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TECHNICAL MEMORANDUM

1 DESIGN CHARACTFRISTICS OF PROPOSED SONODIVER
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INTRODUCTION . Sy

i

Mr. GCordon Wenz of Code 2322 has expressed a desire for ghe

o s e e

design of an underwater }eviee to measure sea noise te depths of
18 "5"" .

about 12,000 ““:Y called a conference on 17 February 1959 in

R AN

'} Bldg. 106 to discuss)technical requirements and specifications.
It s odeciced +lat 'fﬁe be

Mr. Wenz pointed out the desirability of recording equipment con-

Jf { tained in a body to be launched from ships that sink toa preseribed

| depth, stay ithem during the recording time interval and rise to
the surface after recording. The body sends a homing signal and 'is

. 1 ; recovered by the ship.

4 ] This memorandum presents the results of an analysis of design

3 requirements for the propoéed hydrodynamic body. The analysis indi-

- cates that a simple and relatively light body can be designed to

meet the requirements. The proposed body has a double hull ;vith the

inner hull containing the instruments being resistam® to the hydro-
static pressures. The outer hull is used for hydrodynamie considera-

tions and to provide the driving and release weighua<\ _

SUMMARY

1. Structural considerations of elastic stability, stress, and
deformation favor the use of a spherical imner hull.
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2, 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 down and up and
large load favor thinner shells. Figure 14 shows the load capacity
for spheres and Figure 15 indicates the required return time of
spheres from 12,‘000 feet.- ﬂ

: 4. A half-hour return time requires 1.1, 1.3, and 1.7 foot
diameter spheres for payloads of 10, 20, and 50 pounds, respectively.

Accessories are included in the payload.

5. A 1.5 foot sphere of R/t of 40 and a 20 pound payload would
have a total trip time to 12,000 feet of 68 minutes for a 15 minute
descent and 30 minute recording., It would require 62.8 pounds of
drﬁing weight for descent for a spherical outer hull. The weight
at the swrface would be 77.82 pomds on retrieval. It would jump
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 variation would inémase the buoyan€y 2.240
pounds at 12,000 feet. Careful weighing i3 required. The buoyaney
would differ about 1,325 pounds between the surface and 12,000 feet.
This differs with geographical sea location.

6. A final design will be determined by equipment requirements
and tactics. A practical design for a reasonable total weight of
about 100 pounds and retrieved weight of 75 pounds is feasible for a
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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 relcase 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 manufactured
outside of the Laboratory. The estimated cost of metal spinning is
about $20.00, The sheet steel should cost much less than $2.00 a
pound..

9. Steels can be obtained having ultimate strengths in excess
of 250,000 pounds per square inch. The ultimate strength is defined
as the highest unit stress a material can sustain in tension, compres-
sion, or shear before rupturing. Varying the carbon content and the
heat treatment is used to produce steels of various s’tren.gths.a The
introduction of various other alloys controls the grain size, structure,
and produces some strengthening. The American Inst::lt:ute~ of Steel and
Iron classifies steels as conforming to certain chemical limits by AISI
numbers. Commercial "H" steels conform to the AISI mumbers 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,

RESULTS
The shell structure containing the instruments must provide proper

hydrodynamic behavior in addition to withetanding hydrostatic pressures
of about 5400 pounds per square inch. It is desirable to have small
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transit times from and to the recording depth and the body must be
nearly stationary during recording. The body design requires a high
degree of hydrodynamic stability so the body will move vertically.
Neglecting ocean currents, 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
considemtiops are listed below along with an accompanying discussion of
the calculations that were made.

1. Structural considerations

The pressure hull in addition to be able to withstand the exter-
nal prgssure must be light for a large payload. The light structux':es
may fail due to elastic stability in addition to too large stresses.
Elastic stability is determined by the stiffness of the structure not by
its strength. The loads in thin structures produce bending or twisting
moments that are proportional to the deflections. Axiall symmetrical
bodies can withstand large external pressures and not buckle to elastic
instability. The sphere has the most stability with the eggs or proléte
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 than critical. Figure 1 shows the critical pressure for
a sphere under external pressure. A sphere with a radius thickness ratio

of 50 (.12 inches thick for a foot diameter) can withstand a cxritical
pressure of 13,700 pounds per square inch.. For spheres of R/t less than
about 70 under 5400 psi, the wall thickness will be determined by its

stresses and not by its stability. For a cylinder of length diameter
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ratio of one (R/t = 40), the critical pressure is only 1230 psi. Sup~
port stiffness must be used to obtain a higher critical pressure as
normally is donc_» When a sphere is stretched or compressed along an
axis through its center, prolate or oblate spherolds are obtained. .The
buckling resistance depends on the ratio of the major and minor axes.
The larger the ratio becomes the weaker the body of revolution is to
buckling. Any body shape ean be strengthened by using stiffeners.

