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NOTATION

: L Ship length

l LA Lateral displacement
Lo Longitudinal displacement
Lv Vertical displacement

px, p9, pv Phage differences, (angles) fcr surge, pitch, and yaw

R(t) Ship response to a sinusoidal excitation

RA Response amplitude

SR Skip motion spectral density

SC Pierson-Moskowitz spectral density ordinates

Time variable

Coordinates of any point measured from the origin of the
coordinate system

Surge

Phase angle
Wavelength
Pitch

Yaw

Wave frequency

Wave frequence encounter




ABSTRACT

The purpose of this investigation is to predict the response amplitude
operators (squared transfer functions) for the DLG-26 and DE-1052 Class
Destroyers. The response amplitude operators, RAOs, are computed for
the ships in LAMPS (Light Airborne Multipurpose System) configuration and
are to be used for ship motion predictions in ship/helicopter interface
design. Motion response amplitude operators are presented for speeds 10
and 20 knots, at ship headings relative to the sea of 0, 30, 60, 90, 120,
150, and 180 degrees (180 degrees denoting head seas).

ADMINISTRATIVE INFORMATION

This investigation was performed at the Naval Ship Research and
Development Center (NSRDC) and authorized by the Naval Air Engineering
Center (NAEC) Project Order 5-4007. It is identified as Work Unit Number
1-1568-012.

INTRODUCTION

Using a computer-implemented procedure, the ship motion response
amplitude operators were predicted for the DLG-26 and DE-1052 Class
Destroyers in LAMPS (Light Airborne Multipurpose System) configuration;
that 1s, the ship conditions represent the cases for helicopter operations.
Although the RAOs were computed at a single, specific point on each ship,
simple transformations make it possible to obtain ship motions at zny
arbitrary position on the ship (for example, on the helicopter platform).
The RAOs computed for

1. Ship headings of 0, 30, 60, 90, 120, 150, and 180 degrees
2. Ship speeds of 10 and 20 knots,

are presented in both tables and figures.




SHIP PARTICULARS

The ship perticulars, supplied by NAVSEC Code 6136 and 6134B, and
computer-fitted body plans for the DLG-~26 and the DE-1078 (a member of the
DE~1052 Class) are given in Tables 1 and 2, respectively. 1t should be
noted that the <1ip particulars represent the ships in LAMPS (Light Airborne
Multipurpose System) configuration conditions.

APPROACH

The RAOs were determined using the NSRDC Ship Motion and Sea Load
Computer Program.1 Thie program ctilizes the calculation procedure described
by Bales, Meyers, and Rossignol.2 That 1is, the ship response, R, to a
sinusoidal excitation of unit amplitude for a given wave encounter frequency,
wg is taken as

R(t) = R

4 Cos (wEt - €) 1)

where t is the time variable, € is the phase angle (lag with respect to the
maximum wave elevation at the origin), and RA is the response amplitude
(frequency response function). Further, it should be noted that the ship

motion spectral density, S_, is

R’
S (@) = [Ry()1% - 5 (W) @)

where Sc(w) is the irregular wave spectral density and [RA(w)]2 ;s the RAO.
Equation 2 may be used to determine the ship motions in a seaway ; however,
it should be noted that the realism of the predicted ship responses will
be strongly affected by the model of the wave spectrum selected. It has

1 Meyers, W.G., D.J. Sheridan and N. Salvesen, ''Manual NSRDC Ship Motion
and Sea Load Computer Program,'" NSRDC Report 3376 (in preparation).

2 Bales, S.L., W.G. Meyers and G.A. Rossignol, "Helicopter Landing
Platform Response Predictions of DLG-26 and DE-1040 Class Destroyers,"
NSRDC Report 3868, July 1973.




been established requently by different authors that the single parameter

Pierson-Moskowitz wave spectrum is an inadequate wave spectra model for
many ship motion problems.3’ 4,5,6,7

R

RESULTS

Tables 3 through 30 in the Appendix present the ship response amplitude
operators with respect to Wpy wave encounter frequency, A/L, wavelength/ship
length, and L/A. The dimension of Wes identified as WE in tables, is radians/
second. The RAOs for surge, sway, and heave are in feet?/feet?, and for roll,

pitch, and yaw in degreesz/feetz. The phase angles are in degrees. Ship

FNTT IETEE, T

heading angle to the waves 1s defined as 180 degrees for head waves, and

150 degrees for waves approaching the ship from 30 degrees off the port
bow.

