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COMPARISON OF HARD MACHINING PROCEDURES ON THE BASIS
OF THE AMOUNT OF THE USED UP COOLANT AND LUBRICANT

A KVHJ[PAK

TMOPIBHAHHSA ITPOIECIB YHUCTOBOI OBPOBKH, IO BA3YETHCA HA KIIBKOCTI
BHUKOPHUCTOBAHOI MACTHJIBHO-OXOJIO[KYBAJIbHOI CEPELTU

3acmocysanns xonodoazenmis i smaujeHb HOCUNb 3HAUHUL 6K1AO Y 30IIbUEHHS eheKmUsHOCI
BUOANEHHA Memany npu Mexauiyni oopobyi. Oxon00dcents 1 MacmulbHull eexm 3MeHuLyloms Ha-
BAHMAICEHHS. HA THCMPYMEHM, Y MaKuil Cnocio none2uyiouu 8i00iIeHHs: Mamepianry i opmy8anHs
noeepxHes020 wiapy Kpawoi akocmi. Ll po6oma cnpsamosana Ha piuieHHs OAHO20 3a80AHHS 8UPOOHUY-
mea - a came, MEXAHIYHOT OOPOOKU NOBEPXHI - [ Yl MOdIce 60HA OYMU BUKOHAHA 3 TIEID JIC MOYHICMIO Ul
EKOHOMIYHOI eeKMUGHICMIO 3 BUKOPUCIIAHHAM MEHWLOT KITbKOCI 3MAleHHS.

Kunrouosi criosa: 06pobka mamepianié 6Ucokoi meepoocnii, Xo1000a2eHm i 3MAUJeHH s

IIpumenenue x1adazeHmos u cMAa3oK HOCUM 3HAYUMENbHYI 6KIAO 6 yeenudeHue sgpexmusHo-
cmu yoanenuss Memaiia npu mexanuyeckou oopabomke. Oxaadjicoenue u cmMazounvlii pghekm ymeHnv-
warom HazpysKy Ha UHCMPYMeHm, MaKum obpasom obiezuas omoeieHue Mamepuana u Gopmuposaie
NOBEPXHOCMHO 20CI0A JyHuie20 Kavecmea. dma paboma Hanpasiena Ha peuteHue OaHHOU 3a0adu npo-
U3600cM86a — a UMEHHO, MeXAHUYECKO 06pabomKu NOBEPXHOCHIU — U MOXHCeN il OHA Dblb BbINOIHEHA
€ MOt dice MOYHOCMBIO U IKOHOMUUECKOU I PHEKMUBHOCHIBIO ¢ UCNONb30BAHUEM MEHbULEZO KOIUYeCIBA
CMA3KU.

Kniouegvie croea: obpabomxa mamepuanos 8bicoKol meepoocmi, X1a0azeHm u cMaska

The application of coolants and lubricants (CL) considerably contributed to the increase of the
efficiency of material removal in metal machining procedures. Both the cooling and the lubricating
effect reduces the load on the tools, thus facilitates the partition of the material and the formation of a
better surface quality.This article seeks to ascertain whether given production task — namely the ma-
chining of a hard surface — can be fulfilled with the same accuracy and economic efficiency if using less
CL.

Keywords: hard machining procedures, coolant and lubricant

INTRODUCTION

In production engineering, when choosing the machining procedures and op-
erations, the aspects applied so far (accuracy, surface quality, economy etc.) are
more and more frequently completed by environmental expectations.

A technologist has to consider what possibilities there are to reduce the signif-
icant amount of CL. The functions of CL are: chip disposal with washing and sca-
venging is 70%, cooling is 20%, and lubrication is 10% [1]. Besides their advanta-
geous features, however, their application have a significant environment polluting
effect. Because of this the CL became the most important environment damaging
factor in the field of cutting.

