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ABSTRACT 

 
Sustainability in manufacturing is a holistic approach. It is viewed in the context of entire 

manufacturing system of processes, products and raw materials rather than a single component. 

Metal cutting fluids which play a major role in all machining processes, should be managed 

efficiently to attain sustainability. One of the techniques by which this can be achieved is Minimum 

Quantity Lubrication (MQL). Using vegetable oil as a lubricant extracted from rapeseed and 

delivering this to the cutting zone at high pressures results in better penetration. Thus, forming a 

layer between cutting tool and workpiece. This reduces friction between the tool and workpiece and 

effectively reducing cutting temperature. This process contributes to overall increase in tool life and 

surface roughness of the machined surface. 

 

The main objective of this project is to study the tool life, chip morphology and surface roughness 

associated with the application of Vegetable oil as lubricant in minimum quantity at high pressure 

and comparing this with conventional flood cooling method. The experiment was carried out at 

Industriell Production (IIP) laboratory at Kungliga Tekniska Högskolan (KTH) in a CNC turning 

machine. The material used in this process is hardened steel (TooloxⓇ) provided by SSAB. The 

cutting Tool is supplied by Mircona AB and the vegetable oil is provided by Accu - Svenska AB. 

 

The experimental results unveiled convincing results with the usage of MQL at constant pressure 

of 12 bar at 7 mL/hr and 14 mL/hr respectively and varying pressures of 9 bar and 6 bar. The 

improvement in tool life and surface roughness which can be attributed in the order of outlet 

pressure is as follows:12 bar with dual coolant flow, 12 bar, 9 bar and 6 bar. The detailed explanation 

of this is provided in the results and discussion section. There is lot of scope for further study by 

increasing the pressure of MQL using additional boosters and applying this method to other 

machining processes such as milling, drilling and grinding. The study regarding the benefits of 

Vegetable oil as an MQL fluid could also reveal interesting results and positive effects to 

environmental and operator’s health. 
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SAMMANFATTNING 

 
Hållbarhet i tillverkningen är en helhetssyn, som bör övervägas av hela tillverkningssystemet, som 

består av processer, produktmaterial snarare än en enda komponent. Metallskärvätskor som spelar 

en viktig roll i alla bearbetningsprocesser bör hanteras effektivt för att uppnå hållbarhet. En av de 

tekniker genom vilka detta kan uppnås är Minsta Kvantitet Smörjning (MQL). Användning av 

vegetabilisk olja som ett smörjmedel som består av rapsfrö och levererar detta till skärzonen vid 

höga tryck resulterar i bättre penetration och bildar således ett skikt mellan skärverktyget och 

arbetsstycket. Detta minskar friktionen mellan verktyget och arbetsstycket och effektivt genererar 

temperatur. Denna process bidrar till övergripande ökning av verktygsliv och ytjämnhet hos den 

bearbetade ytan. 

 

Huvudsyftet med detta projekt är att studera verktyget liv, chip morfologi, ytorhet och vibrationer i 

samband med processen genom att använda minsta mängd vegetabilisk olja som smörjmedel vid 

högt tryck och jämföra detta med konventionell flodkylningsmetod. Experimentet utfördes vid 

Industriell Production (IIP) laboratorium vid Kungliga Tekniska Högskolan (KTH) i en CNC-

svarvmaskin. Materialet som används är härdat stål (Toolox®) som tillhandahålls av SSAB. 

Skärverktyget levereras av Mircona AB och vegetabilisk olja tillhandahålls av Accu - Svenska AB. 

 

Experimentella resultat avslöjade övertygande resultat på användningen av MQL vid 12 bar, 12 bar 

med dubbelt kylvätskeflöde, 9 bar och 6 bar. Förbättringen i verktygsliv och ytjämnhet kan hänföras 

i följande ordning: 12 bar med dubbelt kylvätskeflöde, 12 bar, 9 bar och 6 bar. Den detaljerade 

förklaringen av vilken finns i resultaten och diskussionsdelen. Det finns mycket utrymme för 

ytterligare studier genom att öka MQL-trycket med hjälp av ytterligare booster och tillämpa denna 

metod på andra bearbetningsprocesser som fräsning, borrning och slipning. Studien om fördelarna 

med vegetabilisk olja som en MQL-vätska kan också avslöja intressanta resultat positiva effekter 

på miljö och operatörers hälsa.
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1  INTRODUCTION 

Today, the manufacturing world faces major challenges with respect to environment and cost 

optimization techniques regarding cutting fluids to find best solutions for optimization. The cutting 

fluids are used during the manufacturing practices to cool down the heat generation in the cutting 

environment, to remove chips resulting from machining and to create a lubricating film between 

contact surfaces. Thereby, reducing the friction between workpiece and the tool. Cutting fluids also 

contribute to achieve best possible surface quality on the products making them integral part of the 

manufacturing industry. But, these useful properties of the cutting fluids are obtained by mixing of 

commonly used additives such as Phosphorus, Sulphur and Zinc to increase performance. Presence 

of these chemical compounds in the lubricants cause adverse effect to the environment, since they 

are poorly biodegradable along with deteriorating workers health who is subjected to the exposure. 

 

At present, there is an urgency to achieve sustainability more than ever due to decreasing non-

renewable resources, stricter environmental regulations and increasing customer preference towards 

environmentally friendly products. Manufacturing sector, which plays a prominent role in shaping 

up economic conditions of any country cannot afford to lag in this regard. This encouraged many 

renowned researchers in development of Minimum Quantity Lubrication (MQL) in machining 

processes. As the name implies, MQL uses a very small amount of fluid to reduce friction between 

tool and the workpiece. The German DIN specification 69090-1 which specifies the terms for the 

system elements in the overall system of MQL mentions the amount as 50 mL/hr and in exceptional 

cases it is 150mL/hr [1]. There are many advantages of MQL. From economic perspective, it costs 

less, it increases tool and machine life and it is also a very eco-friendly process. 

