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Abstract 
Hot-stamping is one of the most important processes for manufacturing ultra-high-strength components. Particularly in auto-
motive chassis construction, hot-stamped components are very popular for meeting lightweight requirements because of to 
their good strength-to-weight ratio. Due to legal regulations, lightweight efforts are also increasing in the area of heavy-duty 
vehicles, opening up potential for the use of hot-stamped components as well. Up to now, fine-grain structural steels with sheet 
thicknesses of up to 9.0 mm were the main materials used. The substitution of these sheets with thinner, hot-stamped compo-
nents offers great lightweight potential and is therefore being researched. In order for the hot-stamped components to be used 
in this area, they must meet special requirements. As a result of the long service life, particular focus is therefore placed on 
fatigue strength. For this reason, the conventional process route of hot-stamping was optimized in this work so that hot-stamped 
thick sheets of the manganese-boron-steel 22MnB5 with improved fatigue strength properties can be produced economically. 
Therefore, conventional furnace heating was substituted by resistance heating. In addition, the influence of sandblasting as a 
post-treatment was investigated. 

1 Introduction 
In the context of increasing environmental regulations and stricter safety requirements [1], the use of ultra-high-strength sheet 
metal materials has become established in automotive body construction in recent years. These materials enable the use of even 
thinner sheet metal while maintaining or even increasing its strength [2]. A key technology for the production of ultra-high-
strength components is hot stamping, which has established itself industrially in recent decades and is used in particular for the 
production of structural parts with extremely high strength properties [3]. By heat treating the material, the process enables the 
production of components with tensile strengths of up to 1500 MPa, which are used in particular for crash-relevant applications 
in the car body structure. A major advantage of the process is that the heat treatment can be combined with the forming of the 
sheet metal using suitable process routes [4].  

The high forming accuracy resulting from the process and the absence of springback effects due to residual stresses enable the 
production of near-net-shape components that do not require almost any post-machining. At the same time, however, the elon-
gation at break of the material drops from over 20 % in the as-delivered state to around 6 % in the final hardened state [5]. In 
the past, the manganese-boron steel 22MnB5 has become the most popular hot stamping material due to its property profile 
[6]. The described advantages of the process also qualify hot stamping for other applications. A possible area of application for 
hot-stamped components is, for example, chassis for heavy-duty vehicles. In this special application, materials and structures 
must be used that can absorb many times the forces and payloads of passenger cars. At present, hot stamping is not widely used 
in this area, as lightweight construction has not played such an important role for a long time. However, political efforts to 
reduce emissions and increasing safety requirements will make the use of ultra-high-strength components unavoidable in the 
future [7]. For this reason, hot stamping could also play a major role in manufacturing in the future. In order for hot stamping 
to become established on an industrial scale in the heavy-duty vehicle sector, certain requirements must be met. The structures 
have to achieve significantly longer lifetimes in terms of mileage. To achieve this, higher sheet thicknesses must be used 
compared to normal passenger car structures. Fatigue behavior is also of decisive importance [8]. In this respect, fatigue strength 
is particularly important. For this reason, various studies on the fatigue strength of 22MnB5 have already been published in 
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recent years. The majority of the studies focus on the influence of defects caused by the stamping of blanks [9, 10] and the 
application of an Al-Si coating [11, 12]. A general finding is that 22MnB5 is very sensitive to these defects [10]. In addition, 
Picas et al. investigated the influence of microstructure on fatigue strength. They determined that the sensitivity to pre-existing 
defects decreases with a softer microstructure, as does the fatigue strength [9]. For hot forming of thick sheets, studies were 
carried out by Sunderkötter et al. [8] and Pujante et al. [13]. In the former work, fatigue tests were carried out on 6 mm thick 
homogeneous hot-formed specimens and it was found that an additional tempering step can have a positive effect on fatigue 
strength. Further studies focused on decarburization effects on high-cycle fatigue of uncoated press hardened steels. Baser et 
al. found that the presence of the decarburized layer has a significantly negative influence on the fatigue properties of the press 
hardened 22MnB5 steel [14]. The reasons for this are the reduced hardness and the formation of tensile residual stresses that 
have a negative impact on the fatigue behavior [15].  

