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Abstract

Lubricity of cutting fluids is assessed by (i) Rubbing tests and (ii) Chip generation tests. In a rubbing test, there is very little possibility 
of exploring the behavior of the fluid on a nascent surface. Any method which aims to assess the lubricity of cutting fluids should be 
such that it tests the tribological properties on the nascent surface generated by cutting. Conventional tribological equipments like a 
scratch tester, pin-on-disk apparatus or a four-ball tester may not be successful in satisfying this criterion. A unique tribometer which 
can perform friction testing on freshly cut surfaces has been developed for experimental investigation. The lathe tribometer is set up that 
constitutes a cutting tool and a pin setup. The pin is independent of the tool and it is placed just below the cutting tool to ensure proper 
contact required to measure the component of the forces during the machining operation. The major advantage of the lathe tribometer 
is that it is portable and it can be used in the real-time machining operation. When the lathe tribometer is fixed on the lathe the spring 
in the tribometer is compressed against which the normal force is measured. The friction force comes into play when the workpiece is 
rotated against the tool in contact which is measured by the load cell in position. A cutting fluid (Green cutting fluid) developed in our 
lab and commercially available cutting fluids (CCF) were used for the experiments. Green cutting fluid (GCF) gave better machining 
performance in terms of COF and Roughness measurement at the 400 rpm speed (COF and Ra of GCF and CCF1 were 2.5/1.07 and 2.7/1.24 
respectively). The performance of GCF was reliable and competent with cutting speed change. Thus the observations from the study 
provide an upshot for analysis, further study, and improvement of tribometer and green cutting fluid.
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1	 Introduction

Most of the lubricants, although not all, are liquids. Liquid 
lubricant designed for processes, such as machining and 
stamping, is known as cutting fluid (CF) or metal working fluid 
(MWF). It is a blend of oil, emulsifier, and additives mostly 
derived from petroleum products. Metal cutting fluids or 
coolants are used in manufacturing industries to keep the work 
zone at a stable temperature, to lubricate chip-tool interface 
and to flush away chips [1]. Several types of cutting fluids are 
available commercially, which include neat cutting oil, water-
soluble cutting fluids, synthetic, and semi- synthetic cutting 
fluids [2]. There are several economic advantages of using 
cutting fluids such as: (i) reduction in tool costs as tool life 
increases by reducing tool wear (ii) increase in production rate 
as cutting fluids reduce heat and friction between tool and work 
piece enabling lesser depth of cut or higher speed of cutting 

(iii) avoiding Built Up Edge (BUE) formation, thus reducing 
downtime and regrinding of tools, which reduces labor and 
power costs.

In general, the performance of MWFs is evaluated either by 
using conventional rubbing tests using tribological equipment 
or by the chip generation tests using tapping torque, lathe or 
drilling machine [3]. Rubbing tests are friction tests conducted 
on any of the conventional tribological equipments, and chip 
generation tests are tests done with an actual cutting operation. 
In a rubbing test, there is very little possibility of exploring 
the behaviour of the fluid on a nascent surface. The most 
common chip generation test is the lathe test, which uses an 
instrumented lathe to measure the forces during a cutting 
operation. These forces are then used to calculate the coefficient 
of friction based on a model which expresses the coefficient of 
friction for example, the Merchant circle diagram [4, 5] in terms 
of the forces measured. The use of such models in assessing 
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friction during metal cutting has been debated [6]. Friction 
during metal cutting is not restricted to the interactions between 
the chip and the tool [7, 8]. Schematic representation of Chip 
flow and forces acting during metal cutting operation is shown 
in Fig. 1, where F is the frictional force, Fs the shear force, Fc 

the cutting force, Ft the thrust force, Fn is the normal force to 
the shear force, R is the resultant force, β is the friction angle 
and α is the rake angle of the tool associated with machining 
operations. Here the frictional force is determined indirectly by 
measuring the cutting force and thrust force during machining, 
using geometrical or empirical relations. Thus the calculated 
frictional force can be much different from the actual value. 

It can be seen that in a metal cutting operation nascent 
surfaces get generated and sliding occurs between the newly 
generated surface against the cutting tool in the presence of 
a MWFs. The formation of a chemically bound interfacial 
film on the cut surface is considered to govern the lubricity 
under cutting conditions. The conventional testing methods 
limited scope in exploring the behaviour of the fluid on 
nascent surfaces. It can be seen that most of the previous work 
the performance of MWF was evaluated by conventional 
tribological tools. 

