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Bu3HaveHHs BIUIMBY TEXHOJOTTYHUX YNHHUKIB
Ha npouec inTeHcuPikanii THEBMOYIAPHOI0 IITAMITYBAHHS
BUTSATYBAHHSAM | TOUHICTh IITAMIIOBAHMX JIeTAaJIel

'HaujoHanbHuli yHisepcumem «Monmasckka nonimexHika imeHi FOpist KoHdpamioka»
2 KpemeHyyubKull HauioHanbHUll yHieepcumem imeHi Muxatina OcmpozapadcbKkoz2o

PoboTta npuceBsyeHa ekcnepuMeHTanbHUM  AOCNIMKEHHAM 3 BU3HAYeHHA  BNAMBY
TEXHOMOMYHUX YMHHUKIB Ha npouec iHTeHcudikauii NHEBMOYAApHOro LUTaMnyBaHHSA
BUTArYBaHHAM | TOYHICTb LUTaMNOBaHMX BUPOBIB.

[Mpouec NHeBMOyAapHOro BUTAryBaHHS, K i iHLWI iMNyNbCHIi METOAM BUTATyBaHHS (BUOyxoBe,
enekTporigpaeniyHe Ta  MarHiTOiMAynbCHE)  YCKNAOHIOETbCA  BUCOKOK  LUBMAKICTIO
aedopmyBaHHA i, BiONOBIOHO, BWHWKHEHHSIM 3HAYHMX IHEPUIMHUX CuIl, AKi NpPOTUAITb
nepemiweHHio drnaHus getani, Wwo BUTATYeTbCHA. [lpn NHEBMOy4apHOMY BUTHAryBaHHI
3HWKEHHSA LWBMAKOCTI AedopMyBaHHA MOXINMBO [OCAITU pPerynioBaHHSAM BiHOCHOI Macu
Govika abo 3acTOCyBaHHSM ABOXYAapHOro BUTAryBaHHsA. EkcnepmmeHTanbHO niaTBepaXeHo,
Wo Hanmbinblie BNMMBalOTb Ha rPaHUYHI MOKA3HUKW LUTaMMyBanbHOI 34aTHOCTI Mpu
NHEBMOYAapHOMY LWITamMnyBaHHi BNAcTMBOCTI MaTepiany 3aroTOBKW, BfIACTUBOCTI TI MOBEPXHI,
cxema npouecy AedopMyBaHHS, LWBUAOKICTb AedOpPMYyBaHHSA, reomeTpis Mmartpuui abo
MyaHCOHa, Benn4MHa KOHTAKTHOro TepTs i MPUMOMMK iHTeHcudikauii, Wo 3acTOCOBYOTLCS.
PesynbTatv ekcnepMMeHTiB nokas3anu, WO HanbinbWWi BAAMB Ha rPaHWYHUN CTYMiHb
BUTAryBaHHSA | AKiCTb BMPOGIB MaloTb Taki hakTopu: CTaH MNOBEPXHi i (hi3vko-mMexaHiyHi
BMacTMBOCTI MaTepiany 3aroToBKuW; pagiyc 3aoKpyrreHHs poboyoi KpOMKM MaTpuLi; BiAHOCHA
TOBLUMHA 3aroTOBKW; LWBWAKICTb HaBaHTaXyBaHHS 3aroToBkv (napameTp a); PUKLiNHI
BNacTUBOCTI MaTepiany MaTtpuui i 3aroToBKM; SKICTb 3MalleHHsA; TexHororiyHa cxema
BMKOHaHHs1 onepauii. Mpn gBOXygapHOMY BUTSAryBaHHI 30iMblIYETLCA TPaHUYHUA CTYMiHb
BUTAryBaHHa Ha 8...10 %. TakoX npuv BUKOPUCTaHHI [BOXYOAPHOIO HaBaHTaXKEHHS, $K
nokasanu eKCnepuMEeHTU, 3MEHLLYETLCS BeNnMYMHa MOTOHLWIEHHS B Hebe3nevyHux nepepisax
rotoBoro BmMpoby. MNpu LbOMYy 3MEHLUEHHS pajianbHuX AedopMaliii B LLEeHTPi 3paskiB carae
20...25 %. To4HiCTb MHEBMOYAApPHOro LWTaMMyBaHHA PIOUHOK AyXXe BWUCOKa, OCKiNbKK
BiOXMNEHHA BUMIptOBaHNX AiameTpiB He nepesuitye 0,1 MM. AKiCTb NOBepxHi BigwTammno-
BaHUX MHEBMOYAapHUM METOAOM BUPOGIB BU3HAYAETHLCS TiflbKU SKICTIO NMOBEPXHI BUXiAHOrO
mMaTepiany. lMHeBMOyAapHUM MeTOh LWTaMnyBaHHA 3 BWKOPUCTaHHAM [BOCTYMNiHYaCTOro
cknageHoro 6orika A03BOMSE 3a paxyHOK ABOXYAAPHOrO HaBaHTaXEHHS NiABULWMUTY CTYNiHb
BUTHAryBaHHS, TOYHICTb | SIKiCTb, TOBTO iHTEHcudpikyBaTu npouec rmMboKoro BUTHAryBaHHS
TOHKONMCTOBMX BMPOGIB. IHTeHcudikauia BiabyBaeTbCA LUNAXOM MOCAIQOBHOMO NOABIAHOMO
yAapHOrO HaBaHTaXeHHA 3a oAuWH uukn poboTtu yctaHoBku [MYLWU. Tlepwwin ypap €
dopmoyTBOpIOBaNbHMM, @ HAaCTYMHWUIA yaap APYroro cTyneHs 6orika — kaniopysanbHUM.
Knro4doei cnoea: iHTeHcUikalis, NTHeBMOyAapHe WTaMnyBaHHA, ABOXYAapHe BUTATYBaHHS,
cknageHui 6onok.

