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Abstract. The development of cooling process its necessary to aim develop green machining
requirement because it still contains subtances that being harmful for the operator and
environmental effect. In this study, high speed turning process is done by using insert chisel and
cold air (dry cutting) and Cubic Boron Nitride (CBN) with insert tool on Brass Type MS58.
The research method refers to Taguchi methods that using four factors (spindle speed, depth of
cuth, feed rate and cold dry cutting with defferen pressure). From the test results to get the
optimization of machinery Turning on Brass with cooling dry with cold air using Taguchi
methods can be assumme that the cooling process that has the most effect on brass surface
roughness level is on cutting condition at 50 Psi (pressure), 10 °C (air jet temperature). The
most optimum roughness in brass that the cutting conditions used are at spindle speed at 790
Rpm, feed rate 0.0034 mm /min, depth of cut 1.5 mm and good cutting condition at 50 Psi
pressure. The highest level of sculptural wear on the brass turning process at the edges and the
carving crater. The research results prove that the cooling with cold air can be an option for
sustain machining process.

1. Introduction

The development of machining process according to green machining target is to use environmentally
friendly material, easy to decompose, safe for operator, and economical, as green machining goal [1,
2]. The target of machining cooling according to an environmentally friendly process as well as cost
considerations that must be economical [3]. The development of pressurized air use as coolant has
been carried out by various positions of jet cooling improve surface roughness [4]. The usage vortex
tube to decrease air temperature [5]. The use of air as an environmentally friendly machining targets
encourages process innovation and a cooling air cooler model.

In the machining process the main indicator is seen from surface roughness of workpiece [6].
Pressurized air or Air Jet cooling has the advantage of being one of the cooling mediums in the
machining process but still has not produced good surface roughness and the wear is still high, proved
the lowest surface roughness palm kernel oil still better than dry cutting [7]. The resulting surface
roughness in the dry cutting process is still lower than the use of oil cooling, but high economic value
and potential to develop [8]. Temperatures affect the cooling performance, air jet cooling with an
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uncooled compressor pressure having an average temperature of 28-32°C, to improve performance of
air cooling in dry cutting need innovation to decrease temperature cooling under 15°C. With these
conditions still need to be developed air brealing technology that is able to produce the output
temperature adjusted constant at (10°C). The technology of dry cutting has developed from vortex
tube to cold dry cutting, limitations of vortex tube is low reduction of air/gas temperature, set up can
be seen at figure 1.

Figure.l. Dry cooling process with (2) vortex tube (b) dry cutting (air jet cooling).

According to the previous research, to decrease air temperature obtained from heat exchanger by
utilizing refrigeration process to reduce significant air temperature from compressor. The temperature
drop depends on the cross-sectional area of the spiral pipe on the evaporative pipe. To set the air
temperature used micro control for air has constant pressure and temperature required during the
machining process.

The requirement of industrial machinery demands a fast process with high quality, so that
machining process is directed to be executed at high speed machining process. According to industry
quality constraint (ASME standard), HSM process range in figure 2.
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Figure 2. Comparison of cutting speed of material on high speed machining [9].

The choice of feed rate is very important, as it affects material deformation [10]. Pressure
influenced residul stress of material. The choice of pressure on dry cutting is essential to prevent
increasing temperature and stress in the material and chisels [11]. Parameters affect to the forces and
surface roughness [12]. The effect of the feed rate, the spindle speed on the machining process
influences the surface roughness of workpiece quality [13]. Cooling with cold air at temperatures
below 15°C becomes the dominant factor against temperature and surface roughness [14].
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Utilization of high performance refrigeration system becomes an option and not yet used
commercially in ASME industry. Performance of cold dry cuttings is measured by looking at the
turning machinery process conditions, including temperature process, engine power, tool wear, engine
vibration. The lowest roughness condition will be the reference according to industry grouping.

2. Metodology

2.1. Materials

Material used in this research is Brass type (MS58, Code DIN CW614N), good machinability. The
result of hardness testing can be seen at table 1. Tools used in this research is CBN Insert (Coated
Carbide tool material). The use of chisel with carbide coating improves process speed and tool life
and improves the quality of machining surfaces [15, 16]. Cooler air adjustment uses output air
temperature, constant at 10°C.

Table 1. The result of hardness testing of Brass type (MS58).

No Hardness Number (HRB) Means (HRB)  Hardness HRC Séa”qaft of
eviation
1 84.1 87.1 875 922 919 88.65 7.42 3.320

Type of hardness testing: Rockwell Hardness (HRB),
Load: 100 N,
Penetrator: Ball

2.2. Taguchi methods

In this work, parameters are based on the most optimum results, the Taguchi methods used to design
efficient experiments and is used to analyze experimental data. Ortogonal arrays Lo(3)* Desain of
experiment can be seen at table 2.

