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Press hardening is employed to produce automobile structural and safety components from advanced 
high-strength steels. This process depends on friction between forming tools and workpiece but wear affects 
the dimensional accuracy of produced components and reduces the service life of forming tools. It is therefore 
desirable to reduce wear of forming tools. A possible way to reduce wear is the use of hard PVD coatings on 
the tools. In this work, the tribological behaviour of several coated tool-workpiece material pairs at elevated 
temperatures has been studied in a newly developed experimental setup simulating press hardening conditions. 
Four different tool coatings and uncoated tools as reference were investigated when sliding against uncoated 
and Al-Si coated 22MnB5 steel. Results show that uncoated tools exhibited low and stable levels of friction 
coefficient against uncoated 22MnB5 steel. Coated tools showed unstable and higher levels of friction 
coefficient. During sliding against Al-Si coated 22MnB5 steel, no clear distinction between the frictional 
behaviour of uncoated or coated tools was seen. However, transfer of Al-Si coating material from the 
workpiece to the tools was significantly reduced for coated tools. Adhesion was also considerably reduced in 
the case of coated tools sliding against uncoated 22MnB5 steel. 
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1. Introduction 

Press hardening is employed to produce automobile 
structural and safety components from advanced 
high-strength steels. In this process, friction between the 
forming tools and the workpiece governs the deformation, 
and wear affects the dimensional accuracy of produced 
components and the service life of the forming tools. It is 
thus desirable to reduce tool wear in press hardening. 
One way to achieve this is application of hard PVD 
coatings onto the tools. With the use of coatings, the 
frictional behaviour can differ1), 2) but wear is usually 
reduced1), 2), 3), 4). The main damage mechanisms observed 
on press hardening tools are adhesion or transfer of the 
Al-Si coating material on to the tool surfaces and 
abrasive wear5). The purpose of this work is to study the 
tribological behaviour of coated tool-workpiece material 
pairs at elevated temperatures under press hardening 
conditions and to determine friction coefficients and 
specific wear rates as input for finite element 
simulations. 

2. Experimental work 

Experiments were carried out in a test equipment 
simulating press hardening conditions. Fig. 1 shows the 
contact configuration where a steel strip is clamped and 
resistively heated by two hydraulic jaws at its ends. The 

pretension keeps the strip straight during heating and an 
electric motor drives the tool pins along the length of 
the strip. The tool pins are pneumatically loaded against 
the steel strip and the friction coefficient is calculated 
from the different forces measured during the tests. The 
workpiece materials were uncoated and Al-Si coated 
22MnB5 steel strips respectively. Tool pin specimens 
were made of pre-hardened, quenched and tempered 
tool steel. Uncoated tools were used as a reference and 
four different PVD coatings were applied onto the tool 
steel. Test specimens were cleaned with heptane and 
ethanol and dried in air before and after testing. 

 

 
Fig. 1 Schematic of the test configuration; T is the 

workpiece temperature, FN is the normal force, FP is the 
pretension force, FF is the friction force and s is the 

sliding distance per steel strip (dashed line) 
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Experiments were conducted at 150 N normal load, 
0.1 m/s sliding speed and a strip temperature of 750 °C. 
An automated pick and place mechanism allowed 
testing ten strips to induce measurable wear on the tool 
pins, which were weighed five times before and after 
testing to determine their weight change. A 
computerised data acquisition and control system 
monitors normal, friction, and pretension forces, 
contacting time, specimen temperatures and other 
parameters. 

3. Results and discussion 

3.1. Friction behaviour 
Fig. 2 shows the friction coefficient of four different 

tool coatings and uncoated tools when sliding against 
Al-Si coated 22MnB5 steel. All tool materials show 
fluctuations in the frictional behaviour with each 
individual steel strip tested, but a clear advantage of one 
tool material over the other is not observed. Furthermore, 
decreasing trends in the levels of average friction 
coefficients observed by Neugebauer et al.2) when 
comparing uncoated and different Al-Si coated 22MnB5 
steels is also not observed in the current work. 

 
Fig. 2 Coefficient of friction of uncoated and coated 
tools sliding against Al-Si coated 22MnB5 steel as a 

function of sliding time 

3.2. Wear behaviour 
Fig. 3 shows the average specific wear rates for 

uncoated and the four different coated tools when sliding 
against uncoated and Al-Si coated 22MnB5 steel. In the 
case of uncoated 22MnB5 steel, mainly adhesive wear 
was observed. The use of coatings on tools indicates 
reduced adhesive wear by an order of magnitude as can 
be seen from Fig. 3. AlCrN(1) coated tools appear more 
advantageous in comparison to CrWN coated tools. In 
the case of Al-Si coated 22MnB5 steel, transfer of Al-Si 
coating material from the workpiece to the tools occurred, 
which was also observed by Boher et al.5). However, the 
material transfer is considerably reduced when hard PVD 
coated tools are employed as has also been observed by 
Wieland and Merklein3) for an AlCrN coating. The 
performance of AlCrN(1) coated tools is relatively better 
which is in line with the observations of Kondratiuk and 
Kuhn4) whereas TiAlN coated tools show higher wear as 
reported by Hardell and Prakash1). CrWN coated tools 

seem least prone to wear. There is hardly any difference 
in wear behaviour of the two AlCrN coatings. The 
fluctuations in the coefficients of friction seen in Fig. 2 
further confirm the occurrence of material transfer. 

 
Fig. 3 Average specific wear rates of uncoated and 

coated tools sliding against uncoated and Al-Si coated 
22MnB5 steel 

4. Conclusions 

In this work, the tribological behaviour of coated 
tool-workpiece material pairs at elevated temperatures 
has been studied in an experimental setup simulating 
press hardening conditions. The main findings of these 
studies are as follows: 

· PVD coated tool pins exhibit friction coefficients 
in the same range as that of uncoated tool pins. 

· Wear is significantly reduced when PVD coatings 
are applied onto the tool pins. For Al-Si coated 
workpieces, the material transfer is considerably 
reduced, especially in the case of a CrWN coating. 
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