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Abstract

This paper presents a theoretical investigation of fibre dynamics and agglomeration
mechanisms in a novel wrap yarn spinning system incorporating a V-grooved roller. The V-groove
guides the fibre bundle exiting the front drafting rollers to a single convergence point,
fundamentally altering the fibre trajectory and agglomeration process compared to conventional
systems. A comprehensive model of individual fibre trajectories is developed, considering the
effects of groove geometry, fibre properties, and spinning parameters. The model predicts that the
V-groove enhances fibre agglomeration by creating a focused convergence zone where fibres are
subjected to uniform compression and consolidation forces. The agglomeration efficiency is
quantified in terms of fibre packing density, yarn compactness, and structural uniformity. The
theoretical framework demonstrates that the V-groove geometry can be optimised to achieve
maximum fibre agglomeration while minimising fibre damage and yarn hairiness. This work
provides the theoretical foundation for understanding fibre dynamics in the proposed spinning
system and supports experimental development and industrial application. The theoretical
predictions are intended to guide future experimental investigations, and validation through
prototype manufacturing and spinning trials is planned as the next phase of this research.

AHHOTaUA

B panHOlM paboTe mpejcTaB/lieHO TeOpeTHUeCKOe WCC/Ie/joBaHHe JUHAMUKWA BOJIOKOH U
MeXaHU3MOB arjioMepaliid B HOBOM cucCTeMe TIpsiieHusi OOEpTOuHOro TUma € V-00pasHbIM
pudIEHbIM Ba/IMKOM. V-00pa3HbIi a3 Harpap/sieT BOJIOKHUCTBINM MYYOK, BHIXOASILUMN U3 TiepeaHei
BBITSDKHOW Taphl, B €JUHYI0 TOUKY CXOXKJEHHs, UTO TPUHLMIUAIBHO W3MeHsIeT TpaeKTOPHUIO
JIBIDKEHUST BOJIOKOH W TIpOLIeCC arjioMepalii TI0 CpPaBHEHUIO C TPAJULMOHHBIMU CHCTeMaMHu.
PaspaboTraHa KoMIJIeKCHast MO/ieJib TPAeKTOPHi OT/le/TbHbIX BOJIOKOH C YUETOM B/IMSIHUSI TeOMeTPUN
rasa, CBOMCTB BOJIOKOH M TapaMeTpOB MpsiieHusi. Mozenb TpejcKa3biBaeT, yTo V-00pa3HbIi ma3
yCU/MBAeT arjioMepaliviio BOJOKOH 3a CYET co37aHus (OKYCMPOBAHHOW 30HBI CXOXKZAEHUs, Tre
BOJIOKHA T10/[BEPralOTCsi paBHOMEDHOMY CKaTUI0 M YIIOTHeHUt0. J((deKTUBHOCTL arioMepariviu
OLIEHMBAeTCsl uepe3 TIUIOTHOCTb VIMAKOBKK BOJIOKOH, KOMITAKTHOCTb TIPSDKA W CTPYKTYPHYHO
ofiHOpOJHOCTh. TeopeTHyeckasi OCHOBA ZIeMOHCTPUPYET, UTO TreoMeTpusi V-00pa3HOro rasa MoOXeT
OBbITb ONITUMU3KPOBaHA [Jisl OCTH)KeHUs] MaKCHMaJIbHOU arJioMepaliiy BOJIOKOH ITPU MUHUMAa/TbHOM
MOBPEX/|eHUM BOJOKOH M yMeHbIIIeHWH BOPCUCTOCTH Tpspkh. J[laHHass pabora co3faér
TeopeTHyeckyro 0a3y /s TOHUMaHWsl JUHAMUKUA BOJIOKOH B TIpeJjilaraeMoi cucTeme TpsifieHusl U
CJIy’)KUT OCHOBOM /i1  JKCTIepUMeHTalbHOM pPa3paboTKHM U TPOMBIIIEHHOTO TIPUMeHeHUsl.
TeopeTnueckre  mpejcKa3aHUsi  TPU3BaHbl  CAY)XKUTb ~ OPUEHTHUPOM st Oyayumx
9KCIepUMEeHTa/IbHbIX WCC/Ie[loBaHUM, a TIPOBepKa MX J0CTOBEPHOCTH TOCPE/CTBOM H3TOTOBJIEHHS
MIPOTOTUTIOB Y MCIIBLITAHWHN B TIpOLiecce TpsiieHus 3alylaHMpoBaHa Ha CJeyHOLUi 3Tar JaHHOTO
HCCJIe/IOBaHUSI.

