
RISON oc TWO PROPOSED HILL FO RM——E TC (U ) 

1LASS IF TED

:1 I

P U
I _______ I
I _____ 

END I
DAT E

FILME D
5~~77 I

I
I I

A l



1
1 1.0

LI
• _ _

• 
• 

U}~!1~ flfl~± fflD~—



t1
~~~~1~~

.
DAVID W. TAYLOR NAVAL SHIP

RESEARCH AND DEVELOPMENT CENTER
Bethesda. Md. 20084

00
00
C

EXPERIMENTAL SE AWORTHINESS COMPA RISON OF TWO PROPOSED

HULL FORMS OF NUCL EAR-POWERED GUIDED-MISSILE

ST RIK E CRUISER (CSGN )

• by

o Harry D. Jone s

S
APPROVED FOR PUBLIC RELEASE: DISTRIBUT ION UNLIMITED

SHIP PERFORMANCE DEPARTMENT

February p 977 SPD 72~~O6

u J -J



MAJOR DTNSRDC ORGANIZATIONAL COMPONENTS

DTNSR DC 

00 
1COMMANDER

LTECHNICAL DIRECTOR
___________ 

01 j

OFFIC ER IN.CHARGE 1 j OFFICER IN CHARGE
CARDEROCK I ANNAPOLIS 

1_____________________________ 
040 5 J  

_ _ _ _ _ _ _ _

SYST EMS •1
DEVELOPMENT _______

DEPARTMENT I
11 J

DEPARTMENT I J SURFACE EFFECTS[ SHIP PERFORMANCE 1 r AVIATION AND

15 J I DEPARTMENT 
16

STRUCTUR ES COMPUTATION

DEPARTMENT AND MATH EMATICS
17 DEPARTMENT

SHIP ACOUSTICS 1
~~~ROPULS%ON AND 1

DEPARTMENT AUXILIARY SYST EMS
19 1 DEPARTMENT

MATERIALS 1 CENTRA L
DEPARTMENT INSTRUMENTATI ON

28 DEPARTMENT 
~ 
j



UNCLASSIFIED —_______________

‘t CU~7 f T ’ ~ C L A S S I r I C A T I O N  O~ T~~ S PA O ~~ (Wk.n  0.i. Enl., .d,

DED (
~
OT t

~
flf

~
t I A

~
EIJTATIflIJ PA CE READ ~NSTR LJCTIONS

I ~~~~~~~~~~~ U U 
~~~~ BEFOR E COMPLETTNG FORM

~~~~~°‘° 
~~~~~~~~~ 12 G O V T  A C C~~ I$ION NO. I ~~tC~ P~ !N’ I  C A T A L O G  *4~J M S ER

~~~~~~~~ s~~ -7 2’~-O6 . ~
4 TL” L~~ ~~

,q ~~~~wj .i — - -~~ I T Y D ~~ O F  ~~ED ~~T • P f~~ I0O C OV t ~~ ED

~XPER IMENTAL ~~AWORTHINESS .OMPARISON OF TWO
PROPOSED UULL fORMS OF ~UCLEA R- POWE RED GU I DED- ____________________________

