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Abstract. When the disc plug is in operation, its straight line movement is 
considered important. The reason for this is that the plug bodies are angled, 
all pointing in the same direction, so they will attempt to rotate the plug 
during operation. To prevent this from happening, the plug incorporates a 
support disc which, by resting on the base formed by the end housing, 
ensures that the plug operates horizontally without tilting to the side, i.e. in 
a straight line movement. Based on this, it was found in theoretical studies 
that the vertical load applied to the disc connector depends on its parameters. 
According to the obtained expression, it was shown that the steepness of 
load on the support disc depends on its radius (diameter), depth of immersion 
in the bottom, thickness, thickness of the crucible, angles of sharpening and 
installation relative to the steepness, as well as friction and volume crushing 
coefficients of the ground. 

1 Introduction 

Soil is the main resource for growing cotton, wheat, soybeans and other crops [1-6]. The 
yield of these crops depends on good soil preparation. This, in turn, will lead to the 
development of the food industry, animal husbandry and fish farming [7-15]. 

In the following years, due to the widespread introduction of energy-efficient 
technologies and techniques in agricultural production, the use of disc stoppers, i.e. stoppers 
with a spherical disc-shaped working tool, in the main tillage (ploughing) of land has gained 
importance. Because they are less tension-resistant than tilting discs, are more efficient and 
don't get blocked by plant debris and weeds. Based on this, we developed a disc plug used in 
the main tillage (ploughing) of land for the cultivation of cereals, rye and other crops, and 
conducted research to justify its parameters suitable for the soil and climatic conditions of 
our region [16].  

During operation, the plug is moved aggregatively through the front frame suspension 1 
2 to the tractor and the disc body 3 cuts the ground and turns it over. At the same time, the 
support disc 4, resting on the egat base formed by the end body, ensures that the plug operates 
in the horizontal plane without tilting to the side, i.e. in a straight line movement. 
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This paper presents the results of theoretical studies to determine the dependence of the 
vertical load applied to the base disc of the disc plug on its parameters. 

The disc plug, like other plugs, consists of frame 1, suspension device 2, disc body 3, 
support disc 4, spring-loaded adjusting screw 5 (Figure 1). 

 
1-frame; 2-suspension device; 3-disc body; 4-supporting disc; 5-spring adjusting screw 

Fig. 1. Disc connection diagram. 

2 Materials and methods 

To determine the parameters of the working parts of the disk plug M. Alam, A.K.Srivastava, 
B.Panagrai, M.J.J.Hahn, R.Manian, G.N.Sineokov, V.F. Strelbitsky, F.M.Kanarev, 
P.S.Nartov, G.Tesliuk, F.M.S.Mamatov, A.T.Tukhtakuziev, S.P.Chirsov, A.N.Khudoyarov, 
H.T.Kirgizov and others conducted studies [1,3,5, 16-22]. Theoretical studies on determining 
the vertical load that the disk fork exerts on the base plate have not been sufficiently 
investigated in the works of the researchers mentioned above. 

The rules of analytical analysis of higher mathematics as well as the laws of theoretical 
mechanics and resistance of materials were used in the research. 

The total steep load required for the base disc to sink to a given depth was determined by 
determining the steep loads required to ensure that the ground part of the disc, i.e. its edge, 
sinks to a given depth. 

Based on the analysis of the expression for the detection of the vertical load 
applied to the disc connector of the base disc, the dependence of the vertical load 
applied to the base disc on the design and technological parameters of the connector 
was analysed. 

3 Results and discussion 

Our study shows that in order for the plug to act in a straight line in the horizontal plane, the 
disc must operate by sinking to a certain depth into the bottom of the basket. This requirement 
is achieved by a vertical load (force) acting on the disc by a pressure spring. 

As the edge of the disc is ground, the total load that is applied to it can be expressed as 
                  𝑄௨ ൌ 𝑄௠ ൅ 𝑄௦௛,                                                                      (1) 

there     𝑄௨- total steep load required to plunge the disc to a given depth; 
𝑄௠- the steep load required for the disc to sink to a given depth; 
𝑄௦௛- the steep load required to ensure that the sharpened part (fascia) of the disc plunges 

to the specified depth. 
Determine these components of the total vertical load on the disc using the diagrams 

shown in Figure 2.  
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To determine     𝑄௠, we separate the elementary surface 𝑑𝑠 ൌ 𝑅𝛿𝑑𝛼௠ (where R-radius 
of the disc; 𝛿 -disc thickness; 𝑑𝛼௠-elementary angle) from the part of the incisor disc 
(diagram a in Figure 2) that interacts with the soil. 

