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Abstract. The paper presents a study regarding electro-hydraulic control systems for drive
winches, a structural part of LARS (Launch and Recovery Systems). In the Introduction section
of the paper, the authors present the domains of the research vessel. Furthermore, there is
presented the importance of launch and recovery systems (LARS) and drive winches on the deck
of a research vessel. The launch and recovery systems (LARS) using drive winches are installed
on the stern of the research vessel. Further in the paper, the authors present the results of studying
three simplified systems that use electric, hydraulic and electro-hydraulic driving solutions.
Furthermore, there are presented comparative advantages of using this three types of drive
winches. At the end of the paper, the authors perform an analysis of the electro-hydraulic systems
for the drive winch, using a modelling and simulation software. Each schematic is presented
along with its components. Moreover, the authors mention that all the schematics presented in
this paper are modelled using FluidSim software from FESTO. In this case, only three
mathematic relations are used in the paper: the Cauchy momentum (convective form), the
incompressible Euler relations and the pressure losses in the hydraulic and electro-hydraulic
drive winch.
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1. Introduction
When attempting to model the decision-making process related to the design of a research vessel, it
appears that this is very difficult for operators, [1].

In the case that the authors present in this paper, it is shown the best 3D model designed for a research
vessel with LARS, as shown in figure 1.

Figure 1. Research vessel with LARS.
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Research vessels use complex driving installations that are mounted in the stern of the vessel. These
hydraulic installations mainly consist of: a base layer, an A-frame or a L-frame, a clump weight, a
hydraulic power-pack and drive winches, as shown in figure 2.

The deck equipment of a research vessel is mainly used for launch or recovery of underwater devices
(LARS) such as: autonomous underwater vehicles (AUV), remotely operated underwater vehicles (ROV),
mini submarines (midget submarines), diving baskets and gliders, [2].

Figure 2. LARS with AUV.
The commissioning of drive winch mounted in the chamber of motor is given in figure 3.

DRIVE WINCH

_ The chamber of motor
/

Frame

Figure 3. Schematic commissioning of the drive winch.

The connection between the drive winch and the underwater vehicle is made using wire ropes, as
shown in figure 3.

2. Hydraulic driven winch

In practice, when referring to a research vessel, there are used three types of driven winches, as follows:
e DC electric driven winches;
e hydraulic driven winches;
o electro-hydraulic driven winches.

On the research vessel that the authors have studied, use of DC electric driven winches are an
alternative to using hydraulic and electro-hydraulic driven winches. DC electric driven winches are
gaining a lot of terrain due to their reduced energy consumption.

Mainly, a DC electric drive winch that can be mounted on a research vessel is usually made of the
following components:

DC inductor motor;

variable frequency drive;

sensor, used for providing feedback;
reduction gearbox;

control system;

braking system;

cooling system.
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From a general point of view, the advantages of using DC electric driven winches are:
o less noise when working in normal operating mode;

advanced precision control;

reduced maintenance costs;

no hydraulic oil required,;

reduced energy consumption.

Hydraulic driven systems used for research vessels are similar to electro-hydraulic winches,
excepting the HPU (hydraulic power unit), because this is only being used to power various hydraulic
motors, [3].

The authors consider that there are four reasons to use a hydraulic driven winch instead of using a
DC electric driven winch:

e it is a very well-known fact that most equipment and machinery comply to a very simple rule:
the more powerful they are, the heavier their weight. However, this is not the case of using a
hydraulic driven winch that often weights less than its electrical counterparts;

e DC electric driven winches often overheat if are used for a long period of time, requiring the
operator to power them properly and to provide a sufficient cooling period of time before it can
be used again. However, hydraulic driven winches can be continuously operated without having
any concern regarding the overheating;

e hydraulic driven winches do not imply the risk in which electric motor’s stall can occur while
using DC electric driven systems, therefore creating a serious danger due to the high tension
value that can be induced in the wire cable when lifting.

The Cauchy momentum equation, given in its convective form, is valid for the fluidic hydraulic
driven winches, [4]. In this case, relation of the convective form can be written as:

Du
—=0gp-Vp+V 1
’DDt 9 P ¢ @)

In equation (1), there are given:

J % material derivative. It can be defined as: §+ 9o,

e u, flow velocity;

£, fluid density;

V', Hamilton operator;

t, time;

T, Stress tensor;

g, is the body acceleration action on the continuum mechanics:, gravity, inertial acceleration
and so on.

In equation (1), as given above, it can be seen that when assuming an inviscid fluid (in which the
viscosity of the fluid is equal to zero) its convective form reduces to the incompressible Euler equations.

Referring to the incompressible Euler equations and taking into consideration the case of density
being constant in time and uniform in space, it can be written:

Du

M g-vw

Dt g

Vu=0 2

In equation system (2) it is given w as the specific thermodynamic work (having the sense of per unit
mass) and the internal source term.
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The hydraulic devices used for the commissioning of the drive winch include the following
components, as given in table 1.

Table 1. Main components of the hydraulic circuit.

Description Number of components
Pumping unit 1
4/3 way directional valve 1
Throttle check valve 1 & 2 2
Hydraulic motor 1 1
T1, manual acting lever 1

As can be seen in figure 4, the hydraulic system will operate if T1 lever is manually acted on the 4/3
way valve. Regarding the hydraulic motor 1, its shaft can be rotated clockwise or counterclockwise
according to the manual command issued.

