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This paper describes a method of reducing the noise radiated~ into the
hater Eran a ship hull. Underwater noise is recognize! asa problem in
certain marine activities such as seismic profiling, operation of navy
ships, etc. Ch the ship in questicn it was found, by using narrow band
frequency analysis. that the primary noise source was the rigidly
nountei main engines. The underwater noise spectrum was dominated by
pure tone ounpments with frequencies of 25 Hz. 31.25 Hz and62.50 Hz,
the 31.25 Hz oarponent being the dominating outpatient. with a specially
developed technique, the intensity vector field of the radiated under-
water noise was detemlined. This investigation showed that the main
part of the radiated sound power originated Emu the hull structure
just helm the main enginis and gears, the hull being driven in a bend-
ing mode.

mISE W
The main engine is a 5 cylinder 4-stroke diesel engine cpezated at a
fixed speei of 750 mu. delivering 750 HP. This means that the domi-
nating frequency component. 31.25 Hz. originates Eran the 2 l/2'order
guide mt. The guide manent. which makes the engine took about a
longitudinal axis. can be interpreted as the reaction of the engine to
the torque variations during an engine cycle.
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several metl'xods can be implied to reduce the wovene'nt of the button of
the ship due to the rocking notion of the engines. One of the tradi-
tional, well proven. solutims is to nount the engine resiliently. his
is. however, a rather expensive solution. As this engine runs at a
constant speed and only one frequency cunpment dominates the noise,
the agalicatim of a dynamic absorber was investigated.
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MENTION BASIS
The dynamic absorber is basicly an auxiliary spring mass-systan with
the exciting force at the spring. and tuned, to the exciting frequency
of the primary system (engine/hull structure). In the frequency range
of interest, calculatiors show a great number of natural frequencies of
the hull structure and therefore it is not possible, with a reascmable
effort, to calculate the impedance of the primary system with analytic
methods alone. Measuring the magnitude of, and the phase relations be-
tween vx and v on both sides of the engine, makes it possible to de
termine the positim of the longitudinal axis of rolling. By combining
this with a simplified lrodel, representing the systeln at 31.25 Hz, and
assuming that the engine acts as a rigid body, it is then possible to
estimate the impedance of the engine foundation. The guide nunent
drives the engine, which has a nunent of inertia Ita about the rolling
axis. The following equation exists, representing the Emulation forces
Fx. FY as a couple of magnitude F ' 21', there r is the distance frun
the longitudinal axis to the engine bedplate.

M x-Iui’f"~|Z|- gr,“ (1)

The magnitude of the impedance was calculated to be 9.9 - 106 Ns/m as a
total for one side of the foundation.

The impedance of a base excited spring-mass system is

CK, mum L+5Lk
Z'w‘ (2)c2+um-,_,

Which. at the resonance frequency, when c is small and neglecting small.
value terns. reduces to:

IZI m: mass (3)
c: damning ooefficent

or in a more ouwenient way k: stiffnes
2m," T]: loss factor (4)

IZI ' n

In order to obtain a reduction of the vibration level of 6 dB, the
impedance of the absorber shmld be equal to the inpedanoe of the hed-
plate. This meam that the loss factor has to be very snall in order to
minimize the necessary mass and volume of the absorber. ’me [Mat ob-
tainable loss factor is app. 0.0006. ccrrespording to the loss factor
of steel. There will he unavoidable'iosses in clamping of the spring.
so consequently a conservative value of q= 0.01 was used in the calcu-
laticms. This means that the mass of the absorber has to be 500 kg with
me absorber on each side of the engine.
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DESIGN OF ABSORBER

As the force from the absorber has to be distributed along the engine
bedplate, the necessary mass was diVided into 5 smaller absorbers of
100 kg each. As the absorbers change the input impedance of the engine
bedplate, the resulting directionof mavensnt is unkncmn. 'I‘he designed
absorber should therefore be able to adjust itself to the actual direc-
tion of the novement. A rotary syl'm‘etric design was therefore applied.
This design is favourable, as it is able to adjust itself to the direc—
ticn of the movement autmatically as the resonance frequency is inde—
pendent of the directien of the novement in the vertical plane.

scum MODEL EXPERIMENT
To Verify the calculations a sale wodel experiment was set up. Flour
dampers were installed. two cm each side of a model engine, which was
mounted on a fwndaticn type similar to the actual one] on a 1:5 scale
model of a ship bottml structure. The engine was excited with a trans-
verse feree, emulating the guide mnent. using barxiljmited vfnite noise
to drive the exciter. The model ship bottun structure was kindly pro—
vided by The Acoustic Laboratory, at the Technical University of Den—
mark.
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The nodal experiment set—up. Measured impedance of absorber model.

The absarber model was designed to work atapproximately 132 Hz. The
total moving mass was 1.5 k which, with a loss factor of 0.01, gives
an impedance of app. 12,510 stm. The measured inpedance was 73'103
Ns/m‘ This means that the losses at the Clamping of fine beam were high-
er than expected and equal to a loss factor of 0.017. The insertion
loss of the absorbers was treasured at several poeiticras on the plating
and bottom of the ship nodal. The mean measured insertion loss was 26
dB. at the optimal frequency.
The amplified nodal for determining the bipedame of the ship founda—
ticn was agilied to the model and the ealculatei values were within 1-3
dB of the measured values.
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Velocity level with absorbers (thick curve) and without (thin curve).

FULL SCALE PRDIUI'YPE DYNAMIC ABSORBER
A full scaledynamic absorber was designed and manufactured with spe—
cial care considering 10d losses in the clamping of the spring. The
impedance was measured to be 5.6'106 Ns/m mnesyonding to a total loss
factor of 0.0035. The insertion loss of the absorber. mounted on the
engine bedplate, was measured m board the ship as a functim of engine
speed. On the basis of the oalculatai inpedanoe of the‘bedplate and the
measured impedance of the absorber, the "Ban insertion loss was pre—
dicted to be 11.6 dB. The maximum insertion loss was measured to be
15.5 dB in the vertical direction and 7.3 dB in the transverse direc~
tinn. Considering the phase relaticns. the mean insertion less is 11.5
dB. The narrcw working range of a dynamic absorber places restricticns
an angina speed variations. This is true especially for a type with
little damping. Fran neasurements of the variations in angine speed the
obtainable reductim of fie velocity level was deduced to be 6 11B in
68%. of the neasurirg time.
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The slmplified model for aalwlating the irrpedanoe of the engine foun-
datim gives fairly accurate results mid1 can be used as the calcula-
tion basis for a dynamic absorber. The self-adjusting rotary symmetric
dynamic absorbers seen to be applicable where space restrictims daland
for a compact design. however. structural fatigue prd‘alerre my txcur
due to the high loading of the spring.
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