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ThThO~*JC TION

Mr. Gordon Wenz of Code 2322 has expressed a desire for the

design of an underwater device to measure sea noise te depths of
iS

about 12,000 f..t. -~He called a conference on 1? P~bruary 1959 in

Bldg0 106 to diacuas~,technical requirements and specifications
c .(e~~ eJ ~~c..i# i’4e~~

,Mr . Wan: pointed out the desirability of recording equipment~ con-

ta.bied in a body to be la~mched from ships that sink to a prescribed

depth , atay~there during the recording time interval and rise.~.o

the surface after recording4 The body sends a homing signal and ‘is

recovered by the ahip~
This menorand~sn pre sent s the result s of an analysis of design

requirement s for the proposed hydrodynamic body The analysis m di—

cates that a siznplm and re latively lig ht body can be designed to

meet the requirements . The proposed body has a double hull ~dth the

inner hull containing the instrtmien ts being resistait to the hydro’
static pressures . The outer hull is used for hydrodynainie consider s-

tions and to provide the driving and release weights.

1. Structural considerations of e1ast ic stability, stress , and
defor mation favor the use of a spherical inner hull0

_ _ _ _ _ _  _ _ _ _ _



20 Stress and deflection characteristics indicate a shell

radius — thickness ratio of 40 or less is desirable. (.15 inches

for a 12 inch diameter),

3.. The requirement of small transit times dovn and up and

4 large load favor thinner shells0 Figure 14 shows the load capacity

for spheres and Figure 15 indicates the required return time of

spheres from 12,000 feet .

4. A half—hour return time requires 1.1, L3, and 1.7 foot

diameter spheres for payloads of 10, 20, and 50 po~a~ds, respectively..
Accessories are included in the payload.

5. A 1.5 foot sphere of R/t of 40 and a 20 poti~d payload would

have a total trip time to 12,000 feet of 68 minutes for a 15 minute

dascené and 30 minute recording It would require 62~8 potmds of

driving weight for descent for a spherical outer hull. The weight

at th. surface would be 77.82 pounds on retrieval. It wou ld juep

about 2 feet above the surface on ascent~ The shell unit stress would

be about 104,000 psi . Compression would decrease the buoyancy .9153

pounds while the density varia tion would increase the buoysngy 2~240

pounds at 12,000 feet.. Care ful weighing is required . The buoyancy

would differ about 1.325 pound s between the sta ’faee and 1.2,000 feet0

This differs with geographical sea locatione

6., A final design will be determined by equi~~ent requirements

and tactics . A practical design for a reasonab le total weight of

about 100 pounds and retrieved weight of 75 pounds is fealibi . for a
I *ICEmIN* _ - ‘20 pound load
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7. Practical weight release mechanisms can be designed for

bodies designed for various depths. To stop the body, a pressure

sensitive release can be designed, To surface, a corrosion type

weight release may be preferred.

8.~ The estimated shop time to make forms is about 300 manhours

for a 1.5 foot diameter sphere. The sphere would be manufac tured

out side of the Laboratory . The esti mated cost of metal spinning is

about $20.00. The sheet steel should cost much less than ~2.00 a

I
9., Steels can be obtained having ultimate streng ths in excess

of 250,000 pound s per square inch. The ultimate strength is defined

as the highest unit stress a material can sustain in tension , cun~res—

sion, or shear before rupturing . Varying the carbon content and the

heat treatment is used to produce steels of various strengths~ The

introduction of various other alloys controls the grain dye, struct ure,

and produces some strengthening . The American Institute of Steel and

Iron classifies steels as conforming to certain chemical limits by AISI

nns~bers. Commercial “ H” steels conform to the AISI nt.unbers and also

have controlled hardenability limits. One of these steels can be used

to make the shells that will have a safety factor in excess of 2.5.

The safety factor is the ratio between the ultimate strength and the

design stress value..

R1~ UL1S

The shell struct ur e containing the instrunmnts must provide proper

bydrodynamic behavior in addition to withstanding hydrostatic pressures
of about 5400 poun ds per square inch. It is desirable to have small

:. ‘3’
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transit times fi un and to the recording depth and the body must be

nearly stationary during recording. The body design requires a hi~~
degree of bydrodynamic stabili ty so the body will move vert ically.

Neglecting ocean currents5 such a body would reappear at the same posi-

tion at the surface as it was released. The body can be designed to

move fast at depths where ocean currents are likely.. The various design

considerations ar e listed below along with an accompanying discussion of

the calculat ions that were made0

j~ Structural considerations

The pressure hull in addition to be able to withstan d the exter—

na). press ure must be li ght for a large payload. The li p)it structures

may fail due to elastic stability in addit ion to too large stresses.

