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ABSTRACT

\§’Vibration investigations consisting of mechanical impedance and
decay rate studies were conducted on the modified USN/USL furnished
CW LSk Scnar Dome at Boston Naval Shipyard prior to installation on the
U.S.S. WITEK (EDD 8483). The surveys included impedance and decay rate
measurements on the dome "in air" and "in water", with and without

AN/SQS-23 transducer installed as well as decay rate measurements on the

installed dome in drydock and at pierside. 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
corrclation between the "in air" to "in water" conditions except the
increased damping for & submerged dome. R\ :
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SUMMARY PAGE

THE PROBLEM

To measure the nechanical transfer impedance behavior
and decay ratcs of tne modified CW LS54 dome in the frequency
range of 200-3000 cps and to determine if there is eny
correlation between the "in air" and "in water" findings
so as to establish a norm of neasurement for future domes of
similar design.

FINDINGS S
The mechanical transfer impedance 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
wvater" measurements except the added damping when submerged in
water.
RECOMMENDATIONS

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 date furnished in this report.

s —_——




ADMINISTRATIVE INFORMATION

The Boston Naval Shipyard vas authorized to conduet vibration .
investigations on & modified CW LSL Sonar Dome by USN/USL ltr ser g |
932-91 of 17 April 1963.
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INTRODUCTION

The CW 454 Sonar Dome investigations were conducted at the
Boston Naval Shipyard (8 Scpt to 16 Oct 1G64) under the direction of
the U.S. Navy Underwater Sound Laboratory of New London, Conn.

The survey work consisted of mechanical impedance studies and : ’ 5
decay rate tests on the modified dome (furnished by USN/USL) prior to J ! [
and after installation on WITEK as follows:

a. Mechanical impedance "in air" and "in water" with and |
without the AN/SGS-23 transducer. |

b. Decay rate tests "in air" and "in water", with and
without the transducer.

c. Decay rate tests after installation of dome and trAns-
ducer on ship in drydock and at pierside.

Vv




MECHANICAL IMPEDANCE INVESTIGATION PROCEDURE

To induce structure borne vibrations a 25§ Ling Shaker was
mounted on the forward top side ol the dome through an Endevco force
gage which monitored the force imput to the dome. The dome was supported
on nylon pendants (in air and in the water) while transfer impedence measure-
ments were recorded. A frequency scan in the range of 20 to 7000 cps was
accomplished with Endevco accelerometers secured to the dome and the
transducer as shown in figure 1. A system diagram of instrumentetion is
shown on figure 2.

DECAY RATE TEST PROCEDURE

An electric Rarmer (furnished by USN/USL) was mounted on the inside
of the dome and used to excite the dome and transducer natural frequencies.
The results of these excitations were monitored by accelerometers whose
signel were filtered in third octaves. These signal were displayed and
analyzed through a frequency range of 200 to 8000 cps on a Tektronix
Memoscope, Accelerometer locations and instrumentation utilized are
shown or figures 1 and 2.
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DATA ANATYSIS AND DISCUSSTON

The transfer mechonicnl imcénnce of the tested locations
throughout the range of 20 to 7000 cps are shown in figures 3 through
20 inclusive. Thetre is no appreciable chenge beiween the "in air" and
"in water" transfer impedance meuasurements at positions 1, 2 and 3 prior
to the installation of the transcducer. The addition of the transducer to
the system alter appreciably the transfer impedance response at all tested
locations. Additionally, the "in wvater" measurements indicate the
presence of anti-resonance peaks at 200, 270, and 1500 cps which are not
evident during the "in air" measurements.

The decay rates of the tested locations throughout the range of
200 to 8000 cps (third octav: bands) are shown in figures 21 through 26
inclusive. There is-a noticeable difference in the decays at each
position dependin}; 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 damping vs frequency for the tested locatioms
throughout the range of 200 to 8000 cps is shown in figures 27 through
56 inclusive. Inasmuch as the percent critical cdamping is calculated
from the decay rate the changes under various conditions is again noted
to Ve of a random nature. Generally, the percent critical damping
increases for all "in water" nmeasurements.

There were many resonances recorded on the decay rate tests which
were not evident in the transfer mechanical impedance survey indicating
that all the resonances could not be excited by the shaker due to the
high transfer impedance of the structure,




CONCLUSIONS

i The trensfer mechanical impedance, as measured on this complex
| structure is relatively high.

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 spacing of the dome supporting
members wholc families of natural frequencies were excited during the
decay rate tests.

There appears to be no simple and direct relationship between any
of the conditionc: it is nol apparcat how we could predict the "on ship
in the water" dome performance if furnished only the "in air" data of
the decay rates or impedance history.




RECOMMENDATTIONS

The following recommendations are made in the interest of a more
thorough understending of the vibration resonance and decay rate of
the CW 4S54 dome.

p a. Correlate underwvay measurements of decay rates (furnished
to USH/USL by COMRAVSHIPYD BSN ltr DDBL3 of 30 Dec 1964) with data
furnished in this report.

b. Conduct similer controlled studies on at least two (2)
other domes "in air" to establish repeatability of data and
sland~rds of measurement.
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