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CNocCIb YHUKHEHHSA FTAPAYEJIAMKOCTI TPYBHUX
3AroToBOK 31 CMNJIABY AMr6 NMPU JIUTTI Y KOKIJ1b LLJIAXOM
ONTUMI3ALIT TEMMNEPATYPHUX NAPAMETPIB JIUTTH

TA SACTOCYBAHHS BIBPALLIT

Ha ocHoBi aHanizy npobiemy yTBOPEHHS rapsiynx TPILLMH 3arnpornoHOBAaHO Croci6 YHUKHEHHS
rapsiyenamMkocTi TpyOHMUX 3aroToBOK 3i criiaBy AMr6 npu nuTTi y KOKinb LUASIXOM OnNTuMi3aLlii
TemrepatypHuX napameTpiB INTTS Ta 3aCTOCyBaHHS Bibpadlii. AHasni3 nybnikauivi 3a 4aHO TEMOO
BUSIBUB, LLIO Y CBITi PO3p06/1EHO BaraTto METOLIB OLIHKV HyT/IMBOCTI 40 YTBOPEHHS rapsiynx pO3puBIB,
asne AoChiaXeHHs] NpobaeMu rapsyeaamMKkoCTi NPy JINTTI Y KOKilb TPYOHUX 3aroTOBOK 3i criiaBy
AMr6 He npoBOANIIOCS, LLIO 3YMOBUJ/IO aKTyaslbHICTb TAKUX AOCiAXEHb. BUSIB/IEHO, LLIO CXU/TbHICTb
10 YTBOPEHHS rapsiynx TPILLUNH 3a71€XUTb HE TiIbKW Big Niaaat/iMBOCTI Y HENiAAaTmBoCcTi hopmu,
TemMreparyp rnporpisy Gopmu 1a po3raasy nepes 3ajinBaHHsIM, anae v Big vioro XiMiyHOro ckaasy,
TOMY €KCrIepUMEeHTasIbHi AOCAXEHHS IPOBEAEHO Tilbki 4711 O4HOro cripasy AMr6. [lns nepesipku
rapsi4enamMKkoCTi BUKOPUCTAHO KinlbLeBy rpoby, po3pobneHy 3iHrepom i [xeHiHrcom [3]. MMpu
rpoBeAeHHI eKcriepyUMeHTiB BYJ10 BiUINTO TPU KiJibLIEBI MPOOM Ha rapsiHes1aMKiCTb y CTaneBuii KOKiJlb
npuv Pi3HUX yMOBax nTTs. 3a pesynbtatamu 34iIlCHEHO ONTHUMI3aLito napameTpiB JINTTS Y KOKi/lb
TPYOHMX 3aroTOBOK 3i crinaBy AMr6 nia aieto BiopaLlii 7151 BHUXEeHHS rapsiHesnaMkocTi. 3’s1coBaHo,
LU0 rapsi4i TPILLMHY BUHUKAIOTb Yepe3 JINTTS Y HeNpOorpiTui KOKislb, BUCOKUI rneperpis po3naasy
TpUBasie OXOJI0AXKEHHS BUIMBKA Y KOKifi. BusiBnieHo, Lo npoLecy B3aemMogii 1nBapHoi popmu 1a
BWJINBKA BIJINBAKOTh HA TOYHICTb ii PO3MIPIB | MOXYTb NpuU3BOANTY HE TiJIbKW A0 TPILLUMH, asie v 4O
nosiBU HU3KM CcrieunidHnx AeeKTiB. BUHMKHEHHS Hanpyru 'y BUanNBKY 1a OpMI € HACIiAKOM iX
cu10BOi B3aemogii. 3’acoBaHo, Lo B pe3ybTarti rajbMyBaHHs OPMOI0 NiHIKHOIT ycaakv BUINBKA,
KW TBEpLIE, BUHVKAIOTh HAarpY>XXeHHS, sIKi MOXYTb a00 3pyViHyBaTy BUIMBOK, a0 HACTI/IbKM CTUC-
HYTV BHYTPILLIHIO POPMY, LLIO BUIMBOK AY>KE CKA3AHO OyAe BiAOKPeMUTHY Big popmu. BussneHo, Lo
BibpaduiviHa 06pobka nia 4ac 3aMBaHHs rPU3BOANTb A0 3a/liKkOBYBAHHS rapsidnx TPILLMH, MOKpa-
LLUEHHST POJINBaHHS POPMU, YLLITIbHEHHSI CTPYKTYPU MEeTasy, npoTe YCKAaaHIOE PO3’eaHyBasIbHY
3[atHICTb NPy BiJOKPEMIIEHHI BUINBKA Bifl popMu. 3a pesysibTataMu AOCiAXEHb BU3HAYEHO Taki
onTuMalsibHIi napameTpu JNTTS: Temneparypa nporpiBy kokino 300 °C, Temneparypa po3niaBy
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AMr6 nepen 3anvBaHHaM y kKokinb 700 °C, amnnityaa Bibpauii kokino 0,2 MM, H4acToTa Bibpalii
kokino 4...23 .

