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BLAST-WAVE IMPULSE COMPACTION
OF THE VISCOELASTOPLASTIC MOLDING SAND

Abstract. This article examines the compaction process in the green molding sand by the explosive impulse of
combustion gas. The study was taken on a testing device based on the semi-automatic molding machine. The
dependence of mold density on impulse power and physical and mechanical properties of the sand has been found.
An explosion pressure wave drives the sand column in a flask. The sand moves gradually by layers. Each layer first
accelerates, then moves uniformly, decelerates and eventually stops. Here, the layer is compacted due to the kinetic
energy of its movement. The higher the velocity of the molding sand is, the higher its kinetic energy and the
compressive stress gained during the compaction, are. Fluidity of the molding sand depends on its physical and
mechanical properties, particularly on its viscosity. The behavior of viscous, elastic and plastic properties of the
molding sand during the compaction process has been researched using the self-designed device. During the
compaction process, the parameters interchange, while the value of the sum is constant. During the acceleration
phase, the molding sand has minimal elastic properties, the viscous properties recede and plastic properties enhance.
During the uniform motion of the sand, its viscous properties are minimal, while the plastic properties enhance to the
maximum. Then till the end of the process, viscous properties keep enhancing up to 80...90 %, while plastic
properties recede almost to zero. Elastic properties slightly enhance almost linearly during the whole process.

Key words: molding sand, compaction process, impulse, viscosity, elasticity.

Introduction. The key factors that affect molding are the physical and mechanical properties of
molding sand and the compaction parameters. The studies [1-10] of compaction process in green sand
molds by general impulse methods have revealed the effect of power impulse on molding sand in flasks.
The pressure wave goes through the molding sand volume and drives it in direction to the pattern plate.
Here, the molding sand layers located near the pattern plate, start moving the last and stop the first when
decelerating on the pattern plate. The motion of the sand layers comprises acceleration, uniform motion

and deceleration phases. When accelerating, the molding sand gains kinetic energy E m° 2 1that goes

into compaction when the sand decelerates on the pattern plate and the pattern. Here m is the mass of a
moving elementary volume of the sand; u is its velocity. The higher the velocity of the molding sand is,
the higher its kinetic energy and the compressive stress gained during the compaction, are.

The compaction mechanism in green molding sands has viscoelastoplastic character [11]. It’s similar
to how the material reacts to rolling and drawing [12, 13]. The green molding sand is supposed to behave
the same way when being loaded. To provide the required quality of impulse-based molding, an effect of
viscous, elastic and plastic components on each phase of compaction process has to be estimated.

Methods. The study was carried out on a testing device (figure 1) based on the semi-automatic
molding machine 1 model 22111, additionally provided with the combustion chamber 2 with a  pre-
ignition chamber 3, a fan 4 and an ignition device 5. The testing device allows for explosive compaction in
flasks 6 sized 300x360x(1007200) mm with working pressure in the combustion chamber 0.2-0.3 MPa
and working pressure rise time to maximum 0.02-0.08 s. Methane was used as the combustion gas.
Atmospheric oxygen acted as an oxidizer.
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Figure 1- The testing device

Piezoelectric crystal pressure sensors with a sensing element made of lithium niobate with
measurement range 0-3.0 MPa and resonance frequency 50.0 kHz were used for recording processes at the
combustion chamber. Resistance strain gauges model 2P MNMKA with measurement range 0-2.5 MPa and
resonance frequency 30.0 kHz were used for recording compressive stresses in the molding sand. All
stress measurements were duplicated using the load cells with a sensing element made of lead.
Displacement sensors type A6 were used for strain gaging of molding sand.

The tests revealed that the density ofthe mold compacted by combustion gas wave pressure, depends
on the load impulse parameters, strain rate ofthe molding sand and compressive stresses occurring during
the compaction. Under a short-time loading, the compaction process does not keep pace with loading, i.e.,
a delay of deformation of the molding sand from the loading occurs. Here, the delay time depends on the
physical and mechanical properties ofthe molding sand, particularly on the viscous properties.

