
A D/ A-005 879

AN INVESTIGATION OF THE TOWING
CHARACTERISTICS OF T1-IE DEEP SUBMER-
GENCE RESCUE VEHICLE (DSRV). PART Lil.
SURFACED AND SUBMERGED TOWING IN A
REGUALR SEAWYAY

R. Knutson, et al

Naval Ship Research and Development Center

F Prepared 
for:

Naval Sea Systems Comnmand t

December 197/K

DISTRIBUTED BY

National Technical Information Service
U. S. DEPARTMENT OF 'i'3MMERCE

V.A



F,' 1The Navat5i Rq*e&A'mh an 1,velpm&tiMt; r a 1. & -Nikvy cdat~r fo abmo~toy
raorgiaotho Dovi Taylat; Basoro:iza at Caarjfcd.U6, ~ylond wlt,4 lwo Wrln*. u"Llft~o
LaboiAii&Y st ASimw4Ais. MiwywAad.

-$ooml Ship ýWsoarch iand Djovlopmmiot Center

MAJOR KUMD ORGANIZAT!ONAL COMPONENTS

R 0R ; RTNI O~NATO R TEUINiCAL IET%

CARDROKANIATION AN

DEPA!WPMENT DPRMN

ACCE3I~NIg ~ ~ JCTRES AMVUATION AN

- ________OOD-EPARTMENT AND MATHEMATICS
KTIS Wkite sectls o- 17 DEPARTMENT

Dglift Sociau Q -

SIP 1CUTC PIZOPU.ION AND
SHIP.. ACOUSTICS.... ............. AUXILIARY SYSTEMS

BY 19DDEPARTEEN
........... ......... 1 DEPARTMENTfI 27

MATERAS - CENTRAL
DEATMN INSTRUMENYATION 1

I. NDW-NSRDC 3960/43hb(Rev. 3-72)

GPn 925-106

J('



UNCLtASSI FIED
SECURITY CLASSIFICATION OF THIS PAGE (Worn Data Entered)

_REPORTDOCUMETATION PAGE READ INSTRUCTIONS
RPRDOU NTTEBEVORE CL"APLETING FORM

RePORf NUM 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG AUMBER

4218 ,_ ,S '
4. TITLE (and Subtitle. S. TYPE OF REPORT & PERIOD COVERED

AN INVESTIGATION OF THE TOWING CHARACTER-
ISTICS OF THE DEEP SUBMERGENCE RESCUE
VEHICLE (,SRV) PART Ill -- SURFACED AND . PEINFORMING ORN. REPORT NUMIER

SUBMERGED TOWING IN A REGULAR SEAWAY
7. AUTHOR(.) .. CONTRACT o0 GRANT NUMEER(s)

R. Knut:,or. a.nd Charles W. Sieber

S. FERFORMIGO ORCIANIZATION NAME AND ADDRESS .O. PROGRAM ELEMENT. PROJECT TASK•RE 0 WORK UNIT NUMUERS

Naval Ship Research and Devclopmenl t Center NAVSEA PO 1-0269
Bethesda, Maryland 20084 Work Unit 1-1548-704

i-I. CONTROLLING OFFICE NAME AND ADODRESS 12, REPORT DATE

Naval Sea Systcms Commanl December 1974
Washirngton, DC. 20362 IA. NIJM,9R Or PAGES

4. ML3NITORINO AGENCY NAME A AODRESS/I' differwti from ControItind Office) IS, SECURITY CLASS. (of thiA t-port)

UNCLASSI FlED
11a. DECL ASM FI C ATION/ DOWN1'RADIN5

SCHEDULE

16. DIST"II JUTION RTATEMENT (of thi Report)

APPROVI7D FOR IPUBLIC REL.EASE: .ISTRIt3UTION UNLIMITiSI)

17, DISTRIOUTION STATEMENT (of the abstract entored In Block 20, If uflffeall 100m Report)

i,

IS. 1UPRRLEMENTARY NOTES

NA'rIONl/,J TECHIRCAL
INFORMAri,),N SERVICE

IS. KEY WORDS (Contisua on revere* olid It necessary and Identity by block number)

Towed Systelus

Submarine Towing

Subm;arine Ikscue

20. ABSTRACT (Continue an trevmolo de It neceae ry end Identity by block number)

The suWrlacCd and submerged towing characteristics of the Deep Suhbmergence Rescue
Vehicle (DSRV) are examined for a variety of towing ship fantail motions and regular waves.
Thle results indicate that under the conditions axe;mincd, the DSRV will tow in a dynamically
stable and predictable manner and that, in large waves, approaching those of . StatCe 5 sea. a
synthetic towline with a breaking strength or at Ileist 150,000 pounds should be use(' to provide
a satisf:actory margm oif .saety against peak tension loads.

