
7 D-RI59 069 THE EFFECT OF LONGITUDINL 
CENTER OF FLOTTION ND 1

LS'9LONGITUDINAL NETRCENTR..(U) DAVID U TAYLOR 
NAYAL SHIP

RESEARCH AND DEVELOPMENT CENTER BET. K K NCCREIGHTp NCLASSIFIED MAR 85 DTNSRDC/SPD-i647-0i F/G 13/19 L

EEOMOEEEh~
EE hEhhhhh



.2.

-Q6

.1.

IIJI2

MICRCOP RESLUTON TST HAR

NTOA uRAOSTADRS-16

11111
-- 7-77777-777 7:



DAVID W. TAYLOR NAVAL SHIP
RESEARCH AND DEVELOPMENT CENTERrn

Bethesda, Maryland 20084

00

-- THE EFFECT OF LONGITUDINAL CENTER OF FLOTATION

AND LONGITUDINAL METACENTRIC HEIGHT ON RESPONSES

OF LOW SPEED SWATH CONFIGURATIONS

r -
L)

by
K.K. McCreight

z

z .S

0

'--i

z APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

C u

I- SHIP PERFORMANCE DEPARTMENT L.-

z u-r

SOM

~~A

2W MARCH 1985 DTNSRDC/SPD-1 047-01

NDW DTNSRDC 5602r30 2 0) .
(supersedes 3960,46)

.... . ............-.... -" .,. . . .. ' . . . . . , .. -.-..... ' ."...... ..., "., . . - .. . . . - . .... , "
" . . . .."".-. . ..'' " 'Iail I= Jl I 1 lI I li Ii II"r IlI ~ i ' S. . . . . .... .. .. ... I



MAJOR DTNSRDC ORGANIZATIONAL COMPONENTS

DTNSRDC

COMMANDER

TECHNICAL DIRECTOR
01

OFFICER-IN-CHARGE OFFICER-IN-CHARGE[ CARDEROCK ANNAPOLIS
05 04

"" SHIP SYSTEMS |
." INTEGRATION

p.,, DEPARTMENT
'-' 12

AVIATION ANDSHIP PERFORMANCE SURFACE EFFECTS
DEPARTMENT

DEPARTMENT
15 16

"STRUCTURES 1COMPUTATION,DPRTME MATHEMATICS AND
17E LOGISTICS DEPARTMENT.17 is

SHIP ACOUSTICS PROPULSION AND
S DEPARTMENT AUXILIARY SYSTEMS

EDEPARTMENT

19 27

SHIP MATERIALS CENTRAL
ENGINEERING INSTRUMENTATION
DEPARTMENT DEPARTMENT

__ __28 29

GPO 866 981 NDW-OTNSRDC 5002/21 (2-90)

-.-., .. . . .. .. , . .. , -.... . .. , . , , . . .. * .* ,-, . .p . , ' , , . , , , ,



* SECURITY CLASSIFICATION OF THIS PAGE A ''I-~
REPORT DOCUMENTATION PAGE

la REPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGS

- Unclassif ied

2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/AVAILABILITY OF REPORT

2b DECLASSIFICATION IDOWNGRADING SCHEDULE Unlimited

m7

4 PERFORMING ORGANIZATION R T NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S)

DTN SRDC/SPT)-1047-01

6a NAME OF PERFORMING ORGANI ATION 6b OFFICE SYMBOL 7a ME F ,MONTORNG CGANJAIp
David W. Taylor Naval Ship (If applicable) w. iayor fiava± nip
R & D Center R & D Center

6C AoDDRESS(Oy State, and ZIP Code) 7b topeS (i . State. and ZIPCd)

Bethesda, Ml) 20854-5000 Bethesda, .ND 20854-5000

8 a 'JAME OF FUNDINGtSPONSORING 8b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
CR-ANIZATION (If applicable).

Naval Sea Systems Command -

* R \W,()R S (Cstr' State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
Code 03RD PROGRAM PROJECT TASK WORK UNIT
!"ashington, D. C. 20362 ELEMENT NO NO NO ACCESSION NO

63564N 50408069 1170-123

- r i r E (include Security Classification)

The Effect of Longitudinal Center of Flotation and Longitudinal Metacentric Height on

-, Responses of Low Speed SWATH Configurations

2 ' RSONAL AUTHOR(S)
cCreight, Kathryn Kelly

~'YPF OF REPORT 13b H C VER 114 DATE F EP T' M aC.. I laO EOT ]Fo.),I V 30 T  2e3 ~~RI Yr. Month Day) l~ GE COUNT

Final F O cT 82 Sep30 MrcT1~

._PPI EMFENTARY NOTATION

S '" COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

F" GROUP SUB-GROUP SWATH Configurations

/IS RRA(r (Continue on reverse if necessary and identify by block number) n
-. "The effect of longitudinal metacentric height (CML) and longitudinal center of

flotation (LCF) on responses in regular waves and irregular seas is investigated

analytically for a series of 2550 tonne SWATH configurations. All configurations have

two struts per hull and lower hulls which include conic frustrums. Heave, pitch, relative

bow motion, absolute bow motion, and absolute stern motion are studied at 0, 3, 10, and 15

knots in head and following seas. The predictions show that increasing r!.c generally
results in decreased responses to irregular seas. Locating the LCF aft of the longitudinal

center of buoyancy (LCB) in head seas reduces responses for all motions studied for low

speeds and in following seas reduces relative and absolute vertical motions at the bow

for all speeds.

20 ) Yif.UTON/AVAILABILITY OF ABSTRACI 21 ABSTRACT SECURITY CLASSIFICATION

l] ,( ASSIFEDUNLIMITED £l SAME AS RPT 0 DTIC USERS Unclassified

. iA'E OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) 22c OFFICE SYMBOL

Kathryn K. McCreight 202/227-1690 1562

DO FORM 1473, 84 MAR 83 APR ed,tion may be used unt,l exhausted SECURITY CLASSIFICATION OF THIS PAGE
All other ed-t,on, are obsolete

", .' .''.." '. "..' .' ..': '. .' . . '-. '". . .: " .'- ". - . ". . "- "'.,'.- "'.:-.".,'."-: '.' .-':. :'-:-'>. v ~ ,:.':,-:.--.- v ..",.2.



TABLE OF CONTENTS

Page
i ABSTRACT*. . . . . . . . .. . . . . . . . I

ADMINISTRATIVE INFORMATION .EN RAI.......... I

• INTRODUCTION. . . . . . . . . . . . . . . . . 0 1

APPROACH. . e . . . . . e e . e . . . . . 2
PRESENTATION AND DISCUSSION OF RESULTS........ . . . . . . . . 4

G: ML VARIATIONS. .. . . . . . . . . . . . . . 4
REGLARAIN WAVES. . . . . . . . . . . . . . . . . . . . . . . . . . . 4REGULAR WAVES* e.. ... ... ... ... ... .. 4

IRREGULAR SEAS . . . . . . . . . . . . . . . . . . . ....... 5

LCF VARIATIONS . . . . . . . . . . . . . . . . . . . . . 0 . . . 6

REGULAR WAVES. . . . . . . . . . . . . . . . . . .. . . . . . . . 6

IRREGULAR WAVES. . . . . . . . . . . . . . . . . . . . . . . . . . 7

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . 7

ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . ... . 9

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

LIST OF FIGURES

I - Sketches of One Hull of Configurations in the GML Series . . . . . . 13

2 - Sketches of One Hull of Configurations in the LCF Series . . . . . . 14

3 - Heave Transfer Functions in Regular Head Waves for Configurations
in the GML Series . . . . . . . . . . . . . . . . . . . . . .. . 15

4 - Pitch Transfer Functions in Regular Head Waves for Configurations
in the GML Series . . . . . . . . . .0. . a .. . .. . . . . . . . 16

5 - Relative Bow Motion Transfer Functions in Regular Head Waves for
Configurations in the GML Series . . . . * ... . # . . . . . . . . 17

