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ABSTRACT

This report contaIns experimental and analytical predictions of the
seakeeping characteristics applicable to the DD 993 in accordance with a
ship displacer~ent of 8000 tons . Random wave experimental results are
presented for various sea states at various ship speeds and headings .
Roll motions are predi ted for irregular , short—crested seas 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 u N  DD 993, there are no performance requirements for
seakeeping. Those predictions contained

1
herein~are provided for ship

operator information. ~..
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NOMENCLATURE

B Maximun beam

GMT Transverse metacentric height

B113 Significant wave height

KG Distance from baseline to vertical center of gravity

Xe Pitch gyradius

Roll gyradius

LCG Longitudinal center of gravIty as referenced to midship

Lpp Length between perpendiculars

T Draft

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

Short crested seas A sea condition which is most representative
of real life. The waves are multidirectional, as
opposed to unidirectional. Represented by a
Pierson—Moscowitz sea spectrum.

Long crested seas A sea condition which has irregular waves , all
t ravelling in the same direction (unidirect ional ,
represented by a Pierson—Mo scowitz sea spectrum) .
Does not occur often in real life.

Significant amplitude Term used in statistical analysis. Defined as
the mean value of the one—thi rd  highest ampl i tudes .
The significar.t roll amplitude is 1.6 times the
average roll value.

Ship heading Ship heading is de f ined on th e ba sis of
head seas 180 °
beam seas 90° and 270°
following seas  0 °

180 ° (head seas)

(beam seas) 90° 
____ _____- 270 ° (beam seas)

0° (fol lowing seas)

S

0
4-

_ _ _ _ _ _ _ _ _ _ _



- ~~~~~~~~~~~ -- _ _ _ _ _ _ _ _ _ _  

- ___ ‘

~~~~~~~

‘

~~ i

INTRODUCT ION

This report contains experimental and analytical predictions of the
seakeepin; characteristics which are applicable for the DI) 993 in accordance
with the shi p pa r t i cu la r s  listed in TABLE 1. Although the results
contained herein are for 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 (111/3 

= 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 (H1/3 =

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 (H113 = 15.0 feet) at ship
speeds of 0, 8, 16 and 24 knots for headings of 220, 200, 180, 120, 110,
100, 90, 70, 40 and 0 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 FIGU RES 1 — 5 for ship speeds of 0, 8, 16, 20 and 24 knots..
Significant roil amplitudes in r-1e~ rees are shown as a function of ship
heading angle for the four sea states of interest (4, 5, 6 and 7).

The significant roil amplitudes at the worst head~.ng angles (heading
angle with maxit~um roll response) for short—crested seas are shown as a
function of ship ~pccd in FIGURE 6. The significcr.t roll amplitudes at
the worst heading angles for short—crested seas are presented as a
function of significant wave height (double amplitude) in F1CURI~ 7.

It should be pointed out that TABLE 2 represents the results of
Model Testing. FIGURES 1 through 7 are based upon C o r mu t e r  P r e d I c t i o n s
which use a roll decay coefficicnt 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 mean values of yaw angle and sway displacement , in
addition to significant values of Pitch , Roll , Heave and Relative Bow
Motion. When reading the values of yaw and sway , the ccrr~ ct sign
conventfcns for y~-.w (hew to starboard i~ pcsiti’~e) i~-d  ~-~~ty (pcsf t~ve tc
starboard) shculd be applied.

As expected , the highest Sea State generates the highest amplitudes
of motion . The most critical shi p speed~ however , is not so obvious.
TABLE 2 does not show any particular speed for which all of the irotio~s
are largest , although roll motion decreases with increased ship speed.
The table does show , however , that the pitch is greatest for headings

~~etween 220 and 110 degrees , with all of the headit~~s within that range
resulting in about the sar:.e pitch motion. The roil ~s la rges t  at  the 70
degree heading; while the 1.00 degree heading seems to result in the
largest heave. The largest relative bow motion is at the 0 degree
heading , wit h the second largest  at the 220 degree heading; although the
dl f f e r . nc€ s  bct i een th ~ resul ts  at  the 220 , 2C C and 1SO degree heading
seem to be slight.

The predicted roll motions in short—crested seas , for random headings
can be found in FIGURE S 1 — 5. These roll angles range from a sign i f i can t
roll value of ± 5.08 degrees in Sea State 4 to ± 2 1.6 degrees in Sea
S~ate 7.

FIGURE 6 shows signific~mt roll amplitude at worSt heading plottedagainst ship speed. I~ should be noted that , in the h igh er Sea S t a t c s
(above S.S. 5), the rolling dec reases wi th  increase in ship speed.

