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ABSTRACT

‘~~ A study was performed to determine if existing operational and
developmenta l towed oceanogra phic measurement systems can meet , or
be modified to meet , projected Navy needs for fine and microscale
measurements of temperature , salinity and water velocity in the upper
ocean . While no existing system presently meets the requ irements for
measurement of all three parameters , at least one system meets the
requirements for measurement of temperature and salinity . Investiga-
tions required to determine the feasibility of a system capable of meeting
the additional requirements for velocity measurement are identified .~

- 

-

~~~~~~~~~~~~~~~~~ 
-

s~~~~~~ .y ~
•
.1, 

- 
.

• r
~~~~~~~~~ ~ ~~~

• . -

\~~~~ 
..

-.—
. 

- .- --

I

•-.~ 1
r
~

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ‘ — T ~~~~~~~~~~ ~~~~~~~~~~~~ -
~~~~

---
~
-‘ .- 

- - - --
-j ,  — — — -

— 
— — -~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _

Table of Contents

Section Page

— 
I INTRODUCT ION i-i

2 REQUIREMENT S 2- 1

2 .1  Approach . . . . . . . . . . . . . . . . . . . . .  2-1
2 . 2  Instrumentation and Towed Body System

Chara cteri stics • . . . . . . . . . . . . . .  2-1
2 . 3 Specification/QuantIfication of Primary System

- - Characteristics . . . .. .. . . .. .. ..  2-5

3 CAPABILIT IES • . . . . . . . . . . . . . . . . . . .. .  3—1

3. 1 InstrumentatIon . . . . . . . . . . . . . . . . .  3-1

3. 1. 1 Sensor Systdms  3—1
3. 1 .2 Other Sensors and Instruments 3-6
3 . 1.3  Problem Areas 3-9

3 .2  Towed Bodies 3-10

4 EVALUATION 4-1

4 .1  Instrumentation 4-1

4 . 1.1  Recommended Baseline Suite . . . . . .  4- 1
4. 1 .2 Optional Desirable Instrumentation . .  4-3

4 . 2  Towed Body Systems 4-4

4 . 2 . 1 Existing Systems 4— 4
4 .2 . 2 ModificatIons of Existing Systems . .  4—7
4 .2 .3  Concept System Evaluation 4-9
4 .2 .4  ConclusIons and Recommendations . .  4-16

5 SUMMA RY 5-1

RE FE RENCES R- 1

I I  ii

— ~~~~~~~ ~~~~ ~~~~~
-- _ _ :  — -

.
~~



Table of Contents (Cont.)

Page4% ______

— APPENDD( - Additional Towed Body System Information
A .1 Batfish A—i
A. 2 MIT Glider A- 17

• 
I. A .3  WHOI System A-22

- A . 4  lOS System A-25
A .5  Scripps System A-26

9 - A.6 APL System A-30

F

~~~~~—~~
-
~~~~~~~~~~~~~~~~~~~ -- -~~--~~~~~- —--- - — -‘ --~~~~~~~ ~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • ~—~~~ -- ~~~~~~~



I
Ust of Illustrations

Figure Page

2-1 Horizonta l Temperatu re Gradient Spectral Contamina-
tion (Schematic) 2-10

2-2 Ve locity Gradient Spectra 2-13
3—1 Batf lsh 3—12
3— 2 MIT Glider 3— 13
3— 3 WHOI Sensor Fish 3— 16
3 — 5 lOS Sy stem 3— 18
3-6 Scripps Towed Ocean Profi ling System 3-20
3-7 NAVOCEANO Towed Body 3-22
3-8 UCB Towed Vehicle 3-24
3-9 The SPURV II Vehicle 3— 25

List of Table s

Table Page

2-1 Fine and Microstructure Sensor/Instrument
Chara cteristics 2 — 2

2-2 Towed Body System Characteristics 2-3 ,  2-4

2-3 Sp~ cification/Quantification of Most Important System
Characteristics 2-6 , 2-7

3-1 APL ’ s CUT Sensor Package 3-3

3-2 SPURV 3-5

3-3 NBIS Mark III CTD 3-7

4-1 Recommended Baseline Instrumentation Suite 4-2

4-2 Existing Towed System Evaluation Summary 4-6

4-3 Modifications of Existing Systems 4-8
4-4 Critical Problems and Physical Solution Technique s in

Fine and Micro structure Measurement from a
Towed Body 4-10

-iv-

L. ~~~~~~~~~~~~
- - • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - - -

~~~~~~~



‘I
t List of Tables (Cont.)

Table Page

4-5 Conceptual System Factors 4-12
4-6 Conceptual System Evaluation 4—13

~~~~ ~~~~~~~ ~~~~~~ -- . r~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



- -  -~~~~~~~~~ -~~~~~~~

Section 1

INTRODUCTIO N

Oceanographic studies within the past ten years have given a

considerably improve d understanding of the small scale stru cture of
temperature , salinity , and water velocity in the ocean 110 . Such data is
still relatively sparse , however , especially at the smallest scale s because

• of the problem of deploying a stable sensor platfo rm in the ocean environ-

rnent . In order to support various non-acoustic ASW concepts , this data
is needed over large portions of the ocean and NORDA has been tasked with
the ~development of an appropriate instrumentation suite and means of

*collecting such data . While a variety of fine and microscale measurement
techniques have been used in the past , most researchers have used either
moored instrumentation or sensors that are lowered on a line deployed from
a ship or stationary platform . Expendable and towed sensors have been
employed to a lesser extent . The N avy ’ s need for large area , real-time
data down to scales on the order of a centimeter narrows the alternatives
to essentially three .

The first method is the use of sensors mounted on the bow of a
submarine . Although this method fulfills the wide area , real-time data
requirement , it impose s constra ints on an operational submar ine , and the

availability of a submarine dedicated to a measurement program is highly
unlikely .

*While the re is no standard definition of fine and microscales , micro-
scales are defined here as < 0 .5  in and finescale s as 0 .5  - 50 m. These
definitions are in genera i agreement with the terminology In the oceano-
graphic literature and cover the range of scale s of interest to NORDA .
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The second method is to tow a vertical array of sensors from a
ship . Problems with this technique include high expense , handling pro-

blems , relatively low tow speed , and tow cable/sensor motion problems .

The third method is to mount the sensors on a towed or free
swimming body deployed fro m a surface ship . A major advantage Cl this

type of sensor platform is the capability of positive control over the depth
of the sensor . Because of this and other advantages including relatively

• high speed capability , ease of deployment and operation , and cost
• advantages , at least for the towed body , this technique appears most

feasible for large area • real-time collection of fine and microstructure data .
This report describes the results of a study performed by MAR , incorporated

for NORDA , Code 500 , to determine if existing ~~wed oceanographic measure-

ment systems can meet , or can be modifIed to meet , proj ected Navy reçuire-
ment s for measurement of the firiestru cture and microstructure of temperature,

salinity and velocity in t~ie upper ocean .

The approach to the study consisted of three tasks:

1. IdentificatIon of requirements ,

2.  Doc’imentation of capabilities , and

3. Evaluation of alternative systems .

The following sections dIscuss the approach to and re sults of each of these
tasks In detail .

1— 2
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Section 2

REQUIREMENTS

• 2 . 1  APPROACH

A three part approach was taken to identify system require n~~nts .

First , all relevant characteristics of both instrumentation and towed body
• systems were identified and categorized. Second , the minimal set of these

characteristics whose specification was considered necessary to be able to

- 

• compare ar.d evaluate the measurement capability of existin g systems was

identified . La st , requirements for this primary set of characteristics were

specified or quantified based on available Navy documentation and existing

oceanographic data . The specification of requirements for the remaining

system characteristics is not really appropriate or even possible at this time

because the majority of them are details which do not impact overall measure-

ment feasibility but rather belong In a design study , once the basic type of

measurement system is chosen .

2 . 2  INSTRUMENTATION AND TOWE D BODY SYSTE M CHARACTERISTICS

Tables 2-1 and 2-2 list fine and micro structure instrument character-

istics and towed body system characteristics respect ively . The categories

marked with red are those which contain the characteristics considered to

be of primary importance , namely:

1. Spe ed range

2.  Depth range

3. Body motion contro l

4.  Body motion monitoring

5. Measurement specifications
for T , S and v

2— 1
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Table 2 -1. Fine and Microstructure Sensor/Instrument

Ci~aracter1stics

III MEASUREMENT CHARACTERISTICS

A. Range

B. Accuracy

C . Re solution

D. Re sponse Time

E . Spatial Resolution

F. Stability

G. Principle of Operation

II.  PHYSICAL CHARACTERISTICS

A. Dimensions

B. Material

C. Weight

Ill . E LECTRICAL CHARACTERISTICS

A , Power

B. Te lemetry

C. Noise

IV. OPERATIONAL INFORMATION

A. Environmental Limitations

B. Calibration

2—2
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Table 2 - 2 .  Towed Body System Characteristics

PHYSICAL CHARACTERISTIC S

A.  Wind Span (S)/Chord (C)

B. Body Length (L)

k C. Minimum Rectangular Volume (L x S x Height)

D. Air Weight

F.  Virtual Mass

G. Center of Gravity (Relative to Towpoint)

H .  Center of Buoyancy (Relative to Towpoint)

1 11.1 OPERATIONAL CHARACTERISTICS

A. Design Speed Regime

B. Maximum Design Depth (Pressure)

C. Maximum Towstaff Tension and Angle
(Relative to Flow) vs Towspeed (If available) or

D . Depressor Depth vs Speed (include Towcable Character-
ist ics or diameter, Weight per Foot (in Air and Water) ,
and Length)

E .  Maximum/Minimum Depth Change vs Towspeed

F. Maximum/Minimum Rate of Change of Depth vs Speed

III . DESIGN FEATURE S

TA. j Motion Control and Monitoring

1. Passive Control - Speed ari d Cable Scope for Depth

2 .  Active Control - Moveable Contro l Surface s

3.  MonItor ing Instrumentation

2 — 3
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Table 2-2. Towed Body System Characteristics (Cont.)

8. Type of Cable Used

1. Material and Diameter

2 .  We ight per Foot in Air and Water

3. Number of Conductor and Type

C. Method of Data Transfer from Depressor and/or
Oceanog raphic Instrumentation

1. DIre ct Transfer

2.  Telemetry (Type)

D. Type and Amount of Total Power Required

1. AC or DC and Voltage

2 Power Requirements (Watts)

E. HandLing and Stora ge System

1. Method

2 .  Weight and Volume

3. Power Requirements

lv. DESIGN FLEXIBILiTY

A. Excess Dry Volume for Storage of Oceanographic
Instrumentation and/or Motion Sensing Equipment

B. Method of Accommodating Future Oceanogragraphic
Instrumentation

C. Extra Telemetry Channels and/or Spare Towcable
Conductors

2-4
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The following subsection discusses the specification or quantification of

these characteristics and the associated rationale .

2 . 3  SPEC IFICATIO NjQ UANTIFICATION OF PRIMARY SYSTEM
CHARACTERISTICS

Table 2—3 lists the primary system chara cteristics , a specifica-
• tlon of requirements for those characteristics, and the impact of a capability
• less than that specified . Numbers given should be considered approximate

rather than firm requirements . The basis and rationale for the requirements
specified are discussed in the following .

Speed Range

Minimum speed is based on the approximate minimum maneuverable
speed of typical oceanographic survey ships.  Upper limit is based on a
combination of typical cruising speeds , complexity of towed body systems
at higher speeds , and practical upper limits on the fre quency response of
sensors needed to measure centimeter scale phenomena .

Depth Range

The depth range is that of interest to NORDA , the shallow limit
being essentially one of the practicality of towing a body near the surface .

Body Motion Controllability

Is is well known that unsteady sensor motions contaminate velocity
measurements directly and tempera ture and conductivity measurements
through motion In the presence of a gradient . The requirement on allowable
motion levels specified in Table 2-3 stems from this fact . The actual
magnitude of the allowable motion levels thus depends on the required sensor

2 — 5
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re solution which is discussed below under measurement specifications.

While the removal of sensor motions from data using acce lerometer measure-

ments is presently a controversial issue , the requirement as stated is none-

theless valid .

The various modes of depth control specified in Table 2-3 stem

from the following needs:

1. Porpoj slng: Needed to obtain vertical ocean
-

• 

stru cture . Among other things , this is needed

to identify finestru cture inversions in T and S

which are strongly corre lated with the genera-

tion of micro stru cture patches.

2 .  Isobar (constant pressure depth) following:

Usefu l in observing vertical displacement of

lsopycnal surfaces due to internal waves.

Also the quiete st mode of operation in term s

of body motions .

3. Isopycnpl following : Needed in order to

investigate the horizontal extent and fre-

quency of occurrence of microstructure patche s
which lie along a constant density surface .

While the exact value of allowable depth variation depends on tIe

strengt h of the vertical gradients and the required sensor resolution , as
menti oned above , it is possible to specify an approximate value of + 0. 5 m

based on the following argument . In general , the largest depth excursions

will be at the frequency of the ship motion or at the natu ral oscillation

period of the towed system which are quite low relative to the frequencies

corresponding to microstru cture scales when towing at several knots speed .

For smooth depth excursions and vertical stru cture which does not vary too

rapidly over the depth change , these excurs ions will contribute little energy

2—8



r
at microstructure fre quencies. As it turns out , the vertical finestructure
of the ocean has a cut-off at a scale of about I rn , that is , the vertical
correlation distance Is on the order of 1 m 6 ‘7 . Consequently , if the vertical
motion is less than thi s , we would expect the contamination to be narrow-
band at the fre quency of the body motion . This is in fact the case as is
illustrated schematically in Figure 2- 1 where W T, Is ~. .~ horizontal

temperature gradient spectru m and is the spatial fre quency in cycles per
• meter (cpm) . If we take temperature as an example and write the vertical

• temperature profile as

T ( z )  = (z  - z )  T’ ‘ 9 ( z )

where T’ is the mean vertical gradient and 9 ( z )  Is the fluctuating component ,

k th at is, the finestructu re , then for a sinusoidal body oscillation of amplitude A
and spatial period A ,  and a vertical temperatu re corre lation distance L9, the

contamination of the horizontal temperature gradient spectrum WT, contains
two term s4 ’ ~~~

. The first term , the contribut ion from the mean gradient , is
equal to 

• 2
27T 2 2 , -:1: &LA ‘ ‘ A  A o

- . where = •
~~~A 0  