D 1473 EDITION O, 10NV68 IS 'S OUSOLETIE 0 TO CHAMPA
SIN 0102-014--6 01 1 /

St URITY CLAS1FIrCATION OF THIS 0AnlE I(when Date fntfered,



TABLE OF CONTENTS J

ABSTRACT .. .................. ..................................... I

ADMINISTRATrIVE INFORMATION .. ................ .................. J

INTRODUCTION .. .......... .................................. ...

OPERATIONAL CONSIDERATIONS AND RESTRICTIONS. .. .............. 2

DESCRIPTION OF PROTOTYPE AND MODEL. .. ................ .......... 2

MODEL PREPARATIONS. .. ........ ................................... 3

MODEL BALLASTING PROCEDlURES. .. ................................. 3

EXPERIMENTAL EQUIPME.`NT AND INSTRUMENTATION. .. ................. 4

EXPLRIMENTAL PROCEDuRS.......................

R EESULT TOWING PERFORMANCE .. .. ...................... ...... 6

BODY MOTIONS............... . . .. . ..... .. .. .. .. ......

DISCUSSION..................... .. .. ...... . ..... .. .. .. .. ....

CONCLUSIONS. .. ................ ............................... 9

ACKNOWLEDGMENTS .. .. .......................... ................. 10

LIST OF FIGURES

I DSRV Hull Geometry Sho(wing Principal Full-Scale Dimensions .. ............ I

2 ~-Profile 'view of DSRV Model 5200 .. ............................... 12

3-- StarboL J Bow View of 1)SRV Model 5200 .. .. ....................... 13

4 -Starboard Quarter View of DSRV Modlel 5200. .. ........ ............. 13

5- Side Vimw She wir'g Effective FuLll-Scale Lo'ration of thle Towpoitit onl
the Forw,,ard i-ard Ring. .. .. .............. ....................... 14

6 -FrntView of'Towing Strut Assembly.................1 F, II



Page

7 - Side View of Towing Strut Assembly ........ ... ................ 16

8 - Details of Heaving Towpoint ................... 17

9 -- General Instrumentation Layout in DSRV Model .... ............ .... 18

ld - Towing Bridle Rigged to Lifting-Eye Towpoint on DSRV Model
11 Showing Position of Tension Link .......... .................. 19

11 i-Schematic Diagram of Model Towing Arrangement . ... .......... .... 20

12 - Normalized Towline Tension Response Due to Heaving Motions
of the Towing Platform as a Function of Heaving Frequency for I
Various Towin~g Speeds and Towline Lengths. .. ... . ...... ........... 21

13 - Normalized Towline Tension Response Due to Regular Waves vs l
a Function of Frequency of Encounter for Various Towing
Speeds and Towline Lengths ....... .................... 22

14 - Calm Water Surfa"c Towing Tension at Vehicle as a Function I
of Towing Speed using the Lifting-Eye Towpoint .... ............ .... 23

15 - Calm Water Submerged Towing Tension at Vehicle as a
Function of Speed using the Lifting-Eye Towpoint ......... ....... 24

16 Normalized Pitching Motions and Vertical Accelerations below
Lifting Eyes Due to Heaving Motios of the Towing Platform as
Functions of Heaving Frequency for Various Speeds and
Towline Lengths .......... ... ......................... 25

17 - Normalized Pitching Motions and Vertical Accelerations below
Lifting Eyes Due to Waves as Functions of Frequency of
Encounter for Various Speeds and Towline Lengths ...... ........... 26

LIST OF TABLES

I- Getemetrical C(haractLristics of the I)SRV Prototype
and Model ......... ....... ........................... .27

