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The results of measuring the load of a warp thread with a beating-up force and the density of weft threads obtained in a woven
fabric using both a vibrating and rigid reed were presented. The improvement of the conditions of thickening weft threads as a result of
using the vibrating reed was indicated. A simulation model of the thickening zone of a woven fabric was presented. The influence of the
parameters of vibratory motion of the reed on the improvement in the conditions of thickening woven fabrics was analyzed.
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1. INTRODUCTION

Thickening the weft threads in a woven fabric using a
vibrating reed, which has besides its basic to-and-fro
movement a second oscillating motion [1, 2] of a
significantly smaller amplitude and higher frequency, gives
two possibilities:

¢ Reduction of the resistance force of the weaving with a
beating-up force, which is a force with whom the reed is
loaded during the thickening of weft threads, enables to
reduce the destructive effects of the reed on the textile
material, especially on the warp thread, and to reduce
the dynamic load of the slay mechanism enabling to
lighten its structure and the whole weaving loom, as well
as to improve the conditions of its work [3].

e Widening of possible to obtain thick structures of the
woven fabric produced, [4].

Studies on the vibratory thickening of weft threads were
performed in two ways: tests conducted using a measuring
stand and simulation tests. In both cases, the beating-up
force and the obtained density of weft threads in the woven

fabric produced were analyzed on the basis of a scheme of
three research cases: case 1 — beating-up with a rigid reed
(R), that is, in a classic way; case 2 — beating-up with a
vibrating reed (VR) with a reduced force but with the same
density as obtained in case 1; case 3 — beating-up with a
vibrating reed with an increased density so as the beating-
up force is the same as in case 1.

2. MEASURING STAND TESTS

The influence of some waving parameters on the improving
of vibratory thickening of formed woven fabric was analyzed
using measuring stand tests. Figure 1 shows a schematic
diagram of the testing stand, which consists of the following
parts: 1 — exciting device of vibratory motion of the reed, 2 -
flexible weaving reed, 3 — sliding slay, 4 - additional elastic
element increasing the resonant frequency of the vibrating
system, 5 — harnesses, weaving shed, 6 - picking
mechanism, 7 — warp beam, 8, 9 - mechanisms controlling
tension of a warp thread, 10- wave fabric take-up roller
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Figure 1. Schematic diagram of a measuring stand.

The tests at the measuring stand were carried out using
weft and warp yarns made of staple polyester of 50tex. The
change in the tension of warp thread was measured by a
momentary position of the whip roller [5, 6]. Figure 2 shows
an exemplary course of tension of 100 warp threads Qos.
Woven fabric was made with the following parameters: initial
tension of the warp thread measured on a closed shed
Qo=22.3N, the amplitude and frequency of the vibratory
motion of the reed Y,=0.3mm, f,=350Hz. The displacement
of the edge of a woven fabric during the contact with a reed
Y, called a beating-up zone [2, 3, 4, 5], was regulated by
value of pitch on the wave fabric take-up roller. The beating-
up zone was Y=20mm. The character of the courses results
from the cyclic opening and closing of the shed. The
characteristic leap of the tension presented on the graphs
results from the beating-up phase of the weft thread [1]. The
beating up force is proportional to this change in the tension
(the damping effect of the woven fabric has been
postponed) [5, 7]. The beating-up force was appointed in
this way. In the green course near the peak values, a pull of
a warp thread can be seen which is a result of the vibration
of the reed.
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Figure 2. Momentary tension of warp threads during the weaving
with a rigid reed (black) and vibrating reed (green).

The results of the tests at the measuring stand are
presented in the form of course graphs. Research courses 1
and 2 were compared. Figure 3 shows a course of a relative
reduction in the beating-up force Qq with a vibrating reed in
relation to the beating-up force with a rigid reed as a
function of the initial tension of a warp thread. The curves
determined for three values of a beating-up zone are similar.
The greatest advantage in the form of more than 20%
reduction in the beating-up force was obtained for the
smaller values of the initial tension of warp threads. With an
increase in the initial tension of the warp threads, the
influence of the vibrating reed decreases.
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Figure 3. Relative decrease in the beating-up force as a function of
the initial tension of a warp thread.

Research cases 1 and 3 were compared. Figure 4 shows
the courses of a relative increase in the density of weft
threads Z in a woven fabric using a vibrating reed in relation
to the density obtained with a rigid reed as a function of an
initial tension of the warp thread. The courses were
determined for three values of the beating-up zone. The
greatest advantage in the form of a 7% increase in the
density of weft threads was obtained for the smaller values
of the initial tension of a warp thread and the greatest value
of the beating-up zone. This may result from the number of
strokes of the vibrating reed in a single cycle of beating-up.
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Figure 4. Relative increase in the density of weft threads as a
function of the initial tension of a warp thread.

