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 Dry friction depends on the surface topography which, in turn, is governed by machining 
parameters in addition to several other factors,. Therefore, in order to establish a qualitative 
relationship among these factors, the surface roughness and coefficient of static friction are 
measured for specimens machined on lathe and shaper machines with different values of 
machining parameters. For the case of lathe, the measured Ra value is found to increase with 
increase in feed rate and depth of cut, whereas, a marginal decrease is observed with increasing 
spindle speed. Similar results with respect to cutting speed have been obtained for the case of 
shaper machine. On the other hand, the coefficient of static friction, measured on steel substrate 
using inclined plane method, is found to decrease with increasing Ra values for both the 
specimen types. 
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1. Introduction 
 

      Mechanical component involving rubbing action between mating surfaces are found extensively in 
all machines involving the transmission of power and/or motion. For longer service lives of such 
components, higher energy efficiency and smooth operation, it is necessary to minimize friction and 
wear.  Therefore, it is important to understand the friction behavior of tribo-pairs and identify the 
various factors that influence the magnitude of friction. According to the classical theories of friction, 
the real area of contact is an important parameter and it is a function of surface roughness for a given 
set of material properties and loading condition. Surface roughness, in turn, is controlled primarily by 
the machining process parameters such as cutting speed, feed rate and depth of cut. Therefore, countless 
theoretical as well as experimental investigations pertaining to the aforesaid areas have been performed 
in the past. Some of the pertinent contributions are discussed in the following text. 
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      Sundaram and Lambert (1981) considered six machining parameters viz. feed rate, cutting speed, 
depth of cut, time of cut, nose radius and type of tool to monitor surface roughness. Selmy et al. (1989) 
studied the influence of surface roughness on different machining parameters such as spindle speed, 
feed rate and depth of cut. Lee and Ren (1996) studied friction, wear and lubrication of contacting 
bodies affected by surface roughness. Lou et al. (1999) reported significant increase in fatigue strength 
due to improvement of surface finish. Davim (2001) highlighted the importance of selecting an 
appropriate combination of cutting speed and feed rate to achieve a desired quality of surface finish. 
Suresh et al. (2002) concluded that genetic algorithms can be applied to determine minimum and 
maximum values of surface roughness and hence, optimum machining conditions. Feng and Wang 
(2002) reported that surface quality influenced the properties like wear resistance and friction of 
machined parts. Kirby et al. (2004) developed a model to predict surface roughness in turning operation. 
Ozel et al. (2007) reported significant enhancement in tool life for the case of low feed rate along with 
low cutting speed. Lan et al. (2008) considered four cutting parameters viz. feed rate, cutting speed, 
depth of cut and nose runoff varied in three levels for predicting the surface roughness of CNC turned 
components. Thamma (2008) reported improved surface finish at high cutting speed, low feed rate and 
small nose radius. Fnides et al. (2008) found that feed rate and flank wear had a great influence on 
surface roughness. Korkut and Donerats (2007) studied the effect of feed rate and cutting speed on the 
cutting force, surface roughness and tool chip contact length. Lalwani et al. (2008) reported negligible 
effect of cutting speed on surface roughness and cutting forces. Silva et al. (2008) reported a reduction 
in the specific cutting force with an increase in cutting speed. Moreover, the surface finish was found 
to be significantly affected by cutting speed – tending to deteriorate with increasing speed. Abdullah et 
al. (2008) performed end milling operation on aluminum platen and found surface roughness to be 
governed predominantly by feed rate.  Reddy et al. (2011) and Rodrigues et al. (2012) also found the 
effect of feed rate on surface roughness to be highly pronounced. While depth of cut had a noteworthy 
influence on cutting force, its effect on surface roughness was quite insignificant. Kumar et al. (2012) 
investigated the effect of spindle speed and feed rate on surface roughness while turning carbon alloy 
steel specimens on a CNC lathe. The five different alloy carbon steels used for turning were SAE 8620, 
EN8, EN19, EN24 and EN47. It was observed that surface roughness increased with increase in feed 
rate and decrease in cutting speed. Das et al. (2013) and Vipindas (2013) reconfirmed that feed rate 
affects surface roughness to the greatest extent.  

    A few studies pertaining to the effect of surface condition on friction are also available in literature. 
For instance, Koura (1980) investigated the effect of surface texture on friction mechanism using a 
universal testing machine. Steel specimens were prepared with different degrees of roughness by 
grinding, lapping and polishing. The results showed that the surfaces and friction characteristics during 
sliding were functions of the degree of roughness Xiao et al. (2003) reported that surface roughness 
significantly influenced friction under some specific running conditions.  