MISSILE STRIKE CRU ISER [CSGN) 
— — S P(~~ FOR~~i N Q O ~~ O PO NT N~~~~p~~N

7 A u T i . * O N ( .~ 
-
~~~~~~~ S COw ° NA C ’ O N Q R A P d T NUMS IN’ .) —

Harr y D./Jones /

I P E N F O U M . O N G A Z A ’ IO~~~~~A M1L A * U O A O O N t S S  ‘~ PNO G m A ,  (N T P a O~~!CT  T A I P (
A N IA  S *C~~~ JN ~~ NUNS! NIDavid W . Ta y lor Naval ~h i p R&D Center ~—

Sh ip  Performance Department -Work Un i t Nc . ~-I,68-867Bethesda , ~lar y land 200o’e 
________ I ____________

~~:. O F * iC~~ ~. o U E  A s ” A D O N ( S S

Nava l Ship Engineering Center 
~J °~ 

Feb~~~~~ ~~77
Washington , D.C. 20 362 ‘-._- ii

_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _  
27 

_ _  _ _

4 *~4 O . n ’ C R  •.* A G~~ .4 Cv NA M E  A A O O R E S S ( f i  dill., ..’ ’ t,o~
,, Con 1~olHn 4 OUics) IS St C U N i~ 

‘?L J~~~

Unc las s i f i ed
s.

S C * 4 E 0  .r

~6 Oi S R!8U~~ ~ ., S T A ’7’(M~~N ” ‘ o f  “ i .  R o, * )  
—_______________

APPROVED FOR PUBLIC RELEASE: DISTR I BUT IO I  UNL IMITED

F

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

7 s r  o p * ~* SIA’T!MFN ’ of 1,. .5. ~~~ •nI ., .d in R t o ck  20 , II dii i.,.nt I,.., R•p~~l) 7 
,
. 

S

______ ______ ___________ _________— ~
‘a s n e , ) .~~~A c * y  ,iorys

‘S A F • OR D S  ‘C ni lno •  on ,.o.,a. •idø if n.~ ..w’y ~ .d ld.ni i ly  by b lo cS n*aIb•~)

Experimental , Seaworthiness , Deck wetness , Slanining , CSGN

~O A S S T N A C  1 ‘C,niin * ~. ~e •id• IV . ‘.~~..I.ry a*d ldsnIifr by block rna.b.v) 
-

~~The David W. Taylor Nava l Ship Research and Development Center undertook
to ex perimentall y determine which of two proposed hull designs for the
nuclea r-powered , guided-missile strike cruiser (CSGN) ex h ib ite d the best

seakeeping characterist Ics. Exteuisive seaworthiness experimentr were carried
out for the large waterp lane version wi th a comprehensive program being
conduc ted for the conventiona l version as well. The resu l ts ind icate the -

~~

DD ~~ 1473 £ O , T i o N c P ’ N O v ei uS oSIo Lt1~ UNCLASSIFI ED 
- 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~

st cu siT v CLASII I IcATI0N or THITPAGt  ( 0.u. t,,...d~ r



UNCLASSIFIED
SE CLIUI” S C L A S 5 i c t C A ~~ O’* OF T M I 5  PA GC (Wksn Data Ent.,.d)

two versions are similar wIth the conventiona l version exhibIt ing generally
better seaworthiness character istics.

S.,. 
~~

.‘—

Ii UNCLASSIFIED
S!CUAI’V CLA UIP PCA T IO N 0 r 1 H ,s  PAGIrWI ... bat. fnt.,.d



TABLE OF CONTENTS

Page
ABSTRAC T

ADMINISTRATIVE INFORMAT I ON 

INTRODUCT ION 

MODEL PARTICULARS 2

INSTRUM ENTAT ION 3

EXP ERIM ENTAL PROCEDURE 4

DATA ANALYSIS

RESULTS AND DISCUSSION 5

CONCLUS IONS 7

LIST OF TABLES

Table I - Ship Particulars for the Large Waterpiane and
Conventional Versions of the CSGN 8

Table 2 - Root Mean Square Motion Results for the Large
Waterplane Version of the CSGN 9

Table 3 - Root Mean Square Mot i on Results for the Conventiona l
Version of the CSGN 10

Table 4 - Keel Slaming and Deck Wetness Results for the Large
Waterplane Version of the CSGN 11

Table 5 - Keel Slamming and Deck Wetness Results for the
Conventional Version of the CSGN 12

LIST OF FIGURES

FI gure 1 - CSGN Candidate Hull Body Plans 13

