e 1(13) 2016

Technological Complexes
scientific journal

-~ . A d ....‘;....O
/*\ o $s

@ 'fo.o".'.
L )

eLlBRARY‘RU Citeiféctor




MIHICTEPCTBO OCBITH I HAYKH YKPAIHH

JYIBKUIA HAIIOHAJIbHIH TEXHIYHHNI YHIBEPCUTET

vwAllg
\s\‘&v\‘f‘ VHIgY

4
1076.

. C
SART %

TEXHOJIOI'TYHI
KOMIIVIEKCH

HAYKOBHH KYPHAJI

BuxoauTh 2 pa3y Ha pik
3acuoBanuii y ciyni 2010 poky

Ne 1(13) 2016

Bionogidansiuii pedakmop npog., 0-p mexH. Hayx, sacnyxcenuil 0isy HayKu 1

mexnixu Vipainu — B.O. Ilansuescokuil

ISSN 2304-4519
elSSN 2312-0584

Jdynek ¢ Jyupkuit HTY 2016



YK 621.0

Registered the State Committee for Information Policy, Television and
Radio Broadcasting of Ukraine.
State registration certificate KB Ne 16542-5014 P.

3apeecTpoBaHHil AepKaBHUM KOMITETOM iHbopMaliHHOT IIOJITHKY,

TeneOGaueHHs Ta paJiOMOBIeHHA YKpalHH.
Csinoutso 1npo aepxasHy peecrpariio KB Ne 16542-5014 P.

Publisher and Founder: Lutsk National Technical University

Buapels Ta 3acHOBHHUK: JIyLbK¥il HaLiOHATbHUN TEXHIYHUH YHIBEPCUTET

Editorial office address: Tel.: (0332) 76-73-95
Ukraine, 43018, E-mail: info@t-komplex.net.ua
Lutsk, 56 Potebni str. pavp@Intu.edu.ua

Lutsk National Technical University

Aopeca pedakuii: Ten.; (0332) 76-73-95
Ykpaina, 43018, E-mail: info@t-komplex.net.ua
. Jlyusk, By IloTebHi, 56 pavp@Intu.edu.ua
Jyupkuit HTY S

Pexomendosaro 0o OpyKy pimennam Buenoi padu JIyubkozo HTY
(poToxoi Ne 12 3acinanHs Bil 24.05.2016)

«Technological complexes» is a scientific specialized edition of Ukraine, where the
results of dissertations for scientific degree of PhD and candidate of science can
be published
(resolution of the Presidium of Higher Attestation Commision of Ukraine
Ne 1-05/2 23.02.2011;

Ministry of Education and Science of Ukraine order Ne747, 13.07.2015)

“TexHOMOrYHI KOMILTEKCH” € HAYKOBUM (axOBUM BUIaHHAM Y KpaiHH, B AKOMY
MOKYTh MyONiKyBaTHCS pe3y/IbTaTH JuUcepTalifHuX poOiT Ha 3100y TTA HAyKOBUX
CTYIEHIB JOKTOpA Ta KaHM/laTa TeXHIYHIX HayK
(nocrasosa [pesunii BAK Ykpaiuu Ne 1-05/2 iz 23.02.2011;

Haka3 MinicTepcTBa OCBiTH | HayKH YKpaiHH Ne 747 Bix 13.07.2015)



Technological Complexes Ne1 (13), 2016

CONTENTS 3MICT
MODELING, OPTIMIZATION, STRUCTURAL MOJENOBAHHA, ONTUMI3ALLIA,
ANALYSIS AND SYNTHESIS OF TECHNOLOGICAL CTPYKTYPHWI AHAMI3 | CUHTE3
COMPLEXES TEXHOMNOIMYHUX KOMIMIEKCIB
Palchevskyi B. Modeling, optimization, structural 5 NanbyeBcbkuin 5.0. MogentosaHHs i
synthesis of technological equipment ONTUMI3ALLIAHNA CUHTE3 CTPYKTYPU TEXHONOMYHOTO
yCTaTKyBaHHA
Gola A., Swié A. Actual trends in manufacturing 14 Gola A., Swié A. Aktualne kierunki rozwoju
systems development systemoéw produkcyjnych

Melnyk O., Firanskyy V. Analysis of the technological 24 MenbHuk 0.0., ®ipaHcbkun B.B. AHanis
component of information support of cad systems in TexXHONOriYHoi CkNafaoBoi iHhopMaLLinHOro
machine building 3a6e3neyeHHss cUCTeM aBToMaTh3oBaHoro

