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Shrinkage porosity is one of the typical and most 
common defects in castings, which can deteriorate 

the properties of produced castings. It is very difficult 
to reduce the defects through subsequent thermo-
mechanical treatments [1] or forging process [2], especially 
for defects formed in the near-net shape casting process. 
A lot of research has been done to extend the service 
life of castings by reducing the shrinkage porosity in the 
castings [3-8]. Generally, this kind of defects are caused by 
insuffi  cient feeding pressure or obstruction of the feeding 
channel [9-12].

The studies of many investigators show that vibration 
can improve the casting quality since Chernov first 
successfully refined grains of steel castings by gentle 
vibration of the mould. The application of vibration to 
the mould is one of the most convenient methods to 
improve casting quality [13]. However, there still are some 
drawbacks, and one example is that vibration with low 
frequency during the solidifi cation process usually makes 
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the liquid melt release heat from the mould through 
the sprue [14]. Therefore, direct vibrations on the liquid 
melt by ultrasonic [15], vibration injection molding [16] or 
electromagnetism [17, 18] were used to improve the quality 
of castings.

It is worthwhile to notice that all the above vibration 
methods improving the casting quality through grain 
refinement for dendritically solidifying materials 
are based on the dendrite fragmentation mechanism, 
particularly at high-frequency. For ZL205A alloy, which 
has been widely used in aviation, aerospace and military 
industries [19-22], the dendrite fragmentation mechanism 
did not appear effective, many shrinkage porosities 
would occur after solidification, which cannot be 
avoided even by a low pressure die casting process. 

Therefore, a new method was proposed in the 
present work after studying the feeding mechanism of 
“burst feeding” through the vibration to improve the 
feeding capacity, in which the vibration is produced by 
fl uctuation pressure through compressing and releasing 
nitrogen gas, which can induce the “burst feeding” 
process [23]. This approach can not only prevent the 
contamination of the transducer component, but also 
overcome the low transmission effi  ciency shortcoming 
of mechanical vibration.
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1  Experimental procedure
ZL205A alloy was selected as the casting material, and graphite 
was selected as the mold material. The experiment was done 
in the gravity fi eld in order to achieve the solidifi cation under 
the fluctuation pressure. The geometry structure and size of 
the casting mould is shown in Fig.1(a). Part A is a riser; Part B 
is an investigation area of shrinkage porosity; Part C is set for 
removing the casting easily. The graphite mold was directly 
placed in a resistance furnace with a crucible, where the ZL205A 
alloy was melted. After the ZL205A alloy melt was kept  at 700 
°C for 10 min, it was put into the self-developed fluctuation 

Fig. 1:  Schematic of fl uctuation pressure experiment device

Fig. 2: Pressure curve of fl uctuation pressure experiment

pressure experiment device as shown in Fig. 1(b). The heat-
resistant sealing material was used to ensure the gas tightness 
between the graphite mould and the top cover. The pressure 
was provided by a high-pressure nitrogen gas bottle tank. The 
fl uctuation pressure was regulated by the exhaust valve, while 
the exhaust valve controlled the pressure sensor. The exhaust 
valve would be opened when the pressure reached the preset 
pressure, and it would be closed when the pressure dropped to 
lower than the preset one. The fluctuation pressure would be 
formed by opening and closing the exhaust valve several times. 
The casting mould was fi xed on a large metal plate to prevent 
the shake of the mould caused by diff erent pressures.

was 0.1 MPa.
In order to study the effect of pressure fluctuation on the 

feeding capacity under the gravity field, the experimental 
scheme presented in Table 1 was designed. The alloy in scheme 
#1 solidifi ed under the gravity fi eld with constant pressure of 0.1 
MPa. The alloy in scheme #2 solidifi ed under the gravity fi eld 
with a constant pressure to study the eff ect of absolute pressure 
on the feeding capacity. The alloy in scheme #3 solidifi ed under 
the gravity fi eld with the fl uctuation pressure to study the impact 
of fl uctuation pressure on the feeding capacity. The eff ect of the 
fl uctuation pressure can fi nally be obtained by the comparison 
of the three schemes. For the convenience of comparison, the 
experimental conditions for the three schemes were exactly 
the same in temperature control, along with the pressure 
diff erences.

(a) Geometry of casting mould                                          (b) Fluctuation pressure device 

The molten ZL205A alloy solidifi ed in the gravity fi eld with 
fl uctuation pressure ranging from 0.1 MPa to 0.2 MPa, where 
0.1 MPa represents connecting to the atmosphere without 
additional pressure; 0.2 MPa represents the additional pressure 
of applied 0.1 MPa. The fl uctuation pressure applied in the fi rst 
two minutes of the present experiment is shown in Fig. 2. The 
fl uctuation frequency was 0.25 Hz, and the fl uctuation amplitude 

Table 1:  Experimental conditions

#1 #2 #3

Gravity Y Y Y

Pressure Y (0.1 MPa) Y (0.2 MPa) Y (0.1-0.2 MPa)

Fluctuation N N Y (f =0.25 Hz)
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Fig. 5: Schematic of vibration boundary condition

2  Results and discussion
The finished castings are shown in Fig. 3. Non-destructive 
X-ray detection was carried out to detect the shrinkage 

Constant pressure of 0.1 MPa (#1), constant pressure of 0.2 
MPa (#2), fl uctuation pressure (#3)

Fig. 3:  Finished castings solidifi ed under different conditions

Fig. 4:  X-ray detection results of fi nished castings

porosity in the castings and the results are shown in Fig. 4. 
The shrinkage defects in the castings were characterized by 

the area of shrinkage porosity. As shown in Fig. 4 and Table 
2, there are shrinkage porosity marked A and B in Fig. 4 in 
casting #1 and casting #2, and the shrinkage porosity area of 
casting #2 is smaller than that of casting #1. These results can 
refl ect the feeding ability of the castings.

