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Abstract. In this article, the new technique of fast production of the tool of irregular shape for 

profiling of variable thickness wall tubes is described. The specific technological sequence is 

given, recommendations about computer modeling are made, and the explaining illustration for 

one of characteristic cases of chosen tube type profiling is given. There is an introduction 

defining relevance of the solved problem, and recommendations about its solution are made. 

1.  Introduction 

Complication of designs of the equipment in the atomic, heat-technical, transport fields of the industry 

results in need of application of products with a sophisticated profile of cross section. Tubes with the 

variable thickness of a wall (TPTS) belong to such products. According to the name, such tubes have 

the differing external and internal forms in cross section. Application of such tubes can be caused by 

certain constructive reasons or technological need.  

Can be referred to the problems limiting widespread introduction of such products in mass 

application. It is mainly an insufficient study of process and need of design and production of the tool 

for tubes profiling. 

2.  Materials and methods 

The main use of such type of tubes is construction, metallurgy, oil and gas industry, aerospace, nuclear 

engineering, production of heat exchangers, high-frequency equipment. For this reason, the range of 

materials used is very wide and includes carbon and corrosion-resistant steel, titanium and copper alloys. 

Among the main methods of obtaining such tubes, drawing in a profile die, pressing in a profile die, 

rolling with a roller tool, etc. can be mentioned. 

 

3.  The study of subject 
Production of tubes with such profile is possible at the expense of the selected technology of deformation 

of a smooth tube in profile die. At the same time, production of profile tubes of a specific standard size 

is rather small so in this connection the cost of production of the specialized tool (dies and mandrels) 

makes the significant impact to product cost. In addition, it is necessary to mention that production of 

the hard-alloy tool of irregular shape is impossible or it is rather expensive that results in need of 

production of such dies from tool steel. However, even in this case production of the drawing channel 

of the required accuracy in preparation (a profile hole) makes an extremely difficult task demanding 

considerable consumption of time and a significant tool wear. 
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The need to quickly determine the size of the workpiece and the tool profile, which take into account 

the actual metal flow, lead to the need to create an automated system for selecting the dimensions of the 

blank tube for the design of profiles of simple form, and the design of calibration profiles of complex 

curved shape. 

To build an automated system, the methods of computer geometry are used, the use of which allows 

you to build specified shapes, determine their size and area, etc. 

The automated system contains three modules. The first module allows you to determine the 

parameters of the blank tube in general, sets their value for single-pass drawing of tubes with a cross 

section in the form of regular polygons, and compares the data with values according to standards. The 

second module is designed to determine the dimensions of the cross-section of the blank tube with a 

two-pass drawing; it defines a geometric parameters of the intermediate transition based on the 

construction of streamlines and equipotentials for tubes containing regular polygons in section. The third 

module is designed to calculate the required number of transitions of curvilinear profiles with the 

determination of the sizes of all intermediate transitions. 

The resulting dimensions of the blank tube, as a rule, differ from those available in actual standards 

for round tubes. 

The experience of calculations using the choice of the diameter of the blank tube and the thickness 

of its wall according to standards showed that sometimes there is an increase in the total drawing for 

single pass drawing more than acceptable. Therefore, in this case, one pre-transfer of the drawing on a 

stationary cylindrical mandrel is required to obtain tube sizes equal to those originally calculated, or to 

obtain these dimensions directly at the tube plant. 

Further, if necessary, we carry out the calculation for multi-pass drawing. There can be many 

transitions from the size and configuration of the blank tube to the parameters of the finished tube. The 

actual will be the one in which the metal moves along current lines orthogonal to the initial and final 

profiles, and the contour of the working tool corresponds to equipotentials, orthogonal to the current 

lines. The position of the equipotentials on the current lines is determined by the required value of the 

elongation. 

To determine the configuration and size of the TPTS intermediate profile, a computer-aided method 

for constructing current lines and equipotentials has been developed. Based on the proposed automated 

system, calculations are performed; some results are given for two-pass drawing. 

If the finished profile tube cannot be obtained in one pass - then it is necessary to determine the 

calibration of the instrument on the intermediate dimensions of the second and subsequent passes. 

The construction of the cross-sectional profile of the working tool was performed based on the 

position that the movement of metal particles during plastic deformation conforms the law of least 

resistance, which is implemented by constructing streamlines (metal movement trajectories) orthogonal 

to the profile of the blank and the profile of the finished tube. In addition, closed curves should be 

constructed dividing the streamlines into parts that are orthogonal to them and which have been called 

equipotentials. 

To determine the position of the metal streamlines, the equipotentials and the profile of the 

instrument, a method for their computer construction has been developed, which briefly looks as 

follows. 

We build the outer and inner (hole) contours of the finished tube, which are taken as equipotential. 