     The foregoing discussion reveals that the issues related to machining process and friction have been 
addressed in an isolated manner without recognizing the underlying interrelationships. However, as the 
prediction of friction still remains a major challenge, it is required to adopt an integrated perspective 
so as to develop a proper understanding of the issues related to friction and its prediction. Furthermore, 
experimental study of dry friction behavior with respect to surface roughness has not received adequate 
attention.    

      In view of the aforesaid facts, the present study aims at demonstrating the interrelationship between 
machining parameters, surface roughness and static friction. This work is intended to be useful for the 
development of an integrated and systematic approach to predict and/or control friction. To serve these 
objectives, engineering surfaces with different levels of surface roughness are obtained by turning and 
shaping mild steel specimens at different values of machining parameters. The coefficient of friction 
for each specimen is measured and conclusions are drawn in the light of the results so obtained. 
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2. Experimental set up and measuring instrument 
 
      The experiments are performed on lathe machine. A high-speed-steel tool is used for machining 
mild steel specimens round in shape. The lathe parameters viz., spindle speed, feed rate and depth of 
cut are varied within the ranges specified in Table 1 so as to study the effect on surface roughness and 
static friction. A high precision and heavy duty shaper machine is also used for other experiments. A 
single point cutting tool is used for machining in shaper machine. Several batches of workpices have 
been machined on shaper at different values of shaper speed and depth of cut as given Table 2.  
 
Table 1. Lathe machine input parameters, symbol and range 

Input parameter Symbol Range
Spindle speed s 325-500 rpm
Feed rate f 0.04-0.16 mm/rev
Depth of cut d 0.4-1.2 mm

 

Table 2. Shaper machine input parameters, symbol and range 
Input parameter Symbol Range 
Shaper speed s 12, 19 and 37 stroke/min 
Depth of cut d 1.0 mm 

 
     The instrument used here for measurement of surface roughness is Surfcom Flex 50 A depicted in 
Fig. 1. The specimen is attached to the detector unit of the Surfcom Flex 50 A, which traces the 
irregularities of the specimen surface and displays the surface profile on a screen. Some of the salient 
specifications of this instrument are listed in Table 3. 
 

 
Fig. 1. Surface roughness tester. 

 
Table 3. Specification of Surfcom Flex 50 A 

Parameters Specification
Measuring range 50 mm
Maximum measuring force 0.75mN
Stylus material Diamond
Stylus tip radius 2 µm
Power source Built- in rechargeable battery

 
3. Effect of machining parameters on surface roughness 

      Mild steel specimens are turned on a lathe using HSS single point cutting tool for eight 
combinations of spindle speed (s), depth of cut (d) and feed rate (f). Machining has also been performed 
on a shaper machine at three different values of cuttig speesd (s). The surface roughness of all the 
workpieces is measured using diamond-tipped stylus profilometer and the corresponding Ra values are 
listed in Tables 4 and 5 for lathe and shaper machines, respectivelly. 
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Table 4. Measured Ra values for different combinations of turning parameters 
Spindle speed (rev/min) Depth of cut (mm) Feed rate (mm/rev) Ra (µm) 

325 
0.4 0.04 2.615 

0.16 6.404 
1.2 0.04 3.938 

0. 4 10.179 

550 
0.4 0.04 2.306 

0.16 4.539 
1.2 0.04 2.559 

0. 4 8.321 

 

Table 5. Measured Ra values for different cutting speeds on shaper 
Cutting speed (stroke/min) Depth of cut (mm) Ra (µm) 

12  
1.0 

6.725 
19 6.379 
37 5.774 

 

      The measured surface roughness profiles are shown from Fig. 2 Fig. 4. It can be seen that under the 
present conditions, the Ra value decreases with increasing cutting speed, whereas, an increase in Ra 
value is observed with increase in depth of cut and feed rate. However, the effect of feed rate on surface 
roughness is the most pronounced as reported in literature. For the case of specimens machined on 
lathe, if Ra is assumed proportional to fa, the exponent a is found to vary between 0.41 and 0.65 under 
the present conditions, whereas, the exponents pertaining to s and d are much smaller. For the case of 
specimens machined on shaper, Ra ∞ s

–b
 , where b ranges between 0.11 and 0.14.  