2 -- Ballast Conditions and Inertial Properties for the DSRV
Prototype and Model ....... ....... ....................... 28

3 - Elastic llrop',rties of the Model Towlines and Representative
Nylon Ropes ......... ......................... 29

4 ... Characteristics of the Regular Waves Selected
for xlperiments .............. ... .......... ......... 29

iv



!I
NOTATION

A1TP Hleaving towpoint double amplitude

a Specific acceleration

B Total buoyancy of the hull envelope

g Local acceleration of gravity

h Wave height

Ix Real moment o0 inettia in roll

I> Real moment of inerti, in pitch

K Rolling moment

KK Added hydiodynamic moment of' inertia in roll

MK Added hydrodynamic moment of inertia in pitch

Tcw Calm-water towline tension

TPK Peak towline tension
To Natural period of oscillation in pitch

To Natural period of osc'illation in roll

W Total weight including entrained water

zt• V.;rtical location of the centroid of' the hull envelope

z ZVertical location of the center of total mass

0 Angle of pitch

Angle of toll

vIlV



ABSTRACT

The surfaced and submerged towing characteristics of the Deep Submergence
Rescue Vehicle (DSRV) are examined for a variety of towing ship fantail motions
and regular waves. The results indicate that under the conditions examined, the ,
DSRV will tow in a dyn.inically stable and predictable manner and that, in large
waves, approaching those of a State 5 sea, a synthetic towline with a breaking
strength of at least 150,000 pounds should be used to provide a satisfactory
margin of safety against peak tension loads.
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INT RODUCTION ;•J

At the request of the Naval Sea Systems Command (NAVSFA), the Naval Ship Research

and Development Center (NSRDC) undertook a program to de'velop a contingency technique

for towing the Deep Subrziergence Rescue Vehicle (DSRV) at high speeds with a ship-of-

opportunity. The DSRV iL. a small air-tr.tnsportable submersible primarily designed to rescue

personnel from a disabled submarine !,.nd transfer them to another submarine or to the ,•tr-

face. It is envisioned that circumstances might arise in which a specialized support ship
would not be immediately available, making it oecessary to employ a more or less unequipped

ship-of-opportunity. Such a mission would typically involve both submerged towing in dteep

water and surface towing in shallow water. Calm-water towing characteristics of the DSRV

in each of these situations have been treated previously.1,2

This report, which concludes the current series, complements the previous work by
examining the aspect of towing ¢',onm a surface ship in a seaway. Basic operational con-

siderations for accomplishing a tow are reviewed; the prototype, the model, the associated

l5SiemL,, Charles W, and R. Knutson, "An Investigation ,1" the 'lowing Characteristics of the Deep Subilergenc.' Rescue

Vehicle (DSRV) -Part I-Submerged Towing in Calm Water," NSR!)C Report 4145 (Mar 1974).

2Sleber, Charles W. and R. Knutson, "Ali Investigation of the lTowing ('harlcteristics of' tihe Dleep sutbw,'r ence Resccue'H,

Vehicle (I)SRV)--Part 1l --St, rtace 'rowing in Calm Water," NSRIX' Report 4146 (Mar 1974). -4



experimental equipment and instrumentation, and the procedures that were used in the

experimental investigations are described; and the results of these investigations are

presented.

OPERATIONAL CONSIDERATIONS AND RESTRICTIONS

There were several basic operational considerations and restrictions imposed in the

development of towing techniques. These are listed as follows:

I. The outer envelope of the DSRV is constructed of formed glass-reinforced plastic and

is intended only for streamlining purposes. Any towing loads must be taken by two cir-

cumferential rings located fore and aft on the vehicle. The vehicle cal be. towed only from

the existing light-alloy fittings protruding through the skin from these rings.

2. The towline(s) should not come in contact with the envelope due to the fragile

nature or' the glass-:'hnforced plastic.

3. To provide a margin of safety against accidental submergence, the vehicle should

have substantial positive buoyancy.

4. For simplicity and reliability, the use of additional bodies such as drogues, auxiliary

surfaces, or appendages on the "Chicle should be avoided.

5. The propeller should be Wree wheeling.

6. The shroud must be fixed in place, preferably at zero deflection, so thit the tow can

be accouriplished without c.ew.

