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1. News Highlights

According to a South China Morning
Post report on March 24, researchers
from Beijing Institute of Technology
have developed a new submarine coating
material using rare earth elements.
The “active magnetic tiles” that take
advantage of the technology, known as
“giant magnetostrictive materials,” can
generate low-frequency sound waves
of 147-decibel that transform passive
reflection into active emission. The active
magnetic tiles can reflect enemy sonar

frequencies and produce low-frequency,

high-decibel echoes, causing enemy
sonar operators to mistake the sound
for ordinary ocean noise. The report
suggests that China’s abundant rare earth
resources give it a unique advantage in
developing and applying this technology,
potentially threatening the US Navy with
improved Chinese submarine stealth
capabilities.' Based on news reports, it
appears that China has utilized its ample
mineral resources to expand its research
and development efforts, resulting in
the creation of impressive military

technologies.
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2. Security Implications

2-1. Making detection more difficult

To enhance stealth capabilities,
submarine development typically focuses
on three aspects: 1. propulsion systems,
2. geometric shapes, and 3. surface
coating properties. The most advanced
submarines today, such as the US
Virginia-class and Seawolf-class nuclear-
powered attack submarines, produce
noise levels only 5 decibels above the
average ocean background noise (90db)
when submerged.” Conventional diesel-
electric submarines, however, produce
more noise during operation, as evidenced
by the 2003 disaster involving China’s
Ming-class 361 submarine, which was
likely caused by experiments to reduce
noise from the conventional propulsion
system.” In addition, submarine propellers

are another significant source of noise
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during operation.* As for the geometry
of submarines, a “teardrop-shaped” hull
design is generally adopted to reduce
the seawater resistance. Thus, coating
properties have become a critical factor
in enhancing submarine stealthiness
besides propulsion systems. The
aforementioned “active magnetic tiles”
produce 147-decibel sound waves that fall
within the low-frequency range emitted
by whales (155 to 188 decibels).” This
led to an incident where a PLA Kilo-class
submarine was initially mistaken for a
whale by the British Queen Elizabeth-
class aircraft carrier using sonar detection
but was eventually correctly identified

through sound reflection spectroscopy.’

2-2. Unique characteristics of Rare
Earth Elements
Sound travels five times faster in

water than in air, making transducers for
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emitting sound signals and hydrophones
for receiving widely used in anti-
submarine detection.” As the speed
of sound propagation depends on the
medium,® the use of rare earth element
coatings that generate low-frequency,
high-decibel echoes that may lead to
misjudgment becomes a new trend in
stealth research.

Rare Earth Elements (REEs), or rare
earth metals, are seventeen metal elements
and belonging to Group 3 elements on
the periodic table, including lanthanum,
terbium, and dysprosium, among others.
A common analogy is that if oil is “the
blood of industry,” then rare earths are
the “vitamins of industry.” China boasts

abundant rare earth reserves, ranking first
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globally in terms of reserves, production,
and exports. Lanthanum (La), derived
from the Greek word “lanthanon” meaning
“hidden,” has high refractive properties
and can be applied in various areas,
such as piezoelectric, thermoelectric,
and magnetoresistive materials. Terbium
(Tb), mostly used in high-tech fields,
contributes to the magnetostrictive
effect, causing changes in the shape and
size of soft magnetic materials upon
magnetization, thereby altering sound
wave reflections. Dysprosium (Dy) also
exhibits the magnetostrictive effect.” Since
these REEs are produced in China, they
allow Chinese research teams to enjoy a

competitive advantage.
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3. Trend Observation

3-1. Improved stealth performance
of conventional submarines
According to the contents of the
“China Military Power Report” published
by the US Department of Defense in 2022,
as of 2020, China possessed 6 nuclear-
powered attack submarines, 6 ballistic
missile submarines, and 44 conventional
attack submarines powered by diesel-
electric and air-independent propulsion
(AIP) systems.'’ The AIP systems are
strongly suspected of having been
installed on the Chinese Ming-class 361

submarine in 2003, which was involved

Figure 1: AIP propulsion system

Fued Cell AIP

hull inseet

in an accident at the time of its testing.

Similar equipment, as shown in Figure 1
of the Indian submarine, features an air-
independent propulsion system mainly
consists of three subsystems: a fuel cell
system, a hydrogen generator, and a liquid
oxygen storage tank. This description
reveals that nearly 80% of Chinese
submarines still utilize conventional
diesel-electric and AIP systems. If the
stealth characteristics of the materials
used in the cross-sectional area are further
improved, it will undoubtedly become a
significant challenge for anti-submarine

warfare.
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3-2. Anti-submarine operations will
be more difficult

Submarines operating and navigating
underwater possess excellent stealth and
surprise capabilities; they can covertly
execute combat missions, such as
blockades, ambushes, and mine-laying,
in the contested waters or channels. As
a result, they have become a force that
navies around the world strive to establish.
Chinese traditional submarines, starting
with the Yuan-class (039A), adopted
double-hull structures, coupled with noise-
dampening tiles and anti-sonar rubber
coatings, while the 039B model employed
a Stirling AIP system." Now, the Chinese
military adopted REEs for the new coating
material for submarines and continuously
enhances the submarines’ stealth
capabilities with advanced technologies.
For Taiwan, it’s imperative to strengthen
underwater acoustic measurement and
identification to meet the severe challenge

from China.
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(Originally published in the 77" “National
Defense and Security Biweekly”, April
14, 2022, by the Institute for National
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