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SOUND LEVEL TEST REPORT - 1999 IMEC LAKE X SOUND TESTS

SUMMARY:
Seventeen sterndrive-powered boats with engine/drive combinations from two different sterndrive manufacturers were rigged and tested in the pass by mode per ISO 14509.  The results show that a given engine/sterndrive (with integral exhaust) produces repeatable pass by sound levels for a statistically significant sample size of boats.  Consequently, it is concluded that sound level certification of sterndrives with integral exhaust systems can be accomplished in the same way that outboard motors are certified per ISO 14509 while utilizing the Standard Craft Method.

ACTION ITEMS:

· ICOMIA Technical Committee should immediately initiate a market survey of popular sterndrive powered boats in the EU market to support and finalize the details of the proposed standard boat specifications.  

· Upon finalization of the standard boat specifications it is recommended that ICOMIA Standard 41-94 and ISO 14509 be amended to take into account the inclusion of craft powered by sterndrives with integral exhaust systems.

BACKGROUND:
Upon implementation of the Emissions Amendment to the Recreational Craft Directive 94/25/EC and prior to sale in the EU, manufacturers of recreational craft will be required to demonstrate proof of compliance with the newly imposed sound level limits.  Unfortunately, within the EU there are a limited number of suitable sound level test sites that have seasonably warm weather conditions and satisfy the requirements for calm water, low ambient sound levels and low wind speed.  

In Europe there are approximately 20 manufacturers of marine engines supplying their products to more than 2000 boat builders.  Best efficiencies for the industry can, therefore, be achieved by having the sound certification process carried out by the engine manufacturers for as many applications as possible.  Consequently, the ICOMIA Marine Environment Committee (IMEC) has initiated development of alternative methods of  (sound level) compliance testing.   

IMEC reasoned that the best way to approach simplified sound level certification methods would be to invite boat builders to take an active role in developing alternative test methods.   The objective was to reduce the financial and logistical burden of compliance testing, particularly for small boat builders.  As a result of this liaison it was concluded that IMEC should investigate the possibility of certifying sterndrives with integral exhaust systems on standard boats, a certification method that had been previously developed as the most accurate method of sound certification testing for outboard motors.  

This method of conformity assessment would allow boat builders to install certified sterndrives in their production boats without the need for further sound tests, assuming that installation of the engine and drive were performed according to the sterndrive manufacturer’s instructions. Consequently, IMEC initiated a new series of sound level testing to determine if the pass by sound level for a sterndrive-propelled boat could be predicted within experimental error by testing the same engine/drive combination in another boat with roughly the same dimensional characteristics.  Assuming positive results from this investigation, IMEC would encourage expanding the ISO 14509 Standard Craft Test Method of sound level certification to include sterndrives with integral exhaust systems.

TESTS PERFORMED:  

Over the past several years IMEC has investigated numerous areas pertaining to sound levels produced by recreational craft.  One of these areas of investigation was the contribution of hull noise to the overall pass by sound level as reported in IMEC Reports 17F/01 and 17F/02
.  The conclusion of these investigations was that hull noise is a function of the size of the hull and the speed at which it is traveling.  This data was used to establish the lower sound level limits which could be attained by a Category 5 outboard Standard Craft at speeds of up to 70 km/h.  

In this current investigation regarding standard craft for sterndrives, IMEC had two basic objectives:

1. To determine if the same model sterndrive (with integral exhaust) installed in different boats, produced similar sound levels, and

2. To identify the major noise sources in all of the boats as tested to determine if these major noise sources originated with the drive mechanism.

Consequently, a test plan was developed that was based on evaluating the same model sterndrive installed and tested in a statistically significant number of different boats.  [Note - to ensure similar levels of hull noise it would be necessary to observe hull size and speed restrictions as with outboard craft per ISO 14509.]  If it could be proven that the major noise source(s) for each of the boats when operating in the pass by mode originated from the drive mechanism, there would be adequate justification for sound level certification of sterndrives with integral exhaust using a variation of the Standard Craft method from ISO 14509.  Sound level data thus produced should verify the premise that similar pass by sound levels will be produced when the same sterndrive model is tested in different boats, with variations in levels being within the anticipated level of measurement uncertainty per ISO 14509.

