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1. Background
At the outset of the 2009 Field Season, degraded performance was noted with the ship’s Kongsberg EM-302 Deep Water Multi-Beam System. Suspected contributors to this degradation were possible ship-generated noise, conducted or induced electrical noise introduced into the Multi-beam system, or changes introduced in a software upgrade to the system installed during the winter 2008-2009 in-port. Initial indicators of the problem were observed during the April 25-30 cruise, visible as data holidays. High noise levels (≈70dB) found while running BIST Tests were found to be indicative of this problem.
While additional troubleshooting has taken place regarding receiver board issues as well as software changes, this report focuses on the physical noise issue.

2. Tools
The primary tool used to diagnose the severity of interfering noise is the Multi-beam software’s BIST (Built In Self Test) which applies a small voltage to each element of the multi-beam array, and measures the returned noise. Results are expressed in dB and can be tested both by frequency and receive board number. 
Second, the ship’s hydrophones, previously abandoned in place from the USNS Capable are available for graphical, real-time noise study. These offer qualitative analysis of ship generated noise, but are neither calibrated nor running robust software yet. 

3. Methodology
3.1 - 5 May 2009

Ship-generated problem noise was tested for by going dark-ship, and sequentially starting ship’s systems. These tests were conducted pier-side at Pier 30-32 in San Francisco, CA. At each stage, six BIST Tests were conducted, recording noise level at each of the boards. Also, at each stage a wav format file was recorded from the ship’s hydrophones.  Periodic observations of the harbor were conducted to ensure tests did not coincide with nearby traffic.
The BIST tests are run individually by the operator, and cannot be setup to run periodically. Interfering noise that is periodic or otherwise not constant may not reliably be captured by these tests. 

When the ship went dark, the mission UPS was in bypass mode, unintentionally dropping all mission loads. As such, a baseline could not be recorded for the dark ship condition. Instead the baseline was recorded with a single generator (#4) running. 

When the hydrophone computer was re-booted after this event, the software was not set up properly. This latent issue was not spotted until the end of this series of tests, and as a result the wav files saved are of no value and the analysis presented here is based on BIST noise tests only. 

4. Results
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BIST Test 3, Board Number

S.No

Equipment Brought On-Line

1

2

3

4

1

2

3

4

1

2

3

4

7

Baseline: Generator Only

76.3

74.5

73.3

73.5

71.4

71.1

69.6

66.4

41.9

42

42.4

43.6

8

STBD FWD Seachest (Elinca)

76

69.8

68.4

69.8

37.9

38.1

37.6

38.9

76.1

77.7

71.7

71.7

9

PORT FWD Seachest (Elinca)

41.2

41.5

42

43.3

74.1

72.1

71

69.2

40.6

40.9

41.6

43

10

AFT Seachest (Elinca)

77.9

73.9

73.4

73.9

37.2

37.5

37

38.7

75.5

70

70

70.5

11

Galley Exhaust Fan

47.4

47.1

46.9

47.1

46.3

45.1

44.1

42.4

42.4

42.9

43.6

44.5

12

ASW Pump #1

45.5

45.1

45

45.3

42.5

41.7

40.4

40.7

72.4

73

68.9

69.6

13

ASW Pump #2

75.5

72.9

70.5

70.4

40.4

39.8

39.2

39.9

71.8

73.5

69.8

70

14

(ASW2) Aft Lift Stn Pump B

47.9

47.5

47.6

48.1

70.7

71.7

67.4

66.7

73.8

73.9

68.4

68.7

15

Aft Lift Station Pump Alpha

51.9

50.7

50.5

50.5

47.7

45.6

44.7

43.3

53.1

51.8

51.7

52.5

16

Server Room Fan

47.9

48.2

47.8

48.2

76.8

76.8

71.9

71.1

72.3

72.4

69.6

69.8

17

Main Deck Recirc Fan 1-35-4

71.6

74.9

70.5

68.9

74.6

75.7

70.2

71

76.2

76.5

70.1

71.8

18

Supply Fan 1-35-2

76.9

76.8

71.3

71.3

42.2

41.4

40.4

40.9

45.4

45.7

46.2

46.5

19

Aft Recirc Fan R-67-1

42.6

42.5

42.9

43.8

39.5

39.1

38.7

39.8

44.4

44.4

44.7

45.2

20

(1-35-2 Secured) Recirc Fan 02-37-1

72.2

73.4

69.6

69.5

39

38.7

38.3

39.9

44.8

44.9

45.3

45.9

21

Chill Water Pump #1

42.8

42.8

43.1

43.9

72.8

72.5

66.6

67.8

45.8

46.5

46.3

46.5

22

#1 A/C Compressor Unit

44.8

48

46.7

55.8

73.5

75.5

73.5

73.6

42.9

43

43.6

44.7

23

#1 Refrigeration Compressor

72.5

73.1

68.8

70

72.3

72.4

68.2

68.9

48.3

47.7

47.6

48

24

Laundry Room Exhaust Fan (2-17-1)

