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Abstract 
Purpose: This study aims to improve the efficiency of seed cotton cleaning tech-
nology by establishing rational, differentiated technological clearances between 
the peg-spike and saw-drum working elements and the underlying grid/mesh 
surfaces, accounting for the progressive structural transformation of cotton locks 
during processing. Methodology: The structural composition of seed cotton was 
quantified using a structural indicator K, defined as the ratio of the total count of 
individual cotton locks to the total count of seeds in 50 g samples taken before 
processing and after each cleaning section. The proportion of single-seed locks 
(Psingle) was evaluated independently to distinguish structural loosening from lock 
dispersion. Two cleaning-line configurations were evaluated on a laboratory test 
bench at the Tashkent Institute of Textile and Light Industry: Variant 1, the 
standard configuration (32 drums: 4 peg-spike and 4 saw-drum sections) with a 
constant clearance of Δ = 15 mm, and Variant 2, a proposed combined rede-
signed line (24 peg-spike drums in 6 sections and 6 saw drums) with a differen-
tiated clearance sequence of Δ = 18 → 15 → 12 mm. Trials were conducted under 
fixed operating parameters across five independent replications (n = 5). Find-
ings: The share of single-seed cotton locks reached 70% - 96% after only two peg-
spike/saw-drum passes, confirming that cotton-lock geometry diminishes rap-
idly during cleaning. Implementing the combined line redesign with differenti-
ated clearances in Variant 2 raised the overall cleaning efficiency from 80.70% to 
95.06%, with fine- and coarse-trash removal improving by 4.71 and 9.65 percent-
age points, respectively (p < 0.05), without inducing fiber damage or seed chip-
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ping. Originality/Value: This study provides the first quantitative link between 
an empirical structural indicator of lock disintegration and a stage-wise, dif-
ferentiated clearance schedule, providing an industrial engineering basis for 
upgrading primary cotton-cleaning lines. 
 

Keywords 
Seed Cotton, Cotton Ginning, Cleaning Efficiency, Structural Indicator,  
Peg-Spike Drum, Saw Drum, Technological Clearance, Trash Removal,  
Fine Trash, Coarse Trash. 

 

1. Introduction 

In the cotton-ginning industry, peg-spike (paddle) cylinders, saw cylinders, grid 
surfaces, and grid bars are the principal working elements used to remove fine and 
coarse trash from seed cotton. Over recent decades, cleaning-line configurations 
have evolved from battery-type arrangements to continuous multi-section lines 
that combine peg-spike and saw-drum modules, and primary cleaning equipment 
has undergone continuous modernization as a result.  

Today, the UHK cleaning complex is the standard line used in most ginning 
mills. It typically combines a 1XK-type cleaner, whose peg-spike cylinder sections 
target fine trash, with a UHK-type cleaner, whose saw-cylinder sections remove 
both fine and coarse trash. In standard industrial lines, seed cotton passes sequen-
tially through 20 - 32 peg-spike cylinders and 3 - 4 saw-cylinder sections.  

1.1. Related Work 

The theoretical foundations of raw-cotton cleaning technology were laid by Bur-
nashev [1] and further developed by Muhsinov [2], who examined feeding and 
cleaning processes within continuous-flow ginning technology. Subsequent stud-
ies concentrated on individual working elements: Ibrogimov [3] and Dzhuraev [4] 
investigated the design parameters of feeding devices and feed-grid-bar systems, 
respectively, while Usmanov et al. [5] proposed a combined drying-and-cleaning 
line for raw cotton.  

More recent work has focused on optimizing drum arrangement and working-
element geometry. Fayziyev [6] examined stripping peg-spike drums for fine-trash 
cleaning sections; Khakimov [7] and Bozorov [8] analyzed how the number of in-
stalled drums affects both cleaning efficiency and fiber quality; Djurayev et al. [9] 
evaluated the cleaning performance of currently operating cotton cleaners; and Rax-
monov [10] proposed upgraded working elements for fine-trash cleaners.  

A separate group of studies addressed the structural and deformation behavior 
of seed cotton as it passes through cleaning equipment [11]-[15], establishing that 
the geometric dimensions and bulk density of cotton locks change substantially 
during processing. Most recently, Parpiyev et al. [16] reported detailed studies of 
cotton movement, equipment performance, and grid-bar positioning within indus-
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trial cleaning lines operating at Uzbek ginneries.  
Despite this substantial body of work, none of the cited studies has quantita-

tively linked the progressive structural transformation of cotton locks to a cor-
respondingly differentiated, stage-wise technological clearance between the work-
ing elements and the grid/mesh surfaces. In current practice, this clearance is kept 
constant—typically Δ = 15 mm—throughout the entire cleaning line, regardless 
of how the physical dimensions of the cotton locks change from one section to 
the next.  

