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Physical properties of low-temperature casting molds

Yenb. Onpedenums payuoHabHOe 3Ha4YeHuUe 8r1aXHOCmMu ¢hOpMOBOYHOU CcMecu Ofisi U320mOesIeHUS] HU3KO-
memnepamypHbix popm (HT®). A makxe onpedenumep 8/1USHUE MI0MHOCMU hOPMOBOYHOU CMeCU Ha MPOYHOCM-
Hble Xxapakmepucmuku ¢hopMbl U 8/IUSIHUE 8aKyyMUpO8aHUsl 8 rnpouecce oxnaxoeHust Ha meepdocmp HTQ.

Memoduka. NpumeHeHbl cmaHdapmHbie MemoOuKu ornpedesieHuss meKyd4ecmu cMecu, MomHOCMU U 8/IUSIHUS

8aKyyMuposaHusi Ha meepdocmab.

Pe3ynbmambl. OnpedeneHb/ pauuoHarsibHble 3Ha4YeHUs efia>xHocmu d)0,0MOSOqHOlj cmecu Or1sl U320moerieHuUsi
HT®, enusHue nnomHocmu CpOpMOGO‘-IHOlj CMecCU Ha MNPO4YHOCMHbIE XapakmepucmuKu, e8/ludHuUe 8aKyymupoeaHus

8 rnpoyecce oxnaxoeHusi Ha meepdocmb HT®.

HayyHasi Hoeu3sHa. [1os1y4eHbl 3a8UCUMOCMU 8IUSIHUSI MEXHOI02UYECKUX napamMmempos ¢hopMO8OYHOU CMECU U
napamempoe rpoyecca Ha OCHOBHbIE MEeXHOI02uYecKue ceolicmea HU3KomemepamypHbIX (popM, Mo380NsOUUE

rpo2Ho3uposams Ux ceolicmea.

lMpakmu4eckasi 3Ha4uMocmb. Vicronb308aHue pesyrbmamos uccriedosaHull Mo3eosissem rnosyyams HU3KO-
memnepamypHble ¢hopMbi ¢ 3a0aHHbIMU ceolicmeamu, obecrneyusatowuMu npou3so0cmeo Ka4ecmeeHHbIX omiiu-
80K U3 a/ltOMUHUEBbLIX U Xesle30yarnepoducmsix crnasos. (Mn. 3. Tabn. 3. bubnueop.: 4 Hazs.)

Knrodeenle crioea: HuUskomemnepamypHas numeliHas ¢popma, rniomHocms, meepdocms, 8axHOCMb, MeKy-

4ecmeb.

ITocraHoBKa mpo06s1eMbl. 3a71a4a M3rOTOBJIEHVIS
JINTEVTHON (POPMBI 3aJaHHON IIPOYHOCTY IIPU MU-
HVMaJIBHBIX 3aTpaTax TPyAa, SHepreTUdecKux W
MaTepuasIbHBIX PeCcypcoB IIPOAOIDKaeT OCTaBaThCs
BecbMa akTyabHOV. OgHVM 13 HampaBIeHU pe-
LIeHVs 3TOV 3a7aun sBjigeTcs npumeHeHne HTO,
I7ie poJIb CBA3YIOIIEro BelllecTBa BBINOJIHSAET BOJIA.
Vcniosib30BaHMe BOABI B KayecTBe CBS3YIOIIEro Be-
IIecTBa IIPUBOAUT K COKpPAIleHUIO TPYI0eMKOCTV
onepanui popMoodbpazoBaHMs VI BEIOVBKI POpM
u crepxsent Ha 80-90 %, a Takxke CyIIeCTBEHHO
COKpaIraeT o0beM BpeIHBIX Ta30BBIX BHIOPOCOB B
OKPY>KaIOIIyIO Cpefy.