NPOeKTyBaHHS B MaLLMHOGYAyBaHH

DESIGN, ALGORITHMIZATION AND DIAGNOSIS NMPOEKTYBAHHSA, ANFTOPUTMI3ALIA |
OF TECHNOLOGICAL COMPLEX AUTOMATED OIATHOCTUKA CUCTEM ABTOMATU3OBAHOIO
CONTROL SYSTEMS KEPYBAHHA TEXHONOMYHUMW
KOMIMIEKCAMU
Krestianpol O. Principles modeling of complicated KpecTbsaHnone O.A. [puHyumu MOGeN8aHHs
process of its automated design 33 CcKmadHuX MexHOMo2iYHUX cucmeM npu ix
aemomMamu308aHOMy MPOeKmy8aHHi
Osypenko V., Plakhotnyi O., Denysenko A. Ocunenko B.l., Mnaxotuui O.N., flenucerko A 0.
Modeling of nozzle in jet pump mode for electrical 4 MogenioaHHa poboTy COMna B PEXM
discharge and electrochemical machining CTPYMEHEBOTO Hacocy /s eNekTpoepo3iitkoi Ta
eneKTPOXiMi4HOT 0BpoBKM
Palchevskyi B., Krestianpol O., Bondarchuk D. 47 Nanbuescekuit B.0., KpecTesHnons O.A.,
Efficiency increasing of flexible production module Boxpapuyk [1.B. MigsuleHHs edeKTsHoCTI
For capping bottles FHYYKOFO BUPOBHMYOTO MOAYNSA
[lna 32KynoproBaHHA MsLLIOK
Paichevskyi B., Velykyi O. Methodology of 50 Manbyesckkuit B.0., Benukui 0.A. MeToauka
aulomated defining of optimal terms in technological aBTOMATU30BAHCOIC BU3HAUEHHS ONTUMBNLHUX
complex maintenance introduction TepMiHiB 0BCMyroBYBaHHA TEXHOMOTIMHNX KOMMNEKCIB
Viakh V., Pasika V. Automated synthesis of 57 BnaxB.B., MNacika B.P. ABTOMAaTU30BaHWUIA CUHTES
mechanism of press of diecutting machine MexaHiamy npecy WTaHLBaNbLHOro aBTomMara
DEVELOPMENT OF TECHNOLOGICAL PO3BUTOK TEXHOMOMYHUX KOMMNEKCIB Y
COMPLEXES IN VARIOUS INDUSTRIES PI3HUX FANY3AX BUPOBHULITBA
Janczarek M.M. Energy saving operation structures in 64 Janczarek M.M. Energy saving operation structures
terms of variable temperature atmospheric in terms of variable temperature atmospheric
Krestyanpol L. The developing of «smart packaging». KpecTesaHnons J1.K0. Pospobka «smart packaging» 3
The information teuhnplogy use for the logistics 70 BuKOPUCTAHHAM iHOPMaLINHNX TexXHOMnorii Ta 1oro
3aCTOCYBaHHS B NOTICTUYHUX CUCTEMAX
Valetsky B. Automatic packing o1 <mall hacksgy/ Baneubkun B.MM. ABToMaruaallis npoLecy
blades 75 nakyBaHHs Manvx NonoTeH nun
DESIGN OF TECHNOLOGICAL COMPLEXES NPOEKTYBAHHA ®YHKUIOHAIBHUX
FUNCTIONAL ELEMENTS ENEMEHTIB TEXHONOMYHMUX KOMMNNEKCIB
Dzhuguryan T., Marchuk 1., Olexin M. Forming fokyrypsin T.I., Mapuyk I.B., Onexcud M.B.
geometrical parameters of surface rotation rings on 80 ®opMysayHs reoMeTPUYHIUX NapameTpie NOBEPXOHbL
grinding operations obepTranun Kineub Ha Kpyrno-wnidysanbHux
onepauisx
Stotsko Z., Rebot D., Topilnytskiy V. Modeling and Croubko 3.A., Pe6oT A1, TonineHuubkuit B.I
optimization of the parameters of loose environment 86 MogenioBaHHs Ta ONTMI3aLlisA napameTpis
vibratory separation BiBpauinHOi cenapauii cunkux cepeaoBuLy
Pasika' V., Kazmirovych O. Mathematical model of o Nacika B.P., Kasemiposuy O.P. Matematudra
the mechanism of formation of paper piles of given Mogenb MexaHismy popMyBaHHs CToCiB nanepy
volume of computing grouping device of sheet cutting 3a/1aHoro 06Ccsry NiYnnbHO-rpPynyKHoro NpUCTPO
machine* apKyLLOpi3anbHOi MalunHK

122



Technological Complexes Net (13), 2016

UDC 532.525:533.697.5

Osypenko V., DThSc, Prof.,
Plakhotnyi O., Ph.D. in Engineering
Denysenko A.

MODELING OF NOZZLE IN JET PUMP MODE FOR ELECTRICAL DISCHARGE AND
ELECTROCHEMICAL MACHINING

MOLENOBAHHA POEOTU COINIIA B PEXUMI CTPYMEHEBOIO HAcocCY 45
ENEKTPOEPO3IMHOI TA ENIEKTPOXIMIYHOI OBPOBKH

Abstract: The subject of the study is a device - @
nozzle for supplying the power fluid in the
interelectrode gap during technological process of
consistent electrical discharge and electrochemical
machining by wire electrode. Suggested design
eliminates the harmful phenomenon of air injection,
provides the necessary flow rate of fluid coaxially with
the wire electrode, stability and uniformity of the
operating environment in the processing zone. The
results of numerical modeling and expenimental
research of nozzle in jet pump mode with controlled
supply of fluid through an additional channel of
calculated cross section are given. Conducted
practical testing of nozzle during electrical discharge
and electrochemical machining showed productivity
gains of material removal and quality of obtained
workpiece surface.

Keywords: jet pump, nozzle, computational fluid

dynamics, wire electrical discharge machining, wire
electrode, electrochemical machining.

INTRODUCTION

Wire electrical discharge machining (WEDM) is &
specialized thermal process that can accurately
produce parts with complex shapes that have sharp
edges, from material of different hardness, which are
very difficult to be obtained through traditional
methods of machining [1]. This practical technology
uses common techniques of contactless material
removal by erosion process under spark discharge.
Qver the years WEDM process is competitive and
economical  version, ~ which fglly meets the
requirements of precision machining, short cycle time
of fabrication operation.

Recently, WEDM potential acquired fuller usage
in combined and hybrid technologies, which uses
electric  erosion along with other physical and
chemical principles of material removal i, 2.
Technology of consistent of electrical discharge and
electrochemical machining of wire electrode is
perspective, cost-effective and efficient [3]. After
completion of cut electrical discharge operation
without parts permutation and replacing the wire
electrode in the processing area in the interelectrode
space the electrolyte s submitted  and
electrochemical finishing of workpiece surface is
taken under pulse current action. Managed anodic
dissolution of the surface layers reduces surface
roughness after electrical  discharge machining
considerably, removes upper molten layer and
eliminates unwanted heat & ected zone.