For use at great depths with small body weights, the wmit stresses
will be large. A spherical shell of a given thickness has the smaller
unit stresses for an external pressure load than other shapes. A wmit
stress of 130,000 psi compression is produced in a spherical shell under
5200 psi external pressure with a radius-thickness ratio of 50 (Figure 2).
Various steels are available that allow working stresses considerably
over 100,000 psi. Generally on an allowable stress per pounds weight
basis, ateeis are better than most metals.

A very important factor is the deformation of the body under external
pressure. The size of the shell is decreased and the displaced weight of
the body is decreased. It is desirable for depth discrimination and
small hovering rates to have the displaéed weight increase with depth.

A spherical shell has the least volume displacement under external pres-
sure. Thick walls are required for small deformations. Figure 3 shovs
the buoyancy weight change of a sphere at 12,000 feet depth with varia-
tion of radius-wall thickness ratio. A foot sphere of R/t of S0
decreases about .3 pounds at 12,000 feet from its surface value-
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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 buoyaney weight. Figure 4 shows buoyance weight of spheres for a

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

pounds more than its buoyancy weight to attain a 10 knots (16.8894 ft/sec)
velocity. With a good streamlined shape of the same diameter about 10
pounds over buoyance would be required to attain the same speed. A

two foot diameter sphere requires four times the driving weight of a ome
foot sphere (Figure 5). Outer hull construction furmmishes a way to add
driving weight in any streamlined fashion and still have a strong pres-
sure chamber for instruments. 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 veloecity of 16.8894 ft/sec in about 3 seconds. Figure 6 ghows
velocity plotted against time for spheres designed to attain a 10 knot
terninal velocity.

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

outer shell is dropped using a pressure release mechanism. Migure 7
shows the velocity after weisht release for an assumed initial velocity
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of 10 knots. A one foot diameter sphere slows down to .086 ft/seec from
16.8894 ft/sec in 100 seconds. The smaller spheres slow down quicker-
Increasing the drag will slow down the bodies quicker. An oblate
spheroid of the same diameter and weight will slow down in about 75 per=
cent of the time for an length/diameter ratio of 3/4. The fastest
braking action is that of a disk, being about 41 percent of time required
for a sphere of same cross sectional area and weight.

The body must be designed to remain relatively stationary during

‘sound recording period.. A smooth foot diameter sphere could move about

2 ft/sec (Figure 8) and not probably produce reccrdable flow noise. For
usable recordings, the body should not Me too far during the estimated
30 minute recording interval. A .10 ft/sec average velocity wovld change
the location 18¢C t‘eef in one half=hour. Figure 9 shows the veloeities
produced by weight difference from buoyancy for spheres. For a ,10 ft/sec
velocity, a foot sphere requires an wmbalance weight of .0036 pounds
whi.le‘a two foot sphere requires .0144 pounds. Based on the same Reynolds
Number or turbulence ratings; the same weight unbalance produces equal
flow noise values for all diajneters with spheres. The use of oblate
spheroids or disks will reduce the velocities. ‘ The best reduction is to
about 64 percent with a disk. Although a small sphere tolerates the

same weight unbalance as a mge sphere for the same Reynolds Fumber,

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

shows the percentage of buoyancy weight unbalance producing.velocities

of .1, .5, and 1 ft/sec for sphere diameters. The
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design buayancy weight of a one foot spherical body of infinite stiff-
ness differs .64 pounds from the surface to 12,000 feet. The design
buovtacy weights differ 5.31 pounds between depths from O to 12,000 for
a two foot sphere. Bigger bodies allow larger actual weight variations.
Figure 11 shows the drift velocities produced by being 100 feet from
the position of neutral buoyancy.

