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ABSTRACT

The POSEIDON Buoy roll control mechanism was evaluated to
determine the best configuration of gain, pendulum moment,
rudder span, and chord length. The results indicate that
a 3 to 1 gain; a 34-in. lb (3.84-Nm) pendulum moment;
a 4.5-in. (11.4-cm) rudder span; and a 2.81-in. (7.14-cm)
chord length providing a 31.2 percent pivot point, with
reference to the leading edge of the flap, yields a com-
bination that minimizes roll.

ADMINISTRATIVE INFORMATION

The experimental evaluation described in this report was funded by the Naval

Electronic System Command Element 64502N, Task Area X0742300, David Taylor Naval

Ship Research and Development Center Work Unit 1-1548-406.

INTRODUCTION

The David Taylor Naval Ship Research and Development Center (DTNSRDC) has a

continuing effort' supporting the submarine towed communications program under the

sponsorship of the Naval Electronics Systems Command (NAVELEX PME-II0) and the

technical management of the Naval Sea Systems Command (NAVSEA 61Y4). Under this

program it has been determined that during the construction of submarine communi-

cations buoys slight eccentricities are unavoidable. These deviations from sym-

metry cause the buoy to have an inherent dynamic roll. To compensate for this

roll, dynamic trim tests must be conducted in the towing basin on each buoy prior

to Fleet use.

The POSEIDON Towed Buoy Antenna which is currently under investigation for

application in the AN/BSQ-5 program will have a speed requirement higher than buoy

systems have had in the past. This higher speed makes the dynamic trim even more

critical.

To reduce the roll induced by buoy asymmetries and ultimately eliminate the

requirement for dynamically trimming each buoy, a roll control mechanism was de-

signed, fabricated, and then evaluated in the deep-water basin of DTNSRDC.

Buoy roll and the roll control rudder angles were measured for a series of

roll control gains, chord lengths, pendulum moments, and rudder lengths for various

buoys asymmetries to determine an optimum configuration. This report describes the

mechanism and the experimental procedures. Recommendations for a final configura-

tion are made.
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EXPERIMENTAL APPARATUS AND INSTRUMENTATION

The roll control towing evaluations were performed in the deep-water basin of

DTNSRDC. The basin is 277-ft (846-m) long,, 51-ft (16-m) wide, and 22-ft (7-m) deep

and is filled with fresh water at about 68*F (20*C). The towing arrangement is

shown in Figure 1. A depressor, simulating a submarine, is suspended from the

towing carriage. The buoy is connected to the depressor with a 5-ft (1.5-m) length

of 0.5-in. (1.27-cm) diameter, double-armored cable.

The roll control mechanism shown in Figures 2 and 3 consists of a simple

pendulum connected to the rudder by two pivotal reverse linkage arms. As the buoy

rolls port-side down, the pendulum swings to port causing the rudder to deflect to

starboard. This action causes a yawing and rolling moment which decreases the

buoy's roll angle.

The design of this device allows for five rudder gain settings, two rudder

spans, two pendulum moments, and five chord lengths which are obtained by adding

tabs of various thickness to the trailing edge of the rudder. These values are

shown in Table 1.

The following instrumentation was used in the towing tank evaluation:

1. Two pendulum potentiometers mounted on the buoy keel to measure buoy pitch

and roll angles

2. A rotational potentiometer mounted on the roll-control rudder to measure

rudder angle

3. A ring-gage dynamometer mounted at the depressor to measure buoy tension

4. A magnetic pick-up on the towing carriage to measure velocity

These parameters were recorded on a six-channel strip-chart recorder. Their

ranges and accuracies are listed in Table 2. The buoy reference planes and sign

conventions are shown in Figure 4.

PROCEDURES

A series of 15-deg angle wedges 3-in. (7.6-cm) long with a 1.5-in. (3.8-cm)

chord were placed on the outside of the vertical stabilizer of the buoy to induce a

roll angle. As many as four wedges totaling 12-in. (30.5-cm) on the port stabili-

zer and two wedges totaling 6-in. (15.2-cm) on the starboard stabilizer were used.

These wedge configurations and their dimensions are listed in Table 1.
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PSD 6768-12-81

Fig~ure 2a -Roll control Mechanism on Aft End of
POSEIDON Buoy, Cover On

PSD 6770-12-81

Figure 2b -Roll Cont-rol Merh~niqm.i Cover Off

Figure 2 -Roll Control Mechanism on Aft End of POSEIDON Buoy
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The first set of runs were made with the roll control fixed at 0 deg to determine

the effect of known asymmetries on the roll angle. The roll angle then was measured

for the seven-wedge configurations through a speed range from 6 to 14 knots

(3.2 to 7.4 m/s). With the roll control free, the gain, the chord length, the

pendulum moment, and the rudder spans were varied one at a time. Using known in-

duced roll angles for specific wedge-speed configurations, the action of the mech-

anism and its effect on buoy roll were observed to determine the best configuration

of the above variables.

RESULTS

Results for this evaluation are divided into four categories: pendulum moment,

rudder span, gain setting, and chord length.

Characteristic data comparing the two pendulum moment values evaluated are

shown in Table 3. In general, for equal conditions, a greater pendulum moment

deflected the rudder more, and the resulting roll was less.

Characteristic data comparing the two rudder spans evaluated are shown in

Table 4. The half-rudder of 4.5-in. (11.4-cm) had a greater deflection and reduced

roll more than the full 9.0-in. (22.4-cm) rudder.

