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Power Density Essential
for Underwater-Vehicle

Operation

This article describes how power density is vital in autonomous or remotely operated
underwater vehicle systems equipped with propulsion motors that are cooled using

heat bridges.

utonomous underwater vehicles (AUVs) typi-

cally feature high efficiency and superior con-

trol, and they run silent. They incorporate a

high-power-density propulsion motor, which
needs a very efficient cooling method that must improve
stability and reliability.

The AUV’s propulsion motor—the permanent-magnet
synchronous motor (PMSM)—has rapidly become popular
in many kinds of AUVs. This is mainly due to its high power
density, high efficiency, silent operation, and superb con-
trollability. AUVs gently glide underwater with a delicate
balance between buoyancy and gravity.

The propulsion motor must be mounted in the AUV tail
section to drive the propulsor, a mechanical assembly more
complicated than a propeller.

To reach a satisfactory hydrodynamic performance, the
AUV tail section is typically designed for streamlining. This
leads to the buoyancy in the tail section being a little less
than that of the head section. Therefore, strict requirements
must be imposed on the size and weight of the propulsion
motor throughout the design process. Because of the high
electrical load and low thermal capacity, the high-power-
density motor has a fairly high heat-generation rate.

Due to the enclosed and compact interior space of the
AUV, this will create a harsh thermal environment for the
propulsion motor, which may cause overheating. This can
result in greater losses as well as deteriorations, such as the
irreversible demagnetization of permanent magnets (PMs)
and the disintegration of insulation. An efficient cooling
system is critical to the reliable operation of the high-power
propulsion motor.

Power Systems for AUVs

Designers of battery systems and power-transfer (charg-
ing) methods for AUVs operating within an autonomous
ocean sampling network (AOSN) focus on three major is-
sues in this challenge:®

L. Battery chemistry
2. In situ charging
3. Pack management

Designers have to research a few key choices for battery
chemistry. Engineers must evaluate these choices based on
the demands of maximizing power density, along with low
temperature operation particular to AUVs.

First, we must examine the issues involved in combining
individual cells into large battery packs along with problems
connected with battery monitoring. Also important is the
charging and discharging of such battery packs in a typical
AUV application.

Next, we need to present a methodology for charging an
AUV battery pack in situ to support long-term implementa-
tion at several remote sites.

An AUV Wireless Power Transfer System

Wireless charging of AUV, via an underwater charging
platform, is one of the most common charging methods.*>
According to different berthing methods, current charging
platforms are divided into inclusive, captive, and platform
types.

Let’s take a look at an inclusive charging platform. It
barely needs to change the shape and structure of the AUV,
and the platform can provide protection when the AUV is
charging. Thus, it’s become the preferred type of AUV wire-
less charging.
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To ensure that the AUV enters and exits the charging plat-
form smoothly, there’s usually a clearance between the plat-
form and the AUV. This increases the transmission distance
and reduces the system transmission performance.

Underwater Docking and Charging Tech for
Autonomous Vehicles

It's important to study the underwater docking technol-
ogy of AUVs to provide energy supply and information in-
teraction. 7

Currently, the brief endurance of AUVs, along with spo-
radic underwater communication capabilities, are very
common problems. Many recoveries have to be made for
complete data downloads and power transfer. AUVs are
usually recharged while on the deck of a mothership after
recovery (Hagen et al., 2008), while also depending on nec-
essary intervention with human operation. This will severely
limit the detection range along with the operational efficien-
cy (Chiche et al., 2021).

The act of autonomous launch and recovery technology
has developed quickly in recent years (Sarda and Dhanak
2017, Sarda and Dhanak 2019, Szczotka 2022). Unfortunate-
ly, this effort has poor reliability when in complex sea states,
most likely leading to some equipment damage. Risks, time,
and cost will be quite uncontrollable.

Marine energy provides an off-vehicle autonomous power
source for at-sea AUV recharging. It would reduce the need
to recover the vehicle as frequently, as well as reduce the
detectability of operations at sea for security and military
purposes. At-sea recharging could also shorten the distance
requirement for the energy storage system, thereby enabling
more, smaller, and lower-cost AUV (see figure).

Unfortunately, AUV do have a limited duration, typically
able to last 24 hours before having to surface so that they could
offload data via satellite or be recharged by a surface vessel.

Underwater docking and charging technology is the key
to solving the problem of long-term underwater residence
of AUVs. These stations presently rely on battery banks for
power. Powering these stations with marine energy would
provide a reliable, locally generated power source, smoothed
for intermittency by battery backup.

Underwater recharging would reduce the need to recall
vehicles to the surface as frequently; save time and resourc-
es; improve human safety; increase mission duration, range,
and stealth; and reduce carbon emissions. Hybrid remotely
operated vehicles (ROVs), which can be disconnected from
the umbilical cable, could also benefit from marine energy.

Summary

Underwater recharge stations now under development
rely on battery banks for power. Powering these stations
with marine energy would provide a more reliable, locally

Autonomous
Underwater

Shown is a marine energy application overview for underwater
recharge of vehicles. (Reference 7: image courtesy of Molly Grear,
Pacific Northwest National Laboratory)

generated power source, smoothed for intermittency by bat-
tery backup.
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