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Abstract. This paper presents research development of water hydraulicsmanipulator testrig for
underwater application at Centre for AdvancedResearch on Energy, Faculty of Mechanical
Engineering, Universiti Teknikal Malaysia Melaka. The test rig is designed in order to study the
effectiveness of using water hydraulics system for underwater manipulation application. With
objectives to promote sustainability and energy saving, the manipulator system is targeted for usage
in an underwater scenario, possibly on small submarines or underwater remotely operated vehicles
(ROVs).Underwater vehicles normally utilize the use of oil hydraulics for propulsion, manipulation
and instrument control. The research on underwater manipulator that uses the surrounding sea water
itself as the power and energy carrier for control is now possible with the current development in
water hydraulics technology.

Introduction

A water hydraulics manipulatortest rig for underwater application is being built at
UniversitiTeknikalMalaysia Melaka. One reason why the test rig is being developed in the first
place is that in order to determine the drag, cavitations and the exerted pressure onthe water
hydraulics manipulator, a simulated underwater scenario is useful. Underwater
manipulator’sstability and control is very important in order to evaluate the performance of ROVs
operation. Nowadays, ROVsare the dominating type of vehicles for underwater operations. It has
been seen in action in the civilian, military and scientific sectors, most of them for deep underwater
rescue operation, salvage operations, and sea-bed maintenance operation.
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Fig.1: Cable controlled underwater recovery vehicle CURV [1]

ROVs have been used successfully in deep underwater rescue operation. For example, the use of
CURYV or Cable-controlled Underwater Recovery Vehicle in Fig. 1, had safely hauled up a crippled
PISCES II submersible vehicle with two British crewmen on board, which had sunk 1600 feet to
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Ireland sea floor while working on a transatlantic cable assembly in 1973[1].In 2010, the recovery
operation of Deep-water Horizon oil spillin the Gulf of Mexico also adopted the use of multiple
ROVs to inspect and stop the leaks in the underwater oil rigs by capping the gushing wellhead,
which was releasing about 4.9 million barrels (780,000 m®) of crude oil caused by an explosion on
the well sites [2].

In this research, a scenario which involves the application of ROVs’underwater water
hydraulicsmanipulator will be simulated by using the test rig. The manipulator will be controlled by
using fourlinear actuators. Water, as the power medium is chosen to drive the actuators, since water
is fireproof, environmental-friendly and generally a non-contaminant element [3-5].The use of
water hydraulics is increasing in the area of food processing, such as in cheese making and
abattoirs, in hazardous condition involving fire-fighting, and in other area such as oil recovery and
sewerage service [6].The challenges in using water as the pressurized medium come with the low
viscosity properties that the water offers, which promotes higher chances of leakages, relative to
traditional use of mineral oil [7]. It is also reported that water hydraulics is only recommended for
application with supply pressure up to 160 bars [8].However, the use of customized cylinders, in a
pressurized underwater environment may satisfy the necessary requirements to solve the problem of
leakages in water hydraulics components. Furthermore, driving an underwater manipulator with the
same surrounding water could result in a multi-purpose device suitable for an environmental
friendly approach in underwater robotics[9]. The manipulator arm of this project is representing the
jointed arm configuration also known as articulate arm which connected via a twisting joint.

The Development of the Test Rig
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Fig. 2: Water Hydraulics Test Rig Development Stages

The development of the test rig comes with three stages, as shown in Fig. 2.The first stage of the
project is the development of a water hydraulics power unit. Investigation on the performance and
volumetric efficiency of the water hydraulics pumps throughout the development of the power unit
will be conducted. The second stage focus on the design and fabrication process of local made
water hydraulics cylinder. This stage will also comprise validation and retrieval of actual wear
condition and particles of water hydraulics components and its influence on the system hygienic.
The third stage of the research concentrates on the integration of a water hydraulics system for
underwater manipulator test rig fabrication. The test rig will simulate the underwater scenario,
whereby the stability, efficiency and the performance of the manipulator will be tested.

