EARLY DRAFT OF REPORT:  The Final Report will include and address OEM device receiver characteristics and the results of additional acoustic experiments.


Dorado Acoustic Design Analysis

Chandler 9 October 2002

Recommendations

To be expanded following the next set of acoustic experiments and collection of OEM system receiver and signal processing specifications.

1. The elevator and rudder actuators should be redesigned or shielded to reduce their acoustic source strength and/or to shift the acoustic noise they generate away from frequency bands reserved for acoustic devices. 

2. We should consider mounting critical receive hydrophones outside or flush with the vehicle shell material.  Careful evaluation of the SNR picture for each system should be conducted prior to making the design decision to flush mount or externally mount its receive hydrophone.  The design decision may also involve relocation of the receive hydrophone within the shell to reduce the effect of vehicle self noise sources.   These evaluations are still in progress.  

3. Reassess the LBL harmonic picture ASAP.

4. Re-evaluate the CAS signals at the planned future location of the Multibeam Sonar.   A 106 dB 200 KHz signal was recorded near the LBL head.  This will certainly interfere with the Multibeam Sonar that also operates at 200 KHz.

OEM Systems Evaluated

Benthos ATM-885 Acoustic Modem

AUV Mounted System

Ship Mounted System

Edgetech PS8000 Long Baseline Navigation System (LBL)

Edgetech AR-100 Acoustic Release Board Set

Datasonics PSA 916 Collision Avoidance Sonar (CAS)

ORE 4336B Multibeacon with remote omnidirectional transducer (USBL)

RD Instruments ADCP/DVL

Reson 7000 Series Multibeam Sonar

Dorado Self Noise

Main Vehicle Computer

None measured above the 70 dB noise floor.

Thruster

Measured using a hydrophone placed centrally within the tailcone.  The thruster self-noise is at frequencies below 4 KHz.

· 70 dB at 0 rpm

· 90 dB at 100 rpm

· 100 dB at 200 rpm

· 105 dB at 270 rpm

Rudder Actuator

Needs to be reassessed.  See data and discussion below.

Elevation Actuator

Needs to be reassessed.  See data and discussion below.

Background Noise in MBARI’s Test Tank

The background noise in MBARI’s Test Tank is approximately 70 dB between about 0 and 300 KHz.  It climbs slowly by about 8 dB between 300 KHz and 500 KHz.  Strong CW tones that are about 15 dB above the noise are seen at approx. 80 KHz, 200 KHz, 430 KHz, and 460 KHz.  

The measured noise is probably electronic in origin as suggested by the nearly flat spectrum calculated from the measured signal.  Clearly, the spectrum will and does adopt a shape similar to the hydrophone calibration data following application of the calibration data, once again suggesting that the measured noise is not of acoustic origin.  If the noise is indeed of electronic origin, use of shielded hydrophones with internal preamps will likely improve the SNR of our measurements.  

An as yet to be identified electronic noise source intermittently corrupts measurements in the Test Tank.  The origin of this noise was once thought to be the CODAR system but that has been ruled out.  The noise typically has very high frequency broadband noise that is modulated by a 2 KHz square wave having about a 50% duty cycle.  The 10 m cables that connect the hydrophone to the first stage amplifiers in our current hydrophone configuration easily detect this signal.  These hydrophones should be replaced with hydrophones having internal preamplifiers at the earliest convenience.  

Measurement details can be found under Exp 1 in Appendix B.

Dorado Shell Material Attenuation

9 KHz Measurement Results

One-way attenuation at 9 KHz through a single thickness of Dorado shell material is approx. 9.4 dB.  This is calculated by subtracting the 122.6 dB signal received through water and the single thickness of shell material from the 132.0 dB signal received through water only.

Measurement details can be found under Exp 2 in Appendix B.

Acoustic Cross Talk

Water Borne

Table 1 provides a simple summary of the results of experiments designed to assess water borne acoustic cross coupling.  This simple summary overlooks some of the detail that can be seen in the figures of Appendix D and described more fully in the Experiment 2 Protocol provided in Appendix B.  Additional detail can be found in the brief observations follow Table 1.

