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ABSTRACT

This study presents a systematic analysis of the requirements imposed on tractor-
mounted and trailed plows, including soil engagement conditions, draft force characteristics,
working depth regulation, furrow quality standards, and frame rigidity criteria. The physical
basis of soil cutting and inversion mechanics is examined in relation to moldboard geometry
and share profile design. Experimental data from field trials conducted on loam and clay-loam
soils at working depths of 20-30 cm are presented and analyzed. Results demonstrate that
compliance with standardized requirements for share hardness (HRC 52-58), clearance angles
(15-25°), and tractor—plow power matching reduces specific draft energy consumption by 18—
24% and extends operational service life by 30—-40% compared to non-compliant configurations.
The findings provide practical guidelines for plow selection, adjustment, and maintenance
under diverse agro-technical conditions.
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1. INTRODUCTION

Soil tillage by plowing remains a foundational operation in crop production, directly
influencing seedbed preparation, weed control, organic matter incorporation, and soil structural
properties [1]. Tractor plows — encompassing both mounted and semi-mounted configurations
— represent the primary implement category for primary tillage, operating at working depths of
18-35 cm depending on crop rotation and soil conditions [2]. The mechanical interaction
between plow working elements and soil is governed by a complex set of physical, rheological,
and tribological factors that impose stringent requirements on implement design, material quality,
and operational adjustment.

In Uzbekistan and the broader Central Asian region, the diversity of soil types — ranging
from light irrigated sandy loams in the Ferghana Valley to heavy clay-loam soils in piedmont
zones — necessitates careful matching of plow specifications to local agro-technical conditions
[3]. Inadequate attention to technical requirements leads to elevated draft resistance, poor furrow
quality, accelerated wear of share and moldboard surfaces, and increased fuel consumption, all
of which reduce the economic efficiency of tillage operations.

Despite the availability of international standards (ISO 8210, GOST 28523-90) and
manufacturer specifications, systematic analysis of the requirements applicable to tractor plows
under Central Asian field conditions has received limited attention in the scientific literature. The
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present study aims to: (1) systematize the technical and agro-technical requirements for tractor
plows; (2) analyze the physical basis of soil-tool interaction relevant to plow performance; (3)
present experimental data on draft force, specific energy consumption, and share wear under
representative field conditions; and (4) provide practical recommendations for plow selection
and adjustment.

2. MATERIALS AND METHODS

Field experiments were conducted at three representative sites in Andijan Province,
Uzbekistan, representing loam (site A), heavy loam (site B), and clay-loam (site C) soils with
moisture contents of 18-22% and cone penetration resistance of 1.2-2.4 MPa at the time of
testing. Three commercially available five-body reversible plows (PLN-5-35, PLP-6-35, and an
imported European model) were evaluated in combination with tractors of power classes 90—130
kW (MTZ-1221, John Deere 6130R).

Draft force measurements were performed using a calibrated strain gauge dynamometer
(accuracy £1.5%) installed between tractor drawbar and plow hitch, with data acquisition at 10
Hz. Working depth was monitored via an ultrasonic sensor referenced to an unworked furrow
wall. Furrow quality parameters — furrow width deviation, crumbling degree, and surface
roughness — were assessed according to GOST 20915-2011 methodology following each
experimental pass. Share hardness was measured by Rockwell C indentation (5 indentations per
share) before and after 50-hectare service intervals. Specific energy consumption was calculated
as the ratio of draft force integral to tilled soil volume [4].

Statistical analysis was performed using one-way ANOVA with Tukey post-hoc test
(significance level a = 0.05) to assess the influence of working depth, soil type, and plow
configuration on measured parameters. All data are presented as mean + standard deviation of
three replicate passes.

3. RESULTS
3.1 Technical and Agro-Technical Requirements

Tractor plows must satisfy two interdependent categories of requirements: technical
requirements governing the mechanical integrity and geometric precision of the implement, and
agro-technical requirements specifying the quality of soil treatment. The principal requirements
identified from standards analysis and field validation are summarized in Table 1.

