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Abstract
Inconel 718 alloy is characterised by high strength and corrosion resistance and remains stable at high temperatures, so it 
is widely used in the energy and aerospace industries. However, machining this material is difficult due to its high strength, 
hardness, and high specific force coefficient exceeding 3000 MPa. Turning of the Inconel 718 alloy can be carried out with 
negative and positive inserts. Therefore, the impacts of the insert geometry on the turning process of Inconel 718, cutting 
force components, and surface roughness were studied. Three positive and three negative insert geometries were tested. It was 
shown that the key influence on the active components of the cutting force is the effective rake angle. The surface roughness, 
on the other hand, depends mainly on the cutting-edge radius. It has been shown that the negative insert geometry with γ = 6° 
and rn=22 μm provides a 30% lower cutting force than the positive inserts and the same surface roughness. The developed 
models of the cutting force components proved that when cutting with positive inserts, a higher specific cutting force occurs 
for the Inconel 718 alloy than for the negative insert. It was shown that technological parameters had a very similar effect 
on the cutting force components and surface roughness parameters regardless of the blade geometry. It was proven that the 
use of positive inserts makes sense only for depths of cut no greater than the size of the corner radius.

Keywords  Inconel 718 · Turning · Tool geometry · Rake angle · Surface roughness · Cutting force

1  Introduction

Inconel alloys, mostly composed of nickel, chromium, and 
iron, are widely used in the aerospace, automotive, and 
petrochemical industries due to their exceptional high-
temperature strength and corrosion resistance [1]. How-
ever, turning Inconel alloys presents substantial machining 
challenges, which require a thorough understanding of the 
cutting parameters, the material and geometry of the tools, 
the cutting conditions, and the cutting forces [2, 3]. The 
high content of nickel and chromium makes Inconel alloys 
highly tough and difficult to machine compared to conven-
tional materials [4–6]. Inconel alloys are characterised by 
high hardness and strength and require robust cutting tools 
with special geometries and special machining strategies 
[7]. Obtaining the desired surface quality on Inconel alloys 
can be challenging due to their hardness [8]. The machining 
parameters and the selection of tools play crucial roles in 
determining the final surface quality [9].

Carbide and ceramic cutting tools are commonly used 
for the machining of Inconel alloys [10, 11]. Ceramic tools 
typically allow cutting at much higher cutting speeds than 
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carbide tools and have a much longer tool life. The mate-
rial removal rate of ceramic tools can even reach 2000% 
higher than that of carbide tools [11]. However, for eco-
nomic reasons, the most widely used tool material is carbide. 
Carbide-cutting inserts used to machine Inconel alloys can 
have a positive or negative geometry [12, 13]. The advan-
tage of negative inserts is that they can be double-sided 
and, to achieve a positive relief angle, they must be tilted in 
the toolholder. This results in a negative rake angle, which 
increases the strength of the blade but causes an increase in 
cutting force. Positive cutting inserts, on the other hand, are 
single-sided, have a positive rake angle as well as a relief 
angle, and do not need to be inclined in the toolholder. In 
practice, both types of cutting inserts are used for rough, 
medium, and finish machining. Furthermore, cutting inserts 
dedicated to turning nickel alloys can be uncoated or coated 
with various coatings applied by CVD and PVD techniques 
[13–17]. However, there is a lack of experimental results on 
the effect of the type and geometry of the cutting insert on 
the cutting process of Inconel alloys and the surface quality 
after turning.

The influence of cutting insert characteristics on the turn-
ing process of nickel alloys has been studied in many sci-
entific papers. Paper [12] showed that more compressive 
stress was generated after cutting with tools with a negative 
rake angle and a sharp edge radius than after cutting with 
tools with a positive rake angle and a larger edge radius. The 
effects of tool geometry on cutting forces and surface rough-
ness were not studied. The effect of the cutting-edge radius 
of the CBN cutting inserts was also studied in the Inconel 
718 turning process. The larger the radius of the edge, the 
longer the life of the blade; in addition, it was shown that 
the wear of the insert strongly depends on the depth of the 
cut [18]. Jemielniak tested eight types of positive and nega-
tive turning inserts in the roughing of Inconel 718 [19]. 
Four types of inserts were used to turn flexible parts and 
the other types were used to turn rigid parts. The work has 
shown that the type of insert has a significant influence on 
the cutting force and stability of the turning process, but its 
geometry was not determined. A comparison of positive and 
negative inserts in the turning of Inconel 718 was also car-
ried out in [13]. Zhang et al. tested two negative inserts and 
one positive insert with different coatings. They measured 
the wear of the tested tools for different cutting parameters. 
They showed that negative inserts coated with (Al and Ti) 
N have a tool life much longer than that of positive and 
negative inserts coated with TiAlN. It follows that coating 
has a greater influence on tool life than does its geometry. 
The influence of the geometry of the tool on the turning 
of Inconel 718 was the aim of the work [20]. The authors 
tested four types of inserts that differ in shape and material, 
but all were negative inserts. The lowest cutting force was 
recorded at a cutting speed of 250 m/min. Negative inserts 

were the subject of most research. For example, Coelho et al. 
modified the geometry of negative cutting inserts in terms 
of chamfer length, chamfer angle, and edge radius [21]. The 
results show that the insert modifications consisting mainly 
of an increase in the radius of the cutting edge to 13–38 μm 
caused significant improvements in the insert performance, 
for example, lower tool wear, temperature, and workpiece 
surface roughness. Negative inserts with modified edge 
geometry were also tested in [22]. The modification con-
sisted of making the 0.1 mm-chamfered land at angles of 
20° and 30°. The use of modified geometry and cutting edge 
after honing ensures the induction of compressive residual 
stresses on the machined surfaces. Fernandez-Valdivielso 
et al. studied a total of 17 negative insert geometries of the 
DNMG type. They developed the optimal geometry for turn-
ing the Inconel 718 alloy [23]. The 3D topography of the 
face and the cutting-edge profiles were analysed. The cut-
ting tests revealed that the most effective cutting insert had 
an effective rake angle of 13° and a cutting-edge radius of 
approximately 50 μm. However, positive inserts were not 
tested. The geometry of the cutting inserts in the turning 
of Inconel alloys has not been the only subject of research. 
In [24], the authors tested two types of inserts made of two 
different grades of carbide with cobalt contents of 6% and 
10%. A lower Ra roughness parameter was observed for the 
insert with a 6% cobalt content.