Table 1:  Acoustic Cross Talk Summary

	Exp #
	Source
	Source Level (dB)
	Rcv Location
	Rcv Level (dB)
	Signal Loss (dB)

	3
	Dorado MVC
	70
	LBL
	70
	0

	3
	Dorado MVC
	70
	DVL
	70
	0

	4
	DVL
	142
	LBL
	131
	11

	5
	LBL
	182
	DVL
	152
	30

	6
	CAS
	uncal
	LBL
	106
	-

	7
	CAS
	uncal
	DVL
	91
	-

	8,11
	Thruster 0 rpm
	70
	LBL
	80
	(10)

	8,11
	Thruster 100 rpm
	90
	LBL
	80
	10

	8,11
	Thruster 200 rpm
	100
	LBL
	87
	13

	8,11
	Thruster 270 rpm
	105
	LBL
	87
	18

	8,11
	Thruster 0 rpm
	70
	DVL
	83
	(13)

	8,11
	Thruster 100 rpm
	90
	DVL
	84
	(6)

	8,11
	Thruster 200 rpm
	100
	DVL
	90
	10

	8,11
	Thruster 270 rpm
	105
	DVL
	97
	8

	9,12
	Elevator
	70
	LBL
	121
	(51)

	9,12
	Elevator
	70
	DVL
	132
	(62)

	10,13
	Rudder
	70
	LBL
	122
	(52)

	10,13
	Rudder
	70
	DVL
	134
	(64)


Exp 3:  Dorado Noise

· The Main Vehicle Computer self-noise measurements are consistent with background noise levels.  Therefore, little if any additional noise is added when the CPU is powered on.  Note that no tests were conducted to examine disk drive noise.

Exp 4:  DVL X-Talk to LBL

· We only loose about 11 dB between DVL signal measured near the DVL and its measurement near the LBL. 

· The calculated DVL spectra are suspiciously broad.  This experiment should be repeated for comparison.

Exp 5:  LBL X-Talk to DVL

· Strong harmonics are seen in both the LBL and DVL signals

· Harmonics in the DVL signal cover the 9 to 500 KHz band.

· We loose about 30 dB between 9 KHz LBL signal measured near the LBL and its measurement near the DVL.

Exp 6:  CAS (Datasonics PSA 916) X-Talk to LBL

· An approx.  106 dB 200 KHz CAS signal can be seen at LBL.  

· The transducer used to measure the CAS signal was not calibrated.

Exp 7:  CAS X-Talk to DVL

· An approx. 91 dB 200 KHz CAS signal can be seen at the DVL  

· The transducer used to measure the CAS signal was not calibrated.

Exp 8:  Thruster X-Talk to LBL and DVL

· The sample period for this experiment fell back to 1 msec from the target 10 msec, reducing the spectral resolution bandwidth to 1 KHz from 100 Hz.  This made it difficult to appreciate the low frequency response of the Thruster.  These experiments will need to be repeated.

Exp 9:  Elevator X-Talk to LBL and DVL

· Strong 121 dB and 112 dB tones were measured near the LBL at 24 KHz and 48 KHz respectively.  Relatively weak 90 dB harmonics can be seen at 72 KHz and 96 KHz.

· Strong 132 dB and 113 dB tones were measured near the DVL at 24 KHz and 48 KHz respectively.  A relatively strong 112 dB harmonic can be seen at 72 KHz with weaker harmonics extending out to about 240 KHz.

Exp 10:  Rudder X-Talk to LBL and DVL

· Strong 122 dB and 115 dB tones were measured near the LBL at 24 KHz and 48 KHz respectively.  Relatively weak 90 dB harmonics can be seen at 72 KHz and 96 KHz.

· Strong 134 dB and 113 dB tones were measured near the DVL at 24 KHz and 48 KHz respectively.  A relatively strong 115 dB harmonic can be seen at 72 KHz with weakening harmonics extending out to about 168 KHz.

Exp 11:  Thruster

· Not much seen above about 4 KHz.

· Above 4 KHz, the signal level climbs from about 70 dB to about 76 dB as thruster speed is increased from 0 to 270 dB.

· A strong zero frequency response is often seen.  This is the result of the fact that no attempt was made to subtract the mean (DC offset) from the data during the experiment.  Other than this strong zero frequency response, signals below 4 KHz start at about 70 dB and climb to about 110 dB as thruster speed is increased from 0 rpm to 270 rpm.  This is at the approx. 70 dB noise floor observed at 0 rpm and about 34 dB above the approx 76 dB signal level seen above 4 KHz at 270 rpm.

