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Abstract 

Technological properties of components can benefit from the application of modern steel grades. For example, a 
reduction of fuel consumption or an improvement in vehicle efficiency can be achieved by using high-tensile bainitic 
steels in automotive industry in order to increase injection pressure in fuel supply. To take advantages like 
technological progress, sustainability or cost savings the machinability of these materials has to be investigated in 
order to prepare for a future industrial use of steels with a bainitic structure. In this paper, turning of the bainitic steel 
20MnCrMo7+BY in comparison to the quenched and tempered steels 42CrMo4+QT and 50CrMo4+QT is analysed.  
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1. Introduction 

Trends in the automotive industry are making 
increasing demands on component quality and on 
properties of the materials used. For example, 
downsizing of engines with respect to an enhancement 
of fuel economy or requirements regarding carbon 
dioxide emission are to be considered when engineering 
modern cars [1, 2]. High-tensile steels offer great 
potential in connection with the demands considered, as 
they allow a higher injection pressure for diesel engines 
which can lead to a more efficient fuel combustion [3]. 
Steels with bainitic microstructures are characterised by 
a high-tensile strength in combination with a favourable 
ductility and are therefore suited for the range of 
application mentioned above. Another advantage of 
bainitic steels is the capability to obtain their mechanical 
properties by air cooling immediately after the hot 
forging or hot rolling process, thus cost intensive heat 
treatment processes can be avoided [3]. Further fields of 
application are railway tracks or truck axles. 

Since machining operations account for most of the 
total manufacturing costs in mass production and 
previous experiments have shown that bainitic steels are 
difficult to machine [5, 6], machining of high-tensile 
bainitic steels has to be analysed and optimised in order 
to use these materials to full capability. The process 
turning is suitable to derive basic correlations and 
challenges for the machining of steels with bainitic 
microstructure. In order to estimate the machinability of 
innovative high-strength steels, a comparison with the 
cutting of well-known and often used steels is useful. 
Therefore, turning of the quenched and tempered steel 
42CrMo4+QT shall be analysed as well. In addition, the 
influence of the microstructure has to be investigated 
independently of the mechanical properties by 
machining the quenched and tempered steel 
50CrMo4+QT with a tensile strength comparable to the 
bainitic steel 20MnCrMo7+BY. 
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2. Experimental setup 

As mentioned above, turning is examined to compare 
the machinability of different materials. The experiments 
are conducted for the bainitic steel 20MnCrMo7+BY 
provided by EZM Mark GmbH with a tensile strength of 
approximately Rm  1200 MPa and a hardness of 
H = 401 HV, the quenched and tempered steel 
42CrMo4+QT with a lower tensile strength of 
Rm  960 MPa (H = 332 HV) and the high-strength 
quenched and tempered steel 50CrMo4+QT with a 
tensile strength and hardness comparable to the bainitic 
steel (Rm  1200 MPa, H = 396 HV). Due to the great 
effect of the alloying element sulphur on the 
machinability of steels, a similar weight per cent of 
sulphur S =  wt% was chosen for all three 
steels. A CNC lathe of the type Monforts RNC 200 A 
was used for the investigations. During the turning tests, 
the machine settings cutting speed vc, feed rate f and 
cutting depth ap were varied to find cutting parameters 
suitable for machining the different materials under 
given tool life criterions. A maximal cutting time of 
tc = 18 min was defined. A width of flank wear land of 
VBmax = 300 μm was used as an alternative abort 
criterion. To monitor the development of tool wear 
during the turning tests, the resulting mechanical 
loadings were recorded. The resultant force components 
cutting force Fc, feed force Ff and passive force Fp are 
directly influenced by tool wear, for example the flank 
wear land width or a plastic deformation of the cutting 
edge. Furthermore the surface quality of the workpieces 
was measured at specified intervals. A picture of the 
inserts used was taken by a scanning electron 
microscope after the respective maximal tool life time to 
analyse the tool wear. Different inserts were used to 
investigate the influence of tool substrates, coatings, 
chip breakers and corner radii (Figure 1). The tools I1 
and I2 are finishing geometries for lower feed rates and 
cutting depths in comparison to the tool I3, which was 

designed for medium turning operations. The tools I2 
and I3 have a bigger corner radius of r  = 0.8 mm than 
the tool I1 (r  = 0.4 mm), additionally the insert I3 is 
characterised by an alternative chip breaker. 

3. Results 

At first, the machinability of the bainitic steel 
20MnCrMo7+BY and the quenched and tempered steels 
using tools with a corner radius of r  = 0.4 mm was 
investigated and compared. With respect to the tool life 
criterions, the aim was to determine cutting parameters 
with the highest material removal rate possible that 
allow a cutting time of tc = 18 min. Figure 2 shows the 
resultant force components following from turning 
processes with the different materials using the inserts 
I1. The upper three diagrams illustrate the mechanical 
loading on the tools used while machining the quenched 
and tempered steels 42CrMo4+QT and 50CrMo4+QT as 
well as the bainitic steel 20MnCrMo7 with a cutting 
speed of vc = 200 m/min, a feed rate of f = 0.3 mm and a 
cutting depth of ap = 1 mm. These parameters allowed 
the maximal material removal rate for machining 
42CrMo4+QT. The corresponding tool wear in terms of 
scanning electron microscope (SEM) images are shown 
in Figure 3.  

