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Decreasing of Mass and Dimensions Gear Pump Parameters by Optimizing Gear-tooth
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The object of the completed research is reducing mass and dimensions parameters of gear pump with
saving of its technical characteristics and realization technical and economical effect.

As the result of the optimization gear-tooth system parameters of gear pump, the construction of gear
pump with increased specific working volume and output was designed.

In the process of adapting the construction of an experimental pump with increased specific working
volume to the production conditions, the possibility of decreasing of the gear width with keeping specific
working volume, which corresponds to the standard value, was set. This made it possible to reduce the load on
the pump bearings, with an offer of new dependence for calculating of the load on the pump bearing, which is
determined by the gear-tooth system overlap coefficient.

In the process of designing a gear pump with optimal parameters and the adaptation to its operating
parameters to standard values, was found the possibility of reducing the dimensions and mass of the designed
pump.
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Po3MipHa 00poOKa €JIEKTPUYHOK JIyror  OI1YHOI
MOBEPXH1 3HOCOCTIMKOTO IHCTPYMEHTY

BurkoHaHO OOTpYHTYBaHHSI TEXHOJIOTIYHOI cXeMHM (DOPMOYTBOPEHHsI 30BHIIIHBOI OIYHOI TOBEpXHi
MyaHCOHY, CII0COOOM pPO3MIPHOI OOpPOOKH E€JIEKTPUYHOI0 JIyrol 3 ypaxyBaHHSM OCOOJHMBOCTEH (i3MYHMX
MEXaHi3MiB IX yTBOPEHHS Ta TiAPOAMHAMIYHUX SIBUI B MDKEJIEKTPOJHOMY IPOMDKKY. BeraHoBieHi anamiTHaHi
3B’SI3KM TEXHOJIOTTYHUX XapaKTEPHCTHK MPOLECy PO3MIpHOT 0OPOOKH ENEKTPHUYHOIO OYTOI0 TBEPAOrO CIUIABY
BK8 3 pexxumamu 00poOKH 1 TeOMETPHYHUME MTapaMeTPaMH.
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BeImonHeHO  00OCHOBaHWE TEXHOJOTMYECKOW cxeMbl (opmMooOpa3oBaHUsl BHEHIHEH OOKOBOM
MOBEPXHOCTH IIyaHCOHA, CIIOCOOOM pa3MepHOIl 00pabOTKH AIEKTPHYECKONH AYTOM € y4eToM OCOOCHHOCTEH
¢bu3MyecKoro MexaHusMa 0Opa3oBaHUs W THAPOJAWHAMHYCCKHX SIBICHHH B MEXDICKTPOJHOM MPOMEXKYTKE.
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IlocranoBka mnpodjemu. I[ligBUIIEHHS NPOIYKTUBHOCTI MPOIECY IITAMITyBaHHS
JHMCTOBHX JI€Talel 3 3aCTOCYBaHHSM IITaMIIOBOTO OCHAIEHHS 1 MPEcOBOro OOJIaJHAHHS €
TOJIOBHOIO METOI0 BHPOOHHUIITBA CLIbCHKOTOCTIOAAPCHKOI TexHikH. OAHAK TMpU IBOMY
3aJMIIAETECSA  Mpo0JieMa CTIMKOCTI IITAMIIOBOTO IHCTPYMEHTY, TaK SK 1€ BH3Ha4ae
cOOIBapTICTh 1 SIKICTh INTAMIIOBAaHWUX JETalied, a TaKOXX TOYHICTh I1X BHTOTOBJICHHS.
[TigBumeHHs CTIHKOCTI 3a0e3nedye MpUpicT IPOAYKTUBHOCTI Hpali 1 KyJIbTypH BUPOOHUIITBA
Yy XOJIOJHOINITAMITYBaJIbHUX IieXaX. llpame3gaTHiCTh INTaMmIiB 3alleKUTh BiJl BUOOPY
MaTepiany i po3MipiB ix poOouux aeraneir. [Ipobrema CTIMKOCTI MITAMIOBOTO iHCTPYMEHTY
BUPIIIYETHCS NUIIXOM BUTOTOBJICHHS 1HCTPYMEHTY 3 MIITHUX 1 3HOCOCTIMKHX MarepiaiiB 3
3acTOCyBaHHAM KapOiny Boib(pamy [1]. TBepaocriaBHi 3aroTOBKM MaTpHIlb 1 ITyaHCOHIB
CIIKAIOTh 1 MIiAJAaI0Th YHUCTOBIM 00poOIl amMa3HUMH aOpa3MBHUMH 1HCTPYMEHTaMHU.
[IpoGnema 3ymoBieHa, HEOOXIAHICTIO 3HIMAHHS JOBOJI BEIUKOTO MPUIYCKY (10 2 MM)
Ba)XKOOOPOOIIFOBAHOTO KOMIIO3HIIIHHOTO MaTepialty, [0 Ma€ MiIBULIEHY TBEPAICTb.