is the spatial frequency of the body oscillation . Thus con-
ta mination from this term occurs only at the body oscillation frequency which
is relatively easy to discriminate against . The second term , the vertical fine-
structure contamination , is more complicated. For the limiting cases
A -

~. < L 9 and A one finds that the contamination is given by

47T fAO ~~~ ~~~~~~~~ ~Ao~ 
( A K K L 9 )

A A 0277~~~ w
9~~ 

~ A 2 7TA ( A > > L 8 )
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Figure 2- 1.  Horizontal Temperature Gradient Spectra
Contamination (Schematic)
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where W9,  
~~~ 

is the vertical temperature gradient spectrum . It can be
seen that as the amplitude A increases , the contamination change s from
narrowband at = 

~A to broadband , proportion to the actual vertical
spectrum. Figure 2-1 illustrate s this schematically . The vertical spectrum
curve is that for an exponential autocorrelatlon function e I z /L9 with
typical values L9 

= 1 m and d8/ d z  = 0 .05 C~/rn 2 ’ ~
‘

. The green curve
is an envelope of towed data taken by Grant et al. ~*i ile the blue curves
are towed data from two microstructu re patches taken by Nasmyth 11

~. The
purpose of the data curves is to show the relative strength of the potential
contamination at different scales. It is seen that the fine scale contamina-
tion is more severe than the microscale contamination . This illustration
points out that it is important to know the vertical structure in order to
determine , as a function of scale size , wh ether or not one is actually
measuring horizontal structure and not contamination from vertical structure.
The + 0 . 5  m depth control specified is essentially the condition that A < L 9 .
In ocean areas where L 9 > 1 m or the vertical finestructu re is weaker , this
condition could be relaxed , depending on the intensity of the horizontal
structure present . In other word s , the strength of the vertical structure
combined with the degree of depth control determines the limiting horizontal
fluctuation intensity which can be measured as a function of scale size .

It Is evident fro m the above discussion that system requirements
are strongly dependent on measurement requirements which , in turn , are
strongly dependent on the nature of the phenomena to be measured . While
conside rable data has been collected on microstru ctu re and fine structure ,
our knowledge of the statistics of the horizontal and vertica l variability of

- the ocean is presently too limited to be able to say what percentage of fine
and microscale phenomena can be measure d , given a certain sensor and
towed body capability . This is , in fa ct , one of the type s of data of intere st
to the Navy for which a towed system would be used .

2 — 1 1
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Body Motion Measurement Instrumentation

In view of the above discussion , the need for appropriate linear
and angular motion sensors to be able to calculate sensor motion is evident .
While a detailed discussion of mot ion sensors is beyond the scope of this
study , the basic sensors needed are : (1) a sensitive depth transducer
(~~~~~ 10 cm resolution) to support T and C measurements and (2) a linear
accelerometer for each axis of v measured . The motion sensors obviously
need to be as close to the oceanographic sensors as possible to be indicative
of sensor motion . Provided the latter is the case , then angular motion
sensors are only needed to analyze and relate overall body motion to sensor
motion .

Instrumentat ion Measurement Specifications

Since conductivity is the ocean parameter actually measured rather
than salinity , specifications for T , C and v were considered rather than T , S
and v . The measurement range specifi cat ions given In Table 2-3 are based
on the normal range of oceanographic conditions found in the upper 500 m
of the ocean . Accuracies are based on the ability to determine a given

density or current isopleth to within approximately 1 meter depth based on
typical vertical gradients.

Because measurement resolution and spatial resolution are inter-
related, they cannot be specified by a single number but rather need to be
quantified in term s of a curve relating the two and a relation of this curve
to measurement capability . Figure 2-2 illustrates this.  The ordinate is the
velocity gradient spectral intensity and the abcissa , spatial frequency .
The heavy black curves are theoretical curve s for active turbulence t for
various energy dissipation rates € . The area under each curve is equal
to the mean square velocity gradient , which is proportional to the

t Turbulence is synonymous with fluid velocity fluctuations . “Active ’ refers
to fluid motion where inertial forces are larger than either buoyancy or
viscous forces.

2— 12
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dissipation rate € ,  as indicated in the upper corner of the figure . The

ordinate is essentially measurement resolution while the abcissa is spatial

resolution . Given a certain leve l of ocean turbulence as specified by €- ,

which generally 1 lies between 1 and 1 x erg/gm-s , those curves specify
the measurement resolution (sometimes called sensitivity , though this actually
has a different meaning) needed as a function of spatial scale . The shaded

F areas on the figu re are envelope s of data from high and low intensi ty turbulent
patche s taken by Grant and Nasmyt h , respectively~ ’. The point to be made

here is that relatively little data has been taken at the lower turbulence

levels , mainly because of data contamination by platform motion , and
consequently we cannot say what percentage of ocean turbulence levels lie

below a given value of ~~. It is thus not possible with our present leve l

of knowledge of ocean turbulence to be able to specify a required measure-

ment vs spatial resolution curve . As is the case in most areas of research ,

one uses the best sensor available in order to learn enough about the

phenomena being investigated to be able to say whether or not a better

sensor is needed . This Is the case here . Given the performance of a part i-
cular sensor , however , the curves of Figure 2-2 , and similar ones for

temperature and conductivity , can be used to determine the limiting turbulence

levels which the sensor is capable of measuring . Consequently , the present
requirement on sensor measurement resolution and spatial re solution is that
which is the state-of-the-art.
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Section 3

CAPABILITIE S

3 .1 INSTRU MENTATION

Because of the large number of general purpose oceanographic

instruments containing T , C and v sensors , it was decided to limit the instru-
mentation examined to that developed or used specifically for measurement
of fine and microscale phenomena . As it turned out , this was necessary
anyway since the measurement characteristics of the type s of sensors

required are highly dependent on the electronic circuitry employed . In
addition , after reviewing the fine and microstructure literature and from

discussions with researchers , the general concensus is that except for a
few problem areas , existing sensors are by-and-large satisfactory when
employed in a properly designed Instrument . In view of the above , the infor-
mation presented in this section consists of descriptions of several existing
sensor systems and several individual sensor Instruments , which give a
representative picture of the state-of-the-art in fine and microscale measure-
ment capabilities. Areas where improvement in sensor performance is desi-
rable are discussed also .

3. 1. 1 Sensor Systems

When measuring the temperature , condu ctivity , or velocity fluctua-
tions associated with fine and microstructure in the ocean from a moving
platform , the spatia l resolution of the measurement depends on the time
response of the sensor as well as on its physical size . The faster the sensor
response , the finer the resolution . However , the fast temperature , conductivity
and velocity sensors presently available do not have very good absolute
accuracy , due to calibration drift . Consequently , a second set of slower
response highly accurate sensors are generally employed in conjunction with
the fast sensors , and the signals from the two type s of sensors are combined
to yield small scale , accurate data .

3— 1
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Five sensor systems develope d specifically for fine and microscale

measurements were examined:

• APL/JHU ’ s CUT Sensor Package

• APIJUW SPURV Instrumentation

• lOS Instrumentation

. NBIS MARK III CTD

• SCRIPPS Microscale CTD

APLJJHU ’s Cut Sensor

The Applied Physics Laboratory of Johns Hopkins University has
deve loped a sensor package employing both a fast/high spatial resolution

suite and an accurate suite of sensors for measuring conductivity , tempera-
ture and velocity .

The fast suite of sensors consist of a small , four electrode con-
ductivity probe manufactured by Neil Brown Instrument Systems , Inc . a TSI
Inc .,  cold platinum film sensor for temperature; and a pair of overheated
thermistors for single axis velocity .

The accurate suite of sensors consists of a larger NEIS conductivity
cell , a Rosemount platinum resistance thermometer , and a triaxial acoustic
velocirneter from NBI S , I n c . ,  to measure velocity .

A rough sketch of the sensor head Is shown below , and character—
isitics of the sensors are listed in Table 3 -1.

- ______________ 
‘-~ree ~coustlc s~ uc3r-

~~ -.- .
~ 

~~~~~~~~~~~~~~~~~ 3 - , a l l  con~ uc-~Lvity pr~ :~

1’•
co duct lvlty

cell
P tt ~~u r1 ~~ s istanC9 Z~ Ld pla t L .lum !~~m

th erTn ometer Ove rn eated t~ er~~lstor paLr

Rough Sketch of APL ’ s CUT Sensor Package

t Info rmation obtained from Dr. D . H.  Johnson at APL.
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APL/UW ’ s SPURV
11’ 25 -

SPURV (Self-Propelled Underwater Research Vehicle) has been used

for about ten years by the Applied Physics Laboratory of the University of

Washington to obtain accurate , continuous recordings of fine scale oceano-

graphic data over large horizontal distances. The sensor package is modular

to an extent . However , only the sensors re levant to this study are mentioned .

