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ABSTRACT

This report contains data, with appropriate evaluation and discussions, col-
lected during the first season on board the 5.5, SEA-LAND McLEAN. Data collection
began with westbound Voyage 1 on October 8, 1972 and terminated with the eastbound
passage of Yoyage 12 on April 5, 1973. A total of 80 data tapes were recorded con-
taining in excess of 50,000 separate data intervals from more than 100 transducers.

Discussions include a description of the digitized data, comparisons of
stresses with sea state, simultaneous response data from all transducers during

P [ T

seiected portions of a rough voyage, and a consideration of torsional responses.

The reports from the second and third data-collection seasons are not being
published in the Ship Structure Committee series of reports but they are available
through the National Technical Information Service under the following titles.

SL-7-9 - Second Season Results From Ship Response Instrumentation Aboard The
SL-7 Class Containership §.5. SEA-LAND MeLEAN In North Atlantie
Servpice. 1976.  AD-AD34162.

SL!7=1F\= Mhtnd Qornane Pooulto Fwasm Ohiv Roonawnosn Twotyamantatisn Aboand The

) L bl W DEWOUVTE LLICOW o L ITLA .lJfbl.t.l:/ LlGDyUfPGQ LIL L AU T U U LA AL e L e
SL-7 (lass Containership S.S. SEA-LAND MeLEAN In North Atlantic
Service. 1976 AD-AD34175.
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I. INTRODUCTION

The §.5. SEA-LAND McLEAN is the first of the new SL-7 class of high-speed con-
tainerships. Salient particulars of the vessel are given in Table I, and the ves-
sel is shown in Figure 1. A multifaceted program of analysis and experiments,
coordinated by the SL-7 Program Advisory Committee of the National Academy of
Sciences~-National Research Council, has been instituted to study this ship's
structure and its responses to imposed loading., One important facet of this
program is the collection of data on structural and dynamic responses of the actual
(i.e., full scale) ship's structure. This is being accomplished by an on-board
instrumentation system with sensors located throughout the vessel measuring strains,
stresses, accelerations, various sea characteristics and ship operating parameters
(see Reference 1). Presented in this report is a cross-section and summary of the
data gathered during the first season of operation on North Atlantic Voyages 1-12
during the period 8 October 1972 to 5 April 1973,

Collection of full-scale data is necessary from a number of standpoints. Any
predictions resulting from mathematical analyses or experimental models must ac-
curately characterize the actual structure, or must be correctable, in a known way,
to correlate the technique to the actual structure. Full-scale data, properly
interpreted, provides the criterion against which all predictive techniques of
structural response must be judged. A second but equally important use of full-scale
data is to provide the input Toads which form the basis of the rational design. Such
load criteria can be gathered directly from a characterization of observed service
conditions, such as wind and wave probability distributions, or inferred from the
response of the vessel to the combination of these conditions. The latter scheme
requires a knowledge of the structure's input-output or transfer function which again
can be provided by adequate full-scale data describing Toads and responses. In sum,
full-scale data provides three indispensable parts of rational design: input loads,
responses, and the derived characteristics of the Tink between the two.

Since different aspects of the full-scale data are of interest to different in-
vestigators, no summary can provide an exhaustive or even adequate characterization
of all the gathered data. Indeed, the basic form of the data, analog or digital
records on magnetic tape, is not reproducible here. The objective of this report,
therefore, is to document the quantity, Timits, and formats of the data now available
and to present a cross-section and summary of it in a few of the forms most obviously
useful to investigators. As a further aid to those interested, a description is
given of some further possiblie data summary characterization and analysis schemes,
along with their relative costs.

IT. INSTRUMENTATION SYSTEM

The shipboard instrumentation system is described in detail in Reference 1;
therefore, no attempt will be made in this report to duplicate that information.
Rather, a brief description of the important features, with special emphasis on the
data flow, will be presented as a convenient summary.



Figure 1

55 SEA~LAND McLEAN

TABLE ]

CHARACTERLISTICS OF 5.5. SFA-LAND McLEAN

Name: SEA~LAND HelEAN

Builder: Rotterdam Dry Dock (Hull 330}
Class: 5L-7 Cunteinership

length, overall HAE' 1 12"

Lenpth, between perpendiculars 8@’ 6"

Beam, mlde’d 105" 6"

Depth to main deck, forvard G4 o™

Depth to main deck, aft &6B' &"

braft, design 307 Qv

Draft, scantling oM

Dead weipht - leng tons 27,315

Displacement (34' 0" draft) - leng tons 50,315

Hachinery Twc sepaTace cross-compound

stear turbines driving two
propeller shafts

Shaft hersepower-maximum continuous, both shafts 120,000

Propeller RPM 135

Speed, maximm, knots 3

Center of gravity - full load 39%.32" forwsrd of aft perpen-

dicolar 42.65' above base line

Container Capacity
48 x8.5' x 35 B' x 8.5 340" To:al
Below deck 554 140 694
Above deck 342 &0 402
TOTAL 896 200 1,096




A. Shipboard

A1l of the information obtained from the various transducers located through-
out the vessel is recorded on two 14-track analog FM tape reccorders located in the
instrumentation room. Recorder No. 1, designated the primary recorder, records the
same 13 signals whenever it is placed in operation. The fourteenth channel is used
as a noise compensation channel during reproduction.

t
r

The second recorder has its first thirteen channels switched through four
modes, designated A, B, C, and D. Each mode is recorded for thirty minutes sequen-
tially. Channel 124 is again used as a compensat1on channel in all modes. Each 30-
minute period is a data "interval", and is assigned an interval number. Any
particular segment of data can thus be identified by referring to the following nomen-
clature.

1. Tape number--{A11 odd numbers are from No. 1 Recorder
and a;] even numbers are from Recorder
No. 2).

2. Voyage number and direction (E = East, W = West).

3. Index number (sequential numbering of each four-hour log-
book entry accompanying each data tape).

4. Channel number and mode Tetter (Recorder No. 2 only)
5. Interval number.

Thus, by specifying "Tape No 1, Voyage 1-w, Index 1, Channel 1-A, Interval 1"

a very specific 30-minute data int rval is identified. A complete summary of the
signal assignments is provided in Table II. This presentation is in the same format
used in Reference 1. Table III contains a list of sensor and signal abbreviations
used in Table II and throughout this report.

Carh in wy
cacn in Ty

~ +nwm
matically prec ceded
ibration signals.

. V1 orNo, 21 uto-

d ) s auto
nd a one-minute period of cal-

1. Strain Gage Signals

The majority of the transducers used in this system are obtained from
various configurations of single-element strain gages with associated bridge compie-
tion and calibration resistors. These gages are attached to the surface of various
hull structural elements. Each strain gage is constructed with inherent temperature
compensation. That is, if the gage is attached to a plate which is subsequently
warmed (or cooled) but is otherwise unrestrained, no change in strain will be in-
dicated. If that plate is now restrained from expansion due to the temperature
change, a strain, associated with the degree of restoring stress necessary, will be
indicated even though no change in length” occurred. Such a restraint is generated,
for example, when the sun warms the deck or upper hull girder while the lower hull is
in cooler water. This diurnal variation tends to induce compressive deck stresses
and tensile stresses under the waterline even though the displacement tends to hog
the ship.



y 154 000% v 6 4 aweug REELIY LI LIV ,97 #p1S S 8 5Ys 44
¥ 154 0008 v [ 4 2eays faxap 1wayg LI¥ 9T #P1S 4 ] avs 4
< 15d ovze v L z $E3135 N *Buot atpeAg woll0g ®PIS 4 [ 991 aas1 oz
s 15d ovIe v 9 4 ¥83135 "N Buoy STpRAg YR 915 4 | 981 dHST 61
< 184 [ibed] v 4 H §83135 N *Buot ITpeig dog Tsuunl 4 | 981 a1s1 81
£ 18d 0928 v ] z £8913§ ‘N ‘Buon 1peig WOIIOY IPIS § 98T S4571 L1
s 15d [i1E4:] ¥ £ z #E%135 "N *8uoy atpuig '¥°N 9PTS § 98T SHS1 91
s 184 onze \d z 4 883135 "N *Buot aTpRAg dop feuuny § 99t $IS1 ST
v 1 z aAT (1) =1
" 18d 0o0s - ot 1 1mays EEELTY 1woys LI¥ .I€ P18 § [1}4 $3s €1
» 154 200¢ - z1 1 B EEELTY avaysg Liv ,2€ #PFs 4 | 59T dis 71
T 154 vize - 11 1. PuIg "H rBuoq aTpRig ¥4 ®PIS ..Tzﬂ 1 11
- aToA 9°'¢ - ot 1 fasjaTwevea] - xBTATITOH Q96 PUTA ‘PO, HdY - ‘wawg dp 01
- 8. T 6 1 *TE0oy Ci rouwil BETY LIV ,65 Prd 9T 062 Ivd [
- 4 1 - [ T STEIW A EEELT savy LIV 6% PAd 0T 06 Ava 8
- 3 T - L 1 "Tavoy °L *sweal ssay LY 1€ P €2 BLT IVH L
- 3 T - 9 T T{eady ‘A *329p LT LIV ,IE Pad 82 | 4T AVR 9
- “3ag oz, - 19 1 Yyai1d “Buoq “puag 11y Tt P L, 92 BLT qoQtd 11
- *8ag 0¢ - v 1 1108 L P ‘puIg L1I¥Y (1€ PAS .92 :133 1oy v
- IToA 9°€ - £ 1 {£)aBuwy pe1uy epwy {Pqis) asnoyxndsq pad 00¢ EER I 4
1 154 1667 - z 1 amayg '1°H EELTY awayg V/N SPIS wmz HSL T
T 154 4128 - T 1 ‘puag "4 *Buog ITpwAg sdoy (auuny | v 98T LTS m1
soN fatun ) Spoy TavuRL) AIPIOIFY 03 IUITIY *$17u0n UOTITEOL suvi1g oy ‘oN
1303113 T BATITSURE (7] woy3wao] 3osuag Iosuag

Im-1

UOTINIQTTRD puUv uoswes €L/l
IS1T HOSNAS

13 T1evl




TABLE II {(Continued) =
SENSOR LIST !
72/73 Scason and Calibration e
Sensor Sensor Location {9y ] Sensitive Full Clrcute
No, Nem. Frame Fositlon Config, Orient te Recorder Channel Mode Cal Unice No.
23 FDEV 307 Level Q4 CL Mass Vert. V. Accel, 2 10 A +1 (4) g -
24 ¥DUT o7 Level 04 CL Mass Trans, T. hccel, 2 11 A +1 g -
25 ADHL 130 Level 05 1" P Mags Long. L. Accel, 2 10 (a) A +1 E -
26 AbUT 130 Level 05 1" P Mass Trans T. Accel, 2 11 (a) A +1 '] -
27 BGST }.36L § Tunnel Top Shear Long. Shear 2 12 A 5000 PSI &
2B BGSB 186% 5 Tunnel Bot Shear Long. Shear 2 13 A 5000 Psl 4
28 (1)) LvB F 1 B
0 ART1A 143 Port Side Girder Single Long. N. Strain S 2 B 334.6 w 6
3l AR-1B 1*’13. {Nelr Deck Cutout Single Diag. N. Strain 4 3 B 334.6 ' &
32 AR-1C 143 Under Deck Single Trans. N. Strain 2 4 B 334.6 w 6
33 AR-2A 143 Sthd Side Gird. Single Long. R. Strain 2 5 B 334.6 wh 6
34 AR-2B 153 {Near Beck Cutout Single Disg. N, Strain 2 [ B 334.6 u &
35 AR=2C 143 Under Detk Single Trans. N. Strain 2 7 B 334.6 W 6
36 AR-3A 143 Stbd Tunnel Single Long. N. Strain 2 8 B 3134.6 PRV &
7 AR-3% 143- { In Boaxrd Single Diag. N, Strain 2 g ] 334.6 wt §
a8 AR-3C 143 Under Deck Single Transg. N, Strain 2 10 B 334.6 why 6
39 AR-4A 143 Stbd Tunnel Single Long. N, Strain H 11 B 334.6 w 6
40 AR-48 143 {Out Board Single Diag. W. Strain 2 12 B 334.6 Tar Al [
41 AR-4C 1143 Under Deck Single Trane. . Strain 2 13 3 334.6 wt &




TABLE .11 {(Continued)

£-1I

SENSOR LIST

72/73 Seascn and Calibration
Sensor Sensovr Location(2y Sensitive Full Circuit
Ko, Nom, Frane Peaition Config. COrient to Recorder Channel Mode Cal Units No.
42 (1) Lve 2 1 o] 6
43 R A 291 Port Side Gird Single Long. N. Scrain 2 2-13 c 334,86 w g 6
44 REB 291 iNear Deck Cutout Single Diag. N. Strain 2 VIA c 334,6 g ] !
43 RLC 291 Under Deck Single Trang. N, Strain 2 RSB c 3346 pugn 6
46 R2A 291 Stbd Side Gird Single Long. N. Strain 2 2-13 [ 334.6 phg 6
47 R2B 291 {Near Deck Cutout Single Diag. ¥. Strain 2 { VIA c 334.6 e 3
48 R3C 291 Under Declk Single Trans, N. Strain 2 RSB c 334.6 uh L
49 R34 291 Stbd Tunnel Single Long. ¥. Strain 2 2-13 c 334.6 L 6
50 RIB 291 i In Board Single Diag. N, Strain 2 i VIA [ [ 334.6 g 6
$1- R3C 261 Under Deck Single Trans. N. Strain 2 RSB [+ 334.6 pugn L] &‘
52 R4A 291 Stbd Tunnel Single Long. N. Strain 2 2-13 C 334.6 g 6 |
53 R&8 291 {Out Board Single Diag. N. Strain ] { VIa [ 334.6 un ot ]
54 R4C 91 Under Deck Single Trans. K. Scrain 2 RSB c 334.6 u 6
55 RSA -258 Stbd Side Gird Single Long. N. Strain 2 2-13 [ 334.6 ui g 6
56 R58 259 gln Corn. Hat 2 Singie Didg N. Strain 2 { Via c 336.6 LRVA 5
57 R3C 258 Under Deck Single Traas. N. Strain 2 RSB c 334,46 g 6
58 R6A 258 Stbd Side Gird Single Long. N. Strain 2 2-13 c 334.6 g 6
59 REB 258 {Out Cotrn., Hat 2 Single Diag. N. Striin 2 { ViA c 334.6 iy 6
60 R6C 258 Under Deck Single YTrans. N. Strain 2 RSB [+ 3134.6 AR [3
61 R7A 258 Stbd Side Gird Single Leng. N. Strain 2 2-13 c 334.6 By 6
62 R7B 258 {Neu‘ Deck Cutout Single Diag. N. Strain 2 { Via < 334.6 pign &
€3 RiC 258 Under Deck Single Trans. N. Strain 2 RSB 4 334.6 uuym 6
€4 R8A 258 Stbd Tuhnel Single Long. N. Strrain 2 2-13 c 334.6 wrtp &
65 REB 258 §In Board Single Diag. N. Strain F] { VIA [ 334.6 W 6
66 R8C 258 Under Deck Single Trana, N. Strain 2 RSB c 1346 Ry 5




TABLE II {Continued)

P-1I

SENSOR LIST

72/73 Season and Calibracion

Sensor Sensor Location (2} Sensitive Full Cireuit
Ne. Nom. Frame Poafition Conflg. Qrient ta Recorder Channel Mode €al Unirs No.
m
67 RIA 258 [(Scbd Tunnel Single Long. N. Strain 2 2-13 c 334.6 [T A [
68 RIB 258 jﬂut Board Single Diag.- N. Strain 2 {vm c 334.6 wr 6
$9 RIC 258 |“Under Deck single Trans. M. Strain 2 RSB 4 334.6 W 6
70 R10A 226 |rStbd Side Gird Single Lang. N. Strain 2 2-13 < 334.6 w" &
1 R10B 226 {Tn Com. Mat & Single Diag. N. Strain 2 {vu c 334.6 wt 6
72 R10C 226 |“Under Deck Single Trane. N. Strain 2 RSB 4 334.6 TRV 6
73 R11A 226 |rstbd side Glrd Single Long. H. Stcain 2 2-13 c 34,6 wr &
74 R11B 226 {Gu: Corn Hat & Single Diag. N. Strain 2 { VIA [ 334.6 ’ utm 6
75 R11C 226 {“Underdeck Single Trane. N, Strain 2 RSH c 334.6 W [
76 R12A 226 lrSrhd Side Girxd Single Long. " H. Strain 2 2-13 C 334.6 u't [
17 R123 226 |{ Near Deck Cutout Single biog. N. Strain 2 {VIA c 334.6 wn &
78 R12C 226 {“Underdeck Single Trans. N. Strain 2 RSB [ 34,6 wtm 6
9 R13a 226 lrsStbd Tunnel Single Long. M. Strain 2 2-13 [ 34,6 W 6
80 R138 226 {In Board Single Diag. N. Strain 2 iVIA c 334.6 w [
81 R13C 226 |Luader Deck single Trans, N. Strain 2 RSB c 334.6 | w/” 6
82 Rl4A 226 |Sthd Tunnel Singla Long. N. Strain z 2-13 [ xR PAFA [3
83 R14B 226 {0“ Board single Diag. NH. Strain 2 {VIA [ 334.6 w [
84 R14C 226 |“Under Deck Single Trans. N. Strain 2 RSB c 334.6 W 6
85 (1) Lvae 2 1 b+
26 TGES] 244 | Puwd Top Single Trana. N. Stress 2 2 D 10038 PS1 ]
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TABLE TII

SERSOR AND STGNAL NOMENCLATURE

ADHL After Deck House Longitudinal (Accelereation}
ADHT After Deck House Transverse (Accelerativn)
1‘11_4(!) Aft Rosettes, (&) denores gage element:

4 1o longitudinal oricatatiom
B ix dlagonal (45°) cvieatacion
C is transverse (athwart) to lengitudinal

B3CSB Box Girder Shear Botrom

BGST Box Girder Shear Tep

Fav Forward Acceleration Vertical (Hull)

FAT Forward Acteleracion Transverse (Hull)

FBHT Forward Deck House Trangverse (Acceleratien)

FDHV Forward Deck House Vertical (Acceleration)

FLSPB Mull Longitudinal Strain Pore Bottom

HLSPT Hull Longirudinal Strain Port Tep

HLSSE Bull Longitudinal Strailn Starboard Bottom

HLSST Hull Longitudinal Strain Starboard Top

1HE Longltudinal Yorizemtal ¥ending (Cowbinatlon of
LHBF and LHRS)

LHEP Longftudinel Horizuntal Bending Port {Stress)

LRES Lengitudinal Horizental Bending Starboard (Stress)

LSBP Lengitudinal Scress Bortom Port

L5BS Longitudinal Stress Bottom Starboard

LSMP Longftudinal Stress Mid Port

LSM8 Lenglitudinal Stress ¥ld Starboard

LSTP longitudinal Stress Top Port

LSTS Longitudinal Stress Top Starboard

1¥B Longitudinal Vercti¢al Bending (Combinatien ﬂf’
LVBP and LUDS)

LYBP longitudinal Vertical Bending Port {Stress)

LvES Longitudinal Verrical Bending Starboard {5tress}

HAT Midship Acceleration Transverse (Hull)

HAY Midship Acceleracion Verrical {Hull)

Rl_d(a) Rosettes (Forward), (&) demotes gage element:

A 1s longitudinal oricatation
B 1s Jiagonal (45°) orientatian

C is trensverse (athwart) ro longitudinal

SAP Shear Aft Fort
SAS Shear Aft Starboard
SFP Shear Forwvard Port
SPs Shear Forward Starboard
TGAS Transverse Glrder Aft Starbozrd (Scrain)
TGFS Transverse Girder Forward Starboard {Srrain)
1@51_5 Transverse Glrder Midship Starboard (Strain)
TOHS, 4 4y Trensverse Girder Midship Starboard (Strain, midpoints)
TGSSJ.X-M( Transverse Girder SI"\Ear Starboard
(Mifiships, verrical quarterpoints}
TSM Torsional Shear Midship {Conbination of TSYP and TSMS)
TSHE Torsloral Shear Midship Port

TSHS Torsional Shear Mldship Starbrard
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Sketches summarizing the locations of the strain gage sets are presenied
in Figures 2 and 3. It should be noted that the single-element strain gages used
are installed in various configurations which have different properties. These
are described in detail in Reference 1, but can be summarized as follows:

a. Single element (quarter bridge) - a single strain gage element. Its
output is proportional to the strain along the element.

b. Dyadic gage - two single elements at an angle of 56° to each other.
In this configuration the output is proportional to the stress along the axis of sym-
metry.

c. A dyadic pair of gages oriented longitudinally on each side of the
ship, each mir connected to one arm of the bridge circuit. Depending on whether the
arms are opposite or adjacent, the output of this arrangement is proportional to the
vertical or horizontal bending stress.

d. Shear gage (half bridge) - two single elements at right angles to
each other. The ocutput is proportional to the shearing stress along the axis of sym-
metry.

e. A shear gage half bridge on each side of the ship connected to form
a full bridge. Depending on the polarity of the connection, the output is propor-
tional to the vertical or torsional shearing stress.

f. Rosette - three single strain gage elements, each in a different
direction, near a point. This is a special case of the single element gage. Each
signal output is recorded separately and simultaneously. These readings completely
define the state of strain (both the normal and shearing strains, in any direction)
at this point. 1In the McLEAN installation, the rosette gage elements were oriented
in a longitudinal, athwartship and diagonal (from forward port to aft starboard)
direction.

