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~ The appl i cat ion III positi ve sh ip control techni ques and the ut i l i , a t io n of prudent  seamanship are

paramount  in control l ing the dynaniic s of long towed arrays. 1(3 this  end , t he maintenance of cons tant  ship
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sea .statc- dep end e nt variable  is virtually uncontrol lable when “conventional converted oil dr i l l ing support
vesse ls ar c emp loyed .~~ towi i ig vessels. For many cases , linear regressi on ana ls - sis  app eGl S to ~dequa t elv
describe v ertica l arr a~ de formation.  The need is clear for increased in situ ar ra ~ moni tor ing to provide a more
i l ior ini g h unders tanding  of the parameters dir ectly af fec t ing  array dynamics .-
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INTRODUCTION

BACKGROUND

An inhe ren t  problem wi th  long-line towed arrays has been the nearl y cont inuous
depar tu re  of ’ the array shape from a completely horizontal  and ver t ical  neu t ra l  s tate.  \ l anv
investi gators ,  in order to understand the diff icul t  problem of array dynamics.  have developed
computer ized models of varying complex i ty  (Refs . 1 — 5 ) .  Many of the models developed
have assumed a nt imh er  of ideal condit ions to keep the model w i th in  workable and economic
bounds.  Because of these restraints , the outputs  of the models are not always representa-
t ive  of ’ the meal world. [he in t en t  of this paper , t h e n ,  is t h r e e f o l d :  ( I I  to an al yte  in de ta i l
the approximate ly  1(3 5 hours of non— acoust ic  sensor da ta  t aken  w i t h  the i .a r ge Aper ture
Marine  Basic l)ata A r r a y  LAM B I )A ) : ( 2 )  to s t u d y  the role of seam anship  and shi p h a n d l i n g
and the i r  e f f e c t s  oil array dynamics :  and ( 3 )  to make  ava i la b l e  to t he  t owed—ar ra y  c o m m u n i t y
a set of va l ida ted  non-acoustic data to he used for model v a l i d a t i o n .  towed-arra y s imu la to r
dev e lopmen t ,  and fo r  p l a n n i n g  fu tu r e  sea-going endeavors .

SCOPE OF STUDY

This e f f o r t  is l imi t ed  to the a n a l y s i s  of ’ non—acoust ic  sensor da ta  taken  w i t h  the
L A \ I B I ) A  ar ra y  deploy ed aboard the  \1 V SEISMIC I XI~LORER d : I r i n g  a sp ec i f i c  c\ c rc i sC
conducted in t h e  W es t e rn  l’ac i f i c Ocean in late  1977 . I ) at a . recorded a u t o n i a t i c a I I ~ on the
N o n -a c o u s t i c  I ) at a  System ( NAD S I. is convolve d w i t h  data  such as this  a u t h o r s personal
oh sei~ ation of s h i p — h a n d l i n g  evo lu t ions ,  S t a t i s t i c a l  and grap hi c : ! , - l : I lvsCs are appl ied  when-
ever possible du r i n i ~ th i s  stud s ’ in order to com prehend f u r t h e r  the  elusiv e prob lem ot ’ arr a~
dynamics . In the  in teres t  (31 ’ ensur ing  t i m e l y  and ex tens ive  d i s t r i b u t i o n  of t h i s  st iiil ~ . no
a t t e m p t  is made at th i s  j u n c t  lIr e t I l  corn par e the  in l ’o rm at ion  w i t h i n  t h i s  r epor t  w i t  It pre s i—
ou sly developed ar ra y  d v n a n m  I cs in I Ide Is and theor ies .  ‘ftc a u t h o r  rccugn i/ es t h a t  su ch ai m
e ffort  svou ld he a logical  f ’o l lo w—on and should be acconi p l ished to advance  t l ie s t ; I IU ’ - I l l  - t  l i e—
art  of ’ the long—line  tow e d arra y d~’nam i c s  pro b lem ,

PROCE I )URE

I ) AT A RECOR I ) IN G EQUIPMENT

.\ m a j ( l r i t \  I ) !  the  da ta  u t i l i i e d  in t h i s  s tudy  ss~i~ ex t r a c t e d  f r o n t  co m p u t e r  p r i t i t o i i t s
I l l  t i m e  \ A I ) S . \ sample  p r i n t o u t  is shown in Fi g. 1
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tSIADS RET~dXX3T RDG # 2345 TIME : 01:23:56

SLAT SLNG STIflE DLAT DLNG DTIME
89:23.0 N 123:06.1 W 01:06:16 89:23.0 N 123:06.6 W 01:20:15

HS HG SN SS DLV
45.0 45.1 4 6 .0 14.1 12.4 C .0

Hi Dl Ti D2 T2 D3 T3 H3 D4 T4 H5 D5 T5
45.1 0.0 ???? 0.0 ???? 0.0 ???? 45.2  0.0 ???? 45.0 0 .0  7???

PT PD SG AT Fr PF TS WS WDA WSN WI) WSA XBT
???? 0.0 48 2 3 0 ???? 24.0 0.1 0.1 225.0 iO.0 ????

MNE~1JNIC MEANING

RDG # NADS reading no.
TIME TinE~ of reading
SLAT SATNAV latitude
SLNG SATNAV longitude
S~iIME Tia~~ of la5t SATNAV f ix
DLAT Dead reckoning latitude
DLNG Dead reckoning longitude
IIYI’IME Tine of last dead reckoning fix
ItS Heading via SATNAV unit
h G  h eading via gyro
CN Ship ’s course via SATNAV unit
SN Ship ’s speed via SATNAV unit
SS Ship’s speed via knotrreter
DEV Deviation between gyro and n~~gnetic corrpass

(not connected)
111 , 113 , 115 Array heading sensors , 1, 3 , and 5
Dl,D2,D3,D4,D5 Array depth sensors 1, 2 , 3 , 4 , and 5
T1,T2,T3 ,T4,T5 Array temperature sensors 1, 2, 3, 4 , and 5
PT Precision tension (array)
PD Precision depth (array)
SG SW gain
AT Array type
Fr Filter type
P!- Power fail (not connected )
WS Wind speed (relative)
WDA Wind di rection (absolute )
WSN Wind speed (non’rel)
WI) Wind direction (relative)

Wind speed (absolute)
XHT XBT

I C I I r C  I - S I l ru p le \ AI) S i eadou i

4
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Types and location of non-acoustic sensors used in this s tudy are discussed below:

I . Dc~it/ t ( D) . temper ature ( T) . and h eading (I I ) , seiisoi~ and sensor numbers  and
locations w i t h i n  the array are shown in Fig. 2. The f ’ollowing sensors were ino i ’erat ive dur-
ing Cruise 5: temperat U re sensor ~ 4 an d depth sensors I and ~ 4. Fur ther , headi n g sensor

was inoperat ive during the first portion of the cruise.

0 0
@0 @0

It
y—’

~
- I I I I I ~131757 ’ II’. 2262 ’ 1750’ ‘14 2125’

4 —1
7894 ’

Fi gure 2. Sensor Io . a i i o n .