The cutting conditions play an important role in the cut-
ting process of nickel alloys. Therefore, many studies have 
investigated the effect of cooling conditions on the cutting 
process of Inconel alloys and the surface quality after turn-
ing. Devillez et al. performed semifinishing Inconel 718 
turning tests using coated carbide inserts under wet and dry 
conditions [25]. It was proven that dry machining with a 
coated carbide tool provides good surface quality, and the 
residual stresses and microhardness values are the same as 
those obtained under wet conditions. The role of cooling 
in Inconel 718 turning was also the subject of research by 
Raykar [26]. He analysed cutting forces, surface quality, and 
tool wear under high-pressure coolant conditions, conven-
tional flood cooling, and dry turning. Research shows that 
a high-pressure coolant and dry turning improve the sur-
face finish. All tests were performed with a single negative 
type of cutting insert. In addition, in [27], the process of 
turning Inconel 718 was tested under various conditions. In 
contrast to other research papers, the results show a higher 
performance under MQL machining compared to dry and 
wet conditions.

The cutting parameters have a key influence on the cut-
ting process of nickel alloys and the quality of the work-
piece surface. In many scientific papers, the influence of 
cutting parameters on the turning process and the quality 
of machined parts has been tested. In [20], the influence of 
cutting speed and temperature on surface quality was tested. 
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Research shows that for a tool–workpiece pair in the cut-
ting process, there is an optimal temperature at which the 
tool–workpiece pair has an optimal strength ratio and the 
adhesion of the workpiece material is low. In turn, in [21], 
the influence of feed rate, corner radius, and insert coating 
methods and materials on surface roughness was tested. It 
follows from this work that the radius of the insert nose has 
the most powerful impact on the surface roughness of the 
workpiece, which is consistent with the relationship for the 
kinematic surface roughness. The other geometric param-
eters of the inserts were not tested. The cutting parameters 
and the radius of the nose of the tool were also the subject of 
research [28]. Only two negative inserts with different insert 
corner radii were tested in an Inconel 718 turning process 
with variable cutting parameters. The analysis showed that 
the cutting speed and the radius of the nose are the most 
important parameters that influence the roughness of the 
surface. On the other hand, the greater the depth of the cut 
and feed, the greater the surface roughness. It was shown 
that all cutting parameters had the same influence on the 
cutting force. The influence of cutting parameters on cutting 
force, tool wear, and surface roughness was the aim of the 
work [16]. Research was carried out on the Inconel X750 
alloy. The authors proved that the feed has a significant influ-
ence on the forces and surface roughness, which is consistent 
with the results of the work [21, 28]. They also defined the 
optimal cutting speed for turning Inconel X750, which was 
equal to 60 m/min. The same alloy was tested in research on 
the influence of cutting speed and feed on surface roughness 
[29]. Only negative inserts were used, and it was proven that 
the feed rate has a greater impact on the surface integrity 
than the cutting speed. Zębala et al. developed a procedure to 
optimise cutting data in Inconel 718 turning, the target being 
maximum cutting efficiency [17]. Surface roughness, cutting 
force, and cutting temperature were adopted as the limit-
ing criteria. The developed model was tested for only one 
type of insert that was positive. The analysis clearly shows 
that the key impact on surface roughness in the turning of 
nickel-based alloys is the feed rate and corner radius. Other 
geometric and technological parameters are of secondary 
importance. Nevertheless, the effects of rake angle, relief 
angle, entering angle, and cutting-edge radius on surface 
quality after turning were not analysed.

Modelling the components of the cutting force and the 
surface roughness parameters during the turning of Inconel 
718 has also been the focus of several studies [30–33]. These 
works have aimed to develop models of force components 
and primarily the Ra roughness parameter as a function of 
cutting parameters under various cutting conditions and with 
different coating inserts. However, it is noteworthy that all 
the developed models were tailored only to tools with spe-
cific geometries. The geometric parameters of the tool were 
not integrated into the developed models.

Due to the extensive array of geometric variations among 
the tested tools, coatings, and wide spectrum of cutting 
parameters investigated, the results obtained in the ana-
lysed research exhibit considerable diversity and at times 
even contradictions. In particular, there are no definitive test 
results indicating the optimal cutting insert geometry for 
turning Inconel alloys. Consequently, tool manufacturers 
offer both positive and negative geometry cutting inserts. 
Therefore, it is imperative to investigate the disparities 
between negative and positive geometries when cutting 
Inconel alloys.

To address this, three negative inserts and three positive 
inserts, all of which were fabricated from the same coated 
carbide with a uniform corner radius of 0.4 mm, were metic-
ulously selected for testing. A uniform series of cutting tests 
was conducted by varying the feed and depth of the cut for 
each cutting insert. Subsequently, measurements of the cut-
ting force components and surface roughness were meticu-
lously carried out. Then, experimental models were devel-
oped for the geometry of the chosen inserts, which included 
the cutting force components and selected roughness param-
eters. All the results were analysed, shedding light on the 
distinctions between negative and positive geometric cutting 
inserts when machining Inconel alloys.

2 � Materials and methods

Experimental cutting process tests were carried out using 
a test stand constructed around an NEF 600 lathe equipped 
with a Fanuc 210is control system. The machine tool has a 
spindle with a maximum rotational speed of 3000 rpm and a 
maximum power of 24 kW. The maximum possible machin-
ing workpiece diameter is 600 mm and workpiece length 
is 1250 mm. The cutting force components were precisely 
measured using a Kistler 9257B piezoelectric dynamometer 
with a measuring range of ± 5 kN. This dynamometer was 
attached to the turret head of the machine tool via a VDI 
holder. The signal from the dynamometer was then trans-
mitted to a computer through a 16-bit analogue-to-digital 
converter NI9215 provided by National Instruments, facili-
tated by a Kistler type 5070 load amplifier, and connected 
via USB (see Fig. 1). Signal visualisation, processing, and 
recording were performed through a program developed 
within the LabVIEW software environment. The signal 
sampling frequency was set at 5 kHz.

