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Abstract. The article is devoted to studying of the influence of cutting
liquids, including those of plant origin, on the roughness of the treated
surface during the reaming and deployment in details of titanium alloy,
structural and corrosion-resistant steels. The relationships between the
characteristics of the adhesive interaction of the tool and the processed
materials and the length of the contact area of the tool with the workpiece
and heat in the cutting zone are determined. The effectiveness of plant-
origin cutting liquids is shown in comparison with conventional oils under
conditions of the pronounced adhesive wear.

1 Problem statement

Depending on the treatment conditions, cutting liquids ensure lubricating, cooling,
dispersing, and detergent effects.

Studies aimed at finding ways of the most rational use of lubricating plant oils in
machining are very common nowadays [1-3]. Results of closed-cup adhesion tests in
ecologically-compliant plant oils with low closed-cup flash point (230...240°C) provided
grounds to find these oils effective during operations carried out under processing limits in
low cutting modes, and under conditions of pronounced adhesive wear and built up edge
formation [4-6].

During hole truing and reaming, the temperature is not high enough to cause diffusive
wear, while deformations grow dramatically high. Under such conditions, adhesive wear
starts prevailing, leading to built up edge formation. Regularly formed and torn off the
contact area, such built up edges may negatively impact the treated surface [7-11].

The influence of processing environment on wear of reamers and core drills provides
limited possibilities for analysis due to high efficient life of these tools. During reaming and
truing under processing conditions, the treated surface roughness may serve as a cutting
liquid quality criterion. In order to prove the suggestions to consider a tool and a raw part as
a tribological pair [12, 13], we have carried out a set of pilot tests aimed at determining the
influence of machining conditions on the height of the treated surface microroughness
during reaming and truing.
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2 Materials and methods of research

The experiments were carried out on SAMAT 400M fine-accuracy screw-cutting lathe
when machining 34-mm plugs made of engineering steel 20 (Russian grade), titanium alloy
BT1-0 (Russian grade) and corrosion-resistant steel 12X18H10T (Russian grade) [14].
Three types of tests, performed during truing, were as follows: a dry test (no cutting liquids
used) and tests using rape oil and Garia 404 M10 (Shell) oil-base cutting liquid fed by
spraying under 232-kPa pressure by means of STEIDLE feeding device ensuring light
lubrication technique. The environment type constraint was due to the interest in
determining the impact of the truing speed on surface roughness.

Reaming was performed with machine reamers made of POM5KS steel (Russian grade)
in the modes recommended for the above-mentioned materials treating (v=2,7 m/min,
§=0,2 mm/round, #=0,05 mm). As the thickness of the cut layer becomes comparable
with the bending radius of the cutting point during reaming, and adhesion-related effects
become more pronounced, a wider range of processing environments were studied. Beside
rape oil, sunflower oil was also studied, as previous tribological tests had shown its
efficiency [15]. The MP-17M cutting liquid (Russian grade), recommended for reaming,
was enhanced by 11-20 mineral oil (Russian grade), a cutting liquid base [16].

3 Statement of the main material

Figure 1 shows experimental relationships between the treated surface roughness and the
steel 20 truing speed.
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Fig. 1. Cutting liquid impact on surface quality during truing: (P6MS5; t = 0.5 mm; steel 20).

The relationship chart analysis shows that the highest surface roughness occurred at the
cutting speed of 17.3 m/min. During dry cutting at 10-18 m/min, built up edges are formed,
which lead to deterioration of the surface quality. However, with the cutting speed increase,
the built up edge formation slows down, while the roughness also decreases. Besides, at
high cutting speeds (over 18 m/min), the depth of the plastically-deformed layer decreases,
which also improves the surface quality. The use of rape oil and oil-base cutting liquid
Garia 404 M10 (Shell) enabled to significantly improve the surface quality. Further
acceleration up to 22 m/min reduced the arithmetic-mean deviation of the profile R, .