2. Ship ‘.c .S’p eed (S S)  Au nt ‘(Ic i er  - \vas of a propel ler -driven va r i e ty  mounted
approximate l y center l ine ,  amidships  on the underwate r  hu l l  of the  SEIS ’sl IC E X P L O R E R .

3. Ship ‘
.~ Hea ding (u S)  was taken  f ’roni a c o n t i n u a l  update  ~ia the SA ’I’N A\

u ni t  t an  integrated satel l i te—do pp ler—sonar un i t  wi th  a l isted posi t ion accuracy of ’ 200—600 f t t .

3. S/lip ~v Pn.siiiwi (SLA T. .S ’L.VG) - ~s’as determined u t i l i i i n g  an in tegrated naviga-
t ional  system consist ing of a Ma gnavo x MX-70 2 sate l l i te  receiver. h ewlet t -Packard 2 1 1 5
digita l  computer .  Mar qu ard t  MRQ -20 l  SA dopple r  sonar , and a N US TR3 Sperry gyro
compass.

5, I t /nd Speed and !) irec ’tinul I uid icat nr.c (II’S and Ii ’!)) - re lat ive wind  was nieas-
ured wi th  a propel le r—ty p e  anemometer  mounted on the ship ’s main m ast . True wind wa s

subsequent ly  calculated 1w knowing  the ship ’s course and speed and using a maneuver ing
board f’or so lv ing  the  resu l t ing  vector t r iangle .

l)AT .-\ LOGS

A R R A Y  SE NSOR DATA L(X~

The da ta  i n p u t s  discussed above were ex t rac ted  from the  N ADS pr mn  t o u t  and rc-
corded in the  more read i l y  usable t’orm at  of ’ Fig .3 .  I n f o r m a t i o n  d isp l: i ~ ed in Fig .  3 is

essen t ia l ly  sel f ’— e x p l a i i a t o r y .  Sea s t a t e  d e t e r m i n a t i o n s  were based on the  Be auh ’r t  scale .
wh i le  average read i n g s  in the  head ing  b lock wer e f i l l e d in af ’l er  the  shtp  had t r a n s i l t e d  an en-
t i re  course leg: i . e . .  S t a t i on (  s i  I I  -L2 ( 3 repr esent s  a leg in th i s  ca st .’ -

c ‘
I’

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



‘l

0 355 (m)
St ation(s ) TE-L26 , Array depth (Aye) © 400 (m) Scope of wire 1650 ft . XBT no(s) 64

418 (m)

Las , ________ start ) . Long. (start) , True wind dir ’n 020°T , Spd l 2 k t

Lat (stop) , Long. (stop) , Sea state 3

Ship ’ s ave spd over grn d 2.12 kt, Ship ’ s ave spd thru water 2.34kt

(Q 034°T
Ship ’ s cse good ovr grnd 020°T , Ship ’ s ave head 028°T, Heading sen ’s ave hd -~ © 036°T

® 033°T

Sensor Readings

Time Speed Ship ’ s Heading (mag ) Temperat u re ( °C) Dept h(m(
( Z ) ki mtr Cse ) °T( (13 ® ® (13 © © © © © ©

7 Dec 1439 2.2 037 040 001 11 .4 10.3 8.8 303 2 367

1449 2.5 031 038 ? 009 1 1 . 4 10.4 ‘ 8.9 320 ? 369
1 509 2.5 029 033 ? 007 11 . 4 1C .4 ? 9.1 327 ? 367
1527 2.5 034 032 ? 001 1L3 10.3 ? 9. 1 334 ‘ 380
1547 2.3 031 036 ? 029 11 .2 10.2 ? 9.1 328 389
1559 2.3 033 035 ? 025 11 .2 10,2 7 9.0 335 ? 388
1619 2.3 027 039 037 032 1 1 1  10.1 8.9 334 394

1639 2.3 033 035 ? 034 11.0 10.0 ? 8.8 340 7 399

1659 2.4 025 041 036 034 10.8 9 7  ? 8.7 345 ? 414
1719 2.2 022 039 037 039 10.8 9.6 9. 1 8.6 347 365 421
1 739 2 .3 027 035 041 041 10.5 9. 4 9.1 8.5 366 383 424
1759 2.1 029 029 035 043 10.2 9.3 7 8.3 369 ‘ 427
1819 2.4 022 035 034 037 1 0 0  9. 1 8.8 8.2 367 393 444
1839 2 4 028 031 036 036 9.8 9.0 8. 7 8.2 385 401 447
1859 2.3 027 033 036 036 9. 7 8.8 8.5 8. 1 385 407 457

1919 2.2 027 034 037 036 9.6 8.7 8. 4 8.0 393 412 457
1939 2.5 024 028 037 038 9 6  8 7  8.3 7.9 389 413 472

1959 2, 4 025 023 034 033 9.6 8. 7 8.3 7.8 384 409 466

I ’ i g I i I c  3. Samp le :ir r a\  sensor da~a ( 1g.

N A V I (  A [iON A L  PLOT

I’he ship s course made good over ground was de te rmined  by p lot t i ng recorded ship ’s
posit ions on a s tandard 11.0. lat i tude—corre ct ed p lo t t ing  sheet as shown in F i g .  4. For re-
cons t ruc t i on  pu r poses. the p roposed track , in accordance w i t h  the 1- x erc i se  Plan ,  was also
p lot  ted - N ote t h a t  the  normal  I — n u t  gra d ga t ions  have been omi t  ted f ’ron i th i s  figure to

f a c i l i t a t e  m s i m : i l  p r e s e n t a t i o n .

(3
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Notes : 1. Dashed lines lnd icat• area of turns
2. Reversed cse to reduce scop. of array
3. Ex pl an stat ions & track : • 15°

Figure 4 . Sample navigational plot.

A R R A Y  SHIP HANDLING MANEUVERS LOG

Figure S represents a sample ship-handling log. The intent of this effort was to
document all ship-handling evolutions during the times of major course chan ges. The corn-
pass rose in the upper ri gh t hand corner of the log displays the ship ’s initial and final course
vectors (shown emerging from the center of the rose). win d speed an d direction ve ctor and
sea and swell celerity and direction vector.
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Sta t ion no l 2 ~ True wind dir ’n 060°T, Speed 14 kt
Initial cse 06001 Seas — dir ’n 050°T , Heigh 6-8 ft 330 

000 
030

Final cse 138°T Swell — dir ’n — °T, Height —ft
cse change 780 Sea state 3 300 6~8 060

Time start cse chg 0100 Z (11 Dcc) 
~ 14 K

Time compi cse chg 0121 Z 270 -3( 090
Engine(s) on line Stbd (180 shaft rpm , 2.5 ktmtr)
Engine mode of op Normal 

240 120
Ave D.A.D. kt mtk spd 2.43 kt (See NADS)
Rudder ‘~ 5, time , & ship handling remarks 2-10 150

180

1. 0100 Rt 10- rudder , manual control
2. 0105 Rudder amidships , head 142°
3. 0107 Rt 50 rudder , head 134°
4. 0107 Rudder amidships
5. 0108 Rt 50 rudder , head 129° , shift to autopilot
6. 0121 Steady 138 ‘ Ito mak e 160°T good , 3.0 kt per ktmtr
7. 0124 Reduce shaft rpm to ~- 165 (2.3 kt per ktmtr)
8.
9.