Figure 2 - Representative Wave Spectra for the CSGN
Experimen tal I nvestigation with Theoretical
Pierson—Moskowitz Spectra for Comparison 14

iii



Page
FIgure 3 - Root Mean Square Pitch versus Relative Wave Heading     15

Figure 4 - Root Mean Square Roll versus Relative Wave Head i ng 16

HgLre 5 - Root Mean Square Heave versus Relative Wave Head i ng     77

F ig ure 6 - Ave~age Keel Impact Pressure at Station 3 versus
Rela tive Wave Heading 18

Figure 7 - Stat~ on 3 Keel Slamming Rate versus Relative
Wave Head Ing 19

F igure 8 - Sonar Dome Window Emergence Rate versus Relative
Wave Head ing 20

Fig ure 9 - Bow Deck Wetness Rate versus Relative Wave Heading 21

F igwe 10 - Water ri the Catch Tank Rate versus Relative
Wave Head ing 22

Figure 1’ - ComparIson of Experimental and Analytical Pitch
Response Amplitude Operators as a Function of
the Frequency of Encounter 23

iv



A BST RACT

The Da~ d W. Tay lo’ Naval Sfs p Research and Development

Center undertook to exper~menta lIy dete rmine wh icn of two

proposed hull designs for the nuclear-powered , gu ded -miss ile

strike cri.~ise (CSGN) exhi bI ted the best seakeepirig character-

istics. Extens~ ve seawor”rlness expe rum ent s were carried out

fo’ the large waterp ’ane version vc i th a comprehensive program

being conducted for the convent ional version as well. The

results indicate the two ve .’sions are s ’m il ar with the con-

~entiona~ ve slon exhib ting generally better seaworthlness

cha racteristft s.

A DMINISTRAT iVE INFORMAT ON

This work was supported by the Nava l Ship Engineering Center ’s fund ing
Work Reques t W R 66372, dated ~O September 1976 (Work Un it Number 1-1568-867).

I NTRODUCT I ON

Two hull form desigflts have been proposed for a new class of nuclea r-

powered , gu ided-m iS sile strike cruisers (CSGN). The two designs are similar

with the most outstanding difference being that one, des i gnated C 24.2 or LWP ,

has a wide transom stern and large waterplane area , whe reas the other ,
desi gnated C 17.2 or conventional hull , has a more conventional shaped stern

.‘ and waterp lane area.

This exper imental I nvestigati on was carried Out as part of a program

to establish a ship motion data base for the two candidate designs. Previous

work conducted at the David W. Taylor Naval Ship Research and Devel opment



Center (DTNSRDC) has been reported in References I and 2.~ The work reported in

Reference 1 is a thorough analytical investigation , using the DTNSRDC Ship-Motion

and Sea-Load Computer Program , of the seaworthiness characteristics of the two

hulls with comparisons of the two being made. Reference 2 is also primaril y an

analytica l investigation comparing the two hull forms ; however , this investi-

gation IS limited to the roll mot ion and means of stab ilizing it .

The present report presents the results of the experimental seaworthiness

program conduc ted w it h the two proposed hu ll des i gns. The two hulls were

experimental ly examined at various head i ngs , speeds and irregular long-crested

wave cond i tions to determine their comparative seaworthiness merits with respect

to sh i p motion , keel sla mming and deck wetness. The results of this compari-

