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BACKGROUND

The use of plastic in the fabrication of sonar domes is not new.
For submarine applications, plastic domes are used to cover the JT
hydrophone, reference (a). For surface vessels, 2 considerable study
has heen performed both on the material and the fabrication aspects of
sonar domes, references (b), (c), and (d). For the Al/SQS-17 system, a

fiberglass dome was fabricatedyand it performed adequately under service
conditions, reference (e).

AMAQ7TL1762

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 specific acoustic_impedance close
to that of water, 1.9 x 10° versus 1.5 x 107 gm=cry/cac” for water has
given impetus to such a study.
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Sonar domes fabricated from steel are the standard naval type.
These domes consist of a thin shell coverino supported by a punched=-out
_kbcking up plate. A rod truss-work provides the necessary stiffness
for the complete dome structurcs

)

In utilizing a plastic dome, the wain source of strength must lie
in the sltin, with the possible addition of rectangularly shaped stif=-
feners. The Al/SUS=17 dome, referernce (e¢) made of fiberglass (compres-
sive ctrangthZE50000 psi; tensile strength50000 psi and elastic modu=
ius=3 x 100 psi), has no stiffeners and the skin thickness is 7/16
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Acoustic considerations dictate that the skin thickness of the
polypropylene dome be 9416 inch thick; however, a standard sheet thick-
ness of 5/8 inch would be used in the actual fabrication.

Physical P . ¢ Pol ]

The following properties of polypropylene were obtained from the
literature, rcference ?gs, or from tests performed for the Laboratory,
on tensile and compressive specimens, reference (h).

Tensile strengthas 5000 psi *

Compressive yield strengthRZ 5000 psi *
[
Elastic modulus & 2 x 10~ psi (1)

Poisson's ratio = 0445
Specific gravity = 0.91
Impact strength (Izod) = 1 ft-1lb/inch of notch

Hardness = 75D, shore durometer, or R=95

TeT O I
material to be elastic up to the vield point,
Ivpes of Loadinos on the Dome

Before analyzing the structural characteristics of the dome, the
types of loading expected must be determineds The sonar dome is at=-
tached unto the keel of a DE or DD class of surface craft. Decause of

the maneuvers and seakeeping qualitics of such ships, the following
types of loadings can be encountercd:

sile and Compressive tests of polypropylene have shown the

Type & = llormal drag forces during a zero degree yaw, 35 knot
speed runj

Type = Sideways form drag forces during a turning mancuver at 35
lknots Xg rﬁich the wa 5ngle u??l Le ten aeqrges; v

Type C = Lateral loading on dome side caused by ship rolling;

Type D = Impact forces or "slam" occurring from the quenching of
the dome, and

% An allowable working siress of 3600 psi will be used in the analyses.
This is a factor of safcty of 1.3Y.
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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
Aand Cy or B and C,s If the transducer is supported by the dome (not
recormended, however), then both static and inertia loads originating
with the transducer must be considered.

St ont Le Do
There are four main structural components of the dome, Each com-
ponent will be acted upon by one or more of the pravioue tynos of load-

ings.

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

Area I - [ront of Dome This area will have to resist Types A or D
or Es

Area IT - Bottom of bLomg This arca will have to resist Type D.

Area IIT - Sides or Dody of Done This area will have to resist
Types B and Cy or D, or E.

Area IV = |

sist Types B and C, or E,.

This area will have to re-

P io [ &

Reference (b) has a short analysis of a laterally loaded plate with
simply supported edges. Refercnce (c) contains experimental data on the
cedgewise compression stresses and outlines an analysis previously per-
formed in which the dome is treated as an equivalent cylindrical sur-
faces A uniform load of 25 psi was considered, Roference (i) is a val-
uable study on the stress characteristics of steel domes. In addition,
pressure diagrams obtained from reference (j) and discussed qualitative=
ly below, are shown along the dome contour.

The information from references(i) and (j) has been used in the
present analysis.

r.‘ Gl r)'c-- il 1 c )
Beference (j) reports on wind tunn:l tests performed on four domes

of 100 inch length but different profiles through the transverse soc=-
tions. Tor the fleetl type shape, the co=-called FEPH type sonar dome
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(Cii=351), the following qualitative results are shown:
A. At $ ine o I

a. Pitching for a constant yaw angle, has very little effect
on the pressure distribution;

b, At the"forefoot", i.ce, 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 S5 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;

ce 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 DBody and Bottom of the Dome

a. Pitching, for a constant yaw angle, has very little effect
on the pressure distribution;

be At all yaw and pitch angles, negative pressures exist
through the joint line, except for zoro or small positive pressures at
the front for upward pitch angle configurations.