1.2. Problem Statement 

A structural and technological analysis of the working elements described above 
highlights two critical issues: 
1. In standard peg-spike cleaners, a mesh surface with 6 × 50 mm openings is 

positioned at a constant 15 mm clearance beneath the cylinder. Trash particles 
larger than 6 mm therefore cannot pass through the mesh and remain mixed 
with the cotton mass; moreover, repeated spike impacts compress the cotton, 
increasing its bulk density and further embedding fine trash particles within 
the fiber structure.  

2. In saw cleaners, trash separation occurs as cotton locks are dragged along grid 
bars (20 mm in diameter, with a 40 mm inter-bar gap). The working clearance 
between the saw-tooth tips and the grid bars is likewise kept constant at 15 mm 
across all processing stages.  

Seed cotton undergoes marked structural changes during processing: as large, 
dense locks disintegrate into smaller units, their geometric volume decreases sub-
stantially. A uniform 15 mm clearance creates a mismatch across the line: in the early 
stages, oversized locks are subjected to excessive mechanical friction and seed dam-
age, whereas in later stages the now-smaller locks fail to make active contact with 
the grid bars, sharply reducing cleaning efficiency.  

Optimizing seed-cotton cleaning technology requires a dynamic approach, in 
which the working clearances between the cylinders and the grid surfaces are pro-
gressively adjusted to match the changing physical dimensions and density of the 
cotton locks as they move through the cleaning line.  

1.3. Research Aim, Objectives, and Novelty 

Research aim: to evaluate the structural transformation of seed cotton during clean-
ing and to establish rational, differentiated technological clearances across peg-
spike and saw-drum sec tions that maximize cleaning efficiency while preserving 
fiber and seed quality.  

To achieve this aim, the following objectives were addressed: 
1. To quantify the structural transformation of seed cotton locks during sequen-

tial cleaning using a structural indicator K, while distinguishing it from the mass 
fraction of single-seed locks;  

2. To evaluate the cleaning performance of a standard line (Δ = 15 mm) versus a 
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proposed line redesign incorporating a differentiated clearance schedule (Δ = 
18 → 15 → 12 mm);  

3. To determine the individual and cumulative cleaning efficiency of peg-spike 
and saw-drum sections for fine and coarse trash under both configurations.  

Novelty: for the first time, a quantitative structural indicator of cotton-lock com-
position is linked to a stage-wise, differentiated clearance schedule for a combined 
peg-spike/saw-drum cleaning line, providing a practical route to increasing clean-
ing efficiency without additional fiber or seed damage.  

2. Materials and Methods 
2.1. Structural Evaluation Method of Seed Cotton 

To quantify changes in the structural composition of seed cotton during processing, 
the structural indicator 𝐾𝐾 was evaluated using the following relationship:  

 100%MK
N

 = × 
 

 (1) 

where M is the total number of individual cotton locks in the tested sample, and 
N is the total number of seeds in that sample.  

To prevent confounding structural loosening with lock dispersion, the structural 
indicator K was treated as a metric of lock fragmentation, whereas the proportion 
of single-seed locks (Psingle, %) was recorded as an independent dimensional dis-
tribution metric based on physical sorting into seed-count categories (1-seed, 2-
seed, up to 10-seed locks). Samples weighing 50 g each were extracted before pro-
cessing and after passing through each cleaner section.  

2.2. Experimental Test Bench, Line Configurations, and Clearance 
Justification 

Experimental investigations were conducted on a laboratory test bench at the Tash-
kent Institute of Textile and Light Industry (Figure 1).  
 

 

Figure 1. Experimental test bench (schematic configuration with 4 peg-spike drums and 1 
saw drum shown). 
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Variant 1 (Control/standard configuration): represents the conventional indus-
trial setup, consisting of 32 drums in total: 4 peg-spike drum (PD) sections and 4 
saw-drum (SD) sections. A constant technological clearance of Δ = 15 mm was 
maintained between the main working elements and the grid/mesh surfaces across 
all stages.  

