educational opportunities for
training at the PhD level.

The Relationship between structure and Properties
of OE-rotor yarns
Project manager: Prof. lng. Petr Ursfny, Dr.Sc.

Project objectives: ln this project chosen questions
were solved within the systems <technology - struc-
ture - properties> during the process of OE-rotor
spinning. A new relat ionship was discovered. l t  con-
cerns the clari f icat ion of new legal i t ies in connection
with the use of higher frequency of rotor revolut ion,
that also needs a smaller diameter of a col lect ing
surface of the spinning rotor.

On the basis of new science-research knowledge
about the structure of the mass irregularity it was
possible to clari fy the changes of the mass irregu-
lari t ies of rotor spun yarns.

From a defined rotor speed onward, when a re-
placement of the rotor with a rotor of a smaller di-
ameter becomes necessary, i t  becomes a smaller
measurable mass irregulari ty, in spite of the reduc-
tion of the cyclic doubling, due to the reduced number
of noncompensatabi l i t ies of the mass irregulari ty of
the fiber flow. The analysis of the actuating variables,
which act upon the size of the square irregulari ty
according to the derived relation, reveals that the
harmonic components of the mass irregularity, which
cannot be evened out by cycl ic doubling system,
consti tute an essential component of a very small
ampli tude. The f indings from the application of ro-
tors with differing diameters of collecting surfaces for
a given rotor speed also bear this out.

Theoretical and experimental investigation of the
structure of the mass irregularity of rotor spun yarns
provided the scientific-research basis for a new so-
lut ion to ensure signif icant propert ies of rotor spun
yarns (mass irregulari ty) in dif f icult  technological
condit ions with high productivi ty of the spinning unit
of OE rotor spinning machine.

The project was solved in co-operation with stu-
dent of engineering.
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SOME FACTORS OF BREAKAGE RATE
IN OE-ROTOR SPINNING PROCESS

Petr URSINY

Technical University of Liberec, Czech Republic

1.  In t roduct ion

Yarn break frequency rises with increasing rotor
speed, reduced yarn twist and increased spinning
count, to the extent that, in the most unfavourable
circumstances, an increase in the effective produc-
t ion rate can be prevented and yarn quali ty inadmis-
s ib ly  impar ied.

It  is essential therefore to consider the demands
on yarn strength resulting from feed sliver quality and
OE rotor spinning parameters in conjuction with yarn
break f requency [1] .

2. Theoretical analysis of the relat ionship
between tensi le strength and yarn break fre-

quency on the OE rotor  sp inning machine

Yarn breakage always occurs when yarn tension
in the spinning process momentari ly exceeds tensi le
st rength (F ig.1) .

As various studies have shown, measured yarn
tension and tensi le strength values are standardly
distr ibuted relat ive to t ime, and are stat ist ical ly in-
dependent of each other [2].  The fol lowing stat ist i-
cal parameters can therefore be introduced for yarn
tension Ft and tensi le strength Ft

F11 e NIF11,02(FH)]
F2 e NIF2,62(Fz) ]

F*, E mean tensile strength and yarn tension, o2(FH),
62(Fz) tensile strength and yarn tension scatter

As the dif ference (FH - Fr) also has a Gaussian
distr ibution, yarn break probabil i ty results from the
fol lowing relat ionship:

P(Fr- FH > 0) :_
:  P [ F z -  F H  -  F = -  F r ) ,  -  ( F z -  F r ) ]

Fr-F, I_ l  F z - F H - ( F r - F n )  _

| , lo'Fr; + o21Fn ) ,lo'Fr; + o21r, ; I

Probabil i ty of the yarn breakage:

1 0 0

l - _ t

PlFr -F,, 'ol=1-Fl + | trt'  
L, lo 'Fr)*o'(rr) l

l f  the standardized form of the Gaussian distr ibu-
t ion is  deduced for  th is  re lat ionship,  the inc identa l
standardized dimension u can be defined as fol lows:

P I F r - F r t 0 l  : 1 - F ( u )  ( 3 )

l f  the scatters are replaced by the variat ion coeff i-
c ients of  the maximum tension vn and yarn tension
v, the relat ionship for the standardized random di-
mension u as fol lows:

. 1 0 0
vz(F) t  *  v r (E) t

From the last relat ionship (5) can be seen the ef-
fects of the mean tensi le strength and yarn tension
together with their coeff icients of variat ion on the
stabi l i ty of the spinning process. The mean level of
the two tensi le loads id determined by the specif ic
technologica l  condi t ions of  the OE rotor  sp inning
process. The coeff icients of variat ion of yarn tension
and tensile strength are affected by various non-fixed
inf luences,  e.g.  the mass i r regular i ty  and pur i ty  of
the supply  s l iver .  The standard ized form of  the
Gaussian distr ibution of yarn break probabil i ty fol-
lows the curve in  F ig.  2 .  ln  F igs.  3  and 4,  the prob-
abi l i ty of yarn breakage relat ive to the mean tensi le
strength parameters (8.0 to 10.5 cN/tex) and their
coefficient of variation (5 lo 20%o) is represented as
an example,  f rom which the technologica l  l imi ts  for
rotor spinning process stabi l i ty can be deduced.

3. Experimental study of relat ionship between
the coeff icient of variat ion of tensi le strength

and yarn irregulari ty.

The stabi l i ty of the spinning process is dependent
on the mass irregulari ty of the OE rotor yarn. The
theoretical representation of the relationship between

(4 )

(5 )

l - - t
, , - l  Fn-Fz I

LJ" ' (Fz)+o ' ( r r ) l

( 1 )
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Table 1 Correlation between the coefficients of variation of yarn mass and tensile strength CV"

Spinning condit ions variable Coetficient of correlation
Calculated critical

Statistical analysis resull

constant

variable-rotor
cleaning

cv,_cvH

u.-cvH

0,146

0,986

0,322 in 38
test series
0,950 in 8
test series
on 4 levels

no l inear dependency

l inear dependency

the coefficient of variation of tensile strength and yarn
irregularig relative of drawframe sliver regularity does
not produce practically applicable results, and there-
fore we deduced by experimental studies the effect
which the efforts to achieve a high degree of mass
regularity in OE rotor yarn has on yarn break fre-
quency. The tr ial  programme includes the fol lowing
investigations:

A) Constant spinning condit ions

From a drawframe sl iver (CV = 4.2 %), a 100o/o
cotton 25 tex OE rotor yarn is produced, the spin-
ning condit ions remaining virtual ly constant through
adherence to the specified production conditions. The
mass irregulari ty of the OE rotor yarns is the result
of feed sl iver qual i ty and the OE rotor spinning proc-
ess in unchanging production condit ions.

B) Systematic change spinning condit ions

Rotor cleaning is dispensed with in producing a
100% cotton 35.5 tex OE rotor yarn, producting a
systematic change in the technological spinning con-
ditions. Deposits of trash and dust in the rotor groove
are not removed, and have a detrimental effect on
yarn irreqularity. The coefficient of variation of ten-
sile strength and yarn mass are measured after 1,3,5
and 7 hour machine operation without rotor clean-
i ns  [1 ] .

The dependence of the coefficient of variation of
the yarn mass CV, and the l inear irregulari ty U, of
the OE rotor yarn on the coefficient of variation of
its tensile strength CVp can be seen in the correla-
t ion coeff icients (Table 1).

I t  can be seen from Table 1 that, in unchanging
spinning condit ions (good feed sl iver qual i ty, observ-
ance of al l  the technological condit ions for OE rotor
spinning process stabi l i ty),  there is no stat ist ical ly
signif icant relat ionship between the coeff icients of
variat ion of yarn mass and tensi le strength. Random
yarn strength variat ions correspond with random
drawframe sl iver weight variat ions.

l f  ind iv idual  marginal  OE rotor  sp inning process
technological condit ions (e.9. rotor cleaning cycle)
are ignored, yarn mass irregulari ty increases, result-
ing in a l inear relat ionship between the l inear irregu-
larity of the yarn mass and the coefficient of varia-
t ion of tensi le strength.

Systematic technological changes in spinning con-
dit ions [3],  which improve OE rotor yarn mass irregu-
larity, reduce the coefficients of variation of maximum
yarn tension and therefore yarn break frequency.
Spinning process stabi l i ty with increased output in
the production of f iner yarns therefore requires fur-
ther endeavours for evening the fibre flow and there-
fore the yarn.
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RESEARCH ACTIVITIES OF THE DEPARTMENT
OF MECHANICAL TEXTILE TECHNOLOGIES

Production of linear and plain textiles is known nearly
for 30 thousand years, however it has been developed
very slowly and incidentally. Not before the second half
of the 20-th century its development has stafted to take
in rate and then new principles have arisen, such as
open-end  sp inn ing ,  g r ipper  looms,  je t  l ooms o r
mult iphase looms. Since the beginning of the 1950-ies
production and working frequencies have increased
almost ten times as we can see on Fig. '1. Unfoftunately
there arises another problem at the increased working
frequencies of textile machines, the problem of func-
tioning of the system <textile machine - processed tex-
tile material>. The textile machine is a system of mas-
sive bodies connected together by relat ively r igid
transfer links as well as by compliable textile material.
With increasing frequencies of the machines there is a
necessity to decrease the weight of its mechanisms,
which leads to the increase of their compliance. In such
a system varies the action forces influencing the proc-
essed textile product. There changes also the structure
as well as the quality of the final textile product. In ad-
dition to that there exist several textile materials and
products, which are not able to undeftake the increased
state of stress at high working frequencies, and/or the
system <machine - textile object> can become unsta-
ble and the product is irregular. At the same time the
textile process is strongly affected by breakdowns and
the machine output decreases.

That is why the researches on the Department is
linked to the situation mentioned above, considering

the textiles, textile machinery and measuring and con-
trol techniques. Research activities are focused on the
behaviour of the system <textile machine - processed
textile object> as well as on the behaviour of its indi-
vidual components in connection with increasing work-
ing frequency. The results will be applied as changes
in the process of design of textile machines and in the
option of construction materials. The results can also
influence proper adjustment of the processed materi-
als and the construction of the final textile products. In
connection with mentioned results efforts have been
made to find new research methods and new measur-
ing and evaluating methods for the quantities arising at
the contemporary producing processes.

Pafticular problems solved at the Department shows
Fig.2
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I .  SPINNING TECHNOLOGY

Spinning process
The long term scientific research activiy is oriented

to the theory and technology of spinning and spin-
ning machines. l t  is especial ly focused on the fol-
lowing part ial  subjects: the basic research and
optimisation of technological process in spinning, the
analysis of the unevenness of fibrous structure and
inf luences of technology, the simulat ion of spinning
process, the automation in the spinning mil l ,  tech-
nology of  the h igh speed open-end spinning,  tech-
nology of new unconventional spinning system, new
method of the evaluation of mass irregularity of spin-
ning products and new method of the simulat ion and
optimisation of spinning processes and systems.

Recently a lot of scienti f ic research themes have
been resolved in the framework of co-operation on
research design "Formation, structure and structural
mechanics of text i les."

I t  general ly deals with the problems of technology
of production of the linear textiles, mechanics of their
production and the relat ion between technological
process and propert ies of the l inear text i les.

In the f ield of open-end rotor spinning system the
scienti f ic research problems were resolved from the
individual technological zone. The probabil i ty simu-
lat ion of sl iver opening and transport process in the
opening rol l  zone was created. This simulat ion ena-
bles to optimise the shape of opening zone with the
aim to obtain the even fibrous flow for next treatment
in  the open-end spinning system.

Furthermore the probabil i ty simulat ion of f ibrous
flow in the air-transporting channel was created. This
s imulat ion makes possib le to  choose the opt imal
length of the channel with respect to maximum de-
gree of the separation of f ibres.

Application of the probabil i ty theory in the f ibre
opening and transport process in the opening rol l
zone is following. The probability of fibre transfer from
the peripheral speed of the feed rol l  to that of the
opening rol l  can be described with the aid of the
Markov chain laws.

