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. ‘ ; ABSTRACT ;
Full scale ship trials were conducted one mile off the coast at Fort

Story, Virginia, to both evaluate and determine the feasibility of equip-

ment, procedures and systems for the offshore discharge of sontainerships

including the movement of containers to the shore and across the beach.

This exercise was a joint Army-Navy operation. Motions of the containership,

.unloading vessels, and ligﬁterage were measured., In addition, relative

i

Wil

bhadis o et

motions between the ships were measured. A Datawell Waverider buoy was
used to measure wave height: - '

ADMINISTRATIVE INFORMATION

This work was authorized by the Naval Civil Engineering Laboratory
Project Order P973:0008 of 28-August 1972, and outlined in the Naval Ship
Research and Development Center "Proposal for Unloading System Motion
Measurements" of 11 July 1972, presented as enclosure (1) of NSRDC letter
1568: 386/3900/7100. The work was accomplished under Work Unit Number
1-1568-254 at the Centet.

INTRODUCTION

<L i el ki K <

0SDOC II (The Offshote Disharge of Containerships) was a joint Army- ' *
'Navy operation taking placé between 4 October and 13 October 1972 off the
_f* Virginia coast at Fort Story. A commercial containership,'"WARRIOR”, wa {
'*% leased from the Sealand Corporation and used as the main base of operation i
F for the at-gsea activities. From this containership containers were discharged
and reloaded using a variety of offloading nnchantlnl.

| ?} i These offloading vehicles included the following: (1) a floltin‘
a . "Delong" barge fitted with a large commercial crane; (2) a commercial crane
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fitted to the WARRIOR's deck; (3) helicopters; (4) an LST (1188) fitted with
a commercial crane; and (5) a seatrain ship using its own on-board cranes.
The containers were offloaded into various lighterages including: (1) Navy
and“Army LCU Class landing craft; (2) B.C. barges; (3) an air cushion vehicle;
and (4) a 7x15 platform attached to the causeway sections.

The objectives of the NSRDC. Ship Performance Department during the
trials were to: : , : .

(1) measure and analyze absolute vehicle motions;

(2) measure and analyze relative vehicle motions;

aud (3) measure and analyze sea state,

The purpose of the report is to ﬁro&l&e this data in both tabular and
graphical form, to aid the evaluation of the various offloading systems "
employed in 0SDOC II.

VEHICLE PARTICULARS

.\

CONTAINERSHIP (WARRIOR)

The containership used duriﬁg 0SDOC II is a converted C-2 Class vessel
belonging to the Sealand Company. It was modified to accept standard 20
foot military containers just prior to the OSDOC II exercise. The length
of the ship is 468 feet, with a beam of 63 feet and draft of 19.3 feet.

The WAKRIOR was moored in 41 feet of water just off Fort Story, Virginia
using a ‘single point, bow moor to & mooring buoy.

FLOATING DELONG BARGE AND CRANE

The floating Delong barge carried a commercial crane and was moored
alongside the WARRIOR. It was used to unload containers from the WARRIOR
and to place these containers on the various lighcoragcl; Figure 1 shows
the floating Delong barge alongside the WARRIOR. The barge dimensions are
300 feet in length with a width of 80 feet and a draft of from 2 to 3 feet.
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7x15 PLATFORM

This was a floating platform measuring 90 feet long by 49% feet wide.
A "hopper" was constructed on the platform and used to feed containers onto
trucks. The trucks drove onto the 7x15 platform from causeways at either
end and were loaded by the hopper as shown in Figure 2.

NAVY LCU 1610 CLASS

These craft were used as lighterage during the 0SDOC %I exercise. They j
have a light displacement of 200 tons, a length of 139 feet, a beam of 29

- feet and a mean light draft of 2.9 feet. LCU 1659 and LCU 1664 were instru-

mented for use during 0SDOC II. Figure 3 shows one of these craft.

ARMY LCU 1466 CLASS

These craft were also used as lighterage during the 0SDOC II exercise.
They have a light displacement of 180 tons, a length of 119 feet, a beam
of 34 feet, and a mean draft of 3 feet. LCU 1524 and LCU 1583 were instru-
mented for use during OSDOC II. Figure 4 shows one of thege craft.

LST 1188 (SAGINAW)

This ship was used during the latter portionq of the 0SDOC II exercise.

"It was fitted with a commercial crane as shown in Figure 5. While moored

alongside the WARR16R, the LST crane offloaded containers from the WARRIOR
to lighterage positioned on the opposite side of the LST. The LST 1188

has a length of 522.3 feet, a beam of 69.5 feet and a draft of 15 feet.

Its displacement is 8384 tons fully loaded.

B.C. BARGE

This barge is seen in Figure 6. It is ﬁot self-powered and was used

as lighterage during OSDOC 1I. It has a length of 111 feet and a beam of
32 feet,




SEATRAIN CONTAINERSHIF

This ship came alongside the WARRIOR for the last day of 0SDOC II
operations. Its on-board cranes were used to offload containers from the
WARRIOR., Figure 7 shows this ship coming alongside the WARRIOR. It is
somewhat larger than the WARRIOR. ;

Table 1 lists the natural periods of oscillation for the various ships
instrumented during OSDOC II.

DATA REDUCTION TECHNIQUES

I. ANALOG TO DIGIIAL CONVERSION

All signals are recorded on both Sanborn direct writing oscillograph
units and analog tape recorders. The signals on analog tapes are then -
digitized using the SDS 910 analog to digiral converter.

The analog data tapes contain 0 to +1 volt and 0 to -1. volt calibrating
steps. These calibration steps are digitized and inserted into the .first
three files on the digital tape. The first file contains the -+l volt 1evel,~
the second .file contains the -1 volt level and the third file contains the 0
volt level. The volts to counts conversion factor is computed from the data
in these first three files and listed for each run on the computer "printout"”
sheets. All test data for a particular analog tépe is then digitized and
inserted into the.fourth file on the digital tape; Ag the data is being
digitized, a one-half volt level signal associated with.eacﬁ run is also
digitized and inserted in this fourth file. Thus, for example, 200 test
runs are represented by 200 one-half volﬁ levels on the digital tapes.