2. Transducer Signals

In addition to the strain gage signals discussed above, 10 additional
transducer signals are provided as inputs to the recording system. These signals,
eight linear accelerometers and two angular displacement pendulums, are fully
described in Table IV. The primary function of these signals is to provide a record
of ship motions occurring at the same time as the recorded sirain gage information.

3. Ship Operating Parameters

In order to supplement the logbook information, several of the ship oper-
ating parameters are obtained from various ship transducers using repeater devices
located in the instrumentation room. Electrical outputs are taken from these de-
vices and multiplexed prior to recording on Channel 10 of Recorder No. 1. The five
parameters obtained in this manner are rudder angle, port and starboard shaft RPM,
and wind speed and direction. A physicalr record of ship's course is obtained from
an analog recorder located in the sea cabin behind the bridge. These records are
available at any time and will be obtained for the manned voyage when nc longer re-
quired by regulation to be kept aboard the vessel.
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TABLE IV

TRANSDUCER INFORMATION
(As Initially Installed}

Signal Location Transducer Range Full-Scale
Forward Hull No. 2 Cargo Hold Setra Model 100, + 5g's 1.49 VIC
Vertical Acceleration Second Deck, 14 1/2" S/N 068 Accelero-

Fwd of FR. 250, meter
40" Port of ¢
Forward Hull Setra Model 100, + 5g's 1.72 YDC
Transverse Acceleratien Same S/N 071 Accelero-
meter
Midship Hull No. 6 Cargo Hald Setra Model 100, + 5g's 1.66 VDBC
Vertical Acceleration 23 1/2" Pwd FR. 178 S/N 072 Accelero-
11 1/2" Port of neter
307 11" Above Tank Top
Midship Hull Setra Model 100, + 5g's 1.58 vDC
Transverse Acceleration Same S/N 070 Accelero-
meter
Forward Deckhouse Wheelhouse Overhead Setra Model 100, + 5g's 1.55 vpc
Vertical Acceleration 04 Level, on g at S/N 069 Accelero-
FR 307 1/2 meter
Forward Deckhouse Setra Model 100, + 2.5g"sf 1.70 VDC
Transverse Acceleration Same S/N 1361 Accelero—
meter
Aft Deckhouse Fan Reom Qverhead Setra Model 100, + 2.5g's| 1.60 VDG
Longitudinal Acceleration|{5 Level, 1" to Port S/N 1362 Accelero-
of ¢, FR 130 meter
Aft Deckhouse Setra Model 100,
Transverse Acceleration Same S/N 1360 Accelero- + 2.5g"s] 1.72 X
meter
Midship Pitch 26" Fwd of F& 178 Humphrey Fendulum + 45° +2.25 VD¢
26" to Port of ¢ Model CP17-0601-1
30" 11" Above Tank Top | S/N H3IIO
Midship Roll Same Humphrey Pendulum + 45° 42.25 VDG

Model CP17-0601-1
S/N H2075
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4, MWave Height Radar

One parameter which has always presented a problem to the researcher is
the measurement of the actual wave condition in a continuous manner. A new attempt
to solve this problem has been made by including an "Ocean Wave Height Radar System"
(OWHRS) developed by the Naval Research Laboratory as part of the instrumentation
package. This device was operational for several voyages during the past season and
the data, in the form of slant-range information, was recorded on Channel 3 of Re-
corder 1.

The signal, as recorded, contains the components of the various ship
motions. These parameters must be removed before the true sea profile can be re-
produced. No detailed analysis of this information will be presented in this docu-
ment, but several samples of the data will be presented in subsequent sections.

5. Tucker Wave Meter System

A second attempt to achieve wave data has been made in this program by
the inclusion of a Tucker Wave Meter abcard the vessel. This British device, which
consists primarily of pressure cells and accelerometers mounted both port and star-
board, was installed at the end of the first season's operation. Evaluation of data
from this device will be one of the tasks undertaken when reducing second-season
data.

6. Scratch Gages

As a supplementary program, mechanical scratch gage installations at a
midship Tocation have been installed on all eight vessels of the class. The device
consists of a simple extensometer with mechanical amplification which causes a stylus
to mark on sensitive paper. The paper is advanced once every four hours and the
record thus obtained shows the maximum positive to maximum negative excursion of the
stylus in a four-hour period. One scratch gage is located in each ship's starboard
tunnel near the midship frame except for the McLEAN, which has one scratch gage in
each tunnel. Data tapes are being sent directly to the Ship Structure Committee after
collection by Teledyne. No data analysis is presently being undertaken by TMR, nor
is the data presented in this report.

7. Logbook

An important adjunct to the data recorded on the two magnetic tape re-
corders is the data Togbook kept by the instrumentation observer. Figure 4 shows
typical logbook entries. Environmental conditions are noted here along with informa-
tion to index the tape recordings. A1l sea, wind and wave conditions reported in
this document are derived from this source.

8. Quick-Tooks

The data reduction process actually begins with "quick-look" playbacks
made aboard the ship. Each tape is played back on an oscillograph at a relatively
high speed, with a low paper speed. This produces a compact hard-copy record for
review. Signal peaks, relative levels and overall variations may be judged from
these records but details of the waveform cannot be seen.
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In sum, shipboard data gathering produces analog magnetic tapes of the recorded
data from two tape recorders running simultaneously. In addition, a manual logbook
record is maintained which correlates the magnetic tape data with the conditions
existing at the time of the data. Quick-lock records are also produced for on-site
aquality control nurnoses, but these have 1ittle anplication to most data analysis
procedures except for scaling an overall maximum value for each interval.

B. Data Analysis Operations at TMR

1. Hard-Copy Analog Records

As shown in Figure 5, the preponderance of data reduction takes place
after the recordings are removed from the ship. After review of the logbook records
and taking into account the notes of the on-board observer, certain sections of data
are played back anto hard-copy oscillographic records. Details of this operation
depend on the type of analysis being done; it may be desired to compare one channel
relative to another for a long period, or only the response for a short period around
some event such as a slam, Examples of hard-copy analog records are presented in
later sections.

2; Filtering and Digitizing

Most large-magnitude stress records, especially those associated with
slamming and similar dynamic events, can be separated into two components: wave-
induced, and first mode ("whipping", or "springing"). Each component is character-
ized by its frequency. First-mode freguencies are typically on the order of 1 Hz,
while wave-induced components are lower in frequency (i.e., longer in period).
Separation of these components is accomplished by passing the electrical signal repre-
senting the stress level or sensor output through electrical filters adjusted for
the appropriate bandpass frequencies. The resulting filtered signal (or the original
combined signal) may then be reproduced on an oscillograph to produce a hard copy,
or it may be digitized in order to change its format for further processing.

Certain channels are selected for digitizing and further processing in-
toe library tapes. The details of this process are presented in Reference 2. 1In
this step the logbook record is collated with the corresponding stress or motion
data. In addition to a digitized data record, this operation also computes numbers
characterizing each data interval, such as the maximum peak-to-trough, root-mean-
square (RMS), number of peaks, etc. Some of these data have been used further in
various analyses described below.

The 1ibrary tapes can be further summarized by deletion of the complete
digitized record. This summary tape can provide a computer-generated 1isting of
environmental and characteristic data. Examples of these data are provided as a
separate Appendix to this report. The summary tape also provides the data base for
the parametric studies discussed below. Header block and data summary block formats
for summary tapes are given in Tables V and VI, respectively. It should be noted
that summary tapes do not contain data on which to base spectra, nor, as presently
structured, do they contain computed values for the original waveform. Values re-
ported are only for the wave-induced {miximum, RMS) and first-mode {maximum only)
components,

A general summary of the SL-7 data formats currently available is
presented in Table VII.



-20-

Byte Information Format

1 - 134 Tape Identification 8-bit EBCDIC
135 - 138 Number of Voyages on Tape 32<bit binary
10 149 T oot Unmoaon Kb g _1i+ TRODTO
s e ] P B 2 7 A LLD W VU)G&C AV LA T L WO AL LA L
43 - 14 No. Intervals in First Voyage 32-bit binary
147 150 Second Voyage Number 8-bit EBCDIC
151 - 154 No. Intervals in Second Voyage 32-bit binary
155 158 Third Voyage Number 8-bit EBCDIC
159 - 162 No. Intervals in Third Voyage 32-bit binary

and so forth

unused bytes zero-filled
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TABLE VI

INTERVAL SUMMARY BLOCK FORMAT

— . . .
Byte Information Format i Byte i Information i Formatl
i !
1-7+11-12 | Analog Tape Number B-bit © 119- 128 [Blanks 8-bit
8~ 10 Voyage Number & Direct. ERCDIC 129- 157 |Comments EBCDIC
13- 15 Logbook Index Wumber ! 158- 256 |Zeros §
16- 18 Interval Number ! 257- 260 iNo. Wave Induced 32-bit
Cycles Binary
19- 26 Date
27- 30 Time (Eastern Std.) 261- 264 [No. of Bursts
of Wave-
Induced Stress
31- 37 Latitude
38- 45 Longitude i 265- 268 |RMS Wave-Induced i
Stress, psi !
3
46— 48 Course !
49- 52 Ship Speed (MPH) 269- 272 |Max. P-T Wave- {
Induced Stress, i
psi ' ' ;
53- 56 Shaft RPM 273- 276 |Max, P-T lst Mode %
Stress, psi ;
57~ 58 Beaufort Sea State i
59-062 Relative Wind Dir. .
63— 64 Relative Wind Vel. 277- 280 JMean Belative *
{knots) Stress Level
65- 66 True Wind Velocity 401- 404 }jl1st Wave-Induced 32-bit
{(knots) P-T Detected Binary
67- 70 Relative Wind Dir. 405- 408 j2nd Wave-Induced '
P-T Detected :
71- 72 Wave Height (feet) |
73- 74 Wave Period (sec.} 409- 412 [3rd Wave-Induced ;
P-T Detected ;
75- 17 Wave Length ; i
78- 81 Relative Swell Dir. 5 . i
82- 84 Swell Height {(feet) f
85- 88 Swell Length (feet) ;
89- 93 Barometric Press, "Hg | ! 2273-2276|469th Wave-Inducedg
i P-T Detected ; i
94— 95 Sea Temp. (°F) : :
96- 98 Alr Temp, (°F) ! 2277-22801470th Wave-Induced: :
+ P-T Detected : *
99- 118 Weather ]



Format

Analog Tapes

Oscillograph Records

Digital Library Tape*

Summary Tape*

Logbook

TAB Printout*

PARM Data Cards*

SPLOT Qutput

*See Reference 2-b.
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TABLE VII
SUMMARY OF CURRENT DATA FORMATS

Characteristics

Recorded at 0.3 ips, FM IRIG low-band, 270 Hz center
frequency--13 data tracks, 1 compensation track--tape 1"
wide, 0.001" thick, 3600 feet on 10 1/2-inch reels. Each
30-minute interval preceded by zero and calibration signals,

Quick-Tocks reproduced aboard ship at 200:1 speed up--3 to
4 tracks per record--all tracks reproduced--30 minutes
occupies about 3 inches of record.

Expanded time-histories of selected tracks--used for
instantaneous comparisons.

12,000 data points at 10 samples/second (real time)

(unfiltered) from each interval of selected transducers

on Recorder No. 1, plus logbook data, plus computed values--
3 1an

annrayimataly 7 +a
approxXimat iLe

v

ely 700 ¥ais.

The Digital Library Tape with the digital record deleted,
leaving computed results and logbook data. One Summary
Tape contains data from the entire season from one trans-

ducer.

[ LF L

Environmental and ship operational data manually entered
by system operator. Data is coded and entered on Digital
Library Tape.

A1l logbook data plus computed data characteristics for
each transducer, from the Summary Tape.

RMS and maximum data values plus selected logbook data
for parametric studies.

Plots of data means vs. any parameter (such as Beaufort
Number}, classified into families of five subgroups.
Tabulations also available {see Appendix B).
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ITI. RESULTS

In general, the results of the first season of manual data acquisition were
gratifying. Large quantities of high-quality data were recorded. In any equipment
of this complexity operating over an extended period, some failures or breakdowns
are expected. However, due to the presence of the observer/operator, the effects
of these were minimized and they were quickly corrected. His presence also assured
proper correlation of the vital environmental data.

A. 1972-1973 Operating Season

It was originally planned to have the system operational in time to take
part in both builder's and owner's sea trials. Unfortunately, due to the number of
additional passengers scheduled during these tests, it was not physically possible
to have Teledyne engineers aboard the vessel. At the time of the first trial, the
system had been fully installed but had not had its final adjustments completed.

1. Manned Operations

Two Teledyne engineers met the vessel in Rotterdam upon her return
from her first sea trials on September 16, 1972. These engineers worked aboard
until September 28, 1972 when the vessel went on its second trial. It was decided
that it was still impossible for Teledyne engineers to take part in the trials, al-
though the system was operational and ready to record data. The ship left on Sunday,
October 8, 1972, for New Jersey with two Teledyne engineers aboard. Recordings be-
gan on that date and continued throughout the westbound leg of Voyage 1. Both engi-
neers rode the vessel to New Jersey. During this voyage and subsequent roundtrip
Voyages 2 and 3, two Teledyne engineers rode the vessel. This manning scheme al-
lowed TMR to have four engineers trained in system operation, and provided the addi-
tional manpower required during the system start-up.

2. Voyage Summaries

A summary of the voyage and data as recorded by dates and tape number
is listed in Table VIII. With the exception of the westbound leg of Voyage 5, the
vessel was manned by TMR personnel during each crossing from Voyage 1 in October,
1972 to Voyage 12 in April of 1972. Manning was terminated for the season when the
ship returned to Rotterdam for drydocking in April, 1973.

3. Logbook Data

During each crossing the operator kept a data log in which he made in-
dicated entries once every four hours. Logbook index numbers begin at No. 1 for
each crossing and typically there are 30 to 32 entries per crossing.

The recording plan during the past season was to record for two out of
every four hours when operating in the automatic mode. Thus, there are normally four
data intervals associated with each log index entry, and, since a tape can run for a
maximum of 40 hours real time and each data interval is 30 minutes in length, it is
theoretically possible to have 80 intervals per tape. 1In practice, the operators
have changed tape in-each machine at the beginning of each voyage. These first tapes
normally contain 68 to 72 intervals, allowing for unused tape at the beginning and
end of each reel. Usually a little more than half way across two new tapes are
loaded. These second tapes have varying numbers of intervals dependent on such items
as the ship's speed, associated progress, and just when the system is secured. This
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TABLE VIII

AMALOG TAPE AND VOYAGE SUMMARY

Data Collection Data Tapes
Direction Dates Produced
(Tape Numbers)
West 10/8/72 to 1,2,3,4
10/13/72
East 10/15/72 to 5,6,7,8
10/19/72
West 10/23/72 to $,10,11,12
10/27/72
East 10/29/72 to 13,14,15,16
11/2/72
West 11/6/72 ta 17,18,19,20
11/10/72
East 11/12/72 to 21,22,23,24
11/16/712
WVest 11/19/72 to 25,26,27,28
11/24/72
East 11/26/72 to 29,30,31,
1274472 32,33,34
Weat Vessel Not Manned
Wo Data Collection
Fast 12/29/72 co 35,36
1/4/73 One Recorder
Time~Shared
West L/7f73 to 7,38
112/ One Recorder
Time-Shared
East 1/14/73 to
1/19/73 39,40,41,42
Weat 1/24/73 to
1729773 43,44 ,45,46
East 1/30/73 to
2/4/73 47,48,49,50
Vest 2/8/73 ta
2/13/73 51,52,53,54
East 2/15/73 to
2720793 55,56,57,58
West 2/24/73 to
3/1/73 59,60,61,62
Bast 3/3/73 to
373/71 63,64,65,66
West 3/11/73 to
3/15/73 67,68,69,70
East 3/19/73 to
32473 71,72,73,74
West 3/36773 to
3/30773 75,76,77,78
East 6f1/73 to 79,80

4/5/13

Number of

Tapes
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past season an average of 48 to 50 intervals are found on the second tapes. In
summary, during each crossing 2 tapes are usually recorded on each tape wachine.
The intevval numbers on-each tape can run from 1 to 80 and these intervals are as-
sociated with logbook indexes 1 to 32 for each crossing.

4, Sea State Profiles

To assist in understanding the distribution of sea states encountered
during the first data season, Figure 6 has been prepared. This figure depicts the
occurrences of the various Beaufort Numbers reported divided into eastbound and
westbound voyages. The basis for these data is the logbook entry for sea state re-
corded once every four hours by the operator. A total of 623 entries were made dur-
ing the recording season; 324 during eastbound crossings and 299 during westbound.
Normally, four data intervals (30-minute recording periods) are associated with each
log entry. Thus, to obtain the total number of data intervals available at each sea
state, it is necessary to multiply the number of Togbook entries by four. The
dominant Beaufort Numbers are in the range of 3 to 7, with the most entries obtained
at Beaufort 4.

A summary of the mor
his Jisting contains the

ogbook data is presented in Appendix A.
T a:

Yoyage Number and Direction
Recorder No. 1 Tape Number
Interval Number

Tl
Index Number

Date

Time (GMT)

Ship Speed in Knots
Beaufort Number
Relative Wave Direction
Weather Observation
General Comments

a4 TR ~HD OO T

5. Static Calibration

In order to obtain verification of the accuracy of the instrumentation
system operation a static calibration test was performed on the vessel at the loading
terminal in Rotterdam on April 9 and 10, 1973. This test sequence, by judiciously
controlling the unloading sequence, was designed to create known, or at least cal-
culable levels of bending and torsional stresses. By comparing calculated values with
system outputs a judgment of instrumentation system performance is obtained. The re-
sults of this experiment are not reported here but have been issued as a separate
document {see Reference 3). However, the following general conclusions can be drawn
based on the data gathered during the calibration experiment:

a. The maximum observed normal stress for the calibration Toadings oc-
curs in the hatch corner doublers (Hatch 9) just forward of the aft house in a direc-
tion parallel to the deck and at an angle of 22 degrees to the ship centerline.

