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a  b  s  t  r  a  c  t

A  novel  optimization  process  is proposed  to find  the  optimal  layout  of  landing  gears  for  an  underwater
glider,  based  on  which  the  comprehensive  performance  of  the  underwater  landing  platform  is signifi-
cantly  improved.  The  performance  of the  platform  is  defined  by 4  sub  optimization  objectives.  The weights
of the  sub  objectives  are  determined  according  to the  degree  of importance.  2 kinds  of  instability  states
of the  platform  are  defined.  Numerical  investigations  are  carried  out  to analyze  the  hydrodynamic  per-
formance  of the platform  using  Ansys  CFX.  Then,  response  surface  models  of  the  optimization  objectives
are  established  using  30 sample  points  (design  schemes).  The  response  surface  models  describe  the  rela-
tionship  between  the  optimization  objectives  and  layout  parameters  of the landing  gears.  Particle  swarm
optimization  (PSO)  is  applied  to  search  for  the  optimal  solution  accompanied  with  the  response  surface
models.  Finally,  the value  of  the  global  optimization  objective  is  enhanced  from  −0.1601  to −0.1147.

©  2017  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Various unmanned underwater vehicles (UUV) have been devel-
oped to complete ocean exploitation tasks. Underwater gliders are a
type of practical underwater vehicles. Underwater gliders use small
changes in their buoyancy in conjunction with wings to convert
vertical motion to horizontal motion, and thereby propel them-
selves forward with very low power consumption [1]. Compared
with traditional underwater vehicle with a slender body of rev-
olution, the gliders have the advantages of low-noise, long range
and long duration [2]. Many underwater gliders have been used in
underwater inspection and detection technology [3–5].

When an underwater glider has to collect data from a prear-
ranged position on the seabed, the ability of landing or mooring on
the seabed is necessary. At present, the design of landing or mooring
method for an underwater vehicle has become an essential issue.
As for mooring platforms, 3D interaction and numerical differen-
tial models between anchor chain and seabed has been studied
[6–8]. The influence of external disturbance factors on mooring line
should be taken into account. This type platform has the advantages
of simple structure design, but it is difficult to keep stable gesture.
Thus, the platforms are easily affected by ocean currents. As for
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bottom resting platforms, hydrodynamic characteristics and sta-
bility of the platforms have been analyzed [9,10]. Furthermore, the
control principle of these autonomous underwater robots has been
studied [11]. But the flat seabed is necessary for the bottom rest-
ing platforms, and disturbance factors from seabed have significant
negative effect on the performance of the landing platforms.

In this paper, the design scheme using landing gears will make
UUV staying away from disturbance factors from seabed. But the
optimal layout of landing gears is always hard to resolve. The layout
of the landing gears will influence the performance of the land-
ing platform, such as fluid drag, fluid torque and glider attitude.
Therefore, considering multiple objectives, a synthesis optimiza-
tion process is proposed. A highly effective optimization method
must be selected for the optimization process. In recent years, many
optimization algorithms have been used in engineering applica-
tions. Inspired by observing the natural swarming behavior of
bird flocking, the stochastic optimization technique called particle
swarm optimization (PSO) had been proposed [12]. PSO algorithm
is simple in concept, easy to implement and computationally inex-
pensive. PSO has been successfully applied to a wide range of
application areas [13–15].

Compared with the traditional design method for the layout of
landing gears for an underwater platform, the layout design proce-
dure using PSO algorithm accompanied with the response surface
models is more efficient. The optimal design scheme could be accu-
rately found in the feasible scheme, so that synthetic properties of

https://doi.org/10.1016/j.apor.2017.11.008
0141-1187/© 2017 Elsevier Ltd. All rights reserved.

https://doi.org/10.1016/j.apor.2017.11.008
http://www.sciencedirect.com/science/journal/01411187
http://www.elsevier.com/locate/apor
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apor.2017.11.008&domain=pdf
mailto:1262034751@qq.com
https://doi.org/10.1016/j.apor.2017.11.008


B. Zhang et al. / Applied Ocean Research 70 (2018) 22–31 23

Fig. 1. schematic of the landing platform.

Fig. 2. (a) plan view and (b) front view of landing platform.

the landing gears will be excellent. The global optimization objec-
tive is significantly improved changing from −0.1601 to −0.1147.
Moreover, it will enrich the modeling method and optimization
ideology for future research about landing platforms.

2. Geometry configuration

2.1. Physical model

At present, the design of the glider has been completed. The
landing platform consists of an underwater glider and landing
gears. Fig. 1 shows the schematic of the landing platform.

Several parameters should be taken into consideration for the
design of the landing platform, for example, the shape of the glider,

hydraulic supports, the seabed conditions, environmental condi-
tions. Fig. 2 shows the main parameters of the landing platform.
L1 represents the maximum width of the glider. L2 represents the
maximum length. L3 represents the maximum height. H represents
the height of the center of buoyancy. Four landing gears are divided
into two  groups (front and back). The front landing gears are per-
pendicular to the profile of the glider. The front landing gears are
placed in Layout position of LG (Landing Gear). The back landing gears
are buoyance-symmetric with the front landing gears. According
to the known geometry of glider’s pressure hull, the landing gear
could be defined by two parameters (the distance from the center
l and the inclination angle �). Since the present study focuses on
the optimal layout of the landing gears, the internal structure of the
glider has been omitted.
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