Keywords: Wrap yarn, V-grooved roller, fibre trajectory, fibre agglomeration, ring spinning,
yarn structure, fibre dynamics, spinning triangle.
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KroueBbie ciioBa: 00&pTouHas 1psika, V-00pa3Hblii pudIEHbIN BalvK, TPAeKTOPUsSI BOJIOKHA,
ariomepaLysl BOJIOKOH, KOJbLieBOe MpsiZieHre, CTPYKTypa IPsDKU, JMHaMUKa BOJIOKOH, TPEYTOJbHUK
TIpSi/IeHNSI.

Introduction

The spinning triangle is the critical region in yarn formation where individual fibres converge,
are consolidated, and twist is inserted to form a coherent yarn structure [1]. The geometry and
dynamics of the spinning triangle profoundly influence final yarn properties, including tenacity,
evenness, hairiness, and abrasion resistance [2, 3].

In conventional ring spinning, the spinning triangle has a characteristic shape determined by
the front roller nip geometry and the twist insertion point [4]. Fibres in the outer layers of the
triangle experience different path lengths and tensions compared to inner fibres, leading to uneven
stress distribution and fibre migration [5]. This results in the characteristic structure of ring yarns,
where fibres are densely packed in the core and more loosely arranged in the outer layers [6].

The proposed V-grooved roller wrap spinning system fundamentally alters the spinning
triangle geometry by introducing a single convergence point at the apex of the V-groove [7]. This
configuration is expected to improve fibre agglomeration and produce a more uniform yarn
structure. Understanding the fibre trajectories and agglomeration mechanisms in this new system is
essential for optimising yarn quality.

Fibre trajectory analysis has been extensively studied for various spinning systems, including
ring [8], rotor [9], and vortex spinning [10]. Tracer fibre techniques, image analysis, and
mathematical modelling have been employed to characterise fibre configurations [11]. Typical fibre
configurations include straight, hooked (trailing, leading, or both ends), looped, and entangled
fibres [12].

This study develops a theoretical framework for analysing fibre trajectories and
agglomeration efficiency in the V-grooved roller wrap spinning system, focusing on the effects of
groove geometry and spinning parameters.

Materials

The fibre materials used in this theoretical study include 100 % cotton roving and a
continuous filament. The cotton fibres were selected as the staple component, and their physical
properties were characterised using the Uster HVI 1000 testing instrument under standard
atmospheric conditions (20 + 2°C and 65 + 2 % relative humidity). The measured fibre properties
are presented in Table 1.

Table 1.
Properties of cotton fibre used in the study
Parameter Value

Fibre type 100% cotton

Staple length 29.2 mm

Micronaire 4.3 png/inch

Fibre fineness 1.59 dtex

Tenacity 22.9 cN/tex
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Parameter Value
Elongation 7.1%
Maturity index 0.85
Short fibre index (SFI) 7.8%
Fibre length L ¢ 29.2 mm
Flexural rigidity F 2.92 x 10”° cN-mm?

The filament component is a synthetic continuous filament, the specific type and properties of
which are selected based on the intended weft yarn for denim fabric application. The V-grooved
roller is assumed to be manufactured from ceramic material with a smooth surface finish to

minimise fibre damage and ensure consistent yarn guidance.

Fibre Trajectory Modelling

Figure 1. illustrates the proposed spinning system. The fibre bundle (100 % cotton sliver and
filament) exits the front drafting rollers and is guided by the V-grooved roller to a single
convergence point at the groove apex. The twist is inserted at this point by the rotating ring-traveler

system

o

100% cotton yarn

Filament
/ (single yarn)

EXPLODED VIEW OF V-SHAPED ROLLER

v

Guide roller ,/

pairs

V-shaped roller used in
the proposed construction

Spinning “-

triangle t | Twisted (under twisted)
' ring yarn

1

Figure 1. Schematic diagram of the proposed V-grooved roller wrap spinning system showing
fibre trajectories from front rollers through the V-groove to the yarn formation point

The V-groove geometry is defined by: a: V-groove apex angle, a: Vertical distance from front
roller nip to groove apex, b: Horizontal offset from front roller nip centre to groove apex, W:

Groove width at the entrance.

The trajectory of an individual fibre as it moves from the front roller nip to the convergence

point is governed by the following factors:
1. Fibre initial position at the roller nip;
2. Fibre length and mechanical properties;
4. Air drag forces;
5. Inter-fibre interactions;
6. Twist propagation.
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The fibre path length S, from the roller nip to the convergence point can be expressed as:

It d 2 d 2
Sf=/ \/1+<d—y) +<d—z> d,

where the fibre coordinates (x, y, z) are determined by the fibre's initial position and the

groove geometry.
The fibre tension T, during the convergence process is:

Tf =T, + ATalrag + ATfriction

T, = initial tension at roller nip;

ATy..e = tension increase due to air drag;

AT iciion = tension increase due to groove friction.

The V-groove convergence angle g at the fibre position determines the lateral compression

Fc=Tf-sin(§>

This compression force is crucial for fibre agglomeration. A larger groove angle reduces

force F, acting on the fibre:

compression, while a smaller angle increases it.

