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This paper proposes an original method to determine the oil mist impingement over an
insert based on different machining configurations (rotation velocities) and different inner
canalization designs, without material removal, on milling tool. The oil mist spray is deter-
mined using different holders as an insert. Glass plate and blotting paper are used and eval-
uated in this work to get as much information as possible, based on micro-macro scale
observations. The imprint size of the oil mist spray distribution, the particle sizes and
the fluid film formation have been studied to determine the effects of the different config-
urations on the oil mist impingement behavior. The droplet impingements and distribu-
tions on the glass plate are analyzed under a 3-D profilometer (microscopic scale). On
the blotting paper, the distributions are analyzed with pictures of the oil marks (macro-
scopic scale). This original method gives quite fast particle distributions that can be used
in industry. The different experimental results give large information about the oil mist
behavior sprayed on the glass plate. Increasing rotation velocities increases the oil mist
amount in the cutting area. Increasing the canalization orientation design gives a better
focused spray. The rake angle has strictly no influence on the oil mist spray distribution.
But sputtering effects have been highlighted and should be avoided to keep MQL efficiency.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction several times higher than tool costs (design, manufacture,

coating, etc.) which vary between 2% and 4% of the total

In the last years, investigations have been carried out to
reduce or eliminate the large amount of lubricants used in
machining (oils or emulsions) for economical reasons.
Investigations in automotive industry estimated that the
cutting fluids played a significant role in the total manufac-
turing cost. For some materials more difficult to machine,
this proportion can reach 20% to 30% [1]. This cost is
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manufacturing cost.

Furthermore, there are environmental motivations
since the use of less lubricant results in lower pollution.
Indeed, cutting fluids require regular maintenance to keep
their best features. This is a very favourable environment
for the development of bacteria and fungi that can alter
and reduce the lubricant effect of the fluid. Bacteria can
be very dangerous for the operator’s skin and lungs [2].
Recent studies have focused on cryogenic CO, cooling pro-
cess in drilling [3] to counter the negative impact of the
bacterial growth. This technic gave very good tool life
results and was a suitable choice for machining of materi-


http://crossmark.crossref.org/dialog/?doi=10.1016/j.measurement.2016.03.010&domain=pdf
http://dx.doi.org/10.1016/j.measurement.2016.03.010
mailto:arnaud.duchosal@univ-tours.fr
mailto:sana.werda@sandvik.com
mailto:sana.werda@sandvik.com
mailto:roger.serra@insa-cvl.fr
mailto:cedric.courbon@enise.fr
mailto:cedric.courbon@enise.fr
mailto:rene.leroy@univ-tours.fr
http://dx.doi.org/10.1016/j.measurement.2016.03.010
http://www.sciencedirect.com/science/journal/02632241
http://www.elsevier.com/locate/measurement

284 A. Duchosal et al./ Measurement 86 (2016) 283-292

als that are incapable of using liquid coolant (i.e.: compos-
ites). But the cryogenic CO, device had a huge impact on
the manufacturing cost as well as a negative ecological
impact.

Due to the above mentioned reasons, minimum quan-
tity lubricant (MQL) may be more suitable to improve
machinability at reduced cost. The two-phase “air + 0il”
mixture has significant influence on the workpiece-
carbide tool thermo-mechanical behavior, in High Speed
Machining (HSM). The pressurized oil mist sprayed on
the cutting edge avoids the sticking phenomena high-
lighted by [4]. Temperature decreasing during machining,
really good finishing surface and exceptional tool life time
were largely obtained with minimal fluid coolant com-
pared with dry or flood lubrication process [5-8]. All these
parameters, ensured with the minimal fluid process, led to
high production rate. For these reasons, the cutting zone
has to be well lubricated and judiciously cooled by spray-
ing the coolant process on the cutting edge. The oil mist
is able to reach the cutting edge thanks to the small size
of the oil droplets and the tool surface roughness. But the
oil mist sprayed is limited by the extremely high pressure
in the tool/chip contact area, estimated at 3 GPa in some
extreme cutting conditions [9]. This very high pressure
precludes any fluid access to the rake face, particularly
along the plastic part of the tool-chip contact length. One
of the solutions consists in creating intermittent machin-
ing (as in milling) or in turning presented by [10,11]. Some
grooves allow the tool face to be sprayed by the oil mist
and significant effects have been noticed on the surface fin-
ish results.