Table 2. Planning of Taguchi experimental on HSM turning on Brass (MS58).

Level Desain Variations

Parameters Factor
1 2 3
Spindle Speed (rpm) A 790 950 1300
Feed Rate (mm/rev) B 0.0034 0.0069 0.0137
Depth Of Cut (mm) C 1 15 2
Cutting Condition (cold air D P Compresor = P Compresor = P Compresor =
injections (psi, °C) 30Psi, T;10°C 40Psi, T;10°C 50Psi, T;10°C

Whereas: P: pressure adjustment air cooling, using constant temperature at 10°C, obtained at 15
minute operations of refrigeration process.

2.3. The cooling working principle

The cooling working principle of the cooling process uses compressed air, which requires only the
compressor as a pressurized air-generator, effect of evaporation usage to lowering the air temperature.
The Pressure Gauge as a valve to adjust the nozzle output air pressure, and the nozzle as the air spray
guide. The cooling process is carried out through refrigeration use cooper pipe (diameter 8 mm), using
placed on the round of evaporator. The heat exchange fluid aim to reduce air at a temperature of
10°C. Principle of temperature reducer with counter flow as shown figure 3.
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Figure 3. Principle of heat excange to obtained cold air cooling by usage refrigeration process.

2.4. Set-up experimental (turning process using cold dry cutting)
The data collection of turning machine with dry cooling at high speed turning is done with the set up

of machining according to figure 4.

Nosel to cold air Pipe of cold air Directions of nosel Temperature
cooling (requlated) measures

Figure 4. Set-up of experimental cold dry cutting on brass MS58.

2.5. Interpretation of experimental results
Measures for interpreting experimental results using the Taguchi Methods can be done by

determining percent contributions, which is a significant portion of each factor interaction to the total
observed variation. Quality characteristics used are Smaller-the-Better (STB). Characteristic quality

where the lower the value, the better quality, as the equation (1) [17].
SIN sie=—101log [1/nEf ¥ 1)
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Vibration in the machining process is very influential on the results, the smaller the vibration
indicates engine rigidity and chisel, a small frictional force. Chatter conditions occur because of small
stiffness, for that vibration quantity is measured to be able to detect the forces that occur in the
machining process. Achievement of process optimization will be known from motor power, vibration,
temperature of air cooling pressure, chisel temperature, chip type. To know the phenomenon and
condition of data process measured with (clam ampere), vibrationmeter, infrared / thermocouple
sensor, pressure gauge. Lowest power, lowest temperature, smallest vibration and best roughness
target as target of optimum condition determination.

3. Results and discussion
Roughness test results of the workpiece surface, measured using surface roughness type Surfcorder
SE300. The result of measurement of surface roughness of MS58 brass can be seen in table 3.

Table 3. The result of surface roughness of brass (MS58).

Experiments Specimen Roughness means S/IN

Specimen 1 5.2910

1 Specimen 2 5.4710 5.3810 -14.6181
Specimen 3 5.3810
Specimen 1 7.5530

2 Specimen 2 7.8340 7.6440 -17.6678
Specimen 3 7.5450
Specimen 1 5.7930

3 Specimen 2 5.8730 5.7840 -15.2453
Specimen 3 5.6860
Specimen 1 1.9780

4 Specimen 2 1.9540 1.9553 -5.8248
Specimen 3 1.9340
Specimen 1 11.1730

5 Specimen 2 11.1820 11.1730 -20.9634
Specimen 3 11.1640
Specimen 1 28.5920

6 Specimen 2 28.8910 28.7910 -29.1852
Specimen 3 28.8900
Specimen 1 2.3910

7 Specimen 2 2.4980 2.4950 -7.9463
Specimen 3 2.5960
Specimen 1 2.8210

8 Specimen 2 2.9310 2.8310 -9.0421
Specimen 3 2.7410
Specimen 1 15.5010

9 Specimen 2 15.5010 15.6010 -23.8634
Specimen 3 15.8010

y 81.6553 -144.3564
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The effect of the level/factors on surface roughness workpiece, temperature of tools, and power
consumption on spindle drive motor can be seen in tables 4.

Table 4. Effect of level and factor on surface roughness factor.

