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Abstract. Due to their excellent biocompatibility and mechanical
properties, the use of Co-Cr based alloys in medical applications has
increased substantially. An important characteristic of the medical implants
is their surface quality, this being a significant constraint when machining
this kind of products. The aim of this paper is to present a research
conducted in order to determine and expose the influence of turning cutting
parameters on the surface roughness of a CoCrWNi alloy.

1 Introduction
The synthetic materials used to manufacture parts which can augment or replace the
function of a living system component are called biomaterials. These synthetic materials
can be metallic, ceramic, polymeric or composite [1, 2]. The requirements imposed to a
certain material in order to be used for manufacturing human body implants are related to
its corrosion and fatigue resistance, biocompatibility, osseointegration, modulus of
elasticity, machinability and availability [1, 3]. The metals which comply with these
requirements are stainless steels, titanium and titanium alloys, cobalt-chromium alloys,
magnesium alloys, tantalum and nickel-titanium alloys - shape memory alloys [1, 3, 4].
The osseointegration property of the implants is very closely related to their surface
quality [5], obtaining a good surface quality being very important for the implant
functionality and for its integration with the body tissue [4, 5, 6]. When talking about
machined surfaces, the factors that influence their quality the most are: the material
characteristics, the tool geometry, the cutting parameters and the lubrication fluid [7, 8].
Lately, Co-Cr based alloys are gaining popularity in medical and aerospace
applications, mostly because of their good mechanical properties – high resistance to wear,
good corrosion resistance, high hardness, heat resistance – and their biocompatibility [4, 7].
The Co-Cr based alloys recommended to be used in medical applications are: CoCrMo
alloy, CoCrWNi alloy, CoNiCrMo alloy and CoNiCrMoWFe alloy [1, 8]. Machining these
alloys is still facing challenges and difficulties due to their high strength, wear resistance
and toughness [4, 6, 8].
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2 Objective and research program
The main objective of the research presented in this paper is to study the influence of
certain cutting regime parameters – depth of cut, feed rate, and cutting speed – upon the
surface quality of a CoCrWNi alloy when dry turning using TiAlN PVD coated inserts.
The research program has been structured as follows: determining some effective
defining characteristics of the CoCrWNi alloy (chemical composition, hardness), defining
the cutting regime parameters, preparation of the material samples, samples processing (dry
longitudinal turning), roughness measurement (Ra parameter), data registration and
processing using a special software, drawing the influence charts of each cutting parameter
upon surface roughness and presenting conclusions.

3 Physical experiment details
In this section, general information regarding the effective characteristics of the material
and the processing experiment in terms of input, technological system elements, process
and registration of the experimental data will be presented.
3.1 Material characteristics
Because the chemical composition and the mechanical properties of the blank material –
especially its hardness – have a major influence in the cutting process, it was decided to
determine the effective values of these properties in order to define the cutting regime
parameters within the experimental program. The CoCrWNi alloy standard required and the
effective chemical composition are shown in Table 1 and its effective hardness values are
shown in Table 2.
Table 1. Chemical composition of CoCrWNi alloy [1, 9].
Chemical
element

Standard
requirements (%)

Effective
values (%)

Cr

19 – 21

19.68

Ni

9 – 11

10.13

Fe

max. 3

2.11

C

0.05 – 0.15

0.09

Si

max. 1

0.72

Mn

max. 2

1.04

W

14 – 16

15.1

P

max. 0.04

0.015

S

max. 0.03

0.022

Co

Balanced

Balanced

Table 2. Effective hardness of CoCrWNi samples.
Variation range (HRC)

Average value (HRC)

35 – 37.7

36.35
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3.2 Experiment setup
The experimental conditions are as follows:
• Machine tool: SN 320 precision lathe.
• Cutting tool: PCLNR 2525M-12X-JHP lever lock tool (see Figure 1.a) with rhombic
CNMG 120404-VL TiAlN PVD coated inserts (see Figure 1.b).
• Processing type: dry longitudinal turning.
• Workpiece(s): CoCrWNi samples.
• Cutting parameters: depth of cut, ap, feed rate, f, and cutting speed, vc (see Table 3).
• Roughness tester: Insize ISR-C002 with special software for data registration and
processing.

