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Caxerak: [Ipoyuasare gumeH3UOHANIHOT Ceverba KameHa 60geHUM MIA30M jegHo je 0g I1aéHUX obnactiu paga
muma 3a xugpomexarnusayujy Kaitiegpe 3a pygapcxy otipemy Ileitipowianu Ynueepsuitieiia. Y pagy cy ipuxa-
3aHA UCTIPANUBAbA CLIpOGegeHa y 1a00pailiopujckom ceuervy mepmepa u gpyiux citieHa Ha 0CHOBY 3aKOHA Koju
pelynuuty osaj fipouec.

Kmbyune peun: XVIPOMEXAHU3AIIMJA, CEYEIE, CTEHE, ,WATER JET“ TEXHOJIOTIJA

Abstract: The study of dimensional stone cutting using water jets is one of the major fields of activity of the
Hydromechanization team of the Department of Mining Equipment of the University of Petrosani. The paper
presents the researches carried out in laboratory cutting of marble and other rocks in order to derive the laws, which

are governing this process.
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3a pobujame 6O/BMX MOBpIINMHA 32 CeYerbe, 3a
€IMMMHICAtbe IMHMja CeYeHhba HACTa/INX K/Iacud-
HMM M3MELITabeM, Cajia Ce CBe BUILIIE Pa3Blja He-
KOHBEHIIMOHA/IHA TEXHOJIOTHja CeYerba BOIEHIM
M/Ia30M TIOf], BUCOKMM IPUTUCKOM. Y Topehery
ca K/IAaCMYHUM MeTOofjaMa IyTeM Tlepdopanuje
— IylLiaka WM IMjaMaHTCKMX Kab/oBa, IeKopa-
TUBHE CTEHe IIPeceYeHe METOIOM BOJEHMX MIa3-
HUIIA ¥IMajy IpoLieHaT rospara ofi 70%.

TEOPUJCKA AHAJIM3A TIOJABA
XMAPAYJIMYHOTI CEYEILA CTEHA

Y nwpy yrBphrBama yTuIiaja cBakor BOJEHOT
MJIa3a ¥ IIapaMeTpa CTeHe Ha IIPOolieC ceyuea,

INTRODUCTION

For obtaining some better cutting surfaces, for
elimination the cutting lines created through
classical dislocation, in present it has developed
more and more a unconventional technology,
the cutting with high pressure water jets. In
comparison with the classical methods through
perforation - shooting or with diamond cables,
the decorative rocks cut through water jets
method have a recoverable percent of 70%.

THE TEORETICHAL ANALYZE
OF THE ROCKS HYDRAULIC CUTTING
PHENOMENA

In order to establish the influence of each water
jet and rock parameter on the cutting process
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pasBUjeH je HOBU Mofien [3] Koju MmoKyIIaBa fa
objacHM MHTEepaKuyjy nsmeby mmasa un crene
KoOja ce ceue.

OBaj Mofen mpeaxke CPefCTBO 3a AHAJIN3Y
eUKacHOCTM BOJEHOT MJIa3a y IIPOIeCy ce-
Jema cTeHa. [Tomasy ce of MpeTHOCTaBKe Jja
Ce CHara Mjla3a KOPUCTH 3a cedere Av 3ampe-
MmuHe creHe. CTeHy KapaKTepullle jefMHCTBe-
HJI TapameTap A, OHOCHO OTIIOP CTeHe IIpeMa
mejcTBy Mmasa [3].

IIpema oBOM MoOfIeNy, KOHa4Ha I10j€fHOCTaB/beHa
penaryja 3a ogpebusarme gyouHe mpopesa h je:

{dl (o, + 2o )poﬂ

wad developed a new model [3] which tries to
explain the interaction between the jet and the
rock be cut.

This model proposes a means of analyzing the
efficiency of the water jet in the process of rock
cutting. It starts from the premise that the jet
power is used to cut a Av volume of rock. The
rock is characterized by unique parameter A,
that is the resistance of the rock against the jet
attach [3].

According to this model, the final simplified
relation for the depth of the slit h determination is:

w (1

h=k

e je:

d, — IpevyHNK M/IasHuIle BOZEHOT MM abpa-
3MBHOT MJIa3a;

pO — I[IOYETHM IIPUTHMCAK MJIa3a;

u - 6psuHa moMepama MjIasa y OZHOCY Ha
CTeHy;

p, - rycTuHa abpasusa;

P, — TyCTUHA BOTE.