 

In this thesis project, extensive experimental work was carried out to test machining performances 

by varying cutting speed and feed rate with high pressure coolant through Minimum Quantity 

Lubrication. The results were compared with flood cooling system. Machining performance with 

respect to tool wear rate, surface quality, temperature at tool workpiece interface and chip geometry 

were analyzed. The material used for the experiment is hardened steel Toolox® 44 and cutting insert 

used is cemented carbide DCMT 11T307. 
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2 GOALS AND OBJECTIVES 

Aim of this thesis project is to examine initial and final physical characteristics of tool and 

workpiece by subjecting them to flood cooling and high-pressure Minimum Quantity Lubrication 

(MQL) using vegetable oil. Former is a well-known lubrication technique in machining and the 

latter is relatively new. With this study, the advantages of high pressure MQL over flood cooling 

will be presented with experimental results. The details of both techniques will be presented in 

subsequent sections. Objectives are mentioned below including their respective summary. 

● Tool wear 

● Tool life 

● Surface roughness 

● Chip morphology 

Tool wear considered for observation is the flank wear on tool and it is the result of abrasion by 

hard constituents present in the workpiece and the high temperature existing between tool chip 

interface. Testing of tool in two different conditions with varying parameters will help in arriving 

at the optimum solution with respect to peak tool life and end of tool life. The geometrical pattern 

of tool wear that is observed in turning will be represented by figures. The life of the carbide tool, 

which mostly fails by wearing will be determined by the average value of principal flank wear (VB) 

with respect to machining time. Experimental studies will be conducted to demonstrate reduction in 

tool wear by application of high pressure MQL. 

 

Surface finish of the workpiece is a critical quality indicator for the machined surface. Surface 

roughness is influenced by cutting conditions, tool geometry, tool material, machining process, 

workpiece material tool wear and vibration during machining. Scope of this thesis work on surface 

roughness is limited to specific cutting conditions, high pressure MQL and vibration of the cutting 

tool. 

 

The effect of temperature on chips can be analyzed by the color. It is also a good indicator of tool 

life. Therefore, chips were carefully collected at regular interface and studied under digital 

microscope. 

3 HYPOTHESIS 

There will be considerable improvement in tool life, surface roughness of the workpiece coupled 

with reduction in environmental pollution and health hazards by altering the content of the fluid and 

supplying it in minimum quantity, in controlled environment such as varying the pressure and flow 

than traditional flood cooling. This process is studied under the name Minimum Quality Lubrication 

(MQL) by renowned researchers and institutions alike, which is backed by research papers and 

experimental work. There exists lot of literature work which supporting this study on different 
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machining processes such as Turning, drilling and grinding. Some of the literature work carried out 

is explained in the following section. The department of Production Engineering (IIP) at KTH is 

actively involved in experiments in the field of MQL for over 3 years. The experiments focused on 

usage of nanoparticle-based cooling- lubricating fluid (nCLF) and its effect on machining 

performance and another work focused on increasing the velocity of MQL flow to the cutting zone 

to achieve increase in tool life [18]. 

 

In simple words, the pressure of air is taking the chips away from the tool and oil cools downs the 

temperature of the cutting zone. The project focuses on effects of increasing the pressure of coolant 

flow rather than decreasing the temperature of coolant affecting the machining performance.

4 LITERATURE REVIEW 

This section includes the state-of-the-art research in Minimum Quantity Lubrication (MQL) from 

different sources to provide the overview of current studies and development in the area. 

4.1 Tool wear 

Application of coolant at high pressure has good effect in reducing tool wear, since the coolant 

reaches tool-workpiece and tool-chip contact region more effectively [2]. Therefore, increasing the 

tool life. Cutting fluid act as a lubricant to reduce contact area between chip and tool. The formation 

of coolant layer is attributed to either chemical reaction or physical absorption [2]. For an effective 

wear mechanism, the shearing resistance of this layer should be lesser than the workpiece material 

which is at the interface [3]. The main advantages of high-pressure coolant technique are improved 

chip control, increased tool life, lower cutting temperature and better surface integrity. E.O. Ezugwu 

and J. Bonney in their research explained that in high speed machining, the coolant is less effective 

due to film boiling thus losing their cooling properties. The vaporization of coolant in this condition 

is faster which made the cooling effect of cutting fluid ineffective. The coolant jet under high pressure 

creates a hydraulic wedge between tool and workpiece, effecting the chip flow conditions and 

reducing the tool wear rate. The temperature gradient and the seizure zone in the tool chip interface 

is reduced in high pressure cooling providing adequate lubrication with a significant reduction in 

friction [3]. 

The wear mechanisms are strongly influenced by effects of temperature. Trent and Wright explain 

the usage of high-pressure coolant jet technique to shorten the length of contact on rake face of the 

tool which reduces the cutting and feed forces. In the area where tool and workpiece are strongly 

bonded, accessibility of applied lubricants is relatively poor compared to high pressure cooling. Thus, 

high pressure jet coolant could be an effective technique of delivering lubricant to the seized region 

in the interface [4]. Pigott and Colwell were the first researchers to discuss the use of high-pressure 

cutting fluid in steel turning. The experiment consisted of applying cutting fluid through small cross-

sectional area with very high speed into the clearing face of the tool. They achieved higher tool life 

compared to the conventional methods where the fluid was applied at low pressure with a low flow 

rate[5]. Ezugwu and Bonney observed that coolant supply at high pressure made the chips to lift after 

passing through deformation zone resulting in reduction in the tool chip contact area. Their study also 
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revealed that chip segmentation dependent largely upon coolant pressure compared to cutting 

forces.[3] Ezugwu and Bonney [3] summarized the performance of High-Pressure Coolant (HPC) 

under different cutting conditions. The three main takeaways from that study are 

• Increase in tool life with increasing coolant pressure supply. This is true until a critical 

value of pressure has been reached. After this point only a marginal tool life increase 

is observed. 

• Due to improved cooling and lubrication conditions in HPC, low cutting forces are 

generated. Surface finish is optimum and free from tears and cracks in almost all 

cutting conditions (study on turning of titanium alloy) [6]. 

• HPC supply shortens the length of contact on the rake surface of the tool thus reducing 

cutting and feed forces. 

4.2 Lubricating property of Vegetable oil 

Metal working fluids (MWFs) are essential components in machining contributing towards higher 

productivity and quality by their cooling and lubricating effect during the processes. It is reported 

that the European Union alone consumes approximately 320,000 tons per year of MWFs out of 

which at least two-thirds need to be disposed [7]. This large-scale utilization and disposition of 

MWFs has bad effect on workers’ health and environment due to which many alternatives have 

been explored. Vegetable oils, especially rapeseed [8] and canola [9] are the promising lubricants. 

Vegetable oils are good alternative to conventional lubricants due to their environmentally friendly, 

non-toxic and biodegradable nature. 