The area of heavy-duty vehicle structures offers further potential for research, as the focus here is on the hot stamping of thick 
sheet metal. The production of hot stamped thick sheets with optimized fatigue properties has been insufficiently investigated 
so far. The aim of the investigations presented here is to investigate the fatigue behavior of thick sheet metal that has been hot 
stamped using a conventional process route. By specifically adapting the process route, the component properties are also to 
be optimized with regard to their fatigue strength. 

2  Materials and Methods 

2.1  Materials 

In this study the heat treatable steel 22MnB5 with a sheet thickness of 6.0 mm was used. The material was provided without 
coating. The chemical composition of the material, which has been analyzed by spark spectroscopy, is presented in Table 1. 
The main element of this steel is Fe. For the tests, sheets measuring 295 x 155 mm were cut out of a 22MnB5 sheet using a 
waterjet cutting machine. These were then subjected to heat treatment and hardened in a plate tool. 

Table 1: Chemical composition (mass contents in %) of investigated Fe-based 22MnB5 sheet 

Material C Si Mn B Al Ti Cr Mo 

22 MnB5 0.22 0.21 1.16 0.004 0.036 0.04 0.34 0.071 

 

2.2  Process Route for Hot Stamping of Thick Sheet Metal 

As part of the studies presented here, components made of the material described in chapter 2.1 were hot stamped in various 
configurations and then analyzed in terms of fatigue strength. Initially, reference components were manufactured using a con-
ventional process route, as is currently used in industry. The conventional process route is shown in gray in Figure 1. According 
to this route, the sheet metal is first heated in a chamber furnace after the blank is pre-cut. The metal sheet is heated to the 
required austenitizing temperature (approx. 950 °C for 22MnB5). The hot sheet is then transferred to the plate tool of a forming 
press, where the actual hot stamping process takes place. In order to produce a martensitic microstructure, which is essential 
for a successful hot stamping process, a cooling rate above the critical cooling rate of 27 K/s is required. This is achieved by 
specially cooled tool surfaces in combination with a high contact pressure of approx. 30 MPa. After cooling, the component 
can be removed and is ready for assembly. 

 

Figure 1: Schematic process route for hot stamping (light grey: conventional route, dark grey: adapted process route) 

35



Session A2: Parts & Process I 
CHS2 2024  

With the aim of optimizing the components in terms of their fatigue strength, the process route was optimized as part of the 
investigations (see Figure 1, green). Instead of the chamber furnace described above, a resistance heating system was used. In 
contrast to indirect heating in the furnace, this offers the possibility of direct heating of the component. As a result, the compo-
nent can be heated significantly faster. Since the material is uncoated and no time for diffusion of the coating must be consid-
ered, the heating time can be reduced from 330 s (oven) to approx. 27 s (resistance heating). Resistance heating is therefore 
around 12 times faster for this particular component. Furthermore, the process route was extended to include post-treatment in 
the form of blast cleaning after hot stamping. Here, the components were treated in a cleaning blasting chamber with corundum 
F30 as the blasting material. Components were manufactured using the new process route as part of the investigations and 
compared with the reference components from the conventional process route. 

2.3  Testing of Fatigue Strength Properties 

For comparing the manufactured components fatigue strength was defined as the decisive criterion. This was tested on a 4-
point bending device (see Figure 2, left). This device is a resonance-testing device that applies a constant bending moment on 
the material specimen (see Figure 2, right). The test frequency is approx. 20 Hz. 

  

Figure 2: 4-Point-bending test device with material specimen (left) and bending moment along specimen length (right) 

The tests were carried out in the fatigue strength range using the pearl string method in accordance with DIN 50100:2016. The 
maximum number of cycles was 2 million and the bending stress was applied to the material specimen with a stress-ratio of R 
= -1. The samples required for the tests were cut by water jet cutting after hot stamping (see Figure 3). In order to avoid 
influencing the cut edges with regard to their fatigue strength and to establish comparability of the specimens, the waterjet 
cutting parameters were kept constant and the cut edges were not machined afterwards. 