C. eroe Midd B! i

a. At zero yaw, change in pitch from upward S degrees to
downward 5 degrees has little effect on the pressurc distribution.

be At 5 and 10 degrees of yaw at a constant pitch, marked
differences in pressure viere obtained on the port and starboard sides
of the dome. The larger negative pressure was on the leceward side of
the flow.

ce. At all angles of yaw, the front of the dome has positive
pressure loadinge. The stagnation point lays approximately at the point
Letween € and 10 percent chords The rest of the body had negative pres-
surc loading,

ANALYSIS

]

The done structure is not a true bhody of revolution. Additional
"hard spots" or stiffener voints arec introduced at baffle locations.
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Discontinuity stresses because of changes in curvature also occur at the
junction of the bLottom with the side of the dome. These stresses are ‘
evaluated in the analysis. To attempt an exacl analysis of the dome,

much valuable effort will be lost. The author has set up the differen-

tial equations defining the eauilibrium condition of a semi-ellipsoidal

shell, but the solution to such an equaticn can only be attempted nu-

merically with the aid of a computer. :&nd, in the end, the results will
cover only a small aspect of the problem. Consequently, the following
analysis is of an engineering nature, very conservative in the values

of loading and allowable stresses used. If the structure is capable of
4 resisting the "paper" values set un in this memorandum, then it should
Le stronq enough to rerform adequately in service. *It is assumed that
the loads are of short duration, thus the effect of creep is not taken
into account in the analysis. The question of creep, however, is scr=
ious; and actual use of the dome is necessary to resolve any doubts con=
cerning the usefulness of the polypropylene material,

ST

A C "

The front portion of the dome can be represented as a circular |
cylindrical shell with an equivalent radius of 9 1/2 inches and a length |
of 50 inches, Fig. 1. From refercnce (i) it is found that a maximum
dynamic pressure of 32 psi (ncgative) exists at the bottom of the dome
at O~degree yaw for a speed of 35 knots. / cdynamic pressure of p = 40
, psi (negative) will be used for all calculations where applicable.

b8} [ 3 “ £
Jlar S ses

} Assuming t?gj the bending stresses are negligible, the targential
f shell stress, 2 T, /5 : (reference (%))

' ﬁﬁ-’
f 0 - '
T T & (2)

vhere p = cxternal nrossure (negative}, cquivalent to an internal pres=
| sure;
b

R = radius of cylinder;

t = thieckness of siiell

| “ This statement obviously doesn't hold if the vessel werc to Lecome
3
\

he dome.
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Inserting values into eq. (1);

£ 8 < " .
YJ” s ?_"_f:’_;___l__f_l—) = 676 pse (/(n)'on)
g (3)

From eqe (1), the tensile ultimate is scen to be 5000 psi. There-
fore, the front of the dome will have a factor of safety of approximate-
ly 9 with respect to the tensile strength. The allowable working stress
is 3600 psi, and for this stress, the factor of safety is 5.3.

3 Critical Skin buckling Load — Front of Dome*
At a speed cf 35 knots the maximum positive pressure on the front

of the dome, reference (4) is 10 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 archj simply supported at its ends,
is (reference (k)):

> |
L) ﬁ’k’" (4)
i /P(‘v-f?wl ’ ‘1" ¢ ‘
where
# = central angle in radiane = ﬁ#, (see Figure 1);
3
D = stiffness of arch = £ ¢ //J(/-v’)
£ t = thickness of shell, 5/0 inch;
:
E = elastic modulus, 2 x 10° psij;

Y = Poisson's ratio, 0.45

Inserting the values into equation (4):

- el (5)
»ﬁ”h,_u, 1S 7%

* The stiffening effect of the inlernal fluid 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
calculation is marginal, differing only by 2 psi between strength capa-
bility and the assumed applied load of 20 psi. However, eq. (5), the
critical buckling stress is exactly equal to the actual applied load at
35 knots, of 18 psi, reference (i). The equivalence of loads would 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 applied
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 1T - Bottom of Dome

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

Type E - Inertia Loading on Bottom of Dome i

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

a. The ship is in a logging condition with the sonar dome ex-
posed from the seas 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 water,

¢. the ship's momentum is stopped by the aétion of another
wave front, consequently,

de the entrapped sea water in the sonar dome "pushes" against
the bottom of the dome.