The f ibre transfer matrix forms the basis for deter-
mining f ibre dwell  t ime in the feed rol l  and press plate
nip zone before transfer to the opening rol l  (aver-

age t ime, t ime scatter).  The transfer probabil i t ies p;;
are therefore the probabilities of fibre transfer from
condit ion i  (movement at the peripheral speed of the
feed rol l)  to condit ion j  (movement at the peripheral
speed of the feed or opening rol l) .

The mean f ibre dwell  t ime in the comb-out zone
and its scatter can be deduced from this.

l f  a minimum mean f ibre dwell  t ime is achieved in
the comb-out zone, fibre scatter, and therefore the
possibi l i ty of addit ional f ibre f low unevenness due to
the draft, is also reduced.

Performance increases in OE rotor spinning tech-
nology and the production of f iner OE rotor yarns
place str ingent requirements on feed sl iver qual i ty
and the technological control of al l  part processes.
A low OE rotor yarn level of unevenness is favoured
by the formation of a uniform f ibre f low in the open-
ing rol l  zone. The structural design of the feed rol l /
press plate part system must ensure minimum fibre
dwell  t ime scatter in the comb-out zone.

In the f ield of open-end spinning system was ana-
lysed the problem of breakage rate (theoretical analy-
sis of the relat ionship between tensi le strength of
yarn and yarn break frequency on the open-end ro-
tor spinning machine and experimental study of re-
lat ionship between the coeff icient of variat ion of ten-
si le strength and yarn irregulari ty).

In the f ield of technology of spinning was analysed
the problem of changes of mass-irregulari ty (theo-
ret ical solut ions of transformation of mass - irregu-
lari ty in the spinning technology and inf luence of
selected technological systems and processes).

Structure of mass irregulari ty
The variance-length curve transcribes an inf luence

of the part icular technological levels on structure of
the mass irregulari ty. The processes of evaluation
of this variance-length curve are known from the SOth
years. They have been designed for classical cot-
ton and woollen technologies. However, these tech-
nologies are characterised by the gradual drafts. The
rotor spinning machines work on the dif ferent prin-
ciple comparing with the classical spinning machines.
This principle does not consist in the gradual ref ine-
ment but in combination of the super draft and the
thickening by the cycl ic doubling. The question is how

0 feeding device (sl iver)
1 zone of f ibres transport by str ipping rol ler (f ibrous f low)

2 zone of fibres transport by air
3 collecting surface (fibrous flow)
P col lect ing point (f ibre band)
4 draw-off (yarn)

1 0000
1 000
1 0 0
1 0
1

0 , 1
0 ,01

0,001

Fig. 3 Partial drafts P of rotor spinning system - e.g.:
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the rotor spinning system wil l  inf luence the variance-
length curve, respectively how the part icular seg-
ments of the curve are formed.

The aim of this work then is: the investigation of
the transformation of mass irregularity by the rotor
spinning system, theoretical analyse of the variance-
length function from view of the influence of the tech-
nology on i ts course, the possibi l i ty of appl icat ion
variance-length function in the cotton rotor spinning
mil l  and the evaluation of i ts meaning from view of
rotor spinning. The attempt to develop some proc-
ess of evaluation of variance-length curve corre-
sponding to open-end spinning system is closing of
whole work. Then the possibi l i ty to extend the ap-
pl icat ion of the variance-length curve in the rotor-
sp inning mi l l  and to obta in so the image of  in f luence
whole technology on the mass i r regular i ty  wi l l  be
given to users of the apparatus USTER-TESTER.

Mass irregulari ty of the l inear text i les with
appearance of the plain text i les

lrregulari ty of the plain text i les is caused by the
irregularity of yarns and also by the own process of
production - weaving or knit t ing. This thesis deals
with inf luence of l inear text i les. Evaluation of their
irregularity is described by parameters and functions
usually used in the practise. There is used the visual
evaluation of appearance in case of plain textiles.
This is mostly a subjective method and it is not based
on any quantitative parameters. On the other side
there exist effective measuring methods, precisely
evaluating mass and volume regulari ty of l inear tex-
t i les in the form of spectrogram. We can identi fy the
periodic defects using spectrogram analysis. Defects
affect final appearance of the yarn according to
wavelength of the defect and they can appear in the
fabric or in knitwear. Defects with short wavelength

show as "moire effect". Defects with longer wave-
length show as streakiness. Defects with medium
wavelength show at  the speci f ic  condi t ions.  The
unperiodical defects of the yarns are identi f ied by
length curve of variabi l i ty and they show as an un-
sett led, cloudiness appearance of the plain text i les.
Today the computer simulat ion is used for evalua-
t ion of the inf luence of the yarn irregulari ty on the
appearance of the plain text i les. We can model the
final fabric or knit  work on a computer using obtained
parameters of the yarn. There was an effort to de-
scribe the irregulari ty of the plain text i les by charac-
terist ics similar to yarns (e.9. area variance coeff i-
cient, area variance curve of fabric or knit  work), but
they are not used in practise. The main effort is to
f ind the quanti tat ive parameters or characterist ics,
which wil l  be able to determine appearance of the
plain text i les on basis of obtained parameters of the
yarn.

I I .  WEAVING TECHNOLOGY

Weaving process
Today text i le f i rms aim at keeping the productivi ty

of weaving and the quali ty of produced goods on the
possibly highest level.  However, these requirements
of modern weaving mil ls are determined by abi l i ty
of weaving machines to keep the required values of
weft density in f inal fabrics at permanently increased
weaving frequency (this is the so-cal led weave-
abi l i ty).  Frict ion coeff icient between weft and warp
is then getting a very important parameter. We speak
then about speed dependent friction of weft on warp.

The aim is to define the practical existence of de-
pendence of fr ict ion coeff icient on sl iding velocity. l t
appears that there exists a functional dependence
of friction coefficient on the time course of velocity

Ralarl{qr bstrrlc?n nrrss lrrqgrular{fg SI t rc ffnosr and ptrnin f*rl{loe

Fig. 4 Relation between mass irregularity of the linear and plain textiles
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and on the time-distance from the beginning of weft
sl iding. The course of weft sl iding into the cloth fel l
is the result of weaving resistance, which is again
the result of a form of friction coefficient dependence.

Weaving process is expressed then by equations
in the fol lowing order:

respond to reality the best. We aim to find out how
the fr ict ion coeff icient inf luences the intensity of
weaving resistance and the weaveability mentioned
above.

Fabric tormation
The next problem is the formation of fabric struc-

ture at the beat-up of the weft.
At the moment of beat-up the reed strikes on the

last inserted (zero) weft and pushes it into the fab-
ric. However at the same moment a certain number
N of wefts woven into the fabric before the zero weft
acts on each other and gets pressed a little deeper
into the weave than it corresponds to their right po-
sition in the setting. Yet after the beat-up, most of
these "wandering" wefts (N-l wefts) are shifted again
backwards, out of the fabric. Only the N-th weft ( in
the practice about the 3'd or the 4th weft) remains
pushed into i ts farthest posit ion, which is the f irst
correct one in the fabric setting, counted from the
cloth fel l .  Also the binding angles of warp ends on
this N-th and further (deeper) wefts are correct and
definite. The area of the N-1 "wandering" wefts is
cal led the zone of fabric formation. The l imited wefts
motions ahead and backwards may be called "weft
returning". Springing wefts as a matter of fact cause
the f lexibi l i ty of the cloth fel l  and this can inf luence
the whole beat-up process and then the whole weft
motion.

This work about the cloth fel l  is divided into two
parts:

Theoretical part deals with the solution of the beat-
up and weft motion, an analyzing model of fr ict ion
is considered. The motion of wefts in the forming
zone is caused by mutual forces of wefts on each
other, acting through the "shearing effect" of warp
ends crossed between the wefts. Yet the frictional
resistance of wefts sliding on the belted warp threads
restricts the weft motion (wandering) in both direc-
t ions.

Experimental part deals with a determination of the
course of the frictional coefficient dependent on vari-
able velocity between warp and weft yarn. lt is real-
ized by measuring equipment in the laboratory (ten-
sion meter, analyzer\. Observation of the course of
weft motions was focused on different materials used
in weft,  and the formational zone was monitored by
the high-speed camera SpeedCam-S0O, which rep-
resents high level of measuring technique which is
very unusual for this area.

Dynamics of the weaving loom
Formation of the fabric is not only the matter of

text i le material on the loom, but i t  is also the matter
of own weaving loom. Therefore the dynamics of the
loom is investigated and analysed.

Work is focused on analysis of the transfer proc-
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Fig. 5 Distribution of forces on the cloth fell

where Fo is beat-up force; R is weaving resistance;
C', C, are spring constants by which warp and fab-
r ic can be substi tuted; X is cloth fel l  elongation; cr,B
are constants given by the fabric structure; f* is func-
t ional ly dependent coeff icient of fr ict ion; Y is beat-
up pulse; E is weft sl ip into the fabric; A is required
pickspacing and A, is an inserted weft position. How-
ever some quantities are varying with weaving fre-
quency, part icularly the weaving resistance. l t  is
necessary to investigate this analytically and experi-
mental ly.

The aim is to create complex laboratory method,
which would enable measurements of weaving re-
sistance and of the track (depth) of weft sl ip into the
fabric ( into the cloth fel l)  at the same t ime. Two pos-
sible approaches of weaving resistance measure-
ment  are avai lab le.  They are s t ra in-gauge us ing
methods.  Thei r  requi re addi t ional  mathemat ica l
elaboration which leads to the resultant weaving re-
sistance.

The task to measure the weft sl iding path into the
fabric leads either to application of an optical method
using a high speed video recorder or to appl icat ion
of static photo camera with a speed shutter, control-
led by device measuring important intervals of the
observed process. The method enables to record
and visual ize the weft sl ip. So the val idity of speed
dependent friction theory can be verified. The first
step is to determine which course of weft slip cor-
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Fabric structure formulation
Loom setting at the particular process of weaving

(shutt les, shutt le less, mult ished weaving) and vari-
ous transit ion processes connected with start ing of
the loom, transit ion to dif ferent bindings (borders),
change of the tension of threads in the interlacing
etc.,  inf luenced the f inal structure of fabrics. Models
of the structure known from l i terature are not enough
operative and can hardly ref lect an inf luence of the
weaving process on the interlacing and the shape
of threads in the fabric. Al l  necessary information
about the fabric can be deduced from the descrip-
t ion of the shape of binding wave. Binding wave is
basis for evaluation of the fabric from the aspect of
the spatial geometry.

For the interlacing of threads it is characteristic that
the binding repeats regularly in the whole area of
fabric. Any deviat ion or change of the binding repeat
is usually caused by propert ies of the material in the
warp and the weft ( irregulari ty) or by the inf luence
of the weaving process.

From the cross sections i t  is perceptible, that the
shapes of the binding wave are necessari ly periodic.
For this reason for the description of the binding wave
a mathematical model using the Fourier series was
created. This model for descript ion of binding wave
we can use for valuation of the fabrics in the plain
as wel l  as in  the other  than p la in in ter lac ing.

The approximation means the expansion of the
funct ion " f (x)"  in  Four ier  ser ies in  the form:

€

7 
-L?,cos(nxcrr) + b, sin(nxor))

n = 1

where eo, en, brare the coeff icients of series
From the approximation of the course by a sum of

the Fourier series we obtain also the spectral char-
acterist ic of the waviness of the interlacing threads
in the form of the sequence of members of the se-
r ies. The wave characterist ics or the wave spectrum
represent certain propert ies of the interlacing.
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Fig. 6 a) Approximated shape of the binding wave in the twi l l  weave. Course zk1 (xk) - Approximation with one harmonic component
only. Course zkZ (xk) - Approximation with two harmonic components. b) Spectral characterist ic of the binding wave for twi l l
weave
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Fig.6 Mechanisms inf luencing dynamics of the loom

esses arising on the loom (start and stopping of the
loom) and their consequences in the fabric structure.
Stopping of the loom represents a pause in the weav-
ing process.  Dur ing th is  pause the posi t ion of  the
cloth fel l  is changing due to rheological propert ies
of text i le material.  At the start of the loom the angu-
lar speed of the main crankshaft is also changing.
The decreased value of this speed causes the in-
sufficient intensity of the beat-up. This fact shows as
so-cal led stop-mark in the fabric structure. l t  is pos-
s ib le to  e l iminate th is  negat ive phenomenon by a
suitable optimisation of the loom mechanisms and
its reaction on the changes of the cloth fel l  posit ion
at the loom start.  Another task is increasing of weft
density of the fabric, produced on high speed weav-
ing looms, using vibrat ion of the backrest rol ler or
reed. As was mentioned earl ier in the text the de-
creasing of the weft density at high frequencies of
the loom is caused by dependence of the fr ict ion
coeff icient on the speed of sl iding weft into the fab-
r ic. Vibrat ions of the parts of the loom, e.g. backrest
rol ler, reed etc.,  can posit ively inf luence the process
of the beat-up and enable to achieve higher weft
densi t ies.
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State of stress of fabric and i ts inf luence on
the application propert ies

Fabric is plain text i le product, which is gett ing
greater importance than it has ever had in the cloth-
ing industry. l t  is mainly obvious from its using in the
technical f ield as a basic material for various com-
posites. lt leads to a detailed research of their prop-
erties, particularly the mechanical ones.

