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PRODUCED BY LASER CLADDING
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Summary

This paper presents the analysis of tool’s flank wear, and surface roughness generated during turning of
chromium-carbides based on chrome-nickel alloy. The influence of cutting speed and feed per
revolution on the investigated quantities was presented. The TPGN110304F cutting inserts made of
polycrystalline diamond (KD100) were applied in the research. Tool’s flank wear VBc was measured on
the microscope. The surface profiler Hommel Tester T500 was applied to the measurements of surface
roughness (Ra parameter). The machinability valuation of sintered carbide was the primary objective of
the research. It was proved, that the chromium-carbides are difficult to cut materials, therefore, the
application of polycrystalline diamond (PCD) tool is justified.
Keywords: cemented carbide, machinability, tool wear
Zużycie ostrzy z polikrystalicznego diamentu podczas skrawania węglików spiekanych
napawanych laserowo
Streszczenie

W pracy przedstawiono analizę wyników badań procesu toczenia wałka z węglika chromu o osnowie
niklowo-chromowej. Określono wpływ posuwu oraz prędkości skrawania na zużycia ostrza
i chropowatość powierzchni. Stosowano płytki wymienne TPGN110304F z narożem z polikrystalicznego diamentu (KD100). Pomiar szerokości powierzchni starcia na powierzchni przyłożenia VBc
prowadzono za pomocą mikroskopu świetlnego. Do pomiaru chropowatości powierzchni – parametru
Ra użyto profilografometru Hommel Tester T500 z oprogramowaniem TURBO DATAWIN. Celem
prowadzonych badań procesu toczenia wałka z warstwą wierzchnią z węglików spiekanych napawanych laserowo było ustalenie ich skrawalności, w zależności od przyjętego kryterium. Stwierdzono, że
węglik chromu jest materiałem trudno skrawalnym. Zastosowanie ostrzy z polikrystalicznego diamentu
jest uzasadnione.
Słowa kluczowe: węgliki spiekane, skrawalność, zużycie ostrza

1. Introduction
The technology of laser cladding has been developed to improve abrasive
and corrosion resistance, as well as fatigue properties of mechanical parts [1, 2].
Laser cladding is used in the aviation industry, ship building and construction
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vehicles industry. The wear and corrosion properties depend on superficial
properties of the material [3]. In this area, surface modification techniques offer
a solution of some problems. Among the various techniques, laser cladding is
a particularly effective method for improving the surface properties [4-6], and in
addition, precision process control is possible [3].
Laser cladding consists in the use of a high power and high precision heat
source, to create a melt area by simultaneously melting the additive material and
a thin layer of a substrate. Relative motion of the laser beam and the substrate
forms a track from melted material. The track is defined as laser clad. Additive
material occurs in two basic forms – powder and wire. Additive material can be
delivered to the melting area using three methods. The first of these is preplacing powder in the form of slurry on the substrate. The applied slurry is
melted by the laser beam. This method is less flexible than next two methods
and requires extra time for applying additive material before cladding. The
second method is coaxial or side feeding of powder during melting by the laser
beam. The last one is similar to the previous one, but the wire is used instead of
the powder [6].
In the aerospace, space applications, shipbuilding, automotive industry,
laser cladding is applied, wherever specific surface properties are required. Laser
cladding is used in areas, where layer of material with superior properties,
deposited on substrate is indicated or in the case, when material is too expensive
to make the whole part from it. It is often used as a method of regenerating parts
of machines. Application of laser cladding allows for life’s prolongation of
machines’ elements and reduces operational costs by carrying a repair of
damaged, often very expensive, components of machines and mechanisms [4]. It
also enables reconstruction of the original geometry of the part, lost by wear or
working conditions, sometimes layer by layer, forming deposit of considerable
thickness [7].
Cemented carbides are the most popular materials used for cutting tools,
because they are characterised by universality of applications, much higher
working parameters and good tool life. Moreover, taking into account their
durability, they have relative low price [8]. They are not heat treated, because
naturally they are very hard and bonding metal does not undergo phase transition
[9]. Properties of cemented carbide can be changed with the change of chemical
phase composition, change in the concentrations of the components; as well as it
depends on the structure, shape and size of grains. Cemented carbides’ flexural
strength is low, but they have very good compressive strength. Abrasion
resistance is a specific attribute of cemented carbides. It can be controlled by
a regulation of hard carbides [8].
Cemented carbides were firstly used and still are applied, as a tool
materials, but they were also adopted as wear-resistant coatings on sensitive
parts of machines. This results in increased abrasion resistance, such in slide
bearings or as the whole bearings, as well as elements working in high
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temperature, requiring high hardness [8]. They are also used as working tools, as
dies, stamps, forms, or their components, minimizing the occurrence of abrasive
wear, erosion and corrosion [9].
Cemented carbides appeared quite recently in a structural applications, so
they are usually applied as work piece materials. Because of this, the state of art
related to the machining of these materials is insufficient and the machinability
is still not fully understood. Because of high hardness of carbide particles, only
the hardest materials as: cubic boron nitrides (CBN), polycrystalline diamonds
(PCD) and chemical vapour deposition diamonds (CVDD) are required for the
machining of carbides. The machining should be carried out with very low
parameters’ values (depth of cut ap and feed f). Nowadays, the abrasive
machining of very hard materials (include cemented carbides) is successfully
realized, however the machining with tools with defined geometry does not
cause such large stresses in the work piece [10].