6 - Absolute Bow Motion Transfer Functions in Regular Head Waves for
Configurations in the GML Series . . . . . . . . . . . . . 18

7 - Absolute Stern Motion Transfer Functions in Regular Head Waves
for Configurations in the GML Series . . . . . . . . . . . . . . . . 19

8 - Heave Transfer Functions in Regular Following Waves for
Configurations in the GML Series . . . . . . . . . . . . . . . . . . 20

9 - Pitch Transfer Functions in Regular Following Waves for
Configurations in the GML Series . . . . . . . .. ................. 21

iii

.:,-o-,,,.'" :":"" "" """"~~~~~~~.. .. •."-..... ....","; ..; . ,... .. ;...- ..."..........'..,....7...-:.%:.':?..:. '



Page
10 - Relative Bow Motion Transfer Functions in Regular

Following Waves for Configurations in the GML Series . . . . . . . . 22

It - Absolute Bow Motion Transfer Functions in Regular
Following Waves for Configurations in the GML Series . . . . . . . . 23

12 - Absolute Stern Motion Transfer Functions in Regular
Following Waves fcr Configurations in the GML Series . . . . . . . . 24

13 - Heave RMS Responses in Irregular Head Seas for Configurations
in the GML Series ......... .. . . . . . . . 25

14 - Pitch RMS Responses in Irregular Head Seas for Configurations
in the GML Series .......... . . . . . . . . . . .. . 26

15 - Relative Bow Motion RMS Responses in Irregular Head Seas for
Configurations in the GML Series .................. 27

16 - Absolute Bow Motion RMS Responses in Irregular Head Seas for
Configurations in the GML Series .................. 28

17 - Absolute Stern Motion RMS Responses in Irregular Head Seas for
Configurations in the GML Series . . . . . . . . . . . . . . . 29

j 18 - Heave RMS Responses in Irregular Following Seas for Con-
figurations in the GML Series .................... 30

19 - Pitch RMS Responses in Irregular Following Seas for Con-
figurations in the GML Series. . . . . ..... . 31

20 - Relative Bow Motion RMS Responses in Irregular Following Seas for
Configurations in the GML Series . . . ............... 32

21 - Absolute Bow Motion RMS Responses in Irregular Following Seas for
Configurations in the GML Series . . . . . . . . . . . . ...... 33

22 - Absolute Stern Motion RMS Responses in Irregular Following Seas
for Configurations in the GML Series ................ 34

23 - Heave Transfer Functions in Regular Head Waves for Con-
figurations in the LCF Series . . . . . . . ............ 35

24 - Pitch Transfer Functions in Regular Head Waves for Con-
figurations in the LCF Series . .............. . . .. 36

25 - Relative Transfer Functions in Regular Following Waves for Con-
figurations in the LCF Series . ... . . . .. .. . . . . . .. 37

iv

• "::.:.-" :':- :.: i?:,i:- :.'.:-:.':,'.:'.:,-..- -,- .-:..:-.-...,.-,.,'.-.-....- .,...,,-......-...-..-,.,,.-.....-..-............-.............,,.,



Page

26 - Absolute Bow Motion Transfer Functions in Regular Head Waves
for Configurations in the LCF Series . . . . . . . . . . . . . . . 38

27 - Absolute Stern Motion Transfer Functions in Regular Head Waves
for Configurations in the LCF Series. . . . . . . . . .... .... .. 39

28 - Heave Transfer Functions in Regular Following Waves for Con-
figurations in the LCF Series . . . . . .............. 40

29 - Pitch Transfer Functions in Regular Following Waves for Con-
figurations in the LCF Series. .................. 41

30 - Relative Bow Motion Transfer Functions in Regular Following
Waves for Configurations in the LCF Series .. . . . . . . ..... 42

31 - Absolute Bow Motion Transfer Functions in Regular Following

Waves for Configurations in the LCF Series .. . . . . . . ..... 43

32 - Absolute Stern Motion Transfer Functions in Regular Following
Waves for Configurations in the LCF Series . .. a . .. .. .. . 44

33 - Heave RMS Responses in Irregular Head Seas for Configurations
in the LCF Series . . . . . . . . .a .. . . . . . . . . . . 45

34 - Pitch RMS Responses in Irregular Head Seas for Configurations
in the LCF Series . . . . . . 0 .. .. . . . . .. . . . . . . ... 46

35 - Relative Bow Motion RMS Responses in Irregular Head Seas for
Configurations in the LCF Series . . . . . .. . . ... . . . . . 47

36 - Absolute Bow Motion RMS Responses in Irregular Head Seas for
Configurations in the LCF Series . . . . . 0 . ... . ... . . . . 48

37 - Absoluate Stern Motion RMS Responses in Irregular Head Seas for
Configurations in the LCF Series . . . . . .. . . . . ... . .. 49

38 - Heave RMS Responses in Irregular Following Seas for Con-
figurations in the LCF Series. ................... 50

39 - Pitch RMS Responses in Irregular Following Seas for Con-
figurations in the LCF Series .. . . . . . . . . . ...... . 51

40 - Relative Bow Motion RMS Responses in Irregular Following Seas
for Configurations in the LCF Series ................ 52

41 - Absolute Bow Motion RMS Responses in Irregular Following Seas
for Configurations in the LCF Series ...... . 0 . . .. . . . 53

42 - Absolute Stern Motion RMS Responses in Irregular Following Seas
for Configurations in the LCF Series ................ 54

v



LIST OF TABLES

Page

I - Characteristics of Configurations .................. 11

2 - Characteristics of Stabilizing Fins ................. 12

14TIS OPA&3 I
DTIC TA4

mistrirut jn f",

- AVSJ L
IDiSt

vi

. . . - • ,. 
. o °° . ,m- 

Vi" 
- ." ° .'

j C). 

- ' . . , , • - . • 1 • - % ° °. . m lb , - • .



ABSTRACT
The effect of longitudinal metacentric height (GML)

and longitudinal center of flotation (LCF) on responses
in regular waves and irregular seas is investigated ana-
lytically for a series of 2550 tonne SWATH configurations
All configurations have two struts per hull and lower
hulls which include conic frustrums and a large-diameter
cylindrical section. Heave, pitch, relative bow motion,
absolute bow motion, and absolute stern motion are
studied at 0, 3, 10, and 15 knots in head and following
seas. The predictions show that increasing GML
generally results in decreased responses to irregular
seas. Locating the LCF aft of the longitudinal center of
buoyancy (LCB) in head seas reduces responses for all
motions studied at low speeds and in following seas redu-
ces relative and absolute vertical motions at the bow for
all speeds.

ADMINISTRATIVE INFORMATION

This study was sponsored by the Naval Sea Systems Command, Code 03RD under

the CONFORM program and was administered by the SWATH Ship Development Office,

Code 117, of the David Taylor Naval Ship Research and Development Center, under

Program Element 63564N, Task Area S0408069, Work Unit Number 1170-123.

INTRODUCTION

The SWATH configuration provides the ship designer with the opportunity to

design ships with optimum seaworthiness characteristics for a particular appli-

cation. Although mission requirements determine many characteristics of the

hullform, some details are flexible. For example, stability requirements

determine the waterplane area for a given hull spacing. Machinery requirements

will determine certain physical boundaries. However, even with such specifica-

tions many hullforms are possible. In particular, the strut shape frequently

can be altered without affecting the applicability of a design to a mission.

Changing strut shape can change longitudinal metacentric height (GML) and longi-

tudinal center of flotation (LCF). Such changes can be made to a SWATH withoit

changing the shape of the lower hull or the dimensions of the main deck.

Similar changes to characteristics of conventional surface ships would require

major alterations of the hull and, therefore, of the internal arrangements. 4

7 1
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Previous analytical studies, including the one described in referente 1*, have

shown that G4L and LCF can have a notable effect on a SWATH's responses to

waves. Since motions are sensitive to these characteristics it is important to

understand the effect of these variables on motions.