(a) Constant pressure of 0.1 MPa (#1)         (b) Constant pressure of 0.2 MPa (#2)                  (c) Fluctuation pressure(#3)

pressure fl uctuation was feasible. The reason is that the fl uctuation 
pressure exerted on the surface of the alloy melt is like a vibration 
boundary condition applied to the casting (Fig. 5), while both 
the melt and the solidifi ed alloy can transmit pressure, therefore, 
the applied vibration can inevitably transmit in the solidification 
system. Therefore, the eff ect of fl uctuation pressure can be regarded 
as the infl uence of vibration on the feeding ability.

Vibration can reinforce the convection in the melt during the 
alloy solidification [24]. This can be verified by the numerical 
simulation results by the software ProCAST, as shown in Fig. 6.

The numerical results show that the pressure fluctuation could 
promote the increase of fl ow velocity during the alloy solidifi cation. 
According to Darcy's law, the flow velocity improvement of alloy 
melt would definitely increase the feeding ability of castings. The 
experimental results obtained in the study were inferred to be more 
unambiguous and believable.

The solidifi cation processes in Fig.7 show that the castings without 

The analysis results indicated that the shrinkage porosity 
area of the finished casting solidified under constant 
pressure is smaller than that solidifi ed under the gravity fi eld 
with no additional pressure. The solidified castings under 
pressure fluctuation without shrinkage porosity defect were 
obtained. The highly improved feeding capacity in the work 
demonstrated that the feeding ability improvement through 

Table 2:  Shrinkage porosity area of fi nished castings

#1 #2 #3

Shrinkage porosity area (mm2) 166.61 132.94 0

Casting No.
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Fig. 6:  Numerical simulation fl ow velocity of alloy melt during solidifi cation under different conditions

Fig. 7:  Temperature fi elds of alloy melt during solidifi cation under different conditions

(a) Constant pressure of 0.1 MPa(#1); (b) Constant pressure of 0.2 MPa(#2); (c) Fluctuation pressure(#3）

(a)

(b)

(c)

(a) Constant pressure of 0.1 MPa(#1); (b) Constant pressure of 0.2 MPa(#2); (c) Fluctuation pressure(#3）
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fluctuation pressure can form shrinkage porosities since there 
are closed temperature zones during the solidifi cation process of 
the castings. The temperature fi elds under the three solidifi cation 
processes show that the volume of the shrinkage cavity in the 
top of the riser increases with the increment of the applied 
pressure. This means that the applied pressure to the alloy 
melt can improve the feeding capacity of the riser. The casting 
with fluctuation pressure solidifies faster than the other two. 
The ultimate solidifi cation part of the casting with fl uctuation 
pressure moves to the riser and consequently the shrinkage 
porosity in the casting becomes less. The solidifi cation curves of 
the castings under diff erent solidifi cation conditions are shown 
in Fig. 8. From the curve we can recognize that the solidifi cation 
time of the castings is 1,800 s, and there is suffi  cient time for 
the alloy melt to complete the feeding process. During this 
period, the constant pressure and the fluctuation pressure can 
all be applied on the alloy melt to promote the feeding process, 

improving the casting quality.
The reason for the improvement of the feeding capacity with 

vibration can be illustrated by Fig. 9. It is generally accepted 
that there are two necessary conditions to improve the feeding 
capacity of the alloy: one is that there must be sufficient and 
eff ective feeding pressure, and the other is that the alloy in the 
feeding channel must be fl owing fl uid. The two conditions are 
indispensable. There have been many studies on the feeding 
pressure and it will not be discussed in the present paper. 
However, it needs to be discussed on how the feeding channels 
change during the solidifi cation process.

The fluctuation gas pressure applied on the molten metal 
surface can be seen as a vibration resource to the melt. The 
vibration can propagate in the whole solidified area of the 
casting, in which the structure created by solidifi ed grains will 
be destroyed, finally resulting in the feeding channel change. 
The change plays a role in dredging the feeding channels in the 
solidifi cation process, and thus improving the feeding capacity, 
as shown in Fig. 9. This result was also observed in our other 
experiment [25].

3  Conclusion
It is a very eff ective method to apply the fl uctuation pressure 
to the top of the riser during the solidification process of 
ZL205A alloy to eliminate shrinkage porosity in the castings 
due to the fact that pressure fl uctuation could induce vibration 
of the melt, while the vibration could increase the convection 
velocity of melt, change the solidifi cation zone structure, delay 
the feeding channel closure, and finally lead to the casting 
feeding capacity improvement.
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