Y pemanuju (1) Mo>ke ce IPUMETUTH A IPOLIeC
cederba MOYMbe Off IPUTICKA ps [3] koju ce Ha-
3MBa Ipar IPUTUCKA, LITO je TI0JIa3Ha TauKa y
IpOLieCy ceuerna, Kao 1 popMupama Ipopesa.
Ortnop cTeHe IPOTUB [iejcTBA MIa3a A MOXe ce
YTBPAWTHHA OCHOBY jefiHauMHe (2):

A= kd,(p, + po)PE

0
Au®P

-4,
2

where:

d, - the nozzle diameter of the water jet or of
the abrasive one;

p, - the initial pressure of the jet;

u - the speed of the jet displacement against
the rock;

p, - the density of the abrasive;

p, — water density.

In relation (1) it can be noticed that the cutting
process starts from a pressure ps [3] called
threshold pressure, this being the starting point
in cutting process, also the slit formation. The
resistance of the rock against the jet action A
can be identified from the equation (2):

3

2

(h="d

OBa KapaKTepuCTVMKa CTeHe y3uMa y 0063up
IPUPOAY CT€HE U IbEeHy IOPO3HOCT, BeNNINHY
Y30pKa, lbeHe IIYKOTHHE 1 IPOITyCT/bUBOCT UTH.

EKCITEPMMMEHTHM CA MJIA3OBMMA
YJVICTE BOJJE

O6uM ncTpakuBama je 610 fia ce ¢ jegHe cTpa-
He IOKa)Xy Haje(MKaCHMjU OOMNIY MIa3HNIIA
" pe3HMX I7IaBa, 1 ca ipyre CTpaHe Jia ce yTBp-
IM TIPABUJIHO CeYerhe BOfIEeHNM M/Ia3oM ITpeMa
napaMeTpuMa Mla3a U CTeHe.
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This characteristic of the rock takes into account
the nature of the rock and its porosity, the size
of the sample, its fissures and permeability, etc.

EXPERIMENTS WITH PURE WATER
JETS

The research scope was, on one hand to
evidence the most efficiency nozzle forms and
cutting heads, and the other hand to determine
the legal cutting with water jets according to jet
and rock parameters.
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a. YTuuaj yria MaasHor Hamaja.

[IpBu cer TecToBa MMa 3a LWB Aa IPOyYaBa
YHApHU yTao yTUIjaja BOJIEHOT M/Ia3a Ha Y30paK.
Ycemepnm cMo Mi1a3 Ha y30pKe, Kako BepTUKaI-
He (O = 0), Tako 1 Ha +45° 1 -45° CyIIPOTHO Of
BEPTUKATHOT CMepa.

[TpumeTHO je fja leIOBabe BEPTUKATHOT M/Ia3a
Ha ITOBPIIVHY CTeHe HyIU HajOosbe pesynTare.
l3yserak cy unHMIe CTeHe Koje Beh nMajy my-
KOTHMHE WU pacllell ycMepeH 1of, ofpehennm
yrioMm. IlyTeM mpokcumanyje oBa 3aBYCHOCT je
nedunncana jennaunuom h=h cos®, rze je h;
nybuna mpopesa 3a (O = 0).

6. Yruiaj npurucka miasa.

3a mpoydaBame yTHIaja TPUTUCKA Y IPOLECY
ceyerba YpaJyIn CMO JIOCTa eKCIlepyMeHaTa Ha
y30pLIMMa JIANIopa, LIJbYHKA, MepMepa, TPaHNTa
uty. IIpopesn Koju Cy HanpaB/beHN MIa30M BOJie
IOJ BMUCOKUM IIPUTHCKOM Ha YI/bY, MepMepy,
IIUBYHKY Y TPAHUTY IIPUKA3aHNU Cy Ha CIuIm 6p.
1. bpoj excrieprmeHaTa 6110 je JOBO/BHO BEIMKI
la ce TpUMeTH fia ce, 6e3 063upa Ha IPUPORY
CTeHe Koja ce cede, yOuHa mpopesa nosehasa
MICTOBpeMeHO ca ToBehameM IPUTICKa M/Iasa.
Oso nosehame Huje mHeapHo Beh mapabomy-
HO, J0OujeHy cy By6/bu popesy y abpasuBHUM
¥l XOMOT€HIM CTeHaMa (KaMeHa CUTHEX).

a. The angle of the jet attack influence.

The first set of tests intend to study the attack
angle of water jet effect on the sample. We di-
rected the jet on samples, both perpendicular
(® = 0) and at +45° and -45° against the per-
pendicular direction.

