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Abstract 
The aim of this work was to perform an analysis of increment of deformation characteristics on 
automotive steels sheets. For that purpose behaviour of three automotive steel sheets has been 
observed in this contribution. Steels were loaded by static tension with the loading rate 1.3 
mm/min. Localization of deformation has been get after tensile strength and a 
videoextensometry method was used for scanning of the distribution of increase deformation 
nearly before fracture. For establishing local property of steels has been measured hardness 
HV1. Hardness HV 1 was measured in 2 columns as below: on the utmost of samples and on the 
centre of samples. Hardness HV1 of investigated steel was increased in order to IF, HR 45 and 
DP that was corresponded to the strength of the steels. 
 

Keywords: IF steel, DP steel, increment deformation, hardness 
 
 

1 Introduction 
Low-Carbon steels are produced for automotive applications.  These steels have a low yield 
strength and good use with automotive welding techniques [1-4]. Due to its versatility and low 
cost, low-carbon steel is an effective material for most automotive applications, including crash-
sensitive parts because they perform better with respect to crash energy management as well as 
wear resistance [5].  
Dual phase (DP) steel is increasingly utilized in automotive industry to match the requirement of 
both performance and lightweight of automotive body for economical and ecological 
considerations [6-9]. Most of automotive steel structures are manufactured by stamping process 
which imports restraining effects into original material and alters its static and cyclic mechanical 
behaviours. In this study, mechanical behaviour of DP steel was researched [10-13]. 
Microalloyed steels have matured during the past 40 years into an important class of high-
strength structural materials. Project involving an ultra-light-steel auto body (ULSAB) 
concluded that high-strength-steels are the materials of choice for the automotive industry. This 
project showed that replacing cheaper carbon steels with high-strength steels allowed 
automakers to reduce the weight of an auto body at the same or at potentially lower costs. The 
strengthening effects of vanadium make microalloyed steels particularly suited for high-
strength-steel applications [7, 8]. By effectively combining grain refinement and precipitation 
hardening, vanadium maximises the strengthening process and is compatible with current steel-
processing technology [11-14]. 
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2 Experimental material and methods 
The investigation for tensile tests was applied on the three cold rolled sheet steel specimens as 
bellow:  

• IF steel (interstitial free steel) with thickness 1.8 mm;  
• micro-alloyed steel HR 45 with thickness 1.9 mm; 
• DP (dual phase) steel with thickness 1.5 mm.  

Specimens were taken transversal to the rolling direction. The chemical compositions of 
investigated material are presented in Table 1. 
 

Table 1 Chemical composition 

Steels C S Mn Al  Nb V Ti 

IF 0.0013 0.0105 0.082 0.055 0.001 0.002 0.040 

HR 45 0.562 0.004 0.654 0.035 0.001 0.002 0.001 

DP 0.072 0.006 1.8 0.057 0.002 0.003 0.001 
 
 

Tensile test was performed on a plane test specimens. The width of specimen was reduced from 
both sides approx. 1 mm in the centre on a length of 20 mm. The contraction caused that fracture 
will occur just in this area. Record of the test was made by CCD camera with graphics resolution 
640 x 480 pixels. Microstructure investigations were observed by optical microscope 
OLYMPUS. 
 
 

3 Results and discussion 
Microstructures of investigated steels are presented in Figs. 1, 2 and 3.  
IF steels are immune towards ageing process and they are suitable for large shapes complicated 
car body presswork. IF steel are used mainly for extremely deep drawing. High plasticity is 
available by reducing of carbon contents concentration carbon on a value C<0.005% and by 
micro-alloyed process with Ti, Nb, or combination Ti and Nb, who completely bind interstices 
elements C, N Fig. 1.  
 