This study explores ranges of values of GML and LCF. A baseline form and

configurations with three variations of GML and four variations of LCF are

systematically generated so that several other key characteristics, such as

length and draft, are fixed. All configurations have two struts per hull

and displace approximately 2550 tonnes. The configurations have bulbous

bows and "shaped" lower hulls. That is, the lower hulls are formed from

conic frustrums and cylindrical sections. Although this shaping is not

expected to be as important to motions as the hydrostatic characteristics,

the shaping is important to resistance, particularly for tandem strut SWATH

configurations. Resistance considerations guided the selection of

geometric characteristics of these configurations. For example, the values

of characteristics such as the diameter of the bulbous bow relative to the

midship diameter and the strut taper affect resistance.

Stabilizing fins are incorporated in each configuration. Heave, pitch,

relative bow motion, absolute bow motion, and absolute stern motion in head and

following seas for four speeds are studied for all configurations. Predicted

responses to regular waves and to long crested irregular waves are presented.

Comparisons are made among the configurations in which GML is varied and among

those in which LCF is varied.

APPROACH

All configurations were generated by a numerical hull generation

algorithm. Although the hydrostatic characteristics and the assumed geometry

result in several equations, there are more unknowns than equations. The

resulting nonlinear equations with specified constraints were solved iteratively

to produce the hull forms. Eight configurations were generated, including a

baseline, three GML variations, and four LCF variations. Among these con-

figurations several characteristics such as LCB, waterplane area (Aw), and draft

*A complete list of references Is given on Page 10
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were nominally fixed. The resulting shapes (for one hull) are presented in

Figures I and 2 and the corresponding characteristics are given in Table 1. A

negative value of (LCB-LCF) indicates that the LCF is aft of the LCB. Note that

these configurations have struts which extend aft of the lower hull so that the

overall lengths are greater than the corresponding lower hull lengths.

All configurations had the same stabilizing fins. This was assumed to be

acceptable since variations in hull characteristics were not dramatic. The for-

ward and aft fins were located the same distance from the nose for all con-

figurations. The origin of the coordinate system for the ship motions is

assumed to be at the longitudinal center of gravity (LCG) and the LCG and LCB

are assumed to be coincident. Since there is little variation in the LCB among

the configurations, the fins generate approximately the same moments as well as

forces for all configurations. Fin particulars are given in Table 2.

Motions in head and following waves for 0, 3, 10, and 15 knots were studied

analytically. Transfer functions for heave, pitch, relative bow motion (RBM),

absolute bow motion (ABM), and absolute stern motion (ASM) are presented for

each condition as a function of wave length to ship length ratio (WL), where

the values of L are given in Table 1. Motion at the bow is motion at the nose,

and motion at the stern is motion at the trailing edge of the strut. Pitch is

presented nondimensionally as pitch amplitude in radians per unit wave slope.

The other motions are given as response amplitude per unit wave amplitude.

Responses to long crested irregular seas also are presented for the above

conditions and motions. The Bretschneider spectral formulation which is a func-

tion of significant wave height and modal period is used to represent the

seaway. Root mean squared (RMS) values of several motions are presented for

several wave spectral modal periods at significiant wave heights of 3.05, .4.57,

and 9.14 meters. Ochi's analysis of North Atlantic data [21 has been used to

select the modal periods. For each significant wave height, the three modal

periods studied correspond to the most probable and the upper and lower bounds

of a 50% confidence band (i.e., the range of modal period, which will be encoun-

tered 50% of the time in the North Atlantic). Since in the Bretschneider for-

mulation energy is proportional to the square of the significant wave height,

responses to wave spectra with the same modal period but a different significant

wave height can be calculated. The computed RMS value is multiplied by the

3



ratio of the desired significant wave height to the significant wave height used

in the calculation to obtain the response to the desired significant wave

height.

PRESENTATION AND DISCUSSION OF RESULTS

GML VARIATIONS

Four configurations, each having a different GML value were studied.

GML ranged from 13.21 to 21.16 meters in increments of approximately 2.6

meters. Fo these configurations the LCB was approximately 30.4 meters

and the LCF was 31.3 meters, aft of the nose. To facilitate comparisons, re-

sponses for all four configurations with (ML variations are presented on the same

graphs. Heave, pitch, RBM, ABM, and ASM transfer functions for configurations

moving at 0, 3, 10, and 15 knots in head and following waves are presented

in Figures 3 to 12.

Regular Waves

In head waves, the maximum heave amplitude per wave amplitude decreases as

GML increases. For X/L up to about 3, the heave transfer functions increase as

GML increases. With further increase of X/L, the trend is reversed. For X/L of

approximately 10 or greater, responses for the various configurations become

identical. As GML increases, the corresponding pitch response decreases in

magnitude. Generally, differences are notable for the entire X/L domain. The

pitch responses for the configuration with the smallest GML are notably larger

than the responses for the other configurations. As GML increases, the peaks

shift to smaller X/L's. The shift in the pitch peak resfits directly from the

increase in GML since the uncoupled, undamped pitch natural period, T6, is given

by

T i 2r Iyy + A5 5 1 /2

m g GML

where Iyy is the mass moment of inertia about the y axis, A55 is the added mass

In pitch due to pitching motions, m is the mass of the ship, and g is the acce-

leration due to gravity. At zero speed in deep water, Xe, the wavelength at the

4



natural period occurs, can be given by

g T6
2

6 2n
With Iyy and A55 fixed, as GML increases To and Xe will decrease. For the

configurations with GML's of 13.21, 15.89, 18.49, and 21.16 meters, the

corresponding To's are 10.1, 9.2, 8.5, and 8.1 seconds, and the cor-

responding Xe /L's and .5, 2.1, 1.8, and 1.6. Reference to Figures 4

and 9 indicates that the pitch transfer functions peak at approximately

these Xe/L values.

For all speeds this shift in pitch natural frequency is reflected in the

RBM, ABM, and ASM transfer functions; however, for all speeds there is usually

an increase in the maxima of these responses as GML increases. This is due to

changes in the phasing of heave relative to pitch. For RBM and ABM there is also

generally a narrowing in the band of wave lengths to which there is a large

response as GML increases. This is particularly true at 0 and 3 knots.

Conversely, for ASM there is a broadening in the response band as GML increases.

Transfer functions for the configuration with the lowest GML are generally

broader banded and separated from the others.

In following waves, heave is essentially insensitive to GML. However,

the pitch transfer functions vary with GML at 0 and 3 knots. As in head waves,

as GML increases the pitch transfer function peaks shift to lower X/L, and

responses decrease in magnitude. At 10 and 15 knots the motion is highly damped

wiLh th-. responses generally decreasing slightly as GML increases. As in head

w3ves, pitch affects RBM, ABM, and ASM. At 0 and 3 knots as GML increases, the

maximum responses shift to smaller X/L's. As in head waves, the transfer func-

tions for the configuration with the lowest GML are often distinct from the

others.

Irregular Seas

RMS values for heave, pitch, RBM, and ABM are given as a function of

spectral modal period, To, in Figures 13 to 22. In head seas the effect of CML

on the RIMS values varies with speed and type of motion. At zero speed, RMS

values generally decrease as GML increases except that ASM is lowest for the

5
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Basel ine
LCB-LCF -.-.98 m. (-3.21 ft.)

LCB-LCF =-2.78 m. (-9.11 ft.)

LCB-LCF =-1.83 m. (-6.01 ft.)

LCB-LCF = .10 m. (.32 ft.)

LCB-LCF = .98 m. (3.22 ft.)

LCB-LCF - 1.83 m. (5.99 ft.)

Figure 2 -Sketches of One Hull of Configurations in the LCF Series
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Baseline

GML - 13.21 m. (43.36 ft.)

GML = 15.89 m. (52.15 ft.)

GML = 18.49 m. (60.67 ft.)

GML = 21.16 m. (69.44 ft.)

Figure 1 - Sketches of One Hull of Configurations in the GML Series
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TABLE 2 - CLARACTERISTICS OF STABLIZING FINS

Forward Aft

Chord, m 2.08 2.55

Span, m 4.16 5.10

Maximum Thickness, m 0.34 0.42

Distance from Nose to Quarter-Chord, m 11.42 52.87

I
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15.89 meters does not significantly reduce motions.