Exp 12:  Elevator

· A strong 110 dB to 115 dB tone is seen at about 2.5 KHz.  A 95 dB to 92 dB tone is seen at about 5 KHz.  No evidence of the 24 KHz and 48 KHz tones seen so prominently near the LBL and DVL transducers, are seen in this dataset collected inside the tailcone.  Very curious.  The experiment should be repeated.

Exp 13:  Rudder

· A strong 115 dB to 110 dB tone is seen at about 2.5 KHz.  A 112 dB tone is seen at about 5 KHz.  No evidence of the 24 KHz and 48 KHz tones seen so prominently near the LBL and DVL transducers, are seen in this dataset collected inside the tailcone.  Very curious.  The experiment should be repeated.

Structure Borne

Structure borne cross coupling was evaluated in the AUV lab with a dry vehicle.  These measurements were made early when assembling components for the acoustic measurement system.  They were not recorded and they were not repeated.  These tests demonstrated rapid attenuation of the signals within the structural members when moving away from the LBL and DVL heads.  New structure borne acoustic measurements should be conducted when the AUV is next available.

Electrical Cross Talk

Not Evaluated.

Summary of Important Findings

1. Elevator and rudder actuators generate 134 dB self noise at 24 KHz near the LBL and DVL heads.  This is 103 dB above the 31 dB sea state 3 ambient noise given by [Wenz].  They also generate 115 dB self noise at 48 KHz.  This is 85 dB above the 30 dB sea state 3 ambient noise given by [Wenz].  

2. Thruster self-noise appears to be limited to frequencies below 4 KHz and is therefore not likely to cause significant in band cross talk to other acoustic systems.  Peak levels measured near the thruster are however high at 105 dB (at a distance of about 10 cm) and should continue to be monitored in future experiments.

3. Harmonics from the LBL extend over the entire 0-500 KHz band measured during the experiment.  This surprising result needs to be reevaluated.  The LBL could significantly degrade the response of all other acoustic systems if the observed harmonics are real and not just an artifact of the experiment.  I want to take another look before I call this one.

4. The shell material can cause significant attenuation (10 dB one way).  This will lead to a 10 dB SNR reduction for internally mounted receive hydrophones if the primary noise source is vehicle self noise.  With attenuation at 10 KHz = 1 dB/Km, a loss of 10 dB in SNR could reduce the operating range of a system that would otherwise function at 8 Km to 4 Km.

5. Calibrated and shielded hydrophones with internal preamps should be purchased for use during future experiments in MBARI’s Test Tank.

Appendix A

Acoustic Experiment Details

Processing of Acoustic

All spectra are calculated as:
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Signal energy is further normalized to a 1 Hz reference bandwidth by dividing spectral power by the frequency sample interval df, signal amplitude by 
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, or subtracting 10*log10(df) from the spectrum represented in dB.  df=1/T, and T = the temporal measurement period, The value in dB is always calculated Re 1 (Pa.   Source levels are always evaluated at a range of 1 m unless stated otherwise.

Comparison to Ambient Noise Reference Data

Comparisons are often made to ambient sea noise data from [Wenz
].  Depending on where you look up the Wenz data, you may find it referenced to 1 (Pa or 20 (Pa (0.0002 dyne/cm2).  Add an additional 26 dB to 20 (Pa referenced noise data before comparing it to data in this report.  For example, Wenz quotes 14 dB ambient noise at 10 KHz and sea state 3.  Adding 26 dB to this gives 40 dB and is the ambient noise level we consider to be typical of what may encountered at sea.  As shown in the measurements below, the ambient noise in MBARI’s Test Tank is about 30 dB higher than this.  As suggested above, we have reason to suspect the noise has an electronic origin and that it may be possible to reduce background noise in our measurements through use of shielded hydrophones with internal preamps.

Acoustic Experiments 2-3 July 2002

Sampling was locked at N=10k samples at a sampling frequency of 1 MSamp/sec.  This lock dropped out on some datasets for an unknown and unobserved reason (The scope’s undocumented feature I was exploiting turned out not to be as robust a feature as I had hoped).  Two sets of calculations are provided with this report.  The first set processes the data as acquired.  The second set zero pads the data to 10,000 points.  The number of samples (N) and the sample interval (dt) are documented in the upper right hand corner of the upper left hand plot on all data sheets.  The corresponding frequency sample interval (df) is documented at the lower right hand corner of the upper right hand figure.  df for 1 MSamp/sec and 10 k samples is 100 Hz.  In the worse case, df reached 1 KHz.  The numbers quoted in the body of this report were all pulled from the figures calculated without zero padding.