In order to insure depth sensing, the body must have a restraine
ing force dependent on depth. The restraining force of damping does not
insure this. The body during the hovering period is the mass in a spring
system with the spring force being furnished by the difference of buoyance
weight with depth. The damping is not linear being proportional to
velocity squared-

The density of the ocean always increases with depth although
not a constant rate dué to salinity, variations, currents, etc. The
Carnegie Institution of Washihgton Publication 545 “Observations and
Results in Physical Oceanography" tabulates the recordings of physical
characteristics during the 1928-1929 Expedition. The density near the
surface varies considemblj? from location to location but is much more
constant with location at great depth. The density variations are tabu-
lated for Stution 132 (Table II) used in this analysis wmder Computations.
The increase in _denéity incrcases the buoyancy force (Figures 12 and 13 '
show the weight increase due to density variation and compression with

depth). In 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 variations while a 2 foot
sphei’e increases 5.3 pounds. Body compression has the reverse effect of
decreasing body weight. A foot sphere of R/t of 50 decreases .229
pounds due to compression 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.,

The effect of incrcasing buoyancy weight with depth is to pro=-
duce a stable oscillating spring system with unlinear C;(z damping. For
rigid spheres, the period of the system is 1060 seconds based on the
average density variation at station 132, It corresponds to a damped
non linear system with the solution depending on initial conditions. The
system being highly damped for spheres insures the body positioning at
the local buoyancy point relatively rapidly for the case of not too large
an initial displacement from the neutral buoyancy point.

The motion of the bodies duringz descent and ascent should be as
vertical as motion. Spheres do not tend to pitech when in motion. All
long streamlined shapes tend to nose and must be stabilized by the use
of fins or other devices. The same terminal velocity is obtained by one
fourth the driving weight for equal cross sectional areas by a well-
streamlined body over a sphere. Streamlining and stability in pitch are
obtainable together if the streamlining is done by a weighted outer hull.




REFERENCES

The following publications were rcferenced to in the preparation

of this memorandum.

1.

S. Timoshenko, Theory of Plates and Shells, McCraw-Hill Book

CO;, New YO!"(, NnYG 19405

S. Timoshenko, Theory of Flastic Stability; McGraw=-Hill Book

Co., New York, N.¥. 1936.

Re J. Roark, Formulas for Stress and Strain, McCraw=Hill Book
Co., New York, N.Y. 1954.

Ho 5ch11chtiﬁg, Boundary Layer Theory Pergamon Press, New York,
N.Y. 1955,

h. Lamb, Hydrodynamics, Dover Publications; New York, N.Y. 1945.
C. D. Perkins and R, E. Hage, Airplane Performance Stability :
and Control, John Wiley & Sons, New York, KN.Y. 1949.

G. M. Wenz, Sonodive:»?rgliminary Technical Requirements,
Memorandum from Code 2322, 11 February 1959.

Hydrographic Office, H.0., 614, Washington, D.C.

Observations and Results in Physical Oceanography, Carnegie
Institution of Washington Publication 545, Washington, D.C,

1945,




TABLE I

MEAN DENSITY ABOVE INDICATED DEPTH FROM HO 614

Meters Density

200 1,0255
400 1.0267
600 1,0276
800 1.0283
1000 1.0289
1500 1.0304
2000 1.0318
2500 1.0331
3000 1,0356
4000 1.0369

T 3 T PR D o o T A e 33 o 1t

TABLE 11
DENSITY IN PACIFIC STATICN 132, SEPTEMBER 8, 1929

Meters Density

1,023.66
1.023.69
1.023,77
1.024.78
1,025.15
1.025.39
1.026.25
1.026,90
1.027.52
1,027.92
1,028,62
1,029.27
1.030.47
1.032.14
1,034,70
1.037.21
1u03906°
1.041.95
1,044.26
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3 COMPUTATION
§ 
= 1, FKlastic Stability of Sphere
,;~ Pl = 2F ¢?
’ 3 23 (A - v2)
:i‘ vhere P! is the critical pressure
| % £ is Young's modulus
, Y is Poisson's Ratio
5;5 | R is radius of shell
t is shell thickness
‘ 2. Stress in Spherical Shell ]
2 | § = pu .
E - 4 2t
. i vhere S is unit hoop or meridinal stress in :
pounds square inch ;
frs R is radius of shell :
i} t is shell thickness
| P is external pressure
3, Radia) Deformation
A = RS (1ay)
b | where R  is the shell radius
e [ S 1is unit hoop stress
4 € is Young's elastic modulus

¥ is Poisson's ratio




4, Equation of motion

oo 2
(MMeM) Xm (= M)e-1/20)p sk
where CD is body drag coefficient
M is body mass

< M, is body virtual mass :
"B is mass of displaced water 1
’ S is cross sectional area 1

X is distance
P is the water density

£ is acceleration of gravity

The solution of the above equation is
X t
X =asinh gi/a

where a is M= MB)g

172 Cp S

gt dis (M-M)e
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