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ERRATA

1. Page 40, line 6- “Is is” should read “It is.”

2. Page 65 should read “Figure IV—4 Boat Instrumentation Package.”

3. Page 66 should read “Figure IV—3 Stern Accelerometer Installation.”

4. Page 67 should read “Figure IV—2 Amidships Accelerometer Installation.”

5. Page 68 should read “Figure IV—l Bow Accelerometer Installation.”

6. Page 70 second bullet second line “on the following page” should read “below.”

7. Page 76 last line delete “instrumental.”

8. Page 83 Section 5.3 line 7 “realtive” should read “relative.”

9. Page 97—98 Section 7—2. Caution should be exercized in the interpretation
of the derivation and accompanying discussion due to the following comments:

a). The kinematic equation v—at is usually applicable only with constant
acceleration. The variable shock accelerations do not conform to this
definition.

b). The equation, area=at, should more properly be written, area..Jadt
for this type of analysis.

c). The area of a triangle is given as area=l/2xbasexheight.

d). A clear definition of effective mass for this analysis is not present.

10. Page 101—102, Section 7.3. Caution should be exercised in the interpretation
of the derivation and accompanying discussions due to the following comments:

a). Equatio~ (1) should read i+2wnk+wn2x~F(t).

b). Parenthesis should be included in equation (2) to separate the initial
conditions.

c). Initial conditions for equation 3 should read “~co=xo=0.”

d). The use of 0 in equation (4) is not defined.

e).  The arrangement and derivation of equations (3) to 5) does not
conform to accepted practice.

11. Page 119, third bullet . The meaning and significance of Ee/K is not
clear and caution should be exercised in the use of this information.

12. Page A— 2 . “Founding” should read “Pounding .”
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S E C T I O N  I - I N T R O D U C T I O N  AND S U M M A R Y

1 .0 INTRODUCTORY SUMMARY

The work described herein was directed toward the identification of the environment within

which subsystems of a typical recreational boat must operate . Independent, and seeming ly dis-

parate efforts , were undertaken to investigate this environmental phenomenon, and this docu-

ment , entit led “Definition and Classification of Natural and Induced Environments of Some

Recreational Boats,” has been developed to tie together and present under one cover the results
of these diverse efforts . In addition to providing rudimentary informat ion on boat/subsystems

operat ional environments, it is felt that this document will usefull y serve as a source of threshold

data and direction for the development of a practical and useful boat/subsystems environment
manual.

This report is divided into six main sections in addition to the Appendices .

• The remainder of Section 1 of this document summarizes the main sections and

provides a cursory review of the parameters , constraints and resu lts of the

directed work effort .

• Section II — Literature Survey of Existing Environmenta l Data, delineates the

literature examined and defines it’s applicability and usefulness to the overall

• program purpose .

• Section III — Subsystems Environment—Classification and Spec ifica lon, documents

the rationale, interrelationships, and supporting considerat ion~ leading to the

detailed identification and class ification of boats, subsystems, and environmenta l

parameters which are also documented within Section III.

• Section IV — Acquired Induced Environment Data for 1974 and 1975, presents

the operational data collected during two live boat experiments . Instrumentation,
collect ion methods , analysis/reduction techniques, comparison with “other ”
experiments, and recommendations ore also discussed .
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• Section V — Presentl y Available Acoustic Environmental Data , summarizes
avai lable data on water , wind and eng ine noise; and presents the results of a

variety of experiments performed by Wyle and others which lead to further
questions regarding experimental con ci us ions .

• Section VI — Expanded Induced Environmental Data Acquisition Program, presents
a methodology and specific approach for acquiring baseline environmental data
prerequis ite to developing a meaningful subsystems environment manua l.

2 9 2 - 5 3 1®



2.0 LITERATURE SURVEY OF EXISTING ENVIRONMENTA L DATA

Since the beginning of the boating safety ~rogram authorized by the Federal Boat Safety Act
of 1971, it has been recognized that a need exists to identify the env ironment to which
recreationa l boats are exposed . To this recognized need, literature researc h to centralize
available data was undertaken .

This search was conducted utilizing four major sources :

• Shock and Vibration Bulletin (1957—73),

• Journal of Environmental Science (1959—69),

• Existi ng Military Specifications (MIL—STD—81 OB),

• American Society of testing and Materials (ASTM) Standards, and,

in addition, Wyle ’s El Segundo Research Staff ’s published measured data on outboard engine
noise for the Environmental Protection Agency .

The results of the literature search have led to the following conclusions (see Section II):

• The majority of existing environmental data cannot be used nor extrapolated
for defining subsystems environment .

• Further evaluation is required on existing natural environmental data to

establish suitable criteri a which are compatible to boati ng operations.
• Further effort is required to acquire and to compile usable, induced

environmental data applicable to the definition of combined subsystem
environments .

_ _  
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3.0 SUBSYSTEMS ENVIRONMENT — CLASSIFICATION SUMMARY

Boat classifications are necessary as the environment will be different for a 14 ft (4.3 m)

aluminum johnboat compared to a 36 ft (11 m) cabin cruiser . Environment classifications are

of two types, natural and induced. Natural envi~..~nment in general is related to geographical

location; induced environment ~ that related to the movement of the boat either during

transportation or normal use .

3.1 Boat Classifications

Several boat characteristics were considered in order to determi ne possible boat classifications .
A reasonable class is one that will contain a sufficient number of boats to produce meaningful

data. A tentat ive set of characteristics that enable the establishment of “reasonable classes ”
is the following:

• Propulsion system — Outboard, inboard/outdrive, water jet

• • Length - Equal to or less than 16 ft (4.9 m)
• 

•. Equal to or less than 26 ft (7.9 m), but

greater than 16 ft (4.9 m)
- Greater than 26 ft (7.9 m)

• Hull design — Flat bottom, deep— V. cathedral

• Hull material — Fiberglass, metal , wood

Data from the Nationwide Boating Survey (Reference 1) indicate that the two most popular
recreational boats are the single eng ine outboards less than 16 ft (4.9 m) and the single engine

VOs between 17 and 26 ft (5.2 and 7.9 m). Boating industry data determined by motor sales

indicate the ratio of engine types (outboard, inboard/outdrive, water jet) is 100/10/1.

3.2 Natural Environmental Factors

Natural environmental factors affect boat subsystems producing deterioration and aging

whether or not the boat is in operation. The effects of these factors are functions of time and

2 9 2 - 5 3 1  ~~~ 
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intensity. Natural environmental factors consist of the following:

• Temperature

• Sunlight

• Rain

• Humidity

• Salt spray

• Sand/Dust

3.2.1 Natural Envi ronmental Factor Specifications

At present there exists more data for the specification of natural environmental factors of

recreational boats than induced environments, since climatic statistics have been compiled
over a long period of time and are readi ly available.

Temperature, Precipitation, Sunshine and Humidity — Figures 111—4 through 111—9 of Section III
depict available data on the following natural environments :

• Mean monthly average temperature

• Mean monthly minimum temperature

• Mean monthly maximum temperature

• Mean annual precipitation

• Monthly preci pitation means and extremes

• Mean annual sunshine — Environmental data on monthly sunshine and relative
humidity is also available.

3.3 Induced Environmental Factors

Induced environmental factors result from the motion of the boat during operation or while

• being transported. These induced environmental factors are acceleration, noise, and shock/
vibration.

2 9 2 -  53  ic~~



3.3. 1 Induced Environmental Factors Specifications

Specifications For acceleration , noise, and shock/vibration are presented in Sections IV
and V. A summary of results is provided as follows:

• Lateral acceleration — Lateral acceleration of the center of mass of relatively
small boats (up to 18 ft (5.5 m) in length) indicate peak values of 1 . 5 — 2 . 0  g
in emergency maneuvers with average values for sudden maneuvers of 0.8 —

1.2 g. It can be expected that larger boats would have values decreasing from
the above as boat length (and weight ) increases (speed decreases).

• Noise — Wyle Laboratories recent ly measured the sound levels at the operator ’s
position on eleven boats . Results are shown in Figures V—4 and V—5 of
Section V. Sound levels were measured at idle or 1000 rpm, at a comfortable
cruising speed, and at full throttle. Average values are shown below :

• Condition • • Speed (mph) • 

Sound Level (dBA)
Idle 6 2  69. 1
Cruise 25.4 82.2
Full Throttle 35.6 90.6

If 73 dBA background noise is considered the upper limit for reliable speech

communication whi le shouting, then reliable speech communication is impossible
when running at cruising speed or faster .

• Shock/Vibration - Information obtained from shock analysis was not conclusive .
Spectra for all events appeared to fall off around 800 to 900 Hz. Since this
was near the edge of the frequency band for ana lysis, significance should not
be attributed to it without further investigation. Results from data obtained
show a spectra envelope depicted in Figure I-i for bow and stem locations.

• It is expected that a difference in spectra from different boats should be seen,
but this conclusion can be drawn only with more data.

6

_ _ _ _ _ _ _ _ _  _ _ _  
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F’
Power spectral density analysis on stationary data indicated broad band rando m
data . Peaks were found at frequencies corresponding to the fundamental first
and second resonance of prop pulses (see Figure 1—2). These frequencies were
shifted down as expected at lower engine speed settings .

A study of shock/vibration and noise envi ronments has been undertaken at Wyle
Laboratories . Section IV presents the documentation and results of this
work .

• Temperature Only limited temperature data was retrieved on one particular
boat (see Figure IV— 13) where the temperature was taken at selected points on

the eng ine . This sample only shows the temperatures achieved for the points

after 15 minutes of continuous operation of the boat at maxi mum speed. The
temperature at these points was as follows :

1. Valve cover - 152°F (67°C)
2. • Oil pan - 157°F • 

‘(69°C)
3. Exchange riser — 122°F • (50°C)

4. Exhaust manifold - 152°F (67°C)
5. Intake manifold - 161°F (72°C)

The ambient temperature at the time of the data retrieval was 78°F (26°C). The
mean external engine temperature was less than 150°F (66°C). The temperature
excurs ion of the engine does not tell anything about the temperature at various

points within the engine compartment nor heat soak effects . Future tests should

include temperature versus time profiles for various points within the engine

compartment .
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3.4 Total Environmental Factors

As has been stated, both natural and induced environmental factors affect the recreational
boats to vary ing degrees of intensity. Figure 1—3 illustrates the factors of both environments
that potentially affect boats and/or their occupants, producing some overall or total
environmental impact . The intent of the diagram is to point out that the combinations of

environmental factors that could affect boats, their subsystems, and occupants . This is not to
be construed as implying that all boats are or will be subjected to the total spectrum of these

factors nor is it to be constrUed as meaning thaithe individual effects of these factors can be
determined as to their ability to deteriorate or age boats and subsystems .
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4.0 RECOMMENDATIONS

As is indicated by the sections of this report, a data bank of induced environmental factors
data is limited in scope and usefulness, but does serve as a basis for guiding the planning and
development of future work . A program intended to further expand the data planning and
retrieval effort into specific useful information for the designers and manufacturers of boats and
their subsystems is described in Section VI.

The results of this present program will serve two purposes:

• The data will provide some data points for induced environmental conditions
that a boat and its subsystems will have to endure .

• The experience gained will provide a basis from which to plan a more specific
subsystems measurement program as presented in Section VI.

REFERENCES

1. Wulfsberg, R.M. and D.A. Lang. Recreational Boating in the Continental United
States in 1973: The Nationwide Boating Survey. The U.S. Coast Guard Office of
Boating Safety, Washington, D.C. October 1974. NTIS No. AD—A000-47 1.
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S E C T I O N  II —

L I T E R A T U R E  S U R V E Y  OF E X I S T I N G  E N V I R O N M E N T A L  D A T A

1.0 INTRODUCTION

Since the beginning of the boating safety program authorized by the Federal Boot Safety Act

of 1971, it has been recognized that a need exists to identify the environment to which- • recreational boats are exposed. lo this recognized need, literature research to centralize

available data and on—going research to provide current data where necessary has been

undertaken.

292 53 1



2.0 LITERATURE SURVEY

Environmental data are used to provide guidelines in engineering design. In general,
structural and mechanical systems are designed to withstand both natural and induced

environments for a specified life cycle. The natural environmental data are derived from

regional meteoro logical data; and since natural environments induce various corrosive

and deteriorating effects on materials , the compliance of design requirements in respect
to specified natural environments is normally accomplished through laboratory and environmental

testing. The performance of components to the induced envi ronments of acceleration, shock and

vibration can be verified in two ways. The first approach is to test a component to its

speci fied environment and to evaluate the condition of the component during and at the

end of the test period . The second approach is to evaluate the strength of components through
mathematical analysis to determi ne the design safety factor .

This section summarizes the results of a literature survey on applicable data related to

subsystems environment of smal l boats . The search was conducted on four major sources

which consist of: -

• Shock and Vibration Bulletin (1957—73)

• Journal of Environmental Science (1959—69)

• Existing Military Specifications (MIL—STD—810C)

• American Society for Testing and Materials (ASTM) Standards (1973—74)

The Coast Guard, through their collision research program, had obtained applicable acoustic

(noise) data . In connection with that project ’s work , a Uterature search ond survey was

performed. Pertinent dat~/information developed during the collision research was combined

with the relevant data gleaned from the literature and is presented in this report in Section V.

Since the subject has been covered in considerable depth in Section V, it will not be

summarized in this section . Also, references reviewed for acoustic study are presented at

th. end of Section V and not repeated in this section .
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3.0 LITERATURE SURVEY EVALUATION AND CONCLUSIONS

In addition to the aforementioned major sources, the bibliography contains nearly fifty other

articles and/or publications relating to environments, tests, and si mulations that were reviewed

for ideas for potential applications in the subsystems environment research.

The applicability of environmental criteria derived from the literature search is summarized

in the following conclusions: 
• - - -

1. The bibliography contains several articles on transportation induced vibrations .

Most of these pertain to specific studies relating to military equipment such as

aircraft, missiles and various ground vehicles. It is Wyle’s opinion that there

are no feasible methods of extrapolating this type of information to the boat

transportation problem with any degree of confidence. It is further felt that

shock and vibration data for boats and subsystems could be obtained more

accurately, and more cost effectivel y by direct measurement rather than

extrapolating data from other types of hardware systems.

2. No adequate techniques were found in the literature for deriving a combined

environmental factors (natural and induced) impact that would be applicable

for boats. However, with information obtained from boating operations surveys,

measured environmental data for shock, vibration, accelerat ion, and noise,

and meteorological data, combined or total boat environmental facto rs can be

established for various boating operations. Such environments can be specified
in cyc les which define the type of natural and induced environments to be

combined and length of time for which boats are to be operated.

3. The American Society for Testing and Materials (ASTM) Standards provide

general test guidelines. W hile they do not hove specific, direct applicability

to the boat subsystem environment, they are valuable references that should

be consulted when designing environmental tests for boats and susbystems .

- -_ _ _  
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4. MIL—STD—810C (March 10, 1975) contai ns various environmental test methods .
Wi th modifications, some could be applicable to boats and subsystems . Those

with potential applicability are:

• Method 501 .1 High Temperature

• Method 505.1 Solar Radiation (Sunshine) 

a Method 506.1 Rain - -

• Method 507.1 Humidity

• Method 508.1 Fungus

• Method 509.1 Salt Fog

• Method 510.1 Dust (Fine Sand)

• Method 511 .1 Explosive Atmosphere

• Method 512.1 Leakage (Immersi.on)

• Method 513.2 Acceleration

• Method 514.2 Vibration -

• Method 515.2 Acoustical Noise -
• Method 516.2 Shock

MIL—STD—810C describes general effects , procedures (alternative methods),

apparatus, instrumentation , and miscellaneo us other test specific items .

While this document provides clear test procedures for the listed environments

(and many others not applicable to the boat and/or subsystems), the undertaking

of these rypes of tests in UCu of direct measurements from instrumented boats in

actual operating conditions would be exhorbitant from both cost and time stand-

points . Therefore, the application of MIL—STD—810C or some variation thereof
for other than testi ng specific components of a boat subsystem, such as an

engine, would not be feasible.
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SECTION Ill —

S U B S Y S T E M S  E N V I R O N M E N T  —

C L A S S I F I C A T I O N  A N D  S P E C I F I C A T I O N

1.0 INTRODUCTION

In order to derive reasonable judgments ibout boats versus their envi ronments , some logica l
attempt should be mode to categorize the boats into classes based on common characteri sti cs .
It is readily apparent that there is a wide spectrum of boat types and that induced environmental
factors are functions of these types. For example , the induced environmental factors identified

with an aluminum runabout are not the same as those of a cabin cruiser .

-~~ 
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2.0 CLASSIFICATIONS

In this section, the various boat classifications to be used in specifying environmental factors

boundary conditions are established . The various boat subsystems are defined , as are the

various relevant environmental elements and their gross level effects.

2.1 Classification of Recreational Boats

Attention is restricted to monohull recreational boats under 50 ft (15.2 m) in length with

propeller or water jet propulsion systems. The specific characteri stics initially used to define
the various categories are the following:

• Propulsion System Type

• Length

• Weight

• Hull Design Type

• Hull Material

• Boat lype

Propulsion System Type — A boat to which these environmental specifications apply is typed
according to its power syste m, such as:

• Inboard

• Outboard

• Stern Drive (I/O)

• Water Jet

Length — The length (1) of a boat can be classed according to existi ng USCG practices:

• L< l6 ft (4.9m)

• ló ft (4.9 m)< 26ft (7.9m)

• L>26 ft(7.9m)
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Weight - Although the weight (W) of a boot is obviously not independent of its length, there
appears to be enough variation to warrant a breakdown of this parameter . One such
suggested breakdown is:

• W <4 OO lb (181.4 kg)

• 400 lb (181.4k 9)< W< 1500 lb (680.4 kg)

• 1500 lb (680.4kg)<W< 3000 lb (1360.8kg)
• W> 3000 lb (1360.8 kg)

Hull Design lype - The hull design of a boat can be classified according to the following
familiar partial list:

• Vee

• Cathedral

• Flat Bottom

Hull Material — The types of vessels under consideration have hulls primari ly constructed of:

• Aluminum

• Wood

• Fiber-reinforced Plastic

Boat Type — The designed purpose of the craft can be classed as:

• Runabout

• Cruiser

• Open

Within each of the six boat characteristics above, there are several divisions . For example,
only the three most common materials are shown under the hull material category . Other
materials used in boat hull construction include steel , ABS, and various combinations of
materials. Further subdivisioning to include the various combinations could become an almost
endless task and would defeat the purpose of categorizing.

