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BUKOPUCTaHHS 30BHILIHIX BIJIMBIB.

2. Technological process of obtaining castings from aluminum alloys by low-pressure casting based on the use of
external influences.

Pedepar:

1. Incepranist npucBsYeHa po3pooLii, BLOCKOHAJIEHHIO Ta peasisallii NpOrpeCUBHUX TEXHOJIOTIYHUX IIPUMOMIB Ta
0671aHAHHS [J1s1 YIPABJIiHHS SIKICTIO JINTBA IIi/l HU3bKMM THCKOM aJIIOMiHi€EBUX CIIJIaBiB, 3aCHOBAaHUX Ha
BUKOPMCTAHHI 30BHIIIIHIX TEXHOJIOTIYHUX BILJIUBIB. 3 METOK CTBOPEHHS HAYKOBUX Ta TEXHOJIOTIYHUX 3acaf,
BUKOPVCTAHHS 30BHILIHIX TEXHOJIOT{YHYMX BIJIMBIB 1P JIUTTI aJIIOMiHi€BUX CIIJIABiB [J151 MiJBUILEHHS SIKOCTi
BiZIJIMBOK Ta MOJIIMNIIEHHS TEXHIKO-eKOHOMIYHUX NTOKa3HUKIB IPOLIECY OJep KaHHS JUTTS OyJIU BCTAHOBJIEHI
3aKOHOMIPHOCTI, MEXaHi3MU BIJINBY OCHOBHUX TEXHOJIOTTYHUX PAKTOPIB Ha MeXaHiuHi BTaCTUBOCTi BUJIMBKIB 3i
crnaBy AK74. TTo6yioBaHi piBHSIHHS perpecii, ki Bilo6paskaloTh 3aj1e>KHICTh MEXaHIYHUX BIACTUBOCTEN 3pas3KiB i3
cinaBy AK74 Bin mogatkosoro tucky (P = 100 KTla, 200 KIla, 400 KIla, 600 KIIa, 900 KIla). [Ipu upomy
BCTAHOBJIEHO, 110 Haammkosul Tvuck Big 200 go 600 KIla He3Ha4YyHO MigBuILye MOKa3HUK TBEPLOCTI, B TOU 4aC SIK
Big 600 mo 900 KIla BinbyBaeTbcs BimuyTHe HinBuineHHs Ha 30%. Mexka MiLIHOCTI y 3pa3KiB, sIKi OTpUMaHi 3