AHaji3 ocraHHIX JochaixxeHb 1 myOdikamid. OCHOBHMM  HampaBJICHHSM
i IBUIICHHS 3HOCOCTIHKOCTI MIOBEPXHEBUX IIAPIB € HAHECEHHS BUCOKOMIITHIX 3HOCOCTIHKUX
MarepiaiiB, ab0 3aCTOCyBaHHS TBEPJIWX CIUIaBiB. 3 METOIO IiJIBHINEHHS IMEPIOAY CTIHKOCTI
TaMOiB A BUPYyOyBaHHA 3 JIMCTOBOTO MaTepialy HEOOXiJHO 3acTOCOBYBAaTH MillHI
3HOCOCTIMKI TBEpIOCIUIaBHI Marepiaiv. 3aBAsSKA BHCOKOI MIIHOCTI, JKOPCTKOCTI 1
3HOCOCTIMKOCTI Bce OUIbIEe 3aCTOCYBaHHA 3HAXOIATh CYLUIbHI TBEPAOCIUIABHI OCBHOBI
MyaHCOHU. BUTOTOBISAIOTH MyaHCOHU 3 HUJIIHAPUYHUX TBEPAOCIUIABHUX CTPUXKHIB JIaMETPOM
2...20 MM 1 Oinbiie — nutipyBaHHSIM. MaTepianu CTPHKHIB — OHO KapOiTHI TBEpIIi CIJIaBH 3
po3MipoM 3epHa Kapbiny Boibhpamy meHiie 1 MkM, BMICTOM 8...25% K0OanbTOBOI 3B’ SI3KH.
BUroTOBISAIOTH TBEPIOCIIIABHI CTPUIKHI METOOM IMPECYBaHHS 3 TBEPAOCIIABHOTO TOPOIIKY
1 CHikaHHSIM y BaKyMHO-KoOMIIpeciiHii medi. [lpum cmikaHHI CTprkKHS BigOyBaeThCs
yCaJKEHHS, 1110 CYIPOBODKYETHCS KOpoOaeHHAM. [Ipy 1bOMy BUTHUH CTPUIKHS JOBKUHOIO 10
310...330 MM Mmoxe pocsratu 10 0,35 MM 1 OLIbIIE.

Oco6nuBe 3Ha4eHHs B MAlIMHOOYAyBaHHI MatOTh €(PeKTHBHI TEXHOJIOr1i MeXaH14HOT
00po0OKK BakkooOpoOIoBaHMX MaTepiamiB. OOpoOIIOBaHICTh TBEPJAOTO CIUIAaBy [2] OLIBII
HU3bKa B MOPIBHIHI 3 0OpOOKOIO KApOMILIHUX 1 TATAHOBHX CIUIaBiB. B MificHMIA yac ogHUM 3
HANOUIbLI MPOTrpecCUBHUX CHOCOOIB OOpOOKM TBEpAMX CIUIABIB € ajaMa3He UUTi(yBaHHS.
HInidyBanHs — nuHaMivyHUM npouec (Pi3MKO-XIMIYHOTO BIUIMBY HA MOBEPXHEBHI Iap aeTali
3 TEPMOIIPY>KHBOIIACTUYHUMU Aepopmanisamu [3]. OqHak 3HMKEHE HUTIPYBaHHS B TOPIBHIHI
31 CTaJsIMM BUSIBIISETHCS IPU 00poOIIl aIMa3HUMHU KpyraMu, HalpHUKIIaj, Ha OakeIiToBId 1 Ha
MeTajeBii 3B’S3I1 B yMOBax 3BHYAWHOTO eJeKkTpomiTuuHoro nwtidysanus. Lle
00yMOBITIOETBCSL Y BENUKIA HAMpPyKEHOCTI Tpolecy (3yCHUIsX, TemrepaTypax, MHUTOMOI
pobotr nuTIQyBaHHS), Yy WiABUIICHIA BITHOCHIM BHTpaTi, a TaKOX HEIOCTATHBOI
MIOHOBJIIOBAHOCTI penbedy.