Other hatch corners, at stations where hatch width changes are encountered, exhibited
high shear stresses near the stress relief cutouts.

b. The maximum calibration stresses are one-eighth to one-half of the
maximum peak-to-trough stress observed under normal seaway conditions. To put it
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another way, the applied calibration lcads, or load distributions are approximately
one-eighth to one-half of those generated in a seaway for most gages.

¢. Due to the Tow strain levels induced and the temperature differences
encountered during the calibration, thermal effects could account for a substantial

portion of most measured strains.

d. The midship transverse girder is a more sensitive indicator of
torsion than the midships torsional shear sensor installation.

6. System Reliability and Performance

System performance during the first season was consistent with that
expected from an installation of this magnitude. No strain gage circuits experienced
any failures. During Voyage 6 and part of Voyage 7 tape recorder problems were en-
countered which reguired the time-sharing of one unit until an additional machine
could be obtained and the defective unit repaired. It should be pointed out that
most of the equipment in the system is not new and has seen previous sea duty on
both the ABS “"Large Tanker Program" and two years of operation aboard Sea-Land's
S.S. BOSTON.

Several data amplifiers did fail but on-board spares permitted replace-
ment within a short time. In addition, failure of several of the accelerometer units
were experienced. By selective switching of units, it was possible to keep the
signals of primary interest operational during most of the data intervals.

- In general, system performance was good and the fact that it was oper-
ator-controlled contributed to its overall excellent reliability.

The system was re-energized in the Fall of 1973 prior to the first
manned voyages of the second season.

B. [Data Presentation

1. General

As listed in Table VIII, 80 analog data tapes were produced during
the past operating season, 40 from each recorder. A data summary book has been
prepared for reference wherein every interval on every tape is identified by trans-
ducer.

During the first season, Voyage No. 4 presented some of the most in-
teresting data from the standpoint of exhibiting the heaviest weather with a variety
of relative sea directions. Since some characterization of the response data from
all transducers was desired, but the volume of data available was large, this voyage
was chosen for presentation in detail. Parametric studies were undertaken for all
voyages, however,

2. Parametric Studies 4

Starting with the Summary Tapes, eight Recorder No. 1 data channels
were selected for processing by the parametric studies computer program (see
Reference 2 and Figure 5). These channels were:
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. Channel 1 - Longitudinal Vertical Bending (LVB)
Channel 2 - Torsional Shear Midships {TSM)
Channel 4 - Rell
Channel 5 - Pitch

Channel 8 - Forward Vertical Acceleration {FAV)
Channel 11 - Longitudinal Horizontal Bending (LHB)
Channel 12 - Shear Forward Port (SFP)

Channel 13 - Shear Forward Starboard (SFS)

T K1 Hh O O T W

The RMS and maximum peak-to-trough wave-induced component of each
of the above parameters was plotted against Beaufort Number {although this is a wind
scale, the number reported corresponds generally to a well -defined sea condition) in
various families of ship speed or relative sea directions. In order to derive a
single characteristic value within each Beaufort Number, the mean of both the maximum
and RMS values per interval were plotted. These results are presented in Appendix B.
Three types of data presentations are included for each data set:

a. A dot-plot of all values, interval RMS or maximum peak-to-trough.

b. A mean value plot of interval data set against ship speed or rela-
tive wave direction groups.

c. A tabular 1isting giving the number of points upon which the curves
are based and the set of standard deviations.

Extensive tabulations of digitized stress, motion, and logbook data
are available to those interested through the Ship Structure Committee,

3. Maxima Observed on Recorder No. 2, Voyage 4

In order to present a samp11ng of the extreme data seen by Recorder 2,
all of the data for Voyage 4 \t&W} was played back on an oscillograph, annotated, and
scaled. In this manner a maximum peak-to-trough value was measured for each trans-
ducer for each interval. These data are presented in Table IX. As noted previously,
Recorder No. 2 data are monitored in four consecutive modes. Some of these modes
are switched, however, to record other data. This is reflected in Table IX. It
should also be noted that the various maxima 1isted for any one interval did not
necessarily occur at the same time.

N
11V

4, Simultaneous Response Data

- It is n useful to compare a response waveform occurring at one spot
with that occurring at another spot at the same time. The complete records {all
Recorder No. 1 and No. 2 signals recorded at the selected instances) from four ex-
amples of high sea state conditions arg presented in Figures 7, 8, 9, and 10, each

representing a different relative sea d1rect1on, i.e., head, broad -on-the- bow,
nnar+pr1nn and following.

5. Averaged Midship Maximum Stresses, Voyage 4

Six longitudinal strain gage arrays are located at midship, on the top,
mid and bottom sideshell, port and starboard. These are some of the most interesting

(Text continued on Page 105)



VOYAGE 04 EASTBOUND

TABLE IX

Sheet 1 of 8

TAPE 22 RICORDER #2
"A" MODE MAXTMUM PEAK-TO~TROUGH SIGNAL VAIUE (psi)
(G"a)

Index Intervel Sea FWD HOUSE FWD HOUSE
Heo. No. State LSTS LSMS LSBS LSTP LSMP LSBP SAP SAS RGST BGSB VERTICAL TRAXNS.
H 1 4 2017 659 1281 2746 48B4 1236 1111 1206 277 333 .18 .12
2 5 3 4852 1648 2014 4504 1260 1977. 2333 2333 444 599 .40 12
3 g 4 7049 2636 2157 6921 1744 1677, 3333 3000 833 733 +33 .16
4 13 ] 68466 2966 4486 8899 2423 5850 3722 4066 833 733 al .20
5 17 7 9430 4944 5218 9338 3392 8240 4666 5466 1277 799 .58 1
6 z] 8 10712 6592 5676 10986 4362 8157 5166 5266 1222 1066 1.16 A6
7 25 7 76390 4065 3021 5273 3199 5932 3055 2800 833 666 .89 .34
8 - 26 7 5310 3076 2563 4724 2423 4120 2333 2133 666 599 .71 .38
9 33 & 8697 3296 4577 8432 2617 6527 4111 4333 944 733 .89 JAQ

10 37 7 5493 2526 3112 4504 1938 . 3213 1777 2600 611 533 .93 .28
11 41 7 5584 2856 3387 5053 2035 3625 2277 2266 833 593 .62 .40
12 45 6 5127 2866 2746 4174 1841 32946 2000 2666 33 466 .67 34
13 43 5 7324 3405 3662 8789 2423 4532 2555 2800 883 466 .76 -1
TAPE 24 RECORDER #2
14 1 5 7873 31186 3939 £321 2472 5022 3222 3600 833 53% .67 .32
15 5 5 5493 2966 2929 5822 2197 4316 2222 2733 777 666 67 .32
156 9 5 5218 2526 3204 4069 1831 31845 1944 2666 611 733 .49 26
i7 13 5 4303 2526 2655 4065 1831 3139 2333 1866 722 468 .49 .28
13 17 4 4852 2417 2197 3845 1464 2982 2055 2066 444 333 .58 .20
19 21 4 4211 2197 2014 3735 1648 3139 1555 1733 444 400 49 W22
20 25 5 2838 2197 1922 2746 1556 2354 1611 1733 555 466 .53 .26
21 29 & 3204 2197 2472 3296 1464 2197 1166 2200 777 400 36 .30
22 33 ] 3621 2197 2014 2856 1556 2040 1277 1600 666 466 .22 .26
23 37 s 4303 3076 4211 4394 2268 2511 1722 2400 888 400 .22 W28
24 41 6 2380 1538 2197 2307 1007 . 1412 1111 1133 388 266 .13 .20




TABLE IX (Continued)

VOYAGE 04 EASTROURD

TAPE 22 RECORDER #2
"'B" MODE MAXIMUM PEAK-TO~TRCUGH SIGNAL VALUE (psi)
Index Interval Sea
No. N?‘ State ARIA_F_AR].Bﬁ__WARlc ARZA} ARZB ,.._ARZC ARaA AR33 A.RBC ARA
1 2 [ 1896 4015 1003 2141 ‘826" 503 2788 1338 557 187
2 3 3 4015 8030 1896 3346 1535 1806 4572 2409 1003 307
3 10 4 8030 11242 3457 5755 2598 3513 7361 4015 1673 535
4 14 6 10038 12447 4349 8298 3306 5019 10595 5487 2007 789
5 18 7 12491 149%0 5799 11777 5904 8130 10939 §770 2899 1030
& 22 8 12268 18336 €022 10439 4723 6926 12268 8144 2788 1124
7n 26 7 6134 12380 2788 5353 2361 3011 65915 3747 1449 48]
8 30 7 8699 13380 3011 8164 3542 4318 10818 5353 1673 682
9 34 6 6468 1l644 2899 7093 2716 2511 9368 4684 13338 &42
10 a8 7 6580 11777 2230 521% 2598 2107 6692 3747 1338 343
11 42 7 5799 9904 2565 6290 259§ 3513 7807 4282 1003 4238
12 46 [ §692 10439 2230 4684 2243 3412 5911 3346 1449 361
13 50 5 6245 12045 2788 6692 2479 3714 7807 4684 1561 374
T»PE 24  RECORDER #2
14 2 5 5793 8030 2565 5755 2119 2848 7138 3747 1126 441
15 ] 5 5688 10573 3011 5333 2119 3346 8245 3613 1328 307
16 10 5 6357 10573 2342 5621 1856 2294 £692 3613 1449 428
17 14 5 4BEB4 8967 2788 5353 2119 3250 6022 3479 1115 347
12 18 4 3680 8298 2230 5487 1561 2581 £652 3613 11315 307
19 22 4 3762 5219 1449 3479 1449 2007 4126 Z007 669 227
20 26 5 4238 6156 1784 4684 1673 2294 5799 3212 892 267
21 30 3 3457 B424 1784 4282 1784 2485 501% 2944 780 254
22 34 6 Z788 6022 1449 3479 1449 2007 4126 2275 669 187
23 38 5 4684 7227 2342 5085 2230 3059 6022 3479 892 24(
‘24 42 & 2453 4952 892 2544 1226 1338 3680 1873 669 227




TABLE IX (Continued}

VOYAGE 04 EASTBROUND
TAPE 22 RECORDLR #2

"'C'" MODE MAXIMUM PEAK-TO-TROUGH SIGNAL VALUE (psi)
Index Interval Sea
No No, State RlA Rlﬂ RIC R;A RZB RZ,C R3A RBB RBC R!‘A
1 3 4 2342 1338 557 2141 1417 502 803 669 1204
2 7 3 2899 1738 669 4015 2824 €02 - 1338 1003 1606
3 11 4 4507 2676 852 8565 6022 503 - 2810 1673 3212
4 15 -] 9034 4282 1561 13517 8857 1606 8922 4149 2453 5621
5 19 7 9480 4149 1784 11911 8975 16806 8922 4282 2676 5353
6 23 8 10372 5487 1896 14856 10864 1706 9034 4818 122 £825
7 27 7 12268 4952 1449 13250 9447 2007 6915 4149 3569 5487
8 31 7 9926 4952 1449 12714 8857 1806 7026 4015 2788 £550
9 - 35 6 9257 3881 1226 9636 7203 1505 5465 3078 2565 3747
RSA . RSB RSC ?léA 363 l.le R_7_A_P:73 szc RBi_
10 39 7 1561 936 1784 1606 2598 1204 3346 5353 1784 4516
11 43 7 1856 936 2119 1739 3300 1303 2899 4952 2007 3613
12 47 [ 1856 936 2007 1472 3306 1204 2899 4818 2230 4416
13 51 5 1896 1070 2230 2C07 3306 1003 3346 5755 1784 4952
TAPE 24 RECORDER #2
14 3 5 1784 BO3 2230 1873 3122 EFL) 2899 4684 1896 3881
15 7 5 1561 836 1896 1472 2342 1051 3234 6022 1673 4416
Righ R, B Rloc Ry A R B Rllc R, 54 Rl_zs R;;c R,U,A__
16 11 5 1238 936 1338 803 1673 764 - 3346 1115 3747
17 15 5 1561 936 1226 1070 2119 860 - 2810 1226 3747
18 19 [ 1338 1204 1003 803 1896 764 - 3078 892 4282
19 23 4 1338 803 669 803 1561 573 - 2542 892 2810
20 27 5 1338 803 892 803 1784 573 - 2409 1338 2810
21 31 6 1561 1070 669 BO3 2007 573 - 2676 1226 2409
22 35 6 1449 1070 780 803 1673 669 - 2810 1115 2810
23 39 5 1896 936 1226 936 2676 669 1226 29644 1338 2676
24 43 6 127 669 669 BO3 1338 573 1115 2007 1003 2810




TABLE 1X (Continued)

VOYAGE 04 EASTBOUND

TAPE 22 RECCORDER #2
"D" MODE MAXTMIM PEAK-TQ-TROUGH SIGNAL VALUE (psi) Sheet 4 of 8

Index Interval Sea )

No. No. State TGFS~1  TGFS-2  TGFS-3  TIGFS-4 TGMS-1  TGMS=2  TGMS-3  TGMS-4 TCAS-1 TGAS-Z  TGAS-3  TGAS-4
1 4 4 2007 1873 1113 2007 2125 1806 1226 2408 1115 1070 1226 1472
2 8 3 5242 3881 1784 4149 3306 2810 1673 4282 2788 2275 2230 2810
3 12 4 5353 5487 3011 7361 6C22 4416 3346 695% 3792 3212 2788 6015
4 16 6 6692 9502 5576 12045 8620 6825 5019 19841 6580 5353 4349 6156
] 20 7 9814 2101 3680 12714 BS575 6022 4684 9636 8141 6558 4572 6959
6 24 B 14945 S9G4 6468 13785 12399 8030 579% 11510 71584 6022 4907 £55%
7 28 7 11153 8833 4684 10305 71754 5420 3%03 7495 5019 4015 L4015 5735
8 32 7 8365 5621 4126 8030 6495 4215 3346 6692 3303 2944 2788 2944
9 " 36 ] 7361 4952 3011 695% 7321 4316 3792 7628 3349 3078 2676 3613

HLSﬁSﬁEl HL§S5-2 HLSE-3  HL35-4 TGMs-1X  TGMS-2X  TGMS-3X TGHS-4X 7

10 40 7 3011 g8l 3234 4282 2834 803 780 1670 2899 2310 3457 L5684

11 44 7 3903 4684 3903 4852 2834 803 892 1070 4238 3212 3569 4584

12 48 & 3792 4550 3680 4282 3148 803 1003 803 5576 4282 3569 5487

13 52 5 1899 4149 3792 4684 3C70 803 892 1070 4461 4149 3680 5353

TAPE 24 RECORDER #2
14 4 5 3011 T4y 3580 5881 3457 704 892 934 3792 3212 2453 3475
15 8 5 3346 4149 4561 44186 3569 669 B892 936 356% 3747 3011 4149
TGFS-1  TGFS~2 TGF5-3  TGFS-4 TGES-1X  TES5-2X TGSS5-3%  _T1655-4X

16 12 5 7i38 5888 3011 7093 1277 1714 1338 2133 5242 4149 3569 5487

17 16 3 7138 4415 2788 6022 1136 1285 1055 1933 3903 3212 2342 37647

18 20 4 6803 4684 2899 5888 1338 1285 888 2066 2545 2007 2342 3212

19 24 4 6803 4818 2788 6022 1055 1142 944 1666 2565 2542 1896 2944

20 28 5 3019 4550 3234 6959 1166 857 833 1866 2676 3346 1784 2409

21 32 [] 5688 T4t 3122 65692 1333 857 944 2133 3680 2810 1896 3078

22 36 ] 6468 4282 2899 629N 1166 714 777 2000 2899 2141 1561 2141

23 40 5 5465 3613 2788 5888 1166 666 833 2000 39303 2810 1449 2676

24 44 [ 4238 2944 2119 4084 1111 371 722 1533 2453 2409 1673 2409

_ZS-




TABLE IX (Continued)

VOYAGE 04 WESTBOUND
TAPE 26 RECORDER #2

"A" MODE MAXTMUM PEAK~TO-TRCGUGH SIGNAL VALUE (psi) Sheet 5 of 8
&Ts)

Index Iaterval Sea FWD HOUSE FWD HOUSE
Ne. No. State LSTS LSMS LSBS LSTP LSMP L5BP SAP SAS BGST BGSB VERTICAL TRANS.
1 1 7 1854 659 732 1058 640 863 555 666 222 200 .13 .10
2 5 7 3399 1867 1464 3076 1464 060 1666 1490 666 400 .18 .18
3 9 g 5974 2744 1831 4724 2380 4708 2388 2333 611 5%9 W49 .16
4 13 9 16595 3078 9338 16919 2472 7847 77T B359 1111 1066 1.07 18
3 17 1Q 20806 5273 11261 17249 4852 8240 7777 8999 1555 l46b 1.20 .30
6 21 14 16583 4944 10712 16809 4669 5181 7222 G656 1611 1133 .93 .36
7 23 10 17510 4724 13550 16919 31936 £318 8611 8999 1777 999 1.20 .30
8 29 10 15141 3735 10528 17029 4028 8867 6722 B466 1388 1133 1.11 .28
9 33 9 10815 4394 7599 11755 4120 5100 4388 5599 1333 866 .89 .30
10 37 5 90464 4394 8972 12854 4120 6748 5277 5733 1722 799 .48 L34
11 41 4 7416 3206 4577 7141 2563 2982 3111 3666 833 733 .80 .30
12 45 5 3914 2966 3662 4284 2197 3060 1944 1933 777 466 .53 L
13, 4% 7 5562 3735 5676 6921 2929 4080 2611 3000 1113 599 WA .60
14 53 7 6386 5493 6317 9887 3753 5493 3222 3333 1722 666 49 .90
15 57 g 5768 3296 5493 8459 28138 4551 3333 3600 944 599 .53 .62
16 61 7 6695 4504 6042 9338 347% 5002 3388 3600 1111 599 .40 .52
17 6% 7 7107 3186 4760 7800 2563 5100 3666 2600 1000 666 .27 .56

TAPE 28 RECORDER #2

18 1 7 6500 3405 5035 7622 3112 3221 2777 3333 1055 599 .22 42
- 18 5 7 4944 2417 3662 7416 1831 2254 3277 3666 722 533 .13 .46
20 9 7 6134 4724 4028 4738 3753 6367 3055 3466 1055 666 .49 .40
21 13 5 11352 5163 4028 9476 3622 6891 5111 5133 1000 1133 .80 .36
22 17 4 8056 3625 6408 9064 2838 5168 3777 4600 1222 1133 .58 .36
23 21 3 6225 2746 4303 7210 2380 3071 2555 2666 1111 533 .58 .40
24 25 7 4577 ¢ 2946 2746 4429 2014 2621 2555 2600 833 599 Lhh .38
25 29 g 9979 3515 5676 9682 2929 5693 3555 619% 1277 1200 .27 .54
26 a3 9 10437 4065 7599 13493 3753 5618 6111 6666 1777 1133 49 .64
27 37 10 9979 6152 8972 12669 5035 7715 6055 6733 1888 666 A9 .24
23 41 16 9979 5163 7650 15450 2288 6891 5666 6333 12377 999 .53 .68
29 43 16 5493 4504 6042 8034 1648 4694 3333 4000 1333 333 .53 52
30 49 8 3479 3296 3845 4635 3570 2322 1277 2333 388 533 31 .28
31 53 5 3021 2197 2288 2575 3936 1573 888 1333 355 400 .22 W24
32 57 5 1556 1648 1281 1339 1007 1348 833 999 388 466 .22 .24

