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Abstract

The article discusses the effect of overheatingetedabove the casting temperature) on materiabibty of AlISi17 silumin. The
examined alloys was poured at temperatures, 76D;a8d 980C, holding the melt for 40 minutes and casting fribv@ temperature of
760°C. The assessment of the impact of the degreeesheating was to analysis the tensile strengttmRhe results of the static tensile
test, the main estimators of the descriptive stesisand coefficients of variation. Having detemed the boundary valum, for Weibull
distribution, the value of ,m” modulus was computaldng with other coefficients of material reliatyil proposed formerly by the
authors. Basing on the obtained results, a mod&/eibull distribution function was developed for ttemsile strength with respective
graphic interpretation. The time-temperature patarseof the melting and casting technology havenlmmsen to determine the scatter
of resultant parameter (Rm) in function of overir@atiegree. The time-temperature treatment of teggectic AlISi17CuNiMg silumin,

through its effect on the cluster structure of mwolalloy, is shaping the material reliability aretfprmance stability of castings.
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1. Introduction

Coarse-grain structure has very adverse effect om th

mechanical properties and machinability of castifideerefore, a
key role in the use of Al-Si alloys in industry htee refining
treatment and uniform distribution of primary silic crystals.
This goal can be achieved through modification,inief,

application of ultrasounds [1] and overheating dflten alloy
during casting [2], owing to the formation of agarnumber of
substrates for the heterogeneous nucleation @bailcrystals. In
world literature [3, 4] one can find but only sainformation on
studies carried out on the structure of molten AllBys and its
effect on alloy constitution in the solid state.eTtesults of the
investigations indicate that in the case of hypeetit silumins

the increasing degree of alloy overheating resintsa partly
reversible change of their structure, while in thase of
hypereutectic silumins this change is practicalignersible [5].
Studies on the structure of liquid metals and alldg not allow
yet a definitive and unambiguous assessment ofepsas going
on in these materials, but our knowledge of thdssnpmena can
have a significant effect on the determination aflten alloy
predisposition to the occurrence of certain typecofstalline
structures after solidification and consequentljniprovement of
casting properties.

Known from literature [6], the cluster theory used the
theoretical description of liquid metal as wellahker hypotheses
(statistical, condensation, network, geometric,rrifaelynamic)
[7] do not fully explain numerous phenomena thaetalace in
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liquid metal. Therefore, it seems advisable to utadke research
on the effect of time and temperature of heat tneat on the
tensile strength (R of alloy. The results of these studies will
make basis for further determination of alloy perfance
reliability measured by Weibull modulus ,m”.

2. Scope and aim of investigations

The main aim of the investigations was determimataf
Weibull modulus for AlSi17CuNiMg silumin. The ressilbf static
tensile test were basis for the determination bbandary value
of 0o used in Weibull distribution and of the value obanlus
»,m” generally considered a measure of the perfocaarliability
of the investigated alloy.

The scope of investigations included:

— determination of tensile strength (20 samples weast for
each temperature value),

— determination of the main estimators and variapifileces,

- calculation of Weibull modulus,

- development of graphical relationships for the &av
probability ,p” in function of the tensile stresso”,
considered a measure of the performance reliahiftghe
examined silumin.

The selection of overheating times and temperatapgdied
during holding of the hypereutectic silumin meltsa@ a great
extent based on information given in referenceditee, on the
results of the research done previously and destrib [8], and
on a new concept of the relationship that is suppda® exist
between the cluster structure, mechanical propertiand
performance reliability of material determined lmg”,modulus.

3. Test materials and methods

Tests were carried out on, adapted for this purpstsedard
hypereutectic silumin of the chemical compositiodmown in
Table 1.

Table 1.
Chemical composition of AlSi17 silumin (wt/%)
The percentage of elements (wt.%)
Si Cu Fe Mn Mg Ni Al
16,21 0,87 0,44 0,03 0,64 0,63 reszta

Alloy

This silumin resembles alloys from the A3XX.X seriggrade
A390.0, cast in sand and metal moulds, used mdarlypistons

operating in I.C. engines, and for blocks and bodiesylinder

compressors, pumps and brakes [7, 9].

The stand for melting and casting of tensile speairto examine
the silumin properties is shown in Figure 1.
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Fig. 1. Test stand for melting and casting of silsn

Schematic representation of the concept of meltivgrheating,
cooling and casting of tensile specimens is degiictd-ig. 2.
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Fig. 2. Schematic representation of time-tempeeati@atment

Specimens prepared according to PN-EN 1706 arersimowig.
3.

a) b)

O — AV

M — Y

Fig. 3. Tensile specimens: a) before b) and afeghiming

The tensile test was carried out on an Instron 4#&6hine at a
rate of 20 mm/min.

4. Results and discussion

Since studies described in this paper are of ainprary
character only, the AlISil7 silumin was cast withmddification
and refining.

