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This paper is devoted to the development of technological process of production of magnesi-

um alloy tubs for industrial and medical application by dieless drawing process. This technology can 

achieve a great reduction of materials such as metal wire, bars and tubes in a single pass by the local 

heating, compared with conventional drawing process. In practice, was successfully fabricated micro-

tube by using materials with high ductility and low flow stress at elevated temperature [1–2]. Thus, 

the dieless drawing may be an effective process for forming magnesium alloys. From other side, 

magnesium alloys are characterized by low technological plasticity during metal forming that is why 

optimization of production parameters is necessary [3–4]. 

The aim of this work is optimization of dieless drawing process to obtain tubes made 

of MgCa0.8 alloy.  

For modeling of dieless drawing process ABAQUS software was used. Tubes with external 

diameter 3 mm was produced. Numerical simulation and sensitivity analyses showed, that during 

dieless drawing process the length of heating element and drawing velocity has an effect on diame-

ter and wall thickness of the tube. That is why optimization of this process is possible. It is also pos-

sible to obtain tube with variable cross section and wall thickness.   

Experimental verification of the model was made on the basis of experimental dieless pro-

cess of tubes made of MgCa0.8 alloy. Experiment showed that for MgCa0.8 alloy it is possible to 

reduce cross section of the tube to 60%, which is significantly larger than deformation in a single 

pass of cold drawing. 

In this work procedure for obtaining needed materials data for simulation and example of 

optimization dieless drawing process of Mg alloys are shown. For calibration of yield stress model 

and model of fracture tensile and compression tests was used. For the simulation of flow stress the 

equation of Henzel-Szpittel is used:  
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where  ,,  – effective stress, effective strain and effective strain rate, respectively,  

t – temperature.  

For the MgCa0.8 alloy are used the approach, based on the inverse analysis [5]. The follow-

ing coefficients of equation (1) for extrusion conditions are obtained.  

 MgCa0.8: A=1413.33; m1 =-0,0046301; m2= 0.53755; m3= 0.13458; m4= -1.3544 ; 

m5=0.0; m7=0.0; m8=0.0; m9=-0.0.  

According to the work [5] the critical damage failure criterion is established:  
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where: f  – effective fracture strain kf – triaxility factor.  

To describe the value of effective fracture strain the following formula can be applied:   

    4
321 expexp
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The values of the coefficients of equation (3) are determined by the minimization of the 

square-least technique comparing the value of f  and the results obtained from processing of the 

experimental results of the compression and the tension tests. The following values of coefficients 

are obtained:  

 MgCa0.8: d1=0.0461; d2=0.4759; d3=0.01022; d4=-0.07009. 
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A dieless drawing process with local heating and tensile deformation for tubes is a flexible 

drawing technique without using any dies. Fig. 1 shows the schematic illustration of dieless draw-

ing process, in which heating devices are fixed and the tube moves from left to right through the 

heating zone. The tube is subjected to tension by the difference in speed between tensile V1 and 

feeding V2. The necking occurs at local heated area and diffuses out with moving the tube under 

tension. The relationship between the reduction in area R and the speed ratio V2/V1 is as follows: 

               (4) 

where: A0 is original cross sectional area and A1 is cross sectional area after the drawing.  
 

 
Fig. 1. Schematic illustration of dieless drawing process 
 

Numerical model was build using ABAQUS software. Equation 1 was used as the flow 

stress model. Melting point of MgCa0.8 magnesium alloy is 516 °C. That is why temperature of 

heating element should be lower and was set as 450 °C. Additionally two more tensile tests were 

performed for 450 °C and the strain rates of 0.1 and 0.01s
-1

 to cover the whole range of possible 

temperatures and strain rates. Initial temperature of tube was 20 °C. The feeding speed V2 was fixed 

at 0.1 mm/s and the tensile speed V1 was controlled to adjust reduction in the area R. Numerical 

simulations were carried out for different length of heating element and two reductions of 41% and 

60%. Results of simulations are shown in Fig. 2 and 3. It is seen that length of heating element and 

deformation ratio has a significant impact on pipe diameter and wall thickness in dieless drawing 

process. Increase of reduction R during process results in decrease of tube wall thickness and 

decrease of external tube diameter because deformation is higher. Increase of the length of heating 

element causes that cross sectional of tube has more time for deformation in heating zone. That is 

why external diameter of tube is lower. As in is clear from numerical analysis, size of heating 

element has no significant effect on the thickness of the tube wall. 
 

   
Fig. 2. Results of numerical simulation at the cross section of pipe for length of heating 

element equal to 10 mm: a) distribution of temperature for R = 60%, b) distribution of displacement 

for R = 60%, c) distribution of displacements for R = 41% 
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Fig. 3. Results of numerical simulation of drawing process for different length of heating 

element.  
 

As a billet the tube Dout=5 mm, Din=4 mm was used. Extrusion technology was used for 

obtained billet [6]. On Fig. 4 show the photograph of the experimental setup of dieless drawing 

process used in this study. A tensile speed V1 applied to the tube and a feeding speed V2 can be 

independently controlled following Eq. 4 using two servo motors. A high-frequency induction 

heating device with a power of 2 kW and a frequency of 2.2 MHz was used as the heat source for 

the specimens. The temperature inside the heating coil was measured with a noncontact two-color 

pyrometer. In this experiment, the heating temperature was the same as in simulations and was set 

as 450 °C. The feeding speed V2 was fixed at 0.1 mm/s. Two reductions were exanimated – 41% 

and 60%. 
 

 
Fig. 4. Photo of the experimental setup of dieless drawing process. 
 

Figure 5 shows the photograph of deformed tubes after dieless drawing process in a single-

pass. Reduction in area and outer diameter after the drawing process can be obtained without using 

any tools and dies by controlling speed ratio V2/V1. In this experiment, maximum reduction in the 

area of 60% can be realized for MgCa0.8 magnesium alloy. Using  this result, the validity of dieless 

drawing process for biocompatible MgCa0.8 magnesium alloy can be verified experimentally. 

 

 
Fig. 5. Photograph of deformed tubes after dieless drawing process in a single-pass under a 

condition of heating temperature of 450˚C. 
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In the experiment, the length of heating zone was approximately equal to 10 mm. The results 

of numerical simulation were close to those in the physical drawing process. For reduction 41% in 

experimental process diameter of the tube was 3.5 mm and in simulation was 3.81 mm. Adequately 

for reduction 60% diameters of tube were 3 mm and 3.05 mm respectively for physical experiment 

and for simulation. 

 

CONCLUSIONS 

1. The new process for production of thin tubes from biocompatible magnesium alloy was 

presented. This process contains two stages – extrusion and dieless drawing process.  

2. Extruded tubes were used as an input for dieless drawing process. Experiment showed 

that for MgCa0.8 alloy it is possible to reduce cross section of the tube to 60%, which is significant-

ly larger than that of 5% in a single pass of cold drawing. 

3. Numerical simulation showed that during dieless drawing process the length of heating 

element and drawing velocity has an effect on radius and wall thickness of the tube. That is why 

optimization of this process is possible. It is also possible to obtain tube with variable cross section 

and wall thickness.   
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