The whole process of the weaving is process of
creation of the binding point, which is the fundamen-
tal structural element of the fabric. The binding point
is the area of warp and weft crossing, which dimen-
sions as well as its state of stress varies from the
place of origin into depth of the fabric.

Mechanical properties of fabric represent very wide
and complex area, which includes the knowledge of
propert ies of the init ial  product, i .e. yarn, the knowl-
edge of relation of the mutual interlacing between
warp and weft and the knowledge of fabric design
(weave, l inear density of the fabric, etc., .) .

Dependencies between individual parameters of
the structure (distance between yarns, high of the
weave wave of warp and weft,  binding angle, etc.. .)
in relaxed and stressed state are studied.
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Fig.7 Deformation of binding element

There is an effort to develop a method of fixation
and subsequent cutt ing of the fabric sample in the
stress state due to a comparison of the theoretically
calculated parameters and the real fabric parameters.
The aim is to define the shape of the interlacing of
yarns under the stress.
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DEPARTMENT OF NONWOVENS

Teaching staff
Doc. RNDr. Oldi ich Jirsdk,CSc., Head of Department
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Technicians: Vdclav Kotek, Filit Sanetrn[k, Jaroslav

Moravec, Hamouz.
PhD students: Koti5ovd, Hrlza, V6ra Soukupovd.

Characterist ics
One of the best known and active departments in

the f ield of non-woven text i les structure and produc-
t ion. For example new STRUTO technology, devel-
oped in this department, is now used in many coun-
tr ies including USA.

Teaching activi t ies:
a) Production of nonwovens (Jirsdk) one-term basic

course for students in technological streams
b) Subjects for the specialization nonwovens:

Polymeric adhesives (Martinovd)
Theory of nonwovens (Luka5)
Stereology (Luka5)
Mechanical technologies of nonwovens (Mackova)
Chemical technologies of nonwovens (Jirsak)
Thermal technologies of nonwovens (Jirsak)
Industrial fabrics (HanuS)
Processing of waste fiber materials (Hanu5)
c) Teaching nonwovens on PhD level

Research activi t ies
a) New high-loft  nonwoven technologies and fabrics

(Struto, Rotis)
b) Machinery for production of perpendicular laid bulky

fabrics (lapper, through-air bonding chambers)
c) Research in melt-blown technology
d) Thermal insulat ing
e) Filtration properties of textiles
f) Sorption properties of textiles

g) Fill ing properties of high-loft textiles

Laboratory equipment
- a l ine to produce cross-laid needled fabrics
- a Struto plus thermobonding l ine
- hot press
-  co lender
- chemical bonding
- melt blown laboratory unit
-  tens iometer  Kruss K12
- test ing f i l ters - the NaCl bench Rig System

(BS 4400)
- test ing mechanical propert ies (tensi le,

compressibi l i ty, etc..)
- test ing thermal insulat ing propert ies
- eletrostat ic charging device TANTRET
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PERPENDICULAR LAID FABRICS OF FLAX,
JUTE AND KENAF FIBERS

Doc.  RNDr.  O.  J i rsdk,  CSc. ,  lng. l .  Mackovd,  Dr .  D.  V.  Par ikh"
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INTRODUCTION

Technology of production perpendicular laid highloft
fabrics was developed at the Technical University of
L iberec,  Czech Republ ic  in  the la te 80 's  [1 ] .  S ince
then, a number of machines have been instal led in
the Czech Republ ic ,  Germany,  Austr ia  and other
countr ies. ln 1998, the instal lat ion of production l ines
begun in the USA. The working width of machines
is  usual ly  1M, 2M and 2.5M, the product ion of  the
latter up to 500 kg/hod.

Production l ines consist of a card, perpendicular
lapper and a through-air thermobonding chamber.
A blend of base f ibers and bonding f ibers is proc-
essed.

A wide variety of specific fabrics have been de-
veloped in range of base weight 100-2000 g/r '  ,
thickness 15-35 mm, density 5-60 kg/mt depend-
ing on f iber material and end-uses. The fabrics show
excellent compressional behavior and found the use
in furniture, sleeping bags, automative industry, as
f i l ter materials etc.

Most of producers process various kinds of poly-
ester f ibers or waste f iber materials. A wide variety
of bonding f ibers are avai lable namely:
I mono-component polypropylene, polyethylene, co-

polyester and co-polyamide fibers,
r bi-component (core/sheath) polyester/co-polyester,

polyester/ polyolefine, polypropylene/polyethylene
etc.

2.  PROCESSING JUTE, FLAX
AND KENAF FIBERS

2.2 Carding
Blending,  opening and card ing these f ibers re-

quires special machinery which is well  known and
available, nevertheless it is not available at the Tech-
nical University in Liberec. To process the f ibers,
woolen carding machines were used. This fact should
not considerable inf luence result ing fabrics.

2.3 Bonding f ibers
Proper bonding f ibers must be selected for every

specif ic base f ibers considering
r bonding capacity,
r price of final fabric.
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Coarse f lax, jute and kenaf f ibers can be success-
ful ly bonded using mono-component higher dtex, low
melt viscosity and non - shrinkable bonding f ibers.
The base f ibers with high content of impurit ies cre-
ate a non-consistent carded web. Therefore the
bonding f ibers should be of a long staple to help the
consistency of carded web. Low price of f ibers is
desirable considering the price of f inal fabrics.

After prel iminary tests, the polyethylene bonding
fibers 7 dtex 75 mm (producer Drake, England) were
selected for  fo l lowing exper iments.  Thei r  pr ice is
about 1.5 USD/kg. Polypropylene bonding f ibers of
3.9, 6.7 and 17 dtex were also tested as bonding
fibers. These were not selected for following reasons:
r polypropylene f ibers usually show some level of

shrinkage below melting temperature which leads to
irregularities in fabrics

I polypropylene f ibers require rather high bonding
temperatures (over 170'C). These temperatures
proved to bring a fire hazard when processing the
fibers materials containing high amount of dust.
Bi-component bonding f ibers were not chosen be-

cause of rather high price when considering possi-
ble price of jute, kenaf and f lax fabrics.

2.3 Experimental part
The base fibers were preblended with polyethylene

bonding fibers in a roller carding machine. The carded
web was cross-layered and slightly needled. The matt
was then led into second roller card and the carded
web processed by the vibrating perpendicular lapper
into a fiber layer formed on the sieve conveyor belt of
through-air thermobonding chamber.

The process was accomplished using a laboratory
pi lot l ine with fol lowing parameters:

A.  F iber  b lends
4.1 20 % PE 80 % Jute
A.2 35 % PE 65 o/o Jute
A.3 35 % PE 65 oh Kenaf
A.4 35 % PE 65 % Flax

B. Process parameters
Area weight of cross-laid fabric 44Q glmz
lnput speed into second card 1 m/min
Output seed of carded web 10 m/min
Area weight of carded web 44 glm2
Frequency of lapper 155/min
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Bonding temperature ("C)
Dwell  t ime in oven

Linear speed of conveyor belt  0.2 m/min
(bonding oven)

CONCLUSIONS

The technology of processing jute, kenaf and f lax
f ibers by perpendicular layering carded web and fol-
lowing through-air thermobonding has been devel-
oped. Various kinds of bonding f ibers were tested.
Polyethylene bonding f ibers have been selected as
an optimum choice concerning processabil i ty, bond-
ing capacity, process security and price.

The fabrics show rather poor propert ies concern-
ing compressional resistance and elast ic recovery.
Thei r  end-uses could be found in :
r thermal moulding process, production of sound - and

thermal insulat ions. Here the perpendicular- laid fab-
r ics show some advantages l ike formabil i ty when
compared with conventional needled fabrics.
f i l l ing material
water filtration
thermal insulat ions (provided the f lammabil i ty is re-
duced)
carrier of grass seeds for re-cultivation of land.

REFERENCE

KREMA,  R . ,  J IRSAK,  O . ,  HANUS,  J .  ANd  SAUNDERS,  T . :
Nonwovens Industry 20 ( '1997), 10, pp. 74-78

140  
'C

5  m i n

Dwell  t ime in oven was extremely long due to re-
quired high area weight of fabrics. In the production
process the dwell time cca. 1 min would be sufficient.

Fol lowing materials have been prepared:

Material Thickness Area weight
(No of blend) (mm) (g/m')

Density
(kg/mt)

A1
A2
A3
A4

35
35
35
35

1 000
1 400
2000
2300

28,6
40,0
57 ,1
65,7

T

T

T
Nofe; The processed fibers materials contained high
amount of impurit ies which fel l  out of carding ma-
chines. That is why the composit ion of samples is
not equal to that of f iber blends A1 , A2, A3. Approxi-
mate amount of lost f ibers was

A1
A2

4 5 %
3 7 %

A 3  4 1 %
A 4  2 8 0 t1I
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DEPARTMENT OF CLOTHING

Teaching staff
Doc. Ing. Zden6k K0s, CSc., Head of Department

Doc. Ing. Antonin Havelka, CSc.
Ing. Dagmar RrjZidkovd
Ing. Bc. Vera Glombfkovd
lng. Petr Tylfnek
Ing. Andrea Halasovd
Ing. Jana Zouharovd
Ing. Milena Kaprasova, CSc.
Ing. Helena Vargovd, Ph. D. student
Ing. Petra Komdrkov6
lveta Kinclovd, secretary
lng. Milada Kubfckovd
Gerhard Geisler, technician
Ing. BlaZena Musilovd
Jana Podzimkovd, technician

Characteristics
Department of Clothing engineering is a part of

Faculty of Textile Engineering of Technical Univer-
sity of Liberec. The Department of Clothing engineer-
ing guarantees courses in all special areas of Cloth-
ing Technology in Masters and Bachelors Degree
studies and PhD study as well at the Faculty of Tex-
t i le Engineering. The department guarantees guid-
ance of Bachelors, Masters and Doctors thesis.

Master of Science Degree: Branch Clothing tech-
nology, Orientation on Processes of Clothing Fabri-
cation and Aparel Production Design.

Bachelor of Science Degree: Branch Technology
and direct ing of clothing manufacture.

Teaching activities
Staff of department guarantees courses in Bach-

elors, Masters Degree studies of the full-time form
and part-time form of study and in PhD Degree.

Bachelor of Science Degree:
o Apparel Production
o Properties of Clothing Materials
o Introduction to Computers
o Organisation and Management of Clothing

Production
o Technology Production Preparation
o Basis of Pattern of Clothing
o Clothing Technology
o History of Fashion Culture
o Pressing, Forming, Mounting and Finishing

Technology
. Process of Dividing and Connecting
o Pattern and Styling of Cloth
o Automation in Clothing Industry
o CAD/CAM systems in Apparel Industry
. Special Methods of Measurement
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Department of clothing engineering provides sub-
ject "Apparel production" for branches "Textile mar-
keting" and "Mechanical texti le technology" too.

