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ABSTRACT

The results of spiral and turning maneuvers conducted with

Model 5347 , representing a proposed design of the USCG Med i um

Endurance Cutter (WHEC), ind l cate that the ship will be direction—

ally stable at an ahead speed of 5 knots and w ill have excellent

turning characteristics, whether appended with the 69,6 squa re
foot (6~47 square metres) rudders (A) or the 50.0 square foot

(4.65 square metres) rudders (B). At an approach speed of 15

knots and a rudder angle of 35 degrees the ship will turn in

2.80 ship lengths when appended with the large rudders as compared

to 3.53 shIp lengths when appended with the small rudders.

ADMINISTRATIVE INFORMATIO N

This work was authorized by the Military In terdepartment Purchase Request

Number Z-79099 642370. The work was performed under the David W. Tay lor Naval

Ship R&D Center (DTNSRDC) Work,UnIt Number ~l-l568-022.

INTRODUCTION

The United States Coast Guard (USCG) requested DTNSRDC to conduct various
experiments to assist in the development of design plans for the WMEC. This
report contains the results of spira l and turning maneuvers .

Experiments with the free-running model were conducted In the David Taylor
Mode l Basin. The spiral maneuvers were carried out at a ship approach speed
of 5 knots , while the turns were made at speeds of ‘$0 , 15 , and 20 knots. Two
pai rs of rudders of different sizes were used so that the size determination
could be made.
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DESCRIPTION SF PROTOTYPE AND MODEL

The princ ipal characteristics of the ship and model are given in Table 1.
The pr.pesed design of the WHEC , as represented by Model 5347, has a length
between perpendiculars .f 225 feet (77.72 metres) and a displacement of 1762
long tons (1795 tsnn.s). The ship is steered by twin , spade rudders and pro-
pelled by twin , outward turn ing pr.pellers. Th. model , shown in FIgures 1 and
2, is a 1:14.439 scale version of the ship.

Center stock propellers 4507 and 4558 representing diame ters of 9.5 feet
(2.74 metros) and hav i ng four blades were selected for these experiments. Two
pairs of rudders were used and designa ted A and I. The larger rudders (A)
have area s of 6~.6 square feet (~.47 square metres) each , wh i le the smeller
rudders (b) have areas of 50.5 squa re feet (4.~5 square metres). The cempara-
tive sizes of these two pairs of rudd.rs can be seen in Figure 3. Further
details of the rudders can be seen In USCG Drawing: 275 Ft. WMEC Model Test
Appendage Configuration .f 2~ May 1976.

EXPER IMENT PROCEDURE

The e*p.rimsnts were conducted with the model ballasted to the particulars

given In Table 1. Time histories •f yaw rats, rudder angle , and heel angle
were measured by a rate gyro , rudder servo, and rol l gyro , respectively. The
signals from these transducers were r csrded on Mase ly strip chart r.corders.

Th, spiral maneuvers were conducted for a ship speed of 5 knots us ing both
pairs of rudders. Adequate data wars obtained to ensure that a full evaluation
of directional stability could be made.

The turn ing maneuvers were c nducted In the J—basln with the path of the
m.del being photographed by overhead cameras throughout the turn. in addition,
visua l observation s of the distanc . between the releas, point on the towing
carri.gs to the point whore the model had changed 18$ degrees from the base
course were med. and used to give an Imasdiet . estimet , of tactica l diameter.
Turns were mode at rudder angles •f 28, 25, 3$, and 35 degrees of ship appre.ch

2
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speeds of 10, 15, and 20 knots, using both pairs of rudders. Predictions of

tactical diameter are made using the photographic plates. The turn at the
20-knot, 35-degree condition using the large rudders was not made because of

the risk of model damage.

PRE SENTAT I ON OF RE SULTS

The results of the spira l maneuvers are shown in Figure 4 as curves of
steady yaw rate versus rudder angle for a ship approach speed of 5 knots. The

data clearl y show that the ship will be directionally stable using either pair

of rudders at ship speeds of 5 knots.

Table 2 presents the estimates of tactica l diameter and maximum heel angle

which were obta i ned from the turning maneuvers. The tactical diameters are

also presented in Figure 5 versus approach speed for various rudder angles and

for both pairs of rudders.

The tactical diameter will vary from about 2.80 ship lengths at an approach
speed of 10 knots and rudder angle of 35 degrees to about 4.92 ship lengths at

an approach speed of 20 knots and rudder angle of 20 degrees when using the

large rudders (A). When using the small rudders (I), the tactica l diameter

w i l l  var y from about 3.54 ship lengths at the 10-knot , 35-degree turn to about

5.20 ship lengths at the 20-knot, 20-degree turn. The difference between the

tact i cal diameters from turns using the two pairs of rudders was constant with

increasing speed. However, as the maximum rudder execute angle was increased ,

the difference in tactica l diameter due to rudder size Increased greatly.

Due to the small transverse metacentric height (GM.1.), a consi dera b le
amount of heel angle was expected during the turns. The maximum amount of heel

(—.20 degrees) occurred during the 20-knot, 30-degree turn us i ng the larger

rudders. Had we made the turn at a rudder angle of 35 degrees with these
rudders at this speed, more than 20 degrees of heel angle would prob bly have

been measured . The large expected heel angle was another reason for not
attempting the 20-knot, 35-degree turn with rudders A. The combination of

large heel an$le and tight turning could have resulted In model or equlpmsnt

t 



damage. There is no ind ication that any rudder breakdown (stall) w i l l  occur
for the range of conditions for which the experiment was conducted .