Bctyn
Mpouec BUTAryBaHHA MMOCKOI 3aroTOBKM € OOHMM 3 HaWCKnagHilwmx B
orepauiax €K 3BMYaMHOro, TaK | iMAynbCHOro wTamnyBaHHA. [lpouec

NMHEBMOYAAPHOrO BUTArNYBaHHS, AK i iHLWI iMAYNbCHI MeTOAW BUTAryBaHHs (BMOyxoBe,
enekTporigpasniyHe Ta MarHiToiMnynbCHE) YCKNAa4HIETbCA BUCOKOK LUBUAKICTIO
AedopMyBaHHA i, BIONOBIAHO, BWHWKHEHHAM 3HAYHWX IHEpUinHMX Ccun, SKi
NpoTUAIITL NepemilleHHo naHua getani, wo sutaryetbcd. [Npn nHeBMoygapHOMY
BUTArYBaAHHI 3HWKEHHS LWBMAKOCTI 4eOpMyBaHHS MOXIMBO AOCAITU peryntoBaHHAM
BigHOCHOT Macu 6onka abo 3acToCyBaHHAM 4BOXYAAPHOrO BUTANYBAHHS.
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Y npoueci BUTAryBaHHA KinbueBa YacTMHA 3aroTOBKM MNEepeTBOPHETHCA B
umniHap aiametpom d i Bucotowo h. Ockinbkn 06’em MeTany npu BUTAryBaHHI He
3MIHIOETbCS, TO NPV MOBHOMY BUTATYBaHHi LmniHapa BucoTa Aetani h e 6GinbLluoto
LLUMPUHN KiflbLLEBOT YaCTUHMU:

h=Db

D+d b k +1’ 1)
2d 2
ne k=D/d - ctyniHb BuTArysanHsa; D — piameTp 3arotoBku; d — piameTp getani.

OcHOBHMMK MaTepian

KepyBaHHsi nepebirom npouecy hopMOYTBOPEHHSA TOHKONMCTOBUX AeTanew,
OAepKaHHS HeOobXiAHMX MOKa3HMKIB AKOCTi, oOpMKM, reoMeTpii i TOYHOCTI aeTanemn,
O WTamMnyTbCs, 36iNbLWEHHS NpY LbOMY FPaHUYHUX KOeILiEHTIB WTamnyBasnbHOT
30aTHOCTI MaTtepiany [ocAraeTbCs AOCTYMHUMU NPU MNPOEKTyBaHHI | peanisauil
Npouecy KOHCTPYKTUBHO-TEXHOMOMYHUMM 3axodamu. [MigBULLEHHA CTIMKOCTI TakoX
A03BOSISIE 3HN3UTK NPOLUEHT BpakoBaHux aetanen (roppu Ha naHui i XBUNSACTICTb
Ha NOBepXHi WTamMnyBaHHS) (puc. 1), WO BMHMKAE B npoueci AepopMyBaHHS.