Iesrpro paboTHhI sABIIsIeTCS OIIpelesieHre paly-
OHaJIPHOTO 3HaYeHMs BJIaXXHOCTM (POPMOBOUYHOM
cMecu i1 marorosiieHns HT®, orleHKa BIMSHMS
HACBIITHOW IUIOTHOCTMI (POPMOBOYHOV CMeCcH Ha
npouyHocTh HT®, a Taxke BIMsAHMA BaKyyMUpOBa-
HI B ITpoliecce oxXJIaKaeHs Ha TBepaocTb HTO.

© 0. W. WuHckun /a. 1. H./, B. O. WuHckui, T. B. JlbiceHko /a. T. H./, J1. L. ConoHeHko, 2017 r.

VI3no>keHne OCHOBHOIO MaTepwmasia VMCC/Iedo-
BaHmsa. KadecTBo ymmrevtHOV pOpMBI, KOTOpasi B
3HAYMTEIILHOV CTeIleH! OIpefiesisieT KayecTBO OT-
JIVIBKY, 3aBVICUT OT II€JIOrO Psifia CBOVICTB popMo-
BOYHOW cMec. [t mporiecca popmoobpasoBaHs
ocoboe 3HayeHye MMEIOT IUIacTUYecKe CBOVICTBA,
KOTOpBbIe IIO3BOJISIIOT OLIEHUTh PeakIMio CMecu Ha
BHeIIIHee yCIINe, T. €. CIIOCOOHOCTh (POPMOBATHCH.
CrrocoGHOCTB cMecel K TedpopMalin orperiesseT-
Csl TEKYUYeCThIO.

TexyuecTb XapakTepu3yeT CliIoCOOHOCTb (popMO-
BOYHOVI CMECH HOJI [IeVICTBVIEM BHEIITHeT O JTaBJIeHVIS
IoJTy4aTh IUlacTideckne gedpopmanym 6e3 m3Me-
HeHMsl oObeMa M 3aIlOJIHATh 0JIOCTh (POPMBI WIIN
CTep>KHEBOTO 4IIVKa [1]. DTo cBOVICTBO ompereseT
PaBHOMEPHOCTb pacIIpefieleH st CMeCH [P YIUIOT-
HEeHWM 10 BceMy 00beMy (pOpMBI. YUnThIBasd TaKyIo
ocobernocts HT®, Kkak HM3Kas CbIpasi IPOYHOCTB,
KOTOPpasi He 3aBVMCUT OT CIT0CO0a 1 yCYINs YIUIOTHe-
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Hs1, HanOoJlee paliiOHaIbHBIM CIIOCOOOM YIUIOTHe-
HWSI CMeCH sBJIsIeTCs BUOPOYIUIOTHeHMe. B 1orb3y
3TOI'0 MeTO/la CBU/IeTe/IbCTBYET U IOBBIIIIeHe TeKY-
yJecTy cMecy Ipy BuOpatiiy popMelL. B aTom ciryuae
TeKy4eCTb CMeCH IIpro0peTaeT pelarorree BIVITHVIE
Ha pacIipefiesieHye IUDIOTHOCTH, a CJIe[JOBaTeJIbHO, 1
MexaHW4JecKye CBOVICTBa (POPMBL

Bimgrame TexkydecTu (COIIpOTUMBIIEHMS COBUTLY)
3aBVICUT OT BHYTpPeHHero TpeHMs CMeCU U OT CWJI
B3amMMHOIo crervieHmsa. CuIbl CIIeIUIeHMS, Oevi-
CTByIOILIIMiE B CMecsiX, OOyCJIOBJIEHBI MOJIEKYJISp-
HBIMU U KaIlWUIApHbIMY cvylamu. B ecmecax HTO,
COCTOSIIIIMX B OCHOBHOM W3 IIeCKa M BOMIBI, CVJIBI
CITeIVIeHMS 3aBVCAT OT KOJIMYeCTBa BiIarv M IOJIN
TJIMTHMCTOV COCTaBJISAIOIIEN B TIeCKe.

