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Abstract 

Dry machining, which not uses a coolant, is an environmentally safe alternative to conventional machining. The way to eliminate 

coolant pollution is to use coolantless cutting, namely dry machining, technologies. However, tools for dry machining are still 

being developed. New tools and tool coating (ceramic, diamond, multi-layered) methods have been developed to reduce the cutting 

heat generation and to extend the tool life. Dry machining is considered a more sustainable process than machining with cutting 

fluid due to the absence of lubricants and coolants, which results in a reduced use of resources. In dry turning of titanium/super 

alloy, the cutting forces required are lower than those required using cutting fluids, and a better surface quality is achieved than in 

wet machining. There are many advantages of dry machining, such as increased flexibility, decreased cycle times, reductions in 

machine tool costs, and elimination of environmentally hazardous cutting fluids. To improve the fatigue strength, corrosion 

resistance of the product surface roughness is desired.  

Keywords: Dry Machining, Challenges, Solution, Strategy, Application etc. 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Machining is a major manufacturing process in the industry. In the machining process, heat is generated during the chip formation 

process, which escalates the temperature of the cutting tool and accelerates tool wear. Conventionally, cutting fluid is used to cool 

and lubricate the cutting process, thereby reducing tool wear and lengthening tool life. However, conventional emulsion cooling 

has inherent health and environmental problems. Conventional cutting fluid is an environmental contaminant and the government 

has strict regulations limiting the dumping of cutting fluid waste. Although the cutting fluid can be recycled, recycling services in 

the United States charge twice the purchasing price for disposal and the cost is four times as much in Europe. Conventional coolant 

also poses a health threat to the worker. Long term exposure to cutting fluid can cause dermatitis, a generic medical term that 

describes skin disorders ranging from an ugly rash to malignant cancer. In Ohio, line operators in a major automobile plant have 

reported that 30 percent of their machining operators developed dermatitis of various degrees due to long term contact with cutting 

fluid; two required hospitalization. The prevalence of dermatitis resulting from exposure to cutting fluid has consistently been 

under-reported [1]. 

 In addition to environmental and health concerns, the machining industry continues to investigate ways to achieve longer tool 

life, higher cutting speed, better work surface quality, less build-up edge, easier chip breaking and lower production cost. So dry 

machining eliminates the use of cutting fluid. [2].Dry machining, which not uses a coolant, is an environmentally safe alternative 

to conventional machining[1]. The way to eliminate coolant pollution is to use coolantless cutting, namely dry machining, 

technologies. However, tools for dry machining are still being developed. New tools and tool coating (ceramic, diamond, multi-

layered) methods have been developed to reduce the cutting heat generation and to extend the tool life. Cool air cutting is under 

development. A mix of cool air and environmentally friendly oil, like vegetable oil, is being researched. Results shows that dry 

grinding and machining are as good as wet machining in some cases. [3] Used coolant from machining processes is harmful to 

both environment and human health. Chemical substances that provide the lubrication function in the machining process are toxic 

to the environment if the cutting fluid is released to soil and water. The chemical substances in coolant caused serious health 

problems to workers who are exposed to the coolant in both liquid and mist form. 

 Dry machining is considered a more sustainable process than machining with cutting fluid due to the absence of lubricants and 

coolants, which results in a reduced use of resources. In dry turning of titanium/super alloy, the cutting forces required are lower 

than those required using cutting fluids, and a better surface quality is achieved than in wet machining. There are many advantages 

of dry machining, such as increased flexibility, decreased cycle times, reductions in machine tool costs, and elimination of 

environmentally hazardous cutting fluids. To improve the fatique strength, corrosion resistance of the product surface roughness 

is desired. To enrich certain surface roughness in dry machining tools with carbide coated is necessary, also different types of 

coated tool is essential for cutting parameter. This type of tools influence the high temperature, high resistivity and also less tool 

wear. While turning operation in lathe or CNC machine hard coating deposits are necessary, it can be either done by PVD(Physical 
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vapor deposition) and CVD(chemical vapour deposition).also some coating of PVD can be used at sharp edges and complex edges. 

Also this carbide coating tools play and vital role in tool life and machining performance. 

