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THEORETICAL DETERMINATION OF REMOVED LAYER
DEPTH AT ABRASIVE WATERJET TURNING

Abstract. Abrasive waterjet turning is new technology to machine cylindrical or axisymmetric parts
from hard to machine materials. One of the problems of waterjet turning is that the real depth of cut
usually is not equal with the adjusted radial depth of cut. Aim of the paper is to develop a mathematical
method for determining the real depth of turning. This method is based on the equality of effecting time
of the jet at turning and simple kerfing test accomplished by abrasive waterjet.
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INTRODUCTION

Abrasive waterjet machining (AWJM) is a new innovative technology to
remove material. Methods of this material removed is widening nowadays. One of
these new waterjet technologies is the turning with abrasive waterjet: This
machining method enables producing axisymmetric parts, eg. cylindrical or conical
surfaces from materials which cannot be machined by chip removal methods. In
abrasive waterjet turning (AWJT) the workpiece is rotating while the cutting head
is moving axially with a defined depth of cut (Fig. 1.)
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Figure 1 — Cinematic view of abrasive waterjet turning
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The material removal is accomplished by the jet containing abrasive powder,
water and air. The cutting forces are very low at waterjet cutting, which gives the
possibility to cat parts with long length and relatively small diameter [1] The
process is suitable for machining of rigid and difficult to cut materials, like glasses,
ceramics, composites and different super- or titanium alloys [2,3,4].

1. ESSENCE OF MATERIAL REMOVAL AT ABRASIVE WATERJET
MACHINING

The abrasive waterjet consists of three components: water, abrasive grins
(powder) and air. The air is absolutely is not useful from point of machining. The
material removal accomplished mainly by the abrasive powder. The material
removal is a so-called solid erosion by impacts with solid grains (abrasive powder).
The abrasive grains have very high speed in the jet, about 500-1000 m/s, depends
on the pressure and the geometry of the cutting head. Depending on the target
material characteristics different erosions will be going on. (Fig. 2).
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Figure 2 — Ductile and rigid erosion during impact of abrasive grain [5,6]

At ductile erosion material removal is caused by plastic deformation, or
ideally by micro machining mechanism (Fig. 2.), removing small chips. At brittle
erosion material removal is accomplished with help of crack growth and
intersection of cracks. At increasing depth, the jet loses energy which results a
deflection of the jet and a change in the material removal process from the cut to
the deformation wear. This phenomenon produces a slight roughness to the cut
surface called “striations”, which are typical of all beam cutting processes. From
the side of the material for ductile materials typical parameter is the hardness, for
rigid material the fracture properties are the parameters expressing the
machinability of the material.
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2. EFFICIENCY OF THE CUT, DEPTH OF KERF

When the effect of different parameters on the efficiency is investigated,
usually the depth of kerf is the test parameter of the experiments. In this case the
material is not cut through and the depth of the kerf (cut) is measured.

There are a lot of technological parameters which effect on the efficiency of
waterjet cutting: diameter of the nozzle and the focusing tube, type of abrasive,
stand-off-distance, pressure, traverse rate, abrasive mass flow rate etc., but usually
researches are focused to investigate the effect of the next process parameters:
pressure, traverse speed (feed rate) and abrasive flow.

On base of cutting experiments. the depth of kerf can be determined with different
mathematical models. One of the most applied formula is model of Monno [7] was
accomplished like mathematical model for determination of depth of kerf:

B_C
k=42T2 r’““ 1)
i
where  k: the estimated depth of cut
p: pressure, MPa
ma: abrasive mass flow, g/min
Vr. traverse feed speed, mm/min

A, B, C, D are constants.

The effect of the technological parameters relating (1) can be seen on Fig. 3.
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Figure 3 — Effect of the traverse- and the mass flow rate on the depth of cut (k)
(material X12Cr13 steel)
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With help of equation (1) and figures — like Fig. 3 — based on cutting
experiment, theoretical value of depth of kerf can be estimated.
At a given cut the effecting time (loading time) of the jet for a given point of the
workpiece can be calculated from the diameter of the jet and the feed speed:

Lo = = 2

where  teff: the effecting time
d: diameter of the jet

If the effecting times are equal for different cuts, then the depth of kerf
determined only by the pressure (p) and the abrasive mass flow rate (ma).

3. DETERMINATION OF DEPTH OF CUT IN CASE OF WATERJET
TURNING

At abrasive waterjet turning the real depth of cut is not always determined by
the position of the jet [8] (Fig. 4).

Figure 4 — Geometrical characteristics of waterjet turning

As it can be seen on Fig. 4, the depth of cut (ap) is not always determined by
the radial displacement of the jet (rj). The depth of cut is determined by the
efficiency of the cut, ie. by the depth of kerf (k). This depth depends on the
effecting (loading) time (terr), the pressure and the abrasive mass flow rate (my), if
other parameters — like stand of distance (SOD) and diameters of the jet are
considered constant.
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If we can determine the effecting time, then result of simple kerfing test can
be used for determination of depth of cut at waterjet turning accomplished by given
pressure and abrasive mass flow rate.

The abrasive waterjet moves a spiral curve according to the workpiece. One
point of the workpiece is attacked by the jet during the effecting time (Fig. 5).

Figure 5 — Geometrical characteristics of waterjet turning

If we determine the effecting time, then for a given pressure and abrasive
mass flow rate it is possible to define the extent od the depth of kerf (k) from
which the depth of cut can be calculated according to the Fig. 4.