53.3

53.4

53.5

53.9

76.6

74.7

72.9

72.5

55.6

55.1

54.8

55

25

Laundry Room Drain Sump Pump

62.3

60.9

60.5

60.6

55.1

52.8

51.2

49.7

58.6

58.3

57.8

58

26

Ship's Service Air Compressor

45.9

46

45.9

46.6

41.8

40.9

40.3

41.3

46.6

46.6

46.5

47.3

27

Starting Air Compressor

53.4

53.4

53.3

51.9

72.2

73

72.8

67.3

44.2

44.6

44.8

45.2

28

Fuel Purifier

44.7

44.8

45.1

45.7

66.8

68.9

66.6

67.5

52.5

52.5

51.9

51.4

29

Engine Room Blower 1-38-2

42.9

43.4

43.7

44.6

46.9

45.7

44.3

43.9

43.2

43.3

43.6

44.5

30

Engine Room Monitoring System

72.1

72.8

69.5

69.1

72.7

74.4

69.9

67.4

43.6

43.7

44.2

45.2

31

Control Room Recirc Fan 2-72-2

45.5

45.1

45.8

46.2

42.3

41.7

41.5

42

73.8

75.9

75.1

74.1

32

Main Control Station Recirc Fan 2-57-1

42.9

43

43.3

44.1

72.7

73

70.6

70.8

53.8

53.2

53.3

52.9

33

DESH-5 Research Winch Pwr Supply

45.1

45.1

45.5

46

40

39.6

39.4

40.7

44.6

44.9

45.2

45.9

34

STB Winch Room Space Heater

76.5

78.4

75.6

74.8

47.7

45.7

43.9

43.3

43.4

43.4

43.7

44.4

35

Steering Gear STBD Side Space Heater

46.5

46.4

46.6

46.9

39.5

39.1

38.9

40.7

47

46.9

47.1

47.3

36

Steering Gear PORT Side Space Heater

43.1

42.9

43.2

44.2

74.3

77.1

73.8

73.5

69.5

72

71.8

70.1
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BIST Test 6, Board Number

S.No

Equipment Brought On-Line

1

2

3

4

1

2

3

4

1

2

3

4

7

Baseline: Generator Only

40.2

39.7

38.8

39.3

42

42.3

42.7

43.6

41.1

40.6

40.5

40.2

8

STBD FWD Seachest (Elinca)

38.4

38.2

37.5

38.8

42.3

42.8

43.4

44.4

68.9

72.1

70.1

67.3

9

PORT FWD Seachest (Elinca)

51.5

49.7

47.5

46.4

72.9

74.3

70.7

70.7

38

38.1

37.5

38.9

10

AFT Seachest (Elinca)

