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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 env i ronmentally-realis tic

wave systems when bal lasted down to the zero-freeboard condition .

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

ADMINI STRATIVE INF ORMATI ON

The work reported herein was sponsored by the Nava l Sea Systems Command .

Funds were provided under Work Request Number N00024-77—WR70132. At the

David W. Taylor Nava l Ship Research and Devel opment Center , where the work

was performed , it was identified by Work Unit Number 1-1568-872.

I NTRODUCT I ON

The David W. Taylor Naval Ship Research and Development Center (DTNSRDC)

was tasked to I nvestigate the dynamic stab ility * characterist~cs of the USS

PO I NT LOMA (AGDS-2). The POINT LOMA is a 133-metre long (between perpend iculars)

ship with a stern-opening well and an antiroll tank. In the condition origin-

ally specified for the investi gation , ident ified as the “17-foot wel l draft ,”

the POINT LOMA is bal lasted 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 th is condition .

*Here dynamic s tab i l i t y  refers to the ability of the shIp to remain afloat In
waves.



Subsequently, the i nvestigation was extended to inc l ude a somewhat less

severe ba llas t cond ition , iden ti fied as the “15—foo t well draft.” In this

cond i tion , 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 analytica l techniques are capable of resolving

problems of this comp l exity, so a purely experimental approach was taken.

The exper’ment and the results thereof are described and discussed herein-

after . Unless otherw i se noted , all quantities are given at the scale of the

prototype as obta i ned by Froude scaling of model quantities.

DESCRIPT I ON OF EXPERIMENT

A 1 :29 scale model of the POINT LOMA was constructed . The model was

bu i l t to sheer and fu ll y appended . The well , wel l gate, and ant iro ll tank

were modeled in deta il ; and the well beach was represented by a permeable

fIbe r mat. The superstructure was crudely modeled in Styrofoam to reproduce

its buoyant effect during any caps izing events which might occur.

The model was ballasted and rigged for self-propulsion in the DTNSRDC

seakeep i ng bas~n described In Reference I. instrumentat ion to measure ,

record , and red uce data on waves In the bas i n and on the p t ch , heave and

oh 0f the model were provided . A video system to provide qual itative records

of the experlment was also ins ta i 1 ed, Motion pictures were taken in a few,

selected cond itt io ns.

The same experimenta l program was followed for each ballast condition .

Ini tially, runs were made i n low , regular waves at round-the-clock relative

head i ngs I~~ 45—deg ree Increments. For these runs , wave period s from 5 to 20

seconds were considered ; and ship speeds were kept as low as possible to

ma nta in headqay (usuall y two knots). Pitch , roil , and heave- transfer functions

were mon i tored .

The data base generated by the runs just described was eva l uated to select

cr~ t~caI cond t,ons for further explo ration . Wave data from the Hogben and

1 Brownell , W F ., “A Rotating Arm and Maneuve ring Basin ,” DTMB Report 1053
(Jul y 1 956).
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Lumb atlas2 was employed to assure that the wave parameters considered were

viable In the context of the rea l 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 idea l

upper limits. These low probability levels were chosen in view of the fact

that ship surviva l was at Issue. It was , however , recognized that some of

the assigned limits would be unatta i nable due to the limitations of the

facility employed for the experiment. Cases In which the Idea l 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 head i ngs in low

regular waves produced no evident Instability , but did define some peaks in

the mon i tored 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 init i al runs. Each

combination so eva l uated 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 l ocal peak at a wave period on

the order of 8 seconds in all but beam waves. (It Is of interes t to note in

this context that the length of an 8-second wave Is approx imately equal to

the length of the POINT LOMA ’s well.) This l ocal peak was explored in head

waves where it was most prominent. Wave steepnesses to 1/18 (5.6 metre wave

height) were atta i ned , but no instability developed ,

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

*SI units are used throughout the text. However, Figures 1 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. S
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The rolling motion transfer function exhIb i ted peaks i n 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 moda l period of approx i-

mately 14 second s (tuned to pitch resonance), and the other had a modal period

of approx i mately 8 seconds (tuned to the loca l peak in the heave transfer

functions). The 14-second moda l 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 hei ghts up to 5.1 metres . In this context , the

l4-second /7.7 metre spectrum satisfied the 0.001 to 0.0001 probability of

occurrence lim i ts , bu t the 8-second/5.1 metre spectrum had a higher proba-

bil ity of occurrence . The wave statistics emp l oyed indicated that 8-second/7.1

metre spectra were expected to occur with a probabil ity of 0.001 , bu t 5.1

metres was the largest height which could be modeled with an 8-second modal

period .