Power fluid (usually - water) for electrical
discharge machining process is served coaxial to
wire electrode of two chambers, lower and upper oné
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Axomauis: [Ipedmemom docnioxeHHss pobomu €
npucmpiti — conno dns nodayi pobouoi piduHu 8 MiX-
en1ekmpoOHUU MPOMIXOK Npu MexHON02iYHOMY npouyec
nocnidoeHol enekmpoepositHol  ma e/1eKMpOXIMIYHOT
06pobku  OpomsAHUM enekmpoooMm. 3arnpornoHosaHa
KOHCMPYKUisi ycyeae wkidnuee seuLe iHxekuii mosimps,
3a6esneuye  HEOOXIOHY weudkicms  MOMOKY piduHu
KoakcianbHo 3 OpOMSHUM enexkmpodoM, cmabinbHicmb ma
00HOpPIOHICMb poboyo20 cepedosuwja 8 30Hi 0BPOOKU.
Haeodsmbcs pesynsmamu yucenbHO20 ModesToeaHHs ma
eKkcriepumeHmarnbHuXx docnidxeHs pobomu conna 8
pexumi  CMmpyMeHeeo20 Hacocy 3 KOHMPO/bO8aHOKw
nodayeto pidUHU Yepe3 dodamkoeull kaHan po3paxosaro-
20 [0MNepeyHo20 nepepisy. [posedeHa MpakmuyHa

anpobauis conna 8 npoueci eiekmpoepo3sitiHoi  ma
e/1eKmpOXiMIYHOT obpobku  nokasana nidguUUIEHHS
npodyxmueuocmi eudaneHHs Mamepiany ma akocmi

ompumaHoi nosepxHi demaii.

Knroyoei cnoea: cmpyMeHesul Hacoc, conno, 06yuC0-
ganbHa 2i0poduHamika, eniekmpoepo3iliHa gupiaHa 0bpob-
ka, OpomsHul enekmpog, enexmpoximivHa obpobka.

BCTYN

EnekTpoeposinKa Bupi3Ha obpobka  APOTAHUM
eneKTpoaoM (EEBOJE) € criewjanizoBaHuM TEPMIMHUM
NpOLIECOM, 3AaTHUM TOHHO BUTOTOBUTM A€Tani CKNaaHuX
copm, sKki malTe rocTpi kpai, 3 matepiany pisHol
TBEPAOCTI, WO AyXe BaxXKO MOXyTb ByTW oTpumaHi 3a
[0MOMOrot TpaaULIiHKX MeToAjiB MexXaHi4HoT oBpobku [1]
Lis npakTuiHa TexHonoris BUKOPUCTOBYE 3aranbHoBIAOMY
TexHiKy BE3KOHTaKTHOro aHiMaHHs matepiany 3a paxyHok
epO3iftHUX npouecis npv npy ickpoBux PO3psAAaX. Ha
npoTsa3i Garatbox pokiB npouec EEBO/E 3anuwaeTbes
KOHKYPEHTHUM EKOHOMIYHUM BapiaHTOM, AKWIA NOBHICTIO
3aQj0BOSIbHAE BUMOTH BUCOKOTOUHOT 0BPOBKM, KOpOTKOI
TpUBANOCTI LINKY BUrOTOBMEHHS A€Tanen.

QcTaHHiM  4acoMm notenuian EEBOJE Habys
NOBHILLOrO BUKOPUCTAHHS B kOMOiIHOBaAHUX Ta riopuanux
TeXHONorisXx, pe Hapsay 3 €NeKTPOoeposiew
BUKOPUCTOBYIOTECSH jHWi  di3vKo-XimiYHi NPUHLMIK
BUAANeHHs matepiany[1,2]. MepcneKkTMBHOI, €KOHOMINHO
BurigHolo T2 edeKTUBHOK € TexHonoris NOCNIA0BHOI
eneKTpoeposinHoi Ta eneKTPOXiMI4HOI 0BpoBku ApOTAHNH
enexKTpoAoM (3] Nicna BUKOHAHHA BUpiaHol
eneKTpOepo3inHOT onepauii 6e3 nepecTaHoBky perani T
Be3 3amiHu APOTAHOO enexktpoay B 30HY o6pobky B
MIKENEKTPOAHWA NPOMIKOK MOAAETLCA enekTponit i i
Aicio iMMyNbCHOTO CTPYMY BinOyBaeTbCA eneKTpoXimivHe
hiHiLyBaHHSA nosepxHi  Aetani. KepoBaHe @HOAHE
PO34NHEHHS noBepxHeBux Lapis 3HA4HO 3MEHILYE
LOPCTKICTb nosepxHi nicnst eneKTpoeposinHoi 0BpobiKi,
guanse BEPXHI nepennasneHui wap, ycyBae Hebaxatl
30HU TEPMIYHOTO BIIMBY.

Poboua piauHa (HaivacTie - Bopa) AnA NPOLEcy
eneKTpoepo3inHOT 06pobku  NOAAETLCA KoaKCianbHo
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and is equipped with nozzles (Fig. 2). Technological
operation occurs in the bath so that the parts and
nozzles are completely immersed in the power fluid.
Constant improvement of nozzle design ([4], etc.) is
intended to perform the basic function of nozzles -
forming of stable narrow water flow of high that
penetrates into  thin interelectrode space and
effectively removes erosion.

In the next operation on the technology of wire
dimensional electrochemical machining (WDEM)
parts and nozzles are not immersed into the fluid and
electrolyte stream from the upper nozzle is fed into
the operating region. Hydrodynamic  stream
parameters are determined by depending on the
composition of electrolyte, concentration, modes of
electrical impulses [5], and most importantly, must be
precisely met along the entire height of the working
unit of wire electrode and throughout the processing
cycle for a given trajectory on the workpiece surface.