II. IRREGUIAR WAVE ANALYSIS (REFERENCE 1)
A. Spectral Analysis (frequency Domain)

For irregular wave data analysis, two computer passes are made on the

data, During the first pass the mean value of the signal is computed, and




the maximum and minimum values of the signal are obtained. During the second

¥ pass on the computer, the mean is subtracted on a point by point basis from :
the data, while spectral analysis and time domain analysis are performed on

: the data. Again, all results are obtained for a zero mean.

Spectral analysis of the irregular wave data is based on Wiener's
theorem for analysis of time stationary processes. This theorem states that
the autocorrelation function of a random function and the energy spectrum

are related to each other by a Fourier cosine transformatign,

The autocorrelation function, Q(t), for a random time history signal,
.X(t), is defined as

T
am = tim 2 [ xee) xee + m ac e
SRS 2
T o
where T is referred to as the autocqfrelation lag.

The energy spectral density may then be defined as twice the Fourier

cosine transformation of Q(T) or :

e i

; o S(w) "% I Q(T) cos wr « dr " .. : e )
. o e

Numerical integration of Equations (1) and (2) is then employed to
obtain the autocorrelation function and energy spectra from the 1rregular
wave test signals.

e

The autocorrelation function, Q(T), for a random time history signal, : §
.X(t), is programmed at the Center using a discrete numerical approximation
of the form

(N e q q+n - 0,1, 2, - - -, m) , 3) ;

where Qn = autocorrelation estimate for time ot'llg,

T = njt,




At = time interval between digitized points,

value of X(t) at time qAt,

¢
|

number of data points recorded,

'z
)
n

n = number of intervals defining time or lag T = nAt, and,

m = desired number of lags.

The number 2 is inserted into Equation (3) to account for the symmetry of
the autocorrelation function.

The energy spectrum of a signal is estimated from the discrete values
of the autocorrelation function using a discrete Fourier cosine transfor-
mation; which is equivalent to using the trapezoidal rule for integration
to compute Equation (2). Tiiis approximation is given as

[Q +2? anoc—" +Q-co¢kﬂ]

: @)
(k-Olz----,.-) g
where sk are the estimates for the spcccx:al densities at frequencies
W= .1!— = k M =, 3 (s)

X
The quantity, n/mAt," in Equation (5) is the frequency interval, M. between
spectral estimates. ;

For analysis of irregular wave data the number of lags used is 60. The
time interval between digital samples is 0.599 seconds, which gives a :
frequency increment between spectral estimates of 0.088 radians/second.

The spectral ordinate values, sk. are smoothed in the frequency domain
using a Hanning process of the form : -

8, = 0258 +o.ssk+ozssm § (6)
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The degrees of freedom of a spectrum is given as

ZNO
and value is printed out for -each irregular wave test run.

An important characteristic of the spectrﬁm is that the area under the
spectrum curve is equal to twice the mean-square value of the function, or
the value of the autocorrelation function for the zeroth lag, i.e.,

CJ T
E = _['os(w) do =2 _[o[x(t)l' %® . - (8)

For a signal with a zero mean this expression may be regarded as twice the
variance, which is defined as Q° or
dRir-%, ° o s wa o9
and : . ' : . k
Qs =/E . . (10)
Thévéééctral analysis program yields power spectra with ordinate values

in the form of single'amplitude squared per unit frequency, versus abscissa

values in the form of frequency in radians per second,

For:a time-stationary pfocess having a narrow band spectrum and
Gaussian data point distribuéion, the following statistics may be obtained
from the area, E,-under the spectrum

1.414 JE = the most frequent double amplitude motiom,
1.77 /E = average motion (double amplitude),

2,83 /E = "gignificant" motion (double amplitude) or average of the
‘ 1/3 highest motions,

3.60 /! = average of the 1/10th highest motion (double amplitude).

B. Histogram Analysis (Time Domain)

Concurrently with the performance of the spectral analysis for an
irregular wave signal, a time domain analysis is performed to obtain
histograms. : v

7
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For the calculation of the double amplitude distribution, a cycle of
information must first be defined. A cycle is defined as Qeing three con-

secutive zero crossings of the zero mear data, while a double amplitude for

; _ - /'\ '_V—owle amplitude
B o o e

il A L

Cycle

a particular cycle is defined as the peak to trough value. It should be

noted that approximately 150 cycles of data were obtained for each irregular
wave run, '

Assuming 150 cycles of data the double amplitude values ranging from
¢ zero to the maximum data point minus the minimum point are grouped into
1 thirty intervals, where tﬁe interval gpécing is the maxinum-data_point
minus the minimum data point divided by thirty. The number of double -
1l ..iplitude oééhrrences félling,in each of these thirty intervals 1s then s
' obtatned, ' ' e '

2 - * v :

§ The data point values ranging from the minimum data point to the maximum
{ data point lin‘alqo grouped into thirty intervals, where the interval

é spacing is the maximum data point minus the minimum data point divided by
i

4

3

thirty. The number of data point occurrences falling in each of these ]
: thirty intervals is also obtained.

Histogram plots for the double amplitude and data point distribdtionl
are then obtained for a reduced number of intervals based on the number
of occurrences, a reasonable interval scale and a reasonable range scale.

é ~From the double amplitude histograms the following statistics are
! calculated: '

a., average double amplitude value;
b. significant double amplitude value;

c. average of the 1/10th highest double amplitude;
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d. median double amplitude;

o R 25 0i AL N R R i oD LA A A i
!

e. mode double amplitude. |

TRIAL CONFIGURATIONS AND INSTRUMENTATION

25 el oo

The ships and vessels listed under Ship Particulars were all involved
in OSDOC II sometime during the exercises, Table 2 provides a listing. of

the ships being used during each run and the recorded measurements. Figure
8 defines the various motions listed in Table 2, while Figures 9 through 15
show the relative locations of each vessel with instruments during each test
configuration. Vessels not instrumented are not aléaya shown.

bt S i S oo &

Absolute motibns were measured for the WARRIOR, floating Delong barge,
and the LST-1188 using a Mark IV stable platform. Three Donner acceler- |

S

ometers were fixed to the Mark IV stable platform to provide translational

motion measurement, Relative translational motions between ships were

=

measured using a Datawell Wave;ider buoy. This buoy was hoo:ed about 1000 ;
yards from the WARRIOR mooring buoy in 41 feet of water, Data from this

buoy were telemetered back to the WARRIOR. For LCU, B.C. barge, 7x15 plat-
form and the seaérain ship, motions were measured using a Honeywell aircraft :
gyro and Donner accelerometers. :

Photographs illustrating the various transducers used during 0SDOC II
are provided in Figures 16 through 20. Appendix A provides detailed instru-
ment specifications. Motion data was recorded on two Ampex CP-100, 14 channel
analog tape recorders.