It observed that the perpendicular jet action
on the rock surface offers the best results. Ex-
ception made the rocks which have already
fissures or a cleavage directed after an certain
angle. With approximation this dependence is
defined by the equation h=h cos®, where h, is
the depth of the slit for ®=0.

b. The jet pressure influence.

For study the pressure influence in the cutting
process we made a lot of experiments on marl,
grit stone, marble, granite samples, etc. The slits
created with high pressure water jets on coal,
marble, grit stone and granite are presented in
figure no. 1. The experiments numbers were
enough big for observe that, indifferent of the
cutting rock nature, the slit depth increase at
the same time with jet pressure increase. This
increase is not linear but parabolic, deeper slits
had obtained in abrasive and homogene rocks
(grit stone).
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Cnuxa 1, 3asucHocii gybure pesarba y 0gHOCY HA HPUITUCAK

Figure 1, Cut depth ratio by pressure

1. YTUIIaj MpeYHnKa MIa3HIIe.

Harmpas/pene Benanae popesa (my6nHa u mm-
pUHA) Cy TIPONOPIVIOHATHE NPEYHNKY MIIasa.
Maxo ce Moxe BepoBaty fia he ce y6mHa mpo-
pe3a mosehaTy Kao ¥ MpeYHNK M/IA3HMUIIE, eKC-
IEPUMEHTU noxassyjy 71a 3a pa3IMInNTE MIPUTICKE

c. The nozzle diameter influence.

The created slit sizes (depth and width) are
proportional with the jet diameter. Although
it can believe that the slit depth will increase
as well as the nozzle diameter increase, the
experiments show that for different jet pressure
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MJIa3a IIOCTOj/ ONTMMAJIaH NPEYHUK MIA3HULIE.
Ha crmim 2 nprkasasa je 3aBICHOCT Ho0MjeHa 3a
Y30paK MepMepa KOju je TeCTUpPaH IPU BYUCOKOM
IIPUTUCKY, 33 KOjU LVIMHAPUYHA MIA3HULA Of
cadpmpa nma ontumyM of 0,8 v 1,0 mm.

there is an optimum nozzle diameter. In figure
no. 2 we presented the dependence resulted
for a marble sample tested at high pressure,
for which the cylindrical nozzle from sapphire
have an optimum at 0,8 or 1,0 mm.
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Cnuxa 2, 3asucHociii ipeunuxa maasHuye u Gpuiiucka

Figure 2, Nozzle diameter ratio by pressure

&. YTuijaj 6psuHe nmoMepama Miasa.

3a cBe BpCTe CTeHa Koje Cy MCIIUTUBAHE, a I10-
ceOHO 3a XOMOTeHe CTeHe, 3aKOH 3aBMCHOCTYU
je u. KoeduuyjeHr o je CKOpo KOHCTaHTaH 3a
pasmMuuTe BpCTe CTeHa.

KoHcTaHTHa 1I0jaBa Ha CBUM BpPCTaMa CTeHa je
Ia ce ca noBehamweM Op3uHe moMepama MIasa
cMamyje 1 JyOuHa npopesa. Mapa, y ciny4ajy y
KOMe ce U3BOjie ByOOKM Ipopesn, mpefiaxe-
Mo Behy 6p3uHy ymecTo HM3a Mamux Op3uHa
HoMepama.

e. YTunaj ygapeHoctn nusmeby minasnuma u crena.

ITopen nmosehama pacrojame usmehy maasunm-
IIa U CTeHa, CMameme ce 1 AyOMHa Impopesa.
OobjaurmeHa je KOHCTaHTHA [10jaBa Jia ce Takohe
1 MTa3 Ha moBehaHoj yzabeHOCTH pacrpuryje
ycrer Tpema ca BasnyxoM. Jly6mHa ceuema ce
IIPBO OfIje[JHOM CMarbyje, a 3aTUM Ce PacTojarbe
nosehasa.

EKCIIEPVIMEHTH CA ABPA3VIBHVIM
MJIASEBVIMA BOJIE

ExcriepumenTrt pabeHn Ha CBETCKOM HMBOY
y CIenmjanmsoBaHoj mabopatopuju cy 6e3
CyMIbe [IOKa3asIn fa ce mepdopaliyja 1 cederbe
CTeHa 1 TBPAMX MaTepujaia BOEHNM MIa30M
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d. The jet displacement speed influence.

For all kind of rocks which were tested and es-
pecially for homogene rocks the dependence
law is u®. The a coefficient is almost constant
for different types of rocks.

The constant phenomena at all kind of rocks
is that as well as the jet displacement speed in-
crease, the slit depth decrease. Although, in the
case in which is executed deep slits, we suggest
more high speed instead of a number of lower
displacement speed.

e. The nozzle - rock distance influence.