Calculations and modeling of electrochemical
dissolution processes in laminar and turbulent
conditions of electrolyte stream clearly indicate the
scope of strict number observations of Schmidt and
Sherwood for the effective control of diffusion,
convection and migration of ions [6]. Particularly
stable distribution of flow field in the interelectrode
space should be provided for NaNO3 electrolyte
which is extremely sensitive to the formation and
lifecycle of the passivating film on the surface of the
steel anodes by changing the speed of the electrolyte
.

The operating practice of nozzle on modes typical
of WDEM showed that during processing can be
occurred the issue of formation of air traps within the
electrolyte. It is connected with injection phenomenon
ie. tightening air into nozzle, which changes the
direction of the fluid, disturbs stability and uniformity
of the jet at the outlet of the nozzle (Fig. 1). It is
unacceptable to technological system operation.

Overcoming the problem is to solve the problem
of engineering modifications of the internal structure
of the nozzle in relation to solving a scientific problem
. numerical simulaton and optimization of
hydrodynamic  flows inside the nozzle for the
complete elimination of harmful effecti and ensure
the stability of the jet at the outlet of the ozzle.

APOTAHOMY enekTpody 3 ABOX Kamep, HWKHBO! | BEPXHBLOI,
ocHaleHux connamu (puc.2). TexHonoriuHa onepauis
BiAByBacTbCA Y BaHHI Tak, Wo Aetanb i conna NoBHICTIO
3aHypeHi B pobody piauHy. [locTifiHe BAOCKOHAMEHHS
KOHCTpYKUii conen ([4] Ta iH.) mae Ha METi BUKOHaHHSA
OCHOBHOI (pyHKUii conen — (POPMyBaHHA crabinbHoro
BY3bKOrO CTPYMEHS BOAW BUCOKOTO TUCKY, AKWUIA NPOHWKAE B
TOHKWI1 MDKENEKTPOAHUIA MPOMIKOK | ePEKTUBHO BUAANse
NPOAYKTU epoail.

Mpw HacTynHiR onepauii no TexHonoril eneKTPOXiMIYHOT
PO3MipHOi 0BpOBKM APOTHHAM  ENEKTPOAOM (EXPOAE)
feTtanb i conna He 3aHyploloTbCs B piQUHY, @ CTPyMiHb
enekTponiTy 3 BEepXHLOro Cconnia MoAaeTsCsi B 30HY
06pobku.  ligpoauHamiuHi  napameTpu  CTPYyMEHIO
BU3HAYalOTLCH B 3anNeXHOCTi Bi4 cknagy eneKTponITy,
KOHUEHTpaUii, PexumiB enekTpuHHuX imnynecis  [5], !
ronoBHe, MOBWHHI ByTW TOYHO [OTPUMaHI B3A0BX BCIET
BUCOTM pOBOYOi YaCTUHW APOTSHOTO EMEKTPOAy Ta Ha
npoTA3i BCbOro Luky 06pobki no 3aaaHinn TpaekTopii Ha
noeepxHi AeTani. Po3paxyHku Ta MOAENOBAHHA npouecis
€1eKTPOXIMIHHOro  PO3YMHEHHA  NpU namiHapHomy Ta
TypOyneHTHOMY  pexumax Teuii  enekTpomiTy  YiTKO
BKa3ylTb Ha CTPOri pamMki AOTPUMAHHA HUCEN WwmigTa T2
lepsyaa Ans eheKkTUBHOTO KOHTPOMO Andy3ii, KOHBEKUT
Ta mirpauii ioHis [6]. Ocobnueo cTabinbHUA po3NoAin nons
WBUAKOCTEN NOTOKY B MDKENEKTPOAHOMY NPOMIXKKY Mae
6yt 3abeaneveHuin Ans enektponity NaNOs, skuit €
HA3BMYANHO YyTNUBUM A0 YTBOPEHHS Ta Yacy iCHyBaHHs
nacuBylouux MMiBok Ha NOBEpPXHi CTaneeux aHoAie npu
3MiHi LUBMAKOCTI pyxy enekTponity [7].

MpakTuka  ekcnnyaTauii — conna  Ha pexumMax
xapaktepiux ans EXPOJE nokasana, WO nig vac
0BpobKM  MOXEe  BUHMKaTK npobnema  YTBOPEHHA

Bynbbalwok nosiTps BcepeauHi noToky enektponity. Le
NOB'A3aHO 3 SBULLEM  iHXeKUil, TOBTO 3aTAryBaHHAM
MOBITPS B CONMO, WO 3MIHIOE HaMpPsM  pyxy piguku,
nopylwye ctabinbHicTe Ta OfHOPIAHICTE CTPYMEHK Ha
guxoai i3 conna (puc.1). Ans poBOTN  TEXHONOTIYHOI
CUCTEMM LI HEMPUMYCTUMO.

MopgonakHs  npobnemw  nonsrae Yy BUPILLEHHI
iHxeHepHoi 3anadi moaudikauii KOHCTPYKLUIi BHYTPILUHBOT
Gynosu conna y B3acMO3B'A3KY 3 BUPILUEHHAM HaYKOBOI
3afadi — 4uCcenbHOMY MOAENIOBaHHI i onTuMisauii
riAPOAVHAMIYHUX MOTOKIB BcepeavHi conna Ansi NOBHOM
YCYHEHHS LWKIANMBYX SBULL | 3abe3neyeHHs CTabinbHOCT
CTPYMEHIO Ha BUxoai i3 conna.