10.
11.
12.

Note: Ship ’ s speed was inc reased from 2.0 kt (ktmtr ) to 2.5 kt (ktmtr) 15 mm prior to turn and
held 30 mm into the turn in an effort to keep the array from sinking.

Figure ~~ . Sample array ship -handling maneuvers log.

I )AT A ANALYSIS TECHNIQUE

T IME SERIES PLOTS

l’hc sensor da ta  t a b u l a t e d  in I ig. 3 was keypunched  and entered in to  a UNIVA C
I 110  da ta  s to rage  b a n k .  In order to an a l v i e  care full y the shape of the a r ray in the t ime

do m a in ,  a series of plots  of arr a~ heading and array depth  (v er t ica l  dep lacement )  versus t ime
were ge n e r a t e d .  Figure  (s represents a sample of this data.  The sensors are identified by the i r
respect ive  n u m b e r .  s~ b ile c denotes tI le ship ’s course and v represents  the ship ’s speed as
mea su red  h~ the  i n s t a l l e d  kn o t n i e t e r  ( k t  m t r )  Areas of d i scont inuous  data represent t imes
ill  w i l i c i l  one or more of the  sensors were i nope ra t i ve  or considered to be unrel iable  ifl t i le
l ight  of po st : tt ia ly s i s .  I ) a t  a s a m p l i n g  t i m e s  var ied  from a 1 0— IC) 20—m m in te rva l  I’or normal
leg ( s t a t i o n - t o — s t a t i o n ) t r z i i m s i t s  to a 2—m m samp l ing  in te rva l  du r ing  the  t i m e  the  ship and the
ar ra y  were de erm i iie d to be in a s tat e  of l iux , i .e. .  m aj o r  course and/ or  speed change evol u —
( ion s  I’he t i m e  seri es plots  served as t he  f ounda t i on  l’or a large porti on of the ana l~’ses tha t
f o l I o s ~ . .\ comp lete record of t i l e  t i m e  series plot s  may  he f o u n d  in t he  A p p e n d i x .

S
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RE G RESSION ANALYSIS

LEAST SQUARE REGRESSI ON ANALYSIS 7 ,

Visual  inspection of the time series plots suggests th at  tile a rgument  of l inear i ty  may

he applicable to describ e the shape of the array in the vert ica l  dimension t’or the normal
t r a n s i t i n g s i tu a t i o n .  Conversely,  tile l inear i ty  a rgument  does not appear to be a viable solu-

tion to describe array behavior in the horizontal plane. To test the hypothesis of l inear i ty .

least square regression analysis was employed.  Assume a l inear  re la t ionsh ip  of the general

form

\ = m X + b  ( I )

where t u e  de f in ing  coe ffi cients  iii an d b are given by

(X
~

- X ) ( Y i - Y )

n — . b — n i  ( 2 )

~~~

i = 1

where

± x i
and ~~ 

i = l

and
i i  = ii n m her of sam pies

s t m i t s t i t u t i n g  l ’ ( ( .  ) 2 i n f o  E q . 1 )  y ie lds  the  es t imated regression e qua t ion

Y = Y + m l l ) \ — X )  ( 3 )

(‘Ol.l:I.’ l ( l lN’F 01: I ) F T F R M I N A T I ON

In da t a  ana l y s i s , it is oI’ten useful to asce rtain w h a t  por t i on of the  total  var ia t ion m s

e x p l a i n e d  or u n e x p l a i n e d .  i.e . . wh et h er th e dev ia t i ons  have  a d e f i n i t e  pa t t e rn  ( e x p l a i n e d )  or

h e l m a s e  in a random or mi m ip r e d i c t ab l e  m a n n e r  ( u n e x p l a i n e d ) .  \ l a t h te i i i a ( i c a i ly .  tile total
va r i a t ion  is g i \  CI )  by

~~~~~cst~ ~ ~~~~~est  ~~~~~~ 
(4 )

where Y 
,
~ = value  i t )  \‘ f r gi v em i  a l m i e s  of \ as e s t ima ted  from I q - 1) .

10 
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The first ter m on the right  of Eq. ( 4 )  is t h e unexp lained variat ion , while  the second term
is called the expla ined  var ia t ion . The rat io of the explained variat ion to the total vana t ion
is k n ow n as the coe ff ic i en t of ’ dete rmination , or

~~ ‘~est — _ ,  ( 5 )

~ ) Y — Y ) -

where r is a measure o1 the proportion of total  var ia t ion about the mean V exp la ined  by the
linear  regression .

SI GNIFICANCE OF THE LINEAR RE GRESS ION MODEL

Signif icance  of l i n ear  regression may he tested by e x a m i n i n g  the slope iii . The
s tandard  error nt  in is the  square root of the var iance ,  or

s .c. ) m u )  
— ~l 1/2

— X ) -J

v, m er e  (1 = s tandard  dev ia t ion .  Bu t  since a is u n k n o w n .  the e s t i ma te  s is used in i t s  place .
a s sum l l iml g  tile l i nea r  r egressiom i model is correct,  amid the est imated s tanda rd  error of in is give il

est s .e .( i l i ) = _______________

{v ( x . _~~~) 2} ~~

I ‘ u r t i m e r , if  ‘ye assume t l l a t  t i le var i a t iom i s  ot the observat ion s  about  the line are n orm al.  it cam i
he sh owm l  t h a t  we can assign 1 00( 1 —a Y contldenee l i m l l i ( s  f o r  ill liv c a l c u l a t i n g

in ~ o n  — 2 .  I — I / 2 a  ) (e st  s .e . ( m ) )  ~7 )

s~( m ere t n — 2. 1 — 1/ 2  a ( i s  the  ( I  — I / a )  p erce nt a ge p o u t  of a t — d i s t r i b u t i o n  . w i t h  ii — 2 )

degrees of freed oml l ( t i l e  n um b e r  of degrees of t ’reedon i on which  the e s t ima te  ~2 is based ) .
‘l Ime slope iii . amid . hen ce.  l i nea r  regre ssion . is considered to he sigm i i t ’ic ant if  i ts  c a l cu l a t ed  va lue
t a i l s  w i t l l i m l  t he  c o n f m d e m l c e  level l i m i t s  for a specified a .

