» AD-AD38 586

UNCLASSIFIED

DAVID W TAYLOR NAVAL SHIP RESEARCH AND DEVELOPMENT CE=--ETC F/6 13/10
DYNAMIC STABILITY CHARACTERISTICS OF THE USS POINT LOMA (AGDS=2--ETC(U)
MAR 77 N K BALES* E W FOLEY » R M WATKINS

SPD=-764-01 NL




"I" |0 i 2

122
e 12

e

T =
"I"E e

Hizs e mie

|

MICROCOPY RESOLUTION TEST CHART




B Tw
| ( u
i 3 [
: i

N

DAVID W. TAYLOR NAVAL SHIP

% RESEARCH AND DEVELOPMENT CENTER
& QO Bethesda, Md. 20084

DYNAMIC STABILITY CHARACTERISTICS OF THE
USS POINT LOMA (AGDS-2)

by

N. K. Bales
E. W. Foley

"ADA03858

and
R. M. Watkins

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

> e
a- r
O
(i)
t:j SHIP PERFORMANCE DEPARTMENT

— =
e

= O~
March 1977 SPD-764-01

DYNAMIC STABILITY CHARACTERISTICS OF THE USS POINT LOMA (AGDS-

r
Y

O ——-




-

- ot
‘nﬁw; d
L
\ L2 3

i o

e

Anile Sectied
@ sty O

MAJOR DTNSRDC ORGANIZATIONAL COMPONENTS

DTNSRDC
COMMANDER 00
TECHNICAL DIRECTOR
01

OFFICER-IN.-CHARGE
CARDEROCK

OFFICER-IN-CHARGE
ANNAPOLIS

SYSTEMS
DEVELOPMENT
DEPARTMENT

SHIP PERFORMANCE
DEPAI"!TMENT15

AVIATION AND
SURFACE EFFECTS

DEPARTMENT 16

STRUCTURES
DEPARTMENT 13

COMPUTATION
AND MATHEMATICS

DEPARTMENT 18

SHIP ACOUSTICS

PROPULSION AND
AUXILIARY SYSTEMS

EPARTMENT
: 19 DEPARTMENT .
CENTRAL
ATERI
ogpA:rMZﬁi INSTRUMENTATION
28 DEPARTMENT 20

|
|
|
!
|




UNCLASSIFIED

SECUNITY CLASSIFICATION OF THiS PAGE When [iete Fatere !,
5

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

' REPORT NUMBER /‘,‘{

DTNSRDC  SPD-764-01 |

12 GAWY ACCESSION NO.[ 3 RECIPIENT'S CATALOG NUMBER

& TITLE (and Subtitle)

" DYNAMIC STABILITY CHARACTERISTICS OF THE
USS POINT LOMA (AGDS-2),

S TYPE OF REPORT & PERIOD COVERED

—

[ 4 S &
Z Final ;4. t o

6 PERFORMING ORG REPORT NUMBER

Ty ;{U’honr.

~N. K./aales, E. W./Foley aad R. M./ua:kins

8 CONTRACY OR GRANT NUMBER(S

9 PERFORMING ORGANIZATION NAME AND ADDRESS

David W. Taylor Naval Ship RED Center
Ship Performance Department
Bethesda, Maryland 20084

10. PROGRAM ELEMENT PROJECT,K TASK
AREA & WORK UNIT NUMBERS

Work Unit 1-1568-872

11 CCNTROLLING OFFICE NAME AND ADDRESS

Naval Sea Systems Command
Washington, D.C. 20363

12 REPQRT DATE
' Mar n77

OF PAGES

2 (732D SSf

~ - fi
T4 MON TORING AGENC Y NAME A ADDRESS/(f dilferent from Controlling Office) 15 SECURITY CLASS folible-ropbirt)

Unclassified

1Sa DECLASSIFICATION DOWNGRADING
SCHEDULE

6 DISTRIBUTION STATEMENT /ot this Report)

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

17 DISTRIBUTION STATEMENT 7of the abatract enterad in Block 20, if different from Report)

18 SUPPLEMENTARY NOTES

|

19 «EvY WORDS ‘Continue on revarse aide if necessary and identify by block number)

USS POINT LOMA (AGDS-2), Dynamic Stability, Seakeeping

27 ABSIRACT /Continue on reveran aide If necessary and Identify by block number)

The dynamic stability characteristics of the USS POINT LOMA (AGDS-2) are
evaluated on the basis of a model experiment in waves. Two ballast con-

ditions, one in which the ship has no freeboard at the stern and one in which
the ship has 0.6 metres of freeboard at the stern, are considered. For both
ballast conditions, the evaluation is limited to low-speed operation with the
ship's well open to the sea. It is found that the POINT LOMA can become

EDITION OF 1 NOV 65 IS OBSOLETE
S/N 0102-LF-014-6601

DD |jS:M7; “73 UNCLASS'F'ED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




‘ UNCLASSIFIED

| SEJ RITY CLASSIFIATION OF THIS PAGL (Whao Data Fnrered)

/

unstable In some environmentally-reallstlic wave systems when ballasted down
to the zero-freeboard condition. In the 0.6 metre freeboard case, no
instabllity Is found.