Vegetable oils consists of triglycerides which have molecular structure with three long chain fatty 

acids attached to the hydroxyl group via ester linkages. The lubricant property of the vegetable oil 

is because of this triglyceride structure. The long fatty acid chains form a film which interact with 

metallic surfaces providing resistance against friction and wear. [10] 

                          Figure 1: Chemical structure of triglyceride of a typical vegetable oil [11] 

The experiment was conducted using Rapeseed vegetable oil named EcolubricⓇ provided by Accu- 

Svenska AB. It is a pure vegetable oil without any chemical modifications having excellent friction 

and heat reducing properties [12]. 
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        Table 1:   Physical and chemical properties of Rapeseed oil [11] 

 

4.3 Surface Roughness 

 

Hardened steels possess high wear resistance properties due to hardening, quenching and further 

reheating. But hardened steels are also subjected to high heat generation in the tool-chip and tool-

workpiece interface which increases the wear rate and subsequently resulting in poor surface finish. 

One way of countering this is by using cutting fluids. Tasdelen [13] conducted tests with compressed 

air with MQL and observed that it resulted in better surface finish due to very short engagement times 

and decrease in friction in the sliding region. Khan, Mithu and Dhar [13] analysed surface quality in 

AISI 9310 steel subjected to MQL in which they observed that the back surface of the chips appeared 

to be smoother and brighter. 

 

Khan and Dhar (2006) compared the effect of MQL by using vegetable oil in turning of AISI 1060 

steel and found out that surface roughness greatly reduced in comparison to dry machining [13]. 

Satish Chinchanikar, A.V Salve, P. Netake et al (2014) studied the effect of cutting speed on surface 

roughness by varying the cutting speed. The study was conducted in dry machining, water-based 

coolants and coconut oil MQL. Surface roughness increased above 150- 160 m/min irrespective of 

the cooling methods. This was attributed to the possible high friction and tool life depletion at higher 

speeds. Feed value of 0.2 mm/rev and depth of cut 0.3 mm was subjected to the workpiece with 

resulting in linear variation of surface roughness in all the three cooling techniques. However, with 

the cutting speed in the range of 100-150 m/min and depth of cut 0.1- 0.3 mm, hard turning in dry 

cutting condition yielded better surface finish [13]. The graphs depicting these results are given 

below. 

 
              

 Mechanical Property  
 

value 

Specific gravity at 30 0C   0.904 

Reference index at 40 0C   1.467 

Kinematics viscosity cSt, 40 0C                   49.19 

Acid value, mg KOH/g 4.29 

Iodine value, g I2/100g                 111.00 
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                         Figure 2: Effect of a) Cutting speed; b) Feed; c) Depth of cut on surface roughness [13] 

                

4.4 Financial benefits of using MQL 

Coolant costs contribute 10-20% of total mechanical manufacturing costs [14]. The major costs 

associated with flood cooling are cost of filtration equipment, piping and pumps, high water 

consumption and wastewater treatment. Ford motor company conducted a case study by comparing 

identical transmission systems in both flood cooling and MQL. It included downtime cost, operating 

cost and floor space. The study found that there was an average saving of 15% in all three areas[14]. 

Although the initial investment in MQL could be high depending on application and capacity, this 

method can lead to savings in the long run [14]. 

  

Limiting the energy consumption is another important benefit of using MQL. In a conventional CNC 

machine with flood cooling, the actual cutting process utilizes only 25% of the total power. The 

coolant system utilizes 30%-40% and 15%-20% is from the compressed air. Significant amount of 

energy can be saved by switching from conventional cooling to MQL [14]. Filipovic and Stephenson 

[15] studied the effect of MQL in reducing the machining cycle time, they observed that there was 

20% reduction in cycle time in deep drilling and wet gun drilling using MQL compared to 

conventional cooling. Chip recycling is another area which incurs high energy consumption to the 

organization, since the chips must be dried before they can be subjected to recycling. Metal chips 

produced from MQL machining are nearly dry with no contamination. Therefore, the extra drying 

procedure is not required [14]. 
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                     Figure 3: saving from MQL through A) manufacturing costs B) Energy consumption [14]  

 

4.5 Environmental benefits of MQL 

The annual metalworking fluid usage is estimated to be 2.25 billion liters (600 million gallons) [14]. 

These coolants create huge risks which include 

● Coolant losses and ground contamination 

● Evaporation and dissociation of emulsion 

● Reduction in usage of filter media 

● Wet and contaminated chips 

● Health and Safety risks (skin irritation) 

 

Environment conscious machining can be achieved by consuming minimum energy and producing 

less atmospheric emissions. Yogie Rinaldy Ginting, Brian Boswell conducted experiments in small 

to medium sized enterprise (SME) in Western Australia to determine the environmental benefits of 

using MQL in place of traditional flood cooling [16]. One of the important aspects of their study 

concentrated on greenhouse gas emissions and eco-toxicity with the disposal of contaminated liquid. 

The method focused on machining 4043 steel bolts considering the CO2 produced by utilization of 

electric power by the tool. The study was performed according Environmental management Life 

Cycle Assessment Principles and Framework ISO 14040-44 Standard [16]. The major reduction in 

emission of greenhouse gases was analyzed in the metal cutting aspect of the process. Traditional 

Flood Cooling (TFC) and MQL were the cooling methods used. The physical and chemical properties 

of the coolants used is given below. 
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            Figure 4: physical and chemical properties MQL and Traditional Flood Cooling (TFC) [16] 

 

There are five cleaner production (CP) strategies that consists of input substitution, product 

modification, technological modification, good housekeeping and on-site recycling to achieve 

economic and environmental benefits [16]. This Life cycle assessment (LCA) study considered only 

the inputs and outputs associated with machining operation and did not consider production of bolt 

material and emissions with disposal of bolts. The industrial data obtained for the study revealed that 

in order to machine 300 bolts7 5 days it required 1.97 gram of TFC whereas it was only 0.15 gram 

with respect to MQL. This data was further utilized to study the effect TFC and MQL has on global 

warming, eutrophication (enrichment of minerals and nutrients in water body), cumulative energy 

and human toxicity in machining a single bolt. The results revealed that by replacing Traditional 

Flood Cooling (TFC) with MQL, the above indicators can be reduced by 21%, 32%, 81% and 87% 

respectively [16]. 