In order to overcome this difficulty a new equipment called 
“tool chip tribometer” was used, where the experiments were 
done by carrying out cutting process inside a tank containing 
a pool of the cutting fluid and friction force was measured in-
situ [9]. Here the tool chip tribometer performs sliding tests 
on freshly cut surfaces generated inside a pool of the metal 
cutting fluid. The cut track is generated by engaging a knife-
edged tool against a rotating disc immersed in the pool, and 
a separate pin with ball attached to it slides on the cut surface 
so generated. The friction between this ball pin and the 
newly reacted layer is found [10]. Few drawbacks of tool chip 
tribometer is that, it needs special sample preparation (disc, 
pin etc) and setting time is around an hour for conducting one 
experiment, further cutting operation is performed with parting 
tool in submerged condition. But actual machining operation 
uses single point cutting tool and involves flushing of cutting 
fluid to the machining zone. The present work demonstrates a 
new design to evaluate friction on a nascent surface following 
the same methodology of tool chip tribometer. In this work a 
portable- modular lathe tribometer is developed overcoming 
the drawbacks of tool chip tribometer to evaluate the efficiency 
of cutting fluids in machining. Further, its performance was 

tested on a highly stable coconut oil based MWF termed as GCF 
[11] and two commercial cutting fluids CCF1 and CCF2. All 
these cutting fluids used for testing are oil in water emulsion in 
the ratio 1: 20. 

2	 Lathe tribometer

A unique tribometer which can perform friction testing 
on freshly cut surfaces has been developed for experimental 
investigation. A few drawbacks of tool chip tribometer such 
as cutting in flooded condition, introducing oblique cutting 
etc are addressed with the newly developed novel tribometer. 
Schematic representation of lathe tribometer is given in Fig. 2. In 
this paper we propose a new lathe tribometer. While this paper 
illustrates the design and development of Lathe tribometer 
overcoming the few drawbacks of tool chip tribometer (TCT) 
[12], it also discusses how the technique can be adopted to 
measure friction during lathe turning operation. 

3	 Principle of operation and experimental setup

A new method to evaluate the ability of MWFs in forming 
lubricious layers during metal cutting was designed and 
developed to result in a new tribological set-up called Lathe 
Tribometer (LT). This tribometer measures friction in situ by 
means of a pin placed in close proximity to the cutting tool in 
a lathe and would slide against the new surface generated by 
the tool. During metal cutting with the MWF supply on, the 
tangential and normal forces acting on this pin is measured 
by suitable instrumentation, which are used to evaluate the 
coefficient of friction. 

The tribometer can be fixed to a lathe tool post holder. 
The surface that needs to be tested is mounted on the chuck 
of the lathe. A carbide insert tool will cut the material and 
generate a new surface. The friction measuring pins are made of 
carbide. The surface profile of the pin (6 mm spherical radius) 
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Fig. 1 Schematic representation of chip flow and forces acting 
during metal cutting operation
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(1) fixed part to be fixed on to lathe tool post, (2) slider for compressing the 
spring, (3) moving sensor holding part, (4) pivot with bearing, (5) load cell I 
(LCI), (6) Insert tool, (7) chip flow, (8) Spring, (9) load cell II (LCII), (10) 
screw, (11) pin and (12) cylindrical specimen/workpiece

Fig. 2 A) Developed lathe tribometer, B) Schematic diagram of 
the lathe tribometer rig
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is machined to form a sphere. The surface thus generated 
gets rubbed by the pin. The friction between the cut surface 
and the spherical pin is measured, with the pin positioned 19 
mm below the cutting tool insert. The friction pin is mounted 
on block which is pivoted on bearings and the tractional 
resistance experienced by the arm due to friction at the pin 
work piece interface is measured by a load cell [LCII]. The pin 
can move in and out horizontally. Normal force on the pin-
workpiece interface can be applied by adjusting a screw-spring 
mechanism, which in turn gets measured using another load 
cell [LCI]. Normal load can be varied from 0 to 50 N.

The location of the pin is not exactly on the axis centre. 
Therefore, conversion of the measured force to the actual 
force for normal and frictional force has to be done. Further, 
this sets a limit to the minimum diameter (75 mm or more) 
of the workpiece that can be tested with this design. Figure 3 
shows the free body diagram of actual forces acting between 
pin workpiece interface and the calculations to be used in 
calculating normal force (N) and frictional force (Ff). 

