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UNIVE RSIT Y SEALAB - MODEL TE STS

ABSTRACT

Model test programs to investi gate certain dynamic performance

characteristi cs of two saturati on di ving systems are described.

SLA uOPOL) employs a support barge which servi ces a di ving capsule

or pod capable of delive ring a four-man , di ver-scientist team to and

from deptns of 300 feet. The pod elevator mechanism consists of a main
S 

winch and support cable , two constant-tens i on guy lines , and a trans-

loade r control which acts to decouple barge neave motion from the pod

in order to maintai n a more stable platfo rm for the di ver-scientists .

OSCILAB is a habitat— l aboratory vehicle permitting four di ver- L I

scientists and two di ver-crew ment ers to live and work at depths of

300 feet for a period of two weeks unde r saturati on di ving condi tions .

The laboratory is capat le of l owering and raising itsel f but relies

on surface support for normal power, moni toring, and surface mobi lity . H
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UNIVERSITY SE ALAB — MO DEL TESTS

PART I - INTRODUCTION TO MODEL TEST PROGRAMS

University Sealab - A Saturation Diving Facility for the National

Oceanog raphic Community,1 a repo rt submitted to the Off ice of Nava l
Research , by the University of New Hampshire ’s Engineeri ng Design and

Anal ysis Laboratory, describes complete conceptual desi gns for two pro-

posed div ing systems , which have been called OSCILAB and SEADOPOD.
Based on reconi~iendations in the above report and under contract to
the Office of Naval Research , model test programs have been conducted

for OSCILAB and SEADOPOD in order to obtain additional data to predi ct

the performance of the prototype systems .

The model program for the SEADOPOD diving system is described in

PART II of this report. The SEADOPOD concept and major components for
the prototype and model systems are discussed . A s umma ry of tests con- - -

ducted at the Naval Ship Resea rch and Developme nt Center , ana lys is of S

the data obtained , and recommendations for SEADOPOD based on the model
program are presented.

PART III of this report describes the model tes t program conducted S

for OSCILAB . The design concept , major system components , and operating

phases of the diving system are revi ewed. Recommendations are presented

fo r OSCILAB based on analyses of data obtai ned from a series of tests
conducted at the Naval Ship Research and Development Center.

1UNI VER SITY SEALA B , Design and Analysis of a Saturation Diving Facility
for the National Oceanographic Coimiunity , Engi neering Design and Ana-
lysis Laboratory, University of New Hampshire , Report No. 100, Janu-
ary 1967. —
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PART II - SEA~~PO1) SYSTEM MODEL TESTS

A. L~A~ K~d~d u N b

The primary SEA DOPOD modeling requirements here to obtain pe rfo r-
r-an~e data for the moon rig syste m and the e levator  control sv s tern . ,~s

~ th’~’.r1 in Fl gure 1 , SEAI)OPOD consis ts of a surface-support t~argc main —
ai ned over the diving site on a conventional 4 - point  moor. Operat ing

through a center well in the barge is a submersibl e pod or elevator

~nich  is l owered to the desired depth by means of a support cable and

~~~flLh . Guy lines , anchored to the bottom , reduce lateral motion ar id
:~re~ent t~ istiny as the pod is raised and l owered. Anal ysis o f  t he 

S

ha rqe an d pod acting as a coupled—mass system 1 has shown that the pod

s closel y coupled to the barge and will react to the barge heave “c-
t ion w~~tt near1~ unit ’, amplitude response as long as the ex citatio n - -

does not approach the natural frequency of the barge-cab le-pod 5 ’, s t c I ” .

~cqui rements for SEADOPOD include operati on in max~ mum water depth
c t  300 feet and in seas to State 5 , characteriz ed by avera ge w a v e  hei ght

of 8 feet and period T avg of 8-seconds .~ Di vers , maintained at s atura -
t io n  pressure in the deck habi tat , transfer to the pod and are then de-

S li ye red to the working depth in the pod elevator . Once press ure in the
pod has been equa l ized to the surroundi rig water pressure , the di vers
flO~ pass freel y between the pod and the diving s i te  to conduct their
research ac t i v i t i es . For reasonab le diver comfort and in te i r it ’~ ~ t

o pe rat ion a l  research equipm�nt in the pod , some means is requi red for
deLoupling the pod from severe motion of the barge .

h~ SEADOPO D s~s tern emp loy s a closed-loop elevator  cont rd as Show n
in Figure 2 . A sense cable , anchored to the bottom , detects barge heave
motion and controls a cable length adjusting device which takes up or
pays out cable to maintain a relati vely Const ant pod pos i t ion  above the

1op. cit. pp. 234-249

2W. Marks . Sea State Chart , Geo-Marine Techn o1og,~~ Vol .  1 , No. 1
November 1965 , p. 2 
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bottom. This control device is called a Transloader and consists of a

set. of f ixed shea ves and a set of movable sheaves controlled by an elec-
tro-hydraul ic actuator. the sensing device and actuator constitute a S

feedb ack system and a~
.c combined so that a tendency for the barge to

rise on a wave crest produces a retraction of the transloader and a
consequent lenghteniny of the cable in order to hold the pod at nearly
the same distance above the bottom. As the barge dips into a wave
troug h , the t ransloader is extended , thus taking up cable.

Ih~ 4-point moor is des i gned to maintain the barge over the research
s ite under ant ic ipated wind , wave , and cu rrent loading conditions . Ty—
p ic a l  requirements based on off—shore oil—drilling install ations call

to r l ess than l O— t e et  horizontal displace ment for each 100 feet of water
de pth.

B . Mo de l I es - ~~~~1Ira~~y

A scale mode l SLADO POD system consisti ng of a s upport barge , pod ,
eleva tor-contro l , and 4-point moor was des i gned and cons t ructed .

The pod e levator contro l as specif ied for SLADOF ’OI) is based on
the Rucker T ransloader and wave cance l lat ion sys t em which has been opera-
t iny in the Gulf of Mexico on an off—shore platform for several years . 

S

Limi ted data on the prototype transloader was availabl e at the time of
mode l des i 9t1 and prevented a more accurate simulat ion of such speci fi —
cations as gain factor and time constants .

The moor des i gn was based on specifi cation for maximum static wind
and current loading and all owah l e di spl acemen t of t h e  support barge .

SLADtWOD mode l testing was conducted at the Naval Ship ~esca rch
and llevelopment Center , Maneuveri ng and Sea-keepin g Faci l i ty  (MASK),
Carderock , Maryland , during the peri od September 8 throug h 12 , 19hZ .

Performance data were obtained in the form of strip -chart recordings

of system parameters and filmed record of the dynami c respons (’ of SLADO-
POD to random waves with variable Sea State. Data were also obtained
for ~ imul ated static wind and current loading t.o yen fy the moor system
des ign .

S 
S
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This porti on of the report UNIVER SITY SLALAB - MODEL TI Si 5 , des ~ri bes
SLADOPO D model des ign arid construction , testing procedures and data ob-
tained , analys is of mode l test results , and reconinendat ions for  the pro-
posed SEALA B system resulting from the modeling program.

C. SEADOP OD PROTOTYPE SYSTE M COMPO NENTS

1 

1 . Ba
S RecoflH1~ fldat ioiis for the surface—support barge tirade in Univers ity

Sea lab Report #1 00 ca l led orig inall y for a Navy YC barge w i th  overal l
deck dinrens i otis 34’ x 110’ . However, as noted in the report , the div ing
systeirr requirements dictate a somewhat larger deck space and a barqe

approximately 50’ x 120 ’ was proposed as being adequate to house all

the diving system components .
In order to estab l i sh acceptabl e dim ensions for the barge , based S

on handling character is t ics and sea — ke e p i rig behavior (and w i t h  the ap-
proval of the contract agency), a survey of typical coastw ise-duty deck

barges was made . The SLA DOPOD proposal and cost anal ysis 1 called b r

conversion of an existin g vessel for this applicat ion rather than con-
struction of a specia l ized hul l. Modif ication of a basic barge hull S

design then was in order.
Sources of information on coastwis e-duty barges included:
a. Correspondence w ith several construction firms , notably

Equitab le Equipment Company , New Orleans , Louisiana
b . ~~~~~ in Ocean _Service by ..J. L. Foley~
c. ABS Rules for Bui jdi ti and Cl ass iti~~~tce l Vessels , 19i,,
d. A ~-unriira ry of non-propelled craft cons tructed in the Diii ted

States during 196b prepared by the Marine Lng i,iccni rr q ~Loq 4

~IJnivers ity SLALAB Cos t Analys is , EDAL UNH Report ~1O1 , l)ecei riber 19b7 .
L
j  L. Foley , Barges in Ocean Service , Society of Naval Archite cts and
Mari ne Engineers , Spring H~ct ing, Sea t t l e , Washin gton , May 1965.
3Arrreni can Bureau of Shipping, Rules for Bui l ding and Classi ng Steel
Vessels , 1967.

4Manine [n~Jneerin~/Log , Yearboo k Issue , June 15 , 1967 , pp. 130-134 .

6
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These sources proved helpful in establishing an acceptable barge design .
Specification for ten deck—barges , approximating the required dimensions
of the SEADOPOD support barge and taken from the Marine Engineering/ Log

S 

Summa ry are presented in Table 1.

Table 1
Non-Propelled Craft (Barges, etc.) of 400 Gross Tons and Over 

‘ 

S

Constructed in the United States During 1 966 (Partial List)

Builder GT DWT Length I3eaiii Depth Type S

f t . - in. ft.-in. f t . -in.

American Mari ne Corp . 400 800 140 38 8-5 Cargo

Conrad Indust ries 400 800 140 40 8-6 ~Cargo

Dravo Corporat ion 795 1400 160 40 12-6 Deck Cargo
- 

Equitable~~~uipment~~~. ~~~~ ~~~~~~ Deck Cargo

Gulfport Shipbuilding Corp . 400 800 140 35 8-9 Cargo 
--

Hil inian Barge & Const. Co. 403 800 140 39 9 Deck Cargo S

In tercoastal Shipyard 419 800 140 40 8-9 Cargo

Maxon Construction Co. 400 800 140 38 8-9 Deck Cargo

Tidewater Construction Co. 400 800 120 40 9 Cargo

Todd Shipyards 501 1000 150 39 9-6 Deck Cargo

A f inal prototype design was established for a rake-ended barge
itreasuring 140 ’ x 40’ x 9’ (length—beam-depth). Barge profile shown in
Figure 3 was de rive d from Foley and Equitable Equipment Design No. 1471 .
Deck space requirements were reviewed and totaled 2566 square feet which
is less than 5O~- of the approximately 5600 square feet of available deck S

space and was judged to be an acceptable space utilization factor. Fig-
ure 4 shows the proposed support barge deck l ayout for a 140’ x 40’
barge . The prototype barge loaded weight is set at approximatel y 600 LI
wh i ch yields a 5—foot draft .

7 
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2. Pod

The fi ri~ 1 pod des i gri as spec i f led for (in i vers i ty Seal ab is a
S two- leve l  1~~ LOA chante r as shown in rigure 5. The lowe r sec t ion  which

serves as an exit-entry area , wet room , and diving equi pment sto rage area ,
has an internal diameter of 9 feet and a 42 ” di arneter ent rance hat ch. 

S

the uppe r sect ion se rves as a compact laboratory and work area and has
a 7 1/2’ internal diameter . The pod has a d i sp l acem ent of 60 ,000 lbs
and a dry wei ght of 48 ,000 lbs. The center of gravity is estimated to

be approximately 6.27 feet from the bottom and the center of buoyancy
is approximate ly 7.74 feet from the bottom of the pod .

.3. ~~~~~~~~~~~~ S

\~ already descri bed , the prototype di v i nq syst eu r is des i nod
t o  opt ’ r a t t ’ t o  a depth of 300 feet .  Set t ing a nrax i irru i rr scope ten anchor—

of 10:1 and a] lowing for 450 angles between an~’honing cat ~1 t ”~ an~1 F.
~~~ and a f t  and beaur axes , the irroorinq svs t  cur rcqui ros air are a

approx ii r ratel ~, 4000 ’ x 4000 ’ . Al though s uff ic ient dat a irrigh t be oht ai tied S

mode liii g t h~ sys t cur under max i mum depth cond i t  i otis , it was j udq od S

advisable to ruti tests at interme diate depths as we l l ,  to ver i f y  thc
irooni rig system performance and the elevator contro l operatio n under 

. 5

these condi tions . This would require soirie type of adj ustabl e support s S

for the pod anchors arid irioori rig anc hors . In addi ti on , p1 at terms in the 5

hon zonta l p1 ane runni rig beneath the anchor lines for a s u f t  i ci Out I en~r th 
S

arc necessary for a proper siniul ati on of “bottom condi t ions ” part.i cul an — 
S

1~ ~iut~i,ig s ta t i c  loadi nq s irirul at i  on produc i rig slack in the tw~ unloaded
irroeni rig cab les . Support for the cables is requi red to assure t hat  the S

ab I es ass ume the i r proper shape under both dynairri c and s t a t  i c lead i no
condi t ions.

Despite the fact that chal ii was det ernri ned t o be preferab le t o 
S

-

cabl e ~o r the rrroor i rig lit r e rnen~ ers , it was judg ed more f e as i b 1 o t o  irro —
del those port ions ~t the sst.em using min iat ure wir e rope. 1 he r’e-

S qt i i rod lenoth of line was consequent l y larger and res in ted in a ~er is I -
derab h large r overall model system .

10
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Be fo re a suitable m ode ] of the moor i rig s~ s tern cou 1 d he do I s cd ,

a prototype four—point moor design was required. Deta i ls  of t h i s  do-
s Ign are presented in the work of Curl es s 1 

, and t~ p i cal dat a ma~ be

found in Part II , Appendix A e f th i s report . ~n 1 a s urrv rra r~ of t he
moor desi gn is p resente d here .

It is to he emphas I zed that mooring performance was t~ased err
s t a t i c  loading due to wind and current; however , al lowance w as made in S

the des i gir for dynami c wave 1 oadi rig ot the barge . A “wors t —c a se ’ 1 oa d— S

r nq was taken as w ind  • wave , and current forces all act in g together S
f rorr abeam.

Maximum allowa b le horizontal barge displace me nt for Sea S ta te  S
and .30i.~—feet water depth was set at a tcn — foot radius . Wind vc1oc i t ~
was taken to be ‘4 knots . correspondi no t o t he highest average ye 1 oc i -

t~ ton ~ea State 5.~ A one—knot current , un fonri froiri surface to bet —

to rn , w as ass urr~ d to act on the moon no cab 1 es , wh ~ h in the unleaded

~esi t ion , l ie at 45 0 to the barge fore—a rid— aft arid bc,rrir axes .

The magni tudes of the external forces act i no en t he baroe w er e
computed from a comis i derat ion of t he to l l  ow i rio component f~ rce ~

a. Wave forces
b . W I rid f o rc es on Ii ul 1 , dec k ~omponL n t s , and ~ t ,a ’~ t

Current forces on the barge hul 1
d. Current fo rces on the anchor cab les

When wave length of the ocean wav e is sina i I compared to ~e’~ so 1
length the waves simultaneous l~ exert fo rces in opposi te di rect i ori~ S

wh i ~.h tend to reduce or cancel each ether. For Sea State S • the rat io
el avcraoe wave length to prototy pe barge 1 crio t h is 99 140 or ~iL’ Pl’0.\ 1

Al th OLJ ijh th is  mus t be considered a marginal ~ ls O  0 ’~ ‘o”a ll
wa~e lenoth , the four—point moor was assume d to be su ffic ien t l~ f l e x i b l e
to a l l  ow the anchored e~ s~ 1 to f~l low the ~~~ c l i  c wa~e fer~~es and hOn1~ t’
the tr ansfe r ot wave cmicrq~ to the rnoonimio system was consider e d to t’e
s~’j 1 1 enough to neglect w i t h  respect to the other load tact  ens

s , R. W . I our-Po l lit Moon nj I1cs and Si rrru 1 at ion • ~‘ n I vers i t.~of New Ilampsh I re , ~1a~ ‘~TTE~s s ,T~1,b. -

‘
~~~~ . Marks , op . c r t .  S
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W ind ari d current forces were calculated using appropriate drag
coefficients and projected areas . Cable current forces were based on
using a full scale , one-inch dianreter 6 x 24 galvanized moori ng cable
having a drag coeff icient , C D = 1.20 , and a submerged we ight per foot
of 1.03 pounds .

The magn itude of the resultant external forces acting on the
barge and mooring components was used to des i gn a moor wh ich would

exe rt a restoring force equal to this resultant external force at the
point of maximum a l lowable displacement. An iterative solution making
use of computer generated catena ry characterist ics produced final moor
geometr i es consis tent w i th predi cted barge motions at maximum loading

as shown in the sumn~nrary of Tab le 2 , Proto type Moor Specifi cations.

TA bLL 2 Prototype Moor Speci fi cati otis

Water Depth 
- 

300 ft. 150 ft. j
Cable 

~!‘~~~~~ c 1 )  2438 ft. i 1402 f t .

Moori ng rectang le (1) 3446 x 3545 ft. 2004 x 2104 f t .  I 

Total drag, beam seas , 6984.4 4 lbs . 4896.90 lbs. S

wind , current
- 

~~~~~~~~~~~~~~ + 7 f t .  
- 

_

~

_

~~.3 ~~~~~

.

~~ ~ot~~ ~~~~~~~~~~~~~ 
- 5 - 51~ ( 2 )  

~~~~~~~~~~~~~~~ S~ - 

i i ~~.
w i n d , current

rg~~~~ti~~~~~~~~~~~~~ 1~ (2) 
- - -5

+ I~~0 ~~~~~~~aft 
-

( 1) Mooring rectangle dimensions include barge dimensions -

40’ x 140’ . All lengths rounded to nearest foot. S

(2) Static moor simulation was conducted for 150 ft. depth

only. No calculations were made for total drag arid barge niro-
tion for 300 ft. depth and bow loadin g .

13
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4. v~incIi , L1ev ator ,  and Tens ioner Controls

The proposed elevator control system design specifies a Rucker

elec tro—nydrau lic Transloade n’ to act as an effective wave cancellation ’

device . Size , weigu t , and power supply cons i derations sugges ted tuat S

an e lect n’o — mire c tr a n i cal equi va lent be inves ti gate d for’ this connrponent.
s ii’ i i larly , tue diesel-electr i c draw —wor ks as propose d for the main
w incn syst em would l ikely oe s imnn u la ted w it f i  a geared electr i c moto r’ S

dr’i ~ing an appn-opriately s ized drum amid coupled to the pod v i a  the
mode l Trans loade ,- and a sui tab le set of sneaves .

Inc Rucker Trans loade r includes a spni rig— loaded servo va lve
win cu acts as tue sensor for tue relative mni otio n between the barge and

t ue oce an f loor. Fi gure , T ramis loade r’ and Sc nsor Contro l , show s the

oottom sense caule reeved oven- two auxi l iary sets of sheaves , one f ixed ,
tune otuie r mr~ vable • w i th tire latter ’  set coupled to tile actu at I rig mectr~n is m

of tire sen ’vo valve . Slack cable is taken up on tire sense dr’urn . We la-
tive barge-to— bottom m otion causes the servo valve to be operated in

such a way as to control f low of nydraul I c f luid in the cyl imide r of tue
trans loade r to extend on- retract so as to adjus t tue e f fec t i ve  lenytn
of tue support cable fo r’ t ue pod. Prope r pin as i rig of this cc n-n-cc t i ye

ac t ion prov i des an automatic ddj us tmrrent of cable len gth arid a corn-es - 
S

ponding nearly constant posi t ion of tue pod above tile bottom. Perfect S

comnnpens at 1 on is not possi b 1 e s i ri ce some s nina 11 erro r’ is req u i n-cd as an

input for ’ the contn’ol system. nigh gal ii in tue con t ro l loop con s is tent
with adequate stability is requi red for small erro rs .

Tens i orners proposed for- the pod guy lines we re s imi lar  to Rucker
pneumati c—hydraulic units and again suggested that alternate dcvi ces be

used in tine modeling.

0. sL~WUPUu M~JLJLL - S C A L L  FACT OR CONSLD LRAT IOnIS AND MODLL CUMPON LNTS.

I. Gemie ra l Considerations.
On the basis of the ove rall phys i cal dimmi ens i otis of tue proto-

type di ving sys te mnr , it appeared that a major factor’ in selecting a

suitable linear scale factor would be the dimensions of tue avai lable

-
~~~ 5 5 55~~~~~~~~~ .J
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test tank or basin. The Maneuvering and Seakeeping Basin (MASK) at the
Naval Ship Research and Development Center , measures 360’ x 240’ and
has a water depth of 20 feet in the main part of the basin (190 ’ x 360 ).
A 50-foot wide “trench’ with a depth of 35’ runs the leng th of the
basin (50’ x 360’).

Based on an ove ral l prototype system area of 4000’ x 4000’ , w i th
a rnaxinmrum anchor scope of 10:1 , and assumin g that it would be desirable

to stay well within the 20-foot depth section of the MASK , a linear

scale factor of k = 30 was selected. In terms of mode l size , this
y ields a ]4~. = 4 2/3’ = 4’8” barge and would be entirely satisfactory S

from the standpoint of handling and portability . Having selected a

li near scale factor , t ime become s scaled by~ A = ~[30 = 5.48 , or 1
secon d of model tinmie is equi valent to 5.48 seconds of prototype time .