_EE_




TAGLE IX (Continued)

VOYAGE 04 WESTBROUND

TAPE 26  RECORDER #2
“B" MODE MAXIMUM PEAK-TO-TROUCGH SIGNAL VALUE (psi) Sheet 6 of 8
Index Interval Sea
Ko. No. State ARlA AR B ARIC AE'KZ-A AR, B AR,C ARjA AR,B A'R;C AR A AR{.L _“’fRaC_
1 2 7 1380 2275 669 1070 557 573 1338 803 334 752 446 401
2 6 7 4391 6424 1673 3747 1449 1912 4238 2542 892 2509 780 936
3 10 8 4015 7361 1673 2676 1115 1720 3569 2007 892 2258 £69 g03
4 14 9 15809 22083 3457 15391 6468 7074 15057 10707 2788 12547 4461 4015
5 18 10 14555 22217 4349 16462 7138 6833 18291 11510 2342 12296 4572 3881
6 22 10 12547 21146 4461 17131 7361 6883 18403 12045 2453 11920 4238 3475
7 26 10 14304 22217 3457 16328 8365 8317 18960 13651 2230 11543 3903 3747
8 L, 30 10 11794 20611 1346 15926 6803 7074 18626 10974 2342 12171 4349 3767
9 34 ] 12672 16997 3234 16462 7026 6022 18960 11108 1673 10665 3569 3479
10 38 5 7026 13517 3011 12447 4684 4588 16395 8565 1225 7653 2788 2542
11 42 &4 €022 10573 2342 6538 2788 3250 80320 4350 1338 3387 1226 1204
12 46 5 5646 9234 2565 3621 2230 3346 7138 3881 1226 3136 1338 1204
i3 50 7 8155 14187 3011 6558 2899 391¢ 8365 4952 1673 4642 1673 1472
14 54 7 6901 12045 3122 7361 3122 4302 9257 5353 1449 4351 1561 1606
15 58 8 7904 15257 4126 8030 3680 4971 10484 5621 1896 4642 1449 1472
18 62 7 8030 13651 2899 6692 3122 4397 89480 4684 1784 4642 1673 1338
17 66 7 8908 15123 3903 7093 3346 3537 8922 7495 1561 4893 4572 1739
TAPE 28 RECORDER #2
18 2 7 6803 15793 3457 7152 3346 4380 9480 5353 1673 4391 1449 1472
19 [ 7 - - - - - - - - - - - -
20 10 7 9480 20879 4572 217 31346 6022 9368 5219 2230 5395 1673 1739
21 14 5 8141 17666 3346 8155 3346 3741 11487 6022 1561 6148 2118 2007
22 18 4 9034 16060 4015 7528 3346 5110 9591 5219 1673 5144 1784 1472
23 22 3 5242 10573 2565 5646 2565 2920 7918 4149 1226 3889 1541 1070
24 26 7 4238 8565 2453 4266 1673 2098 5799 2810 1115 3011 1115 1670
25 30 9 8699 18202 4463 8281 3680 5110 10038 6022 2342 5897 2007 2007
25 4 9 11934 23957 5353 12547 4907 5292 17399 9368 2453 9159 2788 3078
27 38 10 12603 23020 4572 12045 5576 6387 16395 8164 2676 7904 ‘3122 2044
28 42 10 11487 22083 4572 11669 2565 4197 15280 8565 1896 5897 2565 2007
29 46 10 7918 17533 4461 7403 1338 4927 11153 5888 1561 4768 1561 1338
30 50 ) 4795 9770 2342 501% 4349 3376 6134 agsl1 1226 2007 1338 936
31 54 5 2565 6022 1226 2634 3503 1551 3122 2007 892 1505 780 803
32 58 5 1673 3346 852 1882 892 1186 2119 1472 669 1505 669 669

_-b(c‘_



TAGLE IX (Continued)

VOYAGE 04 WESTBOUND
TAPE 26 RECORDER #2

"C" MODE MAXIMUM PEAK=TO=-TROUGH SIGNAL VALUE (psi) Sheet 7 of B
Index Interval Sea
¥o. No. State R, A R B R G szx RZ'B R,G RoA R.B R,C Rﬁ‘\ R, B R,C
1 3 7 3011 1204 446 2409 2119 573 1338 936 892 1254 669 535 |
2 7 7 4768 2007 292 4015 3680 956 2342 1472 1338 2509 1449 936
3 11 8 10038 4684 1338 9234 6357 1434 4795 2676 4015 4266 2330 1606
4 15 3 8406 2810 2007 9502 5799 2350 6915 2944 1896 5771 1896 2007
5 19 10 15558 8030 3457 12447 7807 3728 7472 3613 4795 6524 4015 2409
6 23 10 12547 6692 2230 11376 8253 2963 5465 3881 3503 6273 2699 2542
7 27 10 12547 5487 2119 12179 8141 2963 468 3881 3346 6273 2119 2275
8 31 10 11041 4684 1896 9368 6915 2103 4907 3078 2565 4768 2342 1338
9 35 9 12672 5487 1784 10171 7695 2007 5353 3346 2453 4015 2119 1338
10 39 5 13927 5621 1449 12714 8588 1912 6915 4015 334¢€ 4391 2342 1472
11 43 4 13551 5621 1448 13384 9034 1720 7026 4015 3346 4391 2565 1739
N - R A RB_B— R C R4 R,B R,C Re4 RgB R,C Rg 4 RyB ByC -
12 47 5 2509 3§81 1338 3767 6022 2390 3003 3346 1549 3513 2676 1204
13 51 7 3262 6825 1784 4684 7584 3250 5353 4415 1673 4015 3346 1338
14 5% 7 2760 5487 1561 4684 6915 2868 5353 4015 1449 3513 3011 1670
15 59 8 2760 4952 1673 5755 8922 3346 5576 4282 1449 3136 2342 1204
16 63 7 2258 4416 1673 4015 6915 3154 3680 3212 1784 3513 2342 1070
17 67 7 2007- 3881 1673 3881 6468 2676 4126 3212 1784 4266 2230 1739
TAPE 28 RECORDER #2
18 3 7 2007 4550 1561 4015 6468 3011 4795 3346 1561 3513 2676 1338
Rypd By B R€ Riph RipB o RyE Rogh BB RygC Rygh RisB Ry4C
19 7 7 - - - - - - - - - - - -
20 11 7 1338 3747 1226 2007 3346 1277 - 1873 1784 5897 2007 2007
21 15 5 1449 2944 1561 2634 4359 1551 - 2275 2230 6775 1473 2273
22 19 4 1338 3078 1115 1756 3792 1733 - 1873 1673 3889 1226 1472
23 23 3 B92 1873 669 1505 3346 1186 - 1204 1115 3262 1115 1318
24 27 7 1226 2944 1003 1882 4015 1551 5130 1338 1338 4893 1338 1338
25 31 9 1561 3078 1784 3136 6022 1916 8365 2275 2230 6901 1784 2275
23 24 9 1449 3487 2342 3638 7695 1825 9703 2810 2675 8030 2453 2676
27 39 10 1449 6692 2119 3387 6134 1916 9480 2676 2676 7403 3122 2676
28 43 10 1449 5085 1784 2509 3346 2463 6468 2141 211% 5019 2230 21461
29 47 10 T115 4149 1115 2007 2119 2372 5242 1739 1115 4391 1784 1070
30 51 8 1115 3346 780 1280 5799 1642 3457 1338 892 1882 1338 1070
31 55 5 892 1873 557 1003 4126 1095 2230 936 892 1631 780 - 803
32 59 5 669 1070 446 1003 1226 730 1338 803 669 1756 669 803

_gg_



VOYAGE 04 WLSTBOUND

TAPE 26 RECORDER #2 TABLE 1X (Concluded)
D" MODE MAXIMUM PEAK-TO-TROUGH STGNAL VALUE {psi) Sheat § of 8
Index Interval Sea
No. No,  State HLSS-1 __ HL$S-2 _ HLSS-3__ HLSS-4 TCMS-1 _ TGMS-2__ TGMS-3 _ TGNS-b _ TGAS-1 _TGAS-2__ TGAS-3 _ TGAS-4_
1 A 7 1882 1608 1673 1739 2335 1723 1126 2675 1854 T6317 1443 3676
2 8 7 3764 3212 3122 4416 7584 6309 4572 9368 5576 4391 3909 5755
3 12 8 3764 2952 4907 4550 6692 3824 2788 5755 4572 3513 3792 4634
4 16 9 6524 6558 5911 6692 9703 6883 5242 11108 5576 5520 6022 7361
5 20 10 6524 6692 580 6022 12157 9655 7807 16328 3365 6273 6022 7227
6 24 10 6148 7495 6803 5487 15057 28936 6468 13918 8476 6273 5911 §959
7 28 10 4140 5883 5465 4952 12491 7265 6022 13116 9591 6961 3792 6652
8 32 10 7528 16707 7249 7628 13941 5273 6915 15123 7249 6775 5576 7495
9 3 9 1889 7762 6468 6290 10372 8118 8030 10305 9480 7152 4684 7855
10 40 5 1638 5487 4349 4952 7918 5353 4126 8967 8915 5144 3457 5888
11 44 3 3387 4952 3003 4416 5576 3824 3122 6558 €022 4140 2230 4416
TGFS-1  TGFS-2  TGFS-3  TGFS=h ~ TGMS=1X  TGHS-2X_ TGMS-3X  TGMS-4X -
-
12 48 5 14555 8693 5019 11376 1011 860 780 1070 4349 3513 2453 3747
13 52 7 21958 11115 8141 15926 5242 956 1115 1204 5799 4391 2453 4282
14 56 7 16060 10439 5769 13517 4349 1147 892 1070 3457 3262 2899 3747
15 60 8 16939 10439 6580 15257 4461 1147 1115 1318 6357 4517 2788 4015
16 64 7 15057 10707 6022 14722 4126 1051 1115 1204 6692 4517 2899 4654
17 68 7 12547 8164 5019 11242 3650 956 1115 1204 5019 3513 2676 4282
TAPE 28 RECORDER #2
18 4 7 11599 8565 4684 11041 3569 638 1115 936 4795 01r 2342 1613
B HLSS-1__ HLSS-2 _ HLSS-3 _ HLSS-4 TCSS-1X _ TGSS-2X  TGSS-3X _ TGSS-4X o
19 8 7 - — — - — - — - - - - --
20 12 7 5019 6692 6357 6022 1722 1772 2111 3666 7026 4893 4572 6692
21 16 5 3680 5755 4572 5144 2277 2000 2333 3200 6692 4893 4795 6959
22 20 4 4126 5735 4349 4266 1888 1409 1555 3200 5353 4768 3457 5085
23 24 3 2899 4952 3680 1513 1277 1500 1222 2000 4238 3262 2788 4315
24 28 7 3234 4015 3792 1638 1333 1318 1888 2000 3503 2509 2230 3479
25 12 9 4461 7762 7695 4768 2722 1909 3600 4066 7138 5269 5019 6156
26 36 9 6301 16705 8699 7152 2500 3181 2500 5466 7249 5395 6134 £639
27 40 10 7695 11108 11153 7626 2333 2818 2611 5199 6134 6524 7472 10171
28 44 10 5576 8164 7229 8501 1500 2045 2000 4566 7025 5019 3234 7227
29 48 10 4349 6424 5911 5395 1600 1863 1358 3933 5130 3764 2565 4282
30 52 5 122 3881 2788 3611 1722 503 1166 2600 3680 3011 1673 3386
31 56 5 2007 2275 1449 1882 2222 454 722 1333 2230 2007 1443 2676
32 60 s 1115 1472 1784 1380 128 318 777 999 1561 1380 780 1338

_98_
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FIGURE 7

SAMPLE SIMULTANEQUS RESPONSE DATA

The following pages present representative simultaneous
samples of all recorded signals on both tape recorders for:

Voyage 4 Westbhound
Index 5
Interval 17 ("A" Mode)
18 ("B" Mode)
19 ("C" Mode)
20 ("D" Mode)
Tape 25 (Recorder No. 1)
26 (Recorder No. 2)
Beaufort Sea State 10
Relative Sea Direction Head

Ship Speed 22 Knots
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FIGURE 8
SAMPLE SIMULTANEOUS RESPONSE DATA

The following pages present representatiyve simultaneous
samples of all recorded signals on both tape recorders for:

Voyage 4 Westbound
Index 7
Interval 25 ("A" Mode)
26 ("B" Mode)
27 {"C" Mode)
28 ("D" Mode)
Tape 25 (Recorder No. 1)
26 {Recorder No. 2)
Beaufort Sea State 10
Relative Sea Direction Broad on Stbd Bow

Ship Spneed 20 Knots
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FIGURE S

The following pages present representative simultaneous
samples of all recorded signals on both tape recorders for:

Voyage 11 Westbound
Index 22
Interval 13 ("A" Mode)
14 {"B" Mode)
15 {"C" Mode)
16 ("D" Mode)
Tape 77 (Recorder No. 1)
78 (Recorder No. 2)
Beaufort Sea State 8
Relative Sea Direction Quartering

Ship Speed 29 Knots
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FIGURE 10
SAMPLE STMULTANEOUS RESPONSE DATA

The following pages present representative simultaneous
samples of all recorded signals on both tape recorders for:

Voyage 4 Westbound
Index 26
Interval 33 ("A" Mode)
34 ("B" Mode)
35 ("C" Mode)
36 ("D" Mode)
Tape 27 (Recorder No. 1)
28 (Recorder No. 2)
Beaufort Sea State 9-10
Relative Sea Direction. Following

Ship Speed 29 Knots



CEVOLANT O

BRUSH INSTRUMENTS DIVISION, GOULD'INC

Tapr 27 INTERvAL 34

eevae 33

27 _

Tarcs




~90-

ﬁ U BE TeAEIIN L2
N . sqow g A

E=T

- paow o

A

Eg 7HAFUNS LZ FFEL

L~ HT
SR G

T L T o

..||_|\1 = - -

i - D
P hwu.) Q..E
A .

“ONEGINOD 'NOISIAID SINFWNYLSNI HSNHYE




2vAL B3A

ey

—i —*—r_‘r-—---r e e e -

o
P
W+”
nlwm..
+
4|
I

—+—

-

e

-1
Lo

10

R

33000

At

BRUSH INSTRUMENTS DIVISION, GOULD [NC.
10 SECONDS |,

Pé 27 InTERY




~92-

L PE VALV, L e TEE THASEUN] L2 el

o |

L mael g Ty P
gﬁ‘ i .U\.WJ.& ;
: i

.

; : Y-
L i L eUYSNIS DD
S P N H Y T RSP S R Y PR SN PR

o S IR A
cod [ AR Lo ! [
I T A I e R S e R RS2 £ T




-93-

Lp il LeE dthﬁ\nﬁz\

m@.?\ g

SRR SN LN - A7 1M ¥

s et o SEET Y S S AR S

- ETEs
SWST T

Segn7

SININYHLSNI HSNEE o . w

s ONTIEAIND

OZ_ Dn_DOO ZO_m_>_D w._.Zm__ZDI._.mZ_ HSNug



-94-

ot

B
T WmQQ\”

B P m .
1ed wmQ"Q\m
S B

_

L edBE00/

A0 N

| g L BETOAERINT,

E AR

=T

i
!

wZ ST

TUEHY

L=H2

=/

N T€ TSI 67 STl

| MELIIL

CiHD ONYI13AZTO

" ONIGINOD NOISIAID SINIWNLLSN Hsnug o

"

Girih UNYTIATTID

ONLON0D ‘NOISIAIQ GINIV.NYLSNI HENEE



TRLENTS DIVISION, GOULD ING CLEVELAND, OHIO prectEn L 2 ONTR IVISION, GOULDING CLEVELAND, GHIO PRINTED !N S A

~F | T

- 'so00 ps

i .8as oL

¢

" FDH VErT

CH — SO

NN O O T T A U A O S AR S

—d JRRPRRS R —

FE O S R A L
e __.1 _]_‘__,0 .~’5;0M05_4__4__+. S T T U " R

- pob 4
_FDY_ TRaws B L ARsA Ll
|

—
e . lo
o

SH-—1/ . | Lesteer Lo o s bl 10038 fﬁ.:fi

-

s e

P S OV T TS RO
o -

| gooopst
IR A

mijf"_"_'l 
f~}-Jaossﬁéf

I

LA Mepes N 8 Mopes

D Tame 28 | InTERVAL 3G

i TArs 28 faremvsi 33 0. . i

—96_



-96-

TTERE veadmzey g AL | VT 7EN-FA

S

! H
N

LA
b

LT e pmewed | T [T et s md Wes |

T gseg . |




% TAr:

PRINTED IN U.5 A

CLEVELAND, OHIO

i GOULDINCG.

TERVAL R .

2:.'15 /u

E!




-98-

L s g

TETTEnRL]

A C/ A

10-J

Tr
T sanosss or

[ RN

T3 Gd

— L-~ND
spbe W

EECER

SRR O O e e

INOHLISMN HSNYG




-99-

fuEF
z m

. | g

< :

PRINTED

CLEVELAND, OH10

1INSTRUMENTS DIVISION, GOULD'INC.

&

Rem
< Moo

|

SATERVAL S

Thars 27

Taps 27 [nTervAe 35




-100-

]

T ey

T ,.wm. TN DL,

L Pous @

‘hmm.wn\tth,
HE | P

7

f—Ho

e S AP S S

Lot

W

e e




-101-

A
B m L FaToly &
S I I BN
LT e e :

e _ i
Lo 10d BE OO

LT

Coyotisd QE OO

T

-10-M

S IR AT g Il

BRI

[

Bgoof -

[ S ST
‘ “Wkwéwm,, ,

ceoigsd B8ORS

/-HD

/¥

PR Py O O S SO SR s MO DO S S

b

TEGE]

S EAT

_ VO NNGIINIHG OO ONYI3A 1L

¥ 50 NI QIENIEG

G, O



-102-

S TN

_.-” -.i mmoQ

_.mlm TINTELINf 5T UL

sLoW I

O+ GRY1IAITD

“ONLQTNOD ‘NOISIAG SINTANBLSN e s



PRINTEDIN L S A
. —t

$ TESS-4X _

o

cH~g

L _TGAS-/
Joo38ps/

*{

0038 P!
. [ - ——V—‘V o

R

L RiER

<K~ if

.

/aosﬁf‘é:

A

0-01

e mepe” | |
TR 28 JvrERvAc 350 LT

_TGAS-B

[ Rl

i

B

- 1
1

: f?aﬂf

D Meps

L _Zmee 28 Ivmemend 36 L

too3zg pst - .
LA A

L

-€0T1-




i .. BRUSHINSTRUMENTS DIVISION. G

U GTDULDING

CLEVELAND, OHIO

PRINTEDINUS A,

PraC e e

cH=/2

—————— e s

L x
L fo038pst |

S B A

7?5}%§*ﬁ£

X -IX

: ‘ f i o
DS SN N ‘ - SRR TR D e
ComMesmsATIons | [ 1L ] Lol compENsaTIonT. R ; '
i~ 1 e - ”r| CH - I Lo
x

- d-0L

| C Mep o o -

 TAPE 28 JWTERVAL 35 |

.| RaF AR PP I

28

REF
D NMope

IrTERVaL 36

~¥0T-



-105-

gages recorded on Recorder No. 2. The maximum peak-to-trough combined values
were scaled from osciilograph records for each interval on Voyage 4, separated
into sets by Beaufort Number, and the maximas averaged and plotted. Figures 171-A
and 11-B present the results from this process. For general comparison, the
averaged results from the Longitudinal Vertical Bending (LVB), the Longitudinal
Horizontal Bending (LHB), and the Torsional Shear Midship (TSM) stress gages have
been plotted against Beaufort Number inh Figure 12. These results are from the
wave-induced digitized data.