On base of Fig 5 the time in which the jet is in contact with a given point can
be determined as follows:

The time, during the jet is contacting with a point along the spiral line (A
point):

d;
[
= ®3)
where t: the time of contacting along the spiral line
dj: the diameter of the jet
Vir: the resultant feed speed of the jet
| 5 -~
the resultant feed speed of the jet: Ve = *ql Vea + Ve, 4)
where: Vi the circular feed speed of the jet
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Ve = dy,mn (5)
where: n: the number of rotations of the workpiece
Via! the adjusted resultant feed speed of the jet

The time for a rotation of the jet around the circle of the workpiece (B point):
1

te =~ (6)
In axial direction the jet is in contact with a point of the workpiece:
d;
t =— 7
e = Y

During this time the jet is turning back more times to the same workpiece point.
This number of turning back is:
N="2 ®)
c
Finally, the effecting time to one given point of the workpiece:

taff = Nt:l' (9)
Summarising the (3)-(9) equations we have got:

" _ din

eff & r ver (10)

After determining the effecting time, from the kerfing tests mentioned in
section 3, the extent of the kerf (k) can be estimated. From the kerf the real depth
of cut (ap) can be easy to calculate on geometrical base of Fig. 3. With help of the
real depth of cut the machined workpiece diameter (dw) can be determined
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Kpicrina Kyn-boxnap, XKont Mapom, Mimkoinsr, Yropuimaa

TEOPETUYHE BU3HAYEHHS BEJIMYNHU BUJAJIEHOI'O ITAPY
TP ABPABUBHO-CTPYMEHEBOMY TOKAPHOMY OBPOBJISTHHI

AHoTauis. AbpasusHo-cmpymenesa mMoOKApHa 00pobKa - ye HO8A MEXHONO2is Ond 00poOKuU
YUNIHOPUYHUX aO0 OcecumMempudHux Oemaieti 6i0 meepoux 00 KOHCMpYKyitiHux mamepianie. OOHa i3
npobnem 2iopoabpasueHo20 MoKAPHO20 0OPOOISIHHS NOJA2AE 8 MOMY, WO PeaibHa 2AUOUHA PI3AHHS
3a36uuail He OOPIGHIOE CKOPULOBAHill padianvuill enubuHi pisanHs. Memoio pobomu € po3podka
MamemamuyHo20 Memooy 6UsHAUEHHs peanbHoi 2nubuHu npopizy. Leil memoo 3acnosanuil Ha pieHocmi
uacy 6naugy CMpyMeHs HA 3HAMMA NPUNYCKY [ NpOCMOMy 6unpoOY8aHHi HA nepepis, SUKOHAHOMY
abpasusHo-piouHHUM cmpymeHeMm. Budanenns mamepiany 30iliCHIOEMbCA CMpYMeHeM, Wo MICIums
abpasusHull NOPOuwox, 00y i NoGimpst. 3yCuiis pi3ants Oyaice Mai npu 2iOpoadpasUu6HOMY pPI3aHHI, U0
dae ModCIUBICIb 06pobIIMU demali 8eUKOT D0BXICUHU | BIOHOCHO Hegeuko2o diamempy. Lleil npoyec
nioxooums 0N 0OPOOKU HCOPCMKUX | 8AHCKOOOPOONIOBAHUX Mamepianie, maKux K CKI0, Kepamika,
Komnosumu i pisui Haomeepoi mamepianu abo mumauosi cnaasu. SK nokazyrome O0CHONHCeHHS,
2NUOUHA DI3AHHA He 3a8JCOU BUSHAYAEMbCA PAOIANbHUM 3MiujeHHAM cmpymenio. Iubuna pizanna
BUSHAYAEMbCS eEeKMUBHICIIO PI3aHHs, Mobdmo no enubuni nponuny. Ll enubuna 3anexcums 6io yacy
8NAUBY, MUCKY | aOpaA3UBHOI Macos8oi sumpamu, AKWo HWi napamempu, maxi K 6i0cmans 6i0 conaa i
diamemp cmpyMmeHs, B6adiCalOMbCA NOCMItHUMY. AKWo Mu Modcemo eusHayumu uyac Oii, mo
Pe3ybmam npocmozo mecmy Ha nPonUi Moxce 6ymu 8UKOPUCIAHULL Ol 6USHAYEHHS 2IUOUHU PI3AHHS
npu abpasusrHo-cmpymenesiii 06pobyi, AKa BUKOHYEMbCS 3 3A0AHUM MUCKOM | MACOB0E SUMPAMOI0
abpasuey. Ilicna eusnauenns yacy 6niusy, 6UX00a4u 3 GUNPOOY6AHb HA NPOPI3b, MOICHA OYIHUMU
cmyninb  npopisy. 3 npopisy peanbHa 2IuOUHA PI3AHHA MOdXCe OGymu Je2Ko pO3PAX08aHa Ha
2eomMempuyHiti OCHO8I. 3a 00NoMo2010 peanbHOi 2IUOUHU DI3AHHA MOXCHA BUSHAUUMU  Olamemp
06pob0sanoi demani.

KurouoBi cioBa: cidpoabpasuere mouinHa; 2iopoadpasusHuil; meopemudna mMooeib, 2eoMempuiHi
Xapakmepucmuku,; 3HAMUU wap; eiubUHa pi3aHHsIo.
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