 But dry cutting although environmental friendly is not feasible under all machining applications. Some materials when machined 

dry; tend to stick to tool face, spoiling tool and machined surface finish, can be efficiently machined under near dry machining 

(NDM) or under minimum quantity lubrication (MQL) conditions; in which cooling and lubrication in the cutting zone can be 

achieved by a tiny amount of cutting oil applied to tool tip with compressed air in mist form, thereby addressing the negative 

impact of flooded coolant machining.   

II. LITERATURE SURVEY 

One of the main goals of now days industries is the reduction of the production costs through the productivity increase. In the 

attempt to reach this goals, many researchers have been used the dry machining method. It increases material removal rate, high 

surface finish & tool wear rate[1]. 

 Prabir Sarkar have studied that Dry Machining: A Step towards Sustainable Machining -Challenges and Future Directions in 

2017. Manufacturing activity is a major consumer of energy and natural resources. In machining process, a large amount of heat 

is produced whose removal requires the use of suitable cooling agents or cutting fluids, which are a major source of waste 

generation and environmental damage. To eliminate hazardous cutting fluids during machining operations, researchers have tried 

machining components without applying cutting fluids, which is also known as dry machining [1].  

 Talwinder Singh have studied that A review of near dry machining/minimum quantity lubrication machining of difficult to 

machine alloys in 2016. Cutting fluids cool and lubricate the cutting tool and machined area, wash away chips thereby increasing 

material removal rate, lengthen tool life and improve dimensional accuracy. However, strict environmental regulations prohibit 

liberal use of conventional coolants due to environment, health hazards and economic reasons. But, dry cutting although 

environmental friendly is not feasible under all machining applications. Some materials when machined dry; tend to stick to tool 

face, spoiling tool and machined surface finish, can be efficiently machined under near dry machining (NDM) or under minimum 

quantity lubrication (MQL) conditions; in which cooling and lubrication in the cutting zone can be achieved by a tiny amount of 

cutting oil applied to tool tip with compressed air in mist form, thereby addressing the negative impact of flooded coolant machining 

[2]. 

 Salem B. have studied that Sustainable optimization turning of ss based on energy consumption & machining cost in 2018. 

Reducing energy consumption and machining cost under dry conditions should be considered for sustainable machining. The 

selection of cutting parameters is an important task for dry turning steel and has a significant influence on energy consumption and 

operation cost. In this work, the influence of cutting parameters, namely, cutting speed, feed rate, and depth of cut, on energy, cost, 

and tool wear are first analysed [3]. 

 Y. Kaynaka  have studied that Surface integrity characteristics of NiTi shape memory alloys resulting from dry and cryogenic 

machining in 2014. In this study, cryogenic and dry machining-induced surface integrity parameters (surface quality, topography, 

surface roughness, microstructure and phase transformation temperature) were investigated in machining of NiTi alloy. Cryogenic 

machining process helped to improve the surface quality of machined components more than the dry machining. Although no clear 

machining-induced layer was observed on both dry and cryogenically machined specimens from the optical microscopy, further 

examination is required to determine the exact depth of affected layer. Martensite to austenite transformation temperatures are 

higher and transformation peak is broader in cryogenically machined sample than the dry machined sample which indicates that 

the cryogenic machining has more severe effects on the surface integrity characteristics of NiTi alloys by introducing high 

dislocation density and residual stresses on their surfaces and subsurface[4].   

 Y.Kanyak have studied that Tool-wear analysis in cryogenic machining of NiTi shape memory alloys: A comparison of tool-

wear performance with dry and MQL machining in 2013. Extremely high tool-wear rate in machining of NiTi shape memory 

alloys(SMAs) is one of the major reasons for limiting the use of conventional machining processes on NiTi. The present study 

being into address this is sure by examining the effects of cryogenic cooling on tool-wear rate and progressive tool-wear by 

comparing the new findings from cryogenic machining with results obtained from minimum quantity lubrication(MQL) and dry 

machining conditions. Flank wear at the nose region, notch wear at the depth of cut boundary and resulting machining performance 

criteria such as force components and surface quality of machined samples were studied. [5]. 

