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Abstract: The advantages of using cast aluminium rotors have been proven recently. However,
discontinuities and porosities created during the casting of aluminium can cause problems during
motor operation, such as eccentricity, losses, unwanted sounds, and false rotor fault indications.
During the casting technology, care must be taken to ensure that there are as few cracks and porosities
as possible in the volume and that their distribution is homogeneous. In this article, we present in
detail the application of the modern CT-based methodology that has been spreading recently for the
detection and analysis of discontinuities, voids, and porosities created during the casting of rotor
end rings.
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1. Introduction

The Al die-cast design is an excellent choice for the rotor if the tooling cost for man-
ufacturing allows for it. With the Al cast rotor, reliability and design flexibility can be
achieved at a lower cost. However, there are concerns about defects in the structure, most
often related to porosity. Porosity is created in the cage due to the shrinkage of the Al
when the molten Al cools down; this is caused by the leakage of the molten Al. This can
be aggravated with the leakage of molten Al between laminations or insufficient injection
of Al

Due to the technology in the cast aluminium rotor, many casting defects can occur,
especially large amounts of air and shrinkage porosity, which cause eccentricity, losses, and
noise during motor operation [1]. If the porosity is not evenly distributed, it introduces
electrical asymmetry in the rotor, and false rotor fault indications can arise as well [2]. The
presence of porosity makes it difficult for engine designers to accurately predict engine
performance. To solve this, a method validated by experiments based on finite element
analysis was developed, which gives a prediction to determine the engine performance,
taking into account the porosity [3,4].

Recently, the CT-based analysis of porosities has come to the fore in the case of cast
aluminium parts [5,6]. CT, u-CT, and microscope methodologies were compared, and
the advantages and disadvantages were explored in detail for porosity analysis in cast
aluminium parts [7].

This work presents a porosity analysis based on CT reconstruction for cast aluminium
rotor end rings in detail.

2. Method, Results, and Discussion

We show the analysis of defects such as discontinuities, cavities, volume lunkers, and
porosities that occur during casting, the identification of defect locations, and the size
analysis of defects using the examples of aluminium rotor end rings.

Aluminium motor end rings come from vehicle electric motors. The CT reconstruc-
tions were performed in a Yxlon CT scanner at the Department of Materials Science and
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Technology of Széchenyi Istvan University. The machine has both micro- and macro-CT
functions. In this experiment, we worked with a resolution (accuracy) of 0.1 mm.

The homogeneity test of the CT-scanned samples was performed using the Volume-
Graphics StudioMax software module. The algorithm built into the software searches for
contiguous voxels with a density that is different from the base material, and the poros-
ity test was performed by analysing these data. The primary measurement result is the
determination of the amount of detected volume lunkers.

Figure 1 shows CT reconstruction models of two rotor end rings. We labelled the two
parts “A” and “B”. Discontinuities, volume lunkers, and porosities within the reconstructed
volume are highlighted with different colours in the part volumes. The size of the given
porosity (size of volume in mm?) can be identified according to the colour scale on the
left. Figure 1a (end ring marked “A”) shows a successfully cast part, while Figure 1b (end
ring marked “B”) shows an incorrectly cast part. The end ring marked “A” contains fewer
casting defects, and the volume of the lunkers is only a few mm?>. The distribution of
lunkers inside the volume is homogeneous. The closing ring marked “B” contains large,
contiguous, coarse casting defects. The volume of the largest discontinuity is more than
1000 mm?3, the large defects are grouped in one large volume, and the distribution is not
homogeneous. (Note that the disc stack part was separated from the examined parts,
although a full CT examination can be performed without the separation.)
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Figure 1. Dimensional analysis of discontinuities on a CT reconstruction of rotor end rings:
(a) Discontinuities in the volume of “A” rotor end ring; (b) Discontinuities in the volume of the “B”

rotor end ring.
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By analysing the CT cross-sectional images, we can shed light on even the smallest
details. For example, in Figure 2, we show the rotor end rings in the section of the vertical
plane of symmetry. The lunkers in both end rings are located inside the volume in the
vicinity of the midplane. The position and size of all detected defects can be determined
with high accuracy.
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Figure 2. Discontinuities in the CT layer image taken on the middle vertical cutting plane of the end
rings: (a) Vertical section of the rotor end ring marked “A”; (b) Vertical section of the rotor end ring
marked “B”.

The distribution of porosities and the determination of characteristic dimensions can
be performed on any section plane. The layered images of the horizontal middle plane are
shown in Figure 3. Figure 3a shows the distance measurements (to determine characteristic
dimensions) on the layer survey. The length of the lunker determined by the green line gives
the exact size in relation to a benchmark section, similar to the usual distance measurements
on microscopic images. Figure 3b,c show the distribution of porosity. In the case of both
parts, porosities and smaller and larger lunkers are grouped in the middle of the volume
(near the circle indicating the centre line).
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Distance 1: 64.9158 m

Figure 3. Distance measurement and distribution of discontinuities in the CT layer images taken on
the middle horizontal cutting plane of the rotor end rings: (a) length measurement in the horizontal
section of the “B” rotor end ring; (b) porosity distribution in the horizontal section of the rotor end
ring marked “B”; (c) porosity distribution in the horizontal section of the rotor end ring marked “A”.

Finally, the size distribution of porosities can also be conveniently analysed in his-
tograms. In the diagrams of Figure 4, we see the histograms according to the volume of the
porosities, according to the number of pieces falling into different volume intervals.

In the part marked “A”:

A total of 123 porosities were found;

The majority of the porosities was smaller than 0.5 mm?;

The largest porosity was also smaller than 1.5 mm?3.

In the part marked “B”:

We found much more, a total of 360 porosities;

Only less than half of this quantity (168 pieces) was smaller than 0.5 mm?;

The quantity (18 pieces) of larger porosities—with a volume between 3 mm? and

4.5 mm?3

—was also significant.
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Figure 4. Size distributions of porosities in cast end rings: (a) Size distributions of porosities in
the cast rotor end ring marked “A”; (b) Size distributions of porosities in the cast rotor end ring
marked “B”.

3. Conclusions

We examined cast aluminium rotor end rings with an analysis based on CT reconstruc-

tion. The following results were demonstrated:

Discontinuities, volume lunkers, and porosities appeared in the middle part of the
volume and in the vicinity of the centre lines, both in the case of good- and poor-
quality casting.

There were large differences in the number and size of porosities. With proper casting
technology, only about 120 porosities were found, and the volume of all of them was
less than 1.5 mm3. We experienced a rapid increase in the number of porosities and
their size in the second examined part, and this indicates an inadequate technological
implementation. There were 360 porosities, where the number of volumes between
3-4.5 mm3 was still significant.

We also found a big difference in the distribution of porosities. In the case of the
first examined part, the uniform, homogeneous distribution indicates appropriate
technology, while in the case of the second examined part, highly inhomogeneous
porosities indicate improper technology.
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