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ABSTRACT
Standalone accelerometers enclosed in pressure vessels rated to 4000m depth were designed by Andy Hamilton. They can be used to measure impact levels and motion of oceanographic equipment. 2 Matlab functions were written to process the data from these accelerometers.
Measurements made on the benthic rover gave a precise idea of its motion and impact levels during its deployment

INTRODUCTION
Knowing acceleration and motion of oceanographic equipment can be critical. Piezoelectric accelerometers are a good way to measure them. In this paper, I will first describe the accelerometers I used for my project. Then I will describe the results I got from measurements made on the benthic rover, during a test deployment.
MATERIALS AND METHODS
There are 5 accelerometers; each has a serial number on the bottom:

Unit 1 works fine but has some noise on the second axis.

Unit 2 is not complete

Unit 3 works fine but max frequency is 61Hz

Unit 4 is not complete

Unit 5 works fine.

This next paragraph describes the technical specifications.
TECHNICAL SPECIFICATIONS:

Physical specification

Titanium pressure vessel rated to 4000m depth.

Dimensions: height 102 mm, diameter 89 mm

Weight: 1750 g

Buoyancy: 635 g
Electronics specification
The accelerometer is composed of piezoelectric, 3 axis acceleration sensors, and a computer with a Compac flash drive. Data is recorded on the Compac flash drive.

The accelerometer is powered by 2 3.7V batteries. It can be deployed for over 1 year, depending on the battery and the sampling frequency. The maximum sampling frequency of the accelerometer is: 62.122 Hz

The maximum number of measurements per sampling cycle is 32768.

So at 62.112 Hz, the maximum sampling duration will be 8min48s (528s)

Once the actual sampling is over, it still takes about 1 minute to write the data on the flash drive. So sampling period must be about 9min50s but 10min will be a more convenient value to use.

At 62Hz, one convenient setting is a sampling period of 600s (10 minutes) and sampling duration of 520s. (80 s is about how much time the built-in computer takes to write the data on the flash drive).

That means no data can be recorded during more than 10% of the time.

Software specifications
Accelerometers can easily be programmed using HyperTerminal. Please read the section ‘using the accelerometer’ for more details.

2 matlab functions were created to process data from the accelerometer.

Accel.m generates files than contain acceleration values on each axis and plots it. 

AccelAnalysis.m generates files than contain the jerk (rate of change of acceleration) and plots it. It also generates a file that contains the maximum values of acceleration and jerk along with the time of occurrence.

USING THE ACCELEROMETER
Before use

Verify the batteries. The main large batteries must be at over 7V. The small back up battery on the circuit board must be at 3V. Replace the batteries if they are low.

Connect the main batteries to the circuit board to power up the accelerometer.

Communicating with the accelerometer
Open the accelerometer and connect it with a computer using the RS232 port .

Open the program ‘HyperTerminal’ (programs/accessories/communication/). Open a new connection. Use default parameters in the ‘Connect to’ pop up window.

Then use the following properties:

Bits per second: 9600

Data bits: 8

Parity: none

Stop bits: 1

Flow control: none

Press one of the white reset buttons on the accelerometer. Then, within 3s, press ctrl-x on your keyboard. Instruction will then appear on the screen.

Calibration
Simply follow the instructions on the screen to calibrate the accelerometer. Depending on the kind of measurements to be made, calibration must be made carefully. Make sure to calibrate the accelerometer in its mounting bracket, and lay it on a level surface.
Accuracy: tests revealed a 5% accuracy for measuring acceleration. At sampling frequency = 62Hz, the noise in the signal is 0.05G about the mean.
Before deploying the accelerometer on oceanographic equipment, if it is possible, it is a good idea to measure acceleration with the equipment standing level and still on the ground, for later calibration.

Retrieving the data:

To retrieve the data, open the accelerometer and pull the data card out, and copy it on a computer in a single folder. Open matlab and set this folder as your ‘current directory’.