HInidyBaHHsS CTPHKHIB BUKOHYIOTHh Ha Oe31eHTpoBoNLTI(hyBaTbHIX BepeTaTax. [lepen
nutihyBaHHSM TBEpPJOCIJIABHI CTPIIKHI TEpeBips0Th Ha KpuBW3HY. KpuBu3Ha ska
JTO3BOJISIETHCS TSI CTPYDKHIB JOBKUHOIO 10 100 MM — 0,15mm, a mosxkurO0O 310...330 MM —
0,25 MM, 11 3amo0iraHHs JIAMaHHS CTPHIKHIB Ha MPOXiJ 32 HASBHOCTI KPUBU3HH 1 BEITUKOTO
npunycky. Y mporeci nutidpyBaHHS MPUITYCK BUAAISIOTH TOCTYIOBO, 3HIMaHHAM 110 0,05 MM
Ha OJIMH MPOXiJ, a Ha Bcix mpoMikHUX — 0,1 MM [2]. TBepmocmiaBHi CTPHKHI 301IBIIIEHOTO
BUTHHY BiIOPAaKOBYIOTHCS 1 HIyTh Ha mepepoOKy, a TOMY MpobdiiemMa 1ie OLTbII 3ar0CTPIOETHCS
1 moTpedye 3acTOCyBaHHS albTEPHATHBHUX TEXHOJIOTIH SIK1 J03BOJIATH OOPOOJIATH CKPUBIICHI
CTPHMOKHI.

[Ipn BUKOHAHI MeXaHIYHOI OOPOOKM TBEPAOCIUIABHUX 3arOTOBOK ITyaHCOHIB, OKpIM
noJinmeHHst 00poOKH, HeoOXiTHO BUPILITYBATH JIBI 3aayi:
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— [BUAKO TPOAYKTHUBHE BHIAICHHS BEIWKHX TIPUIYCKIB, 5KE BH3BAHO
HEPIBHOCTSMH 1 MOXHUOKaMU (DOPMU TICIIS CIIKaHHS TBEPIOCIUIABHUX 3aTr0TOBOK;

— IIBHJKE WiABUINEHHS TOYHOCTI 1 SKOCTI OOpOOKM MOBEPXOHb HA YHUCTOBHUX
OTIepaLisfx Micis YOPHOBHUX.

[nidyBanHs BKIIOYAE Bl TEXHOJIOTIYHI Oleparlii: monepeaHio (YOpHOBY) 00poOKy 3
3acTocyBaHHAM iHCTpyMeHTY (popmu 1Al BucOkominHMX Mapok anmasiB mapok ACIS5 a6o
AC20 3epuucrictio 250/200 1 mmmidpyBansasm Ha rmubuny t=0,2...0,3 MM; KiHIIEBY (YHCTOBY)
00poOKy 3 3aCTOCYBaHHSM IHCTPYMEHTy 13 anmasiB Mapku AC6 3eprwmcricTio 125/100 i
nutipyBanHsaM Ha TimOuHy t=0,05...0,1 mMm. 3i 3MiHOIO XBWISICTOCTI poO0YOoro mpodisto
Kpyra 1 3aTyIJIeHHSM aOpa3suBHHX 3€peH 3MIHIOETbCA Ae(POpMyBaHHsS 30BHIMIHBOI OI1YHOT
MOBEPXHI MyaHCOHA, 10 BIUIMBAE HA IHTCHCUBHICTh TEIUIOYTBOPEHHS 1 PO3BUTOK TUDY31HHUX
OKHCIIIOBAIBHUX TPOLECIB. 3 MiJBUILEHHSAM TEMIIEpPaTypu 30UIBLIYETbCS IIBUAKICTH
CTPYKTYPHHUX 3MIH 1 pyXOMICTh quciokaiiii. Ha 3axmounux omepariisix MexaHigHoi 0OpoOKH
npu nutipyBaHHI He TUIBKM BTpadaeTbcs €QeKT 3MIIHEHHsS MOBEPXHEBOIO IIapy, aie i
BUHUKAIOTh J10/1aTKOB1 Jle(heKTHU (TPILIUMHU, MPOKOTU 1 T.II.), Kl € JKeperaoM pyHHyBaHHS
JIeTalieH.

