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ABSTRACT: Compacting casted parts and reducing the blister on the solidification of alloys are equally
interests in improving the quality, characteristics and reducing manufacturing costs by increasing the
removal result index from blister compaction.

Theoretical and experimental research conducted by the authors has lead to obtain beneficial results in this
respect. This paper presents the results and conclusions drawn from this research.
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«* INTRODUCTION

The structure and physical-mechanical characteristics of a casted metal material are influenced
by its density and compactness.

At the alloys solidification it can occur discontinuities, due to the shrinkage phenomenon,
characteristic of most alloys and to the pronounced decrease in solubility of gases in the melt, at
crystallization temperature.

«» THE STUDY

Obtaining a compact metal material is provided if the v speed of the alloy penetration into
capillary channels of the biphasic zone is equal to the contraction speed vconer. [1]

Veontr = a-m-R [m/s] (1)
where: « - contraction coefficient of the alloy at solidification; m - ratio between the liquid mass
volume from the biphasic zone and this zone’s volume; R - rate of occurrence of solid phase [m/s].

In ordinary conditions, the v speed is expressed as such:

2 B+PB —F, +2—00050
V= — r , [m/s] (2)

877 /
where: 7 - radius of the capillary channel [m]; P - external pressure [Pa]; P, = metalostatic pressure
[Pa]; Py - channel gases pressure [Pa]; o - superficial tension of the alloy [N/m]; & - wetting angle
[rad]; 77 - dynamic viscosity of the alloy [Pa-s]; | - length of penetration of the alloy in capillary
channels [m].

From the equality of the two speeds v=v ¢ results:

> P+P —P +2—O--COS9
7 e m g

—_ r :a-m-Rn (3)

8n /

from where:

r2(Pe +P, P, +2o-~cos9j
r
] =

8n-a-m-R
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Mechanical oscillations decreases the superficial tension o at the liquid-solid interface wetting

angle @ and imprints the alloy a maximum initial speed v;= Aw .

Mechanical vibrations action produces in the biphasic zone a dendrite fragmentation, reducing
the length of capillary channels to be covered by the liquid alloy to fill the gaps caused by shrinkage
and increase the speed of the liquid alloy flow in these areas, improving supply conditions in micro-
cavities.

Also, vibrations determine a macro-blister concentration and a reduction of the porosity in the
hot spots, an effect explained by increasing the melt flow.

Mechanical vibrations applied in liquid metal alloys introduce new forces that determine changes
in the macrostructure and macro-blister of the casted parts.

The size, shape and position of micro-blister can be determined theoretically by plotting
isotherms of solidification in the walls of the casted parts.

Macro-blister is located in those areas of the wall where the liquid alloy solidifies last and alone.
Macro-blister consists of one or more concentrated cavities in clearly defined areas, they result from
the solidification of large volumes of liquid alloy. Macro-blisters are called as well concentrated
blisters. [2]The alloy layers that isolate the blisters between them and cover them in the top part are
called decks.

The main macro-blister is found in the upper part to the casted part compared with the casting
position, while the secondary macro-blister is found in the lower part or in hot spots in the thermal
axis zone.

Macro-blister is determined using technological evidence, while micro-blister by applying
methods of flaw (X or gamma rays) or by determining the density of samples cut from the casted part
wall.

The volume, shape and position of the macro-blister and micro-blister in the walls of the casted
parts are influenced by several factors which at their turn depend on the technological nature of the
alloy, the nature of the mold, the casting conditions and the casted part geometry.

The total volume of the blister is:

Vi = Vg + Vir ()

in which: Vyr - the macro-blister volume; V., - micro-blister volume.

The factors which influence the blister are the following:
alloy’s nature;
form’s nature;
casted part geometry;
casting conditions.[3]

Avoiding the process of developing a micro-blister is impossible, but the routing of the
contraction process in order to obtain a macro-blister with as smaller as possible volume and with an
optimum distribution in the part’s wall is possible.
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+  ANALISES, DISCUSIONS, APPROACHES AND INTERPRETATIONS

The development of the alloy was made in a crucible furnace, heated by burning a natural gas
flame. After melting, the temperature was increased and maintained at 800°C.
For casting and solidification of the samples were used metal forms.

Fig 1. Alloy’s solidification Fig. 2 Extraction of vibrated samples from the mold
Among physical properties, density is directly related to the development process and represent
the unit volume’s mass.
From the performed measurements performed we can remember the following:
+ sample casted from non-vibrated alloy, solidified in outdoor air; (O)
« sample casted in non-vibrated alloy, solidified under the influence of vibration after casting until
solidification; (V)
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« sample casted from alloy vibrated in pot, solidified without vibration (O’)

« sample casted from alloy vibrated in pot, solidified under the influence of vibration after casting
until solidification. (VV)

Fig. 3 Blister aspect for different situations
a- non-vibrated; b- the vibration of melted alloy (only in pot, before casting)
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Fig. 4 Examples of section blisters
a- solidified under the influence of vibration after casting until solidification; b- vibrating the alloy in
the pot and during casting until solidification.

Vibrations determine macro-blister concentration, a decrease of porosity from the liquid alloy, to
manage the formation processes and structure compacting with small crystals which present the best
physical and mechanical characteristics, including increased density of casted alloys with those
advantages. Measurement results are presented in Table 1 for an aluminum alloy type ATSi12.5 Mg0.25.