2.

4
5
|
|

PRESENTATION OF TRIAL RESULTS

T n e —— e et

Thbloi 3 through 21 present the significant and maximum values of the
various ship motions and wave height. ‘{he maximum motion values are obtained
using a time domain analysis which simply picks the largest peak to peak h
double amplitude occurring during a particular run. The significant values ‘

are obtained from response spectra where the significant values of the : ﬁ
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response is defined as 2.83 /¥ with E equal to the area under the response

spectrum. The significant value is also defined as the average of the 1/3
highest peak to peak excursions for a particular parameter during a.test run,

Figures 21 through 37 present typical wave spectra for each of the test
conditions given in Table 2. These spectra are point spectra and thus
reflect total wave energy regardless of ‘direction. These wave spectra
were obtained usinglthe methods previously described under "Data Reduction
Techniques". '

Appenﬁix B presents the computer printout of all the analysis done on:
the 0SDOC II data. The following 1nformat;on is provided in this appendix:

1. Spectral Ordinate and Abscissa Values for all vessel motions and
wave height. For each channel of information recorded statistics are

tabulated which have been obtained from area under the spectra, E. Some
of the statistics listed are: the average value, the significant value,
the average of the 1/i0 highest, and the highest value expected in 100
encounters; - : '

2; Reigonse Amplitude gggration; and Nondimensional Transfer Funééfons
obtained by'dividing a particular response spectra by the corresponding

wave height spectra at corresponding frequencies are also tabulated; and

3. Double Amplitude and Data Point Frequency and Cumulative Distribu-
tions from which some statistical properties of the signal,.i.e., median,

mode, maximum double amplitude, and significant value are obtained.
DISCUSSION OF TRIAL RESULTS

Although the main purpose of this report is to provide other evaluators
with motion and sea state data, some comments and observations made during
the collection of this data may prove useful.

Due to a power generator failure, no data were collected between 0915
and 1740 on 9 October 1972. A starter motor failed and shorted out the
entire electrical system.

10
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Since the evaluation team had no control over actual operations, many
of the instrumented lighterages were not brought into use on 0SDOC II. Thus,
no data were obtained for Navy LCU's. In addition, the lack of communication
between operations personnel and evaluation personnél accounted for consider-
able lost data collection time.

With regard to the data that was collected, some additional observed
ship motion information may be useful. During the power failure the roll
of the containership was estimated to be 5° to 9° maximum. Also durlng
this period the relative sway between the céntainership and the floating

-Delong barge was estimated at a maximum of 4 feet. All other motions during

this time were small and did not appear to affect operations.

During runs 65 to 71 on 10 October some observations of B.C. barge
motions were made. Essentially no relative surging between the B.C. barge
and the floating Delong barge or between the floating Delong barge and the
containership could be observed., The B.C. barge seemed to yaw considerably,
with a maximum estimate of 5° being observed. The relative heave between
the B.C. barge and the floating Delong was visually egtimated at 2 feet
maximum. ¢ :

Throughout the exercise very little relative surging could be seen
between any of the craft involved.

The data contained in this report provides system evaluators with
quantitative information on which to base their evaluations.

11
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. APPENDIX A
INSTRUMENT SFECIFICATIONS

The following paragraphs detail specifications for the ma Jor transducers
and recording devices used in the Relative Motion Measurement Program

1. Ampex CP-100 Analog Tape Recorder

Minimum specifications require that the CP-100 Recording System !
operate over the range of the described environments.

ENVIRONMENTAL CONDITIONS Operation Non-Operation
Temperature 40° to 125°F - «20° to 160°F
Humidil:.y . 90% Relative non-

‘ condensing Humidity
-5 to +0%
Altitude 0 to 10,000 ft, - 0 to 20,000 ft.

MAXIMUM CUMUiATIVE' FLUTTER (7% PEAK-TO-PEAK)

TAPE SPEED BANDPASS FLUTTER BANDPASS FLUTTER

o ST T e 4 S A TN o S A 088 M

s CPS % P-P CPS % P-P
60 0.2-10,000 0.50 0.2-312 17
30 : 0.2- 5,000 0.55 0.2-312 .25
15 " 0.2- 2,500 © 0,60 0.2-312 .35
7-1/2 0.2- 1,250 0.60 0.2-312 45
3-3/6 0.2- 625 1.00 0.2-312 .85
1-7/8 0.2- 3.2 1.00 "T0,2-510 1.00

POWER REQUIREMENTS. Will operate (without modification) on 28 volt dc or
on 115 or 230 volt, 48 to 420 cps ac. Power required to operate a l4-channel |
record/reproduce system will not exceed 400 watts. : !

TAPE TRANSPORT

Tape Speeds , 60, 30, 15, 7-1/2, 3-3/4, 1-7/8 ips. 5

Tape Speed Deviation 40.25% of nominal speed at all recording. i
speeds.

Tape Specification ; 1/2-1nch or 1-inch, 0.00} or 0.0015 inch; ' ;

maximum temperature, 140'F.

13




Reel Sizes

Cumulative Flutter
(See tablc above)

Start Time

10 1/2-inches maximum diameter
(NARTB or AMPEX precision reels).

Measured when using AMPEX 741 1.0
MIL instrumentation tape.
frequency +0.2 cps.

Low cut-off

5 seconds to reach a stable 60 ips tape

speed. Faster start time with lower tape

speeds.
Stop Time

2 seconds maximum from 60 ips tape

speed, Faster stop times with lower
tape speeds,

Fast Pomrd i
: of tape.
HEAD ASSEMBLIES

Head Geometry

Fast Forward Time (at approximately
250 ips). 3.15 minutes for 3,600 feet

micro-iriches wide (0.0001 inch).