Puc. 1. XapakTtepHui 6pak BMpobiB Npu BUCOKOLUBUAKICHOMY BUTATYBaAHHI
TOHKONUCTOBUX AeTanen (XnonyHu, rocopu Ha pnaHui,
HepiBHOMIpHE BTAryBaHHsS maTepiany)

EdekTnBHicTb NnHeBMoyaapHoro wramnyBaHHsa (MYL) pignHoto ouiHoBanu 3a
AOMOMOrOK  3aranbHONPUUHATMX  MNOKa3HWKIB  LUTaMnyBasribHOI  34aTHOCTI, WO
BM3HA4YalTb BECb TEXHOJIOrNYHMI Npouec 3a BUOOM AedPOPMYBaHHS 3aroTOBKM.

EkcnepuvmeHTanbHO NigTBEPAXEHO, WO Hanbinble BMAAMBalOTb Ha FPaHUYHI
MOKa3HWKN  WTamMnyBanbHOl  30aTHOCTI  NpW  MHEBMOYZAapHOMY  LUTaMMyBaHHI
BNacTMBOCTI MaTepiany 3aroTOBKW, BaCTUMBOCTI 1I MOBEpPXHi, Cxema npouecy
AeopmyBaHHs, LWBKAKICTE OedOpMyBaHHSA, reoMmeTpia matpuui abo nyaHCOHa,
BENMMYMHA KOHTAKTHOrO TepTs i NpunomMn iHTeHcudikauii, Wwo 3acTtocoBytoTbCs. Mpu
nepexoAi 4O iHLWOro BUKOHaHHA obnagHaHHSA, BUKOPUCTOBYOUYM MOKa3HUK (1), MOXHa
OUiHIOBaATU HaNpPsIMOK 3MiHM Mpouecy, a OTXKe, 34INCHIOBATM KEePyBaHHS HUM.
BignpautoBaHHA MeTOOMKM OLIHIOBAaHHA e(EKTUBHOCTI 34iMCHIOBanNu Ansi BUNagkKy
npouecy MNYL sutaryBaHHAM.

PesynbTatn ekcnepumeHTiB nokasanu, Wo Hanbinbwnin BNAMB Ha rpaHUYHUI
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CTYNiHb BUTSATyBaHHSA | AKICTb BUPOBIB MatoTb Taki hakTopu: CTaH NOBEPXHi i 4oi3nKo-
MeXaHiYHi BNacTUBOCTI MaTepiany 3aroTOBKW; pafiyc 3aoKpyrfeHHA pobo4voi KpoMKK
MaTpuui; BiAHOCHa TOBLUMHA 3aroTOBKW; LWBMAKICTb HaBaHTa)XXyBaHHS 3aroTOBKU
(napameTp q); PUKUINHI BNacTMBOCTI Martepiany MaTtpuui i 3aroTOBKW; SKICTb
3MalLeHHS; TEXHONOrYHa cxemMa BMKOHaHHs onepadii [9, 10].

lMepeniyeHi dakTopy OAQHAKOBO BMANMBAKOTbL Ha BCi  MaTtepianu, LWO
BUKOPUCTOBYIOTbCA, a 3arafibHUN CTyNiHb BiNbll 3@ yce 3anexuTb Big NNacTUYHUX
BNacTMBOCTEN MaTepianis.

OpHak nigBULEHHA NNacTUYHUX BNacTMBOCTEN MatepianiB npu 30iNbLlUEHHI
LWBWAKOCTI Aedopmauii, 3 ogHoro OOKy, i BUHUKHEHHS [O4ATKOBUX AUHAMIYHUX
HanpyXeHb, 3 IHWOro, BMAMBAOTb Ha T[PaAHUYHUN CTYMiHb BUTANYBaHHS 3a
3BOPOTHMMU 3anexHocTsaMU. TOMy MOro ekcnepumeHTasribHe BU3HAYEeHHSA B NEBHUX
yMOBaX MHEBMOYAAPHOIo HaBaHTaXXEHHSI CTAaHOBUTbL Ge3nepeyHun iHTepec.

