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Abstract

The article provides the results of the study of manufacturing tolerances in waterjet cutting by the method of
three-dimensional (3D) measurements: shape deviations were shown by three-dimensional comparison of scanned
samples. The dimensions were also measured using two-dimensional (2D) sections of the scanned samples. It has
been determined that the clean waterjet cutting tends to separate soft materials such as plastic, foil, foam or paper, as
well as food. Unlike the pure waterjet cutting, the abrasive cutting is used for hard materials such as steel, ceramics,
glass. The optimal pressure for material processing has been calculated. Particular emphasis is placed on the separa-
tion of composite materials, which cannot be satisfactorily accomplished using conventional methods.

Keywords: manufacturing tolerances, abrasive additives, nozzle, clean waterjet
cutting, (material) tolerance, feed rate, cutting.
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Xiilasa

Mogqalads ii¢olgiilii (3D) 6lgmo tisulu vasitasilo su axini ilo kasmo zamani istehsal imkanlarinin todqiqinin
noticalori verilmisdir: formanin sapmasi skan edilmis niimunalorin ii¢dlciilii miiqayisasi yolu ilo gdstarilib. Olgiilar,
homg¢inin skan edilmis niimunslorin ikidlgiili (2D) kesimlorindon istifado etmoklo do dl¢lilmiisdiir. Miioyyon
edilmisdir ki, xalis su axin ilo kasmo plastmas, folqa, kdpiik ve ya kagiz kimi yumsaq materiallari, homginin qidalari
ayirmaq tendensiyasina malikdir. Tomiz su axini ilo kosmadon forqli olaraq, abraziv kosmo polad, keramika, siiso
kimi bork materiallar iigiin istifado olunur. Materiallarin emali ii¢lin optimal tozyiq hesablanib. Kompozit
materiallarin ayrilmasina xiisusi ohomiyyat verilib, hansi ki, adi metodlardan istifads etmoklo gonastboxs bir sokildo
hoyata kegirilo bilmoz.

Acar sozlar: istehsalin musaidolori, abraziv olavolor, ucluq, yalniz su tozyiqi ilo kesmo, miisaido,
veris surati, kosma.
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AHHOTALMA

B craTthe mpuBEnEHBI pe3yIbTaThl WCCIEIOBAHHUSA MPOW3BOJCTBEHHBIX JOMYCKOB IPH BOJOCTPYHHOH pe3Ke
MeToZoM TpexMepHBIX (3D) m3mepeHuit: OTKIIOHEHUS GOPMBI OBLIHN MMOKa3aHBI IIyTEM TPEXMEPHOTO CPAaBHEHHS OT-
CKaHUPOBAHHBIX 00pa3noB. Pa3meps! ObUTH M3MepeHBI TaKkKe C MCIOJIB30BAHNEM JIBYXMEpHBIX (2D) cpe3oB oTcka-
HHPOBaHHBIX 00pa3noB. OnpeneneHo, 9To YUCTasi BOJOCTPYHHAsA pe3ka MMEET TCHACHIMIO OTACNATh MATKHAE MaTe-
pHaibl, TakMe Kak IulactMacca, Qosbera, eHa wid Oymara, a Takke nuia. B oTiMuue oT 4ncTOi BOAOCTPYHHOM
pe3KH, abpa3uBHast pe3Ka UCIOJIb3yeTCs JJIsl TBEPbIX MaTepUalloB, TAKUX KaK CTajlb, KEpaMHKa, CTEKIJIO. BeraucieHo
ONTHMAJIbHOE JaBJieHue /st 00paboTkn MarepuanoB. Ocoboe 3HaueHHE yJIeNICHO Pa3JIeNIeHHI0 KOMIIO3UTHBIX MaTe-
pHaJIOB, KOTOPOE HE MOXKET OBITh YAOBJIETBOPUTEIBHO OCYIIECTBIICHO C CIIOJIb30BAaHUEM OOBIYHBIX METOJIOB.

KoaioueBble ci0Ba:  POM3BOJCTBEHHBIM NIOMyCK, aOpa3uBHBbIE J00aBKH, COIJIO, YMCTas BOAOCTpYiHas pe3ka,
JIOITYCK, CKOPOCTbH MOZAYH, pe3Ka.
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BBenenue

Boaocrpyiinas pe3ka. B coorBeTcTBUM
¢ 'NC-8580 (I'epmanckuii Muctutyr Cran-
JapTU3allii) BOJOCTpPYHHas pe3Ka KIlaccu-
¢unmpyercss B OCHOBHBIX TEXHOJIOTHYECKHUX
rpymnnax Kak TpyMma IMpOoLEecCOB pe3aHus ¢
FEOMETPUYECKU HEONPENCIICHHON pexyIlei
KPOMKOM.

[Ipornieccs  Mexanuuyecko  00pabOTKH,
addext 00paboTKM KOTOPHIX OCHOBaH Ha
CTpye BBICOKOTO JaBICHHUS C aOpa3sMBHBIMHU
nobaBkamMH WM 0e3 HHUX, HA3bIBAIOTCSA CTPYM-
HOHM pe3koil. OHAa BXOIUT B TPYIITY a0JISIIH-
OHHBIX (M3HOC, COOpKa, MOTamieHue) Mmpolec-
COB BMECTE C JIA3€PHOU PE3KOH, IUIABJIICHUEM U
TJIa3MEHHOM PE3KOM.

