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REPORT OF OBSERVATIONS OF ROLL

U.S.S. PENSACOLA

In accordance with orders from the Bureau of Navigation, representatives of

the Experimental Model Basin were on board the U.S.S. PENSACOLA from the last week

in August until the middle of November, 1931, for the purpose of observing the

rolling of that vessel, with especial regard to the effect of the newly installed

anti-rolling tanks. During this interval there were only two occasions when the

ship rolled heavily enough to make observations of any value. On October 28 and

29 stormy weather was experienced during which the ship rolled 100 from the vertical.

On November 10 and 11 while at anchor in a fog a long heavy swell caused the ship to

roll about the same amount.

In addition to observing the roll of the ship it was hoped that measurements

of wind velocities and wave length and heights could be obtained simultaneously

thus tying up the angle of roll of the ship with the wave slope and period and es-

tablishing the relation between the velocity and direction of wind and wave velocity,

length, and height at the time of observation.

For measuring the amplitude and period of roll, a roll and pitch recorder was

installed in the central station. This location was chosen, being fairly close to

the axis of roll. A director crew was trained to observe roll by sighting on the

horizon as a check on the roll and pitch recorder.

The velocity of the apparent wind was measured by an anemometer on the fore-

topmast, the direction was estimated. The apparent wind combined with the course

and speed of the ship gave the velocity and direction of the true wind.

The wave heights and lengths were measured by stereoscopic photographs.

Eastman Kodaks, size 3, were used mounted 4 feet apart. This distance of mounting

was found to be too short and was increased to 10 feet.

On October 28 and 29 the ship encountered stormy weather. Runs were made on

various courses at speeds to give synchronism with the waves. On each course ob-

servations were made with the tanks operating and with them inactive. Rolls of 100

were experienced but the sea was so irregular due to crossed series of waves that

there was no uniformity of roll. The effect of the tanks could not be measured due

to the very irregular roll. Wave pictures were obtained which of themselves were

of little value but which indicated that the method of measurement used might be

developed to a very useful state. The measurements obtained by the director checked

those of the roll and pitch recorder almost exactly, justifying the placing of

confidence in the readings of the latter instrument.

It is of interest that while the director and the roll and pitch recorder

agreed on a maximum roll of about 100, the inclinometer on the bridge indicated a

roll of 210.

---- -- 111 1, ii JI I I, I I I II II 11 11



On october 10 the ship was lying at anchor in a fog. A heavy and fairly

uniform swell about 400 feet in length was running. The ship rolled in a fairly

regular manner building up to amplitudes of about 100 before falling out of step

with the swells. Most of the rolling was forced and in the period of the swells.

A record of rolling was taken using the roll and pitch recorder. A continuous

period of one hour; thirty minutes with the tanks dry, and thirty minutes with the

tanks operating, was covered. No check observations could be made with the director

because of the fog.

There was practically no wind so no anemometer readings were taken.

The fog made wave photography impossible. The length of the swells was es-

timated from the points of two successive crests on the ship's side. The height of

the swells averaged six feet. The direction of the swells was from 400 relative

(estimated).

Figures 1 and 2 show the plotted data. Each point on the roll curves repre-

sents a complete oscillation (oort to starboard or vice versa). As the roll was

uniform each side of the vertical, the inclination from vertical for any roll is

one-half the ordinate of the plotted curve. The period was plotted for each roll

and a curve drawn through the points.

An examination of the curves shows the behavior of the ship to be typical of

nearly all rolling at sea. There are intervals during which the waves gradually

build up the amplitude of roll. After a number of oscillations the ship gradually

gets out of phase with the waves and finally is opposed by them with the roll

practically extinguished. After an interval of very small rolls the ship again gets

in phase and gradually builds up amplitude again. The reason for this action of the
ship is the non-uniformity of the wave lengths. The curves show that during the in-

tervals of building up of amplitude, the period of roll is close to twelve seconds.

The natural period of the ship is about 12J seconds. The closer the wave period is

to synchronism with the ship period the greater the amplitude of roll attained.

To obtain comparative figures of amplitude of roll with and without the tanks

in operation the average amplitude over the period of observation for each condition

of tanks was taken, together with the average period:

Condition of Tanks Average Amplitude Average Period

Dry 60.99 11.59 sec.

Operating 50.65 11.49 sec.

The amplitudes given are complete oscillations from port to starboard or vice versa.

As far as could be ascertained by eye the sea conditions were identical for each

condition. The close agreement of average periods substantiates this observation.

To obtain further comparative figures showing the opposition of the tanks

to the building up of roll the six intervals of roll during which the greatest am-

plitudes were built up were analyzed for each condition as follows:
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Condition of Tanks Amplitudes Attained in Six Separate Intervals

Dry 170.5 150.5 140.0 130.2 130.2 120.7

Operating 130.8 120.0 110.0 100.3 90.4 90.0

The comparison of the everage amplitudes shows that while the ship oscillated

through an arc of 60.99 with the tanks dry, when the tanks were put into operation

the arc was reduced to 50.65 a damping of 10.34 in 60.99 or 19 percent. The average

reduction in maximum amplitude attained in the six cases was 23 percent. While this

figure is of doubtful value since the sea conditions were not the same for all

twelve intervals of building up the amplitude of roll, still by taking the average

the effect of difference of conditions for individual intervals is minimized. The

close agreement of the percentage of damping in the case of the average roll with

that of the mean maximum is interesting. The damping due to the anchor chain was

constant throughout the observations.

The observations described above were repeated on November 11, but the swell

on that date was subsiding and changing in direction. Conditions were rapidly

changing so that during a half hour run, the direction and length of swells varied

enough to make the data of little value for comparisons.

It is believed that the conditions of November 10 were as nearly favorable

for determining the effect of tanks as could be expected at sea. In the long low

swell of small slope, the increment of roll added per wave was small and the ampli-

tude of roll was such that the tanks were working near the top of their efficiency.

The small angles attained with the long average period minimized bilge keel damping.

The indicated damping due to the tanks of 20 percent or 20 in 100 is believed

a little higher than would prevail under most conditions at sea when forced rolls

would be usually of shorter period. For amplitudes greater than 210 from side to

side (100 from vertical) damping due to the tanks would increase slowly. It is

doubtful if damping greater than 40 to 60 per roll would be obtained regardless of

the amplitude of roll.

It is believed that the results of observations, Figures 1 and 2, indicate

clearly that tanks of the type installed on the U.S.S. PENSACOLA would be effective

in damping roll if much larger than on that vessel.

Further study of the relation between wind, waves, and roll are of great

importance. Conditions at sea are so variable, however, and it is so seldom that

a sea approaching regularity is running that opportunities for observations of any

value are extremely rare.
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