7. Insofar as possible the same towing conditions should be usable for both surfaced

and submnc ged towing.

DESCRIPTION OF PROTOTYPE AND MODEL

The overall configuration of the prototype vehicle as represented for this investigatio.

is shown in Figure 1. The basiC hull is a body of revolution 49.33 feet in length and 8.17

feet in maximum diameter. The hull envelo ', ,o-ltains forward and aft sets of vertical and

horizontal thrusters which provide control for low-speed maneuvering, At the stern is an

all-movablr: control shroud and a three-bladed propeller for main propulsion. E-, ternal to

the envelope are the transfer skirt assembly (,:onsisting of a mating skirt, a shock mitigation

system, and a splitter plate) located below the hull and two sinall f'airings which house

electronic components.

2
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iThe vehicle is represented for experimentation by NSRI)C M~odel 5200, a 2.32-foot-

long mahogany model with a linear scale ratio otf 21.28. Propellers in the thruster ducts are

omitted.

The model is shown in Figures 2 throu~gh 4. D~etailed geometrical characteristics of' the

prototype and the model are presentcd in Table 1.

MODEL PREPARATIONS

The following modifications and preparations were performed on Model 5200:

1. ~1:e model was converted to a t'reo-tlooding condition to facilitate simple adjustmenCt

of ballast.

2.A free-wheeling stern prop~eller which approximated the prototype propeller was

onstalled.

3. Towpoints were installoY at a location corresponding to the forward lifting eyes,

This location is detailed in Figure 5.

the body at a station; corresponding to 2.0 feet art of' the forward perpendicular onl the

prototype.

MODEL BALLASTING PROCEDURES

The ballasting procedures, all of which were conducted with the model flooded and

1. The m~odel was ballasted to a net positive buLoyan1cy condition correspond.ing to

app~roximately il170 o zids 11ull scal.

2.With this weight conlditionl, the static roll and pitch trim angles were set to zero b

3. A known static rolling moment was ap~plied about thle cen tr-oid Of thle hull enIvelope.

and the resulting angle of' roll was 1110SUred. Uý,ing the .la tionshiip, 3

K (Z(; W Z:, 13) sinll(I

3nilay, Frederick If., "'on'tiplt' E~xpresson for t he Gn iat~ioit aiii and Buoy~ancy Fo4rce Termis in tlii Eq ai onsI l ot~ l'
Moliolnol ai subiii1Žge.d iBody,'' I id ayl44r Model iHa.in Replort 1 5(Jiun 196(4).
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the center of total mass of the model was adjusted to coincide with that of the-

prototype.

4. The model then was oscillated freely in roll and pitch, and the resulting perio(ds of

oscillation were recorded. These data were usclI to determine the moments of inertia in

roll and pitch from the relationships 4

1/2 AV'

' X 21r [(I. -Ký)/(ZG W 1-Z13 B)] (2)

and
;g-

'/2
" 27r [(l M,)/(ZG W - Z1 B)] (3)

The values for Ký and M4 in Equations (2) and (3) were obtained froia experimental

data contained in Reference 5.

The moment of inertia in yaw, while not specifically determined, can be assumred to be

very near that in pitch. This assumption is considered valid since the vehicle is e sentially

axially symmetric, especially near the ends, and the center of total mass is near fhe axis.

Table 2 lists the inertial properties and ballast condition of the model and prototyp.'.

Periods of cscillation for the prototype were determined from Equations (2) and (3).

EXPERIMENTAL EQUIPMENT AND INSTRUMENTATION

Previous investigations 0i' submerged towing tensions, as well as basic handling con-

siderations, suggested that a fiber rope towline of near-neutral buoya:,,., and an equivalent

full-scale circumfnerence of 6 to 8 inches would be a likely prototype choice. With these

parameters as a design rationale, and since direct-wire instrumentation was desirable, the

towline selected for these experiments \kas a low-density nine-conductor electrical cable with

an 0.087-inch diameter and a nomiin, Lreaking strength of 100 pounds. To scale the

elastic properties of the nominal prototype towline, a length oi shock cord was inserted in

series with the model towline. Table 3 summarizes the characteristics of' the various tow-

line lengths employed and compares them to some representative nylon ropes of equal

lengths.

