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Abstract

A hybrid underwater glider(HDUG) is developed based on a folding propeller. The blades of the propeller can fold and
unfold according to the motor work or not. When it stop spinning, the blades will come to a rest position. The hydrodynamic
performance will vary with the position of the blades, thus the transit efficiency of the HDUG will also vary. So there must
be an optimal transit efficiency for the propeller spinning position. Thus?to investigate this problem, this paper presents
a thorough approach characterizing the transit efficiency for different folding propeller spinning position of the HDUG.
This paper employ first-principle analysis that concludes the effect of efficiency for spinning position of the blades. This
result implies that the transit performance of the HDUG is relative to the propeller spinning angle which depends on the
parameters of the designed propeller.

I. INTRODUCTION

spinning position of a hybrid-driven underwater glider (HDUG). A kind of HDUG with a folding

propulsion mechanism has been designed in this paper as shown in Figure 1The external structure of a
HDUG developed in this paper. The folding propulsion device is aft located on the hull and the two blades can
be capable of timely opening or closing according to the operational mission.figure.caption.1. The HDUG features
high efficiency penetrating in ocean like conventional underwater gliders and high maneuverability when the
folding propulsion is in use. As a result of this kind of novel design, the HDUG has glider buoyancy-driven
mode, AUV propeller-driven mode, as well as hybrid-driven mode as shown in Figure 2The HDUG has glider
buoyancy-driven mode, AUV propeller-driven mode, as well as hybrid-driven mode. Where the v;(i=1,2,3)
is the vehicle speed in these three driven modes respectively, m,, is the net buoyancy, and 7 is the propeller
speed.figure.caption.2. Some researchers have carried out relative work on modeling or the control method for
HDUG [1-3]. For long-range survey, the HDUG should have high transit efficiency. Some works have been
carried on the transit efficiency of the HDUG. We can see from Figure 3Different folding propeller spinning
position.figure.caption.3 that the folding propeller spinning position is not fixed at a same position each time
when the motor stop spin. So our work in this paper is to find out the impact of the folding propeller spinning
position for the transit efficiency of the HDUG. This is important to the maximum survey range of the HDUG.

T his paper presents a thorough approach characterizing the gliding efficiency for different folding propeller
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Figure 1: The external structure of a HDUG developed in this paper. The folding propulsion device is aft located on the hull and the two
blades can be capable of timely opening or closing according to the operational mission.

II. CONTENT AND METHOD

Sections 1, 2 and 3 explain our exploration. Firstly, we use a first-principle method to obtain the transit
efficiency model in glider buoyancy-driven mode with a folding propulsion mechanism based on the work of
Steinberg [4]. Figure 4Variables in the dynamic motion of the HDUG figure.caption.4 and Figure 5Illustration of
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Figure 2: The HDUG has glider buoyancy-driven mode, AUV propeller-driven mode, as well as hybrid-driven mode. Where the
v;(i =1,2,3) is the vehicle speed in these three driven modes respectively, my, is the net buoyancy, and n is the propeller speed.
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Figure 3: Different folding propeller spinning position.

the force acting on the hull body.figure.caption.5 shows the forces acting on the HDUG in the longitudinal plane.
The transit efficiency in glider mode 7, is derived in equation (1Content and Methodequation.2.1).
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where ¢ is the gliding-path angle , Cpf,, (v € [0,7/]) are the propeller drag coefficients with blades in folding
at different spinning angle -y when the drive motor stop spin. Ay, is the wing span/hull diameter ratio, Ay is
the wing span/propeller diameter ratio.

Figure 4: Variables in the dynamic motion of the HDUG.

From Figure 6The transit efficiency in glider buoyancy-driven mode varies with the folding propeller drag
coefficients.figure.caption.6, we can see that the transit efficiency is decrease with the propeller drag coefficients
increasing. So we must calculate the drag coefficients Cp,, to achieve the minimum value when the propeller
spinning position at different spinning angle -y.

So the next task is focused on calculating the foldable propeller drag coefficients when the blades are in
folding Cpfp, (v € [0,77/]) based on the Sea-wing glider [5] and the designed propeller (e.g., Table 1Main
parameters of the propulsion mechanismtable.caption.7 is the parameters of the propeller).

Lastly, based on the previous work we study the effect of propeller spinning angle <y to glider buoyancy-driven
mode transit efficiency 7.



Figure 5: Illustration of the force acting on the

hull body.
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Figure 6: The transit efficiency in glider buoyancy-driven mode varies with the folding propeller drag coefficients.

Table 1: Main parameters of the propulsion mechanism

List of items

Property

Propeller diameter, D
Pitch/propeller diameter ratio, P,/ D
Hub/propeller diameter ratio, d;,/ D
Blade area ratio, Ap/ Ao

0.28m
0.786
0.14
0.275




III. ConNcrusioN

The last section in this paper presents the preliminary main conclusions, which may be useful for the future
manufacture and controller design of the folding propeller. We summarize them as the transit performance of
the HDUG is relative to the propeller spinning angle which depends on the parameters of the designed propeller.
The results are useful to conduct the design of the wings, hull, and propeller of the HDUG.

REFERENCES

[1] X. Zhu, J. Yu, X. Wang, "Path Planning of Multiple Underwater Gliders for Ocean Sampling," Information
and Control, vol. 41(4), pp. 433-438, 2012.

[2] K. Isa, M. R. Arshad, "Neural Networks Control of Hybrid-Driven Underwater Glider,"” OCEANS, 2012-Yeosu,
2012.

[3] B. Claus, R. Bachmayer, and L. Cooney, "Analysis and development of a buoyancy-pitch based depth control
algorithm for a hybrid underwater glider," in Autonomous Underwater Vehicles (AUV), 2012 IEEE/OES,
2012, pp. 1-6.

[4] D. Steinberg, A. Bender, A. Friedman, M. Jakuba, O. Pizarro, and S. Williams, "Analysis of Propulsion
Methods for Long-Range AUVs," Marine Technology Society Journal, vol. 44, pp. 46-55, 2010.

[5] S. Zhang, ]. Yu, A. Zhang, and F. Zhang, "Spiraling motion of underwater gliders: Modeling, analysis, and
experimental results," Ocean Engineering, vol. 60, pp. 1-13, 2013.



	Return to Main Menu
	Return to Previous View