- 
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Tables 111—1 through 111—4 have been prepared as samples to illustrate how the length, weight , hull
design , and hull material characteristics could be handled for each of the four propulsion system
types . Each table would contai n a maximum of 324 cells of information . For the four propulsion
systems , therefore, there are 1296 cells. The majority of these cells will contain no data

representative of any recreational boat; the refore, a finalized version of these tables could be

greatly reduced . Also , results from such a compilation could warrant a revision in the category
breakdown such as weight, length, and materials . If a process , as has been outlined herein,
were carried out , a boat population density by category would be the output . Such a

categorized boat population density, as is pictorially shown in Figure Ill—i, would have one

primary purpose. It would indicate potential areas for concentrating further efforts in determining

subsystem environmental effects on a cost effective basis. Wyle recognizes that such an under-
takin g requi res the cooperative efforts of boat manufacturers and owners in a survey that could
render only marginal results. An alternative approach would be to subcontract the data

gathering task to BUC International Corporation of Ft. Lauderdale, Florida, if the cost were

not prohibitive for the expected returns. -

In lieu of the above described process for deriving boat population densities based upon
selected categorization, Wyle derived Tables 111—5 and 111—6 from the Nationwide Boating

Survey (Reference 1) data. This was an expedient means of obtaining some rough estimates

of boat population densities based on imprecise categorization . Although some of these results
could possibly be in error , Table 111—5 provides a relative density of boats within the overall

boat population. There are several power—type/length categories that contain high densities

of boats with the single engine outboard boats under 16 ft (4.9 m) being the most common.

Therefore, independent of Tables 111—1 through 111—4 and their subsequent population densities,

Tables 111—5 and 111—6 could provide a starting point for concentrating future efforts .

2,2 Classification of Recreational Boat Subsystems

A boat shall be considered to consist of the following subsystems:

• Fuel Subsystem — This is the entire assembly of the fuel fill , vent , storage and

distribution components, including pumps, valves, strainers , and filters .
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EXAMPLE: 17 TO 26 FT (5.2 TO 7.9 M) RUNABOUT
BETWEEN 401 AND 1500 LB (181 .9 AND 680.4 KG)
WITH VEE HULL OF FIBER-REINFORCED PLASTIC

~~~~~~~~~~~~~~~~~~~~~~~~~~

CATEGORIZED BOAT POPULATION DENSITY

FIGURE Ill-i . BOAT POPULATI ON
DENSITY BY CATEGORY
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• Electrical Subsystem — This is the entire assembly of all electri cal components,

wiri ng and electrically operated devices.

• Venti’ation Subsystem — The venti l ation subsystem consists of all hardware

associated with engine comportment ventilation — blowers, vents, and cowls.

• Instrumentation Subsystem — The i nstrumentation subsystem is the collection of

devices, electrical or mechanical, which provide measurements of the boat’s

operational parameters which are needed by the operator, e.g., fuel level ,

engine temperature, and vapor detectors.

• Propulsion Subsystem — The propulsion subsystem consists of the engine , drive

train and propeller.

• Hull Subsystem - The hull subsystem consists of the basic boat assembly less all

of the items contained in the other five subsystems.

The boat as a ~ystem can be viewed as a complex of interacting elements grouped and organized

i nto functional subsystems. Any boat can be modeled according to some particular functional

criteria, if the only criteria of interest were operational ability, the model could be represented
as shown in Figure 111—2 . By operational ability is meant the ability of the boat to operate/

perform as designed. In this diagram, subsystems SS 1, SS2, SS 3, and SS 4 represent single point

failures in that each is necessary for the boat to operate/perform as designed. A failure or loss

of any one of these four means the boct will not operate or will not operate to its fullest

capability . Subsystems SS5 and SS6, ventilation and instrumentation , w hile important,

their loss does not necessarily constitute a failure such that the boat will not function or

operate. If operability * were the parameter of interest, then the operability model f~1

the boat system could be expressed by probabilities as:

4
o5 = E  ~~~~

However , safety is , also, an important parameter which needs to be included in the model.

Figure 111—3 has subsystems SS
5 
and SS

6 
included in the model because of their necessity to

safe operation. It is obvious that the failure of an instrument will not cause a boat to cease

* Operability as used in this example s derived from reliability engineering theory and pract ices .
Mathematically, operability can be defined as the probabiflty of no failure of malfunction
occurring during a given time frame when the unit is called upon to perform.
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b
operations , but faulty or erroneous signals could prevent an operator from tak ing safety pre-
cautions in the event of an impending hazard. lj kewise , a malfunct ion within the ventilation
subsystem , such as a blower failure , could permit the buildup of hazardous fumes and vapors
that ultimately could result in a fire or an explosion . Therefore, for “safe operational ability,
the operability model for a boat system is:

6
0~~=~~~ °ss~1 1  I

2.3 Operability, Environmental Impact, and Maintenance

Boat subsystems must operate at a minimum specified level of operability during thei r useful
lives in order to be considered safe. However, often this minimum level is at the discretion
of the owner/operator. Therefore, a boat/subsystem lacki ng in mci ntenance is often very
susceptible to premature failure in extreme environmental conditions. Figure 111—4, Environ-
ment vs. Time, and Figure 111—5, Operability vs. Time, illustrate the point that an extreme
envi ronmental incident (event) is sometimes sufficient to severely damage a boat/subsystem so
that it is below a minimum acceptable level of operability for safe boating.

Figure 111—4 represents the environmental conditions to which the boat or subsyste m should be
qualified . It consists of a long duration (several years) at a normal level (Point “A” to Point
“B”) followed by a sudden spike (a few minutes) to an extreme environmental level (Point “B”
to Point “C”). Figure 111—5 represents the rate at which the operability deteriorates under the
influence of the environment specified in Figure 111—4 at a modest rate . Under the added
environmental stress of the extreme event, the deterioration rate increases sharply (Point “B”
to Point “C”).

Simply stated, to qualify the boat subsystems for safety, we must demonstrate that Point “C”,
Figure 111—5, will always be above the minimum acceptable value no matter when the extreme

event occurs . The determination of minimum acceptable level of operability for a boat
component, or subsystem, is not readi ly def inable . In th e aerospace industry , due to the
critical and costly nature of the programs, minimu m acceptable level of operability must be
known . In boating, it would be desirable to, at least, know if peak environmental factors

36
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could be planned for such that the subsystem or component would have a high probability of

survival in the event of their occurrences .

From Figure 111—5, it is apparent that survival from a peak event (Point “C” above the minimum
acceptable level of operability) depends upon the condition of the component/subsystem at

the time of the event. It is the function of preventive mai ntenance to keep the item in a

high state of operability .

The next step is to establish the preventive maintenance that will be performed, the intervals

at which it will be performed, and to what extent will it return the critical components/sub-

systems to a “new ” condition. Figure 111—6 shows three examples of how preventive maintenance

effects the life of a hypothetical device . Figure 111—6—A is- the extreme case of no preventive

• mointenance , and the operability deteriorates from the new condition “A” directly to the

end—of-qualified—life condition “B. ” Figure 111—6—B is the case of partial preventive maintenance

(e.g., cleaning and visual inspection) by which operability is partially restored . In this case ,

the device reaches the same end—of—qualified—life conditions as the no preventive maintenance

case, it just takes more time to get to that condition . Figure 111—6—C is the other extreme

case, which is total preventive maintenance (e.g., overhaul, cleaning, and functional checking)

by which operability is totally restored. In this case , the device does not substantially deterio-

rate beyond “B1 
“, which is a condition of significantly more operability than ‘B. ” Next , we

must define the surveillance inspections that will be performed for the purpose of detecti ng

the onset of an end—of—useful—life condition, the intervals at which these inspections wi ll be

performed, the measuremen~ that will be taken , and the allowable tolerance for each . This

information is required to determi ne if margin on the end-of—useful—life condition is requi red

to negate the possibility of degradation beyond it between inspection points.

We now have the information required to esti mate the useful life and to physically describe
the end—of—useful—life condition . We can now determine at what point in the life of our

device its worse—case state of deterioration is most likely to occur . By knowing the length

of ti me it will be in service and the environmental conditions to which it will be subjected,

we can estimate the extent to which ag ing and wecr will take place in the critical compo-

nents/subsystems. We can also describe the physical conditions and characteristics that

these aged components/subsystems will exhibit.
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From this discussion, it should be realized that the extreme environmental factors by themselves
tell us very little about the effect that they will most likely have on a boat or subsystem. It is
equally important to know the state of operability that the subsystenVboat is in at the time of
the extreme event in order to determine the effect. Therefore , maintenance approaches should
be an integral part of a subsystems environment manual .

Is is important to keep in mind the difference between the boat system and the boating system .
The former s a subset or subsystem of the latter . The boating system also includes the operations
subsystem (e.g., some human elements that affect the boat) and the environment subsystem.

2.4 Classification of Recreational Boat Envi ronments

The causes of deterioration, performance degradation, and premature failure of small boat
subsystems can be classified accordi ng to whether they arise primari ly from climatic conditions
and/or because of the stressing due to the boat ’s operations . Each will produce different types
of stresses with their combined effects increasing the deterioration and degradation and, thereby,
increase subsystems failure rates . Accordingly, the “natural” environments and the “induced”
environments are major contributors to degradation, deterioration, and fai lure of the boat
subsystems .

2.4.1 Natural Environment Classification

The natural environmental factors that contribute to deterioration, ag ing, and subsequent
fai lure/malfunction or degraded performance are temperature, sunshine, rain , humidity, salt
spray, dust and sand. Each source affects the boat system whether or not the boat is in operation
and each will produce its own stressi ng. The combined effects of the environmental factors
increase the deterioration process of the boat system.

Temperature — Small recreational boats will be subjected to considerable ambient temperature
variations during its life cycle. All recreational boats must be capable of operation at every
temperature at which boating is possible. Both extremes of temperature are of interest since

different deterioration effects occur.

2 92 -~~ 31~~~~~~~~



Expansion and contraction caused by w ide temperature variations cause deterioration of
organic and plastic materials. Discoloration, crack ing, bulging, checking and crazing of

plasti cs , synthetic rubber and plywood occur after prolonged exposure to elevated temperatures.
Also , exposed lubricated surfaces may be left dry because of the evaporation of the lubricant.
Differential expansion of dissimilar metals can cause loosening of connections and mounting

bolts . tow temperature effects are mainly confined to increasing the viscosities of the lubricants .

Sunlight — Prolonged exposure to sunlight will cause deterioration of plastics , paints, fabrics

and natural rubber by means of photochemical mechanisms.

Rain — A rain environment will introduce excessive moisture into the vessel itself and promote

oxidation of metals , the growth of fungi, and possible malfunction of some of the boat subsystems

if not adequately protected.

Humidity — A highly humid atmosphere can induce corrosion and will produce swell ing of

such water absorbing materials as wood. Higher ambient temperatures will speed these pro-

cesses and will foster the growth of fungi in the humid atmosphere.

Salt Spray — The dominant effect of salt spray is the corrosion of exposed metals , whether by

corrosion of one metal alone or by electro lytic action between two dissimilar metals. Salt

deposi ts may build up and may clog or bind moving parts.

Sand and Dust — Transportation of boots provides exposure to a dust and/or sand environment.

Wind driven sand and dust can cause erosion and the lodging of contaminants in between moving

parts and surfaces causing abrasive scoring and/or excessive wear leading ultimately to

component/parts failure and/or premature replacement. Accumulated dust and sand can cause

clogging of filters and blockage of movement.

2 .4.2 Induced Environment Classifications

Induced environments arise from the actual motion of the boat during operation or while being

transported. These environmental factors are acceleration, vibration, shock, noise and

temperature . In addition to these standard environmental factors, fuel spills and leaks

292 53i~~~~~~ :



cons titute further sources of materials and boot subsystems deterioration and degradation. Also,
a fuel vapor atmosphere is a critical exp losive hazard . Therefore, fuel will be considered an
induced envi ronmental factor .

Acceleration — Whenever the motion of the boat devi ates from constant speed in a straight
line each of its components will be subjected to an additional force by virtue of the accelera-

tion to which it is subjected. An example of this is the horizontal force experienced by any
component w hen the vessel is executi ng a turn . These forc es can stress subsystem mounting
brackets , slosh fuel within tanks (unless baffled), and, in general , act adversely on objects
and passengers.

Vibration — Vibrations are induced by normal boating operations . The vibrations may be
random, periodic or transient in nature, depending upon the type of excitation encountered .
The amplitudes of this type of motion will generall y be relatively small. Vibration of the
subsystem components can induce excessive wear and fatigue in metal parts and instruments
resulting- in increased failure rates of components and parts. Vibrations are also induced by
the operation of towing a boat on a trailer or by transportation by truck or flat car .

Shock — The relatively short—duration, high acceleration motions induced by such conditions
as the boat slamming into waves during operation, the trailer hitting chuck holes or travelling
over railroad crossi ngs during transportation can cause severe damage to the structural
integrity of the boat and its components .

Noise — The noise environment is of interest only during normal boating usage. Major sources
of noise are the water—hull interaction and the engine generated noise . Also to be considered
is the air (wind) noise . This environment is not considered to be detrimental to the structural

integrity of the boat . However, excess ive noise levels can cause hearing impairment in the
operator and passengers, hamper communications, and impede reaction to correct or avoid
hazardous conditions .

Fuel/Solvents — Volatile fuels , e.g., gasoline , can have two effects: deterioration of

materials with which they come in contact , and creation of an explosive at mosphere due
to leakage, evaporation, and inadequate ventilation.
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Temperature — Induced internal (compartment) heat is generated by the engine . The retention
of engine generated heat due to inadequately ventilated enclosures causes accelerated aging
of the local hull subsystem materials and other items or components located or stored in this
envi ronment .

2.5 Boat/Subsystems Life Cycle

During its normal life, a boat, typ ically, cycles through the various activities of transportation,
operation, and storage, each having effects on the boat and subsystems . Supportive activities
are, therefore, essential to assure a level of operational status. These activities are inspection

and preventive maintenance. In the event of a failure/malfunction of a subsystem or component ,
another supportive function of repair maintenance is required. Figure 111—7, Life Cycle Activities
of a Boat System, illustrates the flow for the activiti es beginning with a new boat and ending
when it is scrapped . The optimization of such a flow is , of course , a funct ion of a number of

variables . A boat/subsystems can be optimized in accordance with one of several objectives .

A system whose objective function is minimum life cycle cost will have a different set and

sequence of cycl ing activities than will one whose objective function is maximum operational
safety . The reduction of risk in the latter will have to be paid for by an increased cost or a

reduction in other variables. In these two examples , the useful life will also be different. It

should be apparent that the useful life of a particular boat class or category is a random variable

due to the nature of the use to which the boats are put and the maintenance they receive . In

this treatment of life cycles of boat systems, the intention is to illustrate the many owner decisions

that must be made in maintaini ng a safe boat. It is the transportatiorVoperation loop that a

knowledge of subsystems environments can assist in mini mizing failures that could precipitate

in unsafe boat operations.
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3.0 PRELIMINARY ENVIRONMENT SPECIFICATIONS

In this section, suggested formats for data presentation are given together with the data that
is available. The formats were devised to minimize the work involved in expansion or
reorganization of the data .

3. 1 Natural Envi ronment Specification

At present there exists more data for the specification of natural environments of recreational
boats than induced envi ronments , since c limati c statisti cs have been compiled over a long

period of time and are readi ly avai lable.

Temperature, Preci pitation, Sunshine and Humidity — Figures 111—8 through 111—13 depict

avai lable data on the following natural environments :

• Mean monthly average temperature

• Mean monthly minimum temperature

• Mean monthly maximum temperature

• Mean annual precipitation

• Monthly precipitation means and extremes

• Mean annual sunshine — Environmental data on monthly sunshine and relative

humidity is also available

This data was compiled by the U.S. Geological Survey in 1965 from data provided by the

Envi ronmental Data Service, Environmental Services Administration For the period 1931-1960 .

3.2 Induced Environment Specification

Any statement about the motion—induced environments which a boat will experience must also

contain information as to the water conditions and the speed of the vessel in order for the

statement to be meaningful . The water conditions can be defined in terms of average wave

height , length and frequency of waves . Wind velocity might also be included in the definition

of water conditions . The water conditions can be defined and categorized according to a

water condition index as shown in Table 111—7 .
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TABLE 111-7. WATE R CONDITION INDEX

Water Condition Average Average J Frequency of Water Condition
Index Ranking Wave Height Wave Width j  Occurence Index

1 (H) ~W) (F) WCI = H • W • F
2
3

~1~ MPLE E1~1%BIT

(Table 111—7 is an example exhibit that is only intended to illustrate a possible method for
categorizin g water conditions.)

Acceleration — The direction of the induced forces on subsystem conponents is directed opposite
to the acceleration of the boat and, hence, is parallel to the surface of the water . From
measurements made during boat tests using the ABYC H—26 test course, lateral accelerat ion for
the center of mass of relatively small boats — up to 18 ft (5.5 m) in length — indicate peak
values of 1.5 to 2.0 g in emergency maneuvers w ith average values for maneuvers of 0.8 to
1.2 g. It can be expected that larger boats would have values decreasing from the above as
boat length (and weight) increases (speed decreases) . Level counts and distribution of accel-
eration levels at points on the hull are described by leve l analysis such as the one shown in the
example exhibit, Figure 111—14.

Vibration — The random vibration induced in a running boat is described by power spectral
densities (PSD) such as the one shown in Figure 111—iS. These PSDs describe both eng ine

I nduced vibrations, which seem to occur In the 100—200 Hz frequency band with levels to
2 or 3 g m~ cimum, and any random vibration such as might be induced by runn ing through
choppy waters .

Vibrotion will occur in three directions: vertical , longitudinal and lateral, and will vary
from location to location within any one boat . At present, it is not know n whether the

_ _ _ __ _ _ _  

2 9 2 - 5 3 i ~~~~



(V)

• tl)
I —~ C

~~~~ N
L1)

_ (t)

Z

-J t&j -J -J

> L ~~~~~~t&J _ C
—

C!) ~~~1w
‘—4 

— -c_i’) ~2 > -
( n <-.

cE
C,, -,

-J —
uJ

_ ,

Li~i
-~~

— c’J

_ cn
‘2

—~~
.

z I

Dt / SLNflO~ JO ~~9I11N

_ _ _ _ _ _ _ _  - 

2 9 2 - 5 3 1  ~~~~



--I

I

I-

~~~~~ 1- 

_ J
_ _ 

I
I 

~~~~~~~~~~~~~!
- 

-
~~~~

-
/ 

.