YunuTeiBass AOCTaTOUYHBI YpPOBEeHb MexaHude-
ckmx csovictB HT®, msrorosiieHHBIX 13 cMeceit 0e3
1100aBKV IJIMHBL, VI OTPUIIATeIbHOE ee BIIVISTHIE Ha
rasoIpOHMIIAeMOCTb, WCC/Ie[IoBaHMe TeKy4decTu
IIPOBOIVUIV Ha cMecsix Oe3 JoOaBIeH s TIIVHBIL.

s mccnenoBaumit POPMOBOUHON CMeCH VIC-
rosip3oBasics ecok Mapku 3K02A (rpanyiomeTpu-
geckuit coctaB 0315-02-016 co cpenHmMM 3HauUeHM-
em 3epHa 0,24 mm 1 momgynem menkoctu N = 67,08
(T'OCT 2138-91). Conep>xaHue BjIaru B McCIIeye-
MbIX cMecsx onpepessiocs 1o 'OCT 23409.5-78.

Copep>kaHne BOIBI B CMeCH II0 Macce M3MeHsUIN
or 0 mo 15 %. Pe3sysipTaThl OIpereieHNs TeKyue-
cTy cmecet 1 usrorostenns HT® nipuseneHs! B

Tabs1. 1 v mpercTaBiieHs! Ha puc. 1.
Tabauya 1
Pe3ysieTaThI OIIpeesIeHNs TeKy4decTH cMecert

ConepsxaHvie BOIBI, % 0 2 5 7 |10 | 15
Texyuects, % 62 | 47 | 53 | 54 | 55 | 55

AHari3 TIpUBEIeHHBIX pe3yJIbTaTOB ITOKa3bIBa-
€T, YTO CyXOVI ITIeCOK, BCJIETICTBIE OTCYTCTBVIS KAKVIX-
7100 CBA3YIOIIMX KOMIIOHEHTOB, 00JIalaeT TeKyde-
cThio 62 %. HesHauuresrpHas mobaBka Bomibl — 2 %
CHIDKaeT TeKydecTb cMecu 10 47 %. [lajibHeriee
yBeJIMUeHVe COfepKaHMsl BOABI B CMeCU CII0CO0-
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Puc. 1. Banaane cogep>kaHnsA BoAbI Ha TeKy4ecThb
¢dopMOBOUIHON cMecH

CTBYyeT yBeJIMUEHUIO TeKy4decTy, IIpudeM IIpU CO-
Hep>KaHuM BOfbl B cMecu 5 1 15 % pasimrane B 3ToM
Imokasarejie He3HauuTeIbHO M cocTraBirsieT 2 %.
Memnpblniee 3HaueHMe TeKydecTU IIPpW COep>KaHUM
BOIIBI 2 % OUeBMIHO BBI3BAHO TVIIpaTalieit ITIVMHN-
CTOVI COCTABJILIOIIEN B ITeCKe M IeVICTBMEeM Kallll-
JIAPHBIX CIJI VI CWI CLIeIUIeHs], KOTOpble MOTYT 10-
CTUTATH OOJIBIIIMX 3HAUEHWTA.

Bospacranme TekydecTu cmecu mpu copepika-
HM BOoObI 0os1tee 2 % MOXXHO OOBICHUTD ITOSIBJICHV-
eM M30BITOYHO BOJIBI, HaXOJISAIIEVICS B BUJIE Tpa-
BUTALIMIOHHOV IV MexaHWYecK! yaep KuiBaeMou
BJIaTV VI a/IcOpOITMer BIaryt Ha ITOBEPXHOCTY TIec-
UMHOK, YTO CHVDKAeT CYJIBI TPeHWMs MeXIy HUMI.