L9

Fig. 1 - The air bubble inside the jet at the outlet of the nozzle indicates of harmful air injection phenomenon, that
destabilizes the fluid flow parameters / [Mosimps+a 6ynbbauika 8cepeduHi CMpYMEHIo Ha gux00i i3 conna ceidyums npo
wKidnuee A8ULLE IHXEeKUii nogimpsi, ke decmabiniaye napamempu nomoky piduru: 1 — nozzle / conno; 2 - bubble / 6ynbbatuka;

3 - jet / cmpymiHb
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THE PURPOSE OF THE WORK META POBOTH

The purpose is in providing of set hydrodynamic MeTa pobotu nonsrae B 3abesneyeHHi  3a4aHnX
regime of power fluid feed in the processing area for riApOAVHAMIYHNX pexumie nogayi poboyoi pianHu B 30HY j
two consecutive technological processes - WEDM 0bpobku Ana ABOX NOCHIAOBHNX TEXHOMOTIHHUX npouecie - |
and WDEM by modifying the nozzle design on the EEBOAE Ta EXPOAE wnsxom moaudikauil KOHCTPYKUii g
basis of calculations of its operation. conna Ha OCHOBI NPOBEAEHUX po3paxyHKiB oro poboTu.
THE MAIN ARTICLE BUKMAJ OCHOBHOIO MATEPIAITY OOCNIMKEHHA

Nozzle (Fig. 2) for 2 consistent  electrical Conno (puc. 2) Ans nocnigoBHOT eneKkTpoepo3inHoi Ta
discharge and electrochemical wire machining is eneKTPOXIMIHHOT APOTAHOI 06pobkn pO3MILLYETECH ¥ BEPX-
placed in the upper chamber of EDM machine, which Hiin kamepi eneKTpoeposinHoro BepcTaty, AKa CnyXuTb
serves concurrently as a nozzle cap 3. It consists of OIHOYACHO  KPULLKOKO conna 3. BoHo cknapaeTecs 3
the internal flow generator 8 and the outer part 10. In BHYTPiLLHBOrO (PopmyBaYa noToky 8 T2 30BHILIHLOI YaCTh-
the centre of flow generator 8 is channel 6 along uu 10. B LEHTpi popmyBaya noToKy 8 3Hax0AUTbCH KaHan
which the wire electrode 5 is fed. The power fluid 6 B3MOBX SKOrO MNOAAETHCA ApiT-enekTpoa 5. Poboua
through the inlet port 1 is fed to the chamber 2, where piguHa Yepes BNYCKHWA oTeip 1 nogaeTscs AO kamepw 2,
through channels 9 is passed into the outside nozzle 3BiAKM Yepe3 kaHanu 9 npoxoauTe Y 30BHILLHIO HYacTuHy
part 10 and then through the excretory channel 11 conna 10 i Hapani yepes suBiaHi kaHamu 11 nia TUCKOM
under the pressure is fed outside as a jet, coaxial to BUBOAUTBLCA HA30BHI Y BUMMSAI CTPYMEHIO, KOAKCIansHo
wire electrode 5. ApOTYy-enekTpoay 5

11

“Fig. 2 — Nozzle structure diagram / Cxema npucmpok conno: 1 — inlet port / emycxkHul omeip, 2 - camera inside of the nozzle /

kamepa & cepeduHi conna, 3 - lid nozzle / kpuwka conna; 4 - additional channel (groove) / dodamkosull KaHan (na3); 5 - wire-

electrode tool (WET) / dpim-enekmpad iHCmpyMeHm (OEI); 6 - WET delivery port / kanan nodadi [JEI, 7 - variable insert with
groove / 3miHHa 6Ccmaeka 3 nasom; 8 - internal flow conditioner / gHympiwHill popmysay nomoky; 9 - distributing canals of

internal flow conditioner 8 | po3nodinbyaKaHanu @HympiWHb020 popmysasa nomoky 8; 10 - the outer part of the nozzle /
308HIWHS YacmuHa conna, 11 - exit channel of nozzle / kaHan euxody i3 conna

The configuration of parts of the nozzle that form Kodpirypauin yactuH conna, o opMyrTb KaHan
an exit channel 11, create conditions similar to the suxogy 11, CTBOpIOWTE YMOBY nogibHi A0 pexvmia
operating modes of the jet pumps with nozzle ring poGoTU  CTpyMeHeBUX Hacocie 3 KinbLesum CONMoM
[9, 10]. In the result of injection, air is sucked into [9,10]. B pe3ynbTaTi ABMLLA iHXeKUii noBiTps Yepes kaan
the nozzle through the channel 6 and forcibly enters 6 3aTArycTbCHA B COMMO i NpUMyCoBC nonapae y Buxiarui
into the output stream, breaking its stability. CTPYMiHb, NOPYLIYKO4# fioro crabinbHicTb.MoaentoBaHHa
Simulation showed that by changing the geometry noKa3ano, WO 3MiHOK reomeTpii BUXiAHWX 4aCTWH conna
of the exit section within the adherence of required B Mexax AO0TPUMAaHHSA HEOBXiAHUX  TIAPOAVHAMIMHIX
hydrodynamic parameters of operation air injection napameTpie pobotv He BAAETLCA MOBHICTIO no3byTuca
could not be liquidated completely. Thevefore, it is jHXeKkuii  NOBITPS. Tomy  BWpILLEHO nposect
decided to hold a design improvement so that to YAOCKOHANEHHA KOHCTPYKUIT Tak, Wwob 3aMiHNTL iHKEeKUio
replace air injection to injection of the power fluid. NOBITPA Ha  IHXeEKLIo poBou4oi  piAvHA. Mogudikauis
Modification of the nozzle is as follows. conna nonsrae B HACTyMHOMY.