Variant 2 (Proposed combined line redesign): featured 24 peg-spike drums (6 
sections) and 6 saw drums arranged in an alternating sequence. The operational 
clearance was differentiated stage-wise: In the initial 4 sections (2 PD + 2 SD), 
clearance was set to Δ = 18 mm; In the subsequent 2 sections (1 PD + 1 SD), clear-
ance was set to Δ = 15 mm; In the remaining 6 sections, clearance was set to Δ = 
12 mm. 

Physical Justification of Clearances: The clearance values (18 mm, 15 mm, and 
12 mm) were determined directly from the empirical geometric envelope of the 
cotton locks measured across the stages. Initially, multi-seed locks exhibit mean 
diameters of 20 mm to 26 mm; setting Δ = 18 mm prevents aggressive mechanical 
pinching, minimizes seed damage, and permits the release of large coarse debris 
without crushing. As locks disintegrate into intermediate clusters (15 mm - 18 
mm), the clearance is narrowed to Δ = 15 mm. In the final sections, where over 
85% of locks disintegrate into single-seed units with diameters of 12 - 14 mm, 
reducing the gap to Δ = 12 mm ensures active contact between the cotton tufts 
and the grid bars, eliminating inactive bypass.  

2.3. Determination of Cleaning Efficiency 

Waste fractions separated from each individual section were collected, weighed, 
and categorized into fine and coarse trash. Individual section cleaning efficiency 
(ΔC) and cumulative efficiency (Kcum) were calculated relative to both the initial 
trash content (Ctotal = 12.53%, Cfine = 4.89%, Ccoarse = 7.64%, moisture content 
W = 8.8%) and the localized, pre-section trash content (Ci): 

 ( )1 100%i i iK C C C−  = − ×  (2) 

where Ci is the cotton trash content prior to the cleaning section (%), Ci−1 is the 
trash content of the cotton after the section, and Ci − Ci−1 = ΔC is the trash sepa-
rated in that section. 

3. Results and Discussion 
3.1. Structural Dynamics of Seed Cotton Locks 

Experimental analysis revealed that as seed cotton moves through sequential clean-
ing passes, its structural composition changes significantly: the initially large and 
irregular cotton locks are progressively disintegrated into smaller units under me-
chanical impact. Table 1 shows the dynamic variation of the structural indicator 
K and lock distribution across three cotton varieties.  

As shown in Table 1, the proportion of single-seed locks reached 75.48%, 74.65%, 
and 70.93% after cleaning through one set of peg-drum and saw-drum sections, and 
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87.32%, 96.00%, and 87.54% after processing through two sets of sections, respec-
tively. That is, the cotton locks predominantly transformed into near-spherical 
shapes with an effective diameter of 14 mm - 16 mm [13]. In subsequent peg 
drums of a standard line, this transformation causes spike impacts to strike the 
upper fiber layer rather than lock edges, weakening trash expulsion. In saw 
drums with excessive clearance, a compact single-seed lock engaged by a saw 
tooth may pass through without contacting the grid bar, reducing separation ef-
ficiency.  
 

Table 1. Variation of seed cotton structural composition during cleaning. 

No. 
Number of Seeds 
per Cotton Lock 

Number of Cotton Locks Number of Cotton Locks Number Of Cotton Locks 

C65-24 5/3, C = 28.97% C65-24 1/3, C = 10.62% Porloq 2/3, C = 16.3% 

Initial 
After 1PD 

- 1SD 
After 2PD 

- 2SD 
Initial 

After 1PD 
- 1SD 

After 2PD 
- 2SD 

Initial 
After 1PD 

- 1SD 
After 2PD 

- 2SD 

1 1 29 196 278 20 182 257 17 176 261 

2 2 9 23 15 9 20 7 6 28 11 

3 3 6 8 5 5 4 2 5 5 4 

4 4 5 6 3 5 2 0 5 5 2 

5 5 5 1 1 5 2 0 6 5 1 

6 6 5 2 0 7 2 0 8 1 1 

7 7 8 1 1 7 1 0 10 1 1 

8 8 5 0 0 4 1 0 5 1 0 

9 9 1 0 0 3 1 0 1 0 0 

10 10 0 0 0 1 0 0 0 0 0 

11 
Number of cotton 

locks, M 
73 237 303 66 215 266 63 222 281 

12 
Number of seeds in 

sample, N 
231 314 347 258 288 277 262 313 321 

13 
Structural indicator 

of cotton, K, % 
31.60 75.48 87.32 25.58 74.65 96.00 24.04 70.93 87.54 

3.2. Performance Evaluation of Cleaning Variants 

Based on the structural results above, the possibility of enhancing cleaning efficiency 
was investigated by introducing a variable clearance between the drums (peg and 
saw) and the grid surfaces, matched to the evolving structural composition of seed 
cotton, together with a partial replacement of peg-drum sections by saw-drum sec-
tions. The experiments were conducted in two variants in the laboratory of the Tash-
kent Institute of Textile and Light Industry (Figure 1). 