 Natasha Raof studied that Machining-induced grain refinement of AISI 4340 alloy steel under dry and cryogenic conditions in 

2019. microstructure of the machined surfaces of the AISI 4340martensitic alloy steel generated under different turning conditions 

were investigated. It can be concluded that cryogenic turning provides the advantage of controlling the temperature rise during a 

machining process; hence, the quality of the machining-induced surface layer was preserved even in turning at different cutting 

speeds. Ultrafine white globular particles were formed and improved the strength and hardness of the machined surface. Higher 

density and more homogeneous ultrafine white globular particles, which are associated with the carbide precipitates, were observed 

in all cryo machined surfaces, which contributed to the higher hardness compared to those machined under dry conditions [9]. 

 Azad Kumar have studied Optimization of Control Factors for EN-42 on WEDM using Taguchi Method in 2017. This research 

work presents influence of process parameters on surface roughness and material removal rate (MRR) while wire electrical 

discharge machining of EN-42. Experiments have been conducted with four process parameters viz., pulse on time, pulse off time, 

peak current and wire feed rate. Taguchi’s orthogonal array (L16) was employed for experimental investigation. ANOVA analysis 

was used to determine most significant factors affecting the machining performance[10]. 
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III. DRY MACHINING & CHALLENGES 

Dry machining, which eliminates the use of cutting fluids in any form, would have been the ideal scenario. Dry machining can 

effectively eliminate the health hazards like dermatitis, skin infections, respiratory diseases and cancer, associated with prolonged 

exposure to cutting fluids, and at the same time improve the overall performance of cutting operations. 

 Tool life 

Without cutting fluids, the chance of compromising the tool life increases. Xu et al. (2009) studied the wear of tools when 

machining tool steel and cast iron. They observed that the average temperature near the cutting tool edge was much higher in dry 

machining as compared to cutting fluids assisted machining. High temperatures at the tool face caused softening of the tool cutting 

edge since the tool materials lose their hardness rapidly at elevated temperatures. As the cutting edge geometry changes, the cutting 

forces increases, and causes further deformation of the cutting edge. This leads to cracks or chipping of the cutting edge, resulting 

in sudden tool failure. Another mechanism through which accelerated tool wear may take place at an elevated temperature is the 

process of diffusion, in which the tool material atoms physically diffuse from the tool and are carried away along with chips. 

Diffusion mechanism is the main cause of accelerated crater wear, resulting in premature tool failures. Chemical activity between 

tool and chip is also high at increased temperature, which further aggravates the tool crater wear. In cutting situations where 

abrasion is the predominant mechanism of tool wear, it is stillobserved that wear due to abrasion caused by hard particles becomes 

aggravated at higher temperatures as the tool loses its hardness (Grzesik and Zalisz, 2008). 

 Work-piece geometrical accuracies 

The desired geometrical accuracies of the machined component are often difficult to achieve in dry machining due to significant 

heat retention in the work-piece material. Subhas et al. (2000), who studied machining of Inconel 718, stated that the retained heat 

causes heating and thermal deformations in machined parts. When the component cools down after machining it can develop 

significant geometrical and form errors. The ambient temperature may also vary from hour to hour during the day, making any 

fixed amount of error compensation by the machine controller difficult. During machining, the local zone near the cutting area 

may heat up and expand, whereas the rest of the part may be at a very different temperature causing severe localized deformations 

and loss of geometrical form and accuracy. 

 Work-piece surface integrity 

Another major issue with dry machining is that the process often results in significant deterioration of surface properties of 

machined parts. For instance, Novovic et al. (2004) found that the excessive heat built up during dry machining raises the 

temperature of the surface layer to a level where phase transformation and microstructure alteration occurs. Dry machining could 

also cause the formation of a more prominent ‘white layer,’ a hard layer on the surface, which appears white when observed under 

an optical microscope, leading to altered surface integrity, as observed by Zhang et al. (1997). Dry machining may also result in 

development of residual stresses in the top layers of the machined component, which tend to have a negative impact on the fatigue 

and corrosion resistance of the machined component, as reported by Sun and Guo (2009) in their studies on surface integrity of 

titanium alloy, Ti–6Al–4V in end milling. 