I’ -TEST FOR GOODNESS-OF-FIT

\ second cheek ot t i l e  l i nea r  regression model ta kes  t i l e  to rm i l  of t he  I - tes t  f o r
C I I I  l m i e \ s - o t - (  i t .  In o t h e r  words , how well does ti le  genera ted  l i nea r  regression l ine  t i t  t i le
1 1 , 1 1 , 1  l o  eon lp r e l l eml d  ( l ie i m p o r t a n c e  of ’ t e s t i n g  a l inear  regre ssion m odel for b oth s m g m i m t —
IL .mi m cc  ot re~!ressinm1 amid  g n o d m l e s s — o f — t ’it. e x a m i n e  the ty p ic a l  s t ra ig h t — l i n e  r egression ~m r g k m ; l l e m l t s

s i i I l l t l ) a r i / e d  i i )  I i g .  . l ile C ( cm i of (he regre ssion model of I’ m g .  ~ repr cse m l ( s  t I le  i n c m c m m l c l l  0
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CASE 1:Try Y mX ‘ b
(1) No lack of fit
(2) Significant ~near regression
(3) Use model V m 1 X ‘ b0

x

. . • V CASE 2: Try V mX - b
• • • (1) No lack of fit

• (2) Linear regression not significant
(3) Use model V V

x

: ~~~~~~~~~~~~~~~~~~~~ CASE 3: Try V mX ‘ b
V ~~~~-“ (1) Significant lack of fit

(2) Significant linear regression
(3) Try model V b~ 

- m 1 X ‘ m
11

X 2 -

x

• •
• • V• S • S

• CASE 4: Try Y mX ‘ b -

(1) Significant lack of fit
(2) Linear regression not significant

,(3) Try model v b0 - m1 X - m11 X 2 ’x
Fi gum’ c ~ I~~ p i L l ! sm ra i g h u- l i im c  IL ’em ’ CSsi om i a r g u m i l c l l l s .

l~ w h i c h  a m i ’~ i n d i ~ i dua l  Y ma y  tall ot ’l ’ t h e  regressm oii  l i n e .  R e f e r r i n g  to I me . ~
‘. it  can he

seen t h a t  i t  is e n t i r e l y  po ssib le to have  a model s~ t i m  s i g u l m i m e a m i t  l i n ea r  regre s~ion and s i g u l i t m —
ca n (  lack ( i t  l i t  or vice versa.  I knee.  t h e  iced t om ( l ie  g o o d m i e s s - o l - t i t  te s t  l i m e gov erning
c o m i d i ( i o n  for a p p l i e a t i o i l  of ’ ( h is test  is t i l a (  r e p h i c a ( i o n  of one o( ( l i e ~ar i ah le s  C\ i s t s . In th i s
case the  \ v a r m a h i e .  r e p r e s e n t m n e  the  h o r m , o n t a l  loca t ion  of a g i vemi  arr : i\  sensor,  is  fi ’ ed or
coml t r o l led .  w h i l e  Y is t u e  rando m var iable  amli l  r epresents  t he  v e r t i c a l  pos i t i on i l l t i le wa te r
c o l m i m l l m l  of ’ ( l ie  sensor as a h i i m l e t  toi l  of ’ t u n e .

Sin ce I is a ram i don i  s a r m a h l e .  am ~y f u n c t i o n  ol V is also a r andom va’ .’m a h l e .  I w o
p a r ( i c u l a r  t ’i m n c (  ions  are \l S I - t lie mean s q t m a u e  d t ie (o pure error .  ai ld s , .  the  i i l ean square
(In c to lack of ’ f i t .  A s t a ( i s t i c a l  theorem ( R e f .  ( )  t e l l s  u s  ( h a t  th ese inde l e mi dem i t  var iab le s  are
rela ted l~ 

-

\lS~

I.’
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The task , then , is to compare a given F-ratio with the 1 00( 1 — aY4 of ’ the tabulated
Ft 1 . n—2 )  d is t r ibut ion.  The F-ratio is considered to be significant if F > 100( 1 — a) and the
model subsequently rej ected for lack of fit. Conversely , if F < 100( 1 —a ) .  the F-ratio is not
signit ’h’u,i! and we h ave n~ grounds to reject the model fof lack of fit. In fact , if the F-ratio
is not significa nt then both the pure error and the lack of fit terms of Eq. ( 8 )  can he used as
est imates of the variance a 2 . Note:  It can be shown (Re fs . 6 . 7) . that t he F-distribution is
d i rec t ly  related to the t -dis t r ib ut io n by F t 2 . Further, both the F- am i d  t -distr ibutions are
derived front the Ch i-S qu are d i s t r ibu t iom i .

ENVIRONMENTAL EFFECTS

To ana ly ie  objectively wind and sea swell effects on ship and.  hence. array motion .
the convem ition i l lus t ra ted  in Fig . 8 was adopted. Tile aspect -determination descriptors are
t rad i t iona l ,  and for the  cases of wind and seas coming fro m d i f f e r e n t  sectors. the term
“m ixed” is assigned. rhe force scale is based loosely on the Beaufort scale.