The RAOs were computed at the intersection of the longitudinal center-

line at the waterplane section with the transverse plane through the center

AN

of gravity. Responses at other points along the ship can be found by using

the data in the tables and equations (15) of Reference 2, 1i.e.,

G

—
n

) 0 =X - y* ¢ + z* 6, (longitudinal)
)

[
il

AC YT 2% ¢ + x* ¢, (lateral)

L
r
<3
1]

z - x* 0+ y*k ¢, (vertical) (3)

Hadler, J.B. and T.H. Sarrhin, "Seakeeping Criteria and Specifications,"

SNAME Seakeeping Symposium, Webb Institute of Naval Architecture,
October 1973.

Baitis, A.E., S.L. Bales and W.G. Mey‘'rs, "Design Acceleration and Ship

Motions for LNG Cargo Tanks,'" Tenth Sywposium on Naval Hydrodynamics,
June 1974,

Cummins, W.E., "Prediction of Seakeeping Performance," 17th American
Towing Tank Conference State of the Art Report - Seakeeping, June 1974,

: Hoffman, D., "Analysis of Measured and Calculated Spectra,' International
- Symposium on the Dynamics of Marine Vehiclegc and Structures in Waves,
E University College, London, April 1974.

Hoffman, D., "Environmental Condition Representatior," 17th American
Towing Tank Conference State of the Art Report - Seakeeping, June 1974.
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Equation 3 represents the linear ship rusponses at a point (x*, y*, z%) {n
a right-handed orthogonal coordinate system.

For example, the longitudinal displacement, velocity, and acceleration
at a point (x*, y*, z*) on a helicopter platform is found by applying the

above LO equation for each w_, as follows:

E{
1. Determine the dimensional transfer functions for surge, pitch, and
yaw:
x, = /m
6, = /Pitch RAO,/(180/m)
vy = /Yaw RAOi/(IBO/v) (4)

2, Determine the phase differences for surge, pitch, and yaw (merely
converting to radians):

Px, = (Phase of surge)i/(180/w)
pei = (Phase of Pitch)i/(ISO/n)
pU, = (Phase of Yaw)i/(180/n) (5)

3. Determine the real and imaginary parts:

Real

. *x . . - gk . .
Xy cos(pxi) + 2z 61 cos (pei) y v cos(pwj)

Imaginary = x, - sin(pxi) + 2% . 61 . sin(pei) -yk e Y. sin(pwi) (6)

4. Determine the amplitude and phase of linear displacement:

(Displacement Amplitude). = V(Real)? + (Imaginary)?

(Displacement Phase)i = Arctan (Imaginary/Real) N




TN

5. Determine the amplitude and phase of linear velocity:
(Velocity Amplitude)i = wpy (Displacement Amplitude)i

(Velocity Phase)i = (Displacement Phase)i + /2 (8)

6. Determine the amplitude and phase of linear acceleration:
(Acceleration Amplitude)1 = wpy (Velocity Amplitude)i/g

(Acceleration Phase)1 = (Velocity Phase)i + /2 (9)

where g is the acceleration of gravity.

It should be noted that the amplitude resulcs, for each Wy of steps
4, 5, and 6 are in the form of dimensional transfer functions. Hence, the
values should te squared in order to determine the RAOs at point (x*, y*,
z*). Also, by definition, x* is positive aft, y* is positive starboard,
and z* is positive upward. Further details are given in References 1 and
2,

Figures 1 through 4 present plots of the RAOs across wave frequency w.
Figures 1 and 2 present the curves for the DLG-26 at 10 and 20 knots, re-
spectively, across all headings. Figures 3 and 4 present the DE-1078

plots in an identical manner.
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TABLE 1 - SHIP PARTICULARS AND COMPUTER-FITTED BODY PLAN

