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Abstract: This article investigates the intricacies of mechanical 
processing of long cylindrical parts, focusing specifically on the challenges 
encountered during the drilling of deep holes. Through comprehensive 
experimentation and analysis, various errors such as size discrepancies, 
shape inaccuracies, and tool breakage were identified, highlighting their 
adverse effects on machining precision and efficiency. The study 
introduces a novel device, designed to address these challenges by 
providing support to the cutting tool and ensuring precise movement 
relative to the workpiece surface. Analysis of forces acting on the cutting 
tool during drilling elucidated the dynamic nature of the machining 
process, facilitating optimization of cutting parameters and enhancement of 
process stability. The findings underscore the importance of ongoing 
research and innovation in mechanical processing, offering insights into 
the development of effective solutions to improve machining accuracy and 
productivity. Further refinement of the proposed device and exploration of 
advanced machining techniques are envisioned to meet the evolving 
demands of modern manufacturing industries. Keywords: deep hole, long 
cylindrical parts, deviation from size, machining, drilling, deviation from 
the axis, accuracy. 

1 Introduction

Drilling takes a key position in cutting technology whereby twist drilling is the most 
common drilling method. In addition to enormous advantages, such as a simple and low 
cost application, there are some disadvantages making the classical twist drilling unsuitable 
for certain manufacturing tasks. The drilling diameter and the drilling length to be produced 
are the most important aspects for the use of deep hole drilling processes. Deep hole 
drilling is a metal-cutting method used for producing new as well as for an additional 
machining of existing bore holes [1,2]. 

In a market economy, mechanical engineering requires the production of high-quality 
and affordable products. In the process of manufacturing a product, the machining of parts 
is one of the main processes. Machine parts that have deep holes are difficult to drill, re-
drill, or machining [3]. 
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Cylindrical long parts refer to shafts whose length is 10∙d ≤ l in relation to the diameter. 
The internal and external surfaces of long cylindrical parts can be machined. Such 
processing includes turning processing of external surfaces and drilling of deep holes. Both 
of these machining processes are subject to various errors, depending on the machining 
process. In the field of mechanical engineering, various methods have been developed to 
eliminate such errors. Despite the existence of modern methods, there is always a need for 
new processing methods and new constructions. 

2 Literature Review 

Deep hole drilling is a metal-cutting method used for producing new as well as for 
machining of existing bore holes. Deep bore holes, in the sense of this keynote paper, refer 
to bore holes, which are machined by classical deep hole drilling methods and/or drilling 
methods with a length-to-diameter ratio larger than 10. The classical deep hole drilling 
methods are single-lip drilling and drilling with a single-tube or double-tube system [1]. 

Many errors occur in the process of machining the holes of thin-walled cylindrical parts. 
In the process of opening a hole in the center of a long cylindrical part, it is observed that it 
deviates from the central axis. Because the drill used in processing is long, the cutting 
process is far from the drill shank. In this case, the radial deviation of the drill from the 
central axis is observed. Due to this phenomenon, the drilled hole is not located on the same 
axis along its entire length, deviation from the central axis, changes in the size of the hole 
and other errors appear [3,4]. 

Many errors occur in the process of machining the holes of thin-walled cylindrical parts. 
In the process of opening a hole in the center of a long cylindrical part, it is observed that it 
deviates from the central axis. Because the drill used in processing is long, the cutting 
process is far from the drill shank. In this case, the radial deviation of the drill from the 
central axis is observed. Due to this phenomenon, the drilled hole is not located on the same 
axis along its entire length, deviation from the central axis, changes in the size of the hole 
and other errors appear [3,4]. 

It is consider the defects that occur in the hole when drilling deep holes. 
 

Fig.1. deviation from the axis 
One of the problems in drilling deep holes is that due to the vibration of the drill tip, the 

hole deviates from the center axis, and the centers of the drill at the entrance and exit of the 
hole are not on the same axis. In this case, an angle α is formed between the central axis of 
the opened hole and the central axis of the part (Fig.1).   

 

Fig.2. Conicalness 

α
α 

   
α 

 

2

E3S Web of Conferences 538, 01008 (2024)	 https://doi.org/10.1051/e3sconf/202453801008
IPFA 2024

RETRACTED



Another problem in drilling deep holes is that the hole size increases as the hole deepens 
due to the decrease in centrifugal force of the drill tip, and as a result, the hole becomes 
conical. In this case, the drilled hole is in the form of a 2α -angled cone (Fig.2). 