FIGURE 7 shows the increase of rolling motion with s ign i f ican t  wave
height.
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SHIP r~ nT ICULAR S

B , feet 55.2

GMT, feet

KG , feet  22.3

K0 % Lpp 25.0

37.0

LCC (aft of midship), feet 7.3

~ Lpp , feet 529.0

T, feet 19.6

A , tons sea water 8000.0

NU1~~ER OF PROPELLERS 
. 2

NUMBER OF RUDDERS 2

RUDDER ‘IYPE SPADE

RUDDER AR}A (PER RUDDI~h), square feet 162.0

TRIM , feet  EVE N KEEL

TABLE 1 — PARTICULARS OF THE DD 993
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(~ xper iment a l  f lesul ts  in Long Cres ted  Seas) 
-

TABLE 2 — s I c : ; I t ~:c~I ;T ; •TA~? C~ T (D I T : L :  : ITI.IIT:- :)  , sIcNIrIc~~T
SHIP ITTICIS (STITLE ;.~•:7:1 :3) , ~:m I:7 A

_______________________ 
A~
T) 5’~~’~ 1i)R ‘

~~~~~
- ~ ~~ ~1:9:~ _______________

C’~~~~t~~ :’~ I ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~‘~~; 
“. ‘ ?:~~~~‘~_fl_-_-.--_ :-~ —---- ___ *_  —

I .  
Sea I Shin ~~ ve r [Telative ~‘can j “

~~~~~~~

Heading State Speed H~ i;ht Pitch Roll Heave Lcw Yaw SwayI Motion *
Degtec3 Knots Feet Degrees Degrees Feet i~eet Degrc:s t Feat

220 4 0 6 .46~ 0.59 2 .68 1.13 +0.~~S 5.06

8 7.03 0.73 1.87 1.23 5.17 —1.93 -f l .8

16 7.10 0.75 1.31 1.44 5.32 — 0 . 2 2  # 1.76

24 7.14 0.69 1.43 1.66 5.67 +O.CG - 0. 2 9

30 6.95 0.57 2.04 1.63 5.35 — 0 . 4 4  + 2 . 7’~
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 —10.59

20 9.85 1.25 2.24 3.15 9.11 +0.14 .. 4.51

24 10.07 1.20 2.38 2.93 9.13 ~-0.54 -- 8.1.3

6 0 14.49 1.67 7.5.7 6.58 12.10 --9.18 ~ 5Ju.

8 1.5.30 ~.12 6.38 4.58 1 13.52 —1.23 + 6.!~

16 15.19 I 2.24 3.73 I 4. 86 14.06 ±0 .52 -

• 
- 24 16.79 2.05 3.22 5.47 14.35 -0.2.~ ~

-

200 4 0 7.46 0.46 1.80 1.20 4,95 -:-2,~~ •
~ 2....

8 7.12 0.57 1.12 1.02 4.66 -1.25 ~~~~~
16 7.21 0.61 0.72 1 1.12 5.06 —0.93 -~13.

1
~

24 6.68 0.51 0.92 1.20~ 4 .63 -0.35 * ~~~~~

30 6.90 0.48 1.25 1.29 4 .77  -0.2~ } ~
• 2 . 2 7

5 12 9.74 1.02 1.54 1.86 7.40 -0 .34  — 0 .3 1

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 .1~ -i 0 .9~
24 9.85 1.00 1.30 2 .29  7 . 9 2  —0.93 -

6 0 15.29 1.64 4.70 5.35 12.00 -~-2 , 6~ + 3 .3-

8 14.72 1.66 3.38 3.40 ll .Z2 —1 .01 •- i0. -’.~
• 16 14.42 1.83 2.04 3.88 l2. ’8. — 0 . 25 r 2 .33

24 11 07 ‘ 01 2 ~7 4.73 ‘4 17 — 1 71 +

_ _  ~~~~~~~~ _ _ _  _ _  _ _ ._ _ _  _ _
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(e.xperimental Results in Long crested Seas)
TABLE 2 — sic::iric;~-r UAVE H~1CUT (DOUBLE ;~ 2Ll’rJDE), SIGNLFiC;~L

• S H I P  X0TIO~ S (Slh’GLE A: :ITITITES), .1D •2I~~ YAW
AND SW. ’~Y FOl Ti~~ DD 39~ IN CITDCI-i NAVES

____________ __________ _______ ____________ ~ 1 (~~::.: • :-s 
________ 

. - • 
-

-

~~ 
S h p  ~~~~~va ~~1ati:

Heading State S~ ee.C :~ei.ght Pitch Roll Heave Bow Yaw Sway
Notion * *D egr ees Knots Feet D eg r ee s Da~ rees Feet Feet Degrees lent