3. SIMULATION MODEL

The impact of the parameters of the reed's vibratory motion
on the conditions of thickening of the woven fabric has been
simulated and analyzed in simulation tests. The generation
of different frequencies of the vibrating motion of the reed is
particularly difficult on a test stand. As the result of reed's
resonance frequency change is the change of rigidity of the
system.

The purpose of the simulation tests was to develop a
dynamic model of a thickening zone of weft threads. Figure
5 shows a weft yarn thickened by a reed blade [3 ,8], its
initial position and weft yarns introduced in the previous
weaving cycles, that is a woven fabric formed. The following
parameters were determined: momentary displacement of
the weft thread on the warp thread y;, momentary pitch of
weft threads {, and a diameter of weft threads d.

Figure 6 shows forces acting on the weft thread being
thickened [3, 9]. Momentary forces in the front and back
warp sheet was marked as F.
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Figure 6. Distribution of forces in the weft thread introduced

Q4/F ratio as a function of a displacement of the weft thread
on the warp thread is presented as the following
dependence [3]:
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where:
Qs - adhesion force between the threads [10].

Figure 7 shows the course of Q«F; as a function of the
momentary relative pitch #/d (a = 4°, Qy/F7 = 0.01). The curves
determined for different values of the coefficient of friction
between the threads x [11, 14] are close to each other. The
value of the beating-up force is mainly determined by the
momentary position of the weft thread in regard to the edge of
a woven fabric and to a lesser extent by the frictional
properties between the warp and weft threads [4].
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Figure 7. Ratio of force Qu/F; as a function of a momentary relative
pitch

The model of the thickening zone of weft threads is shown
in Figure 8 [3, 4]. The slay moves with a rotary-reversing
motion around its own axis. The flexibility of the reed was
shaped with a rotating joint. The vibratory motion of the reed
and slay is inflicted cinematically. The momentary
displacement of the edge of a woven fabric in the woven
fabric-warp thread arrangement is marked as y,. The
momentary displacement of the woven fabric’'s edge in the
contact phase with a reed is the sum of displacements y;
and y» according to the dependence:

Nty :(pb(lb+e)+¢we' (2)

The displacement of the weft thread on the warp thread
takes place when a beating-up force is acting, and the
dependence (1) is right. From the adopted model of the
woven fabric-warp thread arrangement the following
dependence results:

Qs () =13k, +k)+ 35(c, +<,). 3
where:

ko, ki - rigidity of warp thread, - woven fabric,

Co, Ct— damping coefficient of warp thread, - woven fabric.

Force in warp threads in the front part of the shed is the sum
of the initial tension of a warp thread, the forces resulting
from the rigidity of a warp thread and the force resulting
from the damping of a warp thread [12, 13] according to the
following dependence:
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Figure 8. Diagram of simulation model of the thickening zone of
weft threads
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4. SIMULATION TESTS

Research cases 1 and 2 were compared. The cycles of
thickening the weft yarns were simulated with a constant
pitch, and the rigid and vibrating reeds of different
amplitudes. Figure 9 shows the momentary values of the
beating-up force in the cycle (frequency of the slay motion
f,=10Hz, frequency of the vibratory motion of the reed
fy»=400Hz). The amplitudes were: in case 1 (black) Y,=0mm,
in case 2 Y,=0.1-0.5mm.
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Figure 9. Momentary beating-up forces with a vibrating reed of
different amplitudes at a constant pitch

Figure 10 shows the course of a relative decrease in the
beating-up force as a function of the amplitude of the
vibratory motion of the reed. The results were referred to the
average values of the oscillation of the beating-up force;
over 20% was obtained.
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Figure 10. Relative decrease in the beating-up force as a function
of the amplitude of the vibratory motion of the reed

Research cases 1 and 3 were compared. The cycles of
thickening the weft threads with a determined value of a
beating-up force with a rigid and vibrating reed of different
amplitudes were simulated. Figure 11 presents the
momentary values of the relative pitch of the weft threads
thickened in the cycle (f,=10Hz, f,=400Hz).
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Figure 11. Momentary relative pitch during the beating-up with
constant force, with a vibrating reed of different amplitudes

Figure 12 shows the course of a relative increase in the
density of weft threads as a function of the amplitude of the
vibratory motion of the reed; over 13% was obtained.
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Figure 12. Relative increase in the density of weft threads as a
function of amplitude of a vibratory motion of the reed

Research cases 1 and 2 were compared. Cycles of
thickening the weft threads with a constant pitch, with a rigid
and vibrating reed of different frequencies were simulated.
Figure 13 shows the momentary values of the beating-up
force in a cycle (f,=10Hz, Y5=0.3mm). The frequencies were
the following: in case 1 (black) f,=0Hz, while in case 2
f»=200-800Hz.
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Figure 13. Momentary beating-up forces with a vibrating reed of
different frequencies at a constant density