To achieve the above objectives IMEC decided that it would be necessary to implement a test plan based on the following criteria:

1. a test site with low ambient sound levels, minimal wind and repeatable test site conditions

2. sound level measurement equipment conforming to Type 1 or Type 0 specifications

3. a means of performing narrow-band spectral analysis of the maximum noise condition during each pass of the boat(s) to assist in identifying major noise sources
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FIGURE 1: Test course setup

a statistically significant number of different makes and models of boats powered by one or more basic model sterndrives (with integral exhaust)

The first criterion was achieved by arranging to utilize Lake X as the test site.  Lake X is a remote lake in central Florida, USA that had been utilized in the 1994 IMEC sound test program.  A wildlife preserve surrounds the lake, so there is very little human activity within several miles of the site.  Consequently, ambient sound levels were generally in the 30 dBA range.  The test course was set up as shown in Figure 1.

As shown, a pole was driven into the lake bottom with two microphones attached to the pole at distances of 2.5 and 3.0 m above the water line.  Attached to the microphones were two cables 30 m in length that were connected to Bruel & Kjaer Model 2231 sound level meters located on the instrument boat.  A Sony DAT (Digital Audio Tape recorder) was attached to the AC output of the sound level meters, thereby providing a permanent record of each pass by event.  This arrangement provided minimal reflection of sound in the area of the microphone while eliminating the sound of waves breaking on the shoreline, thereby ensuring accurate, repeatable results.  It also provided a means of analyzing each pass of the test boats without delaying the testing sequence, an important consideration in minimising the cost of testing.

Several manufacturers of sterndrive boats were requested to supply new, production boats, preferably powered by a sterndrive with a popular 4.3 litre V-6 engine of automotive origins.  As a result, five boat manufacturers supplied a total of seven boats within the requested size and power range fitted with sterndrives from two manufacturers (Table I).  Several manufacturers also volunteered to supply ten additional boats in the next larger size/power category.  These boats were all powered by V-8 engines with various sterndrive model configurations (Table II). Additionally, two sterndrive boats powered by CI engines, two inboard boats and one outboard powered boat were also tested and are listed in Table III. The actual sound tests were initiated on 21 August 1999 and were completed in three days of testing with a total number of more than one hundred-fifty test passes.

Table I lists seven test boats propelled by V-6 powered sterndrives.  Note that the boats range in size from 5.5 to 6.3 metres in length.  Note also that the engines all displace 4.3 litres and that there are three different drives from two sterndrive manufacturers included in the list.

	TEST BOAT
	MODEL
	LENGTH

ft.        m.
	ENGINE

litres
	DRIVE

RATIO

	Chaparral
	186 SSI
	18' 6"
	5.6
	4.3
	1.81

	Crestliner
	1850 Sport
	18' 6"
	5.6
	4.3
	1.79

	Four Winns
	190 Horizon
	19' 6"
	5.9
	4.3
	1.79

	Regal
	2100 LSR
	21'
	6.35
	4.3
	1.66

	Sea Ray
	185 BR
	18' 6"
	5.6
	4.3
	1.81

	Sea Ray
	190 CB
	19'
	5.75
	4.3
	1.81

	Sea Ray
	190 BR
	19'
	5.75
	4.3
	1.81


Table I - Test Boats Propelled by 6 Cylinder Sterndrives

Table II lists a total of ten different boat/motor combinations in the next larger size/power range. (Note - one of the boats was fitted with two different model drives from the same manufacturer.)  In these tests the boats were generally larger, ranging in size from 6.0 to 7.3 m in length.  Consequently, the propulsion engines are also larger, ranging in size from 5.0 to 7.4 litres and they were fitted with three different sterndrives from the same manufacturer.

	TEST BOAT
	MODEL
	LENGTH

ft.        m.
	ENGINE

litres
	DRIVE

RATIO

	Bayliner
	2050 CX
	20' 6"
	6.15
	5.0
	1.47

	Bayliner
	2052 LS
	20' 6"
	6.15
	5.7
	1.62

	Bayliner
	2252 CP
	22' 6"
	6.75
	5.0
	1.62

	Bayliner
	2350 BC
	23' 6"
	7.0
	7.4
	1.50

	Bayliner
	2350 BC
	23' 6"
	7.0
	7.4
	1.81

	Bayliner
	2452 
	24' 6"
	7.3
	5.0
	1.62

	Maxum 
	2150 NF
	21' 6"
	6.4
	5.7
	1.47

	Regal
	2100 LSR
	21'
	6.3
	5.0
	1.62

	Sea Ray
	210 BR
	21'
	6.3
	5.0
	1.62

	Wellcraft 
	Excalibur
	20'
	6.0
	5.7
	1.47


Table II - Test Boats Propelled by 8 Cylinder Sterndrives

Table III lists the boats in this test series that were not powered by S.I. sterndrives.  The results from sound tests for these boats are shown on the attached spectrograms(Figures 25 – 29) and in Table V.

