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Abstract: Underwater connectors are very essential and complex companents of deep-sea engineering
equipment and their design and manufacture have apparent multidisciplinary characteristics. Wet-
mateable connectors (WMCs} represent the highest level of technology in this field, and only a very
s in the world can produce WMCs. So, WMCs are likely to be a cons|
to some maritime powers that might try to achieve breakthroughs in this field, constraining the

few countri ining factor

innavation-driven development of deep-sea equipment. This paper gives a detailed overview of
underwater connectors, both electrical and optical. First, the background of underwater connectors
ain available commercial off-the-shelf (COTS) products
Next, the new concept of functional units is proposed by the authors to help readers to have a better
understanding of underwater connectors. Then, the basic theories of design are introduced according
of electrical foptical connection, pressure-balanced
n,

is introduced, and then the s are described.

to different functional units, covering the
oil-filled (PBOF) technology, penetrable self.
discussions and conclusions are presented. This pa

aligning and locking structures. Finally, some
ts of key technologies

ims to reveal the sec

used in underwater connectors, especially in WMCs,

Keywords: underwater; wet

ble; connectors; f balanced; f ble self-sealing

1. Introduction

When 70.8% of our planet’s surface is covered by oceans, it seems perplexing that
the Earth is called “Earth” [1]. Today, we have more detailed maps of the surface of the
moon, while we have just explored less than 20% of this vast underwater realm, only 5% in
detail [2,3]. The ocean, with the deepest part of approximately 11,034 m, has abundant
resources (e.g., minerals, living creatures, genes, renewable energy, space, etc.), which are
essential sources for human beings to achieve sustainable development [4]. The strategic
development and deep utilization of marine resources have become an important index
to evaluate a country’s comprehensive national power [5]. As the frontier region of ocean
exploration, the hadal zone (depth of 6000 to 11,000 m) has lured explorers for decades [6].
Within the range of this depth, we can call it veritable “deep-sea”.

Efficient technical equipment is fundamental for the effective exploration and utiliza-
tion of this vast blue ecological system [7]. Many manned and unmanned submersibles
have been developed, such as remotely operated vehicles (ROVs) [8], autonomous under-
water vehicles (AUVs) [7,9,10], human-occupied vehicles (HOVs) [10-13], and hybrid ROV
and AUV (HROV or ARV) [14]. Many undersea observatories have been built [15], such as
the Hawaii Undersea (;cu—(lb:-cnamry (HUGO) [16] and the Astronomy with a Neutrino
Telescope and Abyss environmental RISearch (ANTARES) project [17,18]. Various kinds
of marine engineering equipment have also been deployed, to exploit oil and gas, as well
as offshore renewable energy (ORE) farms.

For submersibles, cahles and connectors are the vital power and communication chan-
nels, corresponding to our human blood vessels and nerves [5]. Underwater connectors

J. Mar. Sci. Eng. 2021, 9, 813, https:/ /dot.org /10,3390 /jmse9080813
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