OgHuM 3 HUIAXIB 3HMKEHHS TPYAOMICTKOCTI, 30UIbIIEHHS MPOJYKTUBHOCTI 1
YCYHEHHsI HEJOJIKIB € 3aCTOCYBAaHHS €JEeKTpO(i3MUHUX, a00 EJIeKTPOXIMIYHUX CHOCOOIB
00pOoOKH, MO T03BOJISIE TIIBUIIUTH SKICTH OOpOOKHM, 30UTBIIUTH CTIUKICTh JETaii, 3HAYHO
PO3LIMPUTH MOKIUBOCTI 00pOOKH. ToMy HEOOXITHO BUTOTOBIIATH 30BHILIHIN KOHTYp O14HO]
MOBEPXHI ITyaHCOHA, 3aCTOCOBYIOYM TEXHOJOrIl sKi OyIyTh aJbTepHAaTUBHMMM OOpPOOII
pi3aHHsM.

3a pobortamu [4,5,6,7,8] Bimomuii croci® po3mMipHOi 0OPOOKH METAIlB €IEKTPUIHOIO
nyroto (POJI), nmpu sikomy eHepris HiABOJUTHCS B 30HY 0OpoOKH Oe3nepepBHO. 3aBASKU
IIbOMY, a TaKOX TOMY, IO CIIOCIO TO3BOJISIE BBOAUTH B 30HY OOpPOOKHM BEIHKI MOTY>KHOCTI
EJIEKTPUYHOIO CTPYMY, JaHUK Croci® BOJIOJi€ BUCOKOI MPOIYKTUBHICTIO 00poOku. Tak, 3a
JTaHUMH POOOTH [S] MPOMYKTUBHICTE 0OPOOKH KPYyTriaoro oTBopy miamerpom 30 M (rwromia
00poOku 706 MmM?) B MmaTepiani ctanb 45 npu cuii ctpymy A =1000A, nocsarae 27300 mm?XB
npu Ra = 6,3 MKM Ta rMOMHI 30HHM TEPMIYHOTO BIUIMBY B MEXaX KIJIBKOX COTHX HOJEH
mimimMerpa. OpnHak, BIOPOBAa[KeHHS Yy BHpOOHUUTBO mpouecy POJl TBepmocmiaBHUX
IIyaHCOHIB Ta BHUI'OTOBJIGHHS I1X 3 BUKPHUBJICHHUX CTEPKHEBHUX 3arOoTOBOK CTPHUMYETHCS
BIJICYTHICTIO €KCIIEPUMEHTAJIbHUX JAaHHUX MPO B3aEMO3B’SI30K TEXHOJIOTIYHUX XapaKTEPUCTUK
JAHOTO TPOLECY 3 EJEKTPUYHUM 1 EJeKTPOJMHAMIYHUM peXUMaMH 0OpoOKu Ta
T€OMETPUYHUMHU TTapaMeTpaMH 30BHIIIHBOI O1YHOT MOBEPXHI, siKa 00poOrotoThes. [Ipodiaema
me OUTbII 3arOCTPIOETHCS MPU OTPUMaHi O1YHOI MOBEPXHI 3 BH3HAYEHOIO HIOPCTKICTIO Ta
MEXaHIYHUMHU BJIACTUBOCTSAMHU. Tomy po3poOka TexHosorii 1 obmagnanus criocody PO/ s
OTpPHMaHHS 30BHILIHBOI O1YHOI HOBEPXHI TBEPAOCINIABHUX ITyaHCOHIB € aKTyaJIbHOIO.

IlocTtanoBka 3aBaaHHsi. TakuM YHMHOM, METOIO JTOCHIKEHb € PO3pOOKa TEXHOJOTI]
ta oOmagHaHHA crnocody POJl TBepAOCIIaBHUX IyaHCOHIB, SIK BHCOKOE(EKTUBHOI
aTbTEPHATHBY TPATUILIMHIM CTIOCO0aM X 0OpOOKH.