3Ha4YeHHs1 rpaHNYHOro CTYNeHs1 BUTAryBaHHS BM3Hayanun nobyaoBoto rpadikis
LWTaMnyBasnbHOI 34aTHOCTI A5 BOX CXEM BUTATYBaHHSA — BiflbHOrO O4HOYAAPHOro Ta
BifTbHOro [4BOXYyZAapHOro 3a 4OMOMOrok creuianbHoro cknageHoro 6onka (puc. 2, 6),
SKUA Ma€e PyxOMUW BKNaguwl, WO [O3BOSSIE BUKOHYBATW MOABIMHWMA yaap 3a OAWH
unkn pobotn obnagHaHHA. B ekcnepumeHTax BWKOPUCTOBYBann LUMNIHOAPUYHY
pobouy kamepy 2 (puc. 2, a) 3 BHyTpiWHIM giametpom 50 mm. O6’em BOaM B KaMepi
ctaHoBuMB 176-10° M3, maca Goika 1-—1,471 «r, o BignoBigae napameTpy
a =0,119. UwniHapu4dHi cTakaH4vku BUTAryBanu B Matpuuio 7 diameTpom

d,, = 30 Mm. Pagiyc 3a0KpyrneHHs BUTSXXHOTO 3MiHHOTO KinbLisi 6 cTaHoBuB 4S .
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Puc. 2. EkcnepumeHTanbHe OCHalLEeHHs ANsl BATAryBaHHA PiaNHOLO:
a — BinbHe; 6 — BinbHe 3i cknageHum donkom: 1 — 6onok; 2 — poboyva kamepa;
3 — npuTtnckay; 4 — 3aroToBKa; 5 — ueHTpyBanbHa wanba; 6 — BUTSXKHE 3MiHHE
Kinbue; 7 — matpuus; 8 — oborma; 9 — nputmuckHa nnuta; 10 — pyxomumn BKnaguLl

\/‘tf\/\k

[na npoBeAeHHs eKCNEPUMEHTIB BUKOPUCTOBYBAnM KpYyrii 3aroToBKW BigHOC-
Hoto ToBLMHO 0,014 SS/D3 <0,02 3 martepianis AMuM, O1AM, M1M, AMr3M,
AMréeM, J162, 31659, SN878, 12X8H10T, BXK98, 3IN693B[ i BiaHOCHO TOBLUMHO
0,006 < S/D3 < 0,012 3 maTtepianie 08kn, 08nc, 10kn, 31894, BT1-0, OT4, OT4-1.

3aroToBKM nepen BUTAryBaHHSAM peTesfibHO 3mallyBanu. [iameTpu 3aroToBOK, SKi
BUTAryBanu, gopisHiosanu 40, 45, 50, 55, 60, 65, 70 mm.
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[Mpn npoBeneHi ekcnepuMeHTIB BCTAHOBMIOBANM eHeprito ygapy, npu skin
BiAOYBaETbCS MOBHE BUTAryBaHHSA (SKWO Lie MOXINBO) abo pynMHyBaHHS 3arOTOBKW,
rPaHNYHUA  OiamMeTp 3aroToBKW, WO BUTArNYeETbCA Mig 4Yac oO4HOpPas3oBOro

HaBaHTa)XeHHs, i BignoBigHe VIOMy 3Ha4YeHHA rpaHN4YHOro CTtyneHAa BUTAryBaHHsA knpO'

OTpumaHi KpuBi WTamnyBanbHOI 3gaTHocTi maTepiany O1AM npu BinbHOMY
BUTAryBaHHi i matepiany AMuM npu BUTSAryBaHHi 3i cknageHuMm G0OMKOM NokasaHi Ha
puc. 3.

