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Abstract :

Cutting fluid is a vital element in a machining processes and is used to remove heat and reduce friction
thereby enhancing a number of important economic as well as quality parameters like cutting tool life and
surface finish. However it also has an impact on manufacturing cost, ecological damages and occupational
health problems and these coupled with global trend of low cost and high productivity hinder the use of wet
machining processes. Near dry machining as a substitute for flood cooling is an eco-friendly process that
uses minimum amount of cutting fluid and with OoW-concept it is becoming more effective. The
understanding of effectiveness mechanism of near dry machining based on Rebinder Effect is important to
analyze and understand both qualitative and quantitative aspects of process parameters in machining.
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l. INTRODUCTION:

Cutting fluids(CF) have been extensively used in various machining operations for multiple purposes.

The expected primary functions of CF are cooling(heat removal) and lubrication (friction reduction) as well
as to reduce the severity of the contact processes at cutting tool-chip and cutting tool-work piece
interfaces[1,2,3].The secondary functions include washing of machined parts, chip transportation (as in deep
hole drilling where CF transports the chip to considerable distance),corrosion protection and controlling of
machining dust[1,4].Several advantages are to be gained by applying CF that include; an increase in tool life,
easier handling of work piece, reduction in the thermal distortion of work piece, and better surface finish[5].
The advantages caused by the cutting fluids are covered up due to its negative effects on environment and
operator”s health [1,2,5].CF often consist of complex chemical mixtures with upto 25 components such as
base oil stocks, emulsifier, corrosion inhibitors, extreme pressure agents and biocides[6]. The machine tool
operator exposed to CF has risk of inhalation , ingestion of small fluid droplets(aerosols) and skin exposer,
leading to variety of diseases from dermatitis to cancer[7]. It has been found that oil mist levels in the U.S.
automotive parts manufacturing facilities when traditional flood coolant application is used is of the order of
20 to 90 mg/m3 while recommended permissible exposure level for metalworking fluids by OSHA
[Occupational Safety and Health Administration-USA] is 5mg/m3.NIOSH [TheNational Institute of
Occupational Safety and Health] recommendation is 0.5 mg/m3[5].
In the current competitive manufacturing era, end users mainly focus on reduction in cost and improvement
in productivity. CF incurs a significant part of the manufacturing cost[1].CF accounts for upto 15% of a shop
production cost[8].One leading European automotive plant is reported the cost of CF as high as 17% of total
manufacturing cost,and tool cost upto 8%.[1,8].This high cost of CF is due to strict environmental and
regulatory burdens[6]. Manufacture, use and disposal of CF from ecological and health aspects become very
important due to environmental regulations[1].The cost of purchasing and disposing CF per year in USA is
48 billion dollars, 71billion yen in Japan,and one billion marks in Germany[9,10,11].The cost of maintaining
and eventually disposing CF combined with the health and safety concerns, have led to a heightened interest
in either eliminating CF altogether or limiting the amount of CF applied in machining processes[1,6].The
former process is known as Dry Machining(DM) while later is known as Near Dry Machining(NDM)or
Minimum Quantity Lubrication(MQL)[5].
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To cut the cost associated with CF, dry machining is the best alternative. Despite the advantages of dry
machining such as cleaner parts, no waste generation, reduced cost of chip recycling etc. The big obstacle to
shift to dry machining is the big capital investment required. The machines and tools designed for
conventional CF cannot be used directly for dry machining[12].The high temperature generated in dry cutting
not only creates problem for work piece handling but also affects metallurgical properties of surface being
machined and residual machining stresses[1].More thermal loads on tool and work piece may also result in
increased levels of tool wear[5]. Hence NDM is one of the best solution to alleviate negative impacts of CF.
NDM not only is cost effective but also improves the machined surface integrity characteristics. These facts
stress on the need to further understand the whole process[13].