Buknang ocHoBHOro marepiaay. B sSKOCTI T€XHOJIOTIYHOI cXeMHU (OPMOYTBOPEHHS
BUOpaHa cxeMmMa 3a MPUHIUIOM NPOIIMBAaHHSA-KOMioBaHHSI. OOpoOKy 3ailicHIOBaINM 3
BUKOPUCTAHHAM TpadiroBoro enekrpona-inctpymenta (EI, mapka MIII'-7) npu BuOpaHniii
TEXHOJIOTIYHIA cXxeMi (OPMOYTBOPEHHsSI 3 IPOKAuyBaHHSIM OPraHIYHOIO CEpe/OBHILNA B
TOPIIEBOMY MiXeJleKTpoaHoMy 3a30pi (ME3) miji TeXHOJIOTTYHIM TUCKOM , 32 HAIIPSMKOM BiJJ
nepedipii 10 HeHTpY enekTpona-iHcTpymenTta (puc.l). Ilpeamerom nocmimkeHHst Oynu Taki
TEXHOJOTIYHI ~ XapaKTEPUCTHKH: MPOAYKTHBHICTH 0OpoOKH M, MM/XB; mHTOMA
OPOAYKTHBHICTH 00poOKH M, MM3/A‘XB; MUTOMAa BUTpaTa eIeKTpoeHeprii a, KBT-ron/kr;
Oiunmit 30BHIHIA ME3 6, MM; BigHOCHWMIA miHiiHUE 3HOC El 7, %; mopctkicte 00pob6ieHoi
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noBepxHi Ra, Mxm. BynyBaHHS MareMaTHYHHX MOJEJICH TEXHOJIOTIYHMX XapaKTEPUCTHK
nporiecy POJ] cmmaBy pemit 3miMCHIOBATIOCH 3 3aCTOCYBaHHSIM MAaTEeMATHYHUX METOMIIB
TaHyBaHHsA eKCIIePHMEHTIB, 30kpeMa muany 2* . Ha mizcrai ampiopHoi indopmarii 6ymu
BiiOpaHi (akTOpH, 10 BU3HAYAOTh PEKUMH 00pOOKH (CHiia TEXHOJIOTTYHOTO cTpymy | , A;
CTaTUYHUN THUCK POOOYOT PIIMHH HA BXOJI B MDXKEJIEKTPOAHUH 3a30p P, , MIIa) Ta daxTopu,
0 BHU3HAYAlOTh T€OMETPUYHI mMapameTpu oO0poOku (tutoma obpobku F, mm?; Hampyra
ropiaHs enekrpuyHoi ayru U, B).

a — novaTtkosa ¢aza o0poOku; 6 — npomixkHa (aza 00podku (1 — rpaditosuii EI; 2 — 3aroToBka;
3 — enexTpuyHa jayra; 4 — IPOAYKTH epo3ii; 5 — TiApoAMHAMIYHUI MTOTIK)

Pucynox 1 — TexHomoriguHa cxema (popMOyTBOPEHHS Ta SMIOPH MIBUAKOCTEH TOTOKY B TopiieBomy ME3
Licepeno: pospobreno asmopom

Yci  dakTopu  3aJI0BOJIBHAIOTH YMOBH  KEPOBAHOCTI, OINEpAIliOHAILHOCTI  Ta
onHo3Ha4yHOCTI. [Hm mapamerpu mpouecy POJl Oynu 3adikcoBaHi Ha MOCTIHHOMY PpiBHI:
poboda piguHa — OpraHidyHe CEepeOBHWINE; IOJSAPHICTE OOpOOKM — TmpsiMa; Marepial
€JICKTPOJIa-IHCTPYMEHTA — eJIEKTpoepo3iiiHuii rpadit mapku MIIT'-7.

Tabmuust 1 — TlomHOMIaNBHI MaTeMaTHYHI MOJENI TEXHOJOTIYHHX XapaKTePUCTHUK
nporiecy PO/ 3pa3kiB HaIJIaBICHUX PEITITOM
MaremarnuHa MOJIEIb Macrrra0Hi CIIiBBIIHOIIEHHS
¢bakTopiB
Yuinoasipua PO/I 6iunoi noBepxHi 3pa3ka 3a ¢popmy.Jioro «rpadirosuii EI -
TBeP/AMii CIJIAB» 3 BAKOPUCTAHHSIM CIOCO0Y NMPSIMOr0 MPOKAYYBAHHS

M =192 +49x +15x, +6X, —0,5X,

M, =2,6-0,23x —0,18x, —0,13x, + 0,05X, X, =(X,=75)/25
a=13,23+1,45x, +0,8%, +0,75x, —0,7X, X, =(X,-1,25)/0,25
R, =22,6+2,6X —2,4X, +1,1x, + L 1X, X, =(X;-=76)/30