2. Range, condition and technique of research
The sintered carbide is used as a work piece material. It consists of 80% of
chromium carbide Cr3C2 based on chrome-nickel alloy NiCr. The cylindrical
shape work piece (98 mm length and 54.5 mm in diameter) was divided into four
zones (Fig. 1). Machining time ts was determined on the basis of known width of
zones. The zone IV was machined with low parameters, when tool’s wear
followed slowly.
The research includes following problems:
• determination of tool’s life after turning of sample with different feeds
and speeds,
• determination of the influence of turning parameters (f, vc) on tool’s flank
wear,
• determination the influence of turning parameters (f, vc) and condition of
tools (VBc) on surface roughness.
The conventional 15 kW turning machine TUR 560 E was applied in
research (Fig. 2). It is characterised by high precision, high stiffness bed and
carriage with low susceptibility to deflection. Applied lathe is equipped with
sealed linear encoder and position display unit (display step is equal 0.5 µm).
Additional apparatus are used to determination of the depth of cut (ap = 0.03
mm).
Machining of the sample was performed at 9 combinations of parameters.
These parameters are shown in Table 1.
The TPGN110304F, Kendex ™ series Kennametal (USA) inserts made
of KD100 synthetic polycrystalline diamond (PCD) were applied.
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Zone IV

Zone III

Zone I

Zone II

Fig. 1. Dimensions of the sample prepared for research
Table 1. Machining parameters applied in the research
Machining parameters – cutting speed vc, m/min and feed f mm/rev
f = 0.04
vc = 20
f = 0.082
vc = 20
f = 0.16
vc = 20

f = 0.04
vc = 45
f = 0.082
vc = 45
f = 0.16
vc = 45

f = 0.04
vc = 90
f = 0.082
vc = 90
f = 0.16
vc = 90

Fig. 2. View of the surface roughness measurement stand
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Tool’s flank wear was measured using workshop microscope with cross
table adjustable by micrometric screws. Investigated tool was inserted and
clamped in the stand. Angle between tool’s face and cross table was 90 degrees.
Surface abrasion corner was parallel to cross table. The VBc parameter value was
measured after turning in each of the zones, until VBc reached 0.28 mm value.
Measurements were performed with an accuracy of 0.1 mm.
Surface roughness was measured by a surface profiler Hommel Tester
T500, in the axis of sample. Measurements were performed after first and last
tool’s passes, when VBc reached 0.28 mm. The measured signals were recorded
with the application of the TURBO DATAWIN software. The surface roughness
was characterized by an average roughness parameter, which was determined
during 6 measurements on the circumference of the sample.

3. Results and discussion

VBc, mm

Received results of research are presented in the form of graphs. In the
following three figures (Fig. 3-Fig. 5) the influence of machining time ts on
tool’s flank wear VBc is shown. Each of the graphs shows the results for different
three cutting speed vc values and for one of the feed f value. Logarithmic scale
was adopted in the graphs to harmonize the results representation and to increase
readability in a small range of time ts.

Time ts, min

Fig. 3. Tool’s flank wear as a function of time for a constant feed f = 0,04 mm/rev
and various cutting speeds vc
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Time ts, min

VBc, mm

Fig. 4. Tool’s flank wear as a function of time for a constant feed f = 0,082 mm/rev
and various cutting speeds vc

Time ts, min

Fig. 5. Tool’s flank wear as a function of time for a constant feed f = 0,16 mm/rev
and variable cutting speeds vc

In Figure 3 the progress of tool wear for feed f = 0.04 mm/rev and different
values of vc is shown. Minimum tool’s life value is achieved for the largest
cutting speed. Maximum tool’s life value is achieved for the lowest cutting
speed. The maximum value of tool’s life is about 130 minutes. Increase from vc
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Parameter Ra, µm

Parameter Ra, µm

= 20 m/min to 45 m/min resulted in a ten times decrease in tool’s life. This
change is very large compared to the small transition of cutting speed.