. Gap Azimuth, all stacks within .-_gl minute of X
‘perpendicular to the head mounting plate.

Track Dimensions

Tape Width Track Type Arrangement
*1/2-inch 4 Analog In-1line
*1/2-inch 4 Analog In-line
*%1/2-1inch . | Analog Staggered
% 1-inch 14 Analog In-1line
%% l-inch 14 Analog Staggered
* Special ‘

** Standard

DIRECT RECORD/REPRODUCE SYSTEM
Signal Input Level

Track

Spacing

0.110 in.
0.140 in.
0.070 in.

0,070 in.

0.070 in.

Gap Scatter, trailing edges within a band of 100

Width

0.050 in,
0.050 in,
0.050 in,
0.050 in,
0.050 in.

0.25 to 10 volts rms for 1.5 ma record current,

Signal Input Impedance Minimum 18,000 ohms in parallel with 275 uufd,

unbalanced to ground,

1 volt rms (nominal) across a 10,000 ohm
‘  impedance at normal recording level.

Signal Output Level

14




Output Impedance Less than 100 ohms,

G Dynamic Range and Frequency Signal-to-noise ratio varies widely accord-

= Response ing to the defined limits between which it is

measured, therefore it is best expressed
: : graphically. See key below,
Signal-to-noise parameters shown graphically (in figure 1-7 thru 1-12) represent

statistical averages of a large.number of units tested and do not represent
minimum guaranteed performance.

Eept SHeRLT

A. Frequency response at normal record level maximum 1.4% 3rd-harmonic
distortion at 30 ips and 500 cps.

e et e

B,C,D,E, and F. System noise (rms measured at the output of a bandpass

YA

3 filter having an attenuation rate of 19 db per octave beyond the band
limits. indicated). ;
; G. Systems noist (rms) measured in half-octave bands.
£
CONTROL TRACK GENERATOR
i . Ingu
i ; Sensitivity ; 1.75 volts rms minimum; 3 volts rms supplied .
- B . by Capstan inverter. ;
; Impedanée . 10,000 ohms, unbalanced.
i Frequency 60 cps +.02% (obtained from capstan drive
£ / inverter).
| 2
% Output |
; Voltage Normally set for 5 volts (can be adjusted from
i 0 to 29 volt PP).
§ Impedance 1500 ohms,
1 Modulation Normall set for 50% +5%.
Sub-Carrier Fréquency 18,240 cps +0.05% or 17,000 cps +0.05%,
(selected at time of purchase by separate 3
: part numbers; see Parts List). 1
) Distortion ' Sub-carrier, less than 1,.5% total harmonic
& &% distortion,
i 15




... 2 mm.
5 eddadakead m mnu HOHEHIH 1
HH 4 14 HA{ S W SEENBRERE SR 1 4 o
=~ ZhHH - F
: s 1] wma:...é i il Lid] ..0..
. . - SREREED .M.OM... i “
E X 5 La 7 ;
8 FH e 2 B i i
& T THT BTN > = B e & :
by 3 H HATHIHE I [ EHLTHE) 1 qEghiEEn g .
: m -4 “ >
4 - SES -t
g b4 +-4-4 s 1+ 144 4 - lrix‘[v 444414 + 4 - - 0
& AT . 1111 L 2 :
4444 SERRERE 44
W 3
: g HHHH R HTHH SEERENERS Lﬂ._ L
QR saagadiy Ve oy 11114
& FTHNRY T e
,J 3 41- -4 -4 -+4 1 11 44 le . -4 o ERE —
3 h ] i 1 } 9
, § g
- AN N e 3 b
- ' o
-2 F AN & 1113 SR3TRTREECEIEE .
: 3 HUHHERR H B HiHTH 1 ‘ m e
m ¥ N s g s “ w o 3
. T ﬂ, ; m “l i
™ z 3
© . 9 g
r. 1 1 y R
B BHHIIEN T HIH L § > :
M HHH RN N 44 414 - 44 1 H 14 1 Q0 .
> ..a; y 1 o
u H !11. SONNOER EIRIIRINREEEE [CBSRSRSRERER ﬂ“v 3
. w U HHNE R B H 1 W. ,
< BHHUHIBNEHHEE 1H3 1 ‘o " ,w
HitH B N TR B HH T ] ;
[ 8 3
3 saone
< H
. - N 444 & ’ 3
4 3 L < 44 ) .
: H 1t 44 |44 ] 1444
; 5 SSEERSSEE 2 41}
5 -+ 4 vml T.'
43 Egs g 1 3
5 H 13 HH PR THHTH L 1 4 1
s -
o ) s ° °
: 5 ) 7 3
s 90 - TAART LNdLAD 3
5 v ety et

¥ e A

R RS

RETATEURETAT

e PN PO T D D
I A ST

e o L L A -




T s RS 3 s 5

¥
5 g
J E . FM RECORD/REPRODUCE SYSTEM
? ? Frequency Response The following table gives the record/reproduce
1 0 data bandwidth for all standard tape speeds with
| total harmonic distortion of no more than 2%.
4 State passbands are flat within 1.0 db and signal
_5 -to~-noise figures are rms values with an undeviated
; carrier.

Tape Speed Band Width " S/N
60 ; 0-20 ke 46 db

: 30 0-10 ke 46 db

i : 15 0- 5 ke 46 db

“ 7-1/2 . 0- 2.5 ke 45 db
i : 3-3/4. 0-1250 cps 42 db
i : ' 1-7/8 0- 625 cps 42 db
-% £ . Sighal Input Level Normal (+40%) deviation with inputs from 0.5
# ‘ : ' to 25.0 volts rms. '
J : E Signal Input Impedance Minimum 18,000 ohms in parallel with 275 upfd,
A . unbalanced to ground.
.| : ;
k| Signal Output Level 1:volt rms (nominal) across a 10,000 ohm imped- ,
i ; ance at normal recording level. :
& - - ; . H 1
3 ‘Output Impedance 1000 ohms or less, dc to 20 kc; unbalanced to ]
¢ ground, (a function of gain potentiometer).
's System Drift Less than 17 after warm-up with line voltage and
} \ temperature constant for 8 hours. Less than 2%

i ; with line variations between 105 and 125 vglts and
2 ; temperature variations between 40" and 125°F for |
% ! 8 hours. Warm-up time nominally 5 minutes. .
4 : Record/Reproduce dc, +1% of full deviation of a zero-based ;i
; straight line. £
§ ; Voltage Linearity ac, +1% of full deviation of best straight line. :
! ? PDM RECORD/REPRODUCE SYSTEM
4 i System pulse characteristics: )
1 { Tape Speed Pulse Duration Pulse accuracy in microseconds
% (in microseconds) over specified pulse widths
| . Ips . Min, Max. :
60 20 10,000 42.0 (50 to 900 usec duration)

