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VIBRATIOI TEST ON SHAFT RQSSING
of
U. 3. S. HAMILTON
at
NORFOLK LIAVY YARD, JUNE 11,1931

SUMMARY

The shaft and bossing were set in forced vibration by
mounting a vibration generator on the end of the shaft in place
of the propeller. The frequency of the periodic force was
varied until resonence was obtained. The force was applied in
different planes by jacking over the shaft. Resonance occurred
on both shafts at a frequency of 1710 vibrations per minute.
Maximum amplitude ocourred when the exciting force was perpen-

dicular to the plane of symmetry of the bossing.

GENERAL

The purpose of this test was to find the natural fre-
quenoy of vibration of the new propeller shaft bossl ngs arising
from unbalenced forces on the propellers in order to prediot
whether a ocondition of resonance would arise under operating
conditions. Since the maximum shaft speed is about 450 RPM,
the periodic unbalanced condition with propellers of three
blades would occur at a frequency of around 1350 per minute.

If the natural frequency is well above this value no exoessive

vibration is to be expectad. The safe limit depends on the
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sharpness of the resonance curve and this is determined by

the damping conditions. The greater tiie damping forces the
broader is the resonance curve and the smaller the amplitude
at resonance, so that, in addition to determining the resonant
frequency, it beoomes equally important to determine the sharp-
ness of resonance. This is analogous to selectivity in tuned
electrical circuits where tile resistance corresponds to the
damping force.

In a forced vibration the power required to maintain
vibration is all expended in overcoming the damping resistance
and is dissipated in the form of heat. The average power p is

given by the equation:

Azwzl
=

where A is the amplitude, 1 the damping resistance per unit

velocity, and w the circular frequency (27 x frequenscy). Sinoe
the amplitude decreases rapidly after resonance is passed maxi-
mum power is required at resonance. Hence the power-frequency
ourve gives not only the resonant frequency but also an indica-

tion of the damping.

APPARATUS AND METHOD OF TESTS

The vibration generator used for determining the
resonance ourve is shown on the attached photographs. It con-

gists essentially of *wo parallel shafts geared together so

that they rotate in ppposite direotions. On each end of each
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shaft is a pair of weights which can be set at any desired
angle. When the two weights are opposite one another their
cammon center of gravity falls on the axis and the machine is
balanced so that there is no external force applied regard-
less of the speed. But, 1f one of the weights is held fixed
and the other moved around the eircumference, the common cen-
ter of gravity moves out from the axis and a cemtrifugal
force equal to mrw? arises, where m is the combined mass of
the two wéights, r the distance of the common center of
gravity from the axis, and w the angular velocity. Accord-
ing to the manner in which the weights are set the machine
san produce vertical, tilting, or torsional oscillations.
Since for vertical oscillations all pairs of weights are
aoting together the total force is 4 times the value given
above.

A motor is mounted on each axle of the generator and
a wattmeter is connected in so as to give the power taken by
the armatures only. The wattmeter thus gives the power re-
quired to maintain the vibration plus that taken to overcome
friotion in the bearings. The latter is slight and is
measured by clamping the machine to a rigid foundation and
ma¥ing a power-frequency curve. From this the curve obtained
during a vibration test can be corrected so as to give only

the power required to maintain vibration.
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f This machine is designed for a maximum centri-

fugal force of 430 1b. and a maximum speed of 3600 RPM.

For the purpose of this test a special carrier

was made by means of which the vibration generator could

:

be mounted on the shaft in place of the propeller while

the vessel was in dry dock. The design of this oarrier

S g

is shown on Norfolk Plan N-10133, Washingion No. Mise.1l27.
Only one kéyway was cut 1instead of two as shown on tne }
drawing. j

Photographs, Norfolk Nos. 599-31 and 600-31,
prints of which were forwarded to the Navy Yard, Washing- 1

ton, and the Bureau of C%R with Commandant, Norfolk let-
ter DD141/S43-1(5-MD) of 19 June 1931, show the exciter ‘
mounted on the end of the propeller shaft.