~~~ 

~~~~I __j‘Ii 
- 

—
- -- 

~~~ iU
/ 

—4
* I 

—--s 
I

—4LI) ~
- -

~
iLi /

I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j—.b bI—I 

~~~~ 

*(Z
~-/~..O, 3onii-i~~

54 
-

2 9 2 - 5 3~~~~j~



shapes of the PSDs for a si ngle boat will be the same . As more information becomes available,
it may be more practical to present the information in terms of a table of parameters, such as

Table 111—8 and some representative PSD shapes.

Short—duration transient vibrations, whose durations are of the order of 500 msec or less,
are treated as shock pulses . Periodic vibration is most easily specified in terms of the Fourier

spectra of the signals as in Figure 111—16.

Shock — As with vibration, shock exc itation is three dimensional and also will vary from point

to point within a single boat. Limited data for typical recreational boats show that level

values for the center of mass above 15 g are rare occurrences in most boats regardless of boat

length or wave condi tions (except for very short, i.e., 5—10 msec pulses , w hich may be higher).

The durations of individual shock pulses w ithin identi f iable complex shock events vary from

10—100 msec for boats up to 26 ft in length. Shock events in cruisers of 42 ft and 45 ft boat

length were single, smooth pulses with durations of about 200 msec or less, and levels which

very se ldom approach 10 g. Shock levels also decrease from bow to stern . A typical shock of

10 g at the bow decreased to 6 or 7 g amidships and 4 or 5 g at the stem .

Shock environments are specified by shock analysis , as shown in Figure 111—17. The amplitudes

and durations of these pulses will be formatted as in Table 111—9 and are for maxi mum speeds or

maximum navigable speeds .

Acoustic Environment — The acoustic environment of a boat at cruising speed (generated

mainl y by the engine and the water—hull interaction) is most conveniently specified by the

overall sound pressure level (OASPL — see example exhibit , Figure 111—18) and the octave band

sound pressure level (SPL — see example exhibit , Figure 111—19) measured on a weighted scale .

These quantities are given for both onboard values and the 50 ft (15.2 m) runby values . The

50 ft (15.2 m) runby levels are those maximum levels measured by a microphone at a point

50 ft (15.2 m) away from the straight—l ine course of a boat travelling at cruisi ng speed. An

analysis of existing data though not presented as in th. example exhibits is discussed in

Section V.
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TABLE 111—8 . PSD SHAPES AND FREQUENCES
AT LEVEL CHANGES FOR BOAT LOCATIONS

_ _ _ _ _  _ _ _ _ _
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TABLE 111—9 . SHOC K PARAMETERS FOR CLASS 
_____ 

BOATS

BOW AMIDSHIPS STERN FUEL TANK

— — — —o D — 0 - — a ~ — a ~ —
u ~~ 2 ° ~ 2 ~‘ 2 ° 2
d- 0) q~ ~- 0) ~ .~- 0) ~ .._ 0) ~~ C .~.. ‘- C - ‘~~ C ~~. ‘- C -
~ 0 a ~ 0 a ~ 0 a ~ 0
> _I ~J > __a 

~j  > _J -~~ > -~~

~ Amplitude
_ _ _ _ _ _

Duration

T Amplitude

Duration

OASPLs and Octave Bond SPIs — These are given in terms of envelopes , as shown in Figures
111—18 and 111—19. The OASPLs are plotted as a function of a fractional length of a boat

beginning at the stem and following the centerline of the boot forward to the bow . The

data of interest would be for helm station and passenger locations fc’ onboard data, and at

a height of three feet (0.9 m) above the water level for runby data .

Fuels/Solvents/Chemi cal Reactions — Fuel normally used in recreational boats is gasoline.

However, some percentage of the population uses diesel fuel; therefore , components which

could come in contact with fuels must be compatible with the fuel required by the power

plant . Larger vessels may use diesel fuel but also use gasoline for auxiliary equipment such

as electrical generators.

Other chemical compounds such as bilge cleaners could prove harmful to subsystem components.

In boot design/construction, components that are sensitive to such compounds should be located

away from areas where used or protection should be provided.
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F
Battery acid is corrosive to a luminum and steel hulls and could cause minor damage or
degradation to some boat components . The designer should take this potential hazard into
consideration when locati ng components in the vicinity of the battery or in locati ng the
battery itse lf.

Temperature — Induced internal heat is generated by the boat engine . Venti lation, as well
as reducing the hazard of an explosive vapor buildup in the engine compartment or bi lge,
also allows the engine heat to escape . In certain types of equipment , high temperature causes
degradation and, thereby, increasec their proneness to fail. In items of complex construction ,
binding of parts may also result due to differential expansion of dissimilar materials. Rubber ,
plastic , and plywood may tend to d sco lor, crock , bulge, check , or craze . Closure and
sea ling stri ps may partially melt and adhere to contacting parts . In metal hell boats , the
the hull somewhat acts as a heat sink , thereby ~nabling some heat to be dissi pated to the
water or air. The plasti c and wood hull boats that have a low heat transfer capability absorb
the effects of the induced heat as do components located within the engine compartment .
Every effort should be mode to design for heat removal and dissipation .

REFERENCES

1. Wulfsberg , R.M. and D.A. Lang . Recreational Boating in the Continental United
States in 1973: The Nationwide Booting Survey. The U.S. Coast Guard Office of
Boating Safety . Was hington , D.C. October 1974. NTIS No. AD—A000—471 .
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S E C T I O N  I V  —

ACQUIRED INDUCED ENVIR ONMENT DATA FOR 1974 AND 1975

1.0 INTRODUCTION

The data presented in this section was compiled from tests carried out in 1974 and 1975 .
Therefore, the data is reported separate ly. The data for 1974 is presented in Section IV and
Appendix A . The 1975 data is contained in Section IV and Appendix B.

The intent of the 1974 work was to gather pounding data for recreational boats operated in
heavy seas and to utilize all available data to formulate new fuel tank shock compliance test
parameters . Specifica lly, the data reported were for the following boats:

• 26 ft (7.9 m) Stomas

• 21 ft (6.4 m) Seabird

• 15 ft (4.6 m) Glostron Swinger
-• 42 ft (12.8 m) Hatteras Yacht

• 45 ft (13.7 m) Hatteras Yacht
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2.0 DATA COLLECTION AND REDUCTION (1974)

2.1 Sma ll Boat Data Collection

The data described in this section were taken for:

• 26 ft (7.9 rn) Stamas; one run,

• 21 ft (6.4 m) Seabird; four runs , and

• 15 ft (4.6 m) Glastron Swinger; one run.

Wav e heg hts for these runs ranged up to six feet (1.8 m).

2. 1 . 1 Instrumentation and Data Collection

Each test boat was instrumented with five transducers to acquire acceleration , roll , pitc h and
yaw data . A Schaevitz Model LSBG 39 DC accelerometer was installed in the bow , amidships ,
and stern (see Figures !V— 1, IV- 2, and IV— 3).

The Murphy gyro, Model VG24— 0801—1 , was located in the approximate center of the boat to
obtain roll and pitc h data . The transducer output signals were conditioned by the Wyle boot
instrumentation package . The gyros and signal conditioning equipment were housed in two
aluminum boxes , as shown in Figure IV—4 .

The data were recorded on a Lockheed Electronics Model 417 FM tape recorder . One channel
of the recorder was used for a voice track to record test condi tions, event time, etc . A
Kustom Electronics Model TR6 radar unit was used to accuratel y measure the speed of each
boat .

The instrumentation system and transducer installations on the Hatteras yachts were the same
as insta lled art the small boats with the following exceptions :

• Two Endevco Model 2272 piezoelecfric accelerometers were installed on the
main longitudinal stri ngers in the engine compartment to acquire engine vibra-
tion data .

• The radar unit was not used to measure boot speed .
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2.1 .2 Data Reduction

The data was recorded on FM tape during the test runs and then played back onto an oscillograph
record for a “quick look” at the data. For the majori ty of the data runs it appeared that the FM

recorder used had not been sufficiently well shock—mounted-. High amplitude shocks had the
effect of ch~ iging the tape speed and rendering the data irretrievable. Al l accelerometer

readings also displayed high frequency components which appeared to be due to vibration.

Those data runs for which the recorder was shock mounted well enough were again played back
onto an oscillograph record with the vertical accelerometer data being played through an
analog low pass filter to remove all frequencies above 60 Hz. Although the filters eliminated
high frequency signa ls, they also introduced a 60 Hz hum onto the data signals wi th a double

amplitude of about 1 g. This hum was smoothed out by hand for each event . The height in g

and the envelope duration in milliseconds of each discemable shock event were then measured .

The exact shapes of shock envelopes showed a wide variation, as would be expected. These

are discussed for each boat. It is also to be noted that events would occasionall y occur at

one end of the boat for whi ch there were no corresponding measurable events at the other end.

Appendix A, Reduced Data for 1974, summar izes the small boat data. Figures A—i through

A—4 present the Stamas data, w hile Figures A—5 through A—20 display, run—by—run ,

the Seabird data . The data derived from the Glastron Swinger is contained in Figures A— 21

through A—24 . Figure A—25 is a histogram of peak value of a shock event times shock

duration for all of the small boat data collected . Hatteras yacht data is presented in

Figures A—26 through A—29 . Reduced UL data is provided in Figures A—30 through

A— 33. AMF data is shown in Figures A—34 through A— 37.

2. 1.3 Twenty—Six Ft (7.9 m) Stamas Test Data

The pounding data for the Stamas craft is rather complex . Many of the forward shock events

were composed of pulses and/or vibration , and almost all of those events recorded in the stern

area appear to be transient vibrations . Appendix A , Figures A-i through A-4 contai n

Stamas shock data .
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Some of the more readi ly visable , identi fiable characteristics of the data records are :

• Shock envelopes of the bow events, for the most part , are distorted sawtooth ,
half—cycles such as sketched below .

• The shock events in the stem appeared to be exponentially damped vibration
such as shown in the sketch on the following page . Half—cycle times
ranged from l0 to 70 msec .

• Identifiable shock event lifetimes ranged between 100 and 500 msec .

• Peak amplitudes ranged from 1.75 9 to 21.5g.

2.1.4 Twenty— One Ft (6.4 m) Seabird Runs

The pounding data for the Seabird craft has much less vibration in it than did the Stamas data.
There was less of a tendency for an event to appear as a sum of identifiable motions, such as
vibration or disti nct , separated pulses . High—level events , however, tended to be separated
Into one, two , or three pulses which decreased in amplitude as the event grew older . The
peak values of each event plotted against the duration are shown in Figures A—5, A—9 ,
A— 13, and A— 17 of Appendix A .

-; • 
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Observations drawn from the data are :

• The most commo n shape for a shock event was as sketched below :

Detailed numerical analys is might show the buildup and attenuation curves to be
roughly exponential.

• Event lifetimes were of the order of 100 to 500 msec .

• Measurable event peak values ranged from 1 g to 19 g.

• Individual, identifiable pulse widths were estimated to be 70 msec or less.

• The data records dId not always show a measurable stern event for every bow
event.

2.1.5 Fifteen Ft (4.6 m) Gtastro n Swinger Data

The Glastron test run did not yie ld data which can be regarded as reliable , as did the data
obtained from the previous test runs discussed. Judging from the oscillograph records, the
recording accuracy worsened as time into the run progressed, rendering lifetime estimates and
height measurements of extremel y doubtful reliability. No stern events were reduced since
this channel began to record what appeared to be a random vibration which was judged to
indicate a malfunctioning of the recording of that channel. In addition, some of the longer
duration events could be considered as superpositions of shorter duration events . Figure

A—21 of Appendix A is a plot of peak values of the events against duration of events .

Some of the characteristics of the Glastron data are:

• The short duration pulses and vibration present in the Stamas and Seabird data
were absent for the most part.

• There seemed to be no real preferred pulse shape except to be approximately

hi angular.

_ _ _  
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2.2 Hatteras Yacht Data

In add tion to the small boot data described previousl y, Wyle Laboratories instrumented two
Hatteras yac hts, a 42 ft (12.8 m) yacht and a 45 ft (13.7 m) yacht , and co llected pounding
data for severe water conditions wit h wave heights up to 12 Ft (3.7 m).

2. 2.1 Instrumentation and Test Runs

The Wyle instrumentation package and associated transducers were installed on each yacht to
acquire acce lerations, roll and pitch data. The data were acquired on an FM tape recorder .
Acce leration data were acquired by AMF personnel on a real—time oscillograph. Event ti me

was noted on eac h system for future data correlation. Four test runs were made of each yacht .
The duration c~f each run was approximately one minute . Refer to Section 2. 1.1 for
instrumentation equipment and transducer locations.

2.2. 2 Forty—Tw o Ft (12.8 m) and Forty—Five Ft (13.7 m) Hatteras Yacht Data

The oscillograph records for these runs showed two complications with respect to data reduction:

• The data records for the 45 foot boat exhibited a beating of the 60 Hz hum intro-
duced by the analog fi lter .

• The tape recorder was not sufficiently shock—mounted to allow the accurate
recording of the strongest shock events. However , ri each case the peak value
of the shock appeared to have passed before the tape recorder was affected.

Despite the above difficulties , va lues for duration and peak were obtai ned for a total of about
50 pulses . These data are summarized in Figures A—26 through A—29 of Appendix A .

Generc i comments about the data tself are :

• When the 60 Hz hum was smoothed out, the cc’mmon shapes a shock event could
take appeared to be

292 5 3 1



b
The slight vibration at the end of the pulse might be due to structural rebound
of the deck or whatever component to which the accelerometer was attached.

• A ll but three measured events had lifetimes in the range of 200 to 500 msec .

• All peak values of measured events were in the range of 1 g to 8 g.

• Pulse shapes appeared to be fairly free of complex structure.
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3.0 COMPARISON WITH OTHER DATA

3. 1 Small Boat Data

The shock data collected by UL were for the following boats :

• 13 ft 3 in. (4 m) Fisher—Price Utility Boat (Boston Whaler)

• 18 ft 6 in. (5.6 m) Moko Mari ne

• 15 ft 5 in. (4.7 m) Mitchell Utilit y

• 17 ft 6 in. (5.3 m) Thompson

• 34 ft (10.4 m) Webers Cove Cruiser

Figures A—30 and A—33 of Appendix A summarize this data in the same form as the Wyle
data.

The data for small boats obtained by Wyle Laboratories d~ fers from the data obtai ned by Under-
writers Laboratories mainly in two aspects:

• Except for the 34 ft (10.4 m) Webers Cove, the sea states for which the UI
data were obtai ned were muc h calmer than the sea state for which the Wyle
data was taken.

• The Wyle data reflects the duration of the whole shock event, whi le the UI data
apparently is only for a single peak in the event.

The recorded wave heights for the UI test runs were from 8 in. to 12 in . (20.3 to 30.5 cm ) and
18 in.(45.7 cm) wakes for the small boats . Wave heights for the Weber Cove test run were
from two to four feet (0.6 to 1 .2 m) which is comparable to the wave heights during the Wyle
test runs for sma ll boats.

When measuring the duration of a shock event the time interval chosen was that over which the
signal trace appeared to show a definite deviation away from the base line trace . Evidently,
the UL data only measures the widths of one or more particular peaks n the total shock event.
When the UI signal traces are examined, some of the signals could be classif i ed as transient
vi brations .

292~~53 1
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Figure A—3D is a plot of the peak value in g versus the duration time of the forward vertical
pulses as recorded on the UI data sheets. Both the range of the peak values and the peck
duration compare well with individual peak heights and durations noted for the Stamas and
Seabird runs . The Stamas and Seabird duration times for individua l peaks are somewhat longer
than those obtained by UI but are of the same order of magnitude.

3.2 Hatteras Yacht Data

As indicated previously, AMF Corporation also acqui red forward vertical shock data on the
test runs for which W yle Laboratories acqui red data (Reference 1). AMF also acquired data
for additional test runs of the 45 ft (13.7 m) Hatteras yacht . The AMF reduced data are
summarized in Figures A—34 to A—37 of Appendix A . When compared to the Wyle data,
the AMF data indicates slightl y higher peaks and shorter durations . The reasons for thi s are :

• Again, as stated previously, the tape recorder with which the data was recorded
was not sufficiently wel l mounted to withstand the highest level shocks and
keep the tape speed constant . Since it was an FM recorder and the speed varia-
tion was unknown, data on the highest level shocks were irretrievable.

• The AMF estimation of the duration was basedon the A BYC “envelop&’ requirement

in that the duration was estim ated as the duration ofa square wave of amplitude
approximately 70% of the peak acceleration whose impulse (amplitude times
duration) was equal to the actual shock event (f T a(t) dt , where I = duration
of event). The Wyle reduction, on the other hand, measured the total
duration of the shock event and thus could easily be 200 to 300 msec longer
for the some event.

to th above comments, it is to be noted that the data reduction here included
ewenli of levels lower than 2 g where the AMF reduction ignored these events.

- ~a above discussion, it is felt that the reduced data presented here compared rather
-. .duc d data of AMF P
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4 .0 ACQUIRED INDUCED ENVIRONMENT DATA (1975)

Wor k described in this section was directed toward the development of the definition of the
induced environmental factors of shock and vibration on a typ ical recreational boat . Two
boats were , initia lly, se lected and instrumented — an 18 ft (5.5 m) inboard/outdrive and a
16 ft (4.9 m) outboard . Equipment failures resulting from the environment reduced the credibility
of some data collected and entirely prevented other data from being derived. The data analysis
was, therefore , limited to shock and vibration data . The nature of the test equipment fai lures
indicated that further repetition of these tests would also result in failure unless specificall y
designed test systems and recording devices were developed and used . Strai n gage instrumen-
tation and co llected data is available for future work . Figures IV~5 and IV—6 show the two

instrumental boats .
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FIGURE !V-6 . SIXTEEN FT (4.9M) OUTBOARD
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5.0 INSTRUMENTATION

The primary objective for instrumentation was to acquire shock/vibration data for each boat
at three different water conditions . Secondary object ives included strain gage and temperature

data for at least one of the boats . The inboard/outdrive (VO) was considered the primary

boat and was instrumented with shock , vibration, strain and temperature sensors . The

outboard (OB) was instrumented with shock/vibration sensors only. During data acquisition

for each boat, the other boat was used as a safety boat.

5.1 Type/Location - I/O

Instrumentation location points are indicated be low; instrumentation type and reference figures

are indicated in Table N—i .

• Location I - Bow centerline
• Location 2 — Starboard bow at wate r interaction region
• Location 3 — Port gunwcle 1/3 of length from bow at the waterline
• Location 4 - Midship center line
• Location 5 — Aft centerline next to motor mounts
• location 6 - Control console
• Location 7 - Fuel tank - forward plane
• Locati on 8 — Engine components

TABLE IV— 1.

location Shock Vibration Strain C-M Acc . Temperature Figure
1 X X IV-7
2 X X X IV-8
3 X X X IV-9
4 X X X X IV-10
5 X X X X N-li
6 X X
7 IV-12
8 X !V— 13
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FIGURE tV- B . STARBOARD BOW LOCATION - VO
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5.2 Type/location - 08

Instrumentation location points are indicated below; only shock/vibration instrumentation was

installed .

• Location 1 — Bow centerline — Figure IV— 14
• location 2 — Port gunwale one—t hird aft of bow — Figure IV—15
• Location 3 — Midship centerl ine — Figure !V—l6
• Location 4 — Aft position — Figure IV—17

5.3 Sensors

Shock and vibration data were measured by the use of Endevco Type 222 iF piezoelectric

accelerometers . C-M acceleration was measured using Schaevitz Model LSBC39 linear

strain gage accelerometers . The type data measured by eac h type accelerometer are determi ned

by the frequency response of each type as indicated below :

• Piezoelectri c - 2 Hz. to 200 KHz,. -

• Stra in gage - DC to 150 Hz. 
-

Figure P/—18 shows the realtive size of each accelerometer.

Temperature data were measured by the use of 20 gage copper-constaritan thermocouples.

Strain measurements were taken with bi—directional (transverse—longitudinal) one—quarter in.

(0.6 cm) square strain gage pads .

5.4 Processing Electronics

Figure i’/—19 shows the corthined processing electronics package developed for subsystems
data acquisition. Main power was obtained from two 12 volt electrolytic batteri es arranged as

a bi—polar supply. This supply was isolated from the boat electrical system to reduce system

noise caused by the engine.
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peak values of eac h event plotted against the duration are shown in Figures A—5 ,. A—9 ,
A-13, and A-17 of Appendix A.
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Signal conditioning for the piezoe lectri c accelerometers was handled by Endevco Type 2640
charge amplifiers . Strain gage accelerometers each had self—con tained amplifiers . Strain
gage signal conditioning was accomplished by operational amplifiers . The conditioned
signal was recorded with a Lockheed Seven Channel Model 417 FM recorder. The band pass of
the recording system (DC to 1250 Hz.) was the limi ting subsystem of the processing electronics
package.
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When the UL signa l traces are examined, some of the signals could be classified as transient
vibrations.

- 

31 _ 
~1 ~~~~~~~

‘

