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The use of plastic in the fabrication of sonar domes is not new.
~~~ For submarine applications, plastic dome s are used to cover the JT

hydrophono, reference (a). For surface vessels, a consi~erab1e ttudy
has been performed both on the material and the fabrication aspects of
sonar domes, references (b), (c), and Cd). For the t.~/SQS—l7 system, a
fiberglass dome was fabricated, and it performed adequately under service
conditions, reference (e).

The Laboratory, as part of its general program interest in sonar
domes, reference ( f ) ,  is investigating the use of a polypropylene dome.
The inexpensiveness of the polypropylene raw material and fabrication,
together with polypropylene having a spec~if~c acoustic impedance close
to that of water, 1.9 x 1O5 versus 1.5 x l0~ grn—Cr~

’5~ c
2 for water hasr >._ given impetus to such a study.

c_)
Sonar domes fabr icated from steel are the standard naval type.

— These ~omcs consist of a th in  shell covc~~ing supported ½ a punched—out
Ltcki~i~ up plate.  A rod t ru ss—~:or~: provides the necessary s t i f fness
for hc complete dome structu~c.

In utilizinrj a plastic Jo~ e , the main source of strength must lie
in the s:in, with the possible 3JcJ~t ion of rectangularly shaped stif—
fen~rc. The A7/~ 5— 17 uOne, ~cf ~ rer~ce C e )  ~m~ e of f iberg lass  (conpres—
sive c~r ~j t h~~ 5CCO1 psi; ter~si1~ ctrcn~th~~5C00O psi and ~1astic modu—

~ 1CP )si)~ has no stiff~ncr s and the skin thickn ess is 7/16
i~ ch. D D C  .
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Acoustic considerations dictate that the skin thickness of the
polypropylene dome bc 9/16 inch thick; however, a standard sheet thick-
ness of ~/s inch would be used in the actual fabrication.
Physical Prooerties of Polyoroovlene

The following pro~e~ties of polypropylene were obtained from the
literature, reference 1~g), or from tests performed for the Laboratory,
on tensile and compressive specimens, reference (h).

Tensile strengt h~~ 5000 psi *

Compressive yield strength ~~~ 5000 psi *

Elastic modu1us~~~ 2 x 1O
’
~ psi ( 1)

Poisson’s ratio = 0.45

Specific gravity 0,91

Impact strength (Izod) 1 ft—lb/inch of notch

Hardness 75D, shore durometer, or 0—95

Tertsile and Oompressive tests of nolynropylene have shown the
material to be elastic up to the yield’ poiht.
Tv~es of Loadings on the Dome

I~efore analyzing the structural characteristics of the dome, the
types of loading expected must be determined. The sonar dome is at-
tached unto the keel of a DE or ~JL~ class of surface craft, Because of
the maneuvers and seakeeping qualities of such ships, the following
type s of loadings can be encountercth

Type A — formal drag forces dur ing a zero degree yaw , 35 knot
speed run ;

Type ~~~~~ Sideways form dr~g forces dqring a turning maneuver at 35knots in which the y~w angle ‘~:iI1 he ten ciegr~es;
Typo C — Lateral loading on dome ~id~ caused by ship rolling;
Type Li — Irm~act forces cr “ s !a : i ” accurrin~j from t;~c quenching ofthe lone, and

•u : al l owaL le wor ki~~j ~~ is of 3600 psI ~.ill be uzc~ in the analyses.
This is a factor o s~~ety of 1.3-).
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Type E — Inertial loading of the dome from the mass of entrapped
water.

These loadings can occur in pairs simultaneously, for example Types
A and C~ or B and C. If the transducer is supported by the dome (~ot
recommended , however), then both static and inertia loads originating
with the transducer must be considered.

Structural Com~on ents of the Dome

There are four main structural component s of the dome. Each corn—
ponent will be acted upo n b’, one or more of ~he previouc ty’~es of load-ings.

Referring to Fig. 1, the structural areas together with the types
of lo adings are as follows :

Area I — Front of Don~ This area will have to resist Types A or D
or E.

Area II — Upttoni of L)ome This area will have to resist Type D.

Area III — Sides ox Body of Do:ae This area ~.:i1l have to resistTypes B and C, or D, or E.

,irea IV — ~~unt inu flanac for Loltiq~ Thi s area will have to re—
gist Types an d C~ or E.

Previous hnalvses ox Studies on Dome Strcuri4h

Reference (h) has a short analysis of a laterally loaded plate with
simply supported edges. Reference (c) contains experimental data on the
edgewise compression stresses and outlines an analysis previously per—
formed in which the dome is treated a~ an equivalent cylindrical sur-face. A uniform load of 25 psi was considered. Reference (1) is a val—
unhic study on the stress ch ar acter ist ics of steel domes. In addition,
pressure diagram s obtained from reference  ( j )  and discussed qualitative-
ly below, are shown along the dome contour .

The information from r e fe renc es ( i )  an:I ( j )  h~ s been used in the