Cmecnt ¢ comepxaHmeM Boabl 5 % m Oojlee mpo-
IIEHTOB 00JIafaloT MPaKTUYeCKM OAVMHAKOBBIMI
3HaUeHVsIMM TeKydecTn. TakvM oOpa3oM, Mcxons
13 COOOpaskeHMII TIOJTyUeHMs I0CTaTOYHOTO yPOB-
Hs1 MexaHWYeCcKMX CBOVICTB, Fa30IIPOHMIIaeMOCTU
TeKy4eCTV, MOXKHO CUMUTaTh, YTO ONTVUMa/IbHOe 3Ha-
JeHVe BJIAKHOCTM (POPMOBOYHOVI CMeCH TSI M3TO-
tossieHms HT® cocrasister 5 %.

JlaHHBIE O JIBYX MexaHWYecKMux IapameTpax —
YIUIOTHSIEMOCTY VI TBePOCTY — IIpefiCTaB/IeHbl BMe-
cTe, T. K. TBepaocTh 1 npouHocts HT® 3aBucur or
IUIOTHOCTY CMecU B popme.

B wuccienoBaHusaX OpUMEHSUIOCh YIUIOTHEHVe
00pas3IIoB ¢ IIOMOIIIBIO KOIIpa ¥ BUOPOYIUIOTHEHe
sKcIleprMeHTaIbHbIX (popM. Vicrosib3oBasics rmecok
Mapku 3K02A (rpanysiomerpuueckum coctas 0315-
02-016 co cpemuuM 3HadeHmeM 3epHa 0,24 MM 1
Mmonystem Mmesikoctt N = 67,08 (TOCT 2138-91). Me-
TOJVKa oIperesieHls IDIOTHOCTY BBIIIOJIHSIIOCH 110
TOCT 23409.13-78. I ltoTHOCTH CMECV COCTaBWIA:

~m_ 0,169
~ v 0,000098

YmiorHeHnme opM IIPOU3BOAMIOCH Ha BU-
Opocrone mpu amiuMTygax kosjiebanms ot 0,04
no 1,5 mMm, ¢ uvacrtoron BuOpammm 3000 00/MuH
(Tab. 2).

Ha puc. 2 v 3 npuBeieHbI 3aBMCUMOCTY BeJIMYMH
IUIOTHOCTM (POPMOBOYHOV CMecH [1jI1 00pasLoB ¢
BbicoTomt 50 1 150 MM 1Iput M3MeHeHUN aMIUIUTYIbI
U TIpY TIOCTOSTHHOM BpeMeHU BuOparym 2 MuH, U
IpU M3MEeHeHWV BpeMeHU ¥ IIOCTOSIHHOV aMIUIN-
tyze (1,1 MmM). AHaIM3 3aBUCMMOCTeVT Ha puc. 2 1 3
IUIOTHOCTY (POPMOBOYHOV CMeCH ITOKa3bIBaeT, UTo
C yBeJIM4eHVeM aMIUIUTYIbl BUOpaliny ITIOTHOCTb
cmecn yBesmamBaetcst 10 1700 xr/m° pu amrum-
Tyne pubpaumm 1,1 M. [lasipHeriImee yBeIndeHve
aMIUIUTYABl BUOpaluy He OKa3bIBaeT 3aMeTHOTO
BJIVIAHVS Ha M3MeHeHVIe INTOTHOCTV CMeCHA.

ITpu yrtoTHeHWUM 00pasloB C IIOCTOSTHHOV aM-
winTygon 1,1 MM HapacTaHMe IUIOTHOCTU BO Bpe-
MeHU IPOVICXOOUT B Te4eHMM 1 MWH, IIOCIIe Yero
IUIOTHOCTB IIPaKTUUeCKy He M3MeHsieTcs. VIzMeHe-

=1724 Kr/M3
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Tabauya 2
AMnuinTyaa Koslie0aHMs BMOpOCTOsIa IPY pas3IMIHBIX PesKMMax
Ne crynienent peryimposanus | 1 2 3 4 5 6 7 8 9 10 11
AMITIUTYA, MM 0,04 0,06 0,07 | 0,11 0,15 0,3 0,45 0,6 0,83 1,1 1,5
800 1700
1680 H—H
70 — o . T
~ ] N
)’z 2 1660 ——115
60 4
4 S 1640
2 = fz
>0 2 21620
" ool_d
4 1600 ——5
0 05 1,0 1,5 20