6. MWave Height Radar Data

As part of the continuing effort to obtain accurate information as to
the exact nature of the waves incident to the vessel, a wave height radar system
was installed aboard the SEA-LAND McLEAN. The output, in the form of a slant
range signal, is provided for recording on Channel 3 of Recorder No. 1. The anten-
na for the device is at the bridge Tevel on the outhoard starboard side. The
signal, of course, contains components of ship motions. Figure 13 compares the
slant range signal with Vertical Bending Stress, Bow Vertical Acceleration, and Roll
Sensor outputs.

7. Torsional Response Data

The simultaneous waveforms have been used to develop data plotted in
Figure 14, which shows the.relationships between strains at the upper corners of
the midship transverse girder, and overall midship torsional shear.

8. Simultaneous Comparison of Longitudinal Gages

Figure 15 illustrates the set of instantaneous values from the six
longitudinal stress gages as functions of their locations. This figure is designed
to be comparable to similar figures presented in the calibration report {Reference 3)
for static conditions.

IV, DISCUSSION OF DATA

The following discussion is based on the data presented from the first season.
In some cases points are discussed which are the results of observations made during
the calibration experiment {Reference 3).

Many relationships can be inferred from the data presented. It is the objective
of this discussion to expiore some of the more salient features of the ship's
response characteristics. No attempt has been made to summarize or correlate all
available data. Various forms of data summaries have been used to indicate the be-
havior of the signals originally recorded on analog tape. Oscillographic display of
the magnetic tape data results in time histories from which instantaneous comparisons,
waveform analyses, and other manual studies can be performed. The manual studies
include a table {IX) of maximum values for Voyage 4. In addition, eight channels
of all data from Recorder No. 1 have been digitized, summarized, and parametric
studies performed, as mentioned above.

r

Due to the mass of data collected, it is not possible to pubiish an ali-inciusive

summary of results which will not lose some features of the data. Selected analyses
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desired data or format in future reports or, if the need is pressing, to issue
appropriate supplemental reports.

A. Voyage 4 Simultaneous Response Data

As indicated by Figure 6, no sea conditions in excess of those correspond-
ing to Beaufort 9 were encountered during eastbound voyages, and only two indexes
had Beaufort Numbers of 9. In either direction the most commonly reported Beau-
fort Number was 4, whereas the median value was 5. During westbound voyages
Beaufort Numbers of 9 and 10 were reported about equally. Westbound voyages are,
therefore, used for high-sea-state, instantaneous data presentations. Voyage 4
had the highest average and peak sea states. It was, therefore, used to provide
simultaneous response data for signals assigned to Tape Recorder No. 2 for Figures
7, 8, 9, and 10.

Figures 7, 8, 9, and 10 present recorded high sea state response data for
head, broad-on-the-bow, quartering, and following relative sea conditions. Ship
speed is reduced from about 30 knots to about 20 knots in the head and broad-on-the-
bow cases.

As expected, the most obvious difference between the four sets of data is
the period of the wave-induced (Tong period, low frequency) responses. In the head
or broad-on-the-bow data, the 8-9 second wave encounter period is obvious along
with the constant 0.8 Hz first-mode structural freguency. For the quartering or fol-
lowing sea cases, a much larger and less well defined wave-induced stress period is
present along with the 0.8 Hz first mode response. The magnitude of the peak-to-
trough longitudinal vertical bending stress (LVB) is dependent on and approximately
equal for similar sea state numbers.

1. Head Seas

An example of slamming is exhibited during Interval 17 (Mode A) of
Tape 25 (head sea). A fairly clean hogging stress is followed by sagging and high
first mode stresses. The first mode stresses gradually decrease over a period of
40 seconds. Vertical accelerations at the midship and forward deckhouse accelero-
meters are also evident and closely follow the vertical bending stress curve. At
the same instant there are similarly shaped but opposite longitudinal stresses in
the top and bottom hull sideshell gages (LSTP, LSBP, LSTS, LSBS, all on Recorder
No. 2, both port and starboard) with virtually no stress exhibited at the vertical
bending neutral axis {LSMP and LSMS)., The bottom stresses are lower than those
measured by the top gages because they are closer to the neutral axis.

The small differences, port to starboard, between the respective mid-
ship top, neutral axis (mid) and bottom sideshell gage outputs are due to horizontal
Tongitudinal bending components. This component, along with the longitudinal warp-
ing stress, also contributes to the nonzero output of the mid sideshell gages.
Neutral axis shear gages (SAP and SAS) show similar responses with the opposite
polarity (due to the port and starboard wiring convention).

Another example of slamming is shown near the reference lines of the
"B" Mode (Interval 18) of the same tape. In this case the aft rosette responses
are monitored on Recorder No. 2. Although AR-1 and AR-2 are located in similar
positions but opposite sides, they nevertheless exhibit dissimilar responses in
magnitude for the longitudinal and transverse gages (elements A and C, respectively).
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in comparing the diagonal gage outputs, however, it should be kept in mind that
these elements are parallel to each other-and are not symmetric about the ship's
Tongitudinal centerline,

It is interesting to note that although the response pericd of these
gages is similar to that of the longitudinal vertical bending stress gages, their
peaks are more rounded and the waveform lags the bending sensor output slightly.
The largest output for this gage group is exhibited by the longitudinal element of
AR-4 which s located in the starboard longitudinal tunnel top. It reflects the
Tongitudinai bending stress at this location.

Intervals 19 and 20 {Modes “C" and "D" of the same index) present similar
sea conditions and similar responses on the respective Recorder No. 1 sensors. The
longitudinal element of rosette R1 (located aft of the forward house) exhibited the
largest stress of the rosettes in this group. Second largest was the longitudinal
element of the similarly placed gage on the opposite (starboard) side. Virtually
identical stresses were measured by the diagonal element of this gage and the longi-
tudinal element of the gage Tocated in the tunnel top (R3). A still Tower stress
was present in the longitudinal element of the outboard tunnel top gage (R4). To
summarize, the Tine load seems to be dropping off towards the outboard sides with
the forward house a significant factor in the transmission of bending stresses.

Only moderate stresses were recorded in the mid and aft transverse girder
corners (in the transverse direction). It is interesting to note that response ex-
hibited by the mid girder gages are predominantly wave-induced, while the aft
responses contain obvious first-mode components. The tensile stresses on the forward
plate of the transverse girder, coupled with compressive stresses on the aft {bulk-
head) plate, indicate a horizontal bending mode. Notice also that the midship
torsional shear sensor indicates some small torsional stresses of a similar shape.

2. Broad-on-the-Bow Seas

On- the whole, the major characteristics of ship responses to this con-
dition are similar to that for head seas. Vertical bending stress is somewhat re-
duced while torsional shear, horizontal bending, and roll are slightly increased.
The pronounced first-mode slamming stresses are gone from the sample record.

A1l of the remaining sensor records are at or below the levels for the
head sea conditions A]though both sets of interva]s were recorded at Sea State 10,
the presem set is followed by a Sea State 9, and it is possible that the sea state
had, in fact, moderated to a small degree. (ther studies of the overall Voyage 4
data indicate that the maximum peak-to-trough stresses are very strong functions of
sea state for levels of eight, and above. This may well explain the reduction in
stress magnitude. Logbook entries of the observer for this Index indicate spray
over the ship but no sTamming. This is probably the result of the reduction in sea
state and not the change in relative sea direction.

3. Quartering Seas

r
w{c+in nF +hn nn
lllC | ]

conditions is the 1ong—per duced responses A
is the indicated roll + 13 degrees in Interval 13 ("A" Mode). This is accompan1ed
by virtually no pitch or vertical acceleration, but significant transverse accelera-
tion in phase with the roll. In this case the longitudinal neutral axis stress
midships is not negligible, but is composed primarily of horizontal bending. Note

The mAc+ nhui
GOV
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the out-of-phase relationship port and starboard, and the similarity to the longi-
tudinal horizontal bending stress sensor output. It should be noted that although
torsional stresses may contribute to this signal, the period of the torsional shear
sensor output is different from that exhibited by the neutral axis or horizontal
bending sensors.

0f the aft rosettes only the diagonal element of AR-1 {port side, near
hatch cutout) showed significant strains, probably due to its being aligned with a
stress trajectory from the aft house around the hatch opening.

The measured roll period does not correlate to the vertical or horizontal
bending or torsion sensors. Roll does, however, correspond generally to the forward
hull longitudinal strain sensors (HLSP/T-T/B)}.

Only small stresses were recovrded for mid and aft transverse givders.
The forward and aft signals seem to be uniformly out of phase.
4. Following Seas
The sample record presented for the following sea conditign has a higher
associated sea state than the preced1ng quartering condition. Many more instances

of first-mode excitation are present on all traces. In general, the peak-to-trough
stress levels are higher than for the quartering sea case. Th15 is due, however, to
the increased sea state rather than the relative sea direction. (A Tater section in
this discussion will present data to affirm this assertion.)

Another characteristic of this data set is the nonpericdic nature of
most output traces. This feature makes comparisons of phase behavior among the
responses difficult.

The vertical bending sensor shows some evidence of slamming {a rela-
tively clean hogging moment followed by first-mode excitation and an increasing sag-
ging moment.) As would be expected from the following seas, very little torsional
shear is present. Roll motions were significant at 20 degrees peak-to-trough.

This trace is not a smooth sinusoid as in the case of the quartering sea, but re-
flects a continuous forcing function application without a steady state or decaying
component.

Although virtually no pitch is present, a midship vertical acceleration
in excess of 0.1g (peak- to-trough) was present, indicating a heaving translation.
A decoupied (i.e., not at the same or harmonic frequency} transverse acceleration
component of about 0.4g peak-to-trough was also exhibited., The horizontal bending
signal correlates reasonably well with the roll angle. It can also be seen that
the forward shear sensors correspond closely to the midship longitudinal stress
sensors (available on1y in the "A" mode) 1nc1ud1ng phase, indicating that these

o A UL TR |
11

shears are generated mainly by overa vertical bending.

A large (approximately 20 Ksi, peak-to- trough) stress was again present

in the diagonal element of the port,aft rosette (AR-1). However, there again was
no correspondence between the 1ong1tud1na1 and 1atera1 e1ements of this gage and
the symmetrically “1aCEd elemants on the starboard side. This may be due to the

nature of the cargo loading. If the net load in each hold has a port or starboard
component the static and dynamic effect of this offset may be to induce these
types of stresses.
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Gages located in the longitudinal tunnel exhibit the largest stress
in the longitudinal direction both forward (gages R-13 and R-14) and aft (gages
AR-3 and AR-4). 1In all cases these stress outputs closely follow the midship
vertical bending sensor output.

B. Extreme Variations with Sea State

A1l maximum peak-to-trough values {combined wave-induced and vibratory} of
the six Tongitudinal stress sensors have been averaged for each Beaufort Number of
Voyage 4 and plotted in"Figures 11-A and 11-B. In addition, Figure 12 shows similar
averages for the LVB, LHB, and TSM transducers taken from the digitized wave-induced
records. In all cases, each average contains all ship speeds and relative wave
directions.

Average vertical bending and individual midship longitudinal stresses (port
and starboard, top and bottom) all increase with increasing sea state., However, at
Beaufort Numbers of eight and above, they increase at a faster rate. This situation
does not seem to hold for the Torsional Shear Midship or Longitudinal Horizontal
Bending sensors. The midship Tongitudinal neutral axis gages (port and starboard)},
which see the combined horizontal bending and restraint-of-torsional-warping stresses,
similarly do not exhibit the marked stress increase above Beaufort 8. It is there-
fore probable that the vertical bending stress increases are real and not due to a
systematic error in Beaufort Number estimation.

The stresses measured by the six longitudinal gages include components from
vertical, horizontal, and torsional loads. The values for the neutral axis pair
(X's in Figures 11-A and 11-B) are relatively insensitive to vertical bending, how-
ever, so the moderate increase with increasing Beaufort Number must be an indication
of increasing horizontal and/or torsional loads. This is confirmed by inspection of
Figure 12, which shows an equally moderate increase in those components. The fact
that the individual stresses at the bottom on each side are consistently lower than
the comparable deck stresses is because of the location of the neutral axis at about
44% of the depth, measured up from the baseline. The significantly higher values
for vertical bending at Beaufort Numbers above eight are probably the result of the
existence of waves, or combinations of waves and swells, considerably higher and
longer than those ¢bserved at the lower sea states. Inspection of the logbook data
for Voyage 4 in Appendix 4 shows many intervals of reduced speed operation with
pitching and slamming noted.

C. Sample Wave Height Signals

™o intervals of wave height radar cutputs are presented in Figure 13.
This instrument measures the slant range from a position on the forward house to the
ocean surface at a constant relative bearing. A minimum of two corrections are re-
quired in order to correlate these data to the wave height. Although the angle
between the ship's vertical axis and the radar transmission axis is constant,
ship's roll alters the angle between the transmission axis and the ocean surface.
This, in turn, changes the slant range. In addition, the vertical height above
the ocean changes due to pitching and HMeavirig. This also changes the slant range.
Some of the required correction signals are available from the instrumentation
system. Roll angle can be utilized directly. A double integration of the forward
vertical acceleration signal will yield the change in vertical height of the radar
from any reference level.
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In reviewing the output traces of the wave height radar some correla-
tion can be seen between the roll and radar ocutput. Although this correlation
could be due to the waves affecting the ship's roll, it is probable that the re-
verse is true; the roll is affecting the measured wave height. A lesser corres-
pondence is seen between the vertical acceleration and the radar output. In some
instances, however, the periods of these two signals coincide.

{This discussion has ignored the second-order effect on true wave height
from changes in angular relationships due to the accelerometers being mounted in
the strap-down configuration.)

D. Torsional Stress Indicators

One of the conclusions of the Calibration Report (see Reference 3), is that
the midship transverse girder gages {TGMS} are a more sensitive indicator of torsion-
al loading than the midship torsional shear sensor (TSM). Seaway data provide an
additional reinforcement of this assertion. Figure 14 presents a plot of the tor-
sional shear sensor output against a measure of the horizontal bending in the midship
transverse girder. FEach point represents a randomly-selected peak-to-trough stress
reading with ordinate and abscissa values taken at the same instant in time. The
data from which these points were drawn represent the higher sea states. The dif-
ference between the signals from the upper (fore and aft) corner gages in the trans-
verse girder is taken as the measure of horizontal bending in the girder. Since the
output of these gages is 180 degrees out of phase, their algebraic difference re-
sults in their absolute values being additive. A pure horizontal bending component
is thus generated with twice the sensitivity of a single gage. (This bending results
in an “S")curved transverse girder with the ends at each longitudinal tunnel acting
as fixed, ‘

It can be seen from Figure 14 that the horizontal bending stress generated
in the transverse girder is higher, by a factor of approximately 16, than the cor-
responding torsional shear stress for all sea directions.

E. Midship Longitudinal Gages

The odd behavior of the six midship longitudinal stress gages during the
calibration experiment {see Reference 3) raised some questions as to the correct-
ness of the instrumentation system with regard to these gages. Seaway data can be
used to verify their proper operation under the assumed conditions.

Figure 15 presents a plot of the output from these six midship gages for
an instant in time. A head-sea condition was chosen so as to minimize the torsion-
al contribution to longitudinal stress which cannot easily be separated from the
horizontal contribution, As shown in the figure, the stresses are well behaved and
what one would expect of a vertical bending condition with a small horizontal compo-
nent. This representation is typical of that which was observed in many instances
for the seaway data. It thus affirms the proper operation and configuration of
these gages.

F. Parametric Studies (Appendix 3)

To aid in the interpretation of the results of the parametric studies
(which are, in effect, a presentation of the entire season's data from eight of
the most important transducers)}, the plots and tables from the Longitudinal Vertical
Bending (LVB) stress data will be considered in some detail.
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Figure B-1 is a "dot-plot" of the RMS stress value from the LVB trans-
ducer by Beaufort Number for the entire season. There are 2,078 points shown.
The great scatter in each Beaufort Number is caused by the fact that these points
are from all relative wave directions and all ship speeds. Figure B-2 has been
plotted from these basic data points analyzed into five classifications of ship
speed. The classification nomenclature is given in Table B-II, and in all of the
Tables B-III through B-XXXIV at the end of Appendix B. Again, the average values
given for each ship speed also contain some range of relative wave direction.
Figure B-2 shows that the highest mean values of RMS vertical bending stress were
measured at Beaufort 10, at ship speeds between 20 and 25 knots. Note that at the
next higher speed range the stresses were lower at the highest Beaufort Numbers,
which is probably due to predominantly quartering or following seas. There are
no reported cases of operation at full speed at Beaufort Numbers higher than 9.

Figure B-3 is a similar classification of the data by relative wave
direction. The values for Beaufort 10 {which contain a range of sh1p speeds as
shown in B-2)} indicate that the highest stresses were experienced in head seas,
the next highest at relative wave directions from 31 to 60 degrees, and the next
highest in quartering seas. Beam seas produced the lowest vertical hending
stresses at Beaufort Numbers 8 and above.

Figures B-4 through B-6 are organized in the same way except that they
present the distributions of the maximum peak-to-trough stress variations. The
stress amplitudes scales are doubled, but the general distributions are the same.

The tabies foiiowing these figures in Appendix B present the basic data
for the figures, and, in addition, the standard deviation of the mean values.
These provide a measure of the scatter of the data.

Some brief comments can be made concerning the results of these para-
metric studies:

1. Horizontal bending stress is much lower than vertical bending stress,
and is less sensitive to variations in ship speed and relative wave direction,
a1though guartering seas appear to contribute significantly to higher stresses at
Dtdu fo LU,

2. Torsional Shear Midship is even lower, with less scatter at Beaufort
9 and 10. Quartering seas are a factor at Beaufort 10.

3. Forward Shear Port and Starboard results are essentially the same. The
largest shearing stress variations occurred at Beaufort 8, in broad-on-the-bow
and quartering seas.

4. The Rel1l results show more roliing at higher Beaufort Numbers with
hinhaw cnandc o A Y I N cane matics dbha macdt el 1T 3 e~ A s mnm
MHIYINCTr JpCTUD. quul L |II9 allu IJCO.III 204 Laduose LI JHUS L TULl [IIH A mMaxiimum
dynamic roll of + 18° was recorded at Beaufort 10.

5. The maximum pitching angle was + 2.5 degrees at Beaufort 9. The most
pitching occurred at head seas, the least at beam, quartering, and following.

6. The Forward Acceleration {Vertical) showed a maximum of + 0.45 g.
Highest values were recorded in head seas.
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V. POSSIBLE DATA FORMATS

This report presents data in a number of forms, those which seemed most ap-
propriate for an overall survey of the data from the first season. Included are
expanded time-histories, logbook tabulations, tabulations of maximum values scaled
from compressed time-histories, and plots derived from parametric studies of
digitized response and logbook data. Also available, but too voluminous for
publication, are tabulations of response and logbook data for each interval, dll
season, for all eight digitized transducers. As a quide for the consideration of
possible expansion, modification, or deletion of these data formats, Figure 16 has
been prepared to indicate the various possible data presentation formats.