The maximum distributed load on the bottiom of the dome is obtained
as follows:

The height of the domes is 50 inches = 4,16 fcet. The uniform load
ie consequently G64.4 psf times 4,10 feet, or 263 psf or 1,36 psi. As=-
suming that the maximum acceleration is of 1g (this value is reasonable,
reference (m)), then the total applie? load will be 2 x 1.006 psi4 psi.

* To compare these values with the A1/SUS47 dome, reference (€). For
that dome, t = 7/16 inch; E = 3 x 100 psi, § = T radians, ¥ = 0.45 and
it = 12 inches, so that 4,.m«) = 56 psi. The applied load is again
assurmes 1o bLie 20 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 V;p stress in an ellipsoidal shell is given
by (reference k):

b

Ve * L
¢ 2bt o
where p = applied internal pressure = 4 psij
a = semi=-major axis = 50 inches;
b = semi-minor axis = 20 inches;
t = thickness of the shell = 5/C inch
solving for equation (6 ):
%: Joo s (rfﬂwan) £1)

With an allowable working stress of 3600 psi, the factor of safety for
this type of loading is: 1ll.

S S Botto Dope
Reference (n) outlines t!iz rolevant and more recent theories con-
cerned with ship slamminge Tor tiic design of the bottom of the dome,

an impact coefficient technique will be used, The impact coefficent,
QI’ is defined as:

: Z
Cf: F/’/xfdl/ (8)

viherc:

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

F = densily of water;
d = diameter of an cquivalent cylinder;
v

velocity of impact as cylinder strikes the water.

ot
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From Fig. 6 of reference (n), impact coefficients derived by
various theories and experimental results are shown. For a NACA TN
2689 section, the maximum Cy value experimentally obtained is approx-
imately 1.2 x T or 3.77. Tge 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, Weo , is
shown to be on the order of 1 radian/sec. Assuming a single degree of
freedom system, and assuming that the centroid of the dome is 50 feet
from the ship's center of pitching, then 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 rw, m‘Z}’ W, /103 2049U) 2 0. 94 ,';1_1%&_
: (9)

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

e ;ZAV*’- 377(1)(3 %) {—uﬁ/&)»: Cor4 sy i
10

The length of the dome is 8.35 feet, thus the total impact force
is: 8435 x 6074, or 50414 pounds. The area of the dome bottom is
approximately 40 inches times 100 inches, or 4000 square inchese. The
impact pressure becomes:

4 . 5044 lbs 39 ps
vt 4oo0c In* (1))

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

D
Tovai > /4”0’ ) 7e? (12

oo

*In _conycrsation with 'ir, K, H, ./1lcoxon, Code 553A, David Taylor Mod
anég, !t was indicated that this %ggure’has been uded fér tﬁz ggsigneéf i
' 3
o8
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]

where € = central angle = 140° = 2,44 radians;

radius of dome section = 20 inches¥

R

Solving equation (12):

/t,)Cfnfhu(' g Q(; 1954 (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 hottom, in addition, will
have an application of sound absorbing material, The sound absorbing
material, by covering the stiffeners, will reduce any deleterious 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 stiffeners be placed every 12 inches, both
laterally and longitudinally.

Dj tinuity st b et £ Dot { sj

Because of the change in curvature at the line in vhich the dome
bottom meets the side, discontinuity stresses will occur. Reference
(x3) 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
} ninor axis of ellipse cqual to 2, approximately the value in the dome)
is given as:

b Vo, = 1126 @ f/¢ (14)

i

where: a semi=major axis = 50 inches

= applied internal pressure = 10 psi®#

e
|

(-l-
1

thickness of shell = 5/8 inch

¢ The done bottom is doubly curved, sece Fige 1. The effect of the

{ longitudinal curvature is added stiffness, since the lateral radius
dnrraases, Equation (12) leads to a conservative value of critical
siress,

%% Neforence (4) shows the pressure distribution at the bottom keel of
the domes /An average uniform internal pressure is on the order of 10
NSl.