Comparison of Pulsed Signals to Ambient Noise Data

No attempt was made to adjust spectral values for the fractional portion of the measurement period occupied by recorded signal pulses.  Where possible, a single pulse was recorded within the 10 msec measurement period.  Attempts were also made to center this pulse within the recorded period to limit the spectra weighting effects of the Blackman window applied to the time domain signal prior to FFT processing.  Meeting these criteria was the exception rather than the rule.  The reader should therefore examine the time domain signals carefully while interpreting the results of this experiment.

Plot Format

Calibration Data

Two sets of hydrophone calibration data were used during this experiment.  These are available in Appendix C.  Four subplots are provided in each figure.  The calibration data was provided by Reson along with the TC4034 Hydrophones.  The hydrophone model number and serial number are provided in the upper right hand corner of the upper right hand subplot of each figure.  The subplots represent:

Upper Left Subplot

Data as supplied by Reson

Upper Right Subplot

Data extended to cover the frequency range from 0-500 KHz.

Lower Left Subplot

Data resampled to match sample frequency of measured data.  This was done separately while processing each measured dataset.  The resampled calibration curve therefore always matched the frequency axis of the spectral signal output from the FFT processing step.

Lower Right Subplot

Conversion of units to uPa/Volt.

Measured Data

Measured data is provided on a separate figure for each measurement set.  Six subplots are provided in each of these figures.  The left column contains the data represented in the time domain.  The right column contains the calculated spectra.  The first row contains the measured signal and its spectrum.  The second row contains the same signal following application of the hydrophone calibration data.  The third row expands the time and frequency axis of the data in the second row to provide a more detailed look at interesting features.  If more that one data record was used to generate the plots, the number of data records used is documented in the title of the spectral plots in the right column.  The time domain data is always the first recorded waveform in the set. 

APPENDIX B

Dorado Acoustic Exp #2 Protocol

Equipment and Initial Setup

Equipment

Infinium Oscilloscope:
HP Model Infinium 1.5 GHz, 8 Gsa/sec





SN US36250221

XMT Hydrophone:

Reson Model TC 4034, SN 2401312

XMT Preamp:


Reson Model CCA 1000, SN 1999008

RCV Hydrophone:

Reson Model TC 4034, SN 1101051

RCV Preamp:


Reson Model CCA 1000, SN 1999003

TRIG Hydrophone:

Reson Model TC 4035, SN 1000011

Deckbox:


Benthos Model DS-7000-8, SN 145

Deckbox Transducer
:
Benthos Model XTD-LF, SN 124

LBL Transponder:

Benthos Model TR-7000, SN 59650


Setup

RCV and XMT Preamps

· Set Cap = 3.3 nF

· Set Resistance = 1 G ohm.

· Set Rcv Gain to 20 dB initially.

Deckbox

· Set to Xmt at 9 KHz

LBL Transponder

· Set to Xmt at 9 KHz and Rcv at 12 KHz, initially

Notes

None

Exp 1:  Tank Noise

Setup

· Place RCV hydrophone at mid-tank and connect to RCV preamp 

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

Experiment

· All Tank Systems Off

· CODAR ON

· Record data:  Noise2002Jul02\ConPoff##.csv
Not Run

· Preamp Gain = ______ dB

· CODAR Off (See Note Below)

· Record data:  Noise2002Jul02\CoffPoff##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Tank Pumps On, Ozonolysis System Off

· CODAR ON

· Record data:  Noise2002Jul02\ConPon##.csv
Not Run

· Preamp Gain = ______ dB

· CODAR Off (See Note Below)

· Record data:  Noise2002Jul02\CoffPon##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

Notes

· The CODAR noise was not apparent at the start of the experiment in contrast to what was witnessed on the first set of Dorado acoustic experiments.  The CODAR was therefore not shut down for this set of experiments and no background CODAR noise records were recorded.  The data was saved in files using the Coff notation to indicate that no CODAR noise was present (better fitting the purpose for these background noise experiments) even though the CODAR was actually still on.

· Disconnected hydrophone.  Collected data from amplifier @ 32 dB gain and saved in amp##.csv.

· Later noticed “CODAR” interference on xmt hydrophone preamp.  The noise disappeared when the xmt hydrophone was disconnected.  The preamps were switched temporarily.  The noise switched with hydrophone not the preamp.

