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Abstract. The article presents analysis of influence of the type of cutting blades
made of composite materials based on cubic boron nitride (CBN) on the selected
parameters of chip formation process during finish turning of hardened tool steels:
Sverker21® (SV21) alloy steel and Vanadis 4 EXTRA SuperClean® (V4) powder
metallurgy steel. The analysis showed smaller value of the average chip thickening
coefficient Kh and friction coefficientμ after machining of V4 powder metallurgy
steel by all tested blades, and over the entire range of the studied tool feed rates,
as compared with SV21 alloy steel. The value of the sliding angle � was found
to be smaller for all studied variables during machining of SV21 alloy steel. The
highest intensity of changes in the values of all studied parameters was found for
uncoated blades 7025 during machining of V4 powder metallurgy steel.
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1 Introduction

Environmentally clean technologies are usedmore andmore often in the industrialmanu-
facture ofmachine parts [1]. The aspects related to ecology in a broad sense that influence
decisions regarding the choice of optimal production methods, as well as issues related
to energy efficiency of the process and minimization of the amount of waste generated
during the production process, directly affect the cost efficiency of the production pro-
cess [2–4]. Powder metallurgy (P/M) is one of the most rapidly developing areas related
to manufacturing technologies and finds application, in particular, in aviation, automo-
tive, tool, and machine industries. Smaller energy consumption and formation of less
quantity of waste result in cost efficiency of its use as compared to traditional methods of
manufacturing semi-finished products [5, 6], and also comply with the accepted global
trends of environment friendliness [7].

Steadily growing interest is observed in recent years in regard to using powder
metallurgy tool steel in different industries, primarily due to the well-defined chemical
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composition and high purity of this type of material [8, 9]. According to Erden et al.
[10], P/M steels are characterized by improved microstructure properties as compared to
conventional steels from the point of view of the most uniform distribution of carbides in
the base material, as well as finer grain size. Even greater opportunities for application
of P/M steels are also seen due to their high mechanical strength and wear resistance.

The problem with components made of P/M steel is their low machinability [8].
Machinability is a concept that is difficult to define, and it means the set of measurable
quantitative and qualitative parameters which analysis indicates feasibility of machining
the material [11].

Machinability of P/M steel is regarded as low, comparable to machinability of forg-
ings [8, 11]. This leads to more rapid wear of cutting tools, resulting in lower economic
efficiency of machining of this group of materials. The two most debated aspects of low
machinability of P/M steel relate to its low thermal conductivity due to porous structure,
as well as repetitive micro-strikes of the blade against the material being processed—the
lack of continuity of structure results in “quasi-interruption” of cutting. Low thermal con-
ductivity of the processedmaterial causes high temperatures in the cutting area, affecting
the cutting blade and leading to its rapid wear. Micro-strikes of the blade against the
processed material can cause cracks on the used protective coating and its rapid abrasive
wear, resulting in increase of the final cost of manufactured finished parts [1]. According
to Obikawa et al. [1], Salak et al. [12], this is one of the reasons for the still low pop-
ularity of these materials in production. The mentioned “quasi-interruption” of cutting
can, however, be a reason for obtaining advantageous shapes of chips as compared to
machining of traditional materials.

The described aspects necessitate the application for processing of P/M steel of tools
with substantially high durability and resistance to abrasive wear. These include, first
of all, cutting blades made of polycrystalline cubic boron nitride (PCBN), which show
very high efficiency in terms of their high strength, resistance to oxidation [13, 14],
good thermal conductivity, and resistance to temperatures up to 1500 °C [15]. They are
also chemically neutral in regard to iron and iron alloys, and chemically stable at high
temperatures [16], what makes possible to use them in highly efficient processing of
P/M steel. Tools made of PCBN are divided into two groups: the so-called BL group
with low percentage of crystalline boron nitride (CBN) in the blade material (40–70%),
and the so-called HL group with high, above 70%, CBN content [14, 16].