	BOAT

NUMBER
	LENGTH

ft.        m.
	ENGINE

litres
	ENGINE/DRIVE

	18
	16
	4.8
	2.0
	C.I. Sterndrive

	19
	28
	8.4
	4.16
	C.I. Sterndrive

	20
	18'8"
	5.6
	2.5
	Outboard

	21
	20
	6.0
	5.7
	S.I. Inboard

	22
	20
	6.0
	5.7
	S.I. Inboard


Table III - Other Test Boats

Pass by sound level data for the boats listed in Tables I, II and III were measured and recorded on a DAT recorder as previously discussed.  A summary of results for sterndrive powered boats that are pertinent to this report is shown in Table IV. 

Prior sound testing experience by sterndrive manufacturers had determined that there is one very critical sterndrive installation detail in terms of pass by sound level.  In a typical installation the primary exhaust outlet is located below the water line, either through the center of the propeller hub or under the anti-cavitation plate.  Consequently, if the sterndrive is mounted too high on the transom, exhaust noise will vent to the surface thereby increasing the pass by sound level by a considerable amount.  The dimension from a specified location on the sterndrive to the bottom of the boat is known as the "X" Dimension.  

When utilizing the Standard Boat Method for sound level certification of sterndrive powered boats, one of the requirements would be to certify the engine/drive at the maximum "X" dimension specified by the sterndrive manufacturer.  One of the test boats (Boat Number 23) had a V-6 sterndrive installation with an "X" Dimension that was 19 mm higher than the average and 12.5 mm higher than the highest of any of the other test boats with the same engine/drive combination.  This particular boat would not have met the sound level limits as specified in the Emissions Amendment.  Consequently, the data has been separated from the other boats in this report.

Also included in this test program were two inboard powered craft and one outboard powered craft.  These data along with the data for the sterndrive with the large X Dimension are included in a separate table of results (Table V).

DATA ANALYSIS:
Sound level data obtained in this investigation are presented herein in two basic forms; 

1. overall pass by sound levels in dBA, and 

2. spectral (frequency) analysis of the maximum pass by sound level with potential major noise sources calculated and presented in table form for each engine/drive configuration

For sound level testing of this nature the measurement uncertainty as specified in ISO 14509 is (2.6 dBA.  For a statistically significant sample size of boats, a favorable result would be realized if the pass by sound level for a given engine/drive combination did not exceed the measurement uncertainty per ISO 14509.  Consequently, IMEC contends that a favorable result would be obtained if the overall pass by sound levels for similar (size) boats with the same engine/drive mechanism were within the range of accepted measurement tolerance of ISO 14509.  Additional proof of the concept could be realized if spectral analysis of the pass by data showed that the major noise sources originate within the drive mechanism.

SUMMARY OF RESULTS:
The boats listed in Tables I & II were propelled by V-6 and V-8 engines that were coupled to various models of sterndrives from two different engine mariniser/sterndrive manufacturers. Segregating the data by engine type, Table IV provides a summary of the pass by test results for a total of seventeen unique test configurations rounded to the nearest 0.5 dB:

	ENGINE

TYPE
	ENGINE DISPLACEMENT

(Litres)
	NO. OF BOATS TESTED
	PASS BY

SOUND LEVEL RANGE

(dBA)
	MAX. DIFF.

IN PASS BY LEVEL (dBA)

	S.I. V-6
	4.3
	7
	71 - 74
	+1.5 

	S.I. V-8
	5.0  5.7  7.4
	10
	69 - 71
	+1 


Table IV - Engine/Sterndrive Configurations & Test Results
Pass by sound level data for the sterndrive powered boat with the large X Dimension, the two inboard powered craft, the outboard powered craft and the C.I. sterndrive powered craft are listed in Table V.  This data is shown for information purposes only since it has no real significance in terms of the overall objective of this test series, i.e. to evaluate the Standard Boat Method of sound level certification for sterndrives with integral exhaust systems.