The random wave cond it ions just descr i bed were inves t i gated In head , bow,

and follow i ng seas. As a usual rule , 20 minutes of data were recorded . In

bow seas , though , i t proved imposs ible to maintain heading in the more severe

conditions even when shi p 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 ampli tude 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 follow i ng seas , some rolling mot Ion developed.

It is likely, though , that this was due to heading deviations rather than a

true instab i li ty . In any case, the model never appeared to be in danger of

caps z i ng.

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

it was thought that the wave periods for which roll was apprec iable were likely

4
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to occur only as a result of a swell. The pure swell case was , of cour se,

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 ,

i t was decided to generate a bidi rect ional wave system wi th one component

representing a 19-second swell (tuned to the natura l period of roll) and the

second component representing a wind-generated sea.

The facili ty employed for the experiment will generate a bidirect i onal

wave system only for the case of 90-degree opposition between the two wave

components. This be i ng the case, i t 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 ser i es to represent the wind-generated seas.

The model survived the bidirectional wave system with wind-generated seas

from ahead withou t 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 cl ear instabi li ty developed . The model took on an

increasin g hee l angle down to the lee side of the beam swell. Rolling motion

superimposed on the heel angle caused the l eeward wing wall to submerge , and

the situation was worsened by the seas from astern washing over the submerged

win g wa ll and the cross deck forward of the beach. Ultimately the model lost

stability and started to capsize.

This ins tability 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 uni que threshold

for ins tab i lity as there can be many “thresholds ” associated with a b~-

direc tional wave system. (if , for ins tance , the heig ht 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

ind i cate that instability can develop in a 19-second swell considerably less

rare than that of 1/72 steepness which was taken as an upper l i mit. Further ,

as was noted above, the 8-second modal period seas were be low the env i ronmental

limit even at the maximum significant wave height (5.1 metres) which could be

modeled.

5



I t was dec i ded to exp lore the follow i ng sea/beam swell cond it ion fur ther

by us ing a wave system which was slightly “detuned” wi th respec t to the charac-

te ist !cs of the model. For these runs a sea with a modal period of 9.4

seconds and a swell wi th a period of 17 seconds were emp l oyed . The env i ron-

men tal limi ts for these wave cond i t ions , again for 0.001 to 0.0001 probability

of occirrence given year-round , worldwide operat ion , are on the order of 8

metres significant height for the sea and 1 /60 steepness for the swell. The

fac il i ty was capable of modeling a 17-second swell of 1/60 steepness or more,

bu t the most severe sea of 9.4-second modal period which could be modeled had

a si gnificant height of only 5.8 metres.

ins tability occurred in the detuned condition for a sea of 5.8 metre

signif icant height and a swell of 1/54 steepness (8.4 metre wave height). The

mechanism was as described above for the tuned case.

Al l of the occurrences of instability described above took place unde r

norma l experimenta l conditions. An addit ional occurrence resulted from non-

standard experimental practice , and it proved to be rather revealing regarding

the stabil i ty characteristics of the model. in the course of a series of

demonstrat ion runs , a bidirec tional wave system consisting of an 8-second

swe l l of 1 /34 steepness (2.9 metre wave height) from the beam and an 8-second

modal period sea of 2.3 metre significant hei ght from the stern was modeled .

ins tabi li ty occurred . It was found that the model had started th is run with a

1 s t  of more than 1.5 degrees due to water which had collected inside the

shell d u~ ’n g the preceding demonstration runs.

Subsequentl y, some of the conditions in wh i ch instability had been observed

pcevi ous l y were repeated ; and it was found that the occurrence of instabi l ity

was strongly influenced by small initial angles of list. With the model care-

full y t ri mmed , 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 i ts l imI ts (environmental in the case of the swell and fac~ 1it 7 in the

case of the sea) to cause instability. Specifically, the steepness of the 19-

second swel l  was 1/72 and the 8-second modal period sea had a s i gn i f i can t

hei ght of 5.1 metres. By contrast , the model had prev i ously exhib ited insta-

b i l l ty in the tuned , bidirect i onal wave system when the steepness of the swell
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was 1/125 and the s igni f icant  wave height of the sea was 4.6 metres. During

t hese previous runs , in i t ia l  l i s t s  of a f ract ion of a degree had , in accord

with norma l procedure in seakeeping experimentation , been eng l ected . Obd’i-

ous ly, though, t hey were not neg l ig ib le  in the case of the POINT LOMA model.

