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ABSTRACT ~
•

Vibrat ion invest igations consisting of mechanical impedance and
decay rate studies were conduc L~d on the rr~odified USN/USL furnished
CW 454 Sonar Dome at Boston Naval Shipyard prior to installation on the
U.S.S. WITEK (EDD 848). The surveys included impedance and decay rate
measurement s on the dome “in a1r~’ and “in vater ’, with and without
AN/SQ$-23 transducer installed as well as decay rate measurements on the
installed dome in drydock and at piersicie. The results of the-mechanical
impedance survey show the transfer impedances to be very high for a -

structure of this type while the decay rate tests show no simple, direct
correlation between the “in air” to “in water” conditions except the
increased damping for a submerged dome.
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TILE PROBLEM

To measure the niechanical transfer impedance behavior
and decay ratus of the modified CW ~5I4 dome in the frequency
range of 200- 3000 cpa and to determine if there is any
correlation between the “in air” and “in water ” findings
so as to estab 1i~ h a norm of x~easurement for future domes of
similar design .

FINDINGS

The mechanical t ransfer ~mpcdance is very high, the decay
rates are high in the higher frequency range and there appears

• to be no simple, direct correlation between “in air ” and “in
water ” measurements except the added damping when submerged in
water.

RECO~~4ENDATIONS

Conduct at least two (2) more controlled studies on
similar domes to insure repeatability of data and standards

— of measurement. Correlate underway measurements of decay rates
held by USN/USL with data furnished in this report.
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- • The Boston Naval £hi ~~rd ~~~ authorized to conduct vibration
- investigations on a modified C’~ ~~4 Sonar Domc by USN/USL ltr ser

932-91 of 17 April 1963.
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INTRODUCTION

The ~W ~5i~ Sonar Dome investigations were conducted at theBoston Naval Shipyard (3 Sept to 16 Oct 196~4) under the direction ~f
the U.S. Navy Underwater Sound Laboratory of New London, Conn .

The survey work consisted o1 mechanical impedance studies and.
decay rate tests on the m o i~’i~~ dome (furnished by USN/USL) prior to
and after installation on WITEK as follows:

a. Mechanical impedance “in air” and “in water ” with and.
without the AN/ SQS-23 transducer.

b. Decay rate tests “in air ” and “in vater ”, with and
without the transducer.

c. Decay rate tests after installation of dome and trans-
ducer on ship in drydock and at piersid.e.
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MECHANICAL D~PEDAN~E I NVESTI GATION PROCEDURE

To induce structure borne vibration s a 25# Ling Shaker was
motmted on the forward top side oi~ the dome through an ~~devco force
cage which monitored the force input to the dome . The dome was supported
on nylon pendants (in air and in the water) while transfer impedance measure-
ments were recorded. A frequency scan in the range of 20 to 7000 cps was
accomplished with End.eveo accelerometers secured to the dome and. the
transducer as shown in fIgure 1. A system diai~ram of instrumentation is
shown on figure 2.

DECAY RATE TEST PROCEDURE -

• I An electric Flammer (furnished by USN/USL) was mounted on the inside
of the dome arid used to excite the dome and transducer natural frequencies.
The results of these excitations were monitored by accelerometers whose
signal were filtered in third. oct&ves. These signal were displayed and
analyzed through a frequency range of 200 to 8000 - cps on a Tektronix -

• Menioscope, Accelerometer locations arid instrumentation utilized are
shown o~’ figures 1 and 2.

I
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~~IS ?A~~ IS BZST QUALITY PELCr
OOn 1~~ usa~~ 1’Q D~Q ~~~~~~~~~~.—

DATA -~‘?~X~~fS ‘~- D  D T~ c TT ~SI(~N

The t ransf~r m~~~~~d-~~1. 1~~~~~rice of the tested locations
throughout the range of 20 to 7000 eps are sho~ ii in figures 3 through
20 inclusive . The~-e is no appreciable change bei~wecn the “In air ” and
“in water ” transfer impedc~tcc ~ie~-s~rements at positions 1, 2 and 3 prior
to the installation of the tr’n~~ucer. The addition of the transducer to
the system alter appreciably the transfer impedance response at all tested
locations. Additionally, the “in water” measurement~ indicate the
presence of anti-resonance peaks at 200, 270, and 1500 cps which are not
evident during the “in air ” ~.easur~ments .

The decay rates of the tested locations throughout the range of
200 to 8000 cp3 (third octai bands) are shown in figures 21 through 26
inclusIve. There i s•a  noticeable difference in the decays at each
position depcndIn~ on the condition such as: with or without transducer,
“in air” or “in water”. The changes are of a random nature and do not
lend themselves to any sort of basic pattern. Generally speaking the
decay rates “in water ” are slightly higher than the decay rates “in air ”.

Percent critical da-:ping v~ fre~uex~cy for the tested locations
throughout the range of 200 to 8000 cps ~s shown ~~ figures 27 through
56 inclusive. Inasmuch as the percent critical dar.iping is ~alculated
fr om the decay rate the ch:~r~-,es under various con~iitions is again noted
to ~e of a random nature . Generally, the percent critical damping
Increases for all “in water ” measurements. -

There were many resonances recorded on the decay rate tests which -

were not evident in the trai~sfe r mechanical impedance survey indicating
that all the resonances could. not be excited by the shaker due to the
high transfer impedance of the structure.
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• The tran sfer mechanical Impedance , as measured on this complex
ztructurc is relatively ~~~~

The decay rate measured on the skin of the dome is considerably
less than that of the transducer ring. (The dome skin contributes very
little damping).

Because of the similarity and spacin~. of the do!~~ supporting
nienfoers WhO1L fanilies of natural frequencies were excited during the
decay rate tests.

There appears to be no simple and direct relationship between any
of the condiuiu:~::: it i~ ~~~ ~~~~ ho~~ ’..’e could predict the “on ship
in the water ” dome per ur~~~c~ 1 ~~rnishea only the “in air ” data of
the decay rates or is.~~~ :~I~e~ .i~ ~L)ry .

- 
-
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The fol1.~~ in: recommendations L~re ~adc± in the interest of a more
thoro’~gh u ders~andin, o~’ the vibration resonance and decay rate of
the ~W ~ 514 dome .

a. ~~rrclaLc~ u~~ er~.&~y measur ent s of decay rates ( furnished
• to o~~~’US L l. y C C - ~VS~ Ii’~~ B~;: ltr LLO14D of 30 L~c 19614 ) with data

f~r.iis~~d in this report.

b. Conduct similar controlled studies on at least two (2)
other t h ucs “in air ” to usta~ li~h rcpcatability of data and

- 

~tand-~rds of measurement.
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NUMBER LOCAT1Q±I. DIR ECTION TYPE .*

([) CEJ’~T ER OF NOSE 
•
F/A 2226

(
~
) CHIN VERTICA L TO PLA N E. 22~ 9
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-
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