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Dear Friends!

We take the liberty to invite you to the Il nd Conference on “Novelties in Weaving Research and Technol-
ogy” organized by the members of the INCO-COPERNICUS Project ERBIC 15 CT 96-0711 “Network for
Studying Warp Related Weaving Problems”. This second conference takes place on the Technical University
in Liberec on 16 to 18th of September 1998.

The task of the conference is to exchange informations between the partners in the project as well as between
other intertested visitors about present directions and results of research in the field of weaving technology, and
about possibilities of influencing the weaving process and quality of produced fabrics by changing or improv-
ing the properties of textile meterials on the loom and by new solutions of the dynamics of the loom and its indi-
vidual mechanisms.

Up to now the organisers of the Conference obtained nearly 30 scientific papers dealing with problems in
the following main areas of research of weaving and of properties of the resulting product:

1. Mechanical properties of textile materials processed on the weaving loom, and influencing or improving
of these properties from the point of view of quality and stability of the weaving process.

2. Chemical origin and properties of fibres from the point of their further processing on the loom

3. Mechanical properties of produced goods — fabrics

4. Dynamics of the weaving process and interaction between the weaving mechanisms and the textile
material

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

The papers will be presented by authors in the order according to the programme which is the part of this
invitation. The programme is divided into thematic groups, which may be accompanied in several cases by prac-
tical exhibitions. We wished that everybody who works or is interested in the weaving technics and technology
could find some novelties and new ideas in the prepared performances.

Thanks to the kindness of the publishers of the magazine Fibres and Textiles, the materials of the Conference
will be handed to the participants in full texts in the form of the present special 3 rd issue 1998 of the Magazine
instead of a conventional Book of Transactions. We are sure that this form of publication will guarantee a per-
fect quality of material presentation.

The sessions are planned to take place mainly in the Conference Hall of the University Campus in Liberec.
Two afternoon sessions nevertheless will take place off the University Campus: one in the weaving lab of the
Technical University, with the possibility to watch measurements on the looms by using the High Speed TV
Camera and other devices, and the other one in the premises of the Research Institute of Textile Machines in
Liberec (VUTS), with the possibility to see several research results of the institute.

Dr. Vangheluwe from the Department of Textiles of the Universiteit Gent, as the coordinator of the Project
“Network for Studying Warp Related Weaving Problems”, as well as the organisers of the Il nd Conference
1998 of this Project from the Technical University Liberec and from the Research Institute of Textile Machines
in Liberec, invite you heartily to take part on the Conference programme.

In the name of all colleagues preparing the session looks forward to meet you in the town of Liberec

Prof. Stanislav Nosek, DrSc.

President of the Conference
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PROGRAMME

of the Il nd Conference on Novelties in Weaving Research and Technology,
16—18 th September 1998 in Liberec, Czech Republic.

Wednesday 16th of September (Conference hall)

7.30-9.00 Registration
Opening and introductory papers
Chairman: Prof. S. Nosek, DrSc. TF TUL
9.00-9.15 S. Nosek, Pres. of the Conference: Welcome to the conrefence. Session opening.

9.15-9.45 D. Luka$, Rector of the TUL: Welcome to the Technical University in Liberec.
Introductory words about developing of modern science methods on the University.
Accompanying paper: D. Luka$, D. Halamek: “Computer Simulation of Mechanical Properties
of Two-Dimensional Fiber Nets*.

9.45-10.15 J. Militky, Dean of the Text. Faculty of TUL: Welcome to the Textile Faculty.
Word on the connection between material research and research of mechanic technologies
on the Faculty of Textiles.
Acompanying paper: J. Militky, V. Bajzik: “Air permeability and porosity of weaves”.

10.15-10.45 Vangheluwe L., Coordinator of the Project “Network for studying the weaving process”:
Remarks to the Project.
Paper: Vangheluwe L.: “Determination of weft yarn breakage probability in air jet weft insertion
via numerical simulation”.

10.45-11.15 Coffee break

Phys. and chem. properties of text. materials and aux. means for weaving
Chairman:
11.15-11.45 D. F. Turcu, D. Avram, A. Mihaescu:; POP technical yarns for weaving.

11.45-12.15 D. F. Turcu, M. Neculaisa, A. Mihaescu, P. Heinisch: The influence of some physicochemical
and thermooxidative factors on the mechano-rheological characteristics
of the POP technical yarns for weaving.

12.15-12.45 R. H. Huizenga: Development of Quicksolan SPR (for sizing).
12.45-14.00 Lunch

Wednesday 16th of September
The afternoon session takes place in the Laboratory of Weaving of the Textile Faculty,
building E of the University.

Measuring and research methods in the weaving process I.
Chairman: Doc.J.Mrazek,CSc. TU Lib.

14.00-14.45 A. Cvrkal, I. Brotz: Practical demonstration of measuring and evaluation methods
used in the weaving lab of TUL during research of the fabric forming process.

14.45-16-00 The representative of the firm Weinberger A.G, Dietikon, Switzerland:
New properties of the System High Speed-Cam 500 for studying the dynamics of processes.

16.00-16.30 Coffee break

16.30-17.00 A. Cvrkal: Observing of the cloth fell motion at the beat-up by means
of a High-speed TV Camera.

17.00-17.30 I. Jaksch: Measurements of the weaving process and of fabric barriness.

17.30—18.00 M. P. U. Bandara: The measurement of the cloth fell drift during a loom stoppage.
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Wednesday 16th of September. Evening event.
Social evening in a mountain restaurant off Liberec. Details see the invitation leaflet.

Thursday 17th of September. Morning session (Conference hall)

Mechanics of weaving and fabric forming, stability of the processes.
Chairman: Doc.J.Dvofak, CSc. Res. Inst.of Text. Mach. Lib.

8.00-8.30 S. Nosek: Logical connections between individual evolution steps in weaving technology
and necessary directions of further research.

8.30-9.00 P. Tumajer: Numeric simulation of the start of a weaving loom.

9.00-9.30 K. Adamek: Conditions for high quality and reliable air jet weft insertion.

9.30-10.00 J. Mrazek, M. Bilek: Dynamic stress of heald shaft of weaving looms.
10.00-10.30 Coffe break
10.30-11.00 F. Bamelis: Contribution to higher productivity on Picanol’s new rapier machine Gamma.
11.00-11.30 L. Vangheluwe: Theoretical aspects of back-rest roller rotation on weaving machines.

11.30-12.00 G. Popov, G. Petrov: Multifunctional system for controlling and analysis of processes
and images in weaving.

12.00-13.00 Lunch

Thursday 17th of September. Afternoon session.
The afternoon session takes place in the Research Inst. of Textile Machines in Liberec. The transportation to
the Res. Institute will be realized by bus from the Conf. Hall in the resident’s area of TUL

Exposition of research and measuring methods and devices (VUTS)
Guids: Cowaorkers of the Institute.

Measuring and research methods in the weaving process Il.
Chairman: Doc. M. Vaclavik, CSc. general director of the Insitute.

13.00-13.30 P. Sidlof, M. Svoboda, P. Skop: The angular speed and angle measuring instrument.
13.30-14.00 P. Skop, P. Sidlof: Transducers for measuring of tensile forces of single yarn and warp.
14.00-14.30 R. Kovar: Influence of the yarn deformation on weaving process.

16.00-16.30 Coffe break

16.30-17.00 G. Popov: Determining of the bending rigidity of yarns using traditional dynamometer.

17.00-17.30 Dang Vu Hung, L. Vangheluwe, P. Kiekens: Frictional model of warp yarns
running against objects.

17.30-18.00 A. Mdillen: Forecasting the technical properties of woven fabrics with the aid
of finite element analysis.

18.00-18.30 Z. Stjepanovié, M. Ziberna-Sujica, Z. Grobelsek, D. Voglar-Stic: Methods of reduction
of manufacturing costs in production of fine woolen fabrics.

18.30-20.00 Evening session — participants on the INCO-COPERNICUS project ERBIC 15 CT 96 0711
“Network for stud.warp related weaving problems”
Presiding: Dr.Ir.L.Vangheluwe, Coordinator of the Project.
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Friday 18th of September. Morning session. (Conference hall of the TUL)

Mechanics of threads sytems (warps, fabrics)
Chairman: Dr. ir. L. Vangheluwe, Univ. Ghent.

8.30-9.00 B. StfiZ: Conception of the plain fabric elasticity
9.00-9.30 J. Szosland, Z. Stempieri: The tension pulses generated in the textile linear products.

9.30-10.00 J. Mevald: Propagation of stress pulses through the warp (numerical method of solution).
10.00-10.30 M. Ciocoiu, D. Avram, D. Mihaescu, N. Irimiciuc: The bahaviour of the warp yarns submitted
to composed cyclic stresses.

10.30-11.00 Coffee break

11.00-11.30 J. Slodowy: Possibility of adjusting the optimum tensile properties of yarns
to processing conditions thereof.

11.30-12.00 M. Snycerski: New concept of formatting of properties of the weft package.

12.00-12.30 S. Nosek: Straining of warp and other linear textile bodies (LTB) during weaving
or other technologies.

12.30 Closing words about the Il nd conference of the Project
“Network for studying weaving problems”
Dr. ir. L. Vangheluwe, Coordinator of the project.

12.45 End of the Conference, thanking for the visit.
Prof. S. Nosek, DrSc., Pres. of the conference.

13.00-14.00 Lunch

Friday 18th of September. Afternoon event.

For those who are interested in a trip into the vicinity of Liberec (depends on the interest):
a trip by bus to the castle Sychrov (20 km), visit to the castle, walk through the castle gardens.

Changes in the detailed programme are possible.

Presentation of other scientific contributions, which are not included into
the sessions, is possible in the form of poster, placed in foyer
of the Conference Hall.
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Opening
and Introductory Papers

COMPUTER SIMULATION OF THE MECHANICAL
PROPERTIES OF TWO-DIMENSIONAL FIBRE NETS

David Lukas, David Halamek

Technical University of Liberec, KNT,
Hélkova 6, Liberec 1, 461 17, Czech Republic

Abstract: We are developing a computer simulation method of predicting the mechanical properties
of fibre net based on a microscopic description of it. The net is composed of fibres (bonds) connected
one together by bond sites. The simulation starts with the known mechanical properties of a given
fibre net components and with the known initial geometry of a fibre laid out. The restoring forces in
elongated fibres are assumed elastic possibly nonlinear. The evolution of the system as it undergoes
a selected distortion is computed using Davidon, Fletcher and Powell method of minimisation of
a function of several variables. The function in question is the elastic energy of the net and the vari-
ables are co-ordinates of bond sites. The simulation method successfully describes the mechanical

response of the net to the distortion.

. INTRODUCTION

The objective of the contribution is to demonstrate
that mechanical behaviour of textile materials predicted
by computer simulation could be in reasonable agree-
ment with experimental data.

The computer simulation of the mechanical behav-
iour of textiles was introduced by Baher and Petterson
[1] for predicting the mechanical properties of area —
bonded nonwovens. This work was later developed by
Hearle and Stevenson [2]. In the beginning of eighties
Britton et al. [3, 4, 5] demonstrated the feasibility of
computer simulation of the mechanical behaviour of fi-
bre nets under stress. These works were continued by
computer simulation of stress — strain curves of point —
bonded nonwoven fabric published by Grindstaff and
Hansen [6]. Jirsak and Lukas made a study of fibre net

Vlidkna a textil 5(3) 69—71 (1998)

response to variations in net geometry, mechanical
properties of bonds and bond sites [7, 8].

In general the computer models of mechanical be-
haviour of textiles are expected to provide us a faster,
less expensive, and more consistent means for the
development of new textile materials. In addition, mod-
elling permits better understanding of local and micro-
scopic phenomena occurring during textile materials
testing and application.

Il. A SIMPLE MODEL FABRIC

A model fabric is determined by specifying the posi-
tion of all bond sites in the unstrained configuration of
the fabric. The bond sites are connected by fibres
which layout, density, orientation, connectivity, and curl
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are estimated from microphotographs of the fabric be-
ing modelled. Our model implementation allows to con-
nect at most four fibres in one bond site. The computer
fabric sample occupies a rectangular area in a fixed
plane.

The impute information to the main program involves
the measured restoring forces in elongated fibres.

These forces are presented in polynom form. We as-

sume elastic forces in the system only.

The fibre net is strained in incremental steps by rigid
displacing the bond sites at opposing edges of the
sample. The remaining bond sites are left free to move
and find new equilibrium positions in accordance with
the laws of mechanics. With respect to the elastic na-
ture of restoring forces the new equilibrium configura-
tion of the net is determined by the total minimum of the
elastic energy of the system. The elastic energy is
given by positions of the free bond sites, witch co-ordi-
nates are variables of the energy function. That is why
we are facing the problem of minimisation the function
of several variables.

1. MINIMISATION PROCEDURE

The initial equilibrium state of the fibre net is per-
turbed by a displacement along the chosen boundary.
The task now is to restore the system to static equilib-
rium. During the restoretion we are finding the new po-
sitions (co-ordinates) of free bond sites. For this proce-
dure we have employed a method for minimisation of
the system elastic energy, particularly a rapidly conver-
gent descent method for minimisation a function of sev-
eral variables introduced by Fletch and Powell [9]. This
method supposes that the function of interest can be
calculated at all points and that its gradient is defined
at the same place.

The idea of Davidon, Fletcher, and Powell method is:
near the sought minimum, the second-order terms in
the function’s Taylor series expansion dominate, that is
why the method has to guarantee to find the minimum
of a general quadratic form speedily.

The standard quadratic form in n dimension is

n 1 n n
f=f +§‘aixi +522Gijxixj,

i=1 j=1

M

where the vector X = (X;,X,,..X;,...X,) consists of all
co-ordinates of bond sites, that belong to a perturbed
net configuration. Let us denote X, the equilibrium vec-
tor for which the function f has its minimum. We re-
serve g to denote f's gradient

g=a+GX (2)
In the minimum g = 0 and (2) has the form
A—1
x,=-Gai 3)
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and the displacementX, — X between the pointX and
the equilibrium configurationX,, is

A=l e | A

e |
%,-%X=-Gi-X=-G@-G)=-G§ (4

In Davidon, Fletcher, and Powell method the ma-

A1

trix G is evaluated using an iteration procedure.

IV. CALCULATION RESULTS

Numerical calculations were performed on a model
of warpknitting fabric containing 143 bonds and 130
bond sites. A part of the unstrained configuration is
shown in Fig. 1. The bond laid out was estimated from
microphotographs of the fabric being modelled, see
Fig. 2. The length of bonds were estimated using the
intersection stereological method [10].

Bond stress-strain parameters were determined from
stress-strain date for single bonds. The textile sample

1 2 3 4 5 6 X
T 7
) P - bonds A
8 F=Il.
R L R I B bonds B
4
o9
,—'L’ﬂ’/
10 b=
11 12 13 14 15 16
Y 4

Fig. 1 A part of the initial configuration of the model fabric is shown.
Solid and dashed lines (representing individual bonds A and
B) are bonded at the chosen bond sites. The opposite edges
of the fabric model are clamped at the mathematical jaws.

I %
=3

SR Ao N

&

Fig.2 Microphotograph showing the inner structure of the modelled
fabric at 70% strain.
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Fig. 5 Experimental stress-strain curve and that computed from the
model

V. CONCLUSIONS

The calculations have demonstrated the feasibility of
describing the important mechanical features of a tex-
tile material. Regarding practical implementation of the
computer simulation methods for use in computer as-
sisted design of new textile materials it will be neces-

J
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1 J ™ I~ N~ I~ ~ NN

Fig. 4 The configuration of the model net at 120% strain.

is composed of two different bonds A and B which
stress-strain curves are shown in Fig. 3. For the calcu-
lation restoring elastic forces of bonds A and B were
taken to be in the form of polynoms

FA = a;€ + 3282 + 3383 + 3484 (5a)

Fg = bye + bye? + bae® + bye? (5b)
with a; = — 0,02784, a, . 1,8704, a;= — 6,6757, a, =
5,6458 and b, =50.548,b, =~ 976.01, by = 9651.7,b, =
—33504.0.

The configuration of the model net at 120% strain is
shown in Fig. 4. The stress-strain relations for the model
as well as for the real fabric sample are shown in Fig. 5.

All calculations were performed on PC 486 compu-
ter. The output data for the model was generated using
over 10 minutes of CPU time.
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sary to co-operate between companies and research
organisations.
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AIR PERMEABILITY AND POROSITY OF WEAVES

Jifi Militky, Marie TravniCkova and Vladimir Bajzik

Technical University of Liberec, Dept. of Textile Materials, Liberec, Czech Republic

AssTRACT Main aim of this contribution is characterization of fabrics porosity by the light transmission
and comparison of this characteristics with air permeability and idealized geometrical structure of
selected weaves. For characterization of air permeability the classical apparatus has been used. The
transmission of light through fabrics has been measured on the system LUCIA for image analysis.
The porosity of textiles has been evaluated from corresponding construction parameters and ideal-
ized models of fabrics geometry. The dependencies between above mentioned characteristics were

formalized by using of regression analysis.

1. INTRODUCTION

Itis well known, that air permeability and light trans-

mission through fabrics depend on many factors start-
ing with geometrical structure. Both properties are ap-
parently very closely connected and can be explained
as so called porosity.
Porosity has decisive influence on utilization of fabric
for some technical application (filters, sails, para-
chutes) and clothing application as well. Fabric po-
rosity depends generally on the fabric and yarns con-
structions. Numerous methods have been proposed
for porosity measurement. Classical one is based on
the investigation of air permeability. Modern systems of
image analysis enable to measure porosity as trans-
mission of light through fabric.

It has been shown [1] that for tightly woven fabrics
exists good agreement between air permeability and
interfiber pore volume (porosity). For open weaved fab-
rics the correlation between air permeability and con-
struction parameters of fabrics are not so strong.

Main aim of this contribution is the measurement of
fabrics porosity by light transmission and comparison
of this characteristics with air permeability and ideal-
ized geometrical structure of simple weaves. For char-
acterization of air permeability the classical apparatus
is selected. The transmission of light through fabrics is
measured on the LUCIA system for image analysis.

The apparent porosity of textiles is evaluated from
corresponding construction parameters and idealized
fabrics models.

The dependencies between above mentioned charac-
teristics are formalized by using of regression analysis.

2. EVALUATION OF FABRIC POROSITY

There exist a lot of models characterizing the ideal-
ized porosity P, from some construction parameters of
weaves. Classical parameters are sett (texture) of weft
D¢ [1/m], sett of warp Dy [1/m], fineness of weft yarn T,
[tex], fineness of warp yamn Ty, [tex], planar weight of
weave W5 [kg m?], density of fibers pr [kg m™®] and
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thickness of fabric ty, [m]. For the idealized arrange-
ment of yarns in fabric is

t = dc + dy (1)

where d; is diameter of weft yarn and dy, is diameter of
warp yarn. When t, = t, the yarns in fabric are roughly
circular. This type of arrangements is assumed in se-
quel.

For idealized circular yarn with the same packing
density is simple to compute diameters from the rela-
tion

2./T
dc :_C_._ (2)

V108 o

L2
! 108 7tpy,

Here pc and py are unknown densities of weft and
warp yarns. These densities are combinations of den-
sities of fibers pe and air p, = 1 000 [kg m™] according
to the packing of fibers in yarns. For known packing
density iy is py = Uy pr and the same relation is valid
for a weft yarn. The values pg and py are therefore
function of twist and method used for yarn creation. For
the moderate level of twist it has been empirically found
that

(3)

pclpe = pe =~ 0.525 (4)

and this correction can be imposed to the relations (2)
and (3) for computation of d¢ or dy.

For the noncircular yarns we can simply compute the
area of yarn cross section

Syc = Tcl(pc * 106) (5)
or
Sym = Tul(pum * 106) 6)

Itis clear that ideal fibrous form (without pores) hav-
ing the area Sy has density equal to fiber density pr.
The yarn porosity is then defined as

Pyc = pclpr (7)
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or
Pym = pwlpe (8)

By the same way we can evaluate the ,density”
porosity of fabrics from relation

Po = pwipe ©)
where py, is defined by the relation

my _Wp

pw = (10)

vy tw
where my, [kg] is weight and v, [m?] is corresponding
volume of fabrics having the surface of 1 m2 From the
measured planar weight Wy, fabric thickness ty and
known density of fibers is the simple to compute the
»density” porosity

We

Py = —P
PF Xty

(11)
Second possibility of porosity evaluation is based on

the definition of hydraulic pore for the filtration pur-
poses [1]. The ,,volume* porosity is defined as

volume covered by yarns oYy
whole ecessible volume Vy

Ry =1-

1-Y (12)
tw

The vy is equal to the sums of volume of weft yarns
SU. and warp yarns SUy,

W = SUC + SUD (1 3)
where

SUC = DCV1C (14)

SUp = Dyvim (15)

Here the v;c and vy are volumes of weft and warp
yarn in the 1 m portion of fabrics

lomd3 Te
=lc—3
4 10 Pc

_ (1+S¢ /100)T¢
T 525%10% x pg

(16)

Vic =

for v,y the indexes C are replaced by the indexes M.
Combination of eqn (13), (14), (15) and (16) and rear-
rangement leads to the equation

For the case of negligible S and Sy, and pec = pey = P
can be porosity Py, expressed by the relation

(1+SC /1OO)TC)
525)(10 X Prc

(1+SM [100)Ty |(17)
M 505 %103 x PEM

525 %103
tw X pe

1
=1 —t—[D0V1C + DMvﬂw]
w

PV =1- [Dcrc +DMTM]:

(19)
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More accurate determination of volume porosity is
based on the idealized fabric surface structure projec-
tion shown on the Fig. 1.

 1/Dc

Fig. 1 |dealized surface of fabrics projection (solid lines bounds the
unit cell)

The unit cell (element of structure) shown on solid
line contains a part of curved weft and warp yarns por-
tions. Volume of this cell is equal to

Ve =(d¢ +dy)/(Dc xDy) = tw /(D xDy)

Length of crimped weft yarn portion is roughly equal to

(20)

leg = \/1.16 x df +(1Dy )? 1)
Here factor 1.16 is correction for approximation of weft
yarn sine course by the line segment [5]. Length of
crimped warp yarn is then

lom = J1.1 6xd + (YD)’ (22)
The corrected volume of weft yarn is
Ve = ”Xdc \/116de + (/D) (23)
and volume of warp yarn is
vM_”XdM ‘/116xdc+(1/DC) (24)
Corrected volume porosity is defined as
R, =1- Ve +Vu 1 s
Ve 4(dg +dy) (25)

(dc DC‘/116dC DC +1 +dMDM1“16dM DM +1)

From pure geometrical point of view can be surface
porosity evaluated from the cover factor CF of fabric.
Classical Pierce definition of CF is based on the ideal-
ized projection of fabric (see. Fig. 1).
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CF is defined as the area of yarn in the solid unit cell
rectangle

Ay = (dc/Dy) + (dw/Dc) — dcdy (26)

divided by the area of dotted lines bounded rectangle
The CF has then form

CF = dCDC + dMDM - dchDCDM (27)

The diameters of yarn can approximately computed

from eqn. (2), (3) with corrections (4). More realistic are

elliptical shapes of yarns (see[5]). “Surface” porosity
based on CF is then

Ps=1-CF (28)

This surface porosity is nearly the same as porosity
P, used in the evaluation of air porosity (see eqn. (29)).

3. AIR PERMEABILITY AND POROSITY

Let the fabric is modeled as the semi-porous sheet of
thickness ty. The overali pressure drop Ap = Panead —
Poening Of air flow passing through this semi-porous
sheet is dependent on its porosity. This loss is suitably
indicated by the loss of pressure coefficient LP [2]

LP = Ap/(0.5.p.w?) (28)
p is air density (for dry air at standard atmosphere and
25°Cis p = 1.175 kg m®) and w is air velocity ahead
material. The pressure loss depends upon the Reynolds
number Re (ratio of the dynamic to the viscous forces of
the flow).The Re can be expressed as [2]

Re = (w.d)/(P,.9) (29)
Here d is diameter of mean (cylindrical pore), P, is the
so called surface porosity (open area of fabric divided
by the total area of fabrics) and ¢ is kinematic viscos-
ity of air. In the standard tests is mean value Re = 200.
The pressure loss can be divided to the dynamic
losses and friction losses. Combining of these losses

the LP can be expressed in the semi-empirical form [2].

7

valid between Re = 1(for all porosity ratio) and Re = 103
(for porosity ratio lower that 0.5). Gorbach [4] derived
semi-empirical relation

LP=

1-R, [ 40 (30)

P2 \Re075 +(1

k,(1-P,)
"PZ(P,+P)

where coefficients k; and k, are dependent on the Re
and fabric structure.

LP=k (31)
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If the pressure drop Ap is small the airflow through
fabrics of surface area Sy, follows D" Acry law
WISw) = (1/R.) x (Apltw) (32)

where R, is air flow resistance. In the standard test is

Sw = 20 cm? and Dp (200 Pa) fixed. The air permeabil-
ity AP is expressed in the form

AP = w/Sy = 50w [m3'm™ (33)

For standard test is the dry air permeability AP con-
nected with coefficient of pressure loss LP through re-
lation

200 5 =85x10° | AP?

LP=——"
1175 w

(34)

The relation between air permeability and porosity
can be obtained by combining of the relation (34) and
(80) or (31).

in the contribution [3] the relation between AP and
planar weight of fabric W, has been derived

AP = K\|W, + K,

Here constants K; and K, depend upon density of
fibers and their resistance R.

4. EXPERIMENTAL PART.

The 40 various weaves from wool and blends of
wool with polyester, polyamide and viscose fibers have
been selected. Planar weights were in the range 0.15—
0.38 kg m?

The following construction parameters of fabrics are
measured: sett (texture) of weft D¢ [1/m], sett of warp
Dy [1/m], fineness of weft yarn T [tex], fineness of
warp yarn Ty, [tex], planar weight of weave W [kg m?],
density of fibers pg [kg m™] and thickness of fabric t,,
[m]. Three specimen were measured and the means
used for calculations. From these parameters the fol-
lowing porosity characteristics Py, Py , P"yand Pg were
computed.

The air permeability AP has been measured under
standard conditions Ap = 200 Pa and S,, = 200 cm? in
the standard atmosphere. Ten repeating of measure-
ments were realized and the mean value is used for
calculations.

The light transmission was investigated by the im-
age analysis system. The system consists of micro-
scope, CCD camera and personal computer. The treat-
ment 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 resolution of
752 x 524 pixels. The original image of one fabric is
shown on the Fig. 1.

The white objects (corresponding to the areas trans-
mittable for light) were extracted from the original im-
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Fig 2 Original image for one fabric
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Fig. 3 Inverted image (white objects are black spots) for one fabrics

age. The threshold value 62 (all gray patterns are con-
verted to the black ones) has been chosen. The rela-
tive porosity for light P, was defined as the area of
white objects divided by the whole area (see. Fig. 2)

5. RESULTS AND DISCUSSION

Comparison of porosity measures computed from
fabric construction (Pp, Py, Py and Pg) and variables
(AP or P)) have been made by using of correlation
analysis. The selected paired correlation coefficients
were computed by using of ADSTAT package [6].
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CORRELATION FOR POROSITY MEASURES
Paired correlation coefficients:
P,, P, =0.982
Ps, Py =0.747
Pg, Py =0.546
Pp, Py =0.196

CORRELATION FOR VARIABLE PL:
Paired correlation coefficients:
P ,Pp=-0.3119
PL! PV = 0.1 842
P, Ps=0.5373
P, Py =0.2522
P., AP = 0.8486
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CORRELATION FOR VARIABLE AP:
Paired correlation coefficients:
AP, Pp=-0.4162
AP, P, =0.1752
AP, Pg=0.4479
AP, P, =0.2302

Itis clear that the highest correlation exists between
air permeability AP and light transmission P_. From the
point of view of the correlation of fabrics geometric
characteristics of porosity with air permeability and light
transmission is the best the surface porosity Ps. Gen-
erally, the porosity computed from geometrical charac-
teristics of fabrics was far of reality.

In the second run the relation between air permeabil-
ity and porosity P, evaluated from the light transmis-
sion has been created. Based on the preliminary analy-
sis the linear regression model has been selected.
Parameters have been estimated by the least squares
criterion by using of ADSTAT package[6].

Table 1 Results of regression of AP on P

Nonlinear Regression

x

o 5 8.00

6.00|*

> 4.UUT

2.00

T

3 x
o gymt ® * L

A
x .z

L T T L AU T
0.00 0.10 0.20

Fig. 5 The regression of LP on P

Estimate K=k, %k, = 3.874x10"'? has been computed.
Corresponding mean error of the prediction is MEP =
2.33x10"°. The data and regression curve are shown
on the Fig. 4.

Parameter Estimate Standard Test of HO: B[j] = 0 vs. HA: B[j] <> 0
deviation t-Criterion HO hypothesis is Sig. level
B[O} 1.8985E+03 2.8881E+02 6.5736E+00 Rejected 0.000
B[1] 3.5960E+04 3.6364E+03 9.8890E+00 Rejected 0.000
Correlation coefficient, R : 8.4862E-01
Predicted correlation coefficient, Rp*2 : 8.3098E-01

Regression line has the form

AP = 2.8881E+02 + 3.6364E+03x P

Linear Regression
wo t 1L20g
1.00 F -
; T
: P
0.80| -
t I ‘/
> 0.60F w7
E : ,n"//:
0.40( Lt
l B x
:3! ‘;l
0.20&;{
:?
L T T B I B
0.00 0.10 0.20
X

Fig. 4 The regression of AP on the P_ and experimental data

The regression line and experimental data are
shown on the Fig. 3. From Fig. 3 and results of linear
regression is clear that the dependence of air perme-
ability on porosity evaluated from the light transmission
is without marked nonlinearity.

The coefficients of pressure loss LP were computed
from eqgn. (34). The dependence between LP and P,
(porosity P, was selected as good approximation) pre-
dicted by egn. (31)has been evaluated by the nonlinear
regression.
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The only moderate degree of fit shows the limited
validity of the prediction egn. (31). Results obtained by
using of egn. (30) were worse.

6. CONCLUSION

The image analysis can be simply used for the pre-
diction of the air permeability. Porosity computed from
the fabric geometry is too idealized for close correlation
with air permeability.
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DETERMINATION OF WEFT YARN BREAKAGE
PROBABILITY IN AIR-JET WEFT INSERTION VIA
NUMERICAL SIMULATION

Dr. ir. L. Vangheluwe

Department of Textiles (Universiteit Gent), Technologiepark 9, 9052 Zwijnaarde, Belgium

ABSTRACT The paper presents an approach to assess the risk of having a yarn break in pneumatic
weaving. The equation of motion is solved via numerical integration. The statistical distribution of
yarn load and its strength is obtained after Monte Carlo simulations of weft insertion behaviour for
several yarn specifications. Using a statistical technique, the breakage rate can be caiculated.

The results show the influence of yarn strength, yarn modulus and their coefficient of variation and
the variation of the air-drag coefficient of the yarn on the breakage rate. It is also demonstrated that
the use of a controlled weft brake drastically reduces the risk of having a weft break.

1. INTRODUCTION

The paper will focus on the occurrence of weft yarn
breakage in pneumatic weft insertion. Only breaks oc-
curring between the weft accumulator and the receiv-
ing side of the loom due to the peak tension at stopper
action will be studied. Although a number of other weft
stop causes exist, this type of stop is relevant for air-jet
weaving due to the high loading of the yarn at the end
of weft insertion.

The influence of yarn parameters and loom settings
can be studied experimentally via weaving trials. This
approach is time consuming as a large number of weft
insertions must be performed per yarn type or per loom
setting. It is also almost impossible to find yarns that
form a well designed sample set to study the effect of
yarn parameters on breakage probability systemati-
cally. A thearetical approach is followed in the paper
via the calculation of the flight of the yarn during inser-
tion. The equation of motion (second law of Newton) is
solved to this end.

Itis obvious that a yarn will break when the load sur-
passes its strength. A statistical approach is needed as
the breakage probability in weaving is rather low. The
statistical distribution of yarn strength and of other rel-
evant yarn properties must be taken into account.
A Monte Carlo simulation in which random number
generation is used allows to simulate weft insertion on
air-jet looms for a large number of picks. The breakage
probability can be obtained via evaluation of the risk of
having a yarn break in using the statistical distribution
of strength of a filling and yarn load at stopper action.

2. THEORY

2.1 Equation of motion of the weft yarn

The motion of the weft yarn in air-jet weaving can be
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described via Newton’s second law. Duxbury et. al. [1]
were the first to publish a theoretical model for the cal-
culation of weft insertion on air-jet looms. The law of
motion that governs the motion of the weft yarn is rep-
resented in equation 1. After Duxbury et. al. [1] a
number of other researchers [2-6] used the same ap-
proach to model yarn motion during pneumatic weft in-
sertion.

m.a = Fy~ F, M

m —mass of the yarn being accelerated (kg); a — accel-
eration of the yarn (m/s?).

The driving force F, is given by equation 2 and the
opposing force F, originating from balloon forces and
friction can be described in a form given in equation 3.

Fy=0.5 comdlp.(v, - Vy)2 (2)

Cq4— air-drag (or air friction) coefficient of the yarn; | ~
length of the yarn on which the air stream acts; d — ap-
parent yarn diameter; p — air density; v,— velocity of the
air; v,— velocity of the yarn.

F,=05 T.vie' 3)

T —linear density of the yarn; v, — yarn velocity; i — co-
efficient of friction of the yarn against contact points; «
— friction angle.

The first part of equation 3 expresses the theoretical
balloon forces and the exponential factor represents
friction being present in the yarn path.

When the complete length of yarn has been inserted,
the yarn hits the stopper pin on drum of the weft accu-
mulator and all kinetic energy of the yarn is converted
into strain energy loading the yarn. A peak load in the
yarn occurs as this force is superimposed on the force
in the yarn being present just before stopper action.
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Equation 4 gives the additional force due to stopper
action under the assumption of a linear force extension
curve of the yarn. This assumption can be considered
valid for cotton yarns.

Fetop = v.JET (4)
Fs0p — additional force due to stopper action (N); v—
speed of the yarn just before stopper action (m/s); E —
yarn modulus of elasticity (N); T — linear density of the
yarn (kg/m).

The part of equation 3 describing friction can be en-
hanced to take a controlled yarn brake into account. If
a brake angle 8 and a coefficient of friction y” of the
yarn against the controlled brake are assumed, equa-
tion 3 takes the form of equation 5. The brake angle will
depend on the time, being zero before the brake be-
comes active. The advantage of the brake is a reduc-
tion of the load of the yarn at the end of weft insertion
through a reduction of the end velocity of the yarn.

F,=05T.v,.e"" e’ (5)

2.2 Results of the numerical solution of the
differential equation

The differential equation 1 can be solved via numeri-
cal integration. A program has been written using
standard C-code. The program runs on a personal
computer and thanks to portability of the standard code
used, also on workstations.

The parameters for the simulation model can be
adapted so that a good match is obtained with experi-

25

a) Yarn position

Position (m)
no= ;N

e

0 51015202530 3540455055

Time (ms)
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g 0.3
@ 02
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w 0.1

o

Table 1 Windings times of the experiment and of the numerical

simulation
Windi Winding times (ms)
inding Experimental Simulation
1 135 13.29
2 23.5 23.30
3 34.5 34.60
4 49.0 48.95

mental weaving results. A weaving trial was performed
on a Picanol Omni loom. On modern looms, it is possi-
ble to measure the winding times. These are the times
the yarn passes the sensor on the drum accumulator
during weft insertion. The four winding times give the
time at which each time one fourth of the filling length
has been withdrawn from the accumulator drum. Table
1 shows the experimental times and the ones of the
simulation after optimisation. During optimisation, the
sum of the squares of the deviations between experi-
mental and simulated winding times is minimised in
changing the parameters of the numerical model.
Figure 1 gives an example of calculated position/
time, speed/time and force/time curves. The simulation
has been calculated with a controlled brake acting
some milliseconds before arrival time of the weft yarn.
The weft brake slows down the yarn before arrival. As
a consequence, the additional peak force at stopper
action (which can be calculated via equation 4) is
lower. However, due to the brake action, an increase in
tension occurs from the moment the brake is activated.

3 Breakage probability

Yarn mechanical properties and also the peak load

60 T b) Weft yarn velocity

&
o O

Velocity (m/s)
N W
[= =]

-t
(=)

[ s e e e o e e e e e |
0 5 10 15 20 25 30 35 40 45 50 55
Time (ms)

c) Force during weft
insertion

0 5 10 15 20 25 30 35 40 45 50 55

Time (ms)

Fig. 1 Calculated curves characterising pneumatic weft insertion
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Fig. 2 Statistical distribution of yarn strength and of load of the yarn

are not constant for each pick but are subject to statis-
tical deviations. The statistical distribution of strength
as well as of yarn load should be taken into account for
the calculation of the number of weft breaks in the
shed. This was put forward by Krause [7-10] and by
some author researchers [11-12]. Although the theory
for the calculation of yarn breaks is general in nature,
the best application is found in weft insertion.

The principle is illustrated in figure 2. Yarn strength
and yarn load have a statistical distribution. A break will
occur if the strength of a certain filling is lower than the
load on it. The risk of break can be expressed under
the form of equation number 6:

o= | [or0)-0s(x)-dy-dx  (B)

x=0y=x

with ¢, — risk of having a yarn break; ¢4(x) — statistical
distribution of the yarn strength; ¢,(y) — statistical distri-
bution of the yarn load.

The breakage rate can also be calculated via formula
7 as the probability that the difference between yarn
strength and load is negative. A condition to use the
equation is that the distribution law of the difference
between strength and load is known.

o= ox —y<0) (7)

The breakage probability can be calculated using
Monte Carlo simulation on the numerical simulation
described in the previous section. Using random
number generation and taking the statistical distribution
of the different parameters of the model into account, a
series of weft insertions can be simulated numerically.
It is possible to evaluate at each weft insertion if the
load of the yarn is higher than its strength. As the prob-
ability of weft break is very low, it would take a long
calculation time especially if a large number of yarns or
loom settings are to be compared. Therefore, another
approach is followed. A range of insertions is calcu-
fated and the statistical distribution of yarn strength and
yarn load is fitted afterwards. The breakage probability
can be calculated using equation 6 or 7.
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In order to perform the calculations, it has been as-
sumed that yarn strength, yarn modulus and the drag
coefficient of the yarn all follow a normal distribution. In
first approximation, the parameters are supposed to be
independent (this means that no significant correlation
exists between the values). As tensile tests give mean
values for a test length of 0.5 m, values for the
simulations have to be calculated for the insertion
length. This means e.g. for an insertion length of 2 m
that the minimum strength of four tensile tests must be
taken for the tensile strength whereas the modulus for
one weft yarn is calculated as the mean for four tensile
experiments.

Values are generated using the standard built-in ran-
dom number generator of the C-language. As the gen-
erated values follow a uniform distribution, the Box-
Muller formula is used to obtain values that follow the
normal distribution with given mean value and standard
deviation.

We assume here that the yarn influences on the drag
force are concentrated in the drag coefficient. In prac-
tice, the drag coefficient of a yarn is affected by a large
number of yarn constructional characteristics. As no
direct measurement method exists to date for the drag
coefficient, values are obtained via the selection of a
value in order to fit experimental winding times during
weaving.

Using the %2 — test it has been verified that yarn load
as well as the yarn strength follow a normal distribution.
Together with the fact that strength and load of the fill-
ing are not correlated, it means that the difference be-
tween strength and load may also be described using
a normal distribution with mean and standard deviation
given in equation 8:

F-F,-F
Sar =+SE +SE
F, and F;: yarn strength (N) and yarn load (N).

It follows that equation 7 can be used to calculate the
breakage risk.

(8)

3. RESULTS OF BREAKAGE CALCULATIONS

At first, simulations have been calculated for weft in-
sertion settings without use of a controlled weft brake.
This is the worst situation as far as the risk of weft
breaks concerns.

Simulations have been calculated for two different
values for yarn strength (11.5 and 12.5 ¢cN/tex), coeffi-
cient of variation of yarn strength (11 and 12 %), yarn
modulus (50 and 55 N) and its coefficient of variation
(6 and 8 %) and the standard deviation of the air-drag
coefficient of the yarn (0.0004 and 0.005 for a mean
value of 0.006076). Values for yarn strength have been
chosen for a carded rotor spun yarn of 20 tex.
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Table 2 Results table of the simulation of breaks in air-jet weft insertion

Mean strength Standard deviation Moduius Std deviation Std dev. Breaks per
(N) strength (N) (N) modulus (N) air-drag coeff. 100 000 picks
2.3 0.253 50 4.0 0.0005 0.0544
2.3 0.253 50 4.0 0.0004 0.0208
2.3 0.253 50 3.0 0.0005 0.0401
23 0.253 50 3.0 0.0004 0.0357
2.3 0.253 55 4.4 0.0005 0.2276
2.3 0.253 55 4.4 0.0004 0.2236
2.3 0.253 55 3.3 0.0005 0.2935
2.3 0.253 55 3.3 0.0004 0.2250
2.3 0.276 50 4.0 0.0005 0.5147
2.3 0.276 50 4.0 0.0004 0.4280
2.3 0.276 50 3.0 0.0005 0.5330
2.3 0.276 50 3.0 0.0004 0.1798
2.3 0.276 55 4.4 0.0005 2.1032
23 0.276 55 44 0.0004 1.0196
2.3 0.276 55 3.3 0.0005 2.1363
2.3 0.276 55 3.3 0.0004 0.9783
2.5 0.275 50 4.0 0.0005 0.0021
25 0.275 50 4.0 0.0004 0.0007
25 0.275 50 3.0 0.0005 0.0017
25 0.275 50 3.0 0.0004 0.0015
25 0.275 55 4.4 0.0005 0.0099
2.5 0.275 55 4.4 0.0004 0.0022
2.5 0.275 55 3.3 0.0005 0.0116
2.5 0.275 55 3.3 0.0004 0.0057
2.5 0.300 50 4.0 0.0005 0.0529
25 0.300 50 4.0 0.0004 0.0660
25 0.300 50 3.0 0.0005 0.0438
2.5 0.300 50 3.0 0.0004 0.0139
2.5 0.300 55 4.4 0.0005 0.2672
2.5 0.300 55 4.4 0.0004 0.1038
2.5 0.300 55 3.3 0.0005 0.1193
25 0.300 55 3.3 0.0004 0.1748

Table 3 Factor effects for break risk in air-jet weft insertion without use of a controlled brake

Strength Modulus Std deviation
Mean (cN/tex) Coeff of var. (%) Mean (N) Coeff. of var. (%) of air-drag coeff.
12.5 11.5 12 11 55 50 8 6 0.0005 0.0004
0.055 0.563 0.564 0.072 0.494 0.124 0.319 0.300 0.401 0.217
= v, with brake
— v, without brake
= Fg, with brake
10T — Fg, without brake

1 -

Z 08 1

8 06 -
Swa.