Modeling water depth , howeve r, wi th A = 30, calls for maximum
rrrode l depth of ~ = 10 feet . It mi ght be noted that a A = 15 would
allow using the 20—foot MASK water depth as the maximum model depth ;

however , the basin dimensions woul d be insufficient to mode l the barge 
S

mooring system unless a very restricted scope were used or unless a

nnodel chain anchor system were used. Having established the linear S

scale fac tor as A = 30 , some means for supporting the mooring and pod S

guy line anchors in mi d-water is then requi red. If tests at intermedi -

ate operating depths a~’e to be conducted , these anchor supports must
also be adjustable. S

2. Model Component Desi~ ns
S 

Other portions of the system were judged to be compatible with

a choice of A = 30; therefore, the model component designs were under-
taken.

a. Surface—su pport Barge

The 140’ x 40’ x 9’ steel deck cargo barge was reduced to

a 56” x 16” x 3.6” l aminated mahogany model and was fabri cated by Ocean 
S

Industries , Inc., Kennebunk, Maine . Deck vans w~re made of hollow ma-
hogany blocks to give the genera l appearance of the working system and
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to maintain a more realistic c.g. The Model Barge Bow Proffle shown

to scale in Figu re 3 was deri ved from Foley and Equitable Equipment

as noted (Sect. C.1.). A raised head log of approximatel y 12 inches

for the prototype was provi ded for towing. The hull had a sl i ght dead-

ri se (6 inches for the prototype) and a smooth bottom. The p rototype

barge however, would most likely have a pair of keels on either side

uf the center well to improve its towing characteristics . The hul l was

partially hollow to reduce weight and to accommodate bal l asting and

trimming weights once all the model components had been installed .

A final balanced model weight of 48.3 lbs . corresponded to a prototype ij

system weight of 583 LT.

b. Mooring System
As described previously, a choice of miniature wi re rope

was made for the mooring lines primarily due to lack of sufficiently

accura te scale d chain for the moor i ng system . Increased scope and hence

rather long anchor lines were then dictated.

Bergen Wir e, 1/32 inch di ameter, 3 x 7 stainless steel wi re

rope served for anchor lines. Small electri cal binding posts fastened

to the four corner “mooring stations ” of the barge were used to clamp

the lines at the lengths determined in the mooring cal cul ati ons .

The dimensions of the model moor and corresponding cable S

lengths are gi ven in Table 3.

- 
17
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Prototype Water I Model Water Model Moor Cable Length
Depth Depth Rectangle

300 ft. 10 ft. 108.51 x 105.18 ft. 74 .42 ft.
__________________________- 5--

150 ft. 5 ft. 71.63 x 68.30 ft. 47. 79 ft.

Table 3 Model Moor Specifications

Selection of the scaled mooring cable was made on the basis of s ize
and w e i g ht per unit length. As the cable lengths were great , cab les
were cons i dered sufficiently flexible so that bending moment similari ty
was not of pri me importance as long as the model cable was f lexible
also. Likewise , ax ial elongation was not taken into account in the
model since the forces acting on the system were in the order of a

few pounds wh ich was not enough to perceptibly stretch the nimodel cable .
Strict geometric scaling of the mooring cabl e diameter was unnecessary

since the Reynolds nunter in the model arid prototype could not be made
equal due to the use of water as the fluid in both system nns . Therefore ,
the mode l cable was selected so that its subme rged weight per unit 

S

length simulated the submerged weight per unit length of the prototype
which for a 6 x 24, one-inch diameter cable , was taken as 1.03 lbs./ft . H
Using a linear scale factor of 30 , 1000 feet of submerged model cable
should weight ~~~~~~~~ = 1.14 lbs . This required weight is fulfilled
very nearly by a standard 1/32 inch diameter aircraft cable which was
calculated to have a submerged weight of 1.18 lbs . per thousand feet.

As noted previously, a system of platforms or “false bottoms ” were
required to allow the mooring cable to lie more or less “on the bottommn ”
as the barge moved under the applied loading forces. These structures S

were fabri cated by model basin personnel and consisted of a l ong , nar-
row platform made with a metal frame and covered wi th wi re mesh , an
adjustable support column , and a supporting base. The base could be
located over a positioning pin set on the bottom of the basin accord-
in~g to the mooring rectangle geometry. Final angle adjustment of the

18
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platfo rm position was required to position the platfo rm below the unmoor-
i n g  cable. The structures were more than adequate to support the moor-
ing l i n e s  under  the anticipated loading which was in the order of a
few pounds . Eac h cable was attached at one end of the plat form and
allowed to extend along the platform for some di s tance before r isi ng
toward the barge . With load applied to the barge , more or less LaL~lc

lay on the false bottom mn , thus simulating the actual conditions of the
moor. A ske tch of the model moor and “false bottom ” structures is

shown in Figure 7, Model Moor Arrangement.

c. Pod

The model pod was constructed of build -up unmohagany scctio~s

and for med into a two-leve l cylindrical structure . The pod was th eii

hollowed to reduce we ight and to allow for weight and c.g . adjus tmunent . S

this was accomplished by positioning a nuniter of lead “wash ers ” on a
threaded brass shaft which passed through the axis of the pod. A
threaded cap nut attached to the rod was provided with a sw ivel con-

nec tor for attaching the model support cable.

d. Eleva tor Control System

The SEADOPOD Elevator Contro l System Schematic is shown in 
S

Figure 8. The following is a brief description of the functio n of the

components as they are show n from left to right: the d-c Winch Motor
is coupled to the Winch Drum on which the pod support cable is wound.

The x.~del cable is 3/64” d. 7 x 7 stainless stee l wi re rope. Also ,
mechanically connected to the shaft of the Winch Drum through a su i t a -
ble gear ratio , is a depth indicating precision potentiometer which ,
assum i ng negligible slack or stretchin g of the support cable, provides

a vol tage output proportional to barge-to—pod distance or quiescent

depth of the pod below the barge . Cable is reeved over the transloader

sheaves - a set of three fixed sheaves at the left and two movable
shea ves at the right , over a sheave at the peak of the supporting A-
frame and is attached to the pod. The movable sheave set is driven
by the Transloader Motor through a linear actuator device and is

19
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also mmne ch anically coupled to a precision linear motion potentionneter .

Aga i n, assumi ng negligible cable stretch and slack , the output signal

S of the Transloader Potentiometer is proportional to the pod position.

A Constant Force Spring maintains tension on the Sense Line Drum which
is mun echanically coup led to the precision rotary Sense Potentiometer.
The sense cable , .0075” d. stainless steel wire rope, comes off its
drum , over a sheave located on the A—frame and down to an anchoring
point wh i ch is actually on the pod guy line anchor (not shown in the

diagram). Electrical output ot the Sense Potentiome ter can be seen to

be proportional to the barge-to—bottom distance . Constant tension for

the pod guy lines is provided by two drum tensioners similar to the
sense l i n e  system but desi gned to operate with a scaled 6000 pounds of
tens i on i n  each guy line . The low r ends of the guys are attached to
the “pod an chor ” whi ch rest on the bottom directly below the barge cen-
ter  well. The guys are .018” d. stainless steel wire rope . Sheaves

were modeled with appropriately sized gear blanks which were grooved

to accept the miniature wire rope. Sheave diameters were selected

primari ly on the basis of reconunended specifications for mini mum bend-
ing radii to limi t bending fat igue in marine service .

Afl components of the model control systemni are conventional
electro-mechanical devices with the possible exception of the linear’
actuator wh i ch is used to simulate the hydraulic Trans l oader elemmu ent
of the prototype system. The actuator is require d to produce a linear’
displace ment of the movable set of sheaves in order to adjust the pod
support cable length , thus compensati ng for barge heave motion. Since S

a d-c motor was selected as the power element , a convers i on from rotary
to linear motion is necessary. The Roh’ li x linear actuator used in the
model , manufactured by Barry Controls of Watertown , Massachusetts ,
mi gh t be described as a threadless lead screw. A stainless steel
shaft is supported by two sets of three rollers , spaced on l20~ centers

~nd attached to opposite sides of a spring—loaded split block through
which the shaft passes . The rollers are incl i ned slightly to the axis
o f the shaft so that as the shaft is turned by the rotating motor , the

rollers and hence the attached block advance . The effect of a small

22
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incl ination of the rollers to the shaft axis ~s to produce a lar ge

ef1e~.tive “gear ratio ” . The unit selected has a lead drive of .015 which

is in terpreted as an advance of .015 inches for each revolution of tine

shaft. The Ro h’ l ix  unit has a bu i l t—in  s l ip—clu tch  feature since when
it is overpowe red or’ dri ven agains t the mechan ical stops , the shaft w i l l
sl ip in  the rollers arid preven t daunnage to the mechanism. rigure 9 is

a photograp h of t he SEADOPOD Mode l Elevator Control.
From time descri ption of components , it can be seen t h a t

P~d depth (barge at rest) is indicated by the Depth Potentiometer , pod
unct ion (relative to bottom) is indicated by the Transloader Poten tio-

meter , and barge mot ion (re lat ive to bottom) is indicated by the Sense

Potentiomete r. These three voltages may be monitored to obtain a
qraphical record of the e levator contro l system performance. The
m easure d motions are not t rue vert ical dis placements since thc~ include
h en  ~onta 1 mot ions of the pod re lat ive to the barge amid hence are re—

sul taun t t h ree dime nsional displacements. Motion in the hon zor ita l p1 are

is l i umni ted by the restraining cffects of the barge moor and the ped gu

I imne s ; howeve r’ , this motion may be appreciable for certain Sea State 
S

c~nidi t ions and pod operating depths. 
5

t\ 11 control and signal amp ii fi cation func ti otis are ac comu— S

p1 i shed in the t r’ans is tori zed Ampli f i e r/ Control ler whi cii was des i ned S

tor’ the mode l sys toni. The schematic diagram of this unit is shown in
Figure 10. Contro l functions cons ist of pod depth adjustment h~ means
of the Winch Motor and select ion of manual or’ autom m nati c trans loader
operation. Automa t ic transloader operation is accompl is hed by feeding S

the error of the feedback control system (di ffe rence between sense 
5 

5

Potentiomete r’ and Transloader Potentiometer ’ signa ls) to the control S

ampli fier , whose output then drives the Trans loader Motor to correct
the pod posit ion. Manual adj us tunemn t of the trans loader pos i t ion is

~ontro11ed by driving the Transloader motor fro m a se para t e sour ce
through a mn~ nua1ly operated potentio meter.

Amplification amid impedance matching is require d to enable
the low voltage error siqnal to be transformed to an appropriate volt-

a~w level with suffic ient power capacity to drive the d— c Tramm sload er

.)~l
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Motor. The i nput impedance of the amp lifier mniust be sufficientl y hi gh
to avoid loading of the input potentiometer source and the output impe-
dance must co rrespondingl y be low enough to drive the contro l motor.
For simplic ity , it was dec ided that the entire system be driven by a
sing le power supply. In orde r to provide both posit ive and negative
signal swings to drive tue Transloader Motor to correct for positive
and negative er rors , as is required in a feedbac k controller , the ann-
pl i f ier ope rates in a balanced or symetri cal mode . Using a sing le
30-volt  supply, a 15— volt “virtua l’ reference or’ neutral is established
in each half of the ampl i f ier.  Operating about this virtual reference ,
the amplif ier is basical ly two differential amplifiers wi th impedance
matching at the input and output . The input stages are emitter fol-
lowers wh ich provide an in put impedance of approxima tely 176 t~ohms ari d
hence only sl igh t loading of the ~O Kohmmi Sense and Transloade r Poten-
tioneters occurs . The second amplifier stages consist of a push-pull
commiincn emitter amplifier followed by an emitter follower ’ and provide
the required voltage amplifi cat ion. T u e  third amplif ier stages con-
sist of two emitter follower’s in cascade and ar’e designed for opera-
tion into the d—c mno tor load.

E. MJUE L T~ZT CONDITIONS S

The ori ginal proposal for SEA DOPO[) model testing was in some way s 
S

muncre ant itious and in other ways less ambiti ous than the tests that
were actually performed in the ~AS K fac i l i ty .

Test conditions underwent a series of modifications starting with
the ori ginal proposal for the model program to the p roposed testing
schedule based on discussio ns with NSROC personnel , and finally to the
actual tests conducted within the limi tatio n s of time and budget.

Specificall y , the following test p rocedure s were ori g inally p ro-
posed.

1. On ~i na 1 Test Pr2~~~j

a. All tests scheduled for .3C0’ prototype water depth.

~i’6
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h . Ser-ics of tests for various pod depths.

c. Iwo sets ~f wave conditions - head seas amid beam se as .

d. Tests were to he run 3 time s for each condit ion to pr’o~ ide

bet ten average data. 
S

e. Pre l iu mm in a r ~ tes ts  at MIT model basin wer e proposed .

f. Pata collec ti on onh b~ ui~~ing picture reco,-d ,

The r e s ul t s  ~f p l anning wit ii NSRPC personnel ~ i el dod the f~1 —

lowing proposed tes t  plan .

NSRDC I I NH Test Pla n

d. Tests to he conducted for prototype water depths e~
150 ’ , and 300 ’ . Static moor load tes ts  at 150 ’ onm l~ S

h . Series of test ton vari ous pod depths and for pod ral si nu

an d l owe r’immg .

c. Both head and beam seas to be gemie r-ated.

d. Suf f i c ient  data time for each rumi to be adequate1~ co~er-

spectrum of wave characteristics at each condition. Pu—

p l icatiomi ~f cond i t i ons  i f t ime p e r m i t t e d .

e. No model tests priod to NSRPC .

f. Pata colle ction with three  s~ncii roriized moving picture
caner-as—-two surface , one un derwater. Strip chart data
recording of pert imient system parameters .

Actua l tests completed on the SEADOPOD model ~sere as t o l l ow s .

3. SEADOPOP Tests Conducted

a. ~a~e tests for’ protot~- pe 150 ’ and 300 ’ depths . S t a t i c
moor load test ~t 150 ’ .

h. Pod tested at various depths , during raising amid lowe riny,
and for  pod entr~ i nto wa ter’ amid retrieval of pod from ’
Wd to t . S-

_  - --



c. Head seas only ,

d. F ive-minute data runs for each condition. Sonme dup lica-
tion of data with nearly constant generated wave conditions .

e. No preliminary wave tests before IISRDC . Ballasting and
trim adjustments accomplished in small tank.

f. Data coPection with two sur ’face and one underwater cine
cameras , not accuratel y synch ronized . Six channels of-

stri p cha rt data obtained .

F. MODEL TESTS - MANEUVERING AND SEA KEEPING BASIN (!ASKi_-~~AVAL
SHIP RE SEAR CH AND DEVELO PMENT CENTER

1. Ri gg ing and C~~~~~~ys tern

The SEA DOPOD mode l test presented a unique problem for the MASK
faci l i ty . The combination of a surface vehic le , a sub—surface vehicle ,
and a four-point m oor provi ded a rather coummp lex systenn wh i ch required

the services of scuba divers , riggers ope rating from the carriage below
the bridge which spans the basin , and personnel working from a small
boat. Fi gure 11 , SEADOPOD Model in MASK , is a photo graph taken during

testing in the mode l basin. S

The fi rst series of tests were conducted for the simulated 
S

300-foot depth (10 feet of wate r in the MASK). Mooring cable supports
and fa lse bot toms , pod ancho r support , an d cable lengths were fi rs t
adjus ted then the barge and pod were positioned within the normal tes t
area beneath the carriage . The bow camera was pos itioned in line wi th
the model but sl ightly above the water surface to avoid contact with
the waves . The beam camera was simi larly located above the water ’ and
s l i g h tl y ahead of the abeam posit ion with respect to the model to allow
the support ing and lowering pipe for the underwater ’ camera housing to
be positioned di rectly abeam of the submerged pod .

Camera speeds were to be 12 f ranes/secom id to provide a total
running time of approximately 5 minutes with a 100-foot film load.

L 
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One -tenth second time uum arkers we re recorded on each camera but were not
supplied f rom a comi~non source. No accurate synchronizat ion of the three
cameras was ava ilable. Camera film transports were strobed and d-c

dri ve motor voltages adjusted after the f irs t few camera runs showed
that the three cameras had not been adj usted properly. All filme d 

S

data was reco rded on Kodak PXN 449 blac k and white negative f i lm with S

the exception of a sing le run  w h i c h  was record ed on Kodak EFB 430 color
film. The underwater camera was f i t ted wi th  a normal lens wi th a f ield
of view of 2-3 feet for data runs w i th  the pod at a f ixed depth and a
w i de ang le lens which had a field of app rox ima tely 6 fee t for da ta runs
with the pod raising and lowering . The full 10 feet of water from

barge to bottom could not be viewed with this lens system . Surface
lighting was provided by conventional photoflood l auumps and underwater

lighting consisted of two vertical lig ht bars , each wi th six Model 91
Acme Photoflood assemblies.

2. Wave Generat i on

The MASK facility has two banks of pneumatic wave generators

located along the west wa ll and north wall  of the basin. These are re-
ferred to as the west bank and north bank wave generators and in terms

of the SEADOPOD model test could provide respect ively, sca l ed  head seas

and beam seas . Both regular and irregu lar waves can be generated in
the MASK; however , i t was decided that i rregular waves would be used

in order to subject the m odel system to waves which more nearly approxi- H
mated actual sea conditions . The wave generators are tape control l ed .
Operating procedure consists of fi rst select ing a tape containin g a
signal connponent most nearly approximating a desired Sea State. Wave

hei ght is then adjusted by controlling rpm ’s on the b l owers wh i ch feed
the pneumatic generators . Scal ed wave heig hts are un measured by means
of a sonic wave hei ght transducer mounted ahead of the model on an ad-
justable pipe frame platform. The output of this transducer is fed

to an rms wave hei ght computer to select the require d blower rpm for S

a given model linear scale factor. Once the waves have been calibrated ,

the model system is ready for test. As mentioned previousl y, data

L . -5 — - - - S .55~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 55- s
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runs of fi ve minutes duration were considered an appropri ate sample
t ime to represent the statistical properties of the irregular waves ,
and were consistent wi th a 100 ft. film load and a 12 f.p.s. camera
speed.

3. Model Instrumentation

Six channels of model data pl us a camera ON-OFF pulse were re-

corded on an eight channel Sanborn stri p chart recorder. Data signal s
were first passed through calibrated Dana preamplifiers to adjust volt-

age levels to be compatible with the recorder inputs . All signal

sources were calibrated initially so that the chart records could be

interpreted in terms of prototype parameters to provide consistency

in referri ng to these records. The system vari ables measured are m di—

cated in Table 4. Figure 12 is a Sample Stri p Chart Record taken from

Run 5.

Table 4 Stri p Chart Channel Identifi cation

Channel # Vari able Description of Vari able

1 Wave Hei ght Signal from calibrated sonic probe 
S

2 Sense Signal from sense line
linear rotary potentiometer

3 Transloader Signal from Transloader linear
S motion potentiometer - gives

___________ _________________ 

pod motion

4 Error Differential control amplifier - 
-S

proportional to di fference betwee
___________ _________________ 

Sense and Transloader signals
5 Output Signal deri ved from the control

amplifier output — represents S

___________ _________________ 
transloader motor dri ve volta ge

6 Depth Si gnal from winch dri ve linear
___________ _________________ 

rotary potentiometer

7 (Not Used) _______________________________________

8 Camera Positi ve pulse indi cates cameras

I

- 
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4. Data Runs

A total of 9 data runs were obtained for the maximum operatin g

depth (300 ft.) of the system with the pod at various fi xed depths and
for raising and l owering the pod. Sea States were varied over the
range of low 3 to mid 5. Only west bank generators (head seas) were
available. Static moor loading tests were also conducted for the 150
ft. cond ition. The proposed data runs for the 50 ft. depth were not
unmade due to the large amount of ri gging time require d to change opera-
ting depth and insufficient funds available for extension of the tests .
Table 5, Wave Test Data Runs , gi ves a summnmary of the data runs and in-
di cates t:ie pertinent test conditions.
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5. Typical Data Run Procedure

The followin g outline indicates a typ ical data run for SEADOPOD

testing .

a. Wave generator tape selected for Sea State wave spectruu ul .

b. Blower rpm adjusted for required scaled wave hei ght.

c. Cameras loaded , model adjusted in  mnmoor , pod at required
S 

depth , wave generators off, U/W camera at surface; 10

seconds of data nun~er card filmed on each can~ra.

d. U/W camera l owered to required depth , tJ/W lights on.

e. SLADOPOD Control energized and placed in Aut omatic.

t .  lU seconds of rest position of model recorded on all cameras .

g. Wave generators started - brief delay for  seas to build up.

h. Sanborn recorder ON

i. Cameras ON

j. Rmns . commnputer On (approximatel y 1 minute) for check of
wave heig ht. 

S

k. After approximatel y 5 minutes , cameras OFF , Recorder OFF ,
Wave generators OFF (unless onl y Pod Mode to be changed).

1. U/W camera raised to surface. All cameras reloaded. 
S

ni. Set new conditions for next run .

G. DATA REDUCTION

SEADOPOD test results consisted of four basic types :
1. Visual evaluation of mooring system perfo rmance and pod eleva-

tor control system.

2. 16 mnim m photographic record of barge mot ion  (bow and beam viCw s)
and submerged pod motion (beam view).

3. Strip chart recordings of six systemnu vari ables plus camuw ra
ON-OFF mmiark .

35
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4. l umnu n photograph i C record of ~ ta t  i c load i m ug of moon ny sys tern
consisting of a series of b -sec oum d records of beaun and bow

views both at rest and t om - various loads applied to the barge

as umEa sured by a pull cv and spring—scal e system. f
Cons i de r i n g th e 1 ac k of 5 ca mera syn ch ron i .- a t i on due to non—un i fo n-rn 

S

camera speeds and the three separate tiiid fl~ Si gnal sour ces , i nterpre—

ta tion of t he filme d record could not p rovide a grea t deal of quanti-
tat i ye i nformui ati on. Without a conimm on time base , a frame — to— frame

ana l ysis of relative barge-pod mot ion was not- i mposs ible. Strip chart

data which was recorded s i niu l taneousl y for the six model parameters

was selected for ‘more detailed anal ys is.