180 4 0 6.13 0.42 0 .94 O~~O 4.53 -O~~ 4 ~~~~~~~~
8 6.26 0.44 1.64 1.18 4.38 H0.37 - - 12 .27

16 5 .62 0.46 0.39 0.93 3.88 ±0.39 + 0 .04

24 5 . 6 D  0.51 0.78 1.13 4.37 — 0 . 2 3  + 2.5.
• 

• 
-

30 5.8~ 0.49 1.13 1.22 4.32 — O . 6 b  + 5 . 5 3

5 12 8.75 0.90 0.68 1.72 6.58 -~0.63 -
~ 8.93

16 8.83 1.33 0.56 1.93 7.38 — p .22  * 1J. C

20 8.76 0.99 0.60 2.01 7 .23 —~O . 4 2  + 4 .65

24 8.75 0.95 0.93 2.16 7 .77  —p. 53 + 5.69

6 0 14.86 1.65 2.00 3.86 11.03 —~l .4 O  ÷ 3 .2 ,~
8 13.33 1.55 1.52 3.42 10.45 4~O.23 --

16 13.97 1.92 0.93 3 .99 12.71 -i~0.05 — 2.13

24 14.11 2.19 1.49 . 5.15 15.00 -0.19 . - i  . . 1

8 15.81 2.19 10.05 5 .77  —— .f5 (.j + 7 . 4 5

16 35.38 2.13 6.12 5.74 —— ~2. 85 i 4.29

_ _ _ _  

24 l~~ 49 2 .2 7  .39 6 .87 ~~.H ~~~~~~~~~~~~~~~~~~~~~~

110 0 13.55 1.88 i1.7~ I 5 .55 -- -2.15 + 1.2.29

8 16.00 2.21 12.43 6.65 —— +4.51 — 4 .17

16 16.88 2.06 6 .93 7~ 31 —— +1.65 + 2 . 1 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~
1~)0 0 16.C~ 1.67 11.62 —-- —— 2.35 + 1.71

8 15.84 1.73 1l.~~2 9.36 —— +4, 80 - O.(-)  I
16 16.02 1.39 7 .5~ 8 .12 —— +1.41 4 ~~~~~~~~

24 16.40 1.26 7 .6 3  10.15 —— -10. 76 —

8

_______  ——~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



(Experi~ierta1 Results in Long Crested Seas)
TABLE. 2 — SIc~:i Fic .’.~;r ~~v~: ::~~~~ ( - ~~:::~!.~•: )E) , sic~~ r~ c.~:rSHiP NOTION S ( 5 1  ~~~~~ ~~~~~ ~~: 

~ 
) • .~:;9 

~~• AND SWAY F f l R T~~ : DD ~~3 IN ~~~n~ :: ~~~~~

• 
~~ c- ~~ ~~~~~

N eeding S t a t e  Speeci I~oig1it P itc~i $ Ro l l  hea v e  how Y;i’.•- Sw~ v
I xetlon * *

Degrees Knots Feet De~ rce~ 11egree.~ Feet Y .~ct Degr ec s  I c - c t

90 6 0 15.06 0.7 9 11.22 —— —— .
~•Oj ~~~ 

—

8 15.46 0.67 7 . 9 7  8.86 — — +3.38 4 9. 10
16 15.96 0.64 7 . 7 7  8.31 — —  + 1 . 0 5  + 6 . 2 9

-— — ~~~~~~~ 
_ _ _ _  _ _  ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~

70 . 0 17 .79  2.30 ~~~~ —— —— +0.52 i - U I

8 11.92 1.79 lOSS 5.28 — —  +2 . 3 0  — 1 . 1f

16 15.32 1.70 15.5I ~ 5.55 —— -~O.37  4 15. 1~
24 14.60 1.61 IS .90  8.52 -- ~0.59 +

40 0 13.E ~S 1.4 5 8.17 3.81 — — — 6 . 1 7  f —

I 8 15.26 1 . 4 6  7 , 77 3.85 —— — 4 . 50  ‘.- 8.
• 16 12.3. 2 1.39 6.11 3.87 -- -- 1.7 1 + 1 .2-• _J_

~ 
13.51 0.93 1.0.91 3.7-h -- - - O S ’. ~

• 

• 

~~ Th7~ ‘.
~~~

i• ~~~~ T~2~
• 6 1 4 . 1 7  1 .3 5  1 . 3 8  3 . 0 3  3 7 . 5 1  -- O .~~ 55 -

16 14 .VC 1.0 1 0.90 2 .6 3  17 .42  ~0.C7 ~ (‘.1

24 16.35 1.09 2 . 6 7  2 . 6 1  16.67 ~~~ - 0.

—• _ _  _ _  _ _
I__ 

_ _ _

*The values of yaw and s;:3v in dlcei :c the e f f e c t i  en ese of the aute:~~t~ c
systern norc’ than t~ e actual  sway .-i~id ye~’ th~it Ike sh~.p w~u 1d exp e r i c ;~c c .
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