x\

i UNCLASSIFIED

SECURITY CLASSIFICATION OF“THIS PAGE’Whean Dare !nlo:od‘




TABLE OF CONTENTS

Page
ABSTRACT . o ol e o s s alar s ad R S sls s !
ADMINISTRATIVE INFORMATION . . .« . .« ¢ v ¢ ¢ v v v v e o v o o 0 o o o s 1
INTRODUCTION . . . . . . « ¢ v ¢ o o o RS e R R e - - 1
DESCRIPTION OF EXPERIMENT . . . . . . . R e L 5 2
THE ZERO FREEBOARD (‘'17-FOOT WELL DRAFT") CASE . . + « v « ¢« v « « & 3
THE 0.6 METRE FREEBOARD (''15-FOOT WELL DRAFT'') CASE . . . . . . . . . 8
BISCUSSION OF RESULTS . v o o slcia & o v o 0 s o s oie o s 11
OPERATIONAL GUIDELINES . . . . . . . . Sl e . 15
CONCEUSHUNSE G S i R i o O e I L G e NS e A s . . 19
RECOMMENDATIONS . - ¢ o o & & o & s « @ = = @ =« o a e e e e s 20
LIST OF TABLES
Table | - Zero Freeboard (''17-Foot Well Draft'') Ballast
CHEraCteriStics . . d v ¢ v o & o @ s & & s 5 & & o & o 5 & @ 22
Table 2 - 0.6 Metre Freeboard (''15-Foot Well Draft“)
Ballast Characteristics . . . . . . 22
LIST OF FIGURES
Figure 1 - Characteristics of the Wave Environment . . . . 23
Figure 2 - Capsizing Conditions in the Context of the
Wave EnviTonment . « « « o « &« o 5 s 5 o % 5 © 5 & & o & + . 24
Figure 3 - Approximate POINT LOMA Transfer Functions . . . . . . . . . v &9




ABSTRACT

The dynamic stability characteristics of the USS POINT
LOMA (AGDS-2) are evaluated on the basis of a model experiment
in waves. Two ballast conditions, one in which the ship has no
freeboard at the stern and one in which the ship has 0.6 metres
of freeboard at the stern, are considered. For both ballast
conditions, the evaluation is limited to low-speed operation
with the ship's well open to the sea. It is found that the
POINT LOMA can become unstable in some environmentally-realistic
wave systems when ballasted down to the zero-freeboard condition.

In the 0.6 metre freeboard case, no instability is found.
ADMINISTRATIVE INFORMATION

The work reported herein was sponsored by the Naval Sea Systems Command.
Funds were provided under Work Request Number NO0024-77-WR70132. At the
David W. Taylor Naval Ship Research and Development Center, where the work
was performed, it was identified by Work Unit Number 1-1568-872.

INTRODUCT I ON

The David W. Taylor Naval Ship Research and Development Center (DTNSRDC)
was tasked to Investigate the dynamic stabillty* characteristics of the USS
POINT LOMA (AGDS-2). The POINT LOMA is a 133-metre long (between perpendiculars)
ship with a stern-opening well and an antiroll tank. Iin the condition origin-
ally specifled for the investigation, identified as the ''17-foot well draft,"
the POINT LOMA is ballasted down to the point that there is no freeboard at
the stern; and the well is open to the sea. Operation Is restricted to low,

e.g., minimum headway, speeds in this condition.

*Heré dynamic stablility refers to the ability of the ship to remain afloat in
waves.

——————

JP—




Subsequently, the investigation was extended to include a somewhat less
severe ballast condition, identified as the ''15-foot well draft.'' In this
condition, the ship has 0.6 metres of freeboard at the stern. Again, evalu-

ation was to be restricted to low speeds with the ship's well open to the sea.

No state-of-the-art analytical techniques are capable of resolving
problems of this complexity, so a purely experimental approach was taken.
The experiment and the results thereof are described and discussed herein-
after. Unless otherwise noted, all quantities are given at the scale of the

prototype as obtained by Froude scaling of model quantities.
DESCRIPTION OF EXPERIMENT

A 1:29 scale model of the POINT LOMA was constructed. The model was
built to sheer and fully appended. The well, well gate, and antiroll tank
were modeled in detail; and the well beach was represented by a permeable
fiber mat. The superstructure was crudely modeled in Styrofoam to reproduce

its buoyant effect during any capsizing events which might occur.

The mode! was ballasted and rigged for self-propulsion in the DTNSRDC
seakeeping basin described in Reference 1. lInstrumentation to measure,
record, and reduce data on waves in the basin and on the pitch, heave and
roll of the model were provided. A video system to provide qualitative records
of the experiment was also installed. Motion pictures were taken in a few,

selected conditions.

The same experimental program was followed for each ballast condition.
Initially, runs were made in low, regular waves at round-the-clock relative
headings in 45-degree increments. For these runs, wave periods from 5 to 20
seconds were considered; and ship speeds were kept as low as possible to
maintain headgay (usually two knots). Pitch, roll, and heave transfer functions

were monitored.

The data base generated by the runs just descrfbed was evaluated to select

critical conditions for further exploration. Wave data from the Hogben and

'arownell, W.F , "A Rotating Arm and Maneuvering Basin,'' DTMB Report 1053
(July 1956)




Lumb atla52 was employed to assure that the wave parameters considered were
viable in the context.of the real environment. Statistics for year-round,
worldwide operation were used. Wave height and period combinations expected
to occur with probabilities of 0.001 to 0.0001 or less were taken as ideal
upper limits. These low probability levels were chosen in view of the fact
that ship survival was at issue. It was, however, recognized that some of
the assigned limits would be unattainable due to the limitations of the
facility employed for the experiment. Cases in which the ideal limits could

not be met are pointed out in the subsequent discussion.
THE ZERO FREEBOARD (''17-FOOT WELL DRAFT') CASE

To represent the zero freeboard (''17-foot well draft'') case, the model

was ballasted to the conditions given in Table 1.

The initial series of runs at round-the-clock relative headings in low
regular waves produced no evident instability, but did define some peaks in
the monitored response transfer functions. The combinations of relative
heading and wave period which produced these peaks were explored in regular
waves of greater steepness than considered during the initial runs. Each

combination so evaluated is described below.

In head waves, a wave period of 14 seconds produced a peak in the pitch
transfer function. This condition was explored for wave steepnesses up to

1/36 (8.5 metre wave height®). No instability developed.

The heave transfer function exhibited a local peak at a wave period on
the order of 8 seconds in all but beam waves. (It is of interest to note in
this context that the length of an 8-second wave is approximately equal to
the length of the POINT LOMA's well.) This local peak was explored in head
waves where it was most prominent. Wave steepnesses to 1/18 (5.6 metre wave

height) were attained, but no instability developed.