 

5 METHODOLOGY 

5.1 Process Plan 

Primarily, the experiments were categorized in three sections as follows: 

A) Machining under flood coolant conditions to have data to compare with MQL methods. 

B) Machining with MQL technique with oil flow rate ~7mL/hr with different air pressures (6 

bar, 9 bar and 12 bar)  

C) Machining with MQL technique under nearly doubling the value of the oil flow (~14 

mL/hr) with 12 bar supplied air pressure. 

 

These experiments were repeated twice. Therefore, making sure that both corners of the insert 

were used. Following steps were followed carefully during the experiments: 
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● Selection of the workpiece 

● Selection of the cutting parameters 

● Surface finish measurement of machined part 

● Chips collection after every cut 

● Tool wear was being observed under the microscope. 

 

To have a better understanding of feasible cutting parameters, machining was carried for three 

depth of cuts in different cutting environments. Details are discussed below. 

 

5.2 Previous work at IIP, KTH 

Marta Garcia et al. performed experiments with MQL technique at IIP laboratory at KTH in 2017-

18. She tested the performance of vegetable oil, nanoparticles added cutting fluid and dry cutting 

conditions as cutting fluid media. Experiments were performed in order to test machining 

performance for tool life, surface roughness and temperature of the cutting zone for different cutting 

conditions in which she observed increase in tool life by using vegetable oil by 25% compared to 

dry machining. Furthermore, regarding temperature of the cutting zone, she managed to reduce the 

temperature in vegetable oil medium up to 51% as compared to dry machining. [17] 

 

Swaroop et al. carried out theoretical study regarding effect of temperature and velocity of the 

cutting fluid on the tool temperature. He found out that there was little reduction in the tool 

temperature if the temperature of the injecting cutting fluid reduced but when the velocity of the 

cutting fluid was increased, there was significant reduction in the insert temperature observed.[18] 

 

5.3 Experimental setup 

5.3.1 Machine: 

The experiments were carried out on CNC turning machine, SMT Swedturn 300 located at the 

Kungliga Tekniska Högskolan (KTH), Industriell Produktion (IIP) laboratory. 

Figure 4: Swedturn 300 machine 
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                                             Figure 5: Block Diagram of the machine [17] 

Some key machine characteristics are discussed in the below table: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table2: Machine characteristics of Swedturn 300

Max. dist. spindle nose-ref plane tailstock 
 

value 

2-axis 1530mm 

4- axis 1295mm 

Spindle Motor 49.19 

No. of spindle speed Stepless 

Weight 8000 kg approx. 

Hydraulic Unit 
 

 

Motor Power 4 kW 

Pressure 70 bars 

Max. flow 25 l/min 

Volume of tank 76 L 

Coolant  

Motor Power 0.55 kW 

Capacity 83 l/min 

Volume of tank 250 L 

Chip Conveyor  

Motor Power 0.37 kW 

Speed of belt 

 

3 m/min 
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5.3.2 Workpiece Material 

For this thesis project, Toolox® 44 was selected as workpiece material provided by SSAB. 

Toolox® 44 is a pre-hardened tool steel having nominal hardness value of 45 HRC. Despite being 

hard material, it possesses good machinability with dimensional stability. The available steel round 

bars of 141 mm diameter and 1 meter of length were cut in half in order to accommodate into the 

turning machine.[19] 

 

Toolox ® 44 possesses high quality standards and department of production engineering at KTH 

has wide experience of working with this material before. Marta Garcia performed experiments 

regarding MQL with nanofluids and vegetable oil in 2018. During those experiments she used 

Toolox®44 as workpiece material.[17] 

 
 

                                                                 Figure 6: Toolox ® 44 

 
The chemical composition and physical, mechanical properties of Toolox 44 are provided in below 

tables. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Table 3: Chemical composition of Toolox ® 44 [19] 

Mechanical properties (20 0C) value 

Tensile strength 1450 MPa 

Yield strength 1300 MPa 

Elongation 13% 

Compressive yield strength 1250 MPa 

Impact toughness 30J 

Hardness 45 HRC 
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                                                          Table 4:  Mechanical properties of Toolox®44 [19] 

 
 
 
  

 

 

Table5: Physical properties of Toolox®44 [19] 

5.3.3 Tooling System 

The inserts and tool holders required for this project were provided by Mircona AB. Cutting insert 

selected is DCMT 11T308 PM7. The detailed ISO designation is in following table: 

                                                        

   Table 6: Insert ISO designation [21] 

Element % by Weight 

C 0.32 

Si 0.6-1.1 

Mn 0.8 

P 0.001 

S 0.003 

Cr 1.35 

Mo 0.8 

V 0.14 

Ni 1 

Physical properties (20 0C)   value 

 

Heat conductivity 34 W/mK 

Thermal expansion coefficient 13.5 10-6/K 

 DCMT 11T308 PM7 

D Rhombus shape with Nose Angle of 550 

C Flank clearance angle of 70 

M Tolerance class regarding inscribed circle, thickness, nose radius. 

T Double countersink hole for clamping with chip-breaker on single side. 

11 Insert size with inscribed circle diameter, d=9.525mm 

T3 Insert thickness, 3.97mm 

08 Nose radius, d=0.8mm 

PM7 Medium Pass 
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This insert is a cemented carbide insert which falls under ALC280 grade range of Mircona AB. It 

has coatings of TIN, TiCN and Al2O3 which is deposited on the insert surface by CVD (Chemical 

Vapor Deposition) method. This gives the insert resistance against formation of built-up edge, crater 

wear etc. This insert offers good toughness against most of steels and cast irons. It is used for 

medium roughing and finishing operations. [21] 

 

Figure 7: DCMT 11T304 Insert 

 

Meanwhile, the tool holder SDJCL 2525M11 was used provided by Mircona AB. It is left hand  

toolholder which is perfectly compatible with DCMT 11T308 insert.  

 

 

 

Figure 8: SDJCL 2525M11 Toolholder 
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5.3.4 MQL System 

This is the main topic of discussion of the thesis project. Minimum Quantity Lubrication (MQL) is 

a technique where small amount of cutting oil/vegetable oil generally 5-50 mL/hr is injected on to 

the point of the tool and workpiece contact i.e. cutting zone. [20] There are various types of the 

MQL systems available in the market. But Accu-Svenska AB are the leaders of supplying this type 

of technology. The booster system needed for this project was provided by Acc-Svenska AB. 