Use the functions Accel.m and AccelAnalysis.m (making sure they have been added to your matlab path). For instructions on using these functions, type ‘help Accel.m’ in the command window. 

RESULTS
Two accelerometers were placed on the benthic rover, in order to better understand how the Rover behaves when it is deployed and to measure the impacts it may be exposed to especially when it lands on the seafloor. Measurements were made when the Rover was deployed on Smooth Ridge for testing on 07-11-06 and 07-18-06.

In this next paragraph, I describe the measurements for each step of the mission: deployment, descent to the bottom, landing on the seafloor, movements on the seafloor, ascent to the surface and recovery.

The accelerometers were set to run 600s cycles. During 520s, the accelerometer takes measurements and during the remaining 80s, it writes the data on a flash drive. For the first deployment (07-11-06), the accelerometers were not offset; consequently, no measurements were made for about 10% of the time. For the second deployment, the accelerometers were offset by 300s, so measurements were made constantly.

Both accelerometers were placed on the back cylinders on the rear end of the Rover. Accelerometer 1 was placed on the starboard side and Accelerometer 2 on port side. Axis directions were:

Axis 1: Startboard

Axis 2: UP

Axis 3: Forward.

For the second mission, accelerations measured while the Rover was sitting level in the high bay enabled the estimate an error margin of about 5%.

Deployments:

Cruise 1: acceleration did not go over 0.75 G. No significant impact recorded.

Cruise 2:  Moderate impact was recorded (approximately 0.75G on each axis for unit2 and -2G for axis 3 on unit 2).

Descent:

Cruise 1:  Rover started sinking around 12:49PDT (exact time was not recorded) and landed on the seafloor at 13:12:34PDT. Descent lasted approximately 23min30s.

Cruise 2: Rover started sinking at 09:40:16PDT and landed on the seafloor at 10:03:52PDT. Descent lasted 23min16s.

Behavior during descent: 

Comparisons of calibration measurements (sitting level on the ground) with measurements during the descent show that on average, as it descends, the rover is pitched backwards approximately 5 degrees and rolled portwards approximately 6 degrees.

The rover has a pitch of about 3 degrees and a roll of about 1.5 degrees about the means.

Roll and pitch are not periodic and vary significantly in intensity. Mean period for roll and pitch is about 35s

Similar behavior was observed during both cruises.

Landing on the seafloor:

Cruise 1: Acceleration on vertical axis (axis 2) was 1.46G for unit 1 and 1.39G for unit 2.

Cruise 2: Landing occurred during downtime of unit 1. Acceleration on axis 2 reached 1.32G for unit 2.

One must remember that axis 2 is already subject to 1G from gravity so the shock from the landing added only about 0.4G.

 Movements on the Seafloor:

Accelerations remained low at the seafloor expect for a few spikes of about 0.3G during rover operation.

Ascent to the surface:

Cruise 1: Rover started ascending at 15:07:40PDT and surfaced around 15:39PDT (exact time of surfacing was not recorded). Ascent lasted about 31min40s.

Cruise2: Rover started ascending at 11:47:34PDT and surfaced at 12:19:40PDT

Ascent lasted 32min06s

Behavior during ascent: 

On average, the rover was pitched forward about 5 degrees and rolled port wards about 10 degrees. 

Pitch and roll about the average were less pronounced than on the descent.

Recovery:

Cruise 1: Rover hit the Point Lobos several time because of rough sea. Accelerations exceeding -3G were recorded on axis 3 of unit 1. On axis 1, acceleration reached -1.2G

Cruise 2: Acceleration reached 1.85 on axis 3 of accelerometer 2.

[image: image2]
This figure shows the acceleration for the landing of the ROVER during the second test deployment. On axis 1, the rolling motion on the ROVER while it is still sinking can be seen. On axis 2, the impact with the seafloor is clearly shown. After landing, no motion is recorded; the Rover is sitting still on the seafloor.
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