BEJIMYMHOIO TUCKY Ipu KpucTaiidauii 600-900 Klla nigpuinyeTtbcsa Ha 23%. BCcTaHOB/IEHI 3aKOHOMIPHOCTI BILJIUBY
KiJIbKOX METaJIONIPOBOIB IIpY 3a/IMBLi B 6araToMicHy (popmMy Ha YTBOPEHHS yCAIKOBUX PUXJIOT, YyCAIKOBUX PAKOBUH
i, BiITIOBiHO, FepPMETUYHICTb. 3HalieHa 3aJIeXKHICTh pO3TalllyBaHHS YCaJKOBUX Ne(eKTiB Bifi pi3HUX METO[iB
nigBeeHHs MeTaiy. [Ipy 1bOMy BU3HA4Y€HO, 110 IPpU 6IiYHOMY MiJIBOZi METaly B BUJIMBOK BilOYBa€ThCS OibII
3HAYHE I0r0 OXOJIOIPKEHHS B IPOTSKHIN JINBHUKOBINM CUCTEMI, 110 TIPU3BOIUTH 110 3MEHIIEHHS e(eKTUBHOCTI
SKABJIEHHS BUJIMBKU I1if1 4yac TBepAiHHA. KpiM TOro, 3acTOCyBaHHS [1714 3aJIMBKU ABYXMICHOTO KOKIJIIO 3MEHIINIIO
IIeperpiB KOKIJII0 BHACIOK 6iblll piBHOMIPHOT'O pO3I0ZiNy TEMIOBiAAayYi Bif, pigkoro meTtany 1o Gopmu.
BcraHOBIIEH] 3aKOHOMIPHOCTI BIJIMBY 30HJIBHOTO OXOJIOJKEHHS HA MIBUJIKICTh 3aTBEPLiHHS BUIUBKIB. [I0Ka3aHo,
110 Ipy TOBIIMHI BUnuBKY 0,02 M i3 3aCTOCYBaHHSIM 30HAJIbHOTO OXOJIOJPKEHHS K MiJHUM BKJIaAUIIaMU, TaK i
30HAJIbHOTO OXOJIOJPKEHHS BOJIOK0 OTPMMAaHa ILiijibHa CTPYKTypa MeTajly [IpU MaKCUMaJIbLHOMY pafiyci MicLieBoro
notoBiieHHd 0,02 M, TBEPIiCTb ITPY 0OXOJIOAKEHHI MiZHOI BCTaBKU cTaHOBUTL 1117 MIla, a ripu 3acTOCyBaHHi
BOASHOTO oxXosoakeHHs 1019 MITa, To6To npu 3aCTOCYBaHHI OXOJIO/PKEHHSI MiClieBe ITOTOBLIEHHS Ma€ BEJIUKY
IIBUJIKICTb 3aTBEPIiHHS, Hi’K IIEPeTHH BUJIMBKY 0€3 IIOTOBLIEHHS, 3aBJsIKU YOMY i 3a0€e311e4yeThCsl CIIPSIMOBaHE
3arBeppinHs. [Tpu ToBuyHi Bunusku 0,015 M i paziyci micuieBoro notosmeHHst 0,02 M, TiZIbKM 0XOJIOAKEHHS MiHOI
BCTaBKOIO A€ TBEPJIiCTb CTPYKTYPHU B MiCLIEBOMY ITIOTOBIIEHHI Oiblll€, HiXK CepeaHs TBEPHiCTb BUIUBKU. [Ipn
BOJISIHOMY OXOJIOZPKEHHI TBepJIiCTh B MiCLIeBOMY ITOTOBILEHHI HUKYe HDXX cepelHsl, ajle B 000X BUIAIKaX BOHA BUIIE
ponyctumoi no TV (no TV srigHo po6oti njst AK74 HB = 686 MIla). V BunuBKax 3 TOBIMHOIO cTiHKU 0,01 M, 1ipu
paziycax micuesux norosuess 0,02; 0,015 M; TBEPAICTb B IOTOBIIEHUX HABITh i3 3aCTOCYBaHHSIM BOZSIHOTO
OXOJIOKEHHS i OXOJIOIPKEHHS MiTTHUMHU BCTaBKaMU HIKY€E CEPENHbOI TBEPAOCTI BUIUBKU. [Ipy IboMy
BCTaHOBJIEHO, 1110 IIBUIKICTh MaiHHS TeMIepaTypu B inTepsasi kpuctanidauii Tiik = 620 oC i Tcon = 577 oC s
OXOJIOJPKEHHS 32 JOIIOMOTOI0 MiTHUX BCTaBOK ckiagae 43 oC/c, Ipu BOISHOMY 0X0J101KeHHi 22 oC/c, 6e3
0x0J101pKeHHs — 16 0C/c. BcTaHOBJIEHI 3aKOHOMIPHOCTI BIIJIMBY TUCKY IIPY KpUCTasi3alii Ha CTPYKTypOYTBOPEHHS
BWJIMBKY 110 ii BUCcOTi. CiocTepiraeThcs MoIpiOHEeHHS 3epHa Bifl HYDKHBOI YaCTUHY BUJIMBKU JI0 BEPXHBOI, 10
3abe3nevye IPUHLMII CIIPSIMOBAHOTrO 3aTBepiHHA. JlocinKeHo, 110 BeJIMYuHa TUCKY IIPYU KpUCTali3allii BIIJIMBae Ha
KiHETUKY 3aTBepAiHHA. OTpYMaHi eKCIIEPUMEHTAJIbHI JaHi CBiIYaTh PO iIHTEHCUBHE CKOPOYEHHS 4acy MT0YaTKy
IEeHAPUTHOI KpUCTalisallii, 3arajJibHOro 4acy 3aTBepAiHHS. 33 €eKCIIepUMEHTAIbHUMU KPUBUMU OyJI OTPUMaHi
KiHeTUYHi KPUBi [IpOXOAKeHHs1 GPOHTY 3aTBEPiHHS 10 BUCOTI BUJIMBKA IIPU Pi3HUX 3HaYeHHsIX P. [Tpu ananisi
€KCIIEPMMEHTAJIbHUX JaHUX BUKOPUCTOBYBAJIU PErpeCiiHOI-KOpeJISIiiHUI aHai3 i MeTogu MaTeMaTUYHO]
CTaTUCTUKMU. JIJI5 OLIiHKY Fr€pPMETUYHOCTI Ta MEXAHIYHUX BJIACTUBOCTEN AIIOMiHi€BUX BUJIMBKIB, OEPKAaHUX 3
aJIIOMiHi€BUX CIJIaBIB Mifl HU3bKUM TUCKOM 3 BUKOPUCTaHHSIM HaJJIMIIKOBOrO TUCKY MIPY KpUCTAasi3allii, afanToBaHi
CTaHJApPTHI MeToau. Iy BifIpanloBaHHS TEXHOJIOTIYHOTO IIPOLECY JIUTTS aJIIOMiHiI€BUX CIIJIABIB i, HU3bKAM
THCKOM CTBOPEHO €KCIIEPUMEHTAJILHUN CTeHJ,. Pe3ysIbTaTi NOCIiIPKEHHS JOIIOBHIOIOTh TEOPIIO JIUTTS MiJ, HU3bKUM