10
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Substituting the values into equation (14):

rf/rtb/ AT o (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 hottom system will be 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.

/ - Si

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

”Q:mﬂ] pressure on Sj le_of Iti Dome

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

Assuming the sides of the dome to be a portion of an ellipsoidal
shell, the membrane stress is expressed as eq. (¢ )

~ a‘
¥ =0 Gt )
vhere p = equivalent internal pressure = 05 psi,
a = semi-major axis = 50 inches

b = semi=-minor axis = 2C inches

]

t = thickness of shell = 5/3 inch
substituting into eq. (14),

U=z o See Pse ( /t’/‘)rcn) (17)

1l
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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 l.4.

Side Causcc Shi i
Type C force previously discussed, is a sideways form drag force

caused by the rolling motion of the ship. This force can be evaluated
by the expression:

)2
;j i <TD 4%1 R

D
(18)
wheres
Fp = drag force assumed to act uniformly;
Cp = coefficient of drag = 2

>
1

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

1

v maximum velocity at dome centroid

The centroid velocity is obtained as follows:
From reference (m), a severc value of rolling frequency is on the
order of 1 rad/sec. Assuming that the centroid of the dome is 10 feet

from the center of rotation, the velocity (assuming harmonic oscilla=-
tion) is:

V= loft | b, = & /e

(19) |
|

Substituting into eq. (13), there is obtained: |
1

FD = @dco ks (20) ‘

Assuming the drag force uniformly distributed over the side of the
dome, the pressure loading becomes from ecq. (20):

A - L“"OL,‘ 'Lt /
/r-

/S o in* = [ 28 psi (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 1.28 psi being externally applied, may cause buckling.
Assuming the dome side to be an equivalent circular arch of 90 inches
diameter, see Fig. 1, wall thickness of 5/8 inches, as from reference
(kx)s The critical buckling pressurc is cquation (12) where © = 52° =

0.91 radians:
4m* ,,) %_3

fennel = L
(22)

or

Toaak * 0:3% P

(23)

The analysis indicates that the dome is understrength. This load-
ing could become particularly critical if the pressure duc to roll were
simultaneously applied with a pressurc load from a yaw or turning con-
dition.

- s ~ s C eael

The inertia load was on the order of 4 psi, eqes (6 )s The total
load is obtained by multinlying the uniform load by the total area of
the bottom or 4 psi x 40 inches x 200 inches cquals 16000 pounds. Add-
ing 1000 pounds for the weight of the dome gives 17000 pounds totale
This load will be resisted by a uniform tensile stress around the cir-
cunference of the side of the domes The tolal cross-sectional area of
the dome's side is (reference (1)):

D o & WL §
A/‘Ed. ia ( DA «

(24)

vhere

I

a = semi-major axis = 50 inchess

|

b = seni-minor axis = 20 inches;

t = thickness of shell = 5/3 inch

13




——

—————— ——

USL Teche Memo. -1

No. 933-23-64
Substituting into eq. 24:
>
/.)"pa - /150 /n (%)
The tensile stress caused by the inertia loading is:
! Jvo0 (s e A
T = /" ¥ = (0 3¢
f?l‘n/t i3 i /) 1
This stress has a factor of safety of 33, (26)
B 13 Naecie g Si

The sides of the dome will resist only the buckling load during the
slam condition. It is assumed that the lateral pressure loading is
negligibles. The basic theory for determination of the critical buck-
%i?g stresses in plates with or without stiffeners is given in reference

0)e

Unstiffened Simply Supporfed Curved Panecl

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
side is shown as 90 inches. From reference zo), the critical stress for
a curved panel is given as:

Ver = ammrn (27)

where: E = modulus of the plate = 2 x 10° psi

H = thickness of plate = 5/3 inch

a = radius of plate = 90 inches
9 = Poissons ratio = 0.45
Thercforc:

')' ’/ ) -

Cr 0 '37,".‘7,,7) *)

% (28)

% For pltes with supported edges (i.c., no edge free), the simply sup-
ported condition gives the lowest critical buckling stresse. Use of the

simply supported case gives a conservative cstimate of the dome side
strendth.,

14
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The applied stress on the side panel will be calculated using the
7 psi criteria for slam loads. The total bottom area of the dome is
approximately 40 inches by 100 inches, or 4000 in“s The total impact
load is:
/ 2
e > A “tocem = 25000 Ibs (29)
I_mwd' TPM.

