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With regard to the current economic situation, which deals primarily with energy prices, companies are 
trying to find reserves within individual technologies. The automotive industry is still a very important 
industry. One of the ways to improve the material properties of a body part is thermomechanical 
processing. This is how the B-pillar, which serves as a safety structural element of the car, was processed. 
The presented article aims to investigate the influence of selected thermomechanical processing 
parameters on the resulting properties of a B-pillar made of high-strength steel 22MnB5. At the same 
time, energy saving in the given production process should be used in such a way that it is not at the 
expense of the quality of the component. Three kinds of experimental production processes with different 
parameters of thermomechanical processing of steel were proposed for scientific investigation. Based on 
these proposed processes, several pieces of B-pillars were produced and subjected to further 
investigation. Changes in material properties were monitored using hardness measurements and 
subsequently the resulting microstructure of the material was examined for each experimental post. 
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 Introduction  

Car production still has an important position in 
the European Union, despite problems with energy 
prices. Due to the current economic situation, oppor-
tunities to save energy are also being sought in the car 
manufacturing process. Manufacturing a car is a de-
manding multi-stage process that is a complex set of 
construction, technology and material engineering. 
The automotive industry currently imposes often con-
tradictory requirements on the structural parts of the 
car, and therefore on the car as a whole, such as re-
quirements for weight savings, which is also related to 
the reduction of emissions, and on the other hand, in-
creased resistance to breakage and fracture propaga-
tion, especially in safety body parts. For this reason, 
high-strength steels are used, which achieve both high 
yield strength and high ductility. [1, 2, 3, 4] 

The presented article is specifically devoted to the 
issue of the production of one of the parts of the body 
of a passenger car, namely the B-pillar. The B-pillar is 
located in most passenger cars between the front and 
rear doors and serves to minimize the effect of frontal, 
corner and especially side impact on the vehicle. If we 
expose the car to a side impact in this part of the struc-
ture, the pillar will not be destroyed in any place. In 
this case, the largest part of the deformation energy is 
concentrated in the soft zone, which is located below 
the level of the driver or passenger. The soft part ab-
sorbs most of the energy, causing it to be damaged 
outside the body of the crew in the event of an impact. 

The hard zone is in the area of the middle part of the 
bodies of the road users occupying the front seats of 
the car. In the case where the largest part of the energy 
is transferred to the soft area of the post, the hard zone 
will no longer develop such a force that would be able 
to deform the hard and reinforced part and thus en-
danger the health or lives of the crew. The sequence 
of production operations is as follows: cutting of the 
so-called blank from a coil of steel, spot welding of the 
reinforcement, which increases the strength character-
istics in the upper part of the B-pillar. The next step is 
the uniform heating of the blank in the furnace of the 
entire cross-section. The last step is the thermome-
chanical processing itself, after moving the blank and 
centering it in the form, when mechanical forces and 
hardening, or rapid cooling of the material, simultane-
ously act. Many companies currently use forms di-
vided into two parts, the so-called hard zone and soft 
zone. [1, 4, 5, 6] 

B-pillars can be formed either in one operation, the 
so-called direct procedure, or in two operations, where 
the first is cold forming (pre-pressing) and the second 
operation, hot forming, follows. Heating and subse-
quent hot forming can be carried out in several ways, 
namely: the blank is heated separately in a continuous 
furnace and forming is carried out in a non-tempered 
machine, heating separately and forming in a tempered 
tool, both heating and forming take place in a tem-
pered tool. From the point of view of increasing the 
cycle time of the lines, reducing production costs and 
the overall utilization of the line,  
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companies producing B pillars use the second method, 
i.e. heating the blank separately in a continuous fur-
nace and subsequent forming and cooling in a tem-
pered tool. The hard zone part of the form is no dif-
ferent from other forms. After the material is inserted 
into the mold, the upper part is closed and water be-
gins to flow through the channels inside the mold, 
which leads to the hardening of the steel. The material 
formed in this part reaches the tensile strength limit 
Rm values of up to 1700 MPa. The part of the mold 
where the soft zone is located is not cooled, but rather 
heated. This means that the material will not be hard-
ened, but only gently cooled. The material then 
reaches a strength Rm of approx. 600 MPa. [6-13] 