son wil l  help provide a basis for selecting which of the candidate hull forms

exhibits better seakeeping characteristics.

MODEL PARTICULARS

Shi p particulars for both the conventional and the large waterp lane

version s of the CSGN are given in Table I with the body plans shown in Figure

1. The 5.07 metre models were prev ously constructed at Hydronaut ics of

fiber glass and are designated by DTNSRDC model numbers 9004 (LWP) and 9005

(CONy) . Each of the models was equipped with two outward turning propellers.

The models were f itt ed wi th catch tanks at Stat ion 3.5 to collec t water over

the bow. The tanks contained 25-gallons-per-minute pumps to remove the

collec ted water during the run. The bows of the models were fitted with the

modeled bulwark to simulate the design config’iration .

‘Motter , I.E. and T .R. App l ebee, “Seaworthiness Predictions for Two Preliminary
CSGN Designs ,” DTNSRDC Report SPD-724-Ol (Sep 1976).

2Foley , E.W. and H.D. Jones , “Roil Stab i l i za t ion  Investigation for the Strike
Cruiser (CSGN),’1 DTNSRDC Report SPD—724-02 (Sep 1976).

*5~~~ addit iona l work concerning the above-water bow design of the conventional
hull was also performed at DTNSRDC , but the results were not formally pub-
I ished.
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INSTRUMENTAT ION

The experimental study to determine the seaworthiness charac te r i stic , of

the two proposed CSGN hull designs was c a r r ie d  Out in the Maneuver ing and

Seakee p ing Fac i l i ty (MASK) at the Center. Throughout the exper iments the

models were self-prop elled with no rigid constraints on the motion responses ,

i.e., the mode ls were free to move n a l l  six degrees of freedom

Each of the models was powered by a 5-horsepower d-c motor The model

speed was con t ro l l ed  manua l l y  th r~o r ~h ‘~~is motor and was regu la ted  in

accordance with the present carr iag e speed . Sway and yaw si gnals were used as

input to the steering servo units , which corrected the rudder angle and held

the model on course. Tethering lines , required for acceleration and decelera-

tion of the model , along with power cables and transducer s i gnal cab les ,

were the only interconnect ion s from the c a r r i a g e  to the model Wh le da ta  was

being recorded , these lines and cables were slack and did not affec t the model

responses -

V a r i o u s  types of i ns t rume nta t io r ,  and transducers were used :n c o l ! e c r n~
data dur ing the experiments. Angular measurements , such as pitch , ro, l , and

yaw , were measured using gyroscopes mounted in the models.  U l t r a s o n i c

transduce rs were used to measure the linear displacements of heave , swa,, and

surge. Bow Find stern ve rtical v e l o c i t i e s  were measured w i t h  a c c e l e r o m e t e r s .

The bow accelerometer was located along the long i tud ina l  cen te r l i ne  at

St a t i o n  3. The s tern  accelero meter  was located a long the long i tud ina l  center-

l i n e  at Station 15 . Kee l sla rrrning pressure was measured by a s t ra , r i  gauged

wafer type pressure gauge mounted along the long itudinal center I ne on the