. » 40 10,000 . 42.0 (50 to 900 usec duration)

e e A R T PN B OO N 5 SO e
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Tape Speed Pulse Duration Pulge accuracy in microseconds
(in microseconds) over specified pulse widths
Ips Min. Max.
15 80 10,000 43.0 (100 to 2,000 usec duration)
7-1/2 160 10,000 410 (200 to 3,000 usec duration)
Input Level and Range: 1,0 volt zero-to-peak nominal; 1 to 25 volts

zero-to-peak (input attenuator must be adjusted
to 1 volt for any input voltage from 1 to 25 volts).

Input Impedance: ; 20,000 ohms, unbalanced to ground, in parallel
with 275 uuf.

Input Rise and Fall Time: (10% to 90% amplitude level) 2.0 microseconds
max imum (cO maintain specified systems accur-
acy).

Output Level: - 20 volts, minimum zero-to-peak into 1,000 ohm

; resistive load (AC coupled).

Output Impedance: * 100 ohms maximum. ;

Output Pulse Rise and Fall 2.0 u seconds or less from 10% to 90% amplitude

Time: level.

Pulse Return Duration: Adjustable from 200 to 10,000 u seconds,

‘Maximum Duty Cycle: 85% (900 pps data rate).

2. Gould Brush 260-6 Strip Chart Recorder

Number of channels 6 analog, 4 event markers 2 interchannel
Analog-channel span 40 mm (50 divisions)
Frequency response at 50 div.: flat within +2% full-scale from d-c to 40 Hz;

at 10 div.: flat within +2% full-scale from d-c to 100 Hz;
3 db down @ 125 Hz

e Mlngt it sl L o

Frequency Response vs Amplitude
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Deflection Less than 0.5% full-scale
5 Non-linearity
§ 3 Trace presentation Rectilinear
. Trace width 0.01" nominal
£ Marking method Pressurized fluid
g
¥ Marking-fluid Two l-oz. disposable cartridges (sufficient for one year
§ capacity . of typical use)

Chart description Six 40-mm grids graduated in 50 divisions each. S5-mm
increments on time axis. Event-marker channels at both

; margins and between analog channels 2-3 and 4-5
Chart capacity High-contrast paper: 225 ft
Chart-speeds Eight: 1, 5, 25, and 125 mm/sec plus same speeds in
mm/min :
Event marker Internally powered by 28-V source; to be activated by
‘ ' external switch with 50-mA minimum contact rating
"Power input. 115/230V a-c +10%; attached 3-conduct§§dé{nﬁocord
: 115V/60 Hz sinusoidal................15-6367-00
- 4 23w,50 Hl ‘1““801“1.00.-.oooloo-c-ols'6367'°6
Power consumption 200 watts :
3 Weight - 65 lbs., less chart paper
Chart speed 40.25%
inaccuracy
Timer Internal timer produces l-sec pulses on left interchannel

event marker. Rear-panel switch allows choice of timer or
external, passive switching circuit.

e

Standard 6-analog-channel recorder with 4 event markers; 2 ink
complement capsules installed full; 6 analog input connectors (plugs)
Input plug Cannon XLR-3-11C(6 supplied)
required :
? Input impedance 10 megohms balanced, 5 megohms each terminal to ground 4

Measurement range 1 mV/chart division to 500 V d-c full scale (50 divisions)

Maximum allowable 500 V d-c¢ or peak a-c either terminal (No. 1 or No. 2) to
input voltage to ground. (Remember, 500 V peak = 354 V rums.)
avoid damage

:

%

. _ 3
o, Common-mode 60 db @ 60 Hz @ lmV range with 1 K unbalance 2
' rejection i
4




|
j

T b 2 R in e asnil

!
¥
1
{
|

Maximum common- 10,000 times attenuator setting, up to 500 V d-c or

mode voltage, 500 V peak a-c.
both terminals

(No. 1 and No. 2)

Signal limiters

Zero-line insta-
bility (drift)
after 15-min.
warm-up.

.Gain instability
(max{imum)

Operating
temperature

Storage temperature -40% to +85° c

off ground Attenuator = Maximum
Setting Common-mode
Voltage

1mV/diV.................... 10Vd-c
2mV/d:l.V....-.o............ 20 V d-c
5WV/d’.v.o--ooo.oo-.o-oonso SOVd"c
10mV/diV..-.nu........... IOOVd-c »
20 mV/diV................... ZOOVd'c
‘11 other‘ouobucooo-o-oo.ooc SOOVd°c

Built-in, adjustable, instant-acting electronic limiters
prevent damage to analog pens upon off-scale signals

40.1 div/8 hours; 40.1 div/°C from 15-35° C; +0.05
div/volt for +107. of nominal line voltage

40.1%/8 hours; +0. 05%/° C from 15- 35%; 40.05%/
volt for +107% of nominal Ifne voltage

0 to 55 c. ecorder will remain within specification over %
range of +10°C from temperature of caubration
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3. Donner Model 4310 Accelerometer

Model Number
Non-linearity

Hysteresis

liesoluti.on
Non-repeatability

Zero Output

Temp., Coefficient of Null
Output Noise in Volts RMS
Cross Axis Sensitivity

4310

< 0.05% of f.r.
< 0.027% of f.r.
> 0.00017% of f.r,

- <0,01% of f.r,

< 0.05% of f.r.

3 x 10°% G/°F

.0.057% of f.r.