Figure 2 shows that the resultant force components 
Fc, Ff and Fp while turning the steel 42CrMo4+QT with a 
hardness of H = 332 HV run on a steady level. This 
indicates that there is a low amount of tool wear over the 
total cutting time of tc = 18 min. This is verified by the 
SEM-image. The cutting edge remains unharmed and the 
flank wear of VB = 178 μm is far below the tool life 
criterion of VBmax = 300 μm. The cutting parameters 
found for this material assure process reliability. When 
machining the other quenched and tempered steel 
50CrMo4+QT with an increase in hardness of 

H = 64 HV however, the target cutting time of 
tc = 18 min could not be reached. To prevent a tool 
breakage, the process was aborted after a cutting time of 
tc = 8 min due to an intense increase of the force 
components. The ascending course of the forces, 
especially the feed force Ff and the passive force Fp, 
indicates that the tool wear resulting from the 
mechanical loading is growing and excessive in the end. 
Similar behaviour can be seen for the bainitic steel 
20MnCrMo7+BY with a hardness of H = 401 HV. 
Halfway through the target tool life the process was 
stopped for the same reason. By looking at the tool wear 
of the two processes, it can be seen that the tool life 
criterion is exceeded by the flank wear value of 
VB50CrMo4 = 402 μm respectively VB20MnCrMo7 = 327 μm. 
Further, a plastic deformation of the cutting edge corner 
can be seen. This is the result of high thermal loading 
during machining and leads to altered contact conditions Fig. 1. Tools
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between tool and workpiece compared to new inserts. 
Rising resultant force components are the consequence 
as shown above. It is proved that the higher hardness of 
the two high-tensile steels examined has a negative 
effect on machinability compared to the well-known 
steel 42CrMo4+QT. On the other hand, an influence of 

the microstructure regarding tool life time was not seen, 
so the advantage of bainitic steels regarding cost 
reduction by avoiding heat treatments can be used to its 
full potential. Interestingly, at the beginning of 
machining all three steels the force components are 
similarly high despite the different degrees of hardness. 
It is assumed that the reduction of tool life time results 
from different process temperatures caused by the 
different hardness values. In this context, it is important 
to measure the temperatures in the working zone during 
cutting in prospective investigations. To realize a 
process time of tc = 18 min for the high-strength bainitic 
steel, the cutting parameters were further varied. By 
reducing the cutting speed to vc = 150 m/min, the 
resultant force components run on a near constant level 
over 18 minutes. The flank wear decreases to 
VBmax = 192 μm despite the doubled tool life time. A 
reduction of cutting speed and therefore 
thermomechanical loading can be used to reach a tool 
life time similar to machining 42CrMo4+QT. 
Consequently, a decline in material removal rate of 

Q = 15 cm³/min has to be accepted.  This equates to 
25 %.  

When taking a look at the chip forms and surface 

Tool: I1
Material: 42CrMo4+QT

20MnCrMo7+BY
50CrMo4+QT

Cooling concept: Emulsion
Tool life: tl
Cutting speed: vc
Feed rate: f = 0.3 mm
Cutting depth: ap = 1 mm

42CrMo4+QT
vc = 200 m/min
tl = 18 min
VBmax = 178 μm

50CrMo4+QT
vc = 200 m/min
tl = 8 min
VBmax = 402 μm

20MnCrMo7+BY
vc = 200 m/min
tl = 9 min
VBmax = 327 μm

20MnCrMo7+BY
vc = 150 m/min
tl = 18 min
VBmax = 192 μm

500 μm

Fig. 3. Tool wear for turning with tool I1
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roughness values belonging to the experiments discussed 
above (Figure 4), differences depending on the material 
machined are obvious. Different chip forms result from 
turning the three steels with a cutting speed of 
vc = 200 m/min. Turning of the quenched and tempered 
steel 42CrMo4+QT leads to the longest chips. Helical 
twisted chips of medium length are generated. 
Machining the high-strength quenched and tempered 
steel 50CrMo4+QT results in much shorter helical chips. 
Because of a high strength and low ductility, this steel is 
characterised by a low formability and the chips break 
early when being deflected on the rake face. The same 
applies for machining the bainitic steel 
20MnCrMo7+BY, although the chips are slightly longer 
than the ones of 50CrMo4+QT. For machining the 
bainitic material at different cutting speeds, no definite 
influence on the chip form is visible. The diagram in 
Figure 4 presents the procedure of surface roughness Rz 
via the cutting time tc. The progress of the roughness 
values confirms the development of tool wear derived 
from the resultant force components in Figure 2. For 
machining 42CrMo4+QT with a cutting speed of 
vc = 200 m/min and 20MnCrMo7+BY (vc = 150 m/min), 
the process parameters cutting speed and feed rate were 
reliable. This is reflected in the corresponding surface 
roughness. Constant values were measured and no 
dependency of tool life time respectively tool wear is 
visible. The surface quality for both steels is comparable. 
When looking at the experiments with the two high-
strength steels and a cutting speed of vc = 200 m/min 
however, the tool has an obvious effect on the surface 
roughness. The values for Rz are decreasing with a 
growing tool wear, which can already be seen after a 
short tool cutting time of tc = 3 min.  This can be 
attributed to the deformation of the cutting edge due to 
the high thermomechanical loading when machining 
high-strength steels. As a result of the plastic 
deformation, the corner edge radius is enlarging and 
therefore the surface of the workpiece is superiorly 
smoothed out.  

