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Abstract 

Surface grinding is used to produce a smooth finish on flat surfaces. It is a widely used abrasive machining process 
in which a spinning wheel covered in rough particles (grinding wheel) cuts chips of metallic or non-metallic 
substance from a work piece, making a face of it flat or smooth. During this process the temperature between the 
tool and chip becomes very high. If the temperature increases between the tool and chip, we will fail to get good 
surface finish. In order to get good surface finish as well as to increase the tool life and avoid the breakage of 
grinding wheel, coolant is applied to the machining. Coolant actually decreases the temperature between the tool and 
chip which leads to good surface finish as well as increases the tool life. In conventional flooding, the coolant is 
generally flooded around the whole surface which causes less cooling near the point of contact between the wheel 
and metal. But there is problem in conventional flooding because the coolant is just flooded around the setup which 
leads to wastage of coolant and there is difficulty in disposing it. Coolants also cause skin diseases. To minimize 
these problems many industries have chosen the minimum quantity lubrication technique because this technique is a 
cooling of machine cutting processes with small quantities of cooling lubricants. An aerosol is used from oils that 
prevents heat by optimal lubrication. In this project we have compared three conditions i.e. dry, wet and minimum 
quantity lubrication conditions.  The main aim of this project is to compare between theses three conditions and find 
out which one is the best among them 

1. Introduction 

Grinding is fine machining process in which the machining is carried out at high speed to get better surface finish 

and to avoid small cracks formed during various other machining processes. Due to this process we are getting 

smooth finish on the surface of the material. It is suitable for precision assembly of components. In order to get fine 

finish coolant is used. Tool life and machined surface finish can be improved by reducing the cutting temperature. 

In the intermittent cutting such as grinding operation, especially in high-speed cutting, the large fluctuation of 

cutting temperature could cause thermal cracks on the cutting edge and leads to failure of abrasive wheel due to 

edge fracture. Besides, there are serious environmental pollution and waste disposal problems when flood coolants 

are used. Because of the negative effects near dry machining such as MQL (minimum quantity lubrication) has been 

developed. The coolant in the contact zone forms a building of lubricant film lower the friction force and cool the 

material and tool surface. However, too much lubrication can have negative thermal effects, as the efficiency of the 

cutting process is reduced and relatively more energy is used in the shearing and deformation processes. This 

reduces bond abrasion and grinding wheel wear. In MQL technique the where the lubricant is only supplied at a 

lesser rate so that the required amount of lubricant needed for cooling is applied. Dry cutting is the common process 

in industries it provides better results in low cutting force, less tool wear and good surface finish when compared to 

flooding. There is some restriction in terms of cutting speed, feed and depth of cut in order to achieve the tool life. 

But in MQL all the problem mentioned above can be achieved by less tool wear and good surface finish. In the hard 

machining, the work piece cooling is needed to remove the heat generated during the chip formation and the friction 

between the tool and work piece. Due to the high cutting pressure in the contact area, the cutting fluid can’t reach 

the particular surface, because there is small space between the chip and the tool. To get a good cooling action the 

cutting area should be flooded by the lubricant but for the MQL (ml/h instead of 1/min) method a very small 

lubricant flow is used. In this case, the lubricant is directly sprayed on the cutting area and it shows a good level of 

lubrication, but the cooling action is very small and the chip removal mechanism is achieved by air flow which is 

used to spread the lubricant. Conventional cooling is the most common application of the coolant. It guarantees a 



  

2 

 

very good level of lubrication, cooling and chip removing. Applying this method of lubrication, it is also possible to 

orientate the nozzle to the clearance tool surface, reducing the flank wear, especially when the cutting speed is slow. 

2. Literature Survey 

During grinding of titanium alloys are attributed to the high specific energy and high grinding zone temperature. 