(a) d =0.4 mm, f =0.04 mm/rev (b) d =0.4 mm, f =0.16 mm/rev 

(c) d =1.2 mm, f =0.04 mm/rev (d) d =1.2 mm, f =0. 4 mm/rev 

 
Fig. 2. Measured surface roughness profiles for specimens turned at s =325 rev/min 
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(a) d =0.4 mm, f =0.04 mm/rev (b) d =0.4 mm, f =0.16 mm/rev 

(c) d =1.2 mm, f =0.04 mm/rev (d) d =1.2 mm, f =0. 4 mm/rev 

 
Fig. 3. Measured surface roughness profiles for specimens turned at s =550 rev/min 

(a) s = 12 strokes/min (b) s = 19 strokes/min 

(c) s = 37 strokes/min 

 

Fig. 4. Measured surface roughness profiles for specimens machined on shaper 
 
4. Effect of machining parameters on static friction coefficient 
 
      In order to investigate the effect of surface roughness and hence, machining parameters on dry 
firction behavior, the coefficient of static friction (μ) is measured for each specimen using inclined 
plane method with steel substrate. Figs. 5(a-d) compare the values of  μ at two different feed rates for 
four combinations of spindle speed and depth of cut. It is quite apparent from these figures that the 
coefficient of friction decreases noticeably with increase in feed rate. Besides, μ is found to decrease 
slightly with increase in depth of cut, whereas, a marginal increase is observed with increase in spindle 
sppeed. Similarly, Fig. 6 compares the coefficient of friction pertaining to the specimens machined on 
shaper at three different cutting speesds. Clearly, it can be seen that the coefficient of static friction 
increases with increasing cutting speed. 
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s= 325 rpm
d= 0.4 mm
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s= 325 rpm
d= 1.2 mm

f (mm/rev)
(b)
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s= 550 rpm
d= 0.4 mm

f (mm/rev)
(c)

0.00 0.05 0.10 0.15 0.20


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0.36

0.38

0.40
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s= 550 rpm
d= 1.2 mm

f (mm/rev)
(d)

-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6



0.32

0.34

0.36

0.38

0.40

0.42

 
Fig. 5. Comparison of measured friction behavior for specimens machined on lathe at different feed 

rates 
      These observations clearly indicate the dependence of static friction on surface roughness. For 
better visualization,  
 

d= 1.0 mm

d = 1.0 mm

s (stroke/min)
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Fig. 6. Comparison of measured friction behavior 
for specimens machined on shaper at different 
cutting speeds 

Fig. 7. Correlation between measured static 
friction coefficient and Ra values 

 
       Fig. 7 plots the μ values against the corresponding Ra values for both the types of specimens 
considere here. It is quite apparnt from Figure  that there is a negative μ correlation between coefficient 
of friction and Ra values. Hence, it may be stated that static friction increases as the surface becomes 
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smoother under the present conditions. This is in consonance with the adhesion theory of friction. 
According to this theory, adhesion occurs between the contacting surfaces and junctions are formed at 
the high spots. Friction is the force required to tear-off these junctions and initiate sliding. Therefore, 
if the surfaces are perfectly smooth, the adhesion will be the strongest and hence, firction will be 
maximum. Now, in order to demonstrate that the coefficient of friction can be expressed as a function 
of the milling process parameters, the following equation has been derived using 23 factorial approach: 
Equation for lathe machine parameters 
 

DFSFSDSDF

SFD

0.01060.0041 0.01140.0012 

0.00210.0253 0.0099 0.3814
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s1, f1, d1 are the minimum values of cutting speed, feed and depth of cut used in this paper.  
s2, f2, d2 are the maximum values of cutting speed, feed and depth of cut used in this paper. 
 
      It can be seen that the magnitude of the coefficient of F is greater than those of D and S. This 
reconfirms the dominance of feed rate over the other two machining parameters. 
 
Equation for shaper machine parameters 
 

58.108 420.24  S  (2)
where S=Stroke/min. 

5. Conclusions 

      Mild steel specimens have been machined on lathe and shaper machines with different values of 
machining parameters and surface roughness is measured using stylus profilometer. For the case of 
specimens machined on lathe, the measured Ra value was found to increase with increase in feed rate 
and depth of cut, whereas, a marginal decrease is observed with increasing spindle speed. However, 
the influence of feed rate was found to be the most pronounced. For the specimens machined on shaper, 
an increase in cutting speed is found to cause noticeable reduction in the measured Ra value. 
Furthermore, the coefficient of static friction was measured on steel substrate using inclined plane 
method. These measurements clearly show a strong negative correlation between the coefficient of 
friction and Ra values for all three cases considered herein. Hence, it has been demonstrated that 
machining parameters can be carefully controlled so as to achieve a desired level of surface roughness 
and also to restrict friction within desired limits. This work is intended to act as a precursor to further 
research aimed at investigating the finer aspects of surface roughness profile that affect dry friction. 
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