W, MIx /r W, , M /v
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Puc. 3. Npadikn wtamnyBanbHOI 34aTHOCTI:
a — matepiany 1AM npwu BiflbHOMY BUTAryBaHHi,
6 — maTepiany AMuM npwu BiNnbHOMY BUTSAryBaHHi 3i ckrnageHnm 60nkowm;
[, Il — HenoBHe i NOBHe BUTAryBaHHS, |l — pyMHyBaHHS 3aroTOBKM;
©, A, ® — 3pa3ku, BUTArHYTI BiANOBIAHO: YaCTKOBO, NOBHICTIO i 3pyMHOBaHI

BuaHaueHo Mexi TpbOX xapaktepHux obnacten. O6bnactb | BM3Ha4yaeTbCsA
TakuMu CniBBigHOLIEHHAMW NUTOMOT eHepril yaapy borka Wya i NOYaTKOBUX CTYMNEHIB

BUTAryBaHHSA K, Mpu SKMX MoXHa OTpUMaTH TiNbKU HenoeHe BUTAryBaHHsA. O6nacTtb
Il BU3HAYaETLCA TakMMKU CrIBBIOHOWEHHA UUX BENWYMH, NpU SIKMX BiabyBaeTbcA
NMOBHE BUTAryBaHHA 3aroToBkM, a obnacTtb |l xapaktepusyetbes Tum, Wwo npu oyab-
AKOMY 3HA4YeHHi CTyneHsl BUTAryBaHHS 3aroToBkKa PYMHYETbCS. 3aranbHa gns BCiX
TPbOX 0BGnacTen Touka Ha KpMBMX LWUTaMMyBanbHOI 30aTHOCTI BignoBigae rpaHNYHOMY

CTYNEeHK BUTAryBaHHA knp()' 3Ha4YeHHIo rPAHN4YHOIo CTyneHA BUTANyBaHHA Bigno-

BiJa€ TiNbKW ofHE NEBHE 3HA4YEeHHs NMUTOMOI eHepril yaapy 6orka, wo 3abeanedvye
NMOBHE BUTArYBaHHA 3aroTOBKM B TOW 4ac, sK OyOb-siKOMY iHLWOMY CTYMEHIO
BUTANyBaHHA (MeHLWle rpaHW4YHOro) BiAMOBIAAE Aiana3oH 3Ha4YeHb MUTOMOI eHeprii
yaapy 6orika, npun sKomy Takox 3abe3nedyeTbCa NOBHE BUTANyBaHHS 3aroToBku. Llen
AianasoH 3MeHLLYETbCA 3i 36iNbLUEHHSIM CTYNEHA BUTSATYBaHHS i HAONWXXEHHS MOro 4o
rPAHUYHOro, OTXe, YYTNMBICTb MaTtepianie A0 HaAfMLWKOBOI eHeprii 3pocTae i3
30iNbLUEHHAM CTYNEeHs BUTANyBaHHS.

Ak nokasanu pesynbTatv  OOCNIAXKEHb, 3i  36ifblUeHHAM  LWIBWMAKOCTI
AedopMyBaHHA CTyMNiHb BUTATYBaHHSA 3MEHLUYETLCSH, OTXe, 3AIMCHEeHHSA npolecy
AeopMyBaHHA 3aroTOBKM [ABOMa iMMyfbcamMu [03BONAUTbH  36inblUMTM  CTYNiHb
BUTANYBaHHS, OCKINbKN LUBMAKICTb AeOPMYBaHHSA B LbOMY BUNALKy 3HWKYETbCSH, a
TpuBarniCTb HaBaHTaXXEHHs 3aroToBku 30inbLlyeTbes (Tabn. 1).
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Tabnuyga 1

"paHUYHMI CTYNiHb NHEBMOYOAPHOIO BUTATYBaHHS KOHCTPYKLUINHUX MaTepianis

Matepian ButarysaHHs Marepian ButaryBaHHs
BiNlbHE ABoxyadapHe BiflbHe ABoxyaapHe
AMuM? 1,94 2,13 X13 1,92 2,11
AMr6M 1,87 2,05 am878 2,1 2,31
MAm?L 1,91 2,10 31402 1,97 2,13
AMr3M 1,77 1,95 12X18H10T? 2,03 2,19
ne2! 1,94 2,13 31894 2,02 2,17
Crani: ane93sa* 1,95 2,05
30XI'CA 1,45 1,6 BT1-0% 1,78 1,96
08kn* 1,95 2,15 oT4-11 1,6 1,76
ane659 1,49 1,6 oTa! 1,54 1,69
(") — mawi [8].