 

Accu-Svenska AB has been providing products and services within minimum lubrication 

technology for industrial applications since last 20 years and was the main sponsor for this project. 

[20] The booster system provided by them has following sub parts: 

 

Figure 9: Block Diagram of the MQL system 

 

5.3.4.1 Air Tank 

Air Tank is provided to pump the compressed air to applicator and nozzle. The air tank has 

capability of doubling up the input pressure of air supplied up to 2MPa. It is made from SS400 

material and having working temperature in the range of 0-750C. The tank capacity is of 5 liters 

[23]. 

Figure 10: Air Tank Figure 11: Pressure Gauge 
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Additionally, we used industrial air compressors which can deliver higher pressure with stable work 

conditions. The air compressor is manufactured by Max PowerLite® and rented from Cramo. The 

model AKHL1250E can deliver air pressure up to 3.4MPa. It operates on rated current of 13A. This 

compressor was used during tests at 12 bar air pressure [24].     

    
 

Figure 12: Air Compressor by Max PowerLite® 

 
 

5.3.4.2 Precision pump applicator 

This is the main hub of the MQL system. Precision pump applicators are positive displacement 

lubrication systems for MQL that regulate the amount of lubricant applied to the tool’s cutting edge 

in appropriate quantities [25]. 

 

Precision pump uses positive displacement and air pressure to power the pump cycle. The 

backstroke of the cycle draws a precise, measured amount of lubricant into a chamber like a syringe. 

Instantly the forward stroke forces the lubricant down a capillary tube inside an air hose. Since the 

pump cycle is automatically regulated by a frequency generator it is not affected by lubricant 

viscosity, which changes with temperature. This is crucial for any application operating in an 

environment without climate control since lubricants thicken in the cold. Precision pumps deliver 

instant performance, with every type of lubricant, in all conditions [25]. 
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Figure 13: Precision pump applicator 

Precision pump applicator has various components which are listed below: 

 

Figure 14: Precision pump applicator parts [25] 

 
1. Liquid reservoir: stores lubricating oil. 

2. Reservoir extension: connects between reservoir to the applicator. 

3. Braided air-hose carries compressed air to the nozzle. 

4. Lubricant line: capillary tube that goes inside the air hose. 

5. Airflow valve: controls the amount of continuous air supplied to the nozzle. 

7. Lubricant control: adjusts the amount of lubricant delivered during each pump cycle. 

12. Frequency generator: primary lubrication control, regulates pump cycle. 
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5.3.4.3 Y-Nozzle 

This part has been fabricated in-house at the machine shop. The material used for this is Aluminum 

alloy Al-6082 which is high strength structural alloy. A rectangular block of 40mm*30mm*20mm 

(L*B*H) size was used to provide a passage for mixing the flows of oil and pressurized air and to 

make a high pressurized streamline flow of oil mist. Later, this stream was injected on to the tip of 

cutting tool through a stainless-steel pipe of 3 mm diameter. 

 

There were two through holes drilled into the surface of the block. The arrangement was so done 

as the two holes were intersecting to each other at an angle of 450 approx. 

 

                        
Figure 15: Y-Nozzle 

 

 

Figure 16: Y-structure 

 
The hose pipes were connected to outlets of Y-nozzle by pneumatic nipples and couplings. The 

arrangement was full proofed with help of pneumatic accessories.  
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5.3.4.4 Other Accessories 

Apart from the above-mentioned equipment, we used several accessories in support of whole 

arrangement. 

 

● Flexible hose pipes: 6mm of internal diameter, varies in length depending on 

application roughly 1m to 6m. These hose pipes used to carry the pressurized air 

throughout the system. 

● Stainless steel pipe: A stainless steel pipe was used to provide a passage to carry 

high pressurized steam of oil and air mist from Y-nozzle to the tip of the cutting 

tool. This pipe was of 3 mm in internal diameter. 

● Pneumatic couplings and nipples: We used several pneumatic couplings and 

nipples in order to join the hose pipes together with the rest of the MQL system. 
 

 

 
Figure 17: Complete MQL setup 
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5.4 Experimental procedure 

The workpiece material Toolox® 44 was cut into 1m long bars, so that they can be easily machined 

in the Swedturn300 turning machine. The tool life for insert was estimated as 15 minutes per corner. 

These 15 minutes were distributed in such a manner to accommodate a single cut of 90 seconds 

with continuous machining. The length of cut was adjusted as diameter of the workpiece was 

gradually reducing. The machining procedure and cutting parameters were kept like the earlier 

thesis project by Marta Garcia [17]. 

The cutting parameters selected were as follows: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 7: Machining parameters 

 
 

After every 90 seconds of continuous cutting, following parameters were measured: 

● Surface roughness by Mitutoyo SJ-210 surface roughness tester 

● Cutting length by Vernier caliper 

● Chips collection 

● Insert flank wear by Nikon Optiphot 150 microscope 

 

This process was repeated either till the flank wear value reached 0.3 mm or the point where insert 

got damaged. The tests were carried out in two different cooling environments viz. flood cooling 

in which cutting oil was mixed with water and then injected into the tool-workpiece contact with 

pressure up to 6 bars and MQL technique,  wherein the high pressure air and oil mist was directly 

injected into cutting zone. It was made sure that the oil used was limited to approx. 7 ml/hr with 

reference to guidebook received from Accu-Svenska AB. 

Cutting parameters value 

 

Cutting speed, Vc 120 m/min 

Cutting feed, f 0.2 mm/rev 

Depths of cut, ap 0.25mm, 0.5mm, 1 mm 

Cutting time, t 90-95 sec 

Material removal rate (MRR), Q 6 cm3/min 
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5.5 Data collection 

After detailed discussion, we have decided to record following data parameters for the analyzing 

the data obtained from the experiments on different pressure levels of the supplied air. 

● Surface roughness 

● Tool wear 

● Tool Life 

● Chip morphology 

5.5.1 Surface roughness 

Measurements of surface roughness was done with the help of Mitutoyo SJ-210. After every turning 

cut, Ra value was measured at three different places along the cut and mean Ra was noted down. 

