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ABSTRACT: Maintaining yarn quality is crucial in textile manufacturing, where neps count and sliver unevenness percentage (U%)
significantly impact production consistency and fabric performance. This study evaluates the effect of cleaning wire cylinders and
stationary flats on neps count and U% in carded slivers, providing a cost-effective alternative to advanced predictive maintenance
techniques. Using a randomized experimental design, measurements were conducted on two production lines (B2 and B3) before and
after cleaning interventions. Neps count and U% were assessed using the Advanced Fiber Information System (AFIS) and Uster Tester,
respectively. Statistical analysis, including t-tests and effect size calculations, revealed significant reductions in neps count (B2: 76.08
to 39.50; B3: 88.00 to 40.23) and U% (B2: 7.19% to 4.34%; B3: 8.27% to 4.25%), meeting industry benchmarks. The findings
demonstrate that routine cleaning enhances fiber alignment, reduces defects, and improves production consistency without the high
costs of predictive maintenance systems. This study highlights the importance of structured maintenance practices and provides a
foundation for optimizing cost-effective and sustainable textile manufacturing processes.
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TEMIZLIK MUDAHALELERIYLE iPLIiK KALITESININ OPTiMiZASYONU: TEL SIiLINDIR VE
SABIT DI"JZLE.I_V[LE-RiN.BAIgIMH\‘I'IN TARAKLANMIS SERITTE NEPS SAYISI VE
DUZGUNSUZLUK YUZDESI (U%) UZERINE ETKILERI

OZ: Tekstil iiretiminde iplik kalitesinin korunmasi biiyiik énem tasimakta olup, neps sayisi ve serit diizgiinsiizliik yiizdesi (U%) iiretim
tutarhiligi ve kumas performansi iizerinde 6nemli bir etkiye sahiptir. Bu ¢aligma, tel silindirlerin ve sabit taraklarin temizlenmesinin
neps say1s1 ve U% tizerindeki etkisini degerlendirerek, ileri diizey kestirimci bakim tekniklerine maliyet etkin bir alternatif sunmaktadir.
Rastgele deneysel tasarim kullanilarak, iki tiretim hattinda (B2 ve B3) temizleme islemleri oncesinde ve sonrasinda olglimler
gerceklestirilmistir. Neps sayis1 ve U% sirasiyla Advanced Fiber Information System (AFIS) ve Uster Tester cihazlar ile
degerlendirilmistir. t-testi ve etki biiyiikliigii hesaplamalari gibi istatistiksel analizler, neps sayisinda (B2: 76.08’den 39.50’ye; B3:
88.00’den 40.23’¢) ve U% degerinde (B2: %7.19’dan %4.34’¢; B3: %8.27°den %4.25°e) anlamli diislisler oldugunu ortaya koymus ve
bu sonuglar sektdr standartlarini karsilamistir. Bulgular, rutin mekanik temizligin lif yonlenmesini iyilestirdigini, hatalar1 azalttigini ve
tahmine dayali bakim sistemlerinin yiiksek maliyetleri olmadan tiretim diizgiinliigiinii artirdigin1 gostermektedir. Bu ¢alisma, planl ve
sistematik bakim uygulamalarinin 6nemini vurgulayarak, maliyet etkin ve sitirdiiriilebilir tekstil iiretim siire¢lerinin optimize edilmesine
yonelik bir temel saglamaktadir.

Anahtar Kelimeler: iplik kalitesi, Neps sayis1, Diizgiinsiizliik yiizdesi (U%), Tarak makinesi bakimi
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1. INTRODUCTION

Carding is an important operation in textile manufacturing that
combines fibers into slivers, a key determinant of yarn quality [1].
In particular, defects like neps count acting with sliver unevenness
percentage (U%), lower production consistency and increase
subsequent yarn breakage rates later, as [2] and [3] point out. Neps
are small entanglements of fibers that have an adverse effect on
the quality of cotton yarns and fabrics. These defects may lower
product value and adversely affect the economics of the textile
sector [4]. Sliver unevenness is defined as the irregularity in the
linear density of a sliver; it is an important contributing factor to
the quality of the final yarn [5]. Poor fixed-wire maintenance and
maintenance of flat stationary mechanisms contribute
significantly to increased neps and sliver unevenness [6].
Research shows that optimizing cylinder speed and flat position
improves sliver uniformity, reduces fiber damage, and enhances
yarn quality [7]. However, advanced predictive maintenance
techniques are unaffordable for many Small and Medium-sized
Enterprises (SMEs) due to financial constraints [5, 8].

Proper maintenance enhances sliver quality by reducing neps
count and unevenness, thus maintaining consistent production [9].
Predictive technologies in equipment fault monitoring provide
timely detection, and thereby improve operational reliability [10].
These advanced technologies are costly, requiring significant
investments in specialized equipment, skilled staff, and facilities,
which puts them out of reach for small producers [11].

