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Abstract
The requirements for massive high-performance components are constantly increasing. In addition to the reduction of 
component weight, requirements such as smaller design, more functionality and longer lifetime are increasing. By joining 
different materials in one component, these contradictory requirements can be met. In the process chain of manufacturing 
hybrid components, machining as the final step has a decisive influence on the application behavior and service life due to 
the surface and subsurface properties generated. Thereby thermomechanical loads during machining determine the final 
subsurface properties and the chip formation mechanisms determine the final surface properties of components. However, 
for the specific adjustment of required surface and subsurface properties, first of all an understanding of the generation of the 
addressed properties in the material transition zone is necessary. In the current work, the chip formation and the mechanical 
loads in the transition zone of hybrid components are presented. Within the scope of orthogonal cutting investigations, the 
influence of process parameters and tool microgeometry on mechanical loads and chip formation is analyzed. Chip forming 
has a significant influence on the surface properties of the hybrid component. The chip formation depends on the hardness 
of the machined material. During machining of hybrid components an abrupt change of the chip shape takes place in the 
material transition zone. The process variables influence the level in the surface topography of hybrid components.

Keywords Orthogonal cutting · Chip formation · Hybrid components · Surface topography

1 Introduction

Today’s production increasingly demands environmentally 
friendly and resource-saving manufacturing of products. 
This demand extends from the automotive industry to medi-
cal technology, energy technology and general mechanical 
engineering [1–4]. In the automotive industry, for example, 
the aim is to reduce  CO2 emissions by reducing vehicle 
weight [5].

Reducing weight while at the same time increasing resist-
ance to induced load stresses leads to partially contradictory 
material properties. The requirements can therefore not be met 
by simply substituting one material with another. However, by 
combining different materials in one component, it is possible 
to achieve different requirements such as a reduction in weight 

and a simultaneous increase in mechanical strength. The com-
bining of two or more different materials in one component is 
defined as hybrid construction. Hybrid components have mac-
roscopically different material properties. They are primarily 
manufactured by forming or molding and build a structural 
and functional unit. Hybrid components can be divided into 
subareas of monolithic materials and material compound. All 
subareas combined build one united system, a hybrid com-
ponent. Hereby no additional material is used to combine the 
different materials during the joining process. Instead of a 
material joint, an intermetallic phase or joining zone is created. 
The hybrid construction allows the design of components with 
different materials that are locally adapted to the respective 
requirements. This is the focus of the Collaborative Research 
Centre (CRC) 1153, in which the new process chain “Tailored 
Forming” is investigated [6]. In this new process chain, the 
blanks are not joined at the end, as in the current state of the 
art, but at the beginning of the process chain. Due to the simple 
blank geometry (shafts), a secure material bond is created dur-
ing the joining process. Friction welding, deposition welding 
and extrusion are used and examined as joining methods. The 
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subsequent forming processes even improve the properties of 
the bonding zone [7–9].

Machining as the final step in the process chain of hybrid 
component production determines the final surface and sub-
surface properties [10–13]. Therefore it is necessary to reach 
an adequate level of accuracy of shape and dimension for the 
workpiece. Hybrid components require, more than homogene-
ous workpieces, a machining strategy adapted to the material 
properties. In practice, the process parameters used depend 
on the material that is machined. Due to the different mate-
rial properties, the machinability is very different, therefore 
completely different tools and process conditions are chosen 
for an economical machining of the individual materials. 
While aluminum or low-alloy steels, for example, allow the 
use of high cutting speeds due to their low strength or high 
thermal conductivity, these would lead to severe tool wear 
when machining titanium or high-alloy steels. On the other 
hand, low cutting speeds, such as those used for titanium 
machining, can lead to increased adhesion and built-up edge 
formation when machining steel or aluminum. This results in 
both disadvantages in tool life and reduced component qual-
ity. Therefore, when combining different materials to form 
hybrid components, a compromise must be found with regard 
to process conditions in order to meet the component require-
ments economically. Chip formation has a decisive influence 
on the final component quality. In the present work therefore 
the chip formation mechanisms during orthogonal cutting of 
a steel–steel composite (SAE1020–SAE5140) are investigated 
for the first time. The composite is characterized by different 
material properties. However, in order to meet the required 
dimensions and tolerances of the final geometry, a compromise 
regarding the choice of process parameters has to be made. 
Up to now, there are no investigations concerning chip for-
mation of hybrid components. The present study is intended 
to provide an understanding of the machinability of hybrid 
components in relation to process parameters and cutting edge 
microgeometry.