keel at Station 3 The sonar dome window ernergences were determined by v ideo
coverage of the window location (Stat .ori 045 at the keel) dur in g the experi-

ments. This video coverage was later analyzed manually to determine the

rate of sonar dome window emergences. Video coverage of the bow was also

anal yzed to determine the rate of deck wetnesses at the bow.

A catch ta nk was ins talled in the bow of each of the models with its

apening f rom Stat i on 3 to Station 3.5 long i tud i nall y and from deck edge to

deck edge transverse l y. A vert i cal , forward curving shield was nstal led

3



coincident w ith the aft edge of the catch tank to deflect water into the tank.

The tank also contained a 25-gallon per minute (model scale) pump to remove

the water  dur ing the run so as to min i miz e the effect of the water in the

tank on the dynamic character istics of the model.

EXPERIMENTAL PROCEDURE

The CSGN experimental program consisted of runs in long-crested irregu lar

waves at var ious head i ngs and speeds for the models of the two proposed hull

designs considered . The large waterp la ne version was inves t iga ted fi rst . I t

was examined at headings of 150 (210) , 120 , 60, 30 and zero degrees for ship

speeds of 10 , 20 , and 25 knots in long-crested irregular waves approximating

Sea States 6 and 7. Due to diffic u l ty in controll i ng the model at 120 degrees ,

data for the two lower speeds at this heading in Sea State 7 are not presented .

An add itiona l condition was examined for a heading of 180 degrees (head) in

Sea State 7 at 20 knots ship speed. A similar i nvest iga t ion of condi ti ons

was attempted for the conventiona l design; however , similar control problems

at 120 degrees as well as time restrictions limited the number of speeds and

sea states Investigated .

Representat ive experimental spectral shapes are presented in Figure 2 for

headings in which they were utilized along with theoretical Pierson-Moskowitz

spectra for reference.

DATA ANALYSIS

T hroughout the experiments the model responses were recorded in analog

form on magnetic tape as wel l  as being d ig it ized and recorded by the on-carriage

In terdata computer. This digIta l data was later grouped by condition and

spectrum analyzed by an Interdata computer for presentation in this report.

The keel slamming data was recorded dur ing experimentation on ana log
magnetic tape as well as on oscIllograph strip charts. These strip charts

were later ana l yzed manuall y to determ i ne the magnitude and frequency of the

keel slams which occurred .

4



‘tee deck wet”ess and so ar dome w i ’d~~w emergence data w e r e  recoraed by

means c~ v ideo Love age of the bow o~ the modek d_ r .ng tre exper imen tal in-

ve t t i gat c’- These de~ eco os w e €  he ana1~ ze~ ma~ ua y t~ dete m ine the

f re q u en .~ ~J occc ’ence o~ de~~ ~.eT ~~ess es aid s~ ra~ d~ me n e me rgen ces.

To d e t e r ~ -e T he c & t T h tar~k ‘es.. t s t he .~a t e r  ~~~ pumped f~~om t re  t~~r~ during

a data run a- u rrea~~.~~ed. re~ e rneo 3~. e ~ t o ta~~t ~e e  c c ~a~ ed .0 a corid~ t ion

t o de~~e ’ m - ~e the a t e  c~ .~at e r  intc -ne : at c r ~ t a r k  as p e ~ented in t h is report.

