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 Serviceable engineering components not only rely on their bulk material properties but also on 
the design and the characteristics of their surface. These characteristics influence directly the 
surface quality of the machined products. In terms of surface roughness, the influence of the 
tool material can be also caused by its tribological properties, i.e. a contact behavior between 
cutting tool and workpiece. This study presents a formulation of the nominal’s coefficient and 
friction forces generated in machining between workpiece and cutting tool using cutting force 
profiles. The obtained equations led to the evaluation of coefficient, frictional forces and 
cutting inserts characterization in terms of better surface finish and lowest frictional forces. 
Indeed, results show that the contact between cutting tool and workpiece depends on the 
materials cutting tool nature, and that the cutting tool type can influences the surface roughness 
of the machined surface. 
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1. Introduction 
 

       The word tribology is derived from the Greek word ”tribos”, which means “rubbing”. Tribology 
covers the science of friction, lubrication and wear. The study  of  mechanics  of  friction  dates  back  
to  the  sixteenth  century, almost immediately  after  the  establishment  of  Newton’s law of motion. 
It  was  noticed  by  several  authors  that  the  variation  of friction  and  wear  rate  depends  on  the 
interfacial conditions such  as  normal  load,  geometry,  relative  surface  motion,  sliding speed,  
surface  roughness  of  the  rubbing  surfaces,  type  of material,  system  rigidity,  temperature,  stick  
slip,  relative humidity,  lubrication  and  vibration (Archard, 1980; Bhushan, 2013). Because, contact 
surface damages can have various patterns: abrasion, fatigue, ploughing, corrugation, erosion and 
cavitations. Little fundamental understanding into solid mechanics aspects of tribology was gleaned 
until this century when measurements could be taken of surface roughness, and inferences made as to 
the real area of contact between surfaces.  Even the smoothest surfaces are rough on the atomic scale 
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and contact only occurs at the tips of asperity peaks (Bowden & Tabor, 1964). With similarly 
simplistic reasoning (Archard, 1953), a dimensionless wear coefficient K, can be defined, which is a 
wear volume divided by real contact area times sliding distance. If the plastically deformed zone 
below the asperity is the same order as the real contact area, then K represents a ratio of worn volume 
to the plastically deformed zone.  
        

        There are two basic laws of friction. First Law is defined as:  The friction is independent of the 
area of contact between the solids e.g. if one pulls a brick along a table, the friction is the same whether 
the brick is lying flat, or on its side, or standing on its end. Second Law is defined as:  The friction is 
proportional to the load between the surfaces, e.g. if the load is doubled by putting a second brick on 
top of first, the force required to  cause  sliding is twice as great. If a pile of four bricks is used, the 
friction would be four times as great, and so on. Hence for any particular pair of surfaces, the ratio of 
friction per load is constant, and this constant is called the coefficient of friction µ. Hence, µ equals 
frictional force per load. 

       Almost three centuries ago Charles Coulomb (1736-1806) established that kinetic friction does 
not depend on the sliding velocity. Later, more careful experiments showed that this law is only 
approximately valid (Braun & Peyrard, 2011). In addition, (Xu et al. 2014; Byerlee, 1978; Drucker, 
1953), obtained that along with the increased sliding distance, the friction force changed, as its first 
peak was the static friction force and its average values under the steady state were the dynamic 
friction force. The static friction coefficient μs and the dynamic friction coefficient μd were calculated 
as shown in Eq. (1) and Eq. (2): 
 
μs= Fs/Fn ,    (1) 

 

