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Introduction. The development of the oil and gas industry is accompanied by 

increasingly stringent requirements for the reliability, durability, and leak-tightness 

of threaded connections in Oil Country Tubular Goods (OCTG) [1-5]. Casing, 

tubing, and drill pipes are operated under conditions of high internal and external 

pressures, substantial axial and torsional loads, cyclic loading, elevated 

temperatures, and exposure to aggressive corrosive environments [6-10]. Under 

these operating conditions, the quality of threaded connections largely determines 

the operational reliability of tubular strings, the safety of technological processes, 

and the efficiency of oil and gas field development [11-15]. 

Operational experience indicates that a significant proportion of tubular string 

failures is associated with damage to threaded connections caused by plastic 

deformation of the thread flanks, distortion of the thread profile geometry, wear of 

the contacting surfaces, initiation of fatigue cracks, and loss of leak-tightness [16-

20]. Therefore, improving the manufacturing quality of threads for OCTG has 

become an important challenge in modern mechanical engineering [21-25]. Despite 

their high dimensional accuracy, conventional machining methods are often 

accompanied by deterioration of the metal surface layer and the formation of 

unfavorable residual stress–strain conditions, which reduce the service life of 

threaded connections [26-30]. A more efficient alternative is thread rolling, a metal-

forming process based on plastic deformation without material removal. This 

process preserves the fibrous metal structure, strengthens the surface layer, induces 

beneficial compressive residual stresses, and improves the fatigue strength, wear 

resistance, and leak-tightness of threaded connections. In addition, thread rolling is 

characterized by high productivity and is well suited for automated manufacturing 

[31-35]. 

However, conventional methods for rolling long threads are accompanied by a 

substantial increase in the contact area between the tool and the workpiece, resulting 

in higher plastic deformation forces and increased loading of both the rolling tool 

and the machining system. In the case of thin-walled pipes, these effects lead to 
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reduced thread-forming accuracy and deterioration in the quality of the finished 

product [36-40]. 

A promising approach to improving the thread rolling process is the use of a 

tangential thread rolling head with the axes of the rolling dies arranged in an inclined 

crossed configuration relative to the workpiece axis [41-45]. This kinematic 

arrangement enables the thread profile to be formed progressively, reduces the 

instantaneous contact area between the tool and the workpiece, decreases the rolling 

forces, and provides more favorable conditions for producing a high-quality surface 

layer [46-50]. 

A review of the available literature indicates that most previous studies have 

focused on improving the design of thread rolling tools, optimizing processing 

parameters, and enhancing tool life [51-55]. However, insufficient attention has 

been paid to reducing plastic deformation forces through modifications of the 

process kinematics, particularly by employing an inclined crossed arrangement of 

the rolling die axes in tangential thread rolling heads [56-60]. 

The aim of the present study is to investigate the potential for improving the 

manufacturing quality and service performance of threads for OCTG through the 

application of thread rolling technology and to substantiate the effectiveness of a 

tangential thread rolling head with an inclined crossed arrangement of the rolling 

die axes. This design reduces plastic deformation forces, improves the accuracy of 

thread profile formation, and increases the service life of threaded connections  

[61-65]. 

It is well established that the magnitude of the thread rolling force is primarily 

governed by the size of the contact zone between the tool and the workpiece, the 

mechanical properties of the material being plastically deformed, and the geometric 

parameters of the thread being produced [66-70]. In the conventional operating 

principle of tangential thread rolling heads, the thread profile is generated 

simultaneously over the entire contact length (Fig. 1a), resulting in the instantaneous 

plastic deformation of a substantial volume of material [71-75]. Consequently, the 

distributed load acting on the workpiece increases, thereby limiting the applicability 

of this process to components with insufficient structural rigidity [76-80]. 

Therefore, there is a need to develop a thread rolling method in which plastic 

deformation is performed progressively rather than simultaneously along the entire 

thread length, thereby reducing the instantaneous tool–workpiece contact area [81-

85]. The implementation of such an approach is expected to reduce the rolling force 

without compromising the quality or dimensional accuracy of the thread profile 

being formed [86-90]. 
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Fig. (a) Schematic representation of the tool-workpiece contact zone during 

thread rolling using the conventional tangential thread rolling head; (b) 

Schematic illustration of the relative orientation of the helix angles of the 

thread profiles of the rolling dies and the thread being formed during 

tangential thread rolling 

 

This paper considers a thread rolling method using tangential thread rolling 

heads characterized by an inclined crossed arrangement of the rolling die axes 

relative to the workpiece axis at a specified angle β. It is assumed that this design 

and kinematic solution enables the thread to be formed progressively along its length 

and reduces the volume of material undergoing simultaneous deformation (Fig. 1b). 

Depending on the direction of workpiece rotation, the helix angle of the thread 

on the upper rolling die increases by the value of the thread helix angle. Thus, the 

inclination angle of the thread profile on the tool is determined by the following 

expression: φ = α + β, where α is the helix angle of the thread being rolled, and β is 

the inclination angle of the rolling die axis relative to the workpiece axis. 