6, =0,053+0,027x,-0,011x, —0,005x, —0,0044X, X, =(X,=30)/5

7, =10,01-0,29% —0,19%, —0,16X, —0,063X,

ne: X, —>1,A; X, >P,_,Mlla; X, >F,mMm; X, >U ,B

cm 2

Jicepeno: pospobaeno asmopom

B pamkax ekcnepumeHty: mnponaykTuBHicTh M mpouecy POJl cmmaBy BKS
3MiHIOBaiach B Mexax Big 110 go 358 MM3/XB.; MATOMa TPOTYKTHUBHICTH 00pOOKH M, — Bix
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1,7 no 4,3 MM3/A-XB; MUTOMa BHUTpaTa eJleKTpoeHeprii a — 6,6 mo 17,3 kBr-rom/kr;
HIOPCTKICTh 00po6eHoi nosepxHi Ra — 16 1o 30 mxm; 6iunuii 3oBHimHIE ME3 & — 0,015 1o
0,1mwm; BigHOCHUH niHiHAUN 3HOC E1y — 7,9 mo 12,2 %.

I3 ananmizy mozem (puc. 2) BUIIMBAE, [0 HA MPOAYKTHBHICTE 00p0oOKH M HanOIbII
BIUIMBAE CHUJIA TEXHOJIOTTYHOI'O CTPYMY, 13 MIJBUILEHHIM SKOI IPOJTYyKTHUBHICTH 301IBIIYETHCS.
OTxe cuily CTpyMy ClIiJi BU3BHAYUTH FOJIOBHUM KepYIOUnUM (hakTopoM, a JaHui (HakT CBIAYUTH
npo TemioBy mnpupony mnpouecy POJl. BmnuB Hampyru ropiHHs enekTpuuHoi ayru U
npubmm3Ho y 3,1 pa3w MeHIIe B IMOPIBHSHI 3 CHJIOI TEXHOJIOTIYHOTO cTpymy I, ame mae
ICTOTHE 3HaueHHs, 3 MiABUIIEHHAM U mpoayKTHBHICTE 00poOku M 30iibiryerscs. OcTaHHE
HOSICHIOETBCS 3pOCTAHHIM TEMIEPATYPH €JICKTPUIHOI IyTH Y 3B A3KY 31 CTUCHEHHSM 11 O1IbII
JUHAMIYHUM TOTOKOM poOouoi pimuHu. Brume miomii oOpoOku F Ha NpoayKTHUBHICTH
00poOku M wmae 3Ha4eHHs|, 3 maBHIICHHSAM F mpoaykTuBHICTH M miaBHUINYEThCs. Brumms
CTaTUYHOTO THCKY P poOOYOi piAMHM Ha BXOJI MOTOKY Yy MIKEIEKTPOJHMH 3a30p Ha
NPOAYKTHBHICTH 00poOKM M 3HAYHO MEHIIMIA, ajlé Ma€ CYTTEBE 3HAYCHHS, 3 WOTO
MIJBUIIEHHSIM MPOAYKTUBHICTh Oyne 3MeHmryBatuch. Lle m03Boisie 3acTocoByBaTH crnoci0
PO/ nuiiss 0OpoOKH TBEPIOCTIIIABHUX ITyaHCOHIB.

260
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a — CTYIIHb BIUIMBY 3MiHHHX (pakTopiB; 0 — 3anexHicte M Big [; 1 — U =35 B;
2-U=30B;3- U=25B

Pucynox 2 — IIponyktuBHicts M POJ] 6i4HOi moBepxHI 3pa3ka 3a Gopmyoro
“rpaditoBuit EI- TBepamii crutaB” 3 BUKOPUCTAHHIM CIIOCOOY MPSIMOTO MPOKaYyBaHHS
Lowcepeno: pospobaeno agmopom