PaznmuuaroT BOIOCTPYMHYIO pE3KY YHMCTOMN
BOJIOM M aOpasuBHYIO PE3Ky, MPU KOTOPOH B
BOAYy J00aBisieTcss TBEpAbId  MOPOIIKO-
oOpa3ublii Matepuan — abpasuB. Ilporecc
MIPOU3BOJINTCS HA CTaHKE Ul TUAPOaOpa3HB-
HOU pe3ku [1-5].

Uucras BOOOCTpyiHas pe3Ka MMEET TEH-
JCHLMIO OTACIATHh MITKHE MaTephalibl, TaKue
KaKk Tutactmacca, ¢osbra, mneHa, Oymara, a
Takxke nuuia. AOpasuBHasi pe3ka UCIOIb3yeT-
Ci IS TBEPABIX MATEpPUANIOB, TaKUX Kak
cTallb, KepaMuka uim crekio. Ocoboe 3Haue-
HUE HMEeT pa3JeleHue KOMIO3HIMOHHBIX
MaTepUajoB, KOTOPOE OOBIYHO HE MOXKET OBITh
YIOBJIETBOPUTENIHHO OCYIIECTBIEHO OOBIYHBIM
MetozioM [4-7].

B 1984 romy pabouee naBienue abpa-
3UBHO-CTPYMHON pE3KH JOCTUTaJI0  OKOJIO
3800 Gap (B HacTosmiee Bpems 1o 6700 6ap).
Ha cerognsmamii neHp npouecc 1opadartsiBa-
eTcs U1 yIydlIeHUs] KayecTBa Pe3KH, TOoY-
HOCTH JeTajlieili W OSKOHOMHHM 3aTpaT Ha
MPOU3BOJCTBO [4].

Hean pabdoTsl

AOpa3uBHBIM BapHaHT OOBIYHO MOIXO-
IOUT s OTHeNneHus MerajuioB. OmHako Me-
TaJJIbl TAKXKE MOTYT OBITH OT/EJIEHBI 10 OTpe-
JICJICHHOW TOJIIWHBI CTPYEW YHMCTOW BOJBI
Onmarozapsi BBICOKOW IIJIOTHOCTH 3HEPTUU
CTpyu BoOAbl. ['paBuUpOBKa Ha IIOBEPXHOCTH
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3arOTOBKM TaK)Xe BO3MOKHa Oe3 moOaBiieHUS
abpasusa [1-4].
AGpasHBHAA CTPYA BOJIBL

1IHeTo CTPY BOTB! AGpasuBHEIT KoHTelHEp

C:xaras

C:katas BoJa Boza

Pesymmit
MaTepHan

N ¥
Pucynok 1 — a) Cxema 4uncto crtpyu Bojpl; 0) Cxema
abpa3uBHOM CTPYH BOJBI
Figure 1 — a) Scheme — pure water jet; b) Scheme —
abrasive water jet

Cuecurempran
KaMepa

Josupyromee ycTpoiicIBe

Pexymmit
MaTepHan

Goxycrpyroma

C1pys BOJIBI a1py6ia

CTpya EONE

Pucynok 2 — KontypHas peska abpa3uBHOU cTpyeit
Figure 2 — Contour cutting with an abrasive jet

Pabouyee nim pexyiee gaBleHHE HA T10-
BEPXHOCTH 3aroTOBKH OMpPEIENseT CKOPOCTh
pe3anus. HeoOxoauMo naBiieHHe HE MeEHee
600 Oap, 4YTOOBI TapaHTUPOBATH YAAJICHHE
Marepuara.

ITocTanoBka 3agaun

[Ipou3BoacTBO 3aroTOBOK € BOJO-
cTpyiiHOil pe3koil. CucTteMbl BOAOCTPYHHOM
pPE3KM TOCTOSHHO OCHAILIEHBbl CHCTEMaMu
UITY. B nononHeHne K caMbIM MPOCTHIM Bep-
CHUsIM, KOTOpBIE JOMYCKAIOT TOJIBKO YIIpaBJe-
HUE IUIOTTEPOM, MaIllMHbI 0O0Jiee BBICOKOTO
KayecTBa MMEIOT 3JIEMEHTHI YIpaBJIeHHUA, KO-
TOpbIE HHTEPHOJIUPYIOT BCE OCH, a TaKKe
aJIalITUBHOE CHIKEHUE CKOPOCTH MOJa4yHl B
3aBHCHUMOCTH OT IIpOIecca PE3KH.