Figure 2 shows the travelling speeds of the layers of molding sands with the same moisture content

W= 3,2%, depending on the initial bulk mass ofthe sand Saand the rise time t of the load impulse jv= ",

where P is explosion pressure, MPa; tis the pressure rise time to a maximum, s. Molding sand is 200 mm
offthe pattern plate.

The looser molding sand (SO= 820 kg/m3) gains the maximum velocity n = 4.6 m/s and the maximum
impulse P = 0.3MPa within rise time 0.025 s. The more consistent molding sand (SO = 890 kg/m3) gains
the velocity n = 4.3 m/s and maximum impulse P = 0.3 MPa within rise time 0.024 s. This implies that
under more powerful load impulse N, inter-particle attraction in the loose molding sand is weaker that one
in the consistent sand and therefore break more easily. Thus, the delay time between the beginning of
deformation of molding sand and the load impulse decreases; whereas the strain and strain rate increase. It
is common knowledge that the inter-particle attraction in the molding sand are provided by the films of
clay binder, the predominant property of which is viscosity. It is logical to assume that viscosity markedly
affects the impulse compaction process.

According to the P. N. Aksyonov’s pressing equation [14]:

St = S0+ Ne - SO)agy (1)
for the explosive compaction process, it can be written:

St = S0+ (5r - SO) a(¥ B )
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where 5tis the compacted density of molding sand; 50is the initial density of molding sand; (5i - 50 is the
density increment under the pressure of 0.1 MPa; o® is the stress combination in the molding sand; K is an
empirical coefficient; B(t) is a coefficient representing the strain rate of the molding sand and its physical
and mechanical properties, particularly its viscosity.

The more viscosity and the strain rate of the molding sand are, the less coefficient B(t) is; and, as
shown in Equation (2), the less is the sand final density. Therefore, under impulse compaction, compared
to pressing, the molding sand gets undercompacted. In this context, the viscosity of the molding sand
becomes a critical factor in choosing sand composition for this compaction method.

Figure 2 - The effect of the load impulse rise time t Figure 3- The interchange of viscous (1), plastic (I1)
and initial bulk density SOof the molding sand and elastic (111) properties of the molding sand during
to the velocity v of the sand layers the compaction process

To determine the effect ofthe molding sand viscosity on its undercompaction degree under explosive
molding, a method and a testing device were designed. The method of determining the sand viscosity
involves comparing residual deformations (and, therefore, densities) of a standard specimen after pressing
and explosive compaction under equal compressive stresses appearing in the sand. In order to calculate the
effect ofthe molding sand viscosity on its undercompaction degree, the following formula is laid down:

__ £QraT £auH
aﬂésﬂs = 3)

cctaT™ cynp
where + £y[) is the total deformation of the molding sand; \ees is the effect of the molding

sand viscosity on its total deformation; ecrar is the residual deformation of the molding sand after static
pressing; eaH is the residual deformation ofthe molding sand after explosive compaction; eympis the elastic
deformation ofthe molding sand.

In terms ofthe molding sand density, Equation (3) is written as follows:

(4)

where 5craris the residual density of the standard specimen after static pressing; 5mHis the residual density
ofthe molding sand after explosive compaction; 5ymp = 5myH - 5acris the change in volume of the molding
sand caused by elastic deformation.

The effect of plastic and elastic properties of the molding sand on its deformation is calculated the
following way:

+&np ®)
Alm = — YW
VP e &y (6)
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Abmn = s 5p'~-°  -100%, ©)

1"
ccrat 0o ‘I"'0Oynp

AGYHP = «100%- (8)

ncrat ~ L_o-‘*- uynp

Since the total deformation of the molding sand is divided into viscous, elastic and plastic
deformations, their effect on the explosive compaction can be estimated the following way:

ABBA3 + Abnn + ASymp = 1. 9)

During the compaction process, these parameters interchange, while their total sum is constant.
Initially, the elastic properties ofthe molding sand are the most distinct; the effect of the plastic properties
is observed to a lesser extent; the elastic properties are slightly observed. During the first phase,
acceleration, the elastic properties of the molding sand remain minimal; the viscous properties recede
gradually to 50...60 %; and plastic properties enhance to 40...50 %. When the maximum strain rate is
gained, during the short period of the uniform motion, the viscous properties of the sand reach their
minimum, while the plastic properties increase to the maximum. During the final phase ofthe compaction,
deceleration, viscous properties start enhancing and increase up to 80.90 %, while plastic properties
recede almost to zero (figure 3). Elastic properties slightly increase almost linearly during the whole
process.