present analysis.

Pressiirc )ictributionc on the Dorm

~c-fcronce (J )  reports on wind t~nu~ 1 tests pcrforme~1 on four domes
of 1~ 0 inch length b itt d~.ffe ron i p ro f i l~ s through the transverse sec-
tions. For the fleet type shape, he ~o— ca11 e~. Fi > 1~ type sonar dome
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(C .J—35l), the following qualitative results are shown :

A. At thc Keel Line of the Dome

a. Pitching for a constant yaw anglo, has very l i t t le effect
on the pressure distribution;

h. At the”forefoot”, i.e., the intersection of the keel line
with the front of the dome, at any yaw angle, the pressure varies from
a small positive value to a small negative value as the pitching angle
changes from upward 5 degrees to downward 5 degrees. A short distance
aft of the front point, a large negative pressure results; this point
being the more critical in terms of incipient cavitation ;

c. The remainder of the keel line exhibits negative pressure.
This pressure is equivalent to an internal pressure loading on a shell
structure.

B. At the Joint of the Body and Bottom of the Dome

a. Pitching, for a constant yaw angle, has ver y l ittle effect
on the pressure distribution;

b. At all yaw and pitch aigles, negative pressures exist
through the joint line, except for z~ro or small positiv e pressures at
the front for upward pitch angle configurations.

C. Transverse Middle Line of Body

a. At zero yaw, change in p itch from upward 5 degrees to
downward 5 degrees has little effect on the pressure distribution.

U. ;~t 5 and 10 degrees of yaw at a constant pitch , marked
differences in pressure v;erc obtained on the port and starboard sides
of the dome . The larger negative pressure .;as on the lcc~’:ard side of
th e flo’a’.

c. At all angles of yaw, the front of the dome has pos itive
pr essure loadin ~j . The stagnation point lays appro~draately at the point
between C c~r~d 10 rcrcent chord. The rest of the body had negative pres-
sure loa’ ing .

d \ ~~AL?SIS

structure is not a true body of revolution. Additional
w~ ‘r stiffener noints are introduced at baffle locations.
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Jiscontinuity stresses because of changes in curvature also occur at the
j unction of the bottom with the side of the dome. These stresse s are
evaluat ed in the analysis. To attempt an exact analysis of the dome,
much valuable c-f fort ~:ill be lost. The author has set up the di f fer en-
tial equations defining the equilibrium condition of a semi—ellipsoidal
shell, but the solution to such an equation can only be attempted nu-
merically with the aid of a cornnuter. And, in the end , the results will
cover only a small aspect of the problem. Consequently, the followi ng
analysis is of an engineering nature , very conservative in the values
of loading and allowable stresses used. If the structure is capable of
resi st ing the “paper 1’ values set up in th is memorandu m , then it should
be strong enough to r~erfori i a iequately in service. *It is assumed that
the loads arc of short duration , thus the e f f e c t of creep i s not taken
into account in the analysis. The question of creep, however, is ser-
ious; ari d actual use of the dome is necessa ry t o resolve any doubts con-
cerning the usefulness of the polypropylene material.

Area I — Front of Dome

The front portion of the Jome can he represented as a circular
cylindrical  shell with an equivalent radius of 9 1/2 inches and a length
c-f 50 inches~ Fig. 1. From refer en ce ( i )  it is found that a maximum
dynamic pressure of 32 psi (negat ive)  exists at the bottom of the dome
at 0—degree yaw for a speed of 35 knots. A r~ynamic pr essure of p = 40
psi (negative) will be uscd for all calcu.t at ions ~-ihere applicable.

bnbrane Stresses in Front of r~or. -c

Assuming th~~ the bending stresses are negligible, the tar gential
shell stress, ~~T, ,

‘, (rcferonce (h))

t (2~
.~here r cxternal rrossurc (ncaativ ), cc~uivalent to o~ internal pres-
sure;

1 -~~~~~~~ is  of c’ . e r ;

-L 1 i l r ~’~~-~5~ of s~r’l 1

- - r ’ r . ( , ~~. o -vi~~ c1y occii ’-L hol l if the vessel were to ecome
i c~. ~ ~iie.
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Inserting values into eq. (1);

(e ‘/6 p~ 
(i~~~~(

~
)

From eq. ( 1), the tensile ultimate is seen to be 5000 psi . There-
fore , the front of the dome will  hav e a factor of safety of approximate-
ly 9 with respect to the tensile strength. The allowable v~ rking stress
is 3600 psi , and for this stress, the factor of safety is 5.3.

critical Skin Bucklinn Load — Front of Dome*

At a speed of 35 knots the maximum positive pressure on the front
of the dome , re ference (.4.) i s 1G psi. A pressure loading of 20 psi will
be used for the design analysis.

The critical buckling load , P critical , of a uniformly loaded Un—