0406 08 10 1,2 14 1,6
Ammmryna, M x 107

Puc. 2. BausaHMe aMIITUTY OBl BUOpanum
Ha IUIOTHOCTH (P)OPMOBOYHOVI CMECH IIPYI IIOCTOSTHHOM
BpeMeHM YIUIOTHEeHV:
1 - mpu BeIcOTE cMeck B ortoke 150 mm;
2 - Ipu BBICOTe CMecH B oItoke 50 MM

HVe BBICOTBI CMeCH B OIIOKe CYIIeCTBEeHHO BJIMSET
Ha IUIOTHOCTD JIMIIIb Ha HayaJIbHOM 3Tarle yIUIOT-
HeHUd. B paspHemineMm pasiuyme B IUIOTHOCTU
yMeHBIIIaeTCsl ¥ HaxoauTcs B rpererax 1...3 %.
s ompenerieHVss BIVSHUS IUIOTHOCTU POp-
MOBOYHOVI CMeCU Ha TBepHOCTb OIIOKYy O00beMOoM
0,003379 m° u rabapuramu 230x115 MM ¢ BJIaXKHBIM
ITIeCKOM TIOZIBepraIvi BMOpaImi 110 pa3INIHbIM pe-
KMMaM, B pesyJibTaTe 4ero mojydaan popMoBoU-
HyI0 cMech ¢ 1wioTHOcThIO0 1400...1700 xr/m’. 3a-
TeM pOpMy 3aMOpakMUBaIU U V3MEePsIIN TBEPIOCTh
CTaTUYeCKVIM CIIOCOOOM HeIoCpeICTBEHHO B XOJIO-
AVJIbHOV KaMepe. BbUTo ycTaHOBJIEHO, UTO pasHMIIa
B TBEpHOCTM POPM, YIUIOTHEHHBIX 110 Ppa3/INUHbIM
peXxvmMaM, oOycIIoBIIeHHas pasIndieM B IUIOTHO-
ctu dpopmoBounot cmecyt 1700 xr/ v n 1540 kr/ v,
He npesbIIaeT 8...9 %, a M3MeHeHe TeMIlepaTypbl
3aMOpaXXMBaHMs IIPUBOAUT K YBeJIMUYEHMIO IUIOT-
HocTy 110 25 %. TBepmocte HT® B GospIriet crere-
HVI OIIpeiesigeTcs TeMIlepaTy POl OXJIaKIeHNs, ueM
IUIOTHOCTBIO CMeCH B IIpoliecce ee YIUIOTHeHMs.
BrmmsHme BakyyMupoBaHUA B Ipoliecce OXJIax-
neHus Ha TBepaocTe HT®D onpenersum B HYDKHeN
YacTy 3KCIePUMEHTAIbHOM (POPMBI, Ife Ipeyc-

> >

Bpems, mun

Puc. 3. Bansaaue BpeMeHM yIUIOTHEHMS
Ha IVIOTHOCTHh ()OPMOBOTHOVI CMECV IIPY IIOCTOSTHHOM
aMIUINTyZe BUOparmm:
1 - opu BeIcOTE cMecu B ortoke 150 mm;
2 - Ipu BBICOTe CMecH B oTtoke 50 MM

MOTpeHa BaKyyMmupyemasl IT0JIOCTb. Bosmyx oTka-
JyBaeTcs ¢ momolpio Hacoca BBH1-0,75 mo Baxy-
yMma 0,05 Mlla, 3amopaxuBaHue 1101, BAKYYMOM [0
yKa3aHHOVI TeMIlepaTypbl IIPOBOOWIN B Kamepe,
TaM JXe M3MepsUIM TBepIocTh. Pe3ysbTaThl IpuBe-
IIeHbI B Ta0JI. 3.