Master of Science Degree (for full-time form and
part-time form students)

o Joining Technology and Machinery
. Pattern Design l, l l
.  Clothing Materials and Clothes Physiology
. Steam lroning and Finishing
. Introduction to Computers
o CAD systems in Apparel Industry
o Technology of Clothing
o Production Preparation in Clothing
. Organisation and Management of Clothing

Production
o Automation of Cutting and Production Prepa-

ration
o Unconventional Connecting and Cutting
o Robotics in Apparel Production
o Aesthetics
. Computer simulation of clothing Production
o lndustrial Garment Products
o Special Methods of Measurement
For all M.Sc. students of Faculty of Textile Engi-

neering in the full-time form and part - time form of
the textile technology the following courses is given
the subject "Apparel production".

Members of Staff of the department take part in
Final State examination at Technical University in
Liberec, Prost6jov, Trendln and Pre5ov as chairmen
and members of the committees.

Teaching is realised in these special laboratories:
o Laboratory of clothes physiology
o Laboratory of testing of mechanical properties

of clothing products
. Laboratory of technology of clothing
o Laboratory of joining processes
o Laboratory of CAD systems
o Laboratory of automation and robotics
. Software for computer simulation in common

computer classroom TF

Research activities
Research activities of Department of clothing are

connected with speciaf abilities of its members. The
part of activities is financed by grants and economic
activities. The aim is to publish general results of
successful solution in specialised journals and pres-
entation at international conferences.

The main areas of research are:
o Computer simulation of apparel processes,

machines - optimisation of production
. Evaluation of physiology and clothing comfort
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.  Application of frame analysis on detection
and classification of selected facts of clothing
production

. Application of f ini te element method to se-
lected problems in clothing

r Objective evaluation of organoleptic properties
In connection with the international project

COPERNICUS and the Sth program of  EU these
branches wil l  be extended in future.

The Department take part at the following research
projects:
Research project of the Ministry of Education:

o VZ Organoleptic propert ies of the 3D texti le
products (Zdenek Kris)

Grant prgiects solved in 1996/1999:
o GACR 1999-2001 c.  106/9911184 -  PSOTEX

(Mil i tkl i  Ji i i )
Other projects solved in 1998-1999:

.  FRVS 381/1998 K[rs  Zden6k,  M.Sc.  Ph.D. :
Application f ini te elements method in student
research thesis

International co-operation
International co-operation enters into contact with

many departments of the same orientat ion, mainly
in Europe. Reciprocal scienti f ic contacts are used
with col leagues for example of Manchester Metro-
pol i tan University, Great Bri tain, University of Leeds,
Hong Kong Polytechnic, University of Minho, Portu-
gal. The members of Clothing department give spe-
cial seminars and they attend science congresses
to real ise scienti f ic co-operation. The last interna-
t ional  congress was Text i le  Science in  1998 in
Liberec. Within the frame of scienti f ic co - opera-
t ion and solut ion of common tasks fol lowing foreign
experts visi ted the Department of clothing in the
years 1996-1998:
- Prof. Bereznenko and colleagues, Kiev Polytechnics,

the Ukraine,
- Prof. Kawabata, Shiga University, Japan,
- Prof. lbrahim and colleagues, Mansoura University,

Egypt,
- Dr. A. Vlasenko, Kiev Polytechnics, the Ukraine,
- Jintu Fan a Ji Li,  Hong Kong Polytechnics, Hong

Kong,
- Kim Lee, Polytechnic Korea,
- Assoc. Prof. Jelka Ger5ak, Maribor, Slovenia,

- And others.
Recently and in the future wil l  be used contracts

of Faculty of Texti le Engineering of Technical Uni-
versity for realisation collective science projects.

Development plans of the department:
To ensure the necessary of new subject wi l l  be

real ised by feedback from students (questionnaire).
Study materials for some subjects wil l  be prepared.
The f i l l ing of some lab-exercises wil l  be modif ied. The
aim is to have two lectures for one subject at least
and al l  of the leading teachers wil l  have the science
- pedagogical degree - minimally senior lecturer.

Especia l ly  in  the h igher  c lasses i t  wi l l  be neces-
sary to introduce col loquial study forms leading in
to master thesis. l t  is necessary to introduce avai l-
able l i terature for every subject. l t  appears that ap-
pl ied studying texts on lntranet are very helpful.  A
control of the level student knowledge in the cloth-
ing educat ion courses wi l l  be needed,  just  l ike con-
trol of knowledge in connected branch. This is pos-
sible to attain to discussion of student projects. The
department wil l  keep on tackle al l  noticed scienti f ic
themes.

Long-term and prospective themes are mainly:
.  Simulat ion of clothing process and clothing pro-

duction,
. Evaluation of physiology and clothing comfort,
.  Solut ion selected problems with method of f inal

e lements,
. Application of frame analysis,
.  Appl icat ion automat ion in  c lo th ing product ion.
Solut ion of  these themes is  suppor ted not  only  by

staff respect, but also by instrument equipment and
by contacts with practise.

By help of the grants we try to buy the equipment
and devices for research. Nearly every year the de-
partment hands over grants aiming to modernisation
of laboratories, ensuring the teaching of new sub-
jects etc.

Dept. of Clothing Technology, Faculty of Textile Engi-
neering

Technical University Liberec, 461 17 Liberec, Czech
Republic,

fax +0042-48-511 41 68, E-mail: zdenek.kus @vslib.cz
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COMPUTER SIMULATION OF APPAREL PRODUCTION

Zdendk Kfrs. Petra Komdrkovd

Dept. of Clothing Technology, Faculty of Textile Engineering
Technical University Liberec, 461 17 Liberec, Czech Republic,

fax +0042-48-51 1 41 68. E-mail: zdenek.kus@vslib.cz

INTRODUCTION

The possibitities and difficulties of the computer simu-
lation applied on the apparel production are described.
The application for the existing small apparel manufac-
ture with the use of the WitnessA software is added.

The model was used for the investigation of the bot-
tlenecks in the apparel production in the small factory.
There was found the good matching between the
model and the actual production.

BASIC IDEAS

The computer aided simulation methods are widely
used for the solving of many problems of industr ial
design, production and testing. There is possible to find
its util ization for the simulating of the complex systems
wi th many employees and machines.  On the other
hand the applications focused directly on the compu-
ter  model ing of  the appare l  product ion are not  so
widely used.

The problem of the simulation of the apparel produc-
tion is caused by the different character of such pro-
duction (for instance in comparison with the mechani-
cal engineering).

The production line contains of the operations. The
basic features of typical operation are on the Fig.1.

The important  features for  the t rue model ing are
the breakdowns.  There were necessary to  make
complex investigation of the breakdowns appearing
in the apparel production process. The example of
classif icat ion of the experimental ly found values for
the  g roup  o f  the  sew ing  mach ines  i s  desc r ibed  in
the  Tab .  1 .

The importance of the detai led study of the rate of
break types is  c lear  f rom the example on the Fig.  2 .
wh ich  shows measured  ra tes  o f  the  d i f fe ren t  o f
breaks for  the chain s t i tch sewing machine.

The  impor tan t  pa r t  o f  the  b reakdowns  i s  t ype
No. 3 - Time loss caused by the bad organization -
that has a big inf luence on the productivi ty. The ap-
p l icat ion of  the computer  s imulat ion in  the appropr i -
ate way,  how to min imize th is  t ime loss.

Adjustment

Operation
Sewing machine

Outcomin
g parts

Breakdown 1
Breakdown 2

Breakdown n

1 1 3vldkna a textil 7 (2) 113-116 (2000)

Fig. 1 Features od the sewing operation



tyPe Breakdown characteristics
Breakdown

Time between fai lures
Repair t ime

1
2
3
4
5
6
7
I
I

1 0

Machine maintenance
Personal breaks
Bad organization t ime loss
Needle thread replacement
Needle thread breakage
Looper thread replacement
Looper thread breakage
Sewing needle replacement
Other failure
Changeover of operation

Lognorm(36.2;36.8)
Lognorm(57.6;a8.6)
Lognorm(3a.1;26.6)
Gamma(2.7;0 .98)
Gamma(2.2;0 .94)
Lognorm(109;66.7)
Lognorm(99.7;106.3)
Lognorm(70.5;59.0)

Gamma(1.08;0.935)

lognorm(1 .5 ;1  .26)
lognorm(1 .34;1 .19)
lognorm(1 .37;1.2)
lognorm(1 .06;0.98)
lognorm(0.5;0.40)
lognorm(0.77;0.71)
lognorm(0.53;0.23)
lognorm(2.89;1 .9a)

lognorm(25 .1 ;43.7)

3
Fig.2 Rate of different breakdown types for measured group of

sewing machines

MODELS

The model elements must represent several object
types: sewing machines, different skill labors, parts of
the sewed product, buffers, etc. The relationships be-
tween elements include also the different importance
of the products, workers, etc. All of these elements can
work in shifts. The complex model has to be designed
with help of these elements and with actual statistical
parameters, which were found experimentally.

Modell
The simple way how to create simulation model is to

use the scheme showed on the Fig. 3.
The model is based on the investigating of the time

necessary for pulse (representing the sewed apparel
product) passing through the model of the production

l ine. Each operation of the l ine is represented similar
way.

The sewing machine is designed as the defined time
delay for the incoming pulse. The time interval between
the pulse input and output depends on several factors
that were experimentally measured in the apparel fac-
tory and answer the real production.

Time delay for the pulse is caused by the delay ele-
ment, which t ime delay is set by the sum of the four
influences. The value of three of them are generated
l ike a random number,  the last  one is  the operat ion
time depending on the type of the operation and is con-
stant.

This model is used not only for the sewing machines
but for the other operations too.

The paft of the designed model of production l ine is
on the Fig. 4. The model of the whole productron l ine
consists of the blocks. Each block represents one op-
eration and contains from the elements of the Fig.3.
The fabr ic  p iece that  is  sewed in  the operat ion is
modeled as a s ingle pulse coming to the b lock.  The
delay t ime depends not only on the exact t ime of the
operat ion,  but  a lso on the sewing machine break-
downs, the influence of the thread and of the worker.
These inf luences are modeled by the addit ional t ime
interval to the exact operational time. This additional
t ime is counted as a random number with the experi-
mentally found distribution functions.

The assembly operations are modeled by the logical

,2

Inlluenc'e r-)l macfrtrre

Ltealido.r,rns

Ihread breaka're

Iniluence ot''A,'orlier

0,35

a_rpetatron Int'ul
Tctal clel,:y

Operation titne
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Fig. 3 The simple sewing machine operation model
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BodY + 13Ps

Oper .4

functions AND so that the output pulse of the block.
Assemblyl appears when there are simultaneously
both input pulses on this block, coming from Oper. 11
and Oper. 1 .

The time that the pulse coming to the Oper. 1 needs
to pass through the model m to the output of the Oper.
10 is equal the production t ime for one single product.

There were studied the influence of the breakdowns
on the pulse propagation time.

This simple model of production line can be used for
the first problem study, as it does not cover all of the
aspects of the operation from the Fig. 1.

MODEL2
There is necessary to use of the other sophisticated

software for the complex simulation.
The appropriate software is Witness@. This software

is a commercial product designed for the simulation of
the behavior of the sophisticated systems. lt could be
very useful for the design of the optimal amount of the
special machines, the amount of the workers or the
testing the system sensitivity for the bottlenecks.

The complex simulation model of the small apparel
manufacture is described. lt was designed with the aim
to reduce the time loss and to enhance the productiv-
ity of the production. The scheme of the production (for
two types of swimming suits) is on the Fig. 5.

The definition of the simulation elements is complex
and enables the use of all of the model aspects from
the  F ig .  1 .

For all of elements is defined the shift, quantity and
the allowance, that give the element to finish the work
after end of the shift. In addition to these parameters
are defined the distribution functions, that characterize
several types of the mistakes, e.g. the regular machine
service, repair t ime (when the machine is broken),
time interval between the needle and the thread break-

vldkna a textil 7 (2\ 113-116 (2000)

age, the time for the coffee break for the workers, the
time for the lunch, etc. The exact parameters of these
distributions are mentioned above.

The operations are modeled so that they need the
presence of the worker and the sewing machine. As
the amount of these elements is limited (similarly as in
the real production), there is necessary to define the
priorig levels, which decide machines and workers dis-
tribution between operations.