~~~~~~~~

- -

6.0 DATA ACQUISITION

Exten sive data acquisition was achieved on October 23, 1975 . Severa l attempts to acquire
data were made prior to that date , but due to adverse conditions high credibi Uty could not be
attached to the data . Severe sea—state data acquisition was attempted on October 2, 1975.
The water conditions consisted of waves 6— 18 in. (15.2—45 .7 cm) high with 15 knot w ind .
Shortly into the second run, the recorder failed to operate satisfactori ly. Since t he actual
time of malfunction could not be determined , collected data was disregarded . Figures IV—20
and IV—21 depict data acquired on October 2nd. Water conditions were considered to be too
severe for typical pleasure boati ng, but might be encountered under extenuati ng circumstances .
T~~ factor limiti ng the use of our particular boat would be attributed to operator discomfort
rather than boat instability .

W ith instrumentat ion repairs completed , data was acquired on October 23, 1975, as depicted
in Figures P1—22 and IV—23. Eight data collection runs (each six minutes long) were comp leted
and wave locumentation data was acqui red . ‘Nater condit ions were considered just a bit -

roug her than ideal for pleasure boati ng. Water conditions consisted of 2—8 in. (5.0—20 .3 cm)
chop with winds less than five knots (documented by wave buoy instrumentation , Figure IV—22).
Figure IV—23 depicts typical conditions during data acquisition . The data acquisition program
listed in Section 7.1.1 was undertaken . Where possible, identica l runs against and with the

wi nd were made to determine the effect of different relative wav e speeds along with identical
runs at different boat speeds to determine severit y level of impact as a function of boat speed .
Boat speed was maintained at 43 mph (o9.2 kph), as indicated by radar , except when slow
speed (minimum planing speed) runs were made .
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7.0 DATA REDUCTION

Data reduction was accomplished through the use of a Sigma— V computer with programs listed
at the end of each following subsection . The sample rate and sensitivity for the A/D conversion
was 2000 samples per second at 25 millivolts per g. Four types of ana lysis (leve l count , shock
signature, shock analysis , and power spectra l density) were performed depending on the type
of data . The anal ys is techniques were chosen to address specific information:

• Level Count - describes the count distribution of recorded impacts about a
specified RMS value as a function of sensor location . This ana lysis y ields
transmissivity information wit h regard to location .

• Shock Signature — describes the RMS energy input to the boat structure in the
time domain . This analysis y ields information regarding the energy that must
be absorbed by the structure with regard to time .

• Shock Analysis - describes the frequency distribution of the acceleration
signature recorded by the sensor and identifies predominate frequency
components.

• Power Spectra l Density - describes the power amplitude components of a
system having 50 degrees of freedom that would be required to simulate the
recorded acce leration information . This is normally applied to stationary data
and identifies the power vs. frequency distribution.

Record chani~els No. 5 and 6 were digitized for data reduction . In each case , they were
added to the inverted signal from record channel No. 7. The total amount of reduced data
from each run was limited by available computer storage space and computer time . Record
channel No. 5 was always attached to a piezoelectric accelerometer located at the motor
mount — Location 5. This channel was used asa reference level for all other measurements ,
and, w here possible, is ana lyzed in the identical time domain with record channel No. 6.
Since the graphic display software is particular to the operating system , it is not included in
the documentation.



7.1 level Count

L eve l count ana lysis was performed wit h straightforward level detection techniques . Fifty-six
thousand (56,000) samp les were acquired. Each leve l was detected and compared to the root
mean square (rms) va lue of the total data block (56,000 points) after the data block mean was
subtracted . Io simp lify the presentation , a histogram was developed to disp lay the g leve l in
terms of the rms value . Only those va lues within four times the rms value were included in the
data presentation .

When reviewing the da~a ana lyzed through the “level count ” tec hnique, one must rea lize that
there are two driving forces on the datum sensors . The predominant force is the sk in vibration
induced by the power train system with the ringing of the fiberglass shell , superimposed on this
is the shock information imposed by the impact of the boat strik ing a wave (Figure IV-24
depicts both driving forces) . Since the vibration driving force is at a re lative ly constant level
and is a function of the resonant frequency for eac h subsection of the boat, no transmissibility
information is readi ly avai lable . However , since wave action (shock~ s initiated at the bow

and transmitted aft through the boat, then the transmissibflity of the total structure may be
investigated . To insure that the time frame coincided w ith a shock event , only those shock
signatures obtained from the “shock signature ” ana lysis were used for level analysis. The signi-
ficance of the level anal ysis is that not al! bow impact’s are transmitt ed to the stern and that the
distribution of impacts is greater at the stern .

7.1 .1 Level Count List

The following program is in FORTRAN—IV and requires 3K words of core for operating . It was
deve loped by Wyle Laboratories to operate on a S igma—V computer in System RBM-l with a
symbolic and Fortran compiler. Peripheral requirements include:
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• 1 - Data tape - 120 double packed 16 bit word~/record
• 2 - Scratch tape - program output
• 5 - RAD
• 105 — Card reader
• 108 — Uric printer

~~~~~~ ~0 C~4A RACTER C~ MMENT etM START °F TAPE (2CA ~~
C NRUN~ RUN NUME3~ R IDFNT !~~IEP U3)
C N~~IS T= ~UM~~ R ~F (30 SEC) ~IsTe3R A~ s F~~~ EACH T~ AC~
C SENS. SE~ S !TIvITv I~’4 MV./GC T~~. )ATA TRAC< NL~’iBE~ (1 ~R 2, ~~~~ HALF ~~~~~~D A T A j . ANJ DA T A 2 A RE r E-MUX. TpAC~(9 ~~~~~~iJ ’7 IN j2C ~~~~~ REC~ QCS

C

D IN1ENSI~~\ 90 ,C~ M M( 2 0 ) ,~~A T A 1  (~~0C),~~A T A 2 f 2 C n~DI MENSIeN ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I ’4TE3~ R ~iI 3T,Ti(k~~~IND j
PE~ IND ~
CALL RA DRE ,d (5)
NSTz~ ’+~ 00NRECs CNST/12C )
INDEX ’O
T Ks 2

/

N’4 1ST .1
SENS1Z22 ,5
SE~ S2’25 .0
r~~A D ( 1C~ ,1) NRUN
F~~ MAT( !3)

~EA D( 1  .12) C3MM
12 F~~R~1AT(2OA k)ISKP.N~EC.(HIST.1 )e1

oa io z.t. Is~(P
CALL SKPREC

10 C~ NT INUE
IF (i.lIST,E~ .NNI ST) ?NDEX .1
n~ !TE ( 108,200)NRL)N ,T<

~R!TE C 138s222 C~ MMaNRUN200 F~ RMAT (ji-,0, ’Rt.jN ‘~~T2s ’ TR ANSDL~C~ R ‘.12)
222 F~ RMAT(T20,20A4, jOy, 13)

Ci1EA~1aO.0
ADMEANRO . 0

50 0~ 210 !RECs1,~ REC
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CA LL ~L.FIN (j,~~UFFi,12C )
CALL ST&TLJS ( I s K )
IF K .GT .t) CALL. SKPREC
IF <..iT. 1, ’) < < z < k + i
IF~~<.~iT . i)  G~ T~ 2i1

C:~ 1j~
•
~ I~~1~~12”

M .M+j

~ ~c I—ii .2
S L. 4 s l  K
S Lr4,2 ~UFF1,1
S STn,2 i(

S A~~,j t
~3 LlFFj,j

S S1~~,2 ICT
~)A TAt C ZFLe AT ( ( ) ,,.a7~ /S ENs1.
cATA2 (M )..FLeAT(tCT~,/3u276a/SE\S?
A E A \sA : A \+DATA i (I )

11 D’~EA N$ D~1EA N + DATA2 ( ~~)
110 C~~~ TINI ,E

CALL RA 0 T(5,~~ATAj,j2C,C,+3C.3,+3e~r )
CALL ~AD~ R T(5 ,D A TA ;,12 C,3,+3CC,+3~~

21.3 C~ N1tN~ E

NST.~tREC. 120
C’1EANs3f~’iEAN/FL9AT(NST )
ADMEA r \aA~ MEAN,FL~~AT (NST)
CA LL ~AD~ E~1 (5)4’ 1SL23,O

D~ 60 Ia1’~ 4 O
ALEVCT (!).O .O

6C (~LEVC T cI aO.0
0~ 20 IREC .1,\REC
CALL RADRO(5 ,ARUFF ,120,0,+4O0,+.~~C~
CALL ~A0RD (5,0~~JFF ,12C,Q,+40Q,.4:o~
~~ 21 !s1’12C
Arl5LzAr~9L.(A8tJFF (I ~-ADMEAN)..221. RMSLaR M5L +(OBUFF ( I~ ..OMEAN)..2 C.,

20 CeNI!NuE
352 F0R MAT (3X , 13 )  c’

A M5LaS~ RT (AMS L, ( FL~ A T ( N S T . j ) ) )
C RMSLI C ~‘L~ AT C NST.1.) )

A3L~ Vs4MSL,tO
OGLEV’R MSL, 1.0.
~“i~!TE ( 108a250 ) NST ,t ~MEA N,RMSL,DGLEV

250 F~ ATUiIO,’NUMREP ~F PeINTS ‘,1A/ 1HC~,’~~FAN • ‘.E15.7, ’ ~~S L
lEVEL • ‘,E15.7,1-C.’LEVEL INC~ E.MENT • ,,Els.7)

NC).4 AN ~ 2
~RTTE (2,5Ot) LN,Nr).~AN ,RIMSL,DC~LEv ,At~~L

501 FeRMAT(2!3.3F4p,2)
24 C~~ T IN~,E

29 ; -5 3 1  ~Yj~_-- -.~- -——-_____



CALL R A t D R E A ( 5 )  V V

D& 30 IREC~ 1.NREC
CALL RA0RD(5,A~ UFF ,12OaQ ,+ l+OO .+4Jr’~CA LL ~AD~ D(5,~~~UFF ,t20,0s+4OOs+4Lfl~
06 31 I~~1.~~l20A 0 A T a ( A B ~ FF( I ) -A Dt ~~A N) / AGL EV
CAT~~(D~ UFF I )-‘)IEAN)/D GLEV
IF( DGLEv .A3S(DAT .GT. ’s.*RMSL H~~ 19 32
I A DA Ts IF IX C ADA T)
ID*i~ IF Ix (DAT)
IFcIDAT.NE .0X36 16 25
1FcDA T.E .0,)c~e 16 26
IF(DAT .LT.0)GLEVCT,4.0)=GLEVCT (40)+ls A
IF(DAT.GTsO )GLEVCT’441) GLEVCT (’+ 1.)+1 .

19 27
26 GLEVCT (40 )aGLEVCT (L1.0)e0.5

GLEVC T (’~1 )sGLEvCT (4e 1 )+Os5

~8 16 27
25 IF 1DAT.3E.Q GLEVCr 1.+IDAT z~ LEvrtu~.1..IDAT +1.

IF CIOA T ,LT .O GLEVCTC 4o+IDAT GLF:vrTNo+IDA T )+1.
27 I F C I A D A T , N E . 0  ~~ ‘re ~5IF (A DA T. EQ.0 .  36 16 ~~IF ADAT .LT,O ) ALEVrT (40)~~ALEVCT (..oi+1 .

I F (A 0A T .~~T . O ) A L E V C T ( 4 1 ) $ A L EV C1(~e1) .1..
G6 T~ ‘i.7

46 ALEVCT (40)3ALEVCT (M.0)+0.5
ALE VCT (41) SALEVCT (41. )+0.5

~~ T6 ‘s. 7
145 IF( IADAT .GE .0)ALEVrT (4t .~.IA0 AT )~~ALEvCT (4l.1.+IADAT~~4t.

IF(IA ~)AT .LT.Q)ALE VrT(kQ+1AL )A T )sA LEVCT (4Q+IADA T~ +1..
~7 Ge T~i 31.
32 IND.IREC*120+I.IREr

~oc F9pMAT(1HO, ’P9!~~T ‘,16, ’ HAS A VA L ,~E ~~ ‘sE1 5 ’ 7)
3j C~ N1INuE30 CONTINJE

~Rt1E (10~,351 (3LFVCTCI ),I~~t.80) ~~~ /
~R1TE (1o8,35j) (ALFVCT(I),I.j,~~Q)351. F0 R M 4 T ( / j O ( 2 X , Ej C .~~) )

C~ 600 1~ 81,l60

600 GLE~ C T I ) s A L E v C T ( J ~WR !TE(2) (3LEVCT (h,Is1,160)
IF I’4DEx.E~ .t Go T~
G3 16 50

300 ITE( l0~ a 35 O )
350 F6RrI AT ( j HO, ’ RA D ~‘4R TTE ERRBR - Je~ a~ 9R1ED ’ )

G3 i’6 50
400 ~R !1E(l08,450
~SO F6RMAT (IHO, ’RAD ~R yTE EPR6R • .J63 ~~~R7ED’

G9 16 30
999 RE,W~~ D 2

RETuRN
END
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7.2 Shock Signature

Shock si gnatures were obtained from the acquired data . A threshold of 10 g was chosen to

characterize a shock event . This threshold was required to be maintained for three consecutive
data points before the shock event was used for anal ysis. Prior to testing for the threshold,
the root mean squa re (rrns) of each data point was determined . Once a given shock event was
chosen for analysis, the computer program backed up 60 milliseconds before acquiring th-~
signature to be plotted and then acquired for 150 milliseconds . Since preliminary investigation
revealed that most events lasted only about 102 milliseconds , this assured a full si gnature for
most events .

Fundamental kinematics dictates that :

E
K 1/2 my2

and

v o t  .

where

EK 
= kinetic energy

m mass

v = velocity

a = acceleration

t = time -

.. the kinetic energy of the boat con be approximated to be:

EK 
= 1/2 m(at )2 

.

Since Figure IV—24 is a plot of acceleration versus time, the area under any given geometric

fi gu re can be related to the kinetic energy of the system by the equation

A rea = at = (2E
K

M)1”2



For the case of a dynamic system , M should be considered the effective moss since the momentum
effect has not been considered and the sensor is responding to both skin (vibration) and center
of mass (s hock) information .

If the si gnature approximates a rounded triangle as most do, then the area may be estimated
to be:

Area = base x height = b x h
where h may be replaced by the amplitude A m and b may be replaced by the duration 1. Since

the shock event is superimposed on random vibration noise , the shock event should be projected
down to the base line. It must be remembered when making this approximation, that the dis-
played information is the 1.5 millisecond (2000 samples per second averaged over three samples)

rms va lue of the recorded data, hence everything is displayed in the positive acceleration
direction.

Re lating the energy to the amplitude time information, we . obta in
EK 

= 
~~mT)21’2M

Since the value of M cannot be established, this equation may be written
EK 

= K(A ,,,T) 2

where K is a propoi’tionality constant related to the effective mass at the sensor location .

Through additional studies the value of K can be determined for various types of boat con-
struction techniques .

For comparison reasons, only signatures from Runs 3, 4, 6, and 7 were obtained for analysis.
These signatures are found in the reduced data (App.er~fix IV—B) with resulting conclusions found
in Section 9.0. The computer program list follows in Section 7.2. 1.

7.2. 1 Shock Signature List

The following listing s in FORTRAN—IV and requires less than 6K of words of core for operat-
ing . It was developed to operate on a Sigma—V computer in System RBM— 1 with a symbolic
and Fortran compiler . Peripheral requirements include :



• 1 — Data tape - 120 double packed 16 bit word /record
• 2 — Scratch tape - program output
• 105 — Card reader
• 108 — Line printer

L?IMENSI~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 120~ ,BLFF2 ( 120)UI~~ENSI9N ~UFF3( 1O8o )~~buFF4( 1080)
1 ~~

PM A T ( I 3 a 2 F 1 3 ,2 )
2 ~~R” 1A 1( j 3 F7 ,2 )
3 ~~RM A T (1 i~,1,T9,~~RLd N J MbE,~ ’,I3,10x, IJ A TA TRACK 1-’ ,F6’2,’ 3EC~~ND~~’1lU,~,IT r4RESH8L..t) Er~UALS ‘sF4.1,’ 3’.,)
4+ ~~ RMAT (,,,T2Q,,DATA T~ AC K2’,/)

~~ RMA T 2CA4+ )

~~ RMA T (//,t2C, ’f~ETA~ D TIME • ‘ sF5 .2,  lMS~ C9NOS~,,,

~~IND 1.
.~~IND 2

P
~ .AD(L5,j) N~~~~,Ik,~~TIi1 E.
L 3K :IFIX (dTIME/.5)

999 ~~~A0(1,5) L~ L
LALL SKPRE. C
~t.NS~ 25.0
KT5Q
£ F~ NR~ M,~~~.Q) 3~ 

¶6 ICC

~~ 11 I~~1.’ t20
11
1.3 ~~~~ 33 ~j z 1’S

~1•0
LA LL BuFIN(1,BUF~ 1, 120 )
LA LL.. STATUS(1,K)
(
~
j ¶~ c20,100,9L ) 1<

23 L~~~TIN~j~K t~~~p ( 1 + j

L)~ 30 Isl’120

4’~~ ( I— I. ).~S L~ ,j K
S Lr4 ,2s ~rn,a K
S A~~,j 1

— -5- LM,2 ~UFF t,1 -

S ~T n,2 ICr
La j .
~UFF3CL+M )s 

SQRT ((FLeAT(K) /3.278/SENS).i2)
• ~U FF4+ (L+M )a SORT ((FL~ AT (ICT)/3’278/SENS)s.2)

30 L~~~TINuE

LF (KT.EQ .8) IST.120
~O IsIST ’7~ 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1.L~U T~ ‘ê5

/



~+1 L~~1S~~20
~ LJP~F~J ( L  ) =~~j F~ 3 ( 7~ 0+L )

4 ( L ) : b ~ FF4+ ( 7 ~ 0+L )
C~c~ Ti 1~L~~NT1NLE
K< ~~Ks Z + 1.

L)~ 50 ~ja1 ’3
QQ

~.) A T A ~~ (~J) : B~JFFI4 ( I 13K)
So

1T ~~( 1O~ ,3)NR UN,T IML,T H

~~ t T E( 1O~ . 2 ) ( D A T A 1 ( J ) ,~Jz t , 3 Q Q )
“~~I T ~~(2 ,1 )\~ L)N,TH,T t ~’E
‘~~ 1T~.(IO~~.6) ~T~ ME
‘‘~1 TE i 2 , 2)  ( C A T A 1 ( J ) , . .)=1, 300 )
.
~~1TEC 130 ,4

ITE (1O ~~,2)Cc ~A TA 2C J ),J~~1.,3QQ)A,
~
I1I...(2,2) (OATAc(J) ‘~~~1.s 300 )

L~~~T~~~1J
9~ L A~~I SKPREC

~~ T~ 1C
1.C~ kEAI .\D 1

IR(T f r4 . LE ,9 ) S T e p
~~ T~ 999

~

7.3 Shock

Shock analysis was performed on oil runs where an event detected had a value greater than

~ 20 g’s. Events of ~ 40 g’s were analyzed for particular runs. The computer software was

developed to detect acceleration levels above a threshold value. Once thls occurred, It

tested digita l samples prior to the threshold defection unti l the absolute value of five

consecutive samples were within + 5 my. (.2 g’s). When this condi tion was obtained, the

software then acquired in the forward time direction for 50 ms. This 50 ms. of reduced data

was transferred to computer storage for the performance of various analysis techniques. In

most cases , a sufficient number of events for analysis occurred within the first 30 seconds of

data for each run. The frequency range for analysis was limited to 5 Hz - 1000 Hz arid was

analyzed in third octave increments . Afte r analysis , the resulting output was stored on

magnetic tape for graphic presentation at a later time.

100
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In reviewing the presented data, one must keep in mind how the anal ysis was performed . An
analogy may be drawn between shock analysis and a stee l bar with springs attached . Each
spring acts as a fi lter tuned to a specific 1/3 octave band and permits excitation only at fre-
quencies wit hin the 1/3 octave band. The peak excitation value recorded at the unattached
end of each spring when the connecting bar is excited by the shock signature is recorded as the

amplitude component in the 1/3 octave band associated with the respective spring .

Upon reviewing the data presented in this text , it is noted that the recorded values for station
(6) are much greater than station (5). In order to understand this discrepancy we must consider
the mathemotic technique to analyz ing the system described above .

Definition of Shock Spectrum — The equation of motion of a second—order elastic system (spring—
mass—dashpot) in response to an applied force f(t ) is

;
~

+2w ri~
X + w ; c = f ( f) ( 1)

where u is the undamped natural frequency of the system and E is the damping ratio. The

general solution of (1) is

x(t )~~~~ - f  f(~r)h(t—T)d y + g(x , ~~
) (2)

w here h(t) is impulse response of the system and m is the mass, is the damped natural
frequency given by

ud ~~~~~~ 
— (.~.E.)2 (c is damping coeff icient). -

For a second order system, the impulse respons is

h(t) = e “ ~~~~ Wd
f . (3)

Thus, if we assume that at t 0 , x = x = 0, then
0 0
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V

1 — .~~. (t—-r )
x (t) J . ~ 

n 

- - 

~~ wd(t-T~~1~& (4)

A shock spectrum is defined as the maximum amplitude of response of a series of second o;der
systems of Varying natura l frequencies to a given forcing function f(t) . The response may be
converted to acce leration by multiplication by W

d 
and f(t)/m is a disturbing acceleration; i.e.,