ASPECT DETERMINATION

BEAM

~~~~-120’

STERN 60 60 BOW

B E A M

FORCE-SCALE
W tND(kts) SEAS(ft) DESCRI PTOR

5-10 2.4 LIGHT
10.15 4-6 GENTL E
15.20 6-8 MODER ATE
20-25 8-10 STRONG
25.30 10-12 SEVERE

I :jg mi r e s , WImiL i ari d sea et cci

r 
ile ier n l in ants .

DATA ANALYSIS RESULTS

L I N E A R  RE (; RESS I ON ANALYS IS

‘l’he l i n e a r  r egr c ss ioi l  model an d g o o d n e s s — o f — h  t t echn ique s  ii iscussed ear l ier  we r e
appl ied  to th i s : re ( e  t im e sL ’ t s  i d e u l t i  fled f rom tIle t ime  series plots of ( lie \ pp end i  ~ - l i m e
sets  were first  i d e n t i f i e d  b y v isua l  inspec t ion  t ec l l n i q i me s . ( ) hv mous h ~ - t imes of ina lor  array
p e r t u r b a t i o n  - i . e . .  sh ip a r r a \  t u rns ,  were exc luded  t ro m th i s  ty p e  of a n a l y s i s  and are ad-
dressed in a separate  sect iou ) of t h is report . Figure q m l h u i s t  ra te s  au example  of a computer  f ’it
ot ’ (lie l i nea r  regressiou l model to a me prese ul tat ive set of da ta  fo r  bot h t lie hor m , on  t al and

~c r f i c a l  p lanes . No t e  t h a t  the  cor re la t ion  c o e f f i c i e n t , r. is c a l cu la ted  iii ( h is case . I Iowe~ er .
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f ’or the analys is  t ha t  f ’oltows the coefficient of determination . r2 . was uti l ized as a more
rea l i s o ic  de terminant  of ’ explained variation. A separate program was nex t  employed to
test the l inear  regression model for significance of regression and goodness-of-fit. ‘l ’ ahies I
and 2 sun imnarize the anal ysis of the l inear regression model for the vertical  amid hor izonta l
prof i l es . respectively. In apply ing  tile F- and t -dis t r ihut io n s . t lle 0.95 interval  was chosen
as a baseline f ’or the s tat is ica l analysis.  Tiiat  is , a one— u i-twenty cilauice of the model not
being re p reseul ta t ive of ’ t u e  data was considered a reasonable , and general l y acceptab le.  r i sk ,

‘fIle s ta t i s t ica l  results shown in tables I and 2 are . for the u m i ost  pa r t ,  i n t u i t i v e .  For
the ver t ical  profi le.  the l inear  regression model was acceptab le t’or 93’ (2 7 / 2 9 )  of the cases
Conversely,  tile rejection argu ment  domina ted  tile ho r i zon ta l  p ro f i l e  s tat is t ics  wi th  a figure
of 87’ ~( 14/ 16 cases ) . Recall t ha t  tile smaller number  of cases in tile hor izon ta l  p ro f i l e  is
due to the  fact t h a t  i leading semisor ~5 was imiop er a t i ~ c dun t i g  t h e  fi rst par t  of the  ex erc i se .
Fur the r ,  tile app l i cab i l i t y  of l inear  regression ana lys i s  is dependen t  on at least t l lree
x-c omponent  data poin ts , two to define the l inear  r e l a t ionsh ip  and one degree of freedomii
to te st  t i le genera ted model .

Tab le 1 . Ve rtical  profile regression s t a t i s t i c s

‘~ ,~~~‘‘ i j , . ‘ I~~~ k , -I
I ) . I C I I I I  - - 5 ‘ t I ‘ I 4 I ‘.1 .11 I I  - . Si- I ~~- , . ----~~~~ - -- - -~~~~~--~~~ - -
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Table 2 . h orizontal profile regression statistics.

I Reject Model
Coef of Slope, 0.95 Conf Deg of 0.951- Accept Lack of ‘ Lack of

Track Determ ,r2 b1 of b 1(± ) frd, f ?‘—stat Dist Model Fit Lin Rel

B1-B2 0.53 0.0046 0.0176 17 4.56 4.45 X X

B2-L26 0.19 0.0018 0.0013 32 0.81 4.15 X

L26-L27 (l 0.14 0.0014 0.0013 48 17.04 4.05 X
L26-L27(2 0.25 0.0025 0.0009 98 5.87 3.93 X
L26-L27 (3 0.05 0.0010 0.0014 31 0.09 4.16 X
L26-L27(T 0.05 0.001 1 0.0041 183 3.23 3.92 X

L27-L28(1 0.04 0.0016 0.0028 33 2.93 4.15 X
L27-L28(2 0.44 0.0026 0.0007 58 5.84 4.00 X
L27-L28 (3 0.42 0.0042 0.0197 24 0.60 4.26 X
L27-L28 (4 0.01 0.0002 0.0028 36 1.00 4.12 X
L27-L28(5 0.09 0.0024 0.00’á 31 0.07 4.16 X
L27-L28(6 0.01 0.0005 0.00~1 13 1.66 4.67 X
L27-L28(7 0.31 0.0033 0.0026 25 24.58 4.24 X
L27-L28(8 0.02 0.0010 0.0021 45 0.14 4.06 X
L27-L28(T 0.01 0.0009 0.0012 286 0.002 3.92 X

L28-L29 0.07 - - - - -

L29-L30 0.33 0.0066 0.0024 58 0.22 4.00 X

W I N I )  .~ N l)  SE..~ EFFECTS

Wind and sea s\5 ci!  cond i t ions  have genera l l y  adver seh s a f fec ted  slli p- h l aui d l lng
es o h u t i o m i s  smce t i t an  f i r s t  began to sa i l .  In the case of slo~s ship speeds and kee l—les s .
1 — sh aped h u l l  c o n f i g u r a t i o n s .  the  adverse e f f e c t  is c ’etl more pronolnlced. Ihroug!iout tilt ’
cruise toss speeds ( i f  tess t b i a m i  3 k u m o l s  were cx peru ’nceul - s~ hitch often added to the  burden
of t l i a i u l t a i u l i m l g  p i I s i f i ’~e ship cont ro l .  e sp e c ia h l ~ w i t h  the  s imip  heading i n t o  ( l ie w ind  and sc , ls .

(‘o m i u p o u m i d i n g  ( l ie s i m i p — h a u i d l i u i g  pro hlem i i  scas SF 1 S\ l l C  I \P l  1 )R I R ‘s t endency  to react l ike
a cork when  exposed t o  lono —period swel ls , which  were  evidenced II  niaIo r i t~ of the  I mine  due
(o t ii t ’  presem l ce of ’ t~ pi m oomi l . u t c v  in ( lie Westeril l~aci t i c B asin.  I he sl u g gis h sh ip  h a n d l i n g
r esb~1l t i s i ~~eI i e s s  and co rk - l ike  e f f e c t s  ( i f the  SI ’ ( SM l(’ I \ P L O R 1-  R are caused by a co t t ihm n a -
( ion I l l  i n h e ren t  s h i p  des i gn  f e a t u r e s . the  uiiosl  p r on lu i l em i (  b e in g  tIme t —shaped , ke e l—les s h ull