RESuL T S AND DISCUSS ION

T re ‘e s u ! t s  of th s exper umenta i  in~ e~~t gat on compa e the two proposed

~e s ’o~s of th e CSGN hu 1i ~o m  and a re  p esented ~n ta bu~ a’ fo rm  n Tab~ es 2
throu gr 5, as we l1 as be ir~g plotted as a func t on of re 1at~ ve wave head r’g in

F~ g~~res 3 th ro~ gh ~O. Presented n Tab es 2 and 3 a~ e the root mean squa e

s’ ngle amp l i tude motion res’..lt s , ~,e , pitch , roll , heave , ver t ca l ~elocity

at Station 3, and vertica 1 veloc i ty at Station 15, for the large waterplan e

and convent onal versions of the CSGN for the headings , speeds, and s ign~fi—

can: wave height invest igated .. The keel slartvn ng and dec k wetness results are

s im~~a r i y presented In Tables 4 and 5 along wi th the number of wave encounters

and t .me fo r  each of the cond itions investigated . The results ~n Tables Li

and 5 are presented as the average and maximum impact pressure on the keel at

S t a t io n  3, the numbe r of keel slams per hou’ at Station 3, the number of

emergences per hour fo the sona r dome window located at Station 0.45 and the

keel , the number of deck wetnesses per hour at the bow and the amount of

water in the catch tank at Station 3.5 per hour.

The graphic representation of the results are presented in Fi gures 3
through 10 as a function of the head i ng of the model relative to the long-

crested Irregular Sea States 6 and 7 Investigated at 10 , 20 , and 25 knots

ship speed. Figure 3 presents the root mean square pitch results ind i cating

that the conventiona l version exh ibits generall y less pitch mot i on with the

la rgest values encountered at a head i ng of 120 degrees for each version in

Sea State 6 and for the large waterplane in Sea State 7; however , the con-

ven tiona l version seems to peak at 150 degrees in a Sea State 7, al though

the data is more limited here The root mean square roll results presented5



in Fi gure 4 again generally indicate the conventional hull form as exhibiting
1 ess motion than the large waterplane. Also indicated in this figure is that

for the large waterplane with GM2 slightl y more RMS roll is experienced in

a Sea State 6 at 10 knots than for GM1; while in a Sea State 7 at 25 knots

considerab l y less rol l is encountered . It should be pointed out that due to

the d i f f i c u l t y  encountered in obta in ing the Sea State 7, 25—k not , 120—de gree

head i ng cond ition the results in this case may be mislead i ng. Presented in

F gure 5 are the root mean square heave motion results indicating the similari-

ties of the two proposed hull forms with respect to heave. The average impact

pressures measured on the keel at Station 3 are presented in Figure 6 for the

cond t~ons investigated . Again , the conventional hull form is generall y

indicated as having preferable characterist ics. Presented in Figure 7 are

the experimental results for the number of kee l slams at Station 3 per hour

w i th the conventional version again generally ind i cating l ower values; however ,

in this case it does experience a slightly higher slaming rate for some of