-
~~~~~~ 

(t- r)z (T) e sin
~~d

(t_
~

)dT (5)

and the shock spectrum is a representation of ~ (t)~ max for a range of

App lication to Reported Data — Examination of F igures B—12 through B—55 shows that accelera-
tion measurements at the measuring positions are composed of a dc offset (or a low frequency)
of typ caily 7g on which is superimposed higher frequency components , i.e., Z (t) may be
represented by:

Z(t)= K+Z (t) (6)

w here K is the constant offset and Z (t) is approx imately of zero mean . Mak ing the assump-

tion that ~~0 (in which case ud = Wn) substitution into equation (5) and integrating gives

~~(t) K(1-cosw t)+ f  w Z ( t ) sin (u~~~~~ 
-

which shows that the contribution to the shock spectrum of a dc offset in the data has a maximum
of tw ice the offset .

Figures B—56 through B—83 contain the shock spectra based on the time series (some of which
are) contained in Figures B-12 through B-55 . Station (5) data are represented by spectra which
range from 0.Sg at low frequency to approximate ly 70g at higher frequencies. For Z(t ) which
has peaks in the range IO—20g this is not unreasonable; it shows resonant second order systems
w ith reasonable dynamic magnification factors (Q values) of up to 10.

102
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(Note, at this juncture , that dynamic magnification factor is defined by Q = and s
obviously large for a low damped system.)

Another point worthy of note is that the shocks are not clearly defined wit h a steady decay after
an initial one or two large amplitude cyc les, but appear to have a wide-band random vibration
superimposed on them, thus accounting for the spread of energy over the whole spectrum.

Data from station (6) yield spectra which vary over the range 100 to l 000g and the crux of
invest igation is: are these results reasonable, based on the time series data, or has an error
been introduced in the analysis procedure .

Since we have concluded that station (5) data and results are reasonable, then is it likely that
V station (6) (which is an accelerometer on the hull structure further forward of (5)) should diffe r

by a factor of 100 to 200 from station (5)? The convolution equation (5) is a linear operation,
so the conclusion that a factor of 100—200 of the time series data from stations (5) and (6) is
unlikely must be drawn .

Source of Discrepancy - Having deduced that shock spectra for station (6) are in error , the
next question whic h arises is how or where has this occurred.

In the program which analyzes the data to give shock spectrum the two channels are treated
differentl y in that one has a term XMEAN subtracted from it. This term should be in millivolts .
If it is in error in magnitude or sign, it would have an effect on the results which could be in

the range detected .

7.3.1 Shock List

The following listing is in FORTRAN-IV and required 8K of words of core for operating. It
was developed to operate on a Sigma—V computer in System RBM-1 with a symbolic and Fortran
compi ler . Peri pheral requirements include:

• 1 - Data tape - 120 double packed 16 bit words/record

• 2 - Scxafch tape - program output

• 105 - Card reader

• 108 - Line printer .

-_ _ _ _ _ _ _  _  
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3\J  FF1 (t2O),AUFF3 (26O), JF~ 2~ t~~~~)

~~~~~ 3~jFF5(2 ),t~L~~~4.(1Q3Q)

~IME”~SI~ \ L~ L (20) . 2C0),S (2~~~)1 T’~K (200
)

5.~AT E a 2000.
31 a 1./SRA IE

~EA~ (1~ Ss 9CC) ~~~~~~~~~ \C k A N ,  S~~~~S, ~~~~~~~ x~~EA~~, 3Cr, Ft , FU
9cC F~3~ MAT (A ~’,Ib, 7F 1.-’ .O)

a

~~~~1) a
a

5 K< a KK+1
=

I~ c .3F .2 QQ ) ;~9 T~
IF Q .cKK .LT.FU )~~ T ’~ 5

7 ~R 3 ( K < )
3 CJNI INuE

A~~!TE c1C8 ,9~ o 1~~~ 3 ( 1 ) , I a t , K ~~)
9~ 0 F’iQMAT CS X i .3F13.3~a •0i

~E~it ’-JD 1

~.EA D ( 1 s 9 1 C )  L~ L
~ tO F~~-~riA T c20A ’~)
9~~Q Fi~~~AT c10~ 2 0 A 4 )

“RITE (1oS ,920~ LBL
CA LL SKPREC
KC).4AN a ‘~4CkAN-1
N Cl-IA N a
I FCK C HAN .E t ; . O NC~~AN :1
I-3d a ()
C~ 10 1:1,3

tS CA LL ~LF1~~( 1,3-~FF~ ,1dO)
C ALL STATLIS (t,p( )
IF K . G T . 1)  CA LL SV~ REC
I~~

( ,
~~G r .t )  G~ Tti 1~C~ 10 Jz 1~~12C

K a 2.(J.1)+KC~~A N
S L”.l
S Lri,2
S ST~~,2 K

132 a I~~2~ 1
BUFF3( 192 ) a (F LeAT ( K) ,3 .27 6a- X r1LA ~ ) ,SFNS
KaK +NCriAN

S L’~,t K
S LI-I,? ~UFF1, i
S S1~,2 K

8UrF5 (IB2 aFLeAT K~ /3.2768/SENS10 C~ NTIN LE
K1 !ME a 0

a
20 CeNTI NuE

1.32 •
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

105

_ _ _ _ __ _ _ _ _ _  
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IF ( A ~~~( UFF~~~~~~~~E 1F ESl-f~~~ T~ ~C30 L~~~r i\ ~.E
•

35 Dci +~~ 1a1s26 C

~UFF 5 ( 1) :? U F F s & . ( I +~ 2Q) 4~~ /
•‘0 ~ JFF3( ) a 

~ u~~~~2 ( I ~~~~2 0)
L3~3 T~ 20

E O  C~ NT IN~~• 0 ~~~ .~~~~~~~

I • I~~~C
* I

ES A • 1 . 1 .A B S ( S U F F 2 ( ? ) )
• A~.S(euFF2 (! 1~~)
• AHS UFF2U—2~~

X 3 a A - S ( B U F F ? U - 3~~)
X’e a A~.S(~~U FF 2 (T 3~~)

a S (EJFF2 (! E~~)
IF c \1,LE .A .A\D. ~‘2.LEs A .AN . xR.L F .A •~~~D’ ~~~~~~~~

1 ~~~~~~ X~~.LE.A)3~ T~ 60

j ;~ (I’0Ts 26C )~~ T~ 55

0~

J a I~~+03
IF (J ’ L E .t 0 3 C ) 3~ T’~ 73

C.~ 30 .(aIi1C~ C
a

b U F F 4 ( L )  z~~j FF4 i~ C
~C L a

CA LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
a

70 TI~’~ a •~~6.FLeAT (<TIME)-,0CC5.FL ~~A T(10~~0-I~
P.~~~TE c 108 ,9~ C )  T~~~ESk, TIM E,  ~.iJa

9”C ~ 3~ MA T (I 1CX F1C .b ‘ ‘, 5X ~~~~~~ S E CS ’ ’  ~~~~~950 F~~~~A T (/ 13F 1C~.3)
C S~~ C~ 5P~ CT~ jM CALC~ LA fl&NCALL S C K C S ~ A 1~~j 0,BUFF 2 C t ) a F R ~~,~~~~, l K ? L s ”PNG I -

CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
A~~~!1~~ ( 2 )  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~uR 7T ~ ( 2 )  (F~ 0( !), !~~1aKK )

~~ ITE 2 )  S H < ( ! ) a T . 1 , K K )
2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~R!T~ ( 2 )  c FR~~cf l ,  !.1,<Ic )

~R ITE (2  (THKC! ) , I ,1s<K)

~ND
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S~~~R3~JTINE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C~ M’1~ N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C~~1M~ N ~JF~~5 (2 6 o ) , .~tJFF4( 1380)

13 CALL 3uFIN (1,auFFt,120)
CALL STA T ’J S ( 1 , K , )
~~ T~~120 ,5o ,60)<

20 ~‘..T f - .iE
D’3 30 j at , 1 2 3
K a 2~~(J 1).KC~~AN

S L~~,1. K
S L. 4 ,2 3UFF1,1.s S rA ,2 K

I~3P a I~~2+t
~uFF2 (tB2) 

a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~‘.. a~<i .NCpsA.~
S Ln ,1 K
S Lr~,2S S1,I,2 ¼

3U~ F~~(I )aFL3AT (<~~/3.2768/SE~ SIF 132 .E3.t080 Ge T~ ~U -1~ ‘~

30 C~ NTINuE 
-~~~~~oe rt i 13

~e 0 1-3 2 a C
RETUR N

50 ~~4!)FIL~ 2 ~~~~~~~~~~~~~~

~E~~IND 1.
2

siep
6Q CALL S.cPR EC

0~ T~ 10
END

SU~JRCUTINE s kecK ( DT, NS,RF, HT ,S I , NF. Z T )
CIM ENSI&tN ~F(1, , f r 4 I , 1) ,S I ( 1)
CATA PI /3’t ’~15q27/
RLaS~ R T ( 1 . Q — Z T s 7 T )
T P~I .A TA N C Z 1/RZ)
ce 90 Ia 1~ NF
F~~~Qa2 , Oo P j* H I  C I )

RZ6T~~ Z*FR0T
EZ~ gX P( -ZT. FRCr / R7
CAs (Z~ CeS c R z e T - T l-~

)
CaSEZ~ SIN ( Rz e T )
CCsI.0’CA
C0~ FZ.CeS RZeT+1kCE~ ..CCiF~ 01CFat .0.C~3/ FR0T +2 ,CoZ T * C E

2 9 2 - 5 3 l c ~1~~
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P~~I M A RV  S~~~CK ;ESP’~NSE

X e a o . o
v5”o .O
A C L Iz O .C )

‘~t 
N)( a~~~
IFC’.~x.c.jT.NS Nx~~4S

‘I.? Ci 85 ~.1,\X, N Y
ACL~~s~ F ( K )
A SaA CL2- A C L1
A &.ACL I+Xe

V~~:CD*Ve-CB .Ae

ACLIZACL2

A~~x aA ~ S C A e)
IF(A B X ..Pr~ ) e~E, ES , ~~~~‘

~~ P~~sA EX
8b

C RESID UAL sr’ecK ~ESPeNSE
- I~~~

‘~~a ( v e +z T *x e ) , Rz
Aa~ S Q R T (X e *X e + V ~~*V ’~)
IFC AC-PR )86,86,1

I IFc Z T ) 1 5, 1 5,2
2 I F (x ~~)~~,3,’4~3 P ’ia P t

~~ 1~ l — ~
4’ I F (V ~~/ A e ) 5 ,6 ,7
~ 

Ph4 aA1 A ,\(..X~~/V ~~ ~~
)

P H 3 P I . . p p.4
3~3 T~ 10

6 PkaPI/2.C
I~~ 10

7 Pk IATA N.(4e ,V e )
10 PN.P’I.Tk+TH
11 ~TaPI”Pk12 IF(~.T ) l 3,14,1.
13 A T a W T + F I

G~ T~ 12
14 ‘~1a— ~,T * 7T / RZ

Ae.A~3o~~xp C M T )
IF (AO”OR)86,-~6, IS

15 PR a* e

~ 6 C&N T !N~ E
9~ S !’I)s
99 SE ,u~~

,

~ ND

2 92 -

~~
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7.4 Power Spectral Density

PSD analysis was performed on several runs where data was acquired . A lower limit of 6000
data points was set to insure a good data sample.