Elastic stability- is determined by the stiffness of the structure not by

its strength~ The loads in thin st ructure s produce bending or twist ing

moments that are proportional to the deflections. .-%xia].1 symmetrical

bodies can withstand large external pressures and not buckle to elastic

instability . The sphere has the most stability with the eggs or prolate

spheroids being next, Elastic stability is evaluated by critical loads

This is an upper limit for failure due to buckling. In shells due to

the likelihood of geometrical irregularities, the loading should be con ’-

siderably less tha n critical~. Figure 1 shows the crit ical pressur e for

a sphere under external pressure 0 A sphere with a radius thickness ratio

of 50 (.12 inches thick for a foot diameter) can withstand a cz~ tical

pressure of 13,700 pounds per square inch, . For sph ere s of R/t less than

about 70 under 5400 psi, the wall thickness will be determined by its

stresses ind not by its stability . For a cylinder of length diameter

__________ _ _ _ _ _  _ _ _ _ _ _   
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ratio of one (R/t = 40), the critical pressur e is only 1230 psi. Ste—

port stiffness must be used to obtain a higher critical pressur. as

noriea13.y is done . When a sphere is stretched or compressed along an

asia through its center , prolate or oblate epheroid s are obtai ned The

buckling resistance depends on the ratio of the major and minor a~~s,

I 
- The larger the ratio betomes the weaker the body of revolution is to

buckling . Any body shape can be strengthened by using stiffene rs

For use at great depths with small body weights, the unit stre sses

will be large . A spherical shall of a given thicknes s has the smaller

unit stresse s for an external pressure load than other shapes.. A unit

stress of 130,000 psi com pression is produced in a spherical shell under

5200 psi external pressure with a radius—thic kness ratio of 50 (Figure 2).

Various steels are available that allow working stress es cons iderabb
- . over 100,000 psi Generally on an allowable stress per pounds weight

basis, steels are better than most metals.

A very important factor is the defo rmation of the body under externai

pressure~ The size of the shell is decreased and the d isplaced weight of

the body is decreased. It is desirable for depth discrimination and

small hovering rates to have the displaced weight increase with depth.

A spherical shell has the least voltase disp lacement under external pres-

sure Thick walls are required for smell deformations Figure 3 shows

the buoyancy weight change of a sphere at 12,000 feet depth with vari l-

tion of radius-vail thickness ratio A foot sphere of R/t of 50

decreases about 3 pounds at 12,000 feet from its surface value

i

I 
_ _ _ _  _ _ _  _ _ _ _  
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2 Hydrodynamic Considerations

It is desirable that the descent and ascent times of the body

be as short as possible. The relocation of the body is easier with

less drift For fast falling rates , the body must be much heavier than

its buoyancy weight. Figure 4 showà buoyance weig ht of spheres for a

density of 1.04. A sphere one foot in diameter must weigh about 45

po~aids more than its buoyancy weight to attain a 10 knots (16 8894 ft/He )

velocity- With a good streamlined shape of the same diameter about 10

pounds over buoyance would be required to at tain the same speed A

two foot diameter sphere requires tour times the driving weight of a

foot sphere (Figure 5)., Outer hull construction furni shes a way to add

~ j driving weight in any streamlined fashion and still have a strong pres—

sure chamber for instr~auents~ In ascent , the driving weight equals

buoyancy weight less total body weight . To ascend fast, considerable

weight must be dropped.. This cuts the available payload

For a ten minute ascent or descent of 12,000 feet, the velocity

must be equal to 20 ft/sec. The time required to attain terminal velo~
city is small even for spheres. A foot diameter sphere attains a

terminal velocity of 16.8894 ft/soc in about 3- seconds. Figure 6 shows

velocity plott ed against time for spheres designed to attain a 10 knot

terminal velocity.

After the body has reached a presqribed depth, a portion of the

outer shell is dropped using a pressu re release mechan ism. Figure 7
shows the velocity after weight release for an assuned initial velocity

4
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of 10 knots , A one foot diameter sphere slows down to . 086 ft/sec fr~~
16.8894 ft/sec in 100 seconds.. The small ei- spheres slow down quicker .

Increasing the drag will slow down the bod ies quicker.. An ablate

spheroi d of the same diameter and weig ht wi ll slow down in about 75 per-

cent of the time for an length/diameter ratio of 3/4. The faste st

braking action is that of a disk , being about 41 percent of time required

for a sphere of same cros s sectional area and weight.

The body must be designed- to remain relatively stationary during
- sound recording period.- . A smooth foot diameter sphere cou ld m~ -e about

2 ft/sec (Figure 8) and not probably produce recordable flow noise. For

usable recordings , the body should not move too far during the estimated

30 minute recording interval . A .10 ft /sec ave rage veloci ty wor Ld change

the location 180 feet in one half—hour. Figure 9 shows the veloci ties

produced by weight difference from buoyancy for spheres. For a .10 ft/sec

velocity, a foot sphere requires an tathalance weight of ~0O36 pounds

while a two foot sphere requires .0144 pounds. Based on the same Reynolds

!huber or turbulence ratings; the same weight unbalance produces equal

flow noise values f or all diameters with spheres. The use of oblate

spheroids or disks will reduce the velocities0 The best reduction is to

about 64 percent with a disk. Although a small sphere tolerates the

same weight unbalance as a large sphere for the sa~~ fleyno]ds Nsmber,

t 
this is a much larger percentage of the buoyance weight.. Figure 10

shows the percentage of buoyancy weight unbalance prod ucing velocities —

of .1, 5, and 1 ft/sec for sphere diameters.- The

-7”
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design buoyancy weight of a one foot spherical body of infinite stiff—

ness differs .64 pounds from the surface to 12,000 feet. The design

buov~acy weights differ 5.31 pounds between depths from 0 to 12,000 for

a two foot sphere .. Bigger bodies allow larger actual weight variations.