Cleaning is a simple, low-cost maintenance approach that
improves fiber alignment and sliver quality during operation.
Previous research has shown that cleaning is effective in removing
fiber obstructions, thus increasing alignment and minimizing
defects [12, 13]. Unlike many studies that focus only on surface-
level fiber debris removal [14-16], this study systematically
quantifies the impact of mechanical cleaning (rather than surface
cleaning alone) on key textile quality parameters, specifically neps
count and yarn evenness. By incorporating statistical analyses, this
study provides a more precise evaluation of mechanical cleaning's
effectiveness, bridging a gap in the existing literature. This study
was conducted on two representative carding machines located in
section B of the production facility, with evaluations performed
both before and after routine cleaning maintenance.

Although research on static flats and wire cylinders has been
developed [17, 18], studies often do not consider the impact of
humidity and temperature on fiber behavior during cleaning [19, 20],
and standard operating procedures vary by machine models,
presenting significant implementation barriers in factory settings [21].

Maintaining wire cylinders and stationary flats improves sliver
quality and supports cost-effective production [22, 23]. Sensor-
based predictive technologies help minimize machine failures and
fiber waste [24, 25]. However, these strategies have advanced
infrastructural demands, and therefore tend to be less available to
SMEs (Small and Medium-sized Enterprises). The evidence
suggests that cleaning interventions, although less resource-
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intensive, can yield improvements in sliver quality with potential
downstream yarn benefits.

Small-scale producers often prioritize eco-friendly technologies
because of limited resources for technological development [26].
Synchronized procedures for each production facility facilitate
scalability to achieve a uniform sliver quality [27]. Integration of
environmental considerations in frameworks such as optimizing
flat speeds and cylinder wear aligns with global sustainability
standards [28, 29]. This study thus provides the basis for
structured and sustainable maintenance interventions, taking into
account both economic and environmental challenges [30, 31].

The impact of cleaning wire cylinders and stationary flats on neps
count and U% is analyzed to evaluate their effect on fiber
processing efficiency and product quality. Cleanliness of these
components is of paramount importance for the reduction of fiber
damage [32] and for preventing the formation of neps count [33].
Previous studies have emphasized maintaining carding machines
to ensure higher quality in fiber processing. For example, [34]
highlights optimizations for reduced carding speeds that minimize
such defects, and show that maintenance through cleaning
significantly improves sliver uniformity. Clean working
conditions allow carding to function properly by facilitating better
alignment of fibers and thus minimizing defects [35].

The effectiveness of cleaning interventions was quantitatively
evaluated by comparing pre- and post-cleaning measurements
using pre-specified statistical analyses (e.g., Shapiro-Wilk and
independent t-tests).

Although several previous studies have shown that maintenance
actions such as adjusting flat speed or implementing predictive
maintenance systems can improve sliver and yarn quality [5, 7,
10], few studies have quantitatively evaluated the impact of
routine mechanical cleaning on sliver/yarn quality. Existing
literature tends to emphasize machine parameter optimization or
automated technologies [2, 3, 8]. These approaches often require
high-cost equipment and technical infrastructure that are not
accessible to many small and medium-sized enterprises (SMEs)
[5, 11, 24].

This study provides a statistically validated, empirical analysis of
manual cleaning interventions applied to wire cylinders and
stationary flats. It focuses on two key indicators of sliver quality,
namely neps count and unevenness percentage (U%), using
standardized testing with AFIS (Uster® AFIS Pro 2) and Uster®
Tester instruments under controlled environmental conditions in
actual production lines [12, 13, 33].

The objective of this research is to address this gap by presenting an
effective, affordable, and replicable maintenance strategy. The
findings are intended to serve as a reference for facilities with limited
access to advanced predictive maintenance tools, particularly SMEs,
to maintain consistent sliver quality through structured cleaning
interventions, with potential downstream benefits for yarn quality
[25, 31, 34].
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2. RESEARCH METHOD

This study investigates the effect of cleaning wire cylinders and
stationary flats on the neps count and unevenness percentage
(U%) of carded slivers in a textile production facility. The
experimental work was conducted using two Carding Ming Cheng
machines (lines B2 and B3) selected from a total of eight identical
machines operating within the facility. These two lines were
chosen because they represent typical operational conditions, with
no significant differences in machine age, maintenance history, or
operational parameters compared to the other lines. Prior to
carding, fibers were processed using standard opening and
blending equipment in accordance with facility SOPs to ensure
uniform feedstock.

All cleaning and maintenance procedures in this study were
carried out according to the official factory maintenance schedule
for January 2025. The schedule outlines the planned scouring and
cleaning activities for both blowing and carding machines,
including specific machine lines and the rotation of daily tasks.
Each maintenance activity is coordinated by technical supervisors
and approved by plant management to ensure consistency and
compliance with industrial standards. This approach guarantees
that the interventions implemented in the study reflect standard
operational procedures and actual practices in the production
environment.