Since a reduction of cutting parameters goes along 
with a decrease of productivity, other adaptabilities are 
to be preferred. Ideally, a modification of the cutting tool 
material or geometry can be found. It has been shown 
that a plastic deformation of the cutting edge corner 
while machining high-strength bainitic steels is a 
challenge. To strengthen the cutting edge, tools with a 
corner radius of r  = 0.8 mm were used for the 
experiments discussed below. Furthermore, tools of the 
type I3 with a different substrate  and coating as well as 
chip breaker were used additionally. The cutting material 
of tool I3 is designed for machining steels using higher 
values for cutting speed and depth in comparison to the 
cutting material of I1 and I2. The upper two diagrams of 
Figure 5 show the influence of the corner radius when 

machining the bainitic steel 20MnCrMo7+BY with 
cutting parameters designed for the quenched and 
tempered steel 42CrMo4+QT. Whereas the process was 
stopped after nine minutes when using tools with a 
corner radius of r  = 0.4 mm due to a violation of the tool 
life criterion regarding the maximal width of flank wear 
land, the corner radius of r  = 0.8 mm leads to a 
percentage increase in tool life time of tc = 33 %. At the 
cutting time of tc = 12 min a flank wear of 
VBmax = 348 μm was measured and the process was 
stopped consequently. It can be verified that a 
stabilization of the corner edge can lead to a higher wear 
resistance of the tools when machining high strength 
bainitic steels. However, the intended cutting time of 
tc = 18 min was not reached in contrast to machining 
42CrMo4+QT.  

By using the tool I3 with a corner radius of 
r  = 0.8 mm, a higher productivity than in comparison to 
the results of Figure 2 can be reached. Due to the 
advantages of a more stable corner edge in combination 
with an optimized cutting material, a high cutting speed 
of vc = 200 m/min could be used. In order to reduce the 
mechanical loading during turning, the feed rate was 
decreased to f = 0.25 mm. With these parameters, the 
maximal tool life for machining the bainitic steel was 
reached (bottom of Figure 5). The resultant force 
components were rising towards the end of the 

Fig. 4. Chip forms and surface quality for turning with tool I1
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experiment, but the flank wear of VBmax = 248 μm was 
within acceptable limits. After increasing the cutting 
depth to ap = 1.2 mm using the same cutting speed and 
feed rate, a tool life of tc = 18 min was reached, but the 
flank wear criterion was passed over with a value of 
VBmax = 357 μm. Nevertheless, the material removal rate 
was raised by 11 % to Q = 50 cm³/min when using tools 
of the type I3 with a cutting depth of ap = 1 mm.  

4. Conclusion  

The experiments conducted have shown that high-
strength bainitic steels can be machined. It must be 
concluded however, that the possible material removal 
rate is significantly lower than for machining the often 
used quenched and tempered steel 42CrMo4+QT due to 

the higher hardness of bainitic steels. The same result 
applies for turning the high-strength quenched and 
tempered steel 50CrMo4+QT whose mechanical 
properties are comparable to the ones of the bainitic 
steel. Figure 6 shows the recommended cutting 
parameters for the steels 42CrMo4+QT and 
20MnCrMo7+BY under given tool life criterions of 
tc = 18 min and VBmax < 300 μm.  

By using an optimised tool with a more stable cutting 
edge corner and matched cutting material for machining 
the bainitic steel, the difference in material removal rate 
still amounts to Q = 17 %. The aim is to identify 
further process optimisations in order to raise machining 
productivity onto the same level as for machining 
currently used steels like 42CrMo4+QT. The 
investigations have shown that the tool characteristics 
have significant influence on tool life time, so further 
variations of cemented carbide or coating thickness 
should be investigated. Furthermore, the process 
temperature while machining high-strength steels has a 
major influence on tool wear as verified by the plastic 
deformation of the cutting edges after machining the 
bainitic and high-strength quenched and tempered steel. 
Using high-pressure coolant systems or cryogenic 
cooling to reduce the thermal loading seems to be a 
promising approach. All in all, the tests conducted show 
challenges and possible solutions for the machining of 
high-strength bainitic steels.   
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