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areas with higher plastic strain on the surface of the drawn parts 
where a substantial reduction in the thickness of the sheet metal 
(Fig. 6) is observed.

Fig. 5. Distribution of zones according to the quality on the surface of a 
drawn part under conditions of dry friction with forming limit diagram

Fig. 6. Distribution of plastic strains and drawn part material obtained 
under conditions of dry friction and blank holder force of Fd = 20 kN

The highest values of plastic strain are observed in the 
corners of the drawn part and corners of the stiffening ribs and 
amount to 0.382. The biggest thinning of the material was also 
observed in these areas, reaching 20% of the thickness of the 
formed sheet metal.

Reduction in the coefficient of friction on the surface of 
contact between material and tool helped reduce the risk of 
cracking of the material formed. However, material wrinkling 
in the area of the drawn part is likely to occur. This phenomenon 
intensifies for reduced values of the blank holder force (Fig. 7).

With unchanged blank holder force of 20 kN, application 
of a lubricant led to a reduction in deformations to the value 
of 0.275 and, consequently, limitation of reduction in the wall 
thickness (see Fig. 8).

As mentioned before, an important component that de-
termined the quality of the drawn parts obtained in the study 
is dimensional accuracy. A deformation of the drawn part is 
observed at the stage of trimming of the flange, caused by the 
material springback. The level of the deformation of drawn parts 
was determined based on the deviation of points on the surface 

of drawn part after operation of flange trimming from the as-
sumed final shape of the product. The greatest deviations for the 
assumed geometry were found for the drawn part obtained under 
conditions of dry friction and blank holder force of 10 kN. These 
deviations occurred in the corners and were 0.959 mm (Fig. 9). 

Fig. 9. Deformation of the drawn part obtained under conditions of dry 
friction, with blank holder force of Fd = 10 kN

The change in the forming process parameters affects both 
the character and intensity of drawn part deformation. The pro-
files and values of deformation in characteristic cross-sections 
of the drawn parts for the forming process variants analysed in 
the study are compared in Fig. 10.

Fig. 7. Distribution of zones according to the quality for the surface 
of a drawn part under condition of lubrication with forming limit dia-
gram

Fig. 8. Distribution of plastic strains and drawn part material thick-
ness obtained under conditions of lubrication and blank holder force 
of Fd = 20 kN
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4. Summary

It is essential during development of the lubricants for the 
plastic forming processes that, contrary to machine lubrication, 
where the lubricant remains in a closed system, the open friction 
pair is observed in the plastic working processes, which involves 
a much greater consumption of the technological lubricants. In 
the process of sheet metal forming, lubricant has to be always (i.e. 
after each operation) supplied to the friction pair. Its substantial 
part is “consumed” by the deformed material and remaining on 
the drawn part. Next, the lubricant is typically removed from 
the drawn part surface. Cleaning and disposal of lubricant waste 
is burdensome and cost-intensive. Therefore, the research on 
the effect of the use of technological lubricants in the sheet 
metal forming process should be focused on application of the 
natural environmentally-friendly lubricants. Therefore, lubricant 
substances that do not cause environmental pollution should be 

Fig. 10. Effect of process parameters on deformation in characteristic cross sections of the drawn part

investigated. With regard to the above requirements, vegetable 
oil-based lubricants with addition of non-toxic boric acid seem 
to be a good solution.

In order to improve tribological conditions in sheet metal 
forming processes, it is necessary to separate the materials of 
the friction pair (i.e. tool and sheet metal material) by using 
technological lubricants. The attempts should be made not only 
to reduce friction resistance during forming but also to limit the 
tendency to build up material on the tool, especially in the case 
of titanium sheet metal forming.

The results of the examinations lead to the conclusion that 
the use of the popular and commercially available vegetable 
oils allowed for a reduction in the coefficient of friction for the 
steel-titanium friction pair. However, in this case, the commercial 
oil showed a better effect.

The use of ecological vegetable oils with addition of boric 
acid revealed a significant reduction in the coefficient of fric-