< 0.002 G/G per f.s.i. ;

(Referred to true sensitive axia)

Temperature Senaicivit:y

Natural Frequency
(90° Phase Shift)
(Dependent upon G range)

Damping Ratio
(Customer Selectable)

Temperature Range

Shock Survival
Vibration Survival

Humidity, Salt, Spray,
Fungus, Sand, Dust

Ambient Pressure
Range

Input Power
Voltage Output--Nominal

Current Output
Electrical Connector
Case Alignment

< 0,01% per °F

E.D.: 150 to 250 cps
F.D.: 70 to 150 cps

E.D.: 0.4 to 0.7 40.1
F.D.:(0.3 to 1,0 #0.1)
(1.0 to 5.0 #10%) 2

Storage: --65° Foto +200° F
Operating:-=40"F to +200°F

100 G at 8 msec,

at 72°F

15 G rms, bandwidth 20 to 2000 cps (0.12 c’/cpu

Hermetically sealed (meets MIL-E-5272 C)

Oto5 atmospherga absolute

+0.5 G to #35 G
(or any asymmetric range totaling 70 G)

428 VDC +10%, max. 10 ma
Telemetry Model: + 28 VDC +10%, max. 25 ma

+7.5 VDC (&L-Sl(})
+15 VDC (R, #5kQ)
'relemetry el: 0.2 to 4.8 VDC

+1.5 ma, +3.0 ma

6 or 7 solder terminals (6 stlndard)

+1° to true sensitive asix (-ﬁ and +~k
alignments optional) :

21
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: Weight <4 oz..(E.D.)

% < 8 oz. (I'.D.)

f Physical Configuration Rectangular aluminum case
Abbreviations:

: f.r. = full range; f.s.i. = full scale input;

1 v.s.f. = voltage scale factor; ”

: E.D. = Electrically Damped; F.D. = Fluid Damped

1 : :
i . ACCURACY PARAMETERS

1 Symmetrical Output Telemetry Output @
g (Option A) (Option B) :
L Non-Linearity < 0.05% of full range. *
% Hysteresis & < 0,02% of full range

i Non-Repeatability

Resolution * <0.001% of full range

; Zero Output (Null) < 0.05% of f.r. 2.5 v +1% ¢
| Temp. Coeff. of Null _  0.001% per °’. - 0.006% per °F.

4 (0f full range)

Output Noise it < 0.05% of full range in rms volts

7 Cross Axis Sensitivity .

i (Referred to true < 0.002 g/g of applied acceleration®
sensitive axis)

, Temp. Sensitivity of < 0.01% per °!'. :

j Scale Factor > -

Natural Frequency Electr. damped: 15-250 Hz at 35°c.

3 (90" Phase Shift) Fluid .damped: 60-150 Hz at 25 C.
(dependent on g range) :

! Damping Ratio . Electr. damped: 0.4 to 0.7 #0.1

. (0.3 to 1 #+0.1) )

‘ : Fluid da.mped. (1 to 5 +10% )at 25 c?

'  ENVIRONMENTAL PARAMETERS

| Temperature Range -60:1? to + 200: F storage

3 =40°F to + 200 F operating*

1 Shock Survival : 1100 g 11 msec

Vibration Survival 15 g rms, bandwidth 20 to 2000 Hz
(0.12 g® per Hz)

] Humidity, Salt Spray, Hermetically sealed (meets MIL-E-5272C)
f Fungus, Sand, Dust

; Ambient Pressure 0 to 5 atmosphere absolute

* Appl'iu to electrically damped units. For fluid damped units consult factory.
22 ;
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“Range

Input Power

Voltage Output--
Nominal

Output Impedance
Output Current 5
Electrical Connections
Case Alignment

Weight

Physical Configuration
Base Price

PHYSICAL PARAMETERS

Symmetrical Output
(Option A)

0.5 g to +35 g

#I5' vdc +107% at
10 ma maximum

#7.55 vdc full scale

+1%

5 k Q nominal
3 ma foro

6 solder terminals

Telemetry Output

(Option B)
10.5g to+30 g

28 vdc +10% at
20 ma maximum

0.2 to 4.8 vdc full
range, nominal
about 2.5 volt bias
(symmetrical range)
7.4 k Q nominal

2 ma f.r,

7 solder terminals

ilo to true sensitive axis

4.5 oz. electrically damped
6 oz. fluid damped

Rectangular aluminum case

$450 Electr. damped

$550 Fluid damped

4. Mark IV MOD O Stable Platform

$475 Electr., damped
$600 Fluid damped

Werall System--Stabilization Equipment Mark 4 consists of three units:
the Gyro Stabilizer, the Control Cabinet, and the Control Speed Transmitter,

The equipment establishes a two-axis Stable Vertical reference system that
transmits synchro information which is a measure of the roll and ‘pitch

of the ship with respect to the vertical.

Twc single-degree-of-freedom

viscously damped, rate-integrating gyro units, oce associated with pitch

and the other with roll, are mounted on the stabilized platform with their

respective input axes parallel to the roll and pitch axes.

The output

signals of these gyro units, with their associated servo loops, maintain

the stabilized platform stable with respect to inertial space and thereby

isolate the stabilized platform from arbitrary motions of the ship about

the pitch and roll axes.

23
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y; Component Functions L 3

A two-degree-of-freedom, viscously Jlaped pendulum, with associated
amplifiers, is the reference maintaining the stabilized platform per-
pendicular to the vertical (i.e. in a horizontal plane). "The pitch and
roll angular correction is transmitted to the desired destination by

B

synchro generators geared to the pitch and roll axes of the stabilized
3 ' platform. . _ 4

A temperature control circuit maintains a constant operating
temperdture (145°l?) for all components mounted on the inner gimbal (stabilized
platform).