2  Materials and experimental setup

In the present work the machining behavior of hybrid compo-
nents of SAE1020 and SAE5140 was examined by microcin-
ematography. In addition to the high-speed recordings, process 
forces and process vibrations during the orthogonal cutting 
investigations were recorded and analyzed.

2.1  Material properties and sample preparation

In the presented work hybrid components with two differ-
ent steel alloys, SAE1020 and SAE5140, were investigated. 
The chemical composition of the materials used are shown in 
Table 1. The materials differ significantly in their carbon and 
chromium content.

At first the blanks were joined by a friction welding pro-
cess. Friction welding (EN ISO 4063: process 42) is a welding 
process from the group of press-welding. In this process, two 
parts are moved relative to each other under pressure, with the 
components touching each other at the contact surfaces. The 
resulting friction causes the material to heat up and plasticise 
[4, 14]. For the friction welding process, shafts with a diam-
eter of d = 40 mm, a length of l = 220 mm for SAE1020 and 
l = 150 mm for SAE5140, were used. The friction welding was 
carried out using a friction speed of n = 2000 min−1, a friction 
pressure of p = 60 MPa and an infeed of s = 4 mm. The final 
bond was then generated with a compression of p = 150 MPa 
and a compression time of t = 6 s (Fig. 1b-1).

In the next step the friction weld bead was removed by 
longitudinal turning. The required contour for orthogonal 
cutting investigations was then produced by different milling 
processes. Subsequently, the hybrid components were heat-
treated to achieve the required hardness. They were hardened 
at a temperature of 860 °C for 45 min, then quenched in a 
water bath and finally annealed at 150 °C for 60 min. In Fig. 1a 
the mechanical properties of the investigated materials after 
the heat treatment are summarized. The differences in hard-
ness between the two materials are remarkable. SAE5140 with 
612HV1 is almost twice as hard as SAE1020 with a hardness 
value of 258 HV1. The microstructure images in Fig. 1a show 
the differences between both materials. SAE1020 is charac-
terized by a ferritic–pearlitic microstructure while SAE5140 
consists of a homogeneous martensitic microstructure. This 
is the reason for the difference in hardness of both materials. 
To compensate the hardening distortions caused by heat treat-
ment, the planed samples were ground plane–parallel in the 
final step (not depicted in Fig. 1).

2.2  Cutting edge preparation

Cutting edge rounded indexable inserts of type SNMA 150612 
were used for the orthogonal cutting investigations. For a pre-
cise preparation of the cutting edge and for the production of 
different cutting edge roundings, the movement of the insert 

Table 1  Material composition Unit [%] Fe Mn C Si Cu Cr Ni Mo Other

SAE1020 98.15 0.833 0.222 0.225 0.219 0.111 0.093 0.023 0.124
SAE5140 97.2 0.742 0.420 0.211 0.151 1.04 0.082 0.039 0.115
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during brushing was realized by a robot. An industrial robot 
of type KUKA KR16 is used for this purpose (Fig. 2, right).