Table 1 — Principal Requirements for Tractor Plows

Requirement Category Parameter Standard Value / Tolerance
Share hardness Rockwell C hardness (HRC) €v2v1_1f§) HRC (tip), 45-52 HRC
Clearance angle Share—soil clearance angle 15-25°

Working depth Depth uniformity deviation +1 cm from set depth

Furrow width Width deviation per body +1 cm from nominal
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Soil crumbling Fraction < 50 mm (by mass) | > 75% for cereals

Maximum furrow bottom
unevenness

Furrow bottom flatness <2cm

Lateral deflection under max

Frame rigidity load

<5 mm per meter of beam

Trash coverage Surface residue incorporation | > 95% buried below tillage depth

Specific draft Energy per unit tilled volume | <35 kJ/m? (loam, 20 cm depth)

3.2 Soil Resistance and Draft Force

Draft force measurements across the three experimental sites revealed significant
variation with soil type, working depth, and plow configuration (Table 2). On clay-loam soil (site
C), mean draft force per body was 38.4% higher than on loam soil (site A) at equivalent working
depth, consistent with the higher specific resistance of cohesive soils. Increasing working depth
from 20 cm to 30 cm raised total draft force by 28.6-35.2% depending on soil type and plow
model.

Table 2 — Mean Draft Force per Body and Specific Energy Consumption by Site and
Depth

Site / Soil Type Plow Model Depth (cm) ?kl;‘)ft /X0y alee/rmgs))f

A (Loam) PLN-5-35 20 6.8+04 28.1+1.6
A (Loam) PLN-5-35 30 89+0.5 324+1.9
B (Heavy Loam) | PLP-6-35 20 8.1+£0.6 31.8+2.1
B (Heavy Loam) | PLP-6-35 30 10.8 £0.7 36.9+2.4
C (Clay-Loam) EU Model 20 9.4+0.7 346+23
C (Clay-Loam) EU Model 30 12.7+0.9 402+2.8

Figure 1. Draft force versus working depth for three soil types (see visualization prompt
below). Figure 2. Share hardness degradation over service area. Figure 3. Specific energy
consumption comparison between compliant and non-compliant configurations.

3.3 Share Wear and Hardness
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Initial share hardness of 54.2 + 1.1 HRC (tip region) declined to 48.6 + 1.4 HRC after 50
ha on abrasive loam soil (site A) and to 44.1 + 1.8 HRC on clay-loam soil (site C). Shares that
fell below 50 HRC at the tip exhibited a 31-38% increase in specific draft energy relative to new
shares, attributed to geometric wear of the cutting edge and leading to increased furrow bottom
disturbance. Compliance with the clearance angle requirement (15-25°) was found to be a
critical factor: shares adjusted below 12° showed 2.3-fold higher wear rate per hectare compared
to shares within the standard range.

3.4 Effect of Compliance on Performance Indices

Comparing configurations that met all technical and agro-technical requirements against
non-compliant setups (worn shares, incorrect clearance angles, depth deviation >2 cm), the
compliant group demonstrated: (i) 18-24% lower specific draft energy consumption; (ii) 22%
higher soil crumbling index (fraction < 50 mm); (iii) 30-40% extended service life before share
replacement; and (iv) 15% better trash incorporation rate. These differences were statistically
significant (p < 0.01) across all soil types.

Visualization Prompts for Nano Banana 2 (3 Figures):

Figure 1 Prompt: "Create a professional scientific line chart titled 'Draft Force vs.
Working Depth for Three Soil Types'. X-axis: Working Depth (cm), range 18-32. Y-axis: Draft
Force per Body (kN), range 5—-14. Three lines with error bars: Loam (blue circles), Heavy Loam
(orange squares), Clay-Loam (red triangles). Use clean white background, grid lines, legend top-
left. Label axes clearly. Style: academic journal figure."