Titanium and its alloys are attractive materials due to their unique high strength–weight ratio that is maintained at 

elevated temperatures and their exceptional corrosion resistance. Vegetable and synthetic esters oil are compared on 

the basis of the surface quality properties that would be suitable for MQL applications. The major application of 

titanium has been in the aerospace industry. Synthetic ester oil is found to be optimal cutting fluids for MQL 

grinding of Ti–6Al–4V (1). The effects of MQL in comparison to conventional flood delivery and dry grinding 

conditions. Minimum quantity lubrication (MQL) is a promising new fluid delivery technique in grinding. However, 

the thermal behaviour of the process under such cooling conditions remains unclear. Recent investigation of MQL 

in fine-cut plane surface grinding. The experimental study considered three conditions: conventional low pressure 

fluid delivery, dry grinding and MQL delivery. Common steels EN8, M2 and EN31 were ground with a general 

purpose alumina wheel. Conventional fluid used was a general purpose 5% by volume emulsion; MQL fluid was a 

general purpose machining oil. MQL can deliver a comparable thermal performance to conventional flood delivery 

under the conditions investigated. (2)The benefits of cutting fluids in machining are well known, but their use is 

accompanied by health and environment hazards. Moreover, strict environmental regulations make the 

manufacturers to switch over to dry turning, which is not feasible during machining of sticky material like stainless 

steel and Inconel etc. Therefore, the use of minimal quantities of lubricant (MQL) can be regarded as an alternative 

solution and a step towards green machining. An attempt has been made to explore the potential of MQL turning of 

stainless steel with coated carbide cutting tool. The optimum combination of parameters are cutting speed (58 

m/min), feed rate (0.06 mm/rev.) and MQL flow rate (100 ml/h) for flank wear and cutting speed (23 m/min), feed 

rate (0.07 mm/rev.) and MQL flow rate (150 mL/h) for surface roughness. Taguchi optimized conditions were 

validated through multiple response optimization using desirability function. (3). Conventional grinding fluid is 

widely used in grinding process, which results in high consumption and impacting the environment. The promising 

alternative to conventional dry and fluid coolant application is minimum quantity lubrication (MQL). It is known 

that the cooling and lubrication performance of the grinding fluid is the key technical area for the success 

application of MQL grinding process. Water based Al2O3 nanofluid was applied to grinding process with MQL 

approach for its excellent convection heat transfer and thermal conductivity properties. The grinding characteristics 

of hardened AISI 52100 steel were investigated and compared with those of wet, dry and pure water MQL grinding. 

Water based Al2O3 nanofluid MQL grinding can significantly reduce the grinding temperature, decrease the 

grinding forces, improve the ground surface morphology and reduce the surface roughness in comparison to pure 

water MQL grinding.(4).Metal cutting fluids changes the performance of machining operations because of their 

lubrication, cooling, and chip flushing functions but the use of cutting fluid has become more problematic in terms 

of both employee health and environmental pollution. Due to these problems, some alternatives has been sought to 

minimize or even avoid the use of cutting fluid in machining operations. Some of these alternatives are dry 

machining and machining with minimum quantity lubrication (MQL). The experimental investigations on the role 

of MQL on cutting temperature, tool wear, surface roughness and dimensional deviation in turning of AISI-4340 

steel at industrial speed-feed combinations by uncoated carbide insert. Significant reduction in tool wear rate, 

dimensional inaccuracy and surface roughness by MQL mainly through reduction in the cutting zone temperature 

and favourable change in the chip-tool and work-tool interaction.(5).The present trend in the manufacturing industry 

is to make machining processes more environment friendly by adopting to practices such as dry machining, 

minimum usage of cutting fluid, and usage of non-reactive gas based coolants etc., The concept of Minimum 

Quantity Lubrication (MQL) has been suggested by several researchers long time back as a cause for addressing the 

environmental, health and economic issues related with conventional bulk cooling processes. The MQL technique 

consists of atomizing a very small quantity of cutting fluid into fine droplets. In other words, the effectiveness of 
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MQL system depends on the quality of these droplets. The combinations of microscopy and image processing 

techniques to ascertain the quality of droplets, by spraying the MQL fluid onto an acrylic sheet. Reliable MQL 

application is achieved when the MQL parameters like the distribution of the droplets, the applied carrier gas air 

pressure, fluid flow rate, and nozzle tip to machining zone distance, and the angle at which the nozzle kept is 

optimal. The optimal MQL conditions as obtained from these results have been used to improve the grindability of 