£ 0.4 1

0.2 1

J 0 -

60 0 20 40 60
Time (ms) Time (ms)
a) yarn velocity in time b) yarn load as a function of time
Fig. 3 Comparison of weft insertion with and without a controlled weft brake
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Table 4 Factor effects for break risk in air-jet weft insertion with use of a controlled brake

Strength Modulus Std deviation
Mean (cN/tex) Coeff of var. (%) Mean (N) Coeft. of var. (%) of air-drag coeff.
12.5 115 12 11 55 50 8 6 0.0005 0.0004
0.000005 0.000045 0.000049  0.000001 0.000039 0.000011 0.000026 0.000024 0.000039  0.000012

After 1000 simulated weft insertions, mean values
and standard deviations for the yarn load and yarn
strength have been calculated after which equation 7 is
used to obtain the breakage rate. The results are ex-
pressed as breaks per 100 000 weft insertions and are
given in table 2.

Table 3 gives an overview of the factor effects, this is
the influence on the breakage risk for each of the pa-
rameters selected. The table gives the mean values for
the break risk for each of the parameter levels selected
and averaged over the other parameters.

The results of this factor analysis clearly show the
effects of the different parameters used in the
simulations. Changes in yarn strength or its coefficient
of variation have the largest effect on the breakage
rate. The influence of the coefficient of variation of the
modulus is rather small.

Simulations have been calculated in which a control-
led weft brake is used too. Using a control algorithm
which takes the winding times into account, it is as-
sured that the brake is activated some milliseconds
before yarn arrival. In order to obtain the same arrival
time as without a controlled brake, the air velocity
should be increased. In the example given, an increase
of the air speed from the main nozzle with three per-
cent was required. Figure 3 shows velocity - time and
force — time curves for the situations used in
simulations with and without a controlled brake. The
calculations have been made for a filling with average
properties. The effect on the load on the yarn at stop-
per action can be clearly seen.

All simulations have been repeated with the use of a
controlled brake. The factor effects are given in table 4
as the number of breaks to be expected per 100 000
insertions. The results clearly indicate the positive influ-
ence of the brake action on the breakage risk.

4. CONCLUSIONS
A model has been presented which allows to calcu-

late the breakage rate of weft yarns in air-jet weaving.
The law of motion of the weft yarn is solved numerically
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and the statistical distributions of yarn load and yarn
strength are calculated after Monte Carlo simulations
of weft insertion. Using the distributions obtained, the
risk of having a weft break can be calculated. The ap-
proach allows to assess the influence of yarn proper-
ties but also of insertion settings among which the use
of a controlled weft brake has been demonstrated.
The results of the calculations clearly show the influ-
ences of yarn properties and the use of a controlled
weft brake on the breakage rate in air-jet weaving.
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Physical and chemical properties
of textile materials and aux. means
of weawing

METHOD AND EQUIPMENT FOR THE STUDY OF THE WARP
YARNS BEHAVIOUR ON THE WEAVING LOOM

Mihai CIOCOIU, Dorin AVRAM, Dumitru MIHAESCU, Nicolae IRIMICIUC

1. INTRODUCTION

The theoretical researches carried out in the math-
ematical model of the warp yarns’ dynamic loading on
the weaving loom, presented in the paper “Theoretical
aspects regarding the behaviour of the warp yarns sub-
mitted to cyclic dynamic loading”, led to the idea of con-
ceiving and constructing an equipment for the simula-
tion of such stresses.

The warp yarns are submitted on the loom to cyclic
stresses as: tensile loading, friction against guiding and
working devices, and also themselves, repeatedly
bending, shocks, etc.

Warp’s behaviour on the weaving loom has to be
foreseen to be able to appreciate its performances,
appreciation which is in most cases more or less sub-
jective and it is based on the specialist’s experience in
comparing similar cases.

2. CONSTRUCTIVE PRINCIPLE
OF THE EQUIPMENT

The equipment used for the current researches is
presented in the Figure 1, and consists of the main
working elements of the weaving loom taking part to
the warp yarn stressing.

On the main frame (1) there are fitted the back rest
(2) and the tensioning device (3) for the tested yarns,
vertically operated by means of the rollers (4) and (5)
driven by a group of cams (7); to easily obtain the de-
sired warp density one of their end is fixed in a gradu-
ated front rest (6).

At the same time, the supporting frame of the front
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rest, with an oscillating movement driven by the same
group of cams (7), simulates the stress at the moment
of beat-up. The elongation appeared during testing are
taken over by the back rest’s support (8), which slides
in front of a rack (9) in which reaches a locking pawl
mounted on the support (8) and doesn’t permit the
back rest to move forwards. These strains can be read
on a graduated ruler (13). A loading cycle counter (10)
controls the equipment’s working; when the “0” value is
reached, the counter stops automatically the device.
The buttons (11) are used to select the stressing speed
(rot/min) and on the LCD panel (12) are displayed the
remaining number of stressing cycles.

In such conditions, the device will submit the yarns to
some similar or quite identical stresses with those on
the weaving loom.

The equipment is conceived in such a manner that it
permits the testing function of the yarn type and of the
weaving loom technological characteristics.

3. THE PRINCIPLE OF THE INTERPRETATION
METHOD

A Dx length of the warp yarn is submitted to the test.
The number of cycles, n, the yarns are going to be sub-
mitted to, is established function of the distance be-
tween the back-rest and the weft insertion zone and of
the weft density of the fabric

ne =Dy -l 1)
in which: n.— umber of the testing cycles; D, — weft
density (yarns/cm); | — sample yarn length (cm).
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Fig. 1 Instalation layout

This value will be set on the programming counter.
After the stressing, the yarns are tested for tensile
strength and elongation on a dynamometer and there
are evaluated the following indexes:

— the tensile strength at break

ls =Si=St 400 (%) (2)
Si
— the tensile elongation at break

I = 2 - 3 100 (%) (3)

in which: S;, S;— initial and final tensile breaking
strength; a, a;— initial and final tensile elongation.

The smaller these values are (towards zero) the bet-
ter will behave the yarns on the weaving loom.

4. EXPERIMENTAL WORK

The testing conditions for our own researches:

— PP technical yarn, 150 dtex/64/40

— yarn’s strength: 616 cN

— yarn’s elongation: 21,24 %

— distance between the weft insertion zone and the

shaft: 26 cm

— distance between the shaft and the back rest: 43 cm

— roller lifting distance: 3.5 cm.

The experiments have been made under the KONO
factorial programming method.
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Considering as independent variables the number of
cycles and the tension during the warp yarn stressing,
it has been obtained the experimental matrix presented
in Table 1. As outcome variables there have been cho-
sen the yarn’s tensile strength and breaking elonga-
tion.

Data were computer aided processed by the use of
the program REDOVAR (two variable egression) to
find out the coefficients of the mathematical model, with
the general form:

y = by + bix; + boXg + byyx;® + bpoX?, + byoXiXs (4)

which puts in relation the resultant variable with the two
considered independent variables.

The program checks the significance of the model’s
numeric coefficients by the Student test and the mod-
el’s adequance by the Fisher-Snedecor test.

Table 1
No. Independet variables
of Tension (cN/yarn), x, Number of cycles, x,
experiment real value coded value real value coded value
1 4 0 4000 0
2 6 +1 5000 +1
3 2 -1 5000 +1
4 2 -1 3000 -1
5 6 +1 3000 -1
6 6 1 4000 0
7 4 0 5000 +1
8 2 -1 4000 0
9 4 0 3000 -1
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Table 2
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The yarns have been stressed under the following
conditions:
a) cyclic tensile loading, for the simulation of the
weft beat-up, with the amplitude of 10u/m at a
frequency of 300 cycles/min;

b) cyclic stress for the simulation of shedding and
weft beat-up, at the frequencies of 100 and 200
cycles/min.

The results of the experimental data processing are
presented in the Table 2, using the following notations:

V, - cyclic tensile loading with a frequency of 100

cycles/min

V, = cyclic tensile loading with a frequency of 300
cycles/min

Vi — cyclic composed stress (beat-up + shedding)
at a frequency of 100 cycles/min

V\y — cyclic composed stress (beat-up + shedding)
at a frequency of 200 cycles/min

R - tensile breaking strength

A — tensile strain at break.

From the analysis of the equations and graphs pre-
sented in Table 2 it can be observed that the simple
tensile stressing of the warp yarns, which simulates the
beat-up, determines modifications of the properties of
the tested yarns. Thus, the breaking tensile strength
has variations up to 10% in the conditions of the varia-
tion of the stressing tensile force between 30 cN/yarn
and 90 cN/yarn, the higher values corresponding to the
warking conditions of 300 cycles/min. In what concerns
the elongation at break, their variations join the same
intervals and variation direction as the breaking
strength.

At higher stressing tensions (90cN) it has been found
arising tendency for the tensile strength and the dimin-
ishing of the elongation, behaviour which might be as-
sumed on structural modifications of the filaments fike
macro-mollecular chains re-orientation.

Under the conditions of composed stress there are
- comprised the effects of beat-up and shedding and it
can be observed a diminishing tendency for the dy-
namometric characteristics of the tested yarns. There-
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fore, the breaking strength, at low speed stressing, has
a small variation ( up to 4%) with the loading increase,
while at higher stressing speeds this variation goes up
to 18% for the same tension growth. The elongation at
break follows the same tendency of variation, with val-
ues up to 10%, at the same level of loading.

In what concerns the testing duration, expressed by
the number of cycles, there is no evident influence
found. The differences between the dynamometric
characteristics after 3000 cycles to 5000 cycles are at
level of 5%; higher differences occur at lower stressing
frequencies.

5. CONCLUSIONS

By the carrying out of the equipment described in the
present paper, there have been brought the resources
for the warp yarns testing in what concerns their
weavability.

The equipment permits to test all types of yarns un-
der similar conditions to those of any weaving loom and
for any working speed.

After the tests, the 15 tex PP yarns showed a
stronger influence of the tensile loading on the yarn’s
destruction process than that of the testing duration.

Atthe same time it is ascertained the amplification of
the yarn’s degradation phenomenon with the increase
of the stressing frequency against the mark sample,
without any significant variation corresponding to
higher limits of the loading frequency.

The presented researches direct towards the neces-
sity of carrying them on, with the testing of other yarn
types and loading conditions.
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OF QUICKSOLAN SPR

Dr. R.H. Huizenga

AVEBE b.a., Textile Laboratory

DEVELOPMENT AND PRACTICE RESULTS

INTRODUCTION

AVEBE is a starch production company that is well
known in the textile industry. For the textile industry
AVEBE produces products for textile printing: adhe-
sives and printing thickeners, and for warp sizing: siz-
ing agents and waxes. Well known brand names are
Solvitose, Solvitex, Kollotex and Quicksolan.

In this article the development and practice results of
Quicksolan SPR are described. The sizing agent
Quicksolan SPR is a relatively new name in the prod-
uct mix of AVEBE's sizing agents. Itis based on a new
raw material: amylopectin potato starch.

CONSUMPTION OF SIZING AGENTS

For the sizing of spun warp yarn different polymers
are being used. The main sizing agents used today are
starch, polyvinyl alcohol (PVA), carboxymethyl-
cellulose (CMC) and acrylics.

The ratio in which these compounds are used in a
specific sizing recipe depends a.o. on the fibre mate-
rial, the composition of the yarn, the yarn quality and
cloth construction. The consumption is also influenced
by local tradition and availability of the sizing agents.

As seen in table 1': The consumption of starch in
Europe is more than 70 % of the total amount of sizing
agent. In Asia and the USA itis over 60 %.

Table 1 Consumption of sizing agent per region in 1 000 tons

Europe USA Far East
Starch 60 70 300
PVA 12 31 138
CMC 7 3 21
Acrylics 3 0 30
STARCH DERIVATIZATION

Starch is a polymer of glucose units. Starch can ex-
ist in two kind of polymers: linear called amylose, and
branched called amylopectin.

The native, or pure starch is not suited for textile
warp sizing. Solutions of native starch are too high vis-
cous, difficult to process, and the solutions are unsta-
ble. Therefore the starch industry processes the raw

! SRI International: Specialty Chemicals, October 1992
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material. For the starch derivatives used for warp yarn
sizing the main ways of derivatization are degradation
and chemical substitution. Degradation is aimed to
achieve the right viscosity. This can be done chemi-
cally (e.g. oxidation) or physically (e.g. extrusion).
These processes break up the large polymer mol-
ecules. This results in a decrease in viscosity.

The viscosity of a sizing agent is important because
it influences the pick up and the penetration of the siz-
ing agent into the yarn (figure 1). A high viscous sizing
solution will result in low penetration or surface sizing
which is OK for coarse yarns. For fine yarn counts to-
tal penetration and high pick up is needed. Therefore
low viscous sizing agents are favoured for fine yarn
counts.

total penetration surface sizing

Fig. 1 Cross section sized yarn

The starch industry derivatizes starch also through
chemical substitution to stabilise solutions of starch.
The instability of starch solutions is caused by a proc-
ess called retrogradation. It results in insoluble starch
complexes that can clog conduct-pipes. The chemical
derivatization through substitution not only improves
the stability of solutions. It also has beneficial effects on
film properties, like elasticity and solubility.

Starch is also chemically substituted to improve re-
movability, which is important for desizing. Because of
the good adhesion of starch to cellulosic fibres, en-
zymes are needed to desize cloth sized with most
starch derivatives. To improve the removability a
higher degree of substitution is necessary. If the de-
gree of substitution is high enough the sizing agent can
be removed from the woven cloth without the use of
enzymes during the desizing process. To produce

Table 2 Derivatization of starch

degradation chemical (oxidation)
physical (extrusion)

viscosity decrease

stable solutions
flexible films
removability

chemical substitution
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these type of products the more sophisticated produc-
tion method of extrusion is needed. The Quicksolan
range is an example of the above. These are extruded
carboxymethylated starch derivatives. They can be
desized without enzymes.

STARCH COMPOSITION

Amylose and amylopectin are the main components
of corn, tapioca and potato starch and the starch based
sizing agents (table 3). These two types of molecules
are present in different ratios in the starch granules. In

Table 3 Composition of potato starch

| En
20% amylose 80% amylopectin

chain length glucose

units 200-500 15-25
degree of

polymerisation 4000-6000 > 200,000
stability in .

solution retrogradation stable

general about 20 % of the weight of the starch is the lin-
ear amylose and about 80 % is the branched amylo-
pectin. Not only the forms of the molecules differ, also
the size of the molecules is significantly different. The
amylopectin molecules are much bigger than the amy-
lose molecules. The degree of polymerisation
(= amount of glucose units per molecule) is higher than
200.000 for amylopectin. Whereas amylose has no more
than 6.000 glucose unit per molecule. These figures are
valid for potato starch. For tapioca and corn starch the
molecule size of amylose and amylopectin is somewhat
different than that from potato starch. The difference in
size between amylopectin and amylose is the same.
Amylose starch solutions have a bad stability. This is
caused by the ease of retrogradation of the amylose
molecule. Retrogradation is the association of amylose
with itself. In the practice of sizing this is seen as irre-
versible gel formation of the size solution upon cooling
down to room temperature. The retrogradation of amy-
lose is also responsible for the brittleness of films,
made of starch. This brittleness of the film influences
the performance of the sizing agent. It results in more
dust during weaving and it will decrease efficiency.
The retrogradation of starch is a process that must
be prevented in most starch applications. It has always
been done by means of chemical derivatization of the
starch. These chemical processes, however, are al-
ways a burden to the environment. Therefore AVEBE
started 18 years ago a research project aimed at devel-
oping a potato that does not produce amylose. By us-
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ing modern molecular biological techniques certain en-
zymes in the potato were blocked. This resulted in a
potato that contains only amylopectin starch.

DEVELOPMENT OF QUICKSOLAN SPR

Based on this new raw material a new sizing agent
was developed. Amylopectin starch still needs to be
degraded to achieve viscosity’s used for textile warp
sizing and indeed it did not need derivatization to achieve
stable solutions. The sizing agent had to fit in our
Quicksolan range. This means that is desizable without
enzymes. Therefore derivatization by carboxymethyla-
tion is still necessary for the desizing properties.
Quicksolan SPR was developed. Quicksolan SPR is a
carboxymethylated amylopectin potato starch derivative.
Itis made via the extrusion process.

On a laboratory scale different Quicksolan SPR’s
were prepared and compared with Quicksolan CMS as
a sizing agent. Trials were done on a cotton Ne 36/1
yarn. On a laboratory sizing machine 25 yarns were
sized. The sizing was done with different solutions at
different concentration. The sized yarns were tested for
1. the amount of sizing agent present on the yarn
(= pick up) and 2. abrasion resistance.

In figures 2 and 3 the relation between the pick up on
the X-axis in a percentage and the abrasion resistance
on the Y-axis is plotted. It is depicted as an interval.
This is the 95% confidentiality interval of abrasion cy-
cles in which all yarn samples break. If the interval is
placed higher, then the abrasion resistance is better.

For the sizing trials different concentration of
Quicksolan CMS were used. This resulted in the line
that joins the different abrasion intervals. From the dif-
ferent Quicksolan SPR’s only one concentration could
be sized. In all cases the abrasion resistance interval is
better than that of Quicksolan CMS. We see that at the
same pick up a better abrasion resistance was found.

More trials were done including sizing wax as is com-
mon practice. 1% sizing wax (Glissofil Extra) was
added to the sizing recipe. The percentage of 1% is

600
P
5 {I
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pickup € )
Fig. 2 Cotton Ne 36/1; A Quicksolan SPR, ® Quicksolan CMS
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Fig. 3 Cotton Ne 40/1 + addition of 1% Glissofil Extra (size wax);
A Quicksolan SPR, @ Quicksolan CMS

based on the dry solids of the sizing agents. In figure 3
it is shown that Quicksolan SPR gives a better abra-
sion resistance than Quicksolan CMS.

In laboratory sizing trials on polyester/cotton 65/35
Ne 36/1 Quicksolan SPR performed better than
Quicksolan CMS when the yarn was examined for
pilling behaviour caused by abrasion.

Fiims of the sizing agents were also compared for ten-
sile strength (table 4). The products were not only tested
pure but also in combination with polyvinyl alcohol (PVA).
A combination of sizing agents often used in practice.

The film of the pure Quicksolan SPR is stronger than that
of Quicksolan CMS (37.2 vs.35.0 N/mm?). Considering the
combinations of Quicksolan with PVA there is the big drop
in tensile strength upon addition of PVA to the starch deriva-
tives. The tensile strength drops from 35 to 23 Newton per
square metre for the Quicksolan CMS and from 37.2t0 31.1
for Quicksolan SPR. This decrease in tensile strength is nor-
mal. Interesting is, however, the fact that the combination of
PVA with Quicksolan SPR gives a much stronger fim than
the combination with Quicksolan CMS: 31 Newton per
square milimetre compared to 23. So films of the amylopec-
tin starch based product are not only stronger themselves
but they are also better compatible with PVA. In the 80/20
ratio the Quicksolan SPR/PVA film is over 30% stronger.

PRACTICE RESULTS OF QUICKSOLAN SPR

The laboratory results were put to the test in practice.
In table 5 examples of results from practice are shown.
In the sizing recipe of example 1 for a multi-coloured
dyed cotton yarn Ne 36, the polyvinyt alcohol (PVA) is
replaced for 66% by Quicksolan SPR. This resulted in a

Table 4 Film strength (tested at 21 °C and 65% R.H.)

Product Fmax (¢ 2.5) N/mm?
Quicksolan CMS 35.0
Quicksolan SPR 37.2
Q.CMS/ PVA 80/20 23.0

Q. SPR/ PVA 80/20 31.1
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decrease of breakage’s from 1.5 per 100.000 to 1.25.
The amount of defects in the cloth decreased with 70 %.
The second example shows a more drastic adapta-
tion of a sizing recipe for Cotton Ne 40. The PVA could
be banned from the recipe totally. The pick up in-
creased from 14 to 18 %. But the weaving efficiency
also increased significantly: from 69.9 to 74.4 %. The
customer benefited with 1. lower sizing costs, 2. higher
production output, 3. better quality in production (more
A-grade cloth) and 4. more environmental friendly pro-
duction process. Quicksolan SPR is a natural product
based sizing agent and it is readily biodegradable.

In example 3, a dyed cotton yarn, the PVA in the sizing
recipe is replaced by Quicksolan SPR. At a similar pick up
13.5and 13.6 % the weaving efficiency increased with 4 %.
Here we see a combination of decreasing the sizing costs
while increasing the weaving efficiency.

in example 4 a combination recipe of starch and
PVA. Deleting all synthetic polymer from the sizing
recipe resulted in an increase in weaving efficiency.

Example 5 and 6 are about polyester/cotton yarn. In
example 5 the replacement of an ordinary CMS-starch
by Quicksolan SPR resulted in an increase of weaving
efficiency of 10%. This problem quality could now be
woven smoothly with a weaving efficiency of 92 %. In
an other less problematic quality the weaving efficiency
was increased by 3 %.

Quicksolan SPR can also be used for the sizing of
spun polyester yarn. In combination with PVA very
good results can be achieved. In the last example 7 the
ratio PVA/Quicksolan SPR was brought to 6/6. The old
recipe contained only synthetic sizing agents. The
carboxymethylcellulose (CMC) could totally be re-
placed by Quicksolan SPR, as was a part of the poly-
vinyl alcoho! (PVA).

The examples in table 5 show the versatility of
Quicksolan SPR as a sizing agent. The examples
show improvements and excellent results with: cotton
yarn, raw and dyed; polyester/cotton yarn and with
spun polyester yarn.

CONCLUSIONS

The new amylopectin potato starch gave AVEBE ac-
cess to a totally new raw material. This resulted in
Quicksolan SPR. Quicksolan SPR is a low viscous siz-
ing agent that can be desized without enzymes. With this
new product we give our customer the possibility to im-
prove his weaving efficiency or to reduce his sizing costs.

That is why we called our product Quicksolan SPR.
SPR is the abbreviation of Synthetic Polymer Replacer.

Properties of Quicksolan SPR:

— Based on amylopectin potato starch
Low viscous sizing agent for all yarn types
No enzymes needed for desizing
Improving weaving efficiency/ reducing sizing costs
Synthetic Polymer Replacer.
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Table 5 Practice resuits with Quicksolan SPR

Example 1
region yarn type yarn number number of ends loom type speed rpm
Europe Cotton dyed Nm 60/1 Ne 35.4/1 5400 air jet 700
old recipe (%) new recipe (%)
PVA 13.6 Quicksolan SPR 9.1
wax 0.54 PVA 454
wax 0.54
breaks/100.000 1.5 breaks/100.000 1.25
defects/100 m 2.7 defects/100 m 0.7
Example 2
region Yarn type yarn number number of ends loom type speed rpm
Asia Cotton Nm 66/1 Ne 40/1 double width 12.500 air jet 480
old recipe (%) new recipe (%)
PVA 10.4 Quicksolan SPR 10
acid starch 4.4 starch ester 12
Acrylic 0.75 acrylic 0.63
Emulsified oil 1.2 wax 0.3
pick up 14 % 18 %
Weaving eff. 69.9 % 74.38 %
Example 3
region Yarn type yarn number number of ends loom type speed rpm
Asia Cotton Dyed Nm 66/1 Ne 40/1 7200 rapier 400
Old recipe (%) ew recipe (%)
PVA 7 Quicksolan SPR 7.5
Acid starch 8 acid starch 8
Wax 0.4 wax 0.4
Pick up 13.5% 13.6 %
Weaving eff. 68 % 72%
Example 4
Region Yarn type yarn number number of ends loom type speed rpm
Europe Cotton Nm 30/1 Ne 18/1 6400 rapier 450
Old recipe (%) new recipe (%)
PVA 1.39 Quicksolan SPR 5.55
Quicksolan SPR 4.90
Starch 5.55 starch 5.55
Wax 0.21 wax 0.21
Weaving eff 93 % 94-96 %
Example 5
Region Yarn type Yarn number number of ends loom type speed rpm
Europe PE/C 65/53 Nm 50 Ne 30/1 7600 air jet 600
old recipe (%) new recipe (%)
CMS-starch 8.4 Quicksolan SPR 8.4
PVA 5 PVA 5
Wax 0.2 wax 0.2
Weaving eff 82 % 92 %
Example 6
region Yarn type yarn number number of ends loom type speed rpm
Europe PE/C 52/48 ?7?
old recipe (%) new recipe (%)
CMS-starch 8.4 Quicksolan SPR 8.4
PVA 5 PVA 5
Wax 0.2 wax 0.2
Weaving eff 89 % 92 %
Example 7
region Yarn type yarn number number of ends loom type speed rpm
Europe Polyester Nm 34/1 Ne 20/1 ??
old recipe (%) new recipe (%)
PVA 9 PVA 6
CMC 4 Quicksolan SPR 6
Wax 0.2 wax 0.2
Weaving eff 92 % 95 %
90 Vidkna a textil 5(3) 87—90 (1998)



Measuring and research methods in
the weawing process 1.

VISUALISATION AND ANALYSIS OF FABRIC FORMING
PROCESS

Ales Cvrkal

TU Liberec, Halkova 6, 461 17 Liberec
e-mail: ales.cvrkal@vslib.cz

INTRODUCTION

The process of fabric creation is a difficult dynamic
event affected by a chain of factors. They can be di-
vided into certain groups firmly connected with the
whole weaving process. A part of them depends mainly
on the type and construction of the loom beat-up
mechanism and on the method of weft inserting. All
progress of new types of weft inserting and beat
mechanisms was caused by demands for higher pro-
ductivity of weaving machines. The modern weaving
looms run at incredible high level of weaving fre-
quency, but certain problems around accessibility of
weft density or fabric weavability still remain.

This article deals with an optical searching method,
which is based on recording fast object events. At the
background of the beat-up process the operation of the
High Speed Camera system and its possible applica-
tion in the field of textile research is explained. A basic
fast video laboratory, which is equipped for searching
beat-up pulse events, is also introduced through its
special superstructure software for the dynamic analy-
sis of moving objects. The essential part of the paper
(however, it could not be printed out here) also includes
the replaying of slowed down recorded beat-up se-
quences in the suitable-enlarged macro-views.

1. FABRIC FORMING PROCESS
An important part of the weaving cycle is the phase
of weft beating-up. During and after it the fabric is cre-
ated up to its own woven structure. The fabric forming
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process generally means the pushing of the inserted
weft into the cloth fell and its fixing on the required
weave by the warp thread. The zone of fabric forming
also includes backward and forward weft slippages
along the warp. During the weft sliding the weaving re-
sistance R must be overcome by the beat-up force F,.
The background for the analysis of the weaving resist-
ance and beat force are the deformation and move-
ment events of the weft and warp round the cloth fell -
it means the basic fabric forming process.

1.2 Beat - up event

Generally, there is a balance between the weaving
resistance R and beat force F, (see Fig.1). This bal-
ance includes many important processes, but the top
process is the transiating movement of the weft into the
cloth fell. The weft is pushed by the help of reed close
to the preceding-weft (the weft woven during the last
beat cycie). The weft sliding path begins from the time
point when the reed first hits the inserted weft towards
to the cloth fell. At the contact moment of the pushed
weft with the cloth fell the reed carries out a partial beat
pulse y, which is consumed by a warp elongation x and
weft indentation ¢. The condensing of the weft in the
place A, by the given weft indentation z determines the
weaving resistance R. For this still holds:

Fr—R=0 4]
Where: value Fp can be the function of the beat stroke
X. The value R is mainly the function of the weft den-
sity distance A and so of many other fabric creating
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Iy = Ix1+ |¢]

factors. On the other hand, the value R should be ex-
pressed as a function of the weft sliding { to the cloth
fell.

Note: This is the basic balance equation of beat-up
process which is used here as a starting step to remind
the problems of the fabric creation process. And also,
from the point of use of the High Speed Camera Sys-
tem, this is the area where the fast recording system is
applied.

Shortly, before the beat pulse the warp and fabric are
loaded by the basic tension force Q, which is not
changed progressively during the short time of beat-up
pulse. The pulse contact between the cloth fell and

fig.1

o

reed is increasing the warp tension and simultane-
ously, the fabric tension is decreasing. Substituting
these warp and cloth changes by the elastic elements
C, and C,, the tension forces Q,, Q, are put in equa-
tions:

Q1:6+C1'X
_ (2)
QZ=Q+C2 - X

These static equations of tension forces are trans-
formed into the beat-up force Fp equation, which is ex-
pressing the discussed common weaving process:

Standard weaving resistance situation
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Fo=Q,-Q, =(C_)+C1~x)—(5—02~x)
Fp=(C1+C2)~X (3)

(Note: we expected that the beat force Fp must be de-
livered for given weft density. Then, it is obvious that by
improving the warp and cloth stiffness C,and C, the
cloth fell stroke X could be shortened. No methods how
to do that will be discussed in this article)

1.3 Weft beat-up acting forces

Pushing the weft in the open shed along the warp
threads increases the beat resistance R. This resist-
ance value is determined mainly by two basic influ-
ences — friction effect of weft along the warp threads
and the forcing-out effect of the crossed warp threads.
For better understanding of the situation, we deal with
a quasi-static example, where the inertial forces of
the weft mass and the time-kinetic-dependent friction
are not considered.

The last beaten weft (zero-weft) is loaded by the re-
sultant of warp stress forces S,, and S,,. The back-
ward orientation of the resultant develops the weft
pressing-out effect from the cloth fell. Other additional
acting forces are caused by the fibre abrasion. The
abrasion force arises at the warp-weft osculation point
K, and is combined by two components T, and T,. The
first represents a force influencing fibre sticking and the
second the adhesive force of sizing. The variable T,
represents the sliding friction of loading point Ky along
the spreading warp threads. The sliding friction is de-
termined by the friction coefficient f and pressure force
of the warp O in the place of K, point.The pressure
force O is a consequence of the spreading warp
caused by the sliding weft. For that a limit bending mo-

ment M, arises in the warp threads and creates the

pressure force O = M, /a where a — is the distance be-
tween the contact points of the two neighbouring wefts:
a=(A-2 p-sin®,)-cosd4, p— radius of curvature

fig.3

Equations of balanced beat-up proces Fp -R=0
F,,=(C,+CZ)~X R=at+B-f 1
Fo=0+C-X Y=¢(+X §‘4:‘A=Au‘§_

Vidkna a textil 5(3) 91—96 (1998)

then the sliding friction force

cos P,
A-2p-sing,

If the tension in the warp outlasts and the force S,
will act together with forces T, and T, on the entering
side of the weft (it should be assessed that the tension
in warp is to be arising exponentially according to the
Euler fibre friction law).

The beat-up resistance R should be put in balance
with the immediate tension force before and after the

zero-weft R =S8;;c0s®y - S;y cosd,. Using T, ex-
pression at entering K, point, the weft resistance R
should be expressed in the universal form:

To=fO=f-M,- (4)

R-= [(sm +T, +Ty)el(®1e) _

~ My 2 (&%) _1)cos @ ~S;pcosd, | (5)
0 p b

The tension loading of the warp is caused by the beat
stroke X. Additionally, this stroke depends on weft-
space distance A, or on the weft density D, = 1/A.
Weaving resistance R should be rewritten into the lin-
ear combination of the influences of beat-up acting
forces:

R=Q rq(A)+T. - rr(A)+ My -y (A) (6)

where there are: rq— factor of warp tension, r; — factor
of weft-warp sticking, and ry, — factor of warp flexural ri-

gidity.
2. OBSERVING CLOTH FELL EVENTS

This chapter deals with the possibilities of application
of the optical analysis system in the beat — up process.
This method is based on recording and analysing
events within the desired area. The recorded objects
are brought into the software environment analysed in
motion. The slowed down scene begins to be analysed
frame by frame and the basic dynamic values of the
moving objects are immediately obtained on the PC
screen. They are also stored in PC hard disc as a data
file to plot by suitable plotting software program.

For our needs the beat-up pulse Y(t) is substituted
here by a one half of the sinusoid. The simplified pulse
(see Fig. 3) is to be considered as the standard form of
the beat-up pulse Y(t) = Y| sinw, (t), where : |Y| —is the
reed stroke in the contact with cloth fell
wp — is the weaving frequency, we=2[1/T, = 2I1/¥T,
T» —is the duration of beat-up
T¢ —is the duration of weaving cycle, T, = 60/n

2.1 Idea of beat-up pulse

During the beat-up process the weft is pressed into
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the cloth fell on the sliding path £ against the weaving
resistance R. The beat-up mechanism must be able to
develop the requested beat force Fp which is causing
the warp elongation and cloth contraction. The tension
in warp and cloth is changing progressively with Fp, so
that: Fo=Q;-Q, =(C;+C,).X=CX
The beat process comes within two main phases:

1% phase: friction resistance remains insuperable for
the weft. Warp is elongated until overcoming the fric-

tion: X(t) = Y(t) = |Y| sinwpt, Fo(t)=C X(t)<R;=pJ-f.
2™ phase: friction resistance is exceeded at time t,
and weft begins sliding:
CX(t;)=B-f, X(t;)=Y(t) =|Y|sinwpt

ty = (1 wp)-(arcsinf/C|Y))

This static solution shows that the sine course of the
sliding weft £(t) comes with the same phase of beat-up
pulse, it means without time delay. The maximum weft
slide into the cloth fell occurs at the moment when the
reed is coming through the top of sine weave, however,
beat force F; still remains (hatched difference in Fig.3).

2.2 Cloth fell objects recording

The previous theory of beat-up process is giving the
assumption that cloth fell is the area where an optical

Cloth-fell wiev

TIF. format converted film frames

recording system could be used. However, this very
small space requires special optic facilities and, of
course, a video system which is able to catch fast ob-
ject events. Cloth fell is an important space where
.beat-up objects are meeting, (see Fig. 4). During the
short time pulse the three objects are in close contact
— reed — weft — forming zone — to create the desired
weave and weft density. Under certain conditions the
digital camera system is able to record interactions
among the moving objects and replay them as a
slowed down sequence or to print out each film frame
as a photo. The quality of sequence or photo-print de-
pends on many factors, but basically on the setting of
speed of the recording camera (520Hz — 3,3 kHz).

The considered macro-space of cloth fell requires
the mounting of a special extending tube and lens on
the camera body and either stroboscopic light or high
density illuminator directly spotted on the recording ob-
jects. The practical use of the digital camera also re-
quires a special software for dynamic analysis of the
moving object and, of course, a package of softwares
for sequence processing and data plotting (see Fig. 5
to get general idea about optic laboratory). The soft-
ware analysis makes that system advanced and appli-
cable in the field of sciences where common measur-
ing devices could not be applied. (dynamics of object
should be changed, etc.).

2.3 Animation of beat-up pulse

Using the High speed camera system and software
analysis the beat up pulse could be animated. The
camera system is focused on objects — reed — weft —
cloth fell — to visualise their time course around the top
of beat pulse (see Graph 1). The recorded scene is cut
by the PC software to create a short film of the beat
pulse and to store it on the PC hard disc. Lay-out scene
like that is processed through the motion software
analysis. The beat pulse of desired objects is signed

directly on the PC screen by a colour point.

Basic High-Speed Video laboratory

CAMERA
;
:

LCD shutter

bi-directional communication

SPEEDCAM mask - scquence cutting and

fig.5

When objects start moving, these points are
tracked through the film scene in the last frame.
The time course of their path appears on the
screen immediately. The measured data are also
stored on the PC hard disc together with the film
scene in the corresponding file. (The software
analysis offers a variety of algorithms using a
correlation or SSD, and also the automatic,
semiautomatic or manual setting of object track-
ing can be set — all depends on the difficulty of

saving - PC file + VHS
g Camera lens| o
. i Industrial widc + tele
%% ANALYZE mask - image process, fiberscope
analyzcprocess
LIGHTENING
BW monitor softwares you need !
VHS video stroboscopic
N SPEEDCAM - to control camera
ANALYZE - to track moving object
HISTOTIF - to convert image data
TRACONV - to convert object [iles still [
into MS EXCEL readable format
DOS - to run system X . .
High Intensity Macro Illuminator

the recorded scene).

2.4 Fabric forming zone test

The theory of fabric forming process includes
also events of moving wefts on the cloth fell (so-

called: ,travelling wefts,) during the beat up
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pulses. On the top of beat pulse the first few wefts get
close to each other. The ,weft shifting, is usually re-
duced on the first and second one (see Fig. 6). When

Test of weft condensing

Fig. 6

the reed releases the cloth fell these wefts get the
backward shifting to find the balanced position at de-
sired weft density. The conditions, weft shifting de-
pends on, are mainly given by friction characteristics
of both thread systems weft — warp ( and on many oth-
ers). Due to the weft condensing test the film recorded
area was split up into three zones. The first one is a
starting position of zero-wetft (it is also a position of the
first movie frame). The second zone is an area of sup-
posed weft shifting, which includes two last beaten
wefts. The third zone boundary depicts the area where
the weft shifting is not expected. The sequence of weft
condensing is recorded under given conditions (see
Graph 2) on the top of beat up pulse, where the weft
is getting as close as possible (depends on weaving
conditions fabric weave e.t.a.). To verify if there is any
change of weft space, the difference and between
wefts 0 — 1%, 15— 2™ and 2" — 3" is worked out ( see
Graph 3).

Time course of reed stroke - top of beatpulse

25

20

o
+

distance [mm]

—o--reed —o—weft -—a—clothfell

cloth parameters:plain weave, weft density 20 threads/cm
i : warp density 20 threads/cm
54 loom: air-jetloom PN 105 ZB8, setup 340 rpm,
s camera: 1020 Hz, resolution 256*128, sequenece 49 frames [47,059 ms]
analyze: manual setting, single frame, curve fitting 5

30 35 40 45 50

time [mitisec]

graph 1

Time course of weftcondensing -top of beatpulse

* distance [mm]

cloth parameters: plain weave, weft density 20 threads/cm
warp density 20 threads/cm
loom: air-jetloom PN 105 ZB8, setup 340 rpm
camera: 529 Hz, resolution 256*256, sequence 8 frames [13,233 ms]
analyze: manual setting, single frame, curve fitting 5

time [mitisec}

graph 2
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Time course of weftcondensing -space difference

statistics:

—o—0-1 weft —0—1-2 wett A 2-3 weft

0 - weft minus 1 - weft : minimum distance 0,258 mm 7,56 milisec [ film frame 4]
maximum distance 1,881 mm 0,00 milisec [film frame 0)

1 - weft minus 2 - weft : minimum distance 0,361 mm 5,67 milisec [ film frame 3}

space [mm]

maximum distance 0,441 mm 11,34 milisec [ film frame 7}

2 - weft minus 3 - weft: minimum distance 0,419 mm 7,56 milisec [ film frame 4]

maximum distance 0,522 mm 13,23 milisec [film frame 7]

time [milisec)

graph 3

3. CONCLUSION

The recorded sequences verified that the digital high
speed video system is suitable to visualise events dur-
ing the beat up process. A great progress has been
made in recording the fast moving beat- up objects
(reed, weft, cloth fell) and in adapting the film recording
close to the problems of the weaving process. As far as
the use of the motion analysis at the difficult motion of
sliding weft the troubles still remain. The problem is
caused by the recording speed of the camera system,
which should be higher at the full camera resolution
and the higher resolution makes the process of analy-
sis more precise. However, some problems are also
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caused by the special profiled reed which is covering
the cloth fell on the top of the beat pulse and makes the
cloth fell partly ,invisible® for recording. Resolving these
problems will make the optic recording system very
powerful for observing all the weaving cycle.
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MEASUREMENTS OF WEAVING PROCESS
OF FABRIC BARRINESS

Ivan Jaksch

Technical University of Liberec, Faculty of Mechatronics and Interdisciplinary Engineering Studies,
Department of Measurement

1. INTRODUCTION

Fabric is a textile formation, which is created by
means of interlacing warps and wefts distributed in
regular distances. On the way of warp through the
loom sometimes phenomena, which are very difficult to
explain, occur. They appear in the fabric as periodical
stripes, random stripes, sett changes, discomposed
fabric and other phenomena connected with the qual-
ity of the fabric. Another problem is a fabric barriness
after the loom stoppage.

The only way, how to find out the causes of these
phenomena is the measurement and diagnosis of all
the way of the warp. This paper deals with the meas-
urement system and methods for the measurement of
weaving process of fabric barriness (fabric regularity)
directly on the loom. This paper does not deal with the
influence of the processed textile material on fabric
barriness and we assume that the textile material is
faultless.

2. THE PROBLEM ANALYSIS

The analysis of the above mentioned problem shows
that the loom systems (parts), which create the way of
warp, have the decisive influence on its origin. They
are:

® |et -off motion

e beat-up mechanism

e take-up motion
Shed motion has no influence.

If the let -off motion feed in the loom cycle is irregu-
lar, sett changes, discomposed fabric or weft barriness
can appear in the fabric. The same is valid for the take-

PP

displacement(mm)

CTKP

" Main shat angle ()

loom cycle

Fig.1 Cloth fell motion and measured quantities
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up motion. As a result of that we must measure the let-
off and take-up feed per cycle.

By the cloth fell, the situation is complex and it is pos-
sible to find out the influence of both motions and also
the influence of the beat-up mechanism. The cloth fell
motion was measured at many looms to analyze its
shape and to find out such quantities which are impor-
tant for evaluation and can determine the influence of
the take — up motion and the beat-up mechanism. The
typical shape of cloth fell motion and quantities which
are measured by cloth fell by this system are shown in
Figure 1.

Summarizing this problem, we got the requirements
for measured quantities.

¢ |et-off motion feed per cycle [mm] — ORP
take-up motion feed per cycle [mm] — ZRP
cloth fell feed per cycle [mnm] — CTKP
beat-up angle in every cycle [°] - UP
cloth fell beat-up shift in every cycle [mm] /O PP

The measured quantities must be taken simultane-
ously in every loom cycle and for a great number (ordi-
nary hundreds) of weaving cycles.

3. MEASURING SYSTEM

The measuring system was designed as a distrib-
uted system consisting of the measuring unit JTS 2J
connected to PC by the serial line RS 232. The PC in
real time monitors and displays measuring quantities in
physical (engineering) units and successively provides
evaluation. The JTS 2J unit is equipped with its own
single chip processor and program in EPROM. The
JTS 2J activity is based on the absolute angle main
shaft loom measurement.

10R

Fig.2 Sensors placing on the loom
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The fixing of sensors in the loom is schematically
shown in Figure 2. There are four sensors in the loom.
The sensors for feed measurements are incremental
encoders with division 20 000 P/R, the sensor for an-
gle measurement is the incremental encoder with divi-
sion 4096 P/R (12- bit converter for possibility to con-
nect this system to the internal angle data bus of new
looms). The sensors for the let-off feed -10R, the take-
up feed -2ZR, and the main shaft angle -4HH are me-
chanically fastened to these mechanisms, the cloth fell
sensor -3CTK is needled wheel placed on a special
mounting gripping about 1.5 cm from the cloth fell.

The first three above mentioned measured quantities
(ORP, ZRP, CTKP) are measured directly by the incre-
mental encoder counter reading, the last two are soft-
ware evaluated from the cloth fell movement — see
Fig.1. Prior to this software evaluation, many face cloth
movements were measured and evaluated. Due to cir-
cular buffer memories placed in PC, it is possible to
measure N = 512, 1024 or 2048 successive loom cy-
cles or to measure and monitor for an arbitrary long
time or cycles and to evaluate the last 512, 1024 or
2048 measured guantities.

