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: . ABSTRACT

N
'Y

This report contains experimental and analytical predictions of the
seakeeping characteristics applicable to the DD 9923 in accordance with a
ship displacement of 8000 tons. Random wave experimental results are
presented for various sea states at various ship speeds and headings. }
Roll motions are predicted for irregular, short-crested secas for various
.~ Sea states at various ship speeds and headings. Roll is largest at the
70 degree heading; while the 100 degree heading results in the largest
heave. For the IIN DD 993, there are no performance requirements for
seakeeping. Those predictions contained hereinsare provided for ship
operator information.
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NOMENCLATURE

Maximum beam

Transverse metacentric height

Significant wave height

Distance from baseline to vertical center of gravity

Pitch gyradius I
Roll gyradius

Longitudinal center of gravity as referenced to midship

Length between perpendiculars

Draft

Displacement (weight) of ship in long tons
(one long ton = 2240 pounds)
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DEFINITIONS

Short crested seas

Long crested seas

Significant amplitude

Ship heading

A sea condition which is most representative

of real life. The waves are multidirectional, as
opposed to unidirectional. Represented by a
Pierson-Moscowitz sea spectrun.

A sea condition which has irregular waves, all
travelling in the same direction (unidirectional,
represented by a Pierson-Moscowitz sea spectrum).
Does not occur often in real life.

Term used in statistical analysis., Defined as

the mean value of the one-third highest amplitudes.
The significant roll amplitude is 1.6 times the
average roll value.

Ship heading is defined on the basis of
head seas ......... 180°
beam seas «........ 90° and 270°
following seas .... 0°

180 (head eeaq)

(beam seas) 90 — ‘ — 270 ° (beam seas)

® (following scas)

"
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INTRODUCTION

This report contains experimental and analytical predictions of the
seakeeping characteristics which are applicable for the DD 993 in accordance
with the ship particulars listed in TABLE 1. Although the results
contained herein are fer a ship displacement of 8000 tons, it is felt

that no significant changes would be realized for a displacement change
of + 400 tons.

Random wave experiments were conducted in waves representative of a
Sea State 4 (H ; B 6.9 feet) at ship speeds of 0, 8, 16, 24 and 30
knots for headings of 220, 200, and 180 degrees; Sea State 5 (Hy/3 =
10.0 feet) at ship speeds of 12, 16, 20 and 24 knots for headings of
220, 200 and 180 degrees; and Sea State 6 (Hy,3 = 15.0 feet) at ship
speeds of 0, 8, 16 and 24 knots for headings of 220, 200, 18C, 120, 110,
100, 90, 70, 40 and O degrees. TABLE 2 presents the measured significant
amplitudes of the motions representative of the DD 993 in random long-
crested waves.

The predicted roll motions in irregular, short-crested seas are
presented in FIGURES 1 - 5 for ship speeds of 0, 8, 16, 20 and 24 knots.
Significant roll amplitudes in degrees are shown as a function of ship
heading angle for the four sea states of interest (4, 5, 6 and 7).

The significant roll amplitudes at the worst heading angles (heading
angle with maximum roll response) for short-crested seas are shown as a
function of ship speed in FIGURE 6. The significant roll amplitudes at
the worst heading angles for short-crested seas are presented as a
function of significant wave height (double armplitude) in FIGURE 7.

It should be pointed out that TABLE 2 represents the results of
Model Testing. FIGURES 1 through 7 are based upon Computer Predictions
which use a roll decay coefficient obtained from Model Test. Notwithstanding
this, the curves shown in FIGURES 1 through 7 are more realistic, since
they are given for Short Crested Seas (see definition).
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DISCUSSION

TABLE 2 contains rmean values of yaw angle and sway displacement, in
addition to significant values of Pitch, Recll, Heave and Relative Bow

Motion. When reading the values of vav and sway, the ccrrect sign
conventicns for yew (bow tc starbeard is positive) and sway (pesitive to

starboard) shculd be applied.

As expected, the highest Sea State generates the highest amplitudes
of motion. The most critical chip speed, however, is not so obvious.
TABLE 2 does not show any particular speed for which 211 of the motions
are largest, although roll motion decreases with increased ship speed.
The table does show, however, that the pitch is grecatest for headings

"between 220 and 110 degrees, with all of the headings within that range
resulting in about the same pitch motion. The roll is largest at the 70
degree heading; while the 100 degree heading seems to result in the
largest heave. The largest relative bow motion is at the 0 degree
heading, with the second largest at the 220 degree heacding; although the
differcnces betveen the results at the 220, 200 and 180 degree heading
seem to be slight.