4. As the LCF is moved from aft to forward of the LCB, RMS values for head seas

responses generally increase. An exception to this is heave at 0 and 3 knots.

The effect of LCF is not significant at 0 and 3 knots, with RMS values for the

configuration with the forward-most LCF location being as much as twice those

for the configuration with the aft-most location.

5. In following seas at 0 and 3 knots, bow motion and other responses increase

as the LCF is moved forward of the LCB. However, at 15 knots RBM, ABM, and ASM

RBM decrease as the LCF is moved forward of the LCB; this is also true for RBM

at 10 knots.

6. Among configurations studies, the results show that in head seas variation

in the LCF location results in a broader range of response values than does

*variation in I 4L. Locating the LCF forward of the LCB consistently reduces

responses whereas the effect of GML varies. However, in following seas, an

increase in GML generally is more effective than a change in LCF in reducing

responses except for RBM where response changes are comparable.

Oo,,
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*: waves, the heave transfer functions tend to increase as the LCF is moved forward;

," whereas, at lower wave lengths in following seas, the heave transfer functions

decrease with the same change in LCF. In head waves at 0 and 3 knots and in

following waves, pitch usually i,.czeases as the LCF is moved from aft to forward

of the LCB. Pitch dominates the relative and absolute motions. The reason

changes in LCV produce these changes in responses is complex and requires further

investigation.

Irregular Seas

The RMS values of responses associated with for the LCF variations are pre-

sented in Figures 33 to 42. In head seas the RMS values increase for the most

*part as the LCF is moved from aft to forward of the LCB for all conditions and

responses except heave at 0 and 3 knots which decrease. At 10 and 15 knots,

* heave and absolute stern motion show little sensitivity to LCF location.

Sensitivity to LCF location is strong for pitch, RBM, and ABM, with RMS values

*' of the responses to LCF most forward being as much as twice those with LCF aft.

- At 0 and 3 knots the responses for the three configurations with the LCF forward

of the LCB are often close in magnitude. At 10 and 15 knots the changes in

responses are essentially proportional to changes in the LCF location.

In following seas the effect of LCF location on the RMS values is not con-

" sistent. Sensitivity to LCF location is less pronounced than in head seas but

* is significant, expecially for motion at the bow. Generally, as the LCF is

moved forward of the LCB, respotises increase at 0 and 3 knots; whereas, at 10

*i knots results are mixed, and at 15 knots responses decrease.

CONCLUSIONS

1. Increasing GML decreases the pitch natural period, resulting in a shift in

*the pitch, RBM, ABM and ASM transfer functions.

*2. In head seas for ship speeds of 3, 10, and 15 knots for all wave spectral

* modal periods, heave RMS and ABM RMS generally decrease as GML increases, while

pitch RMS and ASM RMS generally increase as GML increases.

3. In following seas, an increase from 15.89 meters to 18.49 meters and from

o 18.49 meters to 21.16 meters in GML generally results in a decrease in responses.

- However, the results indicate that increasing the GML from 13.21 meters to

eL

7
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13.21 meter-GML configuration. This reduction is as large as 20%. At 3, 10,

and 15 knots, heave, RBM and ABM usually decrease and pitch and ASM increase as

GML increases. The reduction in RMS due to increasing GML is between 0% and

10%. The effect tends to diminish with increasing speed for heave, RBM, and

* ABM.

In following seas, GML has minimal effect on heave RMS. GML has a signifi-

*. cant effect on the magnitude of RMS values for all the other responses at all

the speeds studied. The change in RMS due to variations in GML are as high as

40%. The RMS values generally decrease as GML increases for all speeds at all

modal periods. However, for several responses the RMS values for the con-

figuration with the lowest GML of 13.21 meters are equal to or less than those

for the configuration with the GML of 15.89 meters.

LCF VARIATION

Six configurations, each having a different LCF value were investigated.

- The LCB is approximately 30.4 meters from the nose for all configurations, with

LCF varying from 28.40 meters to 33.26 meters from the nose. As shown in Table

*I, this corresponds to an (LCB-LCF)/L variation from -0.044 to -0.028 in incre-

*- ments of approximately 0.015 as shown in Table 1. It was not possible to

-, generate a configuration with the LCF farther forward without changing either Aw

or CML. For these configurations Aw and GML were approximately 151.0 m2 and

13.2 m, respectively.

~" Regular Waves

Heave, pitch, RBM, ABM, and ASM transfer functions for configurations

moving at 0, 3, 10, and 15 knots. In head and following waves are presented in

Figures 23 to 32. The heave transfer functions cross at a point so that on one

side of that point at each wavelength, heave increases for configurations as the

LCF is moved forward of the LCB. On the other side of that point heave

decreases. In head waves, on the left of that pivot point at each wavelength,

heave decreases with an increase in the LCF. This behavior is not evident at

0 and 3 knots. Heave is relatively insensitive to change in LCF at 10 and 15

knots. The crossover point is near the pitch natural period. The trends are

opposite in following waves. That is, at the shorter wave lengths in head

6
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GML

GML Variations 13.21 m. (43.36 ft.)
Heave 15.89 m. (52.15 ft.)
Following Waves 131 m f- 6) 0G. C f t.)

V - 0.0 KNOTS 4- 3. 0 KNOTS

M

AYEC LENGTN/5141P LCNGTH WVE LEt4GTH/S14P LENGTH

V - 10.0 KNOTS V 15.0 KNOTS
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LL
GNL Variations 13.21 m. (43.36 ft.)
Pitch - --- 15.809 m.' (52.15 ft.)
Following Waves - -- 1. m. (60.67 ft.)

21.16 iP1. (0.44 ft.)

y -O.0KNOTS V-S.0KNOTS

--- ----
- - - - - - - - - - -

£CL

II d

a ~ IC!

CL aU20 43 ;a ;0 10 1. k0 I. ia 3. 2. 2 ,i0 ;a ID j. t0 1. ;1 . i i
WFIV !LAISIPLNT AV EGKSFLNT

V 00 NTSV 150KNT

C!- ~I

;~ . . ;. 1.0 100 1;.0 1;.3 I6.0 1;, 0 3~ 22.0 241 0 2 2.0 1. 6. S . 0 .0 0 12. 4. £61 .23 162 20 2i. 32 1 24

WAYE LENGIH/SHIP LENGIH WNIVE LENGTH/St4IF LEWN~

Fiur 9 ic rnfrFntosi eua olwn ae

fo Cofgrain i0. tNhe GML Series KO
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GM L
GML Variations _____ MGM L  ariaions13.21 m. (43.36 ft.)

Relative Bow Motion
Following Waves 15.89 m. (52.15 ft.)

--- i3.49 . (.0.67 ft.)
21.16 m. (69.44 ft.)

C! V - 0.0 KNOTS . V - 3.0 KNOTS

S TATION 0.0 STATION 0.0

C!'

1 .i, W VE LE"W ~H/ I'P LENGT H WIVE LEN TH/SHIP LENGTH

I -I I i

,V - 10.0 KNOTS V - I.0 KN0TS

L I *

ar ..

-°IVE LENGTH/SHIP LDI NGH 4RAV LENGTH/SHIP LENGTH

• .' Figure 10 -Relative Bow Motion Transfer Functions in Regular
Following Waves for Configurations in the GM Series
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GM1 Variations ______ GM1L
Absolute Bow Motion 13.21 m.(43.36 ft.)
Following Waves - 15:89 m.(52.15 ft.)

8.9m.(6.7f)
"'.1-6 m. (69.44 ft.)