It is not necessary to measure all five quantities and
it is possible to choose arbitrary ones. If we want only
to analyze and diagnose the let-off motion, we will
choose it in software and will use only -10R and 4HH
sensors, etc.

The main shaft angle reading takes 8 us (125 000
readings/s) which is quite good dynamics for this
measurement. The system resolution is better than
0.01 mm and accuracy is better than 1 %.

4. EVALUATION

The evaluation is performed after the measurement
where PC works as an oscilloscope for the measured
data. The measurement results are 5 (1-5) data arrays
in engineering units (mm, °). The buffer is dimensioned
for 256,512,1024 or 2048 data points. The evaluation is
provided both in time and frequency domain. The sim-
ple evaluation method is observing the time data, e.g.
what happens with let-off and take-up motions, and
cloth fell feed after the loom stoppage. For detailed
evaluation in the time domain, the new evaluation
method was developed. For the detection of the peri-
odical barriness and fault parts of mechanisms, the di-
agnostic based on statistical spectral analysis is used.

By the digital signal processing, the sampling fre-
quency must be, at least, twice higher than the highest
signal frequency in spectra. It should mean a great
number of data in every loom cycle. If we choose the
characteristic signal quantities as integrals ( angles or
shifts we can consider as integrals of angle velocities)
or maximums (beat-up angle, cloth fell beat-up shift),
we can take samples once per loom cycle without dis-
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turbing the sampling theorem. The samples of meas-
ured signals are taken in so-called machine time. The
sampling interval Dt is not expressed in seconds, but in
dimensionless cycles( c). For further computation we
can consider the sampling frequency as 1. Spectral fre-
quency is not expressed in Hz but ¢ (cycles powered
minus one) and the maximal frequency in the spectra
equals 1/2 ¢ .The reverse spectral frequency value is
expressed in cycles -c- and it shows the number of
loom cycles, after which the appropriate phenomenon
(frequency) is repeated. This method has the following
advantages:

¢ mean value and variance have important techno-

logical use,

¢ all statistic characteristics including spectra are
independent on weaving frequency (for sampling
in real time it is not true), so the influence on the
take-up, let-off and beat-up mechanisms can be
studied,

e high resolution spectra in frequency range of dis-
turbances can be obtained from a relatively small
number of data (for N = 512 loom cycles, the
resolution in frequency range is 0.002 ¢™).

We can simply say that the signals with frequencies
lower than one half of the loom revolutions show cer-
tain mechanism irregularities in dependence on the
constructional kinematic mechanism arrangement. if
we find in the spectra the peak and the corresponding
machine frequency, it is possible to find a machine part
which works on this frequency. For easy evaluation,
the normalized percentage power of spectral density
function is computed. The normalization is performed
by dividing power spectral density function by variance
- o°. The values of the normalized power spectral den-
sity lie between 0 to 100, irrespective of the time series
values.

From every measured quantity we can evaluate in
the time domain:
® observing all measured quantities X;,i=<1~N> N =

512, 1024 or 2048 and their edition,

e basic statistical values (mean value — i, variance — 6%,
standard deviation — o, variance coefficient —
o/u). The variance and variance coefficient are impor-
tant values for let-off and take-up quality assessment

— textile parameters
— machine sett,

e warp shortening percentage

® auto and cross correlation function R,y (r), Ry, (1), r =
<0, N — 1>, useful for searching for the influence of
one quantity to the other

¢ integral deviations (integral linearity) are defined

i i
Yi= 9 X —ithy =3 (X —11y) i = <1,2048>
k=1 k=1

where: L, is the mean value of measured values x;.
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The integral deviations are the new evaluation
method, which expressively contributes to the cloth fell
position diagnostics in the range of hundreds or thou-
sands of loom cycles and also to the let-off and take-
up diagnostics. (It is possible to compare it to the inte-
gral non-linearity of A/D converter.) Integral deviations
are the sums of differential divergences (deviations
from the mean value) and show the deviations from the
straight line under the condition that there are no devia-
tions at the start and at the end of measurement (the
deviations are zero).The integral deviations can be nor-
malised by weft sett for easy evaluation.

And in the frequency domain:

e Spectral analysis
auto-spectra: centring, trend removing
power spectra: Gy (K), gu(k) = Gy (k)/o2x 100,
k=<0,N/2-1>
where k represents the discrete machine fre-
quency f, (¢
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f=k Af, Af=1/(N AY) , At =1 (c)

Windows: Uniform, Barlett, Hanning, Hamming,
Welsch, exponential

cross-spectra: G, (k), gy ()

5. CONCLUSION

This paper is a contribution to the methods for the
measurement and evaluation of the weaving process
of fabric barriness (fabric regularity) directly on the
loom. The measuring system JTS 2J based on a single
chip microcomputer, connected with PC through the
serial line RS 232 was developed, together with evalu-
ation methods and PC programs . The system serves
for analysis and diagnostics for all variations and ir-
regularities on the way of warp.
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THE MEASUREMENT OF CLOTH-FELL DRIFT
DURING A LOOM STOPPAGE

Palitha Bandara

School of Textile Industries, University of Leeds, Leeds LS2 9JT U.K.

Summary An experimental method of measuring the drift of cloth fell under laboratory conditions,
based on a simple apparatus is described. An electro-optical sensor and an inductive sensor have
been studied as for their suitability. Some results are presented to indicate the nature and magnitude

of the drift that was observed.

INTRODUCTION

The drift of cloth fell during a loom stoppage has long
been recognised as a principal cause of start up marks.
The drift is the result of the viscoelastic creep behav-
iour of the warp yarn and the fabric under the influence
of tension. The drift is time dependent, while being also
determined by the previous tension cycling undergone
by the warp and fabric. Its measurement has been of
considerable interest, in connection with procedures to
minimise the appearance of start up marks.

Greenwood [1] recognised the influence of cloth fell
drift on start-up marks, and he presented a theory for
explaining the nature of start-up marks. The amount
and the direction of the drift would depend not only on
yarn and fabric parameters but also on the machine
settings as well as its position of stoppage.
Waesterberg [2] presented a way of explaining this
phenomenon based on the viscoelastic behaviour of
the warp and cloth and the tension cycling undergone
by them.

The incidence of start up marks seems to be more
pronounced on the faster weaving machines of today,
and is particularly a problem with certain types of syn-
thetic filament yarns. In fact nearly all looms incorpo-
rate some means of combating start up marks [3]. The
several solutions adopted by loom manufactured sug-
gest that no unique solution is yet available, and avoid-
ance of start up marks remains an interesting topic of
research in weaving technology.

It is well recognised that the cloth fell drift that takes
place during a loom stoppage, while being primarily
time dependent, may vary from one loom stoppage to
another due to the loom parameters involved as well as
the previous tension cycling that the warp and cloth
have been subjected to. Due to this variation a particu-
lar cloth fell correction action may have a variable
amount of effectiveness at each loom start up. The
measurement of actual cloth fell drift during a loom
stoppage would be helpful in enabling a more accurate
cloth fell correction to be carried out during the start-up
procedure [4].
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This paper does not make an attempt to review various
measures that have been proposed for measuring cloth
fell drift. Such measurement is basically difficult due to a
number of reasons, particularly that the amount of drift
only amounts to a few micrometers. The availability of a
variety of non-contacting proximity sensors nowadays
seems to have made the task of measurement more
tractable, as well as simpler and more accurate.

It was decided to evaluate the effectiveness of two
such proximity sensors for this application on a wide
loom. The paper is a report on the preliminary results
available from this exercise.

The two sensors used are:

1. A laser based device with a maximum range of
+ 1mm, with a basic ‘target’ or working distance
of 20 mm [5].

The device used makes use of a visible laser, and
operates on the light triangulation principle.

2. An inductive proximity sensor working on the
eddy current principle, having a basic working
distance of 1mm with a maximum range of £ 0.7
mm from the target [6].

Both devices employ electronic circuitry having high
stability, good dynamic response, as well a good de-
gree of linearity of output with the displacement of the
target. The output signals of both devices are available
as a voltage. Further amplification, after level shifting of
the output signal, is necessary in both cases for meas-
urement and recording purposes.

THE METHOD OF MEASUREMENT

Due to the small magnitude of the measurement in-
volved, it is necessary that the mountings of the sen-
sors be highly rigid. This ruled out floor-mounted verti-
cal stands or a long bar mounted across the loom for
carrying the sensors. Also for easy portability from
loom to loom, to cover a variety of fabrics, a small sized
apparatus is preferable, which can be mounted on a
given loom quickly and with a minimum of adjustment.
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A - Frame G - Cloth

B - Plate H - Wrap

C — Target K - Cloth Fell
C - Inductive Senzor L - Reed

E - Optical Senzor M — Back Rest

F - Slide Lamp

Fig. 1 Measuring Frame

After some consideration, it was possible to devise a
light yet rigid frame that could be placed on the loom so
that one end of it rested on the breast beam or the
cover for the take up roller, and the other positively lo-
cated on the reed. Most looms stop at closed shed, and
at this position the reed is sufficiently away from the
fell. The rigidity of the reed is utilised to prevent move-
ment of the measuring frame, once the latter is posi-
tively restrained by the reed.

The two sensors were mounted on a rectangular
plate, which was carried by the frame using bolts so
that its height, inclination and position could alf be flex-
ibly adjusted and locked in any required position. The
target was a rectangular steel plate, that was carried
on the front edge of the plate, and attached by a leaf
spring to allow movement at the bottom edge of the tar-
get. The lower edge of the target plate carries several
fine short needle points for penetration into the fabric.
Steel gives a higher sensitivity to the eddy current
probe. A matt white paper was glued on the part of the
target that faced the laser sensor.

Fig. 1 shows the arrangement used. To adjust the
frame to suit a given loom, the loom is stopped, and
inched to a suitable position where the reed is suffi-
ciently back from the cloth fell. The front of the frame is
placed on the reed as shown, with the back of the
frame resting on the breast rail. The screws holding the
plate are sufficiently loosened, and the plate adjusted
in its inclination and height, so that the target plate is
placed perpendicular to the fabric, and the needles
penetrating the cloth about 4-5 mm behind the cloth
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fell. When the plate is correctly adjusted and secured,
the bottom edge of the target plate is paraliel to the fab-
ric and stands about 0.5 mm above the fabric. The front
edge of the plate that bears on the reed can be finely
adjusted using screws provided so that the position of
the target with respect to the fell can be adjusted with-
out disturbing the plate. A spring loaded slide was pro-
vided to hold the front edge of the frame securely on to
the reed to prevent any relative movement.

In use the loom was allowed to run for the required
number of picks and stopped. The frame, which had
already been adjusted, was placed in the measuring
position by first placing its back end on the breast rail,
and lowering the front end gently till it rested securely
on the reed. This ensured that the target is lowered
vertically on to the fabric without applying any sideways
force on the needles. An insert made from a 0.8 mm
thick brass strip was placed between the target plate
and the magnetic probe to ensure the correct level of
gap between them so that the output signals can be
displayed on an oscilloscope, with very little trace level
adjustment. The insert was promptly withdrawn after
the frame was placed on the loom.

Each sensor was provided with its own amplifier so
that the output signal could be sufficiently amplified for
display on the dual trace digital storage oscilloscope
used. The amplifiers incorporates level shifting control
so that the DC level of the output signals can be adjusted
to suit the starting position of the target. The amplifier and
the oscilloscope combination shows a negligible amount
of signal drift over a period of 1000 s, the duration over
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which the measurements were carried out. The instru-
ments were switched on and allowed to warm up for a
short period to ensure thermal stability before any
measurements were carried out.

The measurement of cloth fell was carried out on two
looms.

1. A Sulzer Ruti 5100 air-jet loom weaving a 50/50
polyester cotton warp and weft, both 30s Cotton Count.
The fabric was a plain weave with 25 ends/cm and 23.6
picks/cm. The loom speed was 625 picks/min. The mean
warp tension was measured at 52 g/end ( 2.6 g/tex).

The loom was allowed to weave for several minutes,
giving more than 2000 weaving cycles, so that the
warp and cloth reach steady load cycling conditions.
The loom was then stopped, whereupon it automati-
cally went to closed shed position at a shaft angle of
308 degrees. The frame was carefully positioned at the
middle of the reed, the brass insert removed gently,
and the oscilloscope traces started at 1000s/cm re-
cording speed. At the end of 1000 s, the traces were
stopped, and then copied on a dot matrix printer. The
procedure was repeated several times.

2. A Sulzer TW11 projectile loom weaving a worsted
fabric using R68/2 tex warp and 2/36 Worsted count
weft, weaving a 2/2 twill with 21.3 ends/cm and 20.9
picks/cm. The loom speed was 270 picks/min. The
mean warp tension was 90 g/end (1.5 g/tex).

This loom stops at open shed. This position was not
changed for measurement, as at this setting the reed
was at a distance suitable for the frame. Traces were
recorded as described above and hard copies made.

RESULTS

Fig. 2 is a representative trace obtained on the air-jet
toom. The traces from the two instruments show iden-
tical trends. It should be noted that the overall gain of
the indictive sensor is several times higher, but still pre-
sented a relatively noise free signal. The direction of
the signal movement here indicates the cloth fell drift-
ing towards the back of the loom.

During calibration the inductive sensor showed a
sensitivity of 16.7 mV/mm. Accordingly, the drift meas-
ured on the graph amounts to 27 mm. In fact this meas-
urement has a small error due to the few seconds of
delay involved in placing the frame on the loom. How-
ever it seems possible to make a correction for this by
extrapolating the curve to time t=0 using the initial gra-
dient of the curve. The optical sensor similarly showed
a sensitivity of 1.7mV/mm. Accordingly the corre-
sponding trace shows a cloth fell drift of approximately
29 mm. It will be possible to increase the gain of the
corresponding amplifier, to enable a similar sensitivity
to that of the inductive sensor.
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Fig. 3 Cloth Fell Driftt on Projectile Loom

Fig. 3 similarly is a trace obtained on the projectile
loom. The drift measured over a similar period is
greater. However the loom was stopped at open shed,
as well as the yarn involved was worsted. The curve is
also not steady. This was observed a few times repeat-
edly, and may represent the influence of some slipping
on the cloth support beam. The corresponding cloth fell
drift indicated is approximately 90 mm.

CONCLUSION

The sensors employed and the simple apparatus
used gave a useful method of observing cloth fell drift
during a loom stoppage. Both sensors have a similar
response, but the inductive device is more robust,
smaller in size as well more economical than the other.
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The method reported was more intended as a conven-
ient way of measuring cloth fell drift, and not as one
suitable for incorporation with a loom.

It should be observed that cloth fell movements are
somewhat restricted on a wide loom due to the friction
present at the temples. However, it is likely that the drift
undergone by the fabric at the middle of the warp is
relatively unaffected by this. It was also assumed that
by attaching the target sufficiently close to the cloth fell,
what is measured will be practically the same the ac-
tual cloth fell drift.

The measurement of cloth fell drift is not performed
on any of the start up mark prevention methods cur-
rently incorporated on looms. This may be on account
of certain inherent difficulties associated with applying
this method. However the availability of suitable sen-
sors may make this method a useful one, as it enables
the measurement of the actual drift undergone by the
cloth fell each time the loom stops. Furthermore the
sensor could also be used in repositioning the cloth fell
as necessary before the loom restarts. If this method
works, an even simpler inductive sensor may be us-
able, as the actual determination of the cloth fell drift
will become unimportant, so long as the sensor indi-
cates which direction the cloth fell correction is to be
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carried out and also give a signal when the cloth fell
has been restored to its precise initial position.
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1. INTRODUCTION

1.1. Arise and evolution of weaving technology

The production of fabrics — even if only of hand
plaited ones — has existed for almost 30.000 years. In
its history, the evolution of fabric production was influ-
enced by the economic state of the human society at
different time periods, with all attributes of economy in-
cluding the increasing need of goods and abilities of
the society to meet these needs, as well as the art of
goods exchange (of the market), etc. The evolution
was of course influenced also by the ,technical” level of
the society — by ,sofistication” of the technology, i.e. by
the level of knowledge or science, by the skill and crea-
tive phantasy of the producers, inventors and design-
ers, and by the actual production potential of the soci-
ety. Between the evolution of the economic state of the
society and the evolution of the technical level of tech-
nology there is often a mutual connection.

Let us first watch the evolution of weaving process.
In the past, the quality of the product was the main
measure for appraising the technical niveau of the fab-
ric production. The time spent on product manufacturing
did not play any role. At present the main parameter of
production of a loom is the machine output per time
unit. The requested quality is regarded as being auto-
matically granted. In weaving, the machine output is
calculated as the amount of running meters of fabrics
produced on the loom. Recently the production has
been expressed more like the number U of inserted
meters of weft per time unit, the parameter U being not
dependent on the fabric width and density. The loom
producers tend quite often to achieve the highest ma-
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chine revolutions and they produce top-speed ma-
chines sometimes called ,The Formula I“.

1.2. The laws of spontaneous development of
weaving machine productivity

From experience we can state that the curve of in-
crease of technical parameters of any producing sys-
tem during a long time section has usually an approxi-
mate S-shape form.

The explanation of this S-shape form is relatively
simple. Let be the main parameter of a developed
weaving system e.g. the loom productivity U(T) [m.min™
of inserted weft]. The rate dU/dT of increase of the
loom productivity corresponds to the collective knowl-
edge about the weaving system gained at the given
time by all (N) design ateliers working as usual simul-
taneously on similar problems. Their knowledge is
proportio-nal to the already achieved technical level of
the system U(T). On the contrary, the rate of increase
of the productivity during the development is inverse-
proportional to the difficulty of further design. The diffi-
culty of development grows with the ,exhausting® of the
rest of the maximum available productivity of the sys-
tem. From the relation

dU(T) collective knowledge
dT  difficulty of solution

N.U2(T)
1/[Uj ~UM]°

yield the equations of productivity growth:

U = Ujim .= Yim ~Yo
K N(T-T )’
1+Ce 7T Yo

(1)
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2] . THE RATE OF FURTHER PARAMETER INCREASE
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Fig. 1 The development of technical level of a machine (e.g. of the level of productivity of weaving machines) at the limited value of
productivity U, (S-shaped curve) and at the unlimited productivity (U, = =) — the exponential growth. Above for comparison: the
population curve of mankind.
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for the exponents in the relations above e.g.a=1,b=1,0r unlimited curve. After delogarithming we find that the
general collective increase of productivity has the form

Um=U;, e™NT-To) (2) given by the exponential equation (2). It holds:
fora =1, b =0if Ulim = = — the productivity of ma- | 7he real collective output of looms follows an exponetial,
chines group is unmlimited. ' still unlimited growth
The first resulting equation (1) is the supposed U _ 077 +0.048.T-1950) (3)
S-shape ,logistic* curve for an individual weaving sys- average )

tem, the productivity of which is technically limited. The | In the next years we can expect an average increase of

. . . collective productivity of all looms each 5 years
second, exponential equation (2) represents the unlim- AUg = 8001000 m.min™" of inserted weft, i.e. in

ited exponential growth of productivity of the group of 2000 it should be achieved round  Upgpo= 3110 m.min™" wit

all weaving systems together, including those which 2005 Ungos = 3960 mmin™" wit
will be invented later in order to cover the needs of the 2010 Uzo10= 5050 m.min”" wit.
human society for higher amount of fabrics (see Fig.1).

In fact, when following the increase of machine out- ltis also interesting to notice that the collective looms

puts of separate weaving systems as they were pre- output follows a similar exponential population curve of
sented at international exhibitions of textile machines mankind, which is at present approximately

ITMA, we find that the outputs of the systems (gripper,

rapier, air jet and water jet looms, parallel- as well as P ids inhab, = 2-665.0-0154-(T = 1950) )
series-type multiphase looms) coarsely follow S-shape o .

curves with positive and negative random deviations ~ (S€€ the upper curve in Fig. 1). That points out that
from the theoretical line (see Fig. 2a). Yet if we put all there may existlogic connection between the increase
these courses of development together in semi- Of population and the corresponding need of textiles,
logarithmic coordinates (Fig. 2b) we find that, on aver- and the increase of weaving loom productivity accom-
age, the ,family“of maximum outputs follows a linear, Panied with inventions of new weaving principles.

. 1.3. Stages of Development of Weaving Looms

4000 X I The following data were the most important points in
3500 the prehistory of weaving technology:
3000 o—gipper | — Plain ,fabrics” with warps interlaced by wefts
2500 B rapier came into being probably at least... 30.000y. ago,
U 2000 b A— vater — weft insertion into the warp parted
1500 “ L 5¢ —air into the sheds by hand .............. 5-4 thous. y. ago,
1000 —multished] — Dand loom with a heald shaft
originated ...........ccccooveeeeiriee e, 1.5 thous. y. ago,
S0 — principle of mechanic dobby invented
0 — Dy BOUCNON ..o 1725,
63 67 71 7579 8 & 91 % B 3 7 — flying shuttle invented by Kay ..................... 1733,
Years of ITMA ~ mechanical loom invented by Cartwright....... 1784.

Fig. 2a Development of loom productivites (loom outputs U m.min’'
of inserted weft) according to top parameters presented on  The history of loom development following after that

ITMA exhibitions ran through three stages:
The 1st stage — the period of technical improve-

0

! —4— gripper ments of mechanical looms — lasted practically 150
—l— rapier years from the end of the 18 th century to the half of the

A water 20 th century.
5 —X—air In this stage the mechanisation of main loom functions,
2 —p —K—muttished mechanic automation of the weaving process, the
- == —— patterning of fabrics, the control of the weaving process
—t= by means of various mechanic stop motions appeared.
— However the loom productivity didn’t increase signifi-

o cantly; it reached some 200 revs. min~'only.
The 2nd stage of weaving machine development —
the arise and implementation of new weaving prin-
1 ciples with high production — started in the 2 nd half
59 63 67 71 75 79 8 & 9N 95 9 3 7 11 15 .

YEARS OF ITMA EXHIBITIONS of our century.
This stage has had two lines: the line of making as light
Fig. 2b Extrapolation of the development of loom productivities be- as possible the impulse-type inserting systems, and the
tween 1959 and 2015 line of application of harmonic or steady motions on the
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continuously running inserting media. The first line
brought the weft insertion with a light gripper in several
variants (Sulzer, Nopas, Wuger) instead of insertion with
relatively heavy shuttles. Then the line continued with
ultralight water jet and air jet insertions, the second one
comprising the confusor and/or relais-nozzles principles
(systems Svaty, Maxbo, Te Strake and the followers) and
with attempts for the s.c. ,whip“ insertion of weft. The sec-
ond line brought a whole group of rapier looms with one-
side or both-side rapiers, with rigid, telescopic and flex-
ible rapiers, all of them driven by a wide row of various
mechanisms with more or less harmonic motion in the
shed. Finally, the loom development continued with the
multiphase weaving of the parallel as series types (the p-
types with steady inserter motion were the Contis,
Rti,Russian-German type, ONA etc.; the s-types with
rapier insertion were the systems Gentilini, Bentiey, and
in the last years with the air jet insertion — the M 8300
Sulzer-Riiti)

The 3rd stage of weaving loom development - the
stage of heightening of lost weaving ability of
looms due to high weaving speeds - arises, in fact,
only at present.

The problem is that at very high tours the beat-up
system does not have enough time to push the weft
into the cloth fell against the time-dependent friction
resistance of sliding weft on warp. Consequently, the
fabric density (the weaveability) tends to decrease and
can be kept on the necessary height only by high warp
tension and high beat-up forces.The weaving process
tends to instability after any stop of the machine, or at
emptying the warp beam, or even quite spontaneously
(randomly). Therefore, the dynamics of beat-up and of
fabric forming process have to be studied and re-
spected in the present new machine designs.

2. THE MAIN TASK OF THE 2ND STAGE OF
LOOM DEVELOPMENT: THE REDUCTION OF
NEGATIVE INFLUENCE ON THE LOOM PRODUC-
TIVITY BY THE INERTIA OF INSERTING MEDIA

2.1. Basic laws of loom speed

The main parameter affecting the weaving rate of a loom
is the velocity of inserted weft. For studying the insertion and
weaving speed let us recap some basic definitions:

The loom output (loom productivity) can be ex-
pressed as the output of inserted weft. For n being the
machine revolutions and L the weaving width holds
theoretically (in the case of full efficiency n = 1)

U[m.min™" of inserted weft] = n[min~"] . L[m] (5)

Machine revolutions are inverse-proportional to the
time of all operations in a weaving cycle:

G 60 _ 60 50
Te T,+T+T Tl

reserv
(T.— duration of the weaving cycle, T, —time necessary
for the shed exchange, T, -time interval of weft inser-

)(6)
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tion, T,eerv— time reserve, y;— coefficient of exploitation
of the weaving cycle for weft insertion.)

The insertion time T, dominates among other time
intervals in today’s looms. It takes more than 50 %
(may be up to 70 %) of the time of the weaving cycle.
Therefore, the machine output depends mainly on the
duration of the weft insertion. The insertion time yields
from the course of inserting velocity in the form of

o
Vi (x)

dx [

0

™

2.2. The courses of loom velocity in dependence
on the inserter mass and on the existence of a
driving force in the inserting path

The inserting velocity vi(x) may achieve different val-
ues and time courses in the inserting path for different
inserting systems. There is a row of circumstances
which can influence it. The velocity depends on:

— whether the weft is driven by a steady force acting

throughout the whole inserting path;

— or whether the force acts only at the start of motion;

— what the driving medium is (a hard massive body

or the inertia of weft or the air stream);

— what kind of resistance the weft produces against

the flight, etc.

Let us examine the course of insertion speed by the
analysis of a fictitious complex system of weft insertion
containing all possible means affecting the weft in the
inserting path. The fictitious inserting system is charac-
terized: by using an inserter with an inertia mass, by
presence of a steady insertion force acting through the
whole weaving width, and by the viscose resistance of
the inserting channel against weft motion.

This fictitious system will serve for the analysis of
weft motion; as a real system it has been used in ex-
perimental devices only (see Fig. 3). The system con-
sists e.g. of a gripper or inserter with the mass m which
drags the increasing length x of weft (with the unit
mass ). The weft is taken from a feeder. A tensioner
ensures the steady braking force T. While running
through the shed the weft is exposed to ventilation re-
sistance R of the air and of the friction. This resistance
against the flight is proportional to the immediate length
x of the moving weft and to the square of flight velocity
vZ(x). The gripper is driven by a steady force F along
the whole weaving width. (In practice, such a force was
experimentally carried out by the magnetic field of a fin-
ear electric motor situated along the inserting path and
acting on the gripper containing a coil).

The insertion is a problem of energetic equivalence.
The weft together with the gripper vary their total kinetic
energy on each differential path dx by an amount 8E,
due to the variation of velocity. Further, they dissipate
some energy R. The energy losses are covered by the
work of the driving force F. Such a situation can be de-
scribed by the Lagrangian equation:
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Fig. 3 The insertion of weft. Left: the exploitation of theweaving
cycle (360°) for weft insertion (angle of weft insertion y;).
Right: the fictitive weft insertion system containing a
complete set of possible atributes affecting the insertion:
the existence of a gripper (gripper mass m ); a driving
system giving a steady driving force F; the surroundings
producing a certain resistance R against the weft+gripper
flight. Bellow the sketch : graphs showing the course of
inserting velocity vi(x) depending on the mass of the
gripper, and (what concerns the height of curves) on the
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(E, = 1/2(m + m.x).v? is the kinetic energy of the

JdE ) JE, .
—| =k 2=k - JE
inserter and weft, dt( v, J Ep « is the energy
variation, — =R =(c+7. x).v =y.X. v is the resist-

i
ance against weft motion caused by energy dissipa-

tion, and F = k.m is the steady driving force, e.g. of a
linear el. motor). The resulting motion equation is

2.F
m+ X

dvi)  m+2y-x o _
dx m+pu-x

(8b)

The solution of this differential equation in general
has the form of

B 2y.m

X == u
je # .(1+——~XJ K dx
V= 1 0 g
| m i Ex Zrx _27_.2m
m e H .(1+£~x) H
2y 9
_ U
5.1 e for heavier inserters
mo B x
m
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The course of inserting velocity vi(x) increases with
the increasing width x from zero to a maximum and
then descends asymptotically back to zero (Fig. 3b).
The height and steepness of the curve depend on the
driving force F and on the mass m of the inserting me-
dium. From the curves it is evident that lighter inserters
move with significantly higher velocities even if the driv-
ing force has not been increased (see Fig. 4).

Therefore, newly designed inserting systems still use
less massive inserting media.

2.3. The concrete reductions of inserter masses
and their consequences.

The reduction of inserter masses ran through several
development steps:

a) Massive inserters — with accelerating force act-
ing only on the entry of the shed.

Massive inserters, like shuttles or (lighter) grip-
pers, are heavy enough to fly only on account of their
inertia through the whole shed length. They obtain only
the initial momentum m.v;, by an inserting mechanism
on the entry into the shed and then they continue to
move autonomly without any driving force F. The ac-
celerating (inserting) forces are high.

b) Very light inserters accelerated also before en-
tering the inserting path.

With further mass reductions of inserters or inserting
media new problems arose with the ability of the sys-
tem to carry the weft to a satisfying insertion distance.
Very light inserters suddenly possessed not enough
kinetic energy mv;3/2 to hold the necessary course of
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MECHANIC SHUTTLE LOOM

* INVENTED 1784
OUTPUT U=600 m.min" OF INSERTED WEFT
ENERGY CONSUM. e=150 J.m" OF INS.WEFT

GRIPPER LOOM

* PATENTS 1911,1925

REALISATION 1842-1950

OUTPUT U=1200 m.min" OF INSERTED WEFT

ENERGY CONSUMP. 0=210 J.m" OF INS.WEFT.

WATER JET LOOM
* REALISATION 1945-1950

OUTPUT U=1600-2800 m.min" OF INS. WEFT
ENERGY CONSUM. e=240 J.m" OF INS.WEFT.

AIR JET LOOM - MONOJET (CONFUSOR TYPE)
* REALISATION 1945-1950

OUTPUT U=1200 m.min" OF INSERTED WEFT
'ENERGY CONSUMP. =280 J.m" OF INS.WEFT .

AIR JET LOOM - RELAY JETS
*PATENT 1932

REALISATION 1965-1870
OUTPUT U=1600-2600 m.min" OF INSER. WEFT
ENERGY CONSUM. e>400 J.m" OF INS.WEFT.

RAPIER LOOM (THE TYPE WITH FLEXIB. RAPIERS)
“PATENTS 1925-30

REALISAT'ON 1940-1950

OUTPUT U=800-1400 m.min" OF INSERTED WEFT
ENERGY CONSUM. e-180 J.m™" OF.INS.WEFT.

MULTIPHASE LOOM (ON FIG:PARALLEL TYPE)
*PATENTS 1901-1942

REALISATION 1960-1980 {PARAL.TYPE), iiainddiade [y
1995 (SERIES TYPE - NEWLY) B I il N i
OUTPUT U=2400-3800 {EXHIB. 5800)m.min" OF INS.WFT. / X X A
ENERGY CONSUM. e=120, J.m".INS.WEFT - PARAL.TYPE | R VAL 02
! [T BITTTTIER
=7 SERIES TYPE WITH AR WFT.INS. | - fﬂll““';lilﬂm

W)

Fig. 4 Evolution of shuttleless weaving systems

inserting velocity v;(x) for flight to longer distances (so  Similar problems arose with
it was, e.g. with the attempt to use a very light plastic  the ,mono-jet” looms, even
gripper inserted into the shed by a sort of an air-gun). channel with the s.c. confus
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2.4. The influence of simple reducing the inserter
masses on the loom productivity

Due to narrow weaving width resulting from exces-
sive reduction of the inserter mass and from the loss of
its kinetic energy in the preceeding case of very light
inserters, the loom productivity does not increase any
more with further diminishing of the inserters.

The influences on the loom productivity by variation
of inserter mass m and weaving width L are evident
from this consideration: The machine outputis U =n.L
= (60.L)/T¢ = (60.L)/(T; +T, + Tiesen)- Suppose that the
time reserve T = 0. The duration T of the shed ex-
change is in constant relation to the duration of the
weaving cycle, T, = y,.Tc. The inserting time T, is the
integral of inverse inserting velocity

T =—
| Vioé m
I Iy 2 4L
TR0 TR APVl IR b ATV R TR (10)
Vi u 2.y.m| u
_ViO & 2}/.mg2

Then we obtain for the loom productivity an expres-
sion containingm, L, v

60.(1—y,).Lvy.

m.g1(L)+g_—y-gz<L)

Here, the functions g,(L), g»(L) in the denominator are
exponentially increasing functions of weaving width L.

The machine output U(L,v,,m) grows only in a certain
part of increased weaving width L until the curve
reaches a maximum (which lies practically in most
looms at L= 3-3,5 m) and then it slows down.

The effect of reduction of inserter masses m as low
as almost zero can be of small importance or even
negative for the machine output. With excessive de-
creasing of inserter masses the machine productivity
starts to decrease at last. It is evident from the eq. (11),
where for a very low value of m the first member of the
denominator gets negligible. Therefore, with further
decrease of inserter mass the loom productivity evi-

“dently decreases.

The dependences of machine revolutions n and ma-
chine productivity U on the machine width L and on the
initial inserting velocity v,q are shown in Fig. 5 a, b.

2.5. Further arrangements for achieving higher
loom productivity

c) Ultralight inserting medium with the driving
force acting along the full loom width (air jet with
relay nozzles).

The loss of flight range with very light inserting ele-
ments, and consequently the loss of loom productivity
were the reasons for searching new ultralight inserting
systems, yet with the weft being driven by a steady
force through the whole shed length. As a result, the
air insertion systems with relay jets had been in-
vented.

The system consists of a main nozzle which gives
the weft the initial velocity v,, and of a row of auxiliary
nozzles, the air of which has to tract the weft inside the
inserting path. The weft velocity has approximately a
course similar to the curves in Fig. 3b, but starting from
the initial velocity v, at the point x,.

_ 60.\})'

n-=
v;(x) n[min”) : %
50 10000 rm——x: 2
.. P\
v, Ims™) P o RN
40 =] A @
@ §¥¢ N LN X
X BB
30 ™ _~ NN N kA
N NN NG o
AURN - ool 220l N N A
N N S RN
20 \\ \\ N q A
“- Nig N 500 DN
‘\'\. ‘\% 8 A N\
10 e N SN R
20 e 3
NN
0 2 4 G 5 10 xim) % m) ! 2 345 10

Fig. 5a,b: a) The courses of insertion velocities of main weaving systems (From above: Air jet with relais nozzles; gripper loom; single air
with the confusor.); b) The dependence of machine revolutions n on weaving width L. From above: gripper loom; air jet with relais
nozzles; single jet with confusor; multiphase (parallel type). Oblique lines — levels of constant loom productivities U = n.L.
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From the solution of the eq. (8a,b) for the inserting
mass m — 0 yields that the inserting velocity again fol-
lows a curve increasing at the beginning, but reaching
a maximum considerably later (if ever) than with a
monojet loom and then slowly descending.

Nevertheless, this system brings a serious problem
with high consumption of energy for preparation of
pressure air for the insertion. The limited action radius
and energetic require-ments were reasons (among
others) for the arise of systems with controlled inserter
motion.

d) Inserting systems with kinematically driven
inserters — rapier looms and parallel-type of
multiphase looms.

There is another way how to increase the average
inserting velocity by not increasing the energy con-
sumption. It is the way of using kinematically controlled
inserters instead of leaving the weft fly autonomly ow-
ing to its inertia or to other tracting forces.

In the rapier loom the aim of designers was not
mainly to heighten the machine output. The main rea-
son for developing the rapier inserting systems was the
struggle for building looms with completely controlled
weft insertion. In such systems it is possible to design
the course of insertion so that the weft as well as the
inserting mechanism are optimally strained during
weaving.

- The last weaving system is the system with continu-
ous weft insertion — the s.c. mul-tiphase weaving loom
[5] — see Fig. 6. ,Continuous” means that in every mo-
ment several picks are inserted simultaneously into a
row of also simultaneously opened waveform
sheds.The sheds move one by one either in the longi-
tudinal direction of the loom (that is the series type (S-
type) of the multiphase loom), or they run in harmonic
waves across the loom (the parallel type (P-type)of the
multiphase loom where the sheds are opened beside
each other).

In the s-type of the multiphase loom the weft insertion
is carried out by the same systems as in the single-
phase looms: by grippers, by air, by rapiers. The shed
opening and the beat-ups are provided by thin rota-
tional lamellae of the s.c. weaving drum (rotating reed).

In the p-type of the multiphase loom the weft inser-
tion is provided by a number of inserters — small shut-
tles carrying the weft necessary for one weaving width.
The inserters move inside of the waveform sheds run-
ning across the loom. The inserting and transporting
speeds are steady and very low (2-4 m.s™"). The beat-
up is provided by various types of lamellae, either
swinging in waves, or rotational ones with their s.c.
beat-up noses arranged in a helix on the reed surface
and rotating with some phase delay of the noses
against the inserters.

High output of the p-type multiphase loom is
achieved by the large (theoretically unlimited) weaving
width and by the high number N of inserters working at
the same time in 1 m of the weaving width:

U=60.N.Lv;(e.g. U=
= 60.5[inserters/m].4[m].2[m/s] =

= 4 800[m/min]) 12)

3. NEW PROBLEM: THE DECREASE OF
WEAVEABILITY IN HIGHLY PRODUCTIVE LOOMS

3.1. Weaveability from the point of view of fabric
forming at high weaving speeds

The struggle for achieving the maximum inserting
velocity is not the only textile-technological problem of
increasing the loom productivity. It is probably not the
most difficult one. The main problem of further increas-
ing of weaving speed seems now to be the ability of the
loom, at high weaving frequencies to weave the fabrics
with high densities, good quality, and also with good

Fig. 6 Multiphase weaving principles: a) parallel type with parallelly opened row of waveform sheds; in each of the waves runs an inserter
(shuttle). b) series type of multiphase loom with sheds opened in waves running in longitudinal direction of the loom; here the weft

is inserted by air stream.
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efficiency. It turns up in newly designed looms that the
weaveability decreases for many reasons with the in-
crease of the speed.

Let us shortly analyse the dynamics of fabric forming,
i.e. the question of sufficient reaction fastness of picks on
still faster beat-up pulses. The picks have to manage the
slipping between the warp ends in time sections gradu-
ally shortening with the progress in weaving speed. The
beat-up process proceeds as follows (see Fig. 7):

— owing to the beat-up force F(t) produced by the

beat-up pulse y(t) of the reed,

— the weft slips along the warp ends into the fabric
by the path &(1);

— simultaneously the frictional reaction between weft
and crossed warp threads elongates the warp
(and loosens the fabric) by some elongation x(t);

— both paths x and £ must be met by the reed lift y.

With higher weaving rates the weaving cycle dura-
tion T, shortens inverse-proportionally to the weaving
frequency n. Consequently, there is still less time for
the reed to push the wefts inbetween the warp ends in
the cloth. Now a physical phenomenon comes in effect
that the weft sliding velocity as well as the warp and
fabric deformations depend not only on the acting
forces, but also on the time course of these forces. At
higher weaving speeds the sliding resistance of weft

and the deformation forces in warp become higher.
Therefore, the weft resists the rapid beat-up pulses
more intensively. With increasing wea-ving frequencies
the weft slides into the fabric only by the successively
decreasing paths &.

For a certain transition period after any change of
weaving parameters a bar with lower or higher weft
density arises in the fabric before the cloth fell ,grows*
successively closer to the reed and the warp elonga-
tion x at the beat-up becomes bigger enough and
yields again a higher (or lower) beat-up force. Then,
the beat-up process steadies on a new level of param-
eters. Yet the increase of beat-up force can bring along
higher amount of end downs and/or the production of
faulty fabric (with irregular density, bariness).

3.2.The equilibrium of beat-up parameters during
fabric forming at slow weaving speed

From experience, at low weaving frequency the
quantities of beat-up process (forces, deformations,
translations) remain steady and practically do not vary
with the speed. Then, we can find a steady relation be-
tween the beat-up pulse y and resulting pickspacing A
or weft density D..

During the beat-up lift of the reed (i.e. during its con-
tact with the last weft) the reed provides parallelly two
actions (see Fig. 7):

Fig. 7 The process of weft beat-up. Bel-
low: the sliding of weft inbetween
the warp ends by a path x=A, - A;
A = 1/D,. Here F is the beat-up
force, R the weaving resistance
caused by work of friction and of
threads crimping. Above: depend-
ence of weaving resistance on the
achieved pickspacing A and on co-
efficient of friction f.
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~ First, the reed pushes the wetft into the fabric by a
path £=A,— A from the insertion position A, to the
given pick-spacing A = 1/D, which represents the
definitive weft position.

— Second, due to the reaction R of weft sliding be-
tween the warp threads, the elastic warp and fab-
ric elongate or contract themselves by a length &
so that the beat-up force arises

Fo=Q-Q,= (Q+Cx)-(Q-Cx) =
= (C; + Co)x (13)

[t holds a steady equilibrium between the sliding
(= weaving) resistance R and the beat-up force F,

F,-R=0 (14)

Note: The first clear explanation of fabric forming —i.e.
of the process of achieving a certain pickspacing A as
a result of reaching the equilibrium between the weav-
ing resistance R and the beat-up force F, which is
equal to the above mentioned reaction F,= Q; — Q, of
warp and fabric — published by Greenwood et al. [6] in
the 50ties. The authors supposed that the weaving re-
sistance R followed the s.c. law of inverse distance R(&)
= const/A. The weaving resistance R was expressed
later by other authors in various forms, e.qg. in the form of
exponential law of weft density [7] or on the basis of dy-
namic friction of warp threads belted round the picks [8].

The two motions arising in the fabric during the beat-
up, namely the slide of weft £ into the fabric as well as
the cloth fell motion (warp elongation) x, must be met
by the beat-up lift y of the reed:

y=x+¢ (15)

The beat-up lift then yields from the equation (13)
when substituting for the forces

const
Fo=(Ci+Cy).(y=&)=R(A)= A
const 1
=(A, - A -
=AMt Teoy (18)

Using the approximate Greenwood formulation of
weaving resistance, we obtained the necessary height
of the beat-up pulse of the reed y which depends only
on the pickspacing A.

3.3. The measure of weaveability of fabric densi-
ties

The path &, by which the loom pushes the weft into
the fabric under the given conditions, namely at the
given weaving speed, can be used as a measure of
weaveability of the loom. It corresponds with the weft
density almost linearly, the higher members of the fol-
lowing expansion converging rapidly:

R

1
_X Au—é K A2 5’1’ (17)

+
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At slow weaving speeds the weaveability £ remains
constant. We shall see in the following analysis that
with the increasing weaving frequency the weaveability
Edecreases.