2Hogben, N. and F.E. Lumb, ''Ocean Wave Statistics,' Her Majesty's Stationery
Office, London (1967).

*
S| units are used throughout the text. However, Figures | and 2 have scales
in both metres and feet (0.3048 metres per foot); and can be used for quick
conversions by readers who are accustomed to judging wave height in units of
feet.
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The rolling motion transfer function exhibited peaks in beam, bow and

quartering waves. The peak in beam waves, which occurred at a 19-second wave
period, appeared to be the most severe. This condition was explored for

wave steepness of up to 1/72 (7.8 metre wave height) without any instability
developing.

After the investigations in steep regular waves, random wave conditions
were explored. Two wave spectra were used. One had a modal period of approxi-
mately 14 seconds (tuned to pitch resonance), and the other had a modal period
of approximately 8 seconds (tuned to the local peak in the heave transfer
functions). The li-second modal period spectrum was used with significant
wave heights up to 7.7 metres while the 8-second modal period spectrum was
used with significant wave heights up to 5.1 metres. iIn this context, the
14-second/7.7 metre spectrum satisfied the 0.001 to 0.0001 probability of
occurrence limits, but the 8-second/5.1 metre spectrum had a higher proba-
bility of occurrence. The wave statistics employed indicated that 8-second/7.1
metre spectra were expected to occur with a probability of 0.001, but 5.1
metres was the largest height which could be modeled with an 8-second modal

period.

The random wave conditions just described were investigated in head, bow,
and following seas. As a usual rule, 20 minutes of data were recorded. In
bow seas, though, it proved impossible to maintain heading in the more severe
conditions even when ship speed was increased to three knots. So, only 10
minutes of data were collected in this condition. It was thought that main-
taining heading would be even more difficult in quartering seas, so this

heading was not evaluated in the random wave series.

Large amplitude random waves caused frequent submergences of the after
deck; and in the case of 8-second modal period seas from ahead, some water
was shipped over the bow. In following seas, some rolling motion developed.
It is likely, though, that this was due to heading deviations rather than a
true instability. In any case, the model never appeared to be in danger of

capsizing.

No beam seas were included in the random wave series just described because

it was thought that the wave periods for which roll was appreciable were 1likely




to occur only as a result of a swell. The pure swell case was, of course,
modeled by the series in steep, regular waves. To explore the possible
influence of a swell tuned to the natural period of roll in greater detail,
it was decided to generate a bidirectional wave system with one component
representing a 19-second swell (tuned to the natural period of roll) and the

second component representing a wind-generated sea.

The facility employed for the experiment will generate a bidirectional
wave system only for the case of 90-degree opposition between the two wave
components. This being the case, it was decided to make the wind-generated
sea component come from ahead or astern and the swell come from the beam. It
was further decided to use the same 8-second and 14-second modal period wave

spectra used for the random wave series to represent the wind-generated seas.

The model survived the bidirectional wave system with wind-generated seas
from ahead without instability developing. The same was true in the case of
14-second modal period seas from astern. With 8-second modal period seas
from astern, though, a clear instability developed. The model took on an
increasing heel angle down to the lee side of the beam swell. Rolling motion
superimposed on the heel angle caused the leeward wing wall to submerge, and
the situation was worsened by the seas from astern washing over the submerged
wing wall and the cross deck forward of the beach. Ultimately the model lost
stability and started to capsize.

This instability occurred when the significant height of the 8-second
modal period following sea was as low as 4.6 metres and the steepness of the
19-second beam swell was as low as 1/125 (4.5 metre wave height). It should
be noted that this condition does not necessarily represent a unique threshold
for instability as there can be many ''thresholds'' associated with a bi-
directional wave system. (If, for instance, the height of the sea had been
fixed at 5.0 metres, instability might have occurred when the swell had a
steepness of less than 1/125.) On the other hand, the condition does not
indicate that instability can develop in a 19-second swell considerably less
rare than that of 1/72 steepness which was taken as an upper limit. Further,
as was noted above, the 8-second modal period seas were below the environmental
limit even at the maximum significant wave height (5.1 metres) which could be
modeled.




It was decided to explore the following sea/beam swell condition further
by using a wave system which was slightly ''detuned" with respect to the charac-
teristics of the model. For these runs a sea with a modal period of 9.4
seconds and a swell with a period of 17 seconds were employed. The environ-
mental limits for these wave conditions, again for 0.001 to 0.0001 probability
of occurrence given year-round, woridwide operation, are on the order of 8
metres significant height for the sea and 1/60 steepness for the swell. The
facility was capable of modeling a 17-second swell of /60 steepness or more,
but the most severe sea of 9.4-second modal period which could be modeled had

a significant height of only 5.8 metres.

Instability occurred in the detuned condition for a sea of 5.8 metre
significant height and a swell of 1/54 steepness (8.4 metre wave height). The

mechanism was as described above for the tuned case.

All of the occurrences of instability described above took place under
normal experimental conditions. An additional occurrence resulted from non-
standard experimental practice, and it proved to be rather revealing regarding
the stability characteristics of the model. In the course of a series of
demonstration runs, a bidirectional wave system consisting of an 8-second
swell of 1/34 steepness (2.9 metre wave height) from the beam and an 8-second
modal period sea of 2.3 metre significant height from the stern was modeled.
instability occurred. It was found that the model had started this run with a

list of more than 1.5 degrees due to water which had collected inside the

shell during the preceding demonstration runs.