c o n f i g u r a t i o n ,  amid  ( l ie s i i i t l s t c h , l t i s e h \  sha l low d r a f t  o g e n e r a h l s  b e t s s e eu i  9 and I I i t t .

\\ rid aii (i sea L I  t . ’ c ( s  arc su im uimit ari /ed in t a b l e  3, us ing  (he  eon s-eul ( io n ( i f  I m g . ~ tor
del ’ini uig . i spec t amid  t b ’ F L L ’ d e sk  r ip tors . h u e  0 2 )  e i l t r \  iii ( l i t ’ si~~( hi  c o l u imi i i i  of t he  t ab le  ref lects
(hose cases ni 55 l I d )  h e a d in g  sen .or ~ 5 55 115 i t l o p c r a ( i s e .  t ’h u i s . f o r  these cases . I lie as em , I g c
d e l i e c t i l l i i  is t ak e t i  (is -er un iv  abo u t  u i u i e — i i a l t  I l l  t i le  ar r a \  h e i l g t i l .  T h e  c r m t i c a i  p a rame te r  to
t ie I l b s e r \ e l ,l in t h i s  t a h u i l a t i l l t i  is l i l t ’ a s e r a g e  arra y de l lee t i un  e n t r y  ( ‘ o l u I i l u l  ( i ) .  I t  i s  read ml v
iui led t h a t  i i u r t , i i m i t a l  a r r a ~ de f l ec ( m omi  I s u u l u i s t  scser c f o r  t h e  boss aspect . ‘f l i t ’ s te rn
aspe ct .1 Pt1 .’. rs I I I  he less ses crc - ss it  Ii t i m e  b eam amid m i i i  xed w luit i and seas aspects  sli 055 in g lie
s ’nm i l l c s t  , i r m . i ~ d e p i i r l u m r e  in t h i t ~ i ior i ,ont a l  p l ane .

Bt ’i ’I l r e  sn g g e s ( in g  probable causes O u r  t h e  a h o 5 e — ~h ls c i l s scL l  ar r a ~ p e r t l l r h a t i o t i s . L O Ft —

su le r f l i t ’ hI ss - I l l )  e ; i se rt ’ prest ’ ml ted m u I i 1 U . l i i  is  t i  pure repre scil I s d cl int  pti s i  e plan vi e s~

1 ~
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l a h l e  3. \\ nd and sea e f f e c t s .

W I N D & SEAS FORCE CSE STEER ED CSE MA DE CS E AV E TRACK
ASPECT TH ROUGH GOOD OVER (DE G ) HORI ZONTAL

THE WATER G R O U N D  A R R A Y
(DEG) (DEG) DEFLECTION

___________ __________ ______ 

(DEG) 
________

SOW UENILE 050 015 32 17 L29 -L30
BOW MODERATr 025 020 8 5 B2-L26
BOW ~~~~~~~ MODERATE 055 043 12 Veriab Is L27-L28
BOW STRONG 092 11 4 22 5 ( ‘i ~f L$-L9(2)

GEN1LF~~ 247 24Y 2 3(1/2 ) L 6-L7
STERN MODERATE 212 198 14 11 B1-B2
STE RN MODERATE 225 231 6 3 L26.L2 7

BEAM MODERAT E 137 159 27 2 L25-L29
BE A M , 

MODER ATE 138 172 34 3 (‘/ 2 ) L7.L8

MIXED (BB) LIGHT 099 091 8 2( ’ / ~) A 1-A2
MIXED (BB ) ’ LIGHT 265 289 4 0 y/i) A2 - L5
MIXED (BS) LIGHT 304 280 24 2 (1/2 ) 1 5-L6
MIXED (S B) STRONG 101 114 13 2 ( ‘/z ) L8 .L9(1)

9 DEC 1239.1519(1)
9 DEC 1639-2119 (2)
9 DEC 2329-10 DEC 0223 (3) 

030 T
10 DEC 0624-0826 (4) /
10 DEC 0830-1158 (5) SEAS/ 040 T
10 DEC 1218-1412 (6) / /
10 DEC 1412-1721 (7) 6-8 / WIND

10 DEC 2001-11 DEC 0040 (8) 14K T S
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of ’ Si ’ I S \1  l( ‘‘s averaged headings  and r esul t ing  averaged arra ~ shapes . I t  is important to note
lucre t h a t  a l t h o u g h  the ship ’s average h eading varied on ly 13 deg us er  a 30—hour  period , the
a r r a y  s tas  in a ne arly const amit  state of ’ f lux in the horizontal  p laule thro ughout  t h e  per iod.
\ e r t m c a l  u i i ig ra t iun  wits noted as well f ’or s im i lar  t ime periods see Table 4) . hut  degradat ion
(i f a r r l l5 , -  shape in the  v e r t i c a l  plamle was not  as severe. Fur the r ,  recall I ’ronl ‘[able 1 t h a t  all
e igh t  cases considered for t h e  L27-L 28 track passed ( lie l inear  regres sion hypothesis .  Be fore
le .is ri g t i u i s  case , i t  is iu i ip o r ( a n t  to point  out t u e  d a m l g e r  of re ly ing  so le h\  (iii ( la t h averaging
te~’h1 ll i fues app l ied  b h i i l d l \  over  a ioi lg peri od of ’ t ime .  For ex a m p l e .  from F t p .  10 . it  can he
seeui t ha t  the  avera ge ar m ’ ar -he ading  dev i~it ioi i  f o r  t i le  c u l t u r e  30-hour period ‘.k’a s only I deg

I ‘ -052 -052 - . . respect ivel y fur semis ors I , 3 and So . hleui ce. excessive averaging can lead , 
-
.

to s f i ( i  n u n s  resu Its
I lie ( f t i e s t i o i l  still r e u l l a i t i s , hiowcver . s v h i r  is array de l ’or i l ia t ion more severe f ’or tile

1055 Oil s tern ash ’lects~ A lo g ica l , a lbe i t  u l ot  o ta l iv  t i oc uu i l em i te d .  answer  to this questioul us
( h a t  ship p i t c h  is more d e t r imn e i i ( a l  to  a r ray  coii roi t h a u i  shi p roll .  Tllis com iclusi on is
t i u ( i i m ( i s e l y  a p p e a l i n g  siu lce pos it se shl ip speed control  is near l y  au impossibil i ty for a con-
sc m l t i l ’l i l a l p r l l p c l l e r — d r i s  c m i ,  s ha l l ow-d ra f t , kee l—less  hu l l  51111) I leading at slow speed imito or
ss i t l m  t i m e  se,is . l ’i te  ke~ (o pos It  se ar r ar  control th m cui . is to m i n i u i i i z e  ship speed and,  hence ,
ar ra y  sped ! s a r m , i h u h i ( ~ . l’o”.stbl e s o i ut i o t l s  to th u s perp i e x i u i g  prob le i i i  ss i i i  be discussed la te r .

I ,ibl e 4 . \ e r t i c a l  di splace nlemi t  p ro f i l e s  B I —1.30.

AVE DEPTH DPH AVE SHIP AVE SPD WIRE
T I M E  ,,,,,,,,,flf ~ DINGS m) (m) TILT ) SPO OVRGND COPE

TRACK (ZULU) 2 3 5 5 - 2 (DEG) (KT S) (KTS) (FT)

B1-B2 0758-1100 326 335 366 40 1.2 1.9 2.3 1650

B2-L26 1545-2025 365 400 431 66 2.0 2.3 2.1 
~~~~~~~~~

