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Abstract

Titanium alloy materials are widely used in the marine and aviation fields due
to their excellent properties. The submersible sailing on the water surface is
faster than underwater diving, so once an accident occurs, the consequences
are unimaginable. Based on the failure criterion of the J-K model, this paper
uses finite element simulation software to study the impact of impact velocity
and impact angle on the collision response of a titanium alloy cylindrical
pressure shell, providing a reference for the deep sea titanium alloy pressure
shell.

Keywords

Cylindrical Pressure Shell, Collision, Ferroalloy, Response

1. Introduction

With the rapid development of today’s world economy, the resources on land
have fallen far short of human development needs, and countries all over the
world have set their sights on the vast ocean. The ocean is one of the important
spaces for human development. It is a strategic development base that integrates
resources such as biological resources, energy, water resources, and metal re-
sources. It is a great power for human exploration and protection of rights and
interests. In 1950, scholars at home and abroad began to study the problem of
ship collisions. One of the most important nodes or signs was the research paper
published by the American scholar Minorsky “Journal of Ship Research” [1],
which laid the foundation for the study of ship collisions. Since the 1960s, some
foreign scholars or scientific research institutions have conducted numerous si-
mulation experiments of ship collisions. For example, the German scholar Woi-

sin [2] completed the collision test of a scale model of 12 ships according to the
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scale from 1:12 to 1:7.5. In order to study the impact resistance of different types
of ships to the side, Vredeveldt, Wevers, etc. [3] completed 24 sets of model tests
according to the model ratios of 1:15 and 1:10. Ito ef al [4] conducted an expe-
rimental study on the statics by using the inclined ship and the bulbous head to
hit the double hull side structure of the ship.

In the late 1990s, shipyards and classification societies of Japan, Germany and
the Netherlands commissioned the Netherlands Institute of Applied Physics [5]
to conduct a total of 4 large-scale ship crash tests. The test data and results will
be used to verify numerical analysis and test new structures of great significance.

Although, China has also carried out some research work on the ship-bridge
collision problem in the early years, the ship-ship collision has been studied in
the mid-1980s, and a small amount of research has been done on the theoretical
analysis of ship collision Research, but due to the limitations of research tech-
nology and funding, there is still a certain gap with the international advanced
level. Li Liangwei and Du Jianye [6] used the ship’s scale model to analyze the
impact of impact speed and impact angle on shipboard structure damage based
on the collision test of the ship’s towing tank and the simulation of the ship col-
lision scheme in the marine environment.

Zhu Bangjun and Wan Zhengquan [7] proposed a calculation method for
solving the stress of cylindrical compression shell from three angles of rib face
plate, rib web and cylindrical shell, and analyzed the ribs by comparing specific
examples with the specifications The influence of eccentricity on rib stress and
shell plate stress is based on the standard method, combined with theory and
model tests, and a suitable calculation method is derived.

Traditional submersibles use high-strength steel structures, but now they tend
to use titanium alloy structures or composite materials to improve the submersi-
ble’s carrying capacity and performance in all aspects. Titanium alloy has light
weight, high specific strength, non-magnetic corrosion resistance and good heat

resistance and low temperature resistance [8].

2. Failure Criteria and Models

2.1. Failure Criteria

In this paper, when using finite element software modeling, the model is used to
define the dynamic properties of the titanium alloy material used in the cylin-

drical pressure shell. The general form is:

o-=(A+Bg”)[1+C(8_i)][1—(T*)'”] (2-1)
0
where: & —strain rate;
& —Equivalent plastic strain;
A, B,n,C,m —Material parameters.
The failure criterion adopted in Johnson-Cook model fully considers the de-
velopment course of material damage. J-K model failure criterion judgment me-

thod: when the material failure parameter exceeds 1, the material failure is as-
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sumed [9] [10]. The failure parameters are shown in Formula (2-2):
=P
D= Z Ag

Ef
&’ =max([ D, + D, exp D,o” |[14+D,né" |[14+ DT |, EFMIN)  (2-3)

(2-2)

where: Ag” —Plastic strain increment at a time step;

&’ —The stress state, strain and failure strain at temperature at the current
time step;

EFMIN —The lower limit of strain at the time of failure;

D, — D, —Material failure parameters.

2.2. Finite Element Model

Taking a certain type of submersible as the research object: its own weight is,
with a ring-shaped rib, and the material used is TC4. Other structural parame-

ters are shown in Table 1, and the model diagram is shown in Figure 1.

3. Influencing Factors

3.1. Working Condition

In order to study the impact of different impact velocities and impact angles on
the collision response of cylindrical pressure shells, based on finite element
software, the impact velocities and impact angles of 1 m/s, 3 m/s, 5 m/s and 7

m/s were selected as 90, 60, 45. Typical operating conditions.

3.2. Impact of Impact Speed

As shown in Figures 2-4, the impact force, internal energy and kinetic energy of
the cylindrical pressure shell vary with time under different impact speeds. It can
be seen from the figure that when the impact velocity is 1 m/s, 3 m/s, and 5 m/s,

the duration of the peak collision force is all around 0.05 s. When the impact

Figure 1. Finite element model of cylindrical pressure shell.

Table 1. The parameters of cylindrical pressure-resistant structure.

Parameter  Length L Diameter D Rib pitchl  Shell thickness t Rib
unit m m m mm 1L /mm
value 216 23 0.4 33 | 22x160
35x100
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speed reaches 7 m/s, the peak of the collision force lasts very short, and the curve
appears “jitter”. This is due to the large impact speed, which causes the destruc-
tion of the pressure shell structure. The internal energy curve of the pressure
structure can be verified. In terms of energy conversion, although the initial ki-
netic energy is different, the time until the end of the kinetic energy conversion
is almost the same. Moreover, the initial kinetic energy is not completely con-
verted into the internal energy of the pressure-resistant structure, and most of

the energy is used for the destruction of the ship’s side.

3.3. Impact of Impact Angle

As shown in Figures 5-7, the impact force and energy curves of cylindrical
pressure shells at different impact angles. During the impact of the cylindrical

pressure hull on the side of the ship, when the impact speed is the same and the
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Figure 2. Stress diagram at different impact speeds.
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Figure 3. Kinetic energy curves at different impact velocities.
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Figure 4. Internal energy curves at different impact velocities.
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Figure 5. Collision force curve under different impact angles.

angle decreases, the duration of the collision force also increases, and the dura-
tions are 0.22 s, 0.24 s and 0.32 s respectively. In terms of energy, as the impact
angle decreases, the kinetic energy conversion amount and conversion speed
both decrease, and the internal energy peak of the housing also decreases. and.
The peak of kinetic energy and internal energy are not in the same order of
magnitude. This is because the initial kinetic energy is partly converted into

shipboard energy.

4. Conclusions

This article fully analyzes the current status of ship collision research at home

and abroad. On the basis of again, using finite element software and based on
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Figure 6. Kinetic energy curves at different impact angles.
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Figure 7. Internal energy curve under different impact angles.

the JK model failure criterion, the impact of impact speed and impact angle on
the collision response of the titanium alloy cylindrical pressure shell is studied.
in conclusion:

1) In general, the greater the impact speed and the greater the collision force,
the more severe the damage to the cylindrical pressure shell and the faster the
energy conversion;

2) When the other conditions are the same, the smaller the relative angle of
impact, the longer the peak duration of the collision force, the energy conversion
efficiency is reduced, and part of the energy is converted into the energy of the

collision target due to friction.
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