A latitude compensation circuit (Mod O only) compensates for the
effect of earth's angular velocity on the roll and/or pitch gyros.

e R ki

A turn compensator permits continuous use of the vertical reference

pendulum while the ship is turning.
Differences Between Mod O and Mod 1 s : - s

The theory underlying the operation of Mark 4 Mod 1 is the same as
that for Mod 0. Mod 1 makes the same kind of measurements and transmits

the same kind of data. It does not compensate the effect of earth's rate

T B R e T ey e

on the gyros. It does not receive Own Ships Speed automatically. It
transmits roll and pitch aig.mls by 2-speed transmitters only and is
slightly less accurate than Mod 0. The following components are common
to (and 1nterchangub'le between) Mods O and 1:

e e

(a) the gyros

(b) the servo amplifiers

(c) the turn compensator amplifier

(d) the pendulum amplifier assembly

(e) temperature control system components

(f) the reference pendulum

(g) the alarm pendulum : ]
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o The major differences between Mod 1 and Mod 0 are these:
(a) Mod 0 transmits roll and pitch measurements as electrical signals
. from 2-speed and 36-speed synchro generators (type 23CX6). Mod 1
f is equipped with only the 2-speed synchro generators (type 15CXx4a).
(b) Mod 0 is equipped with a latitude correction circuit that compensates
for the effects of egéth's rate on the gyros. Mod 1 has no

latitude correction circuit,

(c) Mod 0 is equipped with both a manual and automatic accelerationl

ik s i

computer. Mod 1 has only a manual acceleration computer.

(d) Mod 0 is equipped with switches 5205 and S206 which close at
roll angles greater than plus or minus 20 degrees and pitch
angles'ﬁreater than plus or minus 10 degrees respectively. Mod 1
does not have. these switches.

Applicable Definitions

(a) Roll - Angle between the vertical pilne through own ship center
line, and the normal plane through the intersection of the
vertical plane throu;h own ship center line and the deck plane,

2 : ; measured about the axis which is the intersection of the vertical
plane through own ship center line and the deck plane. Positive
direction is clockwise when viewed inward from own ship bow.

(b) Pitch - Angle between the horizontal plane and the deck plane,
measured in the vertical plane through own ship center line,
Positive angle measured downward from the horizontal plane;
(c) Torque - That which pfoducea or tends to produce rotation or torsion.
(d) Angular velocity - Speed of rotation in a given direction and sense.

(e) Moment of Inertia - The property of a body to resist a change in
rotational speed. :

Operating Limits

The operating limits are plus or minus 40 degrees roll, plus or minus
’ 20 degrees pitch. The allowable maximum operating errors for Mod O are
plus or minus nine minutes in roll and pitch angles; for Mod 1, plus or
. minus 15 minutes in roll and pitch-angles. :

25




5. North Atlantic, Inc. Angle Position Indicator

- synchro (one speed) 90 volts, line to line,

API (Standard)
Model 8025 s-592
Specifications

1. Input signal
400 cps

2. Input impedance 5200 /80.6

3. Accuracy
4. Repeatability
5. Slew speed

6. Power requirements

4+ 30 seconds of are

180 deg. in less than 10 seconds
115 volts, 400 cps, 1 300 MA
0° to 360° continuous .

line to line
+ 6 minutes of arc

digital counter reading degrees and minutes,

graduated each minute (readable within 30

7. Range
8. Display -
seconds,)
9. Mounting half-panel, rack

10. Dimensions :

height 1 3/4", width 9 1/2" depth 9"

11; Retransmit Potentiometer 1K,°zero og pot starts at zero of counter.
350" - 360 is dead zone.

6. Honeywell Gyro

Specifications

Power Requirements:
Gyro motor: 115 volts, 400 cps
410%, single-phase
Erection motors: 26 or 30 volts,
400 cps, single-phase
Caging circuit: 28 volts dc.

Power Load: '

Gyro motor: 50 watts starting; 20
watts running.

Erection motors: 6.5 watts each at
30 volts and 5.5 watts each at
26 volts. 5

Caging operation: 42 watts operating;
6 watts holding.

Roll Axis: Unlimited.

Pitch Axis: Limited at +85° by
precession pins.

Caging Time: 10 seconds maximum,
Gyro Run-down Time: 5 minutes minimum,

Erection Rate: 2° to 8° per minute
(factory adjustable).

Scorsby Drift Rate: Does not exceed
0.5 per minute without erection.

Accuracy: 0.15° of true vertical

: about each axis.
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i Gyro Speed: Approximately 22,000 rpm. Pickoff Resolution: 1/8° to 1/13°
: . each axis (dependent upon individual
Angular Momentum: 6.33 x 10° gm-cm?®/sec. requirements).

Potentiometer Linearity: 1% typical,
Weight: 6.5 1b,

Installation and Application Data

Facility for Electrical Connection: AN3102A-22-14S receptacle (AN3102C-18-1PonA-52).

Mounting Provisions: Four mounting holes are drilled in feet on 5 11/32 x 4 3/4
inch centers.

Ambient Temperature Range: --65°F. to 160° F. (-54 C. to 71 . ) Can be operated
at higher temperatures for short periods.

Vibration and Shock: Per MIL-E-5272A except for frequency.

7. Wesmar SLM-10 Ultra Sonic Probe

The sensor is installed or supﬁorted with a 3/4 inch NPT fitting.
A coaxial cable pigtail is furnished with the sensor and may be extended

{ 3
i T up to 500 feet using RG62/U coaxial cable. g i
. : Specifications E s
Range: i Solids - 15 feet %
Liquids - 25 feet i
Liquids - 35 feet in standpipe 4
Minimum Range: . 12 inches é
Encapsulating Material: LMS15 PVC - polyvinylchloride ﬁ
LMS15K < Kynar ]
Beam Pattern: 29° conical included angle |
Operating Temperature: ; -50° to + 250°F. k
Operating Pressure: Up to 100 PSI ;
Sensor to Electronics Separation: : Up to 200 feet with RG58A/U i
, Up to 500 feet with RG62/U |
Mounting: 3/4 inch NPT

Weight: : 1 pound
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SLM 10 Electronics' Specifications

N A NG

{ Weight: Electronics (including enclosure) - 15 1bs.
g : Meter - 1/2 1b,
i  Enclosure: Jic, 12" x 10" x 5"
) '
! Range: ‘ Solids - 15 feet
4 Liquids - 25 feet
) Liquids - 35 feet in standpipe .
‘ Accuracy: Within 1% of Range (.5% in standpipe)
Resolution: Within 1%
Repeatability: Within 1%
Linearity: Within 1%
Meter: 4= 1/2" Rectangular (unmounted) :
Meter Sensitivity: 0-1 MADC
" Meter Scale: : 0-100% ‘
Output Signals: . 0-5 VDC '
0-1 MADC .« |
1-5, 4-20, and 10-50 MADC into 600 oI-. max, v
(may be floating)
{ Alarm Output: 3, independently adjustable £
2 Alarm Adjustments: 1007% of range |
Alarm Contacts: SPST 100 watts resistive at 125 VAC . i
Failsafe Output: ; Zero Range i
Input Power: 220/110 VAC, 5060 H g+» 10 watts |
Operating Temperature +30° to +120°F. ‘

