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Critical feature and seawater testing of
cross-flow rotor components fabricated with
additive manufacturing
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Abstract—Cross-flow tidal turbines may be a viable
option for providing power at sea and to remote com-
munities, but the geometry of these rotors can prove
difficult to manufacture with traditional methods. Additive
manufacturing (AM) offers an opportunity to print rotor
geometries that are lighter, stronger and less expensive to
produce, as well as in a variety of materials that could
be useful for marine energy applications. In this study,
AM materials were categorized into 3 classes — plastics,
metals, and ceramics — and reviewed for suitability based
on a set of engineering requirements and criteria. Two
plastics and two metals were selected to undergo further
testing: Essentium CF25, Markforged Onyx, titanium Ti-
6Al-4V, and Inconel 718. Dogbone-shaped specimens were
printed in each material and divided into two test groups.
The first group was tensile tested, as printed, to get a
material baseline. The second was tensile tested after being
submerged in seawater tanks for 6 months to determine
water uptake, corrosion, and biofouling resistance. While
little macroscopic change and water uptake were observed
after seawater testing, tensile testing of the plastic materials
showed significant degradation, with losses in strength
between 30% and 50%. Conversely, printed metal materials
showed little to no decrease in strength. Future fatigue and
flume testing will focus on the metals, as these materials
show promising performance for marine energy use cases.

Index Terms—Additive Manufacturing, Environmental
Degradation, Marine Energy

I. INTRODUCTION

ROSS-FLOW hydrokinetic turbines (e.g., Fig. 1)
are an attractive option for powering remote loads
or community-scale applications compared to axial-
flow devices due to their relative simplicity and other
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Fig. 1. Conceptual 3-bladed cross-flow turbine with printed blade
to spoke and spoke to shaft connections

unique characteristics. They typically have a single
degree of freedom, not requiring blade pitching or
yawing mechanisms and when oriented vertically, can
harvest power from any current direction. Lift-based
designs utilize foil profiles with smooth surface finish
for blades, which generate the hydrodynamic forces
resulting in power generation. Design variation exists
in blade count, profile, shape (e.g., straight, helical, or
troposkein) and support structure, though all designs
share the characteristics of requiring a means by which
to attach blades from their radial extent to a central
shaft for power transfer and support [1]. A high-stress
connection on the turbine, this joint is subjected to ro-
tating force vectors and fatigue. Variation exists in this
connection mechanism, which may be a plate, endcap,
or struts. The positioning and shape this blade connec-
tion has a significant impact on turbine performance
and these features must be designed for efficient power
generation and structural stability [2]. Similarly, surface
properties of blades impact performance and structural
loading, with aberrations like barnacle growth causing
degradation [3].

Additive manufacturing (AM) offers an opportunity
to rapidly fabricate complex parts from polymeric,
composite, or metallic feedstock that can result in
components that may be lighter, stronger, more corro-