4 Gertler, Morton and (;rant R. ilagen, "Standard l':quations of Motion for Submarine Simulation," NSRIX' Report 251'0
(Jun 1967).

Young, I).B., "Model Investigation of tit' Stability arid control c(haracteristics o f the ('ontract D)esign •or the Deep
Submergence Rescue Vehicle," NSRIX' Report 3030 (Apr 19691.
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Te,, towing strut assembly used in the experiments was fabricated from ihmnulin a1lo.

and was designed to accept a maxinmum drag load of 10 pounds. This assembly could be
adjusted to vary towing height from zero to approximately 3 feet above the undisturbed

water surface. In addition, it was fitted with a motor-driven heaving towpoint mechanism

to allow simulation of towing ship fantail motions. This mechmnism provided an approxi-

mately sin~usoidal motion with double amplitude variable from 2.0 to 6.0 inches in incre-

ments of 2.0 inches and a frequency continuously variable from approximately I.C o 9.0
radians per second. This frequency variation was accomplished by adjustment.i; to the voltage

applied to the towpoint drive motor by means of a variab!e autotransformer.

Instrumentation located at the towing strut included a ring-ga.e tension .. iyn'mometer

of I 0-pound capacity and ± 0.05 pound accuracy to provide measurer ient of towing tension.

Also provided was a gear-driven feedback potentiometer which allowed the time history of '
the heaving towpoint excursions to be continuously recorded. The towing strut assembly

and its associated instrumentation are shown in Figures 6 through 8.1' The instrument package located within the model included a vertical-axis gyi.) capable

of -neasuring pitch and roll of the model to an overall accuracy of ± 1/2 degree, and a
vertical-axis force balance servo-accelerometer located directly below the towpoint. This

accelerometer provided an overall accuracy of ± 0.002 g. A second I 0-pound-capacity ring-
gage dynamometer was incorporated into the towline at the apex oft the towing bridle.
Figures 9 and 10 illustrate t,,' instrumentation associated with the model.

Wave records during experimentation with waves were provided by an ultrasonic wave

probe with an estimated accuracy of ± 0.1 inch. Carriage speed measurements with an
accuracy of ± 0.01 knot %ere obtained with a mignetic pickLlp.

Analog data readout of all measured quantities was provided by an eight-chaml pen

recorder. Figure Il pre,;cnts a schematic illustration of the towing configuration dtnd

depicts the measured data variables.

EXPERIMENTAL PROCEDURES

Towing performance was investigated in the High-Speed Basin over a zange of dynamic
conditions approximating typical wave heights and frequenciCs :ontained in States 3 to 5 seas.

Model wave heights and heaving t-o\Vpoint double 1m1litudes typically ranged from 0.17 foot

to 0.52 foot. The experimintation wa" separaied into two sections: The first coMisted oft

invw'stigations of calm water towing w'ith an oscillating input applied by the heaving tow-

point, simulating thlL heaving tuoti,wis of the fantail of a towing ship in a regular seaway.

The second consisted of investigations of towing in waves with )ut an input flroni the

5
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towpoint. The assumption is made that a conservative estimate of the total influence of

the seaway can be made by linearly superimposing the two effects.

Towing performance was investigated in calm water for heaving towp(' t motions

having double amplitudes ccrrespo'idirg to 3.5 feet -,nd 7.1 fect and frequencies of heave

corresponding to a range from approximately 0.3 to 2.0 radiais per second, The heaving

towpoifit was adjusted to oscillate ,.,t a mean towpoint hc;ght corresponding to approxi-

mately 10 feet full scale.

Tire towing experiments in waves consisted of towing in a head-sea condition in a

regular seaway. The five waves detailed in Table 4 were selected for the experiments.

All conditions of heaving towpoint motions and waves were examined for full-scale

towing speeds from 3.5 to 15 knots and nomi,.. iine lengths corresponding to 150 feet,

300 feet, and 400 feet. For each set of conditions. run dur'ations corresponded to approxi-

mately 3 to 5 minutes full scale and covered distances corresponding to approximately 500

to 1500 yards.