Ak nokasanu pesynbTaTu eKcnepuMeHTanbHUX OOChiAKeHb, Npu ABOXydap-
HOMY BUTAryBaHHi 30iNblUYETLCA FPAHUYHUI CTyMiHb BUTAryBaHHsa Ha 8...10 %.
TakoXX npu BUKOPUCTaHHI ABOXYAApPHOro HaBaHTaXEHHS 3MEeHLIYETbCA BennyMHa
NOTOHLWEHHA B Hebe3neyHux nepepizax rotoBoro supoby. MNpu ubOMYy 3MEHLLEHHSA
pagianbHUX gegopmadin B LeHTpi 3paskis carae 20...25 %.

[nsa BW3HAYeHHS TOYHOCTI i SKOCTI BUIOTOBIIEHHSA MOBEPXHi 3'€QHYyBarbHUX
TpybHUX nepexogiB niBcepnyHoi ¢opMu BUOpaHO ABa pPO3MIpU: BHYTPILLHIN
piameTp B obnacTi ekBatopa niecdepu D i BHyTpiWHIiN giameTp B obnacri
CTUKyBaHHSA 3 Tpy6koto d . [lo uux po3MipiB npen'sBnaioTbCA OCHOBHI BUMOTU. Mpu
IHCTPyYMEHTanNbLHOMY LTamMnyBaHHi Ui giameTpun BUpobiB B noganbsomy nigaarTbes
MexaHiYHOMY 0GpOBneHHI0 pi3aHHAM. Y BUroToBMNeHUx niscdpepax giametpu D i d
BUMiptoBanu 3 ToyHicTio Ao 0,01 MM y ABOX B3aEMHO neprneHanKynsapHUX HanpsMax —
y300BX i BNonepek Hanpsamy npokaTyBaHHSA. YcepeaHeHi pesynbTaTyu BUMIpHOBaHb
HaBedeHi B Tabn. 2. Kpim giameTpis D i d TyT nogaHi ix MakcumanbHi BiAXMNEHHSN

Bil HOMIHanMbHOro 3HayYeHHsa Ap ... | Ay, BIANOBIOHO, @ TakoX TOBLUMHA

BMXiZHOro nncta S .

Ak BMOHO 3 Tabn. 2, TOYHICTb MHEBMOYAAPHOrO LUTaMMyBaHHSA PiAVHOK OyXe
BMCOKA, TOMY O BiOXWIIEHHS BUMiptOBaHUX AiameTpiB He nepesuwlye 0,1 mm. Ons
aetanen Takmx pPo3MipiB B OOBigHMKAX 3 XOMOLHOMO LWTaMnyBaHHA HaBOAATbCS
AONYyCTUMI BiAXWUMEHHSA diaMeTpiB Ha nopsiaok Oinbwe (+ 0,4...0,9 MM) Big BioxmneHb
(0,05...0,1 M™m), WO OTpMMaHiI Nig Yac NHEBMOYAAPHOrO LUTaMNyBaHHS.
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Tabnuuyga 2
Po3amipu BurotoBneHunx getanemn 3a 4o0NOMOrol ABOXyaapHoro 6onka
Martepian Sy, MM D,vm | d,mm | Ap oo MM Ay MM

189,96 59,95 -0,09 -0,07

AMuM 2,94 +0,15
189,99 60,0 —0,08 -0,05
189,98 59,95 -0,07 -0,10

M1M 3,07 0,13
190,01 59,96 +0,05 -0,08
189,97 59,94 -0,10 -0,09

12X18H10T 2,97 £0,11
189,94 59,98 —0,06 -0,05

Lo cTocyeTbCst AKOCTI MOBEPXHI BiALLITaMNOBaHUX MHEBMOYAAPHUM METOA0M
BUpOGIB, TO BOHA BM3HAYaETbCA TiNbKM SAKICTIO MOBEPXHi BUXigHOro matepiany.
LWopcTKicTb BUXIOQHUX NIMCTOBUX MaTepianis BUMiptoBanu umdposuM npodirioMeTpom