 Machinability of materials 

The metals most commonly used in engineering applications include low and medium carbon steels, austenitic stainless steel, cast 

iron, nickel and titanium alloys, magnesium alloys, copper alloys, aluminium alloys, and composites (Lino Alves et al., 2016). 

Some of these metals and their alloys such as austenitic stainless steel, nickel and titanium alloys, etc. exhibit considerable 

difficulties in machining without the supporting aid of cutting fluids (Bordin et al., 2016). The problem arises mostly due to 

excessive generation of heat and high interfacial temperatures during machining in a dry condition, leading to premature tool 

failure (Atlati et al.). In dry cutting, low carbon ferrous alloys tend to adhere to the tool cutting edge and rake surface, causing built 

up edge (BUE) formation, component surface damage, vibrations and chattering, high cutting forces, excessive tool damage, 

increased friction at the rake face and further temperature build up (Rogante, 2009). Korkut et al. (2004) studied AISI 304 austenitic 

stainless steel machining and observed that austenitic stainless steel is difficult to cut due to its high strength and high fracture 

toughness. Additionally, stainless steel gets work hardened during machining and forms segmented or serrated chips. High heat 

generation coupled with low thermal conductivity results in poor dissipation of heat generated in dry machining. The elevated tool 

temperature thus causes premature tool failure. 

 Machining processes 

Closed-form machining operations such as drilling of long holes, reaming, key-way milling, slot milling, grooving, and parting-

off pose a stiff challenge to dry machining. The key issue is effective chip evacuation, which becomes difficult in above-mentioned 

machining operations. Heinemann et al. (2006) observed that the chips produced in drilling get jammed between the tool flank and 

the hole surface, causing surface damage to the machined part and tool flank face. Grinding, which is a finishing operation, is 

usually performed with cutting fluids. In the grinding process the stock removal is small, and the effective rake angle has a large 
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negative value due to random orientation of the grains of grinding media. Dry grinding leads to major surface defects such as 

micro-cracks, burning marks, and tensile residual stresses, which can severely affect the fatigue life and wear performance of the 

machined component, as observed by Barczak et al. (2010). Gear cutting and broaching also fall in the same category where dry 

machining has not become very popular. Fratila (2009), while studying dry machining in gear milling process, observed that chip 

removal was difficult in dry cutting as the tool cutting edge contact length with the work-piece was large.  

 Dry machining leads to increased cutting temperature, which makes chips softer and ductile. These chips adhere to the workpiece 

and tool surfaces causing tool chipping, chip entanglement, and damage to the workpiece surface. Mekid et al. (2009) and Weinert 

et al. (2004) observed that proper chip flow and evacuation, particularly in closed form machining operations becomes difficult 

without the flushing action of cutting fluids, which would otherwise be used during traditional machining processes. These chips 

jam the cutting flutes resulting in surface damage to the machined face, and tool breakage. Red-hot chips often fly at high speeds 

and cause damage to the exposed polymer wipers, seals etc., in the machine cladding and telescopic way covers. 

IV. STRATEGIES AND SOLUTIONS FOR SUCCESSFUL DRY MACHINING 

When the cutting fluids are required to be eliminated or reduced in machining, careful consideration needs to be given to the 

various functions of the cutting fluids. Klocke and Eisenblätter (1997) noted that unless dry machining achieves at least the same 

results in terms of production rate and quality of machined parts as are obtained in machining with cutting fluids, without unduly 

compromising the life of the tools and machinery, dry cutting cannot be successfully applied in the regular production environment. 

In any machining application, workpiece material and the machining process are the input conditions. Various strategies adopted 

by researchers for successful dry cutting include hybrid machining, high temperature resistant tool materials and coatings, and 

alternate cooling methods like minimum quantity lubrication or cryogenic machining. The goal is to achieve desired work-piece 

geometrical accuracies and surface finish, low machining forces and temperatures, an economical tool life, and high productivity 

in the machine shop. 

 Tool materials for Dry Machining 

Dry cutting typically results in elevated tool temperature as compared to wet machining. Hence, the primary requirement of a 

suitable tool for dry machining is the ability to retain hardness at high temperature or hot hardness. Further, the tool should be able 

to resist high stresses, which are imposed upon it in dry cutting. The tool material plays a vital role in dry machining. 