One of the materials often used in the production 
of the B-pillar is steel 22MnB5 ČSN EN 10083 with 
the trade name USIBOR 1500. Steel 22MnB5 is suita-
ble for high-temperature thermomechanical pro-
cessing during pressing. Before heat treatment, the 
strength limit Rm is in the range of 500-700 MPa and 
the yield strength Re is greater than 350 MPa with a 
ferritic-pearlitic structure. A martensitic structure with 
a low proportion of austenite is manifested by high 
strengths, when it is possible to reach values of up to 
1900 MPa and hardness according to Vickers above 
425 HV. The 22MnB5 steel is treated with a surface 
layer of AlSi10Fe3, which protects the material from 
high-temperature oxidation during furnace heating. 
[10-18]  

The aim of the article is to analyze the influence of 
thermomechanical processing parameters on the se-
lected properties of a B pillar made of 22MnB5 steel 
using microscopic methods [16,18-24] and Vickers 
hardness measurement methods according to ČSN 
EN ISO 6507 1. 

 Experimental material and methods 

The body B-pillar was used as an experimental 
sample. The production process consists of several 
types of operations. The first is a cutout of a so-called 
blank from a coil of Usibor 1500 steel (22MnB5 ac-
cording to ČSN EN 10083-3) with a thickness of 1.4 
mm. Furthermore, reinforcements are welded by spot 
welding, the function of which is to strengthen the 
strength characteristics and thereby increase the safety 

parameters for the crew. The next step is the heating 
of the semi-finished product in a continuous furnace, 
time approx. 400 s. At the end of the line, the semi-
finished product reaches a temperature of 930 °C. The 
last step is the thermomechanical processing itself. 
Currently, companies use molds that have 2 parts: 
hard zone and soft zone see Fig. 1. In the hardzone 
there are channels where water flows, which leads to 
hardening of the material, which increases the tensile 
strength limit Rm value up to 1700 MPa. The part of 
the mold where the softzone is located is not cooled, 
but heated. In this part, there are heating segments 
that heat the mold to 560 °C. The material then 
reaches a strength Rm of approx. 600 MPa. 

 

Fig. 1 Characteristic parts of the B-pillar 
 

After this process, the pillar takes its final shape. 
After opening the mold, the "soft" part has a temper-
ature of 560 °C and the "hard" part is cooled to ap-
proximately 350 °C. The pillar is then simply moved 
onto a steel conveyor belt, on which it cools down to 
ambient temperature. The B-pillar made in this way is 
therefore divided into two parts, namely a hard upper 
part, the strength of which is supported by a welded 
reinforcement (patch), and a soft part. Through this 
process, we produce a B-pillar that has a controlled 
deformation area. 

 Experimental material 

22MnB5 steel with the trade name USIBOR 1500 
was used for part B- pillar. 22MnB5 steel is suitable 
for high-temperature thermomechanical processing 
during pressing. The chemical composition is shown 
in Table 1.

Tab. 1 Chemical composition of steel 22MnB5 according to the CSN EN 10083-3 standard 
Element C Si Mn Cr Mo P S Ti Al B 

min. (wt %) 0.25 0.15 – 0.40 1.4 0.5 0.35 0.03 0.01 0.1 0.1 0.001 – 0.005 

 Conditions of thermo-mechanical processing 

The heat treatment conditions were chosen with 
regard to reducing the economic demands of produc-
tion using the CCT diagram of 22MnB5 and the pa-
rameters of the production line. Three technological 
processes were determined for the experiment, see Ta-
ble 2. Process number 1 was determined as the starting 

point, which reflects the real production conditions of 
the B pillar. The blank was placed in a continuous fur-
nace where it was heated to 930 °C for 400 s, the heat-
ing segments in the mold have a temperature of 560 
°C. After the mold is closed, cooling takes place, 
which takes 10.7 s. 
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Tab. 2 Conditions of thermo-mechanical processing 
Process No. 1 2 3 