As well as the nozzle - rock distance increase
the slit depth decrease. The constant phe-
nomena is explained that as well as the jet
distance increase is dispersed due to the
friction with air. The cutting depth decrease
at first at once, and then as well as the distance
increase lower.

EXPERIMENTS WITH ABRASIVE
WATER JETS

The experiments made on world plan in
specialized laboratory were demonstrated
without doubts that the perforation and
cutting the rocks and hard materials with
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MO)Ke MOOOJBIIATY KOPMILIIEHheM aOpasyBHUX
BOJIEHVX M/Ia3HULIA.

Y 0BUM eKcIlepiMeHTHMa Kao abpas3uBHe de-
CTHUIe KOPUCTMMO KBapI[HY TIeCaK, eIeKTPOKO-
PVMHJIOH, CYUIMLIMjYM KapOuj U rpaHaT mpous-
BefieH y Pymynuju, yrmasHom y CARBOCHIM
S.A. Cluj-Napoca.

Kpeupamu cmo u peannsoBanu ¢puzep ca abpa-
3MBHMM 4YeCTMI[aMa 3a IIpOoydYaBame pe3ama
abpa3MBHOM BOJIOM, KOji ce Ipuarohasa mo-
CTOjerieM Tab0paToOPIjCKOM ITOCTOJbY.

Y cywTnHu, cedeme aOpasMBHUM M/Ia30M
BOJIe je CIMYHO KAo M ceyerbe M/Ia30M 4YICTe
Boge. Majla, IOCTOje HeKe pas/MKe 3a Koje
CMO CMaTpasln Jja je IPUK/Ia/HO IbUXO0BO IIpe]i-
CTaBJbarbe.

a. YTunaj npevyHnKa MIasHuIe pu Kopuinhemy
YUCTOT ¥ abpa3suBHOT BOJEHOT M/Ia3a.

V3 m3BpIIEHNX eKCIIepMMEHaTa ce II0Ka3aso
Jla ce oNTUMasTHM NpedHuK Mnasuuie d kpehe
nsmeby 0,8 1 1 mm, npu yemy je u3yseTak je
YUHUIA CYCIIEH3Mja KpUCTala IPaHaT 3a KOju
je onTMManHy IpevHrK 1,2 mm. YMecTo 3a cBe
BPCTe UCIIUTUBAHNX CTEHA, ONTUMA/IHU TIped-
HIUK M3/Ia3HOT abpasuBHOT M/1asa je d, = 4 mm.

0. YTuiaj KoHIeHTpanuje abpasyBHMX YeCTHUIA Y
IpoIiecy ceverba.

3a cBe BpCcTe abpasMBHUX YECTHIIA TECTUPAIN
CMO KOHCTAaHTY Jja IIOCTOje HeKe OITMMaJHe
KOHI[eHTpaluje 3a Koje je AyOmHa mpopesa
MakcuManHa. Ha mpumep, y xyhuiry 3a ce-
Yyere I'PaHUTa Ca BOJEHUM M/Ia30M y KOMe je
abpasuB cunuiujyM Kapoup, Hajoobe pesyi-
tare (cimmka 6p. 3) FoOmmM cMO 3a KOHIIEHTpa-
nuje ox 0,2 n 1,2 kg/min.

AKo ce MenTaByHa BOJie ¥ aOpa3MBHYIX YeCTH-
11a peannsyje camo y NIpOCTOPMjU 32 MeIllatbe
XM/IDOMOHUTOPA, a He Yy MOBOJHO] Kaju,
IpernopydyeHa KoHIleHTpauuja je mMama (0,8
kg/min). ¥ oBoM nocnenmweM ciaydajy abpa-
3MBHA 4YeCTMI]a He CMe OUTY XUTPOCKOIIHA,
MHaJe ce 3a4ellbyjy IyTeBU KpeTamwa abpa-
3MBHMX YeCTHUIIA y IPOCTOPY 3a Mellakbe X1-
IPOMOHUTOPA.

water jets can be improved through using the
abrasive water jets.

In these experiments we use as abrasive
particles the quartz sand, electrocorindon,
silicon carbide and garnet produced in
Romania, mostly at CARBOCHIM S.A. Cluj
-Napoca.

We created and realized a feeder with abrasive
particles for study the abrasive water cutting,
adaptable to the existing laboratory stand.

In essence, the cutting with abrasive water
jets is similar with the cutting with pure water
jets. Although, there is some differences
for which we considered opportune their
presentation.

a. The water jet and abrasive water jet nozzle
diameter influence.