Frictional force [Ff]
Normal Force [N]
r = Radius of workpiece (known)
H = distance between tool and pin (known)
Sinθ = H/r; Hence θ also known
Fm will be frictional force measured from load cell II [LCII]
L will be normal force input measured from load cell I [LCI]
Coefficient of Friction µ = Ff /N

FL. a = Fm. b
FL = Fm. b/a
Equilibrium equation
Ff Cosθ + FL – N Sinθ = 0	 (1)
Ff Sinθ – L + N Cosθ = 0	 (2)

Multiply by Cosθ and Sinθ to the above Eqs. (1) and (2) to 
get Eqs. (3)-(6).
Ff Cos2θ + FL Cosθ – N SinθCosθ = 0	 (3)
Ff Sin2θ – L Sinθ + N sinθCosθ = 0	 (4)
Add 3 & 4
Ff + FL Cosθ – L Sinθ = 0
Frictional Force [Ff ] = L Sinθ – [Fm. b/a] Cosθ	 (A)

Similarly, 
Ff SinθCosθ + FL Sinθ – N sin2θ = 0	 (5)
–Ff CosθSinθ + L Cosθ – N Cos2θ = 0	 (6)
Add 5 & 6
FL Sinθ + L Cosθ – N = 0
Normal Force [N] = [Fm. b/a] Sinθ + L Cosθ	 (B)

Equations (A) and (B) gives the actual Frictional force 
and Normal force, In turn we can calculate the coefficient of 
friction associated with the pin rubbing on the newly generated 
surface while machining. Specifications of the tribometer and 
Machining Parameters to evaluate machining performance of 
cutting fluids are as given in Tables 1 and 2 respectively. To 
study the performance of lathe tribometer machining test was 
done for dry, green cutting fluid [GCF] and two commercial 
cutting fluids [CCF1 and CCF2]. Properties of the cutting fluid/
emulsion samples are given in Table 3. The parameters that are 
measured are (i) the frictional force acting on the pin (ii) the 
normal force applied. Load cell used in the lathe Tribometer 
is S type load cell with full bridge (Make: Sensortronics, 

India, Range: 0-5 kg). The full bridge arrangement makes the 
system more sensitive. In this type, two strain gauges are used 
for tension and two for compression. The spring used at the 
bottom provides restoring force which is normal force. With 
Newton’s third law of motion, this normal force is equal and 
opposite to the reaction force while in operation. This reaction is 
measured by the load cell. Another load cell is used to measure 
the frictional force during the machining operation. The ratio 
of frictional force to the normal force gives the coefficient of 
friction. Output from the sensors passes through a low pass 
filter and a signal conditioner before the analogue to digital 
(A/D converter) conversion. An Emant 300 data acquisition 
module then sends this data for display as well as for recording 
in a PC. Data logging at a rate of ten data points per second 
was employed. Preliminary experiments were conducted in 
the test-rig to establish the reliability of the system to perform 
tribological tests. Calibration done for the two load cells is 
given in Fig. 4. The load cell was loaded from 1 N to 30 N, in 
increments. It can be seen that the measured force varies with 

Fig. 3 Free body diagram of forces acting at pin-workpiece 
interface 
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Specifications  Range 

Normal load  0‐50 N 

Frictional Force  0‐50 N 

Radius of pin surface (Spherical)  6 mm 

Cutting Tool  Triangular carbide insert 

Minimum Work piece diameter  75 mm 
 

2 

 

 

Insert tool  Triangular Carbide insert   

Insert Signature  TNMG100508 

Workpiece Material  Mild steel (Cylindrical rod) 

Workpiece Diameter   120 mm 

Workpiece Hardness  Hv 307 for a load of 100 kgf 

Cutting speed  5 m/sec 

Cutting fluid flow rate  1.2 L/min (Flushing) 

 

Table 1 Specifications of the tribometer

Table 2 Machining Parameters to evaluate machining performance 
of cutting fluids
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near linearity with respect to applied load. Repeatability study 
was done and the variations were less (+/-0.5 N variations in 
force).