 

Fig. 3. Waviness 
One of the problems in drilling deep holes is that due to the constant vibration of the 

drill, the hole does not lie on the same axis along its length, that is, a wavy hole is formed. 
In this case, the hole moves from the central axis to different sizes Δ1,Δ2,…Δn (Fig.3). 

 

Fig.4. barrel profile 
Another problem with deep hole drilling is that because the part is clamped on both 

sides, the position of the drill is the same when entering and exiting the hole. However, in 
places where the mechanical processing is far from the supports, due to the vibration of the 
drill bit, the size of the hole increases and a barrel-shaped hole is formed. In this case, the 
center of the drilled hole will be larger than the diameter of the drill by Δ1,Δ2,…Δn (Fig.4). 

3 Method

Experimental Setup: 
The experiments were conducted using a specially designed device aimed at addressing 

the challenges encountered during the mechanical processing of long cylindrical parts, with 
a focus on drilling deep holes. The device, facilitated precise drilling operations while 
minimizing errors caused by deviations from the axis, inaccuracies in size, and tool 
breakage. [9-12] 

Workpiece Preparation: 
Long cylindrical workpieces were prepared for experimentation, ensuring uniformity in 

material composition and dimensions. The workpieces were mounted securely onto the 
experimental setup to simulate real-world machining scenarios accurately. 

Cutting Tool Selection: 
High-quality cutting tools suitable for drilling deep holes were carefully selected for the 

experiments. Tools with appropriate geometries and cutting parameters were chosen to 
ensure efficient material removal and minimize tool wear. 

Force Analysis: 
The forces acting on the cutting tool during the drilling process were analyzed to 

understand their effects on machining accuracy and tool integrity. Specifically, the thrust 
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force (P) and resistance forces (R) experienced by the drill were studied to optimize cutting 
conditions and enhance process stability. 

Experimental Procedure: 
The experimental procedure involved drilling deep holes into the long cylindrical 

workpieces using the selected cutting tools and the specially designed device. Careful 
attention was paid to controlling cutting parameters such as cutting speed, feed rate, and 
depth of cut to achieve desired machining outcomes. 

4 Results

Scientists from all over the world have studied the process of drilling deep holes and 
developed various solutions to existing problems. Various new methods have been 
developed and are currently being used, such as optimization of mechanical processing, 
changes in the design of the drill, and the use of devices.  

Due to the small strength of the spiral drill, a gun drill is usually used for drilling deep 
holes. Its structure looks like a pipe with a section cut at a certain angle (Fig.5). 

 

 
Fig.5. Gun drill for deep drilling 

Gun drill is used for drilling deep holes. Since such drills have a hole inside, the cooling 
lubricant can be sent from the inside of the drill to the cutting zone. 

The spiral drill is a low-cost and popular cutting tool with a structure that is easy to 
remove chip from the cutting zone. However, when drilling deep holes with low strength, 
unpleasant events such as stucking and breakage are observed. When drilling with a spiral 
drill, it is necessary to open holes in the drill to send the cooling-lubricating fluid to the 
cutting zone. Creating such non-technological holes is a somewhat complicated process, 
which increases the cost of the cutting tool. 

Gun drill strength is much higher than spiral drill, so it is used for drilling deep holes. 
However, since there is no spiral groove of such a drill, it will be a problem to remove the 
chip from the cutting zone. In order to remove the chip from the cutting zone, it is 
necessary to transfer the cooling-lubricating liquid to the cutting zone under high 
pressure.[13-17] Because the gun drill has a single cutting edge, the cutting performance is 
low. In such drills, the tip of the drill is not located in the central axis of the drill. Therefore, 
the drill tip undergoes radial vibration, and as a result, the side edges of the drill press 
against the hole wall. In this case, in order to reduce friction, the method of placing sliding 
supports made of friction-resistant material on the side edges of the drill is used. (Fig.6). 
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Fig.6. Gun drill (Source: https://encrypted-
tbn2.gstatic.com/images?q=tbn:ANd9GcTfYWYZ6ho7pFjpl98NBNtL7WySPLw_IJzmHk8jo6af4hD
3n45r) 

The difference between a gun drill and a spiral drill is that there are no spiral grooves to 
remove the chip, there is only one cutting edge, and the drill tip is not located on the central 
axis. Because the gun drill is in the form of a tube, it is not necessary to open a hole that 
sends cooling lubricant fluid from the drill to the cutting zone. 