The following elementary normal force acts on this surface     
          𝑑𝑁௠ ൌ 𝑞௠𝑑𝑠 ൌ 𝑞௠𝛿𝑅𝑑𝛼௠,                                         (2)     

there qm - the specific pressure exerted by the ground on the disc surface. 

 
a 

 
b 

Fig. 2. Schematics for determining the vertical load required to sink the disc to a given depth into the 
bottom of the egat. 

The sum of the vertical components of the elementary normal forces acting on the disc 
axis gives 𝑄௠, i.e. 

 
𝑄௠ ൌ ∑𝑑𝑁௠௠ ൌ׬ 𝑑𝑁௠ 𝑐𝑜𝑠 𝛼௠ ൌ

ఈబ
଴ ׬ 𝑞௠𝛿𝑅 𝑐𝑜𝑠 𝛼௠ 𝑑𝛼௠

ఈబ
଴

,                    (3) 
there 𝑑𝑁௠௠- the torque of the elementary normal force acting on the disc axis. 

(3) cm in the expression is defined as the volumetric soil crush factor qm   and its represent 
deformation at the point in question through h   

                                             
𝑞௠ ൌ 𝑞଴ℎ.                                                             (4) 

According to diagram a in the figure 
ℎ ൌ 𝑂𝑀 െ 𝑂𝐾 ൌ 𝑅ሺ𝑐𝑜𝑠 𝛼௠ െ 𝑐𝑜𝑠 𝛼଴ሻ,                                (5) 

there 𝛼௠ and 𝛼଴- central angles. 
Taking expressions (4) and (5) into account, integrating expression (3), we obtain  
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𝑄௠ ൌ

ଵ

ଶ
𝑞଴𝛿𝑅ଶሺ𝛼଴ െ 𝑠𝑖𝑛 𝛼଴ 𝑐𝑜𝑠 𝛼଴ሻ.                                     (6) 

Representing 𝑠𝑖𝑛 𝛼଴ , 𝑐𝑜𝑠 𝛼଴ and α0 in this expression by R and hd (where hd is the 
immersion depth of the disc in the bottom of the land), we obtain the following result 

                  𝑄௠ ൌ
ଵ

ଶ
𝑞଴𝛿𝑅ଶ ቂ𝑎𝑟𝑐𝑐𝑜𝑠

ோି௛ങ
ோ

െ
ሺோି௛ങሻඥሺଶோି௛ങሻ௛ങ

ோమ
൨.                                 (7)       

The vertical load required to plunge the sharpened part of the disc into the soil was 

determined by the diagram b in Figure 2 in the order stated above   

𝑄௦௛ ൌ
𝑞଴

2𝑐𝑜𝑠𝛾
ሺ1 ൅ 𝑓𝑐𝑡𝑔𝛾ሻ ൬𝑅 െ

𝑡 െ 𝛿
4

𝑐𝑡𝑔𝛾൰ ൈ 

ൈ ቈ𝑅ଶ െ ൬𝑅 െ
𝑡 െ 𝛿

2
𝑐𝑡𝑔𝛾൰

ଶ

቉ ቎arccos
𝑅 െ ℎడ

ቀ𝑅 െ
𝑡 െ 𝛿

4 𝑐𝑡𝑔𝛾ቁ
െ 

                  െ
ሺோି௛ങሻටቀோି

೟షഃ
మ
௖௧௚ఊቁ

మ
ିሺோି௛ങሻమ

ቀோି
೟షഃ
మ
௖௧௚ఊቁ

మ ቏,                                              (8)

 

there γ - half of the disc sharpening angle; 

f- coefficient of friction of the ground on the sharpened part of the disc; 
t- disc thickness. 
Substituting the values of Qm and Qo in expressions (7) and (8)into expression (1), we 

obtain the following final result 

𝑄௨ ൌ
1
2
𝑞଴ ൞𝛿𝑅ଶ ൤𝑎𝑟𝑐𝑐𝑜𝑠

𝑅 െ ℎడ
𝑅

െ
ሺ𝑅 ൅ ℎడሻ

𝑅ଶ
ൈ 

ൈ ඥሺ2𝑅 െ ℎడሻℎడ ቃ ൅
1 ൅ 𝑓𝑐𝑡𝑔𝛾
𝑐𝑜𝑠 𝛾

൬𝑅 െ
𝑡 െ 𝛿

4
𝑐𝑡𝑔𝛾൰ ൈ 

ൈ ቈ𝑅ଶ െ ൬𝑅 െ
𝑡 െ 𝛿

2
𝑐𝑡𝑔𝛾൰

ଶ

቉ ቎𝑎𝑟𝑐𝑐𝑜𝑠
𝑅 െ ℎడ

ቀ𝑅 െ
𝑡 െ 𝛿

4 𝑐𝑡𝑔𝛾ቁ
െ 

 

                       െ
ሺோି௛ങሻටቀோି

೟షഃ
ర
௖௧௚ఊቁ

మ
ିሺோି௛ങሻమ

ቀோି
೟షഃ
ర
௖௧௚ఊቁ

మ ൩ ൢ.                                     (9)

 

4 Conclusion 

Thus, the torsional load created by the disc, according to the results of the studies, depends 
on its radius(diameter), depth of penetration into the bottom, thickness, surface thickness of 
the disc, angles of sharpening and setting relative to the steepness, as well as friction and 
volumetric crushing coefficients of the ground. 
 
