DiveBot

The Basic System

The experiments where carried out using a robot that can control its buoyancy, coupled to a floating instrumentation buoy by a 2 metre umbilical cable. The experiments where done in shallow water.

The Robot 
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The robot has the following features –

A large main oil chamber 

An expansion chamber/bubble trap for the main oil chamber 

A vent to the sea for the oil

A heater system for the main oil chamber system 

A power source 

A transducer block

An electronics & control block

Rough & Fine buoyancy trimming facilities

The Instrument Buoy

This is a box, which floats close to the robot and displays to the operator the output of the robot sensors. 
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It displays –



Water temperature



Robot depth



Oil temperature



Conductivity (salinity)



Heater current



Battery voltage



Time

In addition it contains the line driver circuitry, sensor calibration facilities and provides the power for data transmission from the robot.

It also houses the circuitry for the conductivity driver and detector. (Except in the latest version where this circuitry is in the robot)

Robot specification

Mechanical

Length  -  38 cm

Diameter  -  16.8 cm

Weight approx. 8.4 Kg

Total robot volume  -  8170 ml

Main oil chamber volume -  1330 ml

Total fluid volume  -  1346 ml

Ratio of oil chamber volume to total volume  -  16%

Approx. maximum expansion of oil 15 ml  (1.1%)

Electrical

Heating power (max)  - 30 Watts

Heating power (Avg.)  -  25. 5 Watts

Battery 1    +7.2V

Battery 2    -6.0V
Both batteries capacity   4.1 Ah

Battery type  -  NiMH

Run time with continuous heating  -  2 hours

Instruments

Depth  -  0 to 12 ft  +/-0.2

Oil Temp  -  0 to 50 deg C   +/-0.3

Water Temp 0 to 30 deg C   +/-0.3

Conductivity  -  0 to 15000 (S  

Battery voltage  -  0V to 17V  +/-0.02

Load Current  -  0 to 2.5Amps  +/-0.02

Robot components

1    Bubble Trap / Expansion chamber.

Purpose

· To keep the main oil chamber free from contaminates such as air, water and sand which can affect the repeatability and accuracy of tests. The main oil chamber is hard to access as its totally sealed and insulated

· To allow easy expulsion of air at the start of testing.

· To allow easy replacement of the oil in the main chamber.

· To allow the main oil chamber to be moved away from the outer surface of the robot to improve the insulation of the oil chamber.

The problem

1) Before the experiment the bubble trap contains up to 15 cl of air, which has to be vented before testing can begin, so seawater replaces the air in the robot.

2) As the oil in the main chamber heats up it expands, venting into the sea. When the experiment is over the robot is removed from the water and as the oil cools and contracts it draws air into the robot.

The bubble trap/expansion chamber addresses these problems by means of the oil chamber expansion tube, which has two side orifices at its tip which are exactly half way down the expansion chamber. The dimensions and volumes have been chosen to ensure that the expansion tube orifices are always immersed in oil and therefore contraction of oil in the main chamber always draws in oil and no contaminates. 

See the diagram for the complete sequence. 

 2     Seawater vents

The sea water vents have been designed so that when the robot is being primed at the start of a experiment the air can be expelled without loosing any oil. The oil is allowed to vent only as it slowly expands due to heating. This has been achieved by designing orifices where the shape and diameter are critical. It works due to bubble size and the different surface tensions of the liquids involved.

3   Main oil chamber & heater assembly 

The main oil chamber contains 1330ml of olive oil, which is approx. 16% of the total robot volume. It is a double skinned vessel with a stainless steel indirectly heated (electrically isolated) heater plate securely mounted to take the pressure of an experimental test dive (approx. 50-100m). The whole chamber is surrounded and insulated with wax except for the area between the heater plate and the battery, which is an air space. In a deep-water version this space would be filled with oil, as would the electronics housing which is also an air space at present. 

There is also a temperate sensor, which senses the oil temp in the centre of the chamber.

4 Safety devices

There are several different safety devices built in. These are necessary because the robot is  a sealed pressure vessel with a sizeable power source.

· There are two self-resetting fuses one for each of the batteries.

· There is an air expansion chamber, needed if the batteries should vent due to abnormal loading. 

· There is a temperature cut-out on the heater plate set to 85 deg C.

· There is the ability for the microprocessor to isolate the heater circuit or the instrument power or both, should it detect abnormal operating conditions.

· There is a modification under way to include a temp measurement of the battery pack.

5 Energy Management and Data logging

Hardware is included to control the functioning and power management of the robot and to start an internal data logging sequence, although they are not operational in the present version.

6 Power supply

The power supply comprises two connected batteries. One of +7.2 Volts and the other of –6V, they share a common ground. The cells are of the venting type for safety reasons.

The batteries are Nickel Metal Hydride types giving a good energy density, high current capacity, relatively low weight and constant output voltage. Better and larger batteries could be used and would offer an improvement in performance.

Charging is a problem in the enclosed space due to excessive heat generation.

Both batteries are fused.

7 Transducer block

The transducer block houses all the transducers except for the oil chamber temperature sensor. It forms the lid to the electronics chamber. 

8 Electronics Chamber

The electronics chamber is 11.5cm in diameter and 3cm deep and houses two electronics boards. One is the analogue/instrumentation board, which has amplification, signal conditioning and the line drivers for transmitting the signal to the instrument buoy as well as interfaceing to the digital board. The other is the digital/control board, which uses a microcontroller to control the operation of the robot and also to provide future data logging capabilities for experiments without any connections.