RESULTS

GENERAL TOWING PERFORMANCE

Neither heaving motions of the towing l-iatform nor motions induced by the waves

significantly influenced the towing behavior of the model, Under ill conditions of ,.xperi-

mentation the model towed in a dynamically stable and predictable manner.

The speed at which spontaneous submergence of the vehicle would normally occur2 is

somewhat inlunienc2d both by heaving motions of the towing plattform and by waves.

Whereas in calm water the vehicle would not be expected to submerge uotder these conl..

ditions until a speed of approximately 6 knots is attained, motions induced by the heaving

towpoin t caIsed the model to submerge At 1 speed correspoIlding to alpproximately 4.5

knots. This rIducCd su bniergCncC speed is apparently independent of' the absolute magni-

tueC of' towing platlorm motions. In wiVes the model normally submersed at a spCCd

corresponding to approxim.tely 4.5 knot.- !'or wave umplitudes below 2.5 feet, but sub.

mergence speed was further reduced to :1 vwlue of approximately 3.5 knots in larger waves.

A slack towline condition occasionally occurred in the experiments during submerged

tow;ng a• !ow speeds with !he shorter towline. Specific conditions und tier which this

plI•hnonien0on might appear will be discussed further in tlhe section entitled I)IS('I.JSSION.

6
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4.

TOWLINE TENSION

In all cases. the magnitude of the oscillatory component of the total towing tension
was found to approximate a linear function of the amplitude of driving motion, i.e., of
heaving towpoint or wave amplitude. Therefore, the tension data were normalized in the
following manner: The steady component of tensi,,n (towing tension in calm water) was
subtract-d from the peak tension. Tie resulting value is thle amplitude of the oscillatory
component of tension. This valie then was divided by the double amplitude of the heaving
towpoint or by the wave height. Within tile accuracy of tile measurement system, for a
given set of conditions, the magnitude of this component of tension was the same at the two
endpoints of the towline. Furthermore, the tension response in all cases approached in form

the approximate sinusoidal motion of the driving force.
The normalized oscillatory components of tension induced by heaving motions rof the

towing platform are presented in Figures 1 2a through I 'd as a function of towing platformi
heaving frequency. Each of these figures contains data obtained for both heaving amplitudes
investigated. Tile. normalized oscillatory components of tension resulting from towing ill
waves Without heaving towpoint mnotionis are presented in Figures 13a 1through 13d as a ,.,
function of the frequency of wave encounter. Each of these figures contains data from all

wave heights investigated. Inspection of these figures indicates that the oscillatory comn-
ponent of towing tension is strongly influenced by towline length and to a somewhat lesser 4
degree by towing speed. Figures 12a and 13a indicate that relatively small dynalic tensions
will be experienced while towing oil the surface at low speeds. All of the data contained in.
Figures 12 through 13 are valid only for towlines having elastic properties similar to those

used ill the experiments (see Table 3).
For purposes of analysis the steady componients of towing tension (calm water towing

tensions) are presentcd in Figures 14 and 15 as functions of speed for the suartface towing

mode and the submerged towing mode, respectively. In both sets of data, the longitudinal
body forces have been corrected for frictional scale effects using standard reduction tech-&

niques, with a correlation allowance of 0.0006 being applied.

BODY MOTIONS

Normabzed body pitching motions and accelerations normal to the longitudinal body
axis at a position below the lifting eyes induced by heaving motions of the towing platform,
are presented in Figures 16a through 1I6d as functions of towing platform heaving frequency. !1

'The pitching motions and accelerations obtained during the experiments ir: waves are

7
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oresented in Figures 17a through 17d as functions of the frequency of wave encounter.

Both sets of figures indicate that body motions induced by towing in a seaway are strongly

influenced both by towline length and towing speed. Both tile pitch and the heave

acceleration motions were in most cases appioxirately sinusoidal in form. Pitch and heave
motions were accompanied by roll muilons of up to ± 10 degrees. Roll motions, however,

were erratic and were not harmonic in form.

DISCUSSI ON

The curves presented in Figures 12, 13, 16, and 17 correspond to the vehicle towing

response operators in a regular sea. With a knowledge of the sea spectrum and the towing 3

ship response operators, these figures can be used to estimate the tensioti and motion I
response of the DSRV to irregular waves by standard methods of superposition and
statistical analysis. 6 However, with tihe allowance of certain Simplit'ying assum~ptionls With .
regard to the towing ship and the seaway, useful operational information can be inferred

directly from the data.