3.4. Dynamic fabric forming process at higher
weaving speeds

Similarly as the static, also the dynamic beat-up is a
matter of dividing the beat-up pulse y(t) into two mo-
tions: into warp elongation x(t), and weft slip on warp
ends &(t).

During the dynamic beat-up the beat-up force F =

(C, + C,).x arises, which at today’s weaving speeds
can be still regarded approximately as being steady.
Let us take the expression for it still approximately true
also for higher weaving frequencies.
(Note: Nevertheless, very soon it will be necessary to
calculate with dynamic (i.e. varying) elasticity of warp
and fabric by taking in account their ,hardening“ due to
deformation resistance caused by energy dispersions
in the threads at higher straining frequencies on the
loom. We will be also urged to take in account the dis-
tributed masses in yarns and calculate with finite veloc-
ity of propagation of deformation vawes in warp.

The weaving resistance R(&) = R(y — x) is not steady
any more. Its value yields mainly from energy losses
caused by speed dependent friction of weft on warp.
The weaving resistance is a dynamic quantity and var-
ies practically with all weaving frequencies. We cannot
therefore use any more the weaving resistance in the
simple Greenwood’s form of an inverse distance law,
but we must derive it from the friction between the
threads in the cloth fell. Weaving resistance R(A,f) de-
pends first on immediate pickspacing A, and on imme-
diate value of friction coefficient f. It can be derived on
the basis of Fig. 7. From here yields the weaving resist-
ance R:

R-Q, {1_we-f<a>,+a>z>}

cos Oy

_ 2k3e, +,f1+4x§(1—e§)
2.2

(18)

®, is the given angle of shed opening. The angle @, of
warp waviness is derived from binding geometry of
warp threads — here from the Peirce’s geometry. d/A =
Kk, is the s.c. linear covering of fabric by weft and
H,/d = e, is the relative height of weft waviness. The re-
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sulting dependences of weaving resistance R on the
immediate pickspacing A, on warp tension Q and on
the varying coefficient of Coulomb friction f are plotted
in Fig. 7. above. For further applications, it is more con-
venient to use a linearized form of weaving resistance
which is true in the vicinity of the ,working point* P of
resistance curves of studied weave. By differentiation
we obtain

JR JR
A (Ag—A)+ Wfdyn =

The weaving resistance obtains thus the form of a
linear combination of the influence of weft slip into the
fabric a..(A, — A) = a.£ , and of the influence of dynamic
friction B.fy,. Here, the dynamic coefficient of friction
f4n is a part of total friction varying considerably at least
with the speed v,, of weft slip on warp. For our tasks we
shall work with the form of the coefficient of friction:

R(A,f)=R, + <= a (A~ A)+ By, (19)

f="fo + foyn = fo + GV (1). (20)

The dynamic beat-up process can be then described
by a set of equations:

— of force equilibrium on the last weft,

— of values of the beat-up force and dynamic weav-

ing resistance,

— of dividing of the beat-up pulse into the warp elon-

gation and wetft sliding, and

— of the form of the beat-up pulse.

The beat-up pulse y(t) may have different forms ac-
cording to the beating system. Suppose that the beat-
up pulse has a half-sinus form with duratlon To=ypT,,
the angle of beat-up duration being some \yp = 10° the
exploitation of weaving cycle for beat-up being small,
v, = 10/360°= 0.03...

The equations of the dynamic beat-up process are
the following ones:

F,()-Rt)=0
Fo®)=(Cy+Cp) x(t)

Rt=a 60+ 5 g, 0

y() = X() + &)

y(t)=ly|sino,t; o, = TL = fT = 63 -r; (21)
P P

The solutions of these basic beat-up equations give
the time course of weft slip into the fabric &(t) and the
course of the beat up force F,(t) respectively of the
weaving resistance R(t):

. Ty o' |22)

1/1+w§T3

Et) =Ky =—=

sin(apt -y )+

J1+w T
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1+w§.T22
Fy (1) =K, |y ~——— - sin(w,t + yg ) -
P p R
: J1+ w2 T2
o, T _
——P 1 e UT|=Rg) (23)
1+a>§T12

where K; = (C; + Cp)/(Cy + Co + a); Ty = (B.0J/(Cy + C,
+a); To= (B.@J/ o are the constants of proportionality
and the time constants of the weft motion in response
on the exciting signal of the half-sinus beat-up pulse.

The course of weft motion &(t) (i.e. of the weft re-
sponse on a half-sinus beat-up pulse y(t)), as well as
the course of beat-up force F(t), are also harmonic
curves, yet in practice, they are damped by friction so
intensively that they perform only one swing during the
whole beat-up. The weft moves only ahead and halts in
its front position. The courses of beat-up pulses y(t) in
dependence on increasing beat-up frequency , as
well as the responses of weft slips £(t), and of beat-up
forces F(t) (weaving resistances R(t)) on these pulses
are plotted in Fig. 8. We can notice that with increasing
beat-up frequencies the slips |&| are getting succes-
sively lower whereas the resistances |R| increase. The
weaveability worsens.

3.5. Frequence characteristics of weaveability

The maximum values of weft slips |§| and of beat-up
forces |F,| can be expressed separately from the time
courses (22), (23) and plotted in graphs showing the
weaveability or the difficulty to weave higher fabric den-
sities in dependence on the increasing beat-up fre-
quency o,. These graphs are called frequency char-
acteristics of weaveability.

In the above mentioned equations the transition proc-
esses (i.e. the second members of the right sides of
these equations comprising the expressions exp(-/T,))
are usually damped so intensively that they almost
fade to zero before the first (harmonic) members on the
right sides of equations reach their maxima. Further, in
common cases, instead of the beat-up lift |y| the given
parameters are the fabric density D, or the weft slip into
the fabric [E] = A,— A=A, - (1/D,). Then, the ,absolute
values” of £ and F, or R are from (22), (23).

[y(@p)=14 é J+ 02T, Fol@,) =14 a1+ 02 T2

The graphical representations of the functions are
shown on the characteristics (a)—(c) in Fig. 9. It is evi-
dent that the weaveability |£|, the beat-up pulse {y| or
the beat-up force |Fj| = |R| stay constant at low weav-
ing frequencies, before the critical frequency ., = 1/T,
or 1/T, of the half-sinus course of beat-up has been
reached.
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Fig. 8 The courses of beat-up pulses y(t) in dependence on decreasing duration of the beat-up pulse Tp = m/w, resp. on increasing
beat-up frequency w, = 1.n/(60.y,), and the responses of weft slips £(t) and of weaving resistances R(t) or beat-up forces Fy(t)
on these pulses. Notice that with increasing beat-up frequencies (with narrowing y-curves) the slips |&| get successively shorter
whereas the resistance |R| increases. The weaveability worsens!
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Fig. 9 Graphical representations of dependencies on beat-up freq. m, of the quantities: a) of weft slip |§| into the fabric (weaveability of
the weft density D, = 1/A = 1/ (A, -§) ) at the given height of the beat-up pulse lyl; b) of the height of beat-up pulse |y;| necessary
for the requested slip [§] of weft in the fabric; ¢) of maximum values of weaving resistances |R;} = |F,| at the given weft slips [];

T

d) of beat-up force impulses [, (w,) = | F,(t).dt needed for achieving the weft density D,
E\p P
[
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At higher beat-up frequencies the weaveability |E|
successively decreases whereas the weaving resist-
ance |R| or the necessary height of the beat-up pulses
lyl increase. At present it is the result of trends of
heightening of weaving machine productivity. There-
fore, it is necessary to search for solutions of this new
difficult situation.

4. WAYS HOW TO IMPROVE (HOW TO ELIMI-
NATE) THE DECREASE OF WEAVEABILITY IN
HIGHLY PRODUCTIVE LOOMS.

4.1. The impulse f F, dt of the beat-up force ,con-
- sumed” by the fabric
To find -a new basis for possible elimination of
weaveability decrease in high productive looms, it
~ seems to be necessary to take in consideration a new
view on the beat-up process — that the beat-up process
represents reaching of equilibrium between the s.c.
- impulse of the beat-up force imparted by the loom to
the fabric, and the necessary impulse consumed by the
fabric in order to achieve the requested fabric density.

1071 s = : 12
f aiis R ¥ 0.005
1072 3] I 12
i : [u_ﬁu TR
101;'3 1072 -.o'] 1 10 %
WpTy=1 (‘)P @

Fig. 10 a) A simplified model of the beat-up (crank, mass m,, and
compliance C,) with a model of acting beat-up resistance
(proportional resistance [o + B.¢y.(d/d)].x(t)) and with
elasticities (C,+C, ) of warp and fabric; b) The equilibrium
point between the impulse of beat-up force requested by the
fabric for achieving the given density D, =1/ (A, — &), and the
change of momentum H,(w,) of the loom beat-up system
(representing the imparted impulse of beat-up force at the
given height of the approximately half-sin formed beat-up
pulse).
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During fast beat-ups the reed acts upon the last weft
by increased beat-up forces F(t) for certain, gradually
still shorter time sections T,,. That means that the weft
in the fabric always consumes at each beat-up an im-
pulse I; of force x time. More exactly: the weft always
consumes the quantity resulting from time-integration
of the equation (23) over the time T;:

pr1

T T,

p P
= [ Fptat= IRt = |¢laT, (24)

where T; = (TZ + TZ)[T, is a new time constant arisen
by integration. ‘

Plotting this quantity as a graph (d) in the frequency
characteristics in Fig. 8, we can see that the con-
sumed beat-up impulses I:(w,) of force Fy(t), in the
contrast to other characteristics, decrease with in-
creasing beat-up frequency until they reach a critical
value w, ;=1/T5. Since that the frequency of the im-
pulses of beat-force has become practically steady.
Therefore, the consumed impulse of the beat-up force
is invariant from the beat-up frequency at high weav-
ing speeds.

The ,amount® of the imparted and consumed impulse
of the beat-up force can be called the intensity of beat-
up. The intensity of beat-up is the decisive factor for
achieving the requested fabric densities on highly pro-
ductive looms. Now, the question is how to produce the
necessary beat-up intensities to ensure the correct
weaving process.

4.2. Impulse of the beat-up force imparted to the
fabric on a classical weaving loom

The impulse I(§) needed for achieving the requested
fabric density D, or the correspon-ding slip || of weft
must be met by the same amount of the force impulse
H produced by the loom. The impulse produced by the
loom goes

1. on account of the change of momentum AH, =
Myedo.up) AV, Of the beat-up mechanisms during the
beat-up pulse,mainly of the slay. Then, the mecha-
nism acts as a hammer.

2. on account of the time integral

TP
Hy(Ty) = [ Ca-[2() - Y]} ot (where T, =)
0 p
of elastic forces C,.(z — y) in the driving mechanism
of the reed — see the chain of links, masses elasticities
and compliances in the complex beat-up system in
Fig. 10 a,b. From this point of view the beat-up
mechanism works as a press.
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The impulse of beat-up force produced by the loom
in the Figure represents the beat-up intensity

T
p
H(w,) = (J)Fp (0.dt=2.m 4y lyl

(04
"a(C,+C,+C,)+C,.(C,+Cyp)

(25)

This intensity of beat-up (the impulse of beat-up
force) is a decreasing function of the circular frequency
o, = .n/(60.y,) of the half-sinus-formed beat-up pulse.
Plotting the consumed and imparted impulses |,(w,)
and H(w,) together in Figure 10b, we find that a point
of equilibrium (working point) always arises at a certain
beat-up frequency w,. If the loom works with the revs
n, we see that automatically the beat-up course settles
on an angle of duration wg = T,. If now the machine
revs would be increased, first the beat-up frequency w,
would increase, too. The curve of the imparted beat-up
impulse H(w,) at that frequency w, would cross another
curve belonging to a lower weaveability £ = A, — 1/D..
Owing to the inner autocontrol process, after a while —
due to not deeply enough beaten-up picks — the cloth
fell would increase against the reed and the beat-up
duration y,= T, would increase, too. A new beat-up fre-
quency wm,would be settled with a correct fabric density,
but with higher straining of the warp.

4.3. Ways how to increase the impulse of beat-up force

There are, at least, two ways how to reach the
necessary ,amount“of the impulse of beat-up force:

— to repeat the beat-up pulses or to transform the
time course of the beat-up pulse to a rectangular
or triangle etc. form,

— to heighten the force (and the duration of the beat-
up) by the rigid slay construction.

The repeated or even vibration beat-up is theoreti-
cally as well as experimentally based on the estab-
lished fact that it is practically equal whether the im-
pulse of force has been imparted to the fabric by one
high beat-up or by several lower stiokes, provided that
the total areas of both beat-up pulses are equal.

Each newrepeated pulse y, =y — ¥ A ,is, infact,
n
lower by the total achieved shift of weft into the fabric.

Nevertheless, the weft slide into the fabric theoretically
aims at the absolute utilisation of the original height of

the first beat-up pulse, lim Y A, =vy,.
n—o0
The beat-up can be repeated also by using an active
back rest[11, 12], i.e. a swinging back rest roller driven

by a cam on the main shaft of the loom. The secondary
beat-up pulses produced by the swinging back rest are
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positioned inside the weaving cycle next to the neigh-
bourhood of the main beat-up pulse. Attempts have been
also done to use a resonance back rest which provides
several high swings following the main beat-up.

The main contemporary method for increasing the
intensity of beat-up is the use of rigid but light slays
which allow the autoregulation process in the weaving
system to heighten the beat-up force as needed with-
out destroying the mechanism. The slay arms have
very short lengths and the slay beam is supported on
several places of the weaving width.

Similar possibilities as the rigid slay brings today the
rotational reed assembled of several hundreds of rota-
tional lamellae on a shaft with a row of beat-up ,noses*
on their perimeter — the s.c. weaving drum.
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NUMERICAL SIMULATION OF THE START
OF WEAVING LOOM

TUMAJER Petr, Ing

Technical University of Liberec

1. INTRODUCTION

The increase of the productivity of one shed weaving
looms is mainly achieved by increasing the revolutions
of the machine. Due to this, it is necessary to optimise
each mechanism of the weaving loom from the point of
view of its dynamic behaviour so that the function and
maximum life of individual machine parts could be as-
sured. But this is not the only factor which must be
taken into consideration when designing a weaving
machine. It is also necessary to pay attention to textile-
technological problems which occur when increasing
the revolutions of weaving machines.

One of the problems is the formation of the so-called
set-bars in the fabric. This set-bar appears at the start
of the weaving loom and it is formed by unequal spac-
ing of several wefts. This article deals with the use of
the numerical simulation to clear up the problem. The
simulation will be carried out mainly with regards to the
dynamic behaviour of the loom at its start and stop.

2. DYNAMIC MODEL OF WEAVING LOOM

This part describes by means of non-linear differen-
tial equations the behaviour of the weaving loom at its
start, at stabilised running, and at the stop. These
equations will be formed on the basis of the model
which includes the main mechanisms of the weaving
loom: the drive, the beat-up and the shedding mecha-
nism. (see Fig.1)

Isp1

N
L
P1 -
%
|
-]

HU

A three-phase asynchronous electric motor drives
the driving part of the friction clutch. The propelled part
of this friction clutch is fixed on the main shaft. The
transfer between the main shaft and the bottom shaft is
carried out by means of gears. The beat-up device is
here indicated by the kinematic scheme of a four-mem-
ber hinged mechanism and the shedding device is sub-
stituted by a three-member hinged mechanism.

Fig. 2 shows the model which will be used for setting
up the equations of motion

The driving moment Mh is given by the moment
characteristic of the electric motor. In the following cal-
culations we will use the substitute linearised depend-
ence of this moment characteristic according to Fig.
2a. The moment Mr and force Fo characterise the in-
fluence of the textile material.

The start of weaving loom is carried out in two
phases:

Before starting the machine the electric motor and
driving part of the clutch (freely hung on the main shaft)
are rotating. If at the time t=0 the machine is started by
clutch connecting, then at that moment the angular
speeds of the propelling and of the propelled parts of
the clutch are different, i. e. the speed of propelled part
is zero and the speed of the propelling part is other
than zero. Under the influence of different speeds be-
tween the propelling part and the propelled part of the
clutch the frictional moment Mt originates. In the first
phase of the start the frictional moment Mt gradually re-
duces the angular speed of the propelling part of the

Fig. 1
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Fig. 2
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clutch and increases the angular speed of the pro-
pelled part of the clutch with the main shaft. At this
phase the driving moment of the machine is the fric-
tional moment Mt.

At the moment, when the speeds of both parts of the
clutch equalise and the frictional moment Mt is then
zero, the second phase of the starting process begins.
In this phase the driving moment of the machine is the
moment of the electric motor Mh. The angular speed,
in this phase, gradually stabilises at the standard work-
ing value.

At stopping the machine in the time t = tz the clutch
is disconnected and the brake is put into action. The
brake is acting on the main shaft by the braking mo-
ment Mb and is reducing the angular speed as far as
to zero value.

If the angular speeds of the propelling part and of the pro-
pelled part are different, then in our calculations we will con-
sider the frictional moment Mt as, part by part, a constant
function with the value of A 1 (see Fig. 2b). The braking
torque Mb will be also considered as, part by part, a constant
function with the value of A 2 (see Fig. 2¢).

The equations of motion of the weaving loom model
are set up here by using the Lagrangian equation of the
second kind:

g[ﬂ}_%__ég_ R
dt{og* aq q &°
where: K is the kinetic energy, U is the potential en-
ergy, Ris the dissipate function, g is a general co-ordi-
nate and the symbol * is the derivation according to the
time.
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In the first phase of the start we express the kinetic
and potential energy and also the dissipate function for
the drive and all the remaining part of the machine. In
the second phase these relations are expressed for the
complex weaving loom model and, in the case of stop-
ping, for a part of the weaving loom model which does
not include the drive. By the derivative of these rela-
tions and by the substitution into the Lagrangian equa-
tion we will set up systems of second-order differential
equations which describe the behaviour of the weaving
loom in both phases of the start, at the stabilised run-
ning and stopping.

¢ The first phase of the start of the machine
— system of equations describing the behaviour of the
drive:

Ip.p™ —Mh=~Cp.PIPlo-¢,)-Kp.PPle® —¢}) [2.1]
Isp1e;” =-Cp.(p,~ Plp)—Mt—Kp(p] - Ple’) [2.2]

— system of equations describing the behaviour of the
remaining part of the machine:

Isp2.95" — Mt =~C2(9, —0,p)— K2(p5 —035) [2.3]

12p.935 + 14,1240 24035 + 124037 ) =
=-C2(9p2p —92) - C4[lya(02p) ~ 9ap |24 -
~C.P2(P2¢yp —¢5)—K2((P§P “‘PE)—

—K4(.UZ,4-(P§P - <P4P)-H2,4 - K-PQ-(PQ-QDEP - 903) [2.4]
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l4p.oip = ‘C4[<P4P ~ha(@2p )]“ Mr—

—K4(§0:1P —/12,4<P5P) (2.5]
l.og" =~C(@s —P2.¢,p)~C5.(9s5 ~ psp) —
~K(0s - P2.93p)~K5(03 - 0%p)  [2.6]
oo 2e 2 oo \
I5p.@5p + m7(ﬂ5‘7l95,7¢5p + #5,7‘P5P) =
= ~C5(psp — 95)— C7[fs71(05p) ~ X7p Jus7 ~
~K5.(p3p —05)—K7(15705p - X;P)HSJ [2.7]

mip.x;p = _C7'[X7P —f5,7(¢sp)] ‘FO‘W(X;P ‘,“5,7‘P§P) [2.8] |

*The second phase of the start and the stabilised
running of the machine

— system of equations for the complex model of the

weaving loom:

p.p™ ~Mh =~Cp.PI(Pip-p,) - Kp.P{(Plp* - ¢3) [2.9]

Isp.g3" = ~Cp(@y — Plp)—C2(@; — 9op ) —

~Kp(0; ~Plo®) K203~ 03p)  [2.10]

The equations [2.9] and [2.10] will be completed by
the equations [2.4], [2.5], [2.6], [2.7] and [2.8], which
are identical for the first and the second phases of the
start.

¢ The stopping of the machine

— system of equations for the part of the weaving loom
model does not include the drive:

I5p2.95" = —Mb—C2(py —0yp) —K2(03 —03p) [2.11]

The equation [2.11] will be completed by the equa-
tions [2.4], [2.5], [2.6], [2.7] and [2.8] which are again
identical for the first phase of starting and also for stop-
ping.

The behaviour of the drive of the weaving loom is not
substantial from the point of view of fabric forming and
that is why it will not be solved here.

In the equations we have used the usual marking for
the gear functions of hinged mechanisms: The gear
functions of the beat-up mechanism (four-member
hinged mechanismy):

W the zero gear function: fa 4(Q2p)
B the first gear function: U 4(P2p)
B the second gear function: I, 4(¢sp)

The gear functions of the shedding mechanism
(three-member hinged mechanism):

B the zero gear function: fs 7(Psp)
B the first gear function: Us 7(@sp)
M the second gear function:  ¥s7(@sp)
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These functions can be expressed in analytical form
by means of hinged mechanism geometry.

Further, we will express force Fo which originates by
the warp extension at opening the shed. This force will
be expressed as a function of the shaft lift (see Fig. 3).

Further, it is necessary to express the moment Mr
acting on the slay during the beat-up event. For ex-
pressing this moment we use the equations of the
beat-up process. These equations were derived in [1].

The equations of the beat-up process:
e balance between the beat-up force Fp and the
weaving resistance R: Fp — R =0
¢ expression of the beat-up force by means of the
elasticity constant of the warp C_1, the elasticity
constant of the fabric C_2 and the absolute warp
extension, exactly fabric compression in the
course of the beat-up event X: Fp =(C_1 + C_2)X
e expression of the weaving resistance by means of
the coefficient of the geometrical component ¢,
weft sliding &, the coefficient of frictional compo-
nent B and the coefficient of friction f, which de-
pends on the speed of the sliding and on the time:
R = a.&+ B.ox.&. We have used one of the sim-
plest models of dependence of the friction coeffi-
cient on the weft sliding speed: f = ¢«. &’
e expression of the beat-up pulse by means of the
warp extension and the sliding of the weft: Y = X + &
If we introduce the marking: C=C_1+C_2,
K_1=CJ(C+ a) and K_2 = B/(C + a), and from the
equations of the beat-up process we will express the
weft sliding and we will obtain the equality: £=K_1.Y —
K_2.9x.&". We will differentiate this equation with re-
spect to time and we will calculate the weft accelera-
tion at the beat-up process:

£ =K1Y =&YK 2.00

where Y*® = |.o,and | is the length of the slay.

Fig. 3

Fo = N(Q1.sina? + Q2.sino2)
N ....total number of warp threads
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We will complete the systems of equations of motion
of the weaving loom model by this equation and we will
solve it. The solution is performed numerically by the
Euler method.

Note: Self-regulation in the weaving process.

The change of the amplitude of the beat-up pulse,
which is caused by the change of the position of the
fabric face in individual weaving cycles, is consid-
ered as the self-regulation process. Briefly, this
process can be described in this way: For example:
If in a certain weaving cycle a weft bar occurs, then
the position of the fabric face changes with respect
to the standard position, corresponding exactly to
the value, by which the weft was pressed into the
fabric. In the following cycle the reed will meet the
fabric face earlier and the amplitude of the beat-up
pulse will increase. (see Fig. 4). If we express the
deviation of the sliding weft into the fabric in the k-th
weaving cycle by A, = |&_1] — & , the amplitude of
the beat-up pulse in the (k+1)st weaving cycle is
given by the equation: [Y,.1| = |Yl + A&

If a certain “defect” event enters the weaving proc-
ess (for example at the start of the weaving loom),
which causes a deviation of the pressing of the weft
from the standard value, then, at the calculations in
the following weaving cycles, it will be necessary to
correct the amplitude of the beat-up pulse by these
deviations.

YA

k. weaving cycle (k+1). weaving cycle

le

Fig. 4

3.NUMERICAL SIMULATION OF THE START OF
THE WEAVING LOOM AT VARIOUS REVOLU-
TIONS

As mentioned above, the improvement of productiv-
ity of weaving looms is mainly achieved by increasing
the revolutions. To be able to assess the influence of
increasing weaving frequency on the origin of set-bars,
in this part we will simulate the start of the weaving
loom at various revolutions. In practice, the change of
the weaving frequency is mostly carried out by the re-
placement of pulley on the shaft of the electric motor, i.
e. by the change of the transfer between the shaft of
the electric motor and the main shaft of the weaving
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loom. We will also use a similar approach at the nu-
merical simulation and the solution of the equations will
be performed gradually for three different transfer val-
ues: P1: P1=1/3, 1/2, 1. The values of the other con-
stants will remain unchanged. The results of the solu-
tion, represented graphically, are in the supplements.
In each supplement [A], [B] and [C] three graphs are
depicted. The first graph represents the dependence of
the angular speed of the main shaft on the time, the
second graph represents the dependence of the weav-
ing resistance on the time and the third graph shows
maximal values of the weft sliding for individual wefts.

The results will be used for the evaluation of the dis-
tribution of wefts in the fabric at the start of the loom.
This evaluation will be performed by means of maximal
values of the weft sliding for individual wefts which will
be deducted from the relevant graph. We will always
observe the first five wefts woven-in after the start of
the machine. First, we will state the mean value of the
achieved sliding for these five wefts:

1 5
ériax :gzgmaxi
i=1

and then, we will define the deviation of the sliding by
the relation:

‘émax, - grsr‘\axl
A=t
gmax
These values, given for individual wefts, and for the
different value of the transfer P1, are depicted in the
graph (see Fig. 5).

100

Al A P=

¢ pr=12

D
9
8
7
6
5
4
3
2

Fig. 5
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4. CONCLUSION

5.Y
T

. It is evident from the graph
that the deviation values of
the weft sliding will increase
: with the increasing weaving
frequency and the number of
wefts with a deviation of the
sliding will increase, too.
When increasing weaving
frequencies, the origin of
more considerable set-bars
can be expected at the start
of the weaving loom. Any fur-
ther increase of revolutions
of the looms must be taken
into consideration. When de-
signing the looms, it is nec-
essary to optimise their indi-
2 — IF| ' " vidual machine parts and
minimise their weight. Fur-
—— : L ther, it is necessary to pay
more attention to the con-
struction of the clutch and the
brake of the weaving loom.
These factors highly influ-
ence the duration of the first
and second phases of the
start and the stop. However,
in the case of further in-
crease of revolutions, it will
be necessary to use some
“artificial” elements reducing
the origin of the set-bar ( for
example: the controlled shift
of the fabric face before start-
ing the machine and the like).
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Additional remark: The nu-
merical simulation is here related
to the problems of the origin of the
set-bar at the start of the loom af-
ter a very short stop. In addition to
the above mentioned dynamic
phenomena, the origin of the set-
bar, after a longer stopping of the
machine, is also influenced by the
reological properties of textile ma-
terials.
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CONDITIONS FOR HIGH-QUALITY AND RELIABLE AIR JET
WEFT INSERTION

Karel Adamek

Research Institute of Textile Machines Liberec

INTRODUCTION

By contemporary development of main parts of air
picking system there are studied the inner flow and ex-
pansion of compressed air in weaving nozzles — both
the main and auxiliary ones — and the free stream
propagation in the atmosphere after leaving the nozzle
outlet, as well as the interaction between the stream
and profiled reed wall — partial reflection and penetra-
tion of the flow. Obtained velocity (dynamic pressure)
field transports the textile yarn — the linear body with
small and badly defined cross dimensions and small
bend stiffnes — to create the cloth. For the highest
number of loom operating revolutions it is necessary to
observe dynamic response of air supply system, too.

Aerodynamic forces influencing on acceleration and
transport of weft yarn are limited with dissipation of free
stream going out from nozzle outlet. For increase of the
weaving performance and reliability it is necessary to
eliminate that dissipation by several means. Analysis of
essential parts of air picking system is closed with nu-
merical 3-dimensional model of viscous turbulent flow
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Fig. 1 Air drag as function of ejector opening

o
o
)

of expanding air in weaving channel of complicated
shape with partially “porous” walls.

MAIN NOZZLE

The main nozzle designed as an ejector accelerates
the weft yarn and transports this through the reed
channel. Experiments with a lot of real designs of ejec-
tor show the dependence of relative air drag (F/F ..
on the ejector opening, it means at the entry gap of in-
coming compressed air, see Fig. 1. Opening the air in-
let, the air drag increases from zero to maximum and
then decreases a little, so the value of drag with great-
est nozzle opening is of about 50% to 75% of maxi-
mum drag. It is clear that the same value can be ob-
tained with smaller ejector opening, it means with
smaller air consumption, too.

The air drag is proportional to the square of relative
velocity (w-u), where w is flow velocity and u is weft
velocity. The transfer of mechanical output from the
flow to the weft depends on the third potential of rela-
tive velocity (w-u) after Fig 2. The maximum efficiency
of the process is reached when u/w = 1/3. Real weav-
ing process applies an usual picking velocity of about
85 m/s and measured flow velocity in channel reaches
the value of about 100 m/s. So the real relation uj/w =
0,9 means the efficiency is not optimum.

Numerical modelling can explain some complicated
processes in flow of expanding compressed air along
the mixing tube of an ejector. Influence of the mixing
tube shape of an ejector and intensity of shock waves
in the flow shows following serial on the Fig. 3. All di-
mensions of ejectors are identical, the output diameter
is changed, only (with mixing tube a — cylindrical, b —
stepped, ¢ — divergent). Thermodynamic condition are
identical, too, the used pressure ratio is above critical

of p/po = 1/7.

0.12 1

u/w (= weft / flow velocity)

.........................................

On the Fig. 3a with cylindrical mixing tube there
is observable a considerable shock wave area
with non-homogenous velocity field. Intensity and
position of visualized shock wave is here given
first of all with inner shape of the mixing tube be-
ginning. On the Fig. 3b there arises only one
4 strong shock on the step. This design is better for

mechanical output transfer
o
o
[e5]

body

124

0 0.1 0.2 0.3 04 05 0.6 07 08 09
Fig. 2 Efficiency of mechanical output transfer from air flow to transported

, the stable weft position in flow and for its more
reliable picking — the maximum flow velocity oper-
ates on the weft tip, the very flexible weft yarn is
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Fig. 3 Velocity field of an ejector (p/po = 1/7) with mixing tube: a) cylindrical,
b) stepped, c) divergent

pulled out, not pushed like in the Fig. 3a. The idea has

complies better with conditions for the used

above critical expansion. The flow field with
higher velocity values and feeble shock
waves was reached, only. Corresponding

longitudinal velocity profiles along the axis of
the mixing tube shows Fig. 4.

Next Fig. 5 shows a possible evaluation of
results from Fig. 3a —in different scales there

are values of u — velocity, ro — density, (p/
2.w?.Ax) — expression proportional to the el-
ementary air drag and summary drag from

the beginning.

Fig. 6 shows detail of the central tube out-
let for another design of ejector (for example
with convergent mixing tube or with central
tube shifted more to the left side of the de-
sign or with increased entry of compressed
air etc.). The mixing tube is here “overfilled”

by the flow, some part of expanding air is
flowing back and the necessary suction of
broken weft yarn is none. Such kind of ejec-
tor is not suitable for practical weaving.
So-called “classical” design of main jet is presented
on following Fig. 7. In comparison with previous mod-

been verified with actual weaving tests. The Fig. 3¢ ern design the expansion is “divided” here into two
shows the divergent shape of the mixing tube, which parts. The first part of expansion is realized through
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Fig. 4 Velocity profiles of ejectors from Fig. 3
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Fig. 5 Proﬁles of several flow quantmes (for ejector from Fug 3a)
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Fig. 6 Backflow in the middle tube of an ejector

cross wall at the entry, without contact to accelerated
and transported weft, located in the middie tube. Only
the second part of the expansion has an important in-
fluence on the weft. In comparison with previous type
of main nozzle this type does not reach the highest
weaving performance but at the same time it gently
handles the weft. It is important for weaving materials
with small firmness, as for example spun yarns. On the
other side, with previous type of main nozzle we
can reach the highest weaving performance but
extreme tensile strength needs special materi-
als, as for example polyester rayon.

AUXILIARY NOZZLES

System of auxiliary nozzles situated along the
reed channel covers the flow losses given by
free flows dissipation. The flow inside auxiliary
nozzle is characterized with its sharp bend di-
rectly before the outlet. The expressive stream
separation and contraction in classical auxiliary
nozzle after Fig. 8a affects the unstable free
stream direction when air pressure in the supply
is reset.

In the double wall thickness after Fig. 8b the
flow is guided better, the free stream direction is
more stable. The same positive effect has the
“shower” nozzle with several small orifices, see .
Fig. 8c. The elementary flows create quickly
one common flow, practically independent on
the outlet shape. A special case is the “channel”
nozzle with inner channel after Fig. 8d. Its fluent
bend before the nozzle outlet is designed in
such a way that there is no flow separation and
the value of velocity in the outlet cross-section is
approximately constant. It is the ideal case, the
flow is well guided and the free stream direction
is independent on the air pressure in the supply.
The theoretical presumptions were verified with
measuring of serial of ceramic nozzles with in-
ner channel.

126

Fig. 7 Detail of double expansion in the entry part of classical
ejector

Note: The pressure ratio of p/p, = 0,7 was assigned
here, only, so the flow keeps subsonic. For the really
used above critical pressure ratios (from 1/4 to 1/7
approx.), the vorticity of flow increases, the conver-
gence of the numerical solution is bad or none and a
correct solution cannot be obtained. Software used
here is not destined for swirled flows.

Fig. B Flow in outlet of several auxiliary nozzles: a) simple wall thickness,
b) double wall thickness, c) multi-orifice nozzle, d) with inner chan-
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Using correct production tech- 7
nology we can state that the
quality of serial production of
standard nozzles is very good.
Changing the inlet air pressure
in usual range of 400-600 kPa
the free flow direction changes
no more than 1,5° and standard
deviation of the free flow direc-
tion in a set of tested nozzles is
not greater than 1°. 14

Dynamic pressure (kPa)

No. of nozzle ;

o]

3 5 7 9 11 13 15 17 19 21 23 25

1
NOZZLES SETTING AND Fig. 10 Influence of nozzles setting and adjusting on dynamic pressure values in weaving
ADJUSTING channel

Theoretical dissipation of free flow from nozzle outlet, values should be prevented to obtain equalized velocity
given by the hyperbolic law, was verified through ex-  profile.

periments with diverse types of auxiliary nozzles, see
! - VELOCITY FIELD IN REED CHANNEL

{ | !
E Using theoretical description of free stream
| | i propagation for geometric penetration of conical
100 | ! free flow with U-shaped weaving channel, we can
’ state that no more than approx. 30% of kinetic
energy of conical flow is situated in weaving chan-
! nel in individual common cross sections, see Fig.
‘ 11. In the practice, some reflection of conical flow
: from channel walls increases the value a little but
2 in general, efficiency of the process is small.
50 100 — | Yde The U-shaped weaving channel designed in
‘ i ) — _ profile reed prevents the dissipation of free air
Fig. 9 Axis velocity dissipation from nozzle outlet flows from auxiliary nozzles. Fig. 12 shows the
influence of profile reed wall on values of dy-
Fig. 9. An ideal velocity profile along the reed channel namic pressure in weaving channel. Using Laser-Dop-
should have a constant value. In consequence of the pler-Anemometer (LDA), it was measured along the
free flow dissipation of the velocity field created by se-  axis situated in the middle of the reed channel. The co-
ries of auxiliary nozzles, measured lengthways along  efficient of amplification evaluated directly in the main
the reed channel axis, has the form of a wave. Extreme  conical flow from the nozzle outlet, is slightly greater
values of the wave depend on setting and adjusting in- than 1 but out of this area, the coefficient is greater,
dividual auxiliary nozzles, on the reed density, on the about 2 and more.
nozzle flow etc.
To get the highest weaying performance it is neces- FLOW INTERACTION WITH REED WALL
sary to make some checking procedures. Though noz-
zles and reed are made with high quality, the velocity =~ The shape of reed dent edges influences on the re-
profile measured at checking the nozzles adjusting is flection of the free stream from the reed wall and on the
not good — see Fig. 10 lower case. It seems that itis penetration through reed gaps, too. Three angular
necessary to adjust all nozzles in the same positionto  shapes of reed dents were modelled (rectangular, con-
the reed channel using a stencil. After this procedure vergent and divergent) and three rounded shapes (on
the average value of velocity profile is twice higher and  the left, right and both edges of each dent). The real
its standard deviation decreases to 1/4 approx. (see shape of reed dents, depending on production technol-
Fig. 10 upper case). Higher weaving performance with  ogy, is usually convergent and both-sides-rounded.
higher reliability are achieved as well. Complicated spacial reality was modelled in two di-
The first step of setting the nozzles is setting of maxi- mensions, only. Typical interaction of a large constant
mum dynamic pressure in a definite distance from noz-  flow (velocity of 100 m/s) with a reed wall (inclined of 5
zle outlet. The second step is checking of followed mini-  degrees to the flow) show Fig. 13 for a) rectangular and
mum dynamic pressure in each nozzle pitch. Extreme b) double rounded edge shapes. The flowfield is simi-

LW, (m/s]

f

i
i
i
L
|
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Fig. 11 Theoretical part of total air flow movement from auxiliary nozzle in area of weaving channel

r0.0 The very interesting situation, when
[mis) 41 Al A M one tof reeg dent; is :n;delled in wrong
a A A1 position, shows Fig. 14:
c0.0L—1\ Ja /\l 7 %\ / \ l \\ /. \\ /\ L\ /\ — in the first gap there arises a stand-
I\ [N IV [V V) NRANA \ ard flow .
=] V — in the second gap a greater flow
0.0 ’ /V1 \ I \ /\ l \ (next reed dent is pushed out from
! 27 T \ ] \ [ \ } \ I Y theline of the reed wall)occurs
1 \f \1 ‘\l \J — in the third gap arises a small
o.o backflow
— in the fourth gap there is a small flow
80.0 240, 400. 580. 720. (mm) in the right direction
Fig. 12 Velocity profile along axis of weaving channel: 1) with reed, 2) withoutreed ~ — I th_e ﬁft_h and next gaps a standard flow
again arises
lar for all tested dent shapes. The large main flow is
disturbed a little, approx. as far as the depth corre- COMPLEX VIEW

sponding to the dent thickness. In each gap is the flow
separation accompanied with a vortex. The vortex
length is of about 25% of the whole gap length for all
right-angled shapes and of about 75% for all rounded
shapes of reed dents. The share of the flow penetration
of the whole incoming flow reaches 5% for convergent
reed dent shape and 9% to 11% for all other reed dent
shapes.

T e
e

Fig.

128

Previous analysis of several elementary parts of air
jet picking system were made as numerical models
verified with experiments. The following step of the re-
search is synthesis.

For solving of real spatial viscous turbulent flow of ex-
panding air it is necessary to use more powerful hard-
ware and software, too. Fig. 15 shows the first model of

<

_aa A
4 "dﬁ

L
a2t
e

- R |
- €) <}z

A A ATy g ,. e
..C\A(:lil

757

13 Flow reflection and penetration — a) rectangular reed dents edge, b) rounded reed dents edge
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Fig. 14 Influence of wrong position of one reed dent on velocity field along reed wall

reed channel with auxiliary nozzle — the sur-
roundings of one pitch, only with so-called “pe-
riodical” boundary condition at inlet and outlet
sides (considering to the weft movement). Next
Fig. 16 shows several horizontal cross sections
through the space of reed channel made in dis-
tances of 1 —2—-3—-5-7 mm from channel bot-
tom. Visualized area of free flow from the noz-
zZle outlet presents area of maximum velocity
and its partial reflection and penetration, too.
Comparison of several similar solution, when
can express the influence as follows:

— setting or adjusting auxiliary nozzle,

— shape of the profile reed dents

—filling ( density) of profile reed wall etc.

After images of velocity field we can judge
about system configuration advisable for quick,
reliable and economic weft insertion. Of course,
the best verification of those theoretical conclu-
sion are given with real weaving test, only, as
yarn qualities can not be numerically modelled
up to this time.

Measured real spacial velocity profile be-
tween two neighbouring nozzles shows Fig. 17.

there is the observable ceasing of the flow from the
previous nozzle and then the rising of the flow from the
new nozzle — gradually from the outer to the inner
channel side till the maximum and then the ceasing
again... Velocity profile along each measured axis can
be expressed simply using first terms of Fourrier ana-
lyse, as a goniometric function, characterized by mean
value, amplitude and phase shift. The frequency keeps
the same, it is given by nozzle pitch.
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DYNAMIC STRESS OF HEALD SHAFT OF WEAVING LOOMS

MRAZEK JIRi, BILEK MARTIN

Department of Textile Machine Design
Technical University of Liberec, Halkova 6, 46117 Liberec, Czech Republic

INTRODUCTION

The shedding motion together with a beat-up mecha-
nism represent basic mechanisms of a loom, which ul-
timately determine the running speed and the quality of
the produced fabric . These mechanisms jointly influ-
ence the dynamic behaviour of the machine as whole.

The main problem of presently used shedding mo-
tion and heald shafts is the provision of the higher reli-
ability and of longer working life of different parts of
shedding mechanism, like working life of heald shaft
frames and namely of healds.

This contribution deals with modelling of the me-
chanical system of shedding mechanism — heald shaft
— heald — warp and with attempts to analyse the dy-
namic behaviour of one of the many possible struc-
tures of shedding motion, frames of heald shafts with
healds. The paper analyses new principle of shedding
mechanism with straight line displacement and without
side guides of heald shafts.

In the model the motion of healds with considering of
clearances between healds and heald rod, in the heald
eye between heald and warp thread during one turn of
loom main shaft is analyzed.

The results are represented by graphs of kinematic
guantities on individual elements of mechanism in de-
pendence on mass parameters (rigidity, moment of in-
ertia, mass), on clearances in kinematic pairs of the
mechanism, between heald and heald rod on warp
thread.

MATHEMATICAL MODEL OF THE SYSTEM

This system is a bit complex due to the number of
elements and kinematic chains concerned. Mathemati-
cal model of the shedding mechanism has been formu-
lated with the following assumptions, where two heald
shafts M and L are driven by a single mechanism 2, 3, 4:
a) masses of heald shafts M and L and elements 7, 8,
9 are reduced to the joints of the elements 4 and 6

b) masses of elemerits 3, 5 are replaced by two
mass concentrated points and are considered as
rigid

¢) rocking levers of elements 2, 4, 6 are rigid and are

mutually joined by torsion rods

d) clearances in kinematic chains are considered in

elements 2 and 4

e) viscous damping in individual elements is also

considered in the model.