8. Datawell Waverider Buoy

Specifications 1
Wave frequency range 0.03 Hz-1.0 Hz (30:/o) :
; 0.06 Hz-0.8 Hz (3 /o)

Maximum waveheight (H) 20 m (larger on request)
Resolving power < 3.10"*m/sec?
Accelerometer linearity Non linearity rectification < 2,10°%/sec? ;

Feote for 6m/sec? amplitude of sinewave. '
Cross sensitivity : < 3%

28




- Natural frequency accelerometer 45 Hz
Cutoff frequency high pass filter 0,03 Hz

Natural frequency platform 0.025 Hz. damping 0.8 of critical,
Modulation am-fm, subcarrier 259 Hz
: am: 100%, square wave, rise time 0.25 msec.
1 fm: 1.86 Hz/m
& Transmitter frequency : Crystal stabilized, crystal type CR-77U
i : Channel 1 27,505 MHz Channel 6 27.615 Mz
; 2 27.525 MHz 7 27.655 MHz
¢ 3 27.545 MHz 8 27.695 MHz
i 4 27.565 MHz 9 27.715 MHz
g 5 27.595 MHz 10 27.745 MHz
i Radiated power in pulse ; 0,17 Watt + 20%
§ Antenna 35 Vertical \A|4 polyester glassfibre whip.
7 : In case of damage, the whip replacement :
E is simple. - {
4 Range sSe SRA 50 km (30 miles) over suswatel bith phaselock |

demodulator and receiving antenna at least |
100 m from traffic.

Effects of temperature i Operate -5 é+ 25° c (watettemperature)
' . Storage -20 /+ 40° ¢
: Zero 0.03m/ c,
7 Sensitivity < 0.1 %/°%
Carrier frequency < 500 Hz

Battery life 2 9 months, batteries can be renewed
through roof hatch,

Maximum chgnges during one Sensitivity ] 1.0%
year (20°¢C) Zero l.gm
Platform angle 1
Carrier frequency 300 Hz i
Radiated power 20 % i

Buoy weight 90 kg (200 1bs) i 3
Buoy hull 316 stainless steel, 2 mm (5/64")

Buoy handling : . Two handgrips are provided for transporting
the buoy. 5

Collision risk : Rubber fender 4 x 4cm®. Antenna foot spring
allows 90° bending.
Transport risk Platform is limited in rotation by stops.

Mooring Special line is available to allow mooring
in shallow water, providing sufficient range
. .for maximum waveheight combined with a 2m sec.
. (4 knot) current,

TR TR P Sy 5 I A T A T R G R R
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APPENDIX B

COMPUTER PRINTOUT SHEETS :
PROVIDING SEA AND MOTION SPECTRA, RESPONSE AMPLITUDE OPRRATORS,
NONDIMENSIONAL TRANSFER FUNCTIONS, AND DOUBLE AMPLITUDE AND
DATA POINT FREQUENCY AND CUMULATIVE DISTRIBUTIONS °

g o TS R b S

(Under Separate Cover to NCEL) Loy .
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i | | . TABLE 1 - NATURAL SHIP MOTION PERIODS

Containership (WARRIOR)

; Heave 16.1 sec

; Pitch : 14,4 sec

E, § Roll °.0 sec
{

§ : Floating Delong Barge

i z ‘1 Heave : 18,0 sec

{ ¢ Pitch 14,0 sec

¥ Roll . 14.4 sec

ICU 1524 (Army)

; ! ﬂ Heéve . ‘ 4.8 sec

1 Pod Pitch 6.5 sec

. : Roll ; _ ' 4.0 sec

] ; B.C. Barge

i 3 -j Heave :  =e

E P Pitch ‘ 6.0 sec

; = Roll . 3.6 sec

‘i ; 7x15 Platform

i j Heave’ ; ; : 6.0 sec

% f Pitch o 5.5 sec

] | Roll 4.0 sec

{ | ? LST 1188 (SAGINAW)

R

3 i Heave . 5.5 sec
F Pitch : 18.0 sec

E Roll 9.0 sec

, : Seatrain Containership :

3 Heave ' 18.0 sec *

| : Pitch

Pt Roll

i d |- -
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. ? ia
b 1/ ‘
|
‘ |

1

:

\

;

4 H

¢ |
g i Figure 2 - 7x15 Platform with Hopper in Operation 4
i 55 '




Figure 3 - Navy LCU 1659
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Figure 5 - LST 1188 with Crane Mounted on Stern Deck

Figure 6 - ACV Voyageur Alongside WARRIOR
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Figure 7 - Seatrain Ship Approaching WARRIOR
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Figure 17 - Datawell Waverider Buoy
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Figure 18 - Datawell Waverider Receiver :
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Figure 20 - Mark IV Stable Platform with Accelerometers in Place
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. WAVE HEIGHT SPECTRUM
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Figure 21 — Wave Spectrum for Run 37
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Figure 22 — Wave Spectrum for Run 45
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WAVE HEIGHT SPECTRUM
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Figure 26 — Wave Spectrum for Run 63
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Figure 27 — Wave Spectrum for Run 68
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Figure 28 — Wave Spectrum for Run 75
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Figure 30 — Wave Spectrum for Run 86
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Figure 32 — Wave Spectrum for Run 98
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Figure 33 — Wave Spectrum for Run 103
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Figure 34 — Wave Spectrum for Run 109

83




FEET2.SEC

1.0 p—

WAVE SPECTRUM

WAVE HEIGHT SPECTRUM

RUN 113 0SDOC I
SIGNIFICANT WAVE HEIGHT = 1.96 FEET
RECORDED 10-12-72 '

WATER DEPTH = 41 FEET

|

e

1.0 18 20
@ (RADIANS/SEC)
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86

gty

110 g e

e —— e et e et 1 e . 51 e 3