V 0-. 0KNOTS V V- .0 KNOTS

STATION 0.0 SIMI ION 0. 0

9 il

oil

0 2.0 4.0 6.0 6.0 3 .0 3 21.3 140 3 0 1;Q ;. 20.0 220. 30 .2 . . .0 1.0 Ia.* 3203 340 i 31 3 1;.0 22.0

WAVE LE4Q1N/SIP LE4G7H WAVE LEWGH/SHIlP LEqNTH

Fiur 11 Aslt oCoinTanfrFntosi.eua
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LL
- VaraGML
GML Variations 13.21 m. (43.36 ft.)
Absolute Stern Motion . ! , m. ( f15 . - 5 .1F ft.)
Following Waves I1.4; m. (60..! ft.)

2i:. m. (69.44 ft.)

V - 0.0 KNOTS V - 3.0 KNOTS

STIJON 20.0 -aSTATION 20.0

WAVYE LE'NGTHSHIP LENGTH WAVtE LEPNGTH/SH!P LENGTHC!

-- 10.3 KNO '5.0 KNOTS

-" ' " TRT)ON 20.0 3 STATION 20.0

;7.

13 V

;a , 0.-

WAVE LENGTN/SHIP LENGITH WFIV LENGTNSHP LCNCTH
igure 12 SAbsolute Ste n Motion TOansfe. Functions in Regula

Following Waves for Config;urations in the GH Series

ii. J
LMI
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_GML

GML Variations 13.21 m. (43.36 ft.)
Heave 15.89 m. (52.15 ft.)
Head Seas 18.49 m. (60.67 ft.)

21.16 m. (69.44 ft.)

V=O kts. V-3 kts.
10 Significant 3 10 Significant

Wave Height Wave Height

/? 9.14 m./  9.14 m.

2X

55 <

-. - 4.57 m n4.57 m.

Y 3.05 m. 3.05 m

010 0 0 40

10 15 20 10 15 20

TO sec. TO sec.

V=10 kts. V=15 kts.
10 Significant- 3 10 Significant

Wave Height Wave Height

9.9. 4.m

> 5 5

4.57 m. 

4.57 m.

3.05 m.3.05 m.

0 I 0 0 _1; 0

10 15 20 10 15 20

To, sec. To, sec.

Figure 13 - Heave RMS Responses in Irregular Head Seas for
Configurations in the GML Series
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GML

GML Variations 13.21 m. (43.36 ft.)
P1tch .15.89 m. (52.15 ft.)

Head Seas . 18.49 m. (60.67 ft.)
21.16 m. (69.44 ft.)

V=O kts. V=3 kts.
10 Significant Significant

Wave Height Wave Height

-. ~ NT.9.14 m. 91m

.5 5

4.57 m. 4.57 m.

- - _ 3.05 m. -- _- 3.05 m.

0  0 

10 15 20 10 15 20

T sec. TO, sec.

V=10 kts. V=15 kts.
10 Significant 10 Significant

Wave Height Wave Height

5 5
• " = 9. 14 m. 9.14 m

4.57 m. . 4.57 m
3.05 m. 3.05 m.

0 1_- 0 4A- --

10 15 20 10 15 20

To, sec. To, sec.

Figure 14 - Pitch RMS Responses in Irregular Head Seas for
Configurations in the GML Series
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SVaratinGML

GML Variations 13.21 m. 43.36 ft.)
Relative Bow Motion ........- 15.89 m. 52.15 ft.)
Head Seas 18.49 m. 60.67 ft.)

..... 21.16 m. (69.44 ft.)

20 V=O kts. 6 20 V=3 kts. 6
Significant Significant
Wave Height Wave Height M

0
-

0 ~44

O 10 9.14 10 91O'9.14 0~

457m , 2 -x
4.57 m. 2
3.05 m. 3.05 m.

0 0 1 0
10 15 20 10 15 20

Tog sec. TO, sec.

20 V=10 kts. 0V=15 kts.
20 -6 20 -6

Significant Significant
Wave Height Wave Height CA

0
4--44Cc+)

0 1
10 0co

>.14 m. 9.14 m.
2 2 o

S4.57 4.57

3. m. 3.05 m.

0 0 0 0
10 15 20 10 15 20

To, sec. To, sec.
Figure 15 - Relative Bow Motion RMS Responses in Irregular

Head Seas for Configurations in the GML Series
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______GML

GML Variations 13.21 im. (43.36 ft.)
Absolute Bow Motion ...... 15.89 m. (52.15 ft.)
Head Seas 18.49.. (60.67 ft.)

21.16 m. (69.44 ft.)

V=O kts. V=3 kts.

20 Significant 6 20 Significant 6

Wave Height Wave Height x

9.14 m_. 4 4 - 4
0 9. 9.14 m. a

10 10 m

0

4-, 4.57 mn.2
rc 0

S.5m.-2 4.57 m.- 2
3.05 mn. 3.05 m.

0

(V)
_ 0 __ 1 0 0 __O "

10 15 20 10 -15 20

T0, sec. To, sec.

V=10 kts. V=15 kts.
20 1ni 6 20 6

SSignificant Significant 6
Wave Height Wave Height u

0 4 4-

10 9.14 m. 10 .z- 9.14 m.

)2 20

0 4.57 mi. 4.57 m.1 0

3.05 n. 3.05 m. -

CC0 . 0 0 .0
10 15 20 10 15 20

To, sec. To, sec.

Figure 16 - Absolute Bow Motion RMS Responses in Irregular
Head Seas for Configurations in the CML Series
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GML

GML Variations 13.21 m. (43.36 ft.)
Absolute Stern Motion 15.89 m. (52.15 ft.)
Head Seas .. 18.49 m. (60.67 ft.)

21.16 m. (69.44 ft.)

V=0 kts. V=3 kts.•20 6 220~Significa--- 6 20 Significant- 6X
4- Wave Height Wave Height >

00
o-

-- 9.14 m.- 9.14 m.

w 10 10 -

4 4.57 m.- 2 4.57 m.- 2 :

F- -1-

3.05 m. 3.05 m, 0

o ------ 1 0 O - 0
10 15 20 10 15 20

To, sec. To, sec.

V=10 kts. V=15 kts.
•20S 6 20 6

Significan Significant
Wave Height Wave Height 3,

o

o 4 C

9.14 m. l-- -- 9.14 m.
4J

1 0

,---' 4.57m. 24.57 m.

3.05 m. _ 3.05 m.

S0-

10 15 20 10 15 20

T., sec. T., sec.

Figure 17 - Absolute Stern Motion RMS Responses in Irregular

Head Seas for Configurations in the GM Series
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GML

GML Variations 13.21 m. (43.36 ft.)
Heave 15.89 m. (52.15 ft.)
Following Seas 18.49 m. (60.67 ft.)

21.16 m. (69.44 ft.)

V=O kts. V=3 kts.

10 Significant 3 10 Significant
Wave Height Wave Height

- 9.14 m,_ 2 9.14m- 2

> 55

4.57 m.- 1  4.57 m.-

3.05 m. ---- 3.05 m.

0 0 0. I 0

10 15 20 10 15 20

To, sec. T., sec.

V=10 kts. V=15 kts.
10 ,3 10;

Significant Significant
Wave Height Wave Height

9.14 m. 9.14 m.

> 5 5

4.57 m. 1 4.57 m.
3.05 m. 3.05

0 QO0 0-

10 15 20 10 15 20

T., sec. T,, sec.

Figure 18 - Heave RMS Responses in Irregular Following 
Seas for

Configurations in the GtL Series
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GML

GML Variations 13.21 m. (43.36 ft.)
Pitch 15.89 m. (52.15 ft.)
Following Seas 18.49 m. (60.67 ft.)

21.16 m. (69.44 ft.)

V=O kts. V=3 kts.
10 Significant 10 Significant

Wave Height Wave Height

- N , , 9.14 m.' "

,a -.. 9.14m
.5 5

U " "4.57 m.

4.57 M.
3.05m.

3.05m.

O_ 0 _

10 15 20 10 15 20

To, sec. TO, sec.

V=10 kts. V=15 kts.
10 Significant 10 Significant

Wave Height Wave Height

C;~

5- -, 5- -
Z 9.14 m. 9.1-m

Ui

4.57 m. 4 .