1. A slack towline condition will occur whenever the sum of tile oscillatory components

of the towline tension equals or exceeds the steady component of towing tension. For

example, the steady towing tension in a suthmerged towing mode at 5 knots is approximately

2600 pounds (Figure 15). Assume then that the vehicle is being towed at 5 knots using a
towline 400 feet in length. From Figure 13b, if waves of 8-foot height are encountered at

a frequency of approximately 0.5 radians per second, then even neglecting the effects of

the towing ship motions, the dynamic oscillatory component of towline tension will reach a

value equal to the steady (or calm water) towing tension. The total towing tension thus
will alternate between values of 5200 pounds and zero pounds (slack towline). At higher
towing speeds, however, with a consecOuent increase in steady towing tension and a decrease
in the dynamic component of tension, this same wave would not produce a slack towline

condition.

2. Ani estimate of the required strength of the piototype towline can be made by

assuming worst case conditions:

a. The vehicle is being towed in a submerged condition in waves that regularly reach

12 feet in height and the frelquclcy of encomiter is somewhere between 0.5 and 1.5 r:'dians

,;cr ,3econd (these conditions aplproximate towing in a State 5 sea).6l
6 St. Denik, Manley and Willard J. Pierson, Jr.. "'On the Motions o, Ships in Confused Seas," Trans, SNAML, Vol. 61

(1953).

8

, •.



b. rowing depth restrictions are *mposed and a 300-foot towline lenglh is selected

(for this length of towline a towing depth of between 100 and 125 feet will be obtained).' -t

c. The towing ship fantail motions have a double amplitude which is twice that c!

the wave height.

d. The oscillatory components of tension resulting from heaving motions of the

towing platform and from the waves can be added directly.

The following approximate peak towing tensions then would be expected to regularly occur:

39,000 1)C'nds at 5 knots (Fiures 12b, 13b, and 15); 29:000 pounds at 10 knots (Figures
12c, 13c, and 15); and 32,000 pounds at 15 knots (Figures I2d, 13d, and 15). In designing

for such towing conditions a nylon towline having a breaking strength of around 150,000

pounds should be selected. For these conditions, the normally expected peak tensions
would be well within the recommended working loads of the towline and an additional

margin of safety would be available in the event that higher tensions occurred.

3. Peak towing tensions will be substantially reduced as towline length is increased.

For example, if under the same wave conditions as above a towline length of 400 feet were

used, peak towinlg tensions would be reduced to values approximating 16,000 pounds at

5 knots, 12,000 pounds at 10 knots, and 23,000 pounds at 15 knots. Additional towline I
length would be expected to further decrease peak tensions.

CONCLUSIONS

1 'ilTe full-scale vehicle will be dynamically stable in a seaway or" at least the magnitude

of v State 5 sea when towed from the forward lifting eyes with a vehicle nominal net

positive buoyancy of 1200 pounds.

2. In a seaway with wave heights less than 5.0 feet, the vehicle when ballasted to a net I
positive buoyancy of 1200 pounds will spontaneously submerge at a speed of approximately
4.5 knots. In larger waves, the speed at which submergence will occur is reduced to

approximately 3.5 knots.
3. A 2.5-inch-diameter nylon towline having a breaking strength of 150,000 pounds

should be adequate for all probable towing conditions even in a seaway approximating a

State 5 sea.

4. Peak towing tensions may be minimized by using a long towline. In a State 5 sea,

peak towing tensions should be reduced by a l'aclor of at least two as towline length is

increased from 300 to 400 feet. Since additional towline length would be expected to

further decrease peak tensions, towline lengths of up to 600 or 700 'eet should be coil-

sidered whenever water cI ,ihs permit (a towline 700 feet in total length would p0roduce a;

noni;,al towing depth of appiuoxima .y 175 feet).'