The predicted roll motions in short-crested seas, for random headings
can be found in FIGURES 1 - 5. These roll angles ranfe from a significant
roll vaiue of + 5.08 degrees in Sea State 4 to + 21.6 degrees in Sea
S.ate 7.

FICURE 6 shows significant roll amplitude at worst heading plotted
against ship speed. It should be noted that, in the higher Sea States
(above S.S. 5), the rolling decrecases with increase in ship speed.

FIGURE 7 shows the increase of rolling motion with significant wave
height.
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SHIP PARTICULARS

B, feet

GMT, feet

KG, feet

Kg % Lpp

K¢, %z B

LCG (aft of midship), feet
Lpp, feet

E; Eeet

A, tons sea water

NUMBER OF PROPELLERS
NUMBER OF RUDDERS

RUDDER 1YPE

RUDDER ARFA (PER RUDDER), square feet

TRIM, fect

TABLE 1 - PARTICULARS OF THE DD 993

55.2
3.9
22.3
25.0
37.0
7.3
529.0
19.6
8000.0

2

2
SPADE
162.0

EVEN KEEL




(ixperimental Results in Long Crested Seas)
TAPLE 2 ~ SIC: IL TCANT WAVE ’.:.:GX: (DOUZLE AMPL I'I‘..ﬁ) , SIGNIFICAN
SHIP MODTONS (SINCLE AMPLT S), AN SrNOYAW
AN SUAY FOR THE DD G283 TN PANDOM VAVES

Conditions , : Sicnificant Valuae _[ Yean ‘.'.-:l-_‘-_;'c__j

Sea | Ship : lave |} i Relative | Mean | Mean
Heading | State } Speed YMeight Pitch Roll eave Bew aw Sway ¢
Motion g * !
Degrees Knots Feet ! Degrees ; Degrees | Feet reet Desrcecs § Feet {

220 4 0 6.46} 0.59 2,68 * 1.13 5.33 | +0.58 |+ 5.06
8 7.031 0.73 1.87 | 1.23 5.17 | ~1.23 |4 1.8
, 16 7.10] 0.75 1.31 | 1.44 5.32 | -0.22 f+1.76 |
24 74| 0.6 [ 143 | 166 | 5.67 | +0.c6 |- 0.292
30 6.95] 0.57 2.04 | 1.63 5,35 | ~0.56 14 2.76 |
5 12 10.04 | 1.34 2.79 | 2.40 8.63 | -0.59 |+ 4.17
16 9.81| 1.36 | 2.25 | 2.80 9.02 | +0.71 |-10.50 ;
E 20 5.85| 1.25 | 2.24 | 3.15 9.11 | +0.14 - 4.51 |
: 26 | 10,07} 1.20 | 2.38 | 2.95 9.13 Jn.sz - B.8n ]

%- 6 o 16,491 1.67 7.57 | 6.58 12.10 »9.18 + 5.46
| ; 15.30f 2.12 1 6.36 [ 4.58 | 13.52 | -1.23 |+« 6.47 |
16 15,19} 2.2 3.73 | 4.86 14.06 | +0.52 {- 0.92
- 24 14.79 ] 2.05 3.22 1 5.47 | 14.35 RYTH PP
[ 200 | 4 7461 Gulis | B0 § hepo 4.95 %r.l§_3"17§f£?¥
7.2 A5 1,22 | w2 4.66 | -1.25 | <26.25 ]
16 7281 0081 f 0.92 | 1.0 5.06 | ~0.93 | 41329
24 6.68 | 0.51 0.92 | 1.20! 4.63 -b.ss ! 4 4.0:%
30 6.90 | 0.48 1.25 | 1.29 4.77 -o._~ b4 2.57 |
5 12 9.74 | 1.02 1.5¢ | 1.86 7.60 | -0.14 i - 0.5114
{ 16 9.56 | 1.04 | 1.33 | 1.97 7.61 | +0.13 |- 3.83|
| 20 9.23 ] 1.08 | 1.30 | 2.18 7.94 | =0.15 | 4 0.95 |
24 9.85 | 1.00 1.30 1 2.29 7.92 { -0,08 |~ 2.12]
6 0 15.29 | 1.64 4.70 | 5.35 12,00 | +2,64 | + 3.39!
: s | a2 vee ) 5.3 fsee ] cnae | <1 |aa0.s;
16 | w.42] 1.88 | 2.06 | 3.88 | 12.18 | -0.25 | + 2.20]
' 26 | 14.07) 2.00 § 2.27 | 473 | 14,7 | -1 | + 2,02