Ti-6Al-4V.(6). This paper presents an investigation into the MQL (minimum quantity lubrication) and wet turning 

processes of AISI 1045 work material with the objective of suggesting the experimental model in order to predict 

the cutting force and surface roughness, to select the optimal cutting parameters, and to analyze the effects of 

cutting parameters on mach inability. Fractional factorial design and central composite design were used for the 

experiment plan. Cutting force and surface roughness according to cutting parameters were measured through the 

external cylindrical turning based on the experiment plan. The measured data were analyzed by regression analysis 

and verification experiments were conducted to confirm the results. From the experimental results and regression 

analysis, this research project suggested the experimental equations, proposed the optimal cutting parameters, and 

analyzed the effects of cutting parameters on surface roughness and cutting force in the MQL and wet turning 

processes.(7) 

3. Experimental Design 

Experimental design(ED) is essentially a strategy of planning, designing, conducting and analyzing experiments so 

that valid and reliable conclusions can be drawn in the most effective manner. It has proved to be very effective for 

improving the process performance, capability, reducing rework and replacement costs due to excessive process 

variability. It based on sound statistical principles, can be used to great effect to give an overall view of a 

manufacturing. The first statistician to consider a formal mathematical methodology for the design of experiments 

was Sir Ronald A. Fisher. 

 

DIRECTION OF APPLICATION 
 

According to the literature the direction of application of the coolant plays an important role in cutting process. It 

helps in reducing the cutting force as well as it will trigger re-binder effect. It will make the chip to curl so that tool 

chip contact length can be minimized.For optimizing the parameter we taken the direction into consideration, so the 

direction is taken as tool work interface. 

 

EXPERIMENTAL CONDITIONS 
 

Experiments were carried out on a craftsman hydraulic surface grinding machine model SG3060. The performance 

parameters is surface roughness which is measured during performance enhancers. A stylus type perthometer was 

used for measuring surface roughness. The cutting force cannot be measured because dynamometer cannot be 

mounted on the magnetic chuck, even temperature of work piece cannot be analyzed because of movement of work 

piece and the circulating air around the grinding wheel. 

 

EXPERIMENTAL PARAMETERS 
 

* Machining parameters 

 

Depth of cut   : 0.005-0.015mm 

Cross transverse feed : 1.1 m/min (constant) 

Wheel speed : 1450 rpm (constant) 
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* Constant cutting fluid parameters  

 

Conventional flooding 

Rate of application of coolant : 19.2 l/min 

Direction of application : Tool work interface 

Cutting fluid : Soluble cutting oil with 90%water 

 

* Minimum quantity lubrication  

 

Rate of application of coolant  : 2 ml/min 

Direction of application : Tool work interface 

Pressure at the nozzle  : 2 bar 

 

 

BENEFITS OF RXPERIMENTAL DESIGN  
 

Experimental design enables industrial engineers to study the effects of several variables affecting the response or 

output of a certain process. 

 

The potential applications of ED in industries are: 

 

1. Reducing product and process design and development time;  

2. Studying the behaviour of a process over a wide range of operating conditions;  

3. Minimizing the effect of variations in manufacturing conditions;  

4. Understanding the process under study and thereby improving its performance.  

4. Experimental setup 

The experimental procedure is divided into setup phase and conduction phase. The setup phase involves setting up 

of instruments and devices that are required for the experiment. The conduction phase involves the actual cutting 

process. 

 

                                                                 Grinding Machine Setup: 
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The Minimum Quantity of Lubrication Setup: 

 

MQL setup is custom made product so that the design of coolant system have a constant changes setup should be 

simple so that the operation will be easy. The whole spraying system works with compressed air which is generated 

from the compressor and it is allowed through the air hose inside in which the coolant is passed in minimum 

quantity with the help of fluid regulator. The fluid from the coolant tank enters to the compressed air stream through 

gravity feed and become atomized. Due to the presence of large quantity of air flowing on high pressure. Here the 

high pressure air and coolant mixture sprayed as a fine mist of coolant to the tool work interface of the grinding 

process, Achieving maximum cooling for minimum coolant supplied. This reduces the overall cost of machining. 