The lathe tribometer is set up as a cutting tool as shown 
in Fig. 5. The pin is below the cutting tool for proper contact 
required to measure the component of the forces during 
machining operation. The major advantage of the lathe 
tribometer is that it is portable and it can be used in the real time 
machining operation. When the lathe tribometer is fixed on the 
lathe the spring in the tribometer is compressed against which 
the normal force is measured. The friction force comes into play 
when the work piece is rotated against the tool in contact. This 
is measured by the load cell in the horizontal position.

4	 Results and discussion 

The Green cutting fluid shows better performance as 

compared to the commercial cutting fluids. This could be 
attributed to the influence of tribofilm formed by different 
cutting fluids. GCF which has vegetable oil (coconut oil) as the 
base oil which has got better lubricity and wetting/lubricating 
properties than the other cutting fluids which has mineral oil 
as the base oil [10, 11]. Further it will aid in reducing friction 
in cutting tool and work piece interface. The traction force 
is reduced to around 10 N with GCF. Thus the tool life and 
the surface finish are enhanced. The observed values will be 
closer to the real frictional force values. Performance results 
from lathe tribometer with dry cutting and different cutting 
fluids is shown if Figs. 6 and 7 respectively. The experiment 
has shown that the operation is more efficient with cutting 
fluids when compared to dry cutting. The GCF performance 
is better than the commercial fluids. The cutting fluid used in 
the machining operation significantly reduces the frictional 
forces. This results are in terms with the results from tool 
chip tribometer [10]. Figure 8 shows the coefficient of friction 
variation with speed and Table 4 shows the roughness values 

3 

 

 

 

Sl NO  Property 
Value 

GCF  CCF1  CCF2 

1  pH value  7.5  8.6  9.0 

2  Viscosity (at 30oC)  1.41 mPa.s  1.08 mPa.s  1.06 mPa.s 

3  Stability  Stable  Stable  stable 

4  Colour  Whitish  Milky white  Whitish 
 

Table 3 Properties of cutting fluid samples [10]

Fig. 5 Experimental setup for performance testing of cutting 
fluids using lathe tribometer

Fig. 7 Graph showing tractional force variation with time for 
dry machining and machining using different cutting 
fluids
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Fig. 6 Graph showing normal force variation with time for dry 
machining and machining using different cutting fluids
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of the surface measured from talysurf profiler. Green cutting 
fluid gave better machining performance in terms of COF and 
Roughness measurement at lower speed. The performance of 
GCF was reliable and competent with cutting speed change. 
Thus, the observations from the study provide a upshot for 
analysis, further study and improvement of green cutting 
fluid and lathe tribometer. Similar to the results from the Tool-
Chip-Tribometer, results from experiments using this set-up 
(Lathe Tribometer) also confirmed the ability of the GCF in 
forming lubricious layers was on par with that of the CCFs. 
Thus a portable lathe tribometer,ie, A tribometer testing setup 
to evaluate the lubricity aspect of cutting on freshly cut surfaces 
was developed successfully overcoming few of the drawbacks 
of tool chip tribometer. These are preliminary experimental 
results and extensive tests has to be carried out to study the 
efficiency in evaluating direct oils as cutting oils and other 
lubricants in machining industry. In turn lathe tribometer could 
be effective in studying different lubricants used in machining. 

5	 Conclusion

The evaluation of formulated green cutting fluid and 

commercial cutting fluid on in house developed lathe 
tribometer has been reported. Tribological evaluation of newly 
generated surface is critical in evaluating the performance of 
any cutting oil. As nascent surface generated during machining 
is influenced by the type and concentration of the cutting 
fluid used. With the obtained results, the performance of lathe 
tribometer device has been validated and thus in turn shows 
promising capabilities in assessing friction during machining 
and further scopes. 
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Fig. 8 Consolidated results showing coefficient of friction 
variation with speed for mild steel workpiece using 
GCF, commercial, and synthetic cutting fluid
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Sample 
Name 

RPM 
Cutting 
velocity 
(m/sec) 

Ra for 
machined 
surface 
[μm] 

 

MS 

 

Dry 

400  2.5 

4.55 

GCF  1.07 

CCF1  1.24 

CCF2  2.07 

Dry 

800  5 

2.45 

GCF  1.56 

CCF1  1.73 

CCF2  2.66 

 

 

 

 

 

 

 

 

Table 4 Roughness observations from Lathe tribometer
experiments for mild steel [MS] sample