Level defference

Faktor 1 5 3 (maks - min) Ranking
Spindel speed -15.8437  -18.6578  -13.6173 5.0405 3
Feed rate -9.4631  -15.8911  -22.7647 13.3016 1
Depth of cut -17.6151  -15.7853  -14.7183 2.8968 4
Cutting Condition -19.8150 -18.2664  -10.0374 9.7776 2

From table 4 shows that the feed rate is ranked first for the surface roughness response of the turning
results region, this means that the feed rate has the greatest effect on the surface roughness of the
result of the process. Cutting condition using cold dry cooling with cool air with 10°C occupying the
2nd rank, it shows that the use of cold air can reduce roughness compared to depth of cut and spindle
speed, it means the cooling factor promised to develop the sustain machining. Result of high speed
turning experiment with Taguchi methods to see the effect and condition of machining process
(turning) on brass MS58. Effect level and factor S/N of surface roughness of product at figure 5.
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Figure 5. Graph of Effect Level and factor S/N of surface roughness of product.

The influencing factor on the mean value of CBN tools temperature can be seen on table 5.

Table 5. The ranking of effect of factor and level on tool temperature.

Level difference

Factors 1 5 3 (maks - min) Ranking
Spindel speed -28.72 -29.78 -29.72 1.06 2
Feed rate -29.05 -29.34 -29.83 0.78 4
Dept of cut -29.05 -29.31 -29.85 0.80 3
Cutting Condition -28.82 -30.04 -29.37 1.22 1
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From the table 5 it can be seen that, the most influencing factor on the mean value of cutting zone
temperature is cutting condition with contribution 42% and the smallest contribution is belong tofeed
rate with contribution of 15%. Graph of effect of level and factor ratio S / N temperature of cutting
zone is shown in figure 6 and the influence of level and power factor S/ N ratio is shown in figure 7.
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Figure 6. Graph of effect of level and factor ratio S / N temperature of insert tool (CBN).

Effect of Level and Factor on Power Consumptions Rasio S/N

-5340
-53.50 15358 5358

-53.63
5360 o 5365 [

5370 \\\ \ \
538
5340 5385

\ \ N— E 7w
-53.90
\ V.oz
407
-54.00 YW )
-54.10
-54.20
Spindel Speed Feed Rate Air Pressure (Psi) Cutting Condition
=4 Power

Figure 7. Graph of influence of level and power factor S / N ratio.

Experimental results show for all dry cooling process (cold air) produces roughness identification
with the smallest value 1.955 pum, with the smallest temperature 28.40°C and highest 33.23°C. The
power consumption depends on highest spindle speed, and highest depth of cut. The biggest wear on
the side end of the cutting process turning after 30 minute operation at figure 8. Cutting condition is
ranked first for carving temperature response, this means that cutting condition has the greatest effect
on chisel temperature yield.
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Figure 8. The wear positions on carving insert/cutting edge of CBN tool.

The results of brass research for all cooling processes with as in the above table resulted in a good
roughness with the smallest value 1.955 ra, and the largest 28.791 ra. The most optimum roughness in
brass then the cutting conditions used are at spindle speed at 790 rpm, Feed rate 0.0034 mm /min, dept
of cut 1.5 mm and cold cutting condition at 50 Psi pressure. The lowest temperatures in the smallest
number 28.40°C and the highest 33.23°C. Cutting condition is ranked first for the chisel temperature
response, this means that the cutting condition has the greatest effect on the chisel temperature results.
The cooling with cold air by utilizing refrigeration with constant temperature at 10°C occupies the 2™
rank for surface roughness.

From the above conditions, the most dominant factor on brass MS58 machining is the feed rate
because it is ranked first for the surface roughness response of the resultant turning region, this means
that the feed rate has the greatest effect on the surface roughness result [18, 19], This result is in
accordance with the results of study [20, 21] that carbide-based sculpting improves machining
performance, better than vortex tube [22], in other studies spindle speed becomes the most dominant
factor [23, 24]. The wear rate dominant occurs on the CBN insert sculpture side of the crater and the
chisel side.

4. Conclusion and future work

From the test results to get the optimization of machinery Turning on Brass with cooling dry with cold
air using Taguchi methods can be summed up that the cooling process that has the most effect on
brass surface roughness level is on cutting condition at 50 Psi (pressure), at constant temperature at
10°C, the most optimum roughness in brass then the cutting conditions used are at spindle speed at
790 rpm, feed rate 0.0034 mm /min, dept of cut 1.5 mm and cold cutting condition at 50 Psi pressure
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and the highest level of sculptural wear on the brass turning process at the edges and the carving
crater.

The use of cold air can be optimized by increasing the lubrication properties with the minimal
addition of lubricating oil (very little oil mist). In accordance with the development of green
maschining, cooling with air is the target of future cooling. The potential of cold air becomes the
potential to be developed for environmentally friendly machining in the future.
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