Reduct i on of the strip chart data was accompl i shed by fi rs t con-

verting selected 40—second segments ot data, samples at 0.1 second in-

terval s , to punched tape using a Gerber Scien t  i fi c GD1)RS— .~ —~ Diqi tal S

Data Reducti on Syste mui . A comup romi se was made in choosing 40—second

samp l es between an attempt to o b ta i n  s uf f ic ient  data time to cover re-

presentat ive wave ac t i on  and a p rac t i c a l  cons i deration of the time no-
gui red to read si \ cham nnels of data at each data point • P o r t i o n s  o f

data which appeared to give large errors , correspondinu to severe wave

conditions , were selected. A 0.1 second interval (corresponding to

I mu~un. which was the smallest chart division) was sel ected to preserve

the hi gher frequency comnponen ts of the signals and still mum ak e dat.a read-

i ng with the GE)[IRS convenient for the operaton - . Lach segment of punch ed

tape cons is ted then of 400 data points . Ti no (data point. ) and six a m —

p1 i tudes i n  hundredths of  an inch in the form (Channe l . Si yn , Hundreds ,

Terms , On i t s )  we re converted by time GDDRS to Fri den tape using a s—channel

Ask ! code . Since this forma t was not compatible wi ti n an available IBM

047 pri miter • the I n i den tape was converted to I [3M cards using a tel c—

type reader and a conversion program suppl ied L-I\ DIAl 5 DATA of Newton,

Massachuset ts. Tinis conversion did not iel d true symbol s for the model

data but did provide a tin que set of sy m b o l s  w in i ch were then converted

to the required si gins and numeri c~ by means of a si nupl c conversion pro— S

grain on an IBM 3b0 computer .
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Evaluation of the photographic record of model performance was ac-
complished by interp reting reference markings on the barge bow and top- S

- sides and the pod side . One-inch square markings divided in half ver-
tically and hori zontally to form a pattern of four half-inch squares
we re located at these points of the model . The brief filming of the 

S

“rest” position of the barge arid pod before each data run , established
the reference displacement since the one- i nch reference square as shown
by the projected image would correspond to 30 inches of displacement
for the prototype system. An alternate interpretation would be to con-
sider that each foot of displacement of the prototype system corresponds
to ~~

12 
= 0.4 inch model displacement. Projected images or photo-

graphic prints of the model views could thus be read to obtain displace- S

mnent data. Camera mis—al i gnment as discussed in Part VIA was determi ned
to produce less than 0.1% error in displacements scaled from the pro-

jected images .

H. DATA ANALYSIS

As discussed briefly in the preceding section , reduct ion of the

stri p chart data wh i ch was judged to be of more value for system error

analysis than the unsynchronized cine record, required a selection of
arm appropriate data interval to convert from analog to digita l form.

Magnetic tape inputs for the wave generators which were used in the

S model tests corresponded to the range of Sea State 3-5 and had fre-
quencies of maximum energy of spectrum of 0.8 Hz to 0.675 Hz. Al low-
ing for the higher frequencies and applying Shannon ’s Sampling Theorem ,
which requires a sampl i ng rate at least twice the maximum frequency to
be recovered , a 10 sample per second rate was selected. This yields
frequencies up to 5 Hz, which is 7.4 times the frequency of maximum
energy umax = l/Tmax) for Sea State 3 and 6.25 times the correspond ing

~max 
for State 5.

Portions of five data runs were converted to punched cards for data
analysis. These runs were judged representative of both high and low
sea state and the severa l modes of model operation . Data runs 2, 5, 7,
11 , and 12 from the thirteen total runs listed in Table 5 were used .
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S The fi rs t step in data analysis w~is to translate all magnitudes as
read by the GDDRS to the fo rmun in which they appeared on the str ip chart ,
i.e., as plus and minus readings about a zero signal level . This was

accom mm plished by means of sets of readings for plus full scale , mi nus
fu l l  sca le , and zero point for each channel of data. This translat i on
was requi red since all di gital conversion mum agnitudes were refe renced
to zero inches located at some point near the bottom of the eig ht charm-
nel stri p chart recording .

All data values were scaled to read directly in prototype feet.

Print-outs of both translated and scaled values were provided for visual
checking. The same inforunation was punched on cards for use in the ac-
tual system performance and error analysis.

The computer program “Barge B-F /V in Appendix B was used to ana-
lyze pod errors for each of the data runs sel ected. Initial info rma-

tion supplied by the program pertains to the run ident i ficatio n as

fo l l o w s :
NWM - number of wave mnaker tape used
NRPM - wave niaker blowe r speed in revolutions per minute
NSS - simulated Sea State
NBD - bottom depth given i n  p ro to type  feet

UTTIM — total run time in seconds and tenths S

DTRMS - RMS surface hei ght value for entire run
DTAVG - average or offset value of surface height for  

S

en t i r e  run
Du N - scale factor , surface hei ght inches/20 mm~n. on

strip chart as measured by sonic probe

DT - date of data run

The second portion of the program reads in the dig ital data for the
run as prepared frommu the strip chart conversions .

The format and descript ion of the data input is as follows :

__
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Vari able Columns Description

Sonic 11-20 Surface height as measured by the 
S

sonic probe
Barge 21-30 Barge motion about its still water

pos i t ion

Trans loade r 31-40 Pod motion measured relati ve to the S

barge
Error 41— 50 Pod change about its nominal depth
Amp. Out . 51—60 Servo motor correcting voltage

Pod Depth 61—70 Nominal pod depth L5

All val ues are given in prototype feet except amplifier output S

which is measured in d-c volts .
T he fi rst two cards in each data set give run number in columns

2-5 and time in col umns 6—10 in addition to the above information.

Army nunter of dig ital data points between 2 and 600 may be used
wi th this program. Approximately 400 data points were used in each
of the five runs analyzed. Any conirments to be printed with the

output data should be entered on cards preceded by a card with a:
digit “1” in the fi rst column , imm ediately following the digital
information .

The third segment of the program searches through the data to
find the maximum and minimum pod depths. If the pod vari es during
the run , both maximum and minimum depths will be printed. If, how-
ever, it remains fixed, then only a single val ue is given as output.

S 

The next portion of the program locates the overall run infor-
mation supplied by the MASK data analyzer (DTTIM , DTRMS, etc.).
Following this step, the computer prints the necessary labels to
set up the output pages . All values which have been computed up
to this point are also printed. If no more than five digital data S

points are available , the program terminates at this point. S

S Pod error or deviation from a fi xed position , was found in  two
ways . “Pod Deviation 1” refe rs to the error signal from the ampli-
fier/controller diffe rential amplifier. “Pod Deviation 2” , ob-
tam ed from the al gebraic sum of the barge and pod positions as 

S
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indicated by the Sense and Transloader recorded signals , was calcu-
lated in the next segment of the program.

Next , maximum and minimum values for each parame ter for all S

points of the run are computed . This gives a spread of values .
The next two computations are the most si gnificant as far as

performance of the model system is concerned. Average values for
each of the input parameters are computed from

I
F =  1 ( f(t)dt

T I
0

using appropriate subroutines .

Root mean squa re (RMS ) values of the parameters are next calcu-
lated using the relations

1~ 
L

F — 1 5 f2(t)dtrms T
0

F =

rums rms

The standard deviation or RMS value about the mean (average ) is 
- 

S

then calculated according to

T 2F2 
= 

~~
- ( (f(t) - fl dt S

SD

= 1’• ~~(f (t) - 2Ff(t)~~~F )dt

= ç f 2 (t)dt - 2~~~ ç 
f (t)dt I dt

The fi rst term in this expansion corresponds to F~~ the second
term is 2 r2 , and the final integral is simply unity , thus

40
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F2 
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runs

FSD \j
~~~

Th is indicates that the standard deviation can be computed without

repeating the integration process.
The final computations are made to determine t ransloader effect-

iveness. This was evaluated in two ways. The fi rst method is based

on a comparison of the overall motion (difference between maximum

displacenEet . and min iunuu um displace ment) throughout the sampled port-
ion  of the  data  run , for both the barge and the pod . From these
fi gures , the ratio of pod travel to barge travel is determined and
this sub tracted from unity gives the amount of pod motion removed
by the trans loade r and is def i ned as trans loader effec t iveness .

The second measure of trans loade r effectiveness was determi ned
from the standard deviation values (RMS about the mean)  computed
for barge and pod mot i ons . As an example of the intepretation of
this definition of effectiveness , an RMS barge trave l of 1.5 feet

and RMS pod trave l of 0.5 feet would give (1.0 - 0. 5 5 S ’l .b) 1.0 - 
~~S 5

.333 = .667 or an ef fect iveness of 66 .7~ for the trans loader in
eliminat ing barge motion at the pod. An effectiveness of 100~ would
of course indicate that complete wave cancellat ion had been ac- S

co mmn p lis hed.
A final portion of the p rogram ca l ls  for the subroutine “FORS R” .

Th is calculates the Fourier Trans form of data supplied , and i f

not require d, a dummy subprogram can be used in its place. Al-
thoug h not used in this data analysis , cal cu l a t i o n  of the Fourier
I rans form could be used to provide a frequency spectrum of the

samp led data points. Comparison of the barge and pod spectra
woul d give frequency response data for the transloader amid com-
parison of the spectra of the sonic wave height probe and the S

41
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barge unot i on ~%ou l d y ie ld  a ui~’~us ure of the barge t m’equt’mm c~ respons e.
Addi  t i  ona l  l v , a comnpari son between the sonic wave hei ght and the S

pod uno t ion would ~ I ~e a ft-eq uen c’~ response of the conip let e s~ s t e l - .

Computer ca l cul at ion  of the Fouri e m - Trans form is \t’ry t im ’me consumi n~ ;
howeve r, a recent lv deve lo ped technique known as the Fast Fouri em -
Trans f~ run ” show s p ronmi se in reduc I mi t -i coIl\puter ti me cons i derahl’.

I. t’U D E L  S’m ST E M PERFORMANCE E VAL LIAT ION S

1. Elevator Contro l Sy s t em

The stated ohjecti yes of the SEADOPOL) model program were to in-
vesti gate the dynamic performance of the bar ge-pod-el evator system and
the s ta t i c  load response of the barge four —point  moor.

In orde r to evaluate the performance ~f t ue  e levator  control
and wave cance l 1 ati on S’,SteI~, data from the instrume nted model in the

form of relative barge and pod nmoti ons bert’ anal~ zed . I deal 1. , the  s urn

of relative barge amid pod motions should equate to :ero , i e. , as the
barge rises (relative to  the  hot t om ’

~ on a wav e crest . the t rauis loader
retracts , l owe ri rig the pod by the s aune au mlo un t I~ )‘C 1 at I ~-C to the bar-ge so

that the pod assum es a “ fL\ed’’ posi t i o n i n  time wa t e r .  in real i t~
since a feedback control svs tern requi m-os somno erro r to actu a te the s~ s —

te rn, the trans loade r comnpe nsat I n~i act ion is i ncomnp leto amid on l~ a por- L
tio mi ~f the barge heave motion is removed from the pod. ~\s h a s  been

previously rioted , the measured di spl ace mn en t s  a lso include hot- i :ouit al
not ions of the barg e—p od system . Most of th is m noti~~n is due to the

sur~iin g act  ion of the barge and pod. lilt’ n~del inst ruuncntat ion measure s S

net chanqe in Sens e cable lenoth and di sp l act ’m ’ t’u it of t im e Tr a nsloade r

~net change iui Winch cable le nqt i m i . For Lon ’~e nienc e the ele~at ou - con-
tro l act ion Is descri bed as act i nq o n l \  In the hea’~e di rect ion. 

S

With  regular miea r — s I nusol dal ~a~es , the trauisl oader c f fc ~ t i  \ C —

ness cou ld be eva lua ted in t ermrs of r~l at i ye frcqtieric ~ re sn~nse of the
barge and the pod to a cons t ant amnp i it ude . ~-~n-i able frequcnc~ w a v e  O X —  - 

S

c i tat  ion . The standard techniqu es of ai ’p l it ude and phas e respo nse co uld
the rm he emnp l oyed to mneasure effo~-t i eness ~f t he ci o v at o r  co ntro l . The

_ _ _ _ _  — - - - - 
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choice of i rregular waves for these tests , based on a desire to subject

the mmmodel to nmo re representative sea conditions , req uired a different S

mneasure of e ffectiveness. Since irregular waves and resultant model
responses are stat ist ical ly defined , root-mean -square val ues about the
mean (standard deviations ) over the sampled tiumme periods were conmputed 

S

and used to define a per-cent transloader effectiveness as (1 - 
POD ruis

x 100.) This can be seen to approach l00~S as 
~
°0rms motion ap- Bi

~~
erms

proaches zero, wh i ch corresponds to complete wave cancellation.

As an al ternate nmeasure , the range of motion (maximum to mini-

mum posit ions ) for both the barge and the pod were calculated for each
sampled segment of the fi ve runs analyzed and these val ues appli ed to
a similar definition of ~- effectiveness as (1 — ~~

0range x 100 . This
Barge,, nmig ht be described as a “wors t case ” measure sin ce i t a ge~0~1~ be ex- S

ceed i ngl y unlikely that an adjacent peak and dip of the motion curve

would correspond to the range wh ich was determ n ined from the largest
peak and the larges t dip throughout the segment of data.

Table 6 , Transloader Evaluation , summarizes the results of the
motion analyses and trans loader effectiveness calcu lat ions. As an exam - S

pie of the interpretation of these data , consider Run 5 which was con - 
S

ducted with Sea State 5 waves , a 300-foot wate r depth and with the pod
at 150 feet. Using approximate values , maximum water surface change

was 1 2.8 feet, maxinmu m barge travel was 7.6 feet and maximum Pod travel f

was 2.7 feet. Consider these maximum changes or ranges of vari ables , 
5

the Pod trave l was 21.5. of surface change and 36. 1’.- of Barge travel.
Thr transloader effectiveness on a maximum chan ge or range basis was

63. g,
~.

In terms of RMS values , the wate r  su r face  RMS hei ght  wi th res-
pect to the mean he ight was 2.2 feet , the RMS Barge travel was 1 .4 feet
and the RMS Pod travel was 0.45.feet. Comparing these RMS values , pod
travel was 20.9~S of the surface he i ght and 33~~45 ,5 of Barge travel. Trans-
loade r effectiveness in terms of these RMS values , is 66.6~ - i .e. the
transloader eliminates approximately 67’~ of barge motion fromu the pod.
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Values for time other data runs are interp reted i mm si mmmi lar fash ion.
Ti me va l id i ty of th is Transloader analys is  for a giver ) Sea State

spec i fi cat i on is of course dependerm t orm t ime souridnes s of time data s a i mm— S

ph mmq scheme . It w i l l  be recal led that. appr o>. immm atel y 40 sccommds of

data out of a total run t i me of b mii i imute s was reduced tro m mu t ime s trip
chart records to d igit a l formmm for time pe rfor rmm ammc e study . -t

Two ques I I o rms are perti nent . I f a ~—mum i nute run was on q i r m a ] ly S

judged necessary to represent the s ta t i s t i ca l  components of a given Sea
S tate tape . th erm would a 40—second seq mm mer mt. be a suf f i  ci em mt ly repr ese rm—
tati ye samm ipl e Secormdly , did the wave hei qim t over ’ the 40—second i mi ter—
val correspond to time requi red Sea State amum p h i tudes? 

-
S

It wil l be recalled that the RMS coumm puter at the MASK analyzes

the output of time sonic wave Imei qlm t probe arid cal culat es both the d— c

level and time RMS wave imei gim I. tromm m wh i cli the stand a rd dcv i a ti on ( RMS
about the mean ) may be dct.cnmrui mmc d. 1 o armsw e r time tim -s t quest i 0mm , a
comuparisorm is rmmade between the MASK standard deviation fo r  time complete

rurm and time cal cul a ted s tar mdard dcv i at on for time partial run. 1 hese

val ucs are show n i m m Table 7. Commmp ari son of’ Par t. I a] Run to Total Rumm .

Time i mmdi cated I)i f fem ’cr mce (S. P. ) val ucs ran ge fromum 0.01)04 Ft. for  Run 5

to 0. ~‘/5 Ft .  for ’ Run 11 , or l ess tha n  I S  di ffer-cnm cc to approXimatel y 1 :~“~ S

di f fe rence . This aqr ee men mt supports the va l i di tv of time part I al run at
least - as tar as time a mmmpl i tude s ta t i s t i cs  are concerned. h owever . s i nec
no Fourier armalys is of time dat a was per for m mue d, there is mmo assur ar mce
that the part. i al run imas the proper - di s t  ri but i on of f requency com mu po n men mt S

to accura tely represent a given Sea State. In Sect ion 6. it was noted S

tim at the samm ip hi rmg t i mi me selected for’ convers i orm ot the ana l og strip dm a ml

data to di q i tal foru m , was 0.1 second whi cii allows time recovery of irm for—

immati orm wi tim f requency c o m m u po n m cr m t s to 5 II.: . Si nec t i m is I ~ mm~ re t harm 7
ti lures time = 1 / I m r max for State 3 and more t h an ~ t i mim es the for - S

Sta te  5, all ummajon wave co umm po mienm ts co nu tai  mmcd in the data s hmou i d be ac—

cura tely recovered.

Returning to the second question , a common measure of wav e
height is II( 1/ 3) w i micim is time average of t ime 1/3 hig hest waves on corn- S

monly cal led time Si gui fi cant Wave iiei gi lt. irommn time Marks Sea State

45
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Chart , signifi cant wave hei ghts range from 3.3 to 4.6 feet for State 3
and from 8 to 12 feet for State 5 . In order to relate these values to
the standard deviation , we make use of the relations

S.D. =~ = .707 ~r’

and , 11( 1 / 3 )  = ~.83 “!
~~

‘

or , = 2.83 = 4 - .

~~ ‘~~~-‘~ .707

The correspond ing values of standard deviation are acccrdingly one-fourth

of the si gnifi cant wave hei ghts or 0.825 to 1 .15 feet for Sta te 3 and
2.0 to 3.0 feet for State 5.

From Table 6, Transloade r Evalu ation , we see that Run 2 is with-

in State 3 range and Runs 5, 7, 11 , and 12 are wi thin the State 5 range .

We may conc lude that the partial run data is val id with respect
to RMS wave height (or Sea State specifi cation of signif icant wave
height) and sampling interval.

Although the photographic records of model behavior did not

provi de quantitati ve data for relative barge-pod displacements , they
could be interpreted to give a better “feel ” for total motions one
would experience on the barge or in the pod. This is particularly

true if barge and pod films for the same data run are viewed ‘in seq uence .
In addi tion , the cine record includes hori zontal dis placements and would

al low a two-dimensional analysis of the system. The filme d record of
the submerged pod does give a good approximation of the  total dis p lace-
ment , 2 axes only , experienced by the pod. A second underwater camera
would  have been require d to observe lateral movement; however , this
was judged to be relatively small.

Maximum values of vertical and hori zontal trave l of the barge
and pod for all data runs , as deri ve d f rom the fi lms , are presented in
Table 8, Trans loader Evaluation - Film Analysis These mm iax imum values

-
~ are actually ranges or sums of the most positive swings and the most

negat ive swings throughout the runs and are therefore a measure of the
total excurs i ons of the pod.
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Table 8 Trans loader Lvaluation - F il m mm Analysis

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (1) i~~P~~ Tr-~~T~~Tt~( 1)(Frommm uLMta Cdmm~ ra) (From m i P0li Cam mm era)

2 8 7  2 6 0  2 5 5  18 0

2 3.25 3.62 2. 30 1.90

~~~~~~~ ~~~~~~~~~~ ~~~~~~~
_ _  

~~~~~~~

-

~~~~~~

— _ _ _

~~~~ 5 
- ----

~~~

--S-

~~~~~~

- - S - - S . .

-

4 8.50 8.20 5. 17 4.4 2

5 9.05 8.70 3.b0 5.82

6 9 . 15 8.45 3.85 14.70

1 (~~
‘
~ 9.80 7.95 2.40 6.00

8 3.35 3.90 3.50 4.75

9 8.75 9.00 - -
— - —- —~~~~~~~ — --—-- -- --— - S  ~~~~~~~~~~~~~~~~~~~

__
~~~~~~~

_ _ - S____

10 6.45 
— 

7.50 5.20 5.55

11 9.20 11.90 4. 42 9.42

12 
- 

8.25 10.70 2.68 10 .45

13 8.70 11.80 - -

(1) Range of s urn of mmmos t pos I ti ye an- m d ui~ s t nme gati ye tm-ave 1 fromn nes t pos ition.

~
2
~UIW cami~ ra inoperat i ve .

~~ Pod Raise ami d Lower - only partial data for pod take n .
Raise and Lowe r - no data for pod taken.

2. ba~~~~~~~~S stern

Veri fi cation of the SLADOPO D mimoor ’ des ign , su mmu uua r ized in Sect i on
C , Tab le 1 , Prototype Moor Oata , was conducted at the commipletio n of

wave testing wi th  the barge set on the mi~ del mimoo r and 150-foot photo —
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type depth . Data we re obtained from a series of photographic prints
mmmade from the 16 nm . cine record of the “at rest” and displaced posi-
ti ons of the barge with various scaled loads applied in both beam and
bow di rections . Displacemen ts were read relative to the edge of the
frame and scaled fronm the one-inch calibration mimarkings on the model.
Representative photographs used for the load analysis are shown in
Fig. 13 A. Beam Static Loading, and Fig. 13 B, Bow Static Loading. S

Table 9, Test Results - Static Barge Loading, summarizes the 
S

static load test results. All nmeasured motions are within approxi mately

- l0~ of the predicted motions with the exception of the l owest value bow

force test. Au this low value , nieasurenment errors i n  the fo rce a p p l i c a - S
- 

tion system and minor kinking of the moor cable may have contributed
to the larger error of 20~.