The overall handling qualitIes of the model are quite good. As is the

case with most twin—screw , twin.rudder ships , the neutra l angle is zero degrees.

This rudder angle could be set and the model would continue in a stra ight path

with no tendency to wander. The turn i ng ability of the model was the most signi-

fIcant maneuverIng characteristic observed during the experiment . When the mode)

was appended with the large rudders , turns could almost be completed in the width
of the basin.

CONCLUSIONS

Based upon the results of the spi ral and turn i ng maneuvers, the following

conclusions are d rawn:

a. The shi p wil l be direct ionally stable at an ahead speed of 5 knots.

b. The tactica l diameter will vary from about 280 to 4.92 ship l engths

over the ship speed and rudder angle ranges for which turns were made using the

large rudders (A).

c. When appended with the small rudders (B), the ship will turn in about

3.54 to 5.2$ ship lengths for the speed and rudder angle ranges for which turns

were made.

d. At an approach speed of 15 knots and a rudder angle of 35 degrees, the
ship w ill turn in 2.80 ship l engths when appended with the large rudders as

compared to 3.53 ship lengths when appended with the small rudders.

e. The maximum heel angle measured during the turns is approximately

2$ degrees, at a ship speed of 20 knots and a rudder angle of 30 degrees and

using the large rudders.

f. There is no ind ication that any rudder breakdown (stall) will occur

for the range of conditions for which the experiment was conducted

,4



TABLE 1 - PARTICULARS OF THE WMEC

Agency USCG

Ship WMEC
Model No. 5347

Model Propeller No. 4507, 4508
Linear Ratio 14.439

Particular Ship Model

L~~1 ft (m) 255.00 (77.72) 17.66 (5.38)

B, ft (m) 37.98 (11.58) 2.63 (0.80)
1, ft Cm) 13.50 (4.11) 0.94 (0.29)

~~, tons S.W. (tonnes), l bs. F.W. (kg) 1762.00 (1790.00) 1278.00 (579.66)

GM.1., ft (m) 2.18 (0.66) 0.15 (0.05)

Trim by bow, ft (m) 0.00 0.00

Number of Propellers 2 2

Propeller Diameters , ft Cm) 9.00 (2.74) 0.62 (0.19)

Prope l l er Pi tch , ft (m) 9.58 (2.92) 0.66 (0.20)

Number of Blades 4 4

Number of Rudders 2 2

Rudder Type Spade Spade

Rudder Turning Rate, deg/sec 3.50 13.30

Rudder Area (A), ft2 (m2) 69.60 (6.47) 0.33 (0.03)

Rudder Area (B), ft2 (m2) 50.00 (4.65) 0.24 (0.02)

5



4 TABLE 2 - SUMMARY OF TURNING MANEUVERS CONDUCTED WITH THE WMEC

Max i mum
Rudders V~ v51v1 ~r 

Tactical_ Diameter Heel Ang le
kn6ts degrees yer~i metres ship lengths degrees

A 10 0.626 20 383 350 4.50 3.8
25 327 299 3.85 3.8
30 274 251 3.22 3.3

35 239 219 2.81 4.9

15 0.939 20 387 354 4.56 6.6

25 326 298 3.84 6.9

30 276 252 3.25 7.0

35 238 218 2.80 8.1

20 1.252 20 418 382 ~.92 10.3

25 347 317 4.08 17.0

30 292 267 3.43 20.2

B 10 0.626 20 404 369 4.75 -

25 339 310 3.99 -

30 — — — -

35 301 275 3.54 -

15 0.939 20 406 371 4.78 -

25 337 308 3.97 -

30 303 277 3.56 -

35 300 27~ 3.53 -

20 1.252 20 442 404 5.20 -

25 362 331 4.26 -

30 325 297 3.82 -

35 310 283 3.64 -

6
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Fi gure 2 - Photographs Showing Port Profile and Transverse
VIews of the Stern of Mode) 5347
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O LARGE RUDDERS (A)
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FIgure 4 - Steady Yaw Rate versus Rudder Angle from Spira l
Maneuvers Conducted with the WMEC at a Ship
Speed of 5 Knots with Two Sets of Rudders
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Figure 5 - Tactical Diameter versus Approach Speed for Various
Rudder Angles from Turning Maneuvers Conducted with
the WMEC Using Two Sets of Rudders
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DTNSRDC ISSUES THREE TYPES JF REPORTS

I i) DTNSRDC REPORTS. A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICAL VALUE , DESIGNATED BY A SERIAL REPORT NUMBER

I?) DEPARTMENTAL REPORTS. A SEMIFORMAL SERIES . RECORDING INFORMA
lION OF A PRELIMINARY OR TEMPORARY NATURE , OR OF LIMITED INTEREST OR
SIGNIFICANCE. CAR ~VING A DEPARTMENTAL ALPHANUMERIC IDENT I F ICAT ION

(3) TEC9NICA L MEMORANDA. AN INFORMAL SERIES, USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS, NUMBERED AS TM SERIES
REPORTS; NOT FOR GENERAL DISTRIBUTION
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