 

Figure 3: Shape of specimen for the fatigue tests 

3 Experimental Results 
With the test device described in chapter 2.3, fatigue strength tests were carried out and S-N curves were recorded. The follow-
ing section shows the results for the specimens produced according to different parameter configurations and compares them 
with each other. The influence of resistance heating as an alternative heating method and the influence of post-treatment by 
cleaning blasting with corundum F30 were investigated.  
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3.1 Influence of the Heating Strategy on the Fatigue Strength of Hot-Stamped Thick Sheets 

This chapter describes the influence of the heating strategy. Figure 4 shows the S-N curves of the component samples that were 
produced using different heating strategies. The reference component, which was produced according to the conventional 
process route with heating in a chamber furnace (V01), achieves a steep slope of the high cycle fatigue line of k = 2.9 and a 
long-life fatigue strength of SaL = 295 MPa. The components produced by resistance heating (V02) achieve a less steep slope 
of k = 4.1 and a long-life fatigue strength of SaL = 369 MPa. The fatigue strength of the resistance-heated samples is therefore 
approx. 25 % higher than that of the furnace-heated samples. With both heating strategies, numerous crack initiations form due 
to the fatigue test, which can be seen in Figure 4, above. However, the number of crack initiations appears to be lower for 
resistance-heated sheets. This could be due to less scale formation during the heating process. 

 

Figure 4: S-N curves of the different heating methods (left) and fracture surfaces of the material specimens (right): x = failure in finite life fatigue, 
square = failure in high cycle fatigue, square with arrow: runout specimen 

Another reason for the reduced tensile strength of the furnace-heated samples is provided by the micrographs (see Figure 5). 
The lighter appearance of the microstructure in the edge area of the furnace-heated specimen (V01) indicates the occurrence of 
surface decarburization. This occurs due to the long heating time in the furnace and, according to [15], favors the formation of 
residual tensile stresses. Residual tensile stresses promote the formation of cracks under bending stresses and thus reduce the 
fatigue strength. 

  

Figure 5: Metallographic micrograph of V01 (left) and V02 (right) 
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3.2 Influence of Post-Treatment on the Fatigue Strength of Hot Stamped Thick Sheets 

In this chapter, the influence of post-treatment on the fatigue strength is shown. Figure 6 again shows two S-N curves of samples 
that were produced using the different heating strategies described. This time, however, in both cases, the samples were 
subjected to post-treatment by cleaning blasting with corundum F30 after hot stamping. The figure shows that in this case, the 
resistance-heated samples (V04) achieve better fatigue strengths than the furnace-heated samples (V03) as well (547 MPa 
compared to 440 MPa). This corresponds to an improvement of approx. 24% and is in line with the results from chapter 3.1.  

 

Figure 6: S-N curves of the blasted and non-blasted material specimens (left) and fracture surfaces of the material specimens (right): x = failure in finite 
life fatigue, square = failure in high cycle fatigue, square with arrow: runout specimen 

The comparison of the absolute values also shows that the additional cleaning blasting significantly increases the long-life 
fatigue strength for both heating strategies. Regardless of the heating strategy, it is possible to achieve approx. 50% higher 
fatigue strength. An examination of the fracture surfaces reveals that significantly fewer cracks occur on the surface of the 
blasted material samples than on the unblasted samples, see Figure 6 (right). This is presumably due to the development of 
residual stresses on the surface as a result of the post-treatment, which in this case have a positive effect on the fatigue strength. 

4 Summary and Outlook 
As part of the investigations presented here, the conventional process route for hot stamping, which is used in industry today, 
was optimized in order to produce thick sheet metal made of 22MnB5 with improved fatigue strength properties. By imple-
menting resistance heating instead of furnace heating and a subsequent post-treatment by cleaning blasting, the fatigue strength 
of the sample components was significantly increased. The modified heating strategy results in an increase in fatigue strength 
of approx. 25%. Cleaning blasting even improves the fatigue strength by approx. 50% compared to the reference sample. In 
total, the combination of these two process steps can produce components with around 85% higher long-life fatigue strength 
compared to the conventional process route. These properties can be used in further research work to optimize structures in the 
field of heavy commercial vehicles in terms of lightweight construction. The generation of graded component properties, i.e. 
properties that vary over the cross-section, could also provide further potential for increasing fatigue strength. 

In this regard, further tests with an intermediate cooling step are planned in order to obtain these graded properties in the 
FOSTA research project 22081N. Furthermore, microstructural analyses are planned in order to determine the composition of 
the microstructure via the sheet thickness. With regard to crack initiation, a softer surface in combination with a hard core could 
be a desirable combination. 
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