Equations of motion of the system are formulated
using Lagrange’s equation of the type Il in the form

< _qK_]_&__a_u_zR_ )
dt{dg ) Ja  Ja 94

where i = 2, 4, 6. (K — kinetic energy, U — potential en-
ergy, R — dissipative function)

Substituting different parameters K, U and R in equa-
tion (1), we obtain the following equations of motion:
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§ 2p(l2p+4-158)=—1 41124V 24§ 3p—Co(P2p—P2) +Cabloa(Pap
P4+B)+Ka(Pop—P2) +Katoa(Pap—a) (2)

Pap(lapHle.136) = lotasVasPar—Ca(Pap—04+B)
+CoLMas(PeL—Ps—Y) *Comtas(Pom—Ps—Y)—Ka(Pap—(a) +
keLH4e((PeL—(Ps)+keMll46 (Pem—Pe)  (3)

Garlsr= —Car(@a.—Pa—0)—Ka (Pap—a)—My +F\Ry COSQy. (4)
Gamlam = —Cam(Pam—9a—0)—Kap (Pam—Ps)—Mau )
o1l =—CoL(PeL—Ps~Y) KoL (Po—Pe)~MeL HFnReLCOS 051 (6)
Gomlom=—Com(Pem—Ps—1)~Kem(Pem—Ps)—Men (7)

In equations of motion the following transmission
functions w, v, are used

04 = f20-(P2p); Pa= Hoa-Pop; $g= Vos@optiloa-Gop (8)
06 = a6 (Pap); Ps= Las-Pap; G = Vas®ap+ tag-$ap (9)

Table 1 Entrance parameters for calculation

Clearances occurring in the kinematic pairs of the
chains are replaced by angular differences of the ele-
ments 2 and 4 and they are incorporated into the model
under following conditions:

lop— 0| S D= ¢p — @ =0
Pp— @ > D= 0p—0;=0p—@ -0 (10)
Pp— G <D= QPp — ¢; = Qp — ¢; + D,
wherei=2, 4.
We analysed the heald motion with help of equation
of motion in the form

my.a, = FO(t) - m,.g (11)

where m, — heald mass, a,— heald acceleration, g —
gravity acceleration, Fy(t) — warp tension

In the calculation we consider clearance in heald eye
(the warp thread is led through the heald eye). The de-
sign clearance between heald and heald rod is consid-
ered, too. The heald is running by free motion and

Clearances
heald shaft — y 1.8 mm kinematic pairs link 2 - &, 0.02 mm
heald eye — vy, 5 mm kinematic pairs link 4 — @, 0.26 mm
heald mass — m, 18g angular velocity of crank 62,87 rad.s™
3.153 [m.s-1] Vnarr
— — — Vuenwp
| y —-—AavV
~1 4 T y
y ki
1
0.3 [s]

Fig. 3 Heald shaft and heald velociities

185.977 [m.s-2]
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Fig. 4 Heald shaft and heald acelerations

132

Vidkna a textil 5(3) 131—134 (1998)



when clearance is taken up, it is running with the heald
shaft together.

The clearances of heald eye are incorporated into
the model under the following conditions:

IX healdl < Veye = Xwarp =0

Xheald ~ Veye = xwarp = Xheald — Veye
Xheald < _Veye:> Xwarp = X heald + Veye

(12)

For calculation the dimensions and masses of shed-
ding mechanism, heald shaft and healds are given as
well as the dependence of the warp tension on the
main shaft angle.

Equations were solved using Runge-Kutt method for
input parameters of the given lifting mechanism with
heald shaft. The position of the mechanism with zero
acceleration of element 4 and zero deformation of all
elastic elements were taken as the starting point during
calculations. Coefficient of viscous damping were cal-
culated from logarithmic decrements on the basis of
measurements in the lifting mechanisms.

RESULTS

The problems were solved by means of a personal
computer. The diagrams of kinematic values of differ-
ent elements were evaluated giving importance to mo-
tion of heald shaft and heald.

For example we can show the diagram of velocities
(Fig. 3) and diagrams of accelerations (Fig. 4) of heald
shaft and healds and their difference. On Fig. 5 we can
see diagrams of the heald shaft and heald displace-
ment and their difference. There are also diagrams of
warp thread tension in direction of heald shaft motion
and reaction between heald shaft and heald . We cal-
culated all diagrams for angular velocity w = 62,87 7.
From this diagram we can get the period of contact
and of free motion of heald. The period between 300
and 400 rpm represents the unstable motion of the cal-
culated system. On the Fig. 6 we can see differences
of velocities dependant on heald shaft clearances dur-
ing one turn of the main shaft. When revolutions and
clearances between healds and heald rod get higher,

50 > 39¢
s A0 ¢ -

Mos -
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f\f/ [mm] & §
© o
o

1,92 \

0,6

0,4

0,2

0.0
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h
=}
-

Fig. 6 Difference of heald shaft and heald velocities
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Table 2 Heald velocities and acceleration dependent on n

n [min™] Vieao [M.s™'] Av [m.s™] apeao [M.s79 Aa [m.s)
200 -1.043 0.9994 -0.273 0.1898 -50.98 32.558 -27.96 27.39
300 -1.57 1.5012 -0.314 0.2605 -84.98 64.305 -17.08 34.76
400 -2.106 2.0356 -0.406 0.3201 -145.5 104.97 -49.54 58.61
500 -2.58 2.5685 -0.651 0.356 -245.4 154.63 -101.6 83.40
600 -3.23 317 -0.523 0.3714 -342.2 190.64 -152.7 101.5
700 -3.814 3.7868 -0.744 0.558 -485.4 303.37 -230.5 159.47

Table 3 Heald velocities and acceleration dependent on clearances heald and heald shaft

y [mm] Vigato [M.s7] Avyeap [M.s7] apean [M.s7] Aaygap [M.s7)
0.5 -3.165 3.168 -0.219 0.1642 -305.61 190.69 ~-134.87 98.64
1 -3.196 3.168 -0.432 0.274 -323.37 190.96 -143.7 98.63
1.5 -3.220 3.168 -0.504 0.352 -336.11 190.69 -149.8 98.92
2 -3.238 3.168 -0.714 0.374 -347.41 190.69 -154.5 103.06
2.5 -3.255 3.168 -0.803 0.551 ~356.758 195.57 -157.6 106.8
3 -3.267 3.168 -0.805 0.556 -362.302 199.34 -158.6 98.63
Table 4 Heald velocities and acceleration dependent on m, and @,
m,[g] Vieawo [M.87] ayearo [Ms7] @, [mm] Vigaro (M.s7] ayean (M7
-3.234 3.21 -324.99 197.65 0 -3.164 3.146 312.05 169.65
1.5 -3.234 3.19 -331.75 191.58 0.26 -3.23 3.152 -354.51 192.63
2 -3.23 3.152 -354.51 192.63 0.5 -3.28 3.177 -389.5 218.9
25 -3.217 3117 -392.18 200.67 1.3 -3.35 3.235 -512.34 314.58
velocity and acceleration differences increase (Tab. 2 REFERENCES

and 3) and so does even the healds and heald rod im-
pact load. Higher clearance values in kinematic pairs of
shedding mechanism increase significantly the accel-
~ eration peaks of the healds. The increase of accelera- 2
tion is obvious from higher values of heald masses
(Tab. 4).

)
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Mrazek, J.: Theoretical analysis of dynamics four-bar beat up
mechanisms of a loom. In.;: Mechanism and machine theory,
Pergamon Press, 1992, USA

Mrazek, J.: Contribution to the dynamics of dobby mechanism
of a loom. Proceedings Eight World Congress on the Theory
of Machines and Mechanisms. Vol. 4, pp. 1053-1056, Prague,
1991, Czech Republic.

Vldkna a textil 5(3) 131—134 (1998)



CONTRIBUTION TO HIGHER PRODUCTIVITY ON
PICANOL’S NEW RAPIER MACHINE GAMMA

Speaker: F. Bamelis

Marketing Manager, PICANOL N.V., Belgium

Rapier weaving machines represent an impressive
share of the worldmarket in weaving machines (fig. 1).

Picanol has conquered a comfortable place in the
rapier machine market since almost 25 years. The de-
velopment of the GTM rapier in 1981 did partially in-
clude the speed increases which people did expect for
the next 15 years. When we today write the history of
the GTM rapier, then there are different milestones
alongside its lifespan. These marks are mainly based
on speed or productivity increase (fig. 2).

In 1983 when the machine was introduced on the
market, 360 RPM was a top speed for rapiers, it gradu-
ally increased to 450 RPM in 1989 and landed in 1994 at
its ultimate speed of 520 RPM. To realize higher speeds
with the existing machine was no more possible.

From different market investigations and customer
contacts it was clear for us that another rapier machine
was needed with some remarkable features:

— ahigher speed potential
a lower energy level
easier and faster handlings
greater flexibility in widths, colours
pronounced versatility with regard to yarns and
fabrics
acceptable noise level
— faster style changes.

The GAMMA rapier machine (fig. 3)

Picanol's GAMMA machine is proving to be a tech-
nological breakthrough in the rapier world, breaking all
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previous records and bringing the 600 RPM boundary
within grasp. After one and a half years of operation all
over the world and in most textile applications, the
GAMMA has already earned itself a place in the rapier
“Hall of Fame”. lts rise has been meteoric:

— first delivery: September 1996

— first 1000 machines installed: September 1997

— total number of machines supplied to date: 2800

(June 98).

Most of the new rapiers are operating in Europe, fol-
lowed by Asian countries and the Americas (fig. 4). The
machines are installed with 85 customers, who use
them to weave styles including fancy denim, shirting,
awning, apparel, industrial fabrics, sheeting, ladies’
outerwear, upholstery, etc. Significantly, over 15 orders
are repeat orders, confirming the confidence of weav-
ers in this new product.

Along with the growing number of applications, we
have been able to implement our knowledge in han-
dling new yarns or styles, which have been tested thor-
oughly in our research and test departments. This
transfer of technology is one of the foundations of the
GAMMA’s success.

The decision to develop and build a new rapier ma-
chine, combining a high productivity without committing
its flexibility, was a real challenge.

In order to achieve this challenge our engineers com-
pletely left the existing ideas and went for a new shed
geometry, sley drive with a different law of motion and
uncompromised rapier drive mechanism.

Fig. 2 Speed Development Rapier GTM — 190 cm
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Fig. 3 The GAMMA rapier machine

Fig. 4 Gamma Rapiers Shipments
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OAsia
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Higher speedpotential

The GAMMA is characterized by high performance
level, operating at 600 RPM in 190 cm reedwidth.
Compared with the previous generation of rapiers, the
new machine reaches a 25% higher insertion rate
(fig. 5).

This higher speedpotential is inherent with the ma-
chine design: larger bearings, new rapier tape drive,
larger cams with cam followers for the sleydrive and a
guaranteed continuous oil lubrication of all vital parts.

Also the machinedrive has been rebuilt and a unique
drivetrain takes care of a quick and powerful start and a
very short stop within one revolution of the sley (fig. 6).

136

A completely balanced sley eliminates drastically
machine vibrations which has its beneficial effect on
the lifetime of machine parts and the stability in fabric
quality.

Low vibrations mean reduced dynamic forces which
on its turn put less requirements to the floor conditions.

Power consumption

Usually energy requirement increases with perform-
ance in an exponential way.

Thanks to the new driving train concept, the position
of shedding motion and practically complete absence
of outcoming shafts and the reduced weight of grippers

Fig. 5 Comparison Speed Gamma/GTX
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Fig. 7 Total Absorbed Power
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and tape, our engineers were able to realize consider-
able energy savings (fig. 7).

Compared to the most of todays rapiers we may con-
clude that a 25% performance hike still requires less
energy.

Noise level Fig. 8
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Fig. 9 Weaver's Efficiency Depending on Speed and Stop
Frequency
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We also would expect an upsurge in noise when
speed is higher. Measurement of noise levels on
GAMMA learned us that we can expect an appreciable
lower level at the same speed, compared to our previ-
ous rapier and even compared to another machine,
well introduced on the market (fig. 8).

Stoplevel

Productivity and efficiency of a machine is deter-
mined by its performance on one side and stoplevel on
the other side (fig. 9). Stoplevels can be yarn related or
linked to the machine stoptime. Yarn related stops can
sometimes call for better yarn or preparation.

When we consider a weaving shed with 60 rapier
machines producing between 21000 and 22000 m. per
day, depending on the efficiency resp. 88 and 92%.

If operating at 88% there is an irrevocable loss of 942
m. per day, at a cost of 1 US$ per m. of non-produced
fabric (loss in sales, raw material cost) means US$
343.830 per year. This means that with this money
yarn quality can be improved in spinning and or prepa-
ration, or better yarn can be purchased, or weaving
conditions can be optimised.

On top of this loss is the cost of 1% efficiency loss
equivalent to US$ 1300 per machine and year (accord-

ing to Prof. Dr. Egbers).

Filling insertion

Different steps were taken
to reduce the yarn tension and
consequently the stoplevel on
the machine (fig.10).

When we consider the filling
insertion, the gentle filling yarn
treatment starts at the position
of the packages and the creel.
Contrary to other rapier ma-
chines, the creel is not posi-
tioned on top of any heat
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Fig. 11 Filling Tension Build-up

source such as drive motor or shedding motion; conse-
guently, no changes are to be expected on the retained
yarn humidity (fig. 11).

It is possible to equip prewinders with an automatic
prewinder switch-off system (PSO) whereby at a filling
breakage on the package or prewinder the machine
continues to work on one instead of two prewinders.
This system not only reduces the workload of the
weaver but also nihilates possibilities of fabric marks
and increases the efficiency.

The Quick Step filling presenter is controlied by a
microprocessor. At a filling breakage, the presenter
needle is positioned in an ideal position for rethreading,
reducing also the intervention time (fig.12).
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The initial filling yarn tensior i1s very low and no addi-
tional friction is build up during irsertior.

The automatic pickfinder moves only the harnesses
into open shed position so that the weaver only has to
remove the broken filling yarn and push the start but-
ton, which means time savings.

Programmabile filling tensioners reduce peak ten-
sions by as much as 50%, drastically reducing the risk
of a pick breakage.

Warp let-off

The let-off motion is driven by a servomotor, the only
type of motor that allows accurate tension settings and
warp feeding. The warp tension sensor is built into the
whip roll bracket, so as to exclude any distortion from
additional play in bearings or connections (fig.13).

The initial warp tension
is set on the microproces-
sor (fig.14), and the very
accurate detection system
enables it to be kept con-
stant from full to empty
beam.

Constant warp tension
over the full clothwidth
and for the complete
beam is essential for a re-
duction in warp breakages
which on its turn in-
creases productivity.

With increasing speed
one can expect a slightly

higher warp tension
(fig.15).
Picanol successfully

pioneered electronics on
weaving machines, and
its electronic communica-
tion between let-off and
take-up is a major contri-
bution towards the elimi-
nation of fabric marks.

Different programs are available for the weaver for
correction of starting or stop marks (fig.16).

Factors influencing the performance of the warp
in the weaving machine

The shed geometry in front of the reed is inherent in
the machine construction, as designed by the machine
builder. The weaver has to follow the proper setting in-
structions when setting the back shed and harness
stroke, and when determining the warp tension. These
settings have a very significant impact on the perform-
ance of the machine. It is therefore essential for them
to be optimised. Sometimes the importance of setting
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Fig. 13 Sensor Wrap Tension Roller

the warp stop motion is underestimated. However, its
position has a direct influence on the backshed and
thus on the yarn traction forces in the top and bottom
sheds. The vertical position of the warp stop motion
should therefore be set precisely since it may change
the asymmetry of the shed (fig.17).

Setting of selvedge and shed crossing

The GAMMA is equipped with a device knows as
Eisy — an electrically driven, electronically monitored
leno selvedge unit which is described as “unique on
weaving looms” (fig.18).

The selvedge motion crossing can be set on the mi-
croprocessor keyboard during weaving, independently
of the shed crossing and with different timing on each
side. The unit moves into the optimum rethreading po-
sition at the touch of a button.

cN/Tex -

Fig. 15 Wrap vs Speed

Fig. 14 Wrap Tension pP

After rethreading, the machine is started and the Elsy
unit automatically returns to its previous position. At
style changes Elsy can be removed or repositioned
very quickly.

Important settings such as selvedge crossing time or
shed crossing, which are normally done by the fixer
under difficult conditions and which are time consum-
ing, can be done by simply typing the required values
into the microprocessor. The settings are very accurate
and are easy to reproduce on other machines (fig.19).

Weaving of short runs - flexibility

Market pressure are forcing weaving mills to take on
orders for even shorter production runs. These are in-
evitable linked with frequent warp
or style changes which do require
more operators and enhance a
loss in efficiency. The worshipped
“maximum machine speeds” are
only a dream, as long as there is
no definite solution for cutting

4 o S MIN 0 ser machine downtimes.
V ==. Max.  The textile manufacturer who
3 W W ST T S - Aver. Manages to switch from one arti-
ISR S SVE S oty Teee, cle to another faster than its com-
2 petitors has a real advantage
over them. Shorter runs not only
reduce the amount of capital tied
! up in production, but they also di-
minish the risk of piling up old
0 . : : : ' stocks of raw materials or finished

400 450 500 550 600 650 textiles.
UPM
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Fig. 16 Take up Corection (Tuco) Quick style changes

In mary weaving mills there is a
significant loss in productivity of
style changes and warp beams run-
ning out, even with warp beams of
110 cm (43") (fig. 20).

Picanol has made a considerable
contribution to reducing machine
downtime due to style or warp
changes. All Picanol machines can
be equipped with a genuine Quick
Style Change system, in which the
back part or style change module of
the loom can be swapped very
quickly (in less than 30 minutes)
(fig. 21). The principle was intro-
duced some five year ago, and
Picanol is now the only manufac-
turer that can show references of

Fig. 17 Filling Yarn tension vs Position of Warpstopmotion over 3000 machines working with
70 — such a Quick Style Change system
Ny /_/{3) Too low (8mm) /\/\ (fig. 22).
60 \/ -:“:':_,,,(\Z) Too high (4mm)/f'\\%\ Thanks to the removable style
/f\/ / (1) Correct /f M\ change mod.ule, the machine is
50 - // \ more accessible for the thorough
/I E

\ cleaning required in denim plants.
40 ‘ Furthermore, since the style prepa-
ration is carried out outside the
weaveroom, the planning of all sup-
porting activities can be managed
20 more efficiently. The flexibility af-
el ' forded by this system becomes a
10 VT = key advantage in terms of delivery
time, with smaller stocks of prepara-
0 ' 0 ' e - e e : tion materiais and finished prod-
' . Time (sec)  ycts, as well as reduced order sizes

(fig. 23).

Fig. 18 ELSY

Conclusion

Highest productivity is a primary
objective when operating modern
machines. Every machinestop is re-
ally cutting down efficiency drasti-
cally. In-depth research at Picanol
and application of new technologies
at different levels helped to reduce
machine downtime of the latest
GAMMA rapier machine.
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Theoretical aspects of back rest roller rotation
on weaving machines

Dr. ir. L. Vangheluwe and ir. D. Dewaele

Department of Textiles (Universiteit Gent),
Technologiepark 9, 9052 Zwijnaarde, Belgium
email: Lieven.Vangheluwe @rug.ac.be

The direction of rotation of back rest rollers can be important for weaving some type of fabrics. The
paper considers a theoretical model with which the direction of rotation can be calculated. A model is
used that describes the motion of the roller due to the friction exerted by the warp yarns on the surface
of the back rest roller. The differential equation obtained in this way is solved with the Runge-Kutta
method for numerical integration. The model is used here for a parameter study towards the effect of
parameters influencing the rotational speed and direction of the back rest roller.

INTRODUCTION

The back rest plays an important role in weaving.
The warp yarns are bent over the roller(s) of the back
rest. The back rest roller is used to compensate tension
fluctuations due to shedding and beat-up operations in
weaving. Active (by means of a cam type mechanism)
or passive tension compensation (the back rest is
mounted on an elastic medium) are being used. Figure
1 shows an overview of a weaving machine.

Reed: beat-up

Back rest Fabric take-up
droppers

Shafts for
shedding

Warp beam Cloth roller

Fig. 1. Overview of a weaving machine

The warp yarn moves over the back rest towards the
fabric forming zone. If the back rest roller is not clamped,
it rotates. The movement of the yarn over the back rest
roller can be with or without slippage over the roller. The
motion of the yarns relative to the rollers will depend on
a number of parameters. Normally, the roller should
rotate in the production direction. In some cases
however, it has been observed that the roller rotates in
inverse direction. A possible solution is to put a clamp
on the roller so that it cannot rotate or to clamp it partially
so that the direction and speed of rotation are modified.

it is considered beneficial for high quality weaving if
the roller rotates in the correct direction and if slippage
between warp yarns and the surface of the roller is
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minimised. Weaving practice and the simulations
described in the paper show that the direction of
rotation of the roller is not always correct.

The problem of back rest roller rotation is not well
understood. Only some papers dealing with the
problem have been published [1, 2, 3].

Model for back rest roller rotation

The warp yarns undergo dynamic tensions during
the weaving process. As the yarns are bent over the
back rest, friction will be present resulting in difference
in forces in front of and behind the back rest.
Furthermore, the frictional force imposes a moment
around the axis of the back rest roller. As a consequent
of this moment, the back rest roller will rotate against
opposing moments originating from friction in the
bearings of the back rest roller and the inertia of the
roller itself. Figure 2 shows the situation of the back
rest roller with respect of its rotation.

The law of motion of the rotation of the back rest
motion can be described by a second order differential
equation given in formula 1.

Force F on the
surface / o

force F,
of the roller

Bearing:

Fig. 2. Back rest roller: forces and rotation
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lo = M(et, &) + nRF (1)

I moment of inertia of the back rest roller for a rotation
around its axis, o: angle of rotation of the back rest
roller around its axis, M: moment of the forces on the
back rest roller (except those from the warp yarns), R:
diameter of the roller, n: number of warp yarns, F: force
exerted by one warp yarn on the surface of the back
restroller

All parameters and values occurring in the formula
must be calculated now for the specific conditions of
weaving. The moment of inertia of the back rest roller
can be calculated from the geometry and mass of the
back rest roller. The moment M comprises frictional
restraining forces which basically exist of the friction in
the bearings. Appropriate formulas for this aspect have
been included in the model for the roller bearings used
in the back rest support [4].

The moment exerted by the warp tension (nRF) is
more complicated because of the different situations
that can occur. The force F is the frictional force
between one warp yarn and the roller. Different
situations exist:
¢ due to the dynamic nature of the warp tension, the

frictional force will also be dynamic and its direction

will also change due to the cyclic tension differences
during weaving

¢ two situations exist concerning the speed of the yarn

relative to the surface of the back rest roller. The first
situation is that no slippage exists between yarn and
roller. The relative speed is zero then. If slippage
occurs, the warp yarn slides over the back rest roller.
The force exerted on the roller surface still is the
friction force. However the relative speed of the yarn
must be taken into account for the calculation of the
extension of the yarn leading to values for the yarn
tension. For the frictional force, the capstan friction
law is used.

Table 1 gives an overview of the four possible
situations.

Tab. 1. Different conditions concerning frictional force on the roller

no slippage slippage
F,>F, F=F -F, F=F*e*-1)
F,>F, F=F -F, F=F*(1-e"%

Yarn tension is calculated accounting for the
following dynamic loom operations: warp delivery, cloth
take-up, shedding and beating. In the calculation of the
tension values in front of and behind the back rest the
motion of the warp yarns over the back rest is also
taken into account. The value for the relative speed of
the yarn to the roller is needed for this if slippage
occurs between the warp yarns and the back rest
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roller. This is obtained via solving Newton’s law for the
relative movement of the yarn (see equation 2).

ma=F,-F,-F (2)

m: mass of the yarn; a: acceleration of the yarn for the
motion relative to the back rest surface; forces F, and
F, as explained in figure 2; F: frictional force of a warp
yarn on the roller

If no slippage occurs, the right hand side of
equation 2 is zero so that the relative speed between
warp yarn and back rest roller surface is zero.

The complete model describing the rotation of the
roller as described here can be solved using a Runge-
Kutta method for numerical integration [4]. The Runge-
Kutta methods give fast and reliable algorithms for
numerical integration. The model was programmed in
standard C language and implemented on a personal
computer. Numerical simulations start from stand still
of the loom and are continued until the loom reaches
steady state weaving conditions.

RESULTS AND DISCUSSION

Example

A typical example of the curve showing the rotation
of the roller during weaving is given in figure 3. From
the figure, itis clear that it takes a number of revolutions
before the steady state operation is reached. By
convention, a rotation in the production direction is
represented by an increasing angle. In this example
(figure 3), the roller has a resulting forward movement
and superimposed is a dynamic movement caused by
the dynamic nature of the warp tension. Figure 4 show
that a resulting backward rotation is also possible.
Some situations have even been observed in which,
after start-up phenomena, the mean angle was
constant for increasing numbers of loom cycles.

The following differences can be observed between
different parameter selections for the model:

e direction of rotation and net change of the angle of
rotation per loom cycle

Angle
{degrees)

14

1 201 401 601 801 1001 1201 1401 1601 1801 2001

Timestep durung the calculation

Fig. 3. Example of the calculation of the angle of rotation of the
back rest roller: forward rotation
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Angle
(degrees)

801 1001 1201 1401 1601 1801 200

Timestep during the calculation

Fig. 4. Example of the calculation of the angle of rotation of the
back rest roller: backward rotation

e the dynamic part of the rotational angle (change
within a loom cycle)
e the number of loom cycles it takes to attain the
steady state situation
In the paper, the first topic will be highlighted. The
third characteristic (number of cycles before steady
state) is expected to influence the occurrence of set
marks as different situations of warp yarn supply over
the back rest to the fabric forming zone exist and the
warp tension is also affected.

Parameter study

The influence of a selected number of parameters in
the model for the angle of rotation of the back rest roller
will be studied now.

Loom speed

Figure 5 reflects the influence of the loom speed on
the rotation of the back rest roller during weaving. it
can be seen that the loom speed has an important
effect on the rotation. This can be understood as the
model is a second order differential equation. It shouid
be mentioned that the model is more complex than a
simple second order differential equation because of
the possible occurrence of slippage of the yarn on the
back rest roller, slippage which can occur in one or
both directions of motion.

Increase of angle per cycle (in degrees)

6T

" "
v 1

1500 2000

Loom speed (rpm)

Fig. 5. Effect of the loom speed on the rotation of the back rest
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Moment of inertia of the back rest roller

The importance of the moment of inertia of the roller
can already be assumed from the differential equation
describing the model and is confirmed by the numerical
simulations. The higher the moment of inertia of the
back rest roller, the longer it takes before the steady
state situation if reached. A high moment of inertia
does not allow the back rest to follow the tension
applied, a large amount of slippage occurs. At lower
inertia values, the back rest attains the steady state
situation much faster and less or no slippage occurs.
For lower values, the tension cycle (shedding and beat-
up) can be distinguished in the rotation angle curve,
which is not the case for high moments of inertia.

Mean warp tension

The mean warp tension is the average force in a
warp end during weaving. Superimposed on this mean
force is the dynamic force due to shedding and beat-
up. It can be seen from figure 6 that the mean force
affects the rotation of the roller in a clear way.

Increase of angle per cycle
47 (degrees)

0.8 1 .2 .
Me#n tension per end (N)

1 » . q
(2 - Y

Fig. 6. Effect of mean warp tension on the rotation of the back rest
roller

Warp tension amplitude

The effect of the amplitude of the warp tension has
also been studied. Results of the calculation showed
that an increase in amplitude of the tension due to
shedding resulted in an increase of the angle of
rotation. At low dynamic tension amplitude values, the
direction of rotation was inverse, which changed at
somewhat higher values of the tension amplitude.

Coefficient of friction

The coefficient of friction between the warp yarn and
the back rest roller is also expected to influence the
rotation of the back rest roller as the coefficient of
friction will influence the relative values of the warp
tension in front of and behind the back rest roller and
hence also the frictional force on the roller. As the
value of the coefficient will also influence the
occurrence of slippage, the situation is expected to be
rather complex. Figure 7 shows that the effect of the
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coefficient of friction is rather low. The coefficient of
friction is even of less importance for the problem
studied here than the parameters cited before.
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Fig. 7. Effect of the coefficient of friction between warp yarns and
roller surface

Another friction effect important for the rotation of the
back rest is the friction in the bearings. From
simulations performed, it could be seen that a
difference in increase of angle per loom cycle of about
1.5 degrees exists between a bearing almost free of
friction and one with high friction (e.g. a worn bearing
or a soiled one). The effect is such that at higher
friction levels in the bearings, the angle of rotation is
reduced.

Clamp on the roller

In order to change the characteristics of the rotation
of the roller, a clamp can be put on the roller. The
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clamp can be set so that no rotation of the rolie- =
possible or via a clamp force to be specified so that <~=
rotation becomes restricted via frictional forces on the
roller. The action is the same as an increase of the
friction in the bearings but is more severe. Simulations
with different clamping forces showed that the angle of
rotation was reduced at increasing values of the
clamping force. It should be mentioned that in the
starting situation without clamp the rotation of the back
rest was already in the correct direction.

CONCLUSIONS

The paper describes a theoretical model to
investigate the speed and direction of motion of the
back rest roller in weaving. The differential equation
obtained can be solved via numerical integration. The
Runge-Kutta method is used to this end. The model
implemented in a C programme allowed to study the
influence of parameters on the rotation of the back rest
roller theoretically. Results of the simulations indicate
the complex influences existing in the problem studied.
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Multifunctional system for controlling
and analysis of processes and images in weaving

Dr. Eng. Georgi Popov' and Eng. Econ. Gosho Petrov?
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INTRODUCTION

A measuring system for controlling weaving
processes is supposed to be easy transported to
different plants, workshops and labs.

Until recently used measuring system had a big and
heavy PC and monitor which was causing problems
when moving to various places. On the other hand the
fast improvement of Notebooks has made them just
right for that purpose. So we have decided to replace
our PC with a Notebook. We chose LEO Notebook for
its good characteristics and competitive price. It has
Pentium processor and all the range of input / output
ports including PCMCIA. Choosing a Notebook we had
to change DACard, for it was not compatible with it. So
after a long research we chose a card made by
National Instruments — USA. Due to its fast delivery,
high performance and sophisticated software we
managed to install the card fast and to put the system
into usage.

For that purpose two new and improved transducers
have been elaborated. The analogue amplifier, power
supplier of the transducers, have been improved too.
Its higher filtration frequency was increased, so that
high speed processes were able to be registered. Such
processes are the peak loading of the yarn when beat-
up. After all this has been done, we have decided to
use the new DAC capabilities and installed a digital
video camera. First we chose a small Internet
conference camera which has good characteristics and
low price.

We intend to include other transducers too, in order
to control the temperature and moisture and to install
digital breakers for distinguishing the cycles and for a
simultaneous data processing of a couple of sources.

General scheme of the measuring system
and module description

Measuring systems structure includes the following
elements (Fig. 1):

Transducers (strain gauge installed on a small beam,
breakers for synchronizing the signals in time);
Improved analogue amplifier for the transducers
measuring the yarn stretching; Video camera for
displaying images; DACard for data gathering and
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transformation of the analogue signals in digital;
Notebook with a relevant periphery.

Transducers

Two new transducers have been elaborated.

The first one is for measuring the tensions in a group
of yarns — 60 to 100 yarns are measured out of the
average 200 threads per dm. This guarantees a good
representation of the results. [1]

The second one is for measuring the tension of a
single yarn or a couple of yarns from one and the same
heald shaft which have the same law of motion. A
concept for a construction measuring the stretching of
a group of yarns has been used in it. At the same time
the transducer is lighter and able to work in a
accordance to the necessary high speed. A novelty is
that it is no longer necessary to hold manually the
measuring head which causes additional measuring
errors.

The transducers are freely placed over the warp
yarns in the zone, between the back rest and drop
wire. The small weight of the transducers and the small
resistance they exercise over the yarn movement,
(secured by the precise bearing locations of the three
deviation beams), on one side, and the high sensitive
sensors we used, on the other side, allowed us to
obtain the necessary representation of the real
dynamic tensions in the yarns.

One of the two newly elaborated transducers are
shown on Fig. 2. They are high-sensitive semi conductor
sensors, which are glued to the beam made by a
hardened spring steel. After being applied the high
quality glue has been baked at a certain temperature.
That guarantees the sensor s long life and prevents
from creepage in the glue zone, which could bring to
discrepancy in the calculations. Using sensors with
higher sensitivity has allowed us to make the beams
thicker and this has brought to increasing their natural
frequency. By a calculation method the beams were
designed for a natural frequency of over 600 Hz. This
could make it possible to use them for measuring in the
modern high rotation speed weaving machines.
Experimental verifications of their characteristics, made
by excitation of different frequencies have confirmed
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this results. Even more, higher natural frequencies were
reached as a result of reserves in the measurements
used by us.

A novelty in the transducers is the module design
concept, which allows easy replacing of some of
details, later on when they have to be improved. The
basic part in that case is the beam with the sensors
glued on it. The three pins and the six bushes on them
are installed on the beam with screws. They could
rotate around their pins, but the middle pin is locked, so
that some errors due to a deviation from the cylindrical
form of bushes could be eliminated. Such deviations
appear on some of the bushes, especially on the non
metal ones like ceramic or glass made.

Amplifier

We use a Hungarian made ELTENS FY - 23
amplifier from our previous system, due to its good
characteristics. It has an input for the transducers,
situated in a Whetstone bridge, also has a wide range
of adjustments, good sensitivity and amplification. The
amplifier is independently power supplied by batteries
and has an output to the record unit which we use for
connection with the computer. We have rebuilt the
amplifier filters for different frequency and have
increased its higher frequency limit from 100 Hz up to
1000 Hz, when at the same time we kept the stage
restriction capabilities for lower frequencies. That leads
to improving the work of the analogue-to-digital
converter in the general conversion of the yarn tension
curve when weave machine is working.

Data acquisition card (DACard)

When a Notebook is used, due to its different slots
arrangement, it is not possible to use an DAC installed
on circuits for insertion in desk top PC’s. There are
output devices meant to be switched to some of the
inputs, like for example the parallel one. These devices
however are not very compact and are also not too
fast. We chose a PCMCIA input, as it is specially
adopted for portable PC’s and has no speed limitation
according to the computer it is working with.

Some of the main characteristics are:

DACard 516:

50 KHz Multifunctional PCMCIA Card, 16-Bit converter,
8 single ended and 4 differencial inputs, 8 digitale I/O,
2 Counterftimer

Noiebook

Processor Intel Pentium 133 MHz, On board memory
24 MB, Hard Drive 1.4 GB, Diskette drive 3.5 inch,
1.44 MB, PCMCIA socket Type lll, Interfaces- serial
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port, parallel port, IR port ect, Power system
rechargeable battery, AC adapter.

" Video camera

The video camera is small desktop camera, adapted
for notebook. The camera is equipped with a variable
focus lens that can be adjusted from a distance of 0 cm
to infinity. It has 512 x 582 active pixels (H x V). Lens
mount integrated, 3.8 mm F2.0, Horizontal resolution
(TVL) 330 and minimal illumination <10 lux.

Short theoretical description
of the signal processing

A high quality measuring system requires that all of
its configuration units are compatible in quality. The
heavy — current measuring systems have two main
parameters: short response time and a small
measuring error. These two characteristics have to be
on an adequate level with each and everyone of the
configuration units. Starting with the transducers,
amplifier, through DAC, input ports, the computer itself
and its software.

The yarn dynamic tension in the up to date high
speed weaving machines is a very fast changing
parameter. For example in a middle speed weaving
machine, working with 300 rpm, the duration of a cycle
creation in the material is around 0,2 sec. If we accept
that the beat up has normal measurements and the
beat up duration is not higher than 20 degrees per
revolution including the back and forth moving of the
reed, than the yarn beat-up time is 0,01 sec. (equal to
100 Hz). In order such a curve to be properly described,
we need to have a sufficient number of measuring
points. This process could be described in detail as
follows:

The Nyquist sampling theorem [2] tells us, that we
must sample at more than twice the rate of the
maximum frequency component we want to detect-the
beat-up. Sampling rate — this means how often
conversions can take place. So we need a system with
a sampling rate greater than 200 S/s (200 Hz).

Further rising up doesn’t lead to improvement of the
average results.

The natural frequency of the transducer beam has to
be 5—10°times higher than the highest frequency of the
studied process.[3) Therefore with 300 revolution/min
it has to be no smaller than 500 Hz. According
to Shlichter, if we like to record every peak in the
tension for every 1 degree from the main shaft in
700 revolution/min, is 4000 Hz. This frequency could
be made lower — to 1000 Hz. The situation is similar in
the measuring of processes that are not periodical or in
processes caused by accidental factories, as well as in
the separate measuring — the signal sampling rate has
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to be heighten several times on account of wished
precision.

Excitation frequency of the amplifier influences on
the the limit working frequency also. In the most cases
it is 5-10 times higher than working frequency. The
excitation frequency used by our amplifier for the
moment is 4800 Hz. Therefore this condition has been
accomplished also. Other characteristics in the process
of converting of analogical signals to digital ones are
Resolution, Relative Accuracy, Noise and etc. They,
according to the characteristic of DACard 516, are
in a high level for this type load measuring. This
conclusions show that the new measuring system will
be suitable for using in future for more high speed
weaving machines.

Software

Usually DAQ applications use driver software. lts
purpose is to program the DAQ hardware. In this
manner driver software hides the low level complicated
details of hardware programming. We have chosen NI-
DAQ driver software written in full 32-bit code for
Windows 95. This driver provides acquisition rates up
to 1 Ms/s that is more than our requirement for the
measurements of yarn load.

Having in mind our experience with Excel and the
good program’s statistical functions and disign, we
used it in new version also. So an additional software
has been elaborated for connection of a NI-DAQ driver
to Excel. It is possible to use other programs like
LabView, Visual Basic also.

The measuring system in practice

One of the main aims of this paper for us is to show
the improvements of the measuring system, which has
been done. The following two illustrations show part of
our achievements in the field of measuring of dynamical
tension loads in yarns and registering of yarn’s images.

Fig. 3 shows tables, used by Excel, one of the
functions for statistical treatment of the measured and

converted signals and a graphic. Here is shown the
tension of group of 50 neighboring yarns for plane
weave. Well vied is the difference in the top and bottom
shed because of its non symmetricallity. The used
loom is Nuovo Pignone — TP 500. Now we work on the
establishment of On-line graphic introduction and
statistical treatment. The new appearing versions of
program Excel give us additional possibilities for
treatment of data registering. '

Fig. 4 shows the image of yarns, made by the small
video camera and a microscope with polarization. Here
we have several images of broken cotton yarns 28 tex,
used for investigation of the reasons of the breaks.
Yarn's ends are collected from the regular production
of “Sunitex” — Mezdra. The good image gives us a
hope for the further successful usage of the camera in
the observing of the placement of the yarns in fabric
and the appearing yarn deformations, and for other
purposes also.

CONCLUSIONS

1. The used principle for the establishment of the
virtual measuring instrument by modules is suitable for
further improvements.

2.The small size of the system, based on Notebook,
make itself to be more accessible for work and different
purposes- Measuring of dynamical tension loads
registering, analyses of images etc.

3. With the high speed working transducers, DACard,
Amplificator, Notebook and Software we are able to
make more precise results and more easy and quick
treatment and analysis.
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Fig. 1. Portable Measurement System

Vidkna a textil 5(3) 147-151 (1998)

Notebook

Cable Custom Program

149



150

Fig. 2. Transducer for measuring the load of yarns.

Fig. 3. Datas and graphics of yarns load treated by means of Excel.
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Fig. 4.1. Image of two broken yarns. The left — because of bad  Fig. 4.2. The same yarn — 28 tex.
cohesion between tibres. The right — because of thin
place.

Fig. 4.3. Broken yarn at thin place. Fig. 4.4. Broken yarn at place without torsion.

Fig. 4.5. Intentionally broken yarn — fibres also are broken. Fig. 4.6. Broken yarn at the place of bad connection on spinning
machine.
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INTRODUCTION

It is natural that various technologies for flat textiles
production are very similar one another. All of them
usually use a yarn (thread) as an input material,
nevertheless the stress uses to be put on rather

different properties of this yarn very often. For both .

knitting technology and mechanical properties of
knitted fabrics, the yarn bend and cross-section
deformation belong to the most important ones. The
strength of the warp yarn seems to be more important,
but we should mind that this yarn must slip over the
heald eye, reed dent etc. and that the changes of the
yarn tension increase thus very much. Some results,
aimed at knitting yarn evaluation, can be probably
useful for the weaving technology as well.

The Forms and Importance of Yarn Deformation

The usual yarn break test could not be sufficient for
the thread characterisation, even if it is done very
thoroughly and includes, for example, investigation of
influence of the test length on the strength and
elongation at break [1]. Complex yarn evaluation
should include other forms of deformation such as yarn
bend (never mind that the break caused by yarn bend
is unusual), cross-section deformation (that is
connected with radial forces and with the bend as well)
and yarn torsion. Experiments have shown that under
the conditions, usual in the knitting process and in the
knitted fabric elongation, the influence of yarn
deformation is more important than the surface friction
itself [2]. We shall call this phenomenon “inner friction”,
because it is connected with the change of mechanical
into thermal energy in the yarn and fibers.

The example of the experiments is shown in the
Fig. 1. About 40 different knitting yarns were
investigated by two types of experiments, each
experiment was at least 10-times repeated:

a) Tensile force F, necessary to overcome the
frictional resistance, is measured. Input force F, is
received by the weight G, the angle of the contact of
the yarn 1 with the hooks of two knitting needles 2 was
n. “Apparent” coefficient of friction was calculated using
the Euler formula F = F, e*-, The attribute “apparent”
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means that f, includes both surface and inner friction
and is also dependent on the yarn bending rigidity and
the like. :

b) The angel ¢ is slowly enlarged and its value is
measured when the yarn 1 starts to move. In this case
the angle ¢ corresponds to surface friction only, the

coefficient of friction is f; and approximately can be

counted by the equation f; = sing.

The graph in Fig. 1 shows that the inner friction,
represented by the difference f, —f,, is greater than the
surface friction coefficient f,. The smaller is the input
yarn tension, the greater is the share of inner friction. It

_is natural, because the relative influence of the yarn

bending rigidity etc. is higher. Let us imagine the
situation with F, = 0; the output yarn tension must be of
some value (F > 0) and the Euler formula would not be
useful.

0 10 20 30 40 Fy—> 50

Fig. 1. The measuring of friction with and without yarn deformation
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Inner friction and the change of mechanical into
thermal energy is caused namely by:

a) The change of the mutual position (slip) of lower
structure components. For flat textiles it means the
change of the mutual position of yarns and fibres,
because there are always some contact forces
between fibres and yarns.

b) Non-elastic (viscous and plastic) components of
fibre deformation.

65

1

Fig. 2. The measuring of the yarn bend properties.

The experiment in Fig. 1 evaluates simultaneously
the influence of the yarn bend and cross-section
deformation on the increase of the yarn tensile forces.
To separate and to measure only bend deformation
is difficult, as it is shown in the Fig. 2. Here, the part of
the yarn 2 is clamped by two pairs of jaws. The jaws 2
ensure the yarn deformation by turn by the angle o
and the jaws 3 measure the bending moment M,,

If we want to reach the yarn curvature of the same
level as itis in the binding point etc., the neutral axes of
the yarn should have the radius of R = 2d (d is yarn
diameter). As we can turn the jaws 2 not more than by
+180 Ia! < ), the maximum test length could be
= 2nd, which is only about six yarn diameters. The
result of the experiment would be influenced and
changed very much by this fact, because the jaws
deform the yarn cross-section and alter yarn properties
as well (by fixation of fibre position).