Conditions of heating 930 °C/400 s 930 °C/400 s 930 °C/600 s 
Conditions of forming 560 °C/10.7 s 480 °C/10.7 s 560 °C/8 s 
 
Process number 2 was chosen for the purpose of 

energy saving in production. The initial heating step 
remains the same as process number 1. The change 
only occurs in the forming phase. The heating seg-
ments were heated to a lower temperature of 480 °C. 
This temperature was determined from the CCT dia-
gram for 22MnB5 steel. In the soft part B of the 
bridge, there is an undesirable martensitic structure, 
therefore, during pressing, the material must not be 
cooled below the Ms temperature, which is 420 °C. In 
the event of a greater decrease in the temperature of 
the segments, the Ms temperature could be exceeded 
and the subsequent formation of martensite, which is 
undesirable in the soft part B of the column.  

Process number 3 was designed to reduce the eco-
nomic complexity of production. However, this is not 
a change associated with the temperature of the heat-
ing segments seated in the mold, but a reduction in the 
time during hardening by pressing. The heating of the 
material in the furnace at a temperature of 930 °C 
takes 600 s, after the blank is placed in the mold; it is 
closed with the upper part. The mold is closed for 8 s, 
during which plastic deformation of the material oc-
curs and at the same time it cools down. 

 Microscopic analysis 

Microscopic analysis is important to determine the 
microstructure of the material, which changes either 
based on temperature or time of thermal exposure. 
The character of the microstructure will manifest itself 
during the deformation-stress states in the real loading 
of the structural element. Samples for microscopic 
evaluation of the structure were prepared by the clas-
sic metallographic procedure, i. e. material collection, 
preparation, grinding, polishing, etching - Nital 3%. 
An Olympus OLS 3100 confocal laser microscope 
was used to examine the metallographically prepared 
samples. 

 

Fig. 2 CCT diagram of Usibor 1500 stell 

The input material Usibor 1500 has a ferritic-pearl-
itic structure, which changes after thermomechanical 
treatment according to the diagram of anisothermal 
breakdown of austenite see Fig. 2 depending on tem-
perature and cooling rate. 

 Microstructure of the B-pillar in the Hard 
Zone 

In order for a fully martensitic structure to occur 
and a hardness of at least 400 HV10 to be reached, the 
critical cooling rate must be exceeded, which is about 
30 °C∙ s¡�. After passing through the continuous fur-
nace, the sheets remain in the air for about 10 seconds, 
where the temperature drops to 850 °C. At this tem-
perature, the sheets are placed in the mold and the 
hardening process by pressing follows. After opening 
the mold, the sheets have a temperature of approx. 
350 °C, which corresponds to a cooling rate of approx 
38 °C∙ s¡�, thereby guaranteeing a fully martensitic 
structure. Below are images of the material micro-
structures of three selected samples, taken from the 
hard part of the B-pillar, Fig. 3-8. 

 

Fig. 3 Sample 1, Hard Zone, magnification 100x 

 

Fig. 4 Sample 1, Hard Zone, magnification 1000x  
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Fig. 5 Sample 2, Hard Zone, magnification 100x 

 

Fig. 6 Sample 2, Hard Zone, magnification 1000x  
 
The selected microstructures represent changes in 

the resulting structures that determine the design of 
the resulting methodology. The microstructure of the 
analyzed material consists of fine needles of 
martensite and residual austenite. The structure of 
sample 2 (Figs. 5, 6) is almost identical to the structure 
of sample 1 (Figs. 3, 4). This is due to the fact that 
there is no change in parameters in the 
thermomechanical treatment process in the hard part 
between process #1 and #2. The structure of sample 
2 thus consists of fine needles of martensite together 
with residual austenite. For process #3, the cooling 
time is reduced by 2.7 s, which results in a higher 
temperature of the molded post after removal from 
the mold. If the cooling rate is in the form 38 °C∙ s¡�, 
then if we shorten the cooling time by 2.7 s, the 
resulting temperature of the pillar is not 350 °C, but 
approx. 453 °C. At this temperature, all phase 
transformations of austenite are not yet complete. The 
structure consists of martensite with a small 
proportion of residual austenite and bainite.  The B-
pillar is then gradually cooled in air. According to the 
CCT diagram, the perlite area will be crossed by the 
cooling curve, which is shown in Fig. 9, marked in red. 