L26-L27 0818-1339 413 438 486 73 2.2 1.9 
______ 

1800

________ 
1359-0349 426 457 508 82 2.7 1.9 2.6 1800

________ 
0458-0858 334 350 377 43 1.3 1.7 

______ 
1800

________ __________ 
(408) 

_____ 
(2.2) (1.9) 

______ —
L27-L28 1239-1619 519 568 658 139 4.3 2.3 

______

________ 
1639-2119 437 482 546 109 3.3 2.1 

______

________ 

2329-0223 395 — 459 64 2.0 1.8 
______

0624-0858 435 483 556 121 3.7 1.6 1.8 1800

________ 
0858-1158 408 436 490 82 2.6 2.0 

______

________ 
1218-1412 416 459 544 128 3.9 2.3 

______

________ 
1412-1801 388 430 488 100 3.1 2.2 

______

________ 

2001-0040 472 509 578 106 3.3 2.0 
______

________ __________ 
(439) 

_____ — (~ .4) (2.1) —_____

L28-L29 0220-0500 352 — 410 58 1.7 2.1 2.1 t 800

L29-L30 0659 -1243 434 — 518 84 2.5 1.8 2.7 1800

‘I,

‘.--~~~~~~~~
‘
~~~.
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TURNIN G PROFILES AM) ARRAY SETTLING TIME

N l a i uu t a i nuu ig  constant array speed is ex t remely  cri t ical  du ri u ig change of cou rse esolu-
ti ons.  h i ere . loss of ship speed inherent ly  results in a f u r t h er sm u i k i n g  of the array 1 able S.) .
If the kiss of ship speed during a turning evolution is severe . i .e. .  of the order of ~ 0,3 knots
fo r  tow speeds of less than  3 knots , the array will e ffect ively become dead-in-t I le-water
0 1 ) 1 W )  au id settle at an a la rmi m ig  rate (see Fi g, 6) . l’his p i l euiOu l i cnOIi  is d i r e e f ly  re la ted  to
depth auid becomes cr i t ica l  wi th  deep tt ) sV s . i.e., tows iii excess of 600 mit . r l l i s  cO ui d i t i ( uu i  is

due in part to the  increased compressibil i ty of the array wi t h  increasing dep t iu  I i  ig .  l I t .

Table 5. Turning prof i les.
_____ - 

TIME ARRAY INITIAL
TIME TIME — DEPTH DEPTH CSE ARRAY

S PD CSE C H G A R R A Y  M A X  V ER T H O R I Z  (A V E ) AV E T ILT CH G H EA D I N G
(KTS ) (HRS) (HR$) (HRS) (HRS) (M) (M) (DEG) (DEG) (DEG) STATION

0.8 1.7 2.5 2.5 2,5 714 12 0.5 75 79 L7

0.6 0.8 1.7 1.3 1.7 517 156 2.0 78 130 128

0.6 0.4 3.1 2.9 2.7 299 302 3.7 184 199 127

0.4 0.4 3.2 2.2 3.2 751 18 0.8 55 42 16

0.0 1.1 2.0 2.0 1.8 414 110 0.4 85 125 L29

0.3 — 5.6 3.8 5.6 331 10 0.2 180 173 B2
* 

0.4 1.1 1.5 1.4 1.5 232 269 3.6 167 180 A2

0.8 1.0 4.1 4.1 3.8 789 168 2.2 21 65 L8

1.5 0.9 5.1 4.1 5.1 534 298 3.3 34 14 15

Scope change conducted concurrently

\1 . I i u l t a i m l i u i g  cun s ta i l (  sh ip  speed d u r i n g  t u r u i i n g  e v o l u m t i o n s  appears to be a p r a c l i c h t l
mu ue h t u is  of ’ n l i n i n i i / i n g  a r ra y  s e t t l i n g  t i uu i e  d i t r i u i g  t u r m i i u l g  ev o lu t ioui s .  If ’ I he arr a ~ hi l l s  l i t t l e  or
no ef f e e t  on I l l e  ship d u m r i u i g  sh ip (u rns , th l en u i i a i t l ( a i u i iu l g  co t i s t an t  ship speed would be Ii
s tm p l c  u i i a f l e r .  Fri t o r i u ; l a ( e l v ,  t h u s c o i ld i t ion  does not  ex i s t .  and il l  r e a l i t ~ , li i i  ar m’a\  (i f  t u e
order  t i f  s i /L ’ u u i a g u u i t m i d e  of I .\M 131). ’\ (e nds to ~ict as a large sea anchor . esp e c i ahb r  dur iu l g
large a r r a y  II .- , i d iu t g  ch anges . ‘flue r e su l t .  ( h e u l ,  ts  t h at ~i mi ~ hos s of sh ip  speed dur mui g  t u r n m u i g

e s i i h u m t m o i i s  us e x t r e m e l y  d e ( r i u u u e m i t a f , i .e . .  produces . i r t a  ihef ’o r u u u a t i o n  amid  i i l cre , l se s sL ’ t t l i u i g
t t ~u ue . ‘Fhtms rs- s u i h t  i f l l i \  he observed h~ e x a m i n i n g  several of t u e  t u i r t l u m i g  p r o f i l e s  m u the t u i l i c
ser i e s  p lo t s  l I t  A p p e n d i x  -\ . I able  S. :i ru d l ip .  12  and i l O ( i u ig  t h a t  t h e  ar r a \  ge ml e r a l l \ ’  tends to
s e t t l e  f u r t h e r  iii Ott ’ s sa tcr  c o l u u i u m i  ss’ i t l i  drop in sh ip  speed d u r u n g  t u i r n u n g  e V o i i l I i l i t t S

II p~ s~ib l t ’ s o lu t i o n  to t h i s  pr oh~L- u u 1 .  sonic p rnde i l t  s e au l l ans l lup  t a c t i c s  were em—
p lo~ e & l .  ..\ t  s t , , t I ( i ui I 2S , as a t irst  guess ~mt m u u a i m i t . i i m u i u i g  c ou i s th t u l l  a r r a \  speed. ml 5( . l s  decided
I I )  t t i L i L ’ 1l5 t’ sh i qi  speed 1( 5 , a p p r o x i u u i a f e h  U . S kn o t s  i~ win  pr io r  to  c o u i u u u i e u u c e i u u e u i t  ot t h e
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t u ru i ing  evolut ion (F ig .  1 2) ,  This time interval approximated the time for the speed increase
to he felt by the array. Thus , it was hop ed t h a t th e a rr ay would have a n et in cre ase in speed
and momentum as the ship commenced its turn . Addit ional ly ,  rather than allow the arra\
to d imin ish  the ship ’s speed through the turn , as had been the nornial practice during the
exer ci se . it was decided to maintain the positive speed diffe rential through the entire dura-
tio n of the turning evolution. As seen from Fig. 13. tI le result was more pronounced than
a nt ic ipated in tha t  t u e  :tverage arra y depth decreased by approx imate ly  1 50 m. Of m l -
porta uice though , is the fact tha t  ouie of lie desired effects  was achieved: array set t l ing  t ime
was greatly reduced (see Table 5) ,  A more geuitle approac h was adopted at s ta t ion L29 ,
Here it was decided to try to ma in t a in  constant ship speed through the ent ire  turn  by add ing
the requisi te  t iumber  of shaft  t im rns at the fi rst indicat ion of ’ d iminished ship speed as sensed
by tile im istal led knot  meter  read directly on the bridge of the shi p, A certain amouul t of
naut ical  guesswork ( seaman ’s eye)  was employed iii sensing the proper m iumber  of shaf t
revolut ions to be added in order to mainta in  constant ship speed . Figure 14 reflects the de-
sired resul t :  array depth remnained re la t ively constant  duriuig the tu rn ing  evolut ion ,  amid
se t t l ing  t ime showed a m arked improvement .  Uu -t f o r tuna te lv ,  this t u rn ing  evolut ion , for all
i n ten t s  and purposes. marked the  ter u i i in at ion of documentable  tu rn ing  evolut ions for the
exerc i se .  ami d no fu r the r  seamanship  t ac t i c s  cou ld be a t t empted .  Nonetheless . it is clear that
posit ive e f f o r t  devoted to pres erving , at  a miu i iurn im.  cons tan t  ship speed throug h (u r u i iu i g
e vO ht i t i o u l s  results  in m i n i u u i z i u i g  a r ra y  deformat ion by m a i n t a i n i n g  nearly comista n t  array