stiffened circular cross—sectional arch ; simply supported at its ends ,
is (reference (k ) ) ~

4, ( ~uL; -i
,) ~~~~~~~~~ (4)

where

0 centrai angle in racii :ms = 77’
, (sec Figure 1);

D = s t i f fness  of arch

t = thickness of shell , 5/~3 in ch;

E elastic modulus, 2 x iO~ psi;

Poisson’s ratio, fl •45

Inserting the valu es  into equation (4) :  -

(s)

* The s t i f f en ing  e f fec t  of the internal f l u i d  is neglected.
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The critical buckling stress of 13 psi is short of the actually
assumed applied load of 20 psi*. The buckling stress difference in this
calculat ion is marginal, differing only by 2 psi between strength capa-
bility and the assumed applied load of 20 psi. Uowever, eq. (5), the
cr itical buckl ing stress is exactly equal to the actual applied load at
35 knots, of 18 psi, reference (1). The equivalence of loads ~~uld in—
dicate no danger to the front of the dome. If the maximum speed con-
sidered possible were reduced from 35 knots to 30 knots, the appl ied
pressure (varying directly as the square of the speed) is reduced to 15
psi. This value is certainly below the critical stress of 18 psi.

Area II — Bottom of Dome

The bottom of the dome will have to resist the type D or E loading
condition. The inertia loading, Type ~ will be considered first.

Typt E — Inertia Loading on Bottom of Dome

Inertia loading on the bottom of the dome would arise from the fol-
lowing assumed set of circumstances:

a. The ship is in a logging condition with the sonar dome ex-
posed from the sea. The dome itself has not been drained of sea water;

b. the sonar dome section of the ship accelerates downward
through the air; however, before the dome is submerged in the i~-~ater ,

c. the ship’s momentun is stopped by the action of another
wave front, consequently,

d. the entrapped sea water in the sonar dome “pushes ” against
the botto m of the dome.

The maximum distributed load on the bottom of the dom e is obtained
as follows:

The height of the domes is 50 inches = 4.16 feet. The uniform load
is consequently 64.4 psf times 4.16 feet, or ~~3 psf or 1.36 psi. As—
sur.iing that the maximum acceleration is of lg (this value is reasonable,
reference ( n i ) ) ,  then the total app 1iei load ~,il1 be 2 1.06 psiZ4 psi.

To comnarc these value s with the A / S ~S~ 7 dome , reference (s) .  For
that dowo, t 7/16 inch; b = 3 x 106 psi , 0 ~~ r a d ians , ~ = 0.45 and

= 12 In ches , so that ~~~~~~ 56 psi. The applied load is again
assume d t~ I Ab psi.
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Membrane Stresses in Bottom of Dome

The bottom of the dome is assumed to be a semi—ellipsoidal shell ,
major axis of 100 inches and minor axis of 40 inches.

The maximum membrane stress in an ellipsoidal shell is given
by (reference k):

2

2 L t
(6)

where p applied internal pressure = 4 psi ;

a = semi—major axis = 50 inches;

b = semi—minor axis = 20 inches;

t = thickness of the shell = 5/C inch

solving for equation (6):

4o0 ~~ 
(r ~) l~

) (7)

~
;ith an allowable working strecs of 3600 psi , the f actor of saf ety for
this type of loading is: 11.

Slam Load on i3otto m of Dpi; ~

Reference (n) out1inc~ t~: r~ievant and sore recent theories con—cerned with ship d arning. rcr thc design of the bottom of the dome,
an Impact coefficient technique wi l l  be used. The impact coefficent,

is defined as:

c~~ / 
(8)

vzher c :

F force on bottom of dome per unit  length of dome (total force
assumed to act un iformly);

I f  = density of water;
d diam eter of an equivalent cylinder ;
V velocity of Impact as cylinder strikes the water.

C
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From Fig. U of reference (n), impact coefficients derived by
various theories and experimental results are shown. For a NACA TN
2889 section, the r~aximum C1 value experimentally obtained is approx-
imately 1.2 x or 3.77. The equivalent cylindrical diameter of the
dome is assumed 40 inches or 3.33 feet. The impact velocity of the dome
is obtained as follows:

From reference (m), a severe pitching angular velocity, ~~ , is
shown to be on the order of 1 radiar~’sec. Assuming a single degree of
freedom system, and assuming that the controid of the dome is 50 feet
from the ship’s center of pitching, ti-ion the tangentiai. velocity of the
dome upon impact with the water is 1 rad/sec times 50 feet or 50
feet/sec. This value of velocity ignores the viscous damping effect
exerted upon the aft portions of the hull as the ship enters and leaves
the water. Consequently, the tangential velocity of the dome would be
considerably lower. If the ratio of the coefficient of damping to the
critical damping is assumed to be 90 percent, then the assumed angular
velocity of the dome would be:

(.1) W J J 0 I 44
~~~~