Cutting speed vc, m/min

Parameter Ra, µm

Cutting speed vc, m/min

Cutting speed vc, m/min

Fig. 6. Comparison of surface roughness Ra parameter values after turning with new cutting edges
VBc = 0.0 mm and worn cutting edges VBc ≈ 0.28 mm, within the range of cutting speeds
vc = 20÷90 m/min and feeds: a) f = 0.04 mm/rev, b) f = 0.082 mm/rev, c) f = 0.16 mm/rev
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Analysis of tool wear for a constant feed f = 0.082 mm/rev with different
machining speeds showed that the largest values of tool life (about 52 minutes)
were obtained for the lowest cutting speed vc = 20 m/min. The lowest tool’s life
value, similarly as in a Fig. 3, was achieved during turning with the greatest
cutting speed. Wear proceeded monotonically, waveforms shown in Fig. 4,
were similar to parabolic curves with a high values of correlation coefficients
R2 = 0.99.
In Figure 5 the progress of tool wear for a maximum feed f = 0.16 mm/ rev
is shown. This graph is similar to the earlier ones, with differences in tool’s life
values. Maximum tool life for f = 0.16 mm/rev is about 24 minutes, therefore the
twofold increase in feed value causes twofold decrease in tool’s life value. It is
worth noting, that for feed values equalled to f = 0.082 mm/rev and f = 0.16
mm/rev and the greatest investigated cutting speed vc = 90 m/min, the tool life
reaches the same values.
Figure 6 depicts the measured surface roughness values of Ra parameter.
Intervals between maximum and minimum obtained values are presented. New
cutting edge is described by VBc = 0.0 mm, and the worn one is described by VBc
≈ 0.28 mm. Each of the graphs presents results of the research before and after
turning with a constant feed value and three different cutting speeds. For small
feeds (f = 0.04 mm/rev and f = 0.082 mm/rev), the Ra parameter is not affected
by the cutting speed and tool’s condition. This results from micro-chipping of
corner’s radius. In the case of feed f = 0.16 mm/rev and all investigated cutting
speeds vc, Ra parameter values are lower after machining with worn edges than
after machining with the new ones. This is the effect of cutting edge’s geometry
variation, caused mainly by an increase of corner’s radius rε value.
In Figure 7, the influence of cutting speed and tool’s flank wear on the
surface roughness is shown. In each of the figures tool’s wear have a similar
form. This is a typical abrasive wear. Adhesive and thermal wear does not occur.
The effect of micro-chipping on generated surface roughness can be clearly
seen.

Conclusions
In the paper, the machinability of sintered carbides was investigated. The
research was focused on the tool’s life and machined surface roughness
valuation. The research results can be applied to the selection of cutting
parameters during the machining of cemented carbides, and can also provide the
basis of further research. The following conclusions are formulated:
• increase in cutting speed vc or/and the feedrate f increases the tool’s wear
intensity,
• tool wear mechanism of polycrystalline diamond tools (PCD) was
typically abrasive without signs of any other type of wear. This means that the
cemented carbide does not react with the material of the tool,
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a)

b)

c)

d)

e)

Fig. 7. The images of worn polycrystalline diamond edges KD100 with flank wear VBC ≈ 0,28 mm
after turning with cutting depth ap = 0.03 mm and: a) vc = 20 m/min, f = 0.082 mm/rev,
b) vc = 20 m/min, f = 0.16 mm/rev, c) vc = 45 m/min, f = 0.082 mm/rev, d) vc = 45 m/min,
f = 0.16 mm/rev, e) vc = 90 m/min, f = 0.082 mm/rev
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• increase of cemented carbide’s turning efficiency should be done by an
increase in feed f, because it has lower impact on tool’s wear intensity than
cutting speed,
• values of surface roughness determined by Ra parameter, indicate that
carbide Cr3C2-NiCr is a material difficult to cut,
• polycrystalline diamond tool’s wear intensity clearly shows, that the
cemented carbide Cr3C2-NiCr is characterized by a very poor machinability.
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