Results. The properties of the molding sand have been studied in [15-21]. Study [15] is
chronologically one of the first that introduce the effect of dynamics of the compaction process on the
sand properties. It has revealed that with an increase in strain rate of molding sand layers its viscosity
decreases, while other properties have not been examined. Study [16], as well as [17], has examined the
restricted model of a viscoelastoplastic body; both works have mentioned the change in properties during
the compaction process. Models [18-21] have revealed the change in viscous, elastic and plastic properties
and this data correlate with our data in general. Nevertheless, they also do not take the motion character of
the sand under explosive loading, i.e. the three phases, into account. The increase in viscosity during the
compaction process, which has been revealed in the present study, has not been determined so clearly in
these models.

Proceeding from the above, there are following recommendations:

1. When using dynamic compaction methods, the low-viscosity molding sands should be used.

2. The molding sand for the specific parameters can be chosen according to its strain rate.
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T¥TK;bIP-CEPWUMAL1-NNACTUKAbL LUANBIMTAY LLOCMACbBIH
XAPbBINTY TONUbIHbIHbLW, UMTMYNbC1IMEH TbhITbI3AY

AHHOTauuma. Makanaga K“M-6a/ilUbIKTbl KajbiM KOCMACbIH XXaHTbIL a3 XapblibiCbl UMAYNbCLULL, 3CEpiMeH
ThIrbI34ay NPOLEC KapacTbipbinagbl. Taklpubenep kanbintay XapTbinad aBTOMaTTbl K¥pPbINrbl HerisiHge XacanraH
3KCMEPVMEHTTIK KOHABIPTbl apKblibl OpbIHAANAbI. Kanbin Kocnackl ThirbI3AbITbIHbIL UMAYALC KyaTbl MEH KOCMaHbIH
(hM3MKa-MexXaHUKaNblK KacueTTepiHe 6aliNaHbICbl aHbIKTaNbIHraH. XXapblfy KbICbIMbIHbIL, TOMAKbIHbI OMOKAaAarb!
Kocna 6araHacblH 6enceHfeHgipesi. Kocna kabaTTapbl »KorapbiCbiHaH 6acTan acTbiHa AeiliH 6ipTiHgen 6ipi3ginik
Ko3ranbicka keneg! Op6ip kabaT 6acbiHAa YAengi, CocbiH GipKanbiNTbl KO3ranagbl, TEeXeneai XaHe ToKTaingbl. 6™n
C3TTe KOCMa KWUHeTUKa/blK 3Hepruacbl apkbiibl Thirbidganagbl. Kanbin KOCMAaCbiHbIH €KTHAETY XblA4aMAbIrbl
HerpnbiM orapblpak; 6onca, ve 601raH KUHETUKaNbIK 3HEPrUACbl XX3HEe Thirbi3gay Keswge naiga 6onrad
KepHeynep corpsbimM Kebipek 6onagbl.