Of the formats illustrated, all but the spectral computations and manual tabula-
tions of logbook data have been used in this report. From the standpoint of rela-
tive cost the manual formats shown at the top of the figure are least costly, but
are cumbersome where a number of transducers are to be compared. An expanded time-
history is essential for the instantaneous comparisons, since the digital data from
different transducers have no common time base ance a specific interval is defined.

Digitizing the data is relatively expensive, both in man-hours and in computer
costs, but this method has great advantages for rapid tabulations and plots of both
logbook and response data. At present the data is filtered so that RMS and maximum
values are computed from essentially pure wave-induced response, for comparison with
design data derived on the same basis. Vibratory components from slamming or other
excitations are retained in the basic digitized record of 12,000 data points from

20 minutes of each 30-minute interval. Spectral computations are made from this
record.

In considering decisions on data formats, the basic questions concerning the in-
formation desired should be formulated in terms of choice of instantanecus vs.
statistical data, a few samples under specified condions vs. the entire season, need
for future use of the same data, one transducer or many, and so forth, in order to
arrive at a rational decision balancing information desired against cost.

VI. SUMMARY

The first season of data acquisition from the S.S. SEA-LAND McLEAN was a suc-
cessful one. This report has presented a large amount of data with brief discussions
and evaluations. As additional data are acquired during the second season, and the
first season data is analyzed more completely, a comprehensive picture of the struc-
tural behavior of this unique class of vessel will emerge.
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APPENDIX A
Partial Listing of Logbook Data

First Season
S.S. SEA-LAND McLEAN

Nomenclature

Voyage number, East or West
Analog magnetic tape number
Data interval number

Logbook index number

GMT
Ship speed, knots
Observed Beaufort Number {appearance of sea)

Relative Wave Direction {degrees, Port or Stbd)
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04 ILE PTEDY . — - —02F 0 095 A LN/19/72 1600 né B16P FTCOY - -
04 345 BTLOY 02E 07 056 02R LOF)9/TZ 18600 0k DI4P PTCOY
0f p3us PICDY 82W 09 001 a2e 10/23/72 AR08 0.1 04 DIeS NCAST
04 0345 PTCDY .« 62409002 029-10/235/72 Q800 34,1 G4 B335 0Lasy -
o4 g3a3 PICNY a2% 09 003 A29 {Qs23/72 nBNO 50,1 04 06528 (CAST
84 p343 PTCRY 93w 09 004 838 {N/P5/T2 NAGO 38,3 04 0325 NCAST
09 345 FTEDY.o— . e QBW-09-005 30 10/2%/T77 1240 27,% 06 0198 DCAST- - - - -
04 §345S PICTY ’ 02W 0% 407 030 LprPas72 1200 27,9 06 0198 ngasy
04 g10¥ PRCOY .. -y g% DOF &30 1023772 4200 PT,% 04 $108 PCas)
B4 BIGP PTCAY. — —a2W-N9-009 031 -4A/25/T2 1800 32,1 05 PEAS NCAST e
ok p1of PTCDY 0Rw 4% 010 031 10/2%/77 1868 32,1 05 0P85 NCAST
an 0J0P PTCOY g2@ 49 011 03t 10/25/72 1800 37,1 05 0288 nCas?
08 918P PTERY —o2w-0% 612 631 1D/23/72 sehh 32,1 05 8248 (C4ST ——
64 pioP PTCOY 2% 0% 013 02 t0/23/72 2000 32,1 04 8395 DCAST
D4 1P PTCOY o2W 0% 014 032 10723472 2006 32,1 04 039S nfasy
. __bh groP BTEDY__ 209015032 10723772 2000 42,1 04 0398 NCET—-
94 0338 PTFOY oW 0% 016 §%2 16723477 2000 32,t 04 0395 NCART
94 03P PYCDY 429 09 o617 n33 10/23/77 2600 31,A 01 OCaaT LONG LOw SkELLS
... 84 ISP PTEDY ... — 82w 0% G18-033 Lns3%s72 2400 31,A 0l - - OLAST —— - ——kOMG | GN-SabLLE—
o4 933P PTEDY 02% 09 019 033 10/23/72 2300 31.8 D1 ocast LOKG Lud SeFLLS
03 033P DCASY 2% 09 020 033 L0723/72 2400 31,8 0 ucést LONG LOW S=FLLS
- 03 033 ACAST ... —@2W-A9-071-034 10/7u/T2 0400 32,1 02 140P NCAST—————SHIP_ROLL[AG—-—
03 0337 OCAST GiW 09 022 034 10724/72 0400 32,1 A2 140P NCAST BHIR w0LLING
63 031P OCAST pEW 09 023 B3& 10770775 aand 32,1 82 4P nLa3Y SHIP RULLING
.08 QMIF NCAST —gZN-0% 024 034 {8/24,72 0aD0 32,) D2 JEIP OLAST — - SMEIR_RULLING ——
a4 03IP ACAST B2W 49 075 035 10/24/72 ogog 12,1 02 140P DLAST
04 p33P-NCAST g2W 89 D2b 035 16/74/72 0HOO 32,1 N2 1aQP OCAST
.88 ¢13P NCAST - —a2W 09 -027 035 10724772 AF00 32,1 42 140P NCAST
5% 010P AEAST g2w 9 028 035 10/2a/72 PAGD 32,1 02 1daP nCast
©5 010P NCAST 02w 69 029 036 10724772 1208 32,3 03 100P NCAST
YOY TP INT IBX  OATE  TIME 8P ek AWvD A6 wkaTHeR
8% 09 434 03b 18724477 1E0P OCASY
DA% 0% 05 A6 1872u/72 180P NCasT
—O24-09 032 N4 LOFPUSTR tapf UgesT e
82w 09 033 037 L0/2us72 LUGP CLiY
02W 09 03d 03T 10/24/72 fuoP CLpy
—taw- 09- 035 QT jos2u/72 L4sP CLPY e
O2W 69 35 ONT 18724777 L40P ELDY
2w 09 0%7 o3A 1as20772 155P CLOY
——#39- 49 032 0 {8.74r77 14%P CLoY e
B2wW 09 039 &34 10/72u/72 14%# Cpny
e2W 09 00 038 10724472 145¢ CLDY
—Q2W- 0904, - 839 {0,24472 QAP NCAST oo
Q2w 0% 082 A39 10 24772 2400 31,4 06 DYuP NCAST
02w 05 043 039 10/P6/12 2a00 31,0 b DTEP PCAST
~—8ZW-B8%--044 AT0 (G/A4STT 2000 31,6 N6 OTEF SCAST - — e
82 09 045 A48 18725772 A480 31,7 06 0S73 PTLLOY
DZM 09 £ak naa 1P/25/73 AUEO 51,7 0h 0%/9 PILLOY
—02%-09 GAT gd4g 16475472 8a00 31,7 86 0878 Preypr o
026 43 OB QN 1O/P5/72 tob0 31,7 0k 0478 PICLDY .
B2% 4% 049 o) (6/P5/7F p400 31,8 a6 798 NLAST '
—O2W-8T H50 ALY {0/25/TY 0800 31K A8 8795 PLALT -
O2W 89 0SL BUL L0/25/77 B800 H1,.R A Q795 NLASY
02w 09 052 081 {0/25/72 5800 31,A 06 0793 Orast
—42W-11 001- 082 £0/P5/72 1100 37.0 05 1028 PyCOLY - -
¢2d 11 002 D82 10425472 1100 32,0 0% (028 PREnLY
02w 11 003 082 tA/PS/TR 1104 32,0 09 5028 PYCILY
—B2W- |1 D04 £o2 P25/ J100 32,0 A% JOP5 PYFMY oo e
w29 11 00% 043 107725772 1800 32,0 05 1023 PTC. .Y
62w 11 00% 083 10425/72 1100 2.0 A% (025 PTCOLY *
—02%- 11007 043 £0/25/72 1300 32,0 9% 1025 PYCLLY-—— —
824 11 008 gAY 1025772 1300 $2,9 05 U625 PYCOLY
o2% 1L 06Y o4a {0/2%/72 1o 32,0 9% LPES PICLDY -
—02W41-016 0449 18725%/72 L1600 32,0 A% {028 PICLDY — i
oW 11 011 094 19s25/72 1600 $2,4 85 1025 PYCLDY
024 11 012 pd4a 10429772 1690 32,06 05 1028 PYCLODY
—G2%-11-013-00%5,10/25/72 2000 32,1 &3 1025 UTAST .-
d2W 11 014 0a5 14/25/72 2000 32.t B3 1025 OC 5T
92 11 015 00% 19/25/72 2000 32,1 035 1029 OCAST
—42W-41-016- 495 19/35/72 2000 32,1 03 1628 OLaST. .
O2W 11 OI7T 644 10/25/72 2200 37,5 03 L47S PYLLOY
820 1L 018 QR L0/R5/72 2400 37,3 03 1478 PYCLDY
—420-11-019-088-10,25/72 2400 32,3 03 (475 PYCLOY
42w 11 020 048 LOsPS/TP Padn 32,% 03 1473 PicLoY
82 1t 021 04T 14/24/72 4300 31,6 03 123F-0Ca3T
—AIN-1) 022 047 10226772 fung 31,8 03 F25P NCAST
02W 11 023 04T |0/P6/T2 nubg 31,6 03 L1230 PCAST
B2W 11 P28 GHT L0/26/72 A4p0 31,6 03 LPIP DLAST
—B2u-11-025 Q48 10726477 6540 YP,1 8% 043P CL¥AR- -
02W 11 026 N&8 LD/26/73 0840 32,1 03 Q8% CLEAR
02w 11 027 048 10726477 o3

f800 32,1 Ga3IP L kxR




vay TP INT

DATE

82W 11 028 AU (O/2hsT2

a2v 11 029
—Qa2W 11 030
a2w 11 3L
0ZW 11 032
a2v 13 033
a2e 11 014
024 11 03%

~ 2w 11 036
aze 11 037
a2w t1 0la
aEw tl 039
02N t1 Ny
D2k 11 pul
—e2n 11 042
92W {1 04}
02w 11 o044
—a2W 11 nas
02w 11 046
02W 11 04}
—-02W- 1t 048
62% 11 049
o2W 11 030
—o2v-11- 451
p2W 11 092
o3E 13 017
~o3E--13 ¢18
O3E 13 019
93 13 o02¢
—a3E-13 921
H3E 13 ar2
83E 13 023
~—03F-13- 024
03E 13 025
63F 11 02s
—ytE-13-027 -
03E 13 028
63F 13 BP9
~—o3E-13-0%0
#3E 13 03
¢3E 13 pi2
—03E-13 033
pIE 13 pla
03E 13 0515
~—3E-13 016
o3E 13 037

049
hug
449
o9
050
aso
LEY]
50
05
051
LETY
T
8h2
nsz
04
052
n53
NS4
653
0%y
058
54

054

asy
045
094
004
00%
(1]
9he
ats
40&
007
any
947
LD
038
008
o408
008
909

93E 13 439 ao%

—43E-13 039
1€ 13 0up

B3 15 oy
|_O3€ 15 oWt eie

Ln/ensiz
tasPerie
10726712
10s26/72
LNFPesT2
Lh/P6/T2
(LYELYSF
10786472
10/26/72
10/28/72
1nr2e/72
107264702
(0426072
tn/R6r12
10728272
L0sR2NLTR
10727272
107272712
\0r27472
1he2tsi2
AR/2T/TR
10/27/72
PRI LTE
tos27/72
ins2ari?
\8r29477
107297472
102729472
10/29/72
L0sP9/T2
1ng29s12
LYELYS 5
Las3ar12
L0/30s12
Lo/30/72
10/30/72
10230472
10/50/72
10430/73
10s50/272
10730772
10230712
10730472
10,30/72
tes3asTE
16730777
10/30/72
10730772
10730272

TIME

LLLE
1200
1200
1200
1200
1600
1400
te0d
1600
2000
2nao
2nog
2000
2400
2ann
2406
2404
LTS
nang
agho
t400
L
nBoNn
#4800
ARoo
2000
2000
200g
000
2ung
2400
240
2a00
LEE 33
oy
nana
aq00
Aghn
paOD
[E1-1]
fad0
12ao
taon
1aoo
tenn
iz2co
i#dd
1200
1200
1600

-121-

3PC BN RWYD -7 wEATHER yoy TP INT lOX BATE TIHE BpD AN RWVD A-8 wEATHER
32,1 03 043P CibaRr O3 13 042 n10 to/30s72 1600 31,7 06 BROS PICLDY
11,9 64 0alr DLAST 63E 13 045 010 LN/S6/T2 1a0Q 31,7 Db 0005 PICLNY
31,9 04 pdlik nOAST - —=——— —03F 13-044 010 1A/3D/T2 1600 31,7 B& 0O0S PICLDY e
1,9 néd palP PCAST Q3E 13 pd% Al (As3INST2 Fooa 3),.9 ab 0943 PICLOY
31,9 04 padP QCAST O3E 13 D4s n1) (As30/72 2000 31,9 08 G945 PICLOY
G4 0718 COART SMOabug - . —8LF 13.047 4l (473072 PA08 31,0 84 8085 PYCLDY
04 0755 ULAST SeiiwfRS A3E 13 048 al) L0/%0/T2 2000 31,9 0b 094l PICLOY
04 aTL5 ACIET Srideb RS 03E {3 089 al2 16,30/72 7000 3,7 6b a%/5 NCAST Solidyy
04 9718 NCAST SHUWFRS ~= —B3E-13 050 ny2 (0/30/77 2u00 31,7 06 QU7Y PCAST ScUaLL
85 0948 CLbY 03E 13 651 012 10/%0/72 2400 31,7 06 0975 NCAST SAualL
8% D9us CL0Y D3E 13 052 n12 10/%0/72 26400 31,7 06 0975 (CAST SRUALL
o9 g¥a5 cLhy e —— =B 3E-4 3053 013 1043172 GuRd 31,7 0b 0975 PICDY SulALLd
45 09Ul cLLy S3E 15 Q54 N1 S (A/3L/TA Aueo 34,7 04 4975 PICDY SQUALLS
G4 0933 Ciby 93E 13 455 913 §hs3 272 adpo GUYS PTLDY SGUALLS
04 0935 CLPY - e —03F 13058 D13 16S%ESTP DAQD A97S PTCHY SCUALLS—
04 0945 CyDY a3 14 457 s1u 1843272 ndgo 7878 Loy
04 D935 CLOY #3E 13 Q58 0lu L0/31/77 NADQ 0975 CLDY
CLby - . —03F43 059 014 10/31/73 AROD o078 CLby
cLoyY o3F 13 0b0 MLy 1A/51/72 NReD 0973 €i Ny
cLoy 63F 15 001 alS [a/31/72 13400 1275 OCAST
CLDY - e —  —03F--15.002- 815 18/31/72 1380 3 1275 NCAST o
CLEAR G63E L5 003 015 10/31/77% 1300 1275 oeAsT
CLEAR e3E 15 004 815 10/31/72 1300 1278 DCAST
on - CLEAR — —03E-15 0% 015 {as31s72 (3a0 1275 DOAST
o0 CLEar #5F £% 006 1S 14731777 1300 1275 NCAST
26,6 03 120 NENSE FOB 83€ 15 007 a1s 14731772 t1s00 5 1055 PTCLOY
26,4 03 {80 DeMSE FOG . o _4IF15-008-016 10/31/72 1400 1055 PTICLDY —
24,6 03 180 DFHSE FUG 83E 15 00% ate 10431/72 1800 1055 PTCLOY
26,6 43 180 OFM3E FiOG 03E 15 010 n1s 10/31/772 1800 1458 PTCLDY
28,7 04 D475 DCAST SHUALLE - -un -~3E-15 011 0tk 10731472 1600 1855 PTOLOY - o—
2A 7 04 0478 OLAST SOUALLS ¢3E 15 012 ala 10731772 1400 1088 BTELAY
2R, 7-04 0478 MCART 3014113 e3E t5 013 016 10/31/72 1400 1655 PTCLOY
28,7 04 04TS UCAST SUuaLLS- -#3E—15-01a -018 10/31772 1500 1658 PTCLOY ..
32,9 07 1398 DLAST Walm #3E 15 045 g1s 10/31/472 1,00 1055 FTCLRY
32,9 07 1598 DCAST Halwm AME t5 016 lé 103 /72 tano 1058 #TCLOY
32,9 07 1393 NCAST Lala - —8_E-15-017--017 10/31/72 ?in0 1858 PTCLOY o
32,9 a7 1398 DCAST Ralw O3E 15 08 A1F 10,%1 /72 2100 1056 PICLDY
32,0 07 1165 OCAST 03E 15 019 017 $0/31/72 2100 3 1053 PTCLDY
32,0 07 1168 OCASY - - —— e —HIE.1S Q2Q-017-10/%1777 2100 1855 PYCLDY .. .——mieem
12,6 07 1163 OCAST 03E 15 021 017 jars81/72 PLag 1055 FTCLDY
32,0 07 1165 OUASY 83E 15 022 oly th/V1/T72 2100 1053 PTCLRY
52,3 07 3945 CLOLDY RUUGH- —O3E-1%-073-018 16,31/72 2404 1505 NCAST.
32,3 07 0945 FLOULDY RAUGH O3E 15 024 018 10/31/72 2400 3 1505 OCAST
32,% 07 QUaS CLOURY KUURH O3E 15 02% 018 10/31/72 2400 1509 DCAST
$2,5 07 0948 CLHUDY ROUEN ..~ ~@3F- 15 026. 018 0431772 2400 1508 DCAST
32,3 B7 0945 LLOLDY RUUGH 03E 1% 027 oth Lar31/72 Aa00 1905 NCAST
52,3 n¥ 0945 CLOUDY ROUGH 03€ 15 028 o1b 1n/s34/T2 2ano 1508 DCast
52,3 BT 0948 CLUODY HOUGH -— e -0FE-15-029 018 t0/51/72 2400 15°8 nLast - —
2,3 of 0 uS CLOUDY ROUGH O03E 1% 030 o048 10/51/72 2400 1503 NCAST
31,7 46 9908 BTLLDY O3E 15 031 009 11701772 gad 31,5 65 1507 CLPY
A-9
yOY 1P INT 10X ODATE  TIME 9PD BN RWvD WEATHER
A3E 1% D32 019 11701772 A400 1505
0%F 15 033 019 (1/n1/72 nang 1505 CLbY
—03E 15 034-p19-t1/ny /77 nuop 1508 FLDY e
63E 15 035 0270 {1/01/T2 nanp 1728 Cuhy
03E 1% 036 0do L1/701/72 neae 1725 CLny
—o03F-1% 037 020 11/01/72 onsnp 1708 CUbY - ———
03E 1% 038 020 t1/01/72 nano 1725 Loy
03 15 039 920 11/01/72 daND 1728 CLDY
~—03E-15 040 -020 L1/01/77 080D 2 1728 CLOY ————
A3E 15 a1 02y 1/01/72 1208 1728 nrasT
63E 1% D42 021 11/01/72 1200 1724 neasT
—a3E-1% 043 424 (t/01/77 1240 1725 OLAST
83E 13 084 02) 1tr01272 1200 1728 NCASY
O3F 15 045 Q22 (1/01/72 1600 186F BTCOY
—03£-15% 00622 t1/01/72 1600 166F BICOY - - m——
o3E 1% 047 022 1101772 1600 1hhe PTEDY
93F 15 048 022 11/01/72 1800 1h8# PTCOY
—n3E- 15 0a%- 023 {1/01477 Pa00 165P CLOUDY -
n3E t% 50 a3 11/01/72 2ona 145 LLnudy
03E 15 091 023 11/01/72 2000 143F CLOUDY
—PIE {3 -0R2 023 11/01/72 P00Q 1430 CLOUAY - — o
B83E 15 Q53 820 1/01/12 Pu0d 121F PTELOY
IF 15 054 024 117017472 2400 121P PTCLOY
—9IN-17-901-601- 11/06/72 1200 5228 OLASY ——— e
o3W 17 002 001 ItsN6sI2 1200 03RS NCAST
o3 17 Q03 001 11706477 1200 0223 NCAST
—HIN-17- 008 041 11/06,72 1200 30,0 05 0225 OLAST  —oommee
odn 1T 205 002 1106772 Y000 4 2% FUG
#3IN (7 006 002 [1/NK/T2 1400 o4 0228 +OG
—OIW-—17-067 002 11/08/72 1600 - 08 $R25 FOR - e e———
03W 1T 008 002 11/06/72 1600 o4 8228 FOS
e3W 1P 907 003 1106472 2000 31,3 04 619% NCAST
—93%47 810-003 1106472 2000 31,3 ob 6198 nCAST-- —
A3% 1T 911 005 11706772 T000 31,3 04 6198 NPLAST
43W 4T 612 103 106272 2000 31,3 0k 0193 OCAST
— 34-47-01%-004 11/08/17 2800 31,9 04 02eP OCAST - —
03N 17 018 004 t1/062T2 2400 31,9 04 026P (LAST
036 17 415 008, 11/06/72 2400 31,9 nd 026P OLAST
—43N-47- 016084 11706472 2400 31,9 04 026P OUASY -
o3% 17 617 005 11/07/72 0400 32,4 03 026P CLONDY
o3W 17 618 005 11/07472 0400 $2,0 03 026P CLOUDY
—3W—iF-B1% 005- 11 /07777 040G 32,0 05 026F CLlUBY- —
o0 17 020 005 L1/07/72 4400 32,0 A} 026K CLOUDY -
03w 17 021 086 11/01/72 0800 12,0 05 1095 PLAST
—p3W-§7 022 008 11/0T/72 RBOO 32,6 03 1A9S DCAST - o
o3n 17 028 006 11,07/T2 6804 32,0 05 1093 DCAST
o3 {7 024 008 11,07/72 €ROQ 32,0 0% 1098 0CAST
—83N AT 02% 047 L1/07/72 1206 31,9 06 13118 OCAST .-
OIW 17 02b 007 L1sNT/72 1200 31,0 06 "N1S DCAST
038 LT 027 00T 13/,07472 1200 31,9 Ob