Turning tests were conducted on a workpiece shaped like 
a shaft made of INCONEL® alloy 718 (UNS N07718/W.Nr. 
2.4668) in the annealed state (34 HRC hardness), measur-
ing 50 mm in diameter and 90 mm in length. Throughout 
the length of the shaft, nine machining passes were exe-
cuted using a single tool, each with distinct technological 
parameters. A consistent cutting speed of 40 m/min was 
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used, which was optimised for the AH8015 carbide. The 
remaining cutting parameters, feed rate (f) and depth of cut 
(ap), were varied according to a comprehensive plan. The 
experimental design followed the principles of the design 
of experiments (DoE), according to the statistical plan, a 
central composite fractional design with three levels and two 
factors. Feed rates were 0.08, 0.1, and 0.12 mm/r, while the 
cut depth ranged from 0.4 to 1.2 mm. Therefore, nine cutting 
tests with different cutting parameters and four repetitions 
were performed for each cutting insert. The selection of the 
depth-of-cut values was determined by the corner radius (rε), 
ensuring depths corresponding to rε, twice rε, and thrice rε. 
The cutting depth range was selected to test the operation of 
the cutting edge within the radius of the corner and along its 
length. Furthermore, the cutting depth and feed values were 
selected as recommended by the turning tool manufacturer. 
The cutting depth and feed values were selected to be within 
the operating range of chip breakers, i.e. recommended for 
each insert geometry. The ap and f values corresponded to 
finishing and medium machining and are useful ranges used 
in Inconel turning. In addition, the values of the technologi-
cal parameters were chosen to align with the conditions of 
other tests [13, 14].

2.1 � The geometry of the cutting tools

Six Tungaloy-made cutting inserts, specifically designed 
to turn Inconel alloys, were tested. Among these, three 
were double-sided negative-type VNMG inserts, while the 
remaining three were single-sided positive-type VBMT 
inserts. All inserts utilised were 160,404 in size and were 
constructed from AH8015 grade (ISO S10), which consists 
of a sintered carbide (submicro-grain of approximately 10% 
Co) nanostructured multilayer PVD coating with a high alu-
minium content (refer to Fig. 2). Turning tools with PVD 
coatings are very often used for turning nickel-based alloys 
[13, 15, 16, 34].

Dry conditions were used to eliminate the influence of the 
type of coolant and the conditions of its supply to the cutting 
zone on the cutting force and surface roughness. Machining 
passes were performed only on a shaft length of 10 mm. 

For a minimum feed rate of 0.08 mm/rev, the spiral cutting 
length (SCL) did not exceed 20 m. With such a short turning 
length, the wear of the blade, even under dry machining con-
ditions, is not noticeable and does not affect the test results 
[34]. However, the tool wear (VB) of each cutting insert was 
controlled and its value was always less than 0.1 mm.

The negative inserts featured three distinct geometries, 
each serving a specific purpose:

•	 28—medium machining
•	 HRM—finishing, medium cutting, and roughing
•	 HRF—finishing

On the other hand, positive inserts were characterised by 
the following geometries:

•	 TM—medium machining
•	 TSF—finishing
•	 PS—finishing and medium machining

Given the diverse range of geometries among the tested 
cutting inserts and the distinct positioning of the negative 
inserts within the holder compared to the positive inserts 
(as illustrated in Fig. 3), the blade geometry within the tool 
system was evaluated after the clamping of inserts in the 
toolholder. This assessment was performed by scanning the 
blades using an Alicona Infinite Focus microscope. Figure 4 

Fig. 1   Test stand

Fig. 2   Types of geometries tested
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provides a visual representation of the scanned blades, 
where solid lines indicate the ranges corresponding to the 
three depths of cut tested, while dashed lines delineate the 
ranges associated with the three feed rates tested.

Subsequently, the size of the cutting-edge radius (rn) was 
determined for each blade, and the values for the back rake 
angle and the average effective rake angle were calculated 
with respect to the depth of cut. The back rake angle was 
precisely defined within the plane of the main cutting edge 
(refer to Fig. 5).

In the Tables 1, 2, and 3, the values of the geometrical 
parameters for all the tested cutting inserts are presented.

When analysing the geometry of the tested blades, it 
becomes evident that they exhibit varying values of the 
cutting-edge radius. The smallest values are observed for 
the HRM blade type, which boasts a broad range of applica-
tions, and the type 28 blade, which is specifically designed 
for medium machining. In contrast, the HRF blade fea-
tures the largest radius, despite being dedicated to finish-
ing operations. In contrast, the disparities in the size of the 
cutting-edge radius are much less pronounced for positive 
inserts. Negative inserts are characterised by a notably large 
negative λ angle, which is achieved by inclining the cutting 
inserts negatively within the toolholder. Among these, the 
HRM-type insert displays the largest λ angle. In contrast, in 
positive inserts, the λ angle is close to zero as a result of the 
absence of inclination of the insert in the toolholder. For the 
TM and TSF blades, slight edge inclination is observed only 
at specific cutting-edge lengths (refer to Table 2).

Determining the rake angle at the tested depths of cut 
proved to be particularly challenging due to its significant 
variation in the face (as depicted in Fig. 2). Table 3 presents 
the average values of the effective rake angles, excluding 
the rounded area of the cutting edge. However, all tested 
cutting inserts exhibited highly disparate face geometries. 
In particular, blade 28 stands out as the sole insert with a 
negative effective rake angle within the corner radius range 

rε, fluctuating between − 4° and 4° across the depth of cut. 
In contrast, the HRM blade maintains a consistent geometry 
throughout the depth of cut. Similarly, the TSF blade dem-
onstrates an almost uniform effective rake angle, albeit half 
that of the HRM blade. In contrast, the HRF blade boasts the 
highest effective rake angle; for a depth of cut ap>0.4 mm, 
the rake angle reaches approximately 14°. The TM and PS 
blades also feature positive effective rake angles; however, 
their values exhibit significant fluctuations along the length 
of the cutting edge. Analysis of the blade geometries under 
examination facilitated the definition of their fundamental 
geometrical parameters, which was instrumental in analys-
ing the turning process of the Inconel 718 alloy.

3 � Results and discussion

3.1 � Cutting force component analysis

The Ft force operates along the direction of the cutting speed 
vector; it is a tangential force associated with the material 
separation process. In contrast, the Ff force corresponds to 
the velocity vector of the feed motion. Both Ft and Ff are 
active forces directly involved in the cutting process. How-
ever, the Fr force, which acts perpendicular to the surface 
of the workpiece, is a passive force that is not related to any 
movement. Its role is to induce repulsion of the workpiece 
from the tool, thereby influencing the dimensionality and 
shape accuracy of the workpiece.

Given the distinct roles of each force component, compre-
hensive measurements and analyses of all three cutting force 
components were carried out. Additionally, the resultant 
value of the cutting force was determined. The results of the 
recorded cutting force components and the resultant force 
values are presented as a function of the feed rate (Figs. 6, 
7, 8 and 9). The feed influences the cross section of the cut 
layer and is related to the specific cutting force factor Kc.