B nomonmnenne k wunHTepdeiicy CAD
3J1eCch 4acTo uMmeercsd coequuenne CAM.
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Ilar 1: CAD yepTex
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Pucynok 3 — CAD ueptex
Figure 3 — CAD drawing
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Pucynok 4 — Coznaane myTu
Figure 4. Create a path
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ar 3: Oxcnopr / ITocaark
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Ilar 4: HacTpoiika mapaMeTpoB PE3KU:

- TOJIIIMHA MaTepuana (HarpuMep, 2 MM), - TUI MaTepuana (Harpumep, allOMUHU).
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Pucynok 6 — HacTpoiika napaMeTpoB pe3Ku
Figure 6 — Setting cutting parameters
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Ilar 5: Beipe3arts. MU3MEPATh pa3Mepbl Mol u3MepeHus oT 60 Mm

1o 1550 mm. PaGodee paccrosinue BapbupyeT-
cs1 oT 340 MM o 1500 MM B 3aBUCUMOCTH OT
KOH(HUTypaInH.

[Ipu m3MepeHusIX MOryT OBITH JIOIyIE-
HBI IOTPEIIHOCTHU (CM. TalJL.).

Tabauua 1 — OnpeneneHHbIe TPOU3BOICTBEHHEIE 10~
MIyCKU MOTPELIHOCTEN
Table 1 — Defined manufacturing tolerances

CTAHJApPT | MOKAa3aTeilb | NOIPEIIHOCTh
R15 14,921 -0,079
Pucynok 7 — Ilponecc BogocTpyitHo pe3ku
Figure 7— Water jet cutting process RIS 14,992 -0,008
D68 68,035 +0,035
UccnenoBatenbckas pabora Obuia pas- D9 91913 0,087
pabortana B nmaboparopun Kadeapsl METalIo-
PEXYIIUX CTAHKOB M WHCTPYMEHTOB, TE€XHHU- R20 19,808 -0,192
yeckuid YHuBepcuter bpannenOypra, ['epma- R20 20,002 +0,002

Hus (Cottbus-Senftenberg). ara: 03.09.2019.

i
=E= .

Pucynok 9 — 3D-ckanepst
Figure 9 — 3D scanners

Pucynok 8 — MI3mMepeHne TOUHOCTH H3TOTOBICHUS
Figure 8 — Measurement of manufacturing accuracy B

Pemenue 3agaun. U3MepeHne TO4HOCTH
U3rOTOBJIEHUS.

Ckanep Oemoro cBera oOecrieYMBaET
3¢ pexTuBHOE, DKOHOMHYHOE H3MEpEHUe,
HampuMep, Il KOHTPOJS KadecTBa, peBepc-
WH)KUHUPUHTA U OBICTPOTO TMPOTOTUIIUPOBA-

Hus. Pasnuunble KOHQUTYpALUM JTOCTYIIHEI B Pucynok 10 — Pasnuuus B popme us-3a 3D cpaBHEeHUS
OTCKaHUPOBAHHBIX 00Pa3IIOB.
Figure 10 — Differences in shape due to 3D comparison

MEHSIsI JIMH3Y U JJIMHY OCHOBaHHUS, MOXHO  of scanned samples.

3aBUCUMOCTH OT Tpe6OBaHI/Iﬁ 3aKa3unka. W3-
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i)

Pucynok 11 — OTkiioHeHus B pa3mepax u3-3a
paspesos 2D
Figure 11 — Size deviations due to 2D cuttings

3akaoueHue

B npencraBieHHOM mpoekTe Oblia mpe-
CTaBJICHA IIOJIHAS TEXHOJIOTMYECKas IISIoYKa
rupoabpasuBHON pe3ku. IIpon3BOACTBEHHBIE
JOMYCKU OBLTH HM3MEpPEHBI Ha OTCKAHMPOBAH-
HOM 3arotoBke. IIITOCKOCTHOCTD OLICHHUBAJIHU IO
merony 1. Homyck cocraBuaser + 0,05 Mmm.
TodHOCTH KOHTYpa OblIIa U3MEPEHA C UCIIOJb-
30BaHMEeM Metrojia 2. OmnpenesieHHbIE MPOU3-
BOJICTBEHHBIE JOMYCKH IO3BOJISIIOT HW3rOTaB-
JIMBaTh JAETAJIN C BBICOKOM TOYHOCTHIO. Bpems
OT BPEMEHHU MOXHO OHUJATh YBEJIMYEHHUS OT-
KJIOHEHUH, MOCKOJBKY CTPYS BOJIBI KaK «MsIT-
KUty

UHCTPYMEHT HE KOHTPOJMPYETCS Ha
100%.
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Abstract

The article studies the urgent problem of revealing the properties of tectonic fractures in the development
process. It is shown that, depending on the nature of the (screening or conducting) violations, the oil recovery
process proceeds in different ways. With the screening character of the rupture, the allocated areas should be
developed independently, and with the conductive ones, the allocated tectonic fields are accepted as a single
operational object. When choosing an oil reservoir development system, the hydrodynamic isolation of the
productive horizon should be taken into account. Therefore, at the initial stage of development, the revealed
characters of the discontinuous dislocation should be thoroughly studied. In this work, this problem was solved by
combining a number of statistical methods, trend and multidimensional discriminant analyzes, which allow to
determine the screen properties of discontinuities.

Keywords: shielding disturbans, conducting disturbans, brine water salinity, water injection, Fisher, Student,
Bartlet parametric criteria, normal distribution law, integration of mathematical methods.
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