44
~’~/ $&

- ( - 9)

Hence the velocity, V, of impact for the dome would be: 0,44 >:
50 feet, or 22 feet/sec. The impact force from equation (8 ) becomes;

~~~
= 

~ ~,‘d V ~~ ~ 77(’~) (’3 3 ) ( L2j 4/~e~~
’ 

~O7’~
( xO)

The length of the dome is 8.35 feet , thus the total impact force
is: 8.35 x 6074, or 50414 pounds. The area of the dome bottom is
approximately 40 inches times 100 inches, or 4000 square inches. The
impact pressure becomes:

4~~14 I~in~ ( 11)

However, for design purposes an impact pressure of 1000 psf or 7
psi •.‘ill be used.* The equation for the critical buckling load of the
dome bottom is similar to eq. (4) viz:

(4 ~~ - .) 
~~~

*In co n y c r s a tj 9n with Mr K. H. ~1i1coxon, Code 553A David Taylor ModelF~asin , it was indicated {1:at this figure has been used for th~ design of
~omec.
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where 9 = central angle = 140° = 2.44 r adians;

R = radius of dome section = 20 inches*

Solving equation (l~~:

JI(~t~ ~ L~ ~~ (13 )

The critical pressure load for the dome bottom is lower than the
assumed applied load of 7 psi. The bottom of the dome is a non—critical
area with respect to sonar activity. The placing of stiffeners there
will in no way affect sonar operation. The bottom, in addition, will
have an application of sound absorbing material . The sound absorbing
material, by covering the stiffeners, will re duce any delete rious re-
flection effects arising from the stiffeners.

To protect the bottom of the dome from buckling, it is recommended
that 1/2 inch by 1/2 inch s t i f feners  be placed every 12 inches, both
laterally and longitudinal ly.