Machining of “hard” materials, that is, having hardness above 45 HRC according to
[17, 18], is performed using dedicated cutting tools, which include tools made of PCBN.
“Hard machining” of materials entails, in particular, reducing the time for preparation
and manufacturing process, as well as increasing the efficiency of machining, which
results in noticeable economic benefits. Moreover, these benefits are further increased
due to no need for use of metal working fluids during machining, what makes this type
of machining environmentally friendly [2, 17].

The use of protective coatings on the cutting blades (PVD or CVD) allows more
efficient machining of P/M steels [17, 19]. Tools with coating compared to tools without
coating are characterized by higher permissible mechanical and thermal load, reduced
friction between the tool and the chip, and increased wear resistance of the blade in a
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wide temperature range in the area of the contact of the cutting edge with the processed
material [20].

The objective of this study was a comparative analysis of the effect of cutting blades
made of PCBN with coating and without coating on the characteristics and selected
parameters of chips after finish turning of improved tool steel: P/M steel and alloy steel.

2 Experimental Approach

2.1 Workpiece Materials

The following high-carbon tool steels were used in the research: P/M steel Vanadis®

4 Extra SuperClean (hereinafter: V4; C ~ 1.4%, Si ~ 0.4%, Mn ~ 0.4%, Cr ~ 4.7%,
Mo ~ 3.5%, V ~ 3.7%), and alloy steel Sverker® 21 (hereinafter: SV21; C ~ 1.55%,
Si ~ 0.3%, Mn ~ 0.4%, Cr ~ 11.3%, Mo ~ 0.8%, V ~ 0.8%). Samples in the form of
rollers with dimensions ø= 50 mm, l = 20 mmwere subjected to the process of thermal
improvement according to the requirements of themanufacturer of both steels, providing
hardness 60 ± 2 HRC. In case of P/M steel V4, the resulting structure is characterized
by the presence of small carbide particles uniformly distributed in the base (Fig. 1b).
While for alloy steel SV21, the resulting structure is characterized by presence of large
primary carbide particles and small secondary carbide particles formed during tempering
(Fig. 1a).

Fig. 1. Structure of heat-treated alloy steel SV21 (a) and P/M steel V4 (b).

2.2 Investigation Method and Tools

Machining was done with the following cutting parameters: V c = 160 m/min, ap =
0.2 mm, f 1–5 =0.05; 0.075; 0.1; 0.125; 0.15 mm/rev. The cutter PDJNR2020K11 (κr =
93°, α = 6°, γ = −6°) with replaceable plates DNGA 110408 (rε = 0.8 mm) was used
in the study. Dry machining was performed. Machining was done using new cutting
blades for each variable. Characteristics of the cutting blades are presented in Table 1.

Scanning microscope JEOL JSM-6400 was used for metallographic studies. The
chip thickness was measured ten times using ball micrometer with a measuring error of
±0.004 mm.
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Table 1. Characteristics of the cutting blades taken for the study

Material type CBN 7025 CBN 7015 CBN 020

Machining type Continuous and semi
interrupted

Continuous Continuous

PCBN structure 60% CBN (1.3 μm)
in ceramic binder

50% CBN in ceramic
binder

50% CBN in ceramic
binder

Coating NONE TiN TiAlN

Chamfer BN = 0.1 mm
GB = 20°

BN = 0.1 mm
GB = 30°

BN = 0.13 mm
GB = 25°

Cutting edge radius
(rn)a

21.7 μm 17.17 μm 25.26 μm

aAverage of 3 measurements

3 Results and Discussion

3.1 Chip Shape

Change of the chip shape during machining of alloy steel SV21 (a) and P/M steel V4
(b) depending on the type of cutting blade and feed rate f is shown in Fig. 2.

Fig. 2. Chip shape depending on the type of cutting blade and feed rate f for: a SV21; b V4.