The main scientific objective of this study is to develop a mathematical model 

establishing the relationship between the roller axis crossing angle β and the thread 

rolling force P, as well as to determine the mechanism responsible for reducing 

technological loads during the implementation of the proposed method. 

To accomplish the stated objective, the following research tasks are to be 

performed: 

- to analyze existing technologies for manufacturing threads in OCTG and to 

determine the potential of thread rolling for improving the quality of threaded 

connections; 

- to investigate the specific features of thread rolling using a tangential head 

with an inclined crossed arrangement of rolling die axes and to develop a 

mathematical model describing the effect of the axis crossing angle on the plastic 

deformation force; 
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- to evaluate the influence of the design and kinematic parameters of the 

process on the conditions of thread profile formation and to substantiate the 

technological advantages of the proposed method for improving the manufacturing 

quality and operational reliability of OCTG threads. 

The solution of these tasks will provide a basis for expanding the technological 

capabilities of tangential thread rolling heads and will create prerequisites for further 

experimental validation of the developed theoretical model. 

Tangential thread rolling heads installed on universal and specialized turning 

machines are of particular interest. Their main advantages include compact design, 

the possibility of integration into existing manufacturing processes, high 

productivity, and ease of automation. Thread formation is achieved through the 

radial feed of the rolling head toward the rotating workpiece, while the rolling dies 

are driven by friction forces generated in the contact zone. 

Despite the aforementioned advantages, conventional operating schemes of 

tangential thread rolling heads have several significant drawbacks. In existing 

designs, the axes of the rolling dies are generally arranged parallel to the workpiece 

axis. With such a tool arrangement, plastic deformation of the material occurs 

simultaneously along the entire length of the thread section being formed. This 

results in a considerable increase in the contact area between the tool and the 

workpiece and, consequently, in higher thread rolling forces. 

The resulting plastic deformation force is determined by the level of contact 

stresses and the dimensions of the interaction zone between the rolling die and the 

workpiece. In general form, it can be represented as the product of the average 

plastic deformation pressure and the contact area: 

𝐹 = 𝑝𝑚𝐴𝑘                                                      (1) 

where 𝑝𝑚 is the mean pressure of plastic deformation of the material; 𝐴𝑘 is the 

contact area between the tool and the workpiece. 

During thread rolling with crossed axes, the length of the contact zone increases 

due to the inclined arrangement of the rolling dies, and longitudinal metal flow also 

occurs. In an engineering approximation, these factors are taken into account by 

expressing the contact area as a function of the axis crossing angle β and by 

introducing an additional coefficient characterizing the intensity of longitudinal 

material displacement. 

The mean plastic deformation pressure is assumed to be proportional to the 

yield strength of the material: 

𝑝𝑚 = 𝐶𝜎𝑠                                                   (2) 

where σ is the yield strength of the material; C is a coefficient accounting for the 

stress state, friction conditions, tool geometry, and specific features of the thread 
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rolling process. For cold rolling of metric threads, the coefficient C is usually taken 

in the range of C = 2.8÷3.2. 

After substituting the geometric parameters of the contact zone and taking into 

account the effect of the axis crossing angle, the final expression for the plastic 

deformation force takes the following form: 

𝐹(𝛽) =  
𝐶𝜎𝑠𝑅𝑃

𝑠𝑖𝑛𝛽
(1 + 𝑘𝑡𝑎𝑛𝛽)                                       (3) 

where R is the workpiece radius; P is the thread pitch; k is a coefficient accounting 

for the effect of longitudinal metal flow. 

The developed mathematical model makes it possible to evaluate the influence 

of the crossing angle of the rolling die axes on the magnitude of the plastic 

deformation force. According to Equation (3), a decrease in the β angle leads to an 

increase in the contact zone length and, consequently, to an increase in the 

deformation force, whereas an increase in this angle promotes more intensive 

longitudinal metal flow, which also affects the resulting force through the 

coefficient k. The proposed model can be used for engineering calculations of thread 

rolling process parameters and for selecting rational processing conditions. 

Conclusions. The developed mathematical model of the thread rolling process 

using a tangential head with an inclined crossed arrangement of the rolling die axes 

makes it possible to evaluate the influence of the design and kinematic parameters 

of the process, primarily the axis crossing angle, on the magnitude of the plastic 

deformation force. It has been established that progressive formation of the thread 

profile contributes to the reduction of contact loads, more uniform distribution of 

plastic deformation, and the creation of favorable conditions for producing threads 

with improved dimensional accuracy, surface layer quality, and operational 

reliability. The obtained results can be applied in the design of manufacturing 

technologies for OCTG threads and in the selection of rational thread rolling process 

parameters aimed at increasing the durability and leak-tightness of threaded 

connections. 
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