Accurate temperature measurements are made with a Gulton quartz

crystal the rmometer , while a VECO thermistor is used in a Wie n bridge

oscillator for faster response measurements.

Recently , a TSI hot film sensor has been added for velocity measure-

ment s , and a cold film sensor is now being used in order to extend the fre-

quency response of temperature measurements . Details are given in Table 3-2 .

tOS System 14

The Institute of Ocean Science s , Patricia Bay , Canada , has been

making microstructure measurements with a towed system for several years

and more recently , a small submersible . The instrumentation suite consists

of hot and cold films , a conductivity cell , rotor current meter for mean for-

ward ve locity , a shear pro be for transverse velocity (discussed below) , and

three acoustic flow meters . While detailed specifications were not avail-

able , they are similar to those of other similar sensors discussed in this

section .

NBrS MARK III CTD t

The Neil Brown Instrument Systems Mark III CTD Is a fast response ,

commercially available system that has been used for both horizontal and

vertical profllir .g of small  scale ocean structure for a number of years . The

conductivity sensor Is an 8 mm four electrode cell made from alumina ceramic

with plat inum electrodes. The temperatu re sensor Is a combination of a fast

response thermistor and a platinum resistance thermometer. The outputs from

each sensor are processed to achieve the accura cy of the plat inum resistance

t Information obtained fro m N~ IS data sheet
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thermometer and the speed of the thermistor . Sensor characteristics are

listed in Table 3-3.

Scripps Microscale CTD Package 13’ 14

Scripps has developed a sensor package for microscale measure-

ments which employ s a micro-bead thermistor for temperature measurement ,

a heated thermistor and a small impellor current meter for velocity and a

very small conductivity cell which has a spatial resolution of 3-4 mm but

relatively poor long term stability . Accurate conductivity measurements

determined with a larger cell are intercalibrated with those of the smaller

cell.  The small current meter , which has a ducted fine blade impellor ,

has a limiting spatial resolution of 10 cm , + 1% accuracy and a 2 Hz fre-

quency response .

3. 1 . 2 Other Sensors and Instruments

In addition to the sensor systems discussed above , a number of

researchers have used other types of sensors and instruments for small

scale measurements . Descriptions of some of these follow .

Airfoil Probe8

Osborn has modified an airfoil type ve locity pro be that measures

veloctty variations in the two components perpendicular to the probe axis .

The pro be tip is an axisyrnmetri c solid of revolution . Velocity variations

represent a fluctuating angle of attack of the total ve locity vector thereby

causing a fluctuating lift force which is sensed by two piezoceramic bimorph

beams . Resolution is stated to be 1 mm/sec.

Edo Weste rn Currentra k Doppler Current Meter

Edo Western s acoustic current meter measures biaxial velocity

by transmitting two orthogonal acoustic signals and measuring the Doppler

shift of the signals reflected by scatterers in the water. It has a spatial

resolution of 30 cm , and its accuracy depends on the number of scatterers

in the water , with a best value of 1 cm/sec.
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Temperature Measurements with Conductivity Probe s

In ocean areas where conductivity is dominated by temperature

and not salinity , it is possible to use conductivity cells to sense tempera-

ture fluctuations . The advantages to this are that conductivity cells are

more rugged than platinum film or thermistor probes and they have a much

higher frequency response . Gibson ’3 ’ 2° has used the Scripps micro-

conductivity probe for such measurements.

• Acoustic Vorticity Meter 12

An acoustic vorticity meter has been under deve lopment by Triadic
Research , Inc . ,  to detect oceanic vorticity wit h sensitivity comparable to

the vorticity of ambient internal waves. Circulation is estimated by the

average time difference for sound to be reflected in opposite d irections
I
’ around a vertical twenty centimeter triangular closed path , giving the mean

horizontal vorticity component perpendicular to the tow direction -

Vorticity is a direct result of current shear , turbulence and internal
waves. If it is possible to separate internal wave s and current shear from
the signal , this instrument has good potentiai for measuring turbulence to

scale s of about fifteen centimeters with several orders of magnitude impro-
vem~ nt in signal to noise compared to heated element sensors .

Cal Tech LDV

Dr. John List at the California Institute of Technology has been

developing a thre e axis Laser Doppler Velocimeter for underwater velocity

measurements from a towed platform~~. While the instrument has been used
in the laboratory , the underwater system is still in the early stages of

deve lopment . Its development should be monitored by NORDA since the WV

could eliminate a number of the operational problems associated with hot

film sensors although it does have unique problems of its own .

Personal communication .
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3.1 .3  Probiem Areas

The major problem area in sensor capability is the limitation on

scale size due to limited sensor frequency response . The limiting scale

size can be seen to be

1k min (cm) ~~ x V  (kts )
f platfo rmmax ( H z )

where V is the sensor platform speed . In order to measure down to aplatform
scale of 1 cm , the frequency response f required ranges from 100 Hz

to 400-600 Hz over the towed body speed range of 2 to 8-12 knots . While

it is not apparent from the fre quency response of the in struments discussed

above , most of which are sampling rate-limited and not sensor-limited , con-

ductivity and heated-film velocity sensors can meet this requirement .
Temperature sensors , howe ier , have a response limited by thermal inertia

with a typical 3 dB rolloff around 10 Hz for thermistors and 50 Hz for thin
film sensors . While this response can be calibrated and compensated for ,

electronic and sensor noise have thus far limited the usefu l maximum to

100-200 Hz.  Consequently , platfo rm speeds are necessarily limited to 2-4

knots if a 1 cm spatial resolution of temperature micro structure is desired.

Although one cannot specify a sL-igle hard and fast number for the required

spatial resolution , the consideration s of Reference 13 indIcate a need for a

resolution on the order of one centimeter .

Other problems , not directly related to measurement capability
but which can nevertheless influence measurement quality are: (1) fouling

of thermistor and thin-film probes affe cting both temperature and velocity
measurements and (2) contaminatio n of heated fil m/thermistor velocity data
due to sensitivity to temperature fluctuations. The former problem can be
solved by washing the probes periodically with a water j et’4 . Data is interrupted

for a few seconds during the wash but this is generally acceptable . The
second problem can be eliminated , at least in principle , by empl oying two

3— 9
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probes with different overheats which makes it possible to separate velocity

from temperature fluctuations 13 . The success of this technique is unknown as

it has not yet been tried In practice .

In summary , existing sensors employing properly designed electro-

nics are by-and-large adequate for fine and microscale measurements of T , C

and v from a slow moving platform . The major problem , which is presently the

one of greatest concern in the microstructure community , is the contamination

of velocity data due to towed body and resultant sensor vibrations 14 . This will
• be discussed in the following subsection .

• 3 .2 TOWED BODIE S

A similar approach to that of the instrumentation was taken in

examining potential candidate towed body systems . Because of the large

number of towed systems in existence , It was decided to limit the scope to
those which were designed and/or used specifically for towed oceanographic

measurements , provided there were a sufficient number of such towed body

sy stems in existence . This , in fact , turned out to be the case .

Towed body oceanographic measurement systems examined for
this study Included:

• Guildilne Ins~~uments Batfish

• MIT Towed Instrument Glider

• WHOT Two Body Towed System

• Institute of Ocean Science s System

• Scripps Towed Ocean Profiling System

• APL/ THU Towed Ocean Profiling System

• NAVOCEANO Developmental Towed Body

• University of California , Berkeley, Towed Vehicle

3—10
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In addition to these , other improvised towed systems that came to our

attention were examined in order to ensure that none of importance were

overlooked. Although not a towed body , APL/University of Washington s
- 

- SPURV (Self Propelled Underwater Research Vehicle) was included in the

study since it has been used for finestructure measurements and represents

the limiting case of a towed system with no surface ship motion coupling

or tow cable vibrations . The following subsections give a brief description

of each of the above towed measurement systems. Additional Inforrna-

tion can be found in the Appendix .

14 , 15Batfish

Figure 3-i shows the Batfish , originally developed by the Bedford

Institute of Oceanography and now manufactured by Guildilne Instruments .

The Batfish has a depth capability of 400 m at speeds of 5-9 knot s with

600 m of faired cable deployed. It can be commanded to fly a predetermined

profile or to maintain a constant depth . The depth keeping capability in the

constant depth mode is quoted as being “within 1 Tn In most cases ” although

no mention is made of ship tow point motion dependence .

A fair amount of data has been collected on linear and angular

motions of the Batfish during various depth maneuvers and is contained In

the AppendL ’.c. This data Indicates that pitch and roll motions as well as

relatively hig h vibration levels in the range 4-50 Hz , preclude the use of

fine and microscale velocity sensors . Additionally , because it is a direct

coupled system with no ship motion decoupling other than the tow cable
catenary , it will only be suitable for limited f ine and microscale temperature

and conductivity measurements in low sea states.

MIT Glider 14 ’ 16

Figure 3—2 is an overall view of the Massachusetts Institute of

Technology , Department of Meteorology , Towed In strument Glider. The glider

was built as a prototype f or meteorology studies in near surface waters . It
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has been successfully tested in the depth range 0 to 30 m at speeds from

4 to 10 knots. While it could conceivably be used at greater depths , its
non-streamlined design is prone to body structural vibrations generated by
flow , precluding its use with sensitive , small scale velocity sensors .

Additional information on the glider is contained in the Appendix .

WHO I Two Body Towed System 14’ 17

— The Woods Hole Oceanographic Institute has deve loped a towed

system employing two bodies , an upper one primarily for depth control and
a second one , towed behind and below the first , carrying the principal sensors .
Depth penetration is achieved solely by the weight of the tow cable and the
two bodies , although enough lift can be generated by the depth control body
to vary the depth up to 200 m at a tow speed of 6 knots . Design speed
is 4 to 8 knots and depth capability is limited only by the length of the tow
cable available and the crush depth of the body of approximate ly 4000 rn .

The major design goal of the sy stem was to minimize cable tension
and the resultant cable fatigue and vibration in order to eliminate the need
for expensive fairing and to maximize system reliability . An additional benefit
of low cable tension and the resultant large cable scope to depth ratio , about
7 to 1 at 6 knots for this system , is significant decouplin g fro m ship motion .
This , however , also make s the system more sensitive to change s in the
curre nt from surface to tow depth , resulting in times when steady,’ depth con-
trol has been difficult .

While the WHOI system was not designed for making small scale
measurements , the two body concept , in addition to providing the convenience
of interchangeable sensor bodies , is one which could be quite useful In pro-
viding additional decoupling of any ship motions transmitte d to the first body
as well as decoupling fro m vibrations in the main tow cable . This Is discussed
further in Section 4 .
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FIgures 3-3 and 3-4 show the depth control body and three different

sensor fish . The ring tail on the depth control body can be rotated to vary

the lift and is driven by a hydraulic system powered by the impellor within

the ringtail . More detailed information is contained in the Appendix .

Institute of Ocean Sciences System 14

The Institute of Ocean Science s has been involved in fine and

microstructure measurements since the early 1970’ s using first a towed

system and more recently a manned submers ible Pisce s IV. The towed system

was initially developed and used in the 1960’ s by Grant and others at the

Pacific Naval Laboratory (now the Defense Research E stablishment Pacific)

at Esquimalt , British Columbia . This towed system , depicted in Figure 3-5

has probably collected more towed fine and rnicrostnicture data than any other

in existence . The body is approxImately 80 cm in diameter , 370 cm long

and weighs about 1000 k g .  Depth control and ship motion decoupling are

maintained by a motion compensating winch which can be programmed to

maintain a constant depth or to cycle over a sawtooth path at climb/dive

amgles of 20 0_ 40 0 . Depth can be maintained to within + 0 .5  rn in sea state s

up to 5. Maximum depth , limited by available cable length is 350 m at the

average towing speed of 3 knots , which was chosen as a compromise between

sensitivity of the ve locity probes and the ability to control the ship In winds

up to about 30 knots . A faire d tow cable (lower 130 meters) and a vibration

isolation mount are employed to minimize contamination of velocity data .