Carding machine settings were selected based on standard
operating procedures and QC benchmarks that reflect the most
prevalent operational conditions in SME-scale spinning mills. The
selection was further justified by prior industry observations
indicating that these settings maximize both production efficiency
and yarn quality. The rationale for focusing on these machine
settings and fiber properties stems from previous industrial
observations, which have shown that the cleaning of wire
cylinders and stationary flats plays a significant role in reducing
neps formation and sliver unevenness, thus directly enhancing the
final yarn quality. The detailed operational settings for both
carding machines are summarized in Table 1.

Both carding machines, manufactured in Taiwan in 2009 and
fitted with Geron wire. Each machine was equipped with six rear
and three front stationary flats. Although the machines are capable
of running at production speeds between 90 and 150 meters per
minute, for the purposes of this study, both machines were
consistently operated at a standardized speed of 110 meters per
minute to ensure comparability of results. All operational
parameters were strictly controlled and maintained constant
throughout the experimental period.

The fiber processed in this study was 100% cotton, sourced from
[USA, 2024]. Fiber properties were determined using a Uster High
Volume Instrument (HVI) following standard industry protocols.
All values reported represent the mean + standard deviation from
three independent samples. The measured parameters, together
with industry benchmark values for reference, are presented in
Table 2.
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Table 1. Main operational parameters of the carding machine used in this

study.
Parameter Value
Feed rate/output 110 m/min
Sliver weight 4.0 g/m
Licker-in (taker-in) speed 860 rpm
Cylinder speed 410 rpm
Flat speed 025 m/min (250
mm/min)
Doffer speed 45 rpm
Cylinder-flat setting 0.30 mm
Cylinder-doffer setting 0.13 mm
Feed plate-licker-in gap 0.50 mm
Draft ratio 1.8
Machine efficiency 90%

Table 2. Fiber Properties of 100% Cotton (Measured by Uster HV1)

Property Value (mean = SD)  Unit
Spinning Consistency Index (SCI) 122.6+1.7 -
Micronaire 3.91+0.04 ug/inch
Upper half mean length (UHML) 29.15+£0.22 mm
Maturity Index (MI) 0.89 £ 0.02 —
Uniformity Index (UI) 78.4+0.5 %
Short Fiber Index (SFI) 7.1+0.3 %
Strength 32.1+0.7 g/tex
Elongation 74+£0.2 %
Reflectance (Rd) 76.1+0.5 -
Yellowness (+b) 8.6+0.3 -

A representative photograph of the carding machine (Figure 1)
and a technical schematic (Figure 2) are provided to illustrate the
actual equipment and the specific locations where the cleaning
interventions were applied in this study. In addition, Figures 3 and
4 show the condition of the wire cylinder and the stationary flats,
respectively, before the cleaning process, thereby emphasizing the
level of contamination that was addressed.

Figure 1. Photograph of the Ming Cheng carding machine (B2/B3) used
in the study, showing the sliver drums and operator interface in the
production facility.
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Figure 2. Schematic diagram of a typical carding machine, illustrating
key components relevant to the study. The main cleaning intervention in
this research was focused on the wire cylinder and stationary flats, as
indicated in the diagram. BF = Back Flats; FF = Front Flats.

Figure 3. Surface contamination on the wire cylinder prior to cleaning.
The accumulation of fiber residues and other particulate matter is clearly
visible along the wire lines, potentially hindering carding efficiency and

fiber individualization.

Figure 4. Dirty surface of the stationary flats before cleaning.
Significant deposits of waste fibers and embedded impurities can be
observed, which may interfere with fiber transfer and lead to quality

degradation in sliver output.

Sample size determination was performed using a priori power
analysis, resulting in the collection of 160 samples per production
line (B2 and B3): 40 measurements each for neps count and U%
before and after cleaning. Samples were systematically and
randomly collected under tightly controlled environmental
conditions (23 +2°C; 55+ 5% RH). Temperature and humidity
were continuously monitored using an AM2301 digital
temperature and hygrometer, with all deviations from the required
range corrected using an HVAC and automated humidifier—
dehumidifier system [36]. To prevent sampling bias, machine
selection and sampling order were randomized, and the fiber
composition was kept constant across all trials.

After collection, all samples were prepared and stored according
to SNI 08-0261-1989 and SNI 08-0262-1989, at 20-25°C and 65—
70% relative humidity [37], [38]. This ensured that fiber
properties and sample integrity were maintained prior to
measurement.

Neps content was measured using the AFIS (Uster® AFIS Pro 2)
instrument. For each test, a sliver sample of approximately 0.5
grams was gently stretched to a length of 28-30 cm. Handling was
minimized to prevent disruption of existing neps. Each sample
underwent five partial test runs, completed within a two-minute
timeframe, resulting in a total analyzed mass of two grams per
sample.