Buoy roll results as a function of wedge configuration for various gain set-

tings and the standard "fixed" condition are shown in Figure 5. Initial trials

using the 1 to 1 setting were not effective at all. From the scatter in the 2 to 1

to 4 to 1 gain data, it is apparent that there is no significant advantage in any

of these values.

Roll and rudder angles for four chord lengths are shown in Figure 6. Increas-

ing the chord length effectively moves the center of pressure on the rudder aft. A

chord length too short would have the center of pressure forward of the pivot

point. This could tend to make the rudder unstable. A chord length too long would

move the center of pressure aft of the pivot point. The flow force at this posi-

tion acts opposite to the roll control action, thereby stabilizing the rudder at an

angle smaller than necessary. This analysis holds up generally, as seen in Fig-

ure 6. Data supporting the unstable condition are not presented. On a performance

basis the optimum chord length can be determined.

Tab No. 3 (3.0-in. (7.62-cm) chord length or 29.2 percent pivotal) provides

less ruddder deflection and less roll correction than either Tabs No. 2, No. 1, or

11



TABLE 3 - ROLL CONTROL EFFECTIVENESS AS A FUNCTION OF
SPEED FOR VARIOUS PENDULUM MOMENTS

Rudder Roll Uncorrected

Moment Speed Angle Angle Roll Angle

in. lb (Nm) kt (m/s) degrees degrees degrees
Starboard Port Port

24 (2.71) 6 (3.1) 0.8 1.0 0.

8 (4.1) 1.2 2.0 1.0

10 (5.2) 2.0 3.5 2.0

12 (6.2) 2.5 5.0 5.0

14 (7.2) 3.0 8.5 10.0

34 (3.84) 6 (3.1) 2.5 1.0 0.

8 (4.1) 3.2 2.0 1.0

10 (5.2) 4.0 2.5 2.0

12 (6.1) 4.0 4.5 5.0

14 (7.2) 6.0 7.0 10.0

CONDITIONS: Gain: 3 to 1, Tab Nos. 4, 5 Rudder, Wedges Nos. 2, 3, 4 Port

12



TABLE 4 - ROLL CONTROL EFFECTIVENESS AS A FUNCTION
OF SPEED FOR TWO RUDDER SPANS

Uncorrected

Rudder Angle Roll Angle Roll Angle
Rudder Length Speed degrees degrees degrees
in. (cm) knots (m/s) Port Starboard Starbor

Starboard

9.0 (22.9) 6 (3.1) 1.0 2.0 3.0

8 (4.1) 1.5 3.0 4.3

10 (5.2) 2.0 3.8 7.2

12 (6.2) Y' 0 5.0 10.2

14 (7.2) 2.5 6.5 15.0

4.5 (11.4) 6(3.1) 2.5 1.0 3.0

8 (4.1) 3.0 2.0 4.3

10 (5.2) 5.0 3.0 7.2

12 (6.2) 7.0 3.5 10.2

14 (7.2) 8.5 4.5 15.0

CONDITIONS: Gain: 3-1, Tab No. 3, 34 in. lb moment, wedges Nos. 3, 4 STB

13
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Figure 5 - Roll Angle as a Function of the Number
of Wedges for Various Gain Values
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0 ROLL CON4TROL FIXED
0 NO TABS, CHORD LENGTH: 2.75 in.
A TAB I , CHORD LENGTH :2.81 in.
cTAB 2, CHORD LENGTH : 2.91 in.

S10 0TAB 3, CHORD LENGTH :3.00 in.

4j GAIN: 2-1, Pendulum Moment:34 in. lb
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0
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Figure 6a -Roll Control Rudder Angle as a Function

of Speed for Various Chord Lengths

3 SPEID (meters/second) 6 7
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El NO TABS, CHORD LENGTH: 2.75 in.

10 ATAB 1, CHORD LENGTH :2.81 in.
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Figure 6b -Roll Angle as a Function
of Speed for Various Chord Lengths

Figure 6 - Roll Angle and Rudder Deflection as a Function
of Speed for Various Chord Lengths
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no tabs at all. Using no tabs (2.75-in. (6.98-ca) chord length or 3.8 percent

pivotal) provides less rudder deflection and less roll correction than Tabs No. 1

or No. 2. Tab No. 1 (2.81-in. (7.14-cm) chord length or 31.2 percent pivotal) has

a generally higher rudder deflection than Tab No. 2 (2.91-in. (7.39-cm) chord

length or 30.1 percent pivotal), and the Tab No. 1 roll correction is also better

than Tab No. 2.

CONCLUSIONS

The following conclusions are based on the results of this evaluation:

1. The greater pendulum moment of 34 in. lb (3.84 Nm) is more effective than

24 in. lb (2.71 Nm).

2. The 4.5-in. (11.4-cm) rudder span is more effective than the 9.0-in.

(22.9-cm) span.

3. A variation in the gain factor between 2 to 1 and 4 to 1 had little impact

on the effectiveness of the roll control system; however, a minimum gain of

2 to 1 is required.

4. Tab No. 1 with a (2.8-in.(7.14-cm) chord length or 31.2 percent pivotal)

provides the best roll correction of the chord lengths evaluated.

RECOMMENDATIONS

Based on the results obtained from this investigation, the following recom-

mendations are made:

1. Use a pendulum weight that provides a moment of 34-in. lb (3.81-Nm).

2. Use a 4.5-in. (11.4-cm) rudder span,

3. Use a rudder gain value of 3 to 1.

4. Use a chord length of 2.81 in. (7.14 cm) which provides a 31.2 percent

pivot location.
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