7
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(experimental Results in Long Crested Seas) .
TABLE 2 - SIGUIFICANT WAVE REIGHT (DOUBLE AMPLITUDE), SIGNIFICANT -
- SHIP MOTIOQNS (SINGLE AMPLITUDES), AND MEAN YAW
AND SWAY FOR THE DD 993 IN RANDOM WAVES
(Contipiad)
» Eendinrdng i Cirmitican: Laies 13 FalER :
‘ Sea | Ship I vava Relative | Mean Meoan
Eesading ) State Speeif Height Pitch Roll Heave Bow Yaw Sway
Motion * *

Degrees Knots Feet Degrees § Cegrees| Feet Feet Degrecs Feet

|
6.26 0.44 1.64 } 1.18 4.38 =0.32 | -12.39

|

1

]

!

. . :
180 4 0 6.13 0.42 0.94 | 0.70 4.53 -0.6% '~ 5.12 |
1

H

' |

|

|

i

1

16 5.621 o.46 0.39 | 0.93 3.88 | +0.33 |+ 0.0
24 5.65] 0.51 0.78 | 1.13. .57 | 5.2 |+ z.5
30 s.86 | 0.49 | 1.13 ] 1.22 4,32 -B.eg £ 5.53
5 12 8.75 | 0.90 0.68 | 1.72 6.58 -;.63 4 6.93

16 £.83] 1.00 | o0.56 | 1.93 7.38 | -0.22 !4 1.16
20 8.76 | 0.29 | 0.60 | 2.01 7.23 | -0.42 b+ 4

24 8.75] 0.96 | 0.98 | 2.16 7,97 | .52 1 s.es
14.86 | 1.65 2.00 | 3.66 | 11.03 | -l.40 |+ 220
1.52 | 3.42 | 10.45 | +0.23 § - 5.65
13.57 } 1.92 | 0.93 ] 3.99 | 12,71 | 40.05 | - 2.43
1600 239 ] 19l saas | 1500 | 0.0 1o onles

N =

o O O
[

o W
.
W
w
=
W
(93]

I e e o

120 6

DR Oy
h =3

o

b\

N

[3S]

.

-

(8]

i
|
16 15.38 2.13 6.32 1 5.74 - 2 +2.86 | 4 4.50
24 15.49 2,27 5.39 | 6.87 -~ i+
110 0 13.55 i 1.32 11.75' | 5.85 - ~2.15 | +12.25

16 16.8% 2.0a 6.93 2ol - L6 4 2.8
i
24 15.01 1.7¢ J87 3 9.99 - T + God¥
ISP, SS—— i ——— SRS ORI SN NS A ! O .
1300 0 16.C5 v 67 LL66 —— — 42,36 i UL TR

16 16.02 1.36 7.55| 8.52 - #1.41 | + 8.36
24 16,40 { 1.26 7.63 | 10.15 eEe 40.75 | - £.10




(Experimertal Results in Long
TABLE 2 - SIGNIFICANT WAVE HEIG
SH1IP MOTIONS (SINGLE

Conditions

i
T
[

ARD SWAY FOR THE DD 993 IN

(Cer

foe w

Stenificant
SR CE

Crested Seas)

F (ROUZLE

it dngad)

o .
g S5

WAVES

AMPEITIDE), SIGNIFICAKT

AMPLITUDES), AND FOLAN YAW

13.68
14.17
14.¢¢C
16.35

Sea Vave Relative
Heading { State Height Pltch Roll bow Yaw
totion w
Degrees Fect Degrecs: Degrees Yeet Degrecs
90 6 15064 ©.75 |} 13.28 =~ | 40.66
15.46 0.67 v == +3.38
15.96 0.64 Vi == +1.06
§ 15.20 0.6 7 == +0.064%
70 1799 f 2.8 | 14, T +0.52
11.92 1.79 10.95 o £2.30
15.32 1.70 E —— 10.37
14.50 1.61 55 - +0..59
40 1389 d.as ] d e | 617
15.26 1.46 7 -- =4.50
1202 4239 6 - o S
137551 .23 1091 -~ =0.54%

=173
+0,05
+0.07
+0. 29

*The values of yaw and sway indicate the effectiveness of the automatic strerins

system more than the actual sway and yaw that tke ship would experience.
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