Subsequently, some of the conditions in which instability had been observed
previously were repeated; and it was found that the occurrence of instability
was strongly influenced by small initial angles of list. With the model care-
fully trimmed, the tuned bidirectional wave system (19-second swell from the
beam and 8-second modal period sea from the stern) had to be modeled at a severity
near its limits (environmental in the case of the swell and facility in the
case of the sea) to cause instability. Specifically, the steepness of the 19-
second swell was 1/72 and the 8-second modal period sea had a significant
height of 5.1 metres. By contrast, the model had previously exhibited insta-

bility in the tuned, bidirectional wave system when the steepness of the swell

6




was 1/125 and the significant wave height of the sea was 4.6 metres. During
these previous runs, initial lists of a fraction of a degree had, in accord
with normal procedure in seakeeping experimentation, been englected. Obvi-

ously, though, they were not negligible in the case of the POINT LOMA model.

Some further notes regarding the experimental procedure followed when
the model became unstable are in order. For most such events, the model was
physically restrained when it became evident that a capsize was imminent.
This was done to prevent possible damage to the instrumentation and running
gear aboard the model and thereby allow the experiment to continue uninter-
rupted. Near the end of the experiment, though, some runs were made in which
the capsizing events were allowed to run their full course. Then the model
inclined only to the point at which the superstructure entered the water and
developed a sufficient righting moment to produce stability. The model would
remain in this attitude for protracted intervals, but ultimate capsizing never

occurred.

It is now in order to summarize and, to the extent possible quantify
the results just presented regarding instability of the POINT LOMA model.
Instability was found to occur only in bidirectional wave systems with a swell
from the beam and a sea from the stern. This instability resulted in capsizing
to the lee side of the beam swell. The capsizing events which occurred were
not ''complete' in the sense of the model rolling through 180 degrees. Rather,
the righting moment which was generated when the superstructure entered the
water limited the final inclination of the model to the order of 50 to 60

degrees.

Capsizing appeared to result from combined rolling and heeling and the
associated accumulation of water on deck. The largest total inclination
(combined heel and roll) from which the model recovered was 18 degrees. Heel-

ing was the predominant factor. It accounted for up to 15 degrees inclination.

The wave system parameters which led to instability were sensitive to
small (less than one degree) initial lists. With the model perfectly trimmed,
a severe wave system tuned to its natural frequency characteristics (19-second
swell of 1/72 steepness and 8-second modal period sea of 5.1 metre significant

height) had to be generated to cause capsizing. With the model slightly out




n, nstability occurred in a detuned wave system (17-second swell of 1/54
<teepness and 9.4-second modal period sea of 5.8 metre significant height) and
=~ a 'ess severe tuned wave system (19-second swell of 1/125 steepness and

8-second modal period sea of 4.6 metre significant height).
THE 0 6 METRE FREEBOARD (''15-FOOT WELL DRAFT'") CASE

To represent the 0.6 metre freeboard (15-foot well draft') case, the

mode) was ballasted to the conditions given in Table 2.

The initial series of runs at round-the-clock relative headings in low
regular waves gave rise to no evident instability. However, these runs did
define peaks in the pitch, heave, and roll transfer functions. Pitch transfer
functions were generally similar to those found for the zero freeboard case.
Again, the only evident peak occurred in head waves of 14 second period. In
all but beam waves, the heaving characteristics of the model were similar to
those found for the zero freeboard case, e.g., the local peak in 8-second
waves was again present. In beam waves, though, the heave transfer function
exh'bited a prominent neak = : 9 seconds. This phenomenon had not been found
for the zero freeboard case. The peak values of the roll transfer functions
were 30 to 4O percent lower than in the zero freeboard case, and occurred at a
wave period on the order of 14 seconds as compared to 19 seconds for the zero

freeboard case.

The lower peak value of the roll transfer function was obviously to the
advantage of the 0.6 metre freeboard condition, but the decrease in the period
at which this peak occurred indicated that considerably steeper waves were
possible within the assigned environmental limits. So, the likelihood of

nstability developing in beam waves and in bidirectional waves with a com-
ponent from the beam (in which capsizing had occurred for the zero freeboard
condition) was not easily assessed. It was, accordingly, decided to begin the
exploration of possible instability in these conditions. Further, in deference
to the sensitivity to list which had been found for the zero freeboard ballast

condition, it was decided to explore the effects of initial list. The POINT




LOMA's operating instructions state that angle of list be 3 degrees or less,*

sO a 3-degree list was adopted for the model experiment.

Initial exploratory runs were made with zero list in 9-second (maximum
heave) and l4-second (maximum roll) regular waves from the beam. A steepness
of 1/23 was attained at each of these periods. This steepness, carresponding
to wave heights of 5.5 metres in the 9-second case and 13.3 metres in the
14-second case, was near the assigned environmental limits in both cases. The
mode! remained stable in these waves though the amplitude of roll in the
14-second case reached 8.7 degrees. This was about twice the amplitude
attained in the analogous wave condition when ballasted to zero freeboard at

the stern.

Random seas from the beam were also explored at zero list. A wave
spectrum model with a modal period which scaled very close to the 14-second
natural period of roll was not programmed for the wavemaker bank required for
beam waves. Among the available wave spectrum models, one with a scaled modal
period of 12 seconds and considerable energy at both 9 and 14 seconds was
thought to be most promising. This spectrum was modeled to a significant wave
height of 6.4 metres. This height is below the established environmental
limit by about 3 metres, but was the largest within the capability of the
facility. . The model gave no Indication of instability in this wave spectrum

though it was very wet and difficult to control.

With respect to initial list, the first matter which had to be addressed
was whether the model would be in greater danger of developing instability
due to a weather or a leeward list. |In the zero freeboard condition, a list
to leeward would have been the obvious answer: At the 0.6 metre freeboard,
though, the model was considerably stiffer in roll; and did not exhibit the
tendency to heel to leeward that had been observed in the zero freeboard
condition. So, it was considered necessary to explore both possibilities in

moderate depth.

Runs were made in beam swells and in bidirectional waves with a swell

from the beam and a sea from astern with the model listed 3 degrees both

*
This limit has since been reduced to one degree.