 
Fig.1 Microstructure IF steel 

 
 
Steel HR 45 belongs in series of micro-alloyed steels (HSLA – High Strength Low Alloy). 
HSLA steel is defined with ferrite - perlite fine grained structure Fig. 2 with a little additive 
(max. 0.15 %) of elements series of Al, Ti, Nb, V. 
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Dual-phase steels (DP steels), which fall under the group of advanced high-strength steels 
(AHS) steels, have, in comparison with conventional steels, a significantly better strength-
elongation combination and very good formability. DP steels consist of a ferritic matrix 
containing a hard martensitic second phase in the form of islands. Fig. 3, microstructure 
observation was supported by results of mechanical properties, Table 2. 
 

 
Fig.2 Microstructure HR 45 steel 

 
 

 
Fig.3 Microstructure DP steel 

 
 
Table 2 Mechanical properties  

Mechanical properties  
Steels 

 
 

Rp 0.2 

[MPa] 
Rm 

[MPa] 
A5 

[%] 

HR 45 402 464 18 

IF 185 300 45 

DP 415 631 24 
 
 
A scanning area of specimen was covered with grid - 9 x 22 dots with step 1.0 mm Fig. 4 [15, 
16]. Specimens were loaded by speeds 1.3 mm/min. Surface of specimen was scanned during all 
tensile tests by CCD camera and longitudinal deformations εy (parallel with the direction of 
loading) were evaluated after the test. 
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Localization of deformation gets after tensile strength. This phenomenon is allied with big 
deformation changes in the area of a slip band. Calculations of deformations were calculated 
from formula (1):  
 

dy

dv
y =ε                                                                                                                  (1) 

 
Where: εy - deformation in longitudinal direction, v - displacement in direction y (direction          
y = direction of loading). 
Difference of the increase deformation is characterized by the y coordinate of the investigated 
dots in the beginning and the total deformation state. 
 

 
Fig.4 Dots position  

  
In order to establish local property of steels hardness HV 1 values were measured.  
Before measuring the surface sample has been without galvanize and HV 1 was measured in 
columns of No. 2 – utmost samples and of No. 6 - centre samples Fig. 4. After the tensile tests 
HV 1 was measured in centre dots.  
The results presented in Figs. 5, 6 and 7 show values of HV1 and deformation in longitudinal 
direction εy. The values HV1, for all investigations steels are higher in column of No. 2, which is 
the end of the sample (study area). On the edge of the sample the planar stress state is that has a 
strengthening effect on steel. 
The relationship between measured values HV1 and increment deformation εy for investigated 
steel HR 45 are shown on Fig. 5.  
 

 
Fig.5 Relation between HV1 and εy of steel HR 45 
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Column of No. 2 had the maximum value in the middle fracture 307 HV 1 Fig. 5. Columns of 
No. 6 had the maximum value in the middle fracture 249 HV 1. 
HV 1 values of individual points have been decreased according the distance from the centre of 
the sample. 
Relationship between measured values HV 1 and increment deformation εy for investigated steel 
IF are shown on Fig. 6. The maximum 275 HV 1 is in column of No. 6. 
 

 
Fig.6 Relation between HV1 and εy of steel IF 

 

Strength of DP steel was highest, and its HV 1 value was the highest too. Maximum 562 HV 1 
was in centre break.   
 

 
Fig.7 Relation between HV1 and εy of steel DP 

 
 

The results are in agreement with literature conclusions [16]. Steel with the greatest strength DP 
was the highest value HV 1 and increment deformation εy. 
 
 

4 Conclusions 
Using the videoextensometry and hardness HV1 test enables to characterize the relation between 
the plastics deformation in longitudinal direction εy and hardness. 
Following obtained results from HV1 tests and increment of plastic deformation in three 
automotive steels sheets samples were found. 

1. All investigated steels were in 2 columns HV1 and εy higher than in 6 columns due to 
strain hardening. 
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2. In the centre of fracture location is the maximum value HV1 = 562 in column 2 for DP 
steel. 

3. The highest value of εy = 160% of the investigated steel was steel DP, which A = 24%. 
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