1315 0C4sy



-122-

WEATHER A-11
¥aY TP INT 1D% DATE TIME 4pD BN RWVD WEATHER

VOY TP INT I0X DATE  TIME  SPD BN KWvD A-10

a3W 17 078 087 L1/0n7/T2 1200 31,0 Nb 1315 lE:sl’

B3N 17 029 0BA L1/07/72 1600 12,0 05 1918 Duoany §3W 19 002 D20 L1/09/72 1400 31,9 07 1573 NCAST
_.g3% LT 030 002 §1A07/TF 1600 32,0 05 1318 LLODY o o Atk 19 003 020 11709777 16n0 31,9 AT 1578 reasT
3w 17 431 008 y1/07/72 18600 32,4 b5 1318 CLOURY —gAw- 19 083020 11788472 18600 31,9 A7 1575 NCANY - wm———
p3x {7 032 QfA 11/07/72 1600 32,9 45 1315 CLOURY olu 19 009 020 11/09/72 tene 31,9 0F 1575 NCAST
—-g%w AT 033 409 11707472 2008 32,1 M4 1585 CLULDY .- I, S3W 19 008 020 11703472 160D 3E,9 67 1575 NCAST
¢3W 17 034 609 14/07/72 2000 §2.1 4 1545 CLonY —43W--19 Q07 620 11409772 1600 31,9 AT 1578 ACAST - -
p3W 1T 036 009 {1sn7/72 Pann 32,y ou 1545 TLouny p3W 19 008 0R0 1109772 1nfn 51,9 o7 1575 CGCAST
.~p3W 17 0% 009 L1/07/72 20080 3.1 Pa Lhad CLOMPY o ——oe p3d 19 Q0% 021 11/09/77 2000 32,7 07 L6dP NICAST
B3N 17 037 Lo 11407772 2ang 31,9 03 L1sP BICLOUNY —6In-19-010 071 117094472 2000 32,2 07 L6AP OCAST - oo
63w 17 050 ato 11,0777 Puna 31,9 03 L118P PICLITLINY 03w 19 011 621 11708277 2000 32,2 07 1620 nCLsT
—_o3w-1T 019 0140 L1/072T2 2400 31,8 03 136P PILLDY - oo %4 19 012 02] 11209472 25060 32,2 07 ja2F NCAST
43w L7 040 014 §i/0T7/72 2un0 11,9 03 1107 PICLAUDY —-p3%- 49 013 021 11sae/72 2ann 82,2 at 1seP NeasT PR——
o3M 7 08l Q1 11s0A/T2 0400 32,1 03 060F PTCLOLDY B34 L9 014 021 EY/N9/TR 2000 32,2 0T 162 NCAST
=3 1T QUZ D11 1L/DHATP nudd 37,1 03 p&0F PICLOUDY o AlW £9 055 421 11709772 2000 32,2 07 162F NCas?
3N 17 043 011 11/88/72 00D 3P4 23 0s0P FTCLOUNY —a3¥—19 01& D2Y 11779472 2000 $2,2 07 [#2¥ NCAST e——
p3x 17 048 gLl 14/0AZ7 agqoo 32,1 83 geoP PTCLACDY 834 19 Q17 022 1109412 2400 32,0 07 0923 nLAST
0% 17 045 832 11/08/72 0B0Q 31,9 06 DAL PICLOUDY - ——— oA 19 §18 027 11709472 Pun0 32,0 07 2925 NCAST
03w 17 Qa6 012 11/08/72 0800 3,9 06 GREP BYCLOGDY —g3W-19 B19 N22 11709772 2400 42,0 07 QU NUAST — c=-——
93K L7 04T 012 L1/08/72 ABOO 31,9 06 OBSE PICLOUDY 63W 19 020 022 11/09/T2 2400 32,0 OF oves nCAST
—_g3w-1T 0B 012 11/08/TR 6600 31,9 Ab ORI FTOLIWOY - — oo 03u 19 021 022 11709772 2800 32,0 07 0925 ncasy
83w §7 049 013 11708772 1200 31,7 "6 D&TP OCAST —QlW-19 022 02 {1/09/72 2400 32,0 ¢ 0923 NCASY -
o3W 1T 050 418 11/0B/72 1200 3t,7 ak ghiP NCAST a3w 19 023 022 11708777 2400 42,0 Bf 04925 DCesY
L 3W-17 051 015 13/08/72 1200 31,7 Nb O67F (CAST o cmrme o — 439 19 024 022 11,09/72 2660 32,0 07 0925 0CAST
O34 17 052 013 11s0a/72 1200 31,7 06 OR/P GCAST — 33447 AP 024 11/10/72 0UAD 31,4 0p 0205 PICLDY  --—-—e
838 17 053 old 11708777 1A00 31.6 05 A&FP nCasT o3N 19 B26 073 y1s10/72 nutd 31,5 00 $20% PICLDY
__g¥M 17 054 NE4 110872 1600 31,0 05 0alP RCAYT . o W 19 e27 025 11s10/72 0ah0 31,5 06 0208 PTCLDY
o3% 1T OS5 014 11,08/72 1400 31,8 05 08P NCAST —p3W—1% 028 D23 t1/10/12 0404 31,5 ov 0203 PTCLNY R
3% 17 056 014 t1/708/72 1600 31,8 65 nhTP CTARY 0AN 1% 029 021 1t/10/72 Ha0D 31,5 on 0205 FICLDY
—-g3%- 1T 057 018 11708772 2000 51,7 05 090P NCAST _ nIM 49 630 024 §1/10/72 nsno 31,5 Ne D204 PTCLDY
93w 1T 058 a15 11/0A/72 2000 81,7 05 090P (CAST —43w-49--031 023 §1/10/72 0400 31,5 06 020§ FTLLOY.- - — ——
o3% 17 05% 815 {1/0R/72 2000 51,7 09 0%0P NCAST 83W 18 032 ¢23 11/t4/72 NuQp 3E,% 06 0F0d PTCLDY
—B¥W-1T Q60 81% 1Es08/72 200 31,7 0% 090P (CAST —— .- p3W 1% 033 074 11/10/72 0600 31,6 08 0698 neast
O33N 17 DAY atS (1/08/72 2400 1.7 05 Q9nP NCAST —43H-19-030 024 11/10/72 510 31,6 0B 0693 OCAST e ——ee
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APPENDIX B

PARAMETRIC STUDIES

This appendix contains the plots and tabulated summaries resulting from the
parametric studies program, designated "SPLOT". Each plot presents either a
five-curve family of various ship speeds or a five-curve family of relative wave
direction groups for a transducer output against Beaufort Number. Within each:
Beaufort Number, the magnitude of a particular point is determined by calculating
the mean of the appropriate data. A superscribed note on each plot designates
which value is applicable. The measured data set is composed of the maximum wave-
induced peak-to-trough value within each 30-minute data interval, or the RMS value
determined for that interval. The graph title notes which characterization is ap-
plicable. Eight measurements, all from Recorder No. 1, were selected for study:

Longitudinal Vertical Bending Stress
Longitudinal Horizontal Bending Stress
Torsional Shear Midship Stress

Forward Shearing Stress-Port

Forward Shearing Stress-Starboard

Roll Angle

. Pitch Angle

8. Forward Hull Vertical Acceleration

~S YU W

Each tabulated summary (Tables III-XXXIV} presents a listing of all plotted
points along with the number of data points comprising each plotted mean point and

its standard deviation.
Table B-1 provides an index for all parametric plots and summaries.

Table B-1I gives the code for the ship speed or relative sea direction curve
families as used in the plots.
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TABLE B-1

Figure and Table Index for Parametric Studies

For value within r

Fa Sensgr*
garh 30-minute
interval of:
LVB LB TSH SFp SFS ROLL PITCH FAV
For values within
each Bedufort No. Se¥| hpus fuax [RMS fwex {RMS |Max [RMS IMax |RMS [Max. @M [Max [RMS [Max [R5 | vax
A1l Data Points 1 4 7 10 13 16 19 22 25 28 3 34 37 40 43 46
Meanof | NP to s |s |11 j1e [ |20 {23 |26 {29 [32 |3 {38 | e |
A1l Data [—
: by Relative
Points lave Directi n3 6 S 12 15 18 21 24 27 30 33 36 kil 42 45 48
Summary ggeggip 111 ¥ VIl 1X XD IXITI XV | XVID | XIX XKD | XXIID| XXV D0OSVID)XXIX Jxxx71 fxxxIt
Listing by Relative
Have 1V vl VIl X XIT | XIV | XVI | XVIII} XX [ XXID | XXEV |XXVI | X¥VITE XXX [ XXXIT{Xxxlv
Oivectinn
Note: Arabic numbers are Figure Numbers 8-1, etc.

Roman numberals are Table Humbers B-I[I, etc.

*See Table II1 for definition of Sensor Abbreviations

TABLE B-11

LEGEND FOR PARAMETRIC STUDIES

Ship's Relative Sea
SYMBNL Speed, Knots  |Direction, Deq. P or S
O 1-15 0-30
A 15-20 31-60
-|_ 20-25 61-120
X 25-30 121-150
4
O 30-35 151180
H
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RS Lomiel THOESAL vERTECAL HEMDING STRESS VS BEAUFURT RUMBER

SHEP SPHED uvEYwEEN N, 0 &ND 15,0  PLOY 3¥wdik  OCTAGDNAL . e

HEAUFGRT NO, UF DATA MEAK RMS 3T, PEVIATION o AP . I
NUMAE R PUINTS
] ]
2 ] . - .- e e
3 L) 34%%, 1488, UTT,
& 23 2211, 237t AN 858, . e o am
5 1 b, 335%, %7,
b 12 para, 2u%8, 300, e
7 3 !HZ'I‘" aust, 4%0,
8 b e e e e s e e e — .
9 Q
e 0 _ - s — .
1 [}
12 [] R N s

T 3HIP SPEED BETWEEN 15,0 AND 20,0 PLOT SYMBUL TRIANGLE

REAUFURT N, UF BATa HEAN RM3 87, DEvIaTION

NUMBER POINTS = L

1 [ e - R

2 3

3 1 56, 856, 35, .

4 't 192, 1193, s,

5 ¢ . .

s o

H o .
. 8 s “a2o, 32, 130,
‘ M ¢ e
i 18 . 5689, 5695, EITH

i ] .

12 0

BH]P BPEED BETWELN 20,0 AnD 25,8 PLUT SYMBUL PLUS

REAUFIRT NIy UF DATA nEAN RMY 81, PEVIATION B
LULEEY S POINTS
\ [
2 [ 157, 1389, 2L, )
3 54 2560, 2768, 1est,
& 155 1919, 2162, tode,
H 139 24Ty, 2réy, tate,
& 17 2332, 2494, raa, R
1 [ 1189, 3605, 1e81,
) T8 5508, 5847, 1962, B
@ 12 6213, 8279, w0,
e “12 157%, Thdb, LTT ,
L 01 [}
12 [} R

SHiP SPEED NETWELNY 25,0 AND 80,0 FLOT SYmBlL X

BEAFORT N, OF DATA wEAN Hm3 5F, DEvIATION
humyt i PLIYNTS
L ] e
' ié apa, B2, ar2,
? 1] LTuu, 1929, 823, o
4 182 1907, 2263, 1220,
Y iTe 1947, 2288, 1200,
# [} Vral, 18R9, 132,
1 1L 2142, 2268, Tuy, e
8 52 2909, 1819, 1ama,
[ 11 S8ba, 5383, 1766, SR
11 20 4p42, 249, 1421,
il ¢ _—
1 14 [
SMIP SPELD BETWERN 30,0 aND 35,0 PLOT SYMBOUL DlAMOND e e
BEAUFURT ND, ub BATA MEAN RNS 8T, LEVIATION e e e
NUMRER FUINTS
A % 851, [XFW ..,
2 2% 1121, 1314, sBq, R
] a8 1213, 1289, Avh,
u 49 1397, 1518, 594, R
S L1 r 1887, 1912, 572,
5 126 §7150, 1997, foy,
? L1 2285, 25048, 1068,
L] 1% e, 2872, 1278, . .
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M8 LONGTTUGINAL VERTICAL HENORING STHESS v3 BEAUFURT WUMBLR

AELATIVE wWavE DIRECTLIAN wEIWEEN

BEAUFURT
KUmMBER

SR Y AT U L e

[

ND, UF DaTa
PUINTS

RELATIYE WAVE DIHELTION BETNWEEN

BEAUFORY
HUMBER

FE RN AN L

NO, DF OaTA
PUINTS

RELATIVF WAVE DIRECY!ON BETWEEN

AEAUFORT
HUMBER

-
Fusm 3 D0 &R -

NGO, OF baTa
PUINTS

[
10
1

79
90
128
108
35
4

&
0
0

¢,0

M.

ble0

WELATIVE whvE DIRECTION BETWEER 121,0

BEAUFURY
NUMBE R

-
PR P R Y

RELATIVE #avE DJRECTION sEYWEEN 151,0

BEAUFURT
MUMBEH

-
W T e P

-
-

Nil, UF DATA
PiIINTS

NO, OF DATA
POINTS

AND 31,0

nEAN

1312,
2312,
1819,
1951,
2069,
3,
3958,
1118,
8522,

AND 81,0

HLAN

253,
1673,
I
1657,
isi0,
2027,
4755,
5301,
6098,

ARD §21,0

MEAN

ARD 151,40

MEAN

853,
1a76,
2176,
2598,
2te1,
3068,
2955,

4597,

AND 180,0

HEAN

1299,
2203,
Lass,

ETTTN
1555,
2066,
Maa,
avs2,

FLOT SYWBUL OCTAGUNAL

Ruy

1551,
2370,
2ibay
2208,
2606,
l18s,
a}06,
Ti0l,
805,

PLOT

RHS

287,
1907,
1321,
1815,
1937,
2231,
abda,
53771,
8130,

PLOT

RuB

1084,
Z148,
193y,
2241,
1939,
1378,
1825,
3263,
2618,

PLOT

Lt ]

688,
1706,
2406,
2580,
2344,
3t2e,
5386,

A623,

rLOT

1502,
2551,
L9y,
3315,
yree,
2585,
36T,
8081,

81, LEYIATION

123,

AYHAUL TRIANGLE. . .. .

31, DEvIATION

a3,
91,
Tih,
188,
689,
912,
1t2a,
[TTH
hal,y

SYMBOL  PLUB
3T, DEVIATION

5435,
12,
1067,

w92,

BTD,
13148,
2478,

Sb3,

510,

SYMBOL X
5T, OEVIATION

SYMA0L  DPLAKDND

81, DEVIATION

102,
1139,
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BANIMUM LONGITUCINAL VERTICAL BENDIKG STRESS V8 BEAUFQRY WUMBER

aHEP SPEER AETWELN

BEAUFORT
WYMBER

sHIP BPEED BETWEEN

BEAUFORT
NUMBER

P

BHIP SPEED BETWEEW

BELUFORY
WUXBER

-

SHIF BPEED BEYWEEN

REAUFORT
LUEL L]

BHIPF SPELD BETWEEN

BEAUFORY
HUMRER

-

LPER- I X L Nl L R R B R 2, L)

Ny os o dr 00~ @ U 2 P

N D S0~ A

CEC R Y X R

1,0 AND 19,8

Ng, OF DaATA
FOINTS

158 ARD 20,0

ND. OF DATA
PGINTS

COoORS FOOORBROS

20,0 D 1%,0

N0, OF DATA
POINTS

25,0 AND 30,0

NG, OF Data
POINTY

9

it
B0

10,0 AND 34,0
N3y OF DATA
POUINTE

PLOT BYMBOL OCTAGONAL

KEAN

4763,
q4e2,
1255,
5003,
22,

PLOT sYMBOL
MEAN

1787,
e,

so9s0,
14559,

PLOT SrYsa0L
REAN

3034,
5589,
az2%s,
5388,
5145,
8975,
11730,
15260,
1¥374,

PLOT 8YRBOL
MEAN

1482,
3979,
4548,
aar,
4038,
I
ITH

{2a04,
sseT,

6804,
5061,
1582,
5639,
shaa,

8T, DEVIATION

TRIAWGLE

LLES

1760,
16%4,

11065,
ITTTLR

FLud
RHB

T4,
1LY
a7y,
9%y,
sT482,
17548,

17507,

X
LLE]

2618,
aus3,
5500,
5275,
ke,
5044,
TIs6,
1316,
16323,

a7, DEYIATION

114,
535,

1587,
1303,

3T, DEVIATION

ues,
2348,
2805,
2623,
2204,
33%,
4036,
3100,
7190,

3T, DEVIAYION

1384,
2081,
3138,
pr88,
1823,
foib,
I8,
Bi00,
35ap,

FLOT 3YWBOL DIAMOND

REAM

%03,
FLLTM
asos,
189,
azsY,
3003,
$308,
O

RHA

1908,
30b0,
2968,
g,
1501,
asay,
1%,
120,

Y, CEVIATION
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MAXIMUR LONGETUDTNAL VEATICAL RENDING BTRESY v8 BEAUFORT NUMAER

RELATIVE wavE DIRFCTION BETWEEN —— §,0 AND - 31;0-—PLOT-EYMBOL—OCTASONAL - -
MREAUFORT NO, OF DAYA ~ = MEAN- - —RMF--—-3P, DEVIATION — — VI..
NubdER POIKTS .
i [
[ S TR T TR AT T T A LT Y
3 g 82351, sa28, 1a9,
¥ - R T 5 bbbl | ) P L o
k] -8 LERENS Sy160, 2525,
. .- LR LT Pl 11 o’ LT ¢ Pl T
7 20 12, 7334, 1974,
R R Rath el L7 1 TI0BIF, T T TTARYY,
9 1 17817, 17130, 1317,
10 14 DR L FL I TSRS | & P i A9,
it [}
i § I B
AELATIVE ¥aVE GIRFCTION BETHEEN 31,0 AND  &4,0 PLOT SYMBOL TRIANGLK

BEAUFDRY NG, OF DATa MEAN RNS AT, DEVIATION
NUHEER POINTS - o e —
1 o - e
2 3 185, 587, 56,
] 24 BRI A4 PRl 1 13- Samtiees 3 4 4%
& o 2483, 2261, 1612,
5 s ITAY, R L L
L] 12 4621, 4308, 1543,
- ? 50 : LT T 'L a1 ¥

[ 12 11755, 1E2140, 3302,
e 12 12482, 1AL T 10+ PR - -
18 8 iSo8L, fa22e, 2118,
1 L] - S -
12 s

PECATIVE #AVE OIRECTION AETWEEN 51,0 AND 121,90 - PLOY 3YNBOL PLUA

BEAUFORT N0, UF DATA - THEAN AR 8T, DEVIATION - -
NYNBER PUINTS
1 ]
2 18 - 2118, L e 1.1 Pt
3 12 q1%4, LTI 2526,
] 119 5630, © U BAYE, Ut @R T T T s
5 190 . a%u3, S0%a, 2343,
] 128 L1011 PO 1 T 1. CRITE -
T 108 [$1.1'% T899, 3218,
8 13 bau, BY%G BIYY, T e e s
g H SiTEy G59%, YN
10 ] (AL rerr, REE2 L Ml T e
1 [}
12 [ TR RTTTt ot Um eemomm e omomirms s me S A
RELAYIVE AaVE DIRECTION BETWEEN 120,0 AnD 151,0  PLOT SymaQ, X
BEAUFNRY wily UF DATA wEAN [EE) #7, DEVIATION
huvar i RO~ TS ; .