I3 Mozeni Ta puc. 3 BUXOAUTH, IO MOPCTKICTH 00poOIieHoi moBepxHi Ra B moBHii Mipi
BHU3HAYAETHCS CUJIOK0 TEXHOJIOTIYHOTO CTpyMy [/ (cTymiHb BIuBY — 37,5 %) Ta 3aneXUTh BiJ
wiomii o0poOku F 3 MigBUIEHHSAM SKOi HIOPCTKICTh MOBEPXHI 3MEHIIYETHCS, a TaKOXK Bif
CTaTUYHOTO THCKY P, Hanpyru TOpiHHA enekTpuunoi ayru U. I3 migBumeHHsM [
HIOPCTKICTh TOBEPXHI MiABUIIYEThCs. OTKE, CHIIa TEXHOJIOTTYHOTO CTPyMY / 110 BiJTHOIICHHEO
JI0 TOPCTKOCTI 00poOeHoi moBepxHi Ra € romoBHUM KepyrounM (aktopom. BeTanoBieHo,
IO MIOPCTKICTh O1uHOI moBepxHi B ymoBax PO/l mpencraBise CyKyNHICTh HaKJIaJeHHS
BEJIMKOI KIJTBKOCTI JIyHOK (puc. 5, 0), miamerp sSKHX, Ta TUOWHA BHU3HAYAIOTHCS CHUIIOIO
TEXHOJIOTIYHOTO CTPYMY, 3 MiJIBHIICHHSM SKOTO BOHH 3pOCTarOTh. [Ipudomy, 4uM MeEHIIIa
CHJIa TEXHOJIOTIYHOTO CTPyMY, THM OiNIbIIa IMOBIPHICTh YTBOPEHHS JyHOK. [Ipy BHKOHAHHMX
eKCTICPUMEHTAJIbHUX JTOCTI/DKCHHIX IIOPCTKICTh BHUMiproBajacs Ha mnepudepiiiHiii JacTuHi
TOPIIEBOT TIOBEPXHI 3pa3ka. B yMOBax eKCIiepMMEHTY BOHA 3MiHIOBallacs y Mexax Big Ra —
16 mo 30 mMkm. 3a pesyiapTraTaMd MeTaJorpadiqHMX JOCHIKEHb MIKPOTPIIUH Yy
NoBepXHEBOMY Iapi 3pas3ka micist PO/] He BusiBIEHO.
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a — CTYIHiHb BIUIMBY 3MiHHHX (DakTOpiB; 6 — 3anexHicts RaBix I; 1 — F =106 mm?;
2— F=76 Mm%, 3 — F =46 mm?

Pucynok 3 — Illopctkicts 00pobienoi noBepxui Ra PO/ 6iuHO1 moBepxHi 3pa3ka 3a
hopmynoro “rpaditouii EI- TBepamii cruiaB ~’ 3 BUKOPUCTAHHSAM CIIOCOOY MPSIMOTO TIPOKaYyBaHHS
Jicepeno: pospobneno asmopom

Dby

15 MM

a 0
a — 00po0OKa TBep/I0CIUIaBHOI 3ar0TOBKU ITyaHCOHA Ha eJIeKTpoepo3iiiHoMy Bepcrati mojeni "lyra-8[™
rpadiroBum EI (1 =125 A, Pcm = 1,5 MIla, F =46 mm? , U =25 B);
0 — mikpocTpykTypa (x500) moBepxHeBoro mapy ciutaBy BKS8 miciis POJ] 61uH0i moBepxHi
3paska rpadirosum EI (1 =125 A, Pcm =1,5MIla, F =46 mm? , U =25 B)

Pucynok 4 — BunipoOysanus ciocody PO/] TBepoCIsIaBHOTO ITyaHCOHY
Loicepeno: pospodaeno agmopom

OOpobky OiyHOi MOBEpXHI 3aroTOBKM TBEPJOCILUIABHOTO TyaHcoHa (puc 4, a),
smiicHioBanin  rpaditoBuM EI mapku MIIT-7 npu HacTymHOMY pexumi 0OpoOKH: cuia

TexHoJoriyHoro ctpymy | = 125 A, nanpyra Ha ay3i U = 25 B, craTuunuii THCK OpraHiuHoOi
po6ovoi pimMHM HA BXOJl MOTOKY B MDKEIEKTpomHuil 3azop P., = 1,5 Mlla, mnomuna
o0pobkn F = 46 mm?> , monsgpHiCTH OOpOOKM mpsMa (3aroTOBKa «MIHYC»), CIOCIO