3.05 m. 3.05 m.

.- A 0 4
10 15 20 10 15 20

T., sec. T., sec.

Figure 19 - Pitch RMS Responses in Irregular Following Seas for
Configurations in the GML Series
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GML
GM L Variations 13.21 m. (43.36 ft.?
Relative Bow Motion 15.89.. (52.15 ft.
Following Seas -- 18.49 i. (60.67 ft.

21.16 . (69.44 ft.)

20 V=O kts. 6 20 V=3 kts. 6
Significant Significant
Wave Height Wave Height

4 4C+

10 10 10-- '- 9.14 m. 0
2 0

4.57 m. -
u--- 9.14 m. 0

3.05 m. 4.57 m.
0 J J 0 3.05 .1 0

1'0 15 20 10 15 20

T0 9 sec. T0, sec.

V=10 kts. V=15 kts.
20 -1 6 20 j6

Significant Significant
Wave Height Wave Height

0 --JJ r DJ

0 -144 c-i.r- (0

0 10 - C0 r

2 m-2
9 4 9.14 m.0

QJ 9.1 m .m
-- - 4.57 m. _ 57 m

3.-05 m. E
T ~3.05_M.j 0 ____________I 15 20 it15 20

TO, sec. TO, sec.

Figure 20 - Relative Bow Motion RMS Responses in Irregular Following
Seas for Configurations in the GML Series
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GML

GML Variations 13.21 m. (43.36 ft.)
Absolute Bow Motion 15.89 m. (52.15 ft.)
Following Seas 18.49 m. (60.67 ft.)

21.16 m. (69.44 ft.)

V=O kts. V=3 kts.
.20 -6 20 64- Significant Significant

Wave Height Wave Height

0 4 4-Z--- 9.14

O10- 10 - 9.14 m.
w0

4.57 m.- 2 -:2
V) - - - 4.57 m.

-- 3.05 m. - - o
C- 3.05 m.

0L~ 0 0 AA .0
10 15 20 10 15 20

To , sec. T., sec.

V=10 kts. V=15 kts.
20 Significant 6 20 Significant- I ;

Wave Height Wave Height 7

0 -
0 4 4

10 9.14 m. 9.14

45 in 2 4 .57 m . 4.57 m. -'

-3--. --05 m. 3.05 m .
0 0 I 0 0

10 15 20 10 15 20

T0 , sec. T0 , sec.

Figure 21 - Absolute Bow Motion RMS Responses in Irregular Following
Seas for Configurations in the GML Series
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LCB-LCF

LCF Variations -2.78 m. (-9.11 ft.)
Relative Bow Motion -1.83. (-6.01 ft.
Head Seas - .98 m. (-3.21 ft.

.10 m. ( .32 rt.

.98 m( 3.22 ft.)
...... 1.83 m. 5.99 ft.

V=O kts. V=3 kts.
20 Significant 6 20 Signican. 6

4- Wave Height Wave Height -:

"- :4 -4Oo --.- -,-
9.14 m.

4.57 72  2
...... 4..7 m. r.

," 3.05 m. 3.05 m. 0

0 ... 0 0 0
lb 15 20 10 15 20

To, sec. Tog sec.

V=10 kts. V=15 kts.
20 6 20-6

Significant' 20 Significant
4- Wave Height Wave Height

4 4C<
0 CD

10 _ 10 -0"°i . -  ":2:
" " 9 .14 m . 9 .14 m .

Figur 4.57 m i - 4.57 M.

==- -:- ------ --3. 05 m. -- - -- --- . 5 m

= 0 '. 0 0

10) 15 20 10 15 2o

Tog sec. To, sec.

Figure 35 -Relative Bow Motion RMS Responses in Irregular Head Seas

for Configurations in the LCF Series
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LCB-LCF
LCF Variations 2.78 U. (-9.11 ft.)
Pitch -1.83.. (-6.01 ft.)

Head Seas -1.83 m. (-6.01 ft.)
- .98 m. (-3.21 ft.)

.1om. .32 ft.)
- 1 .98 m. 3.22 ft.

1.83 m. ( 5.99 ft.)

V=O kts. V=3 kts.
10 Significant 10 Significant

Wave Height Wave Height

51 9.14 m.

----- 457m,4.) 4 57m- j- .. .

_ __ -4.57 m.
3.05 m. -" __ ---

3.05 m.

I0 15 20 10 15 20

To, sec. To , sec.

V=10 kts. V=15 kts.10- 10-----.--.Significant Signi fi cant
Wave Height Wave Height

5 5
4-) 9.14 m. - 9.14m.

X:_ 4.57 m.
4.57m

' ~3.05 m.305.

0 .. i0 ,

10 15 20 10 15 20

To, sec. To, sec.

Figure 34 - Pitch RMS Responses in Irregular Head Seas for Configurations

in the LCF Series
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LCB-LCF
LCF Variations - 2.78 m. (-9.11 ft.)
Heave -1.83 m. (-6.01 ft.)
Head Seas - .98 m. (-3.21 ft.)

. . . .10 m. (.32 ft.)
-. 98 M 3.22 ft.)

1.83 m. 5.99 ft.)

V=O kts V=3 kts
10 3 10

Significant Significant
Wave Height Wave Height

S9.14 m 9.14 m
__ --- I -CA 2 2

5 5 <
0) (D

4.57 m 4.57 m

Z3.05 m 3.05 m

0 L 10 o[, I 0
10 15 20 10 15 20

T O sec T09 sec

V:IO kts V=15 kts

10 Significant 3 10 Significant 3 3

Wave Height Wave Height
p_0 9.14 m 9 . 914 m

S2 2 ""

5 5 r
fCD

457 m 4.57 m

3.05 mn 3.05 m

0 1 10 0- 0
10 15 20 10 15 20

To, sec To, sec

Figure 33 - Heave RMS Responses in Irregular Head Seas for Configurations

in the LCF Series
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LCB-LCF
LCF Variations -2.78 m. (-I.. ft..
Absolute Stern Motion -1.83 m. '-6.C' ft.,
Following Waves - .9 .- 2.'L ft.

.10 i.r .32 ft.)
S- .§S ni. i2.2' ft.)

1.83 m. (5 ."J ft..

V- C KNdOTS I I I - 3f' XNDIS3." <isI

I ( C '

xC, : I STPTIV: 7?

a: 'I

Lii

j

-Si

J IT

Cs a

4, j' C5,

WPVE LENIrIH/SliP LNGtW WPVE LENGT,-1S1-P rr

I *II C KNOIS I 15.0 i(NOIS

STPTIO:':' - 3TPTPiY:

-. V -,G /Si LE I.WVEiEGFS+i E M

Figure 32 - Absolute Stern Motion Transfer Functions in Regular

Following Waves for Configurations in the LCR Series
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LCB-LCF

LCF Variations -- 2.78 m. (-9.11 ft.)
Absolute Bow Motion -1.83 m . (-6.01 ft.)
Following Waves - .93 m. (-3.21 ft.)

.0 m. ( .32 ft.)

.98 m. ( 3.22 ft.)
1.83 m. ( 5.99 ft.j

Al" V - 0.0 KNOTS CV!.3.KNOIS
4j yTTO .. C KOT

VAIIT ION .C STWTIO.! 0 C

WPVE LE.JWrfF/5F.IF LE~fT WfRVE LENATFl-/$PiP LENP, P

V I/ - P C KNOIS 15 -I.0 I(NOIS

Ii I

3~TPTIOt, 0 r , TT-: 0 C

.r

C . I ,

Q c

i.VC LENG[H/S i LENrfl IE dA,. LENIfr/S'If L~N"NrI-

Figre31 1AsoltC B(owS Mo.o -ranfer.untios Reula

ml

.1

Following Waves for Configurations in the LCF Series
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LCB-LCF
LCF Variations -2.78m. (- .11 ft.)
Relative Bow Motion -1.83 m. t-6.01 ft.)
Following Waves - .98 m. "-3.21 ft.)

. m. ( .32 ft.)