Some further notes regarding the experimental procedure fol lowed when

the model became unstable are In order. For most such events , the model was

physically restra i ned when it became eviden t that a capsize was imm inent.

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

develo ped a sufficien t ri gh t in g moment to p roduc e stab~ l ’ t’y. The model would

rema in in this at t i tude for protracted intervals , but u l t imate  caps iz ing  never

occurred .

it is now in order to summarize and , to the extent poss ible quantif y

the resu l ts just presented regarding ins tab i l i t y  of the POINT LOMA model.

Ins tab i l i t y  was found to occur onl y in b id i rect ional  wave systems w i t h  a swel l
from the beam and a sea from the stern. This i ns tab i l i t y  resu lted in caps z ing

to t he lee side of the beam swel l .  The caps iz ing events which occurred were

not “comp lete” in the sense of the model rol l ing through 180 degrees. Rather ,

t he r ight ing moment which was generated when the superstructure entered the
wa ter li m i ted the f ina l  i nc l i na t i on  of the model to the order of 50 to 60

degrees.

Capsiz ing appeared to result from comb ined ro l l ing and heeling and the

associa ted accumulation of water on deck. The largest tota l incl i nation

(combined hee l and ro l l)  from which the model recovered was 18 degrees. Heel-

in g was the predominant factor. It accounted for up to 15 degrees l ncl l nat ~on.

The wave system parameters which led to Instability were sensitive to

small (less than one degree) initial lists. With the model perfectly trimed ,

a severe wave system tuned to Its natura l 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 caps iz ing.  W i th  the model s l i g h t l y  out

7
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~~ ‘ m , ~‘st a~~ i i ty occurred in a detuned wave system (17-second swell of 1/54

~~eev’ess arid 9.4-second moda l period sea of 5.8 metre significant height) and

i a ess severe tuned wave system (19-second swell of 1/125 steepness and

second m odal period sea of 4.6 metre significant height).

T.,E 0 6 METRE FREEBOARD (“15-FOOT WELL DRAFT”) CASE

T0 represent the 0.6 metre freeboa rd (15-foo t well draft ”) case, the

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

The in i t i a l  serIes of -runs at round-the-clock relative headings in low

waves gave rise to no evident Instab il ity. However , these runs d d

def Ine peaks in the pitch , heave, and roll transfer functions. Pitch transfer

furic’’ons 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

al l but beam waves , the heavi ng charac teris t ics of the mode l were si m ilar to

those found for the zero freeboard case, e.g., the l ocal peak in 8-second

waves was again present . in beam waves , though , the heav e transfer func t io n

exh i bited a prom i nent v eak 
~ 9 seconds. This phenomenon had not been found

for th e zero freeboard case. The peak va l ues of the roil transfer functions

wer e 30 to 1+0 percent l ower than in the zero freeboard case , and occu r red at a

wave period on the order of 14 seconds as compared to 19 seconds for the zero

f’eeboard case.

The lowe r peak va lue of the roll t ransfer  function was obv ious ly  to the

advantage of the 0.6 metre freeboard condition , but the decrease in the period

at wh~ch th iS peak occurred Ind i cated that considerably steepev wav es were

poss b le w I thin the assigned environmental l imits. So, the likelihood of

r’stab I ity developing in beam waves and in b idirect ’ona l waves with a corn-

poriert from the beam (in which capsizing had occurred for the zero freeboard

cond it - o n ) was not easily assessed . It was , accordingly, decided to beg in the

exp 1o~at ion of poss ible instability in these cond itions. Further , in deference

to the sensitiv i ty to list which had been found for the zero freeboard ballast

cor~d t  ion , i t  was dec ided to explore the effects of in i t i a l  list. The 
POINT8



*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.

Ini tial exploratory runs were made with zero list in 9-second (maximum

heave) and 14—second (maximum roll) regular waves from the beam. A steepness

of 1 /23 was attained at each of these periods , This steepness , c~ r espondlng

to wave heights of 5.5 metres in the 9-second case and 13.3 metres in the

14-second case , was nea r the assigned environmenta l limits in both cases. The

model remained stable in these waves though the amplitude of roll In the

14-second case reached 8.7 degrees . This was about tw i ce 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 sca l ed very close to the 14-second

na tural period of roll was not programmed for the wavemaker bank required for

beam waves. Among the available wave spectrum models , one with a sca l ed noda l

period of 12 seconds and considerable energy at both 9 and 14 seconds was

thought to be most prom ising. This spectrum was modeled to a signi ficant .vave

heigh t of 6.4 metres. This height Is below the established environmental

lim it by about 3 metres , but was the largest wi th i n  the c a p a b i l i t y  of the

facili ty. - The model gave no Indication of instability Tn thIs wave spectrum

though it was very wet and di fficult to control.