Table 1. The measurements results on non-vibrated, vibrated samples

No. sample Sample mass Volume Density Density increase thought vibrating
[g] [cm’] [g/cm’] [%1]
1 0 30,9044 11,6 2,66 -
2 Vv 31,9044 11,4 2,79 4,88
3 VvV 30,8544 10,9 2,83 6,39

Mechanical properties are also determined by the macrostructure because of the existence of
chemical heterogeneity, crystalline or mechanical or discontinuities that play the role of power and
micro-concentrators, by size, crystal form, nature and morphology of structural constituents.

Table 2. Values for tensile strength, yield, elongation, weakening the fracture toughness for the cast alloy
AlSi12.5Mg0.25 of samples realized during research

Sample Rm R Ay Z HB -
No. tpr:e [MPa] [MpPoé] %] [%] [MPa] Observations
R1 01 170 102 | 3,5 2 87.5 Un-worked sample
R2 02 176 101 3 2,04 88,6 The split inclusions 0.5 mm
R3 03 175 103 3,2 2,2 87,3

R4 0’1 185 111 4,2 5,8 89,3

Un-worked sample inclusions in the area from feeder
R5 02 93,8

Defect in structure, blister with a diameter of 1.5 mm

R6 0’3 186 112 5 - 90,6
R7 V1 295 162 | 4,4 3 105

R8 V2 296 162 2,7 | 104,3
R9 V3 295 160 | 3,9 | 2,7 | 106,3
R10 V4 294 | 170 | 3,9 - 103, 1

R11 V5 294 165
R12 VV1 150 - - - -
R13 VV2 295 147 | 5,6 3 99,3
R14 VV3 294 145 | 4,2 1,5 98,6
R15 VV4 290 150 | 2,1 2,1 97,2
R16 VV5 285 151 4 2,8 97,3 | Turning diameter of 50 mm, sample in the thermal axis

103,2

Defect in structure
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Table 2 shows the values obtained by carrying out systematic evidence of resistance to fracture,
yield, and elongation at break for the four types of casting:
casting in gravitational field (O);
casting after the liquid alloy vibrating in the mold (0’');
vibrating after casting in the mold until solidification (V);
sample from the liquid alloy vibrated in the pot casted in the mold and vibrated until solidification
(V). [4]

Following research which refers to treating metal melts with mechanical vibrations, highlighting
the fact that they have positively influenced the structure obtained after solidification and on
mechanical properties, in the sense that it improves
them. The values obtained are much higher than those HARDNESS
obtained in the classical variant.

The mechanisms by which these vibrations act on 100
the liquid phase during solidification and melting are 0 !" "™ e esa g /e
complex. [5]Explanation and understanding of these 80
mechanisms is of great theoretical and especially
practical importance, allowing us to define appropriate —m Series2 |9593]94/91/91/92/91/90/89(90
technology for treatment of melt with vibrations.

Figure 5 shows the variation of the degassed alloy
hardness under the influence of vibration (50Hz) in the
casting pot. It is noted that thought gas elimination was Fig. 5 HB-hardness variation on the radius for
achieved a material compaction, evidenced by alloy AlSiMg vibrating pot, gravitational
increasing the hardness by about 5 percent compared casting for the ¢20mm disc, sample 0’2
with the gross alloy.[6]
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+» CONCLUSION

The contour analysis of the contraction gap leads to the conclusion that under the natural action
of vibration is reduced the blister depth and its lower part is rounded.

For the alloys with high contraction, prone to cracking, it was observed that due to mechanical
vibrations the micro-blisters decrease reducing axial porosity.

Under the influence of mechanical vibration decreases the total volume of macro-blister and
focuses on the superior side, reducing the volume of liquid alloy for feeders.

The main favorable technological effects obtained by applying physical-mechanical treatments,
consisting of increasing compactness and improving the structure of castes parts.
It also finds a sharp increase in hardness values by 25 percent compared to a gravity cast alloy (static),
a slight decrease in the hardness towards the thermal axe, at the same diameters or different
diameters of the samples a longer vibrating time leads to chopped microstructures and higher hardness
values.

+* REFERENCES

[1.] BAUMB.A., TIAGUNOV G. B. - Protessa litiia, Moskova 1992

[2.] CAMUI C. - Studii si cercetdri privind efectul actiunilor fizice ale energiei vibratiilor de joasa frecventd asupra
cuprului In momentul turnarii si solidificarii in semifabricate; Iucrare de absolvire cursurii post universitare,
Bucuresti 1991

[3.] MARGINEAN I, VELICU St. - Procedee speciale si neconventionale In turndtorii, vol. I si II. Ed. BREN, Bucuresti 2002

[4] PARVULESCU C.-Cercetiri privind influenta vibrarii asupra solidificarii aliajelor turnate in piese; Teza de doctorat,
UbB 2010

[5.] POP M.A.-Cercetari asupra tehnologiilor si materialelor moderne pentru confectionarea garniturilor de model; Teza
de doctorat, UT Brasov 2009

[6.] SUSU C.-Contributii la imbundtdtirea calitdtii topiturilor unor aliaje de aluminiu destinate turndrii pieselor; Teza de
doctorat, UT Cluj-Napoca 2008.

ANNALS

O | siFaculty Qg
00| Hunedoara |20

ernation: —
aa| LS |oe

EE8E 00U I[l.[!
daEE b m@mma

ANNALS OF FACULTY ENGINEERING HUNEDOARA
— INTERNATIONAL JOURNAL OF ENGINEERING
copyright © University Politehnica Timisoara,
Faculty of Engineering Hunedoara,

5, Revolutiei, 331128, Hunedoara,
ROMANIA
http://annals.fih.upt.ro

30 Tome IX (Year 2011). Fascicule Extra. ISSN 1584 — 2673




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