The internal flow conditioner is equipped with a BuyTpiwHin  opmysad  nOTOKY KOMNNEKTYETbCA
variable insert 7 with an additional groove 4. aMiHHOIO BCTaBKOW 7 3 0AATKOBUM Na3oM 4, ®opmysay|
Conditioner and insertion interconnected by thread. scrapka 3'€AHaui Mk cobolo 3a AONOMOroko piab6u. Le
This allows using one nozzie for different pressures fae 3Mmory BUKOpPWCTQBYBATH opfHe conno Ans Pi3HUX
with replacing only the insert 7. And now the main TUCKIB 3 3aMiHOK Iulie BCTaBky 7. Tenep OCHOBHA
part of power fluid from' the chamber 2 through yacTuHa poBOYOi piAuHK 3 xamepw 2 yepes kaHann 9
channel 9 goes into the outer part of the nozzle 10 NPOXOAUTH Y 30BHILIHIO yacTuHy conna 10 i Hapani Yepes
and then goes through the exit channel 11. The susigHi kaHanu 11. A iHWa, 3HA4HO MeHLa, 4acTiHa
other, much less part of liquid under pressure goes piavHu nig AiEl0 TUCKY BUXOANTD UYepe3s AOAATKOBMV Na
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through an additional groove 4, calculated cross
section onto the lid surface 3 and through channel 6
enters into the working area, thus replacing the
physical phenomenon of air injection in the injection
of fluid and avoiding excessive spreading of liquid
on the lid surface 3. The groove is to smooth out the
fluid pressure in the nozzle and ensures the
availability of controlled fluid volume of the upper
nozzle lid. The value of the groove should be
selected depending on the pressure and speed of
the fluid supplied to the nozzle.

Simulation of hydrodynamic processes within the
nozzle was carried out to determine the geometric
design parameters that would provide guaranteed
compliance of needed regimes for the formation of
the output stream for WEDM and WDEM
technologies, had resistance to possible errors in
the manufacturing of main parts of the nozzle and
pressure fluctuations of power fluid at the output.
Research was conducted among modern CFD
software packs of computational hydrodynamics.

Applied mathematical model of fluid medium
state inside the nn7zie is based on the rumerical

solutinn wi the system of hydrodynamic equations
1or Newtonian incompressible fluids. It is accounted
laminar, turbulent and transitional modes by
Reynolds-averaged ~ Navier-Stokes  equations
(RANS equations). It was used averaged by small-
time effect of turbulence on the flow parameters and
large-temporal changes, averaged over small-time
of hydrodynamic parameters flow components
(pressure, velocity) reflected by the introduction of
the relevant derivatives over time. As a result, in
equations additional terms appeared - RANS
equations, and to close this system transfer
equations of turbulence kinetic energy and its
dissipation within the k-¢ model of turbulence are
used similarly [8]. Mass transfer processes under
the assumption of their minor impact and cavitation
phenomenon because of the absence of conditions
for their occurrence in value range of studied
parameters are not included. Physical fluid
properties (viscosity, density etc.) were set by equal
value of the physical properties of aqueous
electrolyte solutions NaNOs and ﬁaCﬂs -30%
concentrations at a temperature of 30-45 °C. As the
boundary conditions during numerical experiments
overpressure at the nozzle inlet was set, at the
output was set environmental pressure.

Visual representation of the characteristic
pressure distribution, obtained in the calculation of
the fluid is shown in Fig. 3. Similarly fluid velocity
fields inside the nozzle and in its output are
obtained. Analysis of the results makes it possible to
identify "critical" places of design, in terms of the
uniformity of the fluid, to provide set mode of outflow
from nozzle with changing design parameters and
pressure at the inlet. On the output of SEI delivery
port (Fig. 3, b) there is dilution region with lower
pressure 101325 Pa. This means that the fluid is
sucked in SEI delivery port, i.e. injection pheno-
menon takes place. Quantitatively, it is possible to
estimate it by the flow of fluid in annular section
channel around SEI. Such values of fluid should be
provided by additional groove 4 (Fig. 2, Fig. 3, a) to
infill channel with SEI fluid and to prevent an air
inhaling. Thus, criterion for catculating the geometric
parameters of the additional groove depending on
the input pressure and configuration of nozzle parts
that create the injection processes is obtained.
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4, pO3paxoBaHOro NMonepeyHoro NepeTuHy Ha MoBep; ko
Kpuwku 3 | Yepes kaHan 6 noTpannse 8 pobouy 30HY, ThM
camnM 3amiHIooun isnyHe ABULLE iHXEeKUil NosiTpa Ha
IHXEKUIO PIAVHA Ta YHUKAIOYM HaAMIPHOTrO pO3TiKaHHA
piguHn no noeepxHi kpuwku 3. a3 coyxute Ans
BUPIBHIOBAHHA TUCKY piguHn B conni i 3abesnedye
HasiBHICTb  KOHTPONbOBAHOrO 06'eMy  piavHU  Hap,
BEPXHbOIO KpULWKOK conna. BenuunHy nasy HeobxigHo
BMOMpaTM B 3aNEXHOCTI Bi4 TWUCKY Ta LWBMAKOCTI Pyxy
piAvHK, WO NoaaeTbCsa B COMMoO.

MopaentoBaHHS rigpoAuHaMIYHUX MPOLECIB BCEPEanHI
conna  34iMCHIOBaNoCb 3  METOK  BCTaHOBMEHHS
rEOMETPUYHUX  rapameTpis  KOHCTpykuii, ski 6
rapaHToBaHo 3abeanevyBanu AOTPUMAHHS NOTPIBHUX
pexuMiB  hopmysaHHS  BUXIQHOrO  CTPyMEHK  ANs
TexHonorin EEBOJE i EXPOLE, manw crilikicte A0
MOXNUBUX NOXUOOK BUrOTOBMEHHS CKMNAaA0BUX YaCTUH
conna Ta ¢nykTyauil TUCKy poBOYOI PiAUHM Ha BXOAi.
focnigxeHHs npoBOAUNUCL B CEPEAOBULi CydacHUX
CFD nporpaMmHmx nakeTis obuyucnioBansHol
riApoAvHaMIKL.