Table 9 TEST RESULTS - Static Barge Loading

Di rection Applied Predi cted Actual Difference~ Error
Force Motion Moti on 

-

Beam 2.90 oz. 0.110 ft . 0.12 1 ft . 0.01 1 ft. 
— 

l0 .0~~

Bow 1.75 0.067 0.073 0.006 8.9
Bow 1.25 0.048 0.050 0.002 4.2
Bow 1.00 0.040 

- 

0.040 0.000 0.0
Bow 0.50 0.019 0.02 1 0.002 10.5

1 8 0  0 2 5  9, 0 008 0 002 20 0

A portion of Run 13 was devoted to an attempt to renmove the pod S
f rom the water and then return it to the water. The Trans loader speci-
f ied  fo r SEADOPOD has a 12 ,000 pound rating and is used with a one-part S

load cable. The Trans loader can only handle the load of the subnmerged
pod (weight in air less displacement = 12 ,000 pounds). During the out-
of—water l owering and raising p hases of the operation , the Transloader
is blocked in the retracted position , thus providing direct winching of

the 30-ton load wi thout Transloader action .

1 

______________ _____________________________________________________________________ _ _ _ _ _  
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Some operator experience is necessary to adjust the winching

system controls while amaneuve ring the pod in and out of the water.
For examp le , as shown in Fi gure 14 , Typical Pod LoweringOperation , 

S

w i th the Transloader b locked , the operator waits until the barge begins

to rise on a wave crest , then by manual control , causes the Trans loader
to be extended toward the mid -position as the pod is l owered quickly
through the water surface . This is accompl ished in a few seconds and ,

once the pod is subme rged , the Transloader automatic contro l is put into

operation and wave cancellation is in effect unti l the pod is to return
to the surface.

Simulating a pod launch and retrieval is extremely di fficult

because (model time) (real time) 
. Usin g a Tmax = 8 seconds for State

5, a model wave period is approximately 1.5 seconds . Less than a second

is availa ble to execute the model pod launch and this is hardly enough

time for the operator to manipulate the elevator controls. The attempts

were inconcl usive in predi ctin g prototype system performance. However ,

considering the t ime avai l able in the actual system , smooth launch and

retrieval should be possible with operator experience . An automatic

system for synchronizing winch and Transloader controls with wave motion

mi ght be considered.
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J .  CONCLUSIO NS AND RLCUMMLI~UAT IOI~S

A mm~ del SEAUOPUu d iving system was des igned , cons t ructed and tes ted
in the Naneuver immy and Seakeep i rig 6as i n  of tue Naval Sin p Re sear c t i  and
Development Cen ter. The system was subje cte d to i rregular waves corr’es-
ponding to Sea States 3 to 5 in simulated water depths of 300 feet and
150 feet and for sever a l di ffe remit pod dept mn s . Perfo rmance of tue pod 

S

elevator contro l was evaluated from strip cm -m art recordings of pertinen t 
p

ni~ de1 vari aoles ari d from cim m e records of the barge and pod motio ns .
Static loading of time barge was simu l ated in order to ye n-i fy tue per-
for-nuan ce of the n~ del 4-point moor.

1. Llevato r ~~steni Per ’fo nmiance

Analysis of tue s tn p cr iar I recorded data for’ the mi s  trumented
SEALIOPOL) mmr o de l yielded the performance data of Table 6, Transloade r

Lva luatio n , on page 44. Wmm en co n s ide red on aim r-ms basis , the Tram isloader

wave cancellation device was capable of e l im u im ma tim ig up to 70.5 of barge
travel from the pod. As discussed previously , the measured displacements

are total disp 1ace mi~ nts (in th ree di mi~ nsi ons ) correspo ndi rig to the
“lengths ” of tnie SLNSL cable ari d of tue ~LNCu caule as determined by S

the TRA NSLOA DER position. Due to wave induced notion of the barge in

tue hon zomita l plane , largely fo re-arid-aft for head seas , ti - me SLNSL
signal which actuates the elevator con trol is not a simple rneas un’e ot
the ueave components arid so tue controller responds to a multi-d i nuern-
si onal input signal. Tnis may be cons i dered parti al j us ti fi cati omm for

evaluating perfo rmance from meas ure d SENSE ami d TRA NSL OAUL R S i  gnals. S

Seve ral imm mp rovements in m odel elevato r’  contro l could increas e S

Trans loade r effecti veness above 7O~- . Reduction of Transloade r dri ve

motor dead—band (region winere app lied voltage is insuffi cient to over-
comlE static frjction) could be acconip lisned ~y a better iuatcI -m of motor  S

to load requi remiEnts - This effect is none pronounced for snial 1 amp l i  -

tude w ave inputs as can ue seen in Table 6 for Run 2 whi cii was con-
ducted for State 3 seas . Increased controller anipli fien gain cons i stem -m t

witn closed l oop system stability would reduce errors , i.e. imp rove

wave cancellation . Tn -me elevator contro l as tested was judged to ue an

acceptab le mode l of the prototype system despite the use of electr ’o-
nEchani cal con~onent s to s i  mnulate tn- me e lectro-hydrau l ic comuponemi ts
prescribed for SEADOPOD.
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Ana lysis of tue ciuc reco rd of barge and pod mi~ t ion as s unmuari zed
in Table 8, page 48, reveals tniat unde r certa in m tes t coudi tionis the

pod mnmay experience large norizonta l n~ tionis . These mi ght be though t
of as pendulumu effects generated Dy flonizouta l barge motion and ac-
centuate d by the pitch induced p i v o t i n g  act ion of tue A—fra me structure
wuich s upports tue m a i n  shea ve for tnie pod winc h cable amid tme pod guy

line sheaves . W itn irregular wave inputs , these lan - ye pod excursions
occur infrequently , and are quickl y damped. However , for the system u
operating with waves of more un-mi form u amnp l i tude anid frequency cmiarac-
t e r i s t i c s, an-my tendemicy toward osc i1la to~y responses approac nm irmg pos -
sib le res onance of the pod s upport -cab leJguy-l ine syste m , mus t be avoide d.
As m ight  be predicte d, the pendulum effect is imo st pronounced wnien time
pod is near’ tue surface . Run 6 w i tim a water depth of 300 feet and pod
deptil of 40 feet an- md Run 12 with a wate r deptu of 150 feet ari d a pod S

depth of 30 fee t, snow tue greates t horizontal pod travel - 14.70 feet
and 10.45 feet respective ly. These nut iomis appear- to be extre me but
mus t ue consi dered in  ternm~ of now ti-mey were meas ured. These values
are ranges or s uni~ of tue mos t posit ive arid mos t negative trave l of S

time pod fromm i the rest position during ti-me complete data run. Very few
disp lace ments approaching tuese muaxin uum posi t ive and negative values
occur and in all cases a maximum swing in one di rection is riot followed
D~ a nnaxi rnunmm swing in tn-me oppos ite di rection. For most other modes of
systen im operation , pod norizonta l motions are comparable to pod vert ical
mimot ioris .

2 . ~arge Moor Performan ce
Tes t results for - the stati c ban-ge loading were sun~uani zed in

Ta ule 9 , page 49. A greemuent between m easured ar-md predi cted muotions
with in approxi mately lO: ~ for all loads except the l owes t bow load , s up-
ports the validi ty of the 4-point mooring system mi design . L)ynamni c per- 

S

forniance of the mimo del barge on its mooring was sat isfacto ry . T h i s

qual i tati ye judgment was based on observati on-ms dun my wave tes ts an - md
from viewing the cine records .

Althoug h cnain would inmos t likely be used for  the prototype moor S

con~onen ts , mini at ure w i re rope served as a s ui table subs ti t ute in the

model.
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3. SLi~uOP0u Di ving System
Tue proposed diving system consists of a pers onnel trans fe r cap-

sule or pod ope rating th rough a center wel l of a surface support barge
wn i cn is maint ained over the di ving site on a 4-point moor. To red uce

the effect of uarge neave motion on the pod , a wave can cellat ion devi ce
is incorporated in tue pod elevator control. Results of scaled wave

tests and simulated s tati c wind arid current load tes ts of the model
sys tem sugges t tne following recommendations for tue prototype sys tem: L

a. Operation in seas approac iming State 5 can be maintained;
noweve r , large nori zontal moti ons may be exper ience d by the pod if it
remains near the surface . Under tnese sea condi tions , the pod shoul d

~e lowered di rectly to its operating depth near tue bottom.
b. Arm increase in tension auove the 6000 pound des i gn value 

S

in tue pod guy lines nmi gh t be cons i dered to reduce pod trave l and in-

crease damping in the norizontal di rection . A major refinement of

tue elevator contro l would be to employ a second closed-loop system to

position tue i~-frame n-mo unted sheaves for the pod winch cable and pod
guy lines in orde r to compensate for hori zontal barge n-motion arid A-
frame pi voting action . Consideration ni-mi ght also be given to a system
w nicn would al low mating of the pod with the de compress ion and living
cna~mbe r be low de cks , a lthough this mi ght not be feasible wi th  a shallow
draft Darge . This could improve pod entry and recovery operations and
wou ld allow caule supports to be placed nearer tue center of gravi ty of
tue surface vessel.

c. lnnplarntatiorn and rigging of the pod an cmnor , guy lines and
sense caule for SEAUOPIJIJ will requi re special care to avoid twisting

and fouling, especially for operation in deep water. Modi fi cati on of

the bottom sensing system by repl acing tne sense line and spring-loade d S

servo va lve of tue Trans loade r with an elec tron i c sensor and electr i cally
operated servo valve , nas ueen proposed by Tne Rucker Company . Tue e le—
ments of tn-me system are a precision pressure trans duce r w hic h senses tue S

cuange in “nead” in a nydraulic line at the ship rel ative to the bottom , S

a signal conditioning anç lifier and the electri c servo val ve . The ny-
draulic line may be strung out so as not to interfert~ with tue guy lines
and pod support cable since the pressure signal depe;ids on the verti cal

- orientation of the line. S

- 
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d. if operation of the SEADOPO D system mus t be carried out in
severe sea conditions , personnel ope rating the pod e levator mus t have
exper-ience in coordinating ti-me winch motor and Tran sload e r cont ro ls  

-

wit h tue wave induced barge notion -in orde r- to effect a smooth entry
an-md recove ry of tine pod .

e. Satisfactory dynami c and stati c load perfo rmance of the
prototype 4—point moor is predi cted by ti-me mode l results ; however , a
final des ign for SEADO POD should include cons ideration of using chain

S components in tile noor’ing nuemitners . 
S
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Appendi x A

Typical Moor Ca lculation

~e ani Sea -. 150 Foot Depth

w ind speed assu mEd to ue 19 knots for State 4 sea. S

Current ass umued 1 kno t uni for u m fromu surface to bottom.
A-]. Wind drag on hull Rw 

= 2060.31 lbs .

win d drag error (0.4Rw)
1 RWE = 824.12 lbs .

Current drag_ on hull Rc 
= 1470.00 lbs. L

Win d drag on A— frame RW A = 304.32 lbs .

Total dra g R = 4658. 75 lbs .

S A-2. Comm~onent of d rag in planes F~ = 0.707 R 3293.74 lbs.

of windward catenari es

A- 3. i~t 150 foot depth , permissable barge motion is ± 5 feet. Des i gn

for maxi muumn barge nuotion of 3 feet to stay within ~ 5 feet fo r

all other barge headings .
M-4. Ite rative solution performed using computer generated catenary

characteristics to dete rmine cable length for which restori ng
force equals exte rnal drag force at nmaxin iummi displacement of ±

3 feet. Approxi nmate solution obtained after seve ra l iterations
and used to calcu late current drag, .S F

C 
= 168.37 lbs.

A—5 . New total drag Fc + -\ F
~ 

= 3462.11 lbs . used to calculate
corrected cable length . Smal l di fference in current dra g = 1 . 0 3

lbs . is neglected .
Cable lengtn = 1401.84 ft.

A-6. Moo ring rectangle de te mu ned fronm barge di ii~ns i ons and h on zen tal

projection of equiliori uni distance from barj e to ancnor = 1 388.77

feet.
Width 2(0.70 7x1388.7 7)’ + 40 = 2 0 0 3 . 7 2  feet
Length 2(0.707xl388.77) + 140 = 2103.72 feet

E. Saun ders , Hydrodynami cs in Ship Des i gn , II (1957), pp. 274-87.
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000 5 CUMMnJN DI’. A, H, II, N ~
S
.

000’. I~1 Al ) C 1 , t Oo I NW? ~ , N U N , ‘~SS , NIH) 
S

ooo’ Kt AD ( I ,  I u l )  Ui I Ill , 1) I IU-S,  ( i i  A V G , iii I N
— - 0006 - 

Ri Am ) (1, l o u )  U 1 ( L ) ,1 = L , ’ )  
-

C
C L O A D 1 ) A I A
C

000 1 DII ‘
~ I 1 ,?

000R ‘
~ ft A D C I , 1 , )  N RU \1 , i i  ~ ( I )  , C UP ( I  , J I , J 1, ’.) , DPI I , (~) ,(mI ’ ( 1 , ” )

0004 
5 - - - -

0010 10 n~n AD C I ,  1O( , U’j i) 100) I , ( t n I ’ ( N , J ) , J  1, 4 ) , I ) h ’ C N , ô ) , 1N’ ( N,~
,)  S

0011 II (1.n ~~.1 ) GO 10 100
001? N N • I
001 3 (~0 10 Ii) S

001’. 100 ii — S S

C
C r’1i~X l ~ LIt• ’ ANI ) r IN I ~- ‘U?~ N I’ I n n ~
C

0 0I ’  NX I’ ) = 1)

0016 ~‘N ~’()
0011 liii L t ) ’  1 1 ,N
Oo l rn NI’I) (m n— ’( i t ’)) - - -

001’) II C Ni’D . ~; i • ~‘x t ’ n~r ) M x I ’ m )  —
0O.’O I t (Nn ~o.I I .M’.JI’(i) £~NI’li ‘~lPi)
0011 10” C (’N i I ~1 L J I
00?:’ NPI ) = o
00? 3 II C f~~~I’I~ .1  ~ . ~NI’l ) ‘fl’I) = ~~X I ’ t )

c
C I I  Ni) f l S I U)C V 41 Ut S
1.

00/’. l i i i ) 
~

- S O t  I (III m~~sin r I I ~~

002 ’  0E :t~’S = 1 I 1 )  t- 2.~’ * ~)I 1- ’l I [.~ ‘ 
S

00/6 Dl i) — F i t  ~\ V G/ t ’  I l l  ~~- S

O O L F  U E A V G ~‘ IL ; ~ i.’, ~ U I  IN / 1 .5
DIS I )  SQ ,~ i (~ m I , -U ’ - S~~*? — Il l ~V G ’~’~~2 ) S

C
C PRI m ’ -~iU m m uii’ui I’ H.n
C

00?~
) NI’A( , = 1

00JJ 12 5 ~R 1 l’ _ (i , t l c )
005 1 ~-,.~ i I t  C 5 ,1 1 1 )  Nn-~&,~ S
003 . w~ I l L  I 5, 11 / I ( t i l l )  , 1 1 , ‘~
0 0 3 3  I R I  I t  C 3 , 11 i 

S S

00 ~‘. nR I l l  C 3,  11’. ) N R I ’ t ~
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FORtRAN IV G IEVIL 0 ,  MIII) 0 I’IA IN 16/27/49 DAI L = 6 8 1 4 8  Page 0002
0035 W P.1IL (3, 715 ) N SS

~~~~~ _ 00 S 6__ SS ~~~~~~~~~~~~ _ i i l t:.i3,LI frL~~4 I”D _ ._ ____________

0037 II (NPD.IU. 0) W R 1 t I ~ (3 ,1111 ) MN PO, MXPD
00 38 11 INPO .GV.o ) W R L E C  ( 3 , 7 1 1)  MPO 

S

0039 I’ .RIII (3, 14 0)
0040 W RIT I -  ( 5 ,1’. !)  O I E I M  

-

0041 W R I T E  ( 3 , 1 4 2 )  F I R M S
004? _ _ _ WIH It C S/ ) J

~~S!S~~~~~~~~~~~~_~~~~~~~~~~~ S _ S _ _ S___~~~~~ — 

0043 WIt I 11 ( 3 ,  l’s6) [11511
0044 II (1.N E .I) 00 10 126
004 5 121 RFA 1) C L ,  l u H , 1 N1) = 126) (01(J), J = 1,2 0)
0046 WI~ 11I  (3,131 ) (D I C J ) ,J = 1 ,20)
0041 GO) 10 127
001,11 126 If (N.Lf. ’~) 0,0 III 90~

) 
_____  ________________

0049 W R I  IL ( 3 , F L Y )  MItUN , r~PA(; L
0O’ n) W R I I L  (3 , 1 2 8)  

- S

005 1 W R I 1 [  ( 3 , 120) 5

005? WIt I1 I .  (3 ,121 ) 5 — - S

0055 W;UTI ( 3 , 12 2 )
C 

S

C L ( lA i )  POD t ) EV I  A l  ION 2
C

005’, Dii 1 3 0  1 = I ,~~
0055 140 t )n ’II ,S) = D t’( I ,/) ~ D P (l ,3)  

-

C
C 1 1 t~~

) MA X j :108 ANt ) fri N I ~ U-’~1 vfl IJI S 
_______

C
0056 [Ml 150 J = I~~( —— -

0057 IIMX =
0058 

- 
0MM = 0.0 - — S 

S

OOSY Dli 1 ‘.0 1 = I , 
-

00(1 II (vAL .Gr.n ~x ) 0MX V A L S

006? II- (V A L.I I .I3 M N )  t3M N = VA t -

0063  140 CONI  1101-
0066 O U I A ( J )  138X S

0065 150 (1uI1’( J) = HMN S

- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 5 - -— _ 
S

0067 W n t t I r  ( 3 ,124 )  ( OU I I I ( J ) , J = 1, 6)
PDMX = (101 A ( s  I — OUT U ( S )

006’) RGMX = FIJ I A l l )  — CU EU ( 2 )
C - 5~~ 5~~__

C I I ,’J [) A V 1~~ 40 1 V - ~EU~ S
S ~~~~~~~~~~~~ - S ~~~ — _ -  -— S S———---5— - 5- - - - -  S

0010 200 m l  = I I N C / I  — I I M (  1)

007 1 AN = N S

00,~’ f I L M  = AN * )~
- 

- 0013 00 2 / 0  J 1 ,ô

±1



- - 
-

~~~~~

F O R T R A N  IV 6 LEvE L 0, 11[H) 0 MA I N  D A T E  = 68 1 4 8
- l6J?7L~9 

S - 
Page 0003

0014 (JO 210 1 = 1 ,N  S

_ 0075 21 0 A ( I )  = t )P (~~ JJ -~~~~~~~~~~ _____

0076 CALL QSF (H,A ,B,N)
0077 220 O U T A (J )  = 8(N) / fI lM
0078 W R I TE  (3, 725 ) C U U I A ( J) , J  = 1,6)

C
5 C I-INL) RMS VALUES

C
0079 00 320 J = 1,6

_~~~ 0080 - 0( 1 31 0 1 1 , N - — —- S -S 
S

0081 310 A l l )  OP IL, .)) * D P I I , J )
0082 _~~~~~~ 

_ _ ç
~~5L QSF (H ,A ,F3 ,N)

0083 OU III (J ) = SQtU US(N) / 11(N)
0084 OUIA (J ) = SQ~U ( I 3 ( N ) / T f t f r — O U r A ( J ) * * 2 )
0085 320 C O N T I N U E  H
0086 _ _ Wj~UE _ (3 , 726 )  ( F UT 8 ( J ) , J = 1, 6)  
0081 W R I T E  (3,127) (OU IA( J ),J = 1,6)
O Q 8R PORM = O U J A ( S )  

--  — —  _5-~_~~ _ ~ 5 5- SS

0089 I~6RM = OU IA (2 )
4QQJ~’UTL_( 3 ,73~)j_jjj _ __  __________________

0091 W .IIIE (3,1.31 ) H
0092 WP~ITC ( 4 , 132)  8 - 5

0093 WR I t E  (3 , 7 3 3 )
0094 W R I T E  (3,134) 5  5- -

0095 W R I I L  (3,735)

0097 W R I L t :  (3,7311)
0098 - - W~.1TL ( 3 , 7 3 ) )  5

C
- S C~ — T.RA NSIOA L )I- R E F F EC I IV C N E SS  S —  - - — — - — —

C
E F MX.  = L 0 a L ~~~_

- PDMX *L00.QJJ 1GMX _________

0100 EFRM = 100 ,0 — PURM * L00. 0 /8G ~ M
01 01 - - - - N PAG . MP’ .C’ ‘ I - .

0102 WRITE (3,719) NI (U-’J, NPAG
0103 ~~~~~~~~~~ W RITE (3 ,729) - -

0104 WR I T E  13,750 ) BG~ X
_____ WR IT[ (3,15k) PD ~ X..____  

- - - - — — — 5 -5—  —— —- 5 —

0106 W R ITE (3,752) [FfrX
- 0107 S 5-~~~~~f~~ S L T i  ( 3 , 7 5 3 )  BGf ~

0108 WR I i t: 13 ,154 ) PL) tM 
I:

10 0109 W!~[1L (3 ,152 ) [r IM
0110 CALL IORS.1

___QLLLS . ______ __9.QQ c..ALLLxLE - S~~5 -S5- _ _ _ _ _ _5 - 5 - _ _ _ __S _~ _-S5-__ -S-S 5 _-S_ _ 5__~~ S

C
C - S

C
-

- -5 - --5 CS -~~~~~~~~
- -~~~ - - ~~~

L _ _  
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FORTR AN L V G L E v E L u, POD 0 MAIN 
16/27/49 

- 

DATE 68148 page 0004
- 

C FORMAT SIMEM [NIS 
- -

C -5-— —  _—-—______

0112 700 FO R M A l  (515 )
S O i l S  —  701 FQ:1 1’A r (4110 .5 )  - S -S S -
0114 705 FORM Al (t5,F5.I,oF1O.5)