9
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Figure 3 Starboard Bow View of 95kV Model 5200
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Figure 4 Starboard Quarter View, of I)SRV Model 5'200
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'TABLIE I (;)OMEITRICAL ('IIARA(T.RISTI('S OF TIll! I)S V
PROTT'I'YITF AND MOI)!-L

('kotdel num11bet 5200). Iincar Scale ulaw)u; 21.28)

Genermal Chai actoristics Plototype Model

Overall Length, feet 49.33 2.32

Maximum Diameter, fe,'t 8.17 0.38

Fineness Ratio 6.04 6.04

Wetted Surface Area, squate feet 1318,2 2.91
Volume of Hull Envelops?, cubic feet 2184.5 0.27

Longitudinal Distance to Centrold of "' 23,11 1.09
Envelope from Forward Perpendicular, feet

Height of Centroid of Hull Envelo)e above 3.92 0.18
Baseline, fet

Stern Shroud

Maximum Diameter, feet 8.20 0.39

Section Chomd, feet 1.83 0.09
Planfurin Area, S(ILIuar feet 14.62 0.03

Asp,.ct Ratio 4.33 4.33

SAction Chold Angle, fhieets 3.5 3.5

NACA Section Piofilh (minis 8,33 ,ercent at trailing edge) 0015 0015
Lon~citUdinal Distance, to L(oatimq Edge fhom•.2 01

Aft Pe;•lptndic'ula, feet

Stern P, op:llier

frDiame:ter, feet 6 _.00 0.28

NuImIhem of Blades 3 3

--l'le RJkv Angll, duogi os 17.72 0

Pitch Ratio at 0.7 Radius 0.93 0.40
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T1ABI-FE 2 BAI.IASTC(ONDI)]'IONS AND) INE RTIAL IPR()PFRTIFIS
FOR T111 ISRV I'RO'FOTYI'I AND) MODI)L

(Moidel tiinumbt: 5200., 1 invar %cailt rubo: 21.28)

Ballast Conditions Prototype Model"

Total Weight (including entrained water), l)ound1LS 138,849 14,030'

Buoyancy of Hull Envoeope, p)ounds 140,019 14.148

tNet Positive Buoyancy, pounds 1,170 0. 1 i8s
Longitudinal Distance to Center of Total Mass 23.11 1.086

humon Forwa, d Peipo~ndicular, feet

Height of Centel of Total Mass above 37 .7
Baseline, feet

Voitical Distance between Centioid of Hull 01 .0
Envelope and Center of Total Mass, feet 01 .0

Moment to Roll 1 Degree, foot-ponl)Ols 354.3 0.00173

I uel tia~l Propu t ios

Moment of Inertia inl Roll, SIUg5Sq~Uawe feet 37,800 0.008
Moment of I nottia inl Pitclh, slogs-sqUare1 feet 452,000 0.115
Momnent of hinet tia inl Yaw, slu~gS-square feet 450,000 --

NatUlid, SU11n1101godA P(eriod Of Osc~illationl

inl Roll, seconds 11.0 2.2

Natun dl Su~bllergeljLd Pen md Of Oscillation 14 .
ill Pitmch, soconlds
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TABLE 3 ELASTIC PROPERTIES OF THE MODEL
TOWLINES AND REPRESENrATIVE

NYLON ROPES

Unstretched Elongation at
•}.: Length 30,000 Pounds ••

feet feet

Full.Scale Equivalent of Model30 1•ii ~ ~~Towline 304''

2.0-lnch*Diametmr, Double-Braided 150 20-24

Nylon Rope (breaking strength: 300 39.- 47

92,000-100,000 pounds) 400 52 -. 03

2.5-Inch.Diameter, Double.Braided 150 1T-20
Nylon Rope (breaking strength: 300 34-39

160,000-.160,000 p Olunds) 400 45..-.52

T 'ABLE 4 CHARAC'TERISTIcS kF TIIF RmFGULAR WAVES
SiILi'l;TiI) FOR FXPERIMiNTS

Wavemaker M', lte Full-Scale

Wave Blower Nominal Nu~ominlal Nom:nal Nominal

Designator Speed, Height, Frequency, Height, Frlequency,
rl)mil feet rfadians/second feet radians/second

B b00 0.19 5.03 4.0 1.09

C 350 0.1, 3.14 3,6 0.68

D 1000 0.38 5.03 8,0 1.09

E 650 0,38 3.14 8.0 0.68

F 600 0,47 2,09 10.0 0.45
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