Figure 2 demonstrates the experimental data obtained during machining the
12X18H10T corrosion-resistant steel. This relationship may enable to determine the range
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of speeds which the surface quality improves at. This way, at speeds between 5.5 and 13.8
m/min, the microroughness height decreases, and at speeds higher than 13.8 m/min, the
microroughness height rises.
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Fig. 2. Cutting liquid impact on surface quality during truing: (P6MS5; t = 0,5 mm; steel 12X18H10T).

This is due to the fact that low thermal conductivity of stainless steels causes local overheats,
as the heat produced during tool operation is poorly exhausted through the metal mass.
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Fig. 3. Cutting liquid impact on surface quality during truing: (P6MS5; t = 0.5 mm; titanium alloy BT1-0).

When feeding the cooling liquid at high speeds, the liquid does not reach the contact
area due to high temperatures leading to burnout, thus worsening pitfalls related to local
overheats.

During truing plugs made of BT 1-0 titanium alloy, the surface quality decreases linearly
(Figure 3). The highest roughness value was obtained at the cutting speed of 5.5 m/min.
Cutting with the cutting liquid did not transform the nature of charts, but the trend toward
decrease of R, at all cutting speeds was noted.

Table 1 shows that during reaming in raw parts made of corrosion-resistant steel, the
studied liquids significantly decreased the roughness parameter R, against dry cutting.

Rape and sunflower oils excelled, though not too greatly, both 1-20 mineral oil and MP17-
M industrial oil-base cutting liquid. It can also be noted that the removal of the reamer bit
from the hole machined in the sunflower-oil environment was easy; while in other
environments the removal process required some effort.
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Plant oils dramatically decrease the surface roughness [17]. Reaming in titanium-alloy
plugs showed deterioration of the surface quality in the environment of U-20 mineral oil
against dry cutting, which is indicative of enhancement of adhesion processes noted in
previous adhesion tests [18, 19]. Papers [19, 20] made a point that for titanium as a reactive
metal, the impact of the environmental gases on adhesion and wear may be more significant
than for other metals. Mineral oils highly constrain the invasion of oxygen and nitrogen into
the contact area, thus preventing the titanium surface layers hardening and intensifying
adhesive wear.

Table 1. Plug reaming roughness parameter R, .

Machined material Processing environment

No liquid |Mineral oil 1-20| MP-17M Rape oil | Sunflower oil
Corrosion-resistant
steel 12X18H10T 1,358 0,409 0,327 0,297 0,288
Titanium alloy 0.8 0,847 0,747 0,656 0,573

BT1-0

4 Conclusion

The studies carried out provide for the following conclusions:

- Light lubrication technique, which significantly reduces lubricant consumption, does
not deteriorate the effectiveness of plant oils and ensures the required surface quality;

- The impact of plant oils on contact and deformation processes during truing,
pronounced through the decrease of the surface roughness (up to 40%), is mostly noticeable
during machining of engineering and corrosion-resistant steels. With that, the oil
effectiveness correlates with the results of adhesion tests, which reflects opportunities for
plant-oil lubricating effect when reaching the contact area at low cutting modes;

- During titanium alloys machining, high contact loads deteriorate conditions for oil
(and plant oil) invasion, and adhesion-related effects are not pronounced;

- The relationships between the surface roughness and the cutting speed and type of
the used cutting liquid, obtained during the tests, showed that the plug surface roughness
decreases with the speed-up of cutting; except for dry machining of steel 20, when built up
edges are formed at speeds 10-18 m/min. Higher activity of liquids leads to lower
roughness;

- Enhancement of adhesion processes, noted during adhesion of the contact pair
P6MS5KS — BT1-0 in mineral oil, is pronounced during reaming; this leads to deterioration
of the surface quality against no-environment cutting;

- Use of plant oils as processing environments for operations of high adhesion wear
(truing, reaming) is indicative of their competitive performance against not only mineral
oils, but also traditional oil-base cutting liquids.
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