Sliver evenness (U%) was assessed using the Uster® Tester
instrument, operating at a fixed test speed of 50 meters per minute.
Each sliver sample was evaluated over a minimum length of 50
meters. For each production condition, ten replicate readings were
obtained from randomly selected sliver cans. This sampling
approach ensured that the results were statistically representative
and reproducible across all experimental conditions.

The same testing protocol was repeated after the cleaning
interventions, using the identical instruments, sample preparation
procedures, test lengths, and environmental conditions. This
consistency ensures that any observed differences in neps count or
U% can be attributed solely to the cleaning treatments rather than
measurement variability.

Both AFIS and Uster Tester instruments were cross-calibrated
before data collection, following the manufacturer’s protocols and
standard laboratory practices. In this study, cross-calibration
refers to the process where both instruments were adjusted and
validated using the same manufacturer-certified reference samples
(with known neps count and U% values). The measurements from
each device were compared, and calibration adjustments were
performed if discrepancies greater than +1% were observed.
Quality control procedures ensured that replication reliability was
maintained within a 5% variation threshold across all independent
measurements. All calibration and quality control steps were
performed by trained laboratory staff in accordance with
established procedures.

However, due to laboratory data management policy at the time of
measurement, detailed calibration records are not available for
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external sharing. We acknowledge this limitation and have
implemented improved data management procedures in
subsequent studies to ensure full traceability. We confirm that all
reported results meet internal quality control standards, and that
the calibration process followed accepted protocols for instrument
validation and measurement reliability. This approach ensures that
neps count and U% values measured by AFIS and Uster Tester are
directly comparable, providing reliable and consistent results
across both instruments.

Cleaning was performed without the use of chemicals, relying
solely on mechanical methods to remove fiber accumulation. The
wire cylinder was cleaned using a soft-bristle brush and a lint-free
cloth to dislodge and remove trapped fibers and debris, as shown
in Figure 5. Similarly, the stationary flats were manually cleaned
using lint-free cloths to eliminate residual dust and fiber particles,
as illustrated in Figure 6. These tools were selected to ensure
effective cleaning without causing surface damage. Each cleaning
session lasted approximately 20 minutes per machine, and all tests
were conducted under identical environmental conditions before
and after cleaning to ensure direct comparability [39].

Sefl

Figure 5. Photograph showing the manual cleaning process of the wire
cylinder using a lint-free cloth and soft-bristle brush, as performed
during scheduled maintenance.

Figure 6. Manual cleaning of the stationary flats using a lint-free cloth
to remove adhered fiber residues and dust. This method was used to
ensure effective removal of contaminants while preserving the surface
integrity.
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Reference standards for neps count and U% were obtained from
the Quality Control (QC) department of the company where this
research was conducted. These thresholds (<46 neps/gram and
<4.5% U%) align with recent industry benchmarks and internal
company QC criteria [40].

All statistical analyses were performed using SPSS version 27.
Data normality was evaluated using the Shapiro-Wilk test. For
data meeting the normality assumption, independent t-tests were
applied to compare pre- and post-cleaning measurements. For
non-normally distributed data, the Mann-Whitney U test was
used.

Normality testing was essential to determine whether the data
distribution met the assumptions required for parametric analysis.
By applying the unpaired t-test (or Mann—Whitney U test for non-
normal data), the study was able to rigorously assess whether
observed differences between pre- and post-cleaning conditions
were statistically significant and attributable to the intervention
rather than random variation.

To assess practical significance, effect size indices, namely
Cohen’s d (standardized mean difference), Hedges’ g (bias
correction for small samples), and Glass’s delta (for unequal
variances), were calculated for all outcomes. Standard
benchmarks (d = 0.2, 0.5, 0.8) were used to interpret effect sizes.
All analyses were conducted at a significance level of o = 0.05.

Results were collected in a variety of forms known as descriptive
statistics, mean, median, or even standard deviation [41]. The
changes in neps content and U% uniformity were computed
according to the aforementioned equations.

ANeps= Neps - Neps

before after

and
AU%= U%before' U%after

Line graphs created in Excel illustrate how cleaning enhances
sliver quality [42]. This way, the designed approach empowers the
investigator to make a sound and thorough evaluation of the
impact of the cleaning process on neps count and U%, and hence
provides important recommendations on the mechanisms that can
be improved in view of cleaning maintenance for the carding
machine [43].

3. RESULT
3.1 Neps Count
3.1.1 Descriptive Statistics

Neps count values for Line B2 and Line B3, measured before and
after cleaning, are provided in Table 3.

The terminologies applied in this study are defined as follows:
NepsB2Before and NepsB2After indicate the neps count
measured in Line B2 before and after the cleaning intervention,
while NepsB3Before and NepsB3After correspond to neps count
values obtained from Line B3 under the same conditions.
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Table 3. The neps count data for Line B2 and Line B3 before and after cleaning.