The value of the Ff feed force component undergoes 
significant changes with variations in feed f and the depth 
of cut ap (Fig. 6). These changes are not only attributed to 
alterations in the cross-sectional area of the cut layer but also 
influenced by variations in tool geometry along the length 
of the cutting edge of certain insert types. In particular, the 
feed rate predominantly influences the force, while the depth 
of cut also impacts the intensity of the force variation, a 
phenomenon that differs between different insert geometries. 
The dominant influence of feed rate on the Ff force is also 
confirmed by the results of other works [21]. Consequently, 
different insert geometries achieve the lowest and highest 
force values at varying depths of cut (Fig. 6).

When employing a depth of cut equivalent to the cor-
ner radius rε, the HRF negative and PS positive geometries 
exhibited the lowest feed force Ff (Fig. 6a). Within the ap= 

Fig. 3    Positioning of the insert in the holder: a  negative insert, 
b positive insert
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0.4 mm range, these geometries feature positive effective 
rake angles of 10° and 6°, respectively. Despite their rela-
tively large cutting-edge radius values, these geometries 
yielded the lowest feed forces, indicating the dominant 
influence of the effective rake angle. Conversely, geometry 
28, characterised by a negative effective rake angle despite 

having the smallest cutting-edge radius rn, yielded the high-
est values of the Ff  component.

With a deeper ap equal to twice the corner radius rε, the 
HRM geometry yielded the lowest values of the Ff com-
ponent (Fig. 6b, c). This outcome can be attributed to the 
increased significance of the radius rn of the cutting edge 
when engaging the cutting edge on a longer length. Thus, 
a combination of a small radius (rn) and a positive effective 
rake angle proves to be most advantageous in this scenario. 
These findings are corroborated by the results obtained at the 
greatest depth of cut (ap= 1.2 mm), where the HRM geom-
etry consistently generated the lowest Ff force values. This 
outcome is possibly due to the positive and consistent effec-
tive rake angle throughout the length of the edge, along with 
the small radius of the rounded cutting edge rn. Additionally, 

Fig. 4   Face geometry of the following inserts: a 28, b HRM, c HRF, d TM, e TSF, and f PS

Fig. 5   The view of the HRF blade in the main cutting-edge plain
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the considerable negative back rake angle observed in the 
HRM geometry contributes to this favourable performance.

In contrast, geometry 28 exhibited the highest Ff force val-
ues, with differences of up to 70% compared to those of the 
HRM. However, very similar Ff  force values were observed 
for the other geometries at the greatest depths of cut.

The analysis unmistakably demonstrated that both the 
cutting-edge radius and the effective rake angle play piv-
otal roles in determining the Ff component. The optimal 

results, characterised by the lowest forces, were achieved 
through a combination of the smallest cutting-edge radius 
rn and a positive effective rake angle, maintaining a con-
stant value throughout the cutting-edge length. Notably, 
the lowest Ff force values were attained for both negative 
and positive inserts, irrespective of their blade geometry, 
underscoring the nuanced interplay of these factors in 
force generation.

The analysis of the tangential force Ft yields conclu-
sions similar to those drawn from the analysis of the force 
Ff (Fig. 7). When cutting with a corner radius, i.e. with a 
depth of 0.4 mm, the HRF and PS geometries exhibited the 
lowest Ft forces, while geometry 28 and the TSF yielded 
the highest forces. Upon increasing the depth of cut to 
0.8 mm, almost all the geometries produced very similar 
Ft force values, except for geometry 28, which generated 
forces approximately 20% greater than those of the other 
geometries (Fig. 7b). For the largest depth of cut, the HRM 
geometry, characterised by a small radius of the rounded 
cutting edge and a constant positive effective rake angle, 

Table 1   Values of the cutting-edge radius

Insert number Type of insert geometry Cutting-edge 
radius, r n(µm)

1 28 20
2 HRM 22
3 HRF 32
4 TM 28
5 TSF 25
6 PS 27

Table 2   Values of the back rake 
angle for the tested geometries

a p, mm Back rake angle λ, °

28 HRM HRF TM TSF PS

0.4 − 4 − 13 − 8 0 − 2 0
0.8 − 4 − 13 − 4 6 0 0
1.2 − 4 − 13 − 4 0 0 0

Table 3   Values of the effective 
rake angle for the tested 
geometries

a p, mm Effective rake angle γ, °

28 HRM HRF TM TSF PS

0.4 − 4 6 10 3 0 6
0.8 0 6 14 13 3 10
1.2 4 6 14 6 3 10

Fig. 6   Feed force component Ff for different cutting depths: a 0.4 mm, b 0.8 mm, and c 1.2 mm
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generated the lowest Ft force value, with geometry 28 pro-
ducing a force approximately 30% greater (Fig. 7c).

Furthermore, it is noteworthy that the HRM geometry 
exhibited the smallest dispersion of values, indicative 
of the greatest stability in the cutting process. Positive 
inserts, on the other hand, displayed an Ft force approxi-
mately 10% greater than that of the HRM geometry.

As the depth of cut ap increases, the discrepancies in the 
values of the Ft and Ff forces between the inserts become 
more pronounced, primarily due to variations in the blade 
geometry. Geometry 28, for example, exhibits a fluctuation 
in the effective rake angle along the length of the cutting 
edge, ranging from − 4 to + 4°. Within the corner radius 
range, the effective rake angle is negative, transitioning to 
positive values, although reaching a maximum of only 4° at 
a cutting depth of 1.2 mm. This particular geometry tends 
to generate high forces Ft and Ff.

In contrast, the HRM geometry consistently generates the 
lowest active forces. This can be attributed to the small value 
of the cutting-edge radius and the constant positive effective 
rake angle. Additionally, the HRM geometry maintains a 
constant and strongly negative back rake angle. For shal-
lower depths of cut, the differences between geometries are 
relatively minor and fall within the spread of force values.

Analysis of the radial force Fr leads to markedly differ-
ent conclusions (Fig. 8). First, it is important to note that 
the values of the Fr force are approximately three to four 
times smaller than those of the active components of the 
cutting forces Ft and Ff, indicating that Fr has relatively less 
significance. Additionally, there is a minor influence of tech-
nological parameters on the value of the Fr force component. 
Throughout the entire range of cutting depths and feed rates 
examined, the Fr force values ranged from 100 to 200 N, 
while the Ft force values ranged from 150 to 770 N.