MPOKAYyBaHHS PIAUHH KPi3h TOPIEBUN MDKEIESKTPOIHUHN 3a30p — mpsMa (Bia IEHTpa JI0
nepudepii oTBOpy 3aroToBKHU. B pe3ynbpTaTi 00poOKHM 3ar0TOBKU TBEPAOCIUIABHOTO MyaHCOHA,
Oyna 3adikcoBaHa MPOLYKTHBHICTE 00poOku M = 167 mm’/xB., mo B 1,5...1,8 pasis
NIEPEBUIIY€E MPOIYKTHBHICTh 0€3 IIEHTPOBOrO NUTIPYyBaHHS aJIMAa3HUMH KPYraMu TBEPIOTO
crutaBy BKS.
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BucnoBku. B pesynbpTaTi aHamizy cy4aCcHUX METOJIB OOpPOOKH TBEpIOCIIABHUX
IyaHCOHIB TIOKa3aHO, 10 HaWOLIbII MPOAYKTUBHUM, € criocid POJ/] B ymMoBax yHINOISIpHOTO
pexumy. HInsxoM MaTeMaTMYHOTO MOJEIIOBAaHHS, BCTAHOBIEHO AaHAJITHUYHI 3B’SI3KH Ta
JOCIIJKEHO BIUIMB (PI3MKO-TEXHOJIOTIYHUX (DAKTOPiB, MO OOYMOBIIOIOTH PEXHM O0OpOOKH
(cumy cTpyMy, CTATUYHHM TUCK PIIUHH, HAIIPYTY TOPIHHS €JIEKTPUYHOI AYTH) Ta TEOMETPUYHI
napameTpu (rroma oOpoOKr) Ha TEXHOJIOTIYHI XapaKTepUCTUKH Tpouecy. OTpumani Mojeni
JIO3BOJISIIOTh KEPYBaTH MPOAYKTHUBHICTIO Ta MUTOMOIO MPOIYKTHUBHICTIO OOPOOKH, THTOMOIO
BUTPATOIO EJIEKTPOEHEPrii, AKICTIO Ta TOYHICTIO 0OpoOJIeHOI MOBEpXHi, MPOTHO3YBaTH Ta
ONTHUMI3YBATH JaHl XapaKTEPUCTUKH.

Takum YMHOM, €KCHNEPUMEHTAJIbHO JOBEJEHA AOLIIBHICTH BHUKOPUCTAHHS CIOCOOY
PO s BUCOKOMPOIYKTHBHOI OOpOOKM TBEPAOCIUIABHHX IIyaHCOHIB, IO BHMAarae
BiJIMOBIIHO HEBEJIMKHUX KAMiTaJOBKJIAI€Hb B 00JIaJHAHHS 1 TEXHOJIOT1I0, 3a0€3MeYUTh IIBUIKY
OKYITHICTh 32 PaxyHOK 3HAYHOTO 30OUIBIICHHS CTPOKY CIY)KOM ITyaHCOHIB, MPU3BEIEC [0
MOMITHOT €KOHOMIi KOIITIB Ha OyJb-SIKOMY BHPOOHHIITBI 3 BHTOTOBJICHHSI TBEPJIOCIUIABHUX
IIyaHCOHIB.
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Dimensional Sizing of Lateral Surface of Wearproof Tool by Electrical Arc

The article is devoted to development of the technology and equipment for rough machining of hard-face
puncheon's lateral surface with electrical arc as a highly efficient alternative to the conventional methods of
rough machining.

In order to extend the durability period of the sheet material blanking die, the strong wearproof materials
should be used. The hard-face axial puncheons are used due to high strength, hardness and wearproofness. The
puncheons are made of the cylindrical hard-face cores, with diameter ranging from 2..20 mm. Then they are
grinded. The cores are made of hard alloys with wolfram carbide grain size less than 1 um, and the 8...25% of
cobalt binding content. The cores are produced by the hard-face powder pressing and further sintering in
vacuum-compressor furnace. When sintering the cores shrink, followed with the contraction process. The core
bending may reach up to 0.35 mm and more. Such curve cores are not used for grinding. Therefore, the problem
is to find some optional technologies of treating the hard-face cores for the puncheons.

It is suggested to remove the puncheon's lateral surface with electrical arc at the stage of the hard-face
blank treatment. This allows removing large allowances of material along with the shortest treatment time. It is
suggested to produce the puncheon lateral surface with roughness of Ra = 16...30 um following rough
machining. Thus, the large allowances of material are removed with the shortest treatment time. Here, the
treatment cycle of the hard-face puncheon's lateral surface reduces by 1.4...1.8 times.

The substantiation was made for the process flow diagram covering fabrication of the hard-face
puncheon's lateral surface subject to specifics of the physical mechanism of formation and the hydrodynamic
phenomena in the inter-electrode gap. The analytical links were determined between the technological
specifications of the process featuring BKS alloy rough machining with electrical arc, the processing modes and
geometrical parameters. The resulting models enable managing the capacity, specific capacity, specific
consumption of electric power and the treated surface accuracy, along with forecasting and optimizing these
parameters. The technical solution is offered enabling to expand the processing capacities of the hard-face
puncheon's production.
electric arc, puncheon, hard alloy, tool, technology, equipment
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