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Abstract

Cotton terry fabric is a cornerstone of the global textile market, valued for its exceptional water
absorbency, which is intrinsically linked to the quality and structure of its pile loops. The
manufacturing process is highly sensitive to loom configurations, particularly pile yarn tension
and pile height, which directly influence key performance attributes such as absorbency,
softness, and mechanical strength. Inconsistent settings can lead to significant production waste
and subpar product quality. This study sought to systematically determine the optimal
combination of pile yarn tension and pile height to maximize the absorbency rate and loop
uniformity of 100% cotton terry fabric while preserving acceptable levels of tensile strength.
A full factorial experimental design was implemented, producing nine distinct terry fabric
samples on a modern electronic dobby loom. The independent variables were pile yarn tension
(15 ¢cN, 20 cN, 25 cN) and pile height (2mm, 3mm, 4mm). The fabricated samples were
rigorously tested for water absorbency rate (AATCC 79), loop uniformity via digital image
analysis, and warp-wise tensile strength (ASTM D5034). The results demonstrated a significant
positive correlation between pile height and absorbency, with the 4mm high-pile samples
absorbing water 25-35% faster than the 2mm samples. Loop uniformity was optimal at a
medium tension of 20 cN, which produced well-defined and consistent loops, whereas low and
high tensions resulted in irregular and stiff loops, respectively. A key trade-off was identified,
as increasing the pile height led to an 8-12% reduction in warp-wise tensile strength. The
findings confirm that a "medium tension, high pile" configuration (20 cN, 4mm) yields the
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superior performance for applications prioritizing absorbency and softness, such as bathrobes
and luxury towels, despite a marginal sacrifice in strength. This research provides a quantitative
framework for manufacturers to optimize loom settings, thereby enhancing product quality,
reducing defects, and aligning production with specific market demands.

Keywords: Terry Fabric, Pile Yarn Tension, Loom Setting, Absorbency, Loop Uniformity,
Tensile Strength, Weaving Optimization.
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Introduction

Terry fabric, characterized by its distinctive loops of yarn or "pile" on one or both surfaces, is
an engineered textile designed for high fluid absorption and retention. This unique structure
creates a large surface area for water to be drawn into the fabric via capillary action, making it
the material of choice for towels, bathrobes, spa wear, and other hygiene-centric products [1].
The global market for terry fabrics is substantial and continues to grow, driven by consumer
demand for quality, comfort, and luxury in home and hospitality textiles. The functional

performance and perceived value of a terry fabric are directly dictated by the integrity,
consistency, and density of its pile loops, which are formed during a specialized weaving
process [2].

In industrial terry weaving, achieving consistent quality is a persistent challenge. The process
is governed by a complex interplay of machine parameters, with pile yarn tension and the
mechanism controlling pile height being among the most critical [3]. Suboptimal settings for
these parameters are a primary source of common defects. Insufficient tension can lead to loose,
irregular, and unstable loops that are prone to snagging and exhibit poor durability. Conversely,
excessive tension can produce tight, stiff, and sometimes misshapen loops that compromise the
fabric's softness and absorbency [4]. Similarly, an incorrectly set pile height can lead to
inadequate absorbency or an structurally weak fabric. These inconsistencies result in increased
production waste, higher rejection rates, and ultimately, customer dissatisfaction. Therefore, a
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systematic investigation into the optimization of these parameters is not merely an academic
exercise but a pressing industrial necessity.

The fundamental mechanics of terry weaving are well-documented in textile science literature.
The standard three-pick terry structure, where two picks are locked into the ground weave and
the third forms the loop, is the foundation of production [5]. Research by Majumdar et al. [6]
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explored the role of different pile yarn materials on absorbency, while Debnath and
Madhusoothanan [7] investigated the relationship between pile height and certain physical
properties. Previous work has often focused on a single parameter or described the process
qualitatively from an operational standpoint.

However, a significant gap exists in the literature regarding a comprehensive, quantitative study
that systematically correlates a defined range of both pile yarn tension and pile height settings
with a multi-faceted set of performance metrics—specifically, absorbency rate, loop
uniformity, and tensile strength—within a single, controlled experiment. Most studies tend to
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isolate one variable, failing to capture the interactive effects that are present in a real
manufacturing environment. This study aims to fill this gap by employing a full factorial design
to provide a holistic understanding of these parameter interactions.

The primary objective of this research is to investigate the individual and interactive effects of
systematic variations in pile yarn tension and pile height on the critical quality attributes of
100% cotton terry fabric. The specific properties under investigation are the water absorbency
rate, loop uniformity, and warp-wise tensile strength.

Based on the principles of yarn mechanics and weaving technology, we hypothesize that an
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intermediate level of pile yarn tension will facilitate the most uniform and stable loop
formation. Furthermore, we hypothesize that a greater pile height will significantly enhance the
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A j/ f water absorbency rate but will concurrently lead to a reduction in the fabric's tensile strength

due to the structural redistribution of warp yarns from the ground to the pile. The optimal
configuration is thus expected to be a balance, represented by a medium tension level combined
with a high pile height.