From the made experiments it has resulted that
the optimum diameter of nozzle d  is contained
between 0,8 and 1 mm, exception made the
garnet for which the optimum diameter is 1,2
mm. In stead for all kind of tested rocks, the
optimum diameter of abrasive jet exit is d, =
4 mm.

b. The abrasive particles concentration influence
in cutting process.

For all kind of abrasive particles we tested
constant that there is some optimum con-
centrations for which the slit depth is maximum.
For example, in granet cutting case with water
jet in which the abrasive is the silicon carbide,
the best results (figure no. 3) we obtained for
concentrations of 0,2 and 1,2 kg/min.

If the water and abrasive particles mixture
is realized only in the mixture room of the
hydromonitor and not in the feeder tub, the
recomanded concentration is smaller (0,8 kg/
min). In this final case the abrasive particle
mustn’'t be hygroscopic, otherwise is obturated
the direction ways of the abrasive particles at
the mixture room of the hydromonitor.
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Cnuxa 3, Yiiuyaj konuyeniipayuje abpazuea Ha gyoury pesaroa

Figure 3, Abrazive concentration influence against cut depth

1. Yrunaj rpanynanuje abpasmBHIX YeCTHUIA.

ToxoM eKcIieprMeHaTa KOPUCTUIN CMO abpa-
3MBHe 4ecTulle ca rpanyranujom on 10 do
600 um (cnmka 6p. 4). A6pasuBHa rpaHya-
IVja yTide ¥ Ha yOMHY Ipope3a U KBaUTeT
noBpuIMHe cedyema. Kopy Behux rpanymanuja
abpa3MBHMX YeCTUIA, CTBOPEHM IIPOPe3N Cy
HIMPU.

c. The abrasive particle granulation influence.

During the experiments we used abrasive
particles with granulation contain between
10 and 600 pm (figure no. 4). The abrasive
granulation influence also the slit depth
and the cutting surfaces quality. At bigger
granulations of abrasive particle, the created
slits are wider.
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Cnuxka 4, Yiauuaj ipanynavyuje abpasusHux uecitiuya Ha gyoury ipopesa

Figure 4, The influence of abrasive particle granulation on the slit depth

Jla 6mucMo cTynujy peanmsoBai, LITO je MO-
ryhe peanHuje, USBPIIN/IN CMO [iBe aHATIM3E:

a. [TpBy npu nputncky og — 100.....200 MPa
6. Ipyry npu nputncky og — 200 .....400 MPa

ca npevyHuKom mnasuuue og 0,12 mm, ogHOC-
HO 0,25 mm. Pacrojame M3Me1')y MasHuIEe U
Marepujaia je 6uiao 13, 18 u 23 mm, 6p3una
nomepama Masa je 6uma ox 0 ;o 66 mm/min.
PeanmsoBanu cy XycTOrpaMu ca ClImke 5, y3 3a-
MaKame Ia C/JIa pe3arba 3aBUCH Of IPeYHUKa
MJIasHUIE, pacTa MaTepujajia, NIPUTUCKA, Ofi-
HOCHO Op31He oMepama Miasa.
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In order to realise a study, as real as possible, we
made two analises:

a. First at a pressure of — 100.....200 MPa
b. The second at a pressure of - 200 ......400 MPa

with the nozzle diameter of 0,12 mm and re-
spectively 0,25 mm. The nozzle-material dis-
tance was 13, 18 si 23 mm, the jet displacement
speed beeing from 0 to 66 mm/min. Were real-
ised the histogrames from Figure 5, observing
that the cutting force depends of nozzle diam-
eter, material growth, pressure and respectivly
the jet displacement speed.
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Figure 5, The influence of the water jets parameters in the cutting process

Ha cmyum 6 cy npukasaHy 3Ha4dajHM hakTOpu
KOjM yTU4y Ha IIPOIeC pe3arba ¥ HapaBHO Ha
CHUJTY JieTloBatba Ha MOBPUIMHY MaTepujaa.

In Figure 6. are presented the significant factors
which influence the cutting process and of
course the acting force on the material surface.