FOR THE DLG-26 IN LAMPS CONFIGURATION

DL6 26 LAMPS CONFIGURATION
TABLE OF SHIP PARTICULARS

SHIP LENGTH(LBP) L 524.00 FEET LENGTH/BEAM
MAXIMUM BEAMe 8 S4.49 FEET BEAM/ORAF T
MAXIMUM DRAFTe T 19.10 FEET ORAF T/BEAM
DISPLACEMENTY L] 7922 TONS,SW W/ (.0lL)e0)
OESIGN SPEED v 19,99 XKNOTS FROUDE NUMBER
VERTICAL C6 KG 20,02 FEET KG/BEAM
“ETACENTRIC HT, GM 5.58 FEET GM/BEAM
LOMGITUD, CGee (G 6.64 FEET LCG/LENGTH
ROLL GYRADIUS RARG 18.89 FEET RRG/BEAM
PITCH GYRADIUS  PRG 131.00 FEETY PRG/LENGTH
YAW GYRAD!US YRG 131,00 FEET YRG/LENGTH
€57, ROLL PERIOL 8,86 SECS RULL FREQ, (RADH
TRANSOM wIDTH Tw 29.20 FEET TW/BEAM
WATERPLANE AREA AwP 21063 sQ, FEET AwF/(L8)
wETTED SUQFACE ws 32265 sQ, FEET WS/ (2LT+28T+LB)
BILGE KEEL WS 8wS 1538 SQ. FEET BWS/WS
LONGITUD, CBee LCB 6.64 FEET LCB/LENGTH
LONGITUD, CFes LCF -.10 FEET LCF/LENGTH
VERTICAL (8 K8 11.29 FEET KB/BEAM
METACENTER KM 25.60 FEET KM/BFAM

BLOCK COEFF, (o] «51

SECTION COEFF, cx 82

PRISMATIC COEFF, cp «62

® AT STA, 11,00

*e AFT OF MIDSH]PS

9.632
2.848
«351
55,066
~260

«J68
«103
+02%

0367
«250
«250
709

«537
«739
«638
«048

«02%
~.000
247
471

Bt N
STATION SPACING = 26.60 FEET \ \::\“
SCALE: 1 INCH = 7.05 FEET 5 ‘.’\} \
-_‘4 ‘4'1'/ "Il
—————— .t‘ "’l
| i [ v 1 1

20

20

19

10
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TABLE 2 - SHIP PARTICULARS AND COMPUTER-FITTED BODY PLAN
FOR THE DE-1078 IN LAMPS CONFIGURATION

DE 1078 LAMPS CONFIGURATION
TABLE OF SHIP PANTICULARS

SHIP LENGTH(LYP) L 415,00 FEET LENGTH/BEAM 8,946
MAKIMUM oEAMe ] 46,40 FEET BEAM/DRAFT 24996
MAXIMUM QRAFT® 14 15,50 FEET DRAF T/BEAM «336
DISPLACEMENT L] «179 TUNS.SW wW/(.0lL)®*]3 S8.481
JESIGN SFEED v 20,00 KNOTS FRUUDE NUMBER «292
JERTICAL CG KG 17,50 FLET KG/BE M 377
“ETACENTRIC nT, OM G bl FEET OM/BEAM .09
LONGITUD, CGee LCG «1.$7 FEEY LCG/LENGTN -,009
ROLL GYRADIUS HRG 15.01 FEET RRG/BEAM o30S
PITCr GYRADIUS PRG 103,75 FEET PRG/ZLENGTH »250
YAw GYRADIUS YRG 163,75 FEET YRO/ZLERGTH »250
EST, ROLL PERIWDL 8,39 StCS ROLL FREG, (RAD) e 169
TRANSOM wIDTH Tw 35,60 FEET TW/BEAM 707
WATERPLANE ARLA  AwP 14245 SQ. FEET AwP/(LB) e T40
4ETTED SuRFACCL L) 21098 SQ, FEET WS/ (2LTe2BTsLH) «629
RILGE nREEL wS BWS 435 SU. FEET BWS/WS 021
LONGITUD, CHee LCH ~1,97 FEET LCB/ZLENGTH -,009
LONGITUD, CFee LCF ~olw FLET LCF 7LENGTH -.001
VERTICAL C8 K8 9,03 FLET Kd/REAM «195
METACENTER KM 21,97 FEHET KM/bE AM o613
BLUCK COEFF, co a9

SECTIUN CCEFF, cx o8l

PRISMATIC CUEFF, (P -3

® AT STA, 11,00 #s AFT OF MIDSHIPS

A S e S AT v arer
] \

‘:‘\ \\l “\ ‘\\ ‘\ \\\ \\"\ﬁ" ~~~~~~ 4' ll I’ II /' " I' l' I. I'
(TR - SesawLl TTTmeeeeall ) [} ; t ’ [} oy
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' NN . o S " " "y ’ ’ ’ [} [
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