With respect to initial list, the first matter which had to be addressed

was whether the model would be in greater dange r of develop ing ~n stabil ~ ty

due to a weather or a l eeward list. in the zero freeboard cond ition , a lis t

to l eeward would have been the obvious answer. At the 0.6 metre freeboard ,

though , the model was considerably stiffer in roll; and d i d not exh~b i t the

tendency to heel to l eeward that had been observed in the zero f reeboard

condit ion . So , i t was considered necessary to explore both pos si b ilit es ri

moderate depth.

Runs were made in beam swel ls  and in b id i rect ional  waves w i t h  a swe l l

from the beam and a sea from aste rn w i th  the model l i s ted 3 degrees both

‘
~Th is l im i t  has since been reduced to one degree .
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to weather and to leeward of the beam swell. A 14-second period (tuned to roll

resonance) was used for the beam swell , and an 8-second modal period sea (tuned

to the l oca l peak in the heave transfer function) was modeled from astern. In

the b i d i r e c t io nal case , the sea was modeled to a signi ficant 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 , bu t the model was uncont r o l l a b l e  even
when speed was increased to 4 knots.

The runs jus t desc ri bed encompassed condi t io ns as c l ose l y  analogo us as
po s s i b l e  to those wh ich  caused caps i z i ng i n the zero f r eeboa rd case , but they
produced no ind i cation of Instability. Runs were also made in the analogous

condi t ions w i t h  zero l i s t  and in the same condi t ion (19-second swel l  from the

beam and 8-second modal period sea from the stern) which caused capsizing In

th e zero freeboard case. Again , no instability deve l oped . Comparison of these

various runs did , howev er , indicate qualitatively that the model shipped more

water with a li st to the weather side than with an equa l list to l eeward.

Hence , it was decid ed to perform subsequen t runs with a 3—degree list to the

weather side.

Qua rtering and bow head i ngs were explored for seas of 14-second moda l

period . These conditions seemed potentially critica l because they would exc i te

rol l  resonance as well as inducing large pitch and heave motions. In view of

the oblique-heading contro l difficulties which had been experienced in the zero

~-eeboard case and the fact that con trol was generally more difficult in the

O 6 metre freeboard case , it was decided to approach these conditions by f i r s t

estab li shing the maximum wave he i ght in which control could be maintained at

2 knots and then assessing stability at this wave height. The runs in bi-

d ;re ct,ona l waves had , in fact , already established the relevance of a “con-
tro l l a b i l i t y  threshold” for the 0.6 metre freeboard case.

In bow seas of 14-second modal period , marginal contro l could be mainta ined

for si g n if i cant wave heights up to 6.1 metres . In quartering seas , the

corresponding max imum was on the order of 5.2 metres. instabil i ty did not

develop at either of the oblique headings.

To conclude the experiment , it was dec i ded to briefly explore the effect

of altering metacentr ic hei ght at the 0.6 metre freeboard ballast condition .

10

~

..-- .-.- —--. ---- -- - - --- - - , . . -- . .~~~~~~~~~~ --- -



Accessible ballas t weights were moved upward to reduce the scaled metacentr ic

height to 1.6 metres. This increased the natura l period of roll to 16.5

seconds.

At the reduced metacentr ic hei ght , runs were made in  a b i d i r e c t ional  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 l eeward

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

perhaps slIghtly more with the list to weather than that to l eeward , but no

instabili ty developed .