——————————



to weather and to leeward of the beam swell. A lli-second period (tuned to roll
resonance) was used for the beam swell, and an 8-second modal period sea (tuned
to the local peak in the heave transfer function) was modeled from astern. In
the bidirectional case, the sea was modeled to a significant height of 6.1
metres and the swell to a steepness of 1/40 (7.6 metre wave height). Attempts
were made to exceed these magnitudes, but the model was uncontrollable even

when speed was increased to 4 knots.

The runs just described encompassed conditions as closely analogous as
possible to those which caused capsizing in the zero freeboard case, but they
produced no indication of instability. Runs were also made in the analogous
conditions with zero list and in the same condition (19-second swell from the
beam and 8-second modal period sea from the stern) which caused capsizing in
the zero freeboard case. Again, no instability developed. Comparison of these
various runs did, however, indicate qualitatively that the model shipped more
water with a list to the weather side than with an equal list to leeward.
Hence, it was decided to perform subsequent runs with a 3-degree list to the

weather side.

Quartering and bow headings were explored for seas of l4-second modal
period. These conditions seemed potentially critical because they would excite
roll resonance as well as inducing large pitch and heave motions. In view of
the ob!ique-heading control difficulties which had been experienced in the zero
freeboard case and the fact that control was generally more difficult in the
0 6 metre freeboard case, it was decided to approach these conditions by first
establishing the maximum wave height in which control could be maintained at
2 knots and then assessing stability at this wave height. The runs in bi-
directional waves had, in fact, already established the relevance of a '‘con-

troliability threshold' for the 0.6 metre freeboard case.

In bow seas of l4-second modal period, marginal control could be maintained
for significant wave heights up to 6.1 metres. in quartering seas, the
corresponding maximum was on the order of 5.2 metres. Instability did not

develop at either of the oblique headings.

To conclude the experiment, it was decided to briefly explore the effect

of altering metacentric height at the 0.6 metre freeboard ballast condition.

10
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Accessible ballast weights were moved upward to reduce the scaled metacentric
height to 1.6 metres. This increased the natural period of roll to 16.5

seconds.

4 At the reduced metacentric height, runs were made in a bidirectional wave
system composed of a 16.5-second swell from the beam and an 8-second modal
period sea from the stern. Initial lists of 3 degrees to both the leeward

and weather sides of the beam swell were considered. The swell was modeled to
a steepness of 1/47 (9.0 metre wave height), and the sea was modeled to a

significant height of 4.3 metres. The model shipped large quantities of water,

perhaps slightly more with the list to weather than that to leeward, but no
instability developed.

DISCUSSION OF RESULTS

It appears viable to hypothesize that the capsizing events which the PO!NT
LOMA model experienced in the zero freeboard condition resulted from total
loss of transverse righting moment due primarily to massive water shipment and
attendant loss of waterplane area. |If such is the case, it is evident that
this total loss of righting moment did not occur for the 0.6 metre freeboard
condition in roughly analogous environments or even when an initial list of 3
degrees was arbitrarily imposed. Though very little literature regarding
dynamic stability exists at the current state-of-the-art, some substantiation

for the viability of the hypothesized capsizing mechanism can be found.

The U.S. Coast Guard is presently conducting a rather extensive investi-
gation of dynamic stability. Some results of this investigation are published
in References 3 and 4. The Reference 3 work pertains to high speed operation
in quartering and following waves, f.e., for conditions in which the ship is

subject to low or zero wave encounter frequencies. Three capsizing mechanisms

3Paulll'ng, J.R. and Paul D. Wood, 'Numerical Simulation of Large-Amplitude
Ship Motions in Astern Seas,' Proceedings of SNAME Technical and Research
Symposium S-3 (June 1974).

““Evaluatlon of Current Towing Vessel Stability Criterion and Proposed Fishing
Vessel Stability Criteria,'" various authors, USCG Reports CG-D-69-75,
CG-D-3-76 and CG-D-4-76 (Feb 1975 - Jan 1976).

1
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are found to occur: low frequency resonance, pure loss of stability on a wave
crest, and broaching. The Reference 4 investigation is less restrictive In
point of operating conditions, but is limited to small vessels. It is found
that a vessel in beam waves can capsize as a result of rolling into the waves,
shipping water, and experiencing a slowly increasing angle of heel. Reference
is made to descriptions of a like phenomenon described in the foreign litera-

ture as ''pseudo-statical heel."

The capsizing mechanisms described in Reference 3 do not apply here.
This follows from the fact that the low speeds considered do not produce sig-
nificant wave energy at near-zero encounter frequencies. On the other hand,
the mechanism described in Reference 4 for a small vessel in beam waves Is
very similar to that which the POINT LOMA model experienced. It is also of

interest to note that Reference 4 indicates that whether heeling occurs to

weather or to leeward is a function of ship characteristics. This supports
the fact that the present investigation found list to leeward to be more
critical in the zero freeboard condition, but list to weather to be more

critical in the 0.6 metre freeboard condition.

in the context of the hypothesized mechanism of instability, some rather |
subjective observatinns regarding transverse stability which were made during i
the experiment bear mention here. When the model was ballasted to the zero
freeboard condition, it was observed that inclining it to an angle of 15 to
20 degrees appeared to cause loss of stability. This observation correlated
rather well with the fact, cited above, that the largest inclination from
which the model recovered without capsizing (while ballasted to represent the

zero freeboard condition) was 18 degrees.

When the model was ballasted to represent the 0.6 metre freeboard con-
dition, an attempt was made to establish a comparable threshold angle for loss
of transverse righting moment. In this condition, though, an unequivocal
value could not be obtained. It seemed that the superstructure, which entered
the water at an inclination of about 30 degrees, prevented the occurrence of
total loss of transverse righting moment. Further, it can be noted that,
during one of the runs made in tuned, bidirectional waves at the 0.6 metre
freeboard condition, the model was manually pulled to a weather-side inclination
of 24 degrees; and that it recovered without hesitation from this inclination.