Although this system was shelve d in 1974 , when the lOS group began

usin g Pisces 1V , it was , and still Is , the most capable , : - ~~~ towed system
available for fine and rnicrostructure measurements . i~s depth keeping capability ,
according to discussions with Dr. P .W , Nasmyth , the head of the lOS group , is
quite satisfactory for measurement of temperature and conductivity data . Ve 1ocit’~
data , however , in all but the calmest seas , suffers from sensor motion con-
tamination due primarily to re sidual ship motion coupling , which has the greatest
effe ct at the fine structure scales . The lOS group was considered adding

3— 15
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Figure 3-3. WHOI Depth Control Body . Shown resting upside-down and the
belly cover removed . The 2 . 3  rn long f iberglass  body is towed from the
forward tow bar , which Is free to rotate In the vertical plane through the
nose cone . The second tow bar aft Is for the sensor f ish .
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Figure 3-4.  WHO I Sensor Fish .  (A) Fish consists of 3 Plessey CTD sensors
and a pressure cased s ignal  mixer simply shrouded in the wings (shown
uncovered) . A later version wit h an enlarged wing , successfully towed a
Beckman dissolved oxygen sensor as well .  (B) In addition to the Plessey
CTD , a Doppler scattering current meter is mounted In the nose (see insert )
and a flux gate compass in the tail . The fuselage is a pressure casing con-
taining all the electronics and a two-axis tilt sensor . (C) The latest version
has the Plessey CTD sensors replaced by the NBIS sensors seen protr~idi ng
fro m the side of the nose .
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a second body , as In the WHOI system , for additional low frequency decou-

pling at the time they discontinued use of the towed system. Additional

information on this system may be found in the Appendix .

- 14 , 18Scnpps Towed Ocean Profiling sy stem

A recent addition to towed oceanographic measurement systems is

depicted in Figure 3-6.  This syste m employs a catamara n body which ride s

freely up and down a near vertical support cable on a sheave near its

center of mass .  While the figure shows two depressors on the support cable ,

the system has been used , and perform s quite satisfa c torily with one depre s-

sor at the lower end of  the cable . The faired tether cables , which are neutrally

buoyant , carry power and data and act as hydroelastic springs which decouple

the vertical motions of the support cable and depressor from the body . The

body can ‘ f ly ” up and down between the tether cable attachment points by

~se of the elevator contro l.  The body itself weighs  approximately 50 lbs in

air ,  is neutrally buoyant in water but has a virtual mass  of 370 lbs due to a
large free flooded volume . The design of the body tether system was optimized
by a stabil i ty analysis  ~e~~ormed by the  Naval  Coastal Systems Center ’9 .

The ~cr i p r s  sy stem , which  was developed under fundin c from
API ~- T H U , h as been tested On iV i ncier l imi t ed  sea state conditions but

appea rs to decoupl e vertical cable motions quite well and maintain depth

to within less tha n  1 m , which means that it should at least be usefu l for
fine and microscale measurements of temper ature and conductivity . The
Scripps system was in fact used during the MILE experiment to collect such
data -at tow speeds of 3-5 knots ~nd dep ths  to ~O m~

0 . Body accelerations
up to fre quer .cies of 50 H: measured durtng the experiment are shown as
the red curve in Figure 2 - 2 .  These levels are relat ively high and Its
su i t ab i l i t - .’ for velocity measurement s  remain s to be dete~~ ined ba sed on
additional test ing and techniques which cart be employed to reduce and  or

3—19

1
-- —-5— -- - — 5--



- —  -5—-~~~--- — —-.-
~~~ 

- -‘-~~~~~ —
5 —

~~; - -- ----5- ~~~~~~~~~~~~~~~~~~~~~~~~~ ___ —-5 - _______- --5”

(/,
( )  C.~V

— C.) ~-
S C) ‘-5’— 2

- - -5 
‘- 5’ c_~ -, .4—~— 5- — - ‘

‘ 
— ~‘ ~~~~~~~ >5

, C =~~~ _ i :  C,ID

= 5-—.-

— \,_ _ __ _-5_

_ _
5 _ 

—- - — ‘4-4
-

- —r 
5 - -  C 0

- - — -5;

-
- 
- c’,i ‘

~
‘ 

C -
- 

—-5—
,
, ;‘

3—20



- - - -5- -— 5 — 5- _— - ~~~~~~~~~~~~~~~~~~~~~~~ -5-—- -

compensate for body/sensor vibrations . Additional information on system
characteristics as well as some body motion data can be found In the Appendix .

APL/THTJ Towed Ocean Profiling System 21 ’22

The APL/TH U system is basically the same as the Scripps system ,

the main differences be ing: (I) a smaller tail flap , (2) the addition of a

flap on the main wing to permit lift changes without pitch changes , (3) the

use of longer tethers for increased profiling capability and (4) the use of a

more sophisticated flap drive mechanism . Recent sea tests of the APL system

have confirmed the success of these modifications , although the tether

cable s employed were much larger than necessary resulting in degraded

decoupling of the depressor and body motions. Even so , data fro m depth

sensors on both the depressor and body indicate a decoupling capability of

at least 5 to I .  This should increase considerably with the use of smaller

diameter tethers which will be emp loyed in a future sea test . Data on vibra-

tion levels were not available at the writing of this report but it is anticipated

that they wlJ l be of similar magnitude to those of the Scripps system. APL

plans to investigate the use of a “ soft ” attachment between the sheave and

body as a means of reducing the effect of cable vibrations. The Appendix

contain s some additional information on the APL system. Data fro m APL’ s

recent at-sea test was not available for publication at the writing of this report .

NAV OCE~ NO Develo~ mentp l Towed Body

NA VOCEA N O has under development a towed body system to be

used for conductivity and temperature measurements in the upper ocean .

The body , shown in Figure 3-7 , i s a bi -wing , high lift body which is a

modified version of a mine-sweeping depressor developed by NSRDC . It

incorporate s a vertical tail f l a p  actuated by a pendulum for roll stabiliza-

tion and an elevator which can be operated ~~~ an open loop or a closed loop

mode for constant depth operation . it will carry a Neil  Brown Instrument

3— 21
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Systems CTD and will weigh approximately 96 pounds in air . The body is

approximately 67 ” long and 7 ’  in diameter with a 51” wingspan and 2 4 ”

vertical tail . Tank tests have been performed by NSRDC to verify acceptable

towing characteristics and at-sea te sting is planned for this fall .  No data

exists as yet on the depth keeping capability or the acce leration levels of

this body since the modified version has never been to sea. Additional

information on the physical and electrical characteristics of the system can

be found In Reference 23 .

UCB Towed Vehicle 24

The University of Califo rnia at Berkeley has developed a towed

vehicle capable of constant depth and bottom contouring operation for pollu-

tion monitoring studies In estuarine and marine environments. A schematic

of the vehicle is shown in Figure 3-8. Depth and speed ranges are 0-30 m

and 1-4 knots , respectively. Construction is plexiglass and fiberglass

reinforced polyester. The vehicle Is towed with a 1/4 ” polypropylene rope

and consequently all data , which consists of temperature , conductivity ,

dissolved 02 .  pH , turbidity , and pressure measurements , are recorded on

board the body . This system is really not suitable for NORDA ’ s application

but was Included for the sake of completeness. Additional Information on

this system may be found in Reference 2 4 .

AP L./UW SPURV 11 ’ 25

APL/University of Washington ’ s Self Propelled Underwater Research

Vehicle has been under development since 1963 as a stable platfo rm for

oceanographic sensors . Low frequency temperature and conductivity sensors

-as well as a fluorometer have been used on the original version desIgnated
SPURV I .  An improve d version , SPURV II , is presently being evalu ated by

APL/UW as a platfo rm for high frequency temperature and ve locity sen sors
for measurement of fine and microscale phenomena . In addition to having

a wider speed range than SPURV I , 4 to at least 7 knots as opposed to 4

to 5 knots , SPURV U contains a 3-axis accelerometer package near the

3—23

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ . -



- - — ~
- ----—- ~~.-.~~~~~~~~s—--:.. - ? - L  —-5—S—--—

I

C.~ • • Li..
Os ,

4
o > =z

. ~~~~2 2
— 4 - - —

/ 0 0

/

j

~~~~~~
\

\

\ j

!~

3—2 4

- - - -5- 5  —~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ -5- - - —-  - ~~~~~ . -5— - — 

- 

-~~~~~



!Ir::. 
. 

~~~~~~~~~~ 
—_5.

~~~~ 
- — - — — --5 

~~~~~~~ . . -.

Th iS FAG.E LS BES? ~UALIT ! C I G ~B~~

—. ~~k~~ )M ~~~~: I ~‘J~~~ L~~~. ’- ro :~~C

sensors to monitor vibration levels . Figure 3-9 show s a schematic of
SPURV II .
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Figu re 3—9.  The SPURV II Vehicle

.

The purpose of including SPURV in this stu dy was for use as a

baseline for platform motion levels . Since there is no tow cable , ship

motions and tow cable vibrations are absent and one is left with motions

due only to the natural stability of the vehicle and from natura l and motor

induced structural vibrations. From the blue curve of Figure 2-2 , it can be

seen that vibration levels are quite low except for the large peak Just above

100 cycles/rn , which is related to the motor speed . At lower speeds , these

levels become even lower . Although no data was available on depth stability

for SPURV II , SPIJRV I depth control could be maintained to within less than

10 cm and it is expected that SPURV II stability is similar . If ship motion

and cable vibration can be sufficiently decoupled from a towed body system ,

then one would expect to be able to do at least as well as SPURV’ s performance .

Other Systems

While it is impossible to be certain that no other towed oceano-

graphic measurement systems were overlooked in this study , it is highly

unlikely that any of potential use for operational fine and microscale

measurements were missed. The micro stru cture community as well as the

3—25
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towed body measurement community are relatively small , close knit groups

that are aware of each other ’ s work . Since we talked with a numbe r of

prominent researchers In each of these communitie s , It Is unlikely that we

have left out any signifi cant instrumentation or towed body systems that are

being used for the collection of oceanographic data in the upper ocean .

r’.
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Section 4

EVALUATION

The present section compares the result s of the previous two

sections in order to determine which instrumentation and towed systems meet

NORDA ’ s requirements for towed fine and rnlcroscale measurements . Section

4 . 1 discusses instrumentation in term s of a recommended baseline suite and

a recommended optional sensor suite . Section 4 .2 dIscusses existing towed

body systems in terms of the degree to which they meet the requirements

of Section 2 .  Additional capabilitie s gained by combinations and,ôr

modifications of existing systems are also discussed . While at least one

existing system meets the requirements for temperature and conductivity

measurements , none presently meet or appear likely to be capable of meeting

the body motion levels needed for measurement of velocity at the lower

intensity levels. Consequently , Section 4 . 3 discusses and ranks alternative

concepts for a •~y stem capable of measuring v In addition to T and C.

4 .1 INSTRUMENTA TION

4 . 1. 1 Recommended Baseline Suit e

Section 2 , Requirements , stated that T , C and v sensors should

meet the range and accura cy requirements specified in Table 2-3 and that

the measurement and spatial resolution should be state-of-the-art since

not enough is presently known about the distribution In the ocean of the

various flu ctuation intensity levels to be able to specify a requ ired measure-

ment resolution vs spatial resolution curve . Based on this  and on the

sensor capabilitie s discussed In Section 3 , the baseline in strumentation

suite recommended is given in Table 4 -1. As discussed in Section 2 ,  both

a fa st and a slower but accurate sensor are specified for each parameter in

order to maintain accura cy over the entire frequency range . With regard to

fast T and v , platinum film probes have been recommended over thermistors

because of the slower drop off in frequency response . A good discussion

4-- i

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

—

— -_-__-—~~~~~~ — 
-