DISCUSSION OF RESULT S

it appears viable to hypothesize that the capsizing events which the PO’NT

LOMA model experienced in the zero freeboard condition resu l ted from total

loss of transverse righting moment due primarily to massive water shipment and

attendant loss of waterplane area. If such is the case, i t is evident that

this tota l loss of righting moment did not occur for the 0.6 metre freeboard

cond i tion in roughly ana logous environments or even when an i n i tia l list of 3

degrees was arbitrarily imposed . Though very little literature regarding

dynamic stability exists at the current state—of—the-art , some substantiat ’on

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

The U.S. Coast Guard Is presently conducting a rather extensive invest :-

gation of dynamic s tab i l i t y .  Some results of this investigation are published

in References 3 and 4. The Reference 3 work pertains to hi gh speed operat ion

in  quar te r i n g and f o l l ow ing  waves , i.e., for condi tions in which the sh ip s

subject to low or zer o wave encounter frequencies. Three capsizing mechan isms

3P a u l l i ’ng, J.R. and Paul D. Wood , “Numerica l Simula tion of Large-Amplitude
Ship Motions in Astern Seas,” Proceedings of SNAME Techn ica l and Research
Sympos i um S—3 (June 1974).

4”Eva l uation of Curren t Towing Vessel Stability Criterion and Proposed Fishing
Vessel Stability Criteria ,” var ious  au thors , USCG Reports CG-D-69-75,
CG—D-3-76 and CG-D—4—76 (Feb 1975 - Jan 1976).
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are found to occur: low frequency resonance, pure loss of s tab i l it y on a wave
cres t, and broach ing. The Reference 4 investigation is less restrictive In

point of operating conditions , bu t is limited to small vessels. it is found

that a vessel in beam waves can capsize as a result of rolling into the waves ,

shi pp i n g wa ter , 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 caps izing mechan i sms described in Reference 3 do not apply here.

Th is follows from the fact that the low speeds considered do not produce si g-

nifican t wave energy at near-zero encounter frequencies. On the other hand ,

the mechan i sm described In Reference 4 for a small vessel in beam waves is

very s i milar to that which the POINT LOMA model experienced . it is also of

interest to note that Reference 4 indIcates tha t whethe r heeling occurs to

wea ther or to leeward i s a func t ion of sh ip cha rac te r i s t i c s .  Th i s s uppor ts
the fact that the present Investi gat ion found l i s t to leeward to be more
cr I tica l in the zero freeboard condition , bu t l i s t to wea ther to be more
cr It i ca l in the 0.6 metre freeboard condition .

in the context of the hypothesized mechanism of instab i lity, some ra the r

subject ive observations regarding transverse stability which were made during

the experiment bear mention here. When the model was ballasted to the zero

freeboard condition , i t was observed tha t inclining it to an angle of 15 to

20 degrees appeared to cause loss of stability. This observation correlated

rather well with the fact , ci ted above , that the largest incl inat ion from

which the model recovered without capsizing (while ballasted to represent the

zero freeboard condition ) was 18 degrees.

When the model was bal lasted to represent the 0.6 metre freeboard con-

dition , an attempt was made to establ i sh a comparable threshold angle for loss

of transverse right i ng moment. in this condition , though , an unequivocal

value could not be obtained . It seemed that the superstructure , wh i ch en tered
the water at an inclination of about 30 degrees , prevented the occurrence of

total loss of transverse righting moment. Further , i t can be noted tha t ,

du ring one of the runs made In tuned , b idirectional waves at the 0.6 metre

freeboa rd cond it Ion , the model was manually pulled to a weather-side inclination

of 2 1~ degrees; and that it recovered without hesitation from this inclinat ion .

12



When the metacentrlc height was reduced at the 0.6 metre freeboard con-

dition , incl ining the model ind i cated that it became very soft at an angle of

about 26 degrees. However , the model did not def in i te ly  become unstable.
Again , I t appeared that the superstructure began to stiffen the righting

moment before a definitive threshold was reached .

These resu l ts 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 i ts failure to capsize in analogous conditions when ballas ted 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 mechan i sm to measure the force or moment

required to produce a given Inclination .

The hypothesized mechanism of capsizing places great i mportance upon the

shi p ’s transverse-plane hydrostatic characteristics. Computation of these

characteris tics 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 incl ina-

tions cause loss of waterplane area further complicates the procedure. it was

these factors which motivated the brief exploration of a reduced transverse

metacentrlc height in the 0.6 metre freeboard condition .

