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Paber Aluminium is a medium size sand and permanent FoF &A3}, 9 F155°ColA 4A)7F B2k Al]) B FaliA
mold foundry; it was faced with the challenge of producing dojxion, RS E 19 e

five 500kg castings, identical to the one shown on the left
of Fig. 1. It is a well-known fact that the mechanical
properties varies within a casting and are not represented
by the tensile properties of the separately cast ASTM B26
standard tensile specimens; in the present case, these
separately cast test bars had a yield strength (YS), ultimate
tensile strength (UTS) and elongation(El) of 184MPa,
254MPa and 5.1% respectively. These properties were
achieved with an alloy A356 of composition given in Table
1, following this T6 heat treatment: solutionizing for 12h at
540°C, water quenching and aging for 4 h at 155°C.
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An indication about the tensile properties inside the
casting was required and while avoiding excising samples
in the casting. A method was devised to assess the required
properties on the basis of the measurement of 3 sets of
tensile properties: a) those of the separately cast ASTM
B26 specimens given above; b) those measured in a “cold”
section of the casting, in the present case Location 1 in the
runner, indicated on the right of Fig. 1; ¢) those in a ‘hot’
section of the casting, i.e at the bottom of the bigger riser,
just above the casting surface (Location 7). Each result was
an average after testing two samples.
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Table 1. Composition of the primary alloy poured
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A356 Si Fe Cu Mn Mg Zn Ti Sr B
7.32 0.11 0.04 0.02 0.34 0.04 0.10 0.000 0.0015
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Fig. 1. The finished casting (left) and the rigged casting with the locations 1 to 7 indicated.
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Table 2. Properties at different locations in the casting
FE A8 AAEA
Modulus t YS UTS El Q

Location cm min  MPa MPa % MPa
Testbar ASRM B26 1.0 184 254 5.1 360
1,2 1.3 175 163 205 3.1 279
3 3.6 124 114 158 2.4 215
4 4.9 156 102 148 2.6 210
5 3.2 87 119 164 2.5 224
6 22 96 136 174 2.1 221
7 4.1 198 103 139 2.5 199

= @A 7) o digE AEES gt Z4e] Al Bl tigt
754%5 271 ] Al dol ek e Asinh

These 3 sets of tensile properties are shown in bold black
print, in the last columns of the table n Fig. 2, along with
the corresponding Quality Index Q. Q represents the
metallurgical quality of the alloy by lumping the ultimate
tensile strength and the elongation according to the
relationship: Q (MPa) = UTS + 150 Log El. The great
interest of Q is that it is independent of the aging treatment
which follows the solutionizing and quenching of the
AlSiMg alloys [1].
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Fig. 2. YS as a function of aging and Mg content [2].
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Q mainly depends on the fineness of the dendritic
structure and the level of microporosity [3], which both
depend on the local solidification time of the alloy, ts,
which is the time elapsed between the beginning and the
end of solidification. This can be easily obtained
throughout the casting by thermal modeling of the filling
and solidification process. If the dependence of Q on t, is
assumed to take the form Q = Qg t", Q¢ and n can be
worked out by a best fit through the 3 known values of Q
for the separately cast ASTM B26 test bar (solidification
time of one minute) and at locations 1 and 7. Consequently,
the relationship Q = 367 t,%!!! is obtained and the last
column in Table 2 may be completed (in green).
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Contrary to UTS and El, YS has been shown to depend
on the metallurgical quality, but only on the magnesium
content and the temperature and the aging time, i.e. 0.34%
Mg, 155°C and 4h in the present case. The graph on the
right of Fig. 2 shows that for these conditions, one should
get a value for YS close to 190 MPa, which is precisely
what we get for the separately cast test bar, 13mm in
diameter. However, for bigger parts in the casting, the
quenching is only partial since, because of the slower
cooling, a fraction of the supersaturated magnesium
precipitates and is no longer available for precipitation
hardening during the aging process; this amounts to reduce
the effective magnesium content of the alloy below 0.34%;
hence, the values of YS at locations 1 to 7 are lower than
the graph suggests for %Mg = 0.34. The effectiveness of

the quenching maybe assumed to vary with the cooling
modulus at the different locations. For a simple shape, this
modulus is the ratio of the volume to the cooling surface
area. The modulus is plotted in Fig. 3 for the casting after
the risers have been removed. In the same figure, the graph
at the top plots the thermal history on quenching at
Locations 1 and 7.
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Quench curves at Locations 1 and 7

Temperature, C

Fig. 3. Distribution of the Quality index Q and of the cooling modulus M in the de-risered casting.
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If YS is assumed to depend on M through the
relationship YS = YS, M™, M being the cooling modulus
in cm, YS; and m can be determined because YS and M
are known for 2 points in the casting: at Location 1 in the
runner and at Location 7, at the bottom of the bigger risers,
20mm of which have been left to machine test bars after
the T6 heat treatment; accordingly, the relationship YS =
179 M3 is derived. YS cannot be more than the YS of
the 13mm diameter, separately cast test bar (184 MPa) for
which the quench was complete.

It has been shown that YS, UTS and El are not
independent [1]; they are related by a relationship of the
type, UTS = YS + a Logl0 El +b, a and b being equal to
60 and 13 MPa respectively. Since Q = UTS + 150 Log,
El is known, the solution of 2 equations with 2 unknowns
(UTS and El) can be solved, and the columns in blue in
Fig. 3 can be completed.

The problem of determining the tensile properties inside
the casting from the properties of: 1) the standard test bar,
2) a “cold part of the casting (gating) and 3) a”hot part” of
the casting (bottom of riser) is solved.
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