3actocoBaHa MatematuyHa MOAEenb CTaHy Tekyuoro
cepefoBULLa BCepenuui cotiila 0a3yeTbCA Ha
YMCENnbHOMY PO3B'A3KY CUCTEMM PIBHSAHb FiAPOANHAMIKM
ANA  HECTUCNMBOI HBLIOTOHIBCbKOI piauHK. BpaxosaHi
namiHapHi, TypbyneHTHi Ta nepexigHi pexumu LNsxom
ycepeaHeHHa no PeiHonbacy piBHsHb Has'e — CTokca.
BukopucTosysascs ycepeAHeHUit no manomy maciutaby
yacy BniwMB TypOyneHTHOCTI Ha napameTpu noToky, a
BenukomacLuTabHi 4acosi 3MiHW, ycepegHeHi no Manomy
macLutaby Yacy cknagoBux riapoauHamivHUX napameTpis
NOTOKY (TUCKY, LUBWAKOCTI), BPAXOBaHI LLNAXOM BBEAEHHS
B pO3rnA4 BiANOBIAHUX NOXiAHUX Mo Yacy.B pesynbTarti B
PIBHAHHAX 3'ABUNNCA AOAATKOBI AOAAHKU — HanpyKEeHHS

no PeniHonbACy, | ANS 3aMKHEHHS Uiel cucTemu
BUKOPUCTaHI PIBHAHHSA NEPEeHOCY KIHETUYHOI eHepril
TypOyneHTHocTi i 17 aucunauii B pamkax k-emopeni

TypByneHTHoCTI, aHanoriyHo [8]. He BpaxosaHi npouecy
TensioMaconepeHocy 3a NpUNyUW|eHHs M X HEe3Ha4YHoro
BNNMBY Ta KaBiTauiiHi sBULA NO MPUYMKHI BIACYTHOCTI
YMOB ANA iX BWHWUKHEHHS B [ianasoHi 3HaueHb
AocnimKyBaHx napameTpis.Pi3udHi BNacTMBOCTI pianHu
(B'A3KICTb, ryCTMHA i T.N.) 3343BaNUCA PIiBHUM 3HAYEHHSAM
(i3nyHMX BNACTMBOCTEN BOAHWX PO3YMHIB €NEKTPONITiB
NaNOs ta NaCl6-30% koHueHTpauii npu Temnepartypi 30-
45 °C. B sKOCTi rpaHU4HWX YMOB NpU npoBeAeHH
YMCENbHOrO EKCNepUMEHTY 3aAaBaBCs HaANUWKOBMIA
TUCK Ha BXOAi CONMa, Ha BUXOAI — TUCK OTOMYKHOro
cepeaoBuLa.

BisyanbHe npeacTaBneHHA XxapakTepHoro posnoginy
TUCKY, OTPUMEHOrO B Mpoueci Po3paxyHKy pyxy piauHu,
HaBeJeHo Ha puc. 3. AHanoriyHo OTpMMaHi nons LwBua-
KOCTEN pifnHN BCEpeAnHi conna i Ha Moro Buxodi. AHanis
pesynbTaTis Aac MOXIMUBICTb BUSIBUTM “KpUTUMHI® Micus
KOHCTPYKUii, 3 TOYKM 30py PIBHOMIPHOCTI pyxy piavHu;
3abeaneunTn 3afaHnin pexum BUXoay CTPyMEHs i3 conna
3l 3MiHOK KOHCTPYKTUBHWX NapameTpiB Ta BEnWYUHM
TUCKY Ha BXoZi. Tak Ha BuxoZi 3 kaHany noaaui JEI (puc.
3, B) cnocrepiraeTbca 06NacTb PO3PIAKEHHA 3 TUCKOM
meHwum 101325 Ma. Lie o3Hayae, Wo piguHa 3aTsryeTs-
ca no kaHany nopadi [El, To6To mae micue ssuiye
iHxekuil. KinbKiCHO 1Oro MOXHa OWiHUTW 3a BUTPATO
piguEn no nepepisy kinbueBoro kaHany Haskono [EI.
Came TaKe 3HaYeHHs BWTPaTW piOMHM  NOBWHEH
3abeanevyBaTi 4OAATKOBMIA Na3 4 (puc.2, puc. 3, a) Ans
3anoBHeHHs kaHany 3 [E| pigusolo i 3anobiraHHs
3aTAryBaHHIO NOBITPSA. Takum YMHOM OTPUMAHO. KpUTEpil
ANs po3paxyHKy reoMeTpU4YHUX napameTpis 404aTKOBOMO
nasy B 3anexHOCTi Bif BXiAHOro TWCKY Ta KOHQirypauil
YacTUH conna, siKi CTBOPIOKTh iIHXEKLIHI NPoUecu.
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a b

Fig. 3 - Visualizatiors of the results. of numerical modeling of fluid flow in the nozzle / Biayanizauisi pesysibmamie YucesibHo20

MOQenoeaHHs pyxy piduHu 8 conni: a - the internal geometry of nozzle. velocity field (m/s)/ “gHympikuHs 2eoMempisi conna

none weudkocmed, (M/C), b - exit area of jet from nozzle - distribution of excess pressure, (kPa) / o6nacme 8UX00y CMpyMeHs i3
conna — po3nodin HadnuWKos02o0 mucky, (kla)

A number of calculations are carried out and MpoBeaeHo  PSA pospaxyHkis  Ta BCTaHOBNEHO
square value of cross-section of an additional 3HAUEHHS MrowW NonepevHoro nepepisy A0AATKOBOMO
channel for different configurations of the internal kaHany Ans Pi3HuX KOHGirypaLiiii BHYTPILIHbOT 6ya08Y
structure of the nozzle and inlet supply pressure of conna Ta BXiAHWX TUCKIB nogadi enekTponiTy, xapakTepHuX
electrolyte are set. They are specific to the system in ans poboTu cuctemun B pexumi EXPOJE.