Upon analysis of the graphs in Fig. 8, it becomes evident 
that the HRM geometry generates the highest value of the 
radial force Fr. However, even at the maximum technologi-
cal parameters, its value does not exceed 200 N, accounting 
for only 30% of the Ft force. Conversely, the TM and PS 

geometries exhibited the lowest Fr force. Further examina-
tion of the blade geometry underscores the predominant role 
of the back rake angle. The TM and PS geometries stand out 
as the only ones characterised by a positive or zero λ angle, 
while the HRM geometry boasts a strongly negative λ angle 
of up to − 13°.

In general, positive inserts tend to generate lower Fr force 
values. This confirms the results obtained in the papers [19, 
21]. However, the difference between the forces generated by 
positive and negative inserts often falls within a dispersion 
of its values. In particular, these differences became more 
noticeable and significant only for higher feed rates and at 
greater cutting depths. Hence, cutting inserts with positive 
geometries can be dedicated to turning flexible workpieces 
[19].

Due to the varying variability of active and passive forces 
across different geometries, an analysis of the resultant force 
F values was conducted (Fig. 9). At the highest depth of cut 
and for all feeds, geometry 28 yielded a force approximately 
45% greater than that of the HRM geometry. In contrast, 
the HRM geometry exhibited a force approximately 10% 
lower than that of the other geometries. For a depth of cut of 
0.8 mm, the differences were smaller, with geometry 28 still 
generating the highest force, approximately 25% greater than 
that of the other inserts. However, the HRM geometry pro-
vided the lowest force, and the difference between the HRM 
geometry and the other geometries was only a few percent.

In contrast, for the smallest depth of cut, the PS geometry 
produced the lowest total force. In particular, the analysis of 
the total force F aligns with the analysis of the changes in the 
forces Ft and Ff, confirming the negligible effect of the force 
Fr on the overall load and energy of the cutting process.

The analysis revealed that the utilisation of positive 
inserts is only advantageous for cutting at small depths, 
closely approaching the size of the corner radius. In such 
scenarios, a reduction in force of up to 30% can be achieved 
by employing positive inserts, especially the PS geometry 
(Fig. 9a). However, as the engagement of the cutting edge 
increases, particularly at depths of cut that exceed the radius 

Fig. 7   Tangential force component Ft for different cutting depths: a 0.4 mm, b 0.8 mm, and c 1.2 mm
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of the corner, the geometry of the blade assumes greater 
significance.

The lowest forces were observed for negative inserts fea-
turing a constant positive effective rake angle, along with 
a consistent and strongly negative back rake angle, cou-
pled with a small edge radius of approximately 0.02 mm. 
Consequently, these analyses show that for cutting depths 
exceeding the corner radius, negative inserts with HRM-type 
geometries are preferable. Negative inserts characterised by 
variable rake angles, such as geometry 28, should be avoided 
in such applications.

Because it has been demonstrated that the effective rake 
angle γ has a dominant influence on the cutting force F, 
the cutting force was analysed as a function of the effective 
rake angle for both positive and negative cutting inserts. The 
results are presented in Fig. 10 for the maximum feed rate 
of 0.12 mm/rev and for three different cutting depths, as the 
effective rake angle depends on the ap parameter (Fig. 4).

At most cutting depths, as the effective rake angle of the 
negative inserts increased, the cutting force F decreased. 
However, for the largest depth of cut (ap= 1.2 mm), different 
dependencies were observed. This is because the greater the 
cutting depth is, the greater the length of the cutting edge 
working in the material. Therefore, the radius of the cutting 

edge rn plays a more significant role. Consequently, the forces 
recorded for the effective rake angle of 14° are greater than 
those for γ = 6° because the blade with γ = 14° has a cutting-
edge radius rn greater by 0.01 mm compared to the other 
inserts (Fig. 10a). It can be seen that the lowest cutting force 
F, especially for the two largest cutting depths, was recorded 
for an effective rake angle of 6°, that is, for the HRM geom-
etry. From this analysis, it is evident that the optimal value of 
the effective rake angle for the negative insert is 6°; a further 
increase does not reduce the cutting force.

Analysis of the cutting force F for positive inserts yielded 
similar conclusions. In the range of the lowest cutting depth, 
that is, within the corner radius rε, the effective rake angle γ 
plays a significant role, and with an increase in the γ angle, 
the force F decreases. For greater cutting depths, a lower 
and more irregular influence of the effective rake angle can 
be observed. It is not possible to select a positive geometry 
that generates the lowest cutting force for the entire range 
of parameters tested. By analysing the curves in Fig. 10b, it 
can be inferred that, similar to negative inserts, the lowest 
cutting forces should be achieved throughout the range of 
cutting depths for an effective rake angle of 6°. However, 
even assuming the optimal rake angle for both negative and 
positive inserts (γ = 6°), lower forces are still generated by 

Fig. 8   Radial force component Fr for different cutting depths: a 0.4 mm, b 0.8 mm, and c 1.2 mm

Fig. 9   Resultant cutting force for different cutting depths: a 0.4 mm, b 0.8 mm, and c 1.2 mm
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the negative inserts. This is presumably because negative 
inserts have a negative back rake angle λ, which beneficially 
affects the cutting process by deflecting chips away from the 
edge and reducing the cutting force F.

Taking into account the aforementioned analysis, one 
HRM negative geometry and one PS positive geometry were 
chosen. The HRM geometry exhibited the lowest cutting 
forces among the negative inserts, while the PS geometry 
demonstrated the lowest cutting forces among the positive 
inserts across most cutting parameters, especially for the 
lowest depth of cut. Hence, these optimal geometries were 
compared in terms of cutting forces.

Experimental models were developed for each component 
of the cutting force for both geometries and subsequently 
compared. Table 4 presents the models obtained along with 
their statistical parameters, while Fig. 11 offers a graphical 
interpretation of these models.

Upon analysing the models of the cutting force compo-
nents, it becomes apparent that there are slight differences 
in the formulas between the negative and positive inserts. 
For the HRM negative insert, predominantly linear models 
were obtained, with only the Ft component having a two-way 
interaction factor. These models demonstrate a very good fit 
of more than 90%. However, a small fitting error is present 
in each model, which is not observed in the force component 
models for the positive insert.