 

Fig. 7 Sample 3, Hard Zone, magnification 100x 

 

Fig. 8 Sample 3, Hard Zone, magnification 1000x  
 

 

Fig. 9 CCT diagram for process No. 3 in the hard zone  

 Microstructure of the B-pillar in the Soft 
Zone 

In the case of the Soft Zone, due to the influence 
of various process parameters, more significant 
changes in the microstructure occur. The initial tem-
perature when inserting the sheet into the mold is the 
same as for the hard part, i.e. 850 °C. After the mold 
is closed, however, the material does not harden,  
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as this part of the mold is not cooled, but heated. In 
process No. 1, the segments in the soft part of the 
mold are heated to 560 °C. After the mold is closed, 
the temperature of the material decreases from 850 °C 
to 560 °C for 10.7 s, which corresponds to a cooling 
rate of approx. 22 °C∙ s¡�. After removal from the 
mold, the material is cooled in air. On (Fig. 10) at a 
magnification of 100x, the linearity of the microstruc-
ture can be observed, which could be caused by sev-
eral factors, for example, heating before forming and 
the degree of deformation or during the steel produc-
tion itself. The material produced by process No. 1 
consists of ferrite and pearlite (see  
Fig. 11).  

 

Fig. 10 Sample 1, Soft Zone, magnification 100x 

 

Fig. 11 Sample 1, Soft Zone, magnification 500x  
 
Process No. 2 represents sample 2. The 

temperature of the mold is thus reduced to a 
temperature of 480 °C compared to the first process. 
A lower pressing temperature resulted in a higher 
proportion of pearlite and intermetallic phases in the 
structure, which is reflected in a slight increase in 
hardness, Fig. 12-13. 

 

Fig. 12 Sample 2, Soft Zone, magnification 100x  

 

Fig. 13 Sample 2, Soft Zone, magnification 500x  
 
When using the parameters of production process 

No. 3, a ferritic-pearlitic structure (Fig. 14-15).  

 

Fig. 14 Sample 3, Soft Zone, magnification 100x 
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Fig. 15 Sample 3, Soft Zone, magnification 500x 

 Vickers hardness of the examined materials 
according to CSN EN ISO 6507 1 

An important parameter that is reflected in the mi-
crostructure is the hardness of the material. Hardness 
evaluation was performed on Shimadzu HMV 
MICRO Hardness Tester, hardness measurement was 
performed under HV10 load, as it is a high-strength 
steel. Six measurements were made for each sample, 
the results are shown in Table 3. The hardness of 
HV10 in the soft area of the B pillar should be in the 
range of (175-275) HV10, in the hard area it should be 
HV10 ≥ 400.

Tab. 3 Hardness in Soft Zone B-pillar according to ČSN EN ISO 6507-1 
Process No. 1 2 3 

Average HV10 211 222 208 
Standard deviation σ 2 3 2 

Tab. 4 Hardness in Hard Zone B-pillar according to ČSN EN ISO 6507-1 
Process No. 1 2 3 

Average HV10 509 502 504 
Standard deviation σ 4 4 5 

 
The measured hardnesses confirmed this 

assumption. 

 Vickers hardness measurement in the 
transition area of the B pillar 

Another criterion for evaluating the effect of 
thermomechanical processing on the resulting 

properties of the B-pillar is the evaluation of the 
transition area between the soft and hard parts. A 
distance of 1 mm was chosen between individual 
measurements. In total, 45 measurements were 
performed on each sample. In Fig. 16 shows the 
hardness of the transition region for samples of all 
three processes. 