WDEM mode. [ns nepeBipkM OTPUMAHWX [AaHUX Ta YTOYHEHHA

To verify received data and to refine the pO3paxyHKOBOI mogaeni npoBeAeHo cepilo
calculation ~ model, series  of experimental ekcnepumeHTanbHuX BUMIpKOBaHb. [lopaTkosui nas 4 Oys
measurements are carried out. Additional groove 4 nepekpuTAi, 3BepXy Ha BXig kaHany nogadi  JEl
was blocked, on top of the SEI input channel feed repmMeTuyHo npukpinnexa 3abipHa Tpybka, iHWWA KiHEeUb
sampling tube are attached hermetically, the other qKol 3aHypeHuit B OKpemy EMHICTL 3 KOHTPONBOBAHUM
end of which is submerged in a separate container ob'emom pigunn. Mpw foaadi Ha BXig conna piavhm i3
with controlied volume of liquid. During feeding a fluid 3afaHnM HaNVLIKOBUM TUCKOM BUMipIOBanuCa BUTPaTH
to nozzle inlet with a given excess pressure flow rate pigvHM (LUNSXOM 3BaXyBaHHS), WO 3acMOKTyBanach 4epes
was measured (by weight) that was sucked down 3aGipHy TpyOKy, Ta BUTPaTH piavHKM Ha BUXOA i3 conna.
through the sampling tube and liquid flow at the outlet PospaxyHKOBi Ta eKcnepuMeHTanbHi peaynbTat A
of the nozzle. Calculated and experimgntal results for KOHCTpYKUii conna (puc.2) npueepeHi B Tabrmui 1.
the nozzle design (Figure 2) are shown in Table 1. OTpumaHi po3GIKHOCTI B Mexax [0nyCTUMOT iHKEHepHoI
Differences within an acceptable engineering TOYHOCTI.
accuracy are taken.

Table 1
Comparison of the calculated and experimental results / [TopieHsiHHA po3paxyHKo8ux ma
eKcrnepuMeHmasnbHux pesynbmamie

Specifications / Xapakmepucmuku The numerical values / Uubnosi 3HaYeHHs
Excessive inlet pressure, atm / 0,2 0,3 0,4 0,45 05
Hadnuwxoeuil muck Ha éxodi, amm
Expenses on the output of the calculation / 0,72 0,9 1,03 1,14 12
nozzle Qouput, |/ MIN po3paxyHoK
Bumpamu Ha 8uxo0i i3 conna " experiment / 0.7 0,96 1A 116 124
Quue, /X6 ekcnepumeHm

error, % +3 -6 -6,3 -2 -3
noxubka, %
Expenses through additional calculation / 0,014 0,016 0,022 0,027 0,029
channe! Qgroove, |/ MiN pO3paxyHoK
Bumpamuyepes dodamkosull | experiment / 0,016 0,017 0,024 0,029 0,031
KkaHan Quas, 11/X8 eKCTIEPUMEHM
error, % -12,5 -6 -8 -7 6
noxubka, %

A number of computational experiments 1o MpoBeaeHo pPsA oBumncnoBanbHuX €KCNEepVUMEHTB M0
identify places in the nozzle design of the most BUSBMEHHIO MiCUb B KOHCTpyKUii ~conna HanGinbll
"sensitive" in terms of maintaining given “gyTnveux’, 3 - TOHK aopy 30epexeHHs 3a/aHmx
hydrodynamic modes to errors by manufacturing in riApoAMHaMI4HIX pexumis, A0 noxuboK npv BATOTOBN
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order to establish reasonable requirements for
precision in design documentation are held.

In particular established, that variations in surface
roughness of nozzle parts in calculations under the
applicable model did not lead to significant changes
in the output parameters (Table 2).

3 METOK BCTAHOBNEHHS 0BIPYHTOBAHNX BIAMOT NO TOYHOCTI
B KOHCTPYKTOPCbKi AOKYMEHTaLil.

30Kkpema BCTaHOBMEHo, WO Bapiauii LLIOPCTKOCTI
noBepxHi AeTaneit conna npu po3paxyHkax B pamkax
3aCTOCOBaHOI MOZeni He MpW3BEenu A0 CYTTEBMX 3MiH Y
BUXigHMX napameTpax (Tabn.2).

Table 2
Dependence of fluid flow from the surface roughness of nozzle parts
Excess pressure at the inlet P, atm / 0,2 0,3 04 0,45 0.5
Hadnuwxkoeud muck Ha exodi P, amm
The numerical value of expenses, I/ min / Yucsioei 3Ha4eHHs eumpan, n/xe
Perfect surface / 0,72 0,9 1,03 1,14 1.2
|deanbHa nosepxHs
Roughness R;=10 um/ 0,72 0,9 1,03 1,14 1,2
Wopcmkicmb R;=10 MkM
Roughness R;=20 um/ 0,73 0,91 1,03 1,15 1.2
LWopcmkicmb R;=20 MKM
A range of test calculations of hydraulic BUKOHAHO KOMMMEKC NEpeBiPOYHMX  PO3paxyHKis

processing characteristics of the received internal
geometry of the nozzle is done on the mode of high
input pressure typical to nozzle operation at WEDM
fechnology to determine the exact hydrodynamic
parameters of the fluid jet at the outlet of the nozzle
directed to interelectrode gap for removing the
products of erosion.

Practical testing of the nozzle during electrical
discharge and electrochemical ~machining is
conducted. During EDM processing was observed
effective removal of products of erosion from
interelectrode gap that ensured increasing of cutting
speed. And in the process of the next electrochemical
machining is received steady even jet of electrolyte
around the wire electrode across height-anode parts,
which in turn had a positive impact on the quality of
finish surface of parts.

CONCLUSIONS

1. On the basis of the calculated and experimental
researches the design of the nozzle is set, which
provides the necessary ghydrodynamic
characteristics of the jetting of power fluid into the
processing area at consecutive WEDM and
WDEM technologies.

2. Patentable is a design solution with additional
channel of calculation cross section that
completely eliminates the air injection and
stabilizes the output jet.

3, Design modeling technique is developed on basis
of methods of computational fluid dynamics (CFD
methods), which increases the productivity and
design accuracy of feed units of power fluid for
technological processes significantly.
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