Depending on the workpiece, the manufacturing structure, and the place of the
production, the costs related to the use of CL average 7-17% of the total manufac-
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turing cost of the workpiece [2]. In the field of cutting, the environment friendly
methods of the application of coolant [3] are the following:
1. Modification of the coolant’s and lubricant’s composition
2. Reducing the amount of CL
3. Minimizing the amount of liquid (minimal cooling) (using less
then 50 ml/h amount of liquid)
4.  Application of coolant not in liquid state
5. Dry machining
The finish machining of hard, hardened materials traditionally was done by
abrasive grinding, using large amount of CL in most cases. The environmental load
can be reduced by the enlisted methods, to the largest extent by dry machining of
course. Experts in the industry generally accept new technologies, — in this case the
application of dry cutting technology —, if the task to be solved is fulfilled at least at
the previous technical level, having approximately the same economic benefits.
This paper focuses on the usage of CL in hard machining. It compares hard
turning and grinding of hardened steels, and examines the possibility, whether the
significant amount of CL used up in grinding is possible to be reduced, and to what
extent in another version of machining.

1. USING CL IN HARD MACHINING

Using of CL in grinding and hard turning, the two procedures most frequently
applied in finish hard machining of hardened steels is examined as well as the pol-
luting effect of these procedures.

1.1. Grinding

For a long time the most often used operation of hard machining was grind-
ing. With the tools having superhard cutting edges, constructed in a way that their
application is possible in industrial scale as well, hard turning has become widely
spread for today.

Grinding, due to the large amount of lubricant, pollutes the environment in
large measure, damages the workers’ health and even the process costs are higher.
In Figure 1 the relations of the grinding process are indicated taking auxiliary mate-
rials and the after process remains into calculation [4, 6].

Mud consists of abrasive and binding material grains broken off the wheel,
flakes of microscopic size and lubricant. To separate them is impossible, the mud is
harmful to the environment and health, to eliminate it requires special circum-
stances. In grinding one must account on liquid mist, too, in which tiny under 1 pm
solid particles, aerosols float. Breathing aerosols in may lead to serious damage to
one’s health.
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Figure 1 — Processes, auxiliary materials and remains in grinding

1.2. Hard turning

Hard turning is dry machining. From ecological aspects dry machining is
much more beneficial than grinding, because the disadvantageous effects enlisted
before do not emerge [5, 7, 8, 9, 10].

The chips are the same as the workpiece material, thus they can be recycled.
The worn tool is either put away or after being resharpened it is reused, but it is not
mixed with other materials. The ecological block-figure is in Figure 2. The dry pro-
cedure is fully environment friendly.
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Figure 2 — Process remains in hard turning
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2. EXPERIMENTS TO COMPARE THE HARD MACHINING PROCEDURES

We have done comparative examinations for the machining of two bore holes
with the same lengths, having different diameters, with given accuracy and rough-
ness, to examine the used up CL.

2.1. Experiments

The experiments were made for gear’s bore-holes of IT5 accuracy when sur-
face roughness Rz=5 pm was to be provided. Table 1 summarizes the sign and de-
scription of the applied procedures.

Table 1 — Summary of the investigated procedures

Sign Description Procedure
9 P Roughing Smoothing
A internal traverse grinding corundum wheel corundum wheel
B hard turning stgnda_r d insert standard insert
C wiper insert
D combined procedure stz_amda_rd Insert corundum wheel
E wiper insert

Table 2 — Technological data of cutting bore-holes

Condition data

Process Machine tool / Tool Roughing Smoothing
Grinding
b,
SI-4/A V=25...29 m/s Ve=25...29 m/s
‘/ Vy=14...19 m/min | v,=14...19 m/min
. 40x40x16-9A80-K7V22 Ve =2.2 m/min Ve =2 m/min

Hard turning

Vé H

PITTLER PVSL-2
CNGA 120408S-LO CBN

V=180 m/min
f=0.12 mm/rev.

V=180 m/min
f=0.24 mm/rev.

%

= v/,
oscillation y'f.R

CNGA 120408 7020 a,=0.10 mm 2,=0.05 mm
EMAG VSC 400 DS V=180 m/min
=0.24 mm/rev.
CNGA 120408S-LO CBN a,=0.1 mm
“}| 40x40x16-9A80-K7V22 | v;g=0.0033 m/min | v=25...29 m/s

Vy=14...19 m/min
V¢r=0.0016 m/min
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The data of the workpiece were as follows: material: 16MnCr5; hardness:
61+63 HRC; diameter: d=38 and 66 mm,; accuracy: IT 5; length of bore: 29 mm;
allowance: 0.3 mm; sequence size: n=200.