Discontinuity Stresses at Junction of Bottom and Side

Because of the change in curvature at the line in which the dome
bottom meets the side, discontinuity stresses will occur . Reference
(k3) treats the case of a shell having as its end an ellipsoid of revo—
lution. The maximum stress at the joint (for a ratio of major axis to
minor axis of ellipse equal to 2, approximately the value in the do me )
is given as:

/ , i 2 ~ ~ 
( 14~

where: a = semi—major axis = 50 inche s

p = app lied imtcrnal pressure = 10 s1~~
t = thickness of shell = s/o ~. nch

~~ ~om~e bo ttom is doubly curved , see Fig.  1. The effect  of the
longitn inal curvature i_ s a Ided st~ f f ne s~, since the lateral radius
‘~~~vc- i~~s. Fquation (12) leads to a conservat ive value of critical
stress.
~~ ~efcrencc U.) shows the pressure dis tr ibut ion at the bottom keel of
thç lone . An average uni form intern al  pr essure is on the order of 10psi.

10
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Substituting the values into equation (14):

= .9ov ,‘~
(15)

The discontinuity stress is not excessive, giving a factor of safe-
ty of 4. As a further insurance against failure at that joint, a stif-
fener from the dome bottom system will he placed at the junction of the
bottom and side. The effect of the stiffener is to reduce the strains
at the junction , hence the stress.

Area I I I  — Sides of Domes

The sides of the dome must resist a normal pressure, or the inertia
load transferred from the dome bottom, or the impact load also trans -
ferred from the dome bottom. All three conditions will be examined.

Ilormal oressure on Side of the borne

From reference (1), it is seen that the sides of the dome experi-
ence a negative pressure from 0 to 10 degrees yaw. The maximum pressure
is on the order of 23 psi at 35 knots. A design pressure of 25 psi will
he used.

W~mbrane Stress in Domc~ Side Caused by Internal Pressure

Assuming the side s of the dome to be a portion of an ellipsoidal
shell , the membrane stress is expressed as eq. (G

~
- p a /2~~

:,he re p = equivalent in ternal  pressure = psi,

a = semi—major axis = 50 inches

I- se~ni— min o r axis = 2C inche s

t thickness of ~hel1 = 5/3 inch

Substituting into eq. (14),

~y ~~~ 5~i~ ~~~ ( / ç , I ) 4 ..r~) 
(i~ )

11

‘4 I

:. ii .

~ 

. ij:: .: ‘ . :~~~~:T T- - -- ~~ . I~~ . ~~~~~~~~~ . .~~~~ - . - - • - -~~~~~~~~ _



_ _ _ _ _  _ _  
~~~~ -~~~~~~~~~ --  ~ - - - , ~~~~~~~~~~ ---~~~~ -—--- -~~~~ ~—-~~~~~~ -

USL Tech . Memo .
~o. 933—23—64

The stress of 2500 psi (tension),  eq. (17) is below the working stress
of 3600 psi. The factor of safety associated with this loading is 1.4.

Lateral Loading on Dome Side Caused by Ship RollinQ

Type C force previously discussed , is a sideways form drag force
caused by the rolling motion of the shi p. This force can be evaluated
by the expression :

c _ I -1D ~~‘ .2~

( i a)
where:

FD = drag force assumed to act uni formly ;

CD = coefficient  of drag = 2

A = side area of dome 50 inches x 100 inches = 5000 in,

V = maximum velocity at dome centroid

The centroid velocity is obtained as follows:

From reference (m), a severe value of rolling frequency is on the
order of 1 rad/sec. Assuming that the centroid of tio dome is 10 feet
from the center of rotation, the velocity (assuming harn~nic oscilla-
tion) is:

io ~
-1- I rn -~1/ ~~ i~

(19 )

Substituting into eq. (13), there is obtained:

— 
~~~~ (

~~~~~)

Assuming the drag force unifor m ly distr ibuted over the side of the
dome, the pressure loading become s from eq. (20):

- 

~~~ / .  ~~ I ’ ~5 (21)

12
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The critical membrane stress from the loading of equation (21 ) is
far below the value previously obtained in equation (17) from a loading
of 25 psi.