Based on the trajectory analysis, the following fibre configurations are predicted in the V-
groove system:

1. Core Fibres: Fibres passing near the centre of the bundle follow a straight or slightly curved
trajectory, forming the yarn core;

2. Sheath Fibres: Fibres from the outer layers of the bundle are compressed by the V-groove,
forming the yarn surface;

3. Wrapper Fibres: Some fibres may be deflected and wrap around the yarn body;

4. Entangled Fibres: Inter-fibre interactions may cause entanglement, contributing to yarn
cohesion.

The probability P, of a fibre initially at position i transitioning to configuration k is:

Py = f(a, a, b, Ly, Ey)

Where L/ is fibre length and E is fibre flexural rigidity.

Fibre Agglomeration Analysis

The V-groove promotes fibre agglomeration through several mechanisms:

1. Geometrical Confinement: The V-shape confines fibres to a smaller cross-section
2. Compression Forces: Lateral forces compress fibres towards the centre

3. Friction-Based Consolidation: Fibre-fibre friction increases as they are compressed
4. Twist Propagation: Twist insertion at the single point consolidates the bundle

The agglomeration efficiency #, is defined as:
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Dnip - Dyarn
Dnip - Dideal

Hg =

D,;, = fibre bundle diameter at the front roller nip;

Dy, = final yarn diameter;

D;4eqr = theoretical minimum yarn diameter (100 % packing density).
The fibre packing density p in the yarn cross-section is:

=L 100%
= X
P ; 0

Where Ay is the total fibre cross-sectional area and A, is the yarn cross-sectional area.
The V-groove is expected to increase packing density by:

1. Reducing the yarn diameter through compression;

2. Eliminating voids between fibres;

3. Promoting uniform fibre distribution.

The packing density in the V-groove system can be expressed as:

Pv = po + Apcomp + Apaggl

po = packing density without groove (conventional);

Apcomp = increase due to V-groove compression;

Ap,gq = increase due to enhanced agglomeration.

Figure 2 illustrates the effect of the V-groove apex angle o on the agglomeration efficiency.

(a) Effect on Agglomeration Efficiency (b) Effect on Yarn Packing Density
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Figure 2. Effect of V-groove apex angle on agglomeration efficiency a) and yarn packing density
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The analysis shows that for a<60, high compression but potential fibre damage; for 60<a<90,
optimal agglomeration, for a>120, minimal agglomeration benefit.

Results and Discussion

The predicted agglomeration efficiency for different groove geometries is presented in Table

1.
Table 2.
Predicted agglomeration efficiency for various groove geometries
Groove Angle (a) Compression Force Packing Density Agglomeration Effi- Fibre Damage
ciency Risk

45° High 0.76 High (0.83) High

60° Moderate-High 0.85 Optimal (0.94) Moderate

90° Moderate 0.82 Good (0.90) Low

120° Low 0.75 Moderate (0.78) Very Low

150° Very Low 0.72 Low (0.68) Very Low

The optimal agglomeration is achieved at a<60°, where the compression force is sufficient to
consolidate fibres without causing damage.

Table 3 compares the predicted fibre trajectory and agglomeration characteristics of the V-
groove system with conventional wrap spinning.

Table 3.

Comparison of fibre dynamics: V-groove versus conventional system

Parameter Conventional System V-Groove System
Convergence point Distributed Single point
Fibre path length variation Moderate Low
Compression uniformity Variable Uniform
Packing density 0.70-0.75 0.82-0.85 (predicted)
Fibre damage risk Low Moderate (optimisable)
Structural uniformity Moderate High

Conclusion

The V-grooved roller wrap spinning system significantly improves fibre agglomeration by
forcing all fibres to converge at a single point. The trajectory model predicts that the reduction in
path-length differences and the increased fibre-fibre friction lead to higher packing density and
better structural uniformity. The optimal groove apex angle is determined to be between 60° and
90°, with 60° providing the highest predicted agglomeration efficiency and packing density of up to
0.85.

The predicted packing density of the V-groove system (0.82—0.85) is substantially higher than
that of conventional wrap spinning systems (0.70-0.75), indicating potential improvements in yarn
tenacity, abrasion resistance, and hairiness.
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It is important to note that the findings presented in this study are based entirely on theoretical

modelling and mathematical simulations. While the proposed V-grooved roller spinning system

shows promising potential for improving fibre agglomeration and yarn quality, the model

predictions require experimental validation. Future work will focus on manufacturing a prototype

V-grooved roller, conducting spinning trials on a modified ring spinning frame, and measuring the

actual packing density, yarn strength, and hairiness of the produced yarns. These experimental

results will be used to verify the theoretical model and refine the optimised groove geometry

parameters.
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