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Abstract: The results of finite element modeling of a new method with an increased metal processing level were considered. The 

improvement of the drawing process was achieved by changing the usual scheme of metal movement during deformation, which 

made it possible to achieve large strains compared to the standard drawing scheme. It is established that step drawing has the 

advantage of an increased processing level, but it leads to the formation of an inhomogeneous gradient strain. 
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Wire drawing is one of the few metal forming processes where 

large tensile stresses inevitably arise, which, according to the 

correctly selected process parameters, can lead to wire breakage. It 

is also known that in classical drawing, the level of accumulated 

strain is low compared to other metal forming processes and is 

concentrated mainly in the surface layers of the workpiece [1].  

 

Many researchers are tasked with developing new deformation 

technologies that will increase the metal processing level, which will 

make it possible to obtain wire with improved mechanical 

characteristics. During the review of existing non-standard drawing 

methods, the technology proposed at the Krakow University of 

Science and Technology AGH (Poland) was selected as promising 

for use and implementation [2-4]. The improvement of the drawing 

process was achieved by changing the usual scheme of metal 

movement during deformation, which made it possible to achieve 

large strains compared to the standard drawing scheme. 

 

To study and analyze the applicability of this drawing method, 

mathematical modeling of the standard drawing method and the new 

proposed method was carried out. Modeling was carried out with 

reference to the drawing route, geometric parameters and wire 

material used at Kaz-Metiz LLP. 

 

Computer modeling of various metal processing processes is of 

great importance, which is facilitated by several factors. Modeling 

allows to study the process from the inside and more fully assess the 

stresses and strains that arise, identify patterns of their development, 

predict the appearance of defects. It allows to determine the most 

suitable parameters of the tool and the workpiece for pre-debugging 

the process. Also, the advantage of modeling is that modern 

software systems allow to simulate almost any process, avoiding 

expensive and complex experiments. 

 

The geometric parameters of the tool and the workpiece are 

preliminarily taken from the current drawing technology in Kaz-

Metiz LLP for mode 4→2.3 mm on the drawing mill 12x600 (Table 

1). A wire with a diameter of 2.3 mm is obtained from a wire rod 

with a diameter of 4 mm made of steel grade 15GM. 

 

Table 1 – Drawing mode 

Mode Pass number 

1 2 3 4 5 6 7 

4→2,3 

mm 

3,86 

mm 

3,46 

mm 

3,13 

mm 

2,85 

mm 

2,62 

mm 

2,42 

mm 

2,3 

mm 

 

Modeling of the drawing process was carried out in seven 

passes using the DEFORM software. The compression of the 

workpiece after each pass was 0.14 mm→0.4 mm→0.33 mm→0.28 

mm→0.23 mm→0.2 mm→0.12 mm. The geometry of the drawing 

dies is constructed in accordance with GOST 9453-75. 

 

The initial blank had the initial diameter of 4.0 mm and the 

length of 50 mm. A grid of finite elements distributed evenly was 

generated on the workpiece. The number of nodes was 2240, the 

number of elements was 2067. According to the technology, 15 GM 

steel was chosen as the workpiece material, its temperature was 

assumed to be 20°C. The material rheological properties are taken 

from the DEFORM database. A non-isothermal type of calculation 

was used, i.e. in addition to giving heat to the tool, the workpiece 

also gave heat to the environment (the temperature of which is 

assumed to be 20°C). The value of the friction coefficient was 0.15, 

corresponding to drawing with dry lubrication [5]. The drawing 

speed was 4 m/s, according to the current technology. 

When constructing the two proposed drawing schemes, the 

distance between the drawing dies and the displacement distance of 

one drawing die relative to the other was assumed to be 10 mm 

(Figure 1). 

 

 
Figure 1 – The position of drawing dies relative to each other 

 

At the beginning of the process, the wire enters the portages and 

their location corresponds to the usual drawing scheme. The 

displacement of the drawing dies is carried out sequentially without 

stopping the workpiece movement. The movement of each drawing 

die begins at the moment the wire leaves it. The displacement order 

of the drawing dies is shown in Figure 2.  

When studying the equivalent strain, the following can be seen: 

1) when passing the drawing channels, the workpiece in the 

longitudinal direction receives the same level of strain increase. 

2) in the workpiece cross section the amount of equivalent strain 

is distributed unevenly, it decreases from the surface to the center of 

the workpiece. After the seventh drawing, the equivalent strain 

values are 1.23 on the surface and 0.7 in the center of the workpiece 

(Table 2). The distribution of equivalent strain after the 7th pass is 

shown in Figure 3a. 

 

Table 2 - Values of equivalent strain in conventional drawing 

Pass 

number 

1 2 3 4 5 6 7 

Surface 0,128 0,292 0,459 0,611 0,758 0,904 1,23 

Center 0,052 0,19 0,31 0,413 0,528 0,627 0,7 
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Figure 2 – The displacement order of the drawing dies 

 

 

 

a)  

b)  

a – conventional drawing; b – step drawing 

Figure 3 - Equivalent strain distribution 

 

 

 

With a step drawing scheme, the accumulation of equivalent 

strain in the metal of the deformation zone occurs asymmetrically to 

the central part of the workpiece. The values of equivalent strain in 

the lower part of the workpiece are greater than in the upper part. 

This difference in the values of the equivalent strain between the 

lower and upper part of the workpiece increases with each pass. It is 

explained by the fact that the wire in the process of drawing 

undergoes bending only in one direction – in the direction of 

displacement of the drawing. 

After the seventh drawing, the values of equivalent strain are 2.24 

and 3.88 on the surfaces and 1.19 in the center of the workpiece 

(Table 3). The distribution of equivalent strain after the 7th pass is 

shown in Figure 3b. 

 

Table 3 - Values of equivalent strain in step drawing 

Pass 

number 
1 2 3 4 5 6 7 

Center 0,052 0,213 0,414 0,535 0,698 0,879 1,190 

Surface 

(upper part) 
0,128 0,308 0,925 1,300 1,700 2,160 2,240 

Surface 

(lower part) 
0,128 0,851 1,560 2,13 2,75 3,320 3,880 

 

Mathematical modeling of wire drawing with a diameter of 2.3 

mm from a wire rod of 4 mm was carried out according to two 

drawing schemes. The values of equivalent strain in the deformation 

zone during wire stretching after seven passes on the surface of the 

workpiece and in the center of the workpiece are determined. It is 

revealed that the most effective method is a step drawing scheme, 

which provides maximum processing level. 
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