LINE B2 LINE B3
Before Cleaning After Cleaning ANeps standard Before Cleaning After Cleaning ANeps standard
1 78 42 36 46 91 40 51 46
2 76 37 39 46 88 42 46 46
3 79 39 40 46 88 44 44 46
4 75 43 32 46 90 39 51 46
5 73 38 35 46 88 43 45 46
6 76 43 33 46 86 37 49 46
7 79 40 39 46 87 41 46 46
8 75 41 34 46 89 39 50 46
9 72 42 30 46 88 43 45 46
10 79 37 42 46 89 38 51 46
11 80 38 42 46 90 44 46 46
12 78 39 39 46 91 40 51 46
13 79 40 39 46 87 39 48 46
14 78 39 39 46 90 41 49 46
15 74 36 38 46 85 37 48 46
16 7 42 35 46 87 43 44 46
17 77 41 36 46 86 38 48 46
18 74 38 36 46 88 42 46 46
19 71 40 31 46 91 40 51 46
20 80 37 43 46 87 39 48 46
21 74 39 35 46 89 41 48 46
22 73 43 30 46 90 38 52 46
23 80 38 42 46 85 43 42 46
24 72 41 31 46 88 37 51 46
25 75 42 33 46 86 42 44 46
26 77 40 37 46 87 39 48 46
27 73 39 34 46 89 41 48 46
28 72 37 35 46 90 38 52 46
29 76 38 38 46 85 41 44 46
30 75 36 39 46 89 37 52 46
31 71 42 29 46 88 40 48 46
32 78 41 37 46 86 39 47 46
33 81 40 41 46 89 41 48 46
34 75 39 36 46 85 38 47 46
35 76 38 38 46 87 42 45 46
36 77 36 41 46 87 42 45 46
37 75 41 34 46 88 40 48 46
38 77 42 35 46 89 40 49 46
39 7 37 40 46 91 41 50 46
40 79 39 40 46 86 40 46 46
average 76.08 39.50 36.58 46 88.00 40.23 47.78 46

Table 4. Summary of mean, median, variance, and standard deviation for neps count in Line B2 and Line B3 before and after cleaning.

Metric Pre-Cleaning Mean (+SE) | Post-Cleaning Mean (+SE) | Median (Pre — Post) | Variance (Pre — Post) | Std. Deviation (Pre — Post)
Neps (Line B2) | 76.08 (+0.43) 39.50 (+0.33) 76.00 — 39.00 7.25 —4.36 2.69 — 2.09
Neps (Line B3) | 88.00 (+0.28) 40.23 (x0.32) 88.00 — 40.00 3.23 - 3.97 1.80 — 1.99
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Descriptive statistics indicate a substantial reduction in neps count
after cleaning. In Line B2, mean neps count decreased from 76.08
to 39.50. In Line B3, neps count dropped from 88.00 to 40.23,
meeting industry standards.

After cleaning, the neps count was substantially reduced in both
lines, with Line B2 decreasing from 76.08 to 39.5 and Line B3
from 88 to 40.23. These values are well below the industry
threshold of 46 neps, demonstrating the impact of cleaning based
on 40 AFIS measurements for each condition.

3.1.2 Normality Test for Neps Count

Normality of neps count data was assessed using Shapiro-Wilk
and Kolmogorov-Smirnov tests, as parametric testing requires
normally distributed data [44], [45]. The test results are reported
in Table 5.

The Shapiro-Wilk test showed all p-values for neps count were
above 0.05, indicating normality in each group. Borderline results
were observed for Line B2 after cleaning (p = 0.054) and Line B3
before cleaning (p = 0.053), but these values still support the null
hypothesis. The data thus satisfy the assumption for parametric
tests [46].

Neps Reduction for Line B2

s AN A A

55

s VOANPIAIT

1 4 7 1013161922252831343740

=@=—DBefore cleaning =8 After cleaning
—@-—standart Avg before 76.08
Avg after 39.5

3.1.3 Unpaired t-Test for Neps Count

Neps count before and after cleaning in Lines B2 and B3 were
compared as independent groups using the unpaired t-test, since
samples were not paired. It is important to note that the before and
after cleaning yarn samples were not identical, although both
originated from the same production lines. This approach
determines if cleaning produces statistically significant
differences in neps count between conditions [47, 48].

Statistical significance of cleaning effects on neps count was
evaluated using an independent samples t-test for each group.
Results for neps count comparisons are summarized in Table
6.The independent samples t-test revealed a highly significant
reduction in neps count after cleaning for both lines. All p-values
were below 0.001, and the mean difference was substantial: 36.58
for Line B2 and 47.78 for Line B3. Large t-values and narrow
confidence intervals confirm robust statistical significance.

3.1.4 Effect Size and Practical Significance for Neps Count

Effect-size estimates for neps counts were very large: Cohen’s d
=2.41 (B2) and 2.76 (B3), with corresponding Hedges’ g = 2.38
and 2.72, and Glass’s A = 2.09 and 2.43. These magnitudes far
exceed the conventional benchmark for a large effect (d = 0.80),
indicating a substantial post-cleaning reduction in neps.