.9- m. (3,22 ft.)N

I'

- C , 1(NOVS I - 3.^ KNOIS
I

Tp.:1f C' 0 r STF1I0 : 0C
0-.

r.

LI Li

CAI -j

fWVE LENV.If-/SHIP L!-NrIt- WfVE LENrI. F/StP LC-N

I n - tf . iNO S , 15.0 KA IS

i7P IL C .. T'1O:C

CLC

(LL
:-0 .n

WPVE LENI 5IS P -!:N( II- WPVEr LEF.P.s -,P _,
-

Figture 30 - Relative Bow Motion Transfer Fun~cti~ons inl Regular

Following Waves for Confi[gurati[ons inl the LCF Series
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LCB-LCF
LCF Variations -2.78 mi. (-9.11 f t.)
Pitch -- 1.83 mn. (-6.01 ft.)
Following Waves - .98 m.(-3.21 ft.)

.10 m.(.32 ft.)

.98 m.(3.22 ft.)
S 1.83 rn. (5.99 ft.)

'i - O.C KCNOTS V- 3.a 0 KOTS
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I-C 0
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LCB-LCF
LCF Variations -2.78 7. (-9.11 ft."
Heave -1.83 M. (-6.01 ft.
Following Waves - 7 ,.

. .
1. ;.. ( 1.22; t

0 ! NOI S-

*1

r CILi Lj

a. A

P- Nr Dm'3,-

x1 14 0

1 / \ "

C.3

tjt

-'' ,4' 411 2 " * ;W .-, .,4o 'I ,in 4' " .n .,C .21 'in .+

, . ,.n - N IS - 2S 
- 
2 q '.

IIT

*., "jin... - , - -----

n
A"E '' .. Si- 77 .!:I i-

Figure 28 -Heave Transfer Functions in Regular Following Waves
for Configurations in the LCF Series
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LCB-LCF
LCF Variations 2.78 m. (-3.11 ft.)
Absolute Stern Motion -1.83 m. (-5,CI ft.)
Head Waves - .98 m. 3.21. F.)

... ft.)
ft .. .J . .H ".. . .. ., 1.33 m. , K:,. ft.,)

- (i V -0.0 KNOTS / V " 3.0 KNOTS

411%STIOIN 20.0 SI TION 20.0

.2.

WAlVE LENGTH/SHIP LEINGTH WAVE LENGTH/SHIP LE'NGTH

,.,V - 10.3 KNOTS V 15l.3] KNOTS

.. J STATION 20.0 S.J TATION 20.0

WARVE LE4GTH/SHIP LE46TH WAIVE LE4GTH/SHIP LENGTH

Figure 27 - Absolute Stern Motion Transfer Functions in Regular Head

Waves for Configurations in the LCF Series
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LCB-LCF
LCF Variations .. . .. . - - 2.78 n. (- .1J ft.

Absolute Bow Motion----- . -6)
Head Waves : , -3 T t.

C . 3. ' 2 2 .
- .5 ; -h i h

V - 0.0 KNOTS V - 3.0 KNOTS

SSTRTION 0.0 STATION 0.0

I /

-- o~ 2o .o *. I~o 12o .o i~ 1.o , o 2.0 a '.2 4.2 6.0 6.2 12. 20.0 Ii 2 24.0 2;o 0 k 22.3 00 ,4

dVE LD4WTN/SHIP LCWTH AVYE LENGTH/SHIP LEWTH

V - 0.0 KNOTS - IS.3 KNOTS

N" 2,v
in-. Io

02 .. 42 6.0 6.2 1 . *222. 1 20 1. 2 20.3 22 3 24 . 2.2 43 6.3 . 23 2. 3 164 02 20.3 al2 242

WAVE LENGTH/SHIP LENGTH GE LE49THfSH!P LENGTH

Figure 26 - Absolute Bow Motion Transfer Functions in Regular Head
Waves for Configurations in the LCF Series
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I LCB-LCF

LCF Variations -2.78 m.(-. ft.)

Relative Bow Motion -1 >. ,-:.C. ft.)

Head Waves - 93 n. (-3.2]. -

.-. . . . . . .. . .t .'

V - 0.0 KNOTS V - 3.0 KNOTS

-. STATION 0.0 _j STATION 0,0

c!1

9 !.

V- 100KOSV-i. NTSTRTION 0.0 5TnIN0.

'I, I

La

i.. .2 4. 6 a0 .0 12.0 113 16.0 1 i .0 0 0.2 2i.0 i 0.3 2.0 4. 6 .0 10.3 1,0 11 IC 0 1 12 200 22.2 24 3

"" WAVE LEWGH/SHIP LENGTH WAVE LE'NGTH/SHIP L.[''GH

I "v - 10.0 KNOTS if- 15.0 KNOTS

" STATION 0.0 -. STATION 0.9

,,

WAVE LENCTN/SHIP LENdGTH WAVE JNGHSHIP L!rNGFH

Figure 25 - Relative Bow Motion Transfer Functions in Regular Head

Waves for Configurations in the LCF Series
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LCB-LCF
* LCF Variations -2.78 m. ....

Pitch -1.83 m. E ft.
* Head Waves - .98 M.,

-Q in .
S. .. . . . ., .

V - 0.0 KNOTS .V - .0 KNOTS

131 3

Id

15 1;0 2. 23 2

. . 2 0.0 2.0 4,.2 60 8.0 10.3 3 .0. .

WMVE L.NGTH/SHIP LENGTH WREV LENGTH/SHIP LENGTH

V - 0.0 KNOTS V - i.0 K140TS

6M' LEMOTK/SHIP LEW6TH WFWE LENIGTH!SHIP LE4GTM

Figure 24 -Pitch Transfer Functions in Regular Head Waves for

i- . Configurations in the LCF Series
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LCB-LCF
LCF Variations -2.78 1. -;.2. ,t
Heave -1.32 . .,,

. Head Waves - .98 r. -2.2i t

V~C -: 0.0KOSV . NT
ca. c.

I' V -0.0 KNOTS V - 3.0 KNOTS

Li Li

2. 12 21 61 0 100 12.3 14. 3 1i0 21 0. 3 43 5 0 1. 3 i t~3.

WRVE LENGTH/SHIP LENGTH WAVE LENGTH/SHIP LENGTH

-- Li'

o0

Configurations in the LCF Series
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_____GML

GML Variations 13.21 m. (43.36 ft.)
Absolute Stern Motion. 15.89 m. (52.15 ft.)"
Following Seas 18.49 m. (60.67 ft.)

"- - 21.16 m. (69.44 ft.)

V=O kts. V=3 kts.
20 Significan Significant ;

4-- Wave Height .. Wave Height
a N" -.

-- 9.14 m. 9oo
49.14 m -

-10 10 4
"-. .4.574.57 m.

3 3.05 m. 0

0 M 0 0 10A
10 15 20 10 15 20

T., sec. Tsec.

V=10 kts. V=15 kts.

20 Significant- 6  20 Significant" 6

Wave Height Wave Height
o n

0 I40

SC+
9 9.14m.

S10 10 "'- 9.14m.

457 2 2
0-m. 4.5 . 4.57 m.
" .-- 3.05 m. 3.05 m.[0

0 0 0 O 0 =
1" 15 20 10 15 20

To, sec. To , sec.
Figure 22 - Absolute Stern Motion RMS Responses in Irregular

Following Seas for Configurations in the GML Series
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LCB-LCF
LCF Variations -2.78 m. (-9.11 ft.)
Absolute Bow Motion .- 1.83 m: : -6.01 ft.
Head Seas - .98 m -3.21 ft.

.10 m. .32 ft
--- .98 m: 3.22 ft.)

.. .. 1.83 m 5.99 ft.)

V=O kts. V=3 kts.
20 - Significant 6 20 Significant- 6

4- Wajve Height - Wave Height

.. 9.14 m. ---- 5 9.14. r
4 -4 4

-14.57m.4.57 1

S--A 2 2.. -

3.05 m. --- 3.05 m. .