The experimental setup consists of a grinding wheel of 50cm diameter fixed to a surface grinding machine. The 

dynamometer is fixed on the bed of the machine for grinding force measurement and the work piece is clamped on 

the dynamometer by using machine wise. The compressed air hose is connected to the compressor and the air 

coming out is regulated using a regulator. The coolant from the tank above is fed into the compressed air hose by 

gravity feed. The coolant flow is controlled using a coolant regulator so that precise metering of the coolant of about 

1ml/min is achieved. The compressed air along with the coolant becomes an excellent combination for the cooling 

and lubrication in the tool work interface. 

 

                                                                             MQL Setup 
 

                           
                 
 

SETUP PROCEDURE 

 
The work piece is fixed on the wise and the table stroke length is adjusted from the mean position and the table 

movement is adjusted to calibrate the table movement to 5, 10, 25 mm/min. The MQL setup is fixed to the machine 

and the flow is regulated to 1ml/min. The compressed air is mixed with the coolant in the flexible hose. The coolant 

is calibrated to 10 litres/min and the initial calibrations were made for the beginning of the experiment. The 

following steps were conducted for the experiment;  

 

 Work piece is fixed on the wise. 

 Rough grinding is made to make the work piece surface flat. 

 The dressing is done using a single point dresser for a depth of 0.002mm. 

 The dressing is done once after a set 3 experimental run is completed. 

 The table speed is set to 5mm/min, and the depth of cut is set as 0.005mm. 
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 The dynamometer records the force values for the grinding. 

 Surface roughness values are got from the roughness tester. The temperature reading are got from 

the

 Pyrometer by pointing it to the tool work interface. 

 The values are noted. 

 Next the table speed is changed to 5m/min and 25m/min.

 The depth of cut is changed from 0.005mm – 0.015mm. 

 Corresponding force, surface roughness values and temperature values are noted. 

 The procedure is repeated for conventional flood grinding. 

 The coolant flow rate is fixed as 10litres/ min. 

 The values are noted for force, surface roughness values and temperature. 

 The MQL setup is fixed to the machine. 

 The coolant is regulated to 1ml/min and the air pressure is set to 2 bar. These two is set constant 

for the entire run of the experiment. 

 The setup is focused to the tool work interface.

 The experimental run is done similar to dry grinding for the same design of experiment and the 

corresponding output parameters are noted. 

 The values are tabulated. 

 


The comparison is made of dry, wet and MQL grinding for different table speeds. The graphs are made for 

temperature, grinding force and surface roughness values, from which the inferences can be made.  

5. Results and Discussion 

The performance of the aluminium oxide grinding is studied using AISI 1040 (EN 8) steel under different 

lubrication conditions. The results are tabulated and compared. The graphs are plotted for surface roughness, 

temperature, grinding force for different table movements. Only Ra value is considered for surface roughness and 

the results are tabulated. The Ra value indicates mean roughness values of the length of traverse of the probe. For 

grinding force normal grinding is considered which has the direct influence on the cutting action of the grinding 

wheel. 

 

                                               1. Temperature Comparison  
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2.  Surface roughness Ra Comparison: 
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                                                      3. Grinding Force (Fz) 
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Before Machining:                                                            After Machining:  

 

         
  

 
6. Conclusions 

 

In surface grinding we analyzed certain parameters like surface roughness, grinding force, temperature and finally 

we found that the MQL technique is better than dry, wet conditions. During machining the temperature in dry 

grinding is high but in wet grinding it is minimum and for MQL it is optimal. Surface Roughness values clearly 

indicate that MQL achieved better surface finish compared to the wet and dry grinding. Grinding forces were also 

low for MQL grinding but the grinding forces during wet conditions were slightly lesser than MQL grinding. Thus, 

the MQL has a better surface finish and it can replace conventional flooding. 
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