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SECTION I - INTRODUCTION AND SUMMARY

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 seemingly dis-

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

ment, entitled "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 information on boat /subsystems

operational environments, it is felt that this document will usefully 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 | of this document summarizes the main sections and
provides a cursory review of the parameters, constraints and results of the

directed work effort.

Section Il - Literature Survey of Existing Environmental Data, delineates the

literature examined and defines its applicability and usefulness to the overall

* program purpose .

Section IIl = Subsystems Environment-Classification and Specification, documents
the rationale, interrelationships, and supporting considerations leading to the
detailed identification and classification of boats, subsystems, and environmental

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,
collection methods, analysis/reduction techniques, comparison with "other"

experiments, and recommendations are also discussed.




Section V - Presently Available Acoustic Environmental Data, summarizes
available data on water, wind and engine noise; and presents the results of a
variety of experiments performed by Wyle and others which lead to further

questions regarding experimental conclusions.

Section VI - Expanded Induced Environmental Data Acquisition Program, presents
a methodology and specific approach for acquiring baseline environmental data

prerequisite to developing a meaningful subsystems environment manual .




2.0 LITERATURE SURVEY OF EXISTING ENVIRONMENTAL DATA

Since the beginning of the boating safety nrogram authorized by the Federal Boat Safety Act

of 1971, it has been recognized that a need exists to identify the environment to which

recreational boats are exposed. To this recognized need, literature research 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),

Existing Military Specifications (MIL-STD-8108),

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

in addition, Wyle's El Segundo Research Stoff'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 extragolated
for defining subsystems environment.

Further evaluation is required on existing natural environmental data to
establish suitable criteria which are compatible to boating operations.
Further effort is required to acquire and to compile usable, induced
environmental data applicable to the definition of combined subsystem

environments.

292-5381 (7




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.unment in general is related to geographical
location; induced environment is 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 determine possible boat classifications.
A reasonable class is one that will contain a sufficient number of boats to produce meaningful
data. A tentative 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 engine outboards less than 16 ft (4.9 m) and the single engine
I/ Os 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

4
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intensity. Natural environmental factors consist of the following:

° Temperature
® Sunlight

) Rain

) Humidity

* Salt spray

® Sand/Dust

3.2.1 Natural Environmental 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 readily available.

Temperature, Precipitation, Sunshine and Humidity — Figures III-4 through [II-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 precipitation 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.




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 follaws:

® Lateral acceleration - Lateral acceleration of the center of mass of relatively

small boats (up to 18 ft (5.5 m) in length) indicate peck values of 1.5 ~2.0 g

in emergency maneuvers with average values for sudden maneuvers of 0.8 -
1.2 g. It con be expected that larger boats would have values decreasing from

the above as boat length (and weight) increases (speed decreases).

) Noise - Wyle Laboratories recently 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 i 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 while 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 analysis, significance should not
be attributed to it without further investigation. Results from data obtained
show a spectra envelope depicted in Figure I-1 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.

y
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Power spectral density analysis on stationary data indicated broad band random
data. Peaks were found at frequencies corresponding to the fundamental first
and second resonance of prop pulses (see Figure I-2). These frequencies were

shifted down as expected at lower engine speed settings.

A study of shock/vibration and noise environments 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 engine. This sample only shows the temperatures achieved for the points
after 15 minutes of continuous operation of the boat at maximum speed. The

temperature at these points was as follows:

1.  Valve cover - 152°F 67°C)
2. Oil pan ,_ = 157°F © 65°C)
3 Exchange riser - 122°F - (50%¢)
4.  Exhaust manifold - 152°F 67°¢)
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
excursion 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 varying degrees of intensity. Figure -3 illustrates the factors of both environments
4 that potentially offect 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 that the 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

¥. 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
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SECTION II -
LITERATURE SURVEY OF EXISTING ENVIRONMENTAL DATA

1.0 INTRODUCTION

Since the beginning of the boating safety program authorized by the Federal Boat Sofety Act
of 1971, it has been recognized that a need exists to identify the environment to which
recreational boats are exposed. To this recognized need, literature research to centralize

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

undertaken.,




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 meteorological 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 perforrﬁance of cbmponén.fs to the induced environments of acceleration, shock and
vibration can be verified in two ways. The first approach is to test a component to its

specified 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 determine the design safety factor.

This section summarizes the results of a literature survey on applicable data related to
subsystems environment of small 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 (197 3-74)

The Coast Guard, through their collision research program, had obtained applicable acoustic
(noise) data. In connection with that project's work, o literature search and survey was
performed. Pertinent data/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

the end of Section V and not repeated in this section.

—



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 simulations 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:

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 effectively by direct measurement rather than

extrapolating data from other types of hardware systems.