With a load capacity of 16 kg, six axes and a position-
ing accuracy of <  ± 0.05 mm, the robot has the necessary 
technical characteristics for precise cutting edge preparation. 
The indexable insert is mechanically clamped at the end of 
the robotic arm via a clamping device. In order to increase 
the accuracy, the positioning of the inserts is supported by 
additional measuring technology. An impact sound sensor 
is used to detect the contact of the indexable inserts with the 
brush. The applied tool is a brush containing SiC grains with 
a size of 240 µm. The bonding of the single fibres consists of 
a temperature-stable polymer. The setup for the preparation 
of the cutting edge is shown in Fig. 2 on the right. The pro-
cess setting variables are brushing speed  vc, brushing time 
 tb, brushing depth  az and brush setting angle φz. By vary-
ing these process parameters, two symmetrical cutting edge 
roundings with  Sα = Sγ = 35 µm and  Sα = Sγ = 75 µm were 
prepared. The cutting edge roundings were produced in suffi-
cient numbers so that one cutting edge could be used for one 
test. Thus an influence of tool wear on the orthogonal cutting 
results could be excluded. After the cutting edge preparation 
the inserts were double-coated with  Al2O3 and TiCN using a 
CVD process at Walter AG. Size and deviation of the actual 

geometry of the cutting edge roundings after coating in com-
parison to the target geometry are shown in Fig. 2 on the 
left. With a tolerance of ± 5 µm the produced geometries are 
within the intended range. In order to investigate the influ-
ence of different cutting edge roundings on chip formation 
mechanisms the coated SNMA 150612 WAK20 inserts were 
then used in the orthogonal cutting investigations.

2.3  Machining

The influence of cutting speed  vc, undeformed chip thick-
ness h and cutting edge microgeometry  Sα/Sγ = S on chip 
formation mechanisms in hybrid components is determined 
by means of microcinematography during orthogonal cut-
ting. The orthogonal cutting process used here is a planing 
process (Fig. 3).

High-speed images of chip formation are taken during 
orthogonal cutting process. At the same time process forces 
and tool vibrations are measured simultaneously. The tool is 
rigidly clamped in a tool holder. The translatory movement of 
the hybrid samples is achieved by means of a jerk-decoupled 
linear direct drive moving the workpiece table. The workpiece 
table has a maximum stroke movement of s = 1.000 mm. The 
maximum cutting speed is  vc = 180 m/min with a force of 

Fig. 1  Material properties after heat treatment (a) and preparation of hybrid samples for orthogonal cutting investigations (b)
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F = 3.6 kN. A laser vibrometer from Polytec is used to record 
tool vibrations during the orthogonal cutting process. The 
system consists of a measuring head (type OFV-303) and a 
controller (OFV-3001). Axial vibrations of the tool during the 
orthogonal cutting process are recorded. The laser vibrometer 
uses the laser-Doppler-technique. This technique is character-
ized by the double shift of a coherent light beam that hits a 
vibrating surface and is reflected. The occurring interferences 
are digitized as path information by means of an A/D converter 
card of type BNC 2090 from National Instruments. The signals 
are processed, visualized and stored in the LabVIEW program-
ming environment using software developed at the Institute of 
Production Engineering and Machine Tools. The sampling rate 
of the software used is 50 kHz. This allows even small vibra-
tions to be reconstructed exactly. The vibrometer thus ena-
bles a non-contact measurement of the vibrations of an object 
based on laser interferometry. The workpiece is mechanically 
clamped on the table. This enables the absorption of process 
forces up to  Fmax = 10 kN. A sapphire glass plate is clamped 
between the sample and the lens of the high-speed camera to 
ensure a steady state of deformation. Here it is assumed that 
the simplification to a plane deformation state in the orthogo-
nal section (two-dimensional case) is allowed due to the sig-
nificantly larger cutting width b compared to the chip thick-
ness h. In this case, an infinitely thin shear plane is assumed, 