Forta, N

"
22

mm
Viteza, mm/s 55

307

251

201

Forta, N 15+

1"
22

Viteza, mm/s 55

Cnuka 6, 3HauajHu daxiiiopu Koju yiudy Ha Upoyec pesarva

Figure 6, The significant factors which influence the cutting process

CTATMYKO MOJEJIOBAILE OBPAJIE
MATEPUJAJIA BOOEHOI MJIA3A
ITYTEM DELPHI METOJJA

ITocToju Benuky mpobeM Koju ce jaBba Ipu
pesamy 1M 0Opamy XUAPAYINYHUM MIIA30M,
KOjU CYIUTMHCKM yTM4Y€ Ha IIOKa3aTesbe Iep-
¢dopmancu mpoueca. Iloctoju Bemuku 6poj

STATIC MODELING OF THE WATER JET
MATERIAL PROCESSING THROUGH
THE METHOD OF DELPHI

There is a major problem that arises at cutting
and processing with hydraulic jet, with a
fundamental influence on the performance
indicators of the process. There is a large
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MeTOJa KOje ce MOTY KOPYMCTUTI, a/Ii OHe 3aX-
TeBajy BE/IUKM OOVIM TeCTOBA — eKCIIepUMeHa-
Ta, IPYMIBUBIX 32 OBY BPCTY eKCIIEPUMEHTa.
Ila 61 ce MMao MMHMMYM TeCTOBA Ca MaKCHU-
MYMOM pejieBaHTHMX MHpOpMaIja, MoXe ce
Kopuctut ,Delphi“ meron. ¥V tom morneny
norpebuu cy cnenehn xopann:

- YrBphuBame napamerapa obpasie 1 MHAMKA-
TOpPa Y4MHKa;

- V3papa ynutHmKa;

- CuHresa nHpOpMaIuja 1 Kopenanuja Ipu-
MapHIUX BPEXHOCT;

- YexnmahyBame MMIberma CHENUjannucTa U
HOTBphuBame HIUXOBE CAITTACHOCTH;

- Ipadmuxu npuxas;
- PacnopebuBame paxTopa y rpymne yruuaja;

- Objammeme pesyaTara.

3a cunTtesy nHpopmanuja Kopuurhe je mo-
cebaH mporpam Koju Cy ayTOpM HaIlpaBVIN
y jelHOj BpCcTH MOrogHuX Tabena y popmu —
word sheet Quattro, Excel nunmu Lotus. OBaj
IporpaM ce 3acCHMBA Ha IeHTPall30Bamby
nHpopManmja y jacauM ¢opMama Ha Tpu
HuBoa. IIpBu HMBO MMa IleHTpaNN30BaHE CH-
poBe IoflaTKe I7ie je UCIIUTAaHO 17 mopjaraxa,
0]l KOjUX je 7 eIMMMHUCAHO, 3a JPYTU HUBO
je ocrano camo 10 nogaraka koju cy obpabe-
HI, a y CIy4ajy [a je cIenujanucra 3a aBa
nmapamMeTpa JJao MCTM KOedUIVjeHT OHU ce
IIOHMIITABAjy.

3a tpehmu HuBO m3Bpimhe ce morpebHe Ko-
peKiuje 1 IoTpebHa ONTMMU3aIja, Y3 ONTH-
MaJIHy pacIrofeny IoTpeOHNX KoeduijeHara
Ha oHMX 10 TofaTaka Koju Cy ocTamyu y 6asm
noparaka. Ha taj Hauns he ce ucnynuTn ycnos
Bepudukanuje tekcra FISCHER u kBappara
Hi, ncroBpemeHo 3a cBe ¢dakrope.

Ha ocHoBy oBe TexHOJIOTHWje, Ha Kpajy cy
y3eTe y 063up caMo Tauyke Koje je [amo TUX
10 moparaka oj 17. Ha Taj HaumH cy mpe-
npaB/beHe NpBe Tabene, fla 6M ce Ha Kpajy
o6y nogaun u3 tabena. Metogom [enm-
X! eKCIlepUMeHTa, yTBpheH je yruuaj mope-
CUBMX [TapaMeTapa Ha HeKe IoKasaTesbe Iep-
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number of methods that can be used but they
require a big volume of test — experiments,
appealing to this kind of experiment. In order
to have a minimum of tests with a maximum
of relevant information, the Delphi method can
be used. In these respect the following steps are
required:

— Establishing the processing parameters and
performance indicators;

- Elaborating the questionnaire;

— Synthesis of information and correlation of
primary values;

- Balancing the specialists’ opinions and verifying
their concord;

- Graphical representation;
- Arranging the factors in groups of influence;

- Explaining the results.

In order to synthesize the information it was
used a special program made by the authors in
one of the utilitarian table type — word sheet
Quattro, Excel or Lotus types. This program
is based on centralizing the information in
distinct sheets on three levels. First level
has centralized raw data where 17 data were
questioned, 7 of them were eliminated, for the
second level remained only 10 data, which were
processed and in case that the specialist gave
for two parameters for the same coefficient
these were annulled.