Figure 14 shows the course of a relative decrease in the
beating-up force as a function of frequency of the vibratory
motion of the reed, over 30% was obtained.
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Figure 14. Relative decrease in the force of beating-up with a
vibrating reed as a function of frequency of vibratory
motion of the reed

Research cases 1 and 3 were compared. Cycles of
thickening the weft threads with a determined force, and
with a rigid and vibrating reed of different frequencies were

158

TEKSTIL ve KONFEKSIYON 25(2), 2015



simulated. Figure 15 shows the momentary values of a 3. Thickening with a vibrating reed increases the density of

relative pitch of the weft threads introduced (f,=10Hz, weft threads obtained in a woven fabric with a beating-up
Y2=0.3mm). force predetermined.
Figure 16 presents the course of a relative increase in the 4. The amplitude and frequency of the vibratory motion of
density of weft threads as a function of a frequency of the reed improve the conditions of thickening the woven
vibratory motion; over 13% was obtained. fabric (frequency to a greater extent than the amplitude).
5. CONCLUSIONS 5. A complete analysis of the influence .of the reed's
vibrating movement parameters on the thickening of the
1. The improvement of the conditions of thickening weft woven fabric cannot fully be carried out, trough to many
threads with a vibrating reed occurs with an increase in technical and non technical obstacles at a testing stand.
the area of the beating-up zone and with a decrease in Therefore simulations are essential for any deeper
the initial tension of the warp thread. analysis of the described phenomena and as such
partially were carried out and demonstrated in the
2. Thickening of weft threads with a vibrating reed papers.

decreases a dynamic load of a slay and warp thread with
a pitch of the woven fabric predetermined.
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Figure 15. Momentary relative pitch during the thickening with a  Figure 16. Relative increase in the density of weft threads as a

vibrating reed of different frequencies function of a frequency of vibratory motion of the reed

REFERENCES

1.

Kuchar M., Stodowy J. 2011, “Operational and technological aspects of vibration beat-up”, Textiles Review: Textiles, Clothing and Leather No 4, pp. 26-28
and No 5, pp. 23-25

Wroctawski Z. 1997, “The vibration beat up of the weft”, FIBRES & TEXTILES in Eastern Europe, No 4, pp. 78-80
Kuchar M. 2013, “The vibration beat-up in the weaving loom”, Scientyfic Bulletin of The Lodz University of Technology

Kuchar M. 2013, “Vibratory Thickening of Weft Threads in a Weaving Loom — Simulation Tests”, FIBRES & TEXTILES in Eastern Europe, 21, No 5(101)
pp. 59-64.

Azzam H. A., Blsgen A. 2006, “Dynamic cloth fell movement” Part I: Critical review. AUTEX Research Journal, Vol. 6, No 1 March

Celik O., Eren R. 2014, “Mathematical analysis of warp elongation in weaving machines with positive backrest system”, TEKSTIL ve KONFEKSIYON, No
24(1), pp. 56-64

Katunskis J.: Theoretical and Experimental Beat-up Investigation. FIBRES & TEXTILES in Eastern Europe July / October 2004, Vol. 12, No. 3 (47)

Masaijtis J. 1978, “The static of creation and autoregulation of the fabric structure by theory S. Nosek”, Scientyfic Bulletin of The Lodz University of
Technology

Bilisik K., Yildirim B. 2013, “Investigation of stick-slip stage of yarn pull-out in dry and softening treated polyester ribs woven fabric”, TEKSTIL ve
KONFEKSIYON, No 23(3), pp. 247-254

Kuchar M., Michalak A. 2012, “Cling of threads as a parameter accompanying the acting force during weaving”, Textiles Review: Textiles, Clothing and
Leather, No 7, pp. 19-22

Svetnickiené V., Ciukas R. 2009, “Investigation of friction properties of yarns from natural fibres”, MECHANIKA, No.1(75)

Mikotajczyk Z. 2011, “Optimisation of the Knitting Process on Warp-Knitting Machines in the Aspect of the Feeding Zone Geometry”, FIBRES &
TEXTILES in Eastern Europe, Vol. 19, No. 4 (87) pp. 81-88.

Baksys B., Sokolova T. 2009, “Mutual positioning of automatically assembled noncylindrical parts”, MECHANIKA, No.2(76)

Ramkumar S. S., Shastri L., Tock R. W., Shelly D. C., Smith M. L., Padmanabhan S.: Experimental Study of the Frictional Properties of friction Spun
Yarns Journal of Applied Polymer Science, Vol. 88, 24502454 (2003) © 2003 Wiley Periodicals, Inc.

TEKSTIL ve KONFEKSIYON 25(2), 2015 159




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