· Turned off the MAC computer that runs the CODAR system.  The noise remained.  The MAC was turned back on restarting the CODAR system.  There was no change in the noise signal.  This noise source remains, is intermittent, and its source is unknown.

Exp 2:  DORADO Shell Material Attenuation Measurements

Setup

· Shutdown All Tank Systems

· Suspend Deckbox Transducer at least 2 m below water surface in test tank.

· Position XMT hydrophone 2.8 m from face of Deckbox Transducer.

· Strap RCV hydrophone to Deckbox Transducer and connect to XMT preamp.

· Connect the Deckbox Transducer to the Deckbox.

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Use the output of RCV hydrophone/preamp to trigger scope.

· Connect output of XMT hydrophone/preamp to channel 1 on Infinium.

· Record output from XMT hydrophone/preamp as the receive signal

Experiment

· Keep acoustic path from Transponder to RCV hydrophone clear ✔
· Record data:  Transponder2002Jul02\Trans##.csv


· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Insert Dorado Shell Material between Transponder and RCV hydrophone

· Record data:  Transponder2002Jul02\Atten##.csv ✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

Notes

The distance between the source and receiver were estimated from the time delay (1.85 msec) between xmt and receive transducers.  Care was not taken to measure associated electronic delays.  The calculated distance (2.8 meters) is therefore approximate not accurate.

Components of this experiment were suspended separately from MBARI’s Test Tank Bridge.  Care was taken to try to hold relative positions and transducer orientations fixed during this experiment.

The experiment should be repeated at some point in the future using a fixture that holds the relative position and orientation of all experiment components fixed.  Attenuation at other important frequencies should also be conducted.

Exp 3:  Dorado Noise at LBL and DVL

Setup

· Position RCV hydrophone adjacent to Dorado DVL transducer head just inside the shell.  Take care to ensure that the hydrophone tip is not pressing against anything.

· Position XMT hydrophone adjacent to Dorado LBL transducer head just inside the shell.  Take care to ensure that the hydrophone tip is not pressing against anything.

· Position TRIG hydrophone adjacent to Dorado CAS transducer head just inside the shell.  Take care to ensure that the hydrophone tip is not pressing against anything.

· Connect power and Ethernet cable to DORADO and lower into Test Tank to a depth at least 2 meters below the surface.

· Shutdown CODAR and All Tank Systems

· Connect output of XMT hydrophone/preamp to channel 1 on Infinium.

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Trigger Infinium manually

Experiment

· Turn All Dorado Systems Off and Power Down Dorado

· Record Channel 1 data:  DoradoOff2002Jul02\LBL##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Record Channel 3 data:  DoradoOff2002Jul02\DVL##.csv
✔
· Preamp Gain =32 dB

· 10 signal records were recorded.

· Turn Dorado On

· Record Channel 1 data:  DoradoOn2002Jul02\LBL##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Record Channel 3 data:  DoradoOn2002Jul02\DVL##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

Notes

None.

Exp 4:  DVL X-Talk to LBL

Setup

· Position RCV hydrophone adjacent to Dorado DVL transducer head just inside the shell.  Take care to ensure that the hydrophone tip is not pressing against anything.

· Position XMT hydrophone adjacent to Dorado LBL transducer head just inside the shell.  Take care to ensure that the hydrophone tip is not pressing against anything.

· Position TRIG hydrophone adjacent to Dorado CAS transducer head just inside the shell.  Take care to ensure that the hydrophone tip is not pressing against anything.

· Connect power and Ethernet cable to DORADO and lower into Test Tank to a depth at least 2 meters below the surface.

· Shutdown CODAR and All Tank Systems

· Connect output of XMT hydrophone/preamp to channel 1 on Infinium.

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Trigger Infinium with output from RCV hydrophone/preamp

· Turn DVL ON

Experiment

· Record Channel 1 data:  DVL2002Jul02\LBL##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Record Channel 3 data:  DVL2002Jul02\DVL##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

Notes

None

Exp 5:  LBL X-Talk to DVL

Setup

· Same Basic Setup as Exp 3:

· Connect output of XMT hydrophone/preamp to channel 1 on Infinium.

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Trigger Infinium with output from XMT hydrophone/preamp

· Turn LBL ON

Experiment

· Record Channel 1 data:  LBL2002Jul02\LBL##.csv
✔
· Preamp Gain = 12 dB

· 10 signal records were recorded.