Fig. 1. Lever lock tool (a) and cutting insert (b) geometrical characteristics [10, 11].
Table 3. Ranges of the cutting regime parameters.
Depth of cut, ap (mm)

Feed rate, f (mm/rev)

Cutting speed, vc (m/min)

0.25 - 0.50

0.03 - 0.07

20 - 32

3.3 Experimental data
Under the presented experimental conditions, thirteen processing experiments were
conducted (E1÷E13). After processing each sample, the Ra roughness parameter for the
machined surface was measured. The parameters used for the measurements are presented
in Table 4.
Table 4. Parameters used for roughness measurements.
Cut-off value
λc (mm)

Evaluation length
Lt (mm)

Range (µm)

Filter

0.8

4

± 20

Gaussian

Registered results were transferred to the roughness tester software where profile and
roughness curves and also other roughness parameters are developed (see Figs. 2 and 3).
The performed processing experiments (E1÷E13) revealed that the Ra maximum values
belong to the following interval: Ra Є [0.738; 1.206] μm.
The cutting parameters used during processing and the values of the measured Ra
roughness parameter associated with the experimental cases are shown in Table 5.
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Fig. 2. Profile curve for E13 experimental case.

Fig. 3. Roughness parameters and roughness curve for E13 experimental case.
Table 5. Cutting data and measured Ra roughness parameter.

0.375
0.03

0.04

0.05

0.06

Cutting speed
vc, (m/min)

E6

E7

0.25

0.3

E8

E9

E10

0.375 0.4

0.5

0,07

1.082

0.957

0.942

0.929

1.035

0.942

0.913

E11

E12

E13

0.375

0.05

25
0.778

Ra parameter (μm)

E5

0.915

Feed rate
f (mm/rev)

E4

20

25

32
0.738

Depth of cut
ap (mm)

E3

0.942

E2

1.189

E1

1.206

Exp. no.

4 Results processing
The variation of the Ra roughness parameter in relation to the cutting regime parameters
considered for the experimental research – feed rate, f, depth of cut, ap, and cutting speed,
vc, – is shown in figures 4-6.
4
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Fig. 4. Variation of surface roughness, Ra, in relation to the feed rate, f.

Fig. 5. Variation of surface roughness, Ra, in relation to the depth of cut, ap.

Fig. 6. Variation of surface roughness, Ra, in relation to the cutting speed, vc.

After the analysis of the Ra variation graphs, it can be determined that the influence of
each cutting parameter on the Ra roughness parameter value, when the other parameters are
constant, is: the surface roughness increases by 55.01% when the feed increases by 133.3%;
the surface roughness increases by 18.25% when the depth of cut increases by 100%; the
surface roughness decreases by 38.89% when the cutting speed increases by 60%.
5
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6 Conclusions
This research paper presents an experimental investigation on the influence of cutting
regime parameters upon surface roughness when dry turning a CoCrWNi alloy, made in
order to complete the existing studies on the machinability of this alloy.
The Ra roughness parameter value is increasing with the growth of the feed rate and
depth of cut cutting parameters and is decreasing with the growth of the cutting speed
parameter. The highest influence on surface roughness is exerted by the feed rate: 55.01%
when the feed rate increases by 133.3% and 33.03% when the feed rate increases by 100%.
The lowest influence on surface roughness is exerted by the depth of cut: 18.25% when ap
increases by 100% and the highest modification (growth of 13.6%) occurs when ap grows
from 0.4 to 0.5 mm; nevertheless this parameter has a low influence on surface roughness.
Similar to other machining processes, the surface quality increases when the cutting
speed increase and decreases when the feed rate and depth of cut parameters increase. The
cutting parameters taken into account for this experimental research have a nonlinear
influence on the Ra surface roughness parameter.
Further research will consist in the development of a roughness parameter (Ra)
prediction model for dry longitudinal turning of the analysed alloy, a model which can be
used in the industrial area for establishing the necessary cutting data in order to obtain a
certain surface quality.
This work has been funded by University POLITEHNICA of Bucharest, through the “Excellence
Research Grants” Program, UPB – GEX 2017. Identifier: UPB-GEX 2017, “Machinability analysis of
some metallic biomaterials”, ctr. no. 51/25.09.2017.
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