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

— 28000 /by -
= = (80 ps »
et = il (30)

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

= M i B

t The bolting technique is illustrated in Fige. 2. The technique
utilized is similar to steel dome installation, and a fairing 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.,

Sirenath of Attachment Dolts

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 loadinge. For a shell thick=-
ness of 5/8 inch, a load of 63 pounds ner dome circumferential inch will
be applieds The maximum stressed bol{ near the transducer centerline
will carry a load of approximately:

PboH . b8y, (B nches = 54 [ (31)

The bolt size is 7/8 inch except near the transducer, where it is
3/8 inch, see Fig. 2. The 3/2 inch bolt has a cross-sectional area of
0,068 square inches. Assuming a tensile working stress of 20000 psi,
the bolt can carry:

P = Jocoo pse (Crte3m*) = (deg [bs
k'u‘f’

* Sce equation (25).

15
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[atnl

"!ith an applied load of G384 pounds, the factor of safety on bolt
tension is: 143

S £ Pp et 3 3 B 3

Loading condition, Type E, inertial loading will stress the flange
material through which the bolts penetrate. The bolt passes through a
1 1/4 inch thick section, t, see Fig. 2. The outer radius, r, of the
bolt head 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
radiuse. This shearing arca is:

7Y s £ 20 wmT =

Shear area = At = (3 4,’(%"‘)(/4"') s Skan As (23)

With an applied load of 304 pounds, the maximum shear punchout

stress is:
_ 854 s/, -
Coux = [/’ﬁs . P (34)
Assuming that the maximum allowable shear stress is 0.6 times the

allowable tensile stress, i.e.y 0.0 times 3600, or 2160 psi, the fac-
tor of safety against a shear punchout is 14.4.

S Sup

I'rom a tynme L loading, sideways form drag forces during a turning
manecuver at 35 knots, flexural stresses will occur at the mounting
flange of the domes dAssuming the side of the dome to act as a rec-
tanqular nlate with three cdges simply supported, and one edge built in,
the maximur. moment rer unit width occurs at the built in edge and is
cqual to (reference (I:)):

’ & - o ~
"“’/nuvx = QIR g b 3 . Y- ’/5 3y e ()

= tho uniform pressure load = 25 psi

= the height of the Jome side plate panel of 5/C inch thick

polynronylene = 33 inches
Substituting into equation (I7):

A

/‘/h‘,i. S /'.j‘}vf"u/r')(’?s r '.) > 3% :/ "f";' "'.//n
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The maxinum bending strass is given in reference (k) as: \

R G Moo (a7)
Max h* \

where h = thickness of the plate = 5/C inch
Substituting into equation (37,:
j ) /7 (38 )
V}* = & [BJJl)M '/é " 66,4}0 P
4 5\
(*4)

The abnormally high stress resulting at the flange juncture to the
skirt is not surprising, since this area was also found in the steel
domes to be critically stressed, sce reference (i). To reduce the mao-
nitude of bending stress, increased thickness of polypropylene dome
shell would be necessary. This procedure would lead to degradation of
the sonar capability. The dome as designed in Figse. 1 and 2, and anal-
ysed in this memorandum, does not have the structural strength to resist
a 35 knot, 10 degree yaw condition of design. Arca "A", Fig. 2, is also
a critical understrength section of the flange,

B R P W S TG —— - "

T/ A 4, 4 CONCLUSION
Under a 35 knot, 10 degree of yaw mancuver, very large bending
stresses result at the dome flange connection to the skirt. These
stresses are calculated to be on the order of 66,000 psi, far in excess
of the strength of the polypropylene material. Under all other condi=-
tions of loading, the dome appcars to be adequate for service. Creep or
long time loadings have not been considered in the analyses. A/,

O J
RECOMMEIDATICNS ’ 3

1'# The precent design of the dome be rejected, ., J

.

2/= Additional design studies be performede. Consideration should be
given 1o use of a composite or sandwich structure up at the flange por=-
tion, as a means of providing additional strength. The effect on the
scnar should, of course, e evaluated,

i %’@/ :

. p\ g o
WTTHED BORG
Vechanical Engineer
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