S 5 0115~ S  707 F O R MA T (U, 9X,6.1L0. ’i) - - - - - - 5-- - - -  --S . 5 - -— — - - -

0116 708 FO R M A T  (20A4 )
0117 710 FO R M A T  (IHI, 52X ,2?HS [ADOPUI ) TEST A N A L Y S I S , / / / ) S

0118 711 FOR MAT ( ‘X ,I0I-IR UN N U NU E R ,20X, 13 /J
0119 ~~~~~~~~~~~~~~~~~~~~~~~~~ I)~~T E , ~~3X ,5A 4 / _~~ _ 

— - - _ —

0120 71 3 f O R M A T  ( 5 X , I S H w A V E  MA K E R T A P L , 1 5 X , 1 3 / )
0121 71 f~ J_( ,L2ji_OL U W E ’.~ S P E E D , ~~~_!~t~

M/ )  -
0122 715 F0!WA I (5X, 2JH S I~- UL4tE0 SE A S T A T E  ,L O X ,13/ )
012 3 716 F O R M A l  (5X ,12HfH ~1 T O M  DEPLH ,Lu X ,I3,3 H F T / )
0124 7 1 7 FORMA T (‘iX,9HPOD DEPIII,21X ,i3,3H FT,3X,5HF IXED /// )
0125 s _ s  ~S 1~~~~~~~~~~~~~~ I ( 5 X , 9HP OD ~~~~~~~~~~~ II~~~~~~~~~~~~~~- , 7 FT 10 ,13,

1311 F T / / I )
0126 

- - _ _1~~~~ .!~~ r ( 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 13, L O2 X ,

141-IPAGE ,13, I/I)
0 127 72 0 FO~ MA1 ( 2 5 X , 7HSU.- I F A C E , 1 2 X , 5ICI3A RG E , 1 3 X , 3 H P I J D , l 3 x , 3 H PO O , 1 4 X , 3HPOO, - :

I I IX , 9 HA M I ’ L L F I E R )  I L
0128 721 FO RMAt (26X t6HHE LGHT ,1OX ,H1I PUS LTIIJ N,9X,RHPO S [III1 N,7X,

1 I 2 H D E V I A T I C N  1 , S X , L 2 0 0 E V I A T L O N  2, P SX , b I I O UT P U T , / )
~0129 722 F (JnU~1Ar ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S

1/ / )
123 l ( I R 1 ’ A T  ( S X , 1 5 t l M A X I M ( I M V~~L1J1 , 5X , 6( L P [ I 2 . 5 , ’~X ) / )  

— 

0 1 3 1  724 f ( IUMAI  ( 5 X , l 3 I i M I r I I f’IIM V A L ( J E , S X , 6 ( 1 P E 1 2 . 5 , S X ) / )
0132 _ - —  

125 F O R MA t  (‘i X , 1 3 1 1 4 V 1 : r ’ A G L  V A L t 1 E , 5X ~~6 ( i P E 1 ? . 5 , 5 X ) / )  -
0143 726 FO~ MAT (‘iX,L 4Htt~ S VA LUE ,SX,6( 1PE12.5,SX I/ I 

S

0134 727 FODIAI (5~~, L ~~t t S r U  O I H V I A T I U M ,5X ,6 I I P F L 2 .5 , 5* ) / )
013 5  728 1 ( I R I A I  ( S 7 X , L 4 H O V I - RALL V .~1.UES, / / / / )
01 36 129 I O R M A T  (SIX ,?50TtAN SLIIAI )Et- ( [F FECIEV [MLSS , //I’ ) S

1 0137 730 FO RM A l (I/ ,5X, 2OIiICIA L T I M E  I N T t t ~ VA 1  , 9 X , F6 . 1 , 4H SIC !)
0138 131 f O R M A T  (5X , I INCR [MEN TAL T I M E , I 3X ,16. 1~~4t1 SE C  I) 

-~~~~

0139 732 F O R M A l  (5X ,2 tJ IC NU Mi3F R [iF L NCRt : M EMIS, q x , ( 4 , I / )
0140 -- 133 IORMM (5X ,7HNOIL S — ,‘,I4X ,34HSURF~ C[ HE I GHT AN D PA R U F  P O S I t I O N

169UA~~F ME A SU R [I) • I E L A I I V F  TO THE S T I L L  W A T E R  L U C A I I O N , / )
0 141 7 3 4  F ( I R P I A T  ( 1 4 X , 41H1’Ci) P US U L I J I IS THE CI4A IN ~ flj~_H-_ ç ~ ij~~,_

L2 IHRLIAII V I Eu 11i~ 134 ;OG E , I)
014 ? 7 5 5  F O R E  4 1 ( l ’sX ,44)-nPuFl O E -/1A F I0 ” i G IV E S THE CHANGE IN POE) DE PltC ,

I2 ThRI LAT I V E [Li 115 N O” I N A L S  DEP E HI
,0 143 - - - 7~6 FQ~ M4I  ( l x , 3 3 H 0 . : V I A T I O N  I IS MEASU R E D D I R E C T L Y  ,

II9HFRLIf’ THE CCNTROLL [i-t )
S 

0144 117 F O R M A t  k~~~~~~!LL~~~~
__ . _

0145 73 8 F O R M A t  C l9X , 32I1D cV l  Al ION 2 IS THE SUM OF ISAR! 1 ,

- - 11 ?HANI) P01) PGS1 I IONS, / ) -

Dl 46 139 1 C R M A T  C 14X , 45HS II) DCV (Al ION (S TIlL INS V A L U E  AB OU T THI ~ t A S ,  /

~iI4 1 - 7~~0 FO R MAT ( S X ,?50 N$RU C S URFACE HEIGHT D~~TA/ )

_ _  _ _ _ _ _   _

_ _  _ _ _  5—--- - ----5- --

‘ H:: :~~~ TI
~~~~~~S~~~~~~~~~~ - —- - 5 -  ~~~~~~~—S - S - - S- -- - 5 - 



- S - -S --.~ ~~~~~~~~~~ - 5 - - - —- - - -  - — -FORTRAN IV 6 LEVEL 0, MOE) 0 M A C N  DATE = 68148
16 / 27 /49 Page 0005

0148 74 FORMA l (L O X , L 4 H T L J T A L  RUN T IM E ,IOX ,F6. I, 5X ,3H5 [C/)
. 0149 742 1O~ M 6T (lO ~ ,_LOHRfr S ft[j..Gj..!L,j~ X ,k3.5,3H FT /I
0150 743 FORM AT (IO X ,I4HAVERAGE IIEIGHT,IIX,f9 .5,3H FI, /)
0151 

— 744 1-ORM4I (1OX ,1 311S10 O t V I A T I U N ,12X ,F9.5,3H FT ,!//)
0152 750 F O R M A T  C I O X , 3 3 H M A X I M L I M  PEAK TO PEAK BAR GE TRAV [L , RX ,F9.5 ,311 FT .!
0153 

— 751 FO R M A T  ( I OX , 3 1 H M A X L M U M  PE AK TO PEAK POD TRA V EL .,L OX ,F9.5, ii) FT .!)
0L54 7 2  FO RMAT (t0X ,flHR [ouCT ([r~ 1)01 11) IRA NS IO ADLR,1 3X ,F6.2, e,x,7H pERCEM I
0155 3 F O R M A T  

_______  _____

0156 754 F oRMA l (luX, 14H. M S PU)) ERAV [1 ,27X ,r9.5 ,3H F T, /) S

0157 END

— - - -

—--

~

-----S-

-

- 
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PART III - THE OSCILAB MODEL TESTS

A . BAC KGROUND

The back ground information provided in this report is limi ted to a brief

outl ine and discussion of the University Seala b ’s design specifications and 
S

cri teria , the OSCI LAB ’s des ig n conce pt and bas i c reasons for proposin g a model
testing program for the OSCILAB system . A comp le te and deta i led p resen ta t ion S

of these subjects may be found on pages 1? to 15, 95 and 97 to 183 of the

“Univers i ty Sealab” Report (NONR 3710-04. Technical Report No. 100).

1. Desi gn S p e c i fi çat i pns and Cri teria - The ‘Univers ity Sea lab” Report
sets forth a l isting of the research users ’ speci f icat ions ’ and the  

S

.

“designer ’s technical cri teria. ’ Those which are per t inen t to the OSC ILAB
mode l test program include :

a. ~~ec if icat ions

(1) Maxin iuiii depth for research act iv i ty  - 300 feet
(2) Maximu m sea-state for operation — 5

(3) Environmenta’ conditions for research studies - currents:

(a) for research (divers outside lab) - 0 to 1 knot
(b) for system integrity - 0 to 5 knots S

b. Cri teria

(1) Habitat stability (with particular reference to stability

when habitat is in that portion of the water column disturbed S

by surface waves ) - that required for acceptable motion
characteristics under specified operating conditions

(2) System component capacity and safety (with part icular ref -
erence to the main and stream anchor systems ) - adequate
under spec ified operating conditions

2. The OSCILAB Desi~ n Conce pt - The OSCILA B (Ocean Science Laboratory) .
shown in Fig. 1 , is one of two sc ient i f ic  seala h concepts proposed in t he
“Univers ity Sealab ” Report to meet the above , and other , speci f icat ions set
forth by a committee of prominent marine sc ient is ts  representing the potential
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OSCILAB SYSTEM
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S users of the system. Briefly, it is a non-propelled habitat-laboratory vehicle
S permitting four scientist-divers and two crew-divers to live and work at depths

down to 300 feet for a period of two weeks under saturation diving condi tions .
It is capable of lowering and raising itself but relies on surface support for
norma l power , monitoring and surface mobility . As contrasted w ith the SEADOPOD’ s
“s urface-oriented” design concept in which the scientist-diver spends most of
his t ime in a pressurized surface facil i ty i n v a d ing the ocean dept hs for short

intervals in the POD, the OSCI LAB design concept is “bottom-oriented .” The
complete habitat-laboratory facility remains at its submerged location for the S

duration of the missi on .

The OSCIL AB ’ s major system components are : fi
a. The laboratory - h a b i t a t

b. The surface - support sh ip

c. The surface - subsurface linkage

The investi gations of this report are concerned only wi th the laboratory -

habitat component which may be divided into sub-system components as follows :

a. The hull

b. The main anchor system
c. The stream anchor system

These three sub-systems are coup led , of course , insofar as the hydrodynamic
behavior of the laboratory - habitat is concerned. In this regard , i t  i s

assume d that the laboratory - habitat and surface support ship are not coup led

by the umbi lical cable assembly forming the surface - subsurface linkage . S

The h u l l , shown in Fig. 2 , has overall dimensions of 71’ x 18’ x 10’ beam S

w ith the main structure consisting of a 40’ x 9’ diameter cylinder closed at S

t he ends by el liptical heads and housing the wet room , laboratory , control
and living spaces. Three , double-hatched trunks serve as direct access and
lock-type access routes to and from the main cylinder. One trunk also serves
as an emergency decompression chamber. A personnel transfer capsule (PlC) is S

ca rried in  a well jus t a f t  of the cylinder. Main ballast and buoyancy tanks

5 
are located at the ends of the craft . Fresh water bags , variable ballast 

-

.
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tanks and the main anchor recess are s i tuated under the main cylinder. An

S emergency battery power pack is located on the keel jus t aft of the forward
ballast tank. Life support gas f lasks are located over the cy linder w i t h
compressed air f lasks being s towed i n  the end buoyancy tanks. Lead bal last
is located sl ight ly above the hull’ s base line. Outer plating gives the hull
a comp letely “wa ll - s ided ’ shape curved at  the how and stern to decrease

towing resistance and to provide for some measure of seakeeping ability .

The ma i n anchor sys tem cons i s ts of the winch and drive , the cable and

the main anchor. The functions of this system are to provide a bottom mooring
for winchin g OSCILAB down or up procedures , for tetheri ng during the “decom-
pression halt” procedure and for furnishing a secure mooring in the 11 0,1 site ”

position . The main anchor consists essentially of two main ballast tanks

which can be remotely flooded or blown. The smaller of the two tanks is
flooded prior to lowering the anchor and assures adequate tension is developed S

in the cable . The larger of the two tanks is flooded when the anchor bottoms

providing an adequate “holding down ” force.

The stream anchor sys tern consists of the winch and dri ye , the  cable and S

the anchor. The functions of this system are to faci l i tate OSC ILA B ’ s making
as nearl y a vert ical descent or ascent as is possible preventing horizontal
drift by winching in or paying out cable and to aid in holding the vehic le
in its bottom position in the presence of currents .

The OSCILAB ’ s operating phases , diagramme d in Figs 3 and 4 , are discussed
briefly as follows :

a. Surface_ - In Trans i t  - OSCILAB is towed in this operating phase. The

main ba l last tanks are dry thus providing the vehicle w i th  about 3 l/~
feet of freeboard to improve sea keeping and handing character is t ics .
The main anchor is dry and housed . S

b. 5urface - Rij for subme~~i n ~ - The s tream anc hor i s positioned on the
bottom wi th its cab le ’ s scope suc h as to g ive the anchor proper-
hol ding power while permitt inq the  vehicle to make a nearly vert ical
descent to the desired bottom location . The m a i n  anchor ’s l ower 

S

ballas t tank is flooded and it is lowered to a certain distance above
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the bottom , this distance being such that the OSCILAB will have just

penetrated the portion of the water column disturbed by surface waves

when the anchor bottoms . The main bal last  tan ks are dry p rov idi ng
for a substantial degree of reserve buoyancy .

c. Submerg i ng - Interface Breaks u h  - The main ballast tanks are

floode d wh i ch , toget her w i th the floode d lower ballast tank of the

anchor , provide the slig ht negative buoyancy required for descent.

The stream anchor ca b le is w i nched i n to cause app roximatel y a vert i-
cal descent . The main anchor ’ s upper ballast tank vent is tripped

when the anchor bottoms permitting the flooding of this tank and pro-
viding an adequate “h o l d - down ” force. S

d. Submerging - Winching Dow n - OSC ILAB regains a sli ght  p o s i t i v e

buoyancy when the main anchor bottoms thereby placing it in a “tethered”
condition. The v e h i c l e  i s  then  “winched dow n” on the  Itlain anchor cable

to its bottomed posi tion . The scope of the stream anchor is contin-

uousl y adjusted to obtain a nearly vertical descent.

e. Submerged - On Site - OSCILAB is positioned at its bottom working

si te. “Preventer-bars ” are ri gged between OSCILAB and the main

anchor to back up the main anchor cable.

f. Surfacin g - W i n c h i n g  ~p — “Preven ter-bars ” are remov ed from the main
anchor and the OSCILAB is “w i n c h e d  up ” with slight posit ive buoyancy
to the “decompression -halt” depth . Approximately vertical ascent is

obtained by paying out the stream anchor cable.
g. Surfacin g - Decompression Halt - A “Decompression -halt” in ascent is 

S

5

~~ 5

made at as shallow a depth as possible without subjecting OSCILAL3 to

an undue amount of motion by surface waves and the main anchor cable

to excessive dynami c loadings . This “halt ’ allows the occu pants to
carry on near-norma ] living and working routines , experiencing rela-

tively little motion , while undergoing decompression procedures . The

shallow dep th facil i tates hel p from the surface reachin g OSCILAB or
escape using oxygen purging techniques in event of emergencies

encountered during the decompression period.

h. ~ &in - Interface Breakthrough - Both l ower and upper main anchor

ballast tanks are blown remotely. a jet system on the anchor being
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used to free it from the bottom i-f necessary . The anchor is raised
off the bottom as the vehicle penett ates the interface and surfaces
i n  an “awash ” condition wi th the irain bal last  tanks flooded. The
main anchor is winched up to its housed position. 

S

i. Surface - The main ballast tanks are blow n restoring full reserve

buoyancy and freeboard . The stream anchor may or may not he retrieved

depending on whether or not OSCILPB is to be towed to another site .

3. Basic Reason for Proposing Model Tests - The basic rec sc- r for pre~osing
model tests is to acqrire data and information , difficult tc obtain by analyti-
cal means alone , which further investigates the feasibi lity of the OSC ILAB ’ s
coriceptu ’l desic~r.. This desi gn was developed sufficiently in the °University

Sealab ” Report to prove its general feasibility . However, the Repor t noted
that this design concept should receive additional study through mode l testing

to determine OSCILAB ’s dynami c responses to hydrodynami c forces and moments

imposed by surface wave actior. and submerged currents - such tests being

necessary to evalu a-~f’ th~ desiçn ’s safety and ability to operate successfull y

Lnder conditions estaLlished by the u ser ’ s spec ifications .

B. OBJECTIVES

The objecthes of this model test program are stated as they pertain to the

three normal and one emergency c .pcrating phases included in the scope of this
program . S

1. “Submerg ing - Interface Ereaktbrou~h” Test Objectives - To obtain.
qua litative data reqardi ng

a. Model response in pitching and heaving, in  prescribed seas and with S

the main anchor at varying depths below model , while on the surface
S and descendin g through that portion of the water column disturbed 

S

by su r face  w a v e s  - for the purpose of obta in i n g  maximum pitch ,
heave and acceleration data for moti on and main anchor-cable system

response studies .

b . The rate of descent , prior to the bottomi ng of the main anchor ,
in  that portion of the water column not disturbed by surface waves
for the purpo se of check ing theoretica l values of drag coeff icients

and ballasting calculations . S
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c. The “over-riding ” of model after the main anchor bottoms - for
the purpose of evaluating the necessity for a “constant- tension ”
winch and checking ballasting conditions . S

2. “Surfacing - Wi nchin_g Up” Test Objectives - To obtain qualitative
and quanti tati ve data regarding :

a. Model response in pitching and heaving, in prescri bed seas and
wi th the main anchor on the bottom, while being “winched UJ~ in to
that portion of the water column disturbed by surface waves - for
the purpose of determining practical “decompression-halt” depths
insofar as limiting pitching and heaving motions and main anchor 5

cable forces are concerned.
b. Model response and main anchor cable forces - for the purpose of

checking analytical computations of these cable forces. S

3. “Surfacing - Free As cent” Test Objectives - To obtain qualitative data
regarding :

a. Model response in pitching and heaving , in prescribed seas and
free of the main anchor cable , while making a “free” ascent S

through the water column from its bottom moored position - for
the purpose of obtaining maximum pitch , heave and acceleration
data .

b. The rate of ascent - for the purpose of checking theoretical
values of drag coefficients .

4. “Submerged - On Site” and “Surfacing - Winching Up” Test Objectives -

To obtain qualitati ve and quanti tati ve data regarding: -:

a. Forces developed in the main and stream anchor cables , the model
in a bottom-moored pos ition and in currents of prescribed magnitude
and directi on - for the purpose of evaluating the adequacy of the
mooring system in this mode of operation . H

b. Forces developed in the main and stream anchor cables and the
general motion of the model , the model being “winched up ” from
its bottom-moored position in currents of prescribed magnitude
and direction - for the purpose of evaluating the moori ng system
in this mode of operation.
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C. THE OSCILA B SYS T Ef~ AS IIODELED
The ceemetry of the modeled system is based on a linear scale factor of 15 ,

this value being chosen in order to mode l directly the 300 foot deep water
colt ~rrr. by the 20 foot depth of the Maneuvering and Seakeeping (MASK) basin at
the Naval Ship Research and Cevelo p~ert  Center (NSRDC), Carderoc k , Mar y land .

Using this scale factor , the fol 1ow i~tg hull model data is obtained: S

TABLE 1

Charac teristic Prototy~~ Model

Ler,eth 71.0’ 56.8”

Breadth 10.0’ 8 .0”
Depth 18. 0’ 14.4 ”
Displaceme nt (Sur -Mn. Anchor Dry ) 174 .8 LT ll2. 9~ 

H
Displace ment (Sub) 202.7 LT 1 30.9#

(S.W.@64#/ft 3) (F.w.@62.274#/ft 3)

Centers  of buoyar~cy (Sur)
Vertical (Above Base Line ) 9.3 ’ 7.4 ”
Lorct itudinal (Ami dships ) 0 .0’ 0.0”

S Centers cf Buoyancy (Sub )
Vert i ca l (A bove Base Lir,e ) 10.4 ’  8.3”

S Lor gitud inal (Amic iships ) 0.1’ aft 0.1” aft

Cente rs of Gravi ty (Sur)
Vert ical (Above Base Line) 6.7 ’ 5.3 ”
Lcn qitudi nal (Amidships ) 0.1’ 0.1”

Centers of Gravi ty (Sub)
Vertical (Above Base Lire) 6.3’ 5.0”
Lon gitudinal (Ami dships) 0.1’ aft 0.1” aft

Stability Da ta
SLrface (Mn. Anchor Dry)

Trans . metacer~tric height (GMt) 3.0’ 2.4”
(uncorrected for free surface ) 

S

Long. nietacentri c height (GM1 ) 32.3’ 25.8”
(uncorrected for free surface)
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Submerged (Tethered condition )
BG (uncorrected for free surface) 4.1 ’  3.3 ”

Free surface correction assumed 0.1’ 0.1”

Radii of Gyration (Sur)
About roll axis (kx) 7.2’ 5.8”

About pitch a~is (ky) 18.4’ 14.7”

Radii of Gyration (Sub)

About roll axis (k’x) 6.8’ 5.4”

About pitch axis (k’y) 20.0’ 16 .0”

The above data is based on a careful review and refinement of the weig ht and
cent er data for the OSC ILAB design as contained in the  “Univers ity Seala b” Report.

The mode le d hull is pictured in Fig. 5. Its dimensions , volume and vo lume V
distribution are such as to obtain the correct dimensions , volumes and centers
of volume . The magnitude and pos it ion of lead weights placed on t he hull are
suc h as to obtain the correct wei ghts , centers of gravity and distribution of
mass. The hull itself is constructed essentially of lami nated mahogany , its
surface being prepare d and painted in an effort to reduce water absorption to

a minimum. Ballast tanks , modeled for t hose on the prototype , are located at
the extreme ends of the hull being flooded by tripping vent valves and “blow n”
by lifting the hull out of the water.

The main anchor system is designed to model the prototype anc hor as closely
as possible. The dimensions and wei ght of the a n c h o r  are such as to obtain
the correct weight dry and wi th  its l ower and upper ballast tanks flooded.

As is the prototype , it is provided wi th a tri pping nechani sm w hi cli is acti vated S

on con tact wi th the bottom causin g the upper bal last tank to flood. The main
anchor winch , together wi th  i ts electri c drive , is mounted on the hul l and is
opera ted by remote control.

The stream anchor sys tem is designed to simulate the act ion of the proto-
type system but is not a model of it. The ca b le has a 5 to 1 ( hon zontal to
vert ical ratio) providing for a scope of 100 ’ when the hull is on the surface
in MASK fac i lity tests . The d imensions of the Circula ti ng Wa ter Channel ( cwC )
facility , however , preclude the use of this scope. A 50 pound wei ght serves
as the stream anchor clump . The anchor cable is led through a fairlead on

this clump and attached to a “ return line ,” this line bein q led to a surface
station where it can be reeled in or out to simulate the action of the proto-

type ’ s stream anchor winch.
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D. TEST PROCEDURES & FACILITIES

S This presentation divides the test procedures and associated facilities

into two categories ; preliminary tests conducted at the Univers ity of New
Hampshire and the scheduled tests at the facilities of the Nava l Ship Research
and Development Center , Carderock , Maryland. These procedures cover a period
of time from 12 December 1967 to 17 Apri l 1968.

1. Preliminary Tests

a. Tests to obtain calculated weight , displacement and centers (as
listed in table of hull characteristi cs on page 11). The hull ,
as received from the vendor , was fi tted with the “dynami c balance ”
weights located in thei r approximately correct positions . The
assembly was then weighed, submerged in a “tethered” condit ion

and balanced to obtain “fi rst trial” weig ht , displacement and
center data . An allowance was made in the design for a small
addition of weight and disp lacement to faci l i tate obtaining the
requi red centers of gravity and displacement if necessary . It
was necessary and two additional trials were required to obtain

the correct wei ght , dis placement and centers within an accuracy
range of + 1.5%. It should be noted that this leve l of accuracy

deteriorated to some extent as the tests progressed due primarily
to water absorpti on by the hull in spite of its protective coating.

b . Dynami c balancing - Dynami c balancin g required locating two, 24

pound lead weights on the hull so as to model the prototype ’s
distribution of mass about the hull’ s centroi dal pitch and roll

axes while maintaining the center of gravity at its correct loca-

tion. Conventional methods for ballasting models for seakeep ing
tests were used and the results checked by obtaining natural
periods of pitch (submerged) and roll (surfaced ) . For pitching
(submerged - for ease in timi ng the slower peri ods as compared
to pitching peri ods on the surface):

(5] ) The calculated peri od for the model is:

= 1.108 
~kk’ y) 2 (l + Cp). = \ / ( l . 3 3 ) 2 (l + 1.8) = 4.75 seconds
V BG .~, 0.267

_  
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~~~~
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where :

k ’ y radius of gyration ~h o u t  p i tch ax is  (sub ) = 1 .33’

Cp Factor for vi rtual mas s of hull asso ci at ed wi t h
pi tchinq motion = 1 .~~~

BG = BG corrected for free s u r fa ce  = 0. ~t’7’

(~
) The average observed period was 4. 67 seconds V

For rolling (surfaced): 
S

( 1) The calculated period for the mode l is:

T R 1 108 ~ cR) 1 1 0~ /0 1 1’ (1 + 0 = 1 oii d~
~ 

G~M 0.l°~

where :
S Lx radi us of gyration about m l  a\i s (sun) 0.484’ -,

C R = Factor for virtua l mass of hull (wa l l—s i ded  with S

squa re 1) i I qe) associated wi t ) )  roil i nq niot ion

G M  = GM corrected for free surface = 0 .191 ’

(2) The averaqe observed period was 1.40 seconds

c. W atert i~~itness and yene ral oj)eratin~ tests — OS C1 LA R was t e s ted
extensively in the 15 foot depth sect ion of the Un i versit y ’ s

indoor swinuiiinq poo l w ith the aid of scuba divers . W a t e r t i g h t—
ness at the maximum depth was a primary consideration , and these
tests revealed def ic ienci es which necessi tated al te rat ions I
the hull cons tructi on. The final model ‘s charac ten ‘,t. i cs were

checked i n  the 15 foot water col umn • including those mel at i nc~
to the “1 n terface breakthrough .C I  ‘‘w inch i ng dow n , “ wi rich i nq up, ” 

S

and “ free ascent ” operatin g phases .

d. EQuipment Tests — The major i tern of test equipment designed and S

built at the 1(ni vers i ty was t h e  ‘‘dumb w a i te r ” — a device for
lowering and ra ising the T . V. and movi i’ camer as for trac king and
record ing the mode 1 ’ s not ion as i t  des cr’nded or ascended in the

water column . The “dumb wait er ,’’ shown in Fig - , con s is ted of :

7$
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(1) Two , 1 .5” diameter aluminum rods 24’ long joined

by steel head and base plates

(2) A platform spanning the rods for the mounting of

the T .V .  and movie camera equipment
( 3 )  Two w a t e r t i ght  cases for  the  cameras

H (4) One portable T.V. camera fitted with a wide angle

1” lens - a com ponen t of the GE Mobile Video Tape S

Sys tem

(5)  One Mil liken 0DM-SC camera of 400’ film capacit y S
and set at a speed of 64 frames per second.

(6) Eight underwater lights of 650 watts , 120 volts
S and 5.6 amps

(7) Lowering and raising line

Test procedure for the above components of the “dumb
S wai ter ” were as f o l l o w s  :

( 1 )  ~‘Jatert iqhtness Tests of Cases — prolonged irumer— S

sion at 15 foot depth in swimming pool and at

20 foot depth in MASK facility w i t h  zero leakage .

(2) Tests of T.V. camera atid associated video tape

equi pment , both on shore and w i th  the camera
operating under water.

(3 ) Operation tests of “dumb wai ter ” system , as

assembled • in swi mini ng pool (except for movie
camera arid l ights) .  H

2 . Te t the Na v a l Shi j~ Re earch and Deve~~p~~nt  Cen te r

a. MASK Facf l i~y T e s t s  - Three series of t5ests were conducted in the

MASK facilit y being des i gnated as follows :

Series A - “Submerging - Interface Breakthrough”
Series B - “Surfacing - Winch ing Up ”
Series C - “S u r f a c i ng  - Free As cen t”

The general test set-up , shown in Fig. 6. was essential ly the
same for all test series and is described briefl y in the followin g
paragraphs. S

80
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The MASK carriage and working platform positions were fixed, 
S

these positions locating the model in the 20 foot deep section of S

the basin with its longi tudi nal axis normal to the uni di rectional
wave train. The model was removed a sufficient distance from the
bas in ’ s wave making end to permi t a 100 foot scope of stream
anchor  “cab le ” and was wel l clear of the beach end of the basin
to avoid reflected waves . The hull was constrained to move
approx imately vert ical ly and in a fixed plane by the stream anchor
and the “streamin g force simulator ” consist in g of a “soft” cou pli ng S
system of rubber bands attaching the stern of the model to a taut S
vertical wire . The plane of motion was 10 feet from the lens es
of the “dumb waiter ” cameras and 9 inches from the vertical
references , or s t a d i a , rod .

These test series were concerned primarily wi th the acquisit ion
of the model ’ s dynamic response to hyi:’odynam ic forces and moments S

created by surface wave action in the “interface ” - “ interface ”
being defi ned as that por ti on of the water column si gnif i cantl y
i n f luenced by surface wave motion . For “deep water ” waves , the S

depth of this interface layer from the surface is about one-half

of the surface wave length. The scope of the study limited the

tests to the use of unidirectional wa ves wi th  crest-l ines at
ri ght ang les to the fore-arid-aft axis of the model (bows-on waves).

S It was necessary to choose between unidirectiona l “regu lar ” and  H
“ir regular ” surface waves , the latter , of course , more c l o se ly

rep resenting actual sea conditions wi th wave heights and lengths
varying in a random fashion. However, i rregular waves could not

be used throughout these tests as the time requi red for the model
to penetrate the interface was so short that statistically
meaningful data cou ld not he obtained. Said another way , one

could not be sure what se gment of the irregular wave tra i n recor d
was “seen ” by the model whi le in the interface . In certain phases 

S

of these tests , i rregular waves could have been used , but the
length of time involved in being certain that the model had “seen ”
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the wave train sufficient ly would have elevated the cost of
response data acquisi t ion by high speed motion pictures above S
the rroqram ’ s budget.

One set of regular W dV C S were used approachin g the severest
conditions for the three sea-states involved - those generated 

S

by 12 , 16 and 20 knot wind ve loc i t ies representing Mid-2 , High -3 ,
and Low- 5 sea states respective l y. This set had wave periods

equal to the per i ods of maximum spectra l density for the three
“seas” involved (using the  “Newrnann Spectra for Fully Developed

Seas Generated by Wind Speeds of 12 to 20 knots ”) ,  FIg. 7 , and 
S

wave hei ghts equal to the average of the 1/ 10 highest for these S

same seas . The periods of these waves were quite close to
the hull’ s natura l heave and p i t c h  periods which added to the
severity of these tests . Reference is made to the Wilbur
Marks “Wind and Sea Scale for Fu lly A r i s e n  Seas ’ c h a r t , Fig. ~.

for the stat is t ical ly  derived w ave parameters used in these
tests . Tab le 2 s ummarizes the model wave data used:

TABLE 2

_ _ _  

Ma~ Spectral Dens i ty

Speed Period L(wa v e~ LW/ Heioht~sec ft - ft inches 

12 k 1.24 ;.~ 3.9 2.2____—-S- S ~~~~~~~~~~~~~~~~~~~~~~~
lb k l.~ $ I 14.4 7 .2 4 .7 5

_ _ _ _ _  -S
~~~~~ -SH ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