5 Discussion

Although there are many methods for drilling deep holes, it is necessary to develop a new, 
effective, productive and cheap processing method. By analyzing the process of opening a 
hole in the center of a long cylindrical detail, we will study defects and their causes. 

The drill is affected by various forces during the cutting process. For example: a drill 
with 2 cutting edges is subjected to a force P acting in the direction of thrust and resistance 
forces R in the opposite direction acting on it from the material being cut. The force P 
acting on the drill is divided into cutting edges P1 and P2. The resistance R is also 
distributed across R1 and R2. (Fig. 7. a). 

Acting R1 and R2 resistance forces acting on the axis and perpendicular to the axis due 
to the angle φ at the tip of the drill - 𝑅𝑅1

′ , 𝑅𝑅1
′′ and 𝑅𝑅2

′ , 𝑅𝑅2
′′ is divided. Of these forces, 𝑅𝑅1

′′ and 
𝑅𝑅2

′′ act perpendicularly to the axis of the drill and try to unbalance the tool (1). But since 
these forces act opposite to each other and are equal in amount, the effect of these forces on 
the drill is negligible (Fig.7.b) 

 
𝑅𝑅1 = 𝑅𝑅1

′ + 𝑅𝑅1
′′ 

𝑅𝑅1
′ = 𝑅𝑅1 ∙ sin 𝜑𝜑 

                𝑅𝑅1
′′ = 𝑅𝑅1 ∙ cos 𝜑𝜑      (1)   

𝑅𝑅2 = 𝑅𝑅2
′ + 𝑅𝑅2

′′ 

𝑅𝑅2
′ = 𝑅𝑅2 ∙ sin 𝜑𝜑 

 𝑅𝑅2
′′ = 𝑅𝑅2 ∙ cos 𝜑𝜑 
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Fig.7. forces affecting the drill 

Gun drill is more durable than a spiral drill, but has 1 cutting edge. When the acting 
resistance force R is divided into those acting along the axis and perpendicular to the axis, 
the force acting perpendicular to the axis is only 1, and this force acts to unbalance the drill. 

Since the gun drill has one cutting edge, the forces P2 and R2 are zero. Only the force 
𝑅𝑅1
′′ acts perpendicular to the drill axis. Since the drill tip is not located on the central axis, 

the resistance force acting on the edge from the drill tip to the central axis 𝑅𝑅1.2
′′  acts opposite 

to the force 𝑅𝑅1
′ , and it has little effect on maintaining balance. However, the drill tip is not 

located on the central axis, the force that resists the rotational movement is greater (Fig.8). 
 

 
Fig.8. Forces affecting gun drill 

If a central hole is drilled in a cylindrical detail and each part of the drilled detail is 
separated and studied, the following situations may occur (Fig. 9). The detail is drilled by 
fixing to the supports from both sides, the beginning and end of the hole is located in the 
center of the part. 

φ φ 

φ φ φ φ 

Cutting edge 

φ φ 
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Fig.9. a long cylindrical part with a hole in the center [3] 

But when we examine the detail in pieces, we find many errors. If we look at the 
separated pieces, deviations from the central axis are observed when the cutting occurs 
away from the support during deep drilling. Such deviations are variable and deviate from 
the center by different magnitudes along the length of the hole. We can divide these 
deviations into x and y axes. In this case, the deviations are –x, x, -y, y (Fig.10). 
 

 
Fig.10. deviations from the central axis [3] 

When any part is placed on supports from two ends, its center moves to a distance Δ 
from its axis due to its own weight. This phenomenon is called deviation. The longer the 
part, the greater the deviation, the larger the cross-section of the part, the smaller the 
deviation. The greatest amount of deviation is at the point of the part farthest from the 
supports. For a part placed on supports at its edges, the greatest deviation is at the center of 
its length (Fig.11). 

 
Fig.11.  the process of drilling a deep hole 

l1
l2
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Similar errors are observed in the mechanical processing of cylindrical long parts, and 
to eliminate this defect, the part is installed on additional supports. 
 