In contrast, all models for the PS positive insert fea-
ture a two-way interaction component. Additionally, the Ft 
force model includes a quadratic component, although its 
P-value increases, indicating less statistical significance. 
Furthermore, its contribution to the model is negligible, 
as evidenced by the quasiflat curvature of the function in 
Fig. 11b. However, in the Ft force model for the positive 

insert, the contribution of nonlinear components exceeds 
that in the model for the negative insert.

Significant differences are observed in the models of the 
force component Fr, attributable to variations in the values 
of the back rake angle. Consequently, in the positive insert 
model, the contribution of feed f exceeds 94%, signifying 
that the radial component Fr depends solely on the feed rate. 
However, in the case of negative geometry, the force Fr is 
additionally influenced by the depth of cut, with its contri-
bution to the model exceeding 15%. This can be attributed 
to the negative back rake angle in the direction of the depth 
of cut.

Furthermore, the Ff component is more dependent on the 
depth of cut than on the feed rate, as confirmed by the results 
in Fig. 11e and f. An increase in the depth of cut leads to a 
significantly more pronounced increase in the force Ff than 
to an increase in the feed rate f. The influence of the feed 
rate is slightly stronger for the PS positive geometry. Addi-
tionally, a two-way interaction component is present in the 
model for the PS positive insert, which causes an additional 
feed contribution.

Previous research work has mainly developed linear mod-
els of cutting force components [30, 32]. However, these 
models additionally took into account the contribution of 
either the cutting speed or the corner radius rε. However, 
the conclusions of other works have confirmed that, in the 
case of the feed force component, the greatest contribution 
is made by the feed rate. For the other forces, the depth of 
cut has the greatest contribution [30, 33].

The resulting models of the cutting force components 
exhibit very similar forms. Each force equation comprises a 
constant value alongside cutting parameters such as ap and f, 
which are multiplied by coefficients. In line with the Kienzle 

Fig. 10   Changes in the resultant cutting force as a function of the effective rake angle for a negative inserts and b positive inserts
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and Altintas cutting force equations, the multiplication fac-
tors of the product ap and f can be interpreted as the specific 
cutting force Kc [35]. Taking this into account, it becomes 
evident that the multiplier of ap and f in the two-way factors 
is notably greater in the active force component models of 
the cutting force for the positive insert. For instance, in the 
tangential force model Ft for the negative insert, the multi-
plier of ap and f, i.e. the specific cutting force Kc, is equal 
to 3000, whereas for the positive insert, it is equal to 5400. 
Additionally, the feed multiplier is more than two times 
greater in the positive insert model than in the Ft model 
of the negative insert. Specifically, in the case of the feed 
component of the cutting force Ff, the feed multiplier f for 
the positive insert is 40% greater than the feed f multiplier 
in the force Ff model of the negative insert. Furthermore, in 
the positive insert Ff model, there is an additional two-way 

factor with a multiplication factor of approximately 4300. 
This indicates that cutting with a positive insert results in a 
higher specific cutting force for the Inconel 718 alloy (Kc= 
4300–5400 MPa), while in the case of a negative insert, 
the specific cutting force is much lower (Kc= 3000 MPa). 
Consequently, the cutting resistance of the Inconel 718 alloy 
is significantly greater for positive inserts than for negative 
inserts, leading to markedly greater cutting forces when 
machining Inconel alloys using positive inserts.

From the analysis, it can be inferred that technological 
parameters exert a very similar effect on the cutting force 
components for both types of geometry, as evidenced by the 
graphs in Fig. 10. Notably, for the positive geometry, a much 
steeper response surface shape was observed for components 
Ft and Ff. The most substantial difference lies in the models 

Table 4   Experimental models 
of cutting force components

Negative insert VNMG 160,404-HRM Positive insert VBMT 160,404-PS

Ft = 13.3 + 83.6 ap + 378 f + 2988 apf Ft = 43.5 + 32.3 ap - 917 f - 47.0 ap
2 + 5400 apf

Source DF Contr. F-value P-value Source DF Contr. F-value P-value
Model 3 99.79% 946.87 0.000 Model 4 99.98% 5256.07 0.000
Linear 2 98.18% 1418.80 0.000 Linear 2 97.20% 10,220.02 0.000
a p 1 84.40% 2665.11 0.000 a p 1 87.01% 18,297.37 0.000
f 1 13.78% 349.22 0.000 f 1 10.19% 2142.67 0.000
2-way int. 1 1.61% 45.90 0.001 Square 1 0.04% 8.71 0.042
a p f 1 1.61% 45.90 0.001 a p 2 1 0.04% 8.71 0.042
Error 6 0.21% 2-way int. 1 2.74% 575.54 0.000
Lack-of-fit 5 0.10% 0.18 0.934 a p f 1 2.74% 575.54 0.000
Pure error 1 0.11% Error 4 0.02%
Total 9 100.00% Total 8 100.00%
Fr = 6.4 + 34.25 ap+ 1206 f Fr = 70.60–43.25 ap+ 393.4 f+ 381.1 apf
Source DF Contr. F-value P-value Source DF Contr. F-value P-value
Model 2 93.13% 47.43 0.000 Model 3 99.06% 175.50 0.000
Linear 2 93.13% 47.43 0.000 Linear 2 96.07% 255.31 0.000
a p 1 15.18% 25.61 0.001 a p 1 2.03% 10.80 0.022
f 1 77.95% 79.40 0.000 f 1 94.04% 499.82 0.000
Error 7 6.87% 2-way int. 1 2.99% 15.88 0.010
Lack-of-fit 6 3.36% 0.16 0.954 a p f 1 2.99% 15.88 0.010
Pure error 1 3.51% Error 5 0.94%
Total 9 100.00% Total 8 100.00%
Ff = -91.7 + 275.8 ap+ 1122 f Ff = 85.1–20.8 ap- 1493 f+ 4295 apf
Source DF Contr. F-value P-value Source DF Contr. F-value P-value
Model 2 98.18% 188.65 0.000 Model 3 99.84% 1044.61 0.000
Linear 2 98.18% 188.65 0.000 Linear 2 97.13% 1524.42 0.000
a p 1 94.14% 375.27 0.000 a p 1 91.94% 2885.71 0.000
f 1 4.04% 15.52 0.006 f 1 5.20% 163.13 0.000
Error 7 1.82% 2-way int. 1 2.71% 84.99 0.000
Lack-of-fit 6 0.94% 0.18 0.944 a p f 1 2.71% 84.99 0.000
Pure error 1 0.88% Error 5 0.16%
Total 9 100.00% Total 8 100.00%
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Fig. 11   Graphical representation of the cutting force component models for the HRM geometry a Ft, c Fr, e Ff and PS geometry b Ft, d Fr, f Ff
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of the Fr component, which can be attributed to the geometry 
of the blade, specifically the angle λ.