METHODS

To ensure the validity and reproducibility of the experiment, all materials were carefully
selected and standardized. The ground structure of the fabric was constructed from 100%
combed cotton yarn with a linear density of Ne 20/1. This finer yarn count was chosen to create
a stable and durable ground fabric. The pile warp, responsible for forming the loops, was made
from 100% carded cotton yarn with a linear density of Ne 16/2. The two-ply structure of the
pile yarn provides the necessary strength and coherence to withstand the tension during
weaving and form resilient loops. All yarns were sourced from a single batch to minimize
variations in fiber properties and finishing. Other production parameters, including weft yarn
(Ne 20/1 cotton), ends per inch (EPI), and picks per inch (PPI), were held constant across all
samples to isolate the effects of the independent variables.

The weaving trials were conducted on a state-of-the-art Staubli electronic dobby loom equipped

with an electronic pile warp let-off mechanism. This advanced machinery was crucial for the
experiment, as it allows for precise, programmable, and reproducible control over the pile yarn
delivery and the formation of the pile loop height—a level of control unattainable with
conventional mechanical looms.

Weave Structure: A standard 3-pick terry weave structure was employed for all samples. This
structure is universally recognized and forms the basis for most terry fabric production.
Independent Variables:

Pile Yarn Tension: Controlled via the electronic let-off system and calibrated tensioners, set at
three distinct levels: Low (15 c¢N), Medium (20 cN), and High (25 cN).

Pile Height: Adjusted by controlling the movement of the reed and the release length of the pile
warp, set at three levels: **Short (2mm), Standard (3mm), and High (4mm)**.

Experimental Design: A 3x3 full factorial design was utilized. This design involves producing
a sample for every possible combination of the factor levels, resulting in the production of **9
distinct fabric samples®*. This approach is statistically powerful as it allows for the analysis of
both the main effects of each factor and their interaction effects.
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After production, all fabric samples were conditioned for 24 hours in a standard atmosphere
(20°C £ 2°C and 65% = 2% relative humidity) as per ASTM D1776. The following tests were
then performed:

Water Absorbency Rate: This was measured using the AATCC 79 standard test method,
"Absorbency of Textiles." A drop of distilled water was released from a fixed height of 1 cm
onto the taut fabric surface, and the time (in seconds) for the specular reflection of the water
drop to disappear was recorded electronically. A shorter time indicates a faster absorbency rate.
Twenty measurements were taken for each sample, and the average was calculated.

Loop Uniformity: A digital microscope with a resolution of 5 MP was used to capture high-
magnification images (50x) of the fabric surface from five random locations on each sample.

=
-
| -
-
O
=
L
O
| -
Q)
)
7))
Q
o
©
-
Q
N
-
)
E
o
=
-
=
o
(@)
O
O
-
i -
O
@
—
Y
O
0
g

47 |Page

Licensed under a Creative Commons Attribution 4.0 International License.

_’III _\\\‘-




. \ \ \ 777 ..
Y

( Volume 3, Issue 11 November 2025 ISSN (E): 2938-3757

o
v

These images were processed using Imagel software with a custom macro to measure the height
~ 0f 100 individual loops per image. The Coefficient of Variation (CV%) of the loop heights was
then calculated for each sample. A lower CV% indicates superior loop uniformity and
consistency.

Tensile Strength: The strip tensile test was performed in the warp direction according to ASTM
D5034 (Standard Test Method for Breaking Strength and Elongation of Textile Fabrics). The
tests were conducted on a universal tensile tester with a constant rate of extension. The results
are reported in Newtons (N). Five specimens were tested for each fabric sample, and the
average breaking force was recorded.

RESULTS

The data collected from the testing procedures were analyzed to evaluate the effects of the
independent variables. The results are presented below, supported by graphical representations
of the data trends (conceptually described).

The analysis of water absorbency revealed two strong, clear trends. First, pile height was the
dominant factor influencing absorption speed. The high pile (4mm) samples consistently
demonstrated the fastest absorbency, with water droplets being absorbed in an average of 1.2
seconds. This was 25-35% faster than the standard pile (3mm) samples and 40-50% faster than
the short pile (2mm) samples, which averaged 3.1 seconds. This relationship is visually evident
in a bar chart where absorbency time decreases steeply as pile height increases.

Second, for any given pile height, pile yarn tension also played a significant role. The medium
tension (20 cN) samples consistently yielded the fastest absorption times across all pile heights.
For instance, in the 4mm pile height group, the medium tension sample absorbed water in 1.2
seconds, compared to 1.5 seconds for the low-tension sample and 1.8 seconds for the high-
tension sample. This suggests that medium tension creates an optimal loop geometry for
capillary action.

The quantitative analysis of loop uniformity, as measured by the Coefficient of Variation
(CV%) of loop height, provided clear evidence for the critical role of tension. The low tension
(15 cN) samples exhibited the poorest uniformity, with a high CV% of over 18%. Visually,
these loops appeared loose, irregular, and disorganized. The high tension (25 cN) samples
produced a lower, more consistent CV% of around 8%, but the loops were visibly tight,
compressed, and lacked fullness. The medium tension (20 cN) samples achieved the optimal
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balance, demonstrating the lowest CV% (approximately 5%) and producing loops that were
uniform, well-defined, and full.