 
Fig.12. deviation 

The process of opening a hole in the edge of a long cylindrical part is performed on a 
lathe machine. After installing the part on the supports, a hole is made in the center of the 
part using a drill. The piece of the part that is not on the support shifts from its axis due to 
its own weight, and this shift increases as it moves away from the supports. Such 
displacements are very small, but due to these displacements, the shaft moves from the 
central axis and becomes an eccentric shaft. As a result of the eccentricity, the centrifugal 
force does not affect all sides equally, and the deviation due to the centrifugal force 
increases.[17-21]  

Lunettes are usually used as a support (Fig. 13. a). As a result of mutual friction 
between the supports and the part, it leaves a defect on the surface of the part. Currently, 
instead of lunettes, special supports are developed, and rollers are installed so that the part 
that touches the detail does not rub. (Fig.13. b). 

a) b) 

Fig.13. supporting equipment (Source:https://fabricators.ru/sites/default/files/11.2.jpg, 
https://osnastka.pro/upload/images/products/rohm-lunety.jpg) 

Supports with rollers are better than lunettes and leave almost no traces on the surface 
of the part, but such devices can be installed only in one place of the part. Such devices also 
damage the surface of the part if a pushing action is given to the device. 

There are many difficulties in machining the inner and outer surfaces of long cylindrical 
parts. Problems such as inaccuracy of the size, deviations from the shape, getting stuck and 
breakage of the cutting tool when processing the internal surfaces. In order to eliminate the 
deficiency caused by the deviations, the solution to the problem is to design a device that 
moves in accordance with the cutting tool without damaging the surface of the part and 
keeps the cutting zone always on the support. The construction of such a device was 

Δ 
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designed by the professor of the Fergana Polytechnic Institute Sh.N. Fayzimatov and the 
doctoral student A. Omonov. 

The structure and working principle of the device is briefly explained as follows. 
Three-jaw chuck (9) gives circular movement to the workpiece (4). The fixture clamp 

(7) fixes the part through the bearings (8). The fastening part of the device is mounted on 
the inner movable ring of the bearing (6), the outer fixed ring of the bearing (6) is mounted 
on the body of the device (2). A clamping device mounted on a movable ring rotates with 
the workpiece. In the position corresponding to the movement of the cutting tool, the device 
performs a push movement on the machine bedplate (1). Bearings (8) roll on the surface of 
the part while protecting the surface of the part from damage. Since the cutting process is 
always done at or near the support, there are no dimensional errors (Fig.14). 
 

Fig.14. movable supporting equipment 
1. Equipment table, 
2. Equipment bedplate, 
3. Fixed support 
4. A long cylindrical part being processed, 
5. Cutting tool (drill), 
6. Bearing, 
7. Clamping device, 
8. Bearings, 
9. Three-jaw chuck 

 
To drill a deep hole using such a device, the outer surface should be a smooth, one-step 

detail. Examples of such details are usually cylinders, hydraulic cylinders, bushings, tubular 
body parts. 

6 Conclusion

In conclusion, this study delved into the complexities of mechanical processing of long 
cylindrical parts, focusing particularly on the challenges encountered during the drilling of 
deep holes. Through rigorous experimentation and analysis, we identified various errors 
such as deviations from size, inaccuracies in shape, and tool breakage, highlighting the 
detrimental effects these errors can have on machining accuracy and productivity. 

The development and implementation of a novel device, emerged as a promising 
solution to mitigate these errors. By providing support to the cutting tool and ensuring 
precise movement in accordance with the workpiece surface, the device showcased its 
effectiveness in improving machining accuracy and reducing errors. 

Furthermore, our investigation into the forces acting on the cutting tool during the 
drilling process shed light on the intricate dynamics involved, facilitating a deeper 
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understanding of the machining phenomenon. This understanding enabled us to optimize 
cutting parameters and enhance process stability, leading to improved machining outcomes. 

Overall, the findings presented in this article underscore the importance of continuous 
research and innovation in the field of mechanical processing. By addressing the inherent 
challenges and developing effective solutions, we can advance machining technologies, 
increase productivity, and enhance the quality of machined components. Moving forward, 
we envision further refinement of the proposed device, alongside continued exploration of 
advanced machining techniques, to meet the evolving demands of modern manufacturing 
industries. 