These findings underscore that technological parameters 
have a comparable impact on the components of the cutting 
force, thereby emphasising the pivotal role of blade geom-
etry in determining cutting forces.

3.2 � Surface roughness analysis

The surface roughness is a crucial quality parameter of a 
workpiece. The most commonly used roughness parameters 
in practice are Ra and Rz. Ra is the average surface rough-
ness and is the integer mean of all absolute roughness pro-
file deviations y from the centerline within the measurement 
length Lm and is expressed by the following formula:

Since Ra represents the average value, Rz is based on the 
maximum value. Therefore, both parameters are often used 
simultaneously to describe surface roughness. To calculate 
Rz, the roughness profile is divided into five equal lengths. 
The height difference between the highest and lowest points 
in each of the five sections is the total roughness. In other 
words, Rz is the average of the five Rt values from Rt1 to 
Rt2. The calculated Rz is approximately equal to the height 
of the most severe roughness variation and is calculated by 
the following formula:

To evaluate the impact of blade geometry on the two 
fundamental roughness parameters Ra and Rz, variations in 
the depth of cut and feed rate were studied. The results are 
depicted in Figs. 12 and 13. To compare the real values of 
the Ra and Rz parameters with the kinematic roughness of 

(1)Ra =
1

Lm∫
Lm

o

|y|dx

(2)Rz =
1

5

(
Rt1 + Rt2 + Rt3 + Rt4 + Rt5

)

the surface, the theoretical values of the Rat and Rzt rough-
ness parameters were also calculated according to the rela-
tionships [36]:

The calculated theoretical values of the Rat and Rzt 
parameters are presented in Table 5. Also in Figs. 12 and 
13, their values are given as a function of the feed to com-
pare them with the measured values of surface roughness 
parameters.

Upon analysing the graphs in Figs. 12 and 13, it becomes 
evident that the effect of blade geometry on surface rough-
ness remains consistent across different cutting depths and 
feed rates. Regardless of the technological parameters, the 
HRF- and TM-type geometries consistently yield the highest 
surface roughness. Likewise, the TSF geometry is charac-
terised by an increased surface roughness compared to that 
of other cutting inserts.

The analysis of the blade geometry suggested that the 
radius of the cutting edge rn plays a dominant role in surface 
roughness. The blades with the highest radius rn, approxi-
mately 0.03 mm, cause the highest roughness of the work-
piece surface. In contrast, the TSF geometry, although it 
has a slightly smaller cutting-edge radius, features a very 
small effective rake angle, making chip formation more chal-
lenging and potentially contributing to deteriorated surface 
roughness.

Among all geometries tested, the lowest roughness is 
achieved by two negative geometries and one positive geom-
etry. The PS geometry, characterised by a relatively large 
radius of the cutting edge, compensates for the large posi-
tive effective rake angle and is maintained consistently at 
10° along the cutting edge. Moreover, the λ angle remains 

(3)Rat =
f 2

32r
�

1000

(4)Rzt =
f 2

8r
�

1000

Fig. 12   Surface roughness Ra parameters for different cutting depths: a 0.4 mm, b 0.8 mm, and c 1.2 mm
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constant at 0°. In contrast, the negative geometries that pro-
duce the lowest roughness possess the smallest radius rn, 
approximately 0.02 mm. Although other geometric param-
eters may vary significantly, the radius rn emerges as the 
key parameter that influences surface roughness. Coelho 
reached similar conclusions, who showed that by changing 
the radius of the cutting edge, the surface roughness can 
be significantly influenced [21]. Consequently, the λ and γ 
angles assume secondary importance, with their influence 
on surface roughness deemed negligible in the case of nega-
tive geometries.

For the lowest feed rate and the smallest depth of cut, 
the roughness parameter Ra for the HRM geometry was 2.5 
times smaller than that for the HRF geometry, with very 
low dispersion values. As the feed rate and the depth of the 
cut increased, these differences diminished; however, they 
remained twice between inserts. Regarding the roughness 
parameter Rz, the differences between the geometries were 
smaller, ranging from approximately 100–50% (Fig. 13). 
Across all sets of cutting parameters, negative geometries 
28 and HRM, as well as positive geometry PS, consist-
ently yielded significantly lower roughness values than the 
other geometries. The results obtained correspond to the 
work [23], in which it was shown that the best geometry 
to turn the Inconel 718 alloy is a negative geometry with 
an effective rake angle of 13° and an edge radius of about 
50 μm. However, smaller edge radii have not been tested.

Theoretical values of the parameters Rat and Rzt, derived 
solely from the kinematics of the turning process, were 
compared with the real values of the parameters Ra and Rz 
obtained from experimental tests. It is evident that the real 
values of the Ra parameter closely resemble that of Rat, par-
ticularly in the cases of the PS, HRM, and 28 geometries, 
which exhibit the lowest roughness. On the contrary, the 
surface roughness generated by other inserts deviates signifi-
cantly from theoretical values. A surface roughness higher 
than that theoretically was also observed in the work [13]. 
This discrepancy between the real and theoretical values of the 
Rz parameter is probably attributed to the unique mechanical 
properties of the Inconel 718 alloy. In particular, its substan-
tial ductility and plasticity can lead to material flow during 
the shaping of roughness profiles, resulting in profile heights 
that are much higher than those anticipated theoretically. The 
difference between the real and theoretical roughness may 
also be due to the occurrence of build-up. Concerning the 
parameter Ra, the differences between the real and theoretical 
values escalate with the depth of the cut, possibly due to the 
increased mechanical load on the tool and the resultant deflec-
tion. Greater tool deflection adversely affects the roughness as 
a result of changes in the effective blade geometry. However, 
as the feed rate increases and the roughness simultaneously 
increases, the real values tend to converge towards the theo-
retical values, as also observed in [36].

Similar to the cutting force components, experimental 
models were also developed for the roughness parameters 
Ra and Rz as a function of the cutting parameters. Models 
were developed separately for selected positive and nega-
tive blades that guarantee the lowest surface roughness. 
Among the negative inserts, geometry 28 provided the 
lowest roughness, while among the positive inserts, the 
PS geometry provided the lowest surface roughness for 
most cutting parameters. The models and their statistical 
parameters are shown in Table 6, while a graphical repre-
sentation of the models is provided in Fig. 14.

