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Abstract. Advanced materials such as aero-engine alloys and hardeerédmovide
serious challenges for cutting tool materials due to thetbigiperatures and stresses
generated during machining, consequently accelerating tool wearcedsing
manufacturing cost. A change in environmental awarenessarghsing cost
pressures on industrial enterprises have led to a criticeideration of conventional
cooling lubricants used in most machining processes. Extensniemivtn Quantity
Lubricant (MQL) research has been carried out, but Minimwangty Cooling
(MQC), such high pressure air jets, has until now, been seldedh and therefore
largely unexplored.

The focus of the research presented in this paper isdstigate the use of supersonic
air jets as alternatives to mineral oil coolant, and erartiie benefit on the cutting
process from a thermodynamic and mechanical point of view. Teatmtbenefits

of this research are very important for many industrial maudpiprocesses as well.
Initial results indicate the use of supersonic air jets lémdsreduced temperature in
the cutting zone, reduced cutting forces and a modified chip shape.
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Introduction. As the temperature of a cutting tool may reach a high velue,
particular when a heavy cut is taken at high speed, cdslaetessary to prevent
thermal damage and tool wear. In machining fundamental stodlieeat transfer are
quite rare, most workers relying on empirical work. So, in m@athining processes
cooling is achieved using oil-based fluids. Oil is usedtfohigh specific heat
capacity and lubrication qualities. The cutting fluid, althotegised several times,
must eventually be replaced. During a recent CIRP confer@mout High
Performance Cutting (HPC) in 2004, a number of presentatioreshased on
Minimum Quantity Lubrication (MQL) and dry cutting [1], indicatibgth the active
research and industrial interest in green cutting. The ataiivs for using air jets are
not only environmental and economic considerations, but this appreaches
technological benefits. In contrast to minimum quantity lubieeagMQL), minimum
guantity cooling (MQC) has until now, been seldom used, and therefogns a
largely unexplored component of the MQCL technique among indussgas.u
However, the minimum quantity cooling technique can make a magtritzution to
the solution of thermal problems affecting the tool and/or thieipary machining
operations [2]. These techniques include high pressure air jd&s, wagour [3] and
chilled air [4]. Current research shows impinging gastjat&e a much greater
potential for cooling than previously suspected. By using a supensontle, it has
been possible to obtain benefits in machining comparable witreational liquid
coolants. The purpose of this research is to investigate ¢hef gsipersonic air jets in
turning. Gas jets can be used in many situations wherel liguinot. Furthermore
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there are environmental and safety benefits, as liquid cooleantsaditionally

mineral oil based, and they represent a hazard to the enendramd are toxic for the
operator. The feasibility of using supersonic air jets astaldeaialternative to liquid
coolant on a lathe has been investigated. Cutting forcgsshhpe and workpiece
temperature have been predicted by 3D finite element moiigl e commercial
software Deform-3D~.

Experimental setup.A supersonic nozzle has been designed to direct the air jet on
the chip formed by a Tungsten Carbide (WC) tool turning a stedpiece (AISI
1020) in a lathe. The following cutting condition and referenca® wsed:

Cutting speed: 270 m/min
Depth of cut: 0.5 mm
Feed: 0.095 mm/rev
Insert nose radius: 0.4 mn
Rake angle: 5°

Air jet pressure (nozzle
inlet): 6 bar

Insert material: WC
Workpiece material: AISI
1020 steel

Fig. 1 — Reference System

Fig. 2 is a view of the nozzle placed on the tool. A nokpléeer has been designed to
provide a range of positions for directing the air jet atdloéworkpiece interface.

The cutting forces on the tool have been monitored with a 3-compidistier

toolpost dynamometer. A Hommel surface roughness tester haagdmszbfor
roughness test. A Finite Element Model has been developed hsingrhmercial
software Deform-3D™ and Comsol FEMLAB™.
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Fig. 2 — Supersonic nozzle-placed in the cutting area

FEM prediction. The commercial FE software Deform-3D™ has been used to
simulate the machining

process. The power of this

software is the Arbitrary

Lagrangian-Eulerian (ALE) °C
formulation and the ability

to perform frequent

automatic remeshing. The

FE model was used to

predict chip shape and

workpiece temperature in

an incremental analysis

(Fig. 3). The figure shows a

chip temperature up to

700°C in the shear zone,

the model results were

found to be in agreement

with the work of Sales and

Guimara [5]. The results

from the FE model havi Fig. 3 — Workpiece temperature simulated by Deform
been validated by th

experimental investigations (see Fig. 6).
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Since Deform-3D™ does
not model heat transfer to
the tool very well, the
commercial FE software
Femlab has been used to
investigate the gradient of
temperature in the insert,

considering in particular the
chip-tool interface area (Fig. _ /
4) Ambient 20°C /

The model uses the 92.1°C

frictional power on the rake 226,250

face calculated from the 628.67°C
360.4°C

Deform-3D™ model as an 494.50C

input, and partitions it

between the tool and the Fig. 4 — Temperature gradient inside WC insert
chip by assuming that the

average temperature of the contact area of both is the. SEmeresults of this
simulation show that the temperature falls from a maximum vafllg28 °C to 226
°C within a distance of 2.7 mm. This analysis provides suppotionsing the most
appropriate temperature measurement system for measuringrngmratures during
the experimental investigations.