Test Rig Setup.The power unit, as shown in Fig. 3 is fitted with an external gear pump, coupled
with single phase 1 hpinverter-controlled electric motor. Data logging on the power unit is made
available with the use of multi-handy data logger, a pressure transducer, temperature sensor and
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gear type flow meter. All the diagnostic tools will be used to data-log flow, pressure, temperature
and speed of the system. The available working pressure, flow and the efficiency of the pump with
respect to loading condition will be studied by using this equipment.
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Fig. 3: Water Hydraulics Pump Test-Rig and Schematics

Pump Performance Analysis. A performance analysis has been conducted on the water
hydraulics pump, with simulation during 30 and 260 bar. The results, as shown in Fig. 4 and Fig. 5,
suggest that the use of water is possible, if the slip flow coefficientor SF is maintained to 0.005. The
flow rate varies from rotational speed of 250 to 3500 RPM, and provide volumetric efficency ranges
from 9% to 97% accordingly. The resultsconclude that water can be applied in typical oil
hydraulicsgear pump. This is true if the SF can be achieved with an acceptable value. This is
supported by previous experiment results, whereby a gear pump was used in lifting an industrial
scissor lift, by using reverse osmosis water, instead of oil, as the power medium. It was noted that

the equipment managed to lift up to 400 kg of load, with workable water temperature of 41.4°C
[10].
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Fig.4: Simulation of Gear Pump for Slip Flow Coefficient at 30 bar
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Fig. 5: Simulation of Gear Pump for Slip Flow Coeftficient at 260 bar

Fabrication of Custom-Built Cylinder.A custom-build water hydraulics cylinder is being
developed as the actuator for water hydraulics manipulator. The cylinder has double acting
configuration, with bore size and stroke of 40 cm and 125 cm respectively. Tie-rod design is used in
the research, since the cylinder can be reassembled for maintenance and evaluation study on
corrosion and wear. In the design and development process, the suitability of water with each and
every component inside the cylinder is very important. The components such as the cylinder block,
cylinder barrel, various seals, piston, rod, wiper, tie rod, and adjustable screw and nuts.

Fitness Test. A fitness test has been conducted on the custom-built cylinder, which is done in
order to evaluate cylinder’s strength and leaks, as shown in Fig. 6. The test involves filling the
cylinder with hydraulics oil, which also aid the lubrication process of the cylinder. Maximum
pressure is set at 60 bar. The cylinder is let to extend until the maximum. The full extension of the
cylinder create a pressure built-up inside the chamber. During the experiment, a loud bang can be
clearly heard after that. A bursting leak can also be visually detected afterwards. The cylinder burst
in between the barrel and cylinder cap end, as shown in Fig. 7. The recorded pressure at the time of
the leak is around 50 bar. An investigation after the test reveals that the surface of the barrel did not
fit perfectly into the cap end fixture. This is caused by imperfect cutting process of the barrel. At the
same time, it is noted that the seal at the cap end and rod end of the cylinder is also broken, due to
high pressure effect.

Fig.6: The fitness test Fig.7:Leak point during the bursting leak

ManipulatorDesign.The manipulator is made up of a series of segments and joints that connect
four segments together and allow them to move relative to one another. The joints provide either
linear (straight line) or rotary (circular) movement. The manipulator is designed with four joints,
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each driven by a water hydraulics linear actuator. Each actuator or cylinder has double acting
configuration, and is able to sustain a maximum extension of 125 cm, with bore size of 40 cm, as
shown in Fig.8. The manipulatorhasfour electro-valves to control the movement of the cylinders.
This allows the human operator to manipulate the actuator by changing the switching position of the
valves.

Fig.8: The design of the manipulator

Conclusion

An underwater manipulator test rig is being developed at the Centre for Advanced Researchon
Energy, Faculty of Mechanical Engineering,Universiti Teknikal Malaysia Melaka, in order to
explore the possibility of using water hydraulics as an alternative insustainable application, as well
as in promoting energy efficiency. By using the surrounding water itself in driving the manipulator,
it is hoped that water hydraulics could help in reducing the problem regarding the energy loss in
traditional hydraulics power system. Analysis of pump performance during simulated 30 and 260
bar loading pressure suggests that the use of water in the modified pump is possible, if the slip flow
coefficientis maintained at 0.005. The flow rate varies from rotational speed of 250 to 3500 RPM,
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and provide volumetric efficiency ranges from 9% to 97% accordingly. Fitting test on a custom-
built cylinder has shown that non-corrosive polyvinyl cylinder can withstand maximum pressure up
to 50 bar. However, the respective leak is much associated with the workmanship during the
fabrication of the cylinder. At the same time, a manipulator has been designed with four joints, each
driven by a water hydraulics linear actuator, in order to analyze the effectiveness of the system for
underwater application.
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