9 Buoyancy trimming

The buoyancy of a complete robot when sealed has to be as close as possible to neutral, but must err on the side of being too light. This allows a small amount of extra weight to be added to achieve neutral buoyancy before the experiment starts. For course trimming, that is to get within 5 – 10 gm of neutral buoyancy, approx. 40gm of lead shot can be waxed in to the 4 small chambers at the bottom of the robot. The top of the robot has a thread to connect the fine trimming weights and the final sinking weight used in the experiments.

10 Umbilical Cable 

The umbilical cable has been designed to have as little effect on the buoyancy of the robot as possible. To achieve this 9 very fine, single strand copper conductor have been used without any common sheathing so that the cable has maximum flexibility and very little weight. To provide some protection to these fine wires a nylon filament is also added.

The Experiment

Basically the experiment is to place a known weight on an object (the robot) which contains an oil chamber and is floating in the sea with neutral buoyancy. The robot at this point starts to sink and as it does so heaters are turned on to start heating the oil in the chamber. As the oil heats up it expands venting some of the oil into the water decreasing its mass, and because the volume hasn’t changed, its density. Over a period of time the density reduces until at some point it becomes less than that of the water around it and at this point it will start its accent to the surface.

Records are made of the time taken, the weight lifted, the temperature increase of the oil, the final difference between the oil temperature and the water temperature and the energy needed to heat the oil, plus any other factors which can affect buoyancy such as salinity 

In Practice

The tests where carried out in less than 1 metre of water as it was only necessary to determine when the buoyancy has changed sufficiently to overcome the ‘sinking weight’ that was added. The ascent to the surface at this point is achieved quite rapidly, in approx. 10 – 20 seconds. 

We found shallow testing to be an advantage because we could observed its behaviour and spot any problems. One such problem was the effect of air bubbles collecting under the robot which was enough to significantly change its buoyancy. The air bubbles where released from the sand. This prompted us to change the shape of the robot.

The robot must be allowed to stabilised for at least 20 minutes in the water before final buoyancy trimming takes place. This allows the temperatures to equalise and the expansion/contraction of all parts of the robot to stabilise. Failure to do this would introduce an error of up to several grams.

When the robot has stabilised in the water the process of final trimming can take place. With care the buoyancy can be adjusted to within 1 gram, that is the addition of a 1 gm weight will start to sink a floating robot. 

An appropriate known ‘sinking weight’ can now be added.

 Before the robot sinks the heaters are turned on. The heaters are turned on full, i.e. not controlled, for the duration of the experiment so that power calculations are accurate.

The ‘appropriate sinking weight’ is dependent on several factors. Such as, the time available to run the experiment, the sea temperature and knowledge of the rough lifting capabilities of the robot, as a rule of thumb its -

 1 gram lifted  =  2 degrees rise in oil temperature  = 8 Mins

 Logging the various measurements starts when the heaters are turned on and finishes when the robot breaks the surface. On some occasions the robot will overshoot and sink again slightly. In this case the time ends when the robot breaks the surface twice.

Measurements are taken and logged every 2 minutes and the experiments last between 40 minutes and 1.5 hours.

The Findings

With a sea temp of 27( C and with a 9 gram sinking weight –

· it took the robot 68 minutes too rise

· 28.8 Watt/hours of energy was used

· the oil temperature rose by 19.8( C

· the change in oil temperature compared to seawater temperature was 21.3( C

· salinity remained constant

So    A 2.37( C rise in oil temperature (compared to the sea temperature) will lift 1 gram.

And 

It takes 3.44  Watt/hours of energy to raise the temperature by 2.37( C 

Lab Work

Simulated seawater experiments where conducted in the lab and compared to the field data.

1 – to compare heating performance in air as opposed to in the water. This gives a guide to the insulation properties.

2 – Given the small weights lifted in the experiments compared to the weight of the robot, an independant way of verifying the results was needed.

In the sea trials the weight lifted is the mass of displaced water due to heating. In the last test this was approx. 9 grams. This roughly equivelent to 9 ml of oil expansion. 

An equivelent experiment was conducted in the lab where the oil was raised bt 19.8 deg C which was the same as in the sea trials, but this time the expansion of the oil was measured. There was 11.8 cl of oil expansion and although this oil expansion is non-linear it still gives a good guide and 

it verified what we had measured in the sea experiment was realistic.

The oil expanded more than we expected, based on the data obtained in the sea trials, by roughly 2 to 3 grams. The umbilical cable could have a 2-gram weight effect, although this would hard to prove in practice, but it could explain the difference.

 This would indicate that the performance of the present robot could be improved by 15 - 20% when used without attachment to the instrument buoy by umbilical cable.

Also the effectivness of various heaters where tested to determine an optimum heating performance.

Performance increases

See design of next robot and materials research below.  

Further work

A deep water test (10m - 20m) with no attachments to the robot, using a data logger.

An improved depth sensor  

A fine buoyancy trimming mechanism.

The possible use of heat exchangers - A low energy heating solution?

Developing a group positioning system. Identification and distance to all robots in the vicinity.

Comparisons of the deep water test to the model.

Shape of the robot. High drag shape for descent, as drag and a very small sinking weight will be the main elements for roughly determining the descent rate, but it must be achieved with low lateral drift to reduce errors. 

Low drag shape on ascent as ascent rate will be determined by control of heating.

Smallest surface area for greatest insulation effect

Design of the next generation robot taking into account the findings of the shape and materials research and heat exchangers. Finding an optimum for oil chamber volume, robot volume, power supply energy/ weight ratio.

Materials research :

Oil – the search for an oil with optimum properties i.e. the most expansion with least energy at the average sea temperature.

Insulation – A solid material with low thermal conductivity but high mechanical strength.

Batteries – An improved power source. Increased capacity for less weight and/or volume.

Casing Materials – Able to take high compressive loads but with low expansion over a wide range of temperatures. 
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