Neps Reduction for Lines B3

L PV, TP T Y PR, Y

75
65
55
o v
35

1 4 7 1013 161922 25 28 31 34 37 40

—@— Before cleaning —@— After cleaning
=@ standart Avg before 88
Avg after 40.23

Figure 7. Neps Reduction (Line B2 and Line B3) Before and After Cleaning

Table 5. Assessment of data normality for neps count in Line B2 and Line B3, before and after cleaning, using Shapiro-Wilk and Kolmogorov-Smirnov

tests.
Metric Kolmogorov-Smirnov | Kolmogorov- Shapiro-Wilk Statistic | Shapiro-Wilk
Statistic Smirnov Sig. Sig.
Neps Line B2 Before Cleaning 0.109 0.2 0.965 0.245
Neps Line B2 After Cleaning 0.12 0.154 0.946 0.054
Neps Line B3 Before Cleaning 0.111 0.2 0.946 0.053
Neps Line B3 After Cleaning 0.106 0.2 0.955 0.114

Table 6. Independent samples t-test results for neps count before and after cleaning in Line B2 and Line B3.

Metric t df Sig. (2-tailed) Mean Difference 95% CI (Lower-Upper)
Neps B2 67.89 78 <0.001 36.58 35.50 - 37.64
Neps B3 112.57 78 <0.001 47.78 46.93 — 48.62
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Table 7. Effect size and practical significance analysis for neps count before and after cleaning in Line B2 and Line B3.

Metric Cohen’s d Hedges’ g Glass’s A
Neps B2 2.41 2.38 2.09
Neps B3 2.76 2.72 2.43
Table 8. U% data for Line B2 and Line B3 before and after cleaning.
LINE B2 LINE B3
Before Cleaning After Cleaning AU% standard Before Cleaning After Cleaning AU% standard
1 7.01 4.25 2.76 45 8.2 431 3.89 45
2 7.26 43 2.96 4.5 8.44 4.29 4.15 4.5
3 6.89 4.35 2.54 45 7.99 4.19 38 45
4 7.25 4.32 2.93 4.5 8.33 4.21 4.12 4.5
5 7.35 4.38 2.97 45 8.09 4.25 3.84 45
6 7.17 4.29 2.88 45 8.15 4.23 3.92 45
7 6.91 4.32 2.59 45 8.33 4.3 4.03 45
8 7.32 4.31 3.01 4.5 8.26 4.24 4.02 4.5
9 7.48 4.39 3.09 45 8.61 4.25 4.36 45
10 7.11 4.37 2.74 4.5 8.1 4.23 3.87 4.5
11 7.29 4.29 3 4.5 8.47 4.28 4.19 4.5
12 7.22 4.39 2.83 4.5 8.25 4.26 3.99 4.5
13 6.97 4.35 2.62 45 84 4.22 4.18 45
14 7.44 44 3.04 4.5 8.36 431 4.05 4.5
15 7.28 4.28 3 4.5 8.22 4.22 4 45
16 7.09 4.36 2.73 4.5 8.18 4.26 3.92 4.5
17 6.92 4.34 2.58 45 7.92 4.19 3.73 45
18 7.41 4.33 3.08 4.5 8.32 4.22 41 4.5
19 7.15 441 2.74 4.5 8.21 4.22 3.99 45
20 7.4 4.31 3.09 4.5 8.48 4.27 4.21 4.5
21 7.27 4.27 3 45 8.17 4.24 3.93 45
22 7.03 4.34 2.69 45 8.23 4.2 4.03 45
23 7.19 441 2.78 4.5 8.29 4.19 41 45
24 7.04 4.33 271 4.5 8.31 4.28 4.03 4.5
25 7.22 4.43 2.79 45 8.35 4.24 411 45
26 7.18 431 2.87 45 8.16 4.26 39 45
27 7.38 4.36 3.02 4.5 8.29 4.3 3.99 45
28 7.01 4.33 2.68 45 8.19 4.23 3.96 45
29 7.06 4.36 27 45 8.37 4.29 4.08 45
30 7.22 4.35 2.87 45 8.19 4.24 3.95 45
31 7.21 43 291 4.5 8.34 4.27 4.07 45
32 7.31 4.37 2.94 4.5 8.35 4.29 4.06 4.5
33 7.34 4.28 3.06 45 8.27 4.27 4 45
34 7.23 44 2.83 45 8.38 4.2 4.18 45
35 7.05 4.34 271 4.5 8.11 4.24 3.87 45
36 7.1 4.37 2.73 4.5 8.42 4.19 4.23 4.5
37 7.3 43 3 45 8.24 421 4.03 45
38 7.18 4.39 2.79 45 8.3 4.28 4.02 45
39 7.13 4.37 2.76 4.5 8.41 4.23 4.18 45
40 7.16 4.39 2.77 4.5 8.2 4.22 3.98 4.5
average 7.19 4.34 2.84 4.5 8.27 4.25 4.03 4.5
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3.2 Unevenness Percentage (U%)
3.2.1 Descriptive Statistics

The unevenness percentage (U%) results for Line B2 and Line B3,
both prior to and following cleaning, are summarized in Table 8.