From 0.15 mm allowance 0.1 mm were removed by roughing, 0.05 mm by
smoothing.

The operation times and the ratio of the used up CL were defined for five pos-
sible machining variations. In grinding CL were used throughout the whole ma-
chining process, hard turning was done dry, however, in the combined procedure
roughing was done dry, in smoothing CL was applied.

The characteristic technological parameters are summarized in Table 2.

3. RESULTS AND EVALUATION OF EXPERIMENT

In the first part of the experiment it was investigated whether in different ma-
chining variations done with the cutting data ensuring the same accuracy and
roughness how much CL was used up.

If the amount of the liquid used up in grinding is considered 100%, the ratios
indicated in Figures 3 and 4 are obtained.
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Figure 3 — The proportion of environmental load in different procedures related to grinding
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Figure 4 — The proportion of environmental load in different procedures related to grinding
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It can be stated that in the case of both diameters, applying the combined pro-
cedure, the usage of CL can be reduced to its one fifth, while in hard turning CL is
not needed. The operation times of the processes were also investigated.

Grinding takes the longest operation time. In hard turning the operation time
of a gear-wheel reduces to one fourth compared to grinding. It can be reduced even
lower by the application of wiper inserts (Figure 5 and 6).
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Figure 5 — Operation times in different procedures
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Figure 6 — Operation times in different procedures

This unambiguously proves the economic advantage of hard turning. Apart
from those it ensures the accuracy, roughness and surface quality parameters at the
same level as grinding. If the functional requirements for the part need ground to-
pography, the proper joint application of the two procedures is suitable.

The condition for economy is that the bigger possible portion of the allowance
should be removed by turning and only the allowance minimally needed for creat-
ing the topography should be ground. If it is done in a traditional way, because of
the higher number of machine tools and clamping, the economic efficiency will not
be, or will not be remarkably better than if applying only grinding.
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This time the hybrid machining come to the front, which typically does not
require another machine-tool, but together with hard turning grinding is done on the
same machine-tool.

Figure 5 and 6 it can be seen that with the applied procedures in creating
ground topography, economic efficiency can be reached similar to that of hard turn-
ing carried out by a standard insert. That is why for creating ground topography the
combined version can be recommended because the operational time is hardly
longer than in hard turning and the consumption of coolants and lubricants is one
fifth of the grinding.

The consumption of the volume of coolants and lubricants is proportional to the
time of grinding. Therefore it was also examined what the proportion of grinding is
within the operational time in the different procedures, thus the consumption of CL.
Hard turning, having the shortest operational time, can be done dry. If for the ground
topography the total material removal is done by grinding, we get not only the longest
operational time but the highest consumption of coolants and lubricants as well. In
Figure 7 and 8 the portion of dry machining within the given procedure is also indi-
cated. It is clearly indicated that in the combined procedure the consumption of CL
can be reduced if the allowance to be removed by grinding is further reduced.
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Figure 7 — The proportion of the use of coolants and lubricants in the different procedures
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SUMMARY

A relatively wide range of hard machining procedures are available for the
production of components. In this paper the different variations of grinding and
turning applied in finish precision machining of hardened steels are presented on
the basis of the used up amount of CL.

The results of the experiments have proved that there are significant differ-
ences in the consumption of CL in the procedures suitable to provide the given ac-
curacy and surface quality.

At present, in most cases the technical and technological conditions for the
application of hard turning are available, in which the machining can be done eco-
nomically with no consumption of CL.

There are cases, however, when the functional conditions require ground to-
pography. In such a case the so called combined (hybrid) machining is suggested.

Our investigations have proved that if the combined procedure includes a hard
turning procedure besides grinding, the consumption of CL can be reduced to one
fifth compared to grinding, having economic efficiency similar to hard turning, if
the technological data are chosen properly.
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