The program allows 50 degrees of freedom at a frequency increment of 3.9 Hz. The frequency
range is from 3.9 Hz to 994.5 Hz. Program output is stored on magnetic tape for presentation
at a later time .

As with shock spectrum analysis , an analogy may be drawn to a mechanical system . However ,
in this case we must v isualize the distribution of mean power into 25 frequency bands (two
degrees of freedom associated with each band), and since these bands are constant width , we

must look only at stationary data .

Extreme caution should be used when considering the PSD information presented. The applica-
tion of PSD techn ique for data analysis is used primari ly for stationary data of which the
analyzed data is not . This technique was utili-zed only for the purpose of reviówing the data

for any unique characteristics.

7.4 .1 PSD List

The following listi ng is in FORTRAN—N and requires 8K of words for operating. It was
deve loped to operate on a Sigma—V computer in System RBM— 1 with a symbolic and Fortran

compiler. Peripheral requirements include:

• 1 - Data tape - 120 double packed 16 bit word frecorcl
• 2 - Scratch tape — program output
• 105 - Card reader
• 108 — Line printer

0 IME’~SI3N L3L(?0 ) ,F~~~(512 ) ,S l4 K( 51  , ) , T H K ( 5 1 2 )
CeMMeN ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C3MrIeN 3LFF5 (260),RUFF4CIO8O)
S~ A T E a 2000.
CT • 1./S PA TE
READ C105 , ?00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~930 F3 RMAT (A 4 ,  to ,  7 F,Q .0)

_ _ _ _ _ _ _ _  - 
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-

N • 2’.~
= FL~~A1 (\)
a~~~A T E/ ’~

~~~~ C 1 )  z OF
3’3 5 K ,~z2,5~~2

5 ~~~~~~~ FR~~(<<.1~~+0~
3 Ia l ,5 12

a 0.
T~ K ( I )  a 0.

8 C5NTI\LJE
3.

‘~ - iS ?s0,
X ‘ F A NI a 3.

~4ITE (L8,963) 
(F ~~t ( I ) , I a 1 , N)

9€ 3 F 3 ~~- 1AT ( SX  t 3F l0.3~
1

~EnI NC 2 k ç
.‘E A j (~~,~)1c,) L~ LC A LL ~KPRE

~~3 ~ 3Q’iAT (~~0A 4 ’ I  ~~~, V

322  F3~~~AT C I O X  2 3A .~~)

~.~~I1E t1~~8.92Ci ...~~:
CALL SKPREC

a ‘-.C~iAN.~ -

IFCKC P~AN.E;.-3~ NICHAN ZI
N? a

10 I a l , 3

~3 C A LL 3ijF!~~C1,~~UFF1,I2C )
CALL ST ATUS(1,K)
I F(K.jT.1) CALL SKaPEC
IF(< .uT.1 ) 3~ 1~ ~~
~~ 13 ~

a
~~’i2C

a 2’-Cd—l )+KCHAN
S Ln,1, K
S L~’i,2

~~~~~ K
I~~2 a

~ U~~F 3 ( 1 3 2 )  • F L 6 A T ( K ) / 3 . 2 7 6 8 , S E N S

~
S Ln,1 1<
S Ll-4 ,2 E~UFF1, -t

ST~~.2 K
D~-J~~F5(  1B2).FLeATCK,,3 .2708/SENS

10 C9NT IN~ E
~.TpiE •
ND~ F • 3

20 C~~~TINuE
I~~2 a
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

110



D~ 3C 1a1 i 10 80
IF (A~~~(- FF2 (1)).’~E.THP~~SH)G’~ Tf~ ~~

30 ~~NTI\~..EC ALL T3(~~~F~~2,RMS2,X~WAN2 ,N )
C-ALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C-A LL 13(~~U~~~~~(\.pfl,~~~ S4.,XMEA~~ 4,N)
C~A LL FFTCSS (M I~~JFF 2,0)
CALL FFTCSS(-~-~,~~jFF~~,Q,
CALL ~RSL DY (~~UFF~~,Sr~K,N )
CA LL ?~ESL ~ Y C~~UFF~~,T H K, \ )
C4LL FFTCSSc M ,BuFF2 (~~+I),C )
CALL FF1CSS (M,~~UFF4(\+1)sQ)
CALL P~~SL~)Y BLFF2 N+1 ,S~’K,N )
CA LL PRSL DY( BUF~~4 ( N + 1 ) , T ~~K,N)

•
35 -~~ ~e0 1z1i260

~,.~FF5( I  ) a~ UFF.~41I+820)

~.0 bLJC’F 3 ( 1) • 3 UFF2 ( I+8 20
I F ( N Y ~F . L T . 53 , )  G~! T~ 20

a
• X.’IEAN2,1t

X~1EANI4 a X IEA N4,’T l
~~ S2 S T C ~~~S2/T1_ A M EA N2*xMEAN2)

S~4. S~ RT ( R M S ~~/ T 1 -X M EA 4 4 *xMEA N~~PSDR IS2 • j .

PSDR1S~ a a.
C~ 70 T a 2 ’2 5 6

a FR~~~ 1) . F~~~ ( I - 1 )
a PSCRMS2+ .5.CS~-4K (I)+SHKc !..1~~~.T1
•

70 Cf3~~TI Nu~
~‘~-~!TE (l 0.~

,961 S;IK T ),I~~1,20)

~~ ITE ~jO&,96t ) (I-.~K (I),la1,2C)

~61 F~~~MAT (23Ej3,5)
a ~~1S2/PS3R MS212 a ~~~~~~~~~~~~~

L~~ 80 I’1’256
SPI K C I )  a S~l K ( I ) * T1

~0 Ir~K ( I )  a Tr4 1 ( (I ) * T 2

~~~!TE ( 2 )  <T1~1E,N0~ F,NPUN,TI.4RES~.4

~~ ITE (2) FR~
c’I~~!TE (2 )  SHK
*R ITE ( 2 )  THK

53
~ø 17 1.1,512
S .4K ( I ) a O .

17 T k i ( ( ! ) a o .
X1EANI2~ 3.
RMS2aQ,
X~1EAN4.O.
P M5 ~e aG•
L~ T~ 20

~4sQ F~~~MAT (I lOX F l C .~~, ‘ ‘ , 5X F1O .~~, ‘ SECS’’ 211n)
9S0 F~~~MAT (/ 1.3F 10.3)

END
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~~ 3uTI \E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
t~i~i~~\ F F 1( 12 3 ) , 3 ( 2 6 Q ) ,~~L~~~~ ,1~’~~0 )

Z~~’MaN ~ )FP5 (2A 3 )S LF~~~C 1O8 3)
13 L’~LL I N(1,~~j~ F1,120)

CALL ST ATUS (l,.< )
(~-~3 TJ(2Q,5O,60)K

22 KIIME • ~T I ME+1
D~ 30 .jalsl2O
K = 2~~~J—1J +KCkA .

S L~~,iS — -‘.2
5 ST.q,2 ~

132 = I~~2~~ A
~2 FF2 ( I .~2) a Fu~~AT (<)/3.2768/SEN~SKS< +-NCr~A\

S L- ~,t
S LrI,2 3UFF1,1

K

~u F F 4 ( r B 2 ) a F L 5 A T ( < ~ ,3.2768/sE’ S
IF ( Ic i~~.E3. 1033)3~ T O ‘~3 *SC C ONTI N LE

~~~~~ T~
‘~0 132 = -.~

RETURN
50 E’~ID~~ILrj 2

~ INI.) 2
siep

60 CA LL S~~
p
~~Ec

10 1-0

S~.~~~OU 1tNE P SLDY(~~EAL,PSD,’~1)

O NENSION PSD t ,PFAL 1
I a
A • ~EA L ( 2 )
r~~AL (1 ) a 3’
~ FA L ( 2 )  • 3.
D~ 13 Ja l ,I
INIDP • 2.(j~~1)+3
IND I • INDR+1
AVR a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

) )
a ,~j-.(PEAL ( TNDT )..5.(REAL (!N0T.2,+REAL ( TN DT -2~~~

)
j.3 P30(J) • PSD(j #A V ~ .Av P+AV l .AV I

A’I P a .~~.CR EA L ( T ND P+ 2 ..5 .(REA L( INIr ,~~ + A )
A V I  • .S.~

(
~~EA L( IND,.2)-.5e(REAL (INrt T ~ )
• PSDt~T+1~~.’.AvP*AVR +AV I *A V T

A i R  a • S . ( R E A L C T N 0 ~ +2 ) . ’A )
A V I  • ,5.(-~EA L (INICM )

~SD(I +2) PSD(T+2H .AVR*AV~ +A V I *A V T

~E1uRN
END
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S~~~~3 uT INE TD (RE AL ,~~t~3,X’N,M)
C t - ~tFNS I~~’-. ~E A L c M )
C~ 13 .1’~X MN • ~

4N+ .~EA LcJ )
10 ~ 1$ a

~E1J~~NaND

SJRR~ LJT!NE FFTCSS (\.REAL , INeUT
DI MENI SIeN R EAL CI )
I’JTE3ER ~3LP,FSTEP,~~SEpR,F3STZ,FDK,~~K,F~~S I Z 1

a

~3S!L a
IF C1 N 3U1IE;.Cr~O T~ 150
• ~~ AL (1).r~ F A LC2 )
a ~EA L C l )— ’~EA L C2)

r~~A L (t ) a R i

~~A L ( 2 )  a -:1
• *096/FS S IZ

a 0
SLP • F3S IZ -2
33 160 ‘1L~~a2,(jLp,2
ftP • ~LP+1

a Fpv~+F3.~
IF ( F K , G T .? 04 8 ) G ~ Te 170
COSN • .~,(FK. 1)
SININ • ~~ 2349-~~K)
30 T~ i~~o

170 Cc3SN • ..q(-
~O97.FK)SINI N • n C ~~<~~2 34 7 )

180 INDEX • 2.FBSI7-ILp+2 (
~i• R:AL ( !Lp)+.~EAj  C INDEX )

02 a ~FAL (1L~~).REA I (INDEX)
31 a PE AL C!LP.i )-~~FAL ( !NDEX+1)

a ~~EAL (IL P+1)~~~EA L (INDEx+1 )
T i  • ~2 .cesN-~ 2.s I~.N
PEAL (ILP • R1411

•
TI, a R2.SI,NIN+02 .CeSN
RE AL( IL P+ 1)  a

160 ~E A L( I N D E X+ t  a 11.01
ILP • F3SIZ+2
R EAL ( I LP)  • . ( R EA L C I L P ) + R EA L C I L P ) )
REAL( ILP.i)  a REAL eI LP .Ue2 .

iSO C~ NTI N~ E
F3T EP a FBSIZ- 1
ftP a 2..C32-NPP )
C~ 1-3 ~‘L~~.1,FSTFP
I3~ • 1

• 3
FDK a MLP’!LP
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3:~ 22 I N I C E ~~: 1, \P R
IF ~~~~ .LT,0)~~<:~~< -4.IS~

= 2*iS,~
20 ~- JK

IF (F<.L~~.ML~~~3~ 1”~ 1-:
i i  a 2 k FK + t
12 a

• ~~ A L C I 1 )
• ~EA L ( ! l 4 ’ t )

~EA L (It) • PEAL I2~
~EA L ( 11+1) 2 E A L ( T 2 + 1 )
~EAL(I2) •F~~AL (I241) •

~0 C~ NTI NUE
~~ TEP •

•
F~ S I Z L  a 2*F~ S!7+i

30 F SE p
~ = ~S1EP ~~~

FSTEP = ~.FST~ 2

a C
• 1

t - L p  a
120 ILP =

~0 C0NIT~ Nj~
INDEx • tL.P+~ S~ pR
~~ T~~(& o . 73 , s c , r S ~50 Ri a R EAL CI N DEX)
61 • ~E A L ( I N Ex + 1)
I~~~~ A L ( t \ 3 E X )  • -~1*Cf ~SN+Ct .S INN
~EA L c I N 3 E X + 1 )  • 1.C~ SN-~~1’SI’~N

~0 ~1 a P FA L ( I L~~~+REA ! ( I N D EX )
31 = REALC!LP+fl+~~~AL (I N3EX+1)
S2 a ~~ A L( ! L P) . R EA I.( IN ICEx )
62 = ~EA L (1LP+1)- RFALc!~~~EX+1

~EAL (ILP ) a
kEAL (I~40EX) = P2
kCALC ILP+1) •

• 32
oe T~ 90

70 IF (I-NeuT.NE,o)3e ie 75
RI, a REAL (1LP)+PEA~ (INDE X+I,)
R2 a REAL (ILP).REA, CINDEX+1
01 • R E A L ( I L P + 1 ) - R F A L ( I N D E X )
02 a PEAL (!LP+1)+RFAL (INCEX )
RE A L CI L P ) •
REAL(ILP+1 ) a

• REAL (1~~)EX) ‘ P2
REA L( 1 \DEX +1 )  a

114
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75 ~ 1 • 
REA L CIL P ).REAI (INDEA +1)

• R F A L ( I L P )~~~EA I ( I N D EX + 1 )
Ci a PtAL (TL P+ 1)+~~~AL (TN DEX)
32 a REAL (ILP+1 )-~ cAL (!NDEX )
r~~A L C I L~.fl a

‘~EAL (ILP+1 •
R EAL C IND E X )  a R2
PE A L (INCEX+1) a

90 ftP • ILP+FSTEP
1F ( IL P . L E. ( F B S I L 1 . FS E P R) )G 5  To ~~
MLP • r LP+2
1 F (MLP.3E .FSEPR)G ~ TO 100

•
IF C FK . NE .2C 4~~ 3O T O ~~I3~ • 2
60 19 120 -

“-3 IS.,~ a 3
I~ (~~<.Gr.?c4e8)c~e TO 95
C O SNI a
SIN NI • 20’~9-FK .
IF (I NeuT .NE .0)SINs~ja~~S!NI\
30 TO 120

95 COSN a —~4 (~~Q 97w FK )S INN • M (FK.20447)
IF ( I N O J T . N E . 0 ) S I N N Ia 0!-NI N
30 TO 120

103 IF (FST EP.LT .F~~S I Z 1 1)00 19 33
IF UNOUT .NE,O RET IJ RN

• FOK/ 2
~~J —~ _ -N 4~)

r~~ a -s ~~
a RFA LC2 )+ EA L C , )
a REAL (1 )PEAL (2 )

REAL (1) • R1+PI
~EAL 2 • ~1+3t
OLP = F~ StZ-2
05 110 ~LP~ 2,OLa,2
ILP a 

~LP~~1a F~~+FD~
IF (FK.GT .204Q)GO TS 130
CeSN a

S INN • n(2O’~9~FK)GO ic i4c
130 CSSN a 

~.d 4c 97- FK)
S INN a ~ (FK- 2Q4 7)

140 I~~DEx a 2.FSSI7 .ILP+2
RI, a REALC!LP,.PEAL (INDEX )
02 • REAL (ILP).REAE (INDEX)

a R~~AL (ILp+1).R~~AL(TN3EX +1)
P2 • -REAL.CILP+1)•~ EA L (INDEx+1 )

-
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T I ,  a ‘2 *CO3N— ~~~.5I\N

~EA L ( I L P)  •
RE~ L( I \ D Ex ~ •

• ~2.S INN+32~ Ct~~N
~EA L ( ILP+i) • 31+11

— 1 0  kEA L (I\DEX+1 ) a T1..~~j.ILP a F-BSIL+2

~EALULP a .(QEAL I!LP)+REAL (ILP~~)REAL ( I L P — t )  • ?.e~ F~ L(ILP .1) 
- 

,
- -

2C0 NP~ a Fr3SI Z *2
• FLO AT(\Pp ).2.

DO 210 ILP~ 1,NPR
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8.0 RESULTS

The reduced data (data sheets) from all four types of analyses is presented in Appendix tV— B
(Reduced Data for 1975) of this report . They are grouped according to type of analysis and
may be identified by the title information at the top of each graph. Not all types of analysis
were appropriate to each run, thus wf It not be found for each.
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9.0 CONCLUSIONS

Conclusions drawn from these results will be grouped according to information obtainable
from each type analysis. Due to the lock of data from several different type boats for
different water conditions, these conclus ions are limited in their scope . When considering
these conclusions , one should recall that the data analyzed was obtained for structural members
and does not include C—M accelerations .