https://doi.org/10.4236/eng.2026.1810024


A. Parpiyev et al. 
 

 

DOI: 10.4236/eng.2026.1810024 440 Engineering 
 

Variant 1 consisted of 32 drums, with the clearance between the drums and the 
grid bar or mesh surface set to Δ = 15 mm across all 4 peg-drum and 4 saw-drum 
sections. Variant 2 consisted of 24 peg drums (6 sections) and 6 saw drums, with the 
clearance set to Δ = 18 mm in the initial 4 sections (2 PD + 2 SD), Δ = 15 mm in the 
subsequent two sections (1 PD + 1 SD), and Δ = 12 mm in the remaining six sections. 
The waste separated from each cleaning section was weighed individually to calculate 
the respective cleaning efficiencies; the results are presented in Table 2 and Figure 2. 
 

Table 2. Influence of the clearance between drums and mesh/grid surfaces on trash separation from seed cotton (Ctotal = 12.53%, 
Cfine = 4.89%, Ccoarse = 7.64%, W = 8.8%). 

No. Section 
Δ, 

mm 
Cotton, 

kg 
Trash, 

g 
Trash, 

% 
Fine, 

g 
Fine, 

% 
Coarse, 

g 
Coarse, 

% 
Fine 

Eff., % 
Coarse 
Eff., % 

Total 
Eff., % 

Variant 1 (Constant Clearance, Δ = 15 mm) 

1 1 PD 15 10 91.04 0.91 88.0 0.88 3.45 0.03 7.02 0.24 7.26 

2 2 PD 15 8.9 63.18 0.74 59.53 0.7 3.56 0.04 5.35 0.32 5.67 

3 3 PD 15 7.83 49.89 0.64 46.26 0.59 3.52 0.05 4.71 0.4 5.11 

4 1 SD 15 7.761 239.68 3.08 20.18 0.26 218.86 2.82 2.07 22.51 24.58 

5 4 PD 15 6.524 28.33 0.43 25.44 0.39 2.61 0.04 3.11 0.32 3.43 

6 2 SD 15 6.495 119.91 1.85 11.04 0.17 109.12 1.68 1.36 13.41 14.77 

7 5 PD 15 5.356 16.8 0.31 15.2 0.28 1.61 0.03 2.23 0.24 2.47 

8 3 SD 15 5.34 59.14 1.11 5.87 0.11 53.47 1.0 0.88 7.98 8.86 

9 6 PD 15 4.27 9.37 0.22 8.54 0.20 0.85 0.02 1.6 0.16 1.76 

10 4 SD 15 4.227 25.69 0.61 3.28 0.08 22.47 0.53 0.64 4.23 4.87 

11 7 PD 15 3.228 4.35 0.13 3.55 0.11 0.64 0.02 0.88 0.16 1.04 

12 8 PD 15 2.223 2.44 0.11 2.0 0.08 0.44 0.02 0.72 0.16 0.88 

13 Total   709.82 10.1 288.89 3.85 420.6 6.28 30.57 50.13 80.70 

Variant 2 (Differentiated Clearance, Δ = 18 → 15 → 12 mm) 

1 1 PD 18 10 138.44 1.38 132.86 1.33 5.58 0.05 10.61 0.4 11.01 

2 1 SD 18 10 444.72 4.45 69.61 0.7 375.11 3.75 5.59 29.93 35.52 

3 2 PD 18 10 52.85 0.53 50.07 0.5 2.78 0.03 3.99 0.24 4.23 

4 2 SD 18 10 170.44 1.7 26.45 0.26 143.99 1.44 2.08 11.49 13.57 

5 3 PD 15 7.153 33.92 0.47 32.58 0.45 1.34 0.02 3.59 0.16 3.75 

6 3 SD 15 7.153 105.66 1.47 24.0 0.33 81.66 1.14 2.63 9.1 11.73 

7 4 PD 12 7.153 17.29 0.24 16.53 0.23 0.76 0.01 1.84 0.08 1.92 
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Continued 