in which the sliding of the material takes place in individual 
“segments” which have a homogeneous deformation state. The 
shear plane runs from the cutting edge to the surface of the 
workpiece in which the deformation takes place. At the same 
time, the sapphire glass plate prevents lateral material flow. 
To avoid material flow and contact of the tool with the sap-
phire glass, the corner radii of the tool insert are ground off. In 
addition, immersion oil is used to reduce friction between sap-
phire glass and tool. In the investigation on orthogonal cutting, 
the undeformed chip thickness h is varied in three steps, the 
cutting speed  vc in three steps and the cutting edge microge-
ometry S in two steps. The workpiece length is L = 120 mm. 
The workpiece is chamfered at the front so that the cutting 
edge does not break when the tool enters the workpiece. The 
cutting width is set to b = 3 mm. The maximum workpiece 
height is H = 32 mm. The examined process parameters during 
the orthogonal cutting operation are summarized in Table 2.

3  Results and discussion

In this chapter the results of the orthogonal cutting inves-
tigations with varying process parameters and cutting edge 
microgeometries are presented. In this respect, the chip for-
mation mechanisms were evaluated using the high-speed 

Fig. 2  Preparation of the cutting edge rounding with the bend-arm robot KUKA KR16



191Production Engineering (2021) 15:187–197 

1 3

images. Correlations with the measured process forces and 
resulting surface properties were analyzed. For better clarity, 
only the feed forces are shown because the feed forces cor-
respond to the normal forces during orthogonal cutting and 
therefore reach the maximum values in this investigation.

3.1  In‑situ machining analysis

In Fig. 4 the influence of undeformed chip thickness h on 
chip formation is presented. The chip formation depends on 
the material properties as well as on the undeformed chip 
thickness. In Fig. 4 the experimental microcinematographic 
and vibrometer results for SAE1020–SAE5140 hybrid 

components under variation of the undeformed chip thick-
ness h from 0.05 to 0.15 mm are displayed.

The cutting speed  vc was held constant at 120 m/min. 
It can be seen that continuous chip formation in SAE1020 
changes abruptly in segemented chip formation in SAE5140. 
The reason for this is the significantly higher hardness due to 
the martensitic microstructure of SAE5140 which leads to a 
segmented chip formation. When the material hits the cut-
ting edge of the tool, it is compressed until, at a high degree 
of deformation, the fracture stress of the workpiece material 
is exceeded and the material tears at the cutting edge under 
the effect of normal stress. The following material causes 
the crack formation, until finally the surface is reached and 
the chip element is separated from the workpiece. Accord-
ing to the state of the art, the chip segmenting crack runs 
intercrystalline. It is therefore irregular, shape and size of 
the separated chip elements are random. During shear chip 
formation the chip thickness h′ varies over the chip. The chip 
thickness h′ is therefore given as an average value between 
maximum and minimum chip thickness h′. This must be 
taken into consideration for the evaluation. In SAE1020, on 
the other hand, the lower hardness and significantly lower 
thermal conduction coefficient leads to thermomechani-
cal stress in the cutting zone and causes continuous chip 
formation. A change in chip formation from a continuous 

Fig. 3  Experimental setup at the orthogonal cutting test bench

Table 2  Process parameters of the orthogonal cutting investigation

Unit SAE1020–SAE5140

Cutting speed  vc m/min 60; 120; 180
Undeformed chip thickness h mm 0.05; 0.1; 0.15
Cutting depth  ap mm 0.3

Cutting edge geometry S µm 35; 75

Cutting direction – Soft (SAE1020)–
hard (SAE5140)
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to a segmented chip, is also followed by a change in chip 
thickness h′ and shear angle ϕ. The shear angle increases 
during segmented chip formation while the chip thickness 
decreases. Consequently, the shear angle ϕ significantly 
influences chip formation. Large shear angles lead to seg-
mented chip formation. If the undeformed chip thickness h 
is increased, the continous chip formation in SAE1020 is 
maintained, but the shear localization changes in SAE5140. 
A higher chip thickness therefore leads to a higher shear 
localization caused by an increased shear angle. While the 
chip compression λh = h′/h in SAE1020 remains almost con-
stant as the chip thickness increases, the chip compression 
in SAE5140 decreases significantly. The chip compression 
represents the deformability of the material. As the chip 
compression λh decreases, the deformability of the material 
also decreases. Deformation reduction is accompanied by an 
increase in the shear angle, i.e. the cross-sectional area of 
the undeformed chip decreases. This also causes a decrease 
of the cutting force. In Fig. 4 (right) the results of the vibra-
tion tests are shown. As with chip formation, the vibration 
amplitude increases during segmented chip formation. The 
higher tool vibration in SAE5140 leads to higher roughness 
of the created surface and consequently to a reduction of 
surface quality. Furthermore, the higher vibration amplitude 