Hydraulic motor 1
v

S

Throttle check valve 1 B g Throttle check valve 2

A

LA B

Figure 4. Schematic of the hydraulic devices with drive winch.

If the operator will pull the T1 lever onto the valve’s right side, then the hydraulic motor shaft will
rotate clockwise, as shown in figure 5.

prere s PBoneeneens
: Hydraulic motor 1

Throttle check valve 1 | B g Throttle check valve 2
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Figure 5. Hydraulic motor 1 with clockwise rotation of the shaft.
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However, if the T1 lever is pulled onto to the valve’s left side, then the shaft of the hydraulic motor
1 will rotate counterclockwise, as shown in figure 6.

Hydraulic motor 1
v N
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____________ ——
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Figure 6. Hydraulic motor 1 with counterclockwise rotation of the shaft.

The rotational speed (rpm) and the flow rate (q) of the hydraulic motor 1, are represented in two
diagrams, as can be seen in figure 7.
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Figure 7. Functional diagrams of the hydraulic motor 1.

3. Electro-hydraulic driven winch

Electro-hydraulic driven winches are used in the marine environment for many decades, [5].
The electro-hydraulic driven winches are preferred to be used, due to their:

adaptability to various operating conditions;

relatively simple to operate and to maintain;

ease of precision control;

high reliability.

Mainly, the electro-hydraulic winches are made up of the following components:
hydraulic motor;

hydraulic power unit (HPU);

cooling system;

braking system;

sensor feedback;

control system.
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Figure 8. Schematic of the electro-hydraulic system with drive winch.

The electro-hydraulic system model presented by the authors can be seen as a simple installation,
having a 24V DC power supply, [6].

In fact, there are electro-hydraulic systems that use supply voltages between 220 and 480V AC, while
the hydraulic motor can achieve a maximum power rating of 1400 W, being capable to raise or lower
an underwater installation of 981000 N weight, having a rope capacity between 20 and 1000 m, [7].

Table 2. Main components of the electro-hydraulic circuit.

Description Number of components
Hydraulic oil tank 3
Oil filter 1
4/3 way directional valve 1
Throttle check valve 1 & 2 2
Hydraulic motor 2 1
Pressure relief valve 1 1
Valve solenoid 2
Pushbutton, NO contact 2

The hydraulic system will operate if the S1 button is pressed, therefore energizing the Y1 valve
solenoid of the 4/3 way directional valve, as shown in figure 9. If the S1 button will be pressed, then the
shaft of the hydraulic motor 2 will rotate clockwise, [8].
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Figure 9. Hydraulic motor 2 with clockwise rotatlon of the shaft.

Afterwards, if the S2 button will be pressed, after releasing S1, the shaft of the hydraulic motor 2 will
rotate counterclockwise, as seen in figure 10.

i Hydraulic motor 2

Throttle check valve 1

Pressure relief valve 1

1
24V o -

Tank v Safety switch
5 1
FlT S0 v
- N
,‘ Y 6
: : - = = .p_.__p_—_
A | r 12 '14
H v L
Filter i
1 S1 el sl i @ ﬂl
] 4 4 n
A : = 1 g 1
Pump unit P T é ! é i
2 N 5 B
T 2 gh»= =l
- g 4 =
10

<
S
i
e
T
—4-

Figure 10. Hydraulic motor 2 with counterclockwise rotation of the shaft

The revolution rate (rpm) and the flow rate (q) of the hydraulic motor 2, are represented in the
following two diagrams, as given in figure 11.
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Figure 11. Functional diagrams of the hydraulic motor 2.
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4. Conclusions

Hydraulic, electric or electro-hydraulic driven winches, each have advantages and disadvantages while
using on a research vessel. Selection of one winch drive system should be based on the intended use and
should be compared with weighted criteria. Considering the case of electro-hydraulic drive winches, the
authors consider that it is easier to diagnose them and repair its components, than the other types of
winches.

Pressure losses generated by the hydraulic motor will affect the overall use of the drive winch. Thus,
the drive winch will be blocked if there is detected a high pressure loss at the hydraulic motor level. This
can be possible during the process of recovery and launch of an underwater vehicle. In these cases, the
safety of the research vessel may be endangered. Nevertheless, there are known seven reasons to perform
preventive maintenance on the drive which systems, as follows:

e protection of people and working equipment;
reliable performance;
lower total cost of ownership;
improved spare parts management;
higher energy efficiency;
compliance with actual legal requirements.

The electro-hydraulic driven winches denote certain advantages according to the following criteria:
installation cost, maintainability, reliability, tension, speed, load control, thermal management.
Moreover, this type of winches can withstand severe functional weather conditions such as: storms,
strong winds, high waves, etc. Therefore, many newly constructed research vessels are provided with
electro-hydraulic driven winches. The authors will furthermore investigate the improvement of the
control efficiency in an electro-hydraulic driven winch, approaching the use of another method for flow
regulation than the one presented in this paper. Another future step is to integrate a PLC (Programmable
Logic Controller) into the control circuitry, providing much more flexibility.
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