The ISO 1991 standard was selected for the measurements. The equipment has following 

characteristics: 

                         

Figure 18: Mitutoyo SJ-210 

                                    Table 8: Mitutoyo SJ-210 characteristics 
 

Model Value 

 

Measuring range 21 mm 

Measuring Speed Measurement: 0.25/0.5/0.75 mm/sec Return: 

1mm/sec 

Measuring Force 4 mN 

Standards JIS B, ISO 1997, ANSI, VDA 

Filter GUASS 

Sampling Length 0.08/0.25/0.8/2.5 mm 

Stylus Material Diamond 

Tip radius 5 µm 

Power rating 9V, 1.3A 

Working temperature 50 C - 400 C 
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The roughness profile (R) is obtained by filtering the unfiltered profile with a long wavelength cut 

off filter (High press filter) to remove long wavelength segments. 

                                                 

  Figure 19: Roughness profile R [24] 

Ra, arithmetic mean of the absolute values of the evaluation profile deviations (Yi) for the mean 

line. 
𝑛 

𝑅𝑎 = 
1 

5.5.1.1 ∑ 

5.5.1.2 𝑛 
𝑖=1 

5.5.1.3 𝑌𝑖 

 
Figure 20: Ra [24] 

Rq is the square root of the arithmetic mean of the squares of the deviations (Yi) from the mean line 

to the evaluation profile.  

 

 

Figure 21: Rq [24] 
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Rz, the mean roughness depth is the arithmetic mean value of the single roughness depths of 

consecutive sampling lengths. 

 

Figure 22: Rz [24] 

5.5.2 Tool Wear 

The tool is going to wear against machining time. Flank wear and nose wear were observed as the 

primary data collection. For this NIKON Optiphot 150 microscope was used attached with Deltapix 

Invenio II digital camera which is in microscope room at the department. 

 

Figure 23: Nikon Optiphot 150 

 

This microscope is equipped with Deltapix Invenio II digital camera which is then connected to the 

PC. With the help of Deltapix software, it is possible to render images captured by the microscope 

on to the screen. The maximum resolution attained is 8 Megapixel. The camera is capable of 

streaming live video on computer monitor via high-speed USB 2.0 bus at 480 Mbits/s [28].
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Additionally, to observe chips more accurately, we used Dino-Lite Edge 3.0 digital microscope. This 

microscope has USB 3.0 interface, comes with extremely powerful LED light to focus the objects 

then delivers sharp and fluent images on screens [29]. 
 

Figure 24: Delta Pix Insight software 

 

6 RESULT AND DISCUSSION 

In this section, the experimental outcomes of all the machining condition are discussed. As 

discussed above every test was carried out twice meaning both the corners of the insert were used 

and mean value considered. The tests were planned in three steps as follows: 

 

6.1 Initial Tests 

Trial runs were carried out with flood cooling first in order to find the best machining parameters 

for MQL tests and to setup all the equipment efficiently. Three depth of cuts were selected viz. 

0.25mm, 0.5mm and 1mm. The length of cut was adjusted depending on the diameter of the 

workpiece. The machining time was kept at a steady rate of 90-95 seconds per cut. Cutting velocity, 

Vc was 120 m/min and feed rate was set at 0.2 mm/rev. 

 

Initial results showed for 1 mm depth of cut; the insert was turned out to be wearing out faster. We 

carried out three tests with 1 mm depth of cut. In all cases the insert broke after 3 to 4.5 mins of 

cutting time lapsed. Compared this to MQL conditions, insert was not able to finish full 3 minutes 

of cutting. 
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Figure 25: Flank wear in flood Cooling at 1 mm ap 

 

 

Figure 26: Flood cooling statistics at 1 mm ap 
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Figure 27: Flank wear in MQL at 6 bar after 1.5 min 

 
For 0.5mm depth of cut, value for flank wear which was set at 0.3 mm was reached after 30 minutes 

of machining time. The machining performance under flood cooling conditions was satisfactory 

but under MQL conditions with vegetable oil, insert managed to last for less than 10 minutes on  

an average. 

Figure 28: Flood cooling statistics at 0.5 mm 
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Figure 29: Flank wear after 3 minutes Figure 30: Flank wear after 36 minutes 

 

 

Figure 31: MQL statistics at 0.5 mm 

 

 

 

Figure32: Flank wear after 4.5 minutes at 6 bar Figure 33: Flank wear after 9 minutes at 9 bar 
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With 0.25 mm depth of cut under flood cooling conditions, insert gave the good enough 

performance than above mentioned cases. The tool lasted up to 53 minutes on average. On other 

hand, MQL technique with vegetable oil gave the best result lasting up to 80 minutes at 12 bar air 

pressure. This part is discussed further in the report. 

 

After completing these experiments, it has been found that the depth of cuts, 0.5mm and 1 mm were 

not worth to explore for further investigation as the tool life was variable in each case. Insert was 

not capable of handling such depth of cuts with current machining parameters. Hence, the depth of 

cut 0.25 mm was selected to be experimented further. A detailed report for 0.25 mm depth of cut 

has been discussed below. 

 

6.2 Main Tests 

After selecting 0.25 mm depth of cut for both the flood cooling and MQL technique, the machining 

parameters was set once again, and process plan remained same as mentioned earlier in the 

methodology section. The cutting speed, Vc was set at 120m/min, Feed rate, (f) was chosen to be 

0.2mm/rev. The length of cut was adjusted depending on the diameter of the workpiece and spindle 

speed which would lead to continuous machining time of about 90-95 sec. 

 

During main tests, following parameters were noted carefully and values recorded. 

● Tool wear/Flank wear 

● Tool life 

● Surface roughness 

● Chip morphology 
 
 

6.2.1 Flank Wear 

As mentioned before, after every 90 seconds of the machining the flank wear was measured under 

the microscope and flank wear values were noted down. The end of tool life value for flank wear 

was set at 0.3 mm. [17] Firstly, the tests were carried out in flood cooling conditions where the 

machining was done till the flank wear reaches to 0.3 mm. Each test was repeated twice i.e. both 

the corners of the insert were used. 

 

A tool tends to wear down with the amount of heat generated due to friction between tool and 

workpiece. Below chart shows the increase in the flank wear value with respect to machining time. 

The insert lasted for 55.5 minutes of cutting until flank wear value reaches to 0.3 mm. The graph 

clearly shows the that there was gradual increase in the flank wear value over the time. The trend 

of the graph follows the flank wear and time relationship, indicating that there is a rapid increase in 

the flank wear value at the beginning of the machining followed by a steady state region and 

eventually comes to catastrophic failure towards the end of life for the tool where the temperature 

plays major role.  
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Figure 34: Flank wear measurements in flood cooling 

 

After getting satisfactory results with the flood cooling conditions, MQL tests were planned with 

three selected air pressure range viz. 6 bar, 9 bar, 12 bar. 