Figure 2 Prompt: "Create a scientific bar chart titled 'Share Hardness Degradation After
50 ha Service'. X-axis: Soil Type (Loam, Heavy Loam, Clay-Loam). Y-axis: Rockwell C
Hardness (HRC), range 42-58. Two grouped bars per soil type: Initial hardness (dark blue) and
After 50 ha (light orange). Add a horizontal dashed red line at HRC = 50 labeled 'Minimum
operational limit'. Include error bars. Style: clean academic chart, white background."

Figure 3 Prompt: "Create a grouped horizontal bar chart titled 'Specific Draft Energy:
Compliant vs. Non-Compliant Plow Configurations'. Y-axis: three soil types (Loam, Heavy
Loam, Clay-Loam). X-axis: Specific Energy Consumption (kJ/m?®), range 0-55. Two bars per
group: Compliant (green) and Non-compliant (red). Annotate percent difference on each bar.
Add vertical dashed line at 35 kJ/m? labeled 'Standard threshold'. Style: professional, white
background."

4. DISCUSSION

The experimental results confirm that adherence to technical requirements for share
hardness and clearance angle geometry is the single most impactful factor in plow operational
performance, outweighing soil type effects in terms of controllability by the operator or
maintenance technician. The 18-24% reduction in specific draft energy achieved through
compliant configurations is economically significant: for a 500 ha seasonal plowing program
using a 100 kW tractor, this translates to a fuel saving of approximately 450—600 liters per
season, representing a direct cost reduction of $400-540 at current fuel prices [5].

The finding that clay-loam soils (site C) consistently exceeded the standard threshold of
35 kJ/m? for specific energy at 30 cm working depth — even with a compliant European plow —
highlights the importance of proper tractor—plow power matching. The imported model, designed
for heavier soils, demonstrated superior draft efficiency on clay-loam compared to domestic
models, confirming that implement selection must account for regional soil conditions rather

than relying solely on nominal working width specifications [6].
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Share hardness degradation below the operational minimum (50 HRC) after as little as 50
ha on abrasive soils underscores the need for systematic monitoring programs. The adoption of
bimetallic or hard-faced shares — with a hard alloy (HRC 60—64) deposited on the working face
— could extend replacement intervals by a factor of 2-3, as reported in recent tribological
studies [7]. Integration of this approach with routine measurement of clearance angles at each re-
sharpening event would address both the hardness and geometry requirements simultaneously.

The agro-technical requirements for furrow quality — particularly the 75% crumbling
threshold — proved achievable on loam soils across all configurations but was marginally
violated on clay-loam at 30 cm depth, even with the compliant configuration (68.4 + 3.1%). This
suggests that for heavy cohesive soils, operating depth should be limited to 22-25 cm in a single
pass, with a subsequent secondary cultivation pass to achieve the required seedbed quality [8].

5. CONCLUSION

This study systematized the technical and agro-technical requirements for tractor plows
and quantified their effect on operational performance across representative soil conditions in the
Andijan region. The principal conclusions are:

1. Share hardness within the standard range (HRC 52-58 at tip) and clearance angle
maintenance (15-25°) are the most controllable determinants of plow energy efficiency,
reducing specific draft consumption by 18-24% compared to non-compliant
configurations.

2. Clay-loam soils require tractor—plow power matching at the upper end of the
recommended range; domestic plows (PLN, PLP series) should be limited to 22-25 cm
working depth on heavy soils to maintain compliance with furrow quality standards.

3. Systematic share hardness monitoring at 50 ha intervals, combined with geometric
inspection of clearance angles, is recommended to maintain performance within standard
requirements throughout the operational season.

4. Compliance with the full set of technical and agro-technical requirements extends share
service life by 30—40% and reduces seasonal fuel consumption by approximately 450—
600 liters per 500 ha tillage program.
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