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, acceleration, and noise,
and meteorological data, combined or total boat environmental factors can be
established for various boating operations. Such environments can be specified
in cycles which define the type of natural and induced environments to be

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

The American Society for Testing and Materials (ASTM) Standards provide
general test guidelines. While they do not have specific, direct applicability
to the boat subsystem environment, they are valuable references that should

be consulted when designing environmental tests for boats and susbystems.




MIL-STD-810C (March 10, 1975) contains various environmental test methods.
With modifications, some could be applicable to boats and subsystems. Those
with potential applicability are:

® Method 501,
™ Method 505.

High Temperature
Solar Radiation (Sunshine)

— o —

e Method 506.1 Rain

o 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 (Immersion)
° Method 513.2 Acceleration

° Method 514.2 Vibration

) Method 515.2 ‘Acoustical Noise

e Method 516.2 Shock

MIL-STD-810C describes general effects, procedures (alternative methods),
apparatus, instrumentation, and miscellaneous other test specific items.

While this document provides clear test procedures for the listed environments
(and many others not opplicdble to the boat and/or subsystems), the undertaking

nts from instrumented boate in

of these types of tesis in lieu o
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 testing specific components of a boat subsystem, such as an

engine, would not be feasible.
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SECTION III -

SUBSYSTEMS ENVIRONMENT -
CLASSIFICATION AND SPECIFICATION

1.0 INTRODUCTION

In order to derive reasonable judgments about boats versus their environments, some logical
attempt should be made to categorize the boats into classes based on common characteristics.

It is readily apparent that there is o 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
b 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 characteristics initially used to define

the various categories are the following:

) Propulsion System Type
° Length

® Weight

° Hull Design Type

° Hull Material

® Boat Type

Propulsion System Type - A boat to which these environmental specifications apply is typed

according to its power system, such as:

s Inboard

® Outboard

' Stern Drive (I/O)
° Water Jet

Length - The length (L) of a boat can be classed according to existing USCG practices:

o L< 16t (4.9 m)
° 16 ft (4.9 m)< 26 ft (7.9 m)
® L>26ft (7.9 m)
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Weight ~ Although the weight (W) of a boat 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< 400 Ib (181.4 kg)

o 400 Ib (181.4 kg) < W < 1500 Ib (680.4 kg)

° 1500 Ib (680.4 kg) < W< 3000 Ib (1360.8 kg)
° W> 3000 Ib (1360.8 kg)

Hull Design Type - 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 primarily 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.

23
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Tables III-1 through I1I-4 have been prepared as samples fo 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 contain 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; therefore, 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 III-1, 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-
taking requires 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 cbove described process for deriving boat population densities based upon

selected categorization, Wyle derived Tables I1I-5 and III-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 i mprecise categorization. Although some of these results
| could possibly be in error, Table III-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 III-1 through IlI-4 and their subsequent population densities,
Tables III-5 and IlI-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.

24
292-53]




95" 0 Aq A|dyjnw swoiboj1y o4 spunod poauod o

POOM - aM

wouwoly -y

o1ysDjd PadIOjuIaI-IaqgIy ~ Y4

870E "0 Aq A|dyjnw s194ow 04 4934 413AU0S O) c *aN39T
000€ <
VR = it (4 92<)
00S1 - 10¥
oov s
000€ <
ﬂa.w 000€ - 10S1 W9z >4 91)
" Ad 0051 - 10¥
ﬁa 0¥ s
000€ <
000€ - 1051
0051 - L0¥ « (4 91>)
0ov s
ami1y | ditaml 1vidad| aml 1v[duslam] 1v] a¥af aml1v]dya] aml 1v]ans Jam [1v ] ausf aml v ]esafam]7y Jaus
3SIN¥ | N3O [1nosvNny | ¥3sined | N3O - [1noswvnny | wisinid | N3O | mnosviny EM_N; _Mwuw
IV¥QIHLYD 33A

1vid

SW31SAS NOISTNdO¥d Q¥IVOLLINO HIIM SLVO9 TYNOILYIYOIY JO4 SINOOILVYD "L vl

25

292-031

o




POOM - M
wouwnly -y ,
96y 0 Aq A|dyjnw swoiboj1y oy spuncd yiaauod o) 2HsO|d padiojuldi-iaqld - d¥d m
8Y0E 0 Aq A|dijnw s1a40w o4 Joay J13AUOd Of % :aN3ION
000€ <
000€ - 101 (4 92<) / _/V
0051 - 10¥ N
0o¥ >
o
000€ < o
000€ - 1061 (492 >4 91) uwn
-
- 0
ey bi‘#m 0051 - 10¥ 2
’5;. 00¥ S »
(A ]
000€ <
000€ - 1051 «(391>)
0051 - 10¥
oo >
am| 1v |dud] am| 1v|dus] am] 1v [aafam| 1v[daafam ] v [dua] am|av [duafam v [dua] am]| v [asafam [1v]qus
¥3SIN¥D NadO  [1nogvnny | ¥3sined N3dO  |inosvnny | ¥3sin¥d N3do  |inogwnny L%_w ﬁwﬂﬁ
V14 TVAQIHIVD A " =
SWILSAS NOISINdO¥d QIVOENI HLIM SIVOS TYNOILVI¥DIY 304 SINOO3ILYD “Z-11l I18VL