Knio4yoBi cnoBa: crocié yHUKHEHHS rapsiiesamMKOoCTi, ONTUMI3aLis TeMneparyp po3riaBy Ta KOKIO,
onTumizawis napameTpiB Bi6paLlii KOKio.

Bip.omo, O asoMiHIEBI CNaBu YyTAUBI 00 raps4oro po3TPiCKYBaHHS, Hanpuknag,
cnnaeun cuctem Al-Cu abo Al-Mg-Si [1]. Y cBiTi po3pobneHo 6arato MeTofiB OLLHKN
YYTIMBOCTI OO0 YTBOPEHHS rapsayuux pos3pueiB [1-11], ane pocnigkeHHs npobnemu
raps4enamMkocCTi NP AUTTI y KOKiNb TPYOHMX 3aroToBok 3i cnnasy AMr6 He NpoOBOOVIUC,
L0 3yMOBJIIOE iX akTyasnbHiCTb. 3rigHo 3 ACTY 9051:2020 [2], rapsadi TPILLMHU € OOHUM i3
nedeKTiB, L0 MPU3BOANTL 00 YTBOPEHHS HECYLINBLHOCTEN Y TiNi BUnueka. CxunbHiCTb A0
YTBOPEHHS rapsiynx TPiLWH Ha3MBAETLCS rapsiyenamkicTio, gka 3anexXnTb He TiIbKK Bif,
nigoaaTnMBOCTI YM He NiJAaTAMBOCTI GopMKU, TeMNepaTyp Nporpisy GopmMu Ta po3nnasy
nepen 3anMBaHHSAM, ane M Bif4 MOro XxiMiyHOro cknagy. Hessaxaw4dnm Ha BaxInBy
NPaKkTU4Hy 3HAYYLLICTb NPO6aeMM rapsyenamMKkoCcTi CNAaBiB, 3arasibHONPUNHATOT NPo6u
ans ii ouiHkM Hemae. Y poboTi BUKOPUCTAHO KinbLEBY NpoOy, po3pobneHy 3iHrepom i
IXeHiHrcom, Lo aetanbHo onucaHa B [3].

JocniopxeHHs rapsyenamkocTi npoBeaeHo Ha cniaei AMr6. OCHOBY XiMiYHOIO cknaay
cnnary AMr6 cknapaiotb Al ~ 93,69 % neroBaHuii Mg ~ 5 %. IHWI XiMiYHi enemeHTn
HaBegeHo y Tabn. 1.

Ta6nuu4 1
XimiuHnin cknapg cnnasy AMr6
Kpewm- | 3anizo | Miagb | Mapra- | MarHin | Uunk | Tutan | Bepunin | Kanii | Cypma
Hin % % Heub % % % % % %

% mac. mac. % mac. mac. mac. mac. mac. mac.
mac. | yact. | yacrt. mac. yacTt. | yacT. | wacrt. yacr. yacT. | vacrt.
yacr. yacr.