KocnaHbl Ko3ranbicka KenTapy YLUiH OHbIH ThIHbIWTBIK MHEPLUMSACHIH XeHY KaxeT. CeiTul, XYKTeMeHiH Kocna
KabaTblHa 3cep eTyi eTe Kbicka 60/MybIMeH, KOCNa KabaTbl €3 MHEepLUUACbIHbIH apKacblHAa KbICbIM TOMKbIHbI €TKEH
COH raHa kosrana 6actaigbl. [emek, Tbirbi3gay npouea XYKTemere epyre YnrepMmeiifi, ArHY Kanbin KOCMACbIHbIH
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nedopmaumsanaHysl XYKTeMefeH Kelllwn Kanagsl. Kocna Her*pabivM 6opnbingakray 6onca, 01 corpasiM KaTTbipak
XblNaamaatbinaael. Thirbi3abirbl a3 KOCNaHbIH 6eniekTepi apacbiHgarsl TYWicre 6aiinaHbiCTapbiHbiH Thilbi3AbIrbI
KebipeK Kocna 6enwekTepiHiKiHEH 3nci3gey >3He fe oOHalbipak Y3sinedi. Con ce6enn Kanbin KOCMACbIHbIH
fethopmaymacbl 6acTanybiHbIH XYKTEMe UMMNYNbCIHEH Kewiry mep3imi Kbickapagbl, an geopmauus Mewepi MeH
Aethopmanus Kblngamabirsl apTagsl. COHfai-ak Kelwiry yakbiTbl TYWMicne 6aiinaHbicTapbiHbIH GepiKTiriHe XaHe
KanblN KOCMacbliHbIH (PU3MKa-MexaHUKa/blK KacmeTTeplie Tayengi. Kanmbin kocnacbl GenlleKTepLil apacbiHAarb
6alinaHbicTap HerisiHeH 6anLblKTbl H6aliNaHbICTLIPrbIWTLIH KabblpliarsiMeH KamTamacbi3 eTifedi. OHbIH 6acbiM
KacueTi - TYrkbip/iblK. COHAbIKTAH TYrKbIpAbIK UMNYALCTI ThirbI3fay NpoLeciHe efayip acep eTedi fen 6omkayra
6onagbl.

K/ M-6anLbIKTbl KOCMaHbIH XbIMKbIMbIbLIFbI a OHbIH (IM3UKa-MeXaHUKaNbIK KacueTTepLue, GipiHWI Ke3ekTe,
TYTKbIPAbITbIHA 6ainaHbICTbl. YKapbiibiCNeH KanbinTay KesiHAe KanbiM KOCMachbl TYTKbIP/bITbIHbIH Thilbi34anmai
Kany [spexeciHe 3acepll 3epTTey MaKCaTbIMEH TYTKbIP/bIKTbl TEXHOMNOMMUANBIK aHblKTay 3fici oinan Tabbingbl.
OHbIH M3l Kocnafarbl mainga 60nraH cbiry KepHeynepll 6ipaeit eTin, Kanblin KOCMachl CbIHAMAChIH Xapbl/bICMeH
XK3He XaHLYMeH ThIrbi3garaH CoH, KanablK fedopMauumsanapbiH (4eMek, Thirbi3ablKTap) canbiCTbipyra 6aiinaHbICTbI.
Kanbin Kocnacbl TYTKbIp/bITbIHBIH KOCMaHbIH Thirbi3ga/iMail Kany A3pexeclle 3cepiH ecenke any YLWiH Keneci
KaTblHAC \CbIHaAbI:

£cTtat~£4uH

A RQ— 0

MaHAaThl (EcTar + £ynp) - Kanbin KOCMACbIHbIH TO/bIK AeopMaunschl; AeBB- TYTKblpAbIKTbIH KafbiM KOCMACbIHbIH
Xannsl feopmauusacbiHa 3cep eTyiH CUMaTTalTbiH Wama; eCrr - KafibiM KOCMACbIHbIH CTaTWMKa/bIK XXaHLWyAaH
KeWiHri KkangblK fgeopMauuschl; €M - KanbiM KOCMACbIHbIH JKapblMbICMEH Thirbi3gayAaH KeRiHri Kangbik
fedopmauuscel; - Kanbin KocnacblHbIH cepnimai fedopMauusch!.

Tacingi icke acblpy YLWIiH KOHCTPYKUMACHI Gipereli acnan acangbl. OHbIH X3pAeMiMeH Tbirbi3gay MpoLeci
6apbICbiHAA KOCNaHbIH TYTKbIp, CEPRiMAi XX3HEe NNACTUKa/bIK KaCUETTEpi e3repyLuLl CMnathl aHblKTanabl. Thirbi3gay
npoueciHae onapfAblH M3Hi KaiiTa 6eniHedi, 6Gipak >annmbl comacbl e3repmeigi. YAeTy KeseHiHge Kocna eH
ascepnimMAi KacueTiH KepceTefi, TYTKbIp/iblK KacueTi TemeHAeigi, an nnacTWKanblK Kacuen >Xorapblnaigbl.
BipkanbiNTbl KO3ranraH KesiHA4e, TYrKbIp KacueTi MUHMMaNAbl X3He NNacTUKalblK Kacuen Makcumanasl 6onagbl.
OgfaH 3pi npouec askTanraHra geiiH Tyrkolp Kacueti 80..90 %-ra fgeliiH kebelieai, an nnacTMkanblk Kacuen ic
XY3iHge Henre gelwH kemugi. Cepnimai KacueTi npouecc 60ibl aepnik TY3y Cbi3bIKTbl 60M1adbl, 6ipak asgan ece
Gepesi.

