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Reducing Magnetic Losses in FeSi6.5 Electric
Machines through Multi-Material Additive
Manufacturing
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Electric machines are composed of laminated sheets of FeSi3, separated by insulating polymer layers. The ferromagnetic
material FeSi6.5 exhibits lower magnetic losses than FeSi3, making it a promising candidate for the production of electric
machines. However, its high silicon content complicates its production by conventional lamination processes. Additive
manufacturing offers a viable alternative but is currently limited to single-material structures. Research on multi-material
additive manufacturing is still in its early stages. The challenge lies in manufacturing laminated electric machines using
additive manufacturing with thin ceramic insulating layers and FeSi6.5 layers. In this work, we have developed our additive
manufacturing machine and successfully fabricated a FeSi6.5/ceramic/FeSi6.5 multi-material using Laser Powder Bed Fusion

(LPBF).
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1. Introduction

Electric machines (EM) are essential in modern industry for
various applications, from propulsion to electricity generation.
Additive manufacturing offers a promising alternative for
producing soft magnetic materials, thereby reducing energy
losses.[1] [2]. Electric motors are composed of thin layers of
FeSi3 alternating with insulating polymer layers. In additive
manufacturing, our goal is to replace the polymer with a
ceramic and the FeSi3 with FeSi6.5, which has superior
magnetic properties [2]. However, ceramics and metals have
very different physical characteristics, making their
combination challenging, particularly due to their differing
melting points. To overcome this difficulty, we have chosen to
use yttria-stabilized zirconia (ZrO:-Y20s), a ceramic whose
coefficient of thermal expansion is very close to that of steel.
[3]. Although the fabrication of ceramics by laser powder bed
fusion (LPBF) has already been demonstrated, the realization
of a laminated structure had not yet been achieved. In this work,
an LPBF machine was modified, and the processing parameters
were optimized for both FeSi6.5 and the ZrO.-Y20s ceramic.
This enabled the successful fabrication of a multilayer structure
of the type FeSi6.5/Zr0.-Y0:/FeSi6.5.

2. Results and discussion

Electron microscopy reveals the formation of an intermediate
zone between FeSi6.5 and YSZ. Electron microscopy analysis
shows that this zone is composed of Zr, Fe, and Si. This can be
explained by the fact that during the fusion of YSZ, the melt pool
depth exceeds the thickness of the YSZ layer and reaches the
underlying FeSi6.5. As a result, the melt pool consists of a
mixture of FeSi6.5 and YSZ. During solidification, the YSZ
remains trapped within the FeSi6.5, forming this mixing zone.
This zone corresponds to the diffusion of YSZ into FeSi6.5. The
elemental composition of this zone varies depending on the
number of remeltings of the YSZ deposited layer Figurel (a).

Figure 1: (a) corresponds to the deposition of ZrO.-Y-0; on FeSi6.5,
with the appearance of an intermediate zone. (b) corresponds to a layered
structure of the type FeSi6.5/Zr0:-Y20s/F eSi6.5.

During the deposition of FeSi6.5 onto ZrO:. (YSZ), using
previously optimized processing parameters for FeSi6.5, good
adhesion could not be achieved. Poor bonding of FeSi6.5 to the
YSZ substrate was observed. To address this issue, two test plans
were implemented to optimize the deposition process. Figure 1(b)
shows an example of successful layering. The next steps in our
study involve the fabrication of a toroid, the execution of
magnetic measurements, and a comparison with results obtained
from a toroid made of bulk FeSi6.5 material.
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