39.3

39.1

38.5

39.4

72.6

74.4

70.9

70.5

56.4

53.7

52.8

51.5

11

Galley Exhaust Fan

75.4

69.4

68.8

69.4

40.6

40.9

41.5

42.8

71.6

72.6

67.8

69

12

ASW Pump #1

40.5

39.8

39.2

39.9

45.9

48.7

46.5

46.5

76.4

74.6

73

73.1

13

ASW Pump #2

40

39.7

39

39.9

74.7

77.9

74.5

73.5

38.8

38.6

38.1

39.4

14

(ASW1) Aft Lift Stn Pump B

73

72.7

70.1

70.1

70.4

72.2

70.5

68.6

73.4

74.2

69.6

68.8

15

Aft Lift Station Pump Alpha

51.2

50.3

48.1

47.8

51.2

50.9

51

50.9

46.8

45.1

44

43.1

16

Server Room Fan

46.4

44.7

43.5

42.7

75.1

71.7

68.5

69.7

52.5

50.2

49.1

47.5

17

Main Deck Recirc Fan 1-35-4

74.1

75.7

70.1

70.1

75.2

76.5

72.4

69.7

39.4

39

38.7

39.9

18

Supply Fan 1-35-2

39.8

39.4

38.9

40

45.4

45.4

45.6

46

73.3

74.6

69.4

68

19

Aft Recirc Fan R-67-1

38.5

38.4

38.1

39.7

42.9

43.1

43.5

44.3

77.6

74.1

70.4

72

20

(1-35-2 Secured) Recirc Fan 02-37-1

38.1

38.2

38.2

39.8

44.4

44.5

44.8

45.6

49.7

48.5

47

45.1

21

Chill Water Pump #1

42.3

41.6

40.7

41.1

44.3

44

44.2

44.8

76.7

75.3

72.3

72.3

22

#1 A/C Compressor Unit

39

38.9

38.7

40.2

43.1

42.8

43.1

44.1

76.6

76.6

72.4

71.7

23

#1 Refrigeration Compressor

72.1

72.5

68.3

69.1

73.8

72.9

68

69

46.7

44.7

43.6

43

24

Laundry Room Exhaust Fan (2-17-1)

76.9

77.5

71.4

70.1

70.6

74.2

70.6

69.9

57.5

55.9

56

54.7

25

Laundry Room Drain Sump Pump

62

57.1

57.2

58.5

73.4

76.1

72.9

72.7

71.1

72.8

71.1

67.6

26

Ship's Service Air Compressor

43.5

42.5

41.4

42.1

47.8

47.6

47.6

48.1

73.7

73.8

69

68.1

27

Starting Air Compressor

74.2

74.6

76.6

73.1

58.2

58.1

57.8

60

72

76.3

70.6

71

28

Fuel Purifier

72.8

73.8

68.4

65.3

42.7

42.6

43

43.9

72.2

73.2

66.6

67.7

29

Engine Room Blower 1-38-2

40.4

39.9

39.5

40.8

44.3

44.6

44.9

45.4

74

77

73.5

72.7

30

Engine Room Monitoring System

40.9

42.7

39.7

40.5

42.4

42.5

42.9

43.9

39.5

39.2

38.8

40.5

31

Control Room Recirc Fan 2-72-2

69

68.5

71

69.8

74.8

72.3

76.9

74.5

68.2

71.2

72.2

69.3

32

Main Control Station Recirc Fan 2-57-1

74.4

77.5

74.4

75.2

45.4

45.3

45.4

45.9

38

38.4

38.3

40.3

33

DESH-5 Research Winch Pwr Supply

75.6

79.1

74.7

72.5

43.1

43.1

43.5

44.5

71.4

72.3

71.6

68.4

34

STB Winch Room Space Heater

74.1

76

73.1

73.2

71.5

71.9

71.4

68.7

71.5

73.3

69.1

67.9

35

Steering Gear STBD Side Space Heater

71.1

71.9

71.6

68.2

44.2

44.2

44.7

52.2

41.2

40.4

39.9

41.2

36

Steering Gear PORT Side Space Heater

40.8

40

39.3

40.5

45.1

44.7

44.6

45.2

72.5

74.4

71.7

71.7


Figure 1: Observed Noise by BIST Test, Board Number and Equipment
These results show the observed noise levels in each BIST test. The top shows the results for the first three BIST Tests performed, and is continued with the last three BIST tests for each scenario on the bottom. High noise is present at least once during each equipment scenario. No strong preference among the boards is observed. 
[image: image3.wmf]S.No

Equipment Brought On-Line

Other Equipment Changes

File / Board No

Notes

7

Baseline: Generator #4 Only

1932test.txt

Deadship Baseline Failed due to UPS Bypass

8

Starboard Forward Seachest (Elinca Anti-Fouling System)

1935test.txt

9

Port Forward Seachest (Elinca Anti-Fouling System)

1936test.txt

10

Aft Seachest (Elinca Anti-Fouling System)

1938test.txt

Anti-Fouling System Fully On-line

11

Galley Exhaust Fan

1941test.txt

(Gaylord Hood)

12

ASW Pump #1

1943test.txt

13

ASW Pump #2

ASW Pump #1 Secured

1944test.txt

14

Aft Lift Station Pump Bravo

Reverted to ASW Pump #1; #2 Secure

1946test.txt

15

Aft Lift Station Pump Alpha

1947test.txt

16

Server Room Fan

Aft Lift Station in Auto

1950test.txt

Aft Lift Station will now cycle as needed.