For clarity, UB2Before and UB2After represent the unevenness
percentage (U%) for Line B2 prior to and following cleaning.
Similarly, UB3Before and UB3After refer to the U% values in
Line B3 before and after the cleaning process.

Descriptive statistics show a marked reduction in U% after
cleaning. In Line B2, U% decreased from 7.19 to 4.34. In Line B3,
U% declined from 8.27 to 4.25, meeting the industry standard.

Cleaning led to a marked improvement in unevenness percentage,
as U% dropped from 7.19 to 4.34 in Line B2 and from 8.27 to 4.25
in Line B3. Both results satisfy the <4.5% standard, and a notable
reduction in variance further indicates enhanced uniformity, with
all data obtained from 40 Uster Tester trials per setting.

Table 9. Overview of central tendency and dispersion statistics for unevenness percentage (U%) in Line B2 and Line B3, comparing pre- and post-

cleaning conditions.

Metric Pre-Cleaning Mean | Post-Cleaning Mean | Median (Pre — | Variance (Pre — | Std. Deviation (Pre —
(£SE) (£SE) Post) Post) Post)
U% (Line
B2) 7.19 (+0.02) 4.34 (+0.01) 7.20 — 4.35 0.022 — 0.002 0.15 — 0.04
S -
g?’/; (Line | g 57 (+0.02) 4.25 (+0.01) 8.28 — 4.24 0.018 — 0.001 0.14 — 0.04
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Figure 8. Unevenness Percentage (U%) (Line B2 and Line B3) Before and After Cleaning

3.2.2 Normality Assessment for Unevenness Percentage (U%)

For U% data, normality was also evaluated using Shapiro-Wilk
and Kolmogorov-Smirnov tests to ensure the validity of
subsequent parametric analyses [41], [45]. Detailed results are
presented in Table 10.

For U%, all Shapiro-Wilk p-values ranged from 0.116 to 0.964,
indicating strong evidence of normal distribution. Since all values
exceeded 0.05, the null hypothesis of normality was not rejected,
confirming the data are appropriate for t-test analysis [46].

3.2.3 Independent t-Test for Unevenness Percentage (U%)

U% values in Lines B2 and B3, measured before and after
cleaning, were analyzed as independent samples. The independent
t-test was used to assess whether cleaning significantly affected
U% across groups [47], [48].

For U%, statistical differences before and after cleaning were also
assessed using the independent t-test. The summary of U% results
appears in Table 11.
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For U%, the independent t-test comparing pre-cleaning versus
post-cleaning within each production line also showed highly
significant decreases after cleaning, with p-values <0.001. The
mean difference was 2.85 for Line B2 and 4.03 for Line B3. The
strong t-values and tight confidence intervals further support the
reliability of these results.

3.2.4 Effect Size and Practical Significance for Unevenness
Percentage (U%)

For U%, effect sizes ranged from 3.2 to 3.6 across both B2 and B3
lines, indicating an extremely strong practical impact. These
values far exceed the threshold of 0.80 for a large effect,
confirming that the cleaning intervention had a pronounced and
highly meaningful effect on improving sliver evenness. The
magnitude of these results highlights the significant benefits of
routine cleaning in industrial production settings.
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Table 10. Evaluation of normality for unevenness percentage (U%) data in Line B2 and Line B3, before and after cleaning, based on Shapiro-Wilk

and Kolmogorov-Smirnov test results.

Metric Kolmogorov-Smirnov | Kolmogorov- Shapiro-Wilk Statistic | Shapiro-Wilk Sig.
Statistic Smirnov Sig.

U% Line B2 Before Cleaning 0.059 0.2 0.984 0.841

U% Line B2 After Cleaning 0.08 0.2 0.982 0.748

U% Line B3 Before Cleaning 0.058 0.2 0.989 0.964

U% Line B3 After Cleaning 0.111 0.2 0.955 0.116

Table 11. Independent t-test results comparing U% before and after cleaning in Line B2 and Line B3.

Metric t df Sig. (2-tailed) Mean Difference 95% CI (Lower-Upper)
U% B2 115.3 78 <0.001 2.85 2.79-2.90
U% B3 182.18 78 <0.001 4.03 3.98 —4.07

Table 12. Effect size and practical significance analysis for unevenness percentage (U%) before and after cleaning in Line B2 and Line B3.