~~~~~~ 
______



—- 

~~~~~~~~~~~~ 

- — —

~~~~~ ~~~ 

- - _ _  --  -

~~~

-4

-4xa) C) ——4
‘4 4.4

C,~ C)
4-’ ~~~U)I..

o C) ,
~~~ — o

--4 0.
-

~~~ 

.c
4.4 0 ~~~ {f1 0.) .~ C)0.) CC~ 4.â~~~~) .

~~ o 0 Cl)
Z 0 .0 ~

..

0.) 0. .0
CID (t)~~~ 0 0.

Cl) 0 0 4-4 — Q0 o~~ (() -4 _
4.4 > 4.4 -— Cl) 0 Ci)

C) 9-4 — ~-‘ (1) ~-.Cl) 0 >. 4-& 0.

-~~~ 
4-h 0 0 )  a ) O

— G)~~~~ ~~~ -~~ 
-
~~~ .~~~ .0 ~~~~~~~~~

0 ...i o (~~~~ -.-~ a)
Cl) .~~~ 

~~ 0 4.4 (ti L _ 0

o ~~ a ~~. r~~~~9 ~~ o
0 0 ~.. ~~~~0) ‘ 4 0C~. —‘ a

(~~~~~0. 4.4 0 0 (t~ ~ 
(Ci~~~~~

C) ..-, 0— .~- t.. 0
o ~~. 4 0 Q H
0)

8 
___________________________________________________________C)

-4

=

C) H H 0 0

H H H H
‘~~ CfJ ~~~ Cf~ ~~ ~0 .~ ~ ~~~< C... < C~.4 C~. ~- .

4—2

- — . ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ . 
- - -  

_~~~~



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __________________ -~~~~~~

of the pros and cons of both platinum film and thermistor sensors are cx n-

tam ed in Re ferences 13 and 14.

In addition to the oceanographic sensors , a knowledge of sensor

motion is mandatory in order to place confidence levels on data collected .

An accurate depth transducer is needed to determine contamination of T and

C data and a triaxial accelerometer near the sensors is needed to determine

vibration levels which contaminate velocity data .

4 . 1 .2 Optional Desirable Instrumentation

In addition to the baseline suite recommended above , the follow-

ing sensors would provide additional valuable info rmation .

High Frequency Fathomete r

An HF iathometer , probably pointed upward from the towed body ,

would measure motion of scattering layers due to internal waves. Besides

the additional capability of 2 -dimensional mapping of the internal wave field ,

this would aid in isopycnal surface following and in determining contamina-

tion of constant depth tow T and C data due to the vertical motion of the

vertical fine structure caused by internal wave s4 . A PE . TH U has made such

HF fathometer measurements from a port in the bottom of a ship and more

recently , Woods Hole , fro m a shallow towed body . In both cases , ~~
feasibility of such measurements was confirmed but problems were exp-3rienced

due to angular motions of the platform . A towed body with goo d angular

stability , instrumented with pitch and roll sensors , is a pre -requisite for

~se of this instrument .

T~~nd C Sensors Along Tow Cable

The addition of temperature and conduct ivity sensors along the

tow cable provides simultaneous data at more than one depth , which , In

addition to increasing the overall data collection rate , allows the measure-

ment of vertical correlations which can be difficult to measure

4— 3
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with a single point sensor on a towed body . The vertical con-elation

length , as discussed in Section 2 , determ Ine s the towed body depth stability

required to prevent contamination of horizontal tow data by the vertical

stru cture . In addition , vertical motion s of the pycnocllne dua to internal

waves are easier to interpret from simultaneous data at several different

depths. Because of cable vibrations , the use of ve locity sensors along the

tow cable other than to measure mean current shear , would not be practical.

Acoustic Vorticity Meter

Because vorticity Is not affected by linear motion , Including linear

vibrations , it is theoretically a more sensitive indicator of tur~-ulence than

linear velocity since platform angular vibrations are generally considerably

less than linear vibrations , especially at the higher frequencies. Wh ile

internal wave s and current shear also produce vorticity , the spectral charactEr-

istics of the three processes are expected to be different enough that they

can be distinguished from one another. In fact , the measurement of vorticity

may be one of the best methods of separating these various phenomena when

all three are present simultaneously . While the acoustic vorticity meter is

presently still under development , it should be considered as a potentially

valuable addition to a towed fine and n’.icroscale measurement system.

4 . 2  TOWE D BODY SYSTEMS

4 . 2 - I Existing Systems

The towed body systems discussed in Section 3 were given an

initial evaluation based on depth range , speed range and overall controllability .

:1-Lree of these , the WHOI , MIT and UCB systems were Judged unsuitable In

at least one of these areas .  This is not to say th at  these systems are not

suitable for the application for which they were Intended but only for the

fine ari d microscale measurement application .
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The remaining five systems were judged to be candidate s and were

subjected to a more detailed evaluation to the extent possible based on

available data on body motion leve l~. , discussed in Section 3 and the

Appendix . Table 4-2 summarizes the results of the eight towed systems

considered . The NAVOCEANO towed sy stem is presently undergoing evalua-

tion and data is riot available at this time but it is anticipated that it will

be suitable for at least fine and micro scale T and C measurements , although

under limited sea state conditions due to the fact that It Is a direct coupled

system with no specIal ship motion decoupling mechanism.

The Batfish is also suitable for only limited T and C measurements

because of the direct coupling . It is unsuitable for velocity measure-

ments because of the high vibration levels and the , at be st , fair pitch and

roll stability . This is not to say that the Batfish cou ld not be suitably

modified, but as it now exists it is unsuitable for fine and microscale

velocity measurements .

The 105 towed system is definitely suitable for fine and microscale

measurements of T and C In sea states up to 5 , based on extensive at-sea

experience . The Scripps and APL systems appear to be suitable for T and C

measurements although only limited at-sea data is available . All are of

limited suitability for velocity measurements , that is , ~ mited by body

acce leration levels. From the Scripps accelerometer data of FIgure 2-2 , it

appears from the frequency ran- e covered of 1-50 Hz tha~ accelerations c~ue

to ship motion coupling , cable vibrations and body structural vibrations may

all be present . While no published data is available on lOS acce leration

spectra , the ma~~r source of motion contamination of ve locity data - as

mentioned In Section 3 is the residual ship motion coupling In the frequency

range 0 . 2 - 1  Hz which cannot be sufficiently removed by the sensor vibra-

tion isolation mount which has a natural  frequency of 1-2 Hz ’4 . Consequently,

contamination is a problem in the scale range of approximately 0 . 5 - 7 , 5  m ,

the lower end of the fine scale region .
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In summary , there are three existing systems , the lOS , APL and
Scripps systems , which are or appear to be , from presently available data ,

capable of meeting the requirements for fine and microscale measurements
of temperature and conductivity . None of these systems are adequate for

velocity measurements over both the fine and microscale ranges at the lower
intensity levels (down to E = 10 erg, gm-s) The lOS system , however ,

appears to be suitable for microscale velocity measurements up to sea states
of 5 but is only suitable for finesca le velocity measurements at the lowe st

sea states. A quantitative estimate of this “ suitability ” is unfortunately not
poss ible since ‘0 data has been pu b lished on sensor motion spectra . Since
velocity measure r. ents are crucial to a scientific understanding of the

generation and dissipation of fine and microscale phenomena in the ocean ,

the conclusion is that  no system ~resent lv exists which is entirely adequate

for NORDA ’ s purposes. The following subsection discusses several modifi-
cations of these existing systems which can be expected to improve their
;eloelty measurement perfonnance .

4 . 2 . 2 ModIfication of Existing Sy stems

Table 4-3 lists four modifications to the A?L , Scripps and lOS

systems , the advantages and disadvantages of each , and the velocity scales

over which mea surement  capability will be impro ved. The first and third

items are employed in the existing lOS system and the second item was under

consideration by the lOS group to increase the decoupling from sh ip motion

beyond that supplied by the motion compensating winch , which is on the

order cf 10 to 1. The addition of a motion compensating winch also allows

the use ot temperature arid conductivity sensors along the tow cable for

fine and microscale measurements.  Unfo r tuna te ly , Clue to lack of data , it

is difficult to make a quantitative estimate of the degree of improvement

afforded by each of these modifications.  The follos~ing subsection , however ,

makes  a semiquantt tat lve comparison of severa l conceptual systems ,  Including

the m odifications of Table 4-3 , ba sed on the various approaches which have

been or can be taken to solve the sensor motion contamination problem.
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4 . 2. 3 Conceptual System Evaluation

Based on the examination of existing towed body systems and the

difficultie s encountered in their use , the critical problems in fine and

microstructure measurement from a towed body can be stated to be:

• Ship motions transmitted to the towed

body

• Tow cable vibrations transmitted to the

body

• Body stru ctural vibrations due to hydro-

dynamic flow

The first problem affects measurements of all parameters (T , C and v) while

the latter two are important only for velocity measurements , (neglecting

vibration effe cts on poor electrical connections) . There are two genera l

type s of approaches which may be taken to solve these problems which we

will call the “ physical”  and the “electronic ” approach .  The physical

approach is to attempt to isolate the motions before they reach the sensor.

The electronic approach is to compensate elect ronically for sensor motion

using simultaneous data from accelerometers or other motion Instrumenta-

tion . These two approaches are discussed separate ly in the following .

Physical Approach Evaluation

Table 4-4 lists the above problems along with physical techniques

available to solve them.  The cable rider body is the SCrlppS/ ’AP L type

system while the depressor towed bcdy refers to a two -body system such

the WHOI system. Any scheme for evaluating alternative systems should

include an eva luation of the systems ’ abil i ty to eliminate th2s e  source s of

motion. The scheme we have used to evaluate the conceptual systems pre-

sented below , is based on the following crlterit.:
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• Degree of ship motion decoupling

• Degree of cable vibration decoupling

• Overall system simplicity

• Handling ease

• Tow cable tension variation

• Volume and weight

• Risk

• Cost

Body “sensor motion decoupling (via a sensor Isolation mount) was omitted

from the criteria because it is basically an add-on with similar performance

for each system. While one can think of additional criteria , we feel that

these are the most important .

The actual conceptual systems are based on the three system

factors and the alternatives for each factor shown in Table 4 -5 .  The

instrument body is defined as that which carrie s the instruments , and the

depr essor as that which serve s only (or primarily) to depress the tow cable .

For a single body system , such as the 105 system , the Depressor Control

factors are to be ignored . Active control means moveable lifting surfaces.

Table 4-6 is a listing and evaluation of conceptual systems resulting from

practical combinations of factors in Table 4 -5 .  In addition , a motion com-

pensating winch (MCW) augmenting the cabie rider instrument platfo rm

(CRIP) and the depressor towed instrument platform (D TIP ) is constdered .

Because of its complexity , a secondary body towed from a CRl F system

(CRlF ~DTIP combination) was not considered . The fIrst two concepts labe led

simply \ICW imply a single body system such as the lOS system. The fourth

column note s th a t  three of the candidate concepts a lready exist .