The simulation was performed under different condi-
tions (numbers of workers (from 13 to 20), the different
number of the sewing machines, etc.). The aim was to
f ind the optimal number of them or the small  produc-
tion and to predict the production.

Advantage of OLE model creating
The preparation of the model of the apparel produc-

tion line takes long time as there are many parameters
of the simulation elements, which is necessary to de-
fine and to set to appropriate values.

Even the repeated simulation for the different model
parameters needs so much time to be changed. One
of the ways, how to generate simulation models is the
application of OLE technology, which gives the possi-
bility to connect several Windows programs to each
other. Then i t  is possible to define simulat ion model
parameters in the other software, e.g. MS Excel, send
them to Witness and on the other hand to get the simu-
lation results back to OLE controller.

Total no. of Total no. Profit/day/
sewing machines of workers t$l

Fig.4 Simple simulat ion of the part of the production l ine

1
2
3
4
5

No.

26
26
31
33
36

30
30
30
30
25

240
1 6 5
285
405
440
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Fig. 5 Process view of the simulated apparel production l ine

The selected results of the repeated simulation for
the production l ine are in the Tab.2.

The important enhancement of the sewing machine
utilization and the productivity growth were reached.

RESULTS

The practical production arranged according to the
model results gave very good matching with the simu-
lated production. The preparation of the simulat ion
needed not only the construction of the model, but also
the experimental measurement of the exact time pa-
rameters for all of the break types.

These measured parameters can be used for the
other model under the condit ion, that are used similar
or the same types of the sewing machines, and simi-
lar workers.

The finding of the optimal amount of the sewing ma-

1 1 6

chines can save costs particularly in the case of the
small producers.

REFERENCES

t1l  WITNESS software - manuals

l2l Masnicakova, M. :Dipl. Ing. Thesis, Liberec 1996, Czech Republic
t3 l  P lesak,R. :  D ip l .  lng.  Thes is ,  L iberec '1996,  Czech Republ ic
t4l KUS, Z. -TRUNG, N. C.: Application of Computer Aided Simu-

lat ion for Productivi ty lmprovement of Small  Apparel Manufac-
turers, IMCEP'97, Maribor, Slovenia 1997

15] KUS,Z. - THUNG,N.C.: Computer Aided Simulation of Apparel
Product ion wi th  he lp  o f  Wi tness sof tware,  TECNITEX,
EXPO'2000, Turin, l taly 1996

t6]  KUS,  Z. :  Appl icat ion o f  OLE for  programming of  S imulat ion
models in Witness software, Proc. Of Int.Conference Texti le
Science 98, Liberec 1998, Czech Republic

t7l Pivnidka, P.: MSc. Thesis, Faculty of text i le, TU Liberec, 1998

@ WITNESS is a trademark of Lanner Group, United Kingdom

Vldkna a text i l  7 (2)  113-116 (2000)



DEPARTMENT OF TEXTILE MATERIALS

Teaching staff
Prof  .  Ing.  J i i i  Mi l i tk l i ,  CSc. ,  EUR. lNG.,

Head of De partment
Doc.  Ing.  Bohumi la Ko5kovd,  CSc.
lng.  Vladimlr  Kovadic
lng.  Vladimir  Bajz ik
RNDr.  Ale5 L inka,  CSc.
Ing. Hana Hejzlarovd
Ing.  Michal  V ik
Ing. Jindra Porketrovd

Characterist ics
The department of text i le materials is one of the

oldest departments of text i le faculty. Tradit ional ori-
entation to the problems of textile testing and descrip-
t ion of text i le f ibers propert ies has been extended
after velvet revolut ion to comprehensive system of
text i les evaluation from design of experiments and
measur ing apparatus v ia real izat ion of  measure-
ments and statistical evaluation of uncertainty to the
creation of mathematical models and quali ty control.
The new areas of research and education including
composi tes,  image analys is ,  thermo-mechanical
analysis, hand evaluation and objective measure-
ment of color have been developed. The application
of selected chemometrical and computer intensive
stat ist ical methods to the text i le branch has been
real ized. In sequel are described the main teaching
and research activi t ies only. The deeper explanation
of departmental act ivi t ies and ful l  l ist of publ icat ions
are on the faculty private page www.ft.vsl ib.cz

Teaching activi t ies
The department provides courses oriented towards:

text i le f ibers (structure, propert ies, ut i l izat ion), tex-
tile metrology (principles of measurements and analy-
sis of text i le structures), experimental data treatment
(analysis of laboratory data), text i le based compos-
ites, and quali ty control.  These courses are focused
on Texti le Technology and Texti le Material Engineer-
ing MSc specia l izat ion.  l t  a lso has corresponding
courses in Bachelor studies.

M. Sc. courses.'
For al l  students of the text i le technology the fol-

lowing courses are given.
r Texti le f ibers (Mil i tky, Kovacic)
r Textile testing (Militkli, Kovacic)
. Experimental data treatment (Mil i tkl i )
.  Quali ty Evaluation (Mil i tkyi,  Bajzik )
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For students in a special izat ion of text i le materi-
als the fol lowing courses are given:

o Structure and propefiies of textile fibers (Ko5kova)
o Texti le composite materials (Ko5kova)
o Special test ing methods (Kovacic)
o Design of experiments (Mil i tkl i )
.  Mechanical propert ies of text i les (Ko5kova)
.  Mathemat ica l  model ing in  text i le  technology

(M ir i tky)
. Special f ibers (Mil i tky)
Research workers of department are supervisor

of diploma works as well  as (about f i f teen MSc stu-
dents yearly).

Research activi t ies
Research activi t ies are concentrated on the inves-

t igation of specialty f ibers, mathematical modeling of
text i le structures and their propert ies, evaluation of
text i le qual i ty, investigation of kinetic processes in
sol id state, analysis of special measurements ( im-
age analysis, thermo-mechanical analysis), software
for laboratory data analysis, objective color meas-
urements and hand predict ion. Selected results of
research activi t ies were published in books, journals
and proceedings from conferences.

The main areas of research are:
o Unevenness of textiles properties and appearance

in the plane
o Analysis of clean room textiles
o Air permeability and porosity prediction
. Particle size analysis in textile branch
o Complex evaluation of textiles quality
o Subjective and objective methods of hand evaluation
. Software for statistical analysis in textile laboratories
. Properties of modified PET fibers
o Special environmental optical methods (AOUASEM)
o Visco-elastic behavior of textile materials
. Modeling of textiles structure vs. properties relation-

ships
. Ult imate mechanical propert ies of polymeric and

non-polymeric materials
o Modeling of dif fusion phenomena in polymeric f ibers
. Utilization of lmage Analysis for textiles characteri-

zation
. Application of Basalt fibers for special fabrics
o Thermo-mechanical analysis of fibrous structures
. Composites with textile reinforcement, carbon-car-

bon composites
. Structure and properties of textile reinforcements for

composites
o Development of new testing methods
o Objective color measurements
o Compute intensive statistical methods
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Main Scienti f ic Projects:
A lot of projects and research themes are solved

in frame of grants. The two main grants of Czech
grant agency are:
GACR 1999-2001 Surface Structure of Textiles -

head Prof. Militkli
GAe R 1999-2001 Quantitative Analysis of Textile

Reinforcements - head Assoc.
Prof. Ko5kovd.

The department is involved in the solut ion of long
term research project of Czech ministry of educa-
t ion "Finishing of text i le structures according to their
qual i ty".

There are a lot of projects of Czech ministry of
education (development fund for higher education -
FRVS) polved on the department. For example
. FRVS 1999 Kovacic Extension of Material Re-

search Laboratory
o FRVS 1999 Militk)t Special Applications of lmage

Analysis
. FRVS 2000 Militk)t lmage Analysis System for

Students
Further grants are oriented to the evaluation of

protective text i les hand (Czech ministry of industry
and trade) and characterization of retted f lax
(Necof lax pro ject  o f  INCO COPERNICUS).  Some
new projects of grants are now given to grant agen-
cies for inspection. These relat ive r ich grant act ivi-
t ies are main source of support in development of
laboratories and creation of new testing methods.

Postgraduate Sfudents and Their fheses.'
Vladimfr Kovacic - Special inorganic fibers
Vladimir Bajzrk - Hand evaluation methods
Michal Vik - Subjective and objective color differ-

ences
Jitka Rubnerova - Application of image analysis

Mirka Znojilova - DSC of special fibers
Hana BouSkovd - Thermo-mechanical Propefties of

lnorganic Fibers
Mirka Mar\dlkovd - Antistatic properties of clean

room textiles
Jaroslav Netik - Complementary colorimetry
Jana Smilhausovd - Optimization of zone fluctuation

model of color assessment
Sfanis/av Vopiika - Structural analysis of woven

composites
Martin Palitn - Process-ability of special fibers
M arti n Krul a -Tubular reinforcements
Margit BureSovd - Porosity of C/C composites

fu l l  t ime PhD students are under l ined) .

Selected pu bl icat ions:
The ful l  texts of some publications l isted below are

obtainable from authors upon request.
l 1 l  M i l i t k l i  J .  e t  a l l . :  Mod i f i ed  PES F ibers  (1991) ,

Elsevier,
tz l  Meloun M.,  Mi l i tk f  J . ,  For ina M.:  Chemometr ics

in Instrumental Laboratory (1992), vol.  1, Stat is-
t ical Data Analysis El l is Horwood London

l3 l  Meloun M.,  Mi l i tk f  J . ,  For ina M.:  Chemometr ics
in lnstrumental Laboratory (199a), vol.  2, Stat is-
t ical Data Analysis El l is Horwood London

l4 l  Mi l i tky J . ,  Van[cek:  The Inf luence of  Spinning
Rate on Structure and Mechanical Propert ies of
PET Fibers (1991) .  Acta Polymer ica 42,  No 7,
p.  326

l5 l  Mi l i tky J . ,Sest6k J . :  Bui ld ing and Stat is t ica l  ln ter-
pretat ion of  Nonisothermal  Kinet ic  Models
(1992) ,  Thermochim. Acta 203,31

t6 l  (1998) ,  V ldkna a text i l ,  No 3,  p.721076,  Vol .  5
l ssN 1335-061  7
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APPLICATION OF IMAGE ANALYSIS FOR NONWOVENS
VISUAL IRREGULARITY EVALUATION

Mil i tki  Ji i f ,  Rubnerovd Jitka and Klicka V6clav*

Technical University of Liberec, Liberec, Czech Republic

*Rieter Elitex, IJstinad Orlici, Czech Repubtic

The main aim of this work is attempt to describe visual irregularity (surface appearance) of l ight
weight nonwoven texti le structures. Visual and subjective methods for evaluation of visual irregu-
larity of chemically bonded nonwovens are compared. The image analysis system LUCIA is used
for estimation of characteristics describing visual irregularity. The analysis of subjective and ob-
jective estimates of visual irregularity is realized by the variation coefficient and by the ANOVA
type model. The Moran's spatial autocorrelation index is used for identif ication of organized pat-
tern in data.

KEYWORDS Surface Appearance, Visual lrregularity, Porosity, lmage Analysis

1.  INTRODUCTION

Surface appearance (visual irregularity) is interest-
ing for  woven st ructures and in  some cases for
nonwovens as well. This characteristic is closely con-
nected to the variation function for transparency, reflec-
tivity, planar mass and to the another properties as e.g.
air permeability.

Corresponding to the description of unevenness of lin-
eartextile structures by the length variation function, there
can be constructed surface variation function for textile
fabrics. The surface variation function can be easily used
for description of unevenness or uniformity.

The unevenness can be categorized according to the
invest igated character is t ics to  the fo l lowing main
groups:

o Mass unevenness (mostly used)
r Structural unevenness
o Visual (optical) unevenness
o Mechanical or physical properties unevenness
. Appearance unevenness.
There are some connections between above-men-

tioned categories of unevenness.
The main aim of this work is attempt to describe

uniformity of appearance of light weight nonwoven tex-
tile structure. For quantification of appearance uniform-
ity the characteristics of visual unevenness are used.
These characteristics are measured by the image analy-
sis and subjectively by the human eye. The evaluation
of appearance uniformity is based on the variation co-
efficient estimation and on the ANOVA (analysis of vari-
ance) model. The organized patterns in data are checked
by the Moran's spatial autocorrelation index.