«Abpuc NMM7M». CepenHsi LLOPCTKICTb NUCTIB Ra konueanacs Big 0,63 oo 0,94 MKwm,

a LOPCTKICTb NMOBEPXOHb OTPUMaHMX BUPOBIB 3Haxogunacst B aHanoriyHnx Mexax.
BisyanbHe [ocnimkeHHs iHWWX MaTepianiB NiATBEPAXKYE BUCHOBOK, WO HAKICTb
NoBepxHi BUpPOBIB, OTpPUMaHMX MNHEBMOYAApHMM METOAOM LTaMnyBaHHA 3
BUKOPUCTAHHAM OBOCTYMiHYaCTOro cknageHoro 6ovka, BU3HAYaETbCA TiflbKU CTaHOM
BUXiAHOT 3aroToBKN.

BucHoBku

[MpoBeaeHi JocnimkeHHs nokasanu, Wo NHeBMOYyAapHUA MeTOo[, LUTaMMyBaHHSA
3 BUKOPWUCTaAHHAM [BOCTYMIHYACTOro CckKnageHoro Oonka [O3BONSAE 3a paxyHOK
ABOXYAAPHOro HaBaHTaXXEHHS NIABULLMTU CTYMiHb BUTANYBaHHS, TOYHICTb | SKICTb,
TO6TO iHTEHCUiKyBaTU Mpouec rMUOOKOro BUTArYBaHHA TOHKONMCTOBUX BUPOOIB.
IHTeHCcudikauisa BigbyBaeTbCAa BHACMILOK MOCNIAOBHOMO MNOABIMHOMO  yAApPHOro
HaBaHTaXXeHHs 3a OoAuH Uuukn pobotn yctaHoBkn T[TYLWI. [Mepwun ypap €
bopMOYyTBOpIOBalNbHUM, @ HaACTyNnHUW ygap Apyroro cTyneHa 6ownka —
KaniopysanbHUM.
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Determination of technological factor effect upon intensification
of pneumatic impact extrusion and accuracy of extruded parts

This work is devoted to experimental studies to determine the influence of
technological factors on the process of intensification of pneumatic shock punching
by drawing and accuracy of stamped products. The process of pneumatic shock
extraction, as well as other impulse methods of extraction (explosive, electrohydraulic
and magneto-pulse) is complicated by the high speed of deformation and,
accordingly, by the occurrence of considerable inertial forces that counteract the
movement of the flange of the extracted part. In the case of pneumatic shock
reduction of the deformation rate can be achieved by adjusting the relative weight of
the striker or by applying a two-stroke stretching. It is experimentally confirmed that
the greatest influence on the limit values of the stamping ability in pneumatic impact
stamping have the properties of the workpiece material, its surface properties, the
scheme of the deformation process, the rate of deformation, the geometry of the
matrix or punch, the value of contact friction and intensification techniques.
Experiments have shown that the following factors have the greatest influence on the
ultimate degree of drawing and the quality of the products: the condition of the
surface and the physical and mechanical properties of the workpiece material; the
radius of curvature of the working edge of the matrix; the relative thickness of the
workpiece; workpiece loading rate (parameter a); the frictional properties of the
matrix material and the workpiece; quality of greasing; technological scheme of
operation. For two-stroke stretching, the stretching limit is increased by 8-10%. Also,
when using two-stroke load, as shown by experiments, the amount of thinning in
dangerous sections of the finished product is reduced. The reduction of radial
deformation in the centre of the samples reaches 20-25%. The accuracy of
pneumatic shock punching by a liquid is very high, since the deviation of the
measured diameters does not exceed 0.1 mm. The surface quality of the pneumatic
impacted products is determined only by the surface quality of the starting material.
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The pneumatic shock method of punching using a two-stage folded dash allows to
increase the degree of drawing, accuracy and quality by means of a two-stroke
loading, that is, to intensify the process of deep drawing of sheet products. The
intensification is due to the successive double shock load for one cycle of the PUSH
installation — the first blow is a formative, and the subsequent blow of the second
stage is a calibration.

Keywords: intensification, pneumatic impact, punching, double impact,
compound firing.
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