	ENGINE TYPE
	DRIVE TYPE
	ENGINE DISPLACEMENT (Litres)
	NO. OF BOATS TESTED
	ISO 14509 

PASS BY

SOUND LEVEL

	S.I. V-6
	STERNDRIVE
	4.3
	1
	77


	S.I. V-6 - DFI 2-S


	OUTBOARD
	2.5
	1
	74.5

	S.I. V-8
	INBOARD
	5.7
	2
	71.4 - 74.5

	C.I. I-4
	STERNDRIVE
	2.0
	1
	68.5

	C.I. I-6
	STERNDRIVE
	4.16
	1
	72


Table V - Miscellaneous Test Results

GRAPHIC DATA SUMMARIES:

Attached Figure No. 2 is a plot of all V-6 pass by data [a total of four different engine/sterndrive configurations from two different drive manufacturers on seven different boats]. Attached Figure No. 3 is a plot of all V-8 pass by data [a total of four different engine/sterndrive configurations from the same drive manufacturer on ten different boats]. Note that sound level for specific boats is confidential information and there is no correlation between the boat numbers in Figures 2 & 3 and the order of the boat models listed in Tables I & II.  The C.I. engine/boat data contains only single data samples for a given engine/drive/boat, consequently it is not possible to use the C.I. data to verify the Standard Boat Method for sound level certification of sterndrive powered boats.  Note also that all of the S.I. sound level data are well within + 2.6 dB experimental error
 in spite of the fact that different engine/drive models and different drive manufacturers are included in the analysis.

Perusing the data presented in Figures 2 & 3, it is apparent that Boat Number 2 produced the highest pass by sound level and Boat Number 5 produced the lowest sound level for V-6 sterndrives.  Boat Numbers 13 & 17 produced the lowest sound levels overall, and they were propelled by V-8 sterndrives.  In an attempt to understand the differences in pass by sound level between these boats it might be informative to look at their respective sound spectra.  [Note - 6 cylinder engines produce exhaust noise in frequency bands that are multiples of 3 X engine speed.]

SPECTROGRAM DATA SHEETS:

Attached Figure 4 illustrates the 1/3 octave frequency band analysis of the maximum pass by sound level for Boat Number 2.  Note that 400 & 500 Hz frequency bands are higher than others, but because of the wide frequency bands it is impossible to determine precisely the origin of the noise.  Consequently, narrower frequency bands are necessary to reliably establish specific noise sources within a given sound spectrum.  Figure 5 is a narrow band (1/12 octave) analysis of the same data, and it is the 434 & 460 Hz bands that are contributing the majority of the noise.  Directing your attention to the text box in the middle of the graph it can be seen that the major source is exhaust noise, 455 Hz which is the 6th order (6 X the rotational speed of the crankshaft at 4550 rpm/60).  For sterndrives with integral exhaust systems this noise source is related to the sterndrive and is not a function of the boat design/construction.  Consequently, for this particular craft there is strong evidence that sound level certification via the Standard Boat Method would be totally legitimate.

Looking at the 1/3 octave data for Boat Number 5 (Figure 6), the major peaks in the spectrum are at 200 & 400 Hz.  Once again, we need better resolution of the data as provided by the 12/th octave band data as shown in Figure 7.  Note that the only peak in the spectrum above 60 dBA is at 194 Hz, which corresponds to the 3rd order of crankshaft rotation and can be attributed to exhaust noise (3900 rpm/60 X No. of cylinders/2).  Once again we have every indication that the primary noise source originates with the engine/drive mechanism, so we can conclude that sound level certification via the Standard Boat Method should apply to Boat Number 5 and to Boat Number 2.

The 1/3 and 1/12 octave band data for Boat Numbers 13 and 17 (Figures 8, 9, 10 & 11) show that these boats produced the lowest pass by sound levels during the 1999 IMEC Lake X Tests. [Note - these are 8 cylinder engines so exhaust noise should be greatest in frequency bands that are multiples of 4 X engine speed/60.]  In Figure 9, the no spectral peaks above 60 dBA so the overall pass by sound level is well within the required limits.

Referring to Figures 10 and 11, Boat Number 17 produced a pass by sound level of <69 dBA.  For this particular boat the major noise source is at 365 Hz (<55 dBA) and that corresponds to 3rd order propeller noise.  [4600 rpm/60 X 3 (propeller blades) X 1.62 (gear ratio) = 365.]  Consequently, it is safe to assume that this engine/sterndrive is sufficiently quiet to ensure compliance with the anticipated sound level limits for virtually any boat in which it is installed.  (Assumes installation per the engine/drive manufacturer's instructions.)