it~ ~~ ~ _ _

* average 1/ 10 highest wave
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I WIND
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C 

12 KNOT WIND

0 0.78 0.97 1.31 W (RAD/SEC)-PROTOTYPE
I I

8
~
l0 6 ( 50 4 .,80 PER IOD(SEC)-PRO TO TYPE

2.09 1.68 1.24 PERIOD(SEC)-MODEL

Figure 7
NEUMANN SPECTRA - FULLY DEVELOPED SEAS GENERATED

BY WIND VELOCITIES OF 12 , 16 & 20 KNO TS
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- These tests, as noted above, were limi ted to unidirectional ,
bows-on waves and hence the response moti ons of prime interest
were those of pitch and heave . High speed motion picture tech-
niques were used to obtain response data , the speed of the movie
cameras being calculated as follows :

Model Time = Prototype Time x (scale factor)½
Ii

or

- Camera Tine (pauses/sec) = Projection time (frames/sec) x
(scale factori~

Came ra Time = 16 (l5)½ = 16 x 3.86 = 60
Li

Camera Time 64 frames/second

The horizontal reference line for measuring angular displace-
ments in making a frame by frame ana lysis of the pitching
response was the bottom edge of the frame, the underwater camera ’s
base being in a hori zontal plane at all times . The vertical ref-
erence for measuri ng displacements associated with heave was
furnished by the stadia rod. While the pri mary response data
was obtained by the “dumb waiter” camera, bow and beam oriented
cameras recorded motion of the hull while on the surface.

The MASK facility tests required six men , three f rom the

NSRDC and three from the Univers ity. NSRDC personnel were
requ ired to operate the wave generator , the S-3nborn Recorder
on the carriage and the movie cameras . Univers i ty personnel
operated the model ’s main ballast vents in submerging procedures
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the  “dumb waiter ” and contro lled the stream anchor cable.
The model ’ s motion in the “ater colum n was tracked by T . V . ,
this motion being recorded on video tape as well as - n film.

The video taping proved extremely useful for play-back

purposes in checking on various aspects of the test run. S

The following concerns procedures followed for the MASK

series of tests :

(1 ) Series A - “Submerging - Interface Breakthroug h” -

A sketch of the A test series is shown below :

r —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

--‘4 ’
-‘NI -‘N

-N.

~ 
, , , , ,

~~~~~~~,

__
_

;—. , ,

This series of tests began wi t h the model on the
surface , the stream anchor positioned on the bottom
and the main anc hor lowered to certain depths below the
model with its l ower ballast tank flooded. After the

wave train was established , the model rema i ned

86
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on the surface for about 15 seconds for the purpose of
acquiring maximum pitch and heave response data . The
model ’s main ballast tanks were then vented givin q the
model - main anchor system a slight negative buoyancy
and causing the system to sink. The “dumb waiter ”
cameras recorded pitch and heave response data and
rate of descent data with the model in and below the
interface. On bottomi ng , the main anchor ’s upper
ballast tanks flooded. The model ’s downward momentum
caused it to “override ” the main anchor prior to
fi nally reaching its “tethered condition ” depth , this
overri de data being recorded by the cameras.

The main anchor was lowered to three depths below
the surface for each sea generated , the greatest depth
being that required to fi rst submerge the model below
the interface. The effect of varying the length of
the cable in the coupled model -main anchor system was
thus observed . Instrumentation limitations precl uded
obtaining cable tension data as wiri ng leading from
the anchor end of the cable to the surface would have
infl uenced anchor moticn.

The following table sumarizes the A series tests,
these tests being designated as illustrated by the
example

A - 1 2 - lO

where
A = series designation
12 = 12 knot wind generated waves
10 = mai n anchor initially 10 ft from surface

~ 

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



TABLE 3

IIi ~~_IiI ii~~ITIIiI ~IiII~Period Length 1/2 Height
sec ft ft inches

A-12-10 1.24 7.9 3.9 2.2
A-12-13 1.24 7.9 3.9 2.2
A- 12- 16 1.24 7.9 3 .9 2.2
A- 16-6 1 .68 14.4 7 .2 4.
A~16~~ 1.68 14.4 7.2 4 .
A-1 6— 12 1.68 14.4 7 .2 4 .
A-20-4 2.09 22.4 11.2 8.
A-20-6 2.09 22.4 11.2 8.
A-20-8 2.09 22.4 11 .2 8.

(2) Series B - “Surfac i~~ _-_ W inc j~~~Up’ - A ske tch  of t h’
B series fs shown below :

DECOMPRESSION-HALT DEPTH

I \

STRAIN ~~~~~~~~
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This series of tests began with the stream anchor and the
fully flooded main anchor on the bottom. Initially, the model
was in a “tethered” condit ion just below the interface zone. It
was then gradually winched up to its “decompression halt”
depth of 2.5 feet corresponding to a ful l scale depth of
about 40 feet.

The “dumb waiter ” camera recorded pitch and heave response
during the ascent and “decompression halt” period. A U-type
electri c strain gage was affi xed to main anchor cable just
above the anchor and cable loadings were plotted on the
Sanborn Recorder ’s stri p chart.

The following table summari zes the B series tests , these
tests being designated as illustrated by the example

B - 1 2 - 5
where

B = series designation
12 = 12 knot wind generated waves
5 = model initially 5 feet below “decompression-

halt” depth

TABLE 4

____________ 
WAVE 

_________ ________

TEST 
— 

Period Length L/2 Height
sec ft ft inches

8- 12-15 1.24 7.9 3.9 2. 2
B- l6-8 1.68 14.4 7.2 4.7
B-20- l2 2.09 22.4 11.2 8.0

-~JJ
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(3) Series C - ”Surf~çj~ q - Free Ascent ” - A sketch of the C test
series is shown below

_ _

, ~~~~~~~~~ 

;, 
~~~~~~~~~~~

This series of tests began wi th the strea m anchor and
fully flooded main anchor on the bottom. Init ial ly , the

model was in a “tethered” condition just above the main
anchor - its normal bottom position. It was then released
from the main anchor and allowed to make essent ial ly a “free ”
ascent. The strea m anchor cable , allowed to “run free,”
remained attached as did the streaming force simulator for
the purpose of keeping the model approximatel y in the correct
vertical plane of ascent.

The “dumb waiter ” camera recorded rate of rise data as
we ll as pitch and heave response data as the model ascended
through the interface.
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The fo llow ing table sun~uarizes the C series tests ,
these tests heinq designated as illus t rated by the

examp 10
C — 1:’ —2 0

where

C = series desig nation
1? = 12 knot wind generated waves
20 = model in i t ia l ly at 20 ft depth

TABLE 5 

TEST 
- 

j~~1 l ~~~~~nqth L/? 
- 

~1 ~~~Qht
- sec ft ft I ncht ’s- - - - - - H  - 

C- i  2-20 1 .24 7 .9 .~~. 9

14 .4 7. . ’ 4 7
(‘-20-2 0 2. 09 22 .4 11 .2 L 8.0

h. Circu lat i r~~ Water Channel (çWcJ Fac i 1 it ~ Tests - One test son es ,
the D series , was conducted in this fac i l i ty . The general test
set up is shown in Fig . 9 and is briefl y discussed in the
fol lowing parag raphs.

The di~rn~nsj ons of the CWC , 30 feet long x 22 feet wide x
feet d.’t’p , necess itated placing the mode l near one wai l  of the
tank and for shortening the scope of the stream anchor cable to
15 feet which was approximatel y the catenary curve ’ s point of
tangency w i th  the bottom , the mode l being near the bottom. A
50 pound c lump was placed at this point of tangency and the
anchor cab le led through a fair lead on the clump and secured
to a “ return line .” As for tests in the MASK fac i l i ty , this line

was led to the surface and permitted simulation of the stream
anchor winch action. The main anchor was located on a bottom

_ _-  - - -- 
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qlas’-. port to pentc i t motion pictures t be made by ~ vert i ly
mounted camera outside the tank. Prc 1 ititi nary tests revealed
that the reeula r main anchor could not t - e used becaus e’ of i ts
1 nadequatc hel c~—d ow n capaci t y  and si I ppi eq on the class plate.
Hence , a 50 pound we ig ht was used for this purpose.

U—t y pe e lect r ic  s t ra in gaoes ~~O I-C mounted on the malt and
stream anchor cables w i t h  tension data thus acquired bein g

~i spi (~ve -d on a Sanborn Recorder stri p chart. Motion pi cturt ’
data was c.b t ~ I ned by cameras mounted on the ‘ dumb wal ter ’ and

outsi uc the channel di rect l y below the mode l. The ‘ dumb wai t o t ’

assembly was located ne~’r the mode l’ s stern for mouel orientation

~f ~)O and 1800 and at the ci untp end of the stream anchor for
orientati on ot 45 0 , 900 and 1800. Motion p1 ctures were used
to record the model’ s action as it was winched upward from

it s  bottom tethered position .

It was hoped that data could be obtained permitting investi-
gations of t ic  mooring system ’ s adequacy in two ranges of
current velocities ; for divers workin g outside the lab (0 to 1
knot ful l sca le)  and for system integrity (0 to 5 knots full
sca le) .  However , the lowest reliable current veloc i ty  obtainabl e
in the ChC fac iii ty was 0.5 knots (1 .° knots full sca l e )  . Hence
tests were limi ted to t1~cse invest i gat in g the system ’ s moot i ng
integri ty .

A sketch of the D test series jc shown on the followin g
page.
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45 °

900 H:
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Tests were conducted for three current velocities and five
current directions , the model and mooring system being oriented
with respect to the channel’ s axis so as to obtain the correct
current direction . Initial tests revealed that a feasible
range of current velocities was limi ted to 0.5 knots to 0.75
knots equivalent to a full scale velocity range of 1.9 to 2.9
knots . Beyond this range , the anchor weights dragged on the
smooth bottom surface , despite the fact that they were increased
from 50 to 100 pounds , and the anchor cables parted .

Initially, the model was located just above the main anchor
in its bottom-moored position . This pos ition was maintained
until sufficient main and stream anchor cable tension data was
recorded at which time the model was winched slowly upward ,
the cameras recording its motion in the current field.
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A lso

T N 1.108
j  

~(l + C R )

= 1. 680

T N = 5.75 seconds

where

T N = natura l heavinq period on surface (seconds )

C R = added mass coef f ic ient , assumed = 0.9

V = volume of displacement , excluding water in main ba l las t
tanks but including entra ined water (ft 3 )

A = water plane area ( f t 2 )

2 3 ~~~~~~~~ _ _  
9

W IN D WAVE 1 HULL - -

VEL AMP SLOPE I T~ HEAVE PITCH

knots sec ft. ft. degrees sec sec ft. degrees

12 4 .8 118 1. 4 4 .3 4.74 5.75 1.0 -1 .3 4 .3-6 . 1
16 : 6 .5 216 2. 9 4 .9 4.74 5.75 2.8 -3 .2 5.5-6.8

I 20 8. l ! 336 5. 0 5. 4 4 .74 5 .75 5 .2-5.8 5.0-6.0

1. Sea states as designated by the wind velocity that generates them
4 . Wave amplitude 1/2 wave height
5. Wave slope = 

~
Hw /Lw, expressed in degrees

6 ?~ 7. Natura l per iods of pitch and heave 
S

8. Hull response in heave (maximum ) - range of test data
9. Hull response in pitch (maximum ) - range of test data N

ii
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It should be noted that the natural periods of heave and
pi tch are very close to the peri ods of the waves , the latter
being the peri ods associated with the waves at the maximum
spectral density of spectra describing the sea states. An
important reason for choosing these waves with periods close
to the hull’ s natura l peri ods was to investig ate the possibility
of resonant responses. Data reduced from hig h-speed motion pic-
tures produced sinusoidal heave and pitch records of reasonably
constant amp litudes and periods displaying no evidence of a
resonant condition. The fact that hull response in forced heave
and pitch are relatively close to the wave amplitude and maximum
slope indicates that ddmping approaching the cri tical value
was present. Experimentally, it was not possible to obtain
natural heave and pitch periods for the hull on the surface
because of damping which supports the conclusion that the
damping ratio approaches unity . Hence , resonant motion is not
of concern .