The yarn cross-section change is one of the
underestimated yarn properties. The assumption that
the cross-section is circular in shape and constant in
diameter is wrong and leads to great errors of results.
The Fig. 3. demonstrates the profile of the weft yarn in
the relaxed fabric with the plain weave. The yarn cross-
section is changed namely by the yarn bend and by
outer forces or a normal tension. For both production
and structure of the flat textiles, the places of contact
between crossing yarns (binding points) are the most
important. For the modelling of the flat textiles it is
useful to define the term “effective yarn diameter” d,
that can be described as the minimal distance of yarn
neutral axes in binding points. It is the variable,
depending on the yarn deformation. The term is not
correct (the real meaning is not diameter).
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Fig. 3. The example of the yarn crosssection in the woven structure

The torsion deformation is important in some special
cases only. The twisting moment in the yarn can
change the structure of the knitted as well as the woven
fabric, can cause looping of the yarn etc. We could
easily find other yarn properties with strong impact on
the weaving process which could not be described in
this paper, such as cohesion between warp yarns
which have to be separated.

Energy Changes, Connected
with Yarn Deformation

If the yarn slips over some friction surface, the
necessary input energy W corresponds to the product
of the yarn displacement (length of path) s and the
difference between input and output yarn tension

dW = (F- Fy)ds, or under stable (time independent)
conditions

W= (F-Fys (1)

The power (energy derivation) P = dW/dt will have
s replaced by v = ds/dtf and so

P=(F~Fov ()

All the mechanical energy calculated like this is being
changed into thermal one (irreversible act). More
complicated situation is from the point of view of yarn
deformation itself, as there is a share of the
accumulated reversible deformation. There are fibres,
almost fully elastic in a certain range of the deformation.
More of such fibres in the spun yarn, filament yarn etc.
mean that the yarn deformation is connected with the
change of the points of the contact between the position
of fibres and due to it with the inner friction and energy
changes. If we take into account the flat textile product,
the deformation is moreover connected with the
change of the position of yarns in the binding points.

The example of energy changes in the cyclic yarn
and woven fabric deformation can be seen in the Fig. 4.
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The fabric twill 1/2 Z, warp and weft yarn Viscose/
Polyamid 65/35, T = 48 tex, square sett of 3120 yarns
per meter. The load was recounted on one warp or
weft yarn to compare the curves.
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Fig. 4. One cycle of woven fabric and yarn deformation

The values of the woven fabric and yarn hysteresis,
connected with one cycle of deformation, are given in
the table. As supposed, the lost energy is much higher
in the fabric than in the yarn (greater share of inner
friction). 66.6 % of weft yarn hysteresis in a cycle of
10 % deformation can be explained by the fact that the
elongation was near to the break point and that a
certain share of irreversible energy was caused by the
plastic yarn prolongation due to slip between the fibres.

Hysteresis at elongation [%]

2% 5% 10 %
Fabric — warp 32.6 46.3 64.1
Fabric — weft 33.8 49.2 70.1
Yarn — warp 7.0 12.9 22.1
Yarn — weft 9.0 25.2 66.6

An extremely large hysteresis space is also connected
with the covered rubber yarn deformation as well (see
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Fig. 5. One cycle of knitted fabric and elastic yarn deformatior

Fig. 5, [3]) . Speed of deformation was 200 mm min~".
The share of lost energy of the uncovered rubber is
much lower than that of double covered one, because of
friction between winds of the covering yarn.

Mechanical energy, changed in the course of textile
deformation into the thermal one, is necessarily
connected with the yarn and fibre damage (abrasion
etc.) and with the change of textile properties. The
described inner friction mechanics has an important
impact on the warp and weft breaks, it can change the
sett of the fabric which can be reached, the forces,
necessary to keep the fabric in the reed width by the
temple, fabric shortening etc. Let us compare two
extremes — one plain weave made of monofilament yarn
and the other, made of micro-fibres. The possibility to
change the cross-section of the second case enables to
fill the pores of the structure and to design the fabric that
does not let the smallest drops of water penetrate but
the vapour (sweat) can passed through.

DISCUSSION

The problem of the influence of the yarn properties
on weaving and knitting technologies has not been
completely solved up to date. The theory of the yarn
structure does not allow yet to predict the change of
the yarn bending and cross-section properties and
there is a lack of suitable experimental methods as
well. At the Department of Textile Structures some
other results are available and any co-operation on the
topic is welcome.
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Determining of yarn bending
deformation module

Dr. Georgi Stoyanov Popov,
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A method for determination of yarn bending deformation module is described. For that purpose a
durable curvilinear form has been assigned to the yarns by a sample weaving and relaxation. After
separating the yarns from the sample they are loaded by a dynamometer. All registered measurement
data are being used by calculating of the yarn bending deformation module.

INTRODUCTION

The good knowledge of the mechanical properties of
the yarns would allow an application of modern
scientific methods for determining of parameters and
behavior of the products- knitten and woven textiles
with various structures. Despite of the numerous
theoretical and experimental works we still don't
dispose of sufficient information for the complete
determining of the mechanical properties of the yarns.

For determining of the mechanical properties of the
yarns a special apparatus is required, of which dispose
only a limited number of small scientific labs. The
widely used apparatuses as dynamometers allow an
universal application of the test and comparison of
different results. From this point of view is essential not
only to elaborate new apparatuses, but also to establish
new tests for dynamometer.

One of the methods for determining of the mechanical
characteristics of the yarns [1] consists of a sample
weaving in advance. Then the yarns which already have
acquired a durable wavy line form are taken out of the
sample. While loading of such a yarn by dynamometer
simultaneously with the extension of its axial line the
yarn gets straight. The arising deformations in the yarn
depend directly on its bending deformation module B
(bending rigidity). The simultaneous registration of the
strength and extension of the curvilinear yarn by its
stretching makes it possible to calculate B.

Aim and tasks

Our aim was to develop an accessible and precise
method for determining of the yarn bending
deformation module. All methods for determining of B
were well examined. A method was selected which
consists of loading of weaven yarns by dynamometer.

Short describtion of the method

The determining of the bending deformation module
of yarns by their separation is carried out as follows: A
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certain number of yarns are being taken out from a
selected sample. The sample should be sufficiently
relaxed, in order the yarns to gain a durable wavyline
form. Parameters of this form and the cross section
form are being taken off by microscope and
photography and noted down. The yarns are being put
into dynamometer and loaded up to the grade of
coming in the range of linear deformations, which
already have been determined by previous tests. The
curvilinear extension — loading is noted down.

The linear elasticity module E is being determined by
testing of straight, not used for weaving yarns. The
yarns are being loaded by dynamometer, afterward the
applied strength and extension are being registered.

After taking off of the described dynamometric yarn
properties the tasks about deformation of the tensile —
stressed curvilinear yarn is being completed.

A structure-mechanical method for analysis of
curvilinear yarns is applied which has been described
in details in [3]. Its main point is that the task for the
change in curvature of the power stressed plane bent
beam is solved. The solution is traditional for
construction materials. It is also applicable for textile
yarns [1, 2]. Though in that case it is essential to
consider their elasticity which can not be neglected.

The following hypothesis has been applied: the yarns
are linearly elastic in bending and small deformations.

For the calculations are being used the experimental
values gained by the curve extension — loading of the
weaved yarn.

The equation system is solved by a digital integration
for which a calculation program has been designed.

For determining of the yarn bending deformation
module we proceed as follows: A starting curvature is
set to the yarn. Its data is obtained from the
experimentally taken yarn form. From this data we get
also:

— the projection of the wave length of the yarn;
— the wave length.

First we assign some value for B. After that we putin
one measured value of the strength applied and
calculate the deformation caused by it.
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We compare the calculated deformation value with
the result from the dynamometer. If both values differ,
we change the assigned yarn value of B and repeat the
calculations until both values completely coincide.

EXPERIMENTAL RESULTS

A polyfilament polyamid yarn 94 tex without a twist
and a polyfilament polyester twisted yarn 94 tex
have been tested. Samples with a weft number
(PA) 115 threads/dm and a warp number (PES)
140 threads/dm were elaborated. 25 samples were
separated from each sample; after that the yarns were
loaded by dynamometer TIRA TEST. The loading
speed was constant. Each test was done in 20 s, and
the distance between jaws = 200 mm. The starting
tension of the yarns was 1 cN.

At the beginning a preliminary testing has been
completed with straight non deformed yarns in order to
establish the validity limits for the Hook’s law and for
determination of the linear elasticity module. In the
area of the small deformations an E was found equal to
400 N for the polyamid yarns and E = 570 for the
polyester yarns.

18 v
16 +
14 1
12 +

08 +
06 1+
04 +
02+

Load, N

0 05 1 15 2
Deform ation, %

Fig. 1. Connection between load and deformation by unfolding of a
wave linear yarn

On Fig. 1 is shown part of the experimental data
from the unfolding of the wave linear yarns. As you
can see on the graphics are clearly distinguished
2 zones. At the beginning there is a considerable
deformation by application of minimum load in this
zone the deformation is mainly caused by the
unfolding itself and partly — by a pure linear extension
of the yarn. Then is following a zone of a linear
dependence between the load and the deformation
where the load is considerably higher. In this zone the
unfolding is already completed by normal hardness
and deformation is mostly caused by a pure linear
extension of the yarn.
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Bending deformation module was determined by the
way already shown through the data of the curves
written down. So were obtained the following values:
PA B =0.3-0.35 mN mm?/tex
PES B =0.22 mN mm?tex

B, mN.mm %/tex

PA PES

Fig. 2. Yarn bending deformation module PA and PES 94 tex

From the obtained results for B of PA and PES is
getting clear, that it is not neglectible small and should
be considered in technical calculations when it is
required.

CONCLUSIONS

The yarn bending deformation module can be
determined by loading of waved yarns by dynamometer
and also by application of the structure- mechanical
method.

The deformation bending module of the tested yarns
from polyfilament PA with linear thickness 94 tex is in
the range of 0.3-0.35 mN mm?tex. The deformation
bending module of the tested yarns from polyfilament
PES with linear density 94 tex is in the range of
0.22 mN mm?ftex.

For a more detailed examination of the process of
yarn deformation is essential to observe during a
loading also the form and the dimensions of their cross-
sections.
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Frictional model of yarns
running against objects
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This paper presents a new approach for evaluating yarn-object frictional behavior. It is clear that the
statistical distribution of the yarn tension is more important than its mean value alone. The theory,
which is proposed based on the above-mentioned fact, is used to deduce the relationship between the
incoming and outgoing tension in a yarn as it laps an object. The validity of the relationship has been
verified in terms of the experimental findings. The findings show that the outgoing yarn tension is a
function of the contact angle between the yarn and the object, incoming yarn tension and yarn veloc-
ity. The theoretical model corresponds well with the experimental values.

Key words: yarns, friction, statistical distribution, model.

INTRODUCTION

Friction on yarns is present in almost all textile
processes. On modern automatic looms, the warp
yarn is in contact with machine elements at several
points during the passage from the warp beam to the
cloth fell. During shedding, the warp yarns move fast
up and down. Some loom parts such as rapier hooks
or relay nozzles attached firmly on the sley take much
higher speed. The relative speed, therefore, between
the warp yarns and these loom parts in contact is
high. The interaction taking place between the warp
yarns and the loom parts as mentioned above
produces friction, which must be overcome during the
weaving process. A high friction may enhance
tension, leading to a higher risk of having a yarn
break. It can also give rise to faster wear of yarn
surfaces. The handle of a resulting fabric is obviously
dependent on the surface friction of its component
yarns [2].

Previous works [1, 3, 5, 6, 7, 8] have shown that
when friction is present the value of the outgoing yarn
tension depends on several factors, namely on the
contact angle between the warp yarn and an object,
incoming yarn tension, yarn relative velocity, contact
area, roughness of contact surface, temperature at
contact point etc.

This study is an attempt to develop a new model to
describe the relationship between the incoming and
outgoing tension in the yarn-object interaction as far as
friction is concerned. The model uses a statistical
approach: the statistical distribution of the incoming
and outgoing tension is used rather than mean values
alone.

Vidkna a textil 5(3) 157-160 (1998)

The measurement of the friction
of yarn against an object

Any assessment of the efficiency of the weaving
process should take into account the existence of
frictional forces, which are calculated as a difference
between the incoming and outgoing tension, produced
by contact of yarns with the relevant objects.

A well-known method for the measurement of
friction of running yarns is illustrated in figure 1. The
experiments described in the paper have been
performed on a Rothschild friction meter that uses
this principle. The friction meter gives values of input
and output yarn tension, which can be read off on a
tensiometer. The analogue output of the tensiometer
is fed to a computer to obtain a digital value of the
recorded tension. In the method, the contact angle of
the yarn on the object and the yarn velocity can be set
at specific values. In order to enable lap angles less
than 180° to be used an auxiliary pulley is added.
Because of the friction of this pulley, itis necessary to
apply a correction to the measured values of input
and output tensions and this has been done when lap
angles less than 180° have been used.

Operation principle

The test method for the tension measurement of
yarns is dynamic loading in the sense that the yarn is
at a relatively high speed. The yarn runs continuously
through the instrument with given settings which are
specified by yarn input tension, yarn contact angle
and yarn velocity. The values of the yarn input
tension and output tension are measured alternatively
every 5 seconds and the total measurement time is
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45 seconds. The values of the input and output
tensions are stored in files.

T2 T

Take-up roller

Bobin

| =

Fig. 1. Test instrument
T, — input tension, T, — output tension

EXPERIMENTAL

Ranges of the values of the relevant parameters
chosen were as follows:
® Lap angle (o): (15-90°) modified in steps of 15° (this
range of contact angle is sufficient as it represents
the range of angles occurring in weaving, namely
contact of warp yarns with loom elements).
® Yarn speed (V): (50-300 m/min) adapted in steps of
50 m/min (the warp yarn has a high relative velocity
against some loom parts. Due to the limitation of the
instrument, only this range of velocity could be used).
¢ Also, different input tensions have been set via an
input tensioner. The input tensioner is a type of disk
brake allowing to set tension in a rough way.
Experiments were done under standard climate
conditions (temperature: 20 + 2 °C and humidity:
65 + 2 %). The yarns used were made to pass over a
stainless steel object with circular cross-section.
Experimental results given later on were those
obtained with a ring-spun cotton yarn.

Theoretical background

A model! describing the relationship between the
incoming tension (T,) and outgoing tension (T,) in
dynamic loading can be developed when the statistical
distributions of the tensions are known. If ® represents
the cumulative distribution of the tension over a certain
range of values and time for a specific yarn and
particular test conditions, the relationship between
matching tensions T, (input tension) and T, (output
tension) follows the equation given below [9]:

Din(T2) = Dou(TH) (1)

Therefore, the outgoing tension T, can be calculated
out of the input tension T, if both statistical distributions
are known:

Ty = @gt(Pin(T2)) ()

158

RESULTS AND DISCUSSION

Dynamic frictional tests have been executed with all
test parameter combinations specified. With the use of
the y*test it was verified that the input as well as
output tension follow a normal distribution. The results
obtained after using equation 2 in which the normal
distribution has been used for both input and output
tension showed that a linear relationship between
output and input tension exists (see figures 2, 3, 4). For
these figures it can be stated that the length of each
curve demonstrates the variation range of the data.

The method used expresses the statistical deviation
in values measured. Deviations in input tension and
also deviations in output tension occur. The deviations
in output tension are generated by changes in output
tension but also by local differences in yarn properties.
The linear curve relating input and output tensions
measured for specific conditions (input tensioner
setting, angle, velocity, contact object and yarn)
exhibits the deviation in properties being present.

T2(eN)

Fig. 2. Output tension T, vs input tension T, as angle changes in
the range of (15° + 90°) and V = 100 m/min.

_____ V=50 m/min

=100 m/min |
....V=150 m/min’
e V=200 mimin
20 | V=250 m/min|
V=300 m/mlni

20 25 40 45 50

35
T2 (cN)

Fig. 3. Output tension T, vs input tension T, as velocity changes in
the range of (50 = 300 m/min) and a = 30°.

_____ T2 mean=11.77 cN
........ T2 mean=17.06 cN
[ T2 mean=27 11 cN%
= ~T2 mean=29 36 cN!

T2 mean=34 16 cN|
|

| T2 mean=45cN |

0 " +——t—t —

0 5 10 15 20 25 30 35 40 45 50 55
T2 (cN)

Fig. 4. Output tension T, vs input tension 7, with « = 30° and
V =100 m/min for different input tension settings.
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The increase in output tension and hence frictional
force with the angle can be ascribed to the increase in
the area of contact between the yarn and object
through an increase in wrap angle as in the capstan
equation [4]. We found such an effect when dealing
with a yarn running against the high-speed object,
shown in the figure 2.

The effect of the yarn relative velocity V on frictional
behavior with the object has been investigated in the
past [1, 3, 5, 6, 7, 8]. However, there are differences in
the results obtained. In this investigation, where the yarn
velocity was changed in the range of 50 to 300 m/min,
the result in figure 3 shows that at 100 m/min the curve
presents lowest gradient and the gradient increases as
the yarn velocity is higher than 100 m/min. It can also be
seen that the tension ratio (74/T,) increases with an
increase of the yarn velocity.

Figure 4 shows the relationship for different settings
of the input tensioner. The lines are characterized by
the mean input tension. The influence of input tension
can be explained by yarn pressure on the object, which
increases when the input tension increases.

A new frictional model approach

As both incoming and outgoing tensions follow a
normal distribution, a linear relationship as expressed
in equation 3 exists.

T,=AT,+B 3)

In this equation T,, T, are actual input tension and
output tension respectively.

A and B are parameters depending on yarn type and
test parameters.

As three parameters (o, V, 7_'2) have been selected

for the experiments and for the model to be developed,
it is, therefore, expected that:

A =F,(a, V) (4)
B=Fye, V, T,) (5)

with oz contact angle between yarn and object.
V: yarn speed.
7_'2: mean input tension determined by the setting
of the input tensioner.

The values for A and B of equation 3 can be
calculated for specific conditions out of the statistical
distribution for T, and T,. From characteristics of the
linear trend, it is generally known that:

oy = A (o2 (6)

i =Apu, +B 7)

0y, Iy, Oz, Uy Standard deviation (o) and mean value (u)
of output tension T; and input tension T, respectively.
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The task is simple to calculate A and B out of the set
of equations given in equations 6 and 7.

The following figures illustrate A as a function of V
and B as a function of V for the experiments performed:

2.5 1

2] M

15 1 y = 7E-06x* - 0.0009x + 1.9076
< R? = 0.9684
1 4

0.5 1

0 + T v v y
0 50 100 150 200 250 300
Yarn speed (nVmin)
Fig. 5. Effect of velocity on A at the contact éngle of 30° and input

tension = 31 cN

0 T r T - v )

5 4 50 100 150 200 250 300
-10 1
-15 1

[
-20
.25 4
-30 4
y = -0.0002x% + 0.0479x - 24.889
-35 - R - 0.9746
Yarn speed (mVmin)

Fig. 6. Effect of velocity on B at the contact angle of 30° and input
tension of 31 cN

Based on the experimental values obtained, the least
square method was used to perform regression
calculations in order to find relations between the
values of A and B and the experimental parameters
represented by contact angle (c), yarn speed (V)

and input tensioner setting (expressed by TQ). The

equations found are given in formulas 8 and 9. These
equations specify the relationship put forward in
formula 4 and 5:

A = (ki + K,V + kyVR)ekea 8)

B = (ks + ksV + k7V2)7_-2 9)

with a coefficient of correlation of 0.99 for equation 8
and 0.98 for equation 9.

Consequently, the relationship between outgoing
tension and incoming tension could be described as
follows:

Ty = (ky + KoV + kV2)ekeoT, + (ks + kgV + k7V"’)'l"2 (10)

The values of k;... k; are constants, all being
dependent on yarn raw material and surface
characteristics of object.
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The goodness of fit between the predicted values of
the output tension calculated from equation 10 and
experimental values obtained during the experiments
is illustrated in the regression plot in figure 7.

T1 predicted vs. T1 observed
T1 predicted = -.6587 + 1.0204 * T1 observed
Correlation: r = .99738

T1 predicted (cN)

10 A ; i ; “o. Regression
10 20 30 40 50 60 70 80 90 100 95% conlid

T1 observed (cN)

Fig. 7. Relationship between predicted and experimental output
tension values

CONCLUSION

The results indicated that factors as contact angle,
mean input tension and yarn velocity have an important
effect on the frictional behavior between yarn and a
metal object. Any increase in contact angle and preset
input tension leads to an increase in the values of
output tension, and hence friction. The effect of the
velocity is more complicated and expressed in terms of
a quadratic equation.
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The new model we have developed agrees well with
the experimental results. The equation showed good fit
with a coefficient of correlation of 0.99738. The values
of the constants all depended on yarn raw material and
surface characteristics of the object.
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Forecasting the technical properties of woven fabrics
with the aid of Finite-Element-Analysis

Dipl. Ing. Andreas Mullen and Prof. Dr. Ing. Burkhard Wulfhorst

Institut fir Textiltechnik der Rheinisch-Westfélischen Technischen Hochschule Aachen

INTRODUCTION

The market share of technical fabrics in total fabric
production has increased substantially in the recent
years. This market segment is of major importance to
European weaving mills in particular, as it offers an
opportunity to take up a leading position on the
international market by means of a lead in know-how
and modern machine technology. This results in
growing demands on the industry concerning quality,
time, human power and cost.

In the area of technical fabrics, such as filter
fabrics, coatings, strip or supporting fabrics, specific
mechanical properties are of special interest. One of
the most fundamental properties are the mechanical
characteristics of the strength and ductility. At present
the construction of technical woven fabrics is usually
carried out manually, based on personal experience
and trial and error.

Although the predicting of tensile properties for
a woven fabric has received attention from many
scientists around the world, no computer-aided
instruments have been available to the designer for
predicting these technical properties. This outlines
the need of advanced simulation and calculation
techniques to design and develop quality products in a
simple and easy-to-use way. This is also important
with regard to the development of new fabrics and the
optimisation of existing fabrics. These requirements
are met by the development of inexpensive and
powerful computer technology during the last couple of
years.

In a research project at ITA, the theoretical basis for
calculating the properties of technical fabrics with the
aid of the Finite-Element-Method has been developed
[1]. In a follow-up project, a simulation program for
industrial use is currently being developed for the
purpose of forecasting and optimising the stress/strain
characteristics of fabrics subjected to tensile loads [2].
This program is intended to help systematise and
simplify the design of technical fabrics. The number of
labour-intensive and time-consuming weaving tests
and trials can be minimised. The designing of fabrics
in accordance with the loads encountered during
processing enables reductions in input materials and
the opening-up of new applications.
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State of the art and literature review

Over the years, many different forms of woven fabric
simulations have been developed. Some of them have
been used in determining geometrical and tactile
properties like cloth setting, maximum weavability and
fabric tightness [3-6] and some attempts have been
made to predict mechanical properties like load-
elongation behaviour, fabric bending and shear or fabric
drape [7-11].

Such a simulation program can be a means of
describing, representing, forecasting and optimising
the characteristics of the physical system “woven
fabric”.

The first step of any form of simulation always involves
mapping the real system in a model. This model must
describe the real system and its characteristic physical
parameters with sufficient accuracy to attain the desired
results. In order to minimise the scope of work relating to
description and calculation, the model description should
always be as simple and as accurate as possible. For
this purpose, simplifying assumptions are to be drawn
up and their applicability has to be tested by appropriate
means.

The classical description of woven fabric geometry
was developed by Peirce [3] in 1937. In this model the
cross-section of the warp and weft yarns are assumed
to be circular and always remained undeformed. Peirce
established a flexible thread model for a plain weave,
in which he assumed, that the yarns are perfectly
flexible and incompressible.

Another structural model for plain weaves has been
introduced by Kawabata et al. [10]. In this model, the
warp and weft yarn axes are assumed to be straight
lines between the crossover points. The warp and weft
yarns are assumed to be perfectly flexible and although
due to this, forces caused by yarn bending are ignored,
the sawtooth model takes yarn compressibility at the
crossover points into account.

These model descriptions are most commonly used
as a starting point for theoretical investigations of the
mechanical deformation of woven fabrics.

The next step of the simulation process involves
transforming the model into an analytical or numerical
description. Over the years various processes and
methods were established in the area of woven fabric
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simulation. These approaches range from e.qg.
geometrical description of plain weave, load-elongation
models based on flexible thread geometry or on
elastica theory, nonlinear analysis, boundary-value
problems and various energy principles and the
principles of virtual work. Up to date only two papers
are known to be dealing with the Finite-Element-
Methods for the prediction of uniaxial load-elongation
behaviour of woven fabrics [1, 2, 12]. In the area of yarn
and fibre assemblies, fabric drape and the simulation
of composite materials some more applications of the
FEM are found [9, 13-15].

Transformation of the model into a form of analytical
or numerical description suitable for computer
calculations is acquiring ever-increasing importance
as the possibilities of computer technology continue to
expand. The numerical processes in particular, such
as the calculation of non-linear systems, often require
the resolution of very large equationsystems, which
impose the very highest performance requirements on
computer technology with regard to speed and memory
capacity. As a result of the development of low-cost
and effective PC-based computer systems, these
methods are now in widespread use.

The Finite-Element-Method serves as an example
here. Until a few years ago, the effective application of
this method was only possible on a small number of
very expensive large-scale computer systems. Due to
the ever more widespread use of high-performance
PCs, the Finite-Element-Method has now become an
effective design instrument in many branches of
industry.

Transformation of the model into a computable
program enables calculation and evaluation of the
desired variables within the simulation system. One of
the advantages of this method is the ability to vary the
input parameters quickly and to examine the effects of
this variation on the target variables.

The aim of this research work is the development of
an easy-to-use FEM simulation program for the
prediction of the load-elongation behaviour of technical
woven fabrics, because this is the most interesting
parameter for the designer of technical fabrics.

Finite-element-method for
woven fabric calculation

The basic requirements for each FEM-Calculation are
the description of the real system as a computermodel
in terms of the physical and geometrical boundaries of
the system.

In a research project at ITA, the theoretical basis for
calculating technical fabrics with the aid of the Finite-
Element-Method has been developed. For this basic
evaluation we have used the FEM programme MARC
and the interactive graphical pre- and postprocessor
MENTAT. Especially in the field of nonlinear FEA, this
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program yields very good capabilities. In the fabric
simulation all of the three major types of nonlinearities
occur: The geometric nonlinearity due to the de-
crimping of the fabric in the low load region of the load-
elongation curve, the large deformations and the large
strains during the loading. The material nonlinearity
of all kinds of textile materials are well known. The
boundary nonlinearity takes place in the crossing points
due to contact and friction.

For the purpose of the model description in the finite
element analysis process, the fabric structure is
approximated by straight bar elements between the
crossing points. Each of these elements contains
two nodes located in the crossing points and the
deformation of the elements is described by six
degrees of freedom in each of this nodes. The
coordinates of the element-nodes are describing the
fabric geometry. These coordinates depend on the
yarn parameters like count, twist and density, the
weave crimp, weave pattern, the number of threads in
the weave repeat and the deformation of the threads in
the crossing points. The bending characteristic of the
yarns can be derived from the description of the cross-
section or via experimental data.

With the geometric and material descriptions, these
elements contain all the relevant characteristics of the
real warp and weft yarns. Especially the nonlinear
material behaviour of the yarns was taken into account.
The description of the nonlinear elastic-plastic material
behaviour is based on the flow theory [16]. For this
description we need a yield condition, that separates the
elastic and inelastic behaviour of the material. Since the
yield stress is generally measured from uniaxial tests,
and the stresses in real structures are usually multiaxial,
the yield condition of a multiaxial stress state must be
considered. We chose the von Mises yield condition,
which states that yield occurs when the effective stress
equals the yield stress as measured in a uniaxial test.
The conditions of the subsequent yield, the work
hardening rules, must also be applied. The work
hardening rule relates the incremental stress to
incremental plastic strain in the inelastic region and
dictates the conditions of subsequent yielding. An
isotropic work hardening rule was chosen, assuming
that the centre of the yield surface remains stationary in
the stress space, but that the size of the yield surface
expands, due to work hardening.

The comparison between the theoretical calculations
and the experimental results of an uniaxial yarn load-
extension test shows very good correspondance
(Fig. 1). This confirms the accuracy of the material
description chosen.

The description of the linking conditions at the crossing
points requires special attention. The advantages of the
FEM method in the calculation of non-linear systems
become apparent both in this connection and in the
highly non-linear material descriptions. The compres-
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sional behaviour of the warp and the weft yarns can be
modeled in every required accuracy, using experimental
data or an analytical description of the compressional
behaviour of the used yarns.

Due to the nonlinear nature of woven fabric
simulation, an incremental method must be used to
solve the equilibrium equations. In large deformation
analysis the relationship between incremental load and
displacement is called the tangent stiffness, described
by the material behaviour. When solving this type of
problem the load is increased in small increments, the
incremental displacement is found, and the next value
of the tangent stiffness is calculated, before the next
increment starts. There are different approaches
available to solve this kind of problems. We chose
an updated Lagrangian method, where the node
coordinates are updated after each increment and
which refers everything to the original undeformed
geometry. Due to this, the flattening of the yarn cross-
section during the loading of the fabric is taken into
account.

Under these assumptions, all necessary data are
established for the FEM simulation of the uniaxial load-
extension behaviour of woven fabrics.

EXPERIMENTAL VALIDATION

In order to verify the results of the FEM model,
measurements were made on a plain woven fabric
made from multifilament PES yarns (warp 22 picks/cm
PES 280 dtex f48 z60) and PA yarns (weft 12 picks/cm
PA 480 dtex f72 z30).

Figure 2 show the comparison between the theo-
retical calculation and the experimental results of an
.riaxial load-extension test. Both tests in warp and
~eft direction show a very good correlation between
‘e simulation and the measurement. In the high load
area of the weft direction appear differences between
measurement and simulation results. This deviation
appears due to the insufficient model description
of the crossing points and the high crimp magnitude
of 11 % of the weft yarn. After the initial crimp inter-
change in the low load region of the load-elongation
curve, stick-slip effects occur. These effects are not
fully simulated by the chosen model description of the
crossing points.

The current material description of warp and weft
yarns did not include the maximum force and the
elongation at break. In the following, the material
description must be extended to this parameters.

The FEM results obtained in this research are not
complete but show sufficient accuracy for calculating
the load-elongation behaviour of woven fabrics. The
next step will be the extension of this work to an
applicable easy-to-use program as a tool for designing
fabrics.
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Outlook

In order to minimise computing time and computer
capacity requirements, a new FEM program is being
developed which fulfils the special requirements of
fabric calculations. The known yarn characteristics and
the desired weave structure serve as input parameters.
Also the process variables during processing are taken
into account. These variables have a strong influence
on the geometric parameters of the resulting fabric,
such as shrinkage of the cloth and end spacing and
crimp. In turn, the geometry of the fabric has a strong
influence on strength and elongation characteristics.

The new model description should be extended due
to the deformation and friction behaviour in the crossing
points and the material description in the high load area
of the tensile curves. Special attention will be given to
the accurate calculation of the warp and weft crimp, as
an important factor of tensile behaviour and costs of the
fabric. The new program contains a database with all
necessary values to estimate the fabric forming costs
due to the geometric parameters of the weave. The
program is designed for the use of mono- and multi-
filament yarns first. An extension to all other yarns is
planned. Based on this new model, the uniaxial load-
deformation behaviour of the fabric is calculated by
means of especially defined Finite-Element-Alghoritmes.

This programme is intended to help systematise and
simplify the design of technical woven fabrics and
to reduce the labour-intensive and time-consuming
weaving tests and trials.
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Influence of composition of woollen fibre mixture on weaving efficiency and production costs when
manufacturing fine worsted woollen fabrics will be presented within this contribution. The aim of the
research work was to improve the productivity parameters and to reduce the production costs. Fabric
quality was carefully observed in order to establish the influence of measures applied on textile
products. Two methods to reach the above goals have been investigated. The number of yarn breaks
during the weaving process was reduced in both cases. The experiments were carried out in a real
production environment using the Dornier weaving machines.

1. INTRODUCTION

The reduction of manufacturing costs is a trend that
can be observed constantly also in production of fine
woollen fabrics. Wool fibre is relatively expensive raw
material, which price is determined by world’s market.
The market with woollen fibres is controlled by leading
producers and distributors, therefore one can not
influence the raw material price. On the other hand, we
can discover new possibilities regarding better
productivity and reduction of costs, caused by low fabric
quality. With the aim to reduce the manufacturing costs
and quantity of weaving faults, and therefore to
contribute to improved economy of production, we have
decided to investigate the influence composition of
woollen fibre mixtures on weaving efficiency. Two
methods to reach the above goals have been
investigated. The essence of the first method was the
addition of the three percents of PA fibres to a regular
woollen mixture. The tensile properties of produced
woollen yarns were improved which was reflected in
higher efficiency of the weaving process. The second
method consists of the substitution of a part of regular
woollen fibres with fineness of 20.5 um in a mixture with
finer woollen fibres (19.5 um). Three parallel analysis
were made where we varied the share of finer fibres
and observed the resulted effects. This measure
increased the number of fibres in a yarn cross-section
and consequently improved the yarn’s tensile properties.
Our goal was to determine which of the above two
methods is more suitable considering the quantity of a
fabric to be woven, as well as to solve all the techno-
logical difficulties that could occur in conquering the new
technology. Analysis of results of the research work and
achieved effects will be shown in this contribution.
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2. THEORETICAL PART

The world market is more and more oriented towards
lighter and finer woollen fabrics having low mass and
high degree of porosity and air permeability. Such
fabrics require fine woollen yarns with linear density
between 20 and 10 tex. The production of fine woollen
yarns is conditioned with numerous technological
difficulties which are reflected as yarn faults and
increased number of yarn breaks. The weaving
machine efficiency depends on yarn quality and its
mechanical properties. Above all the warp is exposed
to high dynamic loading during the weaving process.
Therefore, the yarn should be engineered in such a
manner that it will be strong enough to bear those
loading. Knowing the fact that yarn tensile properties
can be improved with the right selection of raw material,
we decided to add a certain share of stronger,
respectively finer fabrics into fibre mixture.

The theoretical part of the research involved:
® Theoretical principles of influential parameters

regarding the tensile properties of yarns, produced

from different fibres and fibre mixtures,

e A model for prediction of breaking strength of yarns,
spun from woollen fibres and mixtures of woollen
and polyamide fibres.

2.1 Influence of raw material and yarn structure
on breaking strength of spun yarns

The strength of material (fibres, yarns) is determined
as a resistance of its inner forces against the action of
outer forces (tensile, bending, torsional, etc.), which are
trying to destroy material’s cohesion and break it. During
the technological process, the yarn, and therefore
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also fibres, are above all exposed to tensile loading.
The yarn breaking strength depends on numerous
parameters which can be subdivided into two main
groups: fibrous material properties and yarn structure.

2.1.1 Properties of raw material

Generally, the fibre breaking strength depends on
number of joining molecules in fibre cross-section, their
rigidity and linkage in lamellate crystallites. The breaking
strength of idealised pure crystallised fibre can be
calculated from the energy of chemical joints between
the atoms of functional groups and can be as high as
1000-1200 cN tex! [1]. Minimal breaking strength of
fibre, required to enable its processing, is approximately
6 cNtex™'. The majority of new spinning techniques do
not enable the complete usage of fibre strength which
has therefore even higher importance [2]. It has been
proved that, considering the same fineness, use of
longer fibres results in slight improvement of breaking
strength and breaking elongation [3]. More important is
the influence of homogeneity and length uniformity of
applied fibres. Breaking strength of yarns, spun from
fibre blends, is as a rile lower than in yarns, spun out of
stronger component. The result depends on a kind of
applied fibres and their share in the fibre blend [4].

2.1.2 Yarn structure

Appropriate fibre arrangement in yarn is needed to
achieve the optimal exploitation of fibre strength and
required yarn appearance and touch. Therefore, the
following preliminary conditions must be fulfilled: high
degree of straighten and paralleled fibres, right mutual
position of fibre ends, appropriate fibre length diagram
and wrapping of the whole fibre into the yarn structure
[2]. Fibre fineness influences directly the number of
fibres in yarn cross-section. Increased number of fibres
in yarn cross-section results in better tensile properties
of ayarn.

2.2 Model for prediction of breaking tenacity
of spun yarns, produced from woollen fibres
and wool/polyamide fibres

From a technological point of view, the prediction of
Spun yarn breaking strength has a great importance.
Experimental equations which give solid results are
based on simplifications regarding the yarn geometrical
structure. Furthermore, this approach presumes that
fibre properties remain the same during the whole
spinning process. Taking into account the above facts,
the breaking tenacity of yarn produced from the blend
of wool and polyamide fibres, can be expressed as
follows:
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Xw, X €y,
= Sy +=PAs o
100 % " 100 " ¢, (1)
where:
S — breaking tenacity of yarn spun from Wo/PA

blend (cN tex)

Swo: Sea~ breaking tenacity of yarns, spun from woollen
and polyamide fibres, calculated by Berezina's
and Usenko’s formulae (cN tex)

Xwe, Xpa— share of a certain fibre component in a fibre
blend (%)

Ewor €pa — breaking elongation of a single component
yarn after Uster statistics (%)

Berezina's formula for calculation of breaking

tenacity of woollen yarn component [5]:

T
SWo = SfF\'[0.0'I 8- O.OGZ\/%]KQU @)
where:

Swo— breaking tenacity of yarn (cN tex ')

S; — breaking tenacity of fibre (cN tex")

R —fibre quality number

T; —linear density of fibres (tex)

T, —linear density of yarn (tex)

K, — correction factor for twist

n - correction factor for processing techniques.

Breaking tenacity of polyamide yarn component can
be calculated by Usenko’s formula:

28 2K

T, 3)
T
where:

Spa— breaking tenacity of yarn (cN tex’)
S; — breaking tenacity of fibre (cN tex)
H, - coefficient of processing techniques
T; — linear density of fibres (tex)
T, —linear density of yarn (tex)
z - correction factor of fibre length
K - coefficient for effects of yarn twist
B - coefficient for effects of the irregularity of
fibre length
Values of correction factors can be found in [5].

SPA = Sf 1— 00375Ho -

3. EXPERIMENTAL PART
With the aim to increase the yarn’s breaking strength,
improve the productivity parameters and therefore
to reduce the production costs, it has been decided
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to carry out the research which comprehended two

methods [6]:

* Composition of fibre blend made up of 97 % of
woollen fibres and 3 % of polyamide fibres.

e Set up of fibre blend of pure woollen fibres with
different fineness. A certain share of regular fibres
(20.5 um) was substituted by finer woollen fibres
(19.5 um). Three parallel analysis were made where
we varied the share of finer fibres.

The theoretical values of breaking strength, which
were calculated using the mathematical expressions
worked out in pt. 2.2, were compared with results of
analyses of real yarn’s breaking strength.

3.1 Composition of fibre biend with up to 3 %
of polyamide fibres

The main idea of this method was to replace a small
share of woollen fibres with stronger polyamide fibres.
It is allowed, namely, to replace up to 3 % of woollen
fibres with other fibrous material, and still to declare the
produced fabric as 100 % woollen fabric. Using this
method we expected the yarn with improved tensile
properties which would lead to lower number of yarn
breaks during weaving. On the other hand, one must
consider also higher costs of dyeing of polyamide fibres
in a fibre blend. Woollen fabric in twill weave having
surface mass 225 gm= (340 g/running meter) was
produced in order to confirm the above statement.
Constructional parameters of the fabric are listed in
Table 1.

Tab. 1. Constructional parameters of sample woven fabrics

Fibre content 100 % wool
Linear density
and twists of warp yarns
Linear density

and twists of weft yarns

17 x 2 tex 700 S (720 z)

17 x 2 tex 700 S (720 z)

Warp sett (yarns - 10 cm™) 255
Weft sett (yarns - 10 cm™) 220
Fabric reed width (cm) 176

3.1.1 Materials

The yarns have been produced and two parallel

trials have been observed:

e Regular yarn spun of 100 % merino wool with
fineness 20.5 um and staple length 68 mm

¢ Yarn spun of fibre blend composed of 97 % of same
merino wool as stated above and 3 % of polyamide
fibres PA 6, having the fineness 3.3 dtex and staple
length 88 mm.

In both cases the technological process was
disposed in such a way that all the applied fibres were
dyed in a form of worsted tops. Spinning of yarn with
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linear density 17 tex and 720 “z” twists followed. This
stage of production process was concluded with
twisting. Ply yarn 17 x 2 with 700 “S” threads was
produced. Dornier weaving machine was used for
weaving in both observed cases. Insertion speed was
360 picks per minute.

3.1.2 Registered efficiency parameters

The following results, given in Table 2, have been
obtained in practical application of both yarn types [6]:

Tab. 2. End breakage rate and weaving efficiency

Yarn breaks in 8 hours Fabric 1 Fabric 2

(Break type) (100 % wool) (87 % wool, 3 % PA)
Break between slay

and harnesses 23 14
Break between harnesses

and yarn rider 10 8
Break between yarn rider

and warp beam 6 1
Total No. of ends down 39 23
Length of fabric

(meters per 8 hours) 59 65
Loom efficiency (%) 87 96

3.1.3 Comparison of results

It is a fact that dyeing of polyamide fibres in fibre
blend presents additional production cost. However,
the savings due to lower number of yarn breaks and
improved productivity, enabled up to 3 % reduction of
fabric own price. The saving could be even greater
taking into account larger fabric orders. Table 3
presents the comparison between indexed costs for
particular production stages [6]. Costs of those
processes that remained same were treated as
constants.

Tab. 3. Comparison of indexed production costs

Price Index
Fabric 1 Fabric 2
Cost Type (100 % wool) (97 % wool, 3 % PA)
Raw material 100 98,3
Dyeing 100 100,5
Weaving 100 90,8
Together 100 97.8

3.2 Fibre blends of pure woollen fibres
with different fineness

From expression (2) it can be seen that use of finer
wool fibres leads to increased yarn breaking strength
which is reflected in lower number of yarn breaks
during weaving and improved weaving machine
efficiency. On the other hand it is necessary to
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consider higher price of fibre blend due to more
expensive finer wool. Therefore, it was our objective
to find the optimal balance between the costs and
savings. The experiment was based on three parallel
fibre blends:
a)
80 % woollen fibres 20.5 um
20 % woollen fibres 19.5 um
b)
70 % woollen fibres 20.5 um
30 % woollen fibres 19.5 um
c)
60 % woollen fibres 20.5 um
40 % woollen fibres 19.5 um

As a reference served the yarn spun from 100 %
regular wool fibre 20.5 um. Fibre length was in all
cases constant — 68 mm. Woollen fabric in twill weave
having the surface mass 185 g m2 (280 g per running
meter) was produced next. Constructional parameters
of the fabric are listed in Table 4.