1. Near Dry Machining :

NDM is a machining method that delivers the required minimum quantity lubricant mixed with air and
performs machining through continuous supply of this oil/air mixture to the tool tip. A typical flow rate of
50 to 500 mi/hour is used in NDM which is about three to four orders of magnitude lower than the amount
commonly used in flood cooling conditions[14]. In near dry machining, the cutting fluids used are usually
synthetic esters(chemically modified vegetable oils) and fatty alcohols. These high performing cutting fluids
have excellent lubrication and natural dissolving properties. Furthermore they are environmentally
friendly[5,15]. In NDM, a very small amount of lubricant is directly sprayed on the cutting area. The
mixture of air and oil (CF)in the form of aerosol(mist) is used in NDMJ[1,5].Aerosols means gaseous
suspension(hanging) into air of liquid or solid particles For NDM aerosols are oil droplets dispersed in a jet
of air. Atomization process is used for generation of aerosols. Atomization involves conversion of bulk
liquid into spray or mist form most often obtained by passing the liquid through nozzle[16].Apparatus in
which atomization process is carried out is called as atomizer(refer Fig-1).The design and functioning of
atomizer is a critical factor for NDM ,as concentration of aerosol and droplet size depend on it.
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Figure:1 Model of Atomizer

In NDM:Type | -external aerosol supply;for mixing of oil(CF) and air there are two ways available[17,18].
First mixing air and oil inside the nozzle,In this oil and compressed air are supplied to the ejector nozzle and
the aerosol is formed just outside the nozzle(refer Fig-2). Second is, oil and air is mixed outside the nozzle.
This type of systems are less costly and needs simple changes(retrofitting) in existing machine tools. The
cutting tools used in conventional flooding system can be used. The location of nozzle with respect to
cutting tool is static in this. This type of NDM is difficult to use for operations like drilling, boring.

JETIR2512032 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | a247


http://www.jetir.org/

© 2025 JETIR December 2025, Volume 12, Issue 12 www.jetir.org (ISSN-2349-5162)

ik

] | Aerosol I

[ ][Air]

Figure:2 NDM:Type- |
In NDM:Type Il-internal aerosol supply(through tool),the aerosol is supplied through the cutting tool
similar to the high pressure method of internal CF supply. The atomization process can be carried out
externally or internally i.e. inside the spindle of machine tool[18].This type of systems are easy for
installation. More accuracy to control aerosol parameters is an advantageous feature of this type.
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Figure:3- NDM:Type Il-internal aerosol supply(through tool),external atomization [18]

2. Oil film-On-Water NDM:

In NDM, the lubrication function is achieved to a great extent by directly spraying the oil to machining zone.
The cooling and flushing functions can be obtained by blowing the air. The cooling is limited compared to
flood supply. Heat transferred by air convection is limited. Cooling is mainly achieved by vaporization of the
cutting fluid, as vaporization absorbs a lot of heat which decreases the temperature of tool and work piece. To
enhance cooling along with lubrication, Oil film on Water droplet(OoW)concept is developed(refer Fig-4)[
19,20].The water and oil droplets flow with pressurized air from nozzle to cutting zone. Water vaporizes
immediately after it touches the tool-chip interface and this chills the contacted surfaces. Then the
oil(lubricant) at cutting zone reduces the friction between tool and chips. Pressurized air can cools down the
surface and blows away the chips. The cooling is achieved due to high specific heat capacity, density and
thermal conductivity of water compared with air and lubrication is achieved due to specific configuration of
droplet[18,19].When droplet reaches the hot surface (tool/work piece), the oil(lubricant) spreads over the
surface in advance of water spreading. The water droplet is expected to carry the lubricant, spreading the
lubricant effectively over the hot surface, and cooling the surface [18,19].To implement this concept
practically specially designed discharge nozzle is required.
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Figure:4 OoW(Oil On Water) Concept
3. Some Reported Results of NDM :

NDM has been applied to both open-faced and closed-face machining operations. Yokota [21] has reported
that MQL system is considerably effective in terms of tool wear, finished surface roughness in end milling,
turning and tapping operations compared to dry machining. Ueda et al[18] found that the temperature
reduction in turning using oil-mist is approximately 5%,while in oil-mist end milling it is 10-15% and in oil
mist drilling it is 20-25% compared to the temperatures in dry cutting. Dhar and Khan[22]found that NDM
with use of vegetable based oil reduces the cutting forces by about 5-15%.In comparison with wet
machining Dhar et al[23] for turning of 4340steel using NDM. They found that the temperature at the tool-
chip interface is reduced by 5-10% and the tool life and finish of the machined surfaced enhanced by 15-
20%.Matsuoka et al[21]applied MQL to hobbing process with uncoated and coated tool. They found that for
uncoated tool there is marked decrease in flank wear and for coated tool crater wear is smaller compared to
dry cutting, The finished surface roughness obtained with MQL is smaller compared to dry machining for
uncoated and coated tools. Autret and Liang[24]studied the effect of NDM in finish hard turning of
hardened high carbon steel using low content CBN tools .They reported 10 to 30 % reduction in cutting
temperature compared to dry machining and significant increase in tool life-over 30%.Lio and Lin[25]
applied NDM in high speed milling of hardened steel to compare it with dry cutting. They concluded that
the tool life can be enhanced by NDM as compared to dry cutting .NDM provides extra oxygen to tool-chip
interface so as to promote the formation of protective oxide layer. Systematic classification and analysis of
reported results for NDM is difficult due to lack of complete information on the experimental conditions
including the parameters of the aerosols[18].CF type and its flow rate, the nozzle design, the distance
between nozzle and tool tip, are important parameters affecting performance of NDM[26]. Unfortunately,
most of these important parameters are not reported in many of the research and studies on NDM[18].
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Figure:5 Tool life as a function of feed rate and cutting environment cutting speed ,VV=300m/min ,depth of cut
of 0.3mm. (Operation: High speed milling, Work piece Material: Hardened steel)[25]

