
1) Technical University, Faculty of metallurgy, Park Komenského 11, 040 02 Košice, Slovakia,
maria.mihalikova@tuke.sk, miroslav.nemet@tuke.sk

Mária Mihaliková 1), Miroslav Német 1)

This study was supported by the Grant Agency of Slovak Republic; grant projects VEGA 1/0549/14

Abstract 

Dynamic tensile testing of sheet steels is becoming more important due to the need for more optimized vehicle crashworthiness analysis in
the automotive industry. For generating data in dynamic conditions, was using different assay techniques. DP (dual phase) steel is suitable for large
complicated shape such as fenders, doors, bumpers and roofs. For experimentswas used two testing method servo hydraulic and single bar
method. Experiments were realized on steel grade DP 600. Steel were performed and evaluated static and dynamic tests. Microstructure and
substructure in static and dynamic loading conditions was investigated.

THE INFLUENCE OF STRAIN RATE BETWEEN 
10-3 - 103 s-1 OF AUTOMOTIVE STEELS SHEETS

Experimental materials and methods

Experimental material: DP 600 steel with a gauge of 1,5 mm. The steel sheets for automobile exposed body panels are required to excellent
press-formability (e.g., deep-draw ability and stretch-formability), high surface quality and homogeneous coated surfaces after press forming.
Some grades of DP steels are strengthened by a combination of elementsfor solid solution, precipitation of carbides and/or nitrides.

Table 1. Mechanical properties of used materials under static loading rate 

Figure 1 Steel DP 600 microstructure Figure 2 Rotating flywheel machine Figure 3 Dynamic tensile curves of DP 600 steels

Conclusion

The aim of this study is effect of strain rate on plastic properties of automotive steel.  For comparison of static and dynamic properties was used, DP 600 – steel.
- From the measured values for the DP 600 steel there is an observable increase in yield strength and tensile strength. 
- Yield strength of DP 600 steel increased from 346 MPa (1,6.10-4 m/s) to 365 MPa (6, 6.10-3 m/s).
- Tensile strength of DP 600 steel increased from 561 MPa (1,6.10-4 m/s) to 894 MPa (20 m/s).
- The microstructure changes significantly during the deformation process under both quasi-static and dynamic tension.
- Ratio of grain size from distance fracture tip in dynamic conditions has flatter course then in static conditions.
- From the investigated substructures of DP 600 steel, was seen influence strain rate on density of dislocations.
- Under dynamic conditions increased dislocation density which influenced on increased yield strength DP 600 steel.
When the strain rate increases the time necessary for overcoming of local obstacles in the slip plane is shorter.

Mechanical 
properties

Loading rate
m/s

1,6.10-4 1,6.10-3 6,6.10-3

DP

F / N 18 242 18 512 18 622

Re / MPa 346 363 365

Rm / MPa 561 573 578

A80 / % 23 21 24

Mechanical 
properties

Loading rate
m/s

6 12 20

DP
F / N 10 723 12 517 13 581

Rm / 
MPa

705 824 894

Table 2. Mechanical properties of used materials under dynamics loading rate 

Figure 4 Substructure of DP 600 steel in static conditions Figure 5 Substructure of DP 600 steel in dynamic conditions