Two recommendations follow from the foregoing comments on shIp hydro-

statics. It would be des i rable to perform an incl ining experiment with the

prototype POINT LOMA to ensure that the modeled transverse metac entric herght

was correct. For future model experiments with well ships ballasted as rad i-

c a l l y  as the POINT LOMA , attention should be given to locating the ve t ica l

center of grav i ty instead of or in addition to adjusting metacentr ic height

(This approach was not viable in the case of the POINT LOMA model because the

wei ght of the model exceeded the capac i ty of the apparatus used to determine

the location of the center of gravity. Indeed , th is recommendation imposes

something of a general dilemma In tha t a rather large model is needed to

represen t loca l details such as the well beach and the antiroll 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 grav ;ty

location.)
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Two other uncertainties associated wi th  extrapolation to the prototype
require discussion here. One , suggested by the preceding comment regard ing the
need for a “rather large” model , is that some uncertainty exists regard ing the
val id i ty  of Froude scaling of ship wel l  hydrodynamics. At the present state-
of-the—art , though , no alternatives are avai lable;  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 wi th  the low-speed course keeping
characteristics of the s ii p as compared to those of the model. It is under-

stood that , durin g the operation of concern here, the prototype PO I NT 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

ineffec t ive at low speeds , i t appears likely that the prototype would be capable

of mainta ining course In more adverse env i ronments than the model was. In any
case , It cannot be said that the low-speed course keeping character ist ics of the
prototype were sca l ed. This factor was probably more important in the 0.6

metre freeboa rd case than in the zero freeboard case since control d i f f i cu l t ies
were more prevalent In the former case.

Developmen t of a model control system based on independent use of twin
screws is probably wi th in 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 invest igation , 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 .

Final ly,  there is an unresolvable dilemma associated with any investigation

of the type be ing reported here which mus t be discussed . The essential thrust
of this Investigation was to establish conditions in which a “d i saster” would
occur. Such an investi gation can consider only a f in i te  number of independent
parameter combinations. Thus the possible outcome s are that the disaster
occurred in some conditions or that the disaster did not occur In some con-
d itions. The former result is a viable conclusion , but the latter not : the

fact that the disas ter did not occur in some conditions does not Imply that It
cannot occur.
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Here the “independent parameter comb inations ” In question are those of
wave characterist ics and ship-to—wave relat ive heading. It is possible that ,
in the 0. 6 metre freeboard case , cr i t i ca l conditions for capsizin g were not
modeled due to either human oversight or to the physical l imi ta t ions of the
experimenta l 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 physica l

l imi tat ions.

The preceding discussions of shi p hydrostatics , scal i ng of shi p well
hydrodynamics and of low speed ship contro l labi l i ty ,  and of the dilemma
associated wi th the fai lure to obtain any capsizing events in the 0. 6 metre
freeboard condition direct attention to the uncertainties associated w ;th the

POINT LOMA model experiment. Within the constra i nts 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 immed iatel y-
following section .

OPERATIONAL GUIDELINES

Two assumptions must be made for purposes of establ ishing operat iona l
guidelines. First , it is assume d that the bal last  character~s t a c s  modeled
for the experiment (see Tables 1 and 2) correctly represent those of the pro~
totype. Second , it is assumed that the mechan ism most like ly to cause the
POINT LOMA to become unstable and capsize * at either bal last  cond it ion is
total loss of transverse righting moment; i.e., the same mechanism hypothe-
sized to have caused the capsiz ing which occurred during the model exper rnent

In the zero freeboard case. The guidel ines w i l l , of course , apply to low speed
operation with the stern gate open In the zero freeboard (“17-foot well dra ft ”)

and 0.6 metre freeboard (“15-foot wel l  draft ”) bal last  cond itions.

InI t ia l ly ,  it should be pointed out that causing the POINT LOMA model to
become unstable and capsize in the zero freeboa rd 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 equiva l ent to that provided by the Styro-
foam superstructure used on the model.
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model surv ived an array of severe wave conditions which any one ship is rather
unlikely to encounter in its l i fe cycle. Further , the capsizing occurred at a
sh ip-to-wave relat ive head ing (sea f rom astern) which would l ikely be avoided
by good seamansh ip when at a l l  possible in a given tact ica l situation . in the
0. 6 metre case , the same comment with respect to wave conditions applies even

though capsizing never occurred .

Fi gure I 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 0.00 1 and 0.0001 probabil i ty of
occurrence wave environments taken as idea l upper l imi ts (and frequently
atta i ned) for this Investigation with the most frequentl y occurr i ng wave
environmen ts. As can be seen the most frequently occurring waves are lower
by factors of two to three than the “ l imit ing” waves for low modal period s , but
converge wi th the low probabil i ty 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 w i l l  be recalled tha t
instabil ity occurred only in bidirect ional 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 ballas t condition

on the wave env ironmen t characterist ics given by Figure 1. The c r i t i ca l  areas
include capsize events which occurred wi th the model sli ghtly out of trim as

this s ituation is considered to be rea l is t ic  for the prototype . (For reference
purposes , the wave conditions during the demonstration run which caused cap-
sizin g with the model significantly out of trim are shown as isolated points

In Fi gure 2. These data are not Included In the analysis which follows.) The

swell from the beam is characterized in terms of s igni f icant wave height and
modal period because the available environmental data do not admit an unequivo-
cal d istinction between sea and swell.