Figure U shows the drift velocities produced by being 100 feet from
- 

- the position of neutral buoyancy.

In order to insure der~th sensing, the body must have a reatrainu

ing force dependent on depth . The restraining force of damp ing does not

insure this. The body during the hovering period is the mass in a sprir ~

I
I system with the spring force being furni shed by the difference of buoyance

weight with depth. The damping is not linear being proportional to

velocity squared -

The densl.ty of the ocean always increase s with depth although

not a constan t rate due to salinity , variations, currents, etc . The
- - 

Carnegie institution of Wa shington Publication 545 “Observation s aid
— 

- Results in Physical Oceanogra phy” tabulates the recordings of physical.

characterist ics during the 1928—1929 ExpeditIon. The density near the

surfac e varies considerably from location to location but is much more

constant with location at great depth . The density variation s are tabu-.

lated for Station 132 (Table II) used in this analysis under- Computati ons..

The increase in density increases the buoyancy force (Figure s 12 and 13

show the weight increase due to density variation and compression with

depth) .. tn general for elastically stable spheres, the net buoyancy

weight increases with depth . A foot sphere increases about 64 pounds

—8-’-
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from surface to 12,000 feet due to density variation s while a 2 foot

sphere increases 5.~3 pounds.~ Body compression has the reverse effect of

decreasing body weight. A foot sphere of R/t of 50 decreases p229

pounds due to compr ession while a two foot sphere decreases 2.82 pounds.

It is desirable to have the body stiff enough so that there can be no

- 
- 

regions where the buoyancy decreases with depth due to a slow rate of

density change with depth .
- J  .

The effect of increasing buoyancy weight with depth is to prop
- :• 

- - .5
duce a stable oscillating spring system with unlinear CX damping . For

rigid spheres, the period of the system is 1060 second s based on the

average density va ri ation at sta ti on 132. It correspond s to a damped

non linear system with the solution depe nding on initial condition s. The

system being highly damped for spheres insur es the body positioning at

the local buoyancy point relatively rapidly f or the case of not too large

an initial displacement from the neutral buoyancy point .

[k The motion of the bodies during descent aid ascent sh~u1d be as

vertical as motion- Sphi~res do not tend to pitch when in motion All

long streamlined shapes tend to nose aid must be stabilized by the use

of fins or other devices. The same terminal velocity is obtained by one

fourth the driving weight f or equal cross sectional areas by a well—

streamlined body over a sphere , Strea mlinin g and stabili ty in pitch are

• obtainable togethe r if the streamlining is done by a weighted outer hulls

______-- 
— 4L~ .Th - - -
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TABLE I

MEAN DENSITY ABOVE IND ICATE!) DEPTH FROM HO 614
-
~ I
‘ 1

Meters Dens~~y
4 - 

200 -100255
- 400 l~026?

600 l~0276800 1~0283
- I 1000 l~02891500 l~O3O42000 l~03l8

-. - 2500 L 0331
3000 l~0356
4000 l~0369

~~~~~~II

DENS ITT IN PACIFIC STATION 132, SEPTEMBER 8, 1929

- 
Meters Density

- 0 1.023~66S 1~023~6923 10023Q7?
47 l~024~7870 L0250l5
93 l~025~39185 1~026~25279 1.026~90374 1.0fl052
471 1~027~92673 1~028~62

- 711 1~029~27101.5 1~O30~47
1513 1~O32~14
1997 L 034~102440 1~037.21

• - 2891 L-039e60
- - 4  3304 1004k95

- 
- 3715 1~044.26

- 
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C~4PUTATIONS

1. ~Iastic Stabili ty of sphere

P1 s 2Et2

I’~~ 3(l —
where P’ is the crit ical pre ssure

4. !  is Young~s modulus
- ‘y is Poisson ’s Ratio

= R is radius of shell

t is shell thicki~ ss

2. Stre s~ in Spherical ~Thdll

- S ~~ P I ~
2t

where S is unit hoop or merid inal stress in
pound s squa re inch

— R is radius of shell

- 
- t is shell thickness

P is external pressu re

3. R~d3j~j  Deformation

-~~ .‘~_ P ~ R S k 1~~~y)
E

where R is thó shell -radius

- S is unit hoop stress

E is Young’s elastic nodulus

v is Poisaon ’s ratio 

—----- —--- - - -
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4o Equation of motion

( M + M ~) °X’pi ( M _ H ~)g .. 1/z C0 p s~
2

where C!) is body drag coefficient

L i J  M is body mass

is body virtual mass

~-l~ is mass of displac ed water

S is cross sectional area

~ is disl ance

p is the water density

g is acceleration of gravity

The solutioR of the above equation is

X -s a sin H gh/at

whore a is (M M~)g
l/Z C!) S

is (M~~ M~)g

- 1
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