The eva luation was done as follows: the various system concepts

were ranked on a scale of 1 to 5 , 5 being the best system , 1 the worst , for
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each of the criteria listed along the top . Each of these criteria were then

given a relative weight on a scale of 1 to 10 , shown at the top of each

column . Ship motion decoupling was considered to be mo st Important and

was given a 10 and similarly for the other criteria . The we ighted rankings

were then totaled and are given in the right hand column . While one can

argue over the exact numbers chosen , the la st concept , the depressor

towed instrument platform with a motion compensating winch , rate s far

enough above the others to make it the obvious choice . This Is in fact the

concept which the lOS group was considering to improve the performance of
their system. While considerabia effort has been put into development of

the CRl F type system , which has excellent potential for decoupling of

vertical cable motions , It does not appear capable of decoupling horizontal

cable motions in the ship motion fre quency range , which Is the reason it
was rated with only a 3 , by itself , and a 4 even in conjun ction with an

MCW . if , for example , one calculates the velocity gradient spectra l leve l

of Figure 2-2 associated with , say a 1 cm i-m s horizontal body displace-

ment over the frequency range 0 . 2 - 1  Hz , at a tow-speed of 4 knots one finds

a leve l of about i x iO -2 in the 0 .  1 to 0.  5 cpm (2 to 10 rn wavelength range) .
This represents a significant contamination of the fine structure ve locity

data . The rms acceleration corresponding to this leve l is about .015 g

which is on the order of that measured during initial testing of the Scripps

system in the San Diego Bay ’8 . While It Is not clear that contamination
of horizontal Components of fine structure velocity data can be adequately

eliminated by any technique , the depressor towed instrument platform with

motion compensating winch concept appears to have the greatest potential

for minimizing It.

Electronic Approa ch Evaluation

Refering to Figure 2 -2 ,  if we desire body acceleration levels in

the fine scale range to be on the order of 10~~ (m/ s-m) 2/cpm in order to

4 — 1 4
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avoid contamination of the € 10~~ curve , then we require the i-ms accelera-
tion level (over say .2- 1 Hz at a speed of 2 m/s) to be less than

arms = ]
~~ 

5
m/s 2) (2 m/s) ( i_  .2 Hz )

—3 2
= 4 x 1 0  m/s

0 . 0 0 0 4  g

Although possible , it Is not likely without considerable development effort
that any physical approach will be able to reduce acceleration levels In the
.2-1 Hz fre quency range to such a low level. Consequently , electronic
motion compensation techniques using simultaneous accelerometer measure-
ments should be given due consideration to determine the exact degree to
which velocity sensor motion effects can be rejected from the sensor out-
put signal . Assuming that the ve locity sensor and accelerometer motions
are the same , or a least proportional , which will be true provided the sensor
and accelerometer are in reasonable proximity to one another and the fre-
quency range of interest is not too high ( .2- 1  Hz should be no prob lem) ,
then the question becomes one of the stability of the velocity sensor and
acce lerometer outputs in order to maintain a reasonable common mode
rej ection ratio . Real time calibration techniques would probably have to be
employed to ensure the contir.ued validity of the compensated data . One such
technique is to apply a mechanical shaker to the sensor,/accej erometer package
during periods of low velocity s ignal .  Another is cross correlation to determine
the exact magnitude of the common component .

Since seismic accelerometers are available with a noise floor on
the order of 5 x 10 6 g i-m s over the frequency range 0. 1-100 Hz , the real
question is the stability of hot film velocity sensors which will determine
the frequency of real time calibration required and whether or not a single
frequency or a broadband calibration must be performed . While to our

4 — 1 5
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knowledge , motion compensation has not as yet been attempted for towed

ve locity sensors , it should be relatively straightforward to test Its

effe ctiveness.

4 .2 .4 Conclusions and Re commendations

Based on existing data , the lOS system is , and the Scripps and

APL systems appear to be , capable of meeting the requirements for fine and

rnlcroscale measurements of temperature and conductivity . Although sup-

portive data is lacking the lOS system appears , based on discussions with

lOS personne l , by-and-large adequate for microscale velocity measure-

ments but inadequate for fine scale measurements, except possibly under

very low sea state conditions . The Scripps and A PL systems , as they exist ,

are not satisfactory for either finescale or microscale velocity measurement

because of the high vibration levels. The addition of a vibration isolation

mount would probably allow satisfactory performance over the microscale

range but not the finescale range .

Improvement of finescale velocity measurement s for all systems

require s one or both of two techniques . The first is by increased physical

decoupling of ship motions of which the most promising approach appears

to be the addition of a secondary body , towed behind and below the existing

body . This approach is , however , only practical for the lOS system . The

other technique is electronic motion compensation using simultaneou s

acce lerometer data . Although the exact effectiveness of this technique

is unknown , a rejection of at least 10 to 1 should be achievablb .

Since electronic motion compensation is applicable to velocity

measurements with all systems, since physical decoupling technique s will

probably never totally achieve the body motion suppression required at fine

scales, and since electronic compensation is the less expensive of the two

techniques , it is recommended that this technique be inve stigated to determine

its effectiveness before beginning additional towed body development

4—16
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work . Based on the degree of motion compensation achievable , it wil l the n
be possible , from accelerometer data of existing towed body motions , to
det ermine the additional motion suppression required by physical techniques.
At that point , if warranted , model development and tow tank experiments of the
decoupling afforded by a secondary towed body should be initiated .

A motion compensation investigation would be relatively simple
and would employ a shaker table with a three dimensional motion capability .
A ve locity probe /three-axis accelerometer package would be mounted on the
table in a flow tank and the probe response to motion in various directions
over the corresponding finescale and microscale frequencies would be
measured . Limitations due to drift , noise and other effe cts would then  he
determined to predict the degree of motion rejection feasible under realistic
conditions.

4 — 1 7
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Section 5

SUMMARY

A study was performed to determine If existing towed oceanographic

measurement systems can meet , or cnn be modified to meet , the Navy ’ s

requirements for measurement  of the finestructu re and microstru ctu re of

temperature , salinity and velocity in the upper ocean . The results , in

summary , are: ( 1) existing instrumentation is by-and -large adequate , the

major areas of diff icul ty be ing the limited fre quency response of temperatu re

sensors and fouling and temperature contamination of heated film velocity

sensors ; (2) towed body requirements for temperature and salinity measure-

ment s can generally be met by one or more extsting towed body systems ,

and (3) ship motion decoupling technique s employed by existing systems

do not appear adequate to allow velocity measurements ove r the full  amplitude

and spatial frequency range of interest except in very calm seas. The over-

rising consideration in the suitability of the towed body system is the conta-

mination of hor izontal  temperature and salinity fluctuation measurements due

to vertical motion of the body in t~ e presence of vertical structure and con-

tamination of velocity data due to body sensor mctlon along the corresponding

axis . A consequence of this is the need during towed measurements  to morn-

tor sensor motion over the entire measurement frequency range and the need

to measure the local vertical temperature and salinity structure in order to

place confidence limits on horizonta l tow data and ~‘or to employ motion

compensation techniques.

Two types of techniques to improve velocity measurement performance

were considered. The first , termed the phy sical  technique , was based or .

physical system modifications to increase the ship motion decoupling at

the towed body carrying the sensors . Based on three types of ship motion

decoupling techniques and two other primary system characteristics , several

conceptual systems employing existing technology were defined and rated

using a number of performance criteria . The towed body system which rate s

5— ~1
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highest consists of a motion compensating winch for primary ship motion

decoupling , an actively controlled depressor for primary depth control and

an active ly controlled secondary body containing a complete sensor package

towed behind and below the main depressor. The secondary body provides

primary tow cable vibration decoupling and secondary ship motion decoupling.

Additional vibration decoupling can be employed via a soft attachment at

the secondary body tow point and a sensor vibration isolation mount . An

added advantage of the motion compensating winch is that temperature , con-

ductivity and depth sensors can be employed on the main depressor and

a long the tow cable to collect additional information regarding vertical and

horizontal structure ar ,d correlation t~rope rt les.

The othe r technique , termed the ele ctronic technique , employs

electronic motion compensation using simultaneou s accelerometer data .

While thi s technique has apDare n t ly  not yet been employed in practice , it

should be relative ly straightforward and inexpensive to inve stigate and

determine its effect iveness.

Since existing fine and micro scale towed mea s~’re men t  systems

have been found to be inadequate if both finescale and microscale velocity

measurements  are to be included in additIon to temperature and salinity

measurement , and since ve locity measurements nre cracial to an under-

- 

- 
standing of the  physics  of ocean turbulence generation and dissipation , it

is recommended tha t :  (1) ele ctronic motion compensation us ing s imultaneous

acce lerometer data be investigated to determine the degre e of compensation

possible under realist ic conditions and (2) model I tow tank experiments

be performed to determine the addit ion al  ship motion decouplir.o afforded

lo.’ a secondary towed body .
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Bat flsh

The following pages include a copy of a Batfish data sheet and

- - 

an article from “Ocean Engineering ” by its designer I .  G . Dessureault .

The pitch and roll motions mentioned in Section 3 are shown In Figure 6 .

- t  In particular , pitch and roll motions during climbin g and diving In Figures

6c and 6g are rather erratic arKi would most certainly contaminate finescale

velocity data . The vibration levels mentioned in Section 3 are discussed

on Page A- 13. The 0 . 1  g rrn s acce leration over the frequency range 4 to 50 Hz

mentioned , corresponds to a velocity gradient spectral leve l of about

5 x 10~~ in the spatial frequency range 1 to 12.5 cpm at a speed of 8 knots

(14 . 8 Km , hr) - Re fe rrin g to Figure 2 -2 , this represents a significant con—

taminat ion leve l at the lower microscales , about an order of magnitude

above that of the Scripps towed body .
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In s t rumen t s .
— Bi t ’ r~’ . - , e , t e r ~s v c  ~- ,,I , ari d - ‘ s i  . c i~~on t r ~

B I I s ’ - d  rs ~ ~.,p Cao , nci.i  Cco ’ -: ‘
~~~ ‘ ~ s.

~~ l • lmp u lc ph yc i k V i r , r r s i - n c  F u o r , rne ’, , r

e C - - s — - c  ci ’ -~.,i c n-p ri m rod  ‘ i -  I - - s O o t ,-

i t i ”  c Sci en ce ’  - U ~ • C, ’p’-porl Counter under d - ~ eloprnent .

T n-~c b- “ ‘ ho --~ n C r - i~rO a al  i l ” - ’ ~~iOn • Spi-c il r r - co rd r ng  and disp ay of da ta  in i - - i l -s t or
0 t he s- . s e m  ‘c orde to f l v , t~ 4 u ,t h e ’  d : s c u s c - o n s  t - ,,s ed d ig i t a l  f o r m  as ‘ p ” c i f ’ ~-d
on -i ç~~~- i1 ,~~ r p a u , r e m ø — , t S  P. - 0 - n ’ s t ’, I i  - - O n - b

r~ c a l  pr c-p oca c a r e Sol ’ c t i d  • 3 o t r n - m  A o - r dan c e opt ion coup le d to ship ’ s d- - p t h
s oun d e r f n r  opera t i on  in cha l I i - ~. o, .i t ” r
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SPECIF ICAT IONS
- - 