The probabil i ty of occurrence of the “Follow ing Component ” area defined by
Figure 2 is about 0.0323. That of the “Beam Component ” area is about 0.0013.
G i ven the reasonable assumption that the two components are Independent , the

probabil i ty of their joint occurrence is , hence , on the order of 4.2 x l0”~ .
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The probabil i ty of the two components occurring jo int ly  and at 90-degree
opposition in direction , though it cannot be defined from the avai lab le
wave s ta t is t i cs , 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 cri tica l wave env i ronments not evaluated during the

POINT LOMA experiment may ar ise at either bal last condItion .

To aid the operator in eva l uating 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

exper iment. * 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 loca l heave peak In 8-second fol lowing waves;
and the combination is obv iously to be avoided .

More general ly, the assumed mechanism of capsizing (total loss of trans-
verse righting moment) implies that avoidance of heavy rolling is an important

consideration . Rolling will be minimized In head and following waves though

it w i l l  not usually go to zero as Implied by Figure 3 due to the directional
spreading normally associated wi th rea l is t i c  wave spectra. Since operation in
follow ing waves wi th the stern gate open is undesirable in the context of the

POINT LOMA ’s mission , operation In head waves Is evidently des irable from the
viewpoint of avoiding heavy roi l ing, If , however , the waves have sign f icant
energy at periods on the order of 8 or 14 seconds , heave (in the 8-second case)

or pitch (in the 14-second case) w i l l  be signif icant;  and could prove

* It is strongly emphasized that these transfer functions are of less than
norma l laboratory quality . They were crudely def ined to provide exper imental
guidance in a situation where a priori analytical results could not be obtain-
ed. Here they are presented solel y for purposes of operational guidance , and
should in no way be construed as a laboratory-quality character ization 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 direc t ion of bow seas mi ght , then, be des irable in either of
the ballast conditions under consideration here. The same could prove to be

the case for 14-second waves when in the zero freeboard ballas t condition . In

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

14-second waves would exc i te rol l resonance .

The discussion just given focused on roll ’~iy mot i on 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 ind i cate that an

i n i t i al list can increase the likel i hood of Instabi lity developing. This In-

dicates tha t bal last i ng-down operations should be conducted In such a manner as

to m in imize the list taken on. It is , of course , recognized tha t the operator

w i l l  riot be able to define the zero l i s t  condition unequ i vocally; 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 l eeward when in the 0.6 metre freeboard condition .

I t will be recalled that wave-induced heeling was the major componen t of

the total inclination which led to capsizing during the POINT LOMA model cx-

periment. This phenomenon was observed to occur only In capsizing cases, i.e.,

‘ii bidirectional waves (sea from astern and swell from the beam) in the zero

freeboard ballast condition . However , the state—of-the—art literature pre—

v~ous1y cited (see Reference Ii) Indica tes 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 likel i-

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 coefficients to admit quantitative assessment of this matter even for

a steady wind . Generally, though , it would seem desirable to take the guidance

offered above with respect to list to apply as well to wind-induced heel, When

the wind is com ing from the same direction as the waves , the list and heel
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recommendations will be compatible in the 0.6 metre freeboa rd condition ; but

incompatib le in the zero freeboard condition . In the latter condition , a

“lesser of evils ” cho i ce 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 critica l in cases of Instabil ity 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 condit ’on

should be careful ly pressed—up.

Ultimately, then,the thrust of the guidance offered here is that loss of

transverse metacentric height and extreme angles of transverse incl ination

(vector sum of roll , heel and initial list) should be avoided in order to

maintain stability. The PO I NT LOMA model experiment offers crude quant’fica-

tion of “extreme” in this context. In the zero freeboard cond ition (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 i S

obviously not definitive ; and the former is subject to some equivocat ’on in

the context of modeling errors. At the least , thought , the comparison rein -

forces the basic results of the experiment in ind i cating that the POINT LOMA

is considerably less likely to become unstable in the 0.6 metre freeboard con-

di tion than in the zero freeboard condition . It follows that operation ‘n t”e

zero freeboard ballast condition should be avoided whenever possible . 4

CONCLUSION S

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 I 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