0 0 0 0....
10 15 20 10 15 20

TO, sec. Tog sec.

V=10 kts. V=15 kts.
20 ~6 20 . -

Significant Significant 6

Wave Height Wave Height

0 Ln

* -1 4 4
9.14 9.14m.

010 10 .-1
-. -- 0

4.57 m"' 2  -2 m
S-4.57m. .

3.05 m ,-- 3.05 m. -

__0 _ _ 0 0 0____. 0

10. 15 20 10 15 20

To, sec. T, sec.
Figure 36 - Absolute Bow Motion RMS .Responses in Irregular Head Seas

for Configurations in the LCF Series
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LCB-LCF

LCF Variations -2.78 M. (-9.11 ft.)
Absolute Stern Motion- - -1.83 m. -6.01 ft.)
Head Seas - .98 m. 1-3.21 ft.)

HedSes.10. .32 ft.)
.98 m. (3.22 ft.)

1.83 m. ( 5.99 ft.)

V=O kts. V=3 kts.
20 Significant- 6 20 Significant 6 ;

*4- Wave Height Wave Height M

0

0 4 - -1 4 .
o ---- Z 2-4- _ 0-

...... 1 . 19.14 m.10 -10 . . . .:7'7

4.57 m 2 2
. - (A 3 .0 5 m 0

3.05 m.

= 0 0__ _ _u 00
* 4

10 15 20 10 15 20

To, sec. To, sec.

V=10 kts. V=15 kts.
S20 Significant- 6 20 Significant 6

120  Wave Height Wave Height
0 Co 0
4o.., 0

4 4 a
CC

ii 9.14m. 1 9.14 . C.4 0 10 10 C+
(A

" . 4.57m.I 4.57 m. C

3.05 m. 3.05

.0 0 0 3 .050_._ _ 0
I0 15 20 ib 15 20

TO,, sec. To, sec.

Figure 37 - Absolute Stern Motion RMS Responses in Irregular Head
Seas for Configurations in the LCF Series
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LCF Variations LCB-LCF
Heave ------ - 2.78 m. (-9.11 ft.)
Following Seas -1.83 .. -6.01 ft.)

- .98 m. (-3.21 ft.)
.10.. ( .32 ft.)
.98.. ( 3.22 ft.)

-.. .-- 1.83 m. ( 5.99 ft.)

V=O kts. V=3 kts.
10 -3 10 13

Significant Significant
Wave Height Wave Height

.- -- 9.14 m.

---- 9.14 m.2

a)5 . 4.57 m.1

* 3.05 m. 3.05 m.

0 kA 0 0 K0
10 15 20 10 15 20

To, sec. To, sec.

V=10 kts. V=15 kts.
10 -3 10 3

Significant Significant
* Wave Height I Wave Height

2 X12

- ---- ~ 9.14 m. - l

>5 5,

(U

a".) 30Im 305m. D
4.57 m. 4.57 m

3.05 m. 3.05 m.

0 __ _ _ _ _ io 0tA 014
1 15 20 I0 15 20

To, sec. To, sec.

Figure 38 - Heave RMS Responses in Irregular Following Seas for
Configurations in the LCF Series
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LCB-LCF
LCF Variations -------- -2.78 m. (-9.11 ft.)Pitch ....- -1.63.m. (-6.01 ft.)
Following Seas - .98 m. (-3.21 ft...... .on . ( .32 ft.)

.9 M. ( 3.22 ft.
1.83-.. ( 5.99 ft.)

V=O kts. V=3 kts.
10 Significant 10 Significant

Wave Height Wave Height

9.14 m.
{D9.14 m.

U5 5
-4J 4.57 m. 4 i

= "- 4.57 m.
) 3.05 m.

3.05 i.

0 4d 0 w--
10 15 20 10 15 20

To, sec. To, sec.

V=10 kts. V=15 kts.
10 Significant 10 Significant

Wave Height Wave Height

U 5 - 9.14 m. 5 9.14 m.

4.57 m. 4.57 m.
3.05 m. 3.05 i.

0 b 1 0 1 -

10 15 20 10 15 20

T,, sec. TO, sec.
Figure 39 - Pitch RMS Responses in Irregular Following Seas for

Config4rations in the LCF Series
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LCB-LCF
LCF Variations -2.78 M. -9.11 ft.)
Relative Bow Motion .- 1.83 m. -6.01 ft.)
Following Seas - .98 m. -3.21 ft.)

.10. .32 ft.)

.98. 3.22 ft.)
1.83 .. 5.99 ft.)

V=O kts. V=3 kts.' 20,,, - 6gn20n - 2
SSignificant Significant 6

Wave Height Wave Height -

4* 0

o44J0 4 4

; " -.0_ 9.14 m.
Cm. 14I0 2 10 2

"4"J 4.57 m- 2 9.14 m. 2 oc

00
>.-= ---- 3.05 m. 4.57 m.

"-"V) 3.05m.

• e 0 1 0 0 , 1 0

10 15 20 10 15 20

T sec. T, sec.

V=10 kts. V=15 kts.

""20 -6 206
".20 Significant Significant 6

4- Wave Height Wave Height

0 I

X: 4

COO1 10 CO

p -. . --

4-' ,9 14 4m.-

9 .. 4 . .I --

4.57 m. 0
4.57 m. 3.05 m.u 3.05 m.

0 15 10 01
1. 015 20 I0 15 20

sec. sec.

Figure 40 - Relative Bow Motion in Irregular Following Seas for
Configurations in the LCF Series
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LCF Variations 
LCB-LCF

Absolute Bow Motion -2.78 m. (-9.11 ft.)
Following Seas ..-. -1.83 m. (-6.01 ft.)

- .98 m. (-3.21 ft.)
.. . .10,. ( .32 ft.)

.98.. (3.22 ft.
1.83 *. 5.99 ft.

V=O kts. V=3 kts.
20 -6 20 - 6

4. Significant Significant o
4- Wave Height Wave Height CA

I 0*

09.14 1 .

0 0
__ 9.14 m.

o 0 0 i0.0o
10 12010152

- 4.57 m. -1 2= - 4.57 m.-0L
3 .0 5 m" = - --3 .0 5 m . 0 .J

"0 ,0 0 0
10 15 20 10 15 20

T0, sec. To, sec.

V=10 kts. V=15 kts.
20 6 2
20 Significant- 6 20 Significant 6

4- Wave Height Wave Height

4 -0
0 a1A -- . 0

0 C+

39.14 m. 9.14 m.
010 10
O 

0
- 2 2

= -L 1  4.57 m.- 4.57 +
-'-'- 3.05 m.305m

=E0 , 0 0 AA 0

1015 20 10 15 20

TV sec. T,, sec.

Figure 41 - Absolute Bow Motion in Irregular Following Seas for
Configurations in the LCF Series
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LCB-LCF
LCF Variations ........ -2.78 m. (-9.11 ft.)
Absolute Stern Motion. -1.83. (-6.01 ft.)
Following Seas - .98 .. (-3.21 ft.)

.... .10.. i  .32 ft.)
-- " -- .98.. 3.22 ft.)

1.83 *. 5.99 ft.)
V=O kts. V=3 kts.4;20 6 2

-Significant- Significant
Wave Height % Wave Height

o '"- 9. 14 m.
~~9.14 m

0 40 -4-.
C 4

C+
10 10

4.57 m.
4.57 m.

22
3.05 m.- 3.05 m.

, 0_ .L 1 0 _ __.. ... .0_
10 15 20 10 15 20

To sec. TO, sec.

V=10 kts. V=15 kts.
420 6 206

4- Significant Significant
Wave Height Wave Height

0
o 0.Z 4 4o

CD
L 9.4 m.9.14 m.

4J 10 91m.10

CD,,4J

4.57 m. . 4.57m.

3.05 m. 3.05

LI 0 0 0 A. 0
10 15 20 10 15 20

TO sec. To, sec.

Figure 42 - Absolute Stern Motion in Irregular Following Seas

for Configurations in the LCF Series
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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