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MacrunbHo-oxonomkyroui pizuan (MOP) Bigirpatots
BXJIMBY POJIb Y IPOIECax OOPOOKH METaiB pi3aHHIM.
3a paXxyHOK 3MAalylO4uoro i OXOJOMKYHUYOro e(eKTiB
3MEHIIYETHCS 3HOC pizanbHOrO IHCTPYMEHTY,
TIOMIIIIYEThCS SIKICTh 1 TOYHICTH OOpPOOKH JIeTajieid.
Butpatn Ha yrtpumanHs Ta gorsig 3a MOP icrotHO
301IBLIYIOTH BapTicTh MexaHooOpoOku. Kpim Toro, MOP
MOXYTh HETaTHBHO BIUTUBATH Ha 37I0pOB's POOITHHKIB i €
JOKEpEJIoM 3a0pyIHEHHS HAaBKOJMIIHBOIO CEPEJOBHIIA.
Tomy omHuUM i3 UDIIXIB IiABHIIEHHS €(EKTHBHOCTI
MIPOLIECY pi3aHHs € 3MEHIIEeHHS ab0 HaBiTh BUKJIIOUSHHS
3acrocyBanHsd MOP npu mexaHiuHiii 00poOmi. OmuuM 3
TAaKUX METOMIB € pi3aHHS 3 MiHIMI30BaHOIO KUIBKICTIO
mactuia (MKM). Tlpu takoMy pizaHHi B 30HY 00poOKH
MOJA€ThbCA HeBelrKa KubKicth MOP — 3a3Buuaii Big 50
1o 500 mu/rox, mo y 6araTo pasiB MEHIIE Y IMTOPiBHIHHI 3
TPaJULIiHAM TIOJIMBOM, € BUTPATH CTAHOBJIATH Oinblie 5
JITPIB HA XBUIIUHY.

Bynmn mpoBeneHi  eKCIEpUMEHTHM TpPU  TOYiHHI
3aroToBoK 13 cram 40X13 (AISI 420) giamerpom 90 MM i
JoBXHHOIO 600 MM IIpU HACTYIHHX peXHMax 0OpoOKH:
MIBUIKICTH pizanHa 2,1-2,3m/c; momaua S=0,3mMMm/00;
rnubuHa pizanHs t = 0,5 MM 1pH pi3aHHI BCYXY, IIOJTUBOM
i MKC. VY sixocti MOP 3acrocoByBanacst 5%-emyinscist ET-
2y 1 BO/IHI PO3YMHH JIIKAPCHKHUX POCIHH. B ekcrieprmenTax
BuBuasiacs poitb MKM Ha Taki XapaKTEpPUCTHKH IPOLECY
pi3aHHS SIK TeMmIeparypa pi3aHHs, 3HOC IHCTPYMEHTY,
LIOPCTKICTH 00pPOOJIEHOT MOBEPXHI 1 CTPY’KKOYTBOPEHHSL.

PesynbraTi  eKCHEpUMEHTANBHUX JIOCTI/DKEHb I1OKa-
3yI0Th, IO TpU pizanHi B ymoBax MKM Ttemneparypa
pi3aHHs, 3HOC Pi3aJILHOTO IHCTPYMEHTY, IIOPCTKICTH 00p00-
JIEHOI TOBEPXHI € Kpallol Yy TOpIBHSAHHI 3 IOJHUBOM 1
pi3aHHIM BCYXY.

BomHi po3unHy JiKapChbKUX POCIUH BILIMBAIOTH Ha BCI
MOKa3HUKH Tporecy pizanHs. CTyIiHb BIUIMBY 3aJIEKUThH
BiJl IIPUPOIY POCIMHHU 1 HOro KOHIIEHTpAlii y BOJHOMY
PO3YHHI.
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Metalworking fluids (MWF) are undesirable factors in metal
cutting. For both economic and ecological reasons as well as
because of increasing legidation, efforts are being made to reduce
the use of MWF. On account of this the introduction dry
machining and minimum quantity lubrication (MQL) techniquesin
machining processisincreasng. This paper dealswith experimental
investigation on therole of MQL by aqueous solution of drug plunts
on cutting temperature, tool wear, surface roughness and chip
formation in turning 40X13 (Al Sl 420) stedl at industrial speed-feed
combinations by uncoated carbide insert. The encouraging results
indude dgnification reduction in tool wear rate cutting
temperature, surface roughness by MQL mainly through favorable
changein the chip-tool and work-toal interaction.
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[. Introduction

Metalworking fluids (MWF) play a significant role in
machining process. The combined lubrication and cooling
effects reduce tool wear and enhance surface quality and
dimensional accuracy of the workpiece. The cost of the
purchase, care and dispocal MWF are two times higher
and have to be taken into account when examining
economics in machining [1,2]. Furthemore, MWF may
have unhealthy effects on workers as well as on the
environment. Because of them some alternatives has been
sought to minimize or even avoid the use of MWF in
machining operations. Some of these alternatives are dry
machining and machining with minimum quantity
lubrication (MQL). MQL refers to the use of cutting
fluids of only a minute amount — typically of flow rate of
50 to 500 ml/hour — which is about three to four orders of
magnitude lower than the amount commonly used in
flood cooling condition, where, for example, up to 5 liters
of fluid can be dispensed per minute.