9. 1 Level Analysis

The results from level analysis was restricted to low level events (less than four times the
RMS value). Runs numbered 1, 3, 4, 6, and 7 support the expected conclusion that:

• The RMS leve l of induced impact increases wi th speed.

Runs numbered 3, 4, and 6 support the conclusion that :

• The number of impacts increase from point to point along the center line

starting from the stern .

In these cases:

Run 3 31.8% Bow/Stern
Run 4 -31.3% Midship/Stern High Speed
Run 6 36.0% Bow/Stem Low Speed

Since the difference in i mpact counts may be attributed to damping due to the water, one
would expect more damping at low speeds .

Runs numbered 2 and 8 support the conclusion that:

• Low level random vibration occurs on surfaces normal to the water .

This conclusion should be cons dered with the understanding that center of mass acc,Ierotians

are not being considered.
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-9.2 Signature Analysis

Shock si gnature ana lysis agrees quite wel l wit h the results obtai ned from previous work .
Namely that:

• Range of average duration for shock events is 136 to 168 milliseconds;
160 to 200 milliseconds for a previous boat of sli~ 1tl y longer length
(21 as opposed to 17) .

• Very few shock events occur above 12 g; 11 g from previous data .

• Ee/K value of 602 to 690 g x millisecond; 400 to 800 gx millisecond

reported previousl y.

These values were obtained under boating conditions that wou ld be considered representative
of most recreational boating conditions

- - 9 3  Shock Analysis 
- 

-

Information obtained from shock analysis was not very conclusive. Spectra for all events
appeared to fall off around 800 to 900 Hz. Since this was near the edge of the frequency
band for analysis, significance should not be attributed to if wi thout further investigation.

Results from each run show a spectra envelope similar to Figure IV—25 . It is expected that a
difference in spectra from different boats should be seen, but this conclusion can be drawn
only with more data. The spectra for the same run (3) of different magnitude (20 g’s vs. 40 g’s)

supports the conclusion that:

• Shock spectra for a particular boot is independent of the magnitude of

impact for large impact values.

• Acceleration on the structural members of a boat may well exceed 40 g’s.

Further analysis of similar data for different boats could possibly reveal resonant frequencies

for boats leading to information on attenuation coefficients as a function of boot structure .

• 119
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Discrepancies discussed in Section 7.3 could poss ibly be corrected but would require consider-

able further investigation that may not be j ustif iable in terms of conclusive results . Significance

should not be attributed to the reported results from shock analysis of station (6).

9 4  PSO Analysis

Power spectral density anal ysis on stationary data for the most part indicated broad band
random data . Peaks were found at frequencies corresponding to the fundamental first and
second resonance of prop pulses (see Runs 1 and 3). These frequencies were shifted down as

expected at lower engine speed settings. The low frequency peaks of runs numbered 3 ~nd 8
are attr ibuted to the center of mass motion of the boat .

9.5 Conclusion Summary

• RMS level of induced impact increases with boot speed .

• Number of impacts increase toward the front of the boat .

• Low -level random vibration occurs on surfaces normal to the w ater .

• Most impacts are of less than 12 g under normal recreational booting
circumstances . -

• Most impacts last for a duration of approximatel y 100 milliseconds .

• Most values of energy divided by effective mass ore on the order of
400 to 800 g millisecond .

• Shock spectra for a particular boat is independent of impact magnitude for
large impacts . -

• Accelerations on structure members may well exceed 40 g.

• Only dominate frequencies of low level vibration in boot structures are
induced by the prop .
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10.0 RECOMMENDATIONS

Preliminary results of this investigation indicate a vast need for more data. The format for
data acquisition/analysis and presentation is contained herein. Specific recommendations
are listed below :

• Concentrate on signature analysis type presentation for clarity and understanding .

• Data from different type environments for existing boats .

• Strain gage data from existi ng instrumented boats .

• Develop strai n gage analysis format .

• Expand temperature data base .

• Instrument several different type boats.

• Conclusive survey of most popular type boats .

Section VI presents a proposed approach in the form of a cost effective methodology for

acquiring interpolating induced environmentól data.
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SECTION V —

P R E S E N T L Y  A V A I L A B L E  A C O U S T I C  E N V I R O N M E N T A L  D A T A

1 .0 INTRODUCTION

Reported herein are data and analysis obtained through a literature search of available acoustic

data . Data obtained by Wyle Laboratories through their collision research program (Reference 1)

is also included.

2.0 ACOUSTIC DATA

As port of collision resea rch, Wyle analyzed data on other noise studies, inc luding studies

that measured only water—induced boat noise, and a study that measured air noise inside the

human ear at various wind speeds . Wyle a lso measured the noise level of a group of boa ts that

were not represented in the available data base, including cabin cruisers and “hot rod” boats .

2. 1 Sound L evels — B,oots

A major outboard motor manufacturing company measured the sound levels of their 1972, 1973,

and 1974 motors on three different boats (Reference 2). The results of thei r study are presented

in Figure V—i.

In 1973. Wyle Laboratories conducted a cost—effectiveness study for noise reduction of motorboats

for the Environmental Protection Agency (Reference 3). In this study, the sound levels of many

boats were measured from a distance of 50 ft (15.2 m) per SAE J—34 . While this data could have

been used to project the on board noise, it was not done because the projection would not truly

represent the sound level received by a passenger in the boat. The passenger receives a noise

mix composed of three noise components: wind noise , machinery noise, and water noise . The

sound levels measured at 50 ft (15.2 m) will only consist of machinery noise and water noise.

Any projection of this noise to reflect the on—board level would be distorted due to the lack of

the wind noise component . Some sound measurements, however, were mode on the after—cock pits

of inboard moforboats and are shown in Figure V—2 .
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SOUND LEVEL AT - 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

BQAT HP RPM OPERATOR’S EAR COMMENTS

_____________ ________ _______ 

1974 Eng 1973/2 Eng 
______________________

14’ Aluminum 2 4200 86.5 92.0 Measured 3’ from engine
14’ Aluminum 4 4700 85.0 86.5 Measured 3’ from engine
14’ Alumi num 6 4200 85.0 84.5 Measured 3’ from engine
14’ Aluminum 9 9  5100 86.5 93.0 Measured 3’ from engine
14’ Aluminum 15 6000 94.0 93.0 Measured Y from engine

15’ Fiberglass 25 5400 83.5 87.5 Measured 7’ from eng ine
15’ Fiberglass 40 4600 90.5 92.0 Measured 7’ from engine
15’ Fiberglass 50 5600 90.0 89.0 Measured 7’ from engine

17’ Fiberglass 70 5100 88.5 86.0 Measured 8’ from engine
17’ Fiberglass 85 5000 93.0 94.0 Measured 8’ from engine
17’ Fiberglass 115 - 5000 92.0 93.0 Measured 8’ from engine
17’ Fiberglass 135 5000 93.0 98.0 Measured 8’ from engine
17’ Fiberglass 70 5100 88 .5 86.0 Measured 3’ from engine
17’ Fiberglass 85 5000 93.0 94.0 Measured 3’ from engine
17’ Fiberglass 115 5000 92.0 93.0 Measured 3’ from engine
17’ Fiberglass 135 5000 93.0 98.0 Measured 3’ from engine

FIGURE V-i. OUTBOARD SOUND LEVELS (dBA)

(To convert feet to meters multiply by 0.3048.)
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Noise levels of 105 dBA for gasoline engines and 110 dBA for diesel engines were measured at

the after—cock pits according to the test; however , these extreme meosurements did not appear

in Figure V—2 .

Magrab (Reference 4) studied sound levels of pleasure boats for the purpose of establishing

noise criteria. The abstract of his report appears below .

“The noise emitted by recreation ol boats presents the following problems : (1) noise
pollution to bystanders , (2) communication difficulties on—boa rd, and (3) permanent
damage to an individual’s hearing. A noise criteria must be determined firs t in
order to solve these problems .

A noise analysis of various common recreationa l boats and engines was conducted
from measurements taken in the field.

Standard test procedures for taking sound measurements exteri or to and on—board
recreationa l boats were established . The mean value of noise from large , small ,
and all motors were found to be 85.4 , 80. 2, and 82..9 dBA respectivel y.

A noise level of 65 dBA is considered moderately noisy by mos t people. Therefore ,
most all motors emit an unacceptable level of noise to peop le in boating areas such
as lakes, rivers , etc . The problem of communication among individual on—board
recreational boats may present a safety hazard and fog situation where warnings of

- 
danger must be spoken or ships ’ whistles and fog si gnals must be heard . A high noise
level such as 82.9 dBA over a long period of exposure may also be damag ing to an
individual’s hearing. Standard test procedures have been established to measure
the noise level emitted from recreational boats as a first step to help el iminate
the above problems .”

Sound level data from the Magrab report is graphically shown in Figure V—3.

Wyle Laboratories recent ly measured the sound levels from the operator ’s position of eleven

boats (Reference 1). Results are shown in Figures V—4 and V—S . Sound levels were measured

at idle or 1000 rpm, at a comfortable cruising speed, and at full throttle. When averaged

they appear as shown below .

SPEED SOUND LEVELCONDITION (MPH) (dBA)

Idl e 6.2 69.1

Cruise 2 54  82.2

Full Throttle 3.5.6 90.6
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BOAT POW R SOUND
LENGTH HP RPM SPEED LEVEL

(A) ~M H (dBA )

17 Outboard 135 4000 26 82
___________ _____________ _____ 

5500 37 90
16 Sterndrive 130 1000 5 60

2800 22 80
___________ _____________ _____ 

3500 32 90
19 Sterndrive 200 1000 6 65

280C 28 85
3500 33 88

22 Inboard 200 1000 6 67
2800 21 84

___________ _____________ _____ 
4300 30 93

23 Inboard 235 1000 6 72
3500 33 82

___________ ____________ _____ 
WOT* 40 90

25 Inboard 260 1000 7 64
2800 22 78

- 

- 
____________  _____ 

4000 31 90
25 Inboard 200 1000 6 69

2800 20 78
____________ _____________ _____ 

3800 30 88
27 Inboard 600 1000 7 78

3000 36 87
____________ _____________ _____ 

4800 56 99
27 Inboard 470 1000 6 77

3000 28 86
____________ _____________ _____ 

4200 42 92
36 Inboard 660 1000 6 70 

—

2800 18 80
____________ 

-. 
_____ 

4200 25 86
45 Inboard 850 500 6 75

1500 18 84
2250 25 90

• * WIde open throttle

FIGURE V—4 . SOUND LEVELS MEASURED ON ELEVEN BOATS (REFERENCE 1)
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If we consider 73 ciBA back ground noise to be the upper limit for reliable speech communication

while shouting (Reference 2), then reliable speech communication is impossible when running

at crui sing speed or faster.

Two of the boats measured could be considered in the “hot rod” class . They were both 27 ft
(8.2 m) deep—V boats powered by twin inboards operating through stem drives . Both had no

mufflers and, in fact , had exhaust pipes less than one foot (0.3 m) long . Their statistics

appear below .

SPEED SOUND
BOAT HP RPM / LEVEL

- ~M H  (dBA)

1 600 1000 7 78
3000 36 87
4800 56 99

2 470 1000 6 77
3000 28 86
4200 42 - 92

Morgan , et a1. (Reference 5), state that re liable speech communication while shouting is

impossible at a three foot (0.9 m) distance when the background noise leve l is over 73 dBA .

As con be seen from the above sound levels , effective communication is impossible from three

feet (0.9 m) away at all speeds. And, according to Miller (Reference 6), temporary threshold

shift s could occur at all speeds, even idle.

2.1 .1 Water Noise

In 1973, the SAE Sound Level Committee measured the sound level of various boats under

various configurations (Reference 7). A portion of their tests included measuring the sound

level of four boats being towed through the water at their maximum speeds. Each boat was

equipped with an outboard motor. The propellers were removed and the gearcase was faired.

Sound levels were measured at the operator’s ear position on each of the boats. Boat specifi-

cations and sound levels appear below and ore shown in Figure V—S.
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BOAT LENGTH HULL HULL OUTBOARD SPEED SOUND

NO. (FT) MATERIAL SHA PE (HP) (MPH)

1 14 Aluminum 25 25 78.0

2 15 Fiberglass Cathedral 65 40 81.5
3 15 Fiberglass V 65 40 78.5

4 17 Fiberglass Cathedra l 135 46.2 79 .5

37.8 79.4

Although the boat sample was small , it appears as if the water/bull interaction on boats with

complicated hull bottom shapes creates slightly more noise than does the less complicated hull

shapes . However, it remains unknown whether the higher n&se level was due to the hull

shape tself, or the fact that there may have been more wetted surface on the cathedral hulls.

If the results were averaged, one could conclude that the sound level created by the water

noise alone at the operator’s station on a boat traveling at 39 mph (62.8 kph) would be over

79 dBA or enough to mask reliable speech communication and cause te rrporary threshold shifts .

2.1.2 Wind Noise

Professor A.R. Howell of the University of Windsor conducted a study in 1973 for Outboard

Marine Corporation (Reference 8) wherein he measured the sound evels withi n the ears of ten

subjects . The sound was produced solel y by the w ind as the subjects rode on top of a coasting

truck moving at speeds from 20 to 70 mph (32.2 to 112.7 kph).

As Figure V—6 shows, wind induced noise varied from a tow of 88 dBA at 20 mph (32.2 kph) to a

maximum of 113 d BA at 70 mph (112.7 kph). The dotted lines show that the mean wind noise

within the operator ’s ears measures over 100 dBA at 40 mph (64.4 kph). Since many small , open

boats are capable of speeds over 40 mph (64.4 kph), it may be assumed that operators are

sibjected to sound levels of this magnitude from wind alone .
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A problem does exist from the standpoint of applying the data . If one looks at the total
sound levels measured on boats being powered at similar speeds, the measured sound
‘eve l at the operator’s stations are consi derably less than those measurements for wind alone
per the Howell study.

L

This creates many questions. How valid is the Howell data? Are wind—induced sound levels
really that loud to the operator? Howell used a special type of microphone, developed
especia lly for the experiment , which was planted inside the subject’ s ear . The data was
modified somewhat to coincide with what the sound level would have been at the center
of the subject ’ s head if he were not there . Can this data be compared directly to data
recorded on commerciall y available sound measuring equipment ?

Normall y experimentors use wind shields over microphones to eliminate the effects of the wind
passing over the microphone when measuring the sound level on moving vehicles . Perhaps
this isn ’t valid. Perhaps the perceived sound levels on mov ng vehicles are actually quite
a bit higher than we now believe .

This area should be carefully studied since Howell’ s wind—induced noise levels were high
enough to cause complete masking of reliable speech communication, temporary thresho ld
shifts , permanent hearing losses if sustained for a long enough period of time, and possibly
other physio logical problems.

133
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3.0 SUMMARY

Two hundred eleven (211) sound level measurements mode from the operator’s position of all
boats under power and referenced were combined and are presented in Figure V—7.

As can be seen, sound levels varied from 60 ciBA through 102 dBA with a mean of 83 dBA .
According to the referenced sources , a significant number of the data points fell with the
range of sound levels that:

• mask effective speech communication.

• cause temporary threshold shifts.
• contribute to permanent hearing damage.

• may cause other physio logical problems which could contribute to the
cause of collisions .

More startling were the results of the experi ments on wind induced noise levels measured inside
the human ear. If one can accept the results of the experiment as being valid, the noise that
the operator of an open runabout traveling at 40 mph (64.4 kph) hears from the wind passing
his head is approximate ly 100 dBA. Obviously, when water noise and machinery noise are
combined with this, the resultant sound level that the operator actually perceives could be
significantly higher . For examp le, if we have two similar noise sources operating simul-
taneous ly, the sound energy generated by the two sources wi ll combine to give a value
double that which would result from either source operating alone. The resulting sound
pressure level in decibels from the combined sources will be only three decibels higher than
the level produced by either source alone (since the decibel scale is logarithmic rather
than linear) . In other words, if we have two sounds of different magnitude, then the level
of the sum will always be less than three decibels above the level produced by the greater
source alone. If the two sound sources produce individual levels that are different by
10 decibels or more, then adding the two together produces a level that is not significantly
different from that produced by the greater source operating alone.
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SECTION VI —
E X P A N D E D  INDUCED E NV I R O N M E N T A L  D A T A  A C Q U I S I T I O N  P R O G R A M

1 .0 OBJECTIVE

The objective of the data measurement program is to obtain environmental data of subsystems
induced by boats during boating operations in water and during transportation. The data will
be reduced to obtain the characteristics of subsystem environments and to provide exploratory
information of the induced environment . The purpose is for inclusion into a subsystems environ-
ment manual for dissemination and usage by boat designers/builders and ow nerVoperators for
safer boat subsystems and operations .
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2.0 SCOPE

The scope of an expanded induced environmental data acquisition program will include boat
operations (in water) and boat transportation activities . A systematic and logically developed
plan will be designed to generate, to reduce, and interpolate the maxi mum results from
minimum data. The type of data will include:

• Shock/V bration effects — structural , control and instrumentation , and engine
subsystems

• Acoustics (Noise) effects — human element

• Center—Of—Mass Acceleration effects — force loading total boat system

• Temperature effects — as a function of time

• Solvents effects — a function of accumulation
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3.0 GENERA L

The proposed boat classification matrix has 1296 potential categories or cells. It s not feasible

to gather data on this many different groupings. Obviously, some of these cells will be empty

or negligible , thereby greatly reducing the task . It is apparent that the test designs should

be planned to permit the maxi mum usage of the smallest amount of test data through inter-

polation and/or extrapolation. This scheme has two inherent advantages:

1. Economical utilization of smal l amount of data making possible the derivation

of data for a large number of cells.