Further, these curves (for blank and finished profile) are described in the Kompas 3D program by cubic 

Bezier splines, which look like this: 

𝛽(𝜏) = (1 − 𝜏)3𝑃0 + 3𝜏(1 − 𝜏)2𝑃1 + 𝜏3𝑃3, 𝜏 ∈ [0.1] (1) 

It is known that a spline is a curve that has the smallest curvature and passes through given points, 

i.e. it is a line of the smallest length. Bezier curves are edited so that at the intersection of profiles the 

tangents to them are parallel to the auxiliary perpendiculars. Within the boundaries of the plots, we 

construct Bezier curves (streamlines) through the corresponding points of the initial profile. In turn, the 

resulting set of curves - streamlines is divided into parts, defined as follows. We find, given by the 
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deformations  𝜇1, 𝜇2 … 𝜇𝑛 of the cross-sectional area at the transitions 𝐹1, 𝐹2 … 𝐹𝑛 . Next, look 

for 

𝛼1 = √𝐹0 −√𝐹1;  𝛼2 = √𝐹1 −√𝐹2; … ;  𝛼𝑛 = √𝐹𝑛−1 −√𝐹𝑛;    (2) 

In accordance with the found, mark up the segments on the streamline and on the points obtained in 

the Kompas-3D program, we construct orthogonal curves to these lines, called equipotentials. Two 

adjacent equipotentials determine the profiles of the input and output sections. If necessary, the 

condensation of the streamlines is possible. 

4. Determination of the longitudinal profile of the tool.  

The above cross-sections in the form of equipotentials and the distance between them, measured along 

the normals (lines of current), allow us to determine the length of the working part of the working main 

tool. However, it is necessary to determine the side surface of the tool. For this purpose, we will use 

ruled surfaces defined by equipotentials. 

For regular polygons, we build regular conoids with generators in the form of straight lines. The 

condition of parallelism is set by the requirement of a uniform intersection of the generator in all its 

positions with the curved guide and the guide segments of a regular polygon under one-pass 

deformation. For profiles that are curvilinear in cross section, we build regular cylindroids whose 

parallelism condition requires the uniform distribution of the points of intersection of the generator in 

all its positions with curvilinear guides defined by two adjacent equipotentials. 

The axial distance between adjacent equipotentials can be found if the angle of inclination of the 

lateral surface forming is known. This angle is found from the condition of the minimum dragging force. 

The mathematical model of the process contains the following equations written in a spatial 

orthogonal coordinate system: equilibria, physical and geometric equations, we set the boundary 

conditions: at the front end of the tube in the form of displacements, and on the contact surfaces in the 

form of tangential stresses defined by Zibel's law. 

The practical technology containing the following sequence is offered: 

1. Modelling of die internal channel in CAD software and with use of analytic or finite element model 

[1-12] calculations for the centre of deformation and its iterative adaptation taking in account the 

accuracy of the received tubes. Adaptation is carried out based on creation of current lines and 

equipotentials and also conoids and cylindroid in longitudinal section depending on type of a profile 

(figure 1). 

2. Processing of solid model with reduction of her dimensions by the size of an allowance for further 

processing [13-18] 

3. Transfer of model for preparation for the 3D-print 

4. The print on the 3D-printer with a sufficient accuracy. [19-21] Data from open sources are that that 

the print by the photopolymer (high-detailed acrylic plastic) on the Stratasys Objet Eden 3D-printer, 

provides the print accuracy (layer thickness) to 16 microns and is carried out by layer-by-layer putting 

liquid polymeric material, and each layer is cured by an ultraviolet ray. The greatest possible size of 

model is declared 340 x 340 x 200 mm. 

5. Metallization of the received detail, for example, by chemical or metal dusting [22-24]. Final 

thickness of the put layer corresponds to thickness of the allowances established earlier. 

6. Use of the received detail as an electrode for electrochemical or other erosive processing. 

7. Die finishing processing by sand cleaning, and the subsequent polishing. 
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Figure 1. A deformation center model current tube when drawing a curvilinear profile in three 

transitions: 1 – external contour of preparation; 2,3 – isopotential of the first and second pass; 3 – contour 

of a ready tube. I, II and III – die calibration  the first, second and third pass. 

Advantages of this technology consist in rather high speed of receiving the ready tool (that does 

possible production at the time of the order of part of tubes), high precision of geometry and purity of a 

surface, possibility of die production directly from the thermoprocessed blank. 

5. Conclusion 

Use of such technology allows to carry out production of the tool for profiling of tubes in several passes 

by application of die or mandrel sets with consistently narrowed output section. Besides, becomes 

possible to manufacture the tool with a curvilinear form in longitudinal section at the expense of what 

it is possible to receive the most uniform distribution of pressure of metal to die working surfaces. It, in 

turn, reduces wear of the tool and allows to bring tool steel die wear rate closer to that for hard-alloy. 
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