Taxvm oOpasoM, B pe3yJibTaTe BaKy yMUPOBAHIS
TBEPIIOCTh 3aMOPOXEHHO (POPMOBOYHON CMecu
BO3pacTaeT, IpyUYeM PV IOHVDKeHUN TeMIlepary-
PBI 3aMopakuBaHMs 3P PeKT yIpOUHeHMs CHIDKA-
eTCsi: OIpeelISIoNIVIM CTAaHOBUTCS YIIPOYHeHe OT
3aMOpaKMBaHMS.

BriBoabl

1. YcraHoBileHO, 4YTO IeCOK C coepkaHveM
BOIIBL 5 % 11 OoJiee IPOIIEHTOB O0JIAIAIOT IIPAKTIIUe-
CKV OJMIHAKOBBIMY 3HaYeHVIAMY TeKydecTu. Takum
obpasoM, mcxomss M3 COOOpakeHWUVI IIOJTy4YeHUs
JIOCTaTOYHOI'O yPOBHSI MeXaHMYeCKIX CBOVICTB, Tra-
30IIPOHUIIAEMOCTI I TeKy4ecTV, MOXKHO CUMTaTh,
YTO palMOHAJIbHOe 3HaueHVe BJIIaXXHOCTI popMo-
BOYHOV cMecy 11 m3rorosiieHmnsa HT® cocrapiiszeT
5%.

2. YcraHOBJIEHO, 4YTO PpasHMIA B TBepPHOCTU
dopM, YIUIOTHEHHBIX MO PasINYHBIM peXnMaM,

Tabauya 3
VIsmepeHme TBepaOCTH IIPY BaKyyMUPOBaHMU
TemriepaTypa 3amMopaXmBaHMsl TsepmocTs Vismerteriue tBeprocty, A %
cmecn, °C Bes Bakyymuposauusi | Ilpu BakyymumpoBaHum ’
-10 37,5 46,5 24
-20 51 58 14
-25 62,5 67 7
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C IIOTHOCTBIO popmoBouHOV cMmecu 1700 kr/m” n
1540 xr/™M° He npessbimiaeT 8...9 %, a MoHVDKeHe
TeMIIepaTypbl 3aMOpaXXVBaHWMs IPUBOAUT K yBe-
JIgeHuIo IUT0THOCT 10 25 %. Tepmocts HT® B
OospIneV CTeleHM OIpefeIsieTcs TeMIlepaTypout
OXJIaXKIIeHMs, YeM IUIOTHOCTBIO CMecH B IIpoliecce
ee yIUIOTHeHMsI.

3. YcTaHOBI/IEHO, UTO B pe3yJibTaTe BaKyyMUpPO-
BaHM TBEPAOCTh 3aMOPOXKEHHOV (POPMOBOYHON
cMecu BO3pacTaeT, IIpyYeM IIpy IOHVDKeHUW TeM-
HepaTypbl 3aMopaxuBaHus 3PPeKT yIIpouHeHUs
CHVDKAeTCs: OITpeJIeIsIoNIM CTAaHOBUTCS yITpOUHe-
HVe OT 3aMOPaXMBaHMSL.
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Purpose. To determine the optimal value of moisture
of the moulding mixture for the manufacture of low-
temperature forms (LTF). And to determine the influence
of density of sand on strength characteristics and the
effect of degassing in the process of cooling on the
hardness of the LTF.

Methodology. Applied standard methods for
determining the fluidity of the mixture, density and the
effect of degassing on hardness.

Results. The optimal value of moisture ofthe moulding
mixture for the manufacture of NTF, the effect of density
of sand on strength characteristics, the influence of
degassing in the process of cooling on the hardness of
the NTF.

Originality. The dependences of influence of
technological parameters of molding sand and process
parameters on basic technological properties of low-
temperature forms used to predict their properties.

Practical value. The use of research results allows
to obtain low-temperature forms with desired properties,
enabling the production of quality castings of aluminum
and iron-carbon alloys.

Key words: casting low-temperature form, density,
hardness, moisture content, fluidity.
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