12
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When the metacentric helght was reduced at the 0.6 metre freeboard con-
dition, inclining the model indicated that it became very soft at an angle of
about 26 degrees. However, the model did not definitely become unstable.
Again, It appeared that the superstructure began to stiffen the righting
moment before a definitive threshold was reached.

These results offer some crude support for the hypothesis put forward to
account for the capsizing of the POINT LOMA model in the zero freeboard case,
and for its fallure to capsize In analogous conditions when ballasted to
represent the 0.6 metre freeboard case. It Is unfortunate, in this context,
that the cited results are subjective. For future experiments of this type,
It would be desirable to provide some mechanism to measure the force or moment

required to produce a given inclination. ]

The hypothesized mechanism of capsizing places great importance upon the
ship's transverse-plane hydrostatic characteristics. Computation of these
characteristics for a ship with a well is nontrivial. In the case of the
POINT LOMA, the fact that the aft freeboard is so small that slight inclina-
tions cause loss of waterplane area further complicates the procedure. It was
these factors which motivated the brlef exploration of a reduced transverse
metacentric height in the 0.6 metre freeboard condition. h

Two recommendations follow from the foregoing comments on ship hydro-
statics. It would be desirable to perform an Inclining experiment with the
prototype POINT LOMA to ensure that the modeled transverse metacentric height
was correct. For future model experiments with well ships ballasted as radi-
cally as the POINT LOMA, attention should be given to locating the vertical
center of gravity Instead of or in addition to adjusting metacentric height
(This approach was not viable in the case of the POINT LOMA mode! because the
welght of the model exceeded the capacity of the apparatus used to determine
the location of the center of gravity. Indeed, this recommendation imposes
something of a general dilemma in that a rather large mode! is needed to
represent local detalls such as the well beach and the antirol] tank used in
the case of the POINT LOMA model. The best solution would seem to be to
increase the capacity of the apparatus needed to measure the center of gravity

location.)

13
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Two other uncertainties associated with extrapolation to the prototype

require discussion here. One, suggested by the preceding comment regarding the
need for a ''rather large'' model, is that some uncertainty exists regarding the
validity of Froude scaling of ship well hydrodynamics. At the present state-
of-the-art, though, no alternatives are available; and it is generally thought
that using a large model minimizes the influence of those phenomena which are

not amenable to Froude scaling. ]

The second uncertainty is associated with the low-speed course keeping

characteristics of the ship as compared to those of the model. It is under-
stood that, during the operation of concern here, the prototypa POINT LOMA is
controlled by independent use of its twin screws. The model, on the other

hand, was controlled by rudder action. Since rudder action is relatively
ineffective at low speeds, it appears likely that the prototype would be capable
of maintaining course in more adverse environments than the model was. In any
case, it cannot be sald that the low-speed course keeping characteristics of the
prototype were scaled. This factor was probably more Important in the 0.6
metre freeboard case than in the zero freeboard case since control difficulties

were more prevalent in the former case.

Development of a model control system based on independent use of twin
screws is probably within reach of the state-of-the-art in experimental naval
architecture. The developmental effort required was not, however, within the
time or cost framework of the POINT LOMA investigation. In view of the large
number of prototype operations which require position or course keeping at
very low speeds, the development of such a model control system is a worthwhile

objective.

Finally, there is an unresolvable dilemma associated with any investigation
of the type being reported here which must be discussed. The essential thrust
of this investigation was to establish conditions in which a ''disaster' would
occur. Such an investigation can consider only a finite number of independent
parameter combinations. Thus the possible outcomes are that the disaster
occurred in some conditions or that the disaster did not occur in some con-
ditions. The former result is a viable conclusion, but the latter not: the

fact that the disaster did not occur in some conditions does not imply that it

cannot occur.




Here the ''independent parameter comblnations'' in question are those of
wave characteristics and ship-to-wave relative heading. It is possible that,
in the 0.6 metre freeboard case, critical conditions for capsizing were not
modeled due to elther human oversight or to the physical limitations of the
experimental apparatus. At least it can be said that every effort was made
to avoid errors due to human oversight, and to minimize the effect of physical
limitations. ‘

The preceding discussions of ship hydrostatics, scaling of ship well
hydrodynamics and of low speed ship controllability, and of the dilemma
assoclated with the failure to obtain any capsizing events in the 0.6 metre
freeboard condition direct attention to the uncertainties associated with the
POINT LOMA model experiment. Within the constraints Imposed by these uncertain-
ties, considerable guidance for operation of the POINT LOMA can be derived from
the results of the experiment. This matter is addressed in the Immediately-
following section.

OPERAT IONAL GUIDELINES

Two assumptions must be made for purposes of establishing operationai
guidelines. First, it is assumed that the ballast characteristics modeled
for the experiment (see Tables 1 and 2) correctly represent those of the pro-
totype. Second, it is assumed that the mechanism most likely to cause the
POINT LOMA to become unstable and capslze* at either ballast condition is
total loss of transverse righting moment; [.e., the same mechanism hypothe-
sized to have caused the capsizing which occurred during the model exper iment
in the zero freeboard case. The guidelines will, of course, apply to low speed
operation with the stern gate open in the zero freeboard (''17-foot well draft')

and 0.6 metre freeboard (''15-foot well draft'') ballast conditions.

Inftially, it should be pointed out that causing the POINT LOMA mode! to

become unstable and capsize in the zero freeboard case was not easy. The

*Though ultimate capsizing in the sense of a 180-degree roll was prevented by
the superstructure at model scale, it is thought that unequivocal use of the
term capsizing Is In order here because the prototype superstructure Is un-
likely to provide intact buoyancy equivalent to that provided by the Styro-
foam superstructure used on the model.
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mode! survived an array of severe wave conditions which any one ship Is rather
unlikely to encounter in its life cycle. Further, the capsizing occurred at a
ship-to-wave relative heading (sea from astern) which would likely be avoided
by good seamanship when at al) possible in a given tactical situation. In the
0.6 metre case, the same comment with respect to wave conditions applies even

though capsizing never occurred.

