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1. Introduction

Improving the roughness and hardness of the work-piece
surface for the technical and economic reasons, such as
reducing the friction coefficient of the parts in contact with
each other, acceptable wear resistance, increasing the life
of the parts, higher manufacturing rate, and fabricating the
parts with close tolerance and dimensional accuracy, is one
of the main goals of most machining processes. Due to the
fact that most metals and engineering alloys have a
relatively good grinding ability, grinding is used as one of
the main machining and polishing operations in the various
industries.

Different machining behaviors have been reported for
the case hardening by grinding with a cubic boron nitride
wheel and a corundum wheel. In these studies, it has been
pointed out that very low and very high feed rates,
respectively, either cannot produce proper heat and raise
the temperature of the work-piece above the temperature
of austenite formation, or they do not give the structure the
opportunity for proper thermal impact. Therefore, the best
depth of hardness occurs at moderate feed rates. In this
situation, increasing the depth of cut can help to increase
the depth of hardness. When the depth of cut increases, the
depth of the hardened will increase during grinding.
Therefore, in a successful manufacturing process, it is
necessary to choose a large depth of cut or to use the work-
piece that has been quenched and tempered to increase the
depth of the hard layer.

The purpose of this research is to determine the surface
roughness and hardness as well as microstructural studies
of M200 and CK45 steels with an innovative method by
the authors of the article called indirect cooling in the
grinding process (ICG). The surface roughness and surface
hardness of the work-piece in two methods of indirect
cooling and the minimum quantity of lubricant (MQL)
have been measured and compared with the same grinding
conditions and different cutting depths, and the effect of

coolant temperature and depth of cut in both of steel is
investigated.

2. Materials and Method

Due to the high friction and intense heat generation in the
grinding process and considering thermal damage as one
of the main limitations of the grinding process, the type of
cooling fluid and its using method can play a significant
role in controlling the heat and its effects. In Fig. 1, the
heat flux entered into the work piece and the way of heat
exit from it after passing through the stone wheel can be
seen.

Heat generated
from surface

Heat transfer region

Fig. 1- Distribution of temperature during the grinding
process.

Grinding was performed using a flat stone machine
model FSQ-1640AD made in Hungary. Applying the
depth load of the grinding wheel was selected by a
micrometer with an accuracy of 0.001 mm. In addition, an
aluminum oxide wheel fabricated by Nava company with
a standard name of WA46K with a particle size of 46
microns with an external diameter of 250 mm, a width of
32 mm, a cutting speed of 35 m/s and a forward speed of 8
m/s was used. For cooling, a water cooler was used by
making changes including height modification for the
natural return of flow from the tank, strengthening the
evaporator and injecting more gas in order to increase the
cooling capability, as well as installing a water pump in the
tank in order to send the coolant to the main tank. It should
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be kept in mind that the refrigerator tank was completely
insulated and adiabatic conditions were provided.

3. Results and Discussion

In the proposed method of indirect cooling using a
different cooling liquid compared to the common cooling
liquids in grinding processes, at first the changes in
roughness according to the depth of cut were investigated
in the same machining conditions with two different
cooling methods, and the results obtained are shown in Fig.
2. The results obtained for the surface roughness of M200
steel in the conditions of indirect cooling and cooling with
the minimum quantity of coolant are between 2.28 to 2.75
microns and 2.41 to 276 microns, respectively.
Meanwhile, the surface roughness of CK45 steel in the
conditions of indirect cooling and cooling with the
minimum amount of coolant is between 2.42 to 2.73
microns and 2.45 to 2.71 microns, respectively.
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Fig. 2- The surface roughness vs. depth of cut and for a)
M200 steel and b) CK45 steel.

In Fig. 4, the surface roughness changes vs. depth of
cut with temperature and coolant flow rate are depicted. In
M200 steel, changing the temperature from 25 to 0 °C does
not cause significant changes in the surface roughness of
the steel in both methods. While changing the coolant
temperature from -10 °C has caused a significant increase
in the surface roughness in the indirect cooling method
compared to the minimum quantity of lubricant in different
flow rates. In both flow rate 15 and 40 cc/s at -10 °C, there
is a significant increase in the surface roughness and the
surface of the work-piece has become more uneven. At the
depth of cut of 0.005 mm at 0°C and 25°C, the surface
roughness is at least 14% better than the surface roughness

obtained at the temperature of -10°C, and by increasing the
depth of cut to 0.03mm, the surface roughness is improved
15%.
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Fig. 3- The surface roughness vs. depth of cut for a) M200
steel and b) CK45 steel.

4- Conclusion

1- A decrease in surface roughness was observed in the
indirect cooling method compared to the minimum
amount of lubricant cooling method.

2- The effect of flow rate can be seen in the cooling
conditions by indirect method in the high depth of cuts
with the improvement of surface roughness.

3- In M200 steel, surface roughness has increased with
increasing depth of cut in both methods.

4- The level of surface hardness in the indirect cooling
method is different compared to the minimum quantity
of lubricant method.

5- The microstructures of steels are completely different
after grinding. In M200 steel, the microstructure
includes upper bainite and lower bainite, while the
microstructure of CK45 steel is ferritic-pearlitic.
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Effects of Cooling Methods of Grinding on the Surface Characteristics and Microstructural
Evaluations

Reza Rajabi Masoud Pour Hamid Sazegaran

Abstract In this work, to reduce the harmful effects of the increasing the heat on the surfaces of the ground parts, a
new innovative method for lubrication and cooling of the flat grinding process named indirect cooling method (ICG) was
studied. To investigate the benefits of this method, M200 and CK45 steels with indirect cooling method and minimum
quantity lubricant (MQL) with different cooling rates (15 and 40 cc/s) at different temperatures (-10, 0, and 25 °C) were
ground with different cutting depths (0.005, 0.01, 0.02, and 0.03 mm). Other grinding parameters such as the speed of
the wheel and the speed of the longitudinal and transverse movement of the workbench was considered constant in each
test. The surface roughness, surface hardness (in terms of Rockwell C), and microstructural evaluations (using scanning
electron microscopy) were examined. The results indicated that in M200 steel, the indirect cooling method compared to
the minimum quantity lubricant, leading to an increase in surface roughness of about 31.81% and an increase in surface
hardness of about 2.96%, and for CK45 steel, an increase in surface roughness of about 31.7% and an increase in surface
hardness of about 3.11%. The microstructure of M200 and CK4b5 steels after grinding with both cooling methods is upper
and lower bainite and ferrite-pearlite respectively, which are effective on the surface roughness and hardness. In addition,
the indirect cooling method is more suitable for CK45 steel.

Keywords Indirect cooling method, Minimum quantity lubrication, M200 and CK45 Steels, Surface Roughness,
Hardness, Microstructure.
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