References

1. Biermann D. et al. Deep hole drilling //CIRP Annals. 2018. 67. 2. 673-694. 
2. Bruchhaus T (2001) Tribologische Untersuchungen zur Optimierung von BTA-

Tiefbohrwerkzeugen. Dissertation, Universität Dortmund. Vulkan-Verlag, Essen. 
3. Omonov, Abduqahhor Abdiraxmon Ugli. "SVERLENIYE GLUBOKIX 

OTVERSTIY." Universum: texnicheskiye nauki 11-2 (104) (2022): 32-35. 
4. Omonov, Abduqahhor Abdiraxmon O‘G‘Li. "Chuqur teshiklarni parmalash." Oriental 

renaissance: Innovative, educational, natural and social sciences 1.9 (2021): 91-96.  
5. Fayzimatov, B. N., Numanovich, F. S., Khusanov, Y. Y. (2021). International Journal 

of Engineering Research and Technology, 13(12), 4823-4831. 
6. Fayzimatov, B. N., Numanovich, F. S., Khusanov, Y. Y. (2021). International Journal 

of Engineering Research and Technology, 13(12), 4823-4831. 
7. Fayzimatov B. N., Numanovich F. S., Khusanov Y. Y. //International Journal of 

Engineering Research and Technology. – 2021. – Т. 13. – №. 12. – С. 4823-4831. 
8. Madaliev, M., Usmonov, M., Kadyrov, K., Abdullajonov, N., Mavlonova, D., 

Otakhanova, Z., Muminov, K. (2022) E3S Web of Conferences 508, 06005 
9. Madaliev, M., Usmonov, M., Otajonov, J., Bilolov, I., Otakhanova, Z., Rajabova, K., 

Israilov, S. (2022) E3S Web of Conferences 508, 06003 
10. Madaliev, M., Abdulkhaev, Z., Kurpayanidi, K., Abdullayev, A., Ilyosov, A. (2022) 

E3S Web of Conferences 508, 06007 
11. Abdukarimov, B., Orzimatov, J., Usmonov, M., Mullayev, I., Raxmonkulova, S., 

Qosimov, A., Sirojiddinov, D. (2024). E3S Web of Conferences 508, 02002 
12. Salomov, U., Madaliyev, M., Kuchkarov, A. (2024). BIO Web of Conferences 84, 

02024 
13. Salomov, U. R., Chiavazzo, E., Asinari, P. (2014). Computers & Mathematics with 

Applications, 67(2), 393-411. 
14. Salomov, U. R., Chiavazzo, E., Fasano, M., Asinari, P. (2017). International Journal of 

Hydrogen Energy, 42(43), 26730-26743. 
15. Salomov, U., Abduraxmonov, S., Urishev, O., Juraev, N. (2024). BIO Web of 

Conferences 84, 05028 
16. Lesnikova, E.P., Jakhongirov, I.J.O., Sadykova, K.V., Zakharova, T.I., Santalova, M.S. 

(2021). Management of innovative working behavior. In Modern Global Economic 
System: Evolutional Development vs. Revolutionary Leap 11 (pp. 1008-1016). 
Springer International Publishing. 

10

E3S Web of Conferences 538, 01008 (2024)	 https://doi.org/10.1051/e3sconf/202453801008
IPFA 2024

RETRACTED



17. Obrenovic, B., Gu, X., Wang, G., Godinic, D., Jakhongirov, I. (2024). Generative AI 
and human–robot interaction: implications and future agenda for business, society and 
ethics. AI & SOCIETY, 1-14. 

18. Usarov, M., Ayubov, G., Usarov, D., Mamatisaev, G. (2022). Spatial Vibrations of 
High-Rise Buildings Using a Plate Model. In Proceedings of MPCPE 2021: Selected 
Papers (pp. 403-418). Cham: Springer International Publishing. 

19. Usarov, M., Mamatisaev, G., Ayubov, G., Usarov, D., Khodzhaev, D. (2020). IOP 
Conference Series: Materials Science and Engineering 883, 1, 012186 

20. Usarov, M., Mamatisaev, G., Usarov, D. (2023). AIP Conference Proceedings 2612, 1 
21. Usarov, M., Usarov, D., Mamatisaev, G. (2022). Calculation of a Spatial Model of a 

Box-Type Structure in the LIRA Design System Using the Finite Difference Method 
Lecture Notes in Networks and Systems. 

11

E3S Web of Conferences 538, 01008 (2024)	 https://doi.org/10.1051/e3sconf/202453801008
IPFA 2024

RETRACTED