POOM - aM
wouwnly - Y
9ESY 0 Aq Ajdiyjnw swoiboj1y o4 spunod jisAuod o) ., JUsD|d padsojulai-iaqly - dyd
8Y0E "0 Aq A|di|nw siagow o4 498y y19AUOD O 3 ‘AN3OIT
000€ <
000€ - 1051 (4 92<)
00St - tOF
00¥ >
000€ <
000€ - 1061 (492 >490)
%ﬂm_ 00S1L - 10¥
) ¥ 00
000€ <
000€ - 1051 «(H9ot>)
0051 - LO¥
00¥ >
M| 1V [d¥d] GM| TV |d3d JAM | TV | d¥JIAM | TV [d¥d] aM ] TV |d3d | AM dY¥IJAM | TV | d¥IJaOM | TV |d¥JJaM | TV] d¥d
33SIN¥D N3dO INOAVYNNY | ¥3SINAD N3dO INOYVYNNY | ¥3SINYD N3dO INOIYNNY «+ (87 HIONI
1v1d TVHGIHLYD TIA ST o

SWILSAS NOISINdOY¥d JAINA NYILS HLIM SIVOE TVNOILYI¥DIY ¥O4 SINODILYD “e-lil 318Vl

27

292-531 (33)




9€St "0 Aq Ajdyjnw swoiBoyiy o4 spunod pizauod oy
8Y0E 0 Aq A|dujnw s1ajew of 4934 419AU0D 0)

¥¥

Poom -

E:CmE:_< -

am
v

dUsD|d padiojuIaI-IaqLy - dyd

AN3IOT

000€ <

000€ - 1051

0051 - LO¥

00 >

o

(43 92<)

000€ <

000€ - 10St

e

1)

ﬁr‘;ﬁ

00SL - LO¥

007 >

(4392 > 491)

000€ <

000€ - 1051

00St - 10¥

00¥ >

«A: 91 /v

AM | TV | d¥4

am

1V |d3d

am| v |d¥d

AM| 1V |d¥d

aM | Tv |dad

am| 1v|dad

am |1V [d¥d

am

v

did

am| 1V |dy4

J3SINYD

N34O

1NOIVNNY

33SINYD

N3dO

1NO9VYNMNY

¥3SINY2>

N3dO

1NOTVNNY

1v1d

TVAIHLYD

33A

«x (87)
IHOIIM

HIONI
/551D

SWILSAS NOISINdO¥d 131 ¥ILVYM HLIM S1vO8 T¥NOILVIYDIY YO+ SINOOILVD “¥-11I 318VL

292-9531




wir CARDRAL 7Y
- o wrneon | omn | coasie | wwmeon] o | coresre | ermnow [ ome | Troees |
bd LY bl Uit LN b il KLY Kl L4 L o) DA LA b i L8 A (L L8 ] d R ] ] Y
et B o e
vee VU ‘‘‘‘‘‘ "wAt i i
CINTRE o wpneour [ o T crusen [ mmiam ot | comsit [ apiaw ont | cenae 7
uNcI am R FIRU [ TR [ | FTAT T A v L 8 ,n,__t[ ~rJ
= I TIT REREREEN B
vt TANHOAL
it oo wweon [ on Conser_ | mmmanowm w | comsin | - s
' e LYY Ll L WFYRU VA | TR AT [W0 |7 aF) Ri 70 o [KUTVA: ) 6 RV 770 g [~ [ = & =
Ea RN FTT -
Vit CANRDRAL _'u
n wasaa | woameou [ o Constr_ | mmancn ] ont <wng =
R [9 | FY AT | TP 94 [ TP XL T 77 AL PR [ RFTRT [ PTG ok Farns] | - - -
P HAH A HH- : 1296 POTENTIAL
T o T / CATEGORIES

TABLES III-1 THROUGH I11-4




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

POTENTIAL
TEGORIES

CATEéORIZED BOAT POPULATION DENSITY

d@h
e FIGURE I1I-1. BOAT POPULATION
DENSITY BY CATEG ORY
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. Electrical Subsystem = This is the entire assembly of all electrical components,

wiring and electrically operated devices.

® Ventilation Subsystem = The ventilation subsystem consists of all hardware

associated with engine compartment ventilation - blowers, vents, and cowls.