Wedges were first driven in between the shaft
and the bearing so that the vibration would be transmit-
ted directly to the bossing. The generator was mounted }d
on the table of the carrier and the weights were offset 1
10° for vertioal vibration, in other words vibration in
a plane perpendiocular to the tase of the mashine regard-
less of the inclination of the machine to the horizontal.
In order to determine the angle of inclination the plane
thru the axis of the bossing was taken as the plane of
reference. The shaft was jacked over so that the base of
the vibration generator was parallel to this plane (as

nearly as oould be judged by eye). From this position
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rotation was measured in stages of 30° by scribling on
the end of the bossing and attaching a pointer to the
key on the sharft.

CONDUCT OF TESTS

With the machine in the initial position on the
shaft and with a 120 volt d. ¢. line from the ship connec-
ted to the control box terminals a run was made up to a
speed of 40 Hertz (1 Hertz = 1 cyole per second). Vibra-
tion could easily be detected in the neighborhood of 30
Heirtz but the amplitude was exceedingly small. The weights
were then offset 20° whereupon a very distinet vibration
could be felt at a speed of 28.5 Hertz (1710 RFM). The
safety limits of the machine would not permit inoreasing
the eccentricity. No satisfasctory method of measuring the
amplitude could be devised within the time allowed for the
test, but at the end of the propeller shaft it appeared to
be of the order of 1/8 inoch.

Because of the smallness of the amplitude the
power taken by the machine was less than 5 watts. This
made it impossible to obtain a power-frequeney curve and
hence to determine the resonant frequancy by the power
method. There seemed, however, to be fairly sharp reso-
nance. The resonant speed was determined merely by feeling

the vibration at the end of the shaft.
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At maximum amplitude vibration could be felt

all over the stern of the ship. The vibration of the

s

rudder could easily be seen and vibration could be felt
along the entire length of the bossing. It waz reportud 1
that the vibration could be felt in the engine room.

Owing to the inadequacy of the power readings
and the lack of an accurate method of measuring the ampli-
tude, the test boiled down to a determination of the res-

onant frequency and the plane of maximum vibration.

RESULTS

The resonant frequeney was found to be 28.5
Hertz (1710 per minute) for both shafts. Resonance
ocourred at the same frequenocy regardless of the insli-
nation of the machine, but maximum amplitude oocurred

when the exciting force was perpendiocular to the axis of

the bossing, and minimum amplitude when parallel to the

axis.

On the port side vibration could be deteoted
at about 26 Hertz and continued to about 32 Hertz. On
the starboard side the resonance curve seemed to be

broader and vibration was felt at 24 Hertz. Removal of

the wedges around the shaft did not affeot the results.




CONC J_USIONS

In conclusion it should be pointed out that
this test was run unde:; several conditions which would

not exist at sea. The absence of the propellers increases

the natural frequensy. It would be preferable to devise
a means of mounting the vibration generator with the pro-
peller in place. A rough estimate shows that the resonant ;
frequenoy would have been about 20% lower or approximately ‘}
1370 with the propellers in place. F

In dry dock the inertia and damping effects of
the water are not present resulting in a higher natural
frequency.

The fact that the vessel was resting on blocks
also probably inoreased the frequenocy since the stern of ?

the ship was vibrating as a cantilever beam whose length ?

was shortened by the keel blocks. 3

With a heavier machine vibration could have been }5
detected over a much greater frequency range and a better ';
idea of the sharpness of resonance oould have been obtained ;
by making a power-frequency curve. On the other hand, the %

problem of mounting such a machine, especially without re- }

moving the propellers, would have been much more difficult.
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Photographs

Vibration Generator - Control A»paratus.

Vibration Generator with Control Apparatus.

Vibration Generator.

U.SeS. HALILTON - Experimental Shaft Bossing,
Port Side, Showing Mechanical Vibration

Apparatus in Place.

U.S5¢S. HAMILTON - Conducting Vibration Test
on Port Shaft and Bossing with Mechanical
Vibration Exciter, Manufactured by

Losenhausenwerk, Dusseldorf, Germany.
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) Adjustable weights

VIBKATION GENERATOR
(2

(1) Tachometer
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