2. UNEVENNESS CHARACTERIZATION

Traditional methods of uneveness characterization

Vldkna a textil 7 (2) 119-125 (2000)

in two dimensions are based on the measurement
of relative variance (variation coefficient) of some
geometrical quantities between selected (rectangu-
lar) cel ls dividing the investigated area. The same
principle can be used for visual irregulari ty est ima-
t ion. In this work, the visual irregulari ty has been
evaluated from selected visual characteristics meas-
ured in cel ls of defined size (see Fig. 1). These rec-
tangular cel ls divide the microscopic image of sam-
ple and create rectangular net.

As the visual characteristics of appearance uneven-
ness in individual cel ls the fol lowing ones were se-
lected:

o Number of white spots evaluated by the human
eye NE

. Number of white objects NW evaluated by the
image analysis (see white areas in the Fig.2)

. Relative surface porosity (portion of white area)
AF defined on the Fig 2.

The characterist ics AF is computed from relat ions
(see Fig. 2)
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Fig. 1 Inverted lmage of tested sample (planar weight is 60g/m2).
White spots are here black.
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U X 1  X

Fig.2 Definition of relative surface porosity (A, is the area of white
object)

AP = DAi

AE : x1.y1

AF = AplAe

Samples (cel ls) were oriented in the fol lowing way
(see Fig.  1) .
. Direction X is equivalent to the machine direction

(cells denoted i). In this direction are N cells.
. Direction Y is equivalent to the cross direction (cells

denoted j). In this direction are M cells.

Results of evaluation are rectangular data arrays
NEi j ,  NWi j ,  AF , j ,  i  =  1 . . .n ,  j  :  1 . . .m.

Appearance uniformity is analyzed by the fol low-
ing methods:

a) Coefficient of variation (CV),
b) Analysis of variance (ANOVA).
Tradit ional method based on the variat ion coeff i-

cient is more suitable for characterization of degree
of overal l  unevenness. Analysis based on the analy-
sis of variance is useful for test ing of evenness in
selected orthogonal direct ions.

2.1 Analysis based on CV

Coeff icient of variat ion is tradit ional ly used as the
characteristics of unevenness. According to the com-
mon definit ions we can simply computed the overal l
mean

^=+Ffte4l (1)
MN ?' ,

variance

, ,  =+II p, i-m)2 (2)
MN ?i

and coefficient of variation

Here P4 is selected visual characterist ic of appear-
ance (NE,i or NW,, or AF").

The quanti ty CV is external variat ion coeff icient
CB(F) between cell areas F.

The total variance st can be divided to the two
terms by using of means in the machine direct ion
and cross direction

tfiio --

f f t n ;  = 1 t  p. . . v t  
N  ? .  

, ,

Symbol , ,e" denotes index used for summation i .e.
m,o is mean value for i- th posit ion in the machine
direction. For the machine direction (expansion of eqn.
(2) by using of the m,o) the following relation results
t1 l

s2 = si + sfrr (4)

where the variance in the machine direct ion is

' f  =* ) t r ,o -m)2

and the variance in the transversal direct ion is

sir_ =*>f @i -mi i lz (6).  MN??' '

For the cross direction is

s2=s i+s?n  l )

where the variance in the cross-direct ion is

,  1 s , ,s2n = 
;i>,(moi 

- m)' (8)
I

and the var iance in  the longi tudinal  d i rect ion is

s?n--*>f  @i  -mo) '  (e)MN ?? '  '

Dividing the corresponding standard deviat ions by
the mean m the variat ion coeff icients CV, CVnt, CV,
and CVt, results.

These coefficients are from statistical point of view
the point estimates of population variation coefficients
CVPL, CVPH, etc. For creation of confidence inter-
vals the variance of point estimates have to be com-
puted. The rough formula of sample variat ion coeff i-
cient variance D(Cn has the form [2]

v
Yt

1te,
M7t

0

(5 )

D ( C V )  =  
" U ' (

c + C V

c ) )+ 1c
1)

(22

c
(3)
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where c = (N or M) is number of cel ls in the corre-
sponding direct ion.

Asymptotic 95 %th confidence interval for CVP is
then defined as

cv +z,[DQV)

The coefficients of variation are statistically differ-
ent in the cases when corresponding confidence in-
tervals are not intersecting.

2.2 Analysis by the ANOVA

The Pilcan be interpreted as discrete presentations
of random field on the discrete two-dimensional in-
teger valued rectangular mesh [1].  Let the P,, are
described by the fol lowing model [2]

Pij = 
Fij + €ij

tests based on the F-criterion may be performed [2].
According to the results of test ing of the nul l  hypoth-
esis Ho (F,: 0 or ai = 0) the stat ist ical uniformity in
the machine and cross direct ion can be accepted or
not.

When eqn.  (10)  is  considered as the specia l  re-
gression model, the diagonal elements of project ion
matrix have the same value [2]

N + M - 1
,1,i =

NM

Outlying cel ls may be then detected by the stand-
ardized residuals

where of is variance of error term estimated from
residual sum of squares divided by corresponding
degrees of  f reedom (NM-N-N).  Roughly,  i f  eru > 3,
the given cel l  is taken as an outl ier.

2.3 Spatial autocorelat ion index

The spatial autocorrelat ion can be used for identi-
f icat ion of associat ion between values in neighboring
cel ls. l f  the high values at one cel l  are associated
wi th h igh values at  neighbor ing cel ls  the spat ia l
autocorrelat ion is posit ive and when high values and
low values alternates the spatial autocorrelat ion is
negative. Lack of spatial autocorrelat ion means that
there is  no connect ion between cel l  va lues.  The
autocorrelat ion indices are simply cross products of
spatial weights W,, (connectivity or measures of con-
t iguity between i-th and 1-th cel l)  and some meas-
ures of proximity (distances between values P, and
P, in the r-th and y-th cell). The original cell array P,,
is here replaced by the vector of length n = N*M
where Pi, are included row-wise. The spatial weights
depends on the research question. Standard is so
cal led kings case when neighborhood of adjacent
eight cel ls to the i- th one have yVii :  1 and other cel ls
have ,4/ii : 0. [5].

Moran [4] introduced the measure / analogous to
the conventional correlat ion coeff icient suitable for
ordinal rat io and interval data.

(13 )

(10 )

where /t i1is true value in the 17 cel l  and eq is random
error. The term pii cdn be decomposed to the terms

/ t i1= !*  o ,*  f1+ ca,B '  (1  1)

where p is total mean di are effects in the cross
direct ion, p, are effects in the machine direct ion
and c is constant of Tukey one degree of freedom
non - addit ivi ty [2].

Uniformity in the machine direct ion is equal to va-
l i d i t y  o f  hypo theses  Ho :  F i  =  0 ,  j  :  1 . . . . . .M ,
and uniformity in the cross direct ion is equal to va-
l id i ty  of  hypotheses Hs :  a i :  0 ,  i  :  1  . . . . . .N.

Testing of these hypotheses can be realized by the
ANOVA (model with a single observation per cel l  ) .
For the ANOVA model the fol lowing constraints are
imposed

2",=0,  I ,  F j=0,L" ,P,=0,  Io ,F j=O
t l t l

For the pure addit ive effects the interactions
ri1: cciBl:  0 and then

a,=#4,0 -m) b,=*lrnt -m)

where m is est imator of the total mean defined by
t h e  e q n .  ( 1 ) .

F rom res idua ls  e i i  =8 i  -m-a i -F i the  paramete r

c can be simply estimated

(12)

For ANOVA test ing the^sum of  squares due to
machine direction (effects 4 , cross direction (effects
d) and due to interaction are computed and com-
pared with total sum of squares s * M * N. Statistical

Vldkna a textil 7 (2) 119-125 (2000)

I I6 ' i  'o ' 'b i
^ -  |  I"- ->-t ;7;

i i

n n

II wii*(E - p)*(Pi -P)
: 1 : 1
I = t  t = l

tte-n'
i =1  j=1

Symbol Pdenotes ari thmetic mean. Like a corre-
lat ion coeff icient the values of I  range from -1 to 1 ,
where 0 meaning random pattern.

t -  n
' - --i---i-

LZ*,
i = 1  j = 1
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Under normali ty assumption is the mean value E(/)
equal to

E ( / )  = - 1 1 ( n - 1 )  ( 1 4 )

and variance D(/) is expressed in the form [5]

( t ^ n \ ^
D(t\ = |  __=(brS, _ nsz + 3ss2 ) l_ eU), (15)

[ S s ' ( n - r , t  
' ' )  \ '

The following variables in the variance equation are
defined as

two types of viscose fibers mixed in the weight ratio
67133 (VS 3,1 dtex/60 mm and 1,6 dtex/4Omm). Bind-
ing acrylate (relat ive amount 20 %) was applied by
padding. The quali tat ive visual appearance uneven-
ness of f inal structure is clearly visible on the Fig 3.

The rectangular  samples of  d imensions 100 x 100
mm (area Ai :  100 mm2 and weight  6 mg) were cut
for further analysis [3].

3.1 Subjective Visual Appearance

Subject ive v isual  est imat ion of  appearance is
based on the evaluation of number of local maximal
i l luminat ion L^ in  ind iv idual  mesh of  def ined rectan-
gular  net  by the human eye.  The maximal  i l lumina-
t ion corresponds to the spots without material.

The human eye is able to dist inguish the spots of
d imension h igher  than approx imate ly  the m :  0 .5
mm By us ing of  the microscope MEOFLEX (magni-
f icat ion 21 t imes)  is  lower bound of  v is ib le spots
approximate ly  equal  to  the 0.05 mm.

This subject ive v isual  evaluat ion was used for
above-mentioned nonwoven structure.

The microscope image of sample was divided to
the net consisted of the 25 rectangular mesh (dimen-
s ion 2 x  2 mm).  The number of  spots NEu in  the i - th
mesh having maximal i l lumination was evaluated by
the direct visual inspection [3].

The basic statistical characteristics of NE are:
. sample mean = 12.38 spots
. coeff icient of variat ion CL = 15.78 0/0.

From the combination of six microscope images the
areas of the same level of local numbers of white
spots are shown graphical ly on the f ig. 4.

From the f ig. 4 the areas of the same level of white
spots concentrat ion are visible.

For creation of the smooth surface of white spots
concentrat ion the cubic bivariate spl ine smoothing
technique has been used. The smoothed surface of
NE for  one image is  shown on the f ig .  5 .

3.2 Appl icat ion of  the lmage Analys is

Subjective visual evaluation of white spots number
is very tedious and subjected by the errors. The im-
age analysis system is suitable for objective visual

S o =

S t =

s.=I(w; ,+w, i )
i

where W.; is i-th row and W,. is i-th
The z score is then in the form

columnmean.

(16 )

The random variable z has standardized normal
distr ibution. l f  abs(z) > 2 is the assumption of spa-
t ial  randomness rejected on the signif icance level
0 .05 .

3.  EXPERIMENTAL PART

The chemical ly bonded (by the acrylate binder)
nonwoven from viscose fibers (VS) was prepared.
Starting lap of planar weight 60 g m-2 was created
on the pneumatic web former. The lap consists of

Fig. 3 Tested nonwoven structure
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Fig. 4 Areas of the same levels of numbers of white spots.
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Fig. 5 Bivariate spl ine smoothed surface of NE

estimation. The system consists of microscope, CCD
camera and personal computer has been used.

The treatments of digital images were made by
the software LUCIA-M. This software is designed for
analysis of the high color (3 x 5 bits) images having
resolut ion of 752x524 pixels. The threshold value
62 (all gray patterns are converted to the black ones)
has been chosen. The rectangular net dividing the
image into equal cel ls has been defined by the same
way as at subjective visual evaluation.

The fol lowing characterist ics of appearance uni-
formity have been evaluated in each cel l :

.  number of white spots NW,

. relative porosity AF.
Bivariate spline smoothed surface of NW is shown

on the f ig  6 and for  AF on the f ig .  7 .
From the surfaces of NE, NW and AF is possible

to identify the local variation of these characteristics.