~~~~ ,L&... _~~~~~~~ ~~~~~~~~~Op” at  rig D- - o t n

Cib e Dc pt h  - ‘ 
- - 

- 
- - -  -

5 t o  10.,r’ct s 300 re ” --s c ’ s -i ’ d 100 metr es - 
‘
~~~~ ~~~~~ ~~ o ~~~~~~~

5 t o l 0 ~~ no t s  300 nr’~r es :- ”d 300 --.’ ,’ t ’ ’-.s : 
- - 

- ., -

r us 200 m n - t - e s  - 

•, 4 ~ ~unra red - 
—

5 ~~Q ~c o t s  r~OO mCt ’ i ’ s  a , r” d  400 rc - o ’es  ~~~~~~~~~~~~~~
-
~
-
~~~~~~~~~

— -- - -. ---
~~~~~

, 
~~

-
~~~~

—-- 
~~~~~~~ 

- -~~~-— -—-- -~~-- ‘~~~~~~~~i

ca l r I cab “ ,‘ri ~ if 50 r —s ~ t 
~~~~~ _~~~ _~ 

~~~~~~~ ~~~~~~~~~~~~~~~

-i co ing n r r s  and sr’ D to cu r ’ s ce - s r~’ rtu , r” d . DECK CONTROL UNIT

-‘ri C io  e O 0~ ~~~ ~~~ ‘- inc-’  8703 OTO )  i f” I  ~81OO B,r ~ -s h C o c t ’ o i  L o t  p ro v i d es  manual and
-5 - - o t t o 330 m e t ’ e s  au tomat i c  d - n r h  C O n t r O l  t b’nug f l  a clo s ed no p servo

0 81 cms - - . c t ,~rr The ‘c :,”ua l  command is in the fo rm of a
00 ct  - - ‘  ~t ’c  4 3 rn-’ r - c  00s 10 t u rn  p ot -  n - t cim~~e, In t O - c au tomat ic  mode 10

- ‘ — c t ’ - Ca- COr d  ,cto c t o r n  ,nnt-: ”t  r - - t ~- ’  are  used To se t  ,sc ~ e’ and osse r

-- -- - - ‘s ns r -  pt o  m t  r a t e  cd - ’ . r ” ” t  a — c d ci ~rcerc t and -cn --m

L- - - ’ g tb  3 c~,’ t r ” t  ,, -~ .d,, nce m r  ~,~e!.-r nd c it  - - i s  of command and
O C - t O t  0 9 me ’’es n c t u a  -~~- ; i~~~ and -~e ’so c p o t r c ~ ç p ’ ~- n5

-- Spa” 0

in o r  70 rt ocms Spec i f i ca t i ons  sub ject  t o ch ,’niqe ~~i t h i u t  r — , r , c e .
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Bat f is h

“B A FFISH ’
A DEPTH CONtROLLABLE TOWED BODY FOR COLLECTING

O( -\ ’N ( ) . R, -\ P H IC D A T \

I -G  D ’s’t ~ I 5 i  L T  

, ‘ , s  [l ,s s O n , -\i a r t ,  ( I - . -~ , n ’ , .ip h :~ ac , -’ni i ,-r\ - j i cC ~~’i~ - - c  c - c c  o f i i , rr, ’~-3 7’h~ - 
~~s r% a S~ ,’ t a , ~

\ l i s r r a , j t  B.i(trsh’ s -‘ c - c J r r ! r - c s ~ scb 5 c iesc : ,  “ ei to h~ usc f , j sc  - ‘ csp - ’ nJ nc - ccJcc, - c rapOlC
s e-rs , ’ rs It is t , ’ ’sei -c t r . rc, f  .‘ ship or — roP~ sessel .ini O s  icrth i~ contr ,- ci m m  the s~~’ei
a - . i i ’ is t . i f l s  ,‘ rcj u r i ’c raraaIP rrod ,- ce,t4, -:t .mand sl ic ,ri.i) ‘, . , r .a r ic - a r r c e ~~~r,p — erro r the ‘c h ic le

f-ic , - s s , -ei .ini a - r - ’ e l  c - r c r , ’l - a t  a ce , -s hi ~ t’i c- l , r r . rr, irCs the —ce o ci r h e - a ss  ‘- a. ias r  is -a res
- 

- lat eral - I , c i ’ i , I V  There are cs — c ~o,Jciis If-re s t .,nd.ird .ini hr  -s i ~ -‘ org iLittish The st andard
IL,rt ish c’ as ,ci’i ’c,: c,f - p c r i t a r s ’  a- r i ~-.- riJuC:is ii’ iat.i at ,:c r hs oi up so ,~ l rn c~hen u-s’e,~

- - - -  -c r , .itici the ‘s - r e  -s i re i,pc: ’h at ieprr,s t i n st c c - she r ‘ ,nsed ,t 0— i  r~k m  hr

— I I N T R O D h  i I i  ‘-

Tj~ i - s t  ~r ~~
, ‘ds descr ;hed in t h is rc ’~~

, ‘rt s , j~ des ~: - -
~~~~-~~ ~ ~ 5-h ~~ 

- 
~n c . lr r v ic t  - r esro ncd :ng

‘ C O s c i t s  .1 cç rt hs ,‘ tc t roYabhc P — cr c a ci’ sri ! ,~
, 
~- :: _1t ‘Oc ’e’ci s i~ — r  to ~~~~- :rc  t~ This

‘:~ ~~~~~~~ art —ch-d  r I S C  spPisl-r~OPt f l uo us rc~ ord s . of the pa racre t  c t s ’,-”. ’eO . in he cr ’ r z r ’ c t t a ~
a- c d t cc s e r t ICa!  d r rcccCI ~’r,s cin d can be n- -r ~,cc d I t - s - tn  rc- h t t i s  c !v sotad S C s — c r 5  s ,i,,c~t n -s hose co-cid
- - - r  i~ larid 55 51c r a r -  C r 5 .

The ,i~~s is i ri of .i body t , s- mose rh r , r o e h  an’ l~c u: d Is a ‘:Pt’ c\ ~ri - b e r n  A - - - - ~~ t o e
is sse!!  ~~t ah l t sh ed  t5 - r I I  rs -L i  ceo ,-n l s  ‘a I h o  1 PC - 

~
- -ecr  i ; ‘ s s t  has ci -c rc  bricri any

:b ~~~~ : ‘ t t s  I ci h,tcd to the ~i e — c c n  of ‘s- - s i r es t oss ~d throug h -s a l ec ‘~i —and ha g c n. I ‘~ s -i~
R s c i r d s - ri, i -1i ’~ - j ’ . s t t , ’ t t , I l ls- t i , I a : t c c c e p , It’ ’ , F_ trr cis , i - ’h .Tc ~~res , I los I .  \Vhde t r e r e
i re s c t p c , i r : t l c s  c ’ c t s s c i C n  i cc- ~do’ ,i, f l , l IO s n - r i d  n - e r - o f ~ cc arn ’c ~ase ’ , t hc i  hceh h\ d r c d -  ,~:t1ic-
;o-r i r ,i ’ i tv  fo rce c i t : ,  and the us e if a t ,  ‘-s c ct e ~.,D!c fr ~-r- i a :t~’~s c r c iz -h .p :r,crca’e

prc h ’ erns .
T° e dea l -

‘ ch:~ !m,t a O l d  lie ,i s~ d-ç i r5 -ped cO ~‘ ‘ -d ( ‘ road c c c i r -  - t c i - c  s -nt r olkd ‘: c o i r t e  I
c -ct  ‘if  a s u r I , i c e  s e” c - bpt  t cc COs t c i  .i ’ctPi . p- - -’ cc p h i n t  and an - c cdc r - -s s t c r

guidance ‘tern c - - c - cort -i :~~d> pr , c i c c p tcd  c s  t o  -- - - ,le r p- -s ed s t erns only .
• 

10 t O - s  cii! sv ’  cm~~. t h e  h dr ,is c o o p dr.mg - -cc h-j - - ‘ s ’  :- ‘ c tO - - - t  he osercome cm - rd  -rr  t o
reach t h e  , - rc - r , l t s , - - c , d h- ts- th  T’cc t r t , - ’t ,! - - c . I  c c c l  rod ~- t ci’ n ’ r - ’ ht tg  the depth :s t o h-i s e a
hadast cd !r,idv and to  s ,irv t he  depth b> s n - t -, - t i ~~~t h  e e c r - c c h  is- f  the ¶ os v l i ne  ‘ c i ’  s e s cc , a
maj or pr ob lem c i t h  this c ’ r c t p ’ d  s 0-c c - c u d I or .s :eo~ 5 , 1  ::t\ c’. i e c ; - ~s -ocser . and h- rh -s p e ed

o ric h rcu c i r c i d  to ucid u n- te  the t ~s c d I— id> ‘a ‘ t o n  d es t r e s t  pn - c ter ns , S i r s e  s L p~ , c- . t ’ ’ ccc f l t  Is

-c , - t  cr ’ r i p a t c D C  w t t h  ~ s’n t nr :ous  o n- r r , p c o f l  C- mc a s f l cd ! h is -a t ,  t hi s 5> -pc of ‘-
~~s - t  c cci ss as not

p ~‘uc d.
- -i cce pt chi s -—e n 5 -1 - c - h t  l ’s ’ cd hod> -- s i t h an, t o : - ,  :c: c e ~ - r i m  ,\ s tn - IH  zer pta :  cr  - i  ms

r od ,t rn d >~ t ss  c ’ . i n - c ’ : t s  it id dc pt hs , , i t cd a ch ’~c - - -, -p  s e c - c  ~-p, rn tco l s \ s t C f l i  j j h s -ss~ pc, - :c ,cm -
t t i ing 01 , tn > depth t’,r t t e r - c s- ‘ s i t h i n  5 e c t . i c n  r d t e - c  and l imi ts  ,r f d r s i nc -

The t s s  c c p - c  c . cc i ~b - e c t , s e s  of maximum de pt h ir. ri ‘ ps -ed are t oe t  b> tss o co de s

pade d the ‘‘ c tar t d,ird’’ aod t he  “ss ide- ss ing h,st0’h’ lOre s t . c co : . r cd  } taths h reac hes the

s I,” r s t t a t ~ i-I O ca t - , er,iplis C, ’ r , t r - bs , r is -n.
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Batfish

allowable tension at high specid. while the ss ide-wi ng Batfi s h pri rducc-s the same tnaxirnum

tension at a fosser speed and hence rej chcs z r - ca ter  depths.
c ome time a fte r this pro tect ‘-s .us st.ir te d, in l’~tnh t he author ipar mcd about s mular

n Germany f J i ’ssc ph, ‘1t’ 2 1 , in t he L K. I G , - -,e r ,  ‘1o7 , Burr . “ u s - s f , itt the
U S.S R, (L huras Ic, I °t-~ ,c’ad in Spain (Cr~ :ado . I ‘i ( l f  Other s tc : d res  hose Iso been
carried ~ ut h> Dormer S s tc tc i s (1 :t:bl I crc Gc- cccc .~nv T .c rc are , hoss es er . s, ’ t c t r i  d idcre nces
in the met hods of ,pt- r a t s s ’n and t~~ r , l is  ,-h1,i ~ ns-~ d Battish cr15 .1 Ia s i - c e s p i - c s e  dept h c, r mt ro l,
-~ high depressing-f orce to s s e i : h r - c r s - a i r  rat io . at er ,c :  st , m bch t >  under f lp’st  p5 ’ :c d c t c 5 s -ms , m d  a
wide speed range.