1 0 S
2 12 L9545, 1801, 420,
3 45 - 3y, 31594, 1688, e -
[ 98 4916, 5548, 2504,
5 .2 : LLITH LELL PR BREY - v o e e e e
[} 2 Q145 5109, 1894,
T ar (118 TERY, - AL, e -
2 a7 10109, 10899, 4071,
H H P SIS R o e -
14 4 10248, Le272, 136,
1 -y LA, T N -
12 [

RELATIVE WAVE CIRECTION BETREEN 51,0 AND- $80,8 - PLOT—BYMBOL ~ DIANIND —— oo o e

BEAUPORT ROy OF DATA - =~ MEAN ~—— = Reg—FT,  DEYIATION T ——
HuMaER BOINTA

1 ]
] L ) & et 7 J e 1
s 26 usB1, 534, 2204,
] TRE T AR g e R 0 -
L as r b842, Tuid, 2bus,
e 20 - AR el - By mem s e s -
1 12 ss20, 5786, TN
[] |2 S & L e A 1 e a il § ¥ 1 1 st b A
L] T LITEN 9805, 1638,
is SR TPEPEASS AL R ——
i1 9
2 ™ - e [E— -
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RH3 LONGIYUDINAL HORIZONTAL BENDING STREZS v3 BEAUFDRT NUMBER

AH1IP 3PEED BETWEEN

WL AUFORY
NUMHER

Y- R BN RV Ry

IH]pP SPEED BETWEEN

BEAUFORT
NUNBER

—
Ao DDk A e

SHIP SPEED BETWFEN

BEAUFORT
NyHBER

N G 3B @ e By

3HIP SFEED AZTWEEN

BEAUFORY
KUMGER

R Y T R

SHI® JPEED BET#LEN

BEAUFDRT
NUMBEH

N Oy ke AR B Ry

1,0 440 19,0  PLOT 3vnBOL

w0, OF DaTa NEAM
POINTS

] U
L]
] S 1 11 T
23 1177,
1d 1920,
12 1524,
3a CR2uEY, .
L]
® -
L]
9
L

15,9 AWD 20,0 PLOT BYMBOL

ND, QF DATa HEMN
PUINTS
[}
]
a 520,
] 495,
]
9 -
[
) 1740,
[
[ 5374,
[
t

20,0 AND 28,0 PLOT SYMBUL

NO, OF DaATA HEAN
POINTS
[

s 129,

54 981,

157 239,

138 1002,

15 1103,

79 13715,

78 1796,

12 1531,

12 1600,
0
Q

25,0 And 30,0 PLOT BYMBUL

N, UF DATa MEAN
PUINTS
0

ie 325,

79 T1d,

1at T65,

171 r93,

a2 Beh,

Ta L1204,

52 1284,

3t 1736,

20 1366,

[]
a

10,0 A0 35,0 PLOT 8YmBul,

ND, OF Cata ME AN
POINTS
[ 853,
22 a5,
4t 637,
109 TIN
0, 991,
125 8BI,
[ 1008,
1 127,
)]
']
]
[

oevagonaL T &
RMS BT, DEVIATION ) '

TS T 1 | P R
1261, s07,
200 By o
1538, 174,
FITE 7Y P e

TRIMNGLE e
RN #T, DRYIATION

say, T @,

N T 1Y o e et e
VTS L R24, - .

t37%..... B3, e IO

PLus ) ) o )

RME 8T, DEVIATION

159, 21,

1oRe, 309,

914, 164,

nwar, o M, e e e e e
1200, ars,

1agg, . . . Sbkb,

1813, 3o,

1575, Sba, N et

1603, 101,

X

ana 8T, DFVIAVIGH

01, 2is,
B0B, 377,
C8BLy 395, e
TN anl,
932, 3uh, -
1286, 450,
1316, 360,
1Tbé, 121,
13 % FUUUURURTUIEEE 1§ T
DIAROND

ams AT, DEvIATION

680, 9, .

50U, 168,

LT PO £ P
102, 283,

1019, 200,

¥Sh, 387,

1036, 231,

1388, b9,
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RMS LONGEITUDIHAL NORTZOWTAL ALMDING STRESS V8 BEAUFORY NUMBER

RELATIVE wave DIRECTION BETWEEN

REAUFORTY
NURHER

RN Y TR LR L

-

HD, DF OATA
POINTY

RELATIVE WaAVE DIRECTION SETMEEN

BEAUFORT
NUKBER

Y- R E RV R

RELATIVE WAVE OTWRECTION BETWEEN 4{,0

BEAUFDRTY
NUBER

N OO P s

NGO, OF DaTA
POINTS

NN, OF DATA
PGINTS

(]
14
10
179
149
128
108

53

© o arm

0,0

31,9

NELATIVE wavEi ODIRECTION BETWEEN 12),0

BEAuFDRE
NimaEH

PR BT BT R T YR

-

NELATIVE wavE OTRECTION BETMEEN (51,0

BEAYFORT
NUMBER

-
oD S e A

-
~ -

NN, DF CATA
POINTS

[
12
ar

NO, OF BATa
PUINTS

AND 31,0
MEAN

853,
395,
T8,
ez,
158,
Tab,
1314,
1374,
1730,
1537,

AND 128,92

MEAN

27,
805,
to8,
1043,
956,
TN
1335,
Lr99,

imaa
LISy

AND 151,90

MEAN

a7,

600,

a7y,
1,
1997,
1372,
1837,

2054,

AND | 80,0
MEAN

27,
1187,
1088,
1352,
1023,
1i2é,

FLOT
Rud

LLLN
705,
LI
859,
1389,
14%0,
1778,
1554,

FLOT
LLE]

11e,
815,
o8y,
798,
970,
1047,
1504,
tele,
1453,

SYMBOL  DCTAGO
3T, DEVIATION

",
2lé,
344,
314,
3Th,
a2e,
425,
57,
399,
200,

symsCL  TATANGLE
3T, OEVIATION

13,
260,
403,
2Tk,
334,
a2z,
is2,
2%9,

LI

PLOT 3YMSOL  FLid

L2 )

ass,

904,

T84,
11ta,
1045,
1808,
145¢,
1818,

ey
19y,

PLOY
RMA

a%s,

a4a,
TItH
1238,
1212,
1469,
1878,

2058,

FLOY
LLE ]

",
128,
1150,
1371,
(3559
sz,
1565,
1572,

a7, DEVIATION

219,
410,
348,
a7,
424,
709,
by,
242,

a3m
EEA ]

STYNROL X
47, OEVIATION

12,
223,
a2e,
any,
Sls,
S24,
3T

131,

SY#a0L  OIANCND
31, DEVIATION

",
%33,
usy,
229,
a5,
293,
Loa,
3.

VIII
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MAXTMYM LONGETHOTNAL WNREIDATAL GENDING ATRESS v8 BEAUFORT NUMBER

IWIP APEED RETaFLM

REAUFIRT
NUMYER

-
- RN R YT g

-
-~

-
L]

SKIP BPEED BET#FLn

BEAUFQRY
NUMBER

-

SHIP BPEED BETWEEM

BEAUFNRY
NUHAER

SHIP APELD RETAFEN

BEAUFART
NymaE W

-

$4YI® NPFED RETWEEN

BEAUFOHT
NUHAER

Y L L T

Jrg—y—
Pir O 33w RN P s B @ B e AL

Rare O O e

1.8 anp 15,0

Wiy, OF DATA
POINTS

19,0 AND 20,0

MO, OF DATA
POINTS

CoOACERAOO FROO

23,0 AND 25,0

D, OF DaTA
PUINTS

25,0 AND 30,0

N, OF Dava
PDINTS

[}
1
79

10,0 akD 35,0

N0, DF DATA
PUINTS

4

22

a7
160

9 .
125

87

16

]

0
0
Q

WEAN

3528,
2548,
azzy,
I31h,
5324,

PLOYT 3YHBOL

NEAN

1454,
1530,

19y,

2932,

PLOT 3Ymutll  OCYAGOMAL

LT ] at, OEvIATION
35%2, ATS,
21348, 1006
aapy, 1253,
3354, 510,
5393, 858,
TRIANGLE
LLTY st DEVIATION
115%, 82,
1833, 1.
T, vay,
9313, 43,

PLOT SYMBOL  PLUS

ME AN Lt 37, GEVIATION
15%a, 1598, 170
2248, 23748, 113,
1461, 2044, 804,
FEEET 2558, 900,
2679, 2hdb, 1613,
3033, 3252, 1173,
3553, 3vev, Tods
361, 1579, 13,
3588, 3599, 328,
PLOT SYHMBOL X
LI L] at, NEVIATION
192, LT 41,
18a%, 1473, 895,
1745, 1911, 491,
1781, 1999, 928,
2000, 2157, 858,
2bnl, 284%, 10148,
2886, 2977, 205,
48T, A1T0, 829,
3171, 1892, LI TH
PLOT SYNBOL DIaAMGHND
mEAN Ru3 8T, DEVIATION
1749, 1835, LA
1118, 1213, ers,
1417, 1adp, W2y,
1429, 15469, b8d,
?175, 2265, b3a,
1968, 2199, 248,
22%46, 23Th, b2,
297s, 3239, 1274,




s
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MAX LHUM LONGITUDTNEL HOREZMNNTAL AENDING STRESY V3 AEAYSORT WUMBEW

RYLATIVF WAVE DIRECTINN BETWEENW B, 0 TAND VLD

REAUFQRT
NUMHFR

Nf, OF DATA
POINTY

ye97,
I54d,

pepepenry B R L

-

 RELATIVF WAVE DIHFCTION BETWEFN

SEAUFNRT NO, OF DATA MEAN
HUMBER POINTS ) o
JH— - Sy ) R e —eeem
2 . 283,
T 3 23 181,
[ 108 1229,
- 5 72 1697,
N 32 2168,
- I a8 26T,
L] 32 393t,
A 12 3789,
19 8 32,
te [
12 L]

RELATIVE MAVE OTRECTION BETWEEN 84,0 AWD {210

REAUFNRTY N1, OF DATA HEAN
WUMBF R POTNTS
i L]

N 2 10 93z,

] 10 1831,

a 179 1594,

s 189 2aal,

s i ) 128 21%5%,

T L 1840,

4 s 2997,

9 I 2155,

19 ] 33128,
ty []

- g2 H -

RELATIVF WAVE DIRFCTINN BFTHEFN 121.0 4D 151,40

MEAN T

FEIT N

Shi0 AMD 1,0 PLOT BYMBOL YRIANGLE

TPLOT SYHBOL  DCTAGONALTTT

RHY 8T, DEVIATION 77T T
18%5, - 8T8
T Sl 1.3 Pae -
1848, pat

— ygpE T ey T T T T T T T
187, a6Y,
1989, T K T
3223, 1670,
1302, 1939,
TEL IO L
A5, a9, T o= T

2] 8T, OEVIATION B

3a 187,

I B
1524, 902,

1620, 859, -
2315, ar e -
’2&1’7"""7" gy T T - e T T
ﬂGlO‘ IOO‘ . _

B, 450, Sl -

31233, 378,

PLOT SYHADL  PLUS

(1] 8T, DEVIAYION ° -
[LLIT. LTS
2080, 987,
17859, 7. -
2UBT, 1077,
2869, 7T TR T T T T
59450, 15%2,
3233, 1719, 7
auta, 723,
3378, 527,
PLOYT SyMBty, ¥

REAUFDRY W, Uf DATA WEAN a3 87, GEVIATION
BUMAF R ®OINTY
g 1 [ o . T
z 12 122%, 1315, ulh,
3 a7 1343, 1aas,” 528, e
[ L1 2195, 2611y %97,
ST T § 9y EITL ISR FL ) M §121 T T
5 %2 2u12, 2815, 1158,
- 7 a9 3501, 1229, 1193, B -
[ [Y) 1834, 626, 811,
° M ! be | -
10 u 5306, 3%, "2z,
- 1 - T L B bl S il e e s
[T 0 s
RFLATIVE WAVE DIRFCTION BETWEFN LS1J0 AND L80;0 FLOT SYMBOL  DIEMOND R
BEAUFURT NO, OF DATAT T WEANTTT T TRWE T T 3T DEVIATION e
HYMBER PUINTS
i [
2 N 1898, 1902, 182, -
) 0 2547, 2804, 1177,
- a [1} 2302, TTRAAN, T T T @Ryt T I T
) - 2938, 2998, 608,
[ b1 ) 2268, 2300, 1101, e
1 52 a9, FALTI 879,
] 12 34523, g, -
s T o4, a1y,
- IS . L DR ki U U . -
11 ]
12 L] S s -
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MY MIDIHTP TNRITNNA] AHEARIMG STHESS vy AEAIBART NUKAFR - -

PLAT ayrROL OCTAGONAY

AWIF SeFED RETWFEN 1.0 AND 5,8

RFAUFNRT wn, 0F hata WEAN AN3 ar, DEvIATION
WUMHFR . '] R S e e e e e e mmma
1 g o e -
? [
1 a - S0y, o eEy -
4 22 S, 1Tz,
5 . s34, [ LTSRS -
h K2 an, atTa,
- o T 111 R L L it L L
L] 4
9 [ - [ .
tn ]
- 11 & - - R
12 4
SHIP APFED AFTWZEN 15,8 4nD 20,0 PLOT SYHBGL  TRIANGLE - [ R
RFSUFNART NP, NF DaTa HEAN BHB - 8T, DEVIATION - - -
NUMHER POINTA
1 4
? [ . L . i, e - -
3 . 192, 193, 11,
¢ a 17, T g — o e S e e e+ e
s ®
[ [ - [ P R
T ) A
] [} (Y1 855, -~ e Bly e m e e
] ] .
19 N [TIN usay - - 30, U
1 a
L2 [ - — BT R S
SHIP SPFED RETWFEN 20,0 AND 25,0  PLOT SYHBOL  PLUS
AFAUFDRT ND, N DAY HEAN LET ] 8T, DEVIATION
HUBLER POLNTS S S
1 [ e e e SRR
? a LAY 282, T,
3 L1} Shh, 3Tb, by e e e e e
n 156 e, Xa, 172,
5 131 2 3ok, - GO0 e o BB g e
[ 75 144, a6, 134,
T 17 ah, 588, . SR
K A 753, 173, 172,
9 t2 565, 5Ti, B ) B
18 12 0%, s08, St
" ¢ o e e
12 [
~BHER APESD RETWREN 28,0 -ANO- 30,0 —PLOI-B¥RBOL X -~ -
REAUFORT LI WE LM fus 8T, rEviating
NOMAFR POINTS
] [ .
2 e 120, 138, 81, -
3 73 242, 265, tos,
a 159 T4, T, EUA, om e e e o
5 te9 302, kY, 202,
4 ay ¢, aiy, rar, s
Y 7% 427, art, 213,
3 "2 549, e, 2%8,
9 4 sb1, 675, 138,
RL 20 qo4, B L D - F e R
11 [
12 9 . e C e e e
BHIP SPFEN REYWFEN 30,0 AND 35,0 PLOT AYMANL OTamdnp
REsuFORT sty ¥ DaTR BERN 3
NLJHAF R POINTY - e e e e e
i ] 211, 2, - 13,
2 10 244, 209, a9,
[3 T} Pay, SRR T m s g s e s e e
u As 21s, o7, 112,
" " W, e, - e,
s 114 sup, s, 156,
7 Ta 340, 125 PR LS R
] 14 use, LLT-N 18,
L) " - e e e s e b A aa e -
10 e
11 [ .
12 ]
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UME MINSHIP TNRATAr 4L N<EIR1NG STHEDS V3 BREAUFOAT NUuRZR

RELATIVE wayE DINECYJION AETREEN

WEAUFNRT
NUSAER

-
YRR R T RS W e

ND, oF Data
PPINTS

RELATIVE WAVE DIRZCYION SETeEEN

AEAUFIRT
NUMAER

B DB RO N

-

wr, OF PATA
POINTS

B, 0 AND

ME AN

340 AND

MEAN

us,
224,
57,
3o,
‘a4,
821,
53,
517,

3iyD  PLOY BYMBOL OCYAGUNAL

LL1]

8140 PLOT SyrpoL TRIANGLE

LLT ]

RELATIVE WAVE NIRECTINN BEYWFEN  &£1,0 AND (21,0 - PLOT

BEAUFLAT
LUMBER

NSO~ E e

———

KM, X DaTa
POlnxts

4

&
81
177
1¥a
127
119

w
I-R- N N BT}

ME AN

7a3,
281,
263,
312,
369,
522,
500,
Tu9,
552,

LLE

249,
313,
2T,
a2,
412,
580,
Sbb,
76,
594,

HELATIVE waVvE QIGECTIAN RETWEENW 121,00 4nG 151,90 rLOT

BEAUFNRT
[Ty ]

[T R R P

R,

M1, OF DETH
POTVTS

1
12
as
e
9%
52
L1.]
&y

]

L]
o
o

“EAN

197,
257,
353,

2T

RELATIVF wavE DIRECTION RETWEEN (55,0 AND 186,90 rLOT

REAUFDRY
NUHRER

TS X3 D O UM B ek R e

w0, DF DATS
POINTS

MEAY

17,
339,
14s,
58,
N,
459,
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