17

Main Deck Recirc Fan 1-35-4

1953test.txt

18

Supply Fan 1-35-2

1954test.txt

19

Aft Recirc Fan R-67-1

1955test.txt

20

Recirc Fan 02-37-1

Supply Fan 1-35-2 Secured

1957test.txt

21

Chill Water Pump #1

1958test.txt

22

#1 A/C Compressor Unit

2001test.txt

23

#1 Refrigeration Compressor

2003test.txt

24

Laundry Room Exhaust Fan (2-17-1)

2005test.txt

25

Laundry Room Drain Sump Pump

2006test.txt

Sump Pump will cycle as needed.

26

Ship's Service Air Compressor

2008test.txt

27

Starting Air Compressor

2010test.txt

28

Fuel Purifier

2016test.txt

29

Engine Room Blower 1-38-2

2018test.txt

30

Engine Room Monitoring System

2022test.txt

31

Control Room Recirc Fan 2-72-2

2024test.txt

32

Main Control Station Recirc Fan 2-57-1

2026test.txt

33

DESH-5 Research Winch Pwr Supply

2030test.txt

34

STB Winch Room Space Heater

2031test.txt

35

Steering Gear STBD Side Space Heater

2034test.txt

36

Steering Gear PORT Side Space Heater

2035test.txt


Table 1: System Starting Order: Notes and Filenames

5. Discussion
Starting from the single generator baseline, high noise levels were noted from the very first set of BIST Tests, before other systems were brought online. While this does not eliminate the generator itself as the problem, it does suggest ship generated physical noise may not be the source of the problem. As additional tests were run, bringing additional items online, high noise levels appeared at random throughout the BIST tests, but was still present in at least one BIST test for each item brought online. Noise was found on all four boards at different times, and high noise was not found preferentially on any board.
As high noise levels observed in the BIST Tests were observed independent of ship’s equipment, subsequent investigation focused on electrical noise conducted or induced into the multi-beam system. Elementary examinations of the input power found the supply to provide a relatively clean waveform. However, basic observation of input waveforms is insufficient to diagnose many potential noise problems. Further investigation discovered that a ground fault in the generator jacket water heater was the primary source of electrical noise. Subsequent BIST noise tests carried out after fixing ground fault indicated consistent substantially lower noise levels (~ 45 – 55 dBs).
Similar results were obtained from BIST tests in an acoustic survey of the NOAA Ship Hi’Ialakai. The conclusion that the random, high noise BIST test results suggest electrical noise is consistent with that survey’s findings. [ManTech Intl. Corp Acoustic Survey of the Hi’Ialakai, April 2006]
6. 
Conclusions and Suggestions
As no correlation between high observed noise and shipboard equipment could be found, it has been determined that the degraded multi-beam performance was independent of ship generated noise. 

Further investigation confirmed that the noise was electrically generated, as a result of a ground fault on the generator jacket water heater.
The following suggestions are respectfully offered:

It has been noted by Kongsberg that the multi-beam system should not be run on unfiltered power. Ship power systems are notoriously noisy and subject to frequent transients. Sensitive equipment such as the multi-beam system should receive filtered power, such as that through the UPS. Running the multi-beam system with the UPS in bypass mode may result in damage to the multi-beam system. [SITREP 04-01-09]
The tests were conducted quickly to meet the ship’s sailing schedule. In the future, by planning the time at the beginning of the tests to clarify the goals and methodology, some notable mistakes may have been avoided:

1. The mission UPS was in bypass mode. As a result the mission loads were suddenly dropped when the generator was secured. This prevented a dark ship baseline from being recorded. It also set up a latent issue with the hydrophone software.

2. The person experienced with the hydrophones and related software was ashore on business during the tests. When mission computers reset, the hydrophones were not correctly configured. The operator did not have time to learn the software before the test, and the team didn’t catch this configuration error until late in the tests. As a result, the recorded sound files were useless. Had the noise been ship generated physical noise, the sound files could have been of great value determining the source.

3. Striking the hull with a hammer provides a simple means of verifying the hydrophone output. Conducting a “hammer test” before starting testing would have clearly identified that there was a problem with the hydrophone setup.

Communications with engineering during the tests was well done. Briefing the engineers before hand and using radios to provide immediate feed back to the team recording the tests were the primary factors. [image: image4.png]
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