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Abstract: Solid buoyancy material is an important material for manned/unmanned deep submersibles due to its low density and high
compressive strength. Hollow glass microspheres in solid buoyancy materials will gradually damage at a high pressure, leading to an
increase in water absorption and thereby reducing the positive buoyancy of the submersible and affecting the safety and usability of
manned/unmanned deep submersibles. There is a coupling relationship between water absorption rate and stress of buoyancy
materials, which poses challenges in calculating the water absorption rate of buoyancy materials. This paper was to investigate
concentric spherical shell cells and analyze the entire water absorption process via adding subroutines by a finite element method
(FEM). The distribution, changes, and interrelationships of bulk stress, water absorption rate, and diffusion coefficient of buoyancy
materials at different thickness points and durations were analyzed. It is indicated that water absorption rate is linearly related to bulk
stress, and the expansion coefficient is related to bulk stress. The results calculated by the finite element analysis are in reasonable
agreement with the experimental data. The paper can provide a theoretical guidance for the design and application of solid buoyancy
materials at sea depths.
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(a) Buoyancy materials

(b) Concentric spherical unit cell model
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Fig. 2 Concentric spherical unit cell model for the buoyancy materials
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Table 1 Material parameters of matrix, glass and K1

Material E/GPa I pl(grem™) g Wi /%
Epoxy resin E51 2.10 0.30 1.100 0.52 2.50
Glass 60.00 0.23 2.180 0 0

Hollow glass
. 0.125 0 0
microsphere (K1)
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Table 2 Material parameters of buoyancy materials

Sample No. Vo/%  ry/um  pl(g: em?®)  E/GPa Iy Po
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Fig. 3 Water absorption test results of buoyancy materials
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Table 3 Diffusion coefficient and saturated water absorption
of the specimens

Sample No. Win/% Dyx 107/(mm2-s’l)
Bl 1.70 12.32
B2 1.60 8.50
B3 1.51 7.42
B4 1.46 6.31
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Fig. 4 1/8 finite element model of concentric spherical shell
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Fig. 5 Misture diffusion coupled with stress calculation process
for the buoyancy
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Table 4 Proportional constant k
B1 B2 B3 B4

—0.8255E3 —1.1554E3 —-1.5307E3 —1.977 5E3
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Fig. 8 Bulk stress at different positions in thickness direction
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Fig. 9 Variation curves of bulk stress at different positions in thickness direction over time
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(a) Bulk stress of buoyancy materials over time
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Fig. 10 Relationship between bulk stress and time, and
between bulk stress and water absorption of
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Fig. 11 Relationship of diffusion coefficient of different
thicknesses with time
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