2. In order to interpolate or extrapolate data, it will be necessary to derive some

multipliers and methods of going between cells. The method and the multipliers

could be used by boat designers/manufacturers to arrive at the environmental

boundaries for specific boats that may not be included in the matrix.

The purpose of providing information on boat/subsystems environmental boundaries is to enable

designers and builders to better evaluate design requirements for boats and associated equipment
and to assist in determing the usefulness of existi ng and proposed standards as well as providing

practical esti mates of boats and associated subsystems life cycles .

Is is obvious that regardless of what designers/builders do to provide more reliable , durable,

and safer boot systems, that ultimate responsibility lies with the owner/operator. No system,

boat included, is beyond abuse and misuse . The boat owner/operator makes decisions that

affect the safety of himself and others almost conti nuously when operating the boat. The

human element is an integral part of boating. In recognition of the human aspect of boating

and its pro neness to certain accident type situations, and with a better understanding of

subsystem environ mental effects , boats and associated subsystem components can be desi gned

that more effectivel y comp ensate for human error and , thereb y , provide a greater marg in of

safety for the boater .

I 39
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4.0 APPROACH

The basic approach for test design is as follows:

1 . Narrow down the boat classes to a feasible grouping.
2. Determ ine those classe s (cells) most desirable for which to collect test data

that will perm it the deri vation of the multi plier factor s:

a. Hold boat class constant and vary the parameter of interest
(e.g., shock level).

b. Hold parameter of interest constant and vary the boot class .

Figures IV— 1 and VI—2 illustrate the two concepts in Step 2 above .
3. Derive multiplier factors to esti mate values for untested cells.
4. Compute estimated values for matrix.

The overal l process is depicted in Figure VI— 3, Derivation of Subsystems Environment Data for
Untested Cells. The proc ess wil l be repeated fbr all parameters (induced environmental
factors ) of interest . This information wi ll constitute the basic data for a Subsystems Environ-
ment Manual as shown in Figure VI—4 .
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AND VARYING THE BOAT CLASSES
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5.0 DATA ACQUISITION

5.1 Approach to C-M Acceleration Data Acquisition

Several tests run at Wyle Laboratories in the past have included C—M acceleration data . This
information is available and will be used as a basis for further testing . Data analysis will
include the measure ment of peak and average induced forces For different water and boat
classes as described in Section 3.0.

5.2 Approach to Temperature Data Acquisition

Temperature data wil l be acqui red for locations within the engine compartment , behind the
instrument dosh and inside the storage compartment . The data will be presented as o tempera-
ture vs . time plot normalized to ambient temperature For as many boat classes as are essential
to interpolate data for the remai ning cells (classes and/or levels of temperature).

5.3 Approach to Shock/Vibration and Noise Data Acquisition

The approach for acquisition of data on shock/vibration and noise is presented in Tables VT— i
and VI—2, respectively. Again, essential cells of data will be gathered and the remaining
cells will be interpolated as explai ned in Section 3.0.

5.4 Noise Data Acquisition

The researched noise data and the noise data which was retrieved under this contract and
described in Section V is not structured to fit into the plan proposed in Section VI. As was
pointed out, the noise must reflect that which a passenger or operator would receive . It,
therefore, must be composed of the three noise components : wind noise, machinery noise,
and water nose . Hence, the data required should be retrieved according to the plan outlined
in SectIon 4.0 and depicted in Figures VT— I , V1—2, and VI—3.

_________________________ - 
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5.5 Other Data

In addition to induced envi ronmental data, other data, material , and information should also
be an integral part of a Boat Subsystems Environmental Manual . All of these have been

discussed in this report and are shown in Figure ‘/1—4 . They ore the following:

• Natural Environmental Effects

• Operability

• Life as a Function of Maintenance

• Boat Life Cycle
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I-

~ To dote no standard tes t prc. :edures have
~ been specified for the acquisition of shock/ The boat should be ooerated at both crui si ng !~ 

2
vibration dato . Shock/vibration data have - ,-.,speed and at maximum controllable speed.been grouped together due to the simi larity

~ of recording instrumentation.

± _ 1 . Piezoelectric transducers * wil l be used to obtain both shock and vibration.
z 2.  Lockheed FM magnetic recorder is adequate for low and medium shock impact , but was not adequate

on high ,hock . Therefore, other alternatives will hove to be worked out .

~ 3. Lockheed FM recorder will be used for vibration data.
4 . ~ ezoe lectri c instrumentation will include a Model 221E accelerometer and an accompanying

Model 26.40 charge amplifier.
U.

~
~ The accelerometers should be caflbroted prior to each data acquisition period. The charge amplifier and
~ recorder should be check ed each day, before and after data acquisition, or anytime the system has

5 ~ b ’ n  disassembled during tests .

H: “~~~~~

Data will be acquired for three different categori es of water conditions (calm, average, severe).
C) ~ Severa l boats having different hull configurat ions will be used in an attempt to distinguish a

~ difference in data du. only to hull configuration. Random data will be acquired during
— ~ transportation to and from the test site . This will be accomp lished through the use of a second

cassette recorder with a random sequence of pulses recorded to trigger the data recorder. The

~ data recorder will be operated remotely by the random program on the ~assette recorder .
I-.

I’

Shock Data — Shock data will be obtained along the hull sections where extreme pressure fluctuations
Z ~ may be expected, i.e., water line interaction region on bottom surfaces. Transducers will be mounted

perpendicular to the surface at the measurement location on the inside surface . Shock data will be
~ acquired at the water line interaction region and also at locations where fuel tanks or radio/navigation

~ Z equipment might be located .

i~ Vibration Data — Vibration data will be obtained from interior stiuctt~res , i.e. , bulkheads, engine
~~ -~~ cover , console. Of particular concern will be areas for the location oi fuel tanks, instrumentation,
~ wiri ng viaduc ts . Thes, data will be obtained by th. same methods employed for shock data . Since
— the levels wi ll not be as high, diff.r.nt transduc.rs w ill be used having different sensitivity values.

z

Shock Data Analysis — Since Ph. data of intsrsst will only include the boat subsystem environment,
no attempt at d.scribi ng tb. wats, characteristics from the data will be mode. Although the genera l

~~ )- water condflions will be described for each data run, th. shock data will be reduced to determine
maximum and av.rag va luis For acc.lesotlon level and shock duration. Data presentation will be

~ in th.form of PS0 plot, along with lnterpretotion.

~ Vibration Data Anoly - ’  — Since vibration Is Hid very closely to engine speed, vibration data will

~ b. Poiren at different valuei of rpm . Once again, P50 plots will be run and correlated with both
rpm and number of prop blod.s .

* Th. frequency component of this data ii .srp.ct.d Pa be greater than 200 Hz;
therefore, strain gag. acceleromd.rs hav, been ruled out .
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Srandard Test Procedures - Peak Pass-by The boot should be brought up to maximum speed ~
~ dBA Levels. The procedure for obtaining as rapidly as possible without inducing bounding, 

~ Q
acoustic data will b. in such a manner wave—sl appi ng mot ion. The side of the passing < ~
that the results will be compatible with boat should come as close as possible (less than

~ data taken in previous studies . two feet (0.6 in)) to the floats .
-aV.,

To perform the measurements, a sound level meter, meter cal ibration and recording mechanism is required.
z The recording mechanism is required because the available sound leve l meter (Model 2203) is not equipped

with a “max hold” c ircuit . The sound level meter should hove a ‘fast response ” mode and an A—weighting
Li ~ network conforming to internationall y agreed stands . The microphone and sound level meter should be

sensitive enough to record an ambient noise level of 45 d8A . The mkrophone should have a grazing
(90°) incidence response that is within + 1 dB to 5k Hz arid within +2 dB from 5 to 10 kHz.

z —
-~ I_z

Z C The sound leve l meter should be calibrated at the beginning and end of each day . It is not expected that

~ ~ the sound level meter will require adjustment each day. However, the calibration procedure will provide
a check to confirm that the system is in working order each day, all day. The batteries should be
checked periodicall y throughout the period of use of the sound level mater.

UJ
l~~

0
- No reflecting surfaces should be with in cit least an 80 ft (24.4 m) radius of the boat . The boat should be
u ~ or iented parallel to the direction of the pass—by boat. The wind speed should be less than five knots if

2 commerciall y ava ilable win dscreens are used. If the NBS windscreen is used , the measurements can be
—~ ~ made with winds up to 20 knots . No measurements should be made in the rain. Three floats should be

~ z placed in a line parallel to and 50 ft (15.2 m) From th, nearest side of the boat . The Floats sho uld be
0 SO ft (15.2 m) apart with the center float ali gned with the center of the boat . For boats driven by
~ engines with a total of 25 hp and less , t he start of the pass-by run should be 100 ft (30.5 in) from either
~ side of t he center float. For boats with engines whos, total horsepower is greater than 25 hp, the start
— of the run should be 200 ft (61 m) from either side of the center float .

z
Va
a
-a

< Microphone Orientation — The microphone should be mounted with its diaphragm parallel to the water
— surface (I.e., the sound level meter should be perpendicular to the water), and five to six Feet

(1 ,5 to 1.8 m) from the surface of the water.
v s Z

5 ~ 2
so

Number of Pass-Bye — The qualifying boot should make fou r (4) pass-bys; two from left-to- tight and
~ two From right-to—left . Th. fo., peak dBA levels should be recorded and then averaged; summed

and divided by Four,
a

Accuracy of Results — The average value of the peak pass—by dBA level will be withIn +2  dBA of
the true mean 95% of the lime .

147
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6.0 DATA APPLICATION

In Section UI, U was shown that there is direct relationship between the environmental
stressors on a subsystem, part, or component and its failure proneness and fcilure characterist ics .
There is, therefore, a strong link between environmental stressors and reliability engineering
and the designer/manufacturer must be capable of looking at them together. Appendix C,
Fai lure Physics and Environmental Stressors, describes the method for providing the design
engineer with another design tool and how to apply it to the design situation .
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APPENDIX A — REDUCED DATA FOR 1974

Appendix A contai ns the shock duration data for several categories as follows :

• Figures A—i through A—25 Smal l boats data

• Figures A—26 through A—29 Hatteras yachts data

• Figures A—30 through A—33 UI data

• Figures A-34 through A-37 AMF data

The analysis of this data was presented in Section IV, Paragraphs 1 .0 through 3.0.
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APPENDIX B — REDUCED DATA FOR 1975

This appendix contai ns data sheets derived from the data retrieved in October, 1975, using
the 18 ft (5.5 m) inboord/outdrive test boot . Section IV, Paragraphs 4.0 through 10.0 provide
discussion of the instrumentation types, locations, data reduction and analysis.

The data were derived from two channels (5 and 6) taken in seven runs (1, 2, 3, 4, 6, 7, and 8).
Channel No. 5 was always located in the same position in the aft position next to motor mounts
and channel No. 6 was moved to one of four locations as shown in Figure B—i .

Table B—i identifies the number of the test run, the location of channels 5 and 6, the speed
and rpm of the boat, and general water conditions that prevailed during each run .

There are 82 data sheets contai ned herein that constitute the record of 1975 data (see Figure B—2).
These are as follow :

• Level Analysis — Pages 8—5 through B—i 1

• Shock Signature — Pages B—12 through 8—55

• Shock Analysis — Pages B—56 through B—83

• Power Spectral Density — Pages B—84 through B—86

B—i

2 9 2 - 5 3 1  (1 9 1)
-. -- £ t .
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APPENDIX C — FAILURE PHYSICS AND ENVIRONMENTAL STRESSORS

At this point in time, the impact of both natural and induced environmental facto rs on the

boat syste m and il-s assoc iated subsystems has not been determined . Physics of failure programs

over the past 15 years have revealed the many poss ible mechanisms of failure in diffe rent

t ypes of parts. The major modes , mechanisms , and activat ing causes may be summarized as

follows :

1. Failure modes

1. Short circuit 7. Structural fai lure
2. Open circuit 8. Stri pped gears
3. Loss of function 9 . Frozen shaft s or beari ngs
4. Reduced contro l 10. Ruptured accumulators
5. Conductiv i ty change 11 - Punctured diap hrag ms
6. Arc —over 12. Broken mo unts

2. Mechanisms

1. Bond fai lure 9. Leakage
2. Conducto r open 10. Outgassi ng
3. Phys ical wear 11 . Evaporation
4. Material migration 12. Chemi cal reactions
5. Material failure 13. Corrosion or electro lys is
6 Physical growth 14. Crystal structure change
7. Volumetri c absorption 15. Fatigue rupture
8. Dielectric rupt ure 16. Cold flow

3. Act Ivating causes

1. Operational stresses 6. Flexure fatigue
2. Environmental s tresses 7. Contam i nation and deposits
3. li me facto rs 8. Foreign inclusions
4. Emergenc y operat ion stress - 9. Maintenance damag e
5. Mechanical resonance 10. Secondary i nduced failure

4. Operational stresses -

1. Electric current load 7. Corona
2. Volt age stress 8. Checkout stresses
3. Induced charges 9. Storage degradat ion
4. Transient surges - 10. Surface damage
5,. Radiant energy 11. Mishandling
6. Mechanical load 12. Forces of nature

- -_ _ _ _ _  _ _ _ _  _ _ _ _  - -- 

- .



5. Environmental stresses

1. Heat 6. Humidity
2. Vibration 7. Ambient gases andvapors
3. Impact 8. Pressure
4. Thermal shock 9. Surface deposits
5. Acceleration

6. lime factors

1. Duty cycle 4. Stress waveform
2. Stress sequence 5. Environmental profile
3. Repetition rate 6. lime degradation

The subject of this document is primari ly concerned with the environmental extremes that boat

subsystems operate w ithin. Therefore, there is no attempt to discuss failures due to overloading,
as in the case of an electrical component, or overstressing a mechanical or structural part or

member, as in the case of overstressing an engine . These are areas that manufacturers of

mari ne hardware and electronics should be well aware of and know how to handle successfull y.
However, it is the area of environmental stressors , in addition to the operational stressors ,
that must be accounted for in order to design and manufacture sea—worth y equipment .

It is well recognized that the failure rate of equipment, parts, subsystems, and systems is

directly proportional to the amount of stress applied. The designer must recognize the level

of stress (all sources) and design accordingly. It is for this reason that knowledge of boat

subsystem environments is essential .

There are many good sources of failure rate data. The following five sources are indicative of

the availability of this type of information:

1. Prediction of Field Reliability for Airborne Electronic Systems . ARINC
Research Corporation. Publication No. 203— 1—344 (December 31, 1962).

2. Reliability Stress Analysis for Electronic Equipments . MIL—HDBK—217
(December 31, 1961).

- 
- 3. Earles, D.R. and M.F. Eddins . Failure Rates . AVCO Corporation (April ,

1962). (An updated version appears in Proceedings, Ninth National Symposium
on Reliability and Quality Control (January, 196 3).)

-. _ _ _ _ _  
__
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4. Bureau of Naval Weapons Failure Rate Data Handbook. U.S. Naval Ordnance
Laboratory . Corona, California. (Available only to qualified contractors and
governme nt agencies.)

5. Reliability Prediction and Measurement of Shipboard Electronic Equipments.
Vitro Corporation. Report No. 98 (Apri l 15, 1957).

Failure rate data is compiled from various sources where the item, component, or part (or parts
of the same type) has been used. It is then “stripped,” so to speak , of its stresso r effects .
This data is normally referred-to as the generic failure rate . When a population of items is

exposed to operation under a nominal rating, it exhibits the nominal or generic failure rate .
If the operating stress level is increased, the failure rate increases . If the operating stress
level is decreased, the failure rate decreases . There is not , however, necessarily a direct
correlation between the two and there are , of course , except ions to the rule. Figure C—i

illustrates the effect of a constant stress level applied to the classic failure rate bathtub curve .

KA and K E represent modifi ers of the generic failure rate for what is known as application

stresses and environmental stresses . Application stresses are the stresses created by the manner

of applying an item in a system (mechanical or electrical) for the direct accomplishment of an

operation function. Environmental stresses (or stressors) are the stresses induced in an item due

to operation in a surrounding environment .

A component, part, item, or system fails when stress conditions or individual stresses exceed its

strength . In most component lots, there are a few initially weak , substandard specimens that

will naturally fai l at much lower stress levels than the rest . The mechanism of early failure

is the unpredictable sudden stress levels and accumulations external and internal to the component

beyond the component design strength. Because of deterioration of strength with time or cycling,

there is an increase in failure rate (generally at an exponential rate of increase) in what is

commonly called the wear-out period (see Figure C—2).

A designer of shipboard equipment (components, parts, subsystems) can utilize the failure rate

data available to determine whether his design will sustain the environmental stressor extremes

or to what level of stressor or stressors it can be expected to survive . For this type of equipment,
the main stressors will he shock/vibration, heal, and humidity. The design engineer would

C-3
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need to adjust or correct the generic failure rate for the stressors the component would be

ex~ected a face . The correction factors generall y take the form af an equation similar to:

= A G 
. (l<~ . K2

. K3 K )

where X A is the adjusted failure rate, A G is the generic failure rate and K1, K ,, K. ... K
n

are correct ion factors for various stressors .

The literature pertaining to failure rates , previously cited, contains some adjustment factors

that would have cpplicabilit y to any industry, boat industry being no exception .

The subsystems environment testi ng program, while not a true reliability problem, none the less

presents a “quusi—celiobflity ” problem . The program described in Section VI for retrieving test

data , if imp lemented , could enable the derivation of directly applicable adjustment factors .

A General Electric document (Information for Reliability Prediction, Revision 1, 30 Sep 1964,

-A SD—R— 05 —64— 2) presented a concept for synergistically combining various environments that

affect an item into one factor. While the concept presented is only apaiicable to space vehicle

environments , a s milar matrix could be derived for the boat system,’subsystems environments .
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