Thus, the context of the study is focused on milling tool
development with inner canalizations. The milling process
offers natural interrupted cutting during the rotation and
avoids the external nozzle position errors due to manipula-
tion by different users. All studies to date have focused on
external nozzles minimal fluid coolant process [8,12,13],
judiciously oriented [6].

Recent researches focus on inner canalization on
milling cutting tools to answer to large-scale industries
production request. Oil mist characteristics are performed
with heavy measurement devices such as the laser granu-
lometry method, the Particle Image Velocity and the resid-
ual gravimetry method to get particle sizes, particle
velocities and oil consumptions, respectively [14,15]. The
geometry of the inner canalizations depends on different
parameters (inlet pressures, cutting speed) and is not as
easy to determine as the external spray nozzles. Several
phenomena appear during the tool rotation and the small
particle size of the oil mist has to be preserved [16-18].
Moreover, the lubrication is only efficient for oil included
on the tool/chip interface calls “cutting area”. For these
mentioned reasons, the oil mist behavior is essential to
know to find out the optimal configurations to ensure a
micro coolant effect as good as possible while avoiding
wasting oil.

The main goal of this paper is to establish a method for
determining the oil mist impingement outside different
inner canalizations orientations (secondary canalizations),
in order to understand the oil mist behavior. This method
uses, on the one hand, blotting paper to have an overall

idea of the oil mist distributions in a large time-scale. Blot-
ting paper is quite easy to use and to fix on cutting faces.
Moreover, it does not need specific measurement device,
as mentioned above. Due to the absorption properties of
the blotting paper, the oil mist distribution is quite fast
to obtain in large time scales (300s), which represent
machining time-scales. On the other hand, oil mist distri-
butions are analyzed on glass plate with 3-D profilometer
device with short time-scale (5 s). This microscopic analy-
sis gives accurate details on oil mist distributions, such as
small particle (@ < 100 um) impingements on the cutting
area, not observable on blotting paper. Moreover, the
microscopic oil mist impingements analysis can predict
the overall impingements behavior, mentioned in blotting
paper analysis.

To sum up, the advantages of using the original method
proposed here are:

o Oil mist distribution is quite fast to get, in macroscopic
scale and large time scale which is close to the time of
machining,

¢ Oil mist distribution is accurate to get, in a microscopic
scale and short experimental time test under 3-D
analysis,

o Complementarity between both technics by comparing
blotting paper observations and 3-D profilometer anal-
ysis tendencies.

In the second section, a detailed presentation of the
method is used to get oil mist impingements information
for different configurations. Different rotation velocities
(machining configurations) with different secondary canal-
izations orientations are considered. The methodology
consists in analyzing the imprint of the film fluid formation
for a large rotation velocity range. The localization of the
imprint gives information about the quality of the oil mist
and its interaction with extreme outlet configurations.
Finally, the conclusion summarizes the relevance of such
an approach and results are presented.

2. Experimental setup
2.1. Materials and equipment

The study of MQL was performed on a Hermle C40
Computer Numerical Control (CNC) machine tool. The oil
mist generation was provided by an external mixing device
(a Lubrilean Digital Super generator developed by SKF).
The Digital Super commercial software is used to run the
mixing device in order to control the air and the oil mist
flow rates. The considered oil is a synthetic biodegradable
polyols ester with sulfur and phosphorus extreme pressure
additives (PX 5130), which have a high viscosity of
80 mm?/s at 40 °C.

Experimental procedures are realized on a model based
on FSD 1230 milling tool with seven carbide inserts, from
SANDVIK COROMANT.

The prototype was made up of secondary channels con-
nected to a main central channel. The secondary channels
were oriented at different angles based on the vertical axis
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