For the third level the necessary corrections
will be made and the optimization required
will be done, optimizing the distribution of
the required coefficients to those 10 data
remained in the database, in this way the
verifying condition of FISCHER text and Hi
square will be fulfilled, simultaneously for all
the factors.

Based on this technology, in the end were
taken in consideration only the points given
by those 10 data from 17. In this way the first
tables were remade, obtaining the data from
the tables in the end. The influence, through
the method of Delphi experiment, of the
adjustable parameters over some performance
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dbopMaHcK y mpolecy pesama abpasMBHUM
BOJIEHUM MJIa30M.

[TapameTpn ca cruke 7 cy:

— Hasupru nputicak BojeHor M1asa, p, (x,)s

— BpsuHa HanpesioBara BofieHOT M1asa v, (X,);

- [Tpeynux maasHue, dj, (x,)s

— Croma abpasuBHOT IIPOTOKA, (X, );

— OpHoC npevnMKa MIasHule u abpasusa, d /
d, (x,);

- Pactojame nsmeby mmasHuie u Marepujaina,
h, (x);

— [lebmbuna matepujana, g, (X,);

- Bpcra abpasusa, (x,);

— AGpasyBHA CUTHEX Cpelitber IIPEeYHMKa, (X9);

- OpHoc tBpaohe usmehy abpasusHe cpepyHe
1 OKpy>ema obpape, (X, ).

indicators, in abrasive water jet cutting
process, were established.

Parameters from figure 7. are:

- Water jet nominal pressure, o (x,);
- Water jet advance speed v, (xz);

— Nozzle diameter, dj, (x3);

— Abrasive flow rate, (x 4);

— Ratio between the diameters of nozzle and
abrasive, da/dj, (x,);

- Nozzle-material distance, h, (x,);
- Material thickness, g, (x.)s
- Type of abrasive, (xs);

— Abrasive grains medium diameter, (xg);

- Hardness ratio between the abrasive envi-
ronment and the processing environment,

(%,)-

Cnuxa 7, lepunucarve iiapameitiapa obpage abpasueHoi 60geHoi Mnasa

Figure 7, Defining the parameters of abrasive water jet processing

Pesynratu cy pasBpcranu y Tabene u uspady-
HaTU Cy MPOCEYHM Pe3YITaTV KOPUIIIeHheM
EXCEL rabene. Y o61uKy MaTpulie yTHUIja,
y Tabenmu 1, mpukasaHm cy pesynTtatu obpaje
nojaraka.

The results were sithesized in tabels and the
average scores using an EXCELL spreadsheet
was calculated. Inthe form of influence matrix,
in the table 1, the results of data processing is
presented.
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Tabena 1, IIpoyenitiyanta pegHociii gpaxitiopa y 06pagu abpasusHoi 60geHoi Mnasa