It is desirable to review the data regarding acceleration
and the forces they produce. In these tests , conducted in
waves having a zero angle of encounter , two of the six types
of motion are of prima ry interest - heave and pitch. Hence , a
body of mass (m) will be subjected essentially to three sources
of acceleration - from gravity , heaving and pitching. Wi th
respect to the center of mass moving along a curved path ,
gravity and heaving accelerations will be vertically directed
while the pitching accelerations will be directed radially and
tangentially to the path of motion . The total acceleration
at any particular point on the path may be found by vector
addi tion. Radial acceleration , involving the square of the
angular velocity (~

2) will have its maximum value when the
pitch angle (o) equals zero. The tangential acceleration will
be zero at this point. Radial acceleration will add little to 

:~~~~~~~~~ 
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in these tests are considered to be well within acceptable
limi ts.

Men and most of the instruments and equipment will be sub-
jected to even lower inerti a forces. An appropriate maximum
value of r to use for this group of “bodies ” would be about 20
feet, presuming that they are housed within the mail hull.
Hence , Table 10 , similar to Table 9 can be completed as follows :

TABLE 10

WIND MAX ACC ~ MAX ACC GRAy . TOTAL TOTAL
VEL PITCH HEAVE ACC ACC ACC

knots rad/sec ” ft/sec” ft/sec ’ ft/sec” ft/sec’ “gs ”

12 0.15 3.0 1.4 32.2 36.6 1 .14g

16 0.09 1.8 2.8 32.2 36.8 1.l4g 
- ‘

20 0.06 1..’ 4 .3 32.2 37.7 1.1 7g

These accelerations are considered to be well within the
acceptable range of “g” va l ues for humans , equipment and
instrumentation .

The “rate of descent” and hull “overshoot ,” as experi enced
in the “A” test series , were considered to be excessive . A
small reduction (0.5 pounds ) was made in the ballast and the
“descent” and “overshoot” tests were repeated for one condi-
tion in each of the three sea-states . The results are
reported in Table 11.
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TABLE 11 H

PRIOR TO BALL A ST CHA NGE 
— 

AFTER BALL A ST CHANGE

TEST DESCENT VEL OVERSHOOT DESCENT VEL OVERSHOOT
AVERAG E AVERA GE

f t/ sec ft ft/ sec ft

A~l 2~l6* 2.00 27 1.50 8
A-16-l2 2.28 16 1.60 7

A -2O-8 2.28 16 1.65 9

A = test series

12 = sea-state designated by 12 knot wind velocity generating it

16 = dep th of main anchor below hul l. Note: this is model dep th , not
full-scal e depth

Average values of drag coefficients can now be obtained using

the above full scale data in the equation

F
D p/2AV 2

where 
S

CD average drag coefficient

= average force required to overcome drag at a given
velocity (pounds )

A = bottom projecte d area - 682 ft 2

V = average descent velocity as found in tests (ft/sec2)

Ta b le 12 contains the results of these calculations .
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TABLE 12

Full Sca le Data

PR IOR TO BALLAST CHANGE AFTER BALLAST _ CHANGE

TEST DESCENT F C DESCENT F C
VEL D D VEL D 0

f t /sec f t / sec

A-l2-16 2.00 3700 1.36 1.50 1980 1.29

A- 16-12 2.28 3700 1. 05 1.60 1980 1.14

A-2O-8 2.28 3700 1.05 1. 65 1980 1.07

These CD values seem to be w i th i n a reasona b le range of value s ,

as based on f lat plate drag data , and serve as a rough check

on the tes t data .

The rate of descent s t i l l  appears high althoug h the proto-
type would possess means of controlling descent (and asc ent )
veloci ty by adjusting variable ballast. It must also be noted
that the chan ge of wa ter dens ity w it h incr ease i n dep th canno t

be modeled. An increase in density , due to the water ’s sl i ght S

compressi bility and other factors , canno t be offse t by hull com-
pressi bili ty since p ressures within and outside the hull are
equalized. The increase in density will , of cours e , i ncrease
the displacement and will exert a stabilizing effect on OSCILAB

as it descends through the water column. This effect will

decrease rates of descent and overshoot.

Overshoot (the hull continuing to descend after the main

anchor bottoms ) is a serious matter as it can i niiiediately cause

the cab le to go slack and loop wi th the danger of becomi ng
kinke d or snared on the main anchor or other objects on the

bottom. Some overshoot niust he accepted , but its effects should
be countered by using a sensitive tension winching system which

would assure a tension force in the cable at all times .

104 

—~~~ - - - -_—— -~~ - - - ~~~~~ - - - - - ‘ -  -~



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

~~ 
-
~~~~~ 

~

-

~~~~~~~~

-

The “A” test series provides data regarding the heaving
motion of the OSCILAB wh ich facilitates studies of the main

anchor ’s motion and forces developed in its cable. The following 
—

approach to these studies assumes that the main anchor cable

w i ll alwa ys be i n tension and that t he system can be modele d as
ind icated in the d ia gram .

OS ING 
____ / 1 / / 1 / / .__t X

1 
X 1 S~~fl 5 -t

CABLE OF SPRING _______

CONSTANT k -
‘

MAIN 4NCHOR
OF MASS m x

The non- l inear differential equation for damped , force d vi b ra-
t i ons i s

~ c,~
2 
~ kx = kX 1 sin ,st

where

ni = virtual mass of anchor (pounds-seconds 2/ft)
c damping force per unit veloc ity2 (pounds -seconds 2/ f t ’ )
k = linear spring constant for cable (pounds/ft)
X 1 amplitude of support motion (feet)

= circular frequency (radians/second)

The so lution of this equation w i l l  be facil i tate d if i t i s
linearize d by us i ng an adjusted damping coefficient , c ’ , which 

- 

-

is found by equating areas (energies ) under the Damping Force - S

Veloc ity curves . “Fundamentals of Vi bration Analysis .” by

N. 0. Myklesta d , gives the following relationship between c ’

ii
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and c:

OX”c

The linearized equation thus becomes

ni’~ + c ’
~ + kx kX 1 sin ,-t

The soluti on of this equati on leads to the following fonnulat i on

for the magni fi cation factor of the anc hor ’ s motion relat i ve to
the OSCILAB ’s motion in heave :

— 1
1 1 - - -

~~~~ 
- - - _ - 

~ ‘
-- 

I

+ [.‘(c’ 
~~~

]
V P c

where

= c i rcular frequency of support heave m ot ion (ra d/sec )
p = l/k

1
= natura l frequency of anchor —cable system (rad/sec)

Vn i

c~ = critica l damping coefficient (pounds-sec/ft )

The equation for the phase angle by which OSC 1LAB leads the main
anchor in heaving motion is

= arc tan

1 — (,~/pY

The equation for the anchor cable force is

F.1. = K[X 1 Sin ~t — X sin(,~tT—~ ) + static elongation of cable)

The spri ng constant, k , used in  the following calculations

is based on a cable having the following characteri stics::

Type - 3 x 19 , Monitor AA Independent Wire Rope Center ,
Torque-ba lanced

Diameter - 3/4 in.
Metallic area - 0.24 12in
Breaking load - 57 ,800*
Elastic limi t load - 43,300#

Modulus of elastici ty = 21.0 x 106#/in
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The basic equation for calculatin g the elongation of a Torque-

balance d wire rope is

E loui q at ioui (ft) = 
Load ( # ) x L e n ~~j i of rope (t’t )  

- -~~ -

Metal I Ic area(in ’ ) x Mod. 1 la st$ & - i ty ( i/ in ) I -

An expression for L as a function of the cable length and

properties is -
~~

= \ ( l~t~~~
i
~
I
~~) = Load (j~ tmd~~1 ( foo t ) 

longa tio n due to load(feet )

k = 
I~~ad

Load x length/metal lie area x 1

Metal l ie  area x I
L Length

For the particular cable being used

k = 
0.~~4 x . 

-

~~~ 

= -

~~

L Leng th Length

Table 13 on tNt’ fol lowin g PthW sunuiiari~ es ca lcu lations leading
to the determi nat ion of main anchor heave amp litu des and cabli’ 

S

forces .

The tcih it’ demons tra tes that all ma in anchor— anchor cable
systems investigated are sat is factor y . The systems are all

ex tremely compliant . the anc hor ’s heave mo t ion following that of
the hull very c lose ly and w i th  negl igibl e lag . The frequency
ratios • w i th  values ranging from 0. d$ to 0 . ~~~ , are well he low
the cr1 ti cal val itos of 1 .00 and hence there is no danger of
resonant motion de velop ing. The ca ble Is in tension for all
systems stud ied ~nd therefore no “snap ’ loadings or ‘kinking ”
poss ibi l i t ies are introduced due to ccihl~ s lackness. The range

of cable loads vary from ~~
;‘

~ to ~7 -  of the ca b le ’s elastic lim i t

load of 43 ,300 pounds w hich is considered as providing an ade-

quate loading al lowance.

b 
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S -
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~~~. Ser ies B - “Surfac i~~~- Win in~~Up”

a. Results - Table 14 on the fo l low ing page su miuma rizes the results
of the “B’ test ce ries ~vi th regard to ampli tude of heave and
pitch at the “lab decompression—halt depth ,” this depth being
defined as the depth of the lab’ s ax is  below the surface when
the lower hatches of the bottom access trunks are at the “diver ’ s
decompressi on —hal t depth. ‘ Said more direct ly.  “lab ax is  depth ’
equals “diver decompression-halt depth” m i nus 10 feet . The
table also contains derived va lues of maximum heave and pitch

ve loci t ies and accelerations at lab depth , thcse values I’einq
calcu lated by expressions used in the Series “A ” tests .

Maximum main anchor cable loadings , recor ded from stra i n
gage data , are given in Table 14. Al l  of the strain gage
recordings are characterized by the sketch

LOAD 

TIME

WAVE PERIOD —
~~~

indicating that the anchor was l i f ted off the bottom , osc i l lated
and returned to the bottom in one ‘ - ave period of time .

b. Discussion - The Universi ty Sealab Report established 40 feet

as the “decompression-halt depth ,” herein referred to as the
“diver ’ s decompression -halt depth. ” Forty feet was chosen
primarily on the bases that surface sources of help could reach
that depth wi th rela t ive ease or that occupants might escape
from th is depth using oxyqen purging techniques in emergency
situat ions . It is important to note that the 40 foot depth must
be measured from the surface to the level of the lower hatches
of the bottom escape trunks . The interior of the hull must he
pressuri zed very nearly to this depth. The axis of the hull ,

establishin g the “lab decompression—halt depth ,” is 10 feet above
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the l ower hatch level and , hence , OSCILAB is assumed to be at

a depth of 30 feet insofar as its response to surface wave

act i on i s concerne d.

The pri mary cons id era ti on i n determinin g su i ta b le “diver ’ s
decompression -halt”  depth is that the main anchor cable not fail
through cyc lic or “snap ” overloadings thereby a llowing OSCILAB
to make an uncontrolled ascent during the decompressi on period.
This cri terion requires that the main anchor remain on the
bottom at all times and that the cable be loaded continuously
in tension at acceptable percentage levels of the e lastic limi t
load. Another important considerati on is the minimizing of
motion to permi t occupants to pursue living and working routines

in re lative comfort during the decompression period. Quite
obviousl y, these tes 1~ indicate that excessive motion is exper-

ienced under all test conditions at a “ lab decompression-halt ”
depth of 30 feet. The cable force situati on is less conclusive

due to diff i culties i n modeling the cab le. It is p roposed to
determi ne satisfactor y “decompression -halt” depths based on

the above considerations and using the test data .

The I
~ Bu~ test series data is useful in observing the

character istics of the hull response to a pressure wave
traversing i t s  l o n g i t u d i n a l  p r o f i l e  when OSCILAB is moored at
a certain “lab decompression-halt depth. ” Records of both
heave and pi tch motions were sinusoidal in nature and of fairly

constant amplitudes. There was no in dication of a tendency to

develop resonant motion .

The data is also useful in estimating the hull response in

heave to a pressure wave when moored at a distance , z, below
the surface. Because of the great di fference in masses of the

hull and main anchor , it can be assumed that the hull motion is

not infl uenced by the anchor. The gain of the transfer function
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of the hull can be calculated using the expression - 
-

= A
~ 

(gain of the transfer function )

= (gain of the transfer function)

where

H
~ 

= heave amplitude of hull at depth z as recorded from
tests ( f t )

= pressure wave amplitude at depth z ( f t )

can be calculated using the expression

Ae~~~

wher e

A = amp litude of wave at surface (ft )
k = wave number = 2— / L wave (ft~~ )

z = depth of lab axis  from surface (ft )

Table 15 s ummarizes calculations of the gain of the transfer
function , HZ /A z~ 

using test data scaled up to full size. Actual
test values of z , in the vic ini ty of 30 feet , are used.

TABLE 15

LW k z —kz A A z Hz
TEST ft ft~~ ft e ft ft ft HZ /A Z

B-12 -5 118 0.0532 28 0.225 1.40 0.32 1.10 3.44
B-16-8 216 0.0291 28 0.442 2.90 1.28 2.lC 1.64

B-20-l2 336 0.0187 32 0.548 5.00 2.74 4.25 1.55

These deri ved gains are intende d to serve as genera l guides
only in the analysis that follows .
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This analysis is based on the diagram below .

A Wl~’.’E AMPLIT UDE

LAB AXIS

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ v E :;LITu MT ;pm z

STATIC ELONG ATION =

CABLE LENGTH ( UNLOADED ) L = ( 300
1 _ z 1 _ 5 1 )

CABLE SPRING CONSTANT = k 5.0652 x 106
c L

— _____________ LENGTH CABLE UNDER - STABLE LOAD

— — MAXIMUM m DEPTH = 300 ’

~ ~ ‘ i ~ / .. , , , 
~ / , .. ~~~~~~~~

The force exe rted on the cab le wil l be

F = k
~~

(6  + H
~

)

If
F 14,730 pounds (fully flooded weight of main anchor in

water)
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or i f

~~~~~~~~~~~~~~~~~~~ F = — rorct’ (H, ~ ca u’-,inq cable to qo s lack )

the t r a i l  c a lcu l a t ion  i-~ not val RI dS based on the cr1 ten on
reqard I nq cab li’ forces . Two cqua t ions can he genera ted for
these two ii iui t I nq conditions ,as to lows

( 1 )  for 1 Ii ft i nq ma in anchor o f f  the bottom , the
equation i

r = 14 ,/3t i isounds
or

(
~
‘
~

-
~ 

~ Ac - k:) , 730

= 884 0 k A

where

= s t a t  1 c cab Ic to  r(e e ~e r t eli by OSC I LAI~
( .‘ ) for F he I nq reduced to :ero ,iii~I ci ac k nec ’-. imm i nent

thi’ e( iUdt I On is

F =

— or ,

—kk \ -  ~ - 

~:- Ac

= ~~‘o~

Therefore , it is seen that for a g iV e n sea condi t ion and “ lab
decompress I on — ha it depth , ” the l imi t ing value of H1/A

~ 
Is

governed by the cons ideration of avoidin g sl ackness in the
- - cab it ’ and not by ii f t 1  nq the cat ” ie o f f  the hot to!1 . ri qurt’ 1(1

on the fo llowing page arc graphs of equation (i’ ) for the three
sea-states concerned and for “lab decoinpressi on-hai t depths ”
down to 14) f eet . tin- ’ areas under and to the left . of the

1 1 4
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I

curves represent the doma ins of va l id  u
~

/A
~ 

valu es for the
particular condit ion of this analys is .

These doui1i ins can be I nc reased somewba t w i thou t di s turb i nq
other aspects of this overall  study (1w chang ing character is t ics  —

of cab le or main anchor) by increasing the s t a t i c  cab le force
duninq this procedure (releasin g w ater  from OS CI LA I4 ’s variable
bal las t  tanks) until H2 /A

~ 
va lues for the two cri tori a regarding

cab le forces are equalized . Fol lowing th is  procedure by
rewriting equation ( 1) ,

+ ~~~ ~~~~~ = 14 ,730

k: H ,
(14 , 730 - 1) =

where
T s ta t i c  cable force exerted by OSCILA R .

Then , for equal i :ati on of II ,/A~ 
value s

I (14 ,730 - T) -

1 736 5 pounds

The doma i ns , adjusted in this manner. arc rcp rost’nted by areas
under the dash—lined curves of Figure 10.

Sing 1 i nq out the 1;’ knot wind genera t(?d S I’d CU ~VVS for

study, it is seen that the experimental value of 11 ,/A2 of 3.4

from Table 15) woul d requ i re  a “l ab—hal t” depth of about 48
feet and a “di yen—h al t” depth of about ¶s8 fee t to meet the
cable force cr1 tori a of this ana lys is . the question concerns

the appl i cabi 11 ty of thi s one experim enta l II~/A ? value at

va v~yi ng depths . Thus . this and si nii 1 ar o t -’se rv a t ions inns

rema I n I ii the real in of conjecture in the abs once of much more

experimental pressure wave —h u l l  response data.  The s imp l i c i t y
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of the mode l for the force analys i s , in which the cab le is
assume d to remain stra ight , must also be recognized.

One important conclus ion can be reached , however , from

the grap hs of Figure 10. The exper imental results of Table 15
suggest that all HZ /A Z val ues are greater than unity. There-
fore , of the three sea -states studied , only the 12 knot wind
generated sea permi ts reasonable “ lab and di ver decompression-
ha lt” depths over a fairly wide range of H

~
/A

~ 
possibi l i t ies

whi le  satisfying cable-force requirements . The “decompression-

ha lt” procedure is of first-orde r importance in the overall
operational concept of the OSC ILAB system. Figure 10 indicates
that the system design regarding this phase of operation can

and should be improved. The main anchor , with increased “hold
down ” capacity , an d the cable , wi th possi b le insert i on of
spring buffers i nto t he line , shoul d be focal points of
attention.

Motion for the three sea-states may be studied assuming
that the experimentally determi ned values of the angular
veloc i ty of s i nusoi dal mo t ion and HZ/AZ (Tables 14 and 15)

remain essential ly constant with change in depth . These
assumpt ions may be conservative but their use w i l l  provide some
appreciation for heave motion attenuation as the “lab decom-

pression-halt ” depth increases . Heave motion attenuation

wi l l  serve as a guide to pitch m otion attenuation . Figures 11
and 12 on the following pages contain graphs of heave motion
data versus “ lab decompression-halt ” depth . Figure 12 and
associated ca lculations assume that a range of “lab decom- -‘

pression-halt” depths from 40 to 60 feet is reasonable from
the viewpoint of executing emergency procedures during

decompression. Ca lculations are based on the formulations

H2 = HZ /A Z Ae~~

Max ve locity = 
~~
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an (1

Max At - ct ’ 1 era t ion = Ii .

where , as before

H lab heave a m pl i tud e at dept f t

A — amp i it ude of rressu re ~~a’,e  ~it dept Ii , t t

11 ,/A = ga in in the hull t rans fer tUil l- t ion

A amp l i t  udo o ~ c ut’face wa~c f t

k - w a v e  number  = -
‘ - 1 w av e  :

“1 ab docoi prt’ss i on—ha l t ’ ’  lli’pt h i, f t  ‘P —

c i  i-cu I am’ trt ’quem1c ~ of leave lot 1 Ofl rad , “e~

CISC ii AI~ n 1 11 b1’ moored at t he “ 1  ~0’ decompres s 1 O f l— ia 1
depth for a max i t int i n f - ’t ’I1 od 0? about t t~o d ,m’~ ‘— w~ i 11 ’ i t ‘— o~-~-u—

pa nts are und’ rgoi ug decomupm- t’ss ion procedures - Hemi ~e , an

i niport a n t  ~ispec t ot the CI SC 11 AL~ pera t ional con cept is t li,i t

i t s  occupant s ei1jo~ “ ro la t  lve ” lol ’ I?or t during f ’ i m c  per iod . i~-

compa t’t’d to tIll’ comf o rt as soc i a ted ~ i t Ii t h~ m t  1 O i ls  0 .1

ch amber on a sina 11 s ur t ace upport Os sO 1 , t Pius pen’- i t t  I no
near —norma l Ii v i  ng and not - k ing rout i nt ’c t O comm t nue . ~~ia  t
cot is t it ut cc ‘ re 1 at i vi~ c o m f o r t  i n  t erms o f m io t  ion i’. a ‘~oot
qu t ’5 t on as • to the wr i te r ’ s know 1 t ’dot ’ . ii t t lo or no wo rk t ias

been done on t Ii I c s ut’j 0l~ t in vol v i no I omi g  ~‘o r 1 ~‘ds ~~
t t l i t ’ -

Nonothe 1 Ocs • s ome t -onc 1 us j oils O.IIi h1 ’ ~1m - u ~ n ~ast ’d Oi l  t he

fo l 1 owl nIl ra t i o na le .  •\ person eiic 1 os t ’d Ifl au ci e~ at or 1 oses
his at’ i i it ~ to es t at ’ ii sh a “ hon :oii ” and 1 s semis  i t lvi ’ to

ii neat’ acce 1 i’ra t Ion s  on I . Amp ii t udes and ‘ I 0~ 1 t i e s  ant ’
unnoticed. In the c .m s ’ ot CISC IL -\6 • 1 i gun’ 1.’ i nd ica te s  th a t
the to ta l  acce le r a t ion  a 11 

g f or  a l l  three s e a - s t a t e s  ii Os

w i th  in a 1 . CI ig to I . CI .‘g range . W it i t ’ the m~ ri t or admits t o
1 at ’k of know 1 edge reoardi ng not ion p’s~ ~-liol og~ and ph~ s i o 1 og~ .
it would seem that “g ’ va lue s ~i t  h imi t h i s  range ,ll’ t’ al- I-opt ab le — 

-

I .‘CI
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over long N’riods of time . On this basis  alone , mooring at
“la b decompression-halt ” depths of 40 to 60 feet appears to

he feasible for all three sea-states considered. However , a

person would notice pitching amp lit udes as well as acce lera-

tions as evidenced by deck inclinations . The heave ampli tudes
for a .~CI knot generated sea are considered to be re lat ively
là rqe and one nil gh t a 1 so expect. comiiiiens ura te l - v  1 a rqe p1 tch
amplitudes . Over a two —da y period . cy l- l i c  deck inc l inat ion s
of re 1 at i vol-v là roe amp lit udes mii i qh t wel l  i mimpede 11 vi nq and
working routines and be’comiie a source  of sever e PSycho log i ca 1
stress. In th is  regard . Figure 1~ indicates that the l~ and 1(’
knot w i nIl generated sea curves for heave amp i I tude are gui to
close together and it nii qht he expected that their pitch

amplitudes would a lso be reasonably c lose.  In s ummary , then .
Figure 1 ~ leads to the conclusion that it probably w i 11 be
feasible to moor OSC ILAB at 40 to 60 feet “lab decompres s ion-
ha i t ”  depths for 1 ‘ to 1 b knot wind genera ted seas . A simi l an

conclus ion might be reached re g ard in g the effects of mnot ion
on equipment and ins t rumentat ion.