Tab. 4. Constructional parameters of sample fabrics

Linear density

and twists of warp yarns
Linear density

and twists of weft yarns
Warp sett (yarns - 10 cm™)
Weft sett (yarns - 10 cm™)

17 x 2 tex 450 Z (720 z)

28 x 1 tex (540 2)
240
230

Dornier weaving machines were used for weaving in
both observed cases. Insertion speed was 360 picks
per minute. One worker served eight weaving machines.

Tab. 5. End breakage rate and weaving efficiency

3.2.1 Registered efficiency parameters

The following values, presented ir Table 5, have
been registered during the productior process:

4. DISCUSSION AND CONCLUSIONS

The analyses of results of experimental work have
shown the importance of parameters that irfluence the
tensile properties of woollen yarns.

Table 6 presents some predicted and measured
properties of yarns involved into experimental part of
this research. Confirmed were the assumptions involved
into the model for prediction of breaking strength of spun
yarns, produced from pure woollen fibres and wool/
polyamide fibres. Slight differences, above all regarding
the values of predicted and measured breaking tenacity
of pure woollen yarns spun out of fibres with fineness of
20.5 um, can be explained by the impact of spinning
process peculiarity. End breakage rate was decreased
with application of a certain part of both stronger and
finer fibres in fibre blend. With addition of the 3 percents
of polyamide fibres the weaving efficiency was improved
for 8 percents regarding pure woollen yarns. Also the
second method investigated resulted in improved
yarn properties and has shown increased weaving
efficiency. Although the best results were obtained with
fibre blend described as ¢) in pt. 3.2, the fibre blend with
30 % of finer woollen fibres can be regarded as optimal
regarding both weaving efficiency and raw material
costs. Loom efficiency was improved for nearly 10 % in
this case.

Yarn breaks (in 8 hours) 40 % 19.5 uM 30 % 19.5 uM 20 % 19.5 uM 100 %
(Break type) 60 % 20.5 uM 70 % 20.5 pM 80 % 20.5 uM 20.5 uM
Break between slay and harnesses 22 24 27 31
Break between harnesses and yarn rider 11 12 14 16
Break between yarn rider and warp beam 3 4 5 10
Total No. of ends down 36 40 46 57
Length of fabric (meters per 8 hours) 56.8 54.5 51.6 47.2
Loom efficiency (%) 75.6 72.5 68.6 62.8

Tab. 6. Yarn quality parameters

No. of fibres in
yarn cross-section

Raw material

Breaking tenacity
predicted (cN tex™)

Measured breaking
elongation (%)

Breaking tenacity
measured (cN tex)

100 % Wo 20.5 um 37 6.19 513 3.91
97 % Wo 20.5 um
3 % PA 3.3 dtex 39 6.25 6.09 4.60
80 % Wo 20.5 um
20 % Wo 19.5 um 39 6.26 5.65 412
70 % Wo 20.5 um
30 % Wo 19.5 um 39.5 6.30 5.88 474
60 % Wo 20.5 um
40 % Wo 19.5 um 40 6.34 5.95 4.82
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Analyses of raw material costs shown that the
application of finer woollen fibre presents considerable
increase of a product own price. Therefore, it can be
stated that this method to increase the weaving
efficiency and therefore to reduce the manufacturing
costs can be used in connection with smaller work
orders up to 300 meters and lighter, pastel fabric
colours. Namely, the application of polyamide fibres in
fibre blend sets in these cases major problems from
the point of view of dyeing uniformity.

Also the quality and tensile properties of produced
woollen fabrics have been improved significantly. The
breaking strength of woollen fabric, described in pt.
3.1, was increased for 1.37 % in warp direction and for
11.06 % in weft direction. At the same time the breaking
elongation was increased for 4.71 % in warp direction
and for 7.97 % in weft direction. It is a fact that those
values, together with better fabric quality because of
lower number of faults caused by yarn breaks and set
marks, contribute to producer’s self-confidence and
better placement of fabrics on demanding world’s
markets.
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Mechanics of threads systems
(warps, fabrics)

Conception of Plane Elasticity of Fabrics

Prof. RNDr. B. Stfiz, DrSc.

TU Liberec

INTRODUCTION

Mechanics of textiles can be based on the application
of the equation of continuum mechanics. Every material
has its structure, it is not homogeneous, but some
materials are closer to the idea of environment
continuity than others. That goes for textile materials
as well. The model of the continuum is natural for non-
woven textiles, and we consider fabrics of various
weaves as the continuum. Knitted fabrics are furthest
to the idea of continuum. In spite of that we can
introduce, even for such a textile, and thus for every
material, the substitute continuum of the same
mechanical properties. The equations of mechanics
and physics go for this substitute continuum. The
problem is to determine the deformational properties of
the textile and assign them to the substitute continuum.

The textile is such a special formation that it is
necessary to describe its mechanical properties for
each specific state of stress and reformation. Unlike
the solid bodies, the uniaxial state of stress of the
textile does not capture its mechanical properties. That
is why the strength hypotheses are of no use for them.
it is fundamental to determine for the textile stressed
by biaxial state of stress and reciprocally perpendicular
directions whether these directions are principal even
for deformations. If so, the textile behaves as the
transversal isotropic continuum. In the opposite case it
behaves as a flat anisotropic material. It concerns,
especially, non-wovens, multilayer fabrics, knitted
fabrics, textile composites, and the like.

For the determination of mechanical properties of
textiles, it is fundamental to carry out the experiment

Vldkna a textil 5(3) 171-174 (1998)

when the given outer biaxial stress of textile (Fig.1)
and the shifts are measured by means of the “picture
analysis Lucie”. The non-dimensional shifts u; are
calculated on the basis of the relations between the
coordinates in Lagrangian and Euler description of
motion of particles of the continuum. Even small forces,
acting at the level of the textile, can cause big
reformations. That leads to the necessity to apply non-
linear mechanics of the continuum, namely for
geometric and physical reasons. Due to the fact that
with the change of geometry of the starting element
also the inner forces, which affect them, are changed,
it is necessary to determine the Cauchy tensor of real
tensions (of relative forces) and the energy conjugated
Almansi tensor of deformation corresponding to it.

Relations for the deformation tensor and the
tensor of real relative forces

The Almansi tensor of deformation is determined by
the dependence corresponding to the Euler
description of the continuum motion (so called spatial
coordinates) [1]:

g = M M, My My
T72| ;o o (1)
Assuming the equivalence of the deformation of the

textle and the deformation of the substitute

homogeneous plane medium, it is possible to
determine the process of calculation of tensor
deformation for the final small area of the textile. The
position of the general point A of the plane continuum
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is determined in the Lagrangian (material) coordinate
system by its projections x§, x3. Due to the continuum
reformation it shifts to the position A" by the value u,
with the components u;, u, (Fig. 2). The Euler co-
ordinates of the shifted point are.

X =x%+u, i=12 2

The near point B, with coordinates x? + dx9, is shifted
to the position B* with coordinates x; + dx. The
differential of the equation (2) depending on material
coordinates x? is of the form.

dx; = dx? + udx% Uy =—~ €)

For the determination of four non-dimensional shifts
u; of the small textile element, we will approximately
express the equation (3) in the differential form

Ax; = dx? + uAx?

and the differences will be determined as the
differences of coordinates of peaks of the element in
the diagonal direction (Fig. 1) that means: up to the
deformation and after the deformation. We will get (the
second index [superscript] of the coordinate denoting
the point number)

(1 + un) (X = x95) + Ura(x3; = x35) = X41 = X3
(1 + U)X = X%0) + Ur2(X82 = X34) = X12 = X1a (4)
Upi(X$1 = X%a) + (1 + Upp) (X34 — X35) = X1 — X3
Upi(x$2 = X9a) + (1 + U2) (X2 — X3) = Xz2 — X4

We will express the shift derivation in the equation
(1). It holds true

0

! =Uy —, s ,k=1,2 5
) uj ) i, (5)

The spatial deformation gradient (dx?/ox,) will be
determined in the differential form by inverting a matrix
(4). We will get where

S0 B g Apmteu
Axk J ’ 1 223 22 11
Az = —Upi, Apy = —Usp, J = AjAp — AAy (6)
The deformation tensor (1) in the non-dimensional
shifts u; is expressed in the form

g = (RQAN(WnAL + UAL + UsA;L + URAR) -
= (UAn + UAR)NUWA; + UA) - (7)
= (UzAj + UpAR)(UnAjy + UxA))

For expressing the Cauchy tensor of real relative
forces n; of the deformed textile, we will apply the
symmetric second tensor Piola-Kirchhoffa of relative
forces n?, (1], which is the well-known loading of the
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cross pattern bends of the textile sample in preparation:

n,,—lino ﬁ/_ 8
if J &% mK @(E ( )

If we replace material deformation gradients by
differences, then on the basis of the equations (4), (6)
we will get:

A

AX? 0

- A 22 AL, LA 22 __A., (9
22, Axg AXS 21, AX1 12()

Using the symmetry of both tensors, we will get the
components of the Cauchy tensor of real relative forces
acting at the element of the textile by dependencies:

My = J7IAGNS, — 24,4 07, + Aging)]

Nip = J[FAANS + (A-A+ A AnNS —
= AxAginz] (10)

Ng = JTALNY, — 2A,,A 0%, + ATng,)

GENERAL PHYSICAL DEPENDENCIES IN A
LEVEL ANISOTROPIC MEDIUM

We will assume that the directions 11, 22 are not
principal for deformation tensors and relative forces.
For the deformation tensor (7) we will determine the
main directions 1, 2.

(Fig. 1) and we will calculate the main deformation
components &, & and the components of the tension
tensor n,, n,, n,. If both tensors are coaxial, it will be
n. = 0, where we assume a small error in calculation.
Letbe n, 0, that means: the fabric is anisotropic. In its
case, it is impossible to expect the orthotropy, because
the symmetric structure of the textile up to the
deformation can change into non-symmetric due to
non-symmetric loading.

For the small interval of validity the equations [2] will
be fulfilled:
In the directions 11, 22:

Ny = Ejiery + Apppp + 2A 1461,
Noo = Ap€yy + Egpap + 2A 581, (11)
Mz = Arayy + Apgp + 2E,¢:,
In the directions 1, 2:
ny = Eg + By
Ny = Bigy + Ezep (11)
N.= Bu& + By,

Among mechanical parameters the relations
resulting from dependencies of the continuum
mechanics hold true:
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E, = E,b% + Epat + Eja} + 0.5A,a5 +
+ 4A a.b3 + 4A,.a’b,

E, = Ea%} + Exbt + E,a3 + 0.5A .85 -
— 4A,a%b, — 4A,,a,b3

By, = (Eyy + Ep)aib? + Ajp(af + b)) — Ejas +
+ 4A,,(a%b, — a,b3) + 2A,,(a;b% - alb,)

B, = —Eyjab3 + Enalb, + 2E,(a,b} — alb,) +
+ Ap(aibd — alby) + A b3(b% — 3a3) +
+ A,,a%(3b% — a3)

B,. = —Eysa$b, + Exa,bl + 2E,(alb, — a,b3) +
+ A(athy —a,bld) + A,,a3(3b% — &) +
+ A,.b% (b5 — 3a3)

a, = sing, b, = cosg, a, = sin2¢, b, = cos2¢ (Fig 1.)

By solving the system of equations (11), (12), and
(13) we will determine the mechanical parameters of
the textile: the modules of elasticity E,4, E,,, the module
of slide elasticity E, and the Poisson numbers.

(12)

A Aza

Vv =, = s =
2 JEnEn JE E4 VEnEs

TRANSVERSAL ISOTROPY OF FABRICS

If the principal axes of the deformation tensor and
the Cauchy tensor of relative forces are approximately
coaxial, the system of equations (11-13) is badly
conditional. The determinant of the system of equations
is near to zero. In that case it is convenient to look for
an approximate solution. Regarding the fact that for the
orthotropic materials (axes alignment of both tensors)
is vis= vo, =0, are A, = A, = 0 and from the equation
of the continuum mechanics

G = (Ey+ Eyp — 2A)a5b% + E,bs +
+ 2A,4(@%by — a,b3) + 2A,4(a,b% — a’by) (15)

and the approximate equality G = E, we will determine [3]

1
Agz =§(E11+Ezz)—254 (16)

Then from the systems (11) and (13) it will follow

n
E,=—12
212

2
E,, = E12(N11(€11+ 2855 ) — Nyp€pp) + 2Ny2€5,
- 2
£12(€11+€22)

2
_ €12(Npp(2811 + £9p) — M1€11) + 204 EY,

2
€12(&11 + €22)

Eg 17)

1
E(Eﬂ +Eyp)-2E,
VE11E2
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Vig =

In limit for &, — 0 and ny, — 0 we will get

MEL —NoEsp
E,=F,=———<"<
1 2 812 _ 8%
ny~no
==l (18)
f 21— gp)
MEy — NyE4q
Vie=—————
Méq =€
CONCLUSION

As a rule, fabrics have different mechanical
properties in various directions at uniaxial stress.
Under the stress by biaxial tension in mutually
perpendicular directions at biaxial structure (warp —
weft) they become, so called, transversally isotropic.
Mechanical properties are determined by five
parameters: by two in the surface of textile (e.g. E;,
v12) and by three in the direction of the normal to the
textile surface (Es, vy3, Vao3). The last three cannot be
determined experimentally and they are even not
necessary. Then, from the practical point of view, the
fabric behaves as an isotropic material whose
mechanical properties are dependent on the instant
state of stress, and its deformations. In the narrow
interval of the validity of the equations (11), the so
called “secant” modules can express relations (17) in
the physically non-linear area.

The work was developed thanks to the grant of the
agency GACR (Grant Agency of the Czech Republic)
106/97/0372.
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The tension pulses generated in the textile linear products

Janusz Szosland and Zbigniew Stempien

The Technical University of Lodz

SOURCES OF TENSION PULSES GENERATED
IN VISCO-ELASTIC
LINEAR TEXTILE PRODUCTS

In the present century the operating speed of a
greater part of the textile machinery has been on
average increased about tenfold. On the other hand,
more and more textiles, whether as self-contained
products or important parts of textile structures, are
exposed to substantial impact loads of which their
capability to carry is often important for the safety of
man and equipment. The new high kinematic and
dynamic values have generated new qualitative and
guantitative phenomena among which the tension
pulses in linear textiles are of particular importance.

METHODS OF INVESTIGATION
OF THE PROPAGATION OF TENSION PULSES
IN LINEAR TEXTILES

Methods employed hitherto

Already in the 1960’s the propagation of tension
pulses was studied by hitting a thread with a projectile
shot from a miniature cannon. This produced first a
transverse wave and then a longitudinal wave. Then
came the work of M. Czotczynski [1]. The advantages
of Czofczynski's method are that it preserves
continuity of the test object and permits repeated
analysis of pulse propagation and of the part played
in it by the friction barriers.

There is need for analysis of the propagation of
longitudinal tension pulses as there is incomplete
understanding of a number of phenomena such as,
for instance, the rebounding of a pulse from an
insurmountable barrier, collision of pulses, occurrence
of resonance, distribution of momentary elongation and
momentary distribution of tension loads, as well as
changes in the structure and physical properties of the
test object caused by the passage of a tension pulse.

Guidelines for a method of assessment of the
propagation of a longitudinal tension pulse

In this situation important are becoming the
experimental methods. What makes it even more
difficult is that the high accuracy must be attained in
absence of electrical conductivity, as the tested object
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is usually non-conductive, at a rate of propagation of
the longitudinal tension pulse between 500 and
5000 m/s, without the pulse energy being absorbed by
the tension gauge, and when the duration of the
phenomenon is often no more than 100 us.

All effective methods used in the investigating of the
propagation of tension pulses in linear textile products
were essentially confined to recording the displace-
ments of the selected cross-sections of the tested
threads. The measurement is based on a non-contact
observation of a selected length of the test thread,
while recording the effects in real time (Fig. 1).

Known are three methods which are based on the
principle as presented in Fig. 1:

a) The method based on electrical capacitance: — the
advantages of the method consist in the direct
measurement of a displacement and simple test circuit.
Its disadvantages include the necessity to calibrate
each converter, disturbance of thread structure around
the moving electrode, low repeatability of the measure-
ments, and susceptibility to transverse vibration.

b) The method based on emf induction: — the
advantages of the method include direct measurement
of the rate of displacement and simple test circuit,
whereas the disadvantages are non-linear conversion,
difficult calibration, susceptibility to transverse vibration,
and no possibility to measure the constant component.

¢) The cinematographic method: — The observer in
this method is a high-speed movie camera. The
response is recorded by filming the mark placed on the
test object and entering the data in the memory of a
video camera or recording it on film. Preliminary tests
[4] have shown that it is the only method which ensures
a true mapping of the displacements of the cross-
sections of a thread. Its disadvantage, however, is the
need to use an expensive cinematographic apparatus
(capable of recording up to 10000 frames per second)
and analyse hundreds of metres of film. To offset this
disadvantage a modification of the cinematographic
method was developed.

The method used for determining the kinematics
of cross-sections of linear textiles

The device which records responses of the thread to
singular tension loads is an optical oscilloscope
consisting of an optical microscope and a rotating
camera (Fig. 2).
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The microscopic picture of the observed segment of
the thread is projected on the peripheral surface of the
rotary drum with a taut photographic film. The camera
is located in a dark room.

The flash lights (5) are triggered one after another by
the control unit (9) upon sensing by the detector (3) of
a passing tension pulse. The correct timing of pulse
location and triggering of the flash lights is controlied
through the oscilloscope (8) and light detector (6). The
duration of a flash is selected so as not to exceed the
time of a single revolution of the drum in order to avoid
a repeated exposition of the film.

Test results

The test object was a 5.25 m long elastomer in
a wrap. The tension pulse was generated as in
Czotczyniski’'s method [1]. The tension was fixed at
2,000 cN and loading of the auxiliary tension member
at 500 cN. The tests were programmed so as to enable
investigation into the kinematics of the tension pulse
itself and the kinematics of the cross-section located
half way along the length of the test object and cross-
sections located in the area of pulse rebound from an
insurmountable barrier (Fig. 3).

Kinematics of the cross-section of a thread in
response to a tension pulse

For numerical analysis all photograms are processed
in a computer. The exposed streak which represents
the travelling segment of the thread is described, by
the computer program, along its contour by Bezier
four-control-point parametric functions:

X(U) = Po(1 = u)® + Py, 3u(1 — u)? + Py, 3u?(1 — u) + Py t?
t(u) = Po(1 = u)® + Py, 3u(1 — u)? + Pp3u?(1 — u) + Pyt
O<u<1

Po... P; — co-ordinates of control points on plane x-t
(travel-time).

The rate is determined by dividing the derivatives of
the parametric functions.

In Fig. 4 represented is the response of a cross-
section at distance of 3m from the source of the
tension pulse. The vibration period is 8.3 ms, which
means that for the test object the average rate of travel
of the tension pulse, at the pre-set initial tension, is
about 630m/s. At the moment the pulse arrives at the
observed cross-section the latter continues to travel
until all pulse has passed through. In that time, the rate
of travel of the cross-section attains a maximum value
of about 5m/s. Upon passage of all impulse, the cross-
section remains relatively static until the arrival of
the rebounded wave, whereupon the cross-section
reverses at a rate reduced to about 3 m/s. This is

176

caused by changes in the pulse front geometry which
are due to damping by the test object itself and
attenuation associated with the rebounding from the
insurmountable barrier.

The effect of disturbances in the structure of a
thread on the propagation of a tension pulse

With the test conditions being as in Fig. 4 external
disturbances in the form of knots were introduced to
the structure of the test thread: a) without an external
disturbance of structure; b) structure disturbed by
1 knot; ¢) structure disturbed by 6 knots.

The obtained photograms show that the introduced
disturbances have no significant effect on the kine-
matics of the observed cross-section.

Analysis of the changes in the very shape of the
marks

Also analysis of the changes in the very shape of the
marks of the selected cross-sections is very helpful in
the evaluation of the destruction of the threads due to
the dynamic longitudinal loading:

—in the case of a monofilament (Fig. 5a) — here is
only deformation of the thread material.

- in the case of a spun yarn (Fig. 5b) — the response
represents a deformation of the thread material but not
always of all the component fibres alike. A simplified
model is shown in Fig. 6.

The observation is very important for evaluation of
the destruction of the thread and particularly important
for identification of the breaking of the thread.

The role of friction barriers in the propagation of
impact tension pulses (impact load waves)

It is known that in the propagation of an impact
tension pulse or impact load wave an important part is
played by various friction barriers each of which can
present an obstacle which is either surmountable, at
least in part, or completely insurmountable. In the latter
case all of the dynamic load wave rebounds from the
barrier with possibly a very destructive effect on its
carrier, i.e. the thread which is transmitting it.

Of all the friction barriers special attention should be
paid by researchers to the edge-type barriers. Examples
of such barriers are the healds and reed dents. To
assess the degree of destruction which a thread of yarn
undergoes when passing through a friction barrier, used
was an impact pulsator provided with various types of
friction barriers (Fig. 7) selected so as to simulate the
conditions existing on a weaving loom.

Evaluated were:

—changes in length of zones L | and L 1l marked on the
test threads;
— breakage of the threads.

Vidkna a textil 5(3) 175~179 (1998)



For the purposes of the test selected were the two
types of friction barriers: barriers with an edge-like
surface of friction and barriers with a rounded surface
of friction. One of the rounded-surface barriers satisfied
the condition of offering the same resistance to the
passage of a thread as an edge-type barrier (AF, = AF,)
and another the condition of having the same wrap
angle (< o, = < ).

The number of cyclic longitudinal impact loads (n)
was varied between 1000 and 15000.

It was found that with the adopted test conditions:
~ Where there was no friction barrier the values of
elongation were negligibly small, AL | = AL |I;

- Where a friction barrier was present:

Elongation of the threads in the zones was varied,
but always AL | > AL II;

For all types of friction barriers elongation in zone L |
was greater than in the case with no barrier,

For barriers with rounded friction surfaces elongation
in zone L Il was lower than in the case with no barrier;

With impact tension pulses in excess of 10000 the
number of breaks on the edge-type barriers was so
great as to prevent further testing.

These results seem to indicate that the impact tension
pulses generated by the moving clamp of the pulsator
do not surmount the friction barrier, but instead they
rebound from it many hundreds of times, travelling
backwards and forwards between the clamp and the
barrier until decay. It is manifested by an increased
length of zone L | and means greater destruction of the

test thread mark

thread. in the test, it was also reflected by a clearly
increased breakage of the threads.

It can be seen that the edge-type friction barrier
had the most destructive effect. The comparing of the
destructive action of different types of friction barriers,
based on the same values of their frictional resistance
and wrap angle of the thread, proved ineffective, and it
points up the need of a different approach to the edge-
type barriers, as the phenomena they generate are
qualitatively and quantitatively different. The results of
the investigation of which only a small partis presented
seem to indicate that friction barriers, especially the
edge-type barriers, play an important role in the
propagation of impact tension pulses or impact load
waves,
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Fig. 1. Schematic diagram of non-contact

tension pulse

observation of a selected length of thread
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Fig. 2. Test rig for analysis of tension pulse propagation using a
high-speed camera:
1 ~ tension puise represented as a unit displacement; 2 —
test object; 3 — detector of tension pulse passage; 4 — optical
oscilloscope, 5 — flash lights; 6 — detector of light; 7 — test
amplifier; 8 — recording oscilloscope; 9 — control unit
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Travel [mm)], Rate [m/s]

Fig. 4. Response of cross-section to tension pulse

Fig. 5. Views of cross-section marks; a) monofilament, b) spun yarn
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3m

5,.25m

Tension pulse

A Response of observed cross-section 3m-distant from source of tension pulse

Response of observed cross-section 4.5m-distant from source of tension pulse

Fig. 3. Photograms of displacements of selected cross-sections
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Fig. 6. A simplified model of the behaviour of a spun yarn subjected
to longitudinal loading
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Fig. 7. A schematic diagram of impact pulsator with friction barriers and with test zones L | and L Il marked on the test threads

AL (m)
L% mm)

4
axortions 3043 w *

Fig. 8. Values of elongation in zones L | and L Il for varied number of impact tension pulses () and conditions of friction: S; — without a
friction barrier; S,, S; ~ with rounded-surface barriers, respectively with wrap angle same as S,, and with friction resistance same
as S,; and S, — with an edge-type barrier

xattionn 5
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Fig. 9. Number of impact pulses (n) till break of thread on pulsator: 1 — edge-type barrier; 2, 3 — rounded-surface barriers (with friction
resistance and thread wrap angle same as on edge-type barrier); 4 — without friction barrier
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Tension Pulse Propagation through the Warp
(numerical solution)

J. Mevald and J. Nosek

INTRODUCTION

Dynamic phenomena in the linear elastic continuum,
described by partial differential equations, can be
investigated by analytic methods in many technical
applications. For example, the longitudinal vibration, or
the impact in non-damped, thin, elastic bars, was
already mentioned by TimoSenko in his textbook on
vibration in 1928. Wave phenomena, tension pulse
propagation and impact actions in the elastic continuum
with inner damping, or with dispersion, are described,
for example, by Brepta [1].

The analysis of tension pulse propagation through
warp modeled as the viscose-elastic continuum, is
complicated due to warp pre-stress, to non-linearities
in dynamic behaviour of warp threads, to marginal
conditions, including interactions with the environment,
and so on. It is possible to suppose that a more fitting
description of real dynamic actions leads to non-linear
differential partial equations whose analytic solution
is impossible. If we substitute the continuum by the
discrete system of elements n of the chain, which
the system n — of ordinary second-order differential
equations (in general non-linear) corresponds to, we
can usually solve the problem by a suitable numerical
method. If there is a sufficient number of elements n of
the discrete model (with regards to the velocity of
tension puise propagation, i.e. regarding the tension
wave length), the dynamic response of the model is
approaching the response of the real continuum. The
error of the numerical solution depends not only on the
fitting of the chosen model, and on the accuracy and
reliability of the determination of the input parameters,
but mainly on the character of the short-time pulse or
impact.

The aim of this work is to point out some possibilities
of the description of the warp discrete model regarding
the investigation of dynamic actions occurring in warp
during weaving.

Numerical values of input parameters are chosen;
they can be understood only as values of orientation
for qualitative assessment of the model. It is obvious

that for a more exact description of the real system, itis

necessary to come out from the measured values and
to compare the results of numerical simulated solutions
with the results of the experiment.
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Solitery pulse propagation — method
of physical discretisation

The warp thread is considered as a chain composed
of identical elements — links which substitute the
viscose-elastic properties of the homogeneous
continuum in the dynamic regime. The simple linear
type of the link composed of parallel tied-up spring of
rigidity k [N/m}, with a cataract having the damping
coefficient b [ N s/m ], in connection with the element
mass m [kg], as shown in Figure 1a: the so-called
Kelvin-Voigt model. In Figure 1b, there is the chain link
with linear viscose-elastic members, considered as the
standard model. An example of a link with a non-linear
dissipated member, with the character of the Coulomb
friction force r [N], is shown in Figure 1c. It is evident
that with a suitable arrangement (parallel or serial) of
different groups of springs, cataracts, or non-linear
members, it is possible to create a model with the
required viscose-elastic properties, including inertial
effects. A specific problem is to determine the input
parameter values of the chosen model on the basis of
suitable experiments.

K k -
viia [ RS i
b b
b
a) b) ¢l

Fig. 1. Examples of link types for dynamic analysis of homogene-
ous chain

Amplitudes of shifts and forces from periodical
pulses — method of transfer matrixes

Let us consider the constant artificial vibration in the
axial direction caused by periodical pulses transferred
into the tight warp. We again replace the warp by the
chain composed of elements n, containing springs and
cataracts, with linear characteristics. If we investigate
the constant state (after fading away the transient
process after the start), the amplitudes of shifts and
forces, at excitation by periodical pulses, can be
investigated by the method of transfer matrixes [3].
In the case of the linear system, it is possible to
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approximate the periodical function by the Fourier
series and to superimpose the individual response
components into the resulting amplitudes. The transfer
relation between the state vectors z,_, and z; in the
form of A;- z;_, = z holds for the linear elements
according to Figure 1a. After distribution it has the
following form

1

k,"f‘/ﬂ)b,‘ (Ui-1)_[uij
2 miﬂ)2 Ni_4 N; (5)

-m,o - -
k; + job;

or for the chain element / according to Figure 1b the
following transfer relation holds

K;+ ja)b,

k,’K,'"}"j(Ub/(k,"f‘K,’) (UI-_«])_(U,')
miw?(xc; + job;) |(Ni )~ (N:) (6)

ke + joby (K, +K;)

-mw?

In the preceding relations j stands for an imaginary
unit. In the case of the homogeneous chain, the transfer
matrix of the element / is obviously A;= A, fori =1, 2,
3... n. At the kinematic periodical excitation in the form
of the harmonic row on the left end of the chain (like the
action of the solitary pulse in Figure 2), it is possible
to record the transfer relation through the non-
homogeneous chain in the form of

Aﬂ'An—1 ~An—2 ...A,‘ A2 'A1 Zg =2,

;
resp. Cz, = z,, where C = HA,- @)

i=n

In the case of the homogeneous chain the total
transfer matrix, in the preceding transfer relation, is
C = A". Regarding the marginal conditions, we know
Up=a,, U, =0, = o, = vo and we will calculate N,,
from the relation (7) which, after distribution, contains
the condition for the calculation N,, = —a,,C,,/C;,, where
ag, means v-th amplitude of the exciting function with
the frequency w,as v-th member of the Fourier row,
v=1, 2... s. From the known starting state vector
zo, = {a,,, No.}7, it is easy to calculate the state vector
z, ={a,, N,}J"in the i-th place, i = 1, 2... n, for the v-th
exciting frequency v = 1, 2... s, using the transfer
relations

1
Zjy= zAp, U:IZO,U (8)
p=i

Summing up the individual components of the
complex amplitude in the i-th place from all v = 1 to
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s-members of the Fourier series, we will get the resulting
amplitudes of the axial shifts U; and normal forces N, as
the absolute values of the sum of the complex numbers.
Let us remark that to values calculated like this, the
force and deformation static effects from thread pre-
stress, are superimposed which, in the case of the
described linear chain at the calculation of dynamic
effects, are not taken into consideration.

Let us suppose that the investigated model of warp
thread of total length L and of total mass M is on both
sides fixed in a solid side. The thread has the static
pre-tension P to which time varying, dynamic strength
effects are superimposed from the puise. We consider
the pulse as the shift u(t), of the left end of the thread in
the axial direction to the left in the sense of tensile
increase of the axial force according to Fig. 2.

T
X de dm

u(t)y N0 N(x+dx, t)
= -
§ N(x,1)

uiy), v(x,0), a(x.1)

L vi,a,

Fig. 2. Model of warp thread. Discretisation of viscose-elastic mass
continuum

In any place remote by x from the leftend (0 <x <L)
kinematic and force effects at the continuum are
functions of remoteness x and time t, so we denote the
cross-section shift u = u(x, t), velocity v = v(x, t), and
acceleration a = a(x, t). Let us remark that the axial
(normal) force N = N{x, t) including pre-tension can
gain only positive values in the case of threads. If we
divide the continuum into the chain of elements n, the
remoteness x will correspond to the position of the i-th
element, / = 1, 2... n. Individual variables at this
discretisation are functions of place x; =/ . L/n and time
t. In the following text in accordance with Fig. 2 we
denote the variables in the i-th place briefly u,, v;, a;, N.,.
The equation of motion of the i-th element with the
mass m = M/n in Fig. 2 has a simple form

ma; =N, - N, _, (1)
where forces
Ni_y = (P +r.sgn(Av) + bAv, + kAx)) > 0,
i=1,2...n 2)

are the functions of pre-tension P, of differences
of velocities Av; = v; — v, _,, or differences of shifts
Ax; = u;— t;_4. The boundary conditions correspond to
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the type of excitation on the left end, or to fixing on the
right end of the considered chain. In the traced model
according to Fig. 2 it holds

Uiy =ut), = % [1 - cos[f—n)t)
0

for0 <t <ty resp. ut)y=0fort, <t<tg,

fori=1

Viig=V(t)y =Ug tﬂsin[—ztﬁ t]
0 0

for 0 <t <ty resp. v(t)y=0fort, <t <t

(3
orfori=n

u,=0andv,=0 for 0<t<t,

In the preceding relations t, denotes the time of
pulse duration, which is supposed to be in the form of
the cosine curve with the amplitude of U,; the end of
the time interval of the traced response is denoted t,.

As a, = dv/dt and v, = du/dt, it is possible, instead of
the equation (1), to write down the equivalent system
of the 2n first-order differential equations in the form

du;
—_— VI y
dt

where we calculate the forces from the relations (2)
and (3). It is evident that at numerical simulation we
can easily, in relation (2), also consider non-linearities
in elastic, or viscous characteristics.

Fig. 3 is a sample of the record of the simulation of
tension pulse propagation through warp according to
relations from (2) to (4). The course of the traced
quantities along the chain corresponds to time
t = 0.000269 s, where the starting (chosen) parameters
aremy = 1.75 . 105 kg/m, L = 3 m, U, = 0.003 m,
t,=0.0002 s, {=0.02, K=1000 N/m,r=0,P=2N
with the time step of integration At = 2 . 10 s. Before
the simulation itself we will calculate m = myL/n, k = Kn;
b={.2. (k.m)°5 the number of chain elements was
n=100. Fig. 4 is showing the record of the same
simulation in time ¢t = 0.000833s, corresponding,
approximately, to return of the reflected wave.

In Fig. 5 you can see the example of the amplitude
solution of fixed axial shifts and forces from periodical
tensile pulses acting on the left end with the amplitude
of U, = 0.003m which we replaced by s = 20 —
members of the Fourier series. This replacement, at
time of period T = 0.1 s (i.e. 600 pulses per minute), at
time of pulse t, = T/20 = 0.005 s, approximates the

dv, 1
d_tl = E(Ni - Ni—1)

4)
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1=0.00@269500

Fig. 3. Course of shifts u,(f). 1000, velocities v,(t), acceleration a,(t).
0.00001, forces Nt). 4 for t = 0.000269 s

Funkce uiN1@000,vi,ain0.00001 NiNd v i—tem miste

| |t=a.eues3ass

s . L .
0 S a0 o 80 160

.90 %0=0.0038 t0=0.0002@ ze=@.02@ Ki:= v=R_0 F=2.@ dt= Z.GE-83

Fig. 4. Course of shifts u(f). 1000, velocities v/(t), acceleration a(t).
0.00001, forces N((t). 4 for t = 0.000833 s

course in the form of shifted cosine curve (3) with
convenient accuracy. Analogously, as in the case of
numerical simulation in paragraph 2, we chose
numerical values of parameters my,= 1.7 . 10 kg/m,
L =3 m, K =50 N/m and, moreover, for the standard
model K, = 100 N/m. The number of chain elements
was n = 500. In Fig. 5 above, there are the courses of
fixed amplitudes of axial shifts U(x) along warp thread
for various values { = 0.001 to { = 1, and coefficients
of damping b = . 2. (KM)°® which were calculated
from them beforehand. It is evident that damping has
no essential influence on the course of amplitudes of
shifts, while its influence on the course of fixed
amplitudes of axial forces N(x) can be seen in the
lower part of Fig. 5; at the same time we can see that
the fixed amplitudes of forces are going up with the
increasing remoteness of x from the place of acting of
pulses on the left end.
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Amplitude of the longitudial displacements U=Udx >

oo
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Fig. 5. Amplitudes of fixed axial shifts and forces from periodical
pulses

CONCLUSION

Tension pulse propagation in warp threads can be
solved numerically, with a certain care, by using
suitable discrete models of the continua. It is necessary
to mention that such models have rather different
properties than the continuum and namely at stress by
short-time pulses or impacts.
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At physical discreteness and numerical integration
of ordinary differential equation system it is possible to
consider even non-linear characteristics of chain
elements. The application of this method is limited to
shorter time intervals corresponding to the return of the
reflected tension wave.

Investigation of the distribution of fixed amplitudes of
axial shifts and forces along warp thread at excitation
by periodical pulses in the case of linear chain enables
to utilise the principle of superposition. Periodical
pulses can be approximated by a suitable number of
members of the Fourier series. For numerical solution
the method of transfer matrixes has proved successful
in the complex field.

By a similar procedure it is possible to investigate
dynamic effects on more precise models with an apter
description of excitation and marginal conditions. But
for further theoretical analysis co-operation with
experimental research is essential.
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Theoretical aspects regarding the behaviour
of the warp yarns
submitted to dynamic tensile stresses

Dorin AVRAM, Mihai CIOCOIU, Dumitru MIHAESCU, and Nicolae IRIMICIUC

INTRODUCTION

The behaviour of the warp yarns on the weaving
loom is determined by the nature of the loading they
are submitted to during the weaving process.

The present paper deals with theoretical aspects
regarding dynamic tensile loading of the warp yarns,
establishing a theoretical model for the tension in these
yarns during weaving.

On the basis of this model it is determined the tension
variation in the warp yarns during shedding and beat-
up function of the initial tension and of the weaving
conditions (specific to a weaving loom).

WORKING HYPOTHESES

The elaboration of the new mathematical model for
the tension variation in the warp yarns is based on the
following hypotheses:

H1. The main shaft has a uniform rotation movement
and the driving device (mechanism) of the reed
revolves with angular speed:

w=do/dt = w, (1.1

not affected by other devices of the weaving loom.
The rotation angle of the reed’s driving mechanism

(1.2)

will be chosen as independent variable in the study on
the evolution of warp yarns dynamic tensioning process.

This process is considered periodical with the period
P and pulsation p:

¢ = wt

P = 4n (1.3)

p=2mP=05 (1.4)

H2. The dependence of the ¢, angle upon the reed’s
to and for movement in respect to it's vertical position
(Figure 1.1) and the rotation angle ¢ of the reed’s
driving mechanism is determined experimentally by
measuring the horizontal distance

Sa=AA (1.5)

for different ¢; angles within the domain [0, 4x], thus
obtaining by calculus the reed’s deviation (movement)
angle
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a-S, .
Oy =arctg—H—A, i=1,2..

(1.6)
where
a — the distance between the vertical position of the
reed and the weft insertion zone, S, — the distance
between the reed’s arbitrary “i” position and the weft
insertion zone, H - the distance between the oscillation
point of the reed and the horizontal position of the warp
yarns (levelling position) (Figure 1.1).

The ¢, values depend upon the constructive
parameters of the weaving loom.

H3. The law of dependence of the heddles’ shafts
movement function of the rotation angle of the reed’s
driving device h = h(¢) is determined experimentally
and depends on the fabric’s weave type and the shafts’
driving.

H4. The beat-up of the weft yarns takes place during
the reed’s forwarding phase towards the weft insertion
zone (¢, > 0), beginning form the moment when the
point A of the reed reaches the position A, placed at
the distance e = AyA,; from the extreme position A, and
ending when the point a reached A,.

Thus, to this value of e corresponds a variation ¢, of
the reed’s oscillation angle, satisfying the condition

tgo, = (a —e)/H (1.7)

Because the value of the reed’s oscillation angle at
the beat-up end corresponds exactly to the maximum
value of this angle, ¢,,, it results that the beat-up
process takes place in the following interval of variation
of the oscillation angle:

P, € ((va’ (pvm) (18)

From the reed’s rotation angle variation function of it’s
driving device rotation angle it can be observed that the
beat-up process takes place at the end of the 2r period.

The displacement S during weft beat-up (according
to Figure 1.1) can be determined by the use of the
relation

_ H(‘Pv - (va)

"~ cos Qym COS QO p (1.8)

where ¢,, represents the angle of the reed in the
moment when beat-up begins.
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Because ¢, = f(¢), the expression (1.8) becomes

_H(f(9)- 9)

(1.9)
Ccos ¢, COS Puwp

Representing graphically the evolution of S function
of the rotation angle of the reed’s driving device it can
be observed the periodical variation and that the
maximum value was reached at the moment of beat-
up end.

H5. During one running cycle of the weaving loom,
the warp yarn tension has two components:

a) A static component, T, caused by the initial static
strain, AL, of the yarn segment A,B; the unstrained
length is

L0=/1+/2—6—ALS, (1.10)

The static tension, which is permanent, becomes:
T =AEAL/L, (1.11)

where A represents the area of the yarn’s cross section
and E the tensile modulus.

b) A dynamic component caused by the dynamic
strain of the yarn due to shafts movement and beat-up
process; itis admitted that in the lapse of the weft yarn,
the extremity of the warp yarn from the weft insertion
zone remains in the position A,.

In such conditions, the length of the warp yarn in the
considered position A has the value:

L=AC+CB (1.12)

Considering the notations from the figure 1, it is
obtained:

1 1 13,5
L={h+l)-e+S+—|———+—1h
(h+12) 2(/1—e+8 ,2] (1.13)
approximated by

10+
L:(/1+/2)—G+E1Tzzh2 (1.14)

The total elongation of the warp yarn, in the
considered moment, will be given by the expression:

1+
AL=L-Ly=ALy+S+5o2h (145
12
and the corresponding tension will be:
AE AE AE 1AE /1 +1
T=""AL=""TAlg+——S+-=1"2p2 (1.16)
Ly Ly L, 2Ly Iy
or
1AE |, +]
T=T,+2Es+ =2 n? 1.17)

Lo 2Ly I,
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The direct use of this expression is not possible
because the functions S(¢) and h(¢) are defined on
intervals, during one period of the loom’s working. Even
there are discontinuities between them, in order to
make the relation (1.17) operable there will be firstly
established two additional mathematical models to
permit the expressing of the function T(¢) as a
continuos function of ¢ variable.

THE ADDITIONAL MATHEMATICAL MODELS

The mathematical model for the heddles’ movement

The shafts’ law of motion is determined by the fabric’s
weave an itis expressed by f(¢), i = 1, 2..., which must
represent, as correct as possible, the function h(g) for
one period, udder the form of:

filp) o« [(0(0)5 (P(1)]

fo) velogyiop]

f(p), o€ [(P(n—n; ‘p(n)]

The periodicity of the function h(¢) with the period P
and the pulsation p permits it's expressing by means of
Fourrier series:

ay .
h(ep) = —22 Y [an cos(npp) + b, sin(npe)]  (3.2)
n=1
with the coefficients
1S
2—2 J. )cos(npe)de
=0,
/
1L "” 3.3
,,—2—2 J' )sin(npg)de (3.3)
=0,

Generally, these series are rapidly convergent and
they can be expressed under the form of a N degree
trigonometric polinom:

N
h(g) = %0 + [an cos(npg) + b, sin(npg)] (3.4)
n=1

The mathematical model of the displacements
during weft beat-up

The function S(g) is specific to the weaving loom’s
type and might be expressed for one period of work of
the loom by the equations:
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fi(9)=0, s [‘P(O); (P(1)]
S(o) - fi(¢) = kip + ko, <P€[‘P(/‘-1)? ‘P(/)] (3.5)
fi(e) pe [@(/_1); ‘P(,-)]
fo(9)=ksp +ks, @€ [‘P(n-u; ‘P(n)]

Due to it's 4n periodicity, S(¢) can be expressed by
means of Fourrier series as follows:

Z [An cos(npe) + B, sin(npp)] (3.6)
n=1

with the corresponding coefficients:

@

1 n
A, = EZ j )cos(npg)de
/= 0¢,1
1 &} 3.7
By, =§Z [#(9)sin(npg)de &7)
i=0¢,

The mathematical model for warp yarns
tension variation

Introducing the relation (1.17) in the relations (3.4)
and (3.6) it can be obtained the following expression
for the warp yarn tension:

+Z [A, cos(npg) +B,, sm(npq))]]

1AEA+@[%
2L, I,

+i[an cos(npg) + by, Sin(”P‘P)]}

2" (3.8)

EXPERIMENTAL WORK

The calculus of the warp yarns tension by means
of the relation (3.8) it is possible after determining
the elements presented in Figure 4.1 establishing
experimentally the motion law of the reed, the shed’s
height evolution (Figure 4.2) and the variation of the
distance between the reed and the weft insertion zone
(Figure 4.3), for a certain type of weaving loom. An
example is presented in Table 1.