· Record Channel 3 data:  LBL2002Jul02\DVL##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

Notes

None

 Exp 6:  CAS X-Talk to LBL

Setup

· Same Basic Setup as Exp 3:

· Connect output of XMT hydrophone/preamp to channel 3 on Infinium.

· Connect output of ITC Hydrophone to channel 1 on Infinium.

· Trigger Infinium with output from TRIG hydrophone/ RCV preamp

· Turn CAS ON (Always ON)

Experiment

· Record Channel 3 data:  CAS2LBL2002Jul02\LBL##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Record Channel 1 data:  CAS2LBL2002Jul02\CAS##.csv
✔
· Preamp Gain = The ITC Hydrophone has an internal fixed gain preamp

· 10 signal records were recorded.

Notes

None

Exp 7:  CAS X-Talk to DVL

Setup

· Same Basic Setup as Exp 3:

· Connect output of ITC Hydrophone to channel 1 on Infinium.

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Trigger Infinium with output from TRIG hydrophone/ XMT preamp

· Turn CAS ON (Always ON)

Experiment

· Record Channel 1 data:  CAS2DVL2002Jul02\CAS##.csv
✔
· Preamp Gain = ITC Hydrophone has internal preamp.

· 10 signal records were recorded.

· Record Channel 3 data:  CAS2DVL2002Jul02\DVL##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

Notes

None

Exp 8:  Thruster X-Talk to LBL and DVL

Setup

· Same Basic Setup as Exp 3:

· Connect output of XMT hydrophone/preamp to channel 1 on Infinium.

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Manually Trigger Scope

· Turn Thruster on at speeds given below.

Experiment

· Set Thruster Speed to 000 RPM

· Record Channel 1 data:  Thruster2002Jul02\LBL000rpm##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Record Channel 3 data:  Thruster2002Jul02\DVL000rpm##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Set Thruster Speed to 100 RPM

· Record Channel 1 data:  Thruster2002Jul02\LBL100rpm##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Record Channel 3 data:  Thruster2002Jul02\DVL100rpm##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Set Thruster Speed to 200 RPM

· Record Channel 1 data:  Thruster2002Jul02\LBL200rpm##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Record Channel 3 data:  Thruster2002Jul02\DVL200rpm##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Set Thruster Speed to 270 RPM

· Record Channel 1 data:  Thruster2002Jul02\LBL300rpm##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Record Channel 3 data:  Thruster2002Jul02\DVL300rpm##.csv
✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

Notes

None

Exp 9:  Elevator X-Talk to LBL and DVL

Setup

· Same Basic Setup as Exp 3:

· Connect output of XMT hydrophone/preamp to channel 1 on Infinium.

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Manually Trigger Scope

· Run Elevator between 0 and 10 degrees as specified below

Experiment

· Run Elevator from 0 to 10 degrees

· Record Channel 1 data:  Elevator2002Jul02\LBL2ten_##.csv
✔
· Preamp Gain = 32 dB

· 5 signal records were recorded.

· Record Channel 3 data:  Elevator2002Jul02\DVL2ten_##.csv
✔
· Preamp Gain = 32 dB

· 5 signal records were recorded.

· Run Elevator from 10 to 0 degrees

· Record Channel 1 data:  Elevator2002Jul02\LBL2zero_##.csv
✔
· Preamp Gain = 32 dB

· 5 signal records were recorded.

· Record Channel 3 data:  Elevator2002Jul02\DVL2zero_##.csv
✔
· Preamp Gain = 32 dB

· 5 signal records were recorded.

Notes

· Only 5 data sets were recorded for each of the above (as opposed to the normal 10 for other experiments).  This change was due to the difficulty of triggering the oscilloscope with the short duration Elevator noise signals.

· Triggering on these signals is different.  They have a ramp-up signal that is not fully representative of the worse case conditions.  Triggering was set up in a continuous triggered mode and then frozen manually about midway during the elevator motion.  Attempts were made to capture worse case conditions but this was difficult and not perfectly executed.

Exp 10:  Rudder X-Talk to LBL and DVL

Setup

· Same Basic Setup as Exp 3:

· Connect output of XMT hydrophone/preamp to channel 1 on Infinium.

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Manually Trigger Scope

· Run Rudder between 0 and 10 degrees as specified below

Experiment

· Run Rudder from 0 to 10 degrees

· Record Channel 1 data:  Rudder2002Jul02\LBL2ten_##.csv
✔
· Preamp Gain = 32 dB

· 5 signal records were recorded.