8 4 SD 12 7.153 44.43 0.62 6.57 0.09 37.86 0.53 0.72 4.23 4.95 

9 5 PD 12 4.921 10.77 0.22 10.28 0.21 0.49 0.01 1.67 0.08 1.75 

10 5 SD 12 4.921 20.59 0.42 6.35 0.13 14.29 0.29 1.24 2.31 3.35 

11 6 PD 12 4.921 7.68 0.15 7.04 0.14 0.64 0.01 1.12 0.08 1.2 

12 6 SD 12 4.921 12.79 0.26 2.46 0.05 10.73 0.21 0.4 1.67 2.07 

13 Total   1059.58  385.82 4.44 674.78 7.49 35.28 59.78 95.06 

 

As presented in Table 2, in Variant 1 the cleaning efficiency for total, fine, and 
coarse trash was 80.70%, 30.57%, and 50.13%, respectively. In Variant 2, these 
figures were 95.06%, 35.28%, and 59.78%—higher by 14.36, 4.71, and 9.65 per-
centage points, respectively. 

In the first four cleaning sections (3 PD + 1 SD) of Variant 1, with a constant 
clearance of Δ = 15 mm, a total of 5.37% of trash was separated (2.29% in the three 
PD sections and 3.08% in the SD section), comprising 2.43% fine and 2.94% coarse 
trash. In contrast, in the first four sections of Variant 2 (2 PD + 2 SD), with Δ = 
18 mm, a total of 8.06% of trash was separated (1.91% in the two PD sections and 
6.15% in the two SD sections), comprising 2.73% fine and 5.27% coarse trash. This 
confirms that widening the clearance to Δ = 18 mm and replacing a peg drum 
with a saw drum increases the separation of both fine and coarse trash. 

For these initial sections, the cleaning efficiencies for total, fine, and coarse trash 
were 42.62%, 19.15%, and 23.47% in Variant 1, compared with 64.33%, 22.27%, 
and 42.06% in Variant 2. 

In cleaning sections 5 - 8, the total, fine, and coarse trash separation rates were 
3.70%, 0.95%, and 2.75% for Variant 1, and 2.80%, 1.10%, and 1.70% for Variant 
2—that is, 0.9 percentage points higher overall in Variant 1. This was primarily 
attributable to higher trash-separation rates at the 2nd and 3rd saw-drum posi-
tions in Variant 1 relative to the corresponding 3rd and 4th saw-drum positions 
in Variant 2. However, this result alone does not indicate that the saw drums in 
the 6th and 8th cleaning sections of Variant 1 operate more efficiently than those 
in Variant 2; this apparent discrepancy is clarified by the individual-section effi-
ciency analysis in Figure 2. 

The individual cleaning efficiency of the peg drums and saw drums was deter-
mined relative to the fine and coarse trash content of the cotton prior to the cor-
responding cleaning section, using Equation (2). It should be emphasized that the 
cleaning efficiencies reported in Table 2 were calculated relative to the initial total 
trash content of the cotton (K = ΔC/Ccum × 100%), not relative to the local 
fine/coarse trash content entering each section. Because peg drums separate only 
fine trash, evaluating their efficiency relative to the initial fine-trash content of the 
cotton gives a more representative picture. Likewise, determining the true indi-
vidual efficiency of sequential cleaning sections requires accounting for the reduc-
tion in trash content already achieved by the preceding sections; Figure 2 presents  
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Figure 2. Individual cleaning efficiency of the peg-drum and saw-drum sections for fine and coarse trash, Variant 1 (left) and Variant 
2 (right). 

 

the individual efficiencies obtained on this basis. 
In Variant 1, when calculated relative to the total initial trash content, the clean-

ing efficiency for fine trash on the 1st, 2nd, and 3rd peg drums was 7.02%, 5.35%, 
and 4.71%, respectively (Table 2), whereas the individual cleaning efficiency (rel-
ative to local fine-trash content) was 18.0%, 17.46%, and 17.82%, respectively. In 
the four saw-drum sections, the individual cleaning efficiencies for fine and coarse 
trash were 9.56% and 37.5%, 8.21% and 36.05%, 6.79% and 33.90%, and 6.11% 
and 27.46%, respectively. 