1”l 
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3. Series C - “Surfacth~ - Free Ascent ”

a. Results - Table 18 on the fol lowin g page s ummarizes the results
of the “C” test series wi th  regard to free ascent s tabi l i ty ,
dep th at which osci l latory motion begins amid terminal velocity .

b. Discussion - The dynamic stabi l ity character ist ics of OSC ILAB
i n ma k i ng  a free ascent are to he expected. At the low ascen t

ve loc i t ies  involv ed , the metacentric stab ility expressed by

the hydros tat i c moment

where

= submerged lonqi tudi nal metacentni c iieI qht = 4 .0 feet

W = weight of OSCILAB amid water in main ballast tanks =
l9°.~ long ton s

= pitch ang le in radians

masks the effects of the hydrodvnani i c moment w i th  the effect
that motion can onl y be osc i l la tory  amid stable. The tests
indicate that dampin g reduces oscillatory motion to an
unnot I ceab le amount.

The experimental values of terminal velocity may readi ly
be c hecke d by the following analytical development. Consider

the follow ing free body diagra m :

1
~~

r I

FB
_ F

D
_ F

I = O

I~
_ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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_

where

FB = positive buoyancy

FD = drag force = CD p/2 A proj V 2 
= DV2

F1 
= inertia force

The equation may be written

or 

~~~~ =

x +~~~x -
~ j1---= O

To facil i tate calculati ons , let

a = ~~
F

m

Then

Further , let

Then

~~+a z
2

- b = O

or

dz = d t
b - a z 2

Integrating both sides

l ç
dZ Sdt

124
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z =  tan h ~J~E’ t

Recalling the properties of hyperbolic functions , the graph
of tan h x vs x i s

TANH( x )

Therefore , the n’aximurn , or terminal velocity is
-I

Z = Xm 
= tb/a

Substituting data into this expression
--- ‘

x 
~ ~~

-

~~

- = 2. 17 f t / sec - -

rn

where

FB = positive buoyancy force of 4O5O~

D = CD c/2 A 
= 1.30 x ~~~~~~~~~~ x 680 = 857 ~ 

-

ft F
CD is taken from flat plate data (b/h = 7 and Reynold’ s
Nuirber — io~ ) contained in “Hydrodynamics of Ship Des ign” -

Saunders . “A” is the projected area of the dec k. The experi-
mental and analytical values of the maximum , or terminal ,
velocity agree reasonab ly wel l .  - -

While the “Surfa c ing - Free Ascent ” is not intended to
be a norma l operating procedure , these tests indicate that it
can be successfu lly acco mplished in emergency situations .
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4 . Ser i es D - “Subnie r~~d~~~On Si i i n g _ Up”

a. Resul ts

(1) “Submerq~d - On Site ”

( a )  Cable Tension Data - The fo l lowing table s ummari zes
main and stream anchor cable force data obtained from

the stri p-chart recordings. These recordings remained
at a reasonably constant level for the duration of the

test run. Cab1e force curves for model and prototype

are shown in Figs 12 , 14 , and 15 .

TESTS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

~

Current Current~~Series Direction Veloc i ty  SIREN-I ANCHOR CABLE MAIN ANCHOR CABLE
Degrees knots P oun ds Poun ds

-—--
~~~~~~~~

-

D -  0 -  0.50 2.4 4.0 L.

D - 1 0 - 0.625 
- 2.9 5.5

O - 0 - 0 .75 3.2 4 .5
O - 45 - 0 .50 2.8 5 .0
D - 45 - 0.625 4.0 8.2
D - 45 - 0.75 5.0 9 .5 I

o - 90 - 0.50 2.8 5.7
D - 90 - 0 .625 4 .0 9. 0 I
o - 90 - 0.75 5.0 11.5
0 - 135 - 0.50 2.8 6.0
0 - 135 - 0.625 3. 0 10.0
0 - 135 - 0.75 3.3 12.5
o - 180 - 0.50 1.8 6.0
0 - 180 - 0.625 2 .5  7 .5

O - 180 - 0.75 2 .0 8.5
_ _ _  _ _ _ _  - -~~~~~~~~~~~~~~~~~~ _ _~~~~~~~ ---~~~~~~~~~ - _____
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(b ) Model Att i tude Data — The fol lowing data regarding model
atti tude during test runs in varying current directions
were obta ined  by observations from the surface and
throu gh glass ports in the side and bottom of the

channel. this data is considered indicative of mode l

attitude only as it is very approx imate.

[1] 00 Current Direction — Model rema ined in its 00

vert ical plane , the bow being elevated about ~~0
•

(see Fi g . ‘1 for vertical plane definition)

[2] 45 0 Curr ent  D i rect i on - Model developed maximum
heel and yaw angles of roughly 5~ and 10G w i t h

respect to i t s  45 0 ve r t i c a l  i~lane . The bow was
elevate d about 50

•

[3] QO~ Current Di i-ection — Model deve 1 opt’d ma xi II1U~
heel and yaw angles of roughly 100 and 150 with

respect to its 90~ vert ic a l  p lane . The bow was

elevated between ~~0 and 100.

[4] 1350 Current Di rt’ct ion — Model developed maximum
heel an d yaw angles of roughly 5° and 100 w i t h

res pec t to 135 0 ve r t ica l  plane . The how was

depressed (stern e levated ) about

[5] 1~~0° Current Di rect i on  — Mod’ l ess e nt ia l ly  reiita i nt’d
in i ts  1000 vertical plane (‘~l ight ins tab i l i t y  in
yaw noticed). The how was depressed som ewhat l ess
than ~~O

(2 )  “Surfac ing - Winch in~ Up ”

(a ) Cable Tension Data — During the fi rs t few feet of ascent
s tn p—chart data recorded a reduction of both main and

stream anchor forces for al l  tests  below values obtained
whi le the model was i n it s “Subine rqed — On Si te ” pos i —

ti on. As the mode l conti oLled to rise, the stri P—chart
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cable force data became erratic for all but the 1,00

Curren t Di recti on ” tests indicating an inability of
test procedures to winch -up the model smoothly as the
current field caused it to depart radically from its
“ideal - no current” vertical plane of ascent. This
was particularly the situation for the 0.625 knots and
0.75 knot current velocities.

The following table compares the ~IO
0 Current Direc-

tion” and “0.5 knot current velocity ” tests for the
“Submerged - On Site” and the “Sur fac i ng - W inching Up ”

operating phases .

TEST 
- 

STREAM ANCHOR CABLE 
- 

MAIN ANCHOR CABLE

Series Submerged Surfacing Submerged Surfacing
Current Dir On Site Winching Up On Site Winching Up
Current Vel

Poun ds Poun ds* Pounds Pounds *

0-0-0.50 2.4 1.2 4.0 1.5

0-0-0.625 2.9 1.2 5.5 1.5

0-0-0.75 3.2 1.5 
- 

4.5 2.0

0-0-0.50 2.4 1.2 4.0 1.5

0-45-0.50 2.8 1.5 5.0 3.0

0-90-0.50 2.8 2.0 5.7 3.0

0-1 35-0.50 2.8 2.0 6.0 3.5

0-180-0.50 1.8 1.0 6.0 2.5

* These force values remai ned fairly constant with change in depth
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(b) Model Attitude Data - Model atti tude data , obtained by
cameras ma i ntaine d on the “dumb waiter ” an d under the
mode l , were of limi ted value revealing the model dri fting
out of the “ideal -no current ” verti cal plane of ascent .
Dri ft associated with the 0.625 and 0.75 current velocit ies
was so pronounced for all but the PIO 0 current direction ”

that the model was carried out of the cameras ’ frames after
it had ascended a few feet.

b. Discussion - The lack of lift and drag information for shapes com-
parable to OSCILAB model presenting varying angles of attack in L

tri m, heel and yaw preclude an analytical check of test data wi th —

the possible exception of the ~I00 orientation ” of the model , i.e.
the model ’s bow facing directly into the current. As has been
noted for this orientation , the model ’s centerl i ne plane remained
in the 00 vertical plane , the angle of attack being composed
entirely of about a 5° bow up tri m angle.

Consider the free body diagram of the model :

where :
L = Lift force - composed of a positive buoyancy force

(2.2 ibs) and the dynami c lift force (lbs )
0 = Dra g force - dynami c dra g (i bs)
M = Ma i n anc hor ca b le tens ion force (l b s)
S = Stream anchor cab le force (l bs)
V = Veloci ty of undisturbed current fiel d (ft/sec)

a = Trim an g le of attack
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For static equilibrium , the force polygon mus t close thusl y:

This polygon can be drawn to scale , us ing  test data for M , S, ~
and ~ and values found for D and L. Inserting these 0 and L
values into the well know n equations

CD = 0 A 1 = projected frontal area norma l to
2 flow - ft2

~/2 A 1 V

and
CL L A,, bottom area ~approximat ely length

x be~m) - fVc/2 A2V~

values for the drag and lift coeff icients (C D and CL ) m a y  he found tand compared w i t h  published values for these coefficients thus

affording a check on test data.

Usin g the D-O-0 .75 test data , the follow i ng computation is

made for the drag coefficient:

C = 3.6 1. 90 
~~~~~~~~~~~~~~ x 1.2 x 1.27 2

where 0 = 3.6 pounds is scaled froimi the polygon usinq va l ues of

M = 4.5 pounds , S = 3.2 pounds , ~ = 85° and ~ = ~0 as recorded
in the test. The OSC I LAB ’s hull shape basical ly is composed of
hemi -cylindri cal ends with a parallel middle -body section in

between . Data from “Hydrod ynamics of Ship Design ” (Saunders )
gives CD = 0.7  for a cylinder with comparable LID ratio (~

) and
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Reynold’ s Number (4.85 x io~). Adding the parallel mi ddle-body
drag, pri marily viscous drag, raises the drag coefficient to
about 0.85. The drag due to lift would raise this to about 0.95.
While the actual value of the model ’s drag coefficient cannot
be closely checked , it will be well above 0.95 because of the
i rregular deck and open bottom as indicated in the sketch:

ACCESS

~~~~ ~-‘ Y ~~T~0 ~~~~~~~~~~~~~ WT

— — — — = — — ~~~.,I I ~~I

I r---i ~~‘ /
MBT .—1’ WT—’ FREE ‘~(OODING \— WT \~~. MBT

SPACE

These i rregulari ties approximate those found on the prototype

and , hence , an experimenta l CD = 1.9 appears within reason .

Fo llowing a similar procedure for computing the lift
coefficient ,

CL = 2.5 = 0.58
1.9384 

~ 2.75 X 1.27
2 —

where the hydrodynami c lift is L 2.5 pounds which is the total
lift scaled from the polygon (4.7 pounds ) minus the positive
buoyancy lift (2.2 pounds). The theoretical va l ue of the lift
coefficient for thin flat plates as given in “General Aerodynamic
Theory - Perfect Fluids ” (von Karman) i s

CL = 2~i S~n c ~ = 2~~sin 5° 0.58

where a ~O is the angle of attack. Hence, the experimental
value of CL and the data from which it is deri ved seem reasonable.

The curves of forces in the main anchor cable all lie above
those for the forces in the stream anchor cable. This is to be
expected as a study of the polygon reveals that for e and ~
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angles in the vicinity of 75° to 85° and 5~, as they were for
these tests , a lift greater than drag must result in a “M”
force greater than a “S” force. It is not surprising that
the lift force , composed of both posit ive buoyancy and hydro-
dynami c l ift, exceeded the hydrodynamic drag for all data
recorded.

The genera l sha pe characteri s ti cs of the main and stream
anchor force curves appear reasonable. Both can be expected
to rise as the mode l departs from the ~O

0 current di rec t ion ”

and the projected areas and angles of attack increase. The
stream anchor curve reaches an approximate plateau between
I~45O and 90° current direction ” and then falls off. This is
to be expected as the mooring geometry requi res the main anchor
cable to carry an increasing portion of the load , including L
the drag , once the stern becomes the leading edge of the body
in the current field with the stream anchor now attached to
the trailing edge. This increase in main anchor cable loading
is disp layed in the curves , the maximum values being reached
at about the t

~l350 current direction. ”

Figures 13 , 14 and 15 indicate that the main anchor and
cable system is not adequate for any of the current velocities
investigated with regard to both anchor “hold down capacity ”
and cable force. However , the curves for the 0.5 (model)
current velocity reveal that this condition can be met if
the main anchor “hold-dow n capacity ” is increased to at least
23,000 pounds . The cable loading for this is about 50~- of
the elastic limi t load which is considered adequate.

It has been noted that 0.5 knot current velocit y (1.9 knots
full scale) was the l owest reliably obtainable in the CWC
facility . Hence , cable force data and mode l attitudes in
current ranges for di vers working outs i de the lab (0 to 1 knot
full scale) could not be acquired. However , data for the 0.5
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knot (1.9 knots full scale) can be considered as l i m i t i n g  data ,

in cluding factors of safety , for this lower range of current
veloc i t ies . A full scale moori ng system adequate in a current
field veloc ity of 1.9 knots  w i l l  be adequate “plus ” in a curren t

f i eld of 1 knot when the model is in a ‘Submerged — On Site ”

position and divers are working outside the lab .

Data ob ta ined  re garding the ve r t i ca l  ascent  mot ion  of the
model in the current f ield is cons idered inadequate from a
quantitative point of view principally because of main and
stream anchor winch ing dif f icult ies experienced during these
tests. Qual i ta t ive ly ,  the 0.n~5 and 0. 75 currents velocity
series of tests i ndicated the model mak in g  radica l  departures
from i ts  “ideal - no current ” vert ical plane of ascent almos t
as soon as ascent from its bottom-moored position began. The
0.5 knot tests produced better results wi th a maximum mnai ri
anchor ca b le ang le of about 450 being developed w i t h  respect to

the bottom, the cable being in a plane making an ang le of about
700 with the “ideal - no current ” vertical plane .

Drift out of the ideal vertical p lane must be accepted for
a body ascending at an ang le to the current direction and 

- 
-

utilizin g a two-point moori ng system. The question is “How much 
- 

-

-

drift is acceptable? ” This is an extreme ly difficult question
to answer hut -it would seem that a main anchor cable lead angle
of 450 might be consi dered an arbitrary l imiting angle if one is
wil ling to accept surfacing from a 300 foot depth somewhere L
within a 300 foot radius circle , the center of which is directly
over the main anchor. However , such lead angles might overturn
the main anchor. This should he investigated. In any event ,
the current field velocity and direction may vary with depth

with the pos sibi l i ty of the cable going slack as OSCILAB ascends .
This is yet another reason for using sens i t ive constant- tension
winches .

The bottom of the channel was smooth (steel and glass) and

L 

afforded no opportunity to approximate the ocean bottom insofar

as ground tackle holding power is concerned.
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F. CONCLUSIONS AND RECOMMENDATIONS

Specifi c and general conclusions are drawn for each of the four test

series comprising the overall test program. Recommendations are made regarding
future activity as based on these conclus i ons .

1. Conclusions

a. Series A - “Submergjnq - Interface Breakthrough”

( 1 ) Conclusi ons - j~~c

(a) Hull Motion (Surface) - The tests indicate no danger of

resonant motion develop ing despite proximi ty of wave

periods and natural periods of hul l heave and pitch .

Inertia forces due to heave and pitch accelerations

are within acceptable limi ts for structure and equip-
ment as well as for occupants cons i dering brevity of

this phase of operation.

(b) Hull Motion (Subme rging) - Hull descent rate appears

relati vely high , but the prototype descent velocity is
controllable by means of the vari able ballast system.

Excess i ve “overshoot” is recorded , an undesirable
characteristic that can be minimi zed by decreasing
descent rate. A sensitive constant-tens ion wi nch wi ll
be required to protect cable and winching mechani sms
from remaining “overshoot” effects.

(c) Main Anchor-Cable System - This system appears - :

adequate for all cable lengths utilized and i nvestigated
under the most severe amplitudes of support motion (with
hul l on surface) . No dan ger of anc hor resonant moti on
is i ndi cated. The cable is subjected to tension at
all times and is loaded within acceptable limi ts as
based on the elastic limi t load.

(2) Conclusions - General

Experimentally and analytically deri ved data indi cate
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that the OSCILAB systen’ desi gn i~ satisfactor y for the —

“Submerging - Interface Breakthrough” phase of operation

iii all sea-states investi gatec ~ ari d for test procedures
emp loyed.

b. Seri es B - “Surfacing - Wir lchin.9 LL& E-econpression- Halt”

(1) Conclusions - Specif ic

(a) Hull Motion (at “lab decompressior-h~lt depth”) -

Motion at “lab decompression-ha lt” depth of 30 feet
(or ‘diver -decompression-halt” depth of 40 feet) is

exce ssi v e for all sea-states investicated . A range
of “la b-halt ” depths from 40 to 60 feet appear feasible

in 12 to 16 knot wind generated seas frcn; the- vie~-
point of occupant comfort.

(b) Main Anchor — Cable System (with lab at “lab decom-
pre ssior—hait” depth ). A 30 foot “ lab—halt ” depth

fails to meet ra in  anchor-cable system requirements

in all sea-states investigated. A ranae of “lab-halt ”

depths of 48 to 60 feet appears feasible in a 12 knot
wind generated sea for the main anchor-cable design
as it exists .

(2) Conclusions - Ceneral —

Experimentally and analytically derived data indicate
that the OSC ILAB system desi gn is satisfactory for the

“Surfacing-Wi nchirç I..p and Decompression-Halt ” phase of
operation in 12 knot wind generated seas for “ lab-halt ”
depths from 46 to 60 feet under test procedi~res employed.

c. Series C -

Experimentally deri ved data indicates that the OSCILAB - -

system design is satisfactory in providing for a stable , non-
oscillating ascent at resonable ascent velocities in all sea-
states investigated and under test procedures employed.
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d. Series 0 - “Subrner~ed - On Site & Winching Up”

(1) Conclus ions - Specifi c

(a) Moori~~~ yste~ (Lab on Site ) - Test data indicates

that the mooring systen , con posed of the main and stream
anchors is not adequate for all current directions and

a velocity of 1.9 knots (the lowest current speed
obtainable), the cab le- forces being acceptable but
the- r-iain anchor ’ s “ho ld-down ’ capacity being exceeded.

(b) Mooriri9 System (Winching Up) - Test data indi cates tha t

the san e conc.lusion can be drawn as for the “ lab on si te ”

tests .

(c) Hul l Attitude (On Site ) - Tests indicate that the hull
attitude (in l ist , trim and yaw ) are within acceptable - -

limi ts for all current directions and speeds up to
2.4 knots .

(
~ ) Hul l Motior (Winch-inc Up) - Tests indicate that hull j,.

rrotior. characteristics 
~~ 

be satisfactory for all
current directions and speeds up to 1.9 knots . Beyond
this speed tests , while inconclusive , indicate that
hul l motion (principally in drift and oscillation ) is

excessive .

(2) Conclusions - Genera l

Experimentally deri ved data indicate that the OSCILAB

system design (with the main anchor ‘ hold-dow n” capacity
increased) is quite likely to be satisfactory for the “Sub-
merged-On Site & Winching Up” phase of operation in currents
of all directions and velocities up to 1.9 knots .

It is inc ica ted that a two-point moori ng sys tem is not - -

adequate for OSCrLA B operation in submerged current fields
exceeding a velocity of about 2 knots .
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2. Recon~vendations

a. Regardi! ”Subme~~in9- In te r f ac e  Breakthroug h” Phase of
~peration

Hull notion characterist ics and the response of the main
anchor-cable system (as redesigned) should be studied wit h the
hull or, the surface and subj2cted to i rregular waves associated

w i t h  12 , 16 and 20 knot wind qenerat~~ seas.

b. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Phases of Ojc r~t ion 
- 

-

The main anchor-cable syst e m should be redesigned by
anal yt ica l methods to incre ase its ability to satisfactorily

moor the hull at “lab -halt” depths ranging from 40 to 60 feet

in 12 to 16 knot wind generated seas .

The re c~esiqr .ed system should be model tested with the hull

moored at “lat-hd lt” depths ranging from 40 to 60 feet (2 . 7
to 4.0 feet model depth) in i rregular waves associated with 12
to 16 knot wind generated seas.

c. R~gardi~~~~Surfacinc- Free Ascent ” Enie r~~ncv Phase of Operation

No recommendations are to be made regarding this emergency
phase of operation .

d. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ of ~p~ration

The main anchor should be redesigned (in conjunction with

the redesi9n recorriended in “b’ ) to increase its hold-dow n
capacity in order to meet the requirements of bottom mooring
and winching up associated with currents of all directions and
velocities up to 1.9 knots .

The redesi’~ned system should be mode l tested in currents
of varying directions and speeds up to 1.9 knots (about 0.5
knots modeled) in a facility capable of generating current
velocities lower than 0.5 knots if such a facility is available.

. - 
~ - ~~- - -  --.-- - - - - ~~~- ---~~--- -- - ~~~~-~~~~ - -~~



The possibi lity of OSCILAB system ut ilizin g other than a
two— poi n t m oon nq system s lion 1 d be I n~ cs t I qa ted I f It is
des ired to cperate 0SC ILAt~ in s ubmer~~’d current fields
exceeding ~ knots.
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