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in the case of thin-walled castings it is an important obstacle 
[14,19-21]. The main disadvantages occurring in thin-walled 
castings are the incorrect mapping of the mold and the disadvan-
tages of the shrink type. An effective solution to these problems 
may be to increase the casting module over the recommended 
30%, or to trigger the appropriate metallostatic pressure inside 
the mold. The use of an increased sinkhead is characterized by a 
very significant, reaching up to 2/3 of the weight of the finished 
casting, waste, figure 3.

3. Results 

As it was already mentioned in the research, authors made 
a task to make thin-walled castings from a copper-free alloy. 
The second assumption was to reduce the amount of obtained 
scrap. For this purpose, the use of centrifugal casting has been 
proposed, thanks to which it is possible to force the directional 
flow of metal in the mold, thus mapping even thin walls is 

possible. Based on the selected industrial cast (Fig. 2), a CAD 
model was developed and next a model of rotor was made by 
3D printing, as shown in Figure 4. 

The assessment of the manufacturability of the casting 
structure was accomplished using the NovaFlow&Solid CV 
4.3r8 program. Numerical simulations of cooling and solidify-
ing processes were performed for the casting without a gating 
system or sinkheads, placed in the mold according to the desired 
pouring position. It was assumed that the analyzed casting 
would be produced in the sand mold of dimensions equal to 
250×250×120 mm. The purpose of calculation was to identify the 
primary thermal centers within the casting and to find the shrink-
age porosity distribution after the complete solidification. The 
thermal problem was solved with omission of the mold pouring 
and filling stages. It was assumed that at the initial moment the 
mold is 100% filled with liquid metal, and the initial temperature 
in every point of the melt is equal to 1600°C.

Bright fields on the temperature map and map of the liq-
uid phase represented by local heat centers in the cast, whose 

Fig. 4. View of the CAD model and 3D printout of the rotor model

Fig. 5. Momentary temperature field in the final stage of solidification
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presence results in high probability of occurrence of shrinkage 
defects. It was assumed that the presence of the liquid phase in 
the final stage of the simulated solidification The presence of 
liquide phase (Fig. 6) should contribute to the better feeding 
of the casting, finally eliminating its slight porosity. 

In the next step, a series of thin-walled castings were made 
using two techniques, ie gravity and centrifugal casting. On 
the basis of the 3D print, thin-walled ceramic mold were made 
according to the investment pattern technology in the solution 
with a support layer. So prepared mold, after the pattern fusing 
and baking process, was cooled down to a temperature of about 
500°C-550°C. At this temperature, the mold was mounted on 
the vertical rotation axis centrifugal pouring stand. To establish 
the preliminary pouring process parameters, three series of 
castings were made with basic process parameters, as shown 
in Table 2. 

In the case of the S1 casting, the poured mold was put into 
spine movement in the shortest possible time. In the case of 

a rotating mold, the alloy was introduced during the spinning of 
the mold after reaching the steady state. The spinning time of the 
castings during the crystallization was 2 min, and after about 5 
min the casting was stamped out of form for the purpose of free 
crystallization. The element marked as S4 is a gravity cast using 
an increased sinkhead and comes from technological trials made 
in the classic molding mass in a block form. Figure 7 shows the 
appearance of castings S1 and S4.

Fig. 6. Distribution of the residual liquid within the casting in the final stage of solidification (10% of liquid phase)

a)    b) 
Fig. 7. View of the rotor: a) made in gravity technology S4 and b) centrifugal cast

TABLE 2

The applied parameters of the casting process

Designation
Pouring 

temperature 
[°C]

Form movement during 
casting / Rotation speed 
[rpm]/ casting time [s]

S1 1550 Stationary /200/~2
S2 1550 Spinning /250/~2
S3 1550 Stationary /0/~1.5
S4 1650 Stationary /0/~2