μd = Fd/Fn, (2) 
 

 
where Fs and Fd are the static friction force and the dynamic friction force, respectively, and Fn is the 
normal force. Microscopically,  when  two  rough  surfaces  come  in  contact,  spherical  tip  of  
asperity  would  deform elastically  and  it  will  stick  and  could  weld  at  the  contact  zone  due  to  
inter atomic  adhesive  force  under loading condition. In addition, During slipping, if shearing 
strength at asperity junction is much more than bulk shear strength of one of the surface,  fragment  
of  material  would  be  removed  from  the  softer  surface (Bera, 2013). Lorenz and Persson (2012) 
discussed the origin of static friction. They demonstrated how it can be reduced towards kinetic 
friction by the appropriate design of the sliding system. The basic idea is to use elastically soft solids 
and apply the external forces in such way that different parts of the contacting interface start to slip at 
different times during the (tangential) loading process. In contrast to previous work, (Farkas et al., 
2005) take explicitly into account that the interlocked asperities are characterized by different 
threshold lengths with a probability distribution p(l), normalized as shown in Eq. (3): 
 

න ݈݀(݈)݌ = 1
ஶ

଴
 

(3) 

 

       There is experimental evidence that this distribution is approximately Gaussian, centered on a 
characteristic length. Regarding the cited machining problematic, the main objective of the present 
work is to evaluate the coefficient of friction and frictional forces between cutting tool and workpiece 
when turning of Inconel 718 super alloy with two inserts (ceramic CC6050 and cermet 1525), by 
using the cutting force components profiles. This approach provides a new and simple idea which can 
be used to characterize the contact behavior at the interface of tool and workpiece and estimate the 
physical parameters whose describes this contact such as coefficient of friction, frictional force and 
dissipated energy. This technique can also provide an approach to decide which cutting tool is more 
appropriate for turning a given workpiece. 
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2. Material and Method 

2.1. Mathematical formulations 

       In many experimental investigations (Aouici et al. 2012,  Axinte et al. 2001, de Agustina et al. 
2013, ; Fetecau & Stan 2012,  Totis  & Sortino 2011,  Segreto et al. 2012, Pal et al. 2014, Chinchanikar 
& Choudhury 2013,  Tazehkandi et al. 2014, Bouacha et al. 2010) concerning turning process, the 
cutting force components (Fig.1) , i.e. feed force Fx, thrust force Fy and tangential force Fz are 
expressed in function of the input parameters (cutting speed, feed rate, depth of cut ap, hardness, 
cooling pressure and etc.) as shown in Eq. (4), Eq. (5) and Eq. (6). 

Fx = C01 + ϕ (X1, X2, X3…Xn), (4) 
 

Fy = C02 + ϕ (X1, X2, X3…Xn), (5) 
 

Fz = C03 + ϕ (X1, X2, X3…Xn),    (6) 

where C01, C02 and C03 are the constants and Xi, are the explicative variables. 

 

 

 

 

 

 

 

 
 

Fig.1. Force components when turning operation 

        In the case where only depth of cut ap is considered as variable and all other parameters are kept 
constants, the cutting force components (Fx, Fy and Fz), are written as follow: 

Fx = C1 + ζ (ap),                                                                                                       (7) 
 

Fy = C2 + ζ (ap), (8) 
 

Fz = C3 + ζ (ap).   (9) 
 

        When the depth of cut ap is equal zero we obtain the following equations: 
 
Fx = C1 = Fx0, 
 

(10) 
 

Fy = C2 = Fy0, 
 

(11) 
 

Fz = C3 = Fz0. (12) 
 

        Thus, the tool is considered as a body sliding on the second one (workpiece) without cutting as 
shown in Fig. 2. Consequently, according to Eq. (2), the normal load is the component Fy0, and the 
friction force is the resultant of Fx0 and Fz0 as shown in Eq. (13) and Eq. (14) (Xu et al., 2014; 
Maegawa, 2015; Zhong & Tomanek, 1990). 
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load	݂݁ܿݎ݋ =  , (13)		௬଴ܨ	
Friction force = ඥ(ܨ௫଴)ଶ +  ଶ. (14)(௭଴ܨ)

 
        By substituting the two terms in Eq. (2) the coefficient of dynamic friction can be formalized as 
fellow: 

µௗ =	
ඥ(ܨ௫଴)ଶ + ଶ(௭଴ܨ)

௬଴ܨ
 

(15) 

       So, according to the research cited on the literature (Farkas et al. 2005) and the Eq. (3), the 
obtained coefficient of dynamic friction shown in Eq. (15), can characterize the contact behavior 
between the insert and the workpiece in term of frictional force, and based on this coefficient of 
dynamic friction we can know the quantity of the dissipated energy when turning for new inserts. In 
addition, based on this reflection, it is possible to explain the difference between the roughness 
obtained by machining with different tools. 