in SAE5140 leads to higher process force oscillations which 
directly influence the mechanical load of the tool insert used.

In Fig. 5 the results of chip formation mechanisms in 
dependence of the cutting speed are represented. Micro-
kinematic images at two different cutting speeds  vc = 60 m/
min and  vc = 180 m/min are shown. It is noticeable that with 
increasing cutting speed the shear angle increases. As the 
cutting speed increases, a local temperature increase occurs 
in front of the cutting edge. This leads to a softening of 
the material, which increases the formation ability of the 
material. However, the chip forms of SAE1020 (continous 
chips) and SAE5140 (segmented chips) remain unchanged. 
The influence of different cutting speeds  (vc = 60, 120, 
180 m/min) and undeformed chip thicknesses (h = 0.05, 0.1, 
0.15 mm) on tool vibrations is shown on the right in Fig. 5. 
The vibration amplitudes are always higher in SAE5140 than 
in SAE1020 due to segmented chip formation. The vibration 
amplitude decreases with increasing cutting speed. The rea-
son for this is the softening of the material due to the higher 
process temperature. For this reason the yield point of the 
material decreases. A change in undeformed chip thickness 
leads to different effects depending on the material being 
machined. In SAE1020, an increase in undeformed chip 
thickness h leads to an increase in the vibration amplitude. 

Fig. 4  Influence of undeformed chip thickness on chip formation (left) and in-situ oscillation analysis (right) during orthogonal cutting of hybrid 
components SAE1020–SAE5140
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The reason for this is the increasing mechanical stress with 
increasing undeformed chip thickness. In SAE5140, the 
vibration amplitude also increases with increasing unde-
formed chip thickness. However, an interaction with the cut-
ting speed takes place here. As already mentioned, irregular 
chip formation could be the reason for this, which is why a 
clear correlation cannot be identified.

The influence of cutting speed  vc and undeformed chip 
thickness h using a cutting edge rounding of S = 75 µm on 
the orthogonal cutting results is shown in Fig. 6. In analogy 
to a cutting edge rounding of 35 µm, the same chip formation 
mechanisms occur. Depending on the examined parameter 
range in SAE1020 continous chip formation and in SAE5140 
segmented chip formation takes place. However, the chip 
compression λh in both material sections decreases with 
increasing undeformed chip thickness h. Consequently, 
the deformability decreases. The reduction in deformation 
is accompanied by an increase in shear angle, resulting in 
a decrease of the shear cross section. This also causes a 
decrease in the cutting force. Regarding the effect of cutting 
speed on chip formation, it can be seen that with a cutting 
edge rounding of 75 µm the chip thickness remains con-
stant with increasing cutting speed. However, compared to 

cutting edge rounding with 35 µm, in which the shear angle 
increases in both material areas, it only increases in the area 
of SAE5140 with a cutting edge rounding of 75 µm. The 
reason for this is that with increasing cutting speed the pro-
cess temperature rises and thus causes the material to soften. 
This softening effect is enhanced due to the additional tem-
perature increase caused by higher frictional effects during 
machining of the harder material SAE5140. Consequently 
the significantly higher process temperature in the harder 
material area leads to a softening of the material and thus 
promotes material flow.