4. Rebinder Effect —-Mechanism for Effectiveness of NDM:

Explanations to clarify the effectiveness mechanism of NDM compared to wet and dry machining is
scarcely reported in the literature [18].The known explanations are based on oil mist principle that was
developed by a bearing manufacturer in Europe during 1930s[18].Boundary lubricating layer of EP
additives and accurate delivery of the lubricant to the contact surface just before they engage into a contact
plush cooling by oil droplets evaporation is used to explain effectiveness of NDM. Very high specific
pressure occurs at the interfaces in metal cutting[1].Hence explanation based on penetration of tool-work
piece interface by oil due to high pressure of compressed air[18] needs reality checks. Embrittlement action
of CF reduces the strain at fracture of the work material. This action is based on the Rebinder
effect[1,16,18].

The results of Rebinder™s study showed that absorbed films of CF prevents micro cracks from closing. Each
microcrack in the machining zone serves as a stress concentrator, results in lower energy required for
cutting. Embrittlement action of CF based on Rebinder effect is one of the feasible explanation for
effectiveness of NDM[18].The only feasible way for NDM to work in metal machining is to enhance the
embrittlement of the layer being removed and thus to reduce the work of plastic deformation[18,21].NDM
uses oil in atomized form which possesses great ability to enhance Rebinder effect[18]. Rebinder effect is
»alternation of the mechanical and physical properties of materials due to the influence of various
physiochemical processes on the surface energy“[1]. Adsorption, chemisorptions, surface electrical
polarization and surface chemical reactions can be used to lower the surface energy of a solid to change its
mechanical properties. Therefore the research to understand the effectiveness of NDM should be driven in
this direction[1,18,26].

V. Conclusion:

Considering the economical, ecological and occupational health aspects of cutting fluids in machining, Near
Dry Machining or Minimum Quantity Lubrication is an alternative solution to minimize its negative impact.
There is a greater need to understand the mechanism of effectiveness of Near Dry Machining as well as the
effect of parameters like nozzle design, flow rate of cutting fluid. The Rebinder effect may open up the
possibility to understand near dry machining process with environment friendly cutting fluids and research
efforts have to be directed towards achieving the same in different machining scenarios.

References:

[1] Astakhov, V,P., Tribology of Metal Cutting,Elsevier,London ,2006,Chaps.3,6

[2]Daniel C.M., Sutherland J.W., “Effect of Cutting Fluid Properties and Application Variables On Heat
Transfer in Turning and Boring Operations”, Proc. Of the Japan/USA Symposium on Flexible Automation,
,1996,pp.1119-1126.

[3]T M EI Hossainy, “Effect of Gas Cutting Fluids on Machinability of Different Materials”, Proceedings of
The Institution of Mechanical Engineers,Part B:Journal of Engineering
Manufacturing,Vol.224,2010,pp.1057-1068.

[4] Sutherland J.W., Kulur V.N.,King N.C., “An Experimental Investigation of Air Quality in Wet and Dry
Turning”, CIRP Annals-Manufacturing Technology,VVol.49/1,2000,pp.61-64.

[5]Boothroyd G.,Knight W.,Fundamentals of Machining and Machine Tools,3rd ed., CRC
Press,Bocaraton,2008,Chaps.3,5.

[6]Callahan R.H.,Hubbard K.M., “The Development and Analysis of an Environment Friendly Machining
Fluid Application System”,Int.J. of Environment Conscious Design & Mfg.,Vol.12,No.3,2004,pp.15-23.

[7]OSHA,Metalworking Fluids: Safety and Health Best Practices Manual,1999.