TYWiH ce3ep: Kanbin Kocnachl, Thirbi3aay NPOLECi, MAY/LC, TYLLbIPAbIK, CePRiMAiNiK.
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YMAOTHEHWE BA3KO-YMPYIO-MNACTUYECKON ®OPMOBOYHOM CMECH
MMMY/TbCOM B3PbIBHOW BOJIHbI

AHHOTauus. B cTaTbe paccMaTpuBaeTcsl MPOLECC YMNAOTHEHWS MecyaHo-rAMHUCTON (OPMOBOYHON CMecu
BO3ZENCTBMEM UMMY/bCA B3PbIBA FOptoYero rasa. OnbITbl MPOBOAMINCL HA 3KCMEPUMEHTaIbHOW YCTaHOBKE, CO3/aH-
Holi Ha 6a3e JOPMOBOYHOIO MOMyaBTOMATa. Y CTaHOB/EHa 3aBUCMMOCTb MAIOTHOCTW NUTEAHON OPMbI OT MOLLLHOCTM
UMMYNbCa U (U3MKO-MEXaHUUYECKNX CBOIMCTB CMecu. BoniHa B3pbIBHOTO AaBfieHMs NMPUBOAUT B fiBUXKEHME CTONG CMe-
Ccv B onoke. MepemMeLleHe CMecy NMPOUCXOAUT MOCeAoBaTelbHbIMI CNOSMW. Kaxablii cnoli BHavYane pasroHseT-cs,
3aTeM ABWXKETCS paBHOMEPHO, TOPMO3UTCS U MOTOM OCTaHaBnMBaeTcs. Mpyu 9TOM NPOUCXOANT YNNOTHEHME CMos 3a
CYET KMHETWUYECKOI IHeprum ABuKeHUs. YeM 6o/blie CKOPOoCTb pa3roHa JOPMOBOYHOI cMecu, TeM Go/blue Npro6-
peTaeMas et KWHeTUYeckas 3Heprus U, COOTBETCTBEHHO, HaMpPsHKEHME CKaTUs, BOSHUKAIOLLLEe NPK YMIOTHEHNMN.

UTo6bl NPUBECTM CMECh B [BUXEHWE, HAaZ0 MPEOAONETh ee NHEPLUIO MOKOs. [03TOMYy MpW KpaTKOBPEMEHHOM
OENCTBUM HarpyXeHns cnoii cmecy, 6narofaps CBOeK MHepLWK, HauMHAEeT [BVXKEeHWE, KOrja BOMHA AaBNeHUs yxe
npoLuna yepes Hee. TakuM 06pa3oM, MPOLLECC YMIOTHEHWS He YCMeBaeT CNeAoBaTh 3a Harpyskoi, T.e. MPOMCXoanT
3anasfgpblBaHvie geopmal GopMOBOYHO CMECU OT HarpyXXeHus. bonee pbixnas CMech pasroHsIeTcs cUbHee, Yem
6onee nnoTHas. KOHTaKTHble CBA3W MeXAy 4YacTuLaMu MasionsioTHOW cMecn cnabee, YeM CBSI3U MeXAy YacTuLamm
6onee NAOTHOW cMecn 1 paspyLluaroTcs nerye. MoaToMy Bpems 3anasfblBaHWs Mexay Hauyanom gedopmaumm gopmo-
BOYHOI CMECU 1 UMMNYNbCOM HarpyXXeHusi yMeHbLLAeTcs, a AehopMaliis U CKOpOoCTb fedopMaLay yBenmUmnBaoTCs.
MpuuyeM Bpems 3anasfblBaHUs 3aBUCUT OT MPOYHOCTU KOHTAKTHBLIX CBS3EH M (DU3MKO-MEXaHWYECKUX CBOWCTB
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(hOPMOBOYHOI cMecn. MeXyacTuuHble CBSI3M (hOPMOBOYHOI CMecH 06ecneynBaloTcs B OCHOBHOM MIEHKOW FIMHKC-
TOro cBsAsytowwero. A npeobnagalolium ee CBOWCTBOM SIBASETCA BA3KOCTb. JIOTMYHO NPeAnoNoXnTb, YTO BA3KOCTb
OKas3blBaeT CYLLEeCTBEHHOE B/IMSHUE HA NPOLECC MMMNY/bCHOMO YNOTHEHNS.