· Record Channel 3 data:  Rudder2002Jul02\DVL2ten_##.csv
✔
· Preamp Gain = 32 dB

· 5 signal records were recorded.

· Run Rudder from 10 to 0 degrees

· Record Channel 1 data:  Rudder2002Jul02\LBL2zero_##.csv
✔
· Preamp Gain = 32 dB

· 5 signal records were recorded.

· Record Channel 3 data:  Rudder2002Jul02\DVL2zero_##.csv
✔
· Preamp Gain = 32 dB

· 5 signal records were recorded.

Notes

· Only 5 data sets were recorded for each of the above for the same reasons noted in Exp 9 for the elevator measurements.

Exp 11:  Thruster

Setup

· Pull Dorado from water and reconfigure hydrophone positions

· Position RCV hydrophone centrally inside tailcone assembly.  Take care to ensure that the hydrophone tip is not pressing against anything.

· Connect power and Ethernet cable to DORADO and lower into Test Tank to a depth at least 2 meters below the surface.

· Shutdown CODAR and All Tank Systems

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Manually Trigger Scope

· Turn Thruster on at speeds given below.

Experiment

· Set Thruster Speed to 000 RPM

· Record Channel 3 data:TCThruster2002Jul02\TC000rpm##.csv
 ✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Set Thruster Speed to 100 RPM

· Record Channel 3 data:TCThruster2002Jul02\TC100rpm##.csv ✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Set Thruster Speed to 200 RPM

· Record Channel 3 data:TCThruster2002Jul02\TC200rpm##.csv ✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Set Thruster Speed to 270 RPM

· Record Channel 3 data:TCThruster2002Jul02\TC300rpm##.csv ✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

Notes

None

Exp 12:  Elevator

Setup

· Same Basic Setup as Exp 11:

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Manually Trigger Scope

· Run Elevator between 0 and 10 degrees as specified below

Experiment

· Run Elevator from 0 to 10 degrees

· Record Channel 3 data: TCElevator2002Jul02\TC2ten_##.csv ✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Run Elevator from 10 to 0 degrees

· Record Channel 3 data: TCElevator2002Jul02\TC2zero_##.csv ✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

Notes

Note Glitch on data records TC2zero[2,4,6,9,10]

Exp 13:  Rudder

Setup

· Same Basic Setup as Exp 11:

· Connect output of RCV hydrophone/preamp to channel 3 on Infinium.

· Manually Trigger Scope

· Run Rudder between 0 and 10 degrees as specified below

Experiment

· Run Rudder from 0 to 10 degrees

· Record Channel 3 data: TCRudder2002Jul02\TC2ten_##.csv ✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

· Run Rudder from 10 to 0 degrees

· Record Channel 3 data: TCRudder2002Jul02\TC2zero_##.csv ✔
· Preamp Gain = 32 dB

· 10 signal records were recorded.

Notes

None

Exp 14:  LBL 1 Meter

(added to experiment protocol on day of experiment to measure source level of DORADO LBL Transmitter)

Setup

· Suspend the XMT hydrophone 1 Meter below Dorado’s LBL hydrophone.

· Lower Dorado to a depth of 2 meters in the Test Tank

· Connect output of XMT hydrophone/preamp to channel 1 on Infinium.

· Run Dorado’s LBL system at frequencies between 1 to 9 KHz in 1 KHz steps and record signals.

Experiment

· Dorado LBL

· Record Channel 1 data: LBL1meter2002Jul02\##khz.##.csv ✔
· Preamp Gain = 32 dB

Notes

Different numbers of data records were collected for each frequency.  The number of data records collected for each frequency are:

1 KHz

3 records

2 KHz

3 records

3 KHz

3 records

4 KHz

3 records

5 KHz

3 records

6 KHz

3 records

7 KHz

3 records

8 KHz

3 records

9 KHz

10 records

Appendix C

Hydrophone Calibration Data

Insert Plots from TC4034SN2401312 and TC4034SN1101051 here.

Appendix D

Measured Data and Calculated Results

Insert all figures here from folders:

· printresults2002Jul02_Normal_2002Oct02

· printresults2002Jul02_ZeroPadded_2002Oct02

� “Acoustic Ambient Noise in the Ocean:  Spectra and Sources”, Gordon M. Wenz, Journal of the Acoustical Society of America, Vol. 34, No. 12, December 1962, pp 1936-1956.
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