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METHODS FOR IMPROVING THE EFFICIENCY  

OF THE TANGENTIAL-FEED THREAD ROLLING 

PROCESS 
 

Threaded joints are widely used in mechanical engineering, oil and gas, power 

engineering, aerospace, and automotive industries. Their reliability and service life 

largely depend on thread manufacturing quality. Therefore, improving dimensional 

accuracy, surface quality, and mechanical strength remains an important task in 

modern manufacturing [1-5]. 

Threads are produced by cutting, milling, grinding, and plastic deformation. 

Thread rolling is increasingly used because it forms the profile without chip 

removal, preserving and orienting the metal fibrous structure along the thread. This 

can improve fatigue strength, wear resistance, and load-bearing capacity [6-10]. 

The main thread-rolling methods are radial-feed and tangential-feed. In 

tangential rolling, the rollers gradually engage the workpiece, producing progressive 

plastic deformation. This reduces impact loading, promotes more uniform contact-

pressure distribution, and can increase tool life [11-15]. The method is particularly 

effective for large-diameter shafts, long threads, and high-strength materials [16-

20]. 

Process efficiency is determined by the interaction of feed rate, roller geometry, 

rotational speed, relative positioning of the roller and workpiece axes, workpiece 

material, and lubrication-cooling conditions. These parameters affect deformation 

forces, energy consumption, machining time, tool wear, and thread quality [21-25]. 

Consequently, optimization must consider the technological system as a whole 

rather than individual parameters independently. 

Tangential-feed thread rolling is a complex plastic deformation process 

involving compression, shear, and material flow in the contact zone. The roller 

profile, working width, diameter, and profile angle influence contact conditions, 

deformation forces, and dimensional accuracy [41-55]. Workpiece strength, 

ductility, and microstructure determine resistance to deformation and the risk of 

incomplete profile formation, surface defects, and residual stresses [56-60]. 

Lubrication and cooling reduce friction and heat generation, facilitating stable 

material flow and improving surface and dimensional quality [61-65]. 
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Finite element method (FEM) simulations can be used to predict stress, strain, 

and material-flow distributions, reducing experimental effort and improving 

parameter selection [66-70]. Thus, improving tangential-feed thread rolling requires 

comprehensive optimization of process, tool, material, and lubrication parameters 

[71-75]. 

To evaluate process efficiency, the relationships between contact-zone 

geometry, deformation force, and power consumption must be established. Since the 

thread profile is formed progressively through the relative motion of the rollers and 

workpiece, the analysis begins with determining the contact area. In the tangential-

feed configuration, this area depends primarily on the roller working width, contact 

length, and crossing angle between the roller and workpiece axes [76-80]. 

𝐴 =
𝑏𝐿

𝑠𝑖𝑛𝛽
                                                          (1) 

where: A — contact area, mm²; b — contact width, mm; L — contact length, mm; 

β — crossing angle between the roller and workpiece axes [81-85].  

Equation (1) shows that the contact area depends on both the roller dimensions 

and the technological configuration of the process. Changes in the crossing angle 

affect the dimensions of the contact zone and, consequently, the plastic deformation 

zone and deformation force [86-90]. 

Assuming that the mean contact pressure p remains approximately constant 

during deformation, the deformation force can be expressed as: 

𝐹 = 𝑝𝐴 =
𝑝𝑏𝐿

𝑠𝑖𝑛𝛽
                                                     (2) 

where F is the deformation force and p is the mean contact pressure. Thus, the 

deformation force is directly related to the contact pressure and contact area and is 

significantly affected by the relative positioning of the rollers. Consequently, the 

crossing angle influences both tool loading and process energy consumption [91-95]. 

Process productivity depends on the volume of material deformed per unit time 

and can be estimated from the contact area and tangential feed rate: 

𝑄 = 𝑣𝑓𝐴 =
𝑣𝑓𝑏𝐿

𝑠𝑖𝑛𝛽
                                                   (3) 

where 𝑄 is the process productivity and 𝑣𝑓 is the tangential feed rate. Increasing the 

feed rate generally increases productivity; however, excessive feed may increase 

deformation force, heat generation, and dynamic loading. Therefore, the feed rate 

should be selected together with the other technological parameters. 

Power consumption can be estimated from the deformation force and rolling speed: 

𝑁 = 𝐹𝑣𝑓 =
𝑝𝑏𝐿𝑣

𝑠𝑖𝑛𝛽
                                                       (4) 

where N is the power consumed during the process. This relationship demonstrates 

that power consumption is governed by the contact geometry, deformation 
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conditions, and machining speed. Appropriate selection of these parameters can 

therefore improve the energy efficiency of the process. 

The proposed analytical relationships provide a theoretical basis for evaluating 

the effects of contact geometry, deformation force, productivity, and power 

consumption. An integral efficiency coefficient can be used to compare machining 

regimes by relating productivity to deformation force and energy consumption. 

Higher efficiency corresponds to increased productivity with lower deformation 

force and power consumption. 

Industrial application of tangential-feed thread rolling requires optimization of 

roller geometry, machining regimes, workpiece material, and lubrication-cooling 

conditions. Optimization of the roller working profile promotes uniform stress 

distribution, reduces localized deformation and tool wear, and improves thread 

accuracy. The roller-axis crossing angle affects contact length and deformation 

conditions: smaller angles provide smoother deformation, whereas larger angles 

may increase productivity but also contact stresses. Therefore, its optimum value 

should be selected according to the workpiece material and thread geometry. 

Tangential feed rate also affects process efficiency. Excessive feed can increase 

dynamic loading and vibration, while insufficient feed increases machining time. It 

can be determined from the thread length and rolling time as 𝑉𝑓 = 𝐿/𝑡, where 𝐿 is the 

thread length and 𝑡 is the rolling time. 

Multi-roller heads can further increase productivity by distributing radial 

forces, reducing workpiece deflection, and improving process stability, particularly 

for thin-walled and long components. Proper lubrication and cooling reduce friction, 

deformation force, and roller temperature while increasing tool life and improving 

thread surface quality. 

Automation and digital monitoring provide additional opportunities for process 

optimization. Real-time monitoring of power, torque, vibration, and temperature 

enables timely correction of process deviations. Statistical analysis and artificial 

intelligence can further support automatic selection of optimal machining regimes. 

Conclusion. The efficiency of tangential-feed thread rolling can be improved 

through comprehensive optimization of roller geometry, machining parameters, 

lubrication-cooling conditions, and process control. The combined application of 

optimized tooling, multi-roller systems, effective lubrication, and digital monitoring 

can increase productivity, tool life, thread quality, and overall process efficiency. 
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