 Tool Coatings for Dry Cutting 

Coatings have a multi-dimensional impact on dry machining. They help to reduce the friction at the tool-work interface and hence 

compensate for the lubricating effects of cutting oils. The coatings are made from hard materials such as TiN, TiCN, CrN, CBN, 

and diamond, etc., which further reduce the tool wear progression occurring via abrasion, while some coating materials are 

formulated to primarily serve as diffusion barriers to inhibit crater wear. Low thermal conductivity coatings act as thermal barriers, 

which reduces the thermal loads on the tool material. The advancements in cutting tool coatings technology have greatly enhanced 

the capabilities of the dry cutting process. Coatings are typically applied to the cutting tools by Chemical Vapor Deposition (CVD) 

or Physical Vapor Deposition (PVD) methods. 

 Minimum Quantity Lubrication (MQL) machining 

In most applications, dry machining or complete elimination of cutting lubricants, has not been able to produce desired objectives 

in machining. Dry machining produces heat, which affects both the cutting tool and the component. Due to the significantly higher 

cutting temperatures, the tool wear is accelerated and tight geometrical tolerances on the work-piece are difficult to achieve. Under 

such circumstances the use of very small quantities of cutting lubricant, or MQL machining, proves beneficial (Weinert et al., 

2004). In MQL system, generally very low quantity of lubricant is applied to the cutting area in the form of drops, or as a mixture 

with compressed air or other gases, forming a fine spray. It is the lubricating property of the oil, and cooling capacity of the carrying 

media, which replaces the traditional flood coolant functions in machining. Normal consumption of the cutting oil is restricted to 

typically in the range 10- 100 ml per hour in MQL system (Furness et al., 2006). The use of small volumes of non-toxic lubricant 

in MQL machining, which is consumed in the cutting process itself, ensures that there is no serious disposal or ecological issue. 

V. APPLICATION OF DRY MACHINING TECHNOLOGY 

 Machining of Different Work-Piece Materials in Dry and Semi-Dry Conditions 

The work-piece material has a significant influence on the selection of necessary parameters and strategies for completely dry, and 

MQL assisted machining. While some of the materials are relatively easy to machine, Nickel and Titanium alloys used in aerospace 

applications are classified as "hard to machine" materials. The absence of cutting fluids further increases the difficulty level in 

machining. The machinability or the degree of difficulty encountered while machining, is not merely a material property and is 

closely linked with the type of machining operation, cutting tool, cutting fluids, and machining parameters. The machinability has 
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to be assessed in terms of material removal rate, cutting forces, component surface properties, the shape of chips produced, and 

the tool life. 

 Adaptation of Machining Processes for Dry and MQL Machining 

The success of the dry machining process depends on the kind of machining operation to a great extent. While some of the 

machining processes can be easily adapted to dry machining, there are many, which require the assistance of cutting fluids. We 

now discuss various machining processes which have been successfully adapted to dry and minimum quantity lubrication 

machining. 

VI. CONCLUSION 

Reducing energy consumption and machining cost under dry conditions should be considered for sustainable machining. Dry 

machining has been successfully implemented only for a few work-piece materials and machining operations (for example dry 

milling and turning of cast iron) so far due to some serious challenges posed by the removal of cutting fluids from machining. Most 

machining applications do not yield satisfactory geometrical accuracies, surface properties, tool life, chips evacuation, and 

production rate without the application of cutting fluids. Due to excessive temperature, the tool heats up and loses its hardness. A 

relatively soft tool cutting edge then deforms, becomes blunt, and fails. 

 Tool Materials and Coatings 

On the tooling side, the focus of research has been on nano grain sized carbide and ceramic tool materials, multi layered nano-

coatings of ceramics, TiAlN, CBN, diamond, and many other hard materials as well as self-lubricating coatings. 

 Hybrid Machining 

Assisted or hybrid machining processes like laser assisted machining, ultrasonic vibration assisted machining, and other non-

traditional machining processes have shown promising results in a reduction or complete elimination of the use of cutting fluids in 

machining. The high equipment cost seems to be the main deterrent in the commercialization of these techniques at present. 
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