3akmiouenne. O(QEKTUBHBIM  HANpaBIeHWEM  MOBBIMIEHHS  paboOTO-
criocobHocTH pekymiero uacrpymenta ¢ IICTM Ha ocHoBe KHbB siBisiercst m3me-
HEHHE COCTaBa ero padouero KOMIO3UTa 3a CUET BBEJICHUSI B HETO COCTABIISIONINX,
KOTOpBbIe, 0e3 CHIKEHUs] MEXaHMIECKUX CBOMCTB Marepualia, MUHUMH3UPYIOT XH-
MHYECKOE B3aUMOJICHCTBIE HHCTPYMEHTAILHOTO U 00padaThIBAEMOr0 MaTepralioB
B 30HE pe3aHusl.

Jlnst ocHamieHust pexymniero MHCTpymeHTta paspaboran [ICTM Ha ocHoOBe
KHB, copepxamuii HUTpUJ KpeMHHUA. MaTepuasn MMeeT BBICOKHE MEXaHHYEeCKHe
CBOMCTBa, a Takxke obecrieunBaeT OPMUpPOBAHHE B 30HE pe3aHMs a30TCOIepKa-
mel cpeabl, YTO MO3BOJNISIET 00pabaThIBaTh JETald M3 TPYIHOOOpadaTHIBAEMBIX
crtaBoB Ha ocHoBe Ni 1 Fe ¢ BBICOKOH CKOPOCTBIO pe3aHusl.
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APPLICABILITY OF WATERJET CUTTING
FOR DIFFERENT MACHINING OPERATIONS

K. KYH-BO/[HAP, l. KVYH/[PAK

34CTOCYBAHHA I'IJIPOABPA3UBHOI O PI3AHHA JIJIA PI3HUX OIEPALIIH OFPOBFKH

Cb0200HI 2idpoabpaszushe pizanHs He Mae coOi PiGHUX Y 6A2ambOX ACNeKmax PizanHs i 3MIHUIU
MEXHON02II0 6UPOOHUYMEA PI3HUX 6Udie upoois. 1iopoabpasusne pizanns (AWJ) moduce bymu suxopu-
cmane y weUOKo NepeHanazo0iCy8aHux 6epCmamax, po3paxo8anux Ha Kiibka eudie 06pooku: gpesepy-
6amHs, MOUINHA 1l C8EPONIHHA 3 OOHY YCMAHOBKY, W0 OYI0 NPOOEeMOHCMPO8ano Ha npaxmuyi. Y na-
CmynHuUx po3oinax aremeprHamueHi onepayii 6yoyme ob2oeopiosamucs 0inoui dokiaono. I'iopoabpaszu-
6He PI3aHHA MAE 2aPHT WAHCU 0151 3ACMOCYBAHHS K MEmo0 006po6Ku uepe3 GIOMINHI XapaKmepucmuxu.

Cezo0ms 2udpoabpasuenas peska He umeem cebe PAGHLIX 60 MHOSUX ACNEKMAX pe3aus u
UBMEHUNIA MEXHONIO2UID NPOU3800CMEA PA3IUYHBIX 6U006 uzdeautl. Tudpoabpasuenas peska (AWJ)
Modicem ObIMb UCTONB30BANHA 6 OLICIPO NEPEHATANCUBAEMBIX CINAHKAX, PACCUUMAHHBIX HA HECKOTbKO
6U008 0bpabomku: (hpeseposanue, mMoyeHue u ceepieHue 3a O0O0HY YCMAHOBKY, UYmo  ObLIO
npodemoncmpuposano na npaxmuxe. B nocredyowux paszdenax anvmepHamu6Hvlx onepayuu 6yoym
obcyncoamovcest 6oaee noopooro. I'udpoabpasuenas peska umeem xopouwue Uancol OJisi NPUMEHEHUs. 6
Kauecmee mMemooa oopabomKu uz-3a OMAUYHBIX XAPAKMEPUCTIUK.

Today the waterjet is unparalleled in many aspects of cutting and has changed the way of produc-
tion in the case of many products. The abrasive waterjet (AWJ) may be used for flexible machine tools,
capable of multiple operations including cutting, milling, turning and drilling in one setup, has been
demonstrated in practice. In the following sections the alternative AWJ operations milling, turning will
be discussed in more detail. Because of its excellent properties waterjet has a good chance to be applied
as a cutting method.

1. INTRODUCTION

Machining processes include different technologies, from which the cutting
technologies have significant importance. The waterjet cutting is a cold cutting
process, which does not cause fracture in the material. The main advantage of
waterjet cutting is that it is possible to cut a complicated planar curve with which
any other technology is not workable, so it is widely used by different industries,
such as airplane and automotive manufacturing.