[8]Graham D., “Dry Out”, J. Cutting Tool Engineering,Vol.52,2000,pp.1-8.

JETIR2512032 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ] a250


http://www.jetir.org/

© 2025 JETIR December 2025, Volume 12, Issue 12 www.jetir.org (ISSN-2349-5162)
[9] Narutaki N.,Yamane Y., Tashima S.,Kuroki H., “A New Advanced Ceramic for Dry Machining”, CIRP
Annals, VVol.16,1997,pp.43-48.

[10]Granger C., “Dry Machining™s Double Benefit”,J.Prod. Engg.,Vol.54,1994,pp.14-20.

[11]Feng F.S.,Hattori M.,Process Cost and Information Modeling for Dry Machining,NIST
Publication,2000.

[12]Klocke F.,Eisenblaetter G., “Dry Cutting”,CIRP Annals,Vol.46,No.2,1997,pp.519-526.

[13]Kopac J., “Achievements of Sustainable Manufacturing by Machining”,J.Achievements in Materials
and Manufacturing Engg.,Vol.34,No.2,2009,pp.180-187.

[14]Ali S.M.,Dhar N.R.,Dey S.K., “Effect of MQL on Cutting Performance in Turning Medium Carbon
Steel by Uncoated Carbide Inserts at Different Speed Feed Combinations”,J.Adv. in Production
Engg.&Mgt,Vol.6,No.3,2011,pp.185-196.

[15]Weinert K.,Inasaki I.,Sutherland J.W.,Wakabayashi T., “Dry Machining & Minimum Quantity
Lubrication”, CIRP Annals,Vol.52,No.2,2004,pp.511-537.

[16]Astakhov V.P., “Metal Cutting Theory Foundations of Near Dry(MQL) Machining”,Int.J.Machining
and Machinability of Materials, VVol.7,No.1/2,2010,pp.1-16.

[17]Attanasio,Gelfi M.,Giardini C.,Remino C., “Minimal Quantity Lubrication in Turning:Effect on Tool
Wear”, J.Wear,Vol.260,N0.3,2006,pp.333-338.

[18] Davim J.P.(ed.),Machining:Fundamentals and Recent Advances,Springer,2008,Chaps.7.

[19]Yoshimura H.,Itoigawa F.,Nakamura T.,Niwa K., “Development of Nozzle System for Oil-on-Water
droplet metalworking fluids and its Application to Practical Production Lines”, Int. J.
JSME.,Vo0l.48,No0.4,2005,pp.723-729.

[20]Itoigawa F.,Childs T.H.C.,Nakamura T.,Belluco W., “Effects and Mechanisms in Minimum Quantity
Lubrication Machining of Aluminum Alloy”,J.Wear,Vol.260,No.3,2006,pp.339-344.

[21]Matsuoka H.,Suda S.,Yokota H.,Tsuda Y., “Fundamental Research on Hobbing with Minimal Quantity
Lubrication of Cutting Oil(Effect of Quantity of Oil Supply)”, IntJ. JSME,Series
C,Vol.49,No.2,2006,pp.590-599.

[22]Khan M.,Dhar N.R., “Performance Evaluation of Minimum Quantity Lubrication by Vegetable Oil in
terms of Cutting Force,Cutting Zone Temperature, Tool Wear,Job Dimension and Surface Finish in Turning
AISI1060 Steel”,J.Zhejiang Univ.,Vol.7,No.11,2006,pp.1790-1799.

[23]Dhar N.R.,Islam S.,Kamruzzaman M., “Effect of Minimum Quantity Lubrication (MQL) on Tool
Wear,Surface  roughness and Dimensional Deviation in  Turning AISI-4340  steel”,GU
J.Sci.,VVol.20,No.2,2007,pp.23-32.

[24]Autret R.,Liang S.Y., “MQL in Finish Hard Turning”, HNICEM Conference ,Manila, March 27-
30,2003.

[25]Liao Y.S.,Lin H.M., “Mechanism of Minimum Quantity Lubrication in High Speed Milling of
Hardened Steel”,1.J. Machine Tools& Manufacture,Vol.47,2007,pp.1660-1666.

[26]Wu C.H.,Chen C.H., “Influence of Lubrication Type and Process Conditions on Milling Performance”,
Proceedings of The Institution of Mechanical Engineers, pPart B:Journal of Engineering
Manufacturing,Vol.221,2007,pp.835-843.

JETIR2512032 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ] a251


http://www.jetir.org/