 

 

 

 

 

 

 

 
 

 

 

Fig. 2. Normal force (load) and resultant of tangential (friction) forces when turning operation 

2.2 Experimental validations 

      The aim of this experimental work is to investigate the effect of cutting tool material on frictional 
coefficient, frictional forces and surface roughness.  

       In order to reach this objective, cutting speed Vc, feed rate f and depth of cut ap are chosen 
respectively of 140 m/min, 0.08 mm/rev and 0.8 mm respectively. The workpiece material used in 
this study was Inconel 718 having 30 HRC for hardness and the chemical composition: 0.08% for C; 
0.35% for Mn; 0.35% for Sn; 0.015% for P; 0.015% for S; 55% for Ni; 21% for Cr; 1% for Co; 20% 
for Fe; 3.3% for Mo; 1.15% for Ti; 0.15% for Cu; 0.8% for Al; 5.5% for (Cb+Ta).  

       The workpiece geometry is shown in Fig. 3. Machining operations have been achieved with a 6.6 
KW spindle power TOS TRENCIN model SN40C lathe, in dry conditions. Cutting inserts having the 
standard designation (ISO) of SNGN 120408, commercialized by sandvik under (ceramic CC6050 
and cermet 1525). The tool holder used in this experimental study has the standard designation of 
CSBNR2525M12 with following angles: χr = 75°, α = 6°, γ = -6° and λ = -6°. Surface roughness 
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measurements have been obtained directly on the tool machine and without disassembling the 
workpiece using a roughness meter (Surf test 301 Mututoyo).  

 

 

 

 

 

 

 

 

 

Fig. 3. Workpiece geometry and removal volume 

        Concerning cutting forces measuring, tool holder was mounted on a three-component 
piezoelectric dynamometer (Kistler 9257B). The measurement chain included a charge amplifier 
(Kistler 5019B130), data acquisition hardware (A/D 2855A3) and graphical programming 
environment (DYNOWARE 2825A1-1) for data analysis and visualization. 

        Fig. 4 and Fig. 5 show experimental results of cutting force components and its models in form 
of polynomial equation for ceramic CC 6050 and cermet 1525, respectively. The cutting force 
components models for cutting inserts (Ceramic CC 6050) are shown in Eq. (16), Eq. (17) and Eq. 
(18) as fellow: 

Fx (N) =- 1E-12(ap)4+ 8E-09(ap)3-3E-05(ap)2+ 0,049(ap)+14,46                         
R2 = 0.897 

(16) 
 

Fy (N) = 3E-14(ap)4+ 4E-09(ap)3- 2E-05(ap)2+ 0,075(ap)+20,58                          
R2 = 0.989 

(17) 
 

Fz (N) = 2E-12(ap)4-2E-09(ap)3-1E-05(ap)2+0,060(ap)-0,055                                

R2 = 0.925 

(18) 

       Concerning the cutting force components models for cutting insert (Cermet 1525) are shown in 
Eq. (19), Eq. (20) and Eq. (21) as fellow: 

Fx (N)=  - 2E-12(ap)4 + 7E-09(ap)3 – 2E-05(ap)2 + 0,037(ap) + 8,577                 
R2 = 0.897 

(19) 
 

Fy (N) = 2E-12(ap)4 – 3E-09(ap)3 – 6E-06(ap)2 + 0,047(ap) + 13,81                     
R2 = 0.990 

(20) 
 

Fz (N) = 3E-12(ap)4 – 6E-09(ap)3 – 3E-06(ap)2 + 0,041(ap) + 0,061                     
R2 = 0.942 

(21) 

       Basing in Eq. (16), Eq. (17), Eq. (18), Eq. (19), Eq. (20) and Eq. (21), the components Fx0, Fy0 
and Fz0 for Ceramic CC 6050 and Cermet 1525 cutting tools are shown in Table 1.  