The testing conditions were:
— 15 tex polypropylene yarn
—yarn diameter: 0.015 [cm]
— tensile modulus, E: 0.283 - 108 [cN/cm?]
—initial tension, T, 30; 60; 90 [cN]
—initial length, L: 81.5 [cm]

—number of considered terms in the Fourrier

approximation, N: 8

— the coefficients of the Fourrier series and the variation
of the total tension in the warp yarns are presented in
Table 1.

CONCLUSIONS

The new mathematical model for the warp yarns
tension shows the tension dependence of the yarn's
characteristics, weaving loom type (driving devices for
the heddle shafts and the reed), fabric weave, law of
movement for the shafts and of the technological
weaving conditions.

By the use of this mathematical model it can be
realised a computer program to permit quick and
accurate evaluation or the warp yarns tension function
of the technological conditions and of the weaving
loom type.

Fig. 1.1.
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Fig. 4.3. The variation of the distance between the reed and the weft insertion zone (S) during one period (P)

Tab. 4.1.
a, a, a, a, a, a, a; a, a, a,
-0.001 2.901 0.002 4.331.10*% 4.711- 10* 0.23 7.425. 10* 0.1 8.603- 10*
bn bo b| bz ba b4 bs bs b7 bs
0 3.171 0.002 0.001 -2.86- 10* 0.365 0.002 -0.055 9.174- 10
A, A, A, A, A, A, A, A, A, A,
0127 -7.319- 10° 0.119 -6.372- 105 0.1 -4.386- 10° 0.073 -3.268- 105 0.046
Bn Bo B‘ Bz Ba B4 Bs Bs B7 Ba
0 9.322. 10% -0.034 2.498- 10° -0.061 3.294- 10% -0.077 3.169- 10° -0.08
150
Tst=90 (cN)
100 \Tstef @) N R N
T(cN)

50|
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Possibility of Adjusting the Optimum Tensile Properties
of Yarns to Processing Conditions Thereof

Jerzy Stodowy

Department of Weaving Technology and Structure of Fabrics, Technical University of +odz

The aim of the procedure described herein was to
determine the effect of the fatigue strength of a yarn on
its performance in weaving. The tests involved in the
procedure are comparative in nature and their coverage
is confined to the relationship between the operation of
the loom and behaviour and performance of the warp.

For the purposes of the study selected were two
cotton yarns, one ring-spun and one rotor-spun, having
the same linear density 1 x 40 tex and made from the
same supply lot of raw material. Each of the two yarns
was subjected to a series of dynamic impact loads
being a simulation of the action the loom on the warp in
weaving which were applied to the yarn on a specially
designed test station incorporating a generator of
dynamic tension pulses described as a dynamic
pulsator (Fig. 1).

The two yarns were tested at the same settings of
the pulsator, as follows. In every test a group of 20
threads of yarn were applied to an initial static load F,
to impart to each thread a tension equal to 15 % of its
value of breaking load. The values of mean breaking
load F,, and mean elongation at break 4,, had been in
each case determined for either yarn in its condition as
spun on a tensile tester.

Every test on the pulsator was carried out in two
stages. In stage 1 both yarns were subjected to a
series of fatiguing actions of the pulsator, with the
number of impact tension pulses being suitably varied.
The frequency of the pulsation was constant at 200
cpm. (cycles per minute). For each test group of
threads determined was the mean breaking load F, and
mean elongation at break 4,. For every next test group
mounted on the pulsator the number of fatigue pulses
was increased by 1,000, starting from 1,000 pulses.
For the ring-spun yarn the test was terminated after
13,000 cycles of pulsation due to increased breakage.
Test of the rotor-spun yarn was arbitrarily terminated
after 100,000 cycles despite there being no breaks
even after that amount of fatigue.

In the first stage of pulsation, the tested group of
threads were exposed to a constant tensile load F, and
tensile load F,, applied impactwise in a constant
amount by equipping the pulsator with compensation
for elongation of the threads. Following the test on the
pulsator, each thread of the test group was tested on a
tensile tester to determine its F, and 4, the values of
which were adopted as a measure of fatigue strength
of the yarn.
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In the second stage, both yarns were subjected to a
series of fatiguing actions of the pulsator at varied
frequency of pulsation with the maximum number of
pulsation cycles being 1,000 for all test groups of
threads. Testing was started at 50 cpm and terminated
at 590 cpm.

The test results are shown in Figs. 2 and 3 in which
the mean values of breaking load (bars) and elongation
at break (dots) are represented for the two yamns as a
function of the number of fatigue cycles (k) and pulsation
frequency (n). On the graphs marked as reference are
the values of F,, and 4,, for the yarns before fatigue.

Itis seen from the results that in the condition before
fatigue the ring-spun yarn is stronger by about 35 %
than the rotor-spun yarn, while the latter has a slightly
higher elongation at break.

When comparing the two yarns with regard to the
number of fatigue cycles which they can withstand the
rotor-spun yarn stands out very superior as it shows an
extremely low susceptibility to long-term fatigue. The
values of breaking strength of the test threads
subjected to thousands or even tens of thousands of
fatigue cycles are little different from those of the same
yarn in unfatigued condition. Even after 100,000 fatigue
cycles the breaking strength of the yarn remains
unimpaired. However, elongation at break is in all
cases lower than in the unfatigued condition.

Also for the ring-spun yarn the elongation at break is
at all levels of fatigue lower than unfatigued. But there is
a distinct drop in the breaking strength of the ring-spun
yarn at all levels of fatigue except after 11,000 cycles
when the yarn reaches a maximum value of breaking
strength due to its having undergone sort of mechanical
conditioning. At first the breaking strength of the yarn is
decreasing till about 7,000 cycles to reach a local
minimum, whereupon its breaking strength is increasing
till a maximum when it exceeds the initial value and then
it drops rapidly with increasing breakage on the pulsator.
In the case of the ring-spun yarn the curves of variation
of breaking strength and elongation at break manifest
an interesting parallelism consisting in that the value of
elongation is decreasing and then increasing till a
maximum (11,000 cycles) coinciding with the maximum
for breaking strength to drop equally rapidly in the end.

Analysis of pulsation frequency shows that after a full
range of testing on the pulsator the values of breaking
strength for both the ring-spun and rotor-spun yarns do
not descend below the level of strength shown by either
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yarn before being fatigued. This would suggest that
while being tested on the pulsator the yarns receive
some mechanical conditioning. Also here the ring-spun
yarn has its tensile maximum coinciding with about
420 cpm at which also its elongation at break is the
highest.

Similarly as in the tests for resistance to fatigue the
rotor-spun yarn shows a very low susceptibility to
changes of the manner it is fatigued, i.e. in this case
to changes in pulsation frequency, and maintains a
more or less constant level of breaking strength. Its
elongation at break shows some variability and
oscillates close to A,,.

The above results are an encouragement to seek an
explanation of the mechanism leading to the fatigue of
a yarn resulting in its disruption, although in some
cases the yarn may retain its strength to fatigue loads.

The decreasing elongation at break of the test
threads as their fatiguing is continued suggests that
the threads are stiffening up. Confirmation of the
stiffening process was sought by measuring the free
vibration frequency of the threads.

The free vibration frequency v of a cut length of a test
thread was measured on a test device as shown in
Fig. 4. Free vibration frequency was determined for both
the ring-spun and rotor-spun yarn by first mounting, on
the test device, a sample of unfatigued yarn to determine
the v, and then the yarn was given a suitable number of
fatigue cycles. The results are presented in Fig. 5.

An increasing effect of fatigue on free vibration
frequency could be seen for both yarns. The ring-spun
yarn, however, differed in its changes of v from the
rotor-spun yarn. In the ring yarn, v increased rapidly
during the first short phase of fatiguing to assume a
decreasing tendency as fatiguing was being continued,
while in the rotor-spun yarn free vibration frequency
increased incrementally as fatiguing was continued,
which seems to suggest that each of the two yarns
takes up fatigue according to a different mechanism.
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CONCLUSIONS

The results of the tests show that the yarns differ in
their load-carrying capacity which may be increasing
or decreasing as a function of the number and
frequency of applied pulsation cycles, this being
systematically observed in the case of the ring-spun
yarn. Worthy of noting is the parallelism of changes in
breaking strength and elongation in the case of the
ring yarn, which may be interpreted that the two
parameters are inter-related in indicating the degree
of degradation of the yarn. The optimums of the
curves allow to postulate that it possible to select
yarns with optimum fatigue strength, tested on
the pulsator, for the intended further processing.
According to this supposition a given ring-spun yarn
would have to be assigned, for instance, the function
of warp on a loom operating with a frequency
acceptable for the yarn and optimum number of the
tension imparting cycles.

The tests of strength to both fatigue and pulsation
frequency revealed that the rotor-spun yarn (These
yarns in their unfatigued condition are, according to the
conventional tensile tests, weaker than ring yarns) was
much less affected by fatigue and was, therefore, more
suitable for further processing. In the discussed tests
the behaviour of the rotor yarn was very stable and it
was quite resistant to fatigue. This was confirmed by
experimental tests on the loom.
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Fig. 1. The dynamic pulsator: 1 — active clamp; 2 — passive clamp; 3 - travel limiter of active clamp; 4 — weight to even up tension in test
threads; 5 — weight to produce initial tension in test threads; 6 — active clamp return spring; 7 - slide; 8 — connecting rod; 9 — drive

eccentric; 10 — test sample
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Fig. 2. Effect of fatigue on strength of yarn
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Cotton yarn 40 tex
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Fig. 3. Effect of pulsation frequency on strength of yarn

Fig. 4. Test device for measuring free vibration of yarn: 1 — programmable generator of vibration; 2 — vibration transmitter; 3 ~ tested yarn;
4 - vibration receiver; 5 — tension imparting system
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New Concept of Formating of Properties
of the Weft Package

Marek Snycerski

Department of Weaving Technology and Structure of Fabrics, Technical University of t6dZ

So far the structure and, therefore, also the
properties of the commonly used filters, including textile
multilayered filters, are stochastic, since for a filter to
be fully definable it is necessary that its structure
is determinable and determinable are also the
dimensions and shapes of the filtering spaces and
their patency. Such conditions can be satisfied only by
structures that are both porous and channelled. The
question is if a precision-wound single-thread package
can be made to have such a determinable structure.

As itis, the literature devoted to analysis and formation
of the structure of a precision-wound package is rather
scanty and so the structure of the common package is
unavoidably random. Important contribution to the
understanding of the structure of a package was made
in the late 1960’s by Leopold Gdrecki who was the first
to make an analysis of structure of a package network,
based on known winding ratio expressed as i = L/M.
(Fig. 1) The expansions of the three package networks
wound at ratios 39/19, 44/19, and 50/19, which are
presented in Fig. 1, are seemingly identical. Gérecki
introduced the following concepts: angular coil gauge ¢;
winding cycle M.; and package network rank R. The
angular coil gauge ¢ of a package is the angle of rotation
of the package between its adjacent coils. Winding cycle
M is the number of cycles of the guide after which the
order in which the coils are laid in the package is
repeated. Winding cycle is an indirect measure of the
density of coils in a package. Package network rank R is
the number of different values of coil gauge within a
winding cycle. Thus, a package network formed at
winding ratio 39/19 is a rank-one network, 44/19 gives a
rank-two network, and 50/19 a rank-three network. All of
the presented networks have the same winding cycle
M =19 and the same coil gauge ¢ = 2r/19. Although
Gorecki’s findings are important they do not provide a
sufficient basis on which to program the structure of a
package network.

In my doctoral thesis | demonstrated evidence that
decisive for the structure of the network of a precision-
wound package is the fraction of winding ratio expressed
asi=A +a/M., and decisive for the stability of the coil
network (and, therefore, for durability and unwindability
of the package) is the spacing of the spans formed by
the crossing coils. | introduced the concept of spacing
number ‘k’ and demonstrated that package network
structure can be programmed by selecting the
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appropriate values of the spacing number k. On the
basis of 'k’ the required winding ratio can be determined.

So far, despite of the great advances in the winding
technology, programming of structure of package
networks permits only to optimise the stability of a
precision-wound package and thereby to improve the
winding/unwinding conditions. However, it is reason-
able to suggest that of all types of packages the
precision-wound type has the greatest potential for
rational shaping of its structure.

The present description of the structure of a precision-
wound package is insufficient to solve problems
associated with dyeing and filtration of packages which
are generally difficult to dye evenly or are undyeable.

The thesis can be put forward that a single-thread
precision-wound package is a porous and channelled
structure which, owing to the layout of its coils being
fully definable, meets the condition of definability of the
dimensions of the filter spaces and, therefore, their
shapes and patency are programmable.

The coil network (Fig. 2) of a precision-wound
package is built up of inter-crossing coils laid out on a
cylindrical surface. The repeating element in this
network is an eye. As the networks are superimposed
in the successive winding cycles a network of straight,
radially oriented channels is formed. (Fig. 3). The
dimensions of the diagonals of the eyes and,
therefore, dimensions of the channel cross-sections
can be found from the parameters of the package/, D,
yarn d and winding ratio i. Depending on the
technological assignment of the package it can be
designed to have the wanted coil spacing ‘b’ or eye
area ‘S’. Then the corresponding winding cycle is:

7D
Z(b +— d )cosa
sin2a

~a+ [a? +4(Ssin2a - d?)(xDhsina cos )
2Ssin2q - d?

M:

M=

a = nDd sina + dh cosa

where: M —winding cycle, D — diametr of package, d —
diametr of thread, a —winding angle, S — eye area, b —
coil spacing.
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The spatial structure of package networks was
analysed on models. In Fig. 4 a view of a flat model of a
package network formed with a fraction of winding ratio
29/70 is presented. In the next figures photograms of
the same model made by placing the camera at different
heights and in a direction concurrent with and opposite
to the real direction of formation of the network are
presented. Although the photograms represent the
same object, what is viewed looks different. An analysis
of the distribution of the coil crossings in a plane normal
to the package axis, (Fig. 5), reveals characteristic void
spaces in the package which are described as inclined
channels. Of these, the channels inclined in the direction
of package rotation are described as concurrent
channels and those inclined in the opposite direction
as counter-current channels. Channels of opposite
orientations inter-cross to form a network which permits
access of dyebath to every part of the package. A
generalisation of the conclusions of the analysis led to
the formulation of mathematical relations by which the
number and type of the inclined channels can be
determined, depending on the rank of the coil network of
the package.

The number of channels of each type can be found
from the following relations:

Number of straight channels: K, = M?i
where: M — winding cycle; i — winding ratio;

Number of inclined channels built on j-rank coil
gauge: 0(p) = ik} K3... k2, K3
where: k... k,, are corresponding coil spacing numbers.

To verify a flat model of a package network a
cylindrical model of a real package was made using a
copper wire wrapped with rayon. Cross-sections were
obtained after setting the model with chemically cured
resin. The view of a cross-section of a real package
model presented in Fig. 6 and 3.20 shows that the
madel is consistent with the flat models except that the
inclined channels are curved and therefore difficult to
observe in the real packages. The continuity of the
channels in a package is preserved owing to the fact
that they continue through the borderlines between the
layers wound in the successive winding cycles and as
it can be seen from Fig. 7 the corresponding inclined
channels are shifted in relation to one another.

Therefore, (Fig. 8) if the coils of yarn are laid out in a
controlled manner, a precision-wound package can be
obtained with programmed layout of channels having
defined dimensions and continuity. This would be the
first case of it being possible to create a programmed
non-stochastic porous structure.

The objective of the experimental verification of the
designed packages with a porous and channelled
structure was to assess if there were conditions in the
packages for migration of a liquid to every part of the
package. The methods by which the verification was
carried out included photogrammetry, tomography, and
direct dyeing.
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The effect of migration in the surface layer was
recorded by photogrammetry (Fig. 9) and the direct
process of migration by tomography. The method of
direct dyeing consisted in dyeing packages under
industrial conditions. Used were packages of polyamide
filament yarn of a hardness 55° Sh and specific density
680 kg/m®and packages of textured polyester yarn of a
hardness 40° Sh and specific density 510 kg/m®. In
industrial practice package dyeing is usually confined to
packages of a specific density about 200 kg/m?.

The dyeing experiments showed that the rate of
migration grows with increasing cross-sectional area
of the channels, giving a greater amount of migration
per unit time.

Analysis of the tomograms presented in Fig. 10
reveals differences in the character of migration
between individual package structures. They show that
migration was the best in the package of which the
structure is marked 4, while in the remaining packages
migration varied with size of the channels.

Since the aim was to assess the improvement of
dyebath migration in the packages, the experiments
included dyeing under normal conditions and dyeing
with reduced heating and dyeing times. The results of
dyeing with normal dyeing time are presented in Table 1.
Impaired migration of the dyebath due to hydrothermal
shrink manifested itself in packages 1 and 2 as poorly
dyed edges of the packages where the cross-sectional
area of the channels was not large enough. The package
used in industry for dyeing textured polyester yarn is not
suitable for dyeing polyamide filament yarn because it
gives an under-dyed central part of the package and
fully non-dyed top and base of the package. In packages
1, 2, and 3 (Table 2) which were dyed with dyeing time
reduced by half and heating time reduced by a quarter
impaired migration was observed due to insufficient size
of the channels.

Final remarks

The structure of a precision-wound single-thread
package is programmable.
The parameters of package structure which can be
programmed are:
1. For the purposes of handling and storage of yarn:
e density of coils in package;
* layout of coils in package;
2. For the purposes of dyeing and filtration:
e number and type of channels;
e cross-sectional area of channels;
e [ayout of channels.
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Fig. 1. The expansions of the package networks wound at ratio: @) ~ Fig. 2. Scheme of the network’s eye
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Fig. 3. The repeting elements in the network

View of a flat model of network formed with a winding ratio 29/70
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Fig. 8. The package with a programmed non-stochastic porous structure
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Tab. 1.
The results of dyeing with normal dyeing time
Intensity of dyeing on medium of package Intensity of dyeing on border of package
Package Equability [%] Tone Equability [%] Tone
1 100 5.0 90 5.0
2 100 5.0 95 5.0
3 100 5.0 100 5.0
4 100 5.0 100 5.0
5 100 5.0 90 5.0
6 90 5.0 20 5.0
Tab. 2.
The results of dyeing with 0,5 time of dyeing
Intensity of dyeing on medium of package Intensity of dyeing on border of package
Package Equability [%)] Tone Equability (%] Tone
1 90 4.0 90 2-3
2 20 4.3 90 3.0
3 80 4.5 90 35
4 100 5.0 100 5.0
5 100 5.0 50 24
6 80 4.0 90 1.0
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Straining Of Various Linear Textile Bodies (LTBs)
In Generalized Drawing Fields,
Mainly In Warps On Looms

Stanislav Nosek

The Textile Faculty, Technical University of Liberec

Problem of steadiness of warp tension during
weaving as the impulse for studying stress-strain states
of linear textile bodies (LTBs) during tensioning in
textile processes

The impulse for studying the stress state of LTBs in
various extension or drawing fields in textile machines
originally arose in connection with arising of a theoretic
problem in weaving of leno fabrics. These fabrics
consist of two warps of standing and crossing threads.
Yet both warps are taken-up from one single warp
beam simultaneously and in the same lengths, but
they are tensioned during weaving quite differently.
Each of the two warps is lead through a different path
with different length and frictional resistance (see Fig.
1a), and also each warp is consumed differently in the
produced fabric due to different bindings of the two
warps. The question was whether, in the group of
crossing threads with permanetly higher consumption
and with higher resistance against their run through
the loom, the warp tension wouldn’t increase gradually
in the course of longer time of weaving until the threads
would break completely.

Later it appeared that some considerations used in
the solution of the leno weaving problem have a
common validity also for other textile processes. Such
a consideration dealt e.g. with the problem of
distribution of local velocities v(x) and local
deformations g(x) along a LTB (linear textile body)
between the feeding and taking-up rollers or other
feeding places (Fig. 2). This problem comprises 1. the
case of straining of an elastic warp between the warp
beam and raw beam on the loom, 2. the case of a
running elastoplastic fibre between the rollers during
stretching, 3. the draft of a bundie of fibres (of a sliver)
in the drawing field, etc. Due to the numerous practical
occurances of extension of LTBs between the feeding
and take-up places in textile processes under various
conditions, the problem has been watched both for
purely elastic as well as for elastoplastic material,
without- and with own masses dispersed in the LTB,
and also the effect of inner friction between elements
(between individual fibers) of the LTB has been taken
in consideration.
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THE BEHAVIOUR OF PURELY ELASTIC LTB’S IN
A GENERALIZED DRAWING FIELD

Stretching of chemical fibres, drawing of slivers or
rovings, tensioning of yarns on the looms etc. represent
special cases of the general situation of lenghtening of
linear textile bodies (LTB) in an extension (drawing)
field between the feeding and taking-up spots. These
spots can be realized as rollers, jets, warp- and raw
beams on the loom, pressuring drums etc. The areas
between the spots can be called the generalized
drawing or extension field.

In many textile processes, stretching, drawing or
extension of textile materials is of basic importance. It
causes elongation or yielding of material or sliding of
molecules or fibres or threads on each other, aiming to
reach a certain equilibrium position of particles in the
material.

At the begining of this paper it will be first supposed
that the processes of extension or drawing of textile
materials in the machines are relatively only so slow
that it is not necessary to take in account the inertia
masses of materials or the propagation of tension
waves in them.

The “principle of relativity” in drawing of textile
materials.

Studying of behaviour even of the simple elastic
LTBs without own masses needs some correctness.
Let us consider an example of an elastic LTB
tensioned between two pairs of roliers with different
velocities. Due to the difference between the taken-

t t
up and delivered lengths of material J.vzdt,J.wdt

0 0
during the time t, the tension varies according to the

t t
Hook law: Q(t) = E/A[ J vdt - jv1dt] (E —the elasticity
0 0
modulus, A — the cross section area). At first sight,
the distance L between the input and output rollers is

Vidkna a textil 5(3) 198-208 (1998)
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often simply taken as the length | of material to be
deformed. For steady velocities the tension is then
Q(t) = (EA/L)(v, — v4)t. We see from this result that the
tension would increase until the breakage of material.

Yet this does not usually occur in practice. The
substantial inaccuracy of the above mentioned
consideration lies in the fact that the relevant length of
the LTB which is deformed, is not L, but, in fact, only a
shorter relative length / = L/(1 + &) = L[(1 + Q/EF); itis
the ariginal length of material before elongation to L.
The relative output velocity v,.. of the taken-up
material is therefore lower than the peripheral absolute
velocity v, of the rollers, vy = Vof(1 + €). That leads to
a certain ,principle of relativity of material drawing*: the
relative velocity vy, Of yarn or other LTBs in the
clamping line of the rollers depends on the absolute
take-up velocity v, of rollers so that it relatively
decreases with increase of v, due to the increase of
elongation ¢ of the LTB.

The distribution of “drawing” rate v(x) in an
elastic LTB (warp) at low extension speed

According to the preceding paragraph the tension in
a LTB between two pairs of feeding rollers does not
permanently increase with time but steadies on a
constant value. Consequently also the distribution of
the drawing rate v(x) steadies on a certain profile
between the rollers. Yet the form of the distribution is
not evident at first sight: 1. does v{(x) according to
Fig. 3 increase from the starting value v, to the limiting
value v, immediatelly after passing the input rollers?
2. or does itincrease from v, to v, linearly in connection
with the successive elongation of threads in the
drawing field? 3. or does it increase exponentially in
result of a certain feedback effect between the velocity
and elongation? 4. or at last, does it not change
jumpvise to the value of v, only at the end of the
drawing field when entering the take-up rollers?

Let us prove it: Suppose that an initial point X on the
thread reached in the time t, a position x in the “drawing
field” by the average velocity v,.(x). In this position
and time the thread is stretched by a relative elongation
£(x). Its free (unstretched) length equals to the rolling-
up of the surface of input rollers, x; = v, t.. The relative
elongation of threads is then

X=Xy _ Vaverage(X)tx = Vitx _ vp -V ]
X4 V1tx V4 ( )

£ =

But everywhere between the rollers the drawing force
is equal, Q(x) = const, and so the elongation ¢ of a
purely elastic body must be equal, too. In the eg. (1), to
this condition corresponds the only possible value of
the average translation velocity v,. = const = v,.
Consequently, in the drawing field containing elastic
material, the velocity v(x) jumps to the terminal velocity
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v, immediately after passing the input rollers. The
drawing force in the threads is everywhere

Q=EAc=EA @)

4

The force Q represents the basic tension of warp on
the loom (i.e. the tension not affected by the influence
of shed opening and beat-up pulses). It is obvious that
the values of the tension tend to copy the variations of
consumption rate of warp, v, = v(t).

In the course of weaving process the rate of
consumption v,(t) = v,(t) can vary randomly or by a
prescribed law, e.g. at the weaving of transversal
binding stripes with different warp consumption or at
the set of the machine in motion. Due to this the warp
tension would also vary and leave structural bars in the
fabric. Therefore, the warp tension must be controlied
on the loom by means of a regulator which changes
properly the input velocity v,. The input velocity of warp
v, (equals to the peripheral velocity of the warp beam)
is controlled by the let-off motion of the loom, and the
warp tension Q is held approximately on a standard
value [3].

The transition process in the elastic LTB (in warp
on loom) after the start of “drawing”

The theoretical linear increase of tension Q(t) in a
LTB after the start of its elongation, described earlier in
this paper (eq. (1)) and declared as being wrong, due
to the incorrect length taken in account for elongation,
nevertheless, occurs for a short while after the start of
weaving. But later the tension steadies asymptotically
on a standard level according to eq. (2).

Let us observe Fig. 4 above. At the beginning of
drawing or extension the input rollers start to deliver a
nonstretched material with the standard velocity v;.
The delivered length d&, in the time dt equals to the
rolled-up periphery of the rollers dx, = v,dt. Yet after
entering the drawing field the threads extend
themselves jumpvise by the relative value ¢. Therefore,
the length dx, = v,dt taken-up by the output rollers is a
length of already extended material. The really taken-
up length is shorter by the elongation, d&, = dx,/(1 + &),
and the real take-up velocity Vi, Of the free
unstretched thread is lower than the speed v, of output
rollers.

The total set of equations describing the time course
of elongation of the LTB is:

dQ=EA dop —dé) _ padée—déy i d&; = dxq = vdt
/ L/(1+¢)

dé, =—==——v,dt; e=1/EA
}:2 1+e 1+¢ 2 € / (3)
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Fig. 4. Bellow: The results are exponential transition curv

es aiming at a steady value of Q according to the equation above.
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From here results a differential equation and the
corresponding solution of Q(t)

do v, . EA
PR R i
L L
—t/— — =t/—
= Q(t)=Qqpe "1+EAV2V—V‘(1—9 "’J (4)
1

The resulting equation of tension in the LTB during a
transition process after the machine start consists of a
transition part beginning with the initial value of warp
tension Q, at the loom start (Fig. 4 bellow), and of a
part reacting to the changes in the rate of delivery and
consumption of warp. Clearly, the first part can react
also to “negative” initial tension. For example, on a
loom the warp reacts to the surplus of length at the
machine start. The second part reacts to jumps in
taking-up velocities during the machine run with a
certain exponential starting process; it may cause
transition bars in the fabric density (stop-set bars).

Weaving of warps containing groups of threads
with different consumption in comparison with
the average value (e.g. weaving of leno fabric)
from one single beam

During the weaving of fabric with leno binding, or of
fabric with longitudinal stripes (e.g. with satin binding)
as a result of uneven weaving-in of individual warp
ends in the bindings the consumption of all warp
threads is not equal. The feeding speed of the warp
beam v, is common for both systems of threads, all
threads being controlled at once by the let-off motion.
The take-up velocities of standing or crossing threads,
or of threads in satin stripes and in the fabric bottom
{let's call them v,, and v,), are different from the
feeding speed v;; €.9. vy, > Vo > V4.

For weaving a leno fabric the warp ends are drawn
into the harnesses, e.g. like in Fig. 1a. The system of
standing threads (the lower branch “d” of warp) is
drawn into the shaft practically directly in a length L.
The system of crossing threads (upper branch “h") is
drawn into a needle shaft in a broken line across a
leading rod in a bigger length L,. Beside that, on the
leading rod and in the eyes of the needles a
considerable friction resistance arises thanks to the
bending of threads round the total angle of almost
180°. That leads now to several questions:

— The upper path of threads is longer than the lower
one. Does the surplus of the upper length mean a
certain abundance of material during weaving?

— It is probable that at the moment of drawing-in of
warp or setting the loom in motion the desired tensions
of both systems of warp ends will be not secured. It
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can be expected that the tension of the upper branch
of warp will be higher. Where does the surplus of
tension vanish?

— In the upper branch of warp arises a significant
friction resistance. Does it affect the weaving tension
and the weaving-in (consumption) of yarns in the
fabric?

From practical experience we know that these
questions do not mean any serious problems for
weaving, and that the stress state of warps and the
values of threads consumption settle themselves
automatically on equilibrium levels corresponding to
the desired weaving process. According to the relation
(4) the tensions in the threads settle themselves after
some time t on two different values which will be really
reached in practice:

Q,=EAT2 =11 Q= EAT2 " (5)
V4 vy

The warp lengths L, , L, play no role; the velocities of
consumption vy, Vv, play the only role.

Concerning the influence of frictional resistances in
the path of upper warp (Fig. 1b) on tension and
elongation in yarns, for the sections between frictional
spots the following equations hold:

Qa — Qzefa1 - Q1ef(a1+a2) - Q1efa (6)

To judge the tendency of warp to steady itself, let us
scope the transition processes in warp tension after
the start of the machine with some initial tension
deviations from standard values in sections Q, Qy,
Q4. During the transition process at each increment dt
of time the warp tension increases by dQ. The
elongation ¢ and real velocities of sliding have to be
related again to the free — nonstretched lengths of
warp in each section. It will then hold (for relatively
negligible length L, and its elongation)

i EAL Vs _ v@dt
— +€
dQ1 =EA 53 51 - L1 -
,1 3]
1+ &4
EA '
= —L1_[v3 —vy(1+&)]dt

EA[ Vb —L}dt
dQSZEAdﬁo—dlja: T+eg 1+e|
/3 L3
‘ 1+£3
EA 1+ &4
=—"|vp-vV dt (7)
L3[D 31+81:|
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By putting approximately (1 + &)/(1 + &) =1+ g—¢g,
from here results a set of (nonlinear) equations

L1 %4‘0-‘\/1 + 0 + 0 —EAV3 = —EAV1

dQ,
0 —O1v3+L3—d?—+ng3+EAv3=+EAvD (8)
0 -Qe” +0  +Q; +0 = 0

For the steady state it holds that hm d(g =0. If we
introduce EA/L, 5 = & 5, we obtain for the tensions Q, 5
and elongations ¢, in the upper warp the following
steadied values (here in a simplified linear form)

e Qi _vo-wi 1
"EAT v, e’
83:&:M:81ef‘1; (9)
EA 2

Vp + v1(e"’ - 1)

Itis clear that also the crossing ends in all sections of
drawing into the needle shaft reach a steady
distribution of tensions or elongations, as well as of
sliding velocities. The abundant or missing lengths will
be absorbed in the fabric by that the delivered warp will
be temporarily elongated less or more than normally.
That will also temporarily affect the fabric structure —
the waveness of threads will be different from the
standard. The deviation of waveness can be then
visible as a glossy or dark bar.

THE BEHAVIOUR OF VISCOELASTIC LTBS

First, let us neglect the effect of dynamic properties
of the drafted or stretched medium. That means that
we do not take into account continuous masses
distribution in the medium, supposing that still today
the propagation of tension and deformation waves in
the LTBs (e.g. in the warp) is significantly faster than
today’s highest processing rates. Kinematic scheme of
the motion of medium in the drawing field (of warp on
the loom, of fibre during stretching or of an idealized
sliver in a drafting device etc.) is in Fig. 5.

The course of motion velocity of a LTB and the
distribution of deformations during stretching
of a viscoelastic medium in a drawing field

The following considerations deal with a viscoelastic
LTB — in fact with a sliver with inner time-dependent
friction between the fibers modelled as a Newton
element and a spring.

Vidkna a textil 5(3) 198-208 (1998)

Thanks to the speed dependent resistance of the
medium against elongation, its sections Ax will be not
elongated to the finite state by a jump, but by a certain
transition process. The resulting advancing velocity
v(x, t) = v4(t) + d&(t)/dt inside of the drawing field in this
case does not also change immediately to the take-up
speed v,(t), as it would theoretically do with the elastic
medium. The velocity v(x, t) increases as shown in the
figure.

The motion of particles of the medium in the drawing
field in the case of material with rheologic behaviour is
described by a system of equations, leading to a
resulting partial differential equation of additional
shifting £ of the particle

%E(x.t)  _ JE(x,t)
BA % + EA Ev

and to the differential equation of elongation in a visco-
elastic LTB...

=Q(f) (10)

52
BA,(t) f(X t)

=Q(t) (11)

it
X
From its solution results:
a) the distribution of the elongation (particles
displacement) in the drawing zone

é(x, ) Q(t) Bl LAV ﬂV1(t){ (t) 8(0)][1*8_)(/['6‘/1(()]] (1 2)

(see the course in Fig. 6a). Bv, = (BAJEA)v, is a
constant of the exponential increase of elongation in x
direction, Q/EA = & = (v, — v,)lv, is the starting
elongation of the LTB, and £(0) is the elongation in
t=0.

b) On the base of known displacement £(x) of the
particle Ax in the point x of the free (nonstreched)
medium, itis possible to calculate the real position of
this particle in the extended medium X = x + &(x).
Especially a relation between the whole non-
stretched length / of the medium and the length L
of the drawing field can be written. The unstretched
length / of the LTB between the rollers is from here

L+ prfe) S0 - «(0)

Q(t)
EA

/=

(13).
1+ =22

c) Differentiating the shift £ of medium particles along x
we obtain the distribution of relative medium
elongation in the drawing zone

e(x t)_dé(i t) Q(t)(1 e—x/[Mt)])

EA (14)

(See graph 6b). The full draft approaches the steady
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value with a transition process with the “time” constant
X = Bv,(t). In a sliver, at higher drawing velocities the
maximum drawing speed arises almost near the end of
the drawing field, yet not jumpvise as often supposed.
d) by differentiation of the displacement (shift) & by
time t we obtain the motion velocity of medium
particles v(x) in individual places x

(xt)_ . JEx1)

v(x)=vy+ " =V, gV d

=vy[1+¢(x)] (15)

(see Fig. 6c¢).

DYNAMIC TENSIONING OF LTBs WITH EVENLY
DISPERSED MASSES

In textile machines not only steady extension of textile
materials between the feeding and take-up places can
appear. Often the deformations are periodic or impulse-
type or random processes with a complete spectrum of
harmonics. Such straining in LTBs we can name
— the motion of long warp ends between the creel and
warping machine (cca 5 m) with excitation caused by
unwinding threads from bobbins and by vibrating thread
tensioners;

— warp motion after the impulse-type, beat-up or after
the shed opening on very fast looms;
— the weft insertion on the loom, etc.

In these cases the distribution of own masses and
rheologic properties in the linear textile bodies (LTBs)
have to be respected. In looms, designed at present,
(more than 1000 up to 2000 rpm) the distributed
masses and the propagation of tension waves in
the long LTBs start to play an important role. The
solution in such cases leads to analysis of propagation
of pulses and deformation waves in yarns. A model of
a LTB —e.g. of a thread or warp end — with distributed
differential masses connected by three-element
models of elasticity was shown already in Fig. 7a.

The system can be described by a set of equations
in the operator form

’t(p.X) p _n
Thlﬁp &(p, x) = bipé(p, x)=0;
Fp) - £0) 0 ax =0 (16)
Here E(p) = |E|(1 + pT)(1 + p7) is the elasticity

modulus; 7= b,/C,, T = b,/C, + b,/C,.
From here results the operator elasticity constant of
a massive body with the total length /

!
+pG(p)--
p e ct+e

G(p)

F(p,1) “Pelel

x(p)

an

~[ oT~

C(p, /) = = pAc

{
e"'PG(P)E _ “PG(P)E

Vidkna a textil 5(3) 198208 (1998)

where

(1 +pT E|
1+ pr
is the velocity of tension waves propagation.

The operator elasticity constant C(p,/) can be
transformed into the complex constant C(jw, /) for
periodic straining by formal substituting p — jo. The
frequency characteristics of the elasticity constant of a
thread (of a LTB) of the length I is plotted in Fig. 7b.
The characteristics show that the LTBs get “harder”
with higher frequencies of deformation. At very high
frequencies on the characteristics in several places
alternately high peaks and low amplitudes arise, where
the material is very hard or, on the contrary, very
compliant. These resonance places mean that with the
excitation on the corresponding frequencies Q, Q,...
the threads are coming into resonance vibration or
“antiresonance” damping. On the loom the excitation is
brought mainly on the weaving frequency o, = 2rn/60,
on the frequency of the beat-up pulses which is higher
in order and also on a row of higher harmonic
components of the warp straining. The effect of
dynamic constants of elasticity of LTBs manifests itself
in a row of textile processes, mostly rather negatively,
but sometimes even positively.

THE INFLUENCE OF DYNAMIC ELASTICITY OF
WARP ON WEAVING

Effect of varying dynamic elasticity (rigidity) of
warp on weaving processes in the future

We can see on the characteristics of the elasticity
constant of LTBs (e.g of a warp) that the elasticity
constant or the thread rigidity C(w) on average grows
with increasing frequency w of straining. As the outputs
of machines permanently increase due to the work of
designers and inventors, the weaving rates and
deformation frequencies of warp and weft will grow,
too. The materials of warp and weft become quasi
more rigid as if became gradually shorter than they
really are on the loom. Weaving becomes more difficult.
Higher beat-up forces and, of course, more end downs
have to be expected. The fabric will be more sensitive
to low stability of the weaving system. It starts to be
necessary to search for new ways of solution of these
future effects.

The shedding and the beat-up

1. Let the excitation function x(t) acting on the warp
on the loom represent a step in elongation (e.g.
approximately a very steep opening of almost
“rectangular” shed on the weaving loom, or some sort

205



of the beat-up pulse): x(t) = X - 1(t) = x(p) = Xp~'. The
response on such a step-shaped deformation of warp
with elasticity modelled by a three-element member
will be a step in tension, yet starting with a higher peak
of force:

1+pT

F(p) =C(p)x(p) = Coxm

I

=F(t)= cox(1 + —T;—T e-“f) (18)

The underlined expression represents here the peak of
tension as if the material of warp was temporarily harder
in the very moment of the start of the coming deformation
signal. The peak of tension means a harder straining of
warp. In the case of rectangular beat-up pulse it would
mean a significantly higher beat-up force.

2. If the excitation function x(f) acting on warp and
fabric is specially harmonic, x(f) = x sinat = x(p) =
= xaf(p? + o) the operator constant of elasticity C(p)
can be transformed by substituting p — jw into the s.c.
complex constant of elasticity. That is a complex
number with the amplitude and phase angle depending
on the excitation frequency @

1+ joT
1+ jort

C(jo) = Co

_ Co Vvi+ a)sz efj(arctng—arctng) _ IC(w)le—jtb(w) (1 9)
1+ w272

it is evident that, as T > 7, the absolute value (the
amplitude) of the complex constant of elasticity | C(w) |
increases (hardens) with increasing excitation frequency
. That must be taken in account in today's looms
working in practice round 500 revs min~' or alittle higher.
At periodic straining with medium frequency the warp is
seemingly more rigid than it corresponds to results
gained on a slow working standard laboratory dynamo-
meter used for measuring of warp elasticity.

3. The beat-up force F,(t) can be expressed as the
equivalence of the reaction R(t) of warp and fabric on
the deformation of the cloth fell x(t) at the beat-up pulse.
In the complex form (in Fourier transform) it sounds

Fp(jw) = R(jw) = [Ci(jw) + Ca(jw)]x(jw) =

= Corlj@)x(jo) (20)

Clearly with heightening the beat-up frequency the
dynamic elasticity constant of warp and fabric C(jw)
grows and the resulting beat-up force increases, too.

206

Other examples of influences of dynamic
elasticity of threads

4. Besides the warp on the loom there are other cases
in textiles, where the mass distribution and inner
elasticity and damping of motions play their role. One
of them is the tensioning and straining of threads
between the creel and winding stand on a warping
machine (see Fig. 8). Firstly, the tension in the threads
is excited jumpvise by the fact that the threads get from
stillstand immediately into a very fast motion. Secondly,
the tension is excited randomly as a result of unwinding
of threads from the bobbins, and also as a result of
unsteady tensioning of threads by mechanic tensioners
with pressuring masses which often tend to jumping in
the friction places. In the threads vibrations with a wide
spectrum of frequencies arise which propagate
themselves with exponential damping along the thread
length between the bobbin and the guiding roller of the
winding stand.

5. Another example is the insertion of weft on a
weaving loom (Fig. 9). Between the inserting nozzle
and the storage (which is here presented as a bundle
of threads — without resistance of unwinding from a
bobbin) the weft is tensioned. At the time of insertion a
wave of motion with a velocity v,(x, t) runs from the
nozzle backwards to the storage, varying its form in
the direction of the weft and also increasing and later
decreasing in the course of time. Due to high velocity
of insertion, no vibration can arise. Yet the starting
peak of tension may be rather high and may even
break the weft.
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Fig. 7. The elasticity constant of a massive yarn at the given length /.

a) The distribution of masses dm, of elasticities C = EF[dx, and damping (energy dispersions) bdx/dt = BF/dt
b) The frequency characteristics of the elasticity constant C(jw); for o < ay, viscoelastic, for o > @, dinamic with distributed mass
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Fig. 8. Stress waves in threads between the bobbin on the creel and reed or guiding roller of a warping machine
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DEFORMATION WAVE PROPAGATION IN_THE INSERTED WEFT(W) ON A LOOM

BETWEEN ISTORAGE (S) AND HOZALE(N] vulm
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Fig. 9. Propagation of the deformation wave in the inserted weft on an air jet ioom in the section from the nozzle back to the weft storage
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