Fig. 13   Surface roughness Rz parameters for different cutting depths: a 0.4 mm, b 0.8 mm, and c 1.2 mm

Table 5   Values of the theoretical Rat and Rzt surface roughness 
parameter

Feed f, mm Theoretical Rat, µm Theoreti-
cal Rzt, 
µm

0.08 0.50 2.00
0.1 0.78 3.13
0.12 1.13 4.50
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An analysis of the models obtained and the graphical 
representations of the functions reveals that, in the case of a 
negative insert, the depth of the cut has a greater influence 
on the Ra parameter. The contribution of the ap parameter in 
the model exceeds 35%. On the contrary, for the PS positive 
geometry, the contribution of ap is less than 20%. Addition-
ally, in the Rz model for the PS geometry, the parameter ap 
exhibits an increased P-value, indicating its lower statistical 
significance. Furthermore, when cutting speed and corner 
radius are included in the model, the contribution of cut 
depth is so small that it does not appear in the model [28].

In the models of the Rz roughness parameter, the influ-
ence of the depth of cut is less pronounced in the negative 
geometry 28. The contribution of ap in the model of geom-
etry 28 is just under 16%, with the P-value of the depth 
of cut also elevated. Regardless of the type of geometry 
tested, the forms of the models obtained are similar. The 
models of the Ra and Rz parameters for geometries 28 and 
PS differ primarily in the intensity of the influence of feed 
and depth of cut, as well as their respective values. The 
PS cutting insert has the geometry that generates the low-
est roughness among the tested positive inserts. However, 
both the Ra and Rz parameters across the entire range 
of cutting parameters tested yielded higher values for the 
positive PS geometry than for the negative 28 geometry.

4 � Conclusions

By analysing the variability of the cutting force compo-
nents and basic roughness parameters Ra and Rz of the 
tested positive and negative insert geometries, it can be 
concluded that generally, in turning difficult-to-machine 

alloys such as Inconel, negative inserts are more advanta-
geous, especially those with geometries similar to HRM. 
The HRM geometry provided the lowest cutting force 
among almost all the tested cutting parameters, approxi-
mately 10% lower than that of the other geometries, par-
ticularly with significantly lower active cutting force com-
ponents. Additionally, while ensuring the lowest cutting 
force, the HRM geometry produced surfaces with the low-
est roughness. This suggests that even in the negative insert 
configuration of a turning tool, the blade geometry can be 
shaped to provide the most favourable cutting conditions 
and the best surface quality for difficult-to-machine alloys 
such as Inconel after turning. An additional advantage of 
negative inserts is their double-sided nature, which doubles 
their cost effectiveness compared to that of positive inserts.

The arrangement of negative inserts in the tool holder 
enables and simultaneously enforces the application of 
a negative back rake angle. It has been shown that a 
negative λ angle causes a slight increase in the radial 
component Fr, but its value is four times smaller than 
that of the other components and has a minimal impact 
on the total cutting force F. Moreover, the largest nega-
tive back rake angle λ resulted in the lowest resultant 
cutting force F and the smallest dispersion of the values 
of the force components, indicating the highest stabil-
ity of the cutting process. It has been demonstrated that 
the best machining effect is achieved when the λ angle 
is constant along the entire length of the cutting edge. 
The dominant influence on the feed Ff and tangential 
Ft cutting force components is the effective rake angle 
γ, which should remain constant along the cutting-edge 
length, while the radius of the cutting edge rn has a 
secondary effect. Models developed of cutting force 

Table 6   Experimental models 
of surface roughness parameters

Negative insert VNMG 160404-28 Positive insert VBMT 160,404-PS

Ra = -0.143 + 8.30 f + 0.3308 ap Ra = -0.151 + 10.00 f + 0.2599 ap
Source DF Contr. F-value P-value Source DF Contr. F-value P-value
Model 2 91.80% 33.59 0.001 Model 2 93.14% 40.75 0.000
Linear 2 91.80% 33.59 0.001 Linear 2 93.14% 40.75 0.000
f 1 56.13% 41.08 0.001 f 1 73.32% 64.16 0.000
a p 1 35.67% 26.11 0.002 a p 1 19.83% 17.35 0.006
Error 6 8.20% Error 6 6.86%
Total 8 100.00% Total 8 100.00%
Rz = 1.570 + 32.57 f + 0.734 ap Rz = -0.771 + 50.16 f + 1.768 ap
Source DF Contr. F-value P-value Source DF Contr. F-value P-value
Model 2 93.34% 42.06 0.000 Model 2 92.08% 34.87 0.000
Linear 2 93.34% 42.06 0.000 Linear 2 92.08% 34.87 0.000
f 1 77.59% 69.93 0.000 f 1 61.51% 46.59 0.000
a p 1 15.75% 14.20 0.009 a p 1 30.56% 23.15 0.003
Error 6 6.66% Error 6 7.92%
Total 8 100.00% Total 8 100.00%
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components for selected positive and negative geom-
etries have shown very similar influences of the techno-
logical parameters ap and f on the force values. The main 
difference between the models of the radial force com-
ponent Fr lies in the inclination of the negative insert, 
which results in a negative λ angle.

It has been demonstrated that the radius of the cut-
ting edge rn is a pivotal parameter that affects the sur-
face roughness. The second most influential factor is 
the effective rake angle γ. To achieve the lowest surface 
roughness, it is advisable to employ cutting inserts with 
the smallest possible radius rn and the largest positive 
effective rake angle γ. It has been evidenced that the 
most favourable geometry for minimising roughness can 
be achieved on the cutting insert, regardless of whether 

it is positive or negative. Additionally, among the exam-
ined cutting inserts, the negative geometry yielded the 
lowest roughness, which may indicate an additional posi-
tive effect of a negative lambda angle on surface rough-
ness. Developed models of the Ra and Rz parameters 
have shown that the impact of technological parameters 
on surface roughness remains consistent regardless of 
blade geometry.

The conducted research has demonstrated that utilis-
ing positive inserts for machining Inconel alloys with the 
examined cutting parameters is impractical, primarily 
due to economic reasons. For negative inserts, an optimal 
geometry can be defined, ensuring the attainment of the 
lowest cutting force and surface roughness.

Fig. 14   Graphical representation of models a Ra and c Rz for 28 geometry,and b Ra and d Rz for PS geometry
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