MoABMXHOCTb MECcYaHO-TIMHUCTOM CMEecU TakKXXe 3aBUCUT OT ee (DM3MKO-MeXaHUYeCKUX CBOMCTB, B MEPBYHO
oyepedb BA3KOCTW. NSl M3Y4YeHUS BAWSHUS BA3KOCTM (POPMOBOYHOW CMECU Ha CTeneHb HeAOYMAOTHEHWS Mpu
B3pbIBHOM (hOpMOBKe 6bin pa3paboTaH CNocob TEXHOMOTMYECKOro ornpefeneHus BaskocTW. OH 3aKni4aeTcs B
CpPaBHEHUM OCTaTOYHbIX fedopMauuii (1, Kak CneacTBue, MIOTHOCTel) o6pasua (DOPMOBOUHON CMecu Mocne
YNAOTHEHMS B3PbIBOM W MPECCOBaHWEM MPU OAMHAKOBbLIX HAMpPSHXKEHUAX CXaTusl, BO3HMKAKOWMX B cmeck. [Ans
noAcyeTa BAUAHUS BA3KOCTU (HOPMOBOYHOI CMECU Ha CTEMEHb ee HefOYNAO0THEHUA NpefnaraeTc COOTHOLLEHNE:

)i __ EcTaT~£auH
MNessas —

&etat Eynp '
roe (£ctar + £yIp) - nonHaa gedopmauus (POPMOBOYHON CMecu; AeBB - BeNUYUHA, XapaKTepusyoLwas BAUSHUE
BA3KOCTW Ha 06Lyto aedopmanmio POPMOBOYHOW CMeCK; ecrr - ocTaTo4Has Aedopmanuns hOPMOBOYHOM CMecu
mocne CTaTMYeCKOro MpeccoBaHUs; eyH - ocTaTouHas Aedopmauusi DOPMOBOYHOM CMecUM Mocfie YNIOTHEHMS
B3pbIBOM; &fP- ynpyras gedopmMaLns GOopMOBOYHOI CMECH.

[Lnsa peannsaymu cnocoba 6bin paspaboTaH NPUOG0OP OPUTUHANBHON KOHCTPYKLUK. C ero noMOLLbO YCTaHOB/EH
XapakTep W3MEeHeHUsi BA3KWX, YNPYrux W MacTUYecKMX CBOWCTB CMecuM B TeyeHMe mpouecca. B mpouecce
YNAOTHEHMS MPOUCXOANT NepepacnpeseneHme Ux 3HaueHniA, Ho UX 06LLas CyMMa OCTaeTcsl HeM3MeHHO. Ha ctagun
pasroHa cmecb 00n1afjaeT MWHUMaNbHLIMW YAPYTUMW CBOMNCTBaMW, MPOSBIEHWE BA3KUX CBOWCTB CHUXaeTcs, a
nnacTuyeckmx Bo3pacTaeT. [pyM paBHOMEPHOM [BMXEHWUW BA3KUE CBOWCTBA MUHMUMANbHbI, @ MNAaCTUYecKue -
MakcumanbHbl. [lanee A0 OKOHUYaHWSi Mpolecca BA3KUX CBOMCTBa Bo3pacTaloT Ao 80...90 %, a nnactuueckue
YMeHbLUAKTCA NPaKTUYEeCKN A0 HyNs. YNpyrue cBOWCTBA BO3pacTaloT MOYTW NIMHEHO B TeYeHMe BCero mpolecca,
HO He3HauMTeNbHO.

KntoueBble cnoBa: hOPMOBOYHAS CMECh, NPOLLECC YNIOTHEHNS, UMNY/bC, BA3SKOCTb, YNPYroCTb.
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