4. UNIFORMITY EVALUATION

Quantification of appearance uniformity has been
realized by the analysis of coefficient of variation CV
and analysis of variance ANOVA.

Vtdkna a textit 7 (2) 119-125 (2000)

Fig. 6 Bivariate spl ine smoothed surface of NW

4.1 Analysis based on the CV
The values of CV, CVL and CVn, computed from

above defined relat ions are given in the table 1.
Computed 95 %th confidence intervals for CVP are

given in the table 2.
From the table 2 is clear that for all characteristics

are confidence intervals tor CVPt and CVP* inter-
sected The differences between coefficients of vari-
at ion are therefore stat ist ical ly insignif icant.

The objective visual characteristics are closer that
the subjective number of holes NE and objective
number of  whi te areas NW. This  d i f ferences are
probably due to higher resolut ion of image analysis
system in comparison with human eye.

4.2 Analysis based on the ANOVA

Detai led results of ANOVA analysis computed by
the ADSTAT package are presented for the charac-
teristics Porosity AF only. For the NE and NW are
summarized results of test ing.
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For variables NE and NW (number of white spots)
are Hs accepted on the signif icance level 0.95 as
well .  Therefore the ANOVA analysis leads to con-
clusion that the variabi l i ty of NE, NW and AF in the
cells are not stafistically significant.

4.3 Spatial autocorrelat ion index

The Moran's  /  and corresponding mean value E( / )
and variance D(/) computed according relations from
chap. 2.3 tor the case of NE are given in the table 5.

The value of z exceeds the quanti ty 2 and there-
fore the random variat ion has to be rejected. The
posit ive autocorrelat ion shows that the values of NE
in adjacent cel ls are direct ly associated. The same
results were obtained tor NW and AF as well .

5 .  Conclus ion

The proposed methods for visual irregulari ty evalu-
at ion can be used for  l ight  weight  nonwovens wi th-
out  problems.  Object ive evaluat ion by the image
analysis al lows to identi f icat ion a lot of other char-
acterist ics as the mean area of pores, objects with
some gray levels  etc .  In  fur ther  invest igat ion th is
characterist ics wil l  be also used.

For evaluation of results both CV and ANOVA are
suitable. The behavior of effects in the machine and
cross d i rect ions computed by the ANOVA can be

Table 3 Means and Level Effects
Fig.7 Bivariate spl ine smoothed surface of AF

POROSITY AF
Basic characteristics are summarized in the table 3.
Computed characteristics for ANOVA model are:
Total mean = 6.3421E-02
Residual variance : 1.3626E-03
Tukey's one degree of non-addit ivi ty C : -8.3761.
ln  the table 4 is  ANOVA table for  fu l l  model  wi th

Tukey one degree of non addit ivi ty interaction.

Table 1 Coeff icients of variat ion

Quanti ty

Fakctor A
Level Mean Effect Level

Factor B
Mean Effect

1 0.09068
2 0.04853
3 0.06591
4 0.04865

0.0272 1
-  0 .0148 2

0.0025 3
- 0.0147 4

\

0.0589 -  0  004s
0 .0456  -  0  0177
0.0403 -  0  0231
0.0822 0 0188
0 . 0 7 3 6  0  0 1 0 2
0 . 0 7 9 7  0 . 0 1 6 3

Table 4 ANOVA Table

Source Mean
square

Testing
cri terion

Conc lus ion
Ho  i s  s i g .  l eve l

C V
(total)

cv, cvi l
(machine direction) (transversal) A 0.00236

B 0.00127
AB 0 .00013
Residual  0.00136
Total 0.00142

Accepted 0.205
Accepted 0.488
Accepted 0.760

1 . 7 3 8
n  o ? K

0.097N E
NW
AF

0.1494245
0.3944114
0.5806934

0.0609795
0.2029876
0.2569274

0.1364155
0.3381662
0.520762

Tabfe 2 Computed 95 %th confidence intervals tor CVP Table 5 Spatial autocorrelat ion index for NE

Quantity CV,
(machine direction)

CVrt
(transversal)

Quantity Moran

N E
NW
AF

0.061r0.044
0.203t0.150
0.257t0.189

0.136t0.041
0.338t0.109
0 .521 t0 .187

lnd ice
z
E( t )
D( t )

0.294
3.368

- 0.0417
0.00993
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analyzed by the regression methods (trends,
nonlinearit iers etc.).  The spatial autocorrelat ion in-
dex I can be used for check of random variat ion of
visual irregulari ty characterist ics in cel ls.
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make for four dichroic ladders,  compris ing a set  of  samples and f loater dyed with di f ferent dyes.
These ladders have been used to examine metameric pairs of  coloured samples.

Twelve observers were asked to select the sample from the ladder, which most closely matched
the f loater,  the resul t ing pair  being metameric.

The results indicated that colour-appearance models are slightly poor than colour-space CIELAB
in statistical performance, when used to predict the visual data.

INTRODUCTION

lf a piece of uniformly dyed cloth is divided into two
parts, these will be seen to match in any light by any
observer. The reflectance curves of the two portions will
be identical and so wil l  their tr ist imulus values XYZ.
Where the reflectance curves are similar, i.e. for non-
metameric pairs, good agreement is usually obtained
between observers, between instruments and between
visual and instrumental assessment of colour dif fer-
ences. ln some instances, however, disagreement can
be found in colour assessment of non-metameric pairs
owing to differences in viewing geometry, differences
in lustre, dichroism, fluorescence and discrepancies in
colour-difference formulae.

Even when the reflectance curves of two samples are
not identical, it is possible for an observer to see the
specimens as a match under part icular l ighting condi-
t ions, say under l l luminant D65 in which case

xPuu = x?uu,Y.,ouu = Yruu, Z?uu = Zluu (1)

where Xfuu y,ouu Zluu and XrD65 , Ytuu, z|uu are the
tristimulus values of specimen 1 and specimen 2, re-
spectively, under l l lumination D65. However,

X{n,ru+,cwt. t + X{o,rL84,cwF...)

y{n,rla+,cwr., I * y{o,rLo4,cwF...)

2,6,r La+,cw F...) * / la,t 
Ba,cwr...1

simul taneously  for  other  l ight  sources (A,  TL84,
CWF...) and for other observers. Thus general agree-
ment will not be obtained between different observers
under a single l ight source nor wil l  the pair be seen to
be a match by one observer under different light con-
ditions. This phenomenon is known as metamerism
and two objects being matched are said to be a meta-
meric pair.

Metamerism can cause difficulties in visual matching,
in instrumental matching and in comparisons between
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the two. In visual matching of metameric pairs, agree-
ment in matching and in degree of mismatching wil l  not
be obtained between even when all of the observers
have normal colour vision.

As  w i th  non-metamer ic  pa i rs ,  v iew ing  geomet ry ,
specular reflection and dichroism have to be taken into
account when dealing with metameric pairs.

Colour appearance phenomena and dichroic
ladders:

Dichroic ladders were original ly proposed for use as
a test for defective colour vision and have oroved to be
most effect ive for this purpose. Garner tests, i t  is a
name of test with dichroic ladder, is based on the use
of metameric samples and groups observers accord-
ing to their visual responses. Observers found to have
"normal"  co lour  v is ion by means of  the lsh ihara and
Garner tests were required to position a "float speci-
men - floater" relative to series of samples. The floater
was metameric to the series, whereas the member of
series were non-metameric to one another and were

0.45

0 .4

.  0 .35

0 .3

0.25
0.25 0.35 0.45

x

0 .55

Fig.  1 .  D ichro ic  ladders  in  CIE x ,y  d iagram under  i l luminat ion D65

(2)
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spaced at approximately equal visual intervals from
each other. The fabric used to prepare the samples is
dyed with mixtures of dyes that are colour constant, so
that the colour appearance of the samples in the lad-
der changes by only a very small  amount as the i l lumi-
nant is changed. Floater is then prepared using differ-
ent dyes chosen so that it is much less colour constant.
In the colour vision test, the observer is asked to com-
pare the colour of the floater with the colours of sam-
ples in the ladder that appears to be the closest visual
match to the floater. The experiment is repeated under
a dif ferent i l luminant, and because the f loater changes
whilst the samples in the ladder remain colour constant,
a different sample from the ladder will be chosen as the
match.

EXPERIMENTAL

Init ial ly, four dichroic ladders with their correspond-
ing eight floaters (with poorly and strong metamerism),
were prepared. Al l  samples were prepared on 100%
wool  by appl icat ion of  the meta l -complex ( ladder) .
Floaters were also prepared on the same type of
substrate by the application of mixtures levelling acid
dyes. The wool fabric was steam pressed and mounted

0.45

0.4

' 0 .35

0.3

0.25
0.25 0.35 0.45 0.55

x
Fig. 2. l jrchrotc tactcters ln utE x,y dtagram under rltumrnatron A

3.5

3

2.5

2

1.5

1

0.5

0
Y G P V

tr dE CIELq.B El dE Hunt El dE Nayatani E dE RL-AB I dE CIECAM9T

Fig.3 Relationship between color-appearance models and visual
judgements
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in  four  layers on grey card approx imate ly  4x4 cm
square.

The visual assessments of the four ladder and eight
floaters were carried by a panel of 13 people, each of
whom made five repeatable assessments under ll lumi-
nant D65, A, TL84 and CWF. Each observer was rated
as possessing "normal" colour vision according to the
lshihara test for defective vision. All of the visual as-
sessments were carr ied in  a JUDGE l l  (Gretag
Macbeth) colour matching cabinet. The assessments
were made at an approximate distance of 40 cm from
the samples corresponding to viewing angle of approxi-
mately 8", when any particular sample of ladder was
viewed.

Instrumental measurements of the floaters and the
samples of the ladders were made using a Datacolor
International Microflash 100d (d/8") interfaced with com-
puter. The software of the system (lRlS) allowed the
measurement and storage to hard disc of the reflectance
values, from whicn re(Z, L*a*b* values and other coor-
dinate for CAM could be computed under the standard
illuminants D65, A, TL84 and CWF.

CAM were was tested: Hunt96, Naytani, RLAB and
CIECAM97.

RESULTS

Although this investigation was based only on a lim-
ited amount of data, certain important trends were iden-
tified.

The results of this data produced better correlation
between the predicted matching samples and visually
selected matching samples to the f loater for model
CIELAB, second was ClECAM9T, afterwards Hunt,
Nayatani and RLAB. Those results were probably oc-
curred by very similar viewing condition as CIE stand-
ard viewing condit ion on which was CIELAB devel-
oped.

The measurement of observer metamerism is an
excellent example of a situation in which the problem
needs to be first completely addressed at the level of
basic colorimetry. In other words, the observer variabil-
ity in tristimulus values must first adequate specified
before one need to be concerned about improvements
that a colour appearance model could make.
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DEPARTMENT OF TEXTILE AND FASHION DESIGN

Teaching staff
Ing. Renata Storovd, CSc., Head of Department
lng. Jan Bakala
Mgr. Dana Pejchalovd
Dagmar Hrabdnkovd, ak. mal. (art ist)
Zdenka Safkovd, ak.mal. (art ist)
Eva Jandikovd, ak. mal. (art ist)
Mgr. Denisa Slosarovd
lng. Libu5e KlobuSicka
Ing. Jaroslava Vanovd
Svatoslav Krotkli, ak. mal. (artist)

Characterist ics
The depar tment  was or ig inal ly  only  par t  o f  the

Department of knit t ing as this department was re-
sponsib le for  in t roducing of  qui te  new study pro-
grammes -  Text i le  and fashion design.  l t  was in
1992.  As independent  body Department  of  text i le
fashion and design exists since 1997, after last great
reorganisation of the faculty. Thanks to this act ivi-
t ies the gap in text i le oriented education was over-
come and we can offer courses oriented both to art
and technology,

Department has a very good l inks to other inst i tu-

t ion, f i rst of al l  to Museum of North Bohemia, that
deals as well  with history of text i le production.