The principle of waterjet cutting is the process during which a high-pressure
water column is converted into a high-speed water jet. The obtained high-speed
water jet will attack the workpieces and remove material. Two types of waterjet
cutting exist today, including plain waterjet and abrasive waterjet cutting. The dif-
ference between them is the added abrasive powder in case of the abrasive waterjet
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cutting. This additive increases the effect of waterjet erosion. Due to this effect, the
range of the machinable materials increases. The great advantage of the waterjet
cutting in contrast with other technologies is that this is a cold cutting process. This
technology does not cause fracture in the material, and suited to cutting different
materials, therefore the application field is wide. The essence of the abrasive water-
jet cutting is the erosion process [1]. After passing the nozzle the water has very
high speed in the mixing chamber, abrasive powder is mixed to the water and the
abrasive water is homogenised in the mixing tube. (Figure 1) Outcoming from the
abrasive tube the jet attacks the workpieces and makes the material remove and in
the meantime different phenomena take place, like for example plastic deformation
or rigid fracture. This phenomenon can be explained with the different types of
erosion, rigid and ductile erosion.

Depending on the cutting mechanisms two types of erosion are differed: duc-
tile and rigid erosion. In cutting of ductile erosion material removal is caused by
plastic deformation, or ideally by a micro machining mechanism removing small
chips while in brittle erosion material removal is accomplished with the help of
crack growth and intersection of cracks. Either ductile or rigid the material is, the
material removal is accomplished by the result of number of discrete impacts, when
small particles erode the surface of the machined material [2].

abrasive

Figure 1 —Abrasive waterjet cutting head

Advantages:

» the cutting does not result in substances harmful to the environment, since
it does not use any lubricant and coolant and there is not gas-output

» slag does not occur on the cutting surface

» there is a wide range of the workable materials

» the thickness of the machinable materials can be up to 30 cm

* the loss of material can be minimized due to the small cutting gap (0.03-
1.6 mm)
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*  complex formations can be created
» the temperature does not increase on the cutting surface, so the internal
properties of the cut material do not change
Disadvantages:
* accuracy problems
* the short lifetime of the nozzle
» the formation of aqueous vapour
* the splashing water and other materials during the cutting
* the high noise level
The abrasive waterjet cutting is an environment-friendly technology, due to the
small loss of material and the non-existing chemical pollution. Moreover, there is
no need for any lubricant and other pollutant. Almost all of the materials can be
machined by waterjet cutting.
The most important materials, which can be cut by this technology are:
e non-metallic materials: the simple and the reinforced plastics, rubber,
leather, paper;
o textile;
o rigid materials: armour-glass, ceramics, rocks, concrete, construction and
cladding materials;
e tough materials: coloured metals, ferrous and non ferrous metals at any
state of heat treatment;
e soft, combustible materials, plastic foams.

Technological parameters of waterjet cutting
The quality and the accuracy of the abrasive waterjet cutting are determined
by numerous factors. The most important are the following:
o the water pressure and flow rate
e traverse feedrate
e the diameter and the geometric accuracy of the water nozzle
o the length and diameter of the abrasive nozzle
o the distance of nozzle to the workpiece
o the type of abrasive powder, the size of particle
e the abrasive mass flow
e the hardness of workable material
e  cracks properties
o the thickness of plate
From among these parameters the feedrate, the pressure and the abrasive flow are
the easiest and the most common altered configuration parameters to be altered.
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2. APPLICATIONS OF ABRASIVE WATERJET MACHINING

Waterjet technology has been advancing rapidly for the past three decades. In
mechanical engineering the abrasive waterjet cutting has the most important role
from among the waterjet technologies. The versatility of the abrasive water jet in
cutting almost any engineering material is a very special feature of this technology.

2.1 Milling with Abrasive Waterjet

Several concepts of milling with abrasive waterjet are developed, such as ro-
tary multiple waterjet head, process parameter variation principle, multi traverse
milling, mask milling, discrete milling.

The main difficulty when milling with abrasive waterjets is controlling the
depth of the cavity. In conventional milling the depth of cut is geometrically deter-
mined by the tool shape and the feed. In case of abrasive waterjet milling there is
no direct contact or feedback from the workpiece, the depth of cut being deter-
mined by the mechanics of the jet material interactions. An attempt to develop a
concept of abrasive waterjet milling that bases on continuously-varying dynamic
variables is not successful either. Several authors use the multipass linear-traverse
cutting as a milling strategy. This principle is based on the superposition of several
kerfs to obtain a cavity of the defined geometry [3].

In order to obtain a precise jet penetration depth, the knowledge about which
parameters that control the process is important. A problem inherent in the AWJ
process is the sensitivity to disturbances, which tends to impede any attempt to con-
trol depth of cut. The disturbances mainly occur as uncontrolled process parameter
deviations influencing the efficiency of material removal. Typical process parame-
ters having major influence on the efficiency and quality of an AWJ milling opera-
tion include traverse rate, water pressure, abrasive mass flow, abrasive grain size,
standoff distance, attack angle, nozzle diameter ratio, mixing tube length.

Figure 2 — Milling with Abrasive Waterjet
The traverse rate is an important parameter in controlling depth of cut as it di-
rectly controls the jet-material energy transfer. Abrasive mass flow is a very impor-
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tant parameter, not only for determining the efficiency of the milling process re-
garding material removal rates, but also as a disturbance parameter if there are
variations over time during the milling operation. The water pressure is a relatively
important factor in influencing depth of cut and surface waviness. This parameter
determines the jet power and also increases the energy transfer to the surface [4].