 

Fig. 16 Hardness in the transition area of the samples 
 
The samples produced by processes No. 1 and 3 

have the same hardness profile, unlike the samples 
produced by process No. 2, they differ significantly 
from the other experimental processes, both in the 
hardness profile and the size of the transition region 

in the given part. The transition part for the sample 
produced by Process No. 2 starts at a distance of 31 
mm from the edge of the sample, the hardness then 
stabilizes at a distance of 41 mm. The hardness of all 
samples in the soft, hard and transition regions were  
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within the minimum and maximum required values, as 
shown in Fig. 16. The indicated graph shows a 
significant influence of the temperature of the forming 
process of process 2, respectively the temperature 
difference, in the area of the soft zone, which was 
reflected in the microstructure and subsequently the 
evaluated hardness. 

 Conclusion 

The aim of the article was to investigate the effect 
of selected parameters of thermomechanical pro-
cessing on the resulting properties of the B-pillar made 
of 22MnB5 steel, with regard to reducing the energy 
consumption of production. Three types of experi-
mental production processes were proposed, which 
had different thermomechanical processing parame-
ters. Based on experimental processes, B-pillars were 
produced, for which the microstructure and Vickers 
hardness measurement according to CSN EN ISO 
6507 1 were examined. 

As the first part of the experiment, the influence of 
thermomechanical processing parameters on the re-
sulting properties of the B-pillar was evaluated using 
microscopic analysis. In the soft zone of the B-pillar, 
a ferritic-pearlitic structure and intermetallic phases 
distributed in solid solution were observed in all sam-
ples produced by different experimental processes. In 
the hard zone of the B-pillar, where press hardening 
took place, the structure of all samples consisted of 
acicular martensite and residual austenite. Only the 
sample produced by process No. 3 contains pearlite in 
addition to martensite and residual austenite. 

Furthermore, the hardness was measured in the 
soft, hard zone and the transition area of the post. In 
the soft zone, the hardness of the samples was around 
210 HV10, only sample 2 produced by process no. 2 
had a hardness of 222 HV10. In the hard zone, the 
hardness of all measured samples was almost identical. 
The average hardness value in the hard part is 503 
HV10. The transition area is identical for samples pro-
duced by processes No. 1 and No. 3. These are tran-
sitional areas that are only 6 mm long, so between the 
soft and hard zones, an area with a sudden increase in 
hardness was created in all samples. In contrast, the B-
pillar produced by process No.2 has a transition area 
length of 10 mm, and the hardness transition between 
individual parts of the post is smooth and uniform. 

After comparing the hardness values and micro-
structures of the experimentally produced B-pillars, it 
is possible to state that all the investigated properties 
are the same for the samples produced by process No. 
1 and 3 are the same, they have slight differences in 
the microstructure. This is determined both by the 
amount of material transformation and by the content 
of phases dissolved in the solid solution. 

B-pillar made by process No. 2 was the only one 

that showed slight deviations from the other experi-
mentally produced posts during all tests and measure-
ments. In the soft zone of the column, the hardness 
increased by 11 HV10, but the highest difference is in 
the transition area. The B-pillar made with this process 
had the longest and smoothest hardness transition be-
tween soft and hard. This is the most important safety 
parameter for the B-pillar, as only the long and 
smooth transition area ensures that the pillar does not 
break and deformation energy does not pass into the 
interior of the car. The B pillar produced by process 
No. 2 is the only one that meets the requirements de-
scribed above. After the introduction of process No. 
2 into production, there will be a reduction in produc-
tion costs associated with a lower energy requirement 
for heating the segments, which is 80 °C lower, com-
pared to the existing process. Furthermore, the heat-
ing time of the segments is reduced by approx. 30 
minutes. An unmissable advantage is the reduction of 
costs associated with mold maintenance, as the lower 
temperature of the heated segments will have a more 
positive effect on the loosening and wear of the mold. 
Recommended process parameters No. 2 will also en-
sure an increase in B-pillar safety due to the smooth 
transition line. 
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