THCKOM.

2. The dissertation is devoted to the development, improvement, and implementation of advanced technological
techniques and equipment for quality management of low-pressure casting of aluminum alloys based on the use of
external technological influences. To create scientific and technological bases for the use of external technological
influences in the casting of aluminum alloys to improve the quality of castings and improve the technical and
economic indicators of the casting process, regularities, and mechanisms of influence of the main technological
factors on the mechanical properties of castings from Ak7ch alloy were established. At the same time, it was found
that overpressure from 200 to 600 KPa slightly increases the hardness index, while from 600 to 900 KPa there is a
noticeable increase of 30%. The ultimate strength of samples obtained with a crystallization pressure of 600-900
KPa increases by 23%. Regularities of the influence of several metal wires when pouring into a multi-seat mold on
the formation of shrinkage looseness, shrinkage shells and, accordingly, tightness are established. The dependence
of the location of shrinkage defects on various methods of metal supply is found. At the same time, it is determined
that when metal is laterally fed into the casting, it cools more significantly in the extended casting system, which
leads to a decrease in the power efficiency of the casting during hardening. Also, the use of double mold for
pouring reduced mold overheating due to a more uniform distribution of heat transfer from the liquid metal to the
mold. Regularities of the effect of zonal cooling on the solidification rate of castings are established. It is shown



that when the casting thickness is 0.02 m with the use of zonal cooling with both copper inserts and zonal cooling
with water, a dense metal structure is obtained with a maximum local thickening radius of 0.02 m, the hardness
when cooling the copper insert is 1117 MPa, and when using water cooling 1019 MPa, that is, when using cooling,
the local thickening has a greater solidification rate than the casting cross-section without thickening, which
ensures directional solidification. With a casting thickness of 0.015 m and a local thickening radius of 0.02 m, only
cooling with a copper insert gives the structure hardness in local thickening greater than the average casting
hardness. With water cooling, the hardness in local thickening is lower than the average, but in both cases, it is
higher than the permissible one according to TC (according to TC according to the work for Ak7ch HB = 686 MPa).
In castings with a wall thickness of 0.01 m, with local thickening radii of 0.02; 0.015 m; the hardness in thickened
ones, even with the use of water cooling and cooling with copper inserts, is lower than the average casting
hardness. At the same time, it was found that the rate of temperature drop in the crystallization range Tlik = 620
OC and Tsol = 577 OC for cooling with copper inserts is 43 OC/s, with water cooling 22 OC /s, without cooling - 16
OC/s. Regularities of the influence of pressure during crystallization on the structure formation of the casting
along its height are established. Grain grinding is observed from the lower part of the casting to the upper part,
which ensures the principle of directional solidification. It is investigated that the pressure value during
crystallization affects the solidification kinetics. The obtained experimental data indicate an intensive reduction in
the start time of dendritic crystallization, the total curing time. Kinetic curves of the passage of the solidification
front along the casting height at different values of P were obtained from experimental curves. Regression-
correlation analysis and mathematical statistics methods were used to analyze the experimental data. Standard
methods have been adapted to evaluate the tightness and mechanical properties of aluminum castings obtained
from aluminum alloys under low pressure using overpressure during crystallization. An experimental stand has
been created to test the technological process of casting aluminum alloys under low pressure. The results of the
study complement the theory of low-pressure casting.
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