However , the l.2C psi being externally app lied , may cause buckling.
Assuming the dom e side to be an equivalent circular arch of 90 inches
diameter , see Fig. 1, wall thickness of 5/3 inches, as from reference
(k) .  The critical buckling pressure is equation (12) where ~ = 52° =
0.91 radians:

f~~~ ff ~~ _ ,~~~~ ~~~~
(. ~~~~~ I

(22)

or

1~~~c 0 3 4  P~
(23)

The analysis indicates that the dome is understrength. This load-
ing could become particularly critical if the pressure due to roll were
simultaneously app!ied with a pressure load from ~ yaw or turning con-
dition.

Tensile Strass in Dome Side Cau~ec by Inertia Loading

The inertia load was on the order of 4 psi, eq. (6 ). The total
load is obtained by mu1tiolyth~ the uni for m load by the total area of
the bottom or 4 psi x 40 inches x 200 inches equals 16000 pounds. Add-
ing 1000 eo und s for the t- ;cight of the dome Jives 17000 pounds total.
This load will be resisted by a uniform tensile stress around the cir—
cunfe r ence o~ the si lo of the done. The total cross—sectional area of
the doi~o ’s side is ( re ference  ( 1 ) ) :

- ‘ A ~A - ~~~~- -

(24 )

1err ~

a semi—m ajor axis  = bd inches ;

- -  s~~ii—nin or ax i s  20 inches ;

t = t i :j c l :n es~ of ~:~~~i = ~~ iflch

13
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Substituting into eq. 24:

/ 4 r~ a - /~~~~ ,n (
~~

)
The tensile stress caused by the inertia loading is:

/ 7~’ol .. /~3/_. 
,~~ /~~

.I.;’ ,~~~ ~

This stress has a factor of’ safe ty of 33. (
~~

)
Duckl ino iesistance of Dome Side s to Imoact Load s

The side s of the dome will resist only the buckling load during the
slam condition. It is assumed that the lateral pressure loading is
negligible. The basic theory for determination of the critical buck-
ling stresses in plates ~.vith or without stiffeners is given in reference
(o).

Unstiffened Simnlv Surmorted Curved Panel

The simplest analysis concerning the buckling resistance of the
dome side is its consideration as a long simply supported curved plate,
loaded along the larger length. From Fig. 1, the radius of the curved
sidc is shown as 90 inches. From reference (o), the critical stress for
a curved panel is given as:

E H
(27)

where: ~ = modulus o ’ the plate = 2 x l0~ psi

H = thickness of p1 ate = 5/3 inch

a = radius of p la t e = )0 inches

= Poissons ratio = 0.45

Therefore:

~~~~~~~~ 
(2C ’

~
JO

* For p ]~ es with supported edges (i .e.1 no edge f ree) ,  the simply sup-
ported condition gives the lowest critical  buckling stress. Use of’ the
simp ly sunported case give s a conservative estimate of the dome sidestrength.
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The app lied stress on the side panel will be calculated using the
7 psi criteria for slam loads. The total bottom ~rea of the dome is
approximately 40 inches by 100 inches , or 4000 in~. The total impact
load is:

F Tp~ “ ~~~~~~~~~ 2~’oo c-’ b (29 )
s ’~t~-’ t~

The applied stress to the dome sides is the impact load divided by
the cross—sectional area of the dome side :

—

;;:~
:i 

i,,
) 
-

~~~
- / d (30 )

The applied impact stress is far lower than the critical buckling
stress. The factor of safety is 5.

Area IV — Mountino Flanae for Polting

The bolting techniqu e is i l lustrated in Fig. 2. The technique
utilized is similar to steel dome installation, and a fairthg strip must
also be applied with the polypropylene dome. Prior to investigating
the strength of the flange , an analysis on the bolt strength will be
Made.