bal las t condi t ion , the POINT LOMA model became unstable in some environmen-

tally rea listic wave conditions. While questions may reasonably be ra i sed

concern i ng the validity of the modeling with respect to well hydrodynamics and

to low speed controllability, it is thought tha t these factors are of con-
siderably less i mportance than the observed instability in a situation Involving

shi p surv i val. 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

env i ronmental conditions which the prototype might experience could not be

modeled , and i t is possible that errors in judgment led to selection of sub-

cri tica l conditions even within the restrict ions i mposed by the experimental

apparatus. Further , the scaling uncertain L e s  cited above In the context of

the zero freeboard resul t s are not as eas i ly  neg lec ted in a s itu a ti on such
that instability did not occur. These factors preclude the possibil ity of

drawing a reasonably unequivocal conclusion regarding the stability of the

POINT LOMA when operating among waves in the 0.6 metre freeboard ballast

cond i tion .

i n gene ral , it appears that prudent seamanship, intel l igen t u t i l i za t ion
of the opera ti ona l gu i del i nes presen ted here , and avo i d ing the ze ro f ree board
bal last  condit ion when at a l l  possib le will reduce the likelihood of the POINT

LOMA becoming unstable to an acceptable mini mum .

RECOMMENDAT IONS

It is recommended that an inclining exper i ment be conducted with the POINT

LOMA to ensure that transverse metacentr ic height was correctly modeled for
the experiment repor ted herein. In add i tion , it Is recommended that the POINT
LOMA conduct operations in the 0.6 metre f reeboard (“15-foot wel l  draft ”)
ballast cond i tion in preference to the zero freeboard (“17-foot well draft ”)
ballast condition when at all possible. It Is also recommended tha t this
report , especial l y the “OPERAT IONAL GU I DtLINES” section , be used by the POINT

20



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~~~~~~~~~~
. - . —- .~~~~~~-

LOMA’ s officers as an aid to seamanshi p in avo i di ng cond it ions which cou ld 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 proj ec t was comp l ica ted by the unus ual
configuration and operational mode of the hull investigated . It therefore
seems appropriate to mention here tha t the preceding “DISCUSSION OF RESULTS”

section Includes severa l laboratory- l evel recommendations for future work

involving comparable elements. Among the matters touched upon are wave gener-

a t ion , model control at low speed s, bal las t ing p rocedure , and a mechanis m to
measure transverse righting moment.
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TABLE 1 - ZERO FREEBOARD (“17—FOOT WELL DRAFT”) BALLAST
CHARACT ER I STI CS

Parameter (Units) Magnitude

Draft at forwa rd perpendicular (metres) 9.1

Draft at s i l l  (metres ) 12 .1

Dis placement in salt water (tonnes) 17,008

Longi tudinal radius of gyration (metres) 35 .8

Transverse metacentric height* (metres) 0.9 to 1 .1

Na tura l period of roll (seconds) 19

~Metacentric height was dif ficult to measure accurately because of Its small
model-scale magnitude (about 3.5 centimeters) and the fact tha t mov ing t.h~
Inclining weight caused variations in water plane area .

TAB LE 2 - 0.6 MET RE FREEBOARD (“ 15—Fool WELL DRAFT” ) BALLAST
CHARACTER I Sit CS

Parameter (Units) Magnitude

Draft at forward perpendicular (metres) 9.9

Draft at s i ll (metres) 11 .6

Dis placement In salt water (tonnes) 17,200

Longitudinal radius of gyrat ion (metres) 35 .8

Transverse metacentrIc height (metres) 2.0

Natura l Period of roll * (seconds) 14

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

Ii ) DTNSRDC REPORTS . A FORMAL SERIES PUBLISHING iNFO RMAT ION OF *

PERMANENT TECHNiCAL VALUE . DESIGNATED BY A SE RIAL REPORT NUMBER

(21 DEPARTMENTAL REPORTS. A SEMIFORMAL SERiES . RECORDiNG 1NFORMA
ION OF A PRELIMINARY OR T EMPORARY NATURE . OR OF LIMiTED INTERE ST OR

SIGNIFICANCE . CARRYING A DEPARTMENTAL ALP HANUMERIC iDENT I F CAT ION

131 T[C’INICA L MEMORANDA . AN INFORMAL SERIES . USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS . NUMBERED AS TM SERIES
REPORTS. NOT FOR GENERAL DISTRIBUTI ON
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