the conditions investigated . The results presented in Figure 8 generally

indicate a pre~ference for the conventional hull form with respect to the rate

of sonar dome window emergence~ . The deck wetness rate presented in Figure 9
generall y indicate the two hu ll forms as being similar. Aga in , the similarity

of the hull forms is ind i cated in Figure 10 with respect to the rate of water

flow into the catch tank; however , in this case some preference is indicated

for the large waterplane version of the CSGN .

The results of this Invest igat ion general ly ind i cate that the conventional

hu ll fo rm would be preferable to the large waterplane version of the CSGN as

far as the seaworthiness characteristics are concerned . This conclusion ,

however , is sli ghtly differen t from that in Reference 1 , especially with respect

to the pitch motion . In an effort to explain this difference , a comparison of

the response amplItude operators for the pitch motion was made , with a repre-

sentati ve case be i ng presented i n Figure 11 for a rela t ive head i ng of 120

degrees at a sh i p speed of 20 knots. It may be seen here tha t while the con-

ven t ional version shows good compari son between the experime nt al and the

analytica l results, the analytical results for the large waterplane version

underpred lct those determined experimentally. Other conditions were also

compared with the predictions of the DTNSRDC Ship-Mot ion and Sea-Load Computer6



Prog-a-n a~ ~‘esented ~n Refe ence I w i th the same ‘e~~.. 1’s in head waves the

result s ~e e  a
1 so compared w th YF i7~ wh cr’ showed good co’npa~~.son w t h

expe -im ent al r es u lts ~~~~~ bc:ri ve-s:ons of ~he CS(~N; ~~~~ the p ’tch RAO 1 s

~~orr Re~e’ence ex h ib ted T I ~~~~ :.Dmpa so-~s to th c~e in ~~~~~ II The

diffe erces ~~
- the two a ’ s ’~’t~ cal p~~ceth~~es may be att’ ’b~.teu to the so-ca lled

end e~~ects a~ ~ney hav e been 1 : D ~~ D a ted ~r’ The s~ x-de9 ee -~ f-f’eedom

comp~ te p ’cg-am used n Re ’-~~e~~e I but a e  not p ’ e~ er t  ic i f  17, the head

seas ~~og am

CONCLUS iONS

The results p esented he ei r g~ ve a corp ehens~ d e compa ’Thon of seaworth1 -

ness cha:acter~ stics of the t~o p’oposed CSGN hu~~i fo~ms. The •esu lt s ~ridicate

s m~ 1a it y i n  the -esponses of the two h..~ l fo- rs , w~
’tr~ the conve nt ion al

vers ion gerera ly ~~~~~ ng sli g r i tl y bett e- ~eawo’th iess characteri sti cs.

3Fr~nk , W and N . Sal vesen , “The Fra nk Close- Fit Ship-Mo t i on C omputer Program ,”
NSRDC Report 3289 (June 1970)
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TABLE 1 - SHIP PARTICULARS FOR THE LARGE WATERPLANE
AND CONVENT I ONAL VERS I ONS OF THE CSGN

(Scale Ra tio — 40)

LWP CONV

Displacement , Tonnes (Long Tons) 19,541(19,232) 19,541 (19,232)

Length between Perpend iculars ,
Metres (Feet) 203(666) 203(666)

Draft , Metres (Feet) 6.86(22.5) 6.75(22.1)

Beam , Metres (Feet) 22.74(74.6) 23.28(76.4)

Vertical Center of Grav ity
(above keel), Metres (Feet) 8.60(28.2) 8.53(28.0)

Bloc k Coefficient 0.53 0.53

Longitudinal Radius of Gyration 0.25 ~~ 0.25 L~~

Transverse Metacen tric Hei ght
(GM1) , Metres (Feet) 3.47(11.4) 2.24(7.35)

Transverse Metacentric Hei ght