Preliminary experimental investigations.

The temperature of the cutting tool has been monitored byfraned camera. Fig. 5
shows the effect of supersonic jet during machining. Two cuttimglitions have
been considered: with air jet cooling (on the left side), aititowt air jet cooling (on
the right side). Since

the resolution of the

infrared camera is

poor, relative to the

chip-tool interface

area, this

visualization

provides only an

average value of the

temperature, but

also shows the

ability of the air jet

to cool the cutting Fig. 5— Temperature around cutting area with .
area. : -
without airjet

To estimate the benefits of the air jet on finishing, the moegs has been measured
with a Hommel surface roughness tester. The results indicatedest improvement
in surface finish with the air jet:

Ra=0.76 m with air jet

Ra=0.84 m without air jet
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The cutting forces on the tool have been monitored witt@@onent Kistler
toolpost dynamometer and are shown in Fig. 6. The result$yciéaw a step change
in cutting force when air jet cooling is used. The cutting f¢Zcaxis) predicted by
the FE model has been compared to the experimental restditsearesults validate
the model developed with Deform-3D.

Fig. 6 — Effect of air jet on cutting forces

Present researchCurrent efforts focus on thermal analysis of the chip-toekiate.
Considering the results of FEM carried out with FemlabReidrm, different types
of temperature measuring devices are under consideration:
Spot radiometer, pointing the lens as close as possible to thgohip
interface
Standard thermocouple placed inside the insert, drilled upangg-®rosive
method
Non-Standard thermocouple using insert and workpiece material

Improvements in the Deform finite element model are also welaiopment: a
pressure is applied on chip back face in order to simuiateftect of the air jet and
investigating the mechanical effect of the jet on chigpehaince the bending moment
should change the shear plane angle, with significant savirthe power required

for cutting.
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Conclusions and further researchThe initial results from the simulations and the
experimental investigations undertaken are encouraging. Tkeediement model
predicts measured forces well, and gives a good indicatithredémperatures
recorded by thermography. Significant benefits in terms ¢fifiand forces have
already been developed, but there are several questions balnswered. Further
work is needed to investigate how the ability of air jeteénedrate the chip-tool
interface relates to the temperature of the tip of the @uick stop tests are needed to
investigate chip shape changes when the supersonic igiugtd; and to optimize the
effect of the air jet, a fluid-dynamic FE model will bevdlped with Femlab. Once
these preliminaries are complete, the process will be appliagro-engine alloys to
check the cooling ability of supersonic air jets when machinirglif to cut
materials.

References

[1] Gerry Byrne (UCD, Ireland) - Recent Developments igiHPerformance Cutting
(Summary of CIRP Working Group Activities) , (CIRP Conference 2004)

[2] Prof. K. Weinert - Dry Machining and Minimum Quantity Lutation (MQL),
Institut fir Spanende Fertigung, Universitat Dortmund Dortmuntm@ey, (CIRP
Conference 2004)

[3] R. Han, J. Liu and Y. Sun - Research on experimentafigreen cutting with
water vapor as coolant and lubricant - Emerald Group PublishingddrfiESN
0036-8792]

[4] M. Rahman, A. Senthil Kumar, Manzoor-UIl-Salam and MLi8g - Effect of
Chilled Air on Machining Performance in End Milling - InAdlv Manuf Technol
(2003) 21:787-795 Ownership and Copyright 2003 Springer-Verlag London Limited
[5] W.F. Sales, G. Guimara, A" .R. Machado and E.O. ®rugCooling ability of
cutting fluids and measurement of the chip-tool interface testyres - Industrial
Lubrication and Tribology, Volume 54 - Number 2 - 2002 - pp. 57-68 q MEB
Limited - ISSN 0036-8792 DOI 10.1108/00368790210424121

[6] Patrik Dahlman, Marcel Escursell - High-pressure gsisied cooling: a new
possibility for near net shape turning of decarburized staeétrnational Journal of
Machine Tools & Manufacture 44 (2004) 109-115

[7] T.G. Dawson and Thomas R. Kurfess — Tool life, wetasrand surface quality
in hard turning - The George W. Woodruff School of Mechanicajilieering,
Georgia Institute of Technology

[8] Prof. Dr.-Ing. F. Klocke, Dipl.-Ing. I. Essel - Basiof HPC and Mechanical and
Thermal Characteristics, Laboratory of Machine Tools and Produgtigimeering
(WZL), RWTH Aachen Aachen, Germany, (CIRP Conference 2004)

[9] Christian E. Fischer (SFTC), Nikhilesh K. R. My&am - Design and Simulation
of Cutting Tools (CIRP Conference 2004)

[10] Konig, W., Berktold, A., and Kock, K. F. - Turning versasnding—A
comparison of Surface Integrity Aspects and Attainable Ac@sadnnals of the
CIRP, Vol. (42) pp. (39-43); 1993.