2.2 Turning with Abrasive Waterjet

Turning with waterjets (Figure 3) is similar to turning with a conventional
single point tool in a lathe. The workpiece is rotated while the tool is traversed par-
allel to the axis of rotation and incrementally fed towards the centre of rotation. Jet
forces on the workpiece are negligible. To improve the finish of the turned surface
the jet traversed back and forth along the component, but without lateral feed.

Figure 4 depicts the pertinent parameters in abrasive waterjet turning. From
the geometry of the process, the volume-sweep rate is

2.1)

Figure 3 — Turning with Waterjet
The volume-sweep rate is the material volume swept by the combined speci-
men rotation and abrasive waterjet traverse in unit time. In contrast, the true vol-
ume-removal rate is

Vy =n-hy(dy —h;)-v. 2.2)

Generally, the volume-removal rate is less than the volume-sweep rate,

though in a few exceptional cases (during finish turning) they are equal. The depth

of cut, hris a function of several process parameters, very similar to simple cutting

processes. A third major target parameter in abrasive waterjet turning is the surface
quality [6].
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Figure 4 — Principle and geometry of the abrasive waterjet turning [5]

3. THE POSSIBLE TRENDS OF FURTHER PROGRESS IN RESEARCH
WORK

The application of water jet for cutting needs further investigation in the ma-
chining procedures. As the trends for that the following tasks can be assigned: in-
vestigation of the conditions when abrasive waterjet can be applied as a cutting
edge; analysis of the kinetic relations of the machining procedures; analysis of the
geometrical relations of material removal and its efficiency.
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PRECISION HARD TURNING OF EXTERNAL CYLINDRICAL
SURFACES BY ROTATION PROCEDURE

A. KYH/IPAK, K. JIbAIHI, 1. JE3IIOT

YUCTOBE TOYIHHA 3ATAPTOBAHHMX JIETAJIEM 30BHIIIHIX JUJIIH{PHUYHUX
IIOBEPXOHb METO/[JOM OBEPTAHHA

Tounicmb 00pOOKU MOYIHHAM 3A2aPMOBAHUX CMAell | napamempu WOPCMKOCMi YUNiHOPUUHUX
nogepxoHb JopigHI0IomMb wiligysannio abo Hasims nepesepuyloms tiozo. llpome zeomempuuna gopma
00pobaeHol nosepxui NOKA3Ye 3HAYHY po30idcHICMb. 30epicarouu HAO36UYATIHI eKOHOMIYHI nepesazu
MOYIHHA 3a2aPMOGAHUX CmaRel, Y HOsill epcii 6y6 po3pobreHull Memod 00epmaHHs, wo YCyeae
HeOONIKU WOPCMKOCHI NOGEPXHI, Wo OYI0 NPUYUHOK NOPYUEHHS Onepayi.

Tounocmuv 0bpabomku moyenuem 3aKaleHHbIX CIanell U napamempbl Wepoxosamocmu YuiuHo-
puueckux noeepxHocmell pasua WAU@POGanulo um odadce npegocxooum ez2o. Tem ne menee,
ceomempuueckas gopma 06pabomannoll NOGEPXHOCMU NOKA3LIGAC 3HAYUMETLHOE DPACXO0JCOCHUE.
Coxpansisi upe3ebluaiinvle KOHOMUYECKUE NPeuMywjecmea MoveHus 3aKAleHHbIX cmanell, 6 HOB0lU
eepcuu 6viia paspaboman Memoo 6pawenus, KOMopwli YCmpansem HeOoCMAamKu uepoxo8amocmu
NOBEPXHOCMU, YMO ABGNANOCH NPUYUHOU HAPYUIEHUS ONepayul.

The accuracy of hard turning, the roughness parameters of the turned surfaces are equal to that
of grinding or even better. However, the surface topography shows significant divergence. Retaining the
extraordinary economic advantages of hard turning, a new version of this procedure has been devel-
oped — the rotation turning — which eliminates the deficiencies of the surface topography that cause
operation disturbances.

1. INTRODUCTION

By the term “hard turning” the precision finish machining of hardened surfac-
es is meant by polycrystal cubic boron nitrid (in abbreviation PCBN) tools. The
extreme hardness of PCBN tools, similar to that of diamond, makes it possible to
finish steel surfaces of up to 65-70 HRC hardness, with IT5-IT6 size accuracy and
Rz=1+3 pm surface smoothness. In the first 100 years of production engineering,
such rather demanding quality was possible to be produced only by grinding proce-
dure. Grinding, however, in its usual, traditional form (wide wheel, small depth of
cut) is a more expensive, slower process than the new hard turning. That is why
hard turning have spread at record speed for the last 2 to 3 decades and forced the
traditional version of grinding back. On a world scale the piece number of compo-
nents ready machined by hard turning amounts to billions [1]. The main reason for
its quick spread was by all means the higher productivity, the smaller manufactur-
ing cost, but the environment friendly character of the procedure was also signifi-
cant motive power, operating dry, with no coolants or lubricants.

The accuracy of hard turning, the roughness parameters of the turned surfaces
are equal to that of grinding or even better. However, the surface topography shows
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