(GM 2), Metres (Feet) 2.71 (8.89) --

8



TABLE 2 - ROOT MEAN SQUARE MOT I ON RESULTS FOR THE
LARGE WATERPLANE VERSION OF THE CSGN

Wave Vertical Vertical
Height Heave Velocity at Ve locIty at

Heading Speed (metres , Pitch Roll (metres , Station 3 StatIon 15
(knots) feet) (deg) (deg) feet) (MPS ,FPS) (MPS ,FPS)

GM 1

1800 20 9.2,30.2 1.76 0.72 1.5,5.1 4.7,15. 4 0.9,2.8
1500 10 5.3,17.5 0.95 1 .87 0.7,2.2 2.1 , 6.7 0.4,1 .3

20 5.7,18.6 1.04 2.02 0.8,2.6 2.9, 9.6 0.5,1.5
25 5.7,18.8 0.97 2.41 0.8,2.8 3.0,10.0 0.5,1.6
10 10.0,32.9 1.78 2.81 1.5,5.0 3.8,12.5 0.9,2.9
20 10. 1 ,33.0 2.02 2.78 1.8,5.7 5.4,17.6 1.0 ,3.3
25 10.2 ,33.5 1.99 2.69 1.9,6.3 5.9,19.5 1 . 1 ,3.5

120° 10 5.2 ,17 .1 1.79 4.12 0.9,2.8 3.3, 10.9 0.6,2.0
20 5.0,16.4 1.37 3.25 1. 1 ,3.6 4.0,13.2 0.8,2.5
25 5.2,17 .1 1.20 3.28 1.3,4.1 4.4,14.3 0.9,2.9
25 8.7,28.6 2.28 4.21. 2.0,6.5 5.4,17.8 1.2 ,4.0

60 0 10 4.4,14.1. 0.76 3.55 0.7,2.2 1.3, 4.2 0.4,1.4
20 4.3,14.2 0.64 1.82 0.5,1.8 0.9, 2.9 0.3,1.0
25 5.1 ,16.6 0.73 1.87 0.6,1.9 0.9, 2.9 0.3,0.9
10 6.8,22.3 1.04 4.55 1.0 ,3.3 1.7, 5.6 0.6,2.0
20 6.4,20.9 0.87 2.01 0.8,2.6 1.2 , 4.0 0.5,1.5
25 6.7,22.1 2.03 0.6,2.0 0.9, 3.0 0.4, 1.2

30° 10 5.5,18.0 0.72 1.33 0.6,1.8 1.0 , 3.2 0.3,1.0
20 6.0,19.8 0.67 1.08 0.6,1.9 0.8, 2.5 0.2,0.8
25 5.4,17.6 0.52 2.10 0.5,1.6 0.9, 2.9 0.1 ,0.5
10 10.6 ,34.9 1.23 1.87 1.3,4.2 1.5, 5.0 0.6,1.8
20 9 .2 ,30.3 1.08 1.81 1 .3 ,3 .4  1.0 , 3.3 0. 4 ,1.3
25 7.3,23.8 0.96 3.01 1.2 ,4.1 0.9, 2.8 0.3,1.1

0° 10 4.9,16.2 0.60 0.48 0.5,1.5 0.7, 2.2 0.2 ,0.7
20 5 .3, 17 .5 0 .47 0.36 0.4,1.3 0.4, 1.4 0.1 ,0.4
25 5.1 ,16.7 0.49 0.58 0.4,1.2 0.3, 1 . 1 0.1 ,0.3
10 9.1 ,29.8 1.23 0.60 1.2 ,3.9 1.4 , 4.4 0.5,1.5
20 9.4 ,30.9 0.91 0.7 1 1 .1 ,3.4 0.8, 2.7 0.3,0.9
25 9.0,29.6 0.86 0.80 1.0,3.2 0.7, 2.3 0.2 ,0.8

GM2

120° I 25 8.1 ,26.4 1.1.2 2.22 1.2 ,3.9 4.4,14.5 0.9.2.9
60° 10 5.7,18.7 0.64 4.07 0.5,1.6 1.2 , 3.8 0.4,

1.29



TAB LE 3 - ROOT MEAN SQUARE MOTIO N RESULTS FOR THE
CONVENT I ONAL VERS I ON OF THE CSGN

Wave Vertica l Vertical
Heig ht Heave Velocity at Velocity at

Heading Speed (metres Pitch Roll (metres , Station 3 Station 15
(knots) feet) (deg) (deg) feet) (MPS ,FPS) (MPS ,FPS)

l8O 20 8.8,29.0 1 .83 0.53 1.9,6.3 4.6,15.0 0.9,2.9

150° 10 5.6,18.3 0.91 1.80 0.7,2.2 2.1 , 7.0 0.4,1.3
20 5.6,18.2 1.01 1.30 0.8,2.5 3.0, 9.8 0.5,1.5

25 5.6,18.3 1.02 1.15 0.5,2.8 3.3, 10.7 0.5,1.7

10 9.6,3 1.4 1.69 2.56 1.7,5.5 3.7,12. 1 0.8,2.7

20 9.7,31.9 2.15 2.00 1 .7,5.7 5.3,17.4 1.0 ,3.2

25 10.5,34.3 1.98 2.65 1.9,6.3 5.9,19.3 1.0,3.3

120 0 10 5.3,17.5 1. 1 9 2.02 0.8,2.6 3.2 ,10.5 0.6,2.0

20 5.1 ,16.7 1 .19 1.85 1.1 ,3.4 4.0,13.0 0.9,2.8

25 5.6,18.3 1.30 2.00 1.3,4.2 4.7,15.3 1.1 ,3.4

20 6 .7 , 2 2 . 1  1 .39 2.33 1 .2,4.0 4.3,14.2 1.0 ,3.2

25 7 . 1 ,2 3 .3  1.50 2.79 I 1 .5 ,5 .0  5 .2 ,16.9 1 . 1 ,3.6

600 10 4.4,14.3 0.66 1.94 0.5,1.6 0.9, 3.0 0.3,1.0

30° 10 5.9,19.3 0.64 1.26 0.6,1.9 0.9, 2.9 0.3, 1.0

20 4.9,16.2 0.51 2.43 0.5,1.5 0.5, 1 .6 0.2 ,0.7

0° 10 5.3,17.5 0.63 0.32 0.6,1.9 0.7, 2.4 0.2,0.8

20 6 .2 ,20 .3 0.40 0.82 0.4,1 .3 0.4, 1.3 0.1 ,0.4

25 4.3,14.0 0.40 1.5 1 0.4,1.1 0.3, 1.0 0.1 ,0.3

10 8.6,28.1 1. 18 0.60 1.1 ,3.7 1. 4, 4.4 0.5, 1 .5 ]
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