Strenoth of Attachment Bolts

Loading condition Type ~~~, inertial loading will stress the bolts
in tension. Equation (76) shows that the dome sides will experience a
tensile stress of 109 psi through inertia loading. For a shell thick-
ness of 5/3 inch, a load of 6~; pounds per dome circumferential inch will
be applied. The maximum stressed Uol-~ near the transducer centerline
will carry a load of approximately:

&
~ 

I~/,,, i ? ~ .tIC~~ I#’~~ ~~~~~~~~~ (31)

The bolt size is 7/3 inch except near the transducer , where it is
3/3 inch , see Fig. 2. The 3/:~ inch bolt has a cross—sectional area of
0.068 square inches. Assuming a tensile working stress of 20000 psi ,
the bolt can carry :

— )oooo ?~~
. ~~~~~~ r,~ ) l~~0L  1k~

* See equation (25) .
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iti: an applied load of  504 pounds, the factor of safety on bolt
tension is: 1.5.

~~~~ Punchout of Plastic Suooort Peneath Bolt Head

Loading condition, Typo E, inert ial loading wi ll stress the flange
material through which the bolts penetrate. The bolt passes through a
1 1/4 inch thic’~ section, t~ see Fig. 2. The outer radius, r, of the
bolt hend is 3/4 inches. The shear punchout will probably occur through
the 1 1/4 inch polypropylene at a section tangent to the outer bolt
radius. This shearing area is:

~~~ ~~~~ 
J~

’
~ ~~~~~~~~~~~~~~~~~~ 

- ~~~~~~~~~ (
~~

)

~‘ith an a~piied load of 3)4 pounds, the maximum shear punchout
stress is:

g~~~ ~~~~~~~~~ ~~~~ ‘~‘ (34 )

i~.ssuming that the maximum allo.-iable shear stress is 0.6 times theallowal:-lc tensile stress, i.e., 0.6 times 3600, or 2160 psi, the fac-
tor of safety against a shear punchout is 14.4.

Flexural Stress at Flanoc SuDnort

a type l~ loading, sideways form drag forces during a turning
maneuver at 35 knots , flexural  stresses - -.111 occur at the mounting
f l ang e o~’ the dome. Assuming the side of the dome to act as a rec—
tangular ~,1ate wIth three edge s simply supported, and one edge built in,thc naximu~ moment F o r  unit width occurs at the built in edge and is
eq ua l to ( r e f e r e nce ( ! : ) ) :

d 

~~~~~~~~~~~~~~ (f ) )

th~ uniform pross Ur o loa d 
~~~

— psi

the iic i~ht af ~ho dome side ~late panel of 5/~ inch thickpolymrcoylane ‘~3 inches

~~ - s-: ~~et i~g ir:ta equation (
~ .)

- (~~ T )
• L ” ~.‘ (:Jo 

~~~~~~ 
)/~‘ “

v) - ~
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ilie maximum bendiricj stress is given in reference (k)  as:

çf~ - 
(37 )

-

where h thickness of the plate = s/ c inch
Substituting into equation (37 , :

~~~~~~ 
(38 )

(b1/~)f

The abnormally high stress result ing at the flange juncture to the
skirt is not surprising, since this area was also found in the steel
domes to be critically stressed , see reference (1). To reduce the mac’—
nitu de of ben ding stress, increased thickness of polypropylene dome
shell would be necessary. This procedure woul d lead to degradation of
the sonar capability. The dome as designed in Figs .  1 and 2, and anal-
ysed in this memorandum , does no t have th~ structural strength to resista 35 knot, 10 degree yaw condition of design . Area “A” , Fig. 2, is also
a critical understrength section of the flange.

I C0ICLtiSI0~

Under a 35 knot , 1C deg ree of yaw maneuver , very large bending
stresses result at the dome flange connection to the skirt. These
stresses are calculated to he on the order of 66,000 psi, f ar in excess
of the strencrth of the polypropylene material. tJnder all other condi-
ti ons of loading, the dome appcars to I e adequate for service. Creep or
long time loadings have not been considered in the analyses. I— ~ ,~

- ~ CC~~.~~:IDATIouS

1 — The rre~ cnt design of thc rIo~ c be rejected. . , I

2 — A i d i tional lesign studies be perform ed . Considerat ion should be
-~ivcn to use of a composite or san dwich s t ructure  up at the flange por—
ti~n, as a moans of providing additional strength, The effect on the
~ Cfl ~iT shoul i, of course, e evaluated .

~ rT~ i~~: i~o~ ;
~~c~anica1 ~rigineer
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