0,4 0,4 0,1 0,5-0,8 | 5,8-6,8 0,2 0,02— | 0,0002— 0,05 0,1

0,01 0,005

Mg, yac NpoBeAeHHS eKCrnepuMeHTiB Byno BiAJIMTO TPW KiNbLEBI Npobu Ha rapsye-
namkicte (puc. 1) y ctanesuii Kokinb, nodapdboBaHuin rpaditoBoto ¢papboto. 3anmeka
cnnasy AMr6 Bign6yeanacsa npu temnepatypi 740 °C. 3annBaHHSA N OXONOAXEHHS
BWIMBKIB NPOBOANAM B XO04HY HOPMY Ha BiAKPUTOMY MOBITPI; BUNYYEHHS BUNMBKIB i3

dopMU NPOBOANIOCH MEXaHIYHUM BUOVBAHHAM BUVBKa 3 popmu. lNMepLunii Bunveok 0ys

a 6 B

Puc. 1. doTo kinbuesmx npob: (a) — 6e3 nporpisy popmu, 683 NOKPUTTS KOKISO
dapboio, (6) — i3 nporpisom, 6€3 NoKPUTTHA KOKino papboto, (B) — i3 MPOrpisom,
BiOpaLi€eo Ta NOKPUTTAM KOKiNnto rpaditoBoto papboio
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oTpumMaHuii 6e3 nonepenHbLOro HarpiBy KOKifto, i, 5K BUOAHO 3 puc. 1, nicna TBepaHEHHS
yTBOpuMnacs rapsiya TpilmHa. Takox ctanocst HenoBHE NPOANTTS GOPMU YEPES XONOLHMUIA
KOKifnb (pwuc. 1, a). Y gpyromy BUAmBky, skni cdopmMyBaBCcs 3a yYMOBMK, KONU PO3nsaB
3anmMBanu B KOKifb i3 nporpitum Ao 500 °C ueHTpanbHUM CTPUXHEM, TPILLMHM BiACYTHI,
OJHaK 3aMLWLINANC HE3HAYHI AedeKkTn HENOBHOro NponuTTs popmu (puc. 1, 6). TpeTin
BUJINBOK, SIKMUIA OflepXXaHO 3a/IMBaHHAM PiKOro MeTasy B KOKifb i3 nporpitnm go 500 °C
LLeHTpaNbHMM CTPMXKHEM Ta i3 3aCTOCYBaHHAM Bibpau,ji B Mpoueci TBEpAHEHHS, HE MaB
TpilwmHK. Popma Nponunacs NOBHICTIO, NPOTE BiGPaLList HACTINIbKA YLLiTbHUNA CTPYKTYPY
mMeTany, Wo BUINBOK HEMOXJMBO Oy0 Big'eaHaT Big GopMuU, TOMY BUIIMBOK JOBENOCS
pospisaTtu (puc. 1, B).

3 puc. 2 BUAOHO, WO Nporpis dopmm nepea, 3anmBkoio 3ab6e3neymB He TiNbKK BiacyT-
HICTb TPILLMHK, @ 1 NOKpaLWMB NPOMBaHHA GopMU. [oKPpUTTS BHYTPILLIHBOT MOBEPXHI KOKISO
MacTUIIOM Ha OCHOBI rpadiTy 3a6e3neunsio rmaakKy NoOBEPXHIO BUNMBKIB, afie HefoCTaTHS
po3’eaHyBasibHa 30aTHICTb MOKPUTTS MPU3BENa A0 YCKIaAHEHOr O BUBINIbHEHHS BUNMBKA
3 popmun. [Ina nokpalleHHs po3’egHyBaNbHOI 34ATHOCTI NpW Bif4’€QHAHHI BUAMBKA Bif,
dOopMU B X0Ai HACTYMNHOr0 eKCnepuMeHTy Ha dopmy Byno HaHECEHO NOKPUTTS HA OCHOBI
LIMpKOHieBOi papbu, puc. 2.

Puc. 2. ®oTo kinbuesmx Npob, nokpmTrx hapboo Ha OCHOBI LIMPKOHIO

YHacnigok 3acTocyBaHHS MOKPUTTHA HA OCHOBI LIMPKOHIO BUAMBOK NIEMKO BiAOINNBCA Bif,
dopmu, ane NOBEPXHS BUNMBKA BUSIBUNACS LLIOPCTKOLO, 3 MOpamMm Ta pakoBMHAMN Yepes
Te, Wo papba HaHOCMNACh NEH3NEM, a HE PO3MUJIEHHSIM.