3.2  Process forces

In Fig. 7 feed forces  Ff for the examined cutting edge round-
ings S = 35 µm and S = 75 µm depending on the process 
parameters undeformed chip thickness h and cutting speed vc 
are shown. Due to the higher material hardness in SAE5140 
than in SAE1020 the feed force is always higher in SAE5140 
and consequently leads to a higher tool displacement in this 
material range. The continuous chip formation in SAE1020 
and the segmented chip formation in SAE5140 are recog-
nizable in the force profiles. While the fluctuations in feed 

Fig. 5  Influence of cutting speed on chip formation (left) and oscillation analysis of the tool depending on process parameters during orthogonal 
cutting of hybrid material SAE1020–SAE5140
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force during continuous chip formation are very low, the 
significantly higher oscillation of the feed forces during seg-
mented chip formation is obvious. These oscillations are 
significantly higher at low cutting speeds. The reason for this 
is that at low cutting speeds the deformability of the mate-
rial is lower and thus the resistance of the material to plastic 
deformation is higher. This effect is reduced with increasing 
cutting speed due to higher process temperatures.

In addition, a further dynamic cutting force component is 
generated as a result of friction between chip and rake face 
of the tool and between generated machined surface and tool 
flank face. However, this contribution is small, especially by 
using carbide tools at high cutting speeds. In the formation 
of segmented chips, the cutting force profiles thus represent 
a stochastic signal whose functional relationship cannot be 
specified analytically.

An interesting aspect is the force shift in the material 
transition area due to different material properties. By com-
parison of the influence of the undeformed chip thickness h 
on the measured feed forces in relation to the cutting edge 
rounding, different effects can be seen. When using a cutting 

edge rounding of S = 35 µm, the force shift in the transi-
tion area increases with increasing undeformed chip thick-
ness. A possible reason for this could be the increase in tool 
deflection with increasing undeformed chip thickness. This 
is because the chip cross section increases with increasing 
undeformed chip thickness and consequently the specific 
cutting force increases according to Kienzle. In SAE5140, 
the tool deflection is higher due to the higher hardness of 
the material and leads to a greater force difference at a 
higher undeformed chip thickness. With a larger cutting 
edge rounding, the force step in the material transition zone 
remains almost the same. The process forces increase pro-
portionally with the undeformed chip thickness. The force 
difference at an undeformed chip thickness of h = 0.15 mm 
is significantly lower compared to the smaller rounding. 
The tool displacement decreases with a larger cutting edge 
rounding in the transition zone of the hybrid component and 
therefore leads to a smaller force difference. This is a possi-
ble reason for the smaller force difference. It was also found 
that the chip compression decreases when using a larger 
cutting edge rounding, resulting in a decrease of the chip 

Fig. 6  Influence of process parameters on chip formation using a cutting edge rounding of S = 75 µm during orthogonal cutting of hybrid mate-
rial SAE1020–SAE5140
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cross section and thus a reduction of the forces. This effect 
can also be observed under variation of the cutting speed. 
In addition, the different thermal conduction coefficients of 
the materials cause a different thermal conduction of the 
generated process temperature in the material. A larger cut-
ting edge rounding leads to higher process temperatures due 
to the larger contact surface between tool and workpiece. 
The frictional power increases. Consequently, the heat in 
the shear cross section increases. This results in a reduction 
of the force difference in the material transition area. The 
effect of the heat input significantly increases with increas-
ing cutting speed.

3.3  Surface roughness measurement

Finally, optical surface examinations of the planed hybrid 
samples were carried out to investigate the effect of the dif-
ferent chip formation mechanisms on the surface properties 
(Fig. 8).

Here too, the influence of different chip formation mecha-
nisms on the resulting surface can be seen. For all samples, 
the surface roughness in SAE1020 is significantly lower 

than in SAE5140. The continuous chip formation results 
in a smoother surface with a lower roughness compared to 
the segmented chip formation. The vibrations that the tool 
experiences due to chip segmentation are also transmitted 
to the surface and explain the fluctuations in process forces 
which are depicted in Fig. 7.