Figures 12 through 24 illustrate narrow band spectrum analysis of the maximum sound level in the pass by mode as produced by each of the remaining boats.  Without exception, the maximum noise spectra produced by each and every boat confirms the premise that the pass by sound level for boats powered by sterndrives with integral exhaust systems is independent of the boat design/construction with one possible exception.  That single exception is related to positioning of the sterndrive with respect to the bottom of the boat hull.  In other words, sterndrives that are mounted higher on the transom vent a greater amount of exhaust noise to the atmosphere than those (sterndrives) that are mounted lower on the transom.  

To illustrate the effect of mounting height on pass by sound level, Boat Number 2 produced the highest sound level of the seven boats powered by a 4.3 litre V-6 as listed in Table III.  (Note - the V-6 engine has an inherently higher exhaust sound level than a V-8 for reasons that are beyond the scope of this report.)  Further proof of the importance of the mounting height issue can be confirmed by Boat Number 23 which had the drive mechanism mounted ~20 mm higher than Boat Number 2. The pass by sound level for Boat Number 23 (Figure 30) was 3.2 dBA higher than Boat Number 2, and the frequency spectrum (Figure 30) illustrates the dramatic effect of the mounting height on exhaust noise.  Consequently, sterndrive manufacturers should be required to specify a maximum mounting height for each model sterndrive to ensure minimal variations between Standard Boat pass by sound levels as compared to production boats.

Finally, Figures 25 through 29 illustrate the pass by spectra for Boat Numbers 18, 19, 20, 21 and 22.
CONCLUSIONS/RECOMMENDATIONS:
Based on the data obtained from the 1999 IMEC Lake X Sound Tests it is apparent that the pass by sound level of sterndrive-powered boats with integral exhaust systems can be accurately predicted within experimental error via the Standard Boat Method. Consequently, it is concluded that ICOMIA/IMEC should immediately initiate a market survey of popular sterndrive powered boats in the EU market to support and finalize the details of the following table of proposed standard boat specifications.  [Note – it is suggested that similar tolerances should be applied to the dimensional and mass characteristics in the following table as are specified in Section 13 of ISO/FDIS 14509 (E)].

	Rated Power 

(per ISO 8665)

kW
	Length of hull 

(per ISO 8666)

m
	Maximum beam 

(per ISO 8666)

m
	Mass 

(w/o engine 

and drive)

kg

	P < 75 kW
	5.0
	1.9
	

	75 ( P < 112
	5.5
	2.2
	

	112 ( P < 157
	6.5
	2.5
	

	157 ( P < 224
	7.5
	3.0
	

	P ( 224
	8.5
	4.0
	


Table VI - Standard Boat Specifications for Sterndrives with Integral Exhaust Systems
When the standard boat specifications are finalized, it is recommended that ICOMIA Standard 41-94 and ISO 14509 are amended to take into account the inclusion of craft powered by sterndrives with integral exhaust systems.

Upon implementation of Emission Amendments to Directive 94/25/EC it is further recommended that manufacturers and marinizers of sterndrives with integral exhaust intended for recreational use in the EU should employ the Standard Boat Method of sound level certification. The following information is pertinent to segregating product lines for sound level testing and for producing technical files to record the applicable data:

· Engine marinizer/manufacturer  [Name/name}

· Drive manufacturer [Name]

· Engine combustion type [example - SI/CI]

· Engine configuration [example - V-6]

· Engine displacement [example - 4,3 Litre]

· Drive model/type [example - Model N]

· Engine/drive installation details, including sterndrive mounting height (X-Dimension), as specified by the sterndrive manufacturer
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� NOTE - BOAT NUMBERS DO NOT COINCIDE WITH TABULATED PASS BY SOUND LEVELS AS    


  REPORTED HEREIN


� ISO/FDIS 14509, Section 13 - Standard Craft Specifications


� IMEC 17F/01 Final Report dated June 1993 & IMEC Final Report 17F/02 dated May 1995


� on-site real time analysis or digital tape recordings allowing laboratory analysis after completion of testing


� Data is from Boat No. 23, which was rigged with the sterndrive mounted high on the transom resulting in an excessively large "X Dimension"


� per ISO 14509
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FIGURE 1: Test course setup