Issue 4/2010, 173-176



At the first stage of investigations, the main paeters of the
descriptive statistics of the AISi17 silumin ovester to a preset
temperature and cooled at a constant rate of ah&C/s were
determined. The results are presented in Table 2.

Next, the tensile strength Rm was determined, aluitly the
respective mean values, intervals of confidencahildy ranges
and the scatter of results measured with standevihtibn (SD).
The results are graphically depicted in Fig. 4.

Table 2.
Parameters of descriptive statistics

Statistical Overheating temperatuf€&

parameter 760 870 980
Number of observations 20 20 20
Mean 129,2 116,2 92,8
Confidence - 95% 115,3 105,8 87,3
Confidence + 95% 143,0 126,5 98,4
Median 129 116 94
Min. 95 91 78
Max. 174 146 104
Lower quartile (25%) 114,8 104 85,7
Upper quartile (75%) 142,6 128,3 99,6
Range 78,8 55 25,8
Variance 473,6 265,2 77,1
Standard deviation 21,7 16,3 8,9
Standard error 6,2 47 2,5
Skewness 0,45 0,18 -0,4
Curtosis 0,24 -0,59 -1,24
Coefficient of variation 0,168 0,14 0,095
Percentile 63 (Sigma 0) 136,3 121,8 98,5
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Fig. 4. Plotted relationship for the examined silutensile
strength in function of overheating temperature

At the next stage of investigations, the valuehaf tensile stress
»,0" was determined and, based on relationship (B),vdlue of

the survival probability (F), called model parameter, was

calculated.

P.(vo)=expi - [ij (1)

were:
Ps(V ) — survival probability,
o — tensile stress, MPa,
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0y — tensile stress, for which 37% of samples exdhisdvalue in
terms of test features, Mpa,
m — Weibull modulus

Based on these data, the boundary valuesoivas calculated for
Weibull distribution along with the value of modslu,m”
considered a measure of the examined alloy perfocema
reliability when overheated from three temperatuiidse results
are shown in Table 3.

Table 3.
Parameters of reliability
Overheating

Reliability parameter

temperatureSC Og, MPa Modulus ,m”
760 136,3 7,12
870 121,8 8,56
980 98,5 12,69

Based on these values, graphical relationshipdéotensile stress
»0" in function of the survival probability (P) wedetermined, as
shown in Figure 5.
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Fig. 5. Survival probability in function of tensistress

Structure examinations were carried out as a tooiptementary
to statistical calculations. Examples of AISil7 usiin
microstructures in as-cast condition and after logating to the
above stated temperatures are shown in Figured 8.an

a)* s ) g2
Fig. 6. Microstructure of AlSil17 silumin in as-casindition
(without overheating)
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b)

200 um

Fig. 7. Microstructure of AlSil17 silumin overheated
a) 760C, b) 870C, c) 980C and held for 40 min

4, Summary

As proved by the investigations, melting, overhgatand
cooling to the pouring temperature change in aifsoggmt way the
value of the tensile stres)( consequently affecting also the
value of Weibull modulus. As shown in Figure 4,inarease in
the overheating temperature of molten silumin matkes mean
value of R, drop by 13 to 23 MPa. This drop, however, is
accompanied by a reduced scatter of results oltafoe the
examined property (from 5,4 to 7,4 MPa), measurngdthndard
deviation (SD) (Table 2).

Hence a conclusion follows that the degree of mol#oy
overheating reduces the tensile strength of atleguicing also the
scatter of the obtained results. Making the stigbitange of the
resultant feature more narrow, and hence increafiegalloy
technological and operational stability reduces dbefficient of
variability and the boundary value a§ for Weibull distribution,
increasing at the same time the value of parametér It has
been assumed that this coefficient, responsibletifer survival
probability (p), determines the material relialyilivhich for an
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engineer-designer may constitute an important adganover
other materials. The reduced scatter of the tessiss valueso]
was confirmed by the reduced slenderness in Figure

The statistical calculations were completed withucture
examinations. The AlSil17 silumin poured from theperature of
760°C (without holding at this temperature and without
modification) shows ,star-like” hypereutectic crgist of silicon
characterised by a non-uniform distribution in maffig. 6).
This is the structure typical of unmodified hypesatic silumins.
Holding of alloy for 40 minutes at the temperatafe760°C (Fig.
7a) results in slight refining of the alloy struauThe crystals of
silicon are finer and their distribution in matrisx much more
uniform. With increasing temperature of overheatitite alloy
structure seems to be even more refined and horeogsen The
crystals of silicon are more compact and very f{fr&. 7b).
Further overheating of alloy to 98D refines the structure even
more, which can suggest that overheating of alfoyhe factor
strongly affecting the AlSil17 silumin structure nifachtion.
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