 
 
 

E3S Web of Conferences 390, 01039 (2023) https://doi.org/10.1051/e3sconf/202339001039
AGRITECH-VIII 2023

4



References  

1. A. Тukhtakuziyev, Sh. U. Ishmuradov, R. B. Abdumajidov, IOP Conference Series: 
Materials Science and Engineering 868, 012058 (2021)  

2. K. D. Astanakulov, K. A. Baimakhanov, G. B. Alpamyssova, A. B. Babojanov, IOP 
Conference Series: Earth and Environmental Science 839(5), 052062 (2021) 

3. Sh. U. Ishmuradov, R. B. Abdumajidov, IOP Conference Series: Earth and 
Environmental Science 1076, 012039 (2022)  

4. K. Astanakulov, IOP Conference Series: Materials Science and Engineering 883, 
012137 (2020) 

5. K. K. Nuriev, M. K. Nuriev, F. O. Rahmatov, IOP. Conf.Sevies: Eavth and 
Environmenta Scence 1076, 012069 (2022) 

6. K. D. Astanakulov, V. I. Balabanov, P. Vitliemov, N. A. Ashurov, O. Khakberdiev, IOP 
Conference Series: Earth and Environmental Science 868(1), 012077 (2021) 

7. K. D. Astanakulov, A. D. Rasulov, K. A. Baimakhanov, Kh. M. Eshankulov, 
A. J. Kurbanov, IOP Conference Series: Earth and Environmental Science 848(1), 
012171 (2021) 

8. N. E. Sattarov, A. N. Borotov, R. F. Yunusov, A. E. Yangiboev, IOP Conference 
Series: Earth and Environmental Science 1076, 012081 (2022) 

9. K. D. Astanakulov, A. T. Umirov, P. S. Sultanbekova, G. B. Alpamyssova, IOP 
Conference Series: Earth and Environmental Science 839(5), 052048 (2021) 

10. K. Astanakulov, IOP Conference Series: Materials Science and Engineering 883, 
012151 (2020) 

11. A. N. Borotov, IOP Conference Series: Earth and Environmental Science 1076, 012027 
(2022) 

12. K. Astanakulov, F. Karshiev, Sh. Gapparov, D. Khudaynazarov, Sh. Azizov, E3S Web 
of Conferences 264, 04038 (2021) 

13. F. U. Karshiev, F. Mamatov, Gapparov, IOP Conference Series: Earth and 
Environmental Science 1076, 01202 (2022) 

14. M. Kh. Shomirzaev, K. D. Astanakulov, Kh. M. Babaev, IOP Conference Series: Earth 
and Environmental Science 1076, 012035 (2022) 

15. K. D. Astanakulov, F. K. Kurbonov, M. Kh. Shomirzaev, IOP Conference Series: Earth 
and Environmental Science 1076, 012032 (2022  ) 

16. I. M .Panov, V. I. Vetoxin, Physical foundations of soil mechanics 265, (2008) 

17. M. A. Monjurul, Doctor of Philosophy in Agricultural Engineering 126, (1986) 

18. A. K. Srivastava, C. E. Goering, R. P. Rohrbach, D. R. Buckmaster, Copyright American 
Society of Agricultural and Biological Engineers 174, (2006) 

19. B. Panagrahi, J. N. Mishra, Effect of implement and soil parameters on penetration depth 
of a disk plow 21(2), 9-12 (1990) 

20. M. J. Hann, J. Giessibl, Force measurements on driven disks 69(2), 149-157 (1998) 

21. R. Manian, K. Kathirvel, V. R. Rao, Influence of operating and disk parameters on 
performance of disk tools 31(2), 19-26 (2000) 

22. Kh. Ishmuratov, R. K. Hamroev, B.B. Kurbonov, N. N. Mirzaev, IOP Conf. Series: Earth 
and Environmental Science 2176(1), 012096 (2022)  

 
 

E3S Web of Conferences 390, 01039 (2023) https://doi.org/10.1051/e3sconf/202339001039
AGRITECH-VIII 2023

5