3 METOl0 BMUSIBNIEHHS BIUIMBY TeMnepaTyp NpOorpiBy KOKifo i Temnepatyp 3amBaHHs
pO3naBy Ha YTBOPEHHS rapsunx TPILLMH NPW NTTI KinbueBux npob i3 Bibpauieto Ta 6e3
NPOBeaEeHO OOCNIAKEHHS, pe3ynbLTaTh KX HaBeaeHo y Tabn. 2 1a 3.

3a gaHumu Tabn. 2Tta 3, B noganblioMy obupanu pauioHasibHi TEXHONOTIYHI napameT-
pu: Temnepartypa kokino — 300 °C , TemnepaTypa 3a/iMBaHHS PO3rJiaBy Npu INTTI KiNbLEBOI

TaGnuusa 2
TemnepaTtypHi napameTpu nNporpiBy KOKiJo
N TeMnepa.Typa TeMrlepaTyOpa HasI_Bmcn, Hagnmcn;
exen nporpisy poamtany 'C TPIlMH TPIlUH
) Kokimo C 6e3 BiGpanii i3 BiGpaicio
1 20 740 + +
2 100 740 + -
3 200 740 + —
4 300 740 + -
5 400 740 — —
6 500 740 — —
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Tabnuua 3
TemnepaTtypHi napameTpu po3nnaBy nepeg, aiuTTam

No Temnepatypa TeMnepaTyopa HasgsHnictp HasgsHnictp Tpilua
€eKcil. nporpiBOy posmwiasy C TpiuH 6e3 i3 BiGpauiero
Kokimo C BiOpauii

1 300 700 + -

2 300 710 + -

3 300 720 + -

4 300 730 + -

5 300 740 - -

6 300 750 - -

npo6bwu 3 Bibpauieto Ta 6e3 — 700...740 °C. Ans BU3HA4YEHHS paLjioHaNbHNX TEXHOJOMHHMX
napameTpiB MUTTA TPYOHMX 3aroTOBOK Oy/10 NPOBeAEeHO AOCNIAXEHHS BNINBY BibpaLii Ha
TPILWMHOCTIVKICTb cnnary AMré npu nnTTi B KOKiNb. AMNNiTyaa Bidpadii ctaHoBuna 0,2 mm,
yacToTa ig 4ac KOXXHOro ekcriepumeHTy Oyna 0gHaKoBOlO, ii 3MiHIOBaNW B Aiana3oHi Bia, 4
My oo 32 'y, JocnigxeHHto nignsras NpoLuec TBePAHEHHS BUMBKA TPYOHOI 3aroTOBKU B
KOoKini nig gieto Bibpadi. BibpaLito KOkino nodYnHanm nepen 3anvekoio po3riaBy, Harpitoro
no temnepatypmu 700...740°C, i 3akiHuyBanu 4yepe3 1 xB NiCns 3aBepPLUEHHS 3a/IMBKU.

BibpaLis no3nTNBHO No3HauMnacs Ha TPILLMHOCTINKOCTI crninaBy AMr6. Mig aieto BiGpaLii
TpilmMHa He yTBOpIoBanachk. |3 WecTn BUAUBKIB, WO TBEPAINW Nig Aieto Bidpauii, y ABOX
yTBOpUNacs TpiwmHa. Pelwuta 4yoTupm BuamMBka — 6e3 TpimH. NMprnyrHoto uporo € nosin-
LLIEHHS XXMBNEHHS BUNMBKIB 3a paxyHOK Bibpauii, Lo CNpUsie HaAX0O)KEHHIO PO3niaBy He
TiNbKU B 30HY POPMYBaAHHS TPILLMHU, ane i B 30HM ycaakKoBUX AedekTiB. YCTaHOBMEHO,
Lo BibpaLlis BUAMBKa B MPOLECi 3a/IMBKN Ta TBEPAHEHHS 3 aMmmniTyaoto 0,2 MM nigsuLLye
TPILLMHOCTIKICTb BUIMBKIB Y Aiana3oHi 4yacToT Big 4 'y, 0o 23 Nu. MexaHi3m L1boro ssumwa
nonsirae B NOCUEHHI 3aNikoByBaHHS YCaAKOBUX TPILLMH Npw BiGpauji.

