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900°C-1200°C was observed. The limit values of the Cockroft-
Latham integral, for C45 grade steel in this temperature range 
oscillate around 0,849÷0,726, for white plasticine formed in the 
temperature range 0°C-5°C is equal 0,850÷0,646, whereas for 
black plasticine in 0°C it is equal 0,691.

Commercial plasticine has also been tested in order to de-
termine the friction factor and friction coefficient between the 
ABS tools and model material. The tests showed a similarity 
of friction conditions in the case of deforming white and black 
plasticine and hot-forming of steel [32]. 

Physical testing was conducted in a lab stand (Fig. 3) devel-
oped in the laboratory of the Department of Computer Modelling 
and Metal Forming Technologies of Lublin University of Tech-
nology. The lab stand was based on a laboratory chain drawing 
machine. The machine enables the change of the linear speed of 
the tools in the range 0 to 150 mm/s. Moreover it is equipped with 
a measurement system AXIS FC1K – dynamometer registering 
data with the maximum force range 1 kN. The module of the 
model cross-wedge rolling mill allows for using 3D printed 1:2 
and 1:2.5 scale model tools. 

Fig. 3. Model cross-wedge rolling mill : 1 – model module, 2 – chain 
drawing machine, 3 – computer with the software, 4 – AXIS measure-
ment system

Test tools were 3D printed from ABS. A 3D printer uPrint 
SE, employing the FDM method in which thin layers of the 
melted material are applied. The tools were assembled from 
two segments (Fig. 4.)

In specialist literature various methods of sample prepara-
tion were presented. Based on the discussed methods, an original 
method of sample preparation was developed [33-36], in which 
four main stages can be distinguished. At first, the portions of 
plasticine were heated to 30-35°C, the material was manually de-
formed several times in order to eliminate air bubbles that could 
negatively influence the quality of the sample. In the second 
stage cylindrical bars were extruded, with the diameter 20 mm, 
whereas in the next stage they were divided in to 10 mm – long 
discs. In the last stage the samples were placed in a cooler in the 
temperature range 0-20°C for 24 h. Such time allowed one to 
obtain a similar temperature of the samples in their entire volume. 

Model testing was conducted similarly to the real process 
using hot-formed steel. The model samples, tools and the linear 
speed were 1:2 scale models. 

During the real and model tests changes to the force in the 
time of sample forming were registered. 

3. Results and discussion

Based on the results of the real and model tests of the 
process of compression in a channel the limit values of the 
forming distance and the number of rotations of the samples 
were determined. 

In the Table 2 below the limit values of the distance, upon 
exceeding which the cracking occurs, are presented. 

Fig. 4. Model tools mounted in the model rolling mill

TABLE 2
Limit values of the distance

Steel 
temperature

T [°C]

Limit length S [mm] Plasticine 
temperature

T [°C]

Limit length S [mm]

C45 Steel 50HS Steel R260 Steel
White Plasticine Black Plasticine

Real Scale 2:1 Real Scale 2:1
950 220 150 225 0 145 290 150 300
1000 230 175 250 5 160 320 160 320
1050 350 185 375 10 180 360 170 340
1100 430 275 500 12 240 480 190 380
1150 675 325 550 15 — — 240 480

20 — — 290 580