In Variant 2, the cleaning efficiency on the initial three peg drums, relative to 
total initial trash content, was 10.61%, 3.99%, and 3.59%, respectively, while the 
individual cleaning efficiency was 27.2%, 17.48%, and 21.43%, respectively. In the 
six saw-drum sections, the individual cleaning efficiencies for fine and coarse 
trash were 19.16% and 49.41%, 11.02% and 37.8%, 20.0% and 48.51%, 8.26% and 
44.17%, 16.45% and 43.94%, and 11.54% and 41.67%, respectively (Figure 2). As 
these results show, the individual cleaning efficiency of the sections in Variant 2 
is consistently and substantially higher than in Variant 1. 

Although the cleaning efficiency calculated relative to total trash content at the 
2nd and 3rd saw drums was nominally higher in Variant 1 than in Variant 2, Fig-
ure 2 shows that their individual efficiency for fine and coarse trash was only 
8.21% and 36.05% (2nd SD) and 6.79% and 33.90% (3rd SD) in Variant 1, com-
pared with 11.02% and 37.8%, and 20.0% and 48.51% at the corresponding posi-
tions in Variant 2—confirming the superior performance of Variant 2 once local 
trash content is accounted for. 

Table 3 presents the individual cleaning efficiency for cleaning sections 5 - 8 of 
the line, calculated both relative to the total trash content of the cotton and relative 
to the fine and coarse trash content before and after each section. 

It is well established that the cleaning efficiency of a given section depends on 
the trash content of the cotton entering it and on the number of cleaning sections 
already traversed: a higher initial trash content, and fewer preceding cleaning passes, 
both result in a larger proportion of weakly bonded trash and, consequently, higher 
separation efficiency. 
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Table 3. Overall and individual cleaning efficiency of cleaning sections 5 - 8. 

No. 
Section  

V1 
Section  

V2 
Eff. 

V1 % 
Eff. 

V2 % 

Trash 
Prior  
V1 % 

Trash 
Prior  
V2 % 

Repeat 
V1 

Repeat 
V2 

Indiv. 
V1  

Fine % 

Indiv. V1  
Coarse % 

Indiv. 
V2  

Fine % 

Indiv.V2  
Coarse % 

ΔK % 

1 4 PD 3 PD 3.43 3.75 2.46 2.1 4 3 15.85 0.52 21.43 0.84 5.9 

2 2 SD 3 SD 14.77 11.73 4.66 2.35 2 3 8.21 36.05 20.0 48.51 24.25 

3 5 PD 4 PD 1.47 1.92 1.90 1.32 5 4 14.58 1.01 17.42 0.83 2.65 

4 3 SD 4 SD 8.86 4.95 2.95 1.2 3 4 6.79 33.90 8.26 44.17 11.74 

 
In sections 5 - 8, the cotton in Variant 1 had passed through one additional peg 

drum and one fewer saw drum than in Variant 2. Because one fewer saw-drum 
pass had been applied, the pre-cleaning trash content entering these four sections 
was higher in Variant 1, which explains the higher efficiency values calculated rel-
ative to total trash content for Variant 1 in this range. However, once individual 
efficiency is considered (Table 3), Variant 2 outperforms Variant 1 at every one 
of these four sections—by 5.9, 24.25, 2.65, and 11.74 percentage points, respec-
tively. 

4. Conclusions 

This study demonstrated that, after passing through two peg-drum and two saw-
drum sections in the existing cleaning line, seed cotton is disintegrated almost to 
the level of individual, single-seed locks. This structural transformation must be 
taken into account when specifying the technological clearances of the cleaner’s 
working elements. 

It was substantiated that setting the clearance between the peg/saw drums and 
the mesh surface or grid bars differentially—from 18 mm down to 12 mm across 
the successive stages of the cleaning line, in accordance with the changing geo-
metric dimensions of the cotton locks—significantly increases cleaning efficiency. 
Under laboratory conditions, this approach raised the overall cleaning efficiency 
from 80.70% (constant Δ = 15 mm) to 95.06% (differentiated Δ = 18 → 15 → 12 
mm), with individual-section efficiency higher at every comparable stage and 
without additional damage to fiber or seed quality. 

From a practical standpoint, the proposed differentiated-clearance scheme can 
be implemented in existing UHK-type cleaning lines with only local adjustment 
of the working clearances and a partial substitution of peg-drum sections by saw-
drum sections, making it a low-cost, readily deployable route to improving gin-
ning-mill performance. Further research should extend the structural-indicator-
based approach to a wider range of cotton varieties, moisture and trash-content 
conditions, and industrial-scale trials, in order to generalize the recommended 
clearance schedule for broader implementation. 
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