Analysis of changes in chip characteristics during turning of both materials (Fig. 2)
shows that the shape of chips is more advantageous in case of machining P/M steel
V4. For this material, the range of feed rate f for which the chip is obtained as short
spirals or separate short fragments is large and applies to all studied cutting blades at
feed rate above 0.1 [mm/rev.]. Such chip shape, according to [21], is easy to remove
from the cutting area and does not damage the surface of the machined material during
machining. In case of alloy steel SV21, advantageous shape of chips was obtained during
machining using the bladeMBC020 at feed rate f = 0.05 and 0.075 [mm/rev.], and using
the blades 7015 and 7025 during machining at feed rate f = 0.15 [mm/rev.]. The least
advantageous shape of chips in the form of long spirals, strips, or long straight segments
was obtained mainly during machining of P/M steel V4 at feed rate below 0.1 [mm/rev.]
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and during machining of alloy steel SV21 using the blades 7015 and 7025 at feed rate
below 0.15 [mm/rev.], and for the blade MBC020 during machining at feed rate above
0.075 [mm/rev.]. Such chip shape can damage themachined surface, resulting in increase
of surface roughness and change of performance properties.

3.2 Characteristics of the Chip Formation Zone

The main parameters describing the process of chip formation include:

• Average chip thickening coefficient Kh, determining the speed of the chip along the
surface of the blade advance,

• Sliding angle � determining the changes occurring on the surface of the material and
tool wear,

• Coefficient of friction μ on the rake face determining, in particular, temperature in
the cutting area.

Figure 3, 4 and 5 shows in succession the values of coefficient Kh, sliding angle �,
and coefficient μ during machining of alloy steel SV21 (a) and P/M steel V4 (b).

Fig. 3. Values of average chip thickening coefficient Kh depending on the cutting blade and feed
rate f for: a SV21; b V4.

The smallest value of average chip thickening coefficient Kh over the entire range
of studied feed rates f and for all studied cutting blades was obtained during machining
of P/M steel V4 (Fig. 3b). Depending on the value of feed rate f , it was, at the average,
by 10–26% smaller than during machining of alloy steel Sv21 (Fig. 3a). The smallest
change in the intensity of the analyzed parameter depending on the increase of feed
rate f for P/M steel V4 was obtained during turning by blades 7015 coated with TiN,
the largest change—during machining by uncoated blades 7025. For SV21 material, the
intensity of change in the value of this parameter depending on increase of feed rate f
was similar for all types of blades.

The smallest value of sliding angle � over the entire range of studied feed rates f
and for all studied types of the cutting blade was obtained for machining of alloy steel
SV21 (Fig. 4a). Depending on feed rate f , it was, at the average, by 6–24% smaller as
compared to machining of P/M steel V4 (Fig. 4b). The smallest change in the intensity
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Fig. 4. Value of sliding angle � depending on the type of the cutting blade and feed rate f for:
a SV21; b V4.

Fig. 5. Value of the friction coefficient μ depending on the type of the cutting blade and feed rate
f for: a SV21; b V4.

of the analyzed parameter depending on the increase of feed rate f for P/M steel V4 was
obtained during turning by blades MBC020 coated with TiAlN, the largest change—
during machining by uncoated blades 7025. For SV21 material, the intensity of change
in the value of this parameter depending on increase of feed rate f was similar for all
types of blades.

The smallest value of friction coefficient μ over the entire range of studied feed
rates f and for all studied cutting blades was obtained during machining of P/M steel
V4 (Fig. 5b). Depending on the value of feed rate f , it was, at the average, by 10–28%
smaller than during machining of alloy steel SV21 (Fig. 5a). The smallest change in
the intensity of the analyzed parameter depending on the increase of feed rate f for
P/M steel V4 was obtained during turning by blades 7015 coated with TiN, the largest
change—during machining by uncoated blades 7025. For SV21 material, the intensity
of change in the value of this parameter depending on increase of feed rate f was similar
for all types of blades.
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4 Conclusions

Basing on the analysis performed, the authors formulated the following conclusions:

• The most advantageous shape of chips is obtained during machining of P/M steel V4
at feed rate f in the range of 0.1–0.15 [mm/rev.] regardless of the type of cutting blade
used.

• The value of average chip thickening coefficient Kh and friction coefficient μ over
the entire range of studied feed rate and for all types of studied cutting blades was the
smallest during machining of P/M steel V4.

• The smallest value of sliding angle � over the entire range of studied feed rate and
for all types of studied cutting blades was obtained during machining of alloy steel
SV21.

• The largest intensity of change of the values of studied parameters was obtained for
uncoated blades 7025 during machining of P/M steel V4.
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