Figure | is intended to provide additional perspective regarding these
comments on the wave environment. This figure, derived from Reference 2 for
worldwide, all-season operation, compares the 0.001 and 0.0001 probability of
occurrence wave environments taken as ideal upper limits (and frequently
attained) for this investigation with the most frequently occurring wave
environments. As can be seen the most frequently occurring waves are lower

by factors of two to three than the '"limiting'' waves for low modal periods, but

converge with the low probability of occurrence waves as modal period increases.

This occurs because waves of very high modal period are generically rare.

It is of interest to evaluate the wave conditions in which the POINT LOMA
mode! became unstable in the context of Figure 1. It will be recalled that
instability occurred only in bidirectional waves having a component from the
beam and a component from astern. Figure 2 superimposes--very crudely--the
wave conditions which led to capsizing in the zero freeboard ballast condition
on the wave environment characteristics given by Figure 1. The critical areas
include capsize events which occurred with the model slightly out of trim as
this situation is considered to be realistic for the prototype. (For reference
purposes, the wave conditions during the demonstration run which caused cap-
sizing with the model! significantly out of trim are shown as isolated points
in Figure 2. These data are not included in the analysis which follows.) The
swell from the beam is characterized in terms of significant wave height and
modal period because the avallable environmental data do not admit an unequivo-

cal distinction between sea and swell.

The probability of occurrence of the ''Following Component'' area defined by
Figure 2 is about 0.0323. That of the ''Beam Component'' area is about 0.0013.
Given the reasonable assumption that the two components are independent, the
probability of their joint occurrence is, hence, on the order of 4.2 x 1075,
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The probability of the two components occurring jointly and at 90-degree
opposition in direction, though it cannot be defined from the available

wave statistics, would obviously be even smaller,

Though the likelihood of the wave environment which was found to cause
capsizing in the zero freeboard condition occurring is small, there is some
finite risk of its occurring on any given voyage. The same is true of the wave
environments found to be most severe In the 0.6 metre freeboard case. And,
of course, severe or even critical wave environments not evaluated during the
POINT LOMA experiment may arise at either ballast condition.

To aid the operator in evaluating the severity of given wave conditions
as a function of ship orientation with respect to the waves, Figure 3 presents
the ship response transfer function data derived from the POINT LOMA model
experlment.* During the experiment, these results were used to select adverse
conditions. In the present context, they are intended for operator guidance
in selecting benign conditions. For Instance, the conditions which led to
capsizing In the zero freeboard case are marked by a pronounced roll resonance
In 19-second beam waves and a local heave peak in 8-second following waves;

and the combination is obviously to be avoided.

More generally, the assumed mechanism of capsizing (total loss of trans-
verse righting moment) Iimplies that avoidance of heavy rolling is an important
consideration. Rolling will be minimized in head and following waves though
it will not usually go to zero as implied by Figure 3 due to the directional
spreading normally associated with realistic wave spectra. Since operation in
following waves with the stern gate open is undesirable in the context of the
POINT LOMA's misslion, operation in head waves is evidently desirable from the
viewpoint of avoiding heavy roiling, |f, however, the waves have significant
energy at perlods on the order of 8 or 14 seconds, heave (in the 8-second case)

or pitch (In the l4-second case) wi)) be significant; and could prove

*It is strongly emphasized that these transfer functions are of less than
normal laboratory quality. They were crudely defined to provide experimental
guldance In a situation where a priorl analytical results could not be obtain-
ed. Here they are presented solely for purposes of operational gulidance, and
should In no way be construed as a laboratory-quality characterization of the
responses of the POINT LOMA.
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deleterious to the mission. In a case involving 8-second waves, a change of
heading in the direction of bow seas might, then, be desirable in either of
the ballast conditions under consideration here. The same could prove to be

the case for l4-second waves when in the zero freeboard ballast condition. In

the 0.6 metre freeboard ballast condition, though, turning to a bow heading in

14-second waves would excite roll resonance. j

The discussion just given focused on rollfig motion in the context of
possible loss of transverse righting moment. Initial list and heeling must be
addressed in the same context. The results of the experiment indicate that an
initial list can increase the likelihood of instability developing. This in-
dicates that ballasting-down operations should be conducted in such a manner as
to minimize the list taken on. It is, of course, recognized that the operator
will not be able to define the zero list condition unequivocally; and may be
constrained to operate with a small but discernible list. |In the latter cir-
cumstance, the list should be taken to the weather side when in the zero free-

board condition but to leeward when in the 0.6 metre freeboard condition.

It will be recalled that wave-induced heeling was the major component of
the total inclination which led to capsizing during the POINT LOMA model ex-
periment. This phenomenon was observed to occur only in capsizing cases, i.e.,
in bidirectional waves (sea from astern and swell from the beam) in the zero
freeboard ballast condition. However, the state-of-the-art literature pre-
viously cited (see Reference 4) indicates that the phenomenon can occur in pure
beam waves. Generally, then, it can be surmised that avoiding conditions
which induce heavy rolling (as discussed above) will also minimize the likeli-

hood of experiencing significant wave-induced heeling.

Wind loadings must also be addressed with respect to heeling. For a
steady wind, the effect would appear to be similar to that of a list. In the
presence of gustiness, unknown dynamic effects could be introduced. The
state-of-the-art literature does not provide sufficient data on ship profile
wind drag coefficlients to admit quantitative assessment of this matter even for
a steady wind. Generally, though, it would seem desirable to take the guidance
of fered above with respect to list to apply as well to wind-induced heel. When 3
the wind is coming from the same direction as the waves, the list and heel

18




recommendations will be compatible in the 0.6 metre freeboard condition; but

incompatible in the zero freeboard condition. In the latter condition, a

""lesser of evils'' choice will be required.