In terms of surface quality, cutting speed has a signifi-
cantly higher influence than undeformed chip thickness. 
The influence of undeformed chip thickness on the gener-
ated machined surface is shown as an example for a cut-
ting edge rounding of S = 35 µm (Fig. 8). With increasing 
undeformed chip thickness, the surface roughness as well 
as the difference in the height profile ΔH in the material 
transition area increase. The reason for this is the decreas-
ing deformability of the machined material with increasing 
undeformed chip thickness, which leads to a worsening of 
the new created surface. The influence of the cutting speed 
is evident (Fig. 8, right). As the cutting speed increases, the 
surface roughness in SAE1020 is significantly reduced from 
Rz = 4.19 to 0.63 µm, as the material flows better at higher 
temperatures, leaving a smooth surface. Due to the extreme 
variations in both chip segmentation and feed forces, the 

Fig. 7  Influence of cutting edge geometry on feed forces during orthogonal cutting of SAE5120–SAE1020 welded shaft
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single influences on surface roughness of SAE5140 can-
not be clearly explained. While an improvement of the 
surface roughness in SAE5140 can be seen with a cutting 
edge rounding of S = 35 µm, the use of a larger cutting edge 
roundingleads to an increase in surface roughness. However, 
similar to the process forces, the difference in the height 
profile in the material transition zone is significantly smaller 
when using a large cutting edge rounding.

4  Summary and outlook

In this paper the machining behavior of hybrid 
SAE1020–SAE5140 components is analyzed by using an 
orthogonal cutting process. The chip formation depends 
on the microstructure of the material and on orthogonal 
cutting parameters. Therefore the cutting edge rounding S 
(35 µm, 75 µm), the cutting speed vc (60, 120, 180 m/min) 
and the undeformed chip thickness h (0.05, 0.1, 0.15 mm) 
were varied. The material removal mechanisms were inves-
tigated, indicating the significant influence of different mate-
rial properties and process parameters on the machinability 
of the investigated hybrid SAE1020–SAE5140 component. 
The hybrid component is characterized by the fact that the 

materials differ significantly in their hardness values and 
microstructure. This difference is also noticeable in the chip 
forms. The properties of SAE1020 lead to the formation of 
continuous chips, while in SAE5140 segmented chips are 
formed. In the parameter space under investigation, the chip 
forms remain unchanged in the respective material areas. 
The variation of process parameters significantly influences 
the shear angle ϕ, the chip thickness h′ and the chip com-
pression λh. In the material transition zone there is an abrupt 
change from continuous to segmented chip formation. The 
abrupt change is also clearly visible in the profile of the 
process forces as well as in the height profile of the gener-
ated machined surface. The cutting speed  vc has a significant 
influence on the shape of the formed chips and the newly 
generated machined surface of hybrid components. An 
increase in cutting speed leads to an improvement in surface 
roughness in the corresponding material areas. The reason 
for this is that an increase in the cutting speed leads to a tem-
perature rise. This results in a softening of the material and 
thus improves the flow of the material. An increase in unde-
formed chip thickness h causes an increase in chip thickness 
h′ during continuous chip formation. The large fluctuations 
of chip thickness during segmented chip formation make it 
difficult to identify concrete relationships between process 

Fig. 8  Influence of process parameters and cutting edge geometry on surface roughness and topography of SAE1020–SAE5140 hybrid samples
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parameters, cutting edge rounding and chip formation. If the 
process forces are considered, they increase with increasing 
undeformed chip thickness. However, a greater rounding of 
the cutting edge leads to a reduction of the force shift in 
the transition zone. This suggests that a higher cutting edge 
rounding leads to a lower gradient of the resulting subsur-
face properties in the material transition zone. However, 
this effect seems to greatly depend on the undeformed chip 
thickness. In further investigations, the transferability of the 
observed effects to external longitudinal turning tests will be 
checked and the influence of process parameters on resulting 
subsurface properties will be additionally analyzed.
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