D = 62.94 mm d = 62.00 mm 

Minimal depth of 
cut ap= 0.00 mm 

Maximal depth of 
cut ap = 0.47 mm 

Cutting tool 

Feed motion 

L = 10.00 mm 

Removal 
volume 
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       Coefficient of dynamic friction values when turning of Inconel 718 with Ceramic CC 6050 and 
Cermet 1525 cutting tools are calculated according to Eq. (15), and their values are shown in Table 
1. This table shows also the measured surface roughness Ra (µm) after turning for both cutting tool.  

Table 1  
Results of friction forces, coefficient of friction and surface roughness 

Cutting tool Normal and tangential forces Coefficient of friction 
																				µௗ Ra (µm) 

Fx0 (N) Fz0 (N) Fy0 (N) 
Ceramic CC6050 14.46 - 0.055 20.58 0.7026 0.43 

Cermet 1525 8.577 0.061 13.81 0.6210 0.30 
 

       From results shown in Table 1, we can conclude that the increasing in coefficient of friction 
between inserts and machined workpiece led to increasing of measured surface roughness Ra (µm). 
Indeed, obtained µd when turning of Inconel 718 with CC6050 have value of 0.7026 and Ra = 0.43 
µm. On the other hand, µd value is to 0.6210 when turning of Inconel 718 using Cermet 1525 insert 
and 0.30 µm for Ra µm. 

 

Fig. 4. Cutting force components when turning of Inconel 718 with using ceramic CC6050 with 
cutting condition of 140 m/ min for cutting speed Vc and 0.08 mm/rev for feed rate f 

Fx (N) =- 1E-12(ap)4+ 8E-09(ap)3-3E-05(ap)2+ 0,049(ap)+14,46
R² = 0,897

Fy (N) = 3E-14(ap)4+ 4E-09(ap)3- 2E-05(ap)2+ 0,075(ap)+20,58
R² = 0,989

Fz (N) = 2E-12(ap)4-2E-09(ap)3-1E-05(ap)2+0,060(ap)-0,055
R² = 0,925
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Fig. 5. Cutting force components when turning of Inconel 718 with using Cermet 1525 with cutting 
condition of 140 m/ min for cutting speed Vc and 0.08 mm/rev for feed rate f 

3. Conclusions 
 

     This work which involves a formulation of coefficient and frictional forces in turning operation, 
can leads to the following conclusions: 

1. During turning, each new insert is characterized by its own coefficient of friction which depends 
primarily on the machined material. Indeed, Ceramic CC 6050 and Cermet 1525 presents 
different coefficients of friction, with the values of  0.621 when turning of Inconel 718 with 
Cermet 1525 and 0.7026 using Ceramic CC 6050 for turning operation. 

2. The dynamic friction represents the dissipated energy by the tool when turning, which influences 
surface finish. 

3. Increasing of dynamic coefficient of friction led to increase in roughness Ra (µm) of machined 
surface. 

4. The insert (Cermet 1525) having lowest coefficient of friction and better surface roughness than 
(Ceramic CC 6050) insert. 

5. In future, researches are focused in the theoretical formulation and experimental validation of 
coefficient of friction and dissipated energy for worn inserts when turning. 
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      Regarding the current research, the new approach proposed can be considered as a powerful and 
can offer to scientific researcher’s as well industrial metalworking a helpful to evaluate friction 
coefficient and frictional forces and characterizes given inserts more appropriate for turning.  
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