° Instrumentation Subsystem = The instrumentation 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 ali

of the items contained in the other five subsystems.

The boat as a system can be viewed as a complex of interacting elements grouped and organized
into 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 I1I-2. By operational ability is meant the ability of the boat to operate/
perform as designed. In this diagram, subsystems SS1, 552, SS3, and 554 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 boat will not operate or will not operate to its fullest

capability. Subsystems SS_ and 556, ventilation and instrumentation, while important,

9
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 fo:

the boat system could be expressed by probabilities as:

4
Og = & O

i=1 i
However, safety is, also, an important parameter which needs to be included in the model.

Figure I1I-3 hes subsystems 555 and SS6 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 is derived from relicbility engineering theory and practices.
Mathematically, operability can be defined as the probability of no failure of malfunction
occurring during a given time frame when the unit is called upon to perform.
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operations, but faulty or erroneous signals could prevent an operator from taking sofety pre-
cautions in the event of an impending hazard. Likewise, a malfunction 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:
)
U= 2 B

2.3 Operability, Environmental Impact, and Maintenance

Boat subsystems must opercate at a minimum specified level of operability during their useful
lives in order to be considered safe. However, often this minimum level is ot the discretion
of the owner/operator. Therefore, a boat/subsystem lacking in maintenance is often very
susceptible to premature failure in extreme environmental conditions. Figure III-4, Environ-
ment vs. Time, and Figure I1I-5, Operability vs. Time, illustrate the point that an extreme
environmental 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 III-4 represents the environmental conditions to which the boat or subsystem 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 III-5 represents the rate at which the operability deteriorates under the
influence of the environment specified in Figure Ill-4 ot o 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 "
Figure III-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 readily definable. In the aerospace industry, due to the
critical and costly nature of the programs, minimum acceptable level of operability must be

known. In boating, it would be desirable to, at least, know if peak environmental factors
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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 III-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 maintenance 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 III-6 shows three examples of how preventive maintenance
effects the life of a hypothetical device. Figure IlI-6-A is the extreme case of no preventive
maintenance, and the operability deteriorates from the new condition "A" directly to the
end-of-qualified-life condition "B." Figure III-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 IlI-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 "B] ", 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 detecting

the onset of an end-of-useful-life condition, the intervals at which these inspections will be
performed, the measuremenis that will be taken, and the allowable tolerance for each. This
information is required to determine if margin on the end-of-useful~life condition is required

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

We now have the information required to estimate 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 time it will be in service and the environmental conditions to which it will be subjected,
we can estimate the extent to which aging 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 subsystem/boat is in at the time of

the extreme event in order to determine the effect. Therefore, mcintenance 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 is o 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 Environments

The causes of deterioration, performance degradation, and premature failure of small boat
subsystems can be classified according to whether they arise primarily 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 failure of the boat

subsystems,
2.4.1 Natural Environment Classification

The natural environmental factors that contribute to deterioration, aging, and subsequent

failure/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 stressing. 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
variagtions during its life cycle, All recreational bocts 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.
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Expansion and contraction caused by wide temperature variations cause deterioration of

organic ond plastic materials, Discoloration, cracking, bulging, checking and crazing of
plastics, 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. Low 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 swelling 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 electrolytic action between two dissimilar metals. Salt

deposits may build up and may clog or bind moving parts.

Sand and Dust — Transportation of boats 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
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constitute further sources of materials and boat subsystems deterioration and degradation. Also,
a fuel vapor atmosphere is a critical explosive hazard. Therefore, fuel will be considered an

induced environmental factor.

Acceleration — Whenever the motion of the boat deviates 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 when the vessel is executing a tum. These forces 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 generally 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 crossings during transportation can ccuse 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, excessive noise levals can cause hearing impairment in the
operator and passengers, hamper communications, and impede reaction to correct or avoid

hazardous conditions.

Fuel/Solvents — Voldtile fuels, e.g., gasoline, can have two effects: deterioration of
materials with which they come in contact, and creation of an explcsive atmosphere 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

environment.

2.5 Boat/Subsystems Life Cycle

During its normal life, a boat, typically, 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 III-7, Life Cycle Activities
of a Boat System, illustrates the flow for the activities beginning with a new boat and ending
when it is scrapped. The optimization of such a flow is, of course, a function of a number of
varigbles. 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 cycling 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 maintaining a safe boat. It is the transportation/operation loop that a
knowledge of subsystems environments can assist in minimizing failures that could precipitate

in unsafe boat operations.
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3.0 PRELIMINARY ENVIRONMENT SPECIFICATIONS

In this section, suggested formats for data presentction 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 Environment Specification

At present there exists more data for the specification of natural envircnments of recreational
boats than induced environmen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>