depth  an d reducing array se t t l i ng  t ime ,

CONCLUSIONS

P osit is e ship speed couitro l is absolutely essential to miu i imize  array deformat ion ,
Ideal ly.  igm ior i ru g the possibi l i t y  of uuiderwater  cur rents . misbal h is ted modules , etc . .  consta ui t
si i ip speed should  allow for the per fec t  case of s t r a i g h t — h u e  t owing  At  the very mi n iu i ium.
the  im i f l i me n ces  of ship .  amid ar ray speeds can be m iui im ized by m a iu i ta i u i ing constant ship
speed. wh ic lu  wil l  permit  a more thorough and q u a l i t a t i v e  ana ly s i s  of t lue o ther  para u ru eters
affect iui g a rray d~ miau ’nics.

I )ur in g t u r n i n g  evo lu t i o n s ,  a r ray  def ’oru i ia t io u i  is u i i ax imun i .  and pos t t i \  e sh iu p speed
control  is e x t r e m e l y  cr i t ica l  in order to u u u i u l i m i z e  a r r a r  s t a b i l i z a t i o n  t u ne m v  in c r e n u e n t a h
los s of ’ ship a r ra ~ speed at tiuese c r i t i ca l  t imes  results  in a d eh iu i i te  pro h o i i gi ui g  of arra y 5111-
b i l i / a t i ou l  t i u i i e .  (‘ou iv er se l~ - a sh igi l t  0,5 kn on increase in i le t  sh ip speed ma signu i fi —
c a u l t l v  decrease a~ra~ de fo ru ’n a t iou i  t ime.  I losvever. f ’u r (h e r  tes t i u ig  of (h is  hvpot i ies i s  is
requi red  before d rawing  au iy f ’iru ll  con clu sioui  on the m eri t  of inc rem eu i ta l  sll ip-speed increase.

Abso lu te  control  of ’ arr h tv  dv m ia mi cs  is heavi ly  sea-state  and sllip-aspect tlel ’iei ’Idei ’L t .
For t h e  conve ui t io n a l  ‘‘tu i ud ~’ boat co u i f i g u r a t i o u i  cou isidered in t l l i S report .  t i le hOW— o h amid
trailing-seas aspects produced the  uuu ost  pro n oumiced e f f e c t  on arr a~ detorul la t io ul  due to
(lie i n a b i l i t y  of t u e  ship to n i a in ta i u i  co u l t iu lua l  posi t ive speed control .  Ship pi tc h  is appar—
e rm t l y much wore d e t r i m e n t a l  to positis’ e sl l ip speed control  th la n  stri p roll ,  F u r t h er , once a
course m a t he  good h u j s  heeul es tabl ished ,  ti le shì ip ’s a u t o u u i a t i e  p i lo t  sh ould he en ghtge d and a
rigid “ha mi d s-ot I ’’ po l icy observed , lest a s t ra ight  c o t i r se  svi ll not be h tch i evab l e  , A r r h t y
st raig ll ttless is m un ch  more impor t an t  t i l an  a t t e uu i p t s  to n i a i u i t a i n  a precise pol ygon leg. 
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Lim lcht r regression am i a lv sis  is a valid candidate in describing ver t ical  array def ’oru u ia - -‘

t i Oui .  ‘Flue corollary argu m ent does not appear to h old meri t f ’or the hor izonta l  p lane.
-\ r r av  t owiui g vessels of ’ t h e  SEISMIC i ’X PLOR E R type represent an inadequate

p la t fo n u l l  for cou i t ro lh in g array dynamics.  l)eeper draf t  vessels , hav ing  hi keel and variable—
pi t c h  prope lkr(  s)  w i th  large rudder ( s) ,  are needed , especial ly for the em it p loynlen t  of b u g
towed a r r a y s  in s i g n m  f i can t  sea states , i .e . .  sea states greater t l ua ui  Beaufo i’t 2 , The au t l l o r
recog nizes tha t  sonic t ra t he-of f  in possible increased uio ise caused by variable-pi tch propel-
hers uu l a y  have to be accepted.  . 

-

FUTURE CONSIDER ATIONS AND RECO M MEN I )EI )
AREAS FOR IMPROVEMENT

.‘\ deta i led  s t u d y  of t h e  effects of ship m ill conf i gur a Oon  amid l’ r op uhsio ui  t~ pc on
arr l l v  d ynamics  is r ecotl it l l cnded prior to the large—scale p rodu ct ion  of lou ig towed ar rays .  In
ot h er words. iu icreased emphas i s  im i def ’inimig  the  ‘‘ideal ’’ towiuig  p l a t fo r m is es s eui t ia l .  lest t u e
probl em of anr ar  d y n a m i c s  rema i vagote.

hiu i t il a be t te r  uu l de r s t au i t l i u lg  of the  para ui i eter s  tha t  t ru l y  a f fec t  array d y m i a m u i e s  is
li sce r t a i t l e d  . i u icu ’ e:ised u n o u l i t o r i m i g  is req ui red . T h e  ad oh i t ion of array te ui sion anti ve r t i ca l

i i.e tos~ nip  angle sensors would he of tr e i l i eu ido i ,is va lue  in m easur in g  changes in sh ip  and
array speed. l -’u r t i u e r . a su i te  of remote sensors sh ould be ins tahh e d  at tile ship control  sIll -
t i o ul  (b r i d g e ) .  h i l l s  would allow the ship driver to calibrate his ‘‘seaman ’s eve ” through
l earm l i mu g  w h i c h  para m eters com i t ro l  arra ~ St h t h i l i t y  ami d there f ’ore permi t  h im to take t ime l y
pJ’em ’enta t ’e a c t i on  to m a i n t a i n  array s t ab i l i t y  ( i .e . .  to exerc i se  prudeim t seam n ansh u p  iu i a
lime/i’ i i ianmien ’o . .-\ suggeste d s u i t e  of ’ sensors on the bridge would  i n c l u d e ,  bu t  not mieces-
sa n i lv  be li m i t ed  to. array tensiomi.  array dep th  (fo re and a f t  ou ihy  ). array h eadi ui g.  ve r t ica l
w i r e  t osVi lg angle a m i d / o r  array speed. ~\o t  ulecessari ly req omire d on tile bridge. bu t  of sig-
n i  f le :tn t potemi  t ia l  va lue ,  would  be t u e  a d oh i  t iou i of a sh ip  roll ari d shi i1’ pi tell indicator .
\ a t u r a h l y ,  all  of t h ese sensors shou ld be in t eg ra t ed  i n t o  tile ex i s t i u ig  NA I ) S  system f ’or
p e r i l ia miem i t  data re tc u i t ion anti post analys i s .

Of ’ v i t a l  u m u u p o r t a u i e e  to t u e  si i ip ’s s c i e u i t i l ’ic crew is t u e  a t ld i t ion  of a cou i iputer  soft-
ware package to a t l a l v / e  and p lot  a r ra y  dyu l au l i ic s  in real t i m e. \Vi (Ii t h i s  tool,  t u e  Chief
Sciemi t s t  could readi l y  amid a c c u r a t e l y  de t c r nu iu i e  the posit iom l of t h e  ar ray i il t I lt ’  ss : lter
e o h u u u i i i  at a t i y  p o im l ( ill ( l i n e  . . ‘\r r a\  uu i i s ba l l a s t i u i g ,  t u r u i im i g evo l u t i ou l  t ac t ics , e tc . ,  could t h u s
be st t l ( l i e t i  oti bo~m nth and t ime  r eq u i s I t e  c orrec t ion s/ad i l i s t m il ent s  iu i ip l eu ne nt e t l  to etii l:tnce
a rray tl y u ia i u i i c s .

\V i t hu  ( i l i l e  at  sea h e i t u g  III a p remi i i um l l , ( l ie  riced l’or a c ou i lp u ( e r i i ed  arra y d v m l a m n i e s
s i m u l a t o r  is clear .  In t i l l s  ss a\ , t u e  e f f e c t s  of u i i i sba h l as t ing  (be  i t  r am l dou u or svs t e t l l a t i c  0 .
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