The importance of maintaining transverse trim during ballasting-down
operations has already been cited. Another important matter in the context
of these operations is maintenance of adequate metacentric height. As has been

pointed out, this parameter is critical in cases of instability due to loss of

transverse righting moment. Extraneous free surfaces will reduce metacentric
height and thence have a deleterious influence on the ship's stability. It
follows that all tanks which must be filled to ballast to a given condition 1

should be carefully pressed-up.

Ultimately, then, the thrust of the guidance offered here is that loss of
transverse metacentric height and extreme angles of transverse inclination
(vector sum of roll, heel and initial list) should be avoided in order to
maintain stability. The POINT LOMA model experiment offers crude quantifica- ?
tion of ''extreme'' in this context. In the zero freeboard condition (with a
transverse metacentric height on the order of 1.0 metre) the largest total
inclination from which a recovery was made was 18 degrees. In the 0.6 metre
freeboard condition (with a transverse metacentric height of 2.0 metres)
recovery was made from an inclination of 24 degrees. The latter figure is
obviously not definitive; and the former is subject to some equivocation in
the context of modeling errors. At the least, thought, the comparison rein-
forces the basic results of the experiment in indicating that the POINT LOMA
is considerably less likely to become unstable in the 0.6 metre freeboard con- 1
dition than in the zero freeboard condition. It follows that operation in the

zero freeboard ballast condition should be avoided whenever possible
CONCLUS IONS
These conclusions apply to the USS POINT LOMA (AGDS-2) operating at very
low speed with well gate open in the zero freeboard (''17-foot well draft'')

ballast condition as defined by Table | and in 0.6 metre freeboard (''15-foot
well draft'') ballast condition as defined by Table 2.
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The experiment reported here demonstrated that, in the zero freeboard
ballast condition, the POINT LOMA mode! became unstable in some environmen-
tally realistlc wave conditions. While questions may reasonably be raised
concerning the validity of the modeling with respect to well hydrodynamics and
to low speed controllability, it is thought that these factors are of con-
siderably less importance than the observed instability in a situation involving
ship survival. It is therefore concluded that the POINT LOMA can become un-

stable when operating among waves in the zero freeboard ballast condition.

In the 0.6 metre freeboard ballast condition, the POINT LOMA model did not
become unstable in any operating condition evaluated. The full range of
environmental conditions which the prototype might experience could not be
modeled, and it is possible that errors in judgment led to selection of sub-
critical conditions even within the restrictions imposed by the experimental
apparatus. Further, the scaling uncertaint.es cited above in the context of
the zero freeboard results are not as easily neglected in a situation such
that instability did not occur. These factors preclude the possibility of
drawing a reasonably unequivocal conclusion regarding the stability of the
POINT LOMA when operating among waves in the 0.6 metre freeboard ballast

condition.

In general, it appears that prudent seamanship, intelligent utilization
of the operational guidelines presented here, and avoiding the zero freeboard
ballast condition when at all possible will reduce the likelihood of the POINT

LOMA becoming unstable to an acceptable minimum.

RECOMMENDAT | ONS

It is recommended that an inclining experiment be conducted with the POINT
LOMA to ensure that transverse metacentric height was correctly modeled for
the experiment reported herein. In addition, it is recommended that the POINT
LOMA conduct operations in the 0.6 metre freeboard (''15-foot well draft'')
ballast condition in preference to the zero freeboard (''17-foot well draft'!)
ballast condition when at all possible. It is also recommended that this
report, especially the '"'OPERATIONAL GUIDELINES'" section, be used by the POINT
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LOMA's officers as an aid to seamanship in avoiding conditions which could lead

to instability and subsequent capsizing.

The POINT LOMA model experiment was a pioneering effort in the area of
dynamic stability for DTNSRDC, and the project was complicated by the unusual
configuration and operational mode of the hull investigated. It therefore
seems appropriate to mention here that the preceding ''DISCUSSION OF RESULTS"
section includes several laboratory-level recommendations for future work
involving comparable elements. Among the matters touched upon are wave gener-
ation, model control at low speeds, ballasting procedure, and a mechanism to

measure transverse righting moment.
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TABLE 1| - ZERO FREEBOARD (''17~FOOT WELL DRAFT'') BALLAST
CHARACTERISTICS

Parameter (Units) Magnitude
Draft at forward perpendicular (metres) 9.1
Draft at sill (metres) 12.1
Displacement in salt water (tonnes) 17,008
Longitudinal radius of gyration (metres) 35.8
Transverse metacentric height* (metres) 0.9 to 1.1
Natural period of roll (seconds) 19

*

Metacentric height was difficult to measure accurately because of its small
model-scale magnitude (about 3.5 centimeters) and the fact that moving the
inclining weight caused variations in waterplane area.

TABLE 2 - 0.6 METRE FREEBOARD (''15-FOOT WELL DRAFT'') BALLAST
CHARACTERISTICS

Parameter (Units) Magnitude
Draft at forward perpendicular (metres) 9.9
Draft at sill (metres) 11.6
Displacement in salt water (tonnes) 17,200
Longitudinal radius of gyration (metres) 35.8
Transverse metacentric height (metres) 2.0
Natural Period of roll* (seconds) 14

%
The period of roll was adjusted to match that measured on the prototype in the
0.6 metre freeboard ballast condition.
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DTNSRDC ISSUES THREE TYPES OF REPORTS

(1) DTNSRDC REPORTS, A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICAL VALUE, DESIGNATED BY A SERIAL REPORT NUMBER

(21 OEPARTMENTAL REPORTS. A SEMIFORMAL SERIES. RECORDING INFORMA
TION OF A PRELIMINARY OR TEMPORARY NATURE, OR OF LIMITED INTEREST OR
SIGNIFICANCE, CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIFICATION

(3) TECYNICAL MEMORANDA, AN INFORMAL SERIES, USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS. NUMBERED AS TM SERIES
REPORTS, NOT FOR GENERAL DISTRIBUTION