Table 1, Percentage value of factors in abrasive water jet processing

Mixing

bp. ®akrop yTniaja [TpopykrusHocT |Cromna xabamwa|XpamaBoct
No. Factor of influence Productivity Wear rate  |Roughness
1 griys‘:fr?‘; ) 15,4% 9,5% 7,5%
bl i’ 1
» |Bperaabpasisa 5,7% 7,7% 5,7%
Type of abrasive, (x,)
IIpeynnk mnasHuie o o o
3 Nozzle diameter, di‘ (x,) 4% 5.8% 4%
4 A6pa3ynma 3pHA CPEJIEher PUTUCKA 4% 5.9% 8.6%
Abrasive grains medium diameter, (x,)
5 |Ommoc eprohe 3,9% 3,3% 2,9%
Hardness ratio (x,)
Opnnoc n3Mely npeynnka MiasHuIie U IpevYHKa abpasyusa
6 |Ratio between the nozzle diameter and abrasive diameter, 3,7% 3,7% 3%
d/ dj » (x,)
- Bpsmn_a HAIpeIoBamba BOEHOT MJTa3a 3.5% 2.4% 4%
Water jet advance speed v, (x,)
8 CTOHB: poTOKa abpasmsa 3.5% 6.3% 43%
Abrasive flow rate, (x,)
Jy6una npopupama MaTepujana o o o
? Material penetration depth, g, (x7) 3,4% 2,4% 2,6%
10 Vmamenoct M3.Meb.y MJIasHILIe U MaTepujana 3.1% 2.4% 3.1%
Nozzle-material distance, h, (x,)
M
11 Mf}f;‘g’e 2,8% 3,7% 2,8%
12 gﬁ)”s‘:fr‘;a‘; ®) 8,8% 14,3% 15,7%
> i) 1
13 |Bpeta abpasusa 3,9% 5% 4,5%
Type of abrasive, (x,)
IIpeynnk mMnasHuIe o o o
14 Nozzle diameter, di‘ (x,) >% 4.9% 5.7%
15 A6pa3ynma 3pHA CPE/IHber PEUHIKA 6% 4,4% 50
Abrasive grains medium diameter, (x,)
16 |Omoc Tsprohe 3,3% 4,2% 4,1%
Hardness ratio (x,)
Opnnoc n3Mely npeynnka MiasHuIie U IpevYHNKa abpasyusa
17 |Ratio between the nozzle diameter and abrasive diameter, 5,6% 4,2% 4,6%
d/ di , (x,)
18 Bpsmng HaIlpefioBaba BOIEHOT MJIa3a 5.3% 3.9% 3.5%
Water jet advance speed v, (x,)
19 CTong poTOKa abpasmsa 3.4% 3.5% 3.3%
Abrasive flow rate, (x,)
Jy6buna npopupama MaTepujana o o o
20 Material penetration depth, g, (x.) 4% 31% 3%
21 Vmamenoct I/IS.MGT).Y MJIasHILIe ¥ MaTepujana 2.5% 2.6% 2.9%
Nozzle-material distance, h, (x,)
2y |Memame 3,4% 2,6% 2,4%
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Ipadmuxy, yrunaj dakropa je mpmkasaH Ha
cmny 8 u Ha cuuy 9. ITapeto gamjarpamu cy
IpeNCTaB/bEeHN 3a CBAKM VIH/IMKATOP YYMHKA.

18.00%
18,00%
14,00%
12.00%
10.00%

8.00%

4 00

0.00%

Cnuxa 8, Jujaipamu guctapubyyuje 3nauaja
axitiopa ymuyaja

Figure 8, The distribution of the i mportance
of influence factors

Kao pesynrar oBe aHanmmse, psa yetupu ¢ax-
TOpa 3aAp>KaHa Cy Kao OMTHA, 3a CIpoBefe-
HU IUIAHMPAHM €KCIIEPUMMEHT y LWbY YCIO-
CTaB/baba MOJIe/Ia perpecuje.

3AK/bYYAK

Y 3awpyuky, mako cy nepdopmaHce abpa-
3MBHVX MJIa3eBa CYIEPUOPHIje Of UMCTUX, 3a
eKOHOMIYHY edukacHOCT Kopuirhema abpa-
3MBHUX YeCTI[A MOPAMO aHATM3MPATU CKay
pajiHOT IPUTICKA, KopuurheHe IpevHKe Myas-
HIIIA, pacTojarbe M3Meby M/IasHumIa U CTeHa 1
uckopuirheHy KOHIIEHTpayjy abpasusa.

MasHuIie BUCOKOT IIPUTHCKA, T€HEPATHO, 1
abpasuBHM 1TOCEOHO, 300T IMpeHOIIemha HEKNX
BE/MKNX CHara IpeJiCTaB/bajy PeBOMYIMOHAP-
HJM MHCTPYMEHT 3a eKCIUIOATaIujy U obpamy
JIeKOpaTVBHUX CTeHa U rpabheBMHCKMX MaTte-
pujaa, a MHOTe IPeJHOCTH OBe HOBE TEXHOJIO-
IMje MOKa3yjy IO3UTUBHA OYeKMBarba U Ipu-
MemBMBOCT 3a OyayhHOCT.

Graphically, the factors influence is presented
in figure 8 and in figure 9. The Pareto diagrams
are presented for each performance indicator.

S00% 3§

200% §

— -

o—
v - —
Pr—

Depth
Precon
1ardness

Productvey
Videar rate

Cnuxa 9, Ilapeitio gujaipamu paxiiopa
ymuyaja
Figure 9. The Pareto diagrams of the factor’s
importance

As a result of this analysis, the first four factor
were retained as important ones, for a conducted
planned experiment in order to establish a
regression model.

CONCLUSION

In conclusion, although the abrasive jets
performances are superior than the pure ones,
for the economical efficiency of using abrasive
particle we must analyze the work pressure
scale, the utilized nozzle diameters, the nozzle
rock distance and the utilized abrasive
concentration.

The high pressure jets, in general, and the
abrasive one especially, due to transmit some
high powers are a revolutionary instrument for
the extraction and processing of the decorative
rocks and building materials, and a lot of
advantages of this new technology let to expect
a certain future.
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