Il. Experimental investigation

Experiments were carried out by plain turning a 90mm
diametr and 600 mm long rod of 40X13 (AISI420) steel
at cutting conditions: cutting speed, V=2,1-2,3m/s; feed,
S=0,3 mm/rev; cutting depth, t=0,5 mm under dry cutting,
wet (flood cooling) by 5% emulsion ET-2U and MQL by
aqueous solution of drug plunts to study the role of MQL
on the machinability characteristics of that work material
mainly aspect of cutting temperature, tool wear, chip
formation and surface roughness.
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The simple bur reliable tool-work thermocouple
technique has been employed to measure the average
cutting temperature during turning under dry, wet and
MQL conditions. The wear of tool were measured using
microscope model IMTSL 150-50, B fitted with
micrometer of least count 1um. The surface rougness of
of the machines surface after each cut was measured by
profilograf-profilometr PP-202.

The aqueous solutions of the following drug plants
were used as a cutting fluid: chamomile, sweat-weed and
eucalyptus. These plants were selected as components
based on the grounds indicated below.

Firstly, these plants are widely used to treat
respiratory system by inhalation method. Secondly, for a
long period of use of these plants in medicine, no any
application contraindication was found. The concentration
of a component in the solution was 2.5-3gr per 100ml of
water. In researches as solutions of one plant, so their
mixtures were used.

lll. Experimental results and discussion

The machining temperature at the cutting zone is an
important index of machinability and needs to be
controlled as far as possible. MQL is expected to provide
some favorable effects mainly through reduction in
cutting temperature. It was observed that MQL by
aqueous solution of drug plunts enabled reduction of rhe
average cutting temperature by about 7%-15% as
comparision dry cutting.

The cutting tools in conventional machining,
particularly in continuous chip formation processes like
turning, generally fail by gradual wear by abrasion,
adhesion, diffusion, chemical erosion, galvanicaction, etc.
depending upon the tool-work materials and machining
condition. Tool wear initially starts with a relatively faster
rate due to what is called break-in wear caused by attrition
and microchipping at the sharp cutting edges.

The results of investigations shows that the examined
plants have an influence on the wear of cutting tools.
However this influence rate is variable, and depends on
the used drug plants and its concentration. Thus, when
cutting is dry, the tool wear was 0.63 mm and when using
of 5% emulsion — 0.29 mm.

The lowest wear of three tested plants was obtained by
using chamomile (0.3 mm). The usage of sweat-weed
reduces wear of tool in 1,6 times in comparison with dry
cutting (0.4 mm). If you use eucalyptus, the wear of tool
increased in 1.2 times in comparison with dry cutting and
it equaled 0.75 mm.

Researches were also conducted with different
combinations of herbs and their concentration according
to the plan of the experiment. Depending on the applied
components and their concentration, the level of wear
varied from 0.2 to 0.52 mm. The lowest level was
achieved in the presence of all three components in equal
concentrations.

As MQL reduced tool wear on auxiliary cutting edge,
surface roughness also grew very slowly under MQL by
aqueous solution of drug plants conditions. It appears that
surface roughness grows quite fast under dry machining

due to more intensive temperature and stresses at the tool-
tips, MQL appeared to be effective in reducing surface
roughness. However, it is evident that MQL improves
surface finish depending upon the work-tool materials and
mainly through controlling the deterioration of the
auxiliary cutting edge by abrasion, chipping and built-up
edge formation.

Measuring of the chip shrinkage shows that drug
plants influence well to this factor. So when dry cutting,
the shrinkage index was 2.2-2.4. Using 5% emulsion —
1.8-2.0. When using aqueous solutions of chamomile,
sweat-weed and eucalyptus, as well as their combinations,
the chip shrinkage index was 1.7-1.9.

Researches have shown that aqueous solutions of drug
plants can have a significant effect on the chip. Thus,
when dry cutting and with the usage of emulsion the drain
chip is observed. The usage of eucalyptus can obtain
refraction of chip, as well as reduction of the chip
curvature radius.

Conclusion

Based on the results of the present experimental
investigation the following conclusions can be drawn:

i. The cutting performance of MQL machining is
better than that of dry and conventional machining with
flood MQF supply because MQL provides the benefits
mainly by reducing the cutting temperature, which
improves the chip-tool interaction and maintains
sharpness of the cutting edges.

ii. MQL jet provided reduced tool wear, improved tool
life and better surface finish as compared to dry and wet
machining od steel.

iii. Drug plants may affect the cutting process. The
degree of influence depends on the type of plant and its
concentration in aqueous solution.

iv. The obtained results emphasize the important role
of active substances in changing technological parameters
of the cutting process, in particular from the wear of
cutting tool, the coefficient of the chip shrinkage and chip
formation.

v. It is obvious that active molecules contained in the
plants do not decay at high temperatures, and interacting
with each other, form effective lubricating layers.
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