Pile height had a minor interactive effect; at low tension, higher pile exacerbated irregularity,
while at medium tension, loop consistency was maintained across all heights. A scatter plot of
CV% versus tension would show a distinct "U-shaped" curve, with the lowest point (best
uniformity) at the medium tension level.

The tensile strength tests in the warp direction uncovered a critical trade-off. As pile height
increased, the tensile strength systematically decreased. The short pile (2mm) fabrics displayed
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the highest average breaking strength of 420 N. The standard pile (3mm) samples showed a
moderate reduction, averaging 390 N, while the high pile (4mm) samples demonstrated the
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lowest strength, averaging 370 N. This represents an **8-12% reduction in strength®™* when
~ moving from a 2mm to a 4mm pile height.

/,// \'\\(\ The effect of pile yarn tension on tensile strength was less pronounced but statistically
AR significant. Generally, higher tension led to a marginal increase in strength, as the tighter yarns
contributed more directly to the load-bearing ground structure. However, this marginal gain
came at the cost of the previously mentioned detrimental effects on loop quality and
absorbency.

DISCUSSION

The results of this study robustly support the initial hypotheses and provide a clear scientific
explanation for the observed phenomena.

The enhanced absorbency with increased pile height is a direct consequence of increased yarn
volume and surface area. A taller loop provides a longer capillary channel and a larger reservoir
for water retention, thereby accelerating the wicking process [8]. This confirms the fundamental
principle that absorbency in terry fabrics is a function of the available fiber mass in the pile.
The superior loop uniformity at medium tension can be attributed to the mechanics of loop
formation. At low tension, the pile yarn is too slack, leading to uncontrolled and variable loop
formation as the reed beats it forward. At high tension, the yarn is over-stretched, resulting in
excessive friction and resistance during the loop-forming cycle, producing tight and stressed
loops. The medium tension provides the ideal equilibrium: it is sufficient to control the yarn
and ensure consistent feeding and formation, yet not so high as to inhibit the easy and full
formation of the loop. This optimal tension allows the yarn to relax into a consistent, well-
proportioned loop geometry after beating [9].

The reduction in tensile strength with increasing pile height is a structural inevitability. In a
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terry weave, the pile warp yarns are periodically diverted from the ground structure to form the
loops. With a higher pile, a greater length of yarn is consumed in the loops for every unit length
of fabric woven. This effectively reduces the number of load-bearing yarns per centimeter in
the warp direction, thereby weakening the ground structure and diminishing the overall tensile
strength of the fabric [10]. This trade-off is a fundamental design consideration for terry fabric
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engineers.

Our findings on the critical importance of tension for loop consistency align with and
quantitatively validate the qualitative observations reported by experienced loom technicians
and in practical weaving manuals [3], [11]. The novelty of this work lies in providing a
quantitative measure (CV% via image analysis) for this relationship.

Furthermore, while the inverse relationship between pile height and strength has been
anecdotally acknowledged, previous studies like that of Debnath and Madhusoothanan [7]
focused more on thickness and weight. Our research provides precise, empirical data on the
magnitude of this strength reduction (8-12%) under controlled conditions, offering a concrete
value for production planners. The interactive analysis of tension and height on multiple
performance metrics simultaneously provides a more integrated understanding than previously
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available.
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: 4, H / While this study offers significant insights, its limitations must be acknowledged. The research
was conducted using a single type of 100% cotton yarn. The results may vary with different
fiber types (e.g., bamboo, microfiber, organic cotton) or yarn spinning techniques (e.g., ring-
spun vs. open-end), which affect yarn hairiness, torsion, and strength [12]. Furthermore, the
study was confined to a basic 3-pick terry weave. The use of more complex structures, such as
jacquard-woven terry or fabrics with multiple pile warps, could yield different interactions
between the studied parameters. Future research should expand the scope to include these
variables.

The practical implications of this research are immediate and substantial. Textile manufacturers
can use the presented quantitative framework to make informed decisions when setting up their
looms. For example:

For premium bathrobes and towels where maximum absorbency and a soft, luxurious hand are
paramount, the "medium tension, high pile" (20 cN, 4mm) setting is unequivocally
recommended.

For kitchen towels or beach towels where durability and resistance to abrasion might be more
critical, a "medium tension, standard pile" (20 cN, 3mm) configuration would offer a better
balance.

Future research directions are plentiful. Investigating the impact of yarn spinning methods on
these performance relationships is a logical next step. Furthermore, exploring the application
of these optimization principles to terry fabrics made from sustainable blends (e.g., recycled
cotton/bamboo) would be highly relevant to current industry trends. Finally, a long-term study
on the effect of these initial settings on the fabric's performance after repeated laundering cycles
would provide valuable insights into product longevity.
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