Teaching activi t ies
The department is responsible for comprehensive

technical and art ist ic education, when the second
part is devoted to the fabrics and text i le products
design and construction. The majori ty of teaching
hours is devoted to development of students ski l l  in
studious, nevertheless the students should be aware
about  possib i l i t ies of  the i r  des igns real isat ion in  in-
dustr ial condit ions.

What is special in this study program? Extremely
high number of  the appl icants.  Usual ly  only  one of
ten can be accepted.

Art act ivi t ies
The depar tment  real ises annual ly  severa l  exhib i -

t ions,  some of  them abroad.  Al though young,  the
department  is  becoming wel l  known.  One par t  o f
exhibit ions presents the best students works either
on graduates presentations in the Museum of North
Bohemia or  some compet i t ions such as "Sty l " ,
"Smirnoff" etc., where they reached very good results.
Some of the designs were practical ly used.
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DEPARTMENT OF TEXTILE FINISHING

Teaching staff
Assoc. Prof. Ing. Miroslav Prd5il, CSc., Head of Depart-
ment

Prof. lng. Ji i i  Kry5t0fek, CSc.
lng. Dagmar Machanovd
Doc. Ing. Jaroslav Odvdrka, DrCs.
Ing. Rudolf Pastrnek
Ing.  Jana Candovd
Ing. Petr Vlach
Ing. Mdria Prrl5ovd

Characteristics
The deparlment was formed in 1960 after foundation

of the Textile Faculty. The first head of the department
was Ji i [  Rais, Prof.,  M.Sc., Ph.D., whose scienti f ic and
pedagogical standards made the department to be
general ly recognised by the educated society.

At present time one professor, two associated pro-
fessors and five assistants are employed at the depart-
ment of Texti le Finishing.

Teaching activi t ies:
The department of Textile Finishing provides educa-

t ion in :
1. Bachelor of Science course

Chemical Technology of Texti le Finishing
2. Master of Science courses

Texti le Technology - special isat ion Texti le
Fin ish ing
Chemical Texti le Technology - special isat ion
Textile Chemistry

3. PhD Study
The studies are completed each year by approxi-

mately twenty students with specialisation at the master
level and ten students with specialisation at the bach-
elor level.

Research activi t ies
The scientific activities of the department are tradi-

t ional ly related to the chemistry of text i le f inishing.
1. Theory of dyeing - the problems of dyeing of

microf ibres,  combinat ion of  substant ive dyes,
t ransi t ion dyeing temperatures,  opt imis ing of
t ime-temperature dyeing regime.

2. Theory of text i le print ing - the rheological prob-
lem of print ing pastes, research of new means
of print ing and the ecological aspects of text i le
pr in t ing.

3. The theory of f inishing - synergetic effects of
ind iv idual  components of  the combinat ion of  f in-
ishing, programming of the result ing parameters
of  f in ish ing us ing ternary d iagrams,  the behav-
iour of l iquids at the f ibre /0 l iquid boundary, the
behaviour of electr ical charge on f ibres and tex-
t i les.

lnternational scienti f ic co-operation
Foreign scienti f ic co-operation has been developed

with a number of col leges and universit ies. Together
with the Bolton Institute and the University of Mansoura,
we presented lectures at International conferences.
Fur ther ,  the depar tment  co-operates in  the f ie ld  of
washing and textile drying with the State Textile Acad-
emy in Moscow and Hohenstein Inst i tute, Germany.

lmportant  pu b l icat ions
[1] Kry5tr i fek , J.:  Low temperature Dyeing of Anioni-

cal ly Modif ied Polyester Shrink Fibres, Part l l :  Sorp-
tion of Carriers and Monitoring of further additives,
Mell iand Texti lberichte 72, 1991, p. 58

[2] Odvarka, J.,  Schejbalovd, H.:The effect of dispers-
ing agents on the dyeing of polyester with a disperse
dye ,  J .  Soc .  D .  Co l .  110 ,  1994 ,  p .30

[3] Pra5i l ,  M.: CAD/CAM systems in text i le print ing,
Texti lnaja promy5lenost, 1995, N.4, p. 12

[4] Pra5i l ,  M., Dang, T. L.:  Rheological behavior of dis-
perse dye print ing pastes, Vldkna a text i l  3, 1996, p.
89

[5] Schejbalovd, H., Odvdrka, J. ZAda,V.:Redispersity
of disperse dyes containing polymeric dispersant,
J .  Soc.  D.  Col .  114,  1998,  p.279
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AN ALKALINE DYEING SYSTEM FOR POLYESTER

Kry5t0fek, J. Machaiovd, D.

Department of Textile Finishing, Technical IJniversity of Liberec, CR

. Thg spinnabi l i ty ,  tear lenght and surface ol igomer content by polyester TESIL 22,9,6 dtex s l iver
(woollen type) dyed by new alkaline and ,,classical" acid method in normal great production was
tested. The expected significant decrease of surface oligomer content by alkll ine dyed sliver was
not proved, the spinnabi l i ty  is  moderately improved.

Polyester f ibers are general ly dyed by disperse
dyes in a weak acid bath (pH = 4,5-5,5), whereas
the pretreatment and also aftertreatment (the
reductive washing-off of the surface part of disperse
dye) take place in alkal i .  Not before the last years
several dyestuff-producers brought into being new
types of alkal i-resistant disperse dyes (the majori ty
of , ,classical" disperse dyes - namely the azodyes -
is reductively decomposed in alkal ine medium).

This enables to real ize the total dyeing technology
in alkal ine bathes. The detai ls of publ ished methods
differ at the pH-optimum (mostly pH 9-10). Technot-
ogy is then simplified and namely the effort and costs
caused by moving from alkal ine to acid (dyeing) and
back to alkal ine bath (f inal r insing) can be reduced.
The last alkali-reductive aftertreatment bath can be
eliminated in majori ty of cases. The reproducibi l i ty
of the result ing colour is improved and the problems
caused by ol igomers are minimised.

Just the dissolving of a considerable port ion of the
surface oligomer is one of the most important effects
of polyester alkal ine dyeing. Oligomers (total content
approx. 2-3 % o.f.w.) migrate from the inside of f i -
bre into the dye-bath namely by high temperature.
The o l igomer d i f fus ion,  desorpt ion and d issolv ing
processes are accelerated exponentially by tempera-
ture increase (normal ly  are unmodi f icated or  low
modificated polyester fibre dyed 30-60 min. at 1ZS-
130  "C) .

In  the ac id bath is  o l igomer so lubi l i ty  l imi ted and
therefore ol igomers fal l  out by the f inal bath-cool ing.

Oligomer crystal l ises on the f ibre surface and also
on the walls of apparatus now. The fol lowing water-
r insing can remove only the unessential part of the
ol igomer deposits. That appl ies namely to the cycl ic
type of ol igomer (tr imer) which forms the majori ty of
oligomer. lt crystallises very good. Melting point T. =
14-16 0C.

Even this crystal l ised remnants on the f ibre sur-
face has the most negative inf luence on the spin-
ning and other mechanical processes apart from the
diff icult  clearing of the ol igomer deposits in dyeing
device.

The us ing of  lubr icant-agents,  sp inning o i ls  and
smoothness-r ising auxi l iar ies brings mostly only par-
t ia l  so lut ion of  the bad spinning of  polyester  s taple
f  ibre.

In  hot  a lka l ine solut ions a considerable o l igomer-
propor t ion solubi l ises by saponi f icat ion of  the ester
bond. Theoretical ly surface of f ibre could be parl ly
decomposed in  th is  way.  We d id not  observed a
weight  last  o f  the a lka l ine dyed f ibres -  pH about
10,  but  i t  seems to be unnegl ig ib le an idea that  a lso
the higher surface-smoothness (as an effect of the
surface microlayer saponification) contributes to bet-
ter  sp innabi l i ty  besides the d issolv ing of  sur face o l i -
gomer by a lka l ine polyester  dyeing.

Last  but  not  least  can the a lka l ine dyeing condi -
t ions prevent the redeposit ion of acryl ic and others
synthetic sizes which usually cannot be fully removed
by prescour /desize.  That 's  of  great  importance
namely by microf ibre polyester fabrics, which earry
h igh quant i t ies of  wax,  s ize and kni t t ing o i ls .  l f  dye-
ing is  carr ied out  in  the ac id region then these sub-
stances would be redeposited onto the fabric.

EXPERIMENTS

The spinnabil i ty, the tear lenght (cohesion) of sl iver
and the surface-ol igomer content by the typical ly in-
dustr ia l ly  dyed polyester  s l iver  TESIL 22,  3,6 dtex
(polyethyleneterephtalate modif ied by 0,1 % penta-
erythr i to l ,  made in  SILON j .comp.,  p lan6 n.  LuZ. ,  CR)
was tested.

O. /:-\ Ci
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Fig. 1 Cycl ic tr imer at polyester

vldkna a textitT (2) 131-132 (2000)



Tabfe 1 Propert ies of TESIL 22, 3,6 dtex, sl iver dyed by dif ferent methods

dyeing method colour surface ol igomer

l%l

cohesion [m]
(tear lenght)

var. coeficient

l%l

acid bath
(pH 5,5)
alkal ine bath
(pH 9,8)

mass-dyed

undyed

dark blue
grey
dark blue
dark green
brown
dark blue
black

1 , 2 Q
0,82
1 , 3 2
0,75
0,63
0,54
0,26
0 , 1 8

66,2
67,6
49,0
48,9
55,2
32,4
32,9
36,0

8 ,9
5 ,2

21,7
17,5
1 9 , 6
33,4
3 1 , 9
33,5

Fig. 2 TESIL 22 - Surface with ol igomers

Polyester tow 3,6 dtex was teared before dyeing
at the break converter (prod. Seydel), steamed (apar.
Cloramalic 7, prod. Lagarde) and stretched (apar.
GN5,  prod.  of  NSC).

This variante were compared:
1 - dyed in acid bath (pH 5,5)
2 - dyed in alkal ine bath (pH 9,8)
3 - mass-dyed by fibre producer
4 - undyed - for comparison.

By var. 1 and 2 were dyed 5 items (each 200 kg)
on apar. YU 200 (prod. Vlndna, Brno, CR), liquor ratio
1 : 10. Dyestuffs: SERILENE (prod. Yorkshire, GB)
- by var. 2 SERILENE ADS - alkal i-resistant. The
time-temperature schedule of dyeing was in both
cases equal: start 60 oC - 30 min to 125 o - 60 min
by 125 o - cool ing on 90 oC - off  and washing. The
items of the ,,classical acid" dyeing var.1 were then
standardly aftertreated in alkaline-reductive bath.

Analyses and methods: the surface ol igomer were
extracted by hot ethanol (30 min) and estimated by
UV spectrophotometry by 242 nm.

vli ikna a textilT (2) 131-132 (2000)

The tear length (cohesion) on sl iver [m] was found
out at the strength tester Tiratest 2110.

The surface f ibre picture was observed by
electrone microscopy.

RESULTS

From table 1 stand to reason that - the tear length
(cohesion) of the alkal ine dyed polyester sl iver is
inexpressive lower than by the acid dyed one. Also
the decrease of the surface ol igomer-content is simi-
larly inexpressive. The microscopic obsevation con-
f irms only unessentialy less deposit of crystal ic sub-
stances on f ibre surface (Figure 2).

Tear lenght-values of the undyed and mass dyed
polyester fibre were not reached.

There is also an inconvenient aspect,,against good
spinnabil i ty" by the alkal ine dyed sl iver: the several
times greater variation coefficient of cohesion in com-
parison with , ,acid dyeing".

In spite of the not too conductive observations for
the meaning of the alkal ine dyeing method, the moni-
toring of the dyed (and others compared) items by
further processing indicates an intermediate improv-
ing - namely by spinning - by the alkal ine dyed poly-
ester sliver in comparison with the mild acid dyed one.

CONCLUSION

It was not proved the theoretically expected elimi-
nation of suface oligomer content by dyeing of TESIL
22 polyester sl iver from alkal ine bath (pH 9,8; 125
oC, 60 min) in normal industr ial production. The fur-
ther sl iver processing is moderately improved.
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