 

To sum up the procedure, the air compressor can deliver the required pressure of air to the applicator 

which causes the mist containing air and oil to reach desired pressure. The same is then injected 

into the cutting zone of the tool and workpiece in order to have better performance. 

 

Figure 35: Outlet position of tube carrying mist 
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Machining with 6 bar air pressure and results are plotted on the graph below. Insert lasted 57 minutes 

of continuous machining, during which the value for the flank wear was seen gradually increasing.  

Figure 36: MQL stats with 6 bar pressure 

 

In case of 9 bar air pressure, the performance of the insert was better than the above test at 6 bar, in 

which it lasted for 66 minutes. This might be because the pressure with which the mist thrown onto 

the tool-workpiece contact results in being chips removed at higher rate with minimal contact with 

workpiece. Hence better tool life than above mentioned procedure. The detailed stats shown in below 

chart. 

 

Figure 37: MQL stats with 9 bar pressure 
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In case of 12 bar air pressure, insert gave most better performance than the above-mentioned tests, in 

which it lasted for 78 minutes. This might be because the pressure with which the mist thrown onto 

the tool-workpiece contact results chips removed after machining were pushed aside causing minimal 

contact with workpiece. Hence better tool life than above mentioned procedures. The detailed stats 

shown in below chart. 

                                      

Figure 38: MQL with 12 bar pressure at 7 mL/hr 

 

6.2.2 Surface Roughness 

Surface roughness was measured at three different points on the machined part and mean value was 

considered. For this activity, Mitutoyo SJ-210 surface roughness tester was used which comes with 

additional computerized software to transmit measured data from surface roughness tester to PC 

creating PDF report. 

 

Following charts show the surface roughness value noted after every 90 seconds of machining time. 

The Values are measured in flood cooling as well as MQL conditions at 6,9 & 12 bar air pressure at 

a steady oil flow rate approximately 7mL/hr.  
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For flood cooling, insert went smooth over the period, gave mean surface roughness value of 2.280 

µm. The lowest value of surface roughness in this experiment in flood cooling was 1.639 µm which 

was recorded after 27 minutes of machining. 
 
 

 
Figure 39:  Surface roughness stats in flood cooling 

 

For MQL at 6 bar air pressure, insert gave mean surface roughness value of 1.881 µm. The lowest 

value of surface roughness in this experiment was 1.220 µm which was recorded after 37.5 minutes 

of machining. 

Figure 40: Surface roughness stats in MQL with 6 bar pressure 
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For MQL at 9 bar air pressure, insert gave mean surface roughness value of 2.227 µm. The lowest 

value of surface roughness in this experiment was 1.575 µm which was recorded after 30 minutes of   

machining. 

 

Figure 41: Surface roughness stats in MQL with 9 bar pressure 

 
 

For MQL at 12 bar air pressure, insert gave mean surface roughness value of 3.340 µm. The lowest 

value of surface roughness in this experiment was 2.893 µm which was recorded after 51 minutes of 

machining. 

 
 

 
Figure 42: Surface roughness stats in MQL with 12 bar pressure 
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From above experiments, it was observed that the mean value for surface roughness in machining 

under MQL conditions at 6 bar air pressure was found efficient than that of flood cooling conditions. 

But when there was an increase in inlet mist pressure, the surface deteriorated over time period from 

6 bar to 12 bar pressure conditions. This might be because, as we increased the pressure of the mist, 

the outflow stream of mist was getting scattered and there was not enough oil reaching the point of 

contact in order to reduce the temperature generating. This is the possible reason why the surface 

getting deteriorated quickly. 

 

On the other hand, there was significant increase in the tool life observed. This might have happened 

because the increased pressure of mist stream was powerful enough to push the chips away from tool 

avoiding wear of insert.  

 

To justify this, we carried out another test in which we increased the oil flow of the mist to 

approximately 14 mL/hr, with the help of installation manual from Accu-Svenska AB. The detailed 

results are mentioned in next chapter.  
 

6.2.3 Final Test 
 

Meanwhile, we increased the quantity of the oil to approximately 14mL/hr by setting up the knob up 

to double the time cycles on the precision pump applicator mentioned in the product manual received 

from Accu-Svenska AB. 

 

Now, the oil quantity has been doubled but all the cutting parameters were kept same as above 

mentioned tests. First, we observed the tool life. The same procedure was carried out for machining 

and data is pictured below. 
    

 

Figure 43: MQL stats with 12 bar pressure at 14 mL/hr 
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Flank wear value was seen increased with respect to time period and insert managed to last for 81 

minutes of continuous machining until it reached the optimal value of 0.3 mm for flank wear. 

Compared this to the earlier procedures we used, insert gave best performance against all of them, 

with approximately 4% increase in tool life compared to MQL with 7mL/hr. 

 
 

 

Figure 44: Surface roughness stats with 12 bar pressure at 14 mL/hr 

 

 

 

Similarly, surface roughness values were recorded after every cut. By MQL with approx. 14 mL/hr, 

the mean surface value was noted of 2.117 µm and lowest reading found as 1.248 µm after 24 

minutes of continuous machining. Compared this to MQL at 12 bar with 7 mL/hr, the mean surface 

roughness value was found to be decreased by approximately 37% which was remarkable.  

 

This gave justice to our findings mentioned on last page. During this experiment, enough oil was 

reaching to the point of contact in order to control the heat and dry atmosphere which was 

generating in the absence of enough oil. Thus, preventing deterioration of the workpiece surface. 
 

 

6.2.4 Chips morphology 
 

In this section, we are going to discuss about chip morphology. As discussed above, sample chips 

were collected after every cut of machining in order to observe them under digital microscope for 

investigating effects of temperature on chips geometry and color. 
 