Metric Cohen’s d Hedges’ g Glass’s A
U% B2 3.22 3.19 2.89
U% B3 3.61 3.57 32
4. DISCUSSION looked at the tuning of machine settings. Our work showed that

The results show that mechanical cleaning of the stationary flat
and wire cylinder led to significant improvements in sliver quality
for both lines. In Line B2, neps count decreased from 76.08 to
39.50 and U% from 7.19 to 4.34. In Line B3, neps count dropped
from 88.00 to 40.23 and U% from 8.27 to 4.25. These findings
confirm that mechanical cleaning effectively reduces fiber
imperfections and enhances sliver evenness, with potential
downstream benefits for yarn quality [34].

The post-cleaning decreases in variability, as determined by
variances and standard deviations, indicate consistency regarding
sliver production. Such consistency is crucial for maintaining
high-quality standards and minimizing defects during downstream
processing.

The findings of this study are consistent with [49], which
highlighted that regular maintenance effectively reduces neps
count and sliver unevenness. Unlike [49], which focused on
optimizing machine parameters, this study demonstrates that
straightforward mechanical cleaning can achieve similar
improvements in neps count and U% without complex
modifications. Routine maintenance remains essential for SME-
scale facilities to attain industry-standard sliver quality.

Both [2] and [6] stated that improper maintenance led to many
quality problems in the sliver to yarn production process. Our
results showed that repeated cleaning can reduce such problems,
thereby validating the role of low-cost interventions in defect
prevention.

According to [7], optimization of machine parameters improves
sliver consistency and minimizes fiber damage. Their study
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mechanical cleaning alone achieved similarly good results without
machine parameter adjustments, as it clears blockages from fibers.
Thus, mechanical cleaning provides a cost-effective alternative for
optimization in practices where constant alterations may be costly
for manufacturers.

Because advanced predictive maintenance schemes allow a fault
to be detected with precision, they also require significant
investments in infrastructure and skilled personnel, making them
impractical for many small and medium enterprises (SMEs) [8].
Mechanical cleaning is instead a low-cost, scalable intervention
that effectively eliminates fiber tangles without sensor-based
monitoring systems [12].

Overall, our findings show that mechanical cleaning alone
significantly contributes to the reduction of neps and U%. This
intervention offers a practical and economical option for small-
scale textile manufacturers aiming to enhance sliver quality
without significant financial investment. Previous studies [13]
have demonstrated the practical effectiveness of manual and
mechanical cleaning methods in removing fiber obstructions,
improving the alignment of fibers, and reducing inherent defects.
Cleaning has been reported to reduce downtime and energy costs,
especially when compared manually to automated cleaning
systems, thus becoming an economically viable alternative to
sustainable textile manufacturing [11].

The results support [10] and [8], who promoted predictive and
modular maintenance strategies for reliability and efficiency
improvement, although one study focused on automation and real-
time defect monitoring and another on an approach where only
regular low-tech cleaning routines can provide a similar
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improvement in sliver to yarn quality. The implication is for
manual interventions to be considered as an alternative to
expensive predictive models, at least in SME settings that have no
financial and technical resources for sensor-based systems.

[9] indicated that good maintenance would have a major effect on
reducing production defects and saving costs. Although they
indicated preventive maintenance with advanced scheduling
software, our finding indicates that frequent low-cost cleaning
could provide the same gains without complex scheduling tools.
Thus, simple yet effective maintenance strategies are feasible for
textile manufacturers with less technological infrastructure.

This research also addresses a gap not covered by [50] and [51];
both of these studies inquired into need-based evaluations of
cleaning methods on sliver quality. Whereas the former focused
on surface-level debris removal, the latter developed quantitative
evidence regarding deep mechanical cleaning and its impact on
neps count and U%. By incorporating statistical analyses, this
study moves beyond observation and proposes a data-driven
framework on the basis of information for assessing the
effectiveness of maintenance interventions.

Also, [25] and [35] emphasized that maintenance is essential for
sustainable production by reducing waste and increasing
efficiency. While [25] discussed predictive maintenance using
sensor networks, this study demonstrates that manual or
mechanical cleaning alone can significantly reduce major sliver
defects, with potential downstream benefits for yarn quality. Thus,
mechanical cleaning serves as a practical alternative for
manufacturers with limited resources, offering a cost-effective
option compared to expensive predictive systems.

5. CONCLUSION AND SUGGESTIONS FOR FUTURE
RESEARCH

The cleaning intervention in this study significantly improved
sliver quality, with potential downstream benefits for yarn quality.
There were clear reductions in both neps count and U%, along
with better production consistency. These findings confirm the
importance of regular maintenance for maintaining quality
standards in textile manufacturing, especially for factories with
limited access to advanced technology.

Mechanical cleaning offers a practical and cost-effective solution.
Future research should investigate how to optimize maintenance
strategies, combining predictive systems and mechanical
cleaning, and examine the effects of cleaning frequency. Studies
should also assess long-term impacts, environmental influences,
and the cost-effectiveness of different maintenance approaches.
Comparative analysis across various carding machines and
production lines can help establish specific maintenance
recommendations. Addressing these topics will support the
development of efficient and effective maintenance protocols in
textile production.
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