BucHoBku

1. BuasneHo, wo rapsyi TPILWWHU BUHUKAIOTb Yepes JINTTA Y HENPOrpiTUA KOKib,
BVCOKWI NeperpiB po3niay i TpMBase OXOJ0OKEHHS BUITMBKA B KOKISli.

2. JloBeneHo, WO B pe3ynbraTi rabMyBaHHS GOPMOIO NiHINHOT YCaAKN BUMBKA BU-
HUKAIOTb HANPYXEHHS, ki MOXYTb abo 3pyiiHyBaTU BUAMBOK, ab0 HACTINIbKU CTUCHYTU
BHYTPILUHIO hOPMY, LLLO BUIMBOK AyXe CknagHo Byae BigokpeMnti Big Gopmu.

3. BusiBneHo, o BibpaLinHa o6pobka nig vac 3anmMeky NPU3BOANTL 0 3a1iKOBYBaHHS
raps4mnx TPILWWH, MOKPAaLLEHHS NPOMBaHHS GOPMU, YLLINIbBHEHHA CTPYKTYPU MeTany, ane
YCKJIaOHIOE PO3’eOHYBaNbHY 30aTHICTb NMPW BiLOKPEMNEHHI BUNMBKa Big, popMu.

4. Bu3HadeHo Taki onTnuMasbHi napamMeTpu nnTTs: TemnepaTypa nporpiy kokino 300 °C,
TemnepaTtypa po3nnary AMr6é nepen 3anmBaHHsaM y kokinb 700 °C, amnnitypa Bibpauii
kokinio 0,2 mm, YacToTa BiGpauji kokinio Big 4 Ny, oo 23 'y,
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THE METHOD OF AVOIDING HEAT BRACKET OF PIPE BILLS
MADE OF AMg6 ALLOY WHEN CASTING IN MOLDS

BY OPTIMIZING THE TEMPERATURE PARAMETERS

OF CASTING AND USING VIBRATION

On the basis of the analysis of the problems of the formation of hot cracks, the optimization of the
casting parameters in the mold of tube blanks from the AMg6 alloy under the influence of vibration
to reduce their hot brittleness was carried out. The analysis of publications on this data revealed
that many methods of assessing the sensitivity to the formation of hot cracks have been developed
in the world, but the study of the problem of hot brittleness during casting in a mold of tube blanks
made of AMgé alloy has not been conducted, which determined the relevance of such studies. In
the course of experimental studies, it was found that the tendency to the formation of hot cracks
depends not only on the malleable or non-malleable form, the temperatures of heating the form
and the melt before pouring, but also on its chemical composition, therefore, experimental studies
were conducted only for one case of AMg6. The ring test developed by Singer and Jennings [3] was
used to check hot brittleness. During the experiments, three ring samples for hot brittleness were
cast in a steel mold under different casting conditions. According to the results, the parameters of
casting in the mold of tube blanks from AMg6 alloy under the influence of vibration to reduce hot
brittleness were optimized. It was found that hot cracks occur due to casting in an unheated mold,
high overheating of the melt and prolonged cooling of the casting in the mold. It was found that the
processes of interaction between the mold and the casting affect the accuracy of its dimensions
and can lead not only to cracks, but also to the appearance of a number of specific defects. The
emergence of stresses in the casting and the mold is a consequence of their force interaction. It
was found that as a result of inhibition by the mold of the linear shrinkage of the solidified casting,
stresses arise that can either destroy the casting or compress the inner mold so much that it will
be very difficult to separate the casting from the mold. It was found that vibration processing
during pouring leads to healing of hot cracks, improvement of mold shedding, compaction of the
metal structure, but complicates the separation ability when separating the casting from the mold.
According to the results of graphical optimization, the following optimal casting parameters were
determined: mold heating temperature 300 °C, AMg6 melt temperature before pouring into the
mold 700 °C, mold vibration amplitude 0.2 mm, mold vibration frequency 4...23 Hz.

Keywords: method of avoiding hot embrittlement, optimization of melt and die temperatures,
optimization of die vibration parameters.
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