Tool life is extremely important factor deciding productivity of the industry. So, manufacturers tend 

to use coatings of TiC, TiN, Al2O3 etc to control the wear. These coating act as diffusion barriers 

between the chips formed, temperature generated and workpiece materials. Under extreme metal 

conditions, elevated temperatures are introduced in the tool-chip contact zone viz. cutting zone. These 
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temperatures mainly responsible for change in geometry and color of the chips. [30] 

The temperature distribution at the tool-chip interface is highly influenced by the value of the thermal 

conductivity of the coating material. Lower the value, higher the heat retention in the chip causing 

burnout of the chips. Following graph shows the various color distribution at elevated temperatures 

against lightness value. The lightness value depends on the mean surface roughness value. Higher 

the lightness value, better the surface finish and vice versa. [30] 
 

 
Figure 45: Chip color distribution [30] 

From above figure, as temperature increases due to wearing out coatings respective to cutting speeds, 

the chip color changes from silver to dark blue. This was justified during thesis project. The details 

can be found below. 

 

For flood cooling, the geometry of the chips was changing over the period and chips became 

elongated due to wearing of insert nose. But the color of the inserts throughout was not changing 

because there was enough fluid present to take heat out.  
 

  
 

Figure 46: Chips at start, middle and end of machining in Flood Cooling (left to right) 

 

With MQL, there was absence of continuous supply of cutting fluid. Instead high-pressured stream 

of oil and air was used as cooling medium. The results are shown below. With 6 bar pressure chips 

changed their color and geometry much quicker than the later ones. These images can be referred to 

the chart presented above in the discussion. 
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By observing last image of each row below, it can be seen than as pressure of the mist stream 

increased, the chips were thrown more powerfully away from the tool tip. This has protected the 

insert nose to wear down faster. Resulting the shape of the outcoming chips was more uniform 

gradually from flood cooling to the MQL tests. Also, the color differentiation can be noted in a best 

way possible. Blue color can be seen clearly with 6 bar MQL technique but chips were changing 

color to mixture of golden, pink, red and blue as we increased the pressure. Meaning there was enough 

oil also reaching to point of contact to take the heat away.  
 

   
Figure 47: Chips at start, middle and end of machining in MQL at 6 bars (left to right) 

 

   
Figure 48: Chips at start, middle and end of machining in MQL at 9 bars (left to right) 

 

   
Figure 49: Chips at start, middle and end of machining in MQL at 12 bars (left to right) 

     
Figure 50: Chips at start, middle and end of machining in MQL at 12 bars with 14mL/hr (left to right) 
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7 CONCLUSION 
 

This thesis project was dedicated to find the alternative solution for traditional flood cooling methods 

used in the manufacturing industries. Minimum Quantity Lubrication (MQL) is the technique in 

which small or required amount of cutting oil is being injected directly into the cutting zone of tool 

and workpiece. This saves unnecessary excess usage of cutting, which is the main challenge for 

attaining sustainable manufacturing concept at workplace. 

 

In this the MQL system was provided along with a source which capable of generating high pressure 

emulsion. The basic concept behind this kind of arrangement was the high-pressured stream of air 

would take chips away from the tool, prevent tool wear and the vegetable oil in form of cutting oil 

would help to reduce the temperature generating the cutting zone. 

 

After carrying out experiments with different cutting depths and cooling methods mentioned in above 

sections, general conclusions can be drawn as follow: 

 

● Overall, the MQL system with high pressure compressed air found to be giving better 

results than traditional flood cooling technique in terms of flank wear, tool life and surface 

roughness. 

 

● For flank wear experiments, it was observed that higher the pressure of the emulsion, lower 

the flank wear observed subsequently greater numbers of minutes observed as tool life. 

Tool life rose from 55.5 minutes in flood cooling to 81 minutes in high pressure MQL. 

That is 46% increase in the tool life until it reaches 0.3 mm flank wear in both the cases. 

 

● For surface roughness, it was found that the MQL system is giving better results that flood 

cooling conditions, but it was observed that as the injected pressure of the emulsion 

increased, there is also increase in the average surface roughness value. Which in any case, 

not the manufacturer wants to have with their products?  

 

● There was significant of 18% decrease observed in the value of surface finish going from 

flood cooling to MQL system at 6 bar pressure. But an increase of 19% when the injected 

pressure of emulsion increased to 9 bar and further 50% increase in surface finish value 

when the pressure increased to 12 bar. 

 

● Experiments showed that with increase in the pressure of emulsion, the stream exiting from 

nozzle was getting scattered and not enough oil droplets were reaching to point of contact 

in the cutting zone. This was proved by doubling up the oil supply (14 mL/hr) resulting 

37% decrease in surface finish value at 12 bar pressure. 
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8 FUTURE SCOPE 
 

● Alternative forms of vegetable oil can be studied with different combination with high 

pressure MQL condition with other machining processes. 

 

● Internal supply of high pressure MQL with different tool materials can be an area of 

study. 

 

● The experiments were restricted to 12 bar pressure. Future work can be carried out with 

much higher pressures with additional boosters. 

 

● Study can be done by applying high pressure MQL principle in machining of materials 

such as Inconel which is used in aircraft engines. 
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10 APPENDIX 
 

CNC code for turning operation 
 

; Testing Toolox 44 

 

; v120 f0.2d0.5-1 

 

; Initial diameter D=161 Length of workpiece L= 500 

 

DEF REAL L1= 141; Final diameter: external-cutting depth 

DEF REAL L2= 500; Length of the workpiece 

 

N10 G54 G18 DIAMON  

N11 TRANS X0 Z=L2+15  

N12 T8 D1 

N20 G0 X=L1+20 Z10  

N21 G0 Z0 

N22 G0 X=L1-30.5 

N23 G96 F0.2 S120 M4 LMS=3000  

N24 G1 Z-388 

N25 G0 X=L1+50  

N26 M5 

N27 G0 Z50 
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Surface roughness test report 

 

 
Figure 51: Sample surface roughness test report 
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Flank wear measurements 
 

These readings were taken for MQL at 12 bar tests with 14 mL/hr oil flow 
 

                          
Figure 52: Flank and Nose of insert before start of machining 

 

                          
Figure 53: Flank and Nose after first cut at 1.5 minutes 

 

                          
Figure 54: Flank and Nose after 15 minutes of machining 
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Figure 55: Flank and Nose after 30 minutes of machining 

 

                          
Figure 56: Flank and Nose after 45 minutes of machining 

 

                          
Figure 57: Flank and Nose after 60 minutes of machining 
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Figure 58: Flank and Nose after 75 minutes of machining 

 

                          
Figure 59: Flank and Nose at the end of tool life 
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Other comparison charts 
 

 
Figure 60: Analysis of tool wear 

 
 

 
Figure 61: Analysis of surface roughness 
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