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This article describes the technology production of high-strength wire with high 

plastic properties. Based on studies we offer to select drawing routes providing a 

uniform strain over the cross section of wire. The deformation uniformity in the wire 

cross section depends on the single strain, half-angle dies and the friction coefficient 

in drawing. The paper assessed the impact of drawing routes on power parameters of 

the process of wire drawing. Of the basis these research we developed a new method 

of drawing wire and a program for the PC named “Automatic calculation of drawing 

routes”. 
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High-carbon steel wire is used in the manufacture of ropes, springs and valves 

for prestressed concrete. These products are critical parts of complex machines and 

structures, so they have to meet high standards of quality. 

The main problem in the wire production from high grades of steel is to obtain 

high ductility of high strength metal. Wire drawing technologies used now are not 

always enabling us to obtain high strength wire with good plastic properties. Often, 

high-strength wire is rejected due to the premature loss of plasticity and lamination. 

In order to improve the plastic properties of high-strength wire some research 

was conducted.  

Traditionally, the calculation of drawing modes is reduced to the calculation of 

total and single strain with limitation on the Tensile strength as well as on engine 

power of wire drawing machines. It does not take into account tense-deformed state 



of metal in the deformation zone and its dependence on the basic technological 

factors (total and single strain, the die angle, the friction coefficient, temperature and 

speed control wire drawing).  

Of the basis of studies we offer to select drawing routes providing a uniform 

strain over the cross section of wire. 

The deformation uniformity in the wire cross section depends on the single 

strain, half-angle dies and the friction coefficient in drawing. 

We suggest using the following formula to select a single strain: 
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f – friction coefficient; 

 – half-angle dies. 

If equality holds (1), then the deformation of the wire cross section is uniform. If   

2

)ftg(arctg1

)ftg(arctg1
1 ,                                                                                 (2) 

then in the surface layer of the wire are compressive stresses. If  
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then the surface layer of the wire are tensile stresses. 

When you select a single degree of deformation is convenient to use the 

graphs constructed by the formula (1). Fig. 1 shows a graph to select the type 

of stress in the wire, depending on process parameters. 
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Fig. 1. Type of residual stresses in the surface layer  

depending on process parameters 

Of the basis of studies we offer to select drawing routes providing a uniform 

strain over the cross section of wire. The deformation uniformity in the wire cross 

section depends on the single strain, half-angle dies and the friction coefficient in 

drawing. By choosing a certain combination of these three variables it is possible to 

provide a uniform deformation of the wire cross section (Fig.2). To confirm this idea 

we carried out some experiments. Wire rod made of steel 70 in the diameter of 5.5 

mm was drawn through dies with different half-angle to get the diameter of 4.0 mm.  
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Fig. 2. A single strain required for the uniform deformation of the wire cross 

section, depending on half-angle dies and the friction coefficient 
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Fig. 3. Microhardness over the cross section the wire diameter of 4.0 mm  

(half-angle dies 7 degrees) 

In the first case 7 degrees half-angle dies were used, and in the second – 5 

degrees. Measuring the microhardness over the cross section showed that in the first 

case, deformation penetrates the entire wire cross section (Fig.3), while in the second 

case, only the metal surface layers are deformed (Fig.4).  
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Fig. 4. Microhardness over the cross section the wire diameter of 4.0 mm 

(half-angle dies 5 degrees) 

 



In the formula (1) the friction coefficient is the unknown quantity. To define this 

quantity in real production conditions, we carried out some experimental 

investigations. For this purpose, we used a device developed by us [1, 2]. The 

research results are presented in table 1. 

To confirm the possibility of improving the mechanical properties and wire 

quality industrial experiment was held. Wire rod with the diameter of 5.5 mm of steel 

70 was drawn to the diameter of 3.0 mm. Drawing routes calculated by the proposed 

proportion obtained:  

- sample № 1 (tensile stresses) – 5,5 %33 4,5 %33 3,7 %33 3,0 ( 0
102 ); 

- sample № 2 (uniform deformation) – 5,5 %33 4,5 %33 3,7 %33 3,0( 0
82 ); 

- sample № 3 (compressive stresses)  – 5,5 %33 4,5 %33 3,7 %33 3,0 ( 0
62

). 

Table 1  

The friction coefficient, depending on angle dies, 

types sub-oil coating and lubrication 

Angle die,  
0
 Sub-oil coating Lubrication Friction  

coefficient , f  
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Drill 

Soap 0,06 

BVS -1 0,05 

BVS -2 0,05 

 

Phosphate 

Soap 0,04 

BVS -1 0,03 

BVS -2 0,03 

Liquid 

glass (nNa2O * 

mSiO2) 

Soap 0,05 

BVS -1 0,04 

BVS -2 0,04 

 

 

 

 

Drill  

Soap 0,07 

BVS -1 0,06 

BVS -2 0,06 
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Phosphate 

Soap 0,05 

BVS -1 0,04 

BVS -2 0,04 

 

Liquid 

glass (nNa2O * 

mSiO2) 

Soap 0,06 

BVS -1 0,05 

BVS -2 0,05 

 

The resulting wire experienced a rupture, twisting and bending (table 2). 

The results showed that the strength properties (Tensile strength, yield strength) 

remain practically unchanged, while the plastic characteristics increase: relative 

elongation by 25-30%, relative narrowing by 12-15% and the number of twists by 18-

22% and the number of bends by 35-40% compared to the traditional production 

method. 

Table 2 

The mechanical properties the wire of diameter of 3.0 mm 

Sample Tensile 

strength, 

MPa,
B

 

Yield 

strength, 

MPa,
2.0

 

Relative 

elongation, 

,%  

Relative 

narrowing, 

,%  

The 

number 

of twists, 

m  

The 

number of 

bends, n   

1 

2 

3 

1640 

1635 

1645 

1425 

1390 

1435 

2,5 

3,0 

3,5 

56 

60 

64 

40 

43 

48 

18 

20 

26 

 

On the basis of the proposed method we made a new method of drawing wire  

[3, 4] and a program for the PC named “Automatic calculation of drawing routes” 

used at "Beloretsk Metallurgical Plant" (Russia, "Mechel Steel Group") [2, 5]. 
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