-: DEs R I PT I i ) \  -\ 1’.D i i } - s - IG I’-, i, ) 1 \ S I L)E R A T l i 0 ’~S

2,1 Dimensions a’cJ
A standard B a t t s h  s r-h i - s s n in F i g ,  I. It is 1- 3 m long. 0-9 rn high and 0-75 m wide. it

wei ghs 70 kg in air and r p ; s - c  ,- ‘ o c c c a r e lv 20 ~g in ssater .  Th~ ‘a i de-’s rig R~ rdish differs onl y
by the size of i t - -i \s r ri rzs , t ice 5-c ’-hi ‘f the los’- c ng bar , and the sp ’ h i : r ; e - s ssc i r iz ht . Its overall
wid th is 1- 2 5 cci ,snd it s s e c  ghs O S s  z in ts r  ,oid .tppr~’\ crn , I tc i \  L 5  iz : ri ‘a 01cr ,

2 2  [-‘ s °~~ :t-

The hi-d y h,r s a , . s s - O c , o ’  — t t e a t t c c c c e cs if l t ios r, l t ~~ deep s e r t - c o ]  pr ’tO e ss os  mcna l l y
:0 rc~ re, isc t h~ ‘- s - c t c p j i  s! :s t , i c c p C  l o t s i s -o n i i i - 51 - r c t r e  - ‘ t b u , - > a n c c  and the sc r , t r e  of

ic- i - i t >  in ~s c ,!~r tO o b ta in  rm~is i t t t o cct ~;o t ’ c  r: riiti: rci,s - t r :cpt  It ~rose d Is’ be ns ,s0~c re n t

at ?it c ,t h — p seds  and a d> ca c t i - p s t , i i r c l s , c e r  - n-d to be . m5 c dc~ Thc - 1 , 5  t i c  r : l - t ;c : : c o - n r c - m t  pro- 
d I” ; I r c bu,- > , itc ev at the -p s ‘n il c’ecmc ss - _l r\ 0 - c  \ cc>  ~‘- cs —pc - -ds at d during the

— ors i t c h c rc : - ‘~~ r, l t ;~’n. Ihe h - rh \ c r t : c a i  pr :t - g i ’cs  cc -- i’d r, s - l l  , m tc d ass’ d~utc pcti : .  and O I S O .

~- t o - s c d e s  a c,nn-c e t c c c c l t  s t r o s ’lr, t c  on ‘s hich ‘ o c r , - : t c t  the !c, ’ rc. ’ - rita ! t i c ! ’  c ’ear of the ssing ’’
‘ s  ,t~~- This hod. sh rp-c :s ea sds  0 - rc t ced  I’,> c - a m p : nit st r a icc !c t  tics ft i’m the m i ddle s ect c ,~fl

5 s -nt~’ur ‘ ‘ l ire t - ~~ .i’p! ls -o i t ,s- nr po c r t s  ~ ‘ c  tai l.
T Ic  h i - s e t  c- _ a r t  c , -n ,ct cs t he  s s c n ci , r c t , : , i to r  s - ’ cc c c ,itcd the c n s t r : r c c c -ni tut inel . The ,ppe r

s - i r t  C~’ O t o c f l s  t he  e!ci t r o t c c c s  1- - r t he ’ct c ’- ’ r s . I’he p s cc r r ~-l - s h s p ! c  lets -s . t tcr :~~-ss t hr -: ,
~~~h the

is r p t e t c s t ’.cd ‘0 l c ’ ’ s s s c  a s~’~~c p- ’ ti counter. This t unne l  fo rms ,t  c s - n - c e ’-, r - Crc t hose to mour,t
t c c - c  5 , ’ r c d 5 t : c  P orsi i c - t f l r o c , t . r C  sp t I \~~ t ,  i t t d  0’ ~r eh’ s : c o c r n c s .

— 2 -
, [s -c r c~t c c  a,’c O c ’ s ’ - c , - r : ‘crc :

T Ire :t’’ c - c - c r c :  ‘.5 ntis I .  s s e  a - r ’ccbe red ,tsc f , ’d s- e~ - -n \ .\ (  ‘ ,\ ~4 21 to g et a rtc .Lx irn rc rt’t
o ’ n n  a t Ore ‘ss e r ‘ is -~ s - C  F -c st and , ird  ‘ a r t - c s  -ire 25 -~rn -sc , lii arc -i the - s - dc  is ’ icc -s are

50 cm ‘ s c ij e  - both ha- - c  -t sI t  p f , r~ ‘~ft cm. Tu e  ‘- c - cs ~re ~f cs -  ,~~c ce d t - s -  produce a ccc ax c r r t  urn
of I l ( ’ s) 

~ cz 01 25 ~ tci hr fs ’ r  t i r e  stan d a rd s c o g s  ,srtd tIr e ‘acn e s t i  at S km hr for the ‘a dc

wings ,
i r c d - p  ,i1 es are ::‘s~-~ t ’ ’  ct c - ’ c i o c s e :Icrr e~lc : : c s e  s pe d r a t co , ‘-d ~eC p t~~~ >p in to a rnrtct n r ,.rrt ,

ss lc :5h Ia5  c l t t a t e s  t he m - j n d ° c’ -’ m d rcd ,- c c d -h e t , - d c t ’ g cr- , t ’’ -c c’c t ,- f . n s 5 5 ;  tc cmcct r .
T Ire ,s I r,-~s arc c c : ’ i.dc moon I cil - -ci a shj t t pis - s - t e d  0 ccc the ls - ’d ari d the internal

-icc--. ha c t ’m  t u rrt ’n t h cs - - . , ,ft to coo ~roI ‘he r .in~t ’c ‘f : tcs c5 lc”cC.
Tl,e 0. -.ci- lra! ong 1 e of l i r e 5~ i t .  ~ s is z e ro  ‘ - r • s ~ r e , ~ s n n s r  ‘ — 1 . a i c ’  e d d c l c c - r r i l  ,ir.:t e ‘a

hasr i  , pp- - - c r t e  et~e c t s  it de pth d r i r i re  d o r m :  m d  ri- i t  t he sut t ’hc~ ‘a l rcn  B_ i t t c s h  is - t n  tcg the
s c_ s - r d . the c- - t c ’t c u r t  ,~n of ,t c h, oc: - rs -z or I:sc l dO ed c_ d ,r n: ’e is 5iu Id l a s  e I’s-ceo tr s - re

dc ’~ ‘ :0
ri-c h s -r : ,. rnt aI t , ic -5 are ‘ c i c c c r c ’ rcca l  ‘

~ 
.s~( - s ~i l - ’ ,ic ’O-d p - ss -h es Their l ift r e s r s ts  the
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Batfish

grav ity forces on the body and the pitching moment of the foress-ings . The chord of these
foils is 30 cm and the span is 75cm. The foils are ni-j unted at the top and bottom of the
tail in order to ketp them out of the upssash This orientat ion , then , insure s that the body
als4avs poinus in the t rase l direction. The losser tails are specifically des igned to hold up the
back of t he body -.shen tossing at the surf ace , Wi thout  them , t he back sinks in isater and the

- - 
iores~ings s - t oy in a surface planing mode,

2 4  The itC/’ u’::Cr

The roil and y a s v  stab i l izer  c- s - ns - t~ ts of a - .er t :ca l  t r im tab f r ec- p i s s r t cd  along the tail
ed ge of the -.upp~r half of t he body The trim tab is actuat ed by Is o’an s ses g ht and the
wetgh t of chit tail attached to it W hen the body cs tilted from O’ce - ,e r t :ca l  plane. the force of
gravity turns the trim tab , ss hcch produces a hsdc - s- il c n ac r i cc  fo rce ci the d i r eercon opposite
to the tilt , This force has tss -~ d :s tc rn c :  c0ec ~~ c ( 1)  Wh et i the t OSs in~ bar ang le is near zer o
( Battish near the surface) lIre tr im tab pri s-d ue cs - a r i5nht ing cri , i is -sc~rit on t he body to kee p it
vertic a l, 12 1 \‘~ hen the toss ing  h i m  ang le -~ near ‘0 ) . B i t t Is~i -Jo cc g deep) the trim tab pro-

d uc es a ~t e e r c c c g  force on the his- dy toss , ir -~ he - cc t rid! p icc e  of the tuss I ng se - i s - el - T his
gra- .I:y controlled sta h ij r ,ter (Ca -u c , ! r . m n Pa t e t r t  I r ’ uccshe r  5’~~.~~5 i ) can , ta b i ! rz ~ a body with a
high hvd r,cd~ r’ s rn c c - t sc -g c o ’~ 1 t - s - c c C  r , I tco acr id -c c c  cd t - s t e  t he  -‘ cd t ’ s - r cc - as v bo l_ ist to ~eep

Bntish ,t_ i)Hc.
The Irc ut i  tab 5 30 . 1’ 5 ~ 3cm m d  t O e  tai l  5 • S - 0 ~s- cm t c c : c k  for the s t and _ i c -id

tis h icc , ! I cm thick for the - - s i d e - - s i ng  ti rin. The t, - c 0  --se i :p t is I s~ at- d the cc c c t r e  ,rf
- c i ’  c c I o cm f r - cm tIr e poot line of I hut ‘ c - mci ‘ ab se s ize o f (Ic e ‘ t . sH i c ze r  s _ is -  -~ec:dcd by

t a k c n g  I rc to  cu r t s : s i c - ra t io n t ha t th~ iotu r hc ci: forces arc ,ct ,sd and rhp c t , c t  nra! tccc q a e c c c ’ - Cf

t ; c e t j ~s -i  r c - ct r should ‘c m c c h  hi~ Irc r t h i n  the -— ,it - r r t i  ire~ a c - m c i  of c- - i ,! it 
-
. ii ’- of the t osse d

b - ~d ,

2 5 7°ce s i-cr -t :::c ,s ~ . -r , cp’- -u :p .-’ /0,-n/i ‘o - u- , - - tn -c- - ‘/

The wing-i if 13_ i - t I s- Ic s r i  pont ru ,‘ : s  I >  _id~r :stei ! bv ’,he e lec t c ,s - - i c s dcau cc riptciat~sr ,hoss n
in sche mat i c f o nt s ri l O g  2 T~ie train cc - r Ip -  r ’ e c d t , - s -f  the -i ’ stem are s h>draui c pump
dris-en by an in’ pc ler cci  cc c  -c ‘ i c p  ~~ce, i in Hei t o .It s id r a c shc  icr ’ - i s - s  si ’ - u t , s r - d a d ,s -s :  Is -I c- ipt :  Oct

hydraulic c> ’ii i cde r -\  cut! c ef ‘,a ! se  s - c t  at 0 b i t s  b-.p i - .s - c -~ nIc e :s ~e s - ~ Iluld -s hcn the -ier’ s - s ,ii’-e
is onl y partly soe ri The t s - t a l  s I c tc ~ r s  p r e ’  - - : r c  corc~~ - t m ,mneJ h-c a - - mc c c - s - ic  sol uct c mr re-ier ’i s - c r

connected to tl - c - - c t _ i k e  port s - f the ps , r ’rp T’-e ic - i t  , \s ter l  ss _ i s  b cocci - J r ’ c r -ele corr pi’-
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Batfish

nents inter-connected wit h copper tubes , It often deseloped eo ks and salt water con romin-
ated t he e~ pe t cs i - . it ,iid ‘e ns - It is e s - e rs os j l s  e the present -ir - i tem cc - ns is t s  of a solid aluminium
h1o5 K containing all the h’idc :iulip e lemen ts T l t t s c e c t r o - ;c rd r , i c d i p  -ii stem has t i e  ad’ ,c - dta ,c es
i- i  hecn~ sinai! . it requ i res ser ~

- l i t t l e  p~’’a -r 1-1 0  tcL\ I t o  be t rans mit icd through the to ss ing
cable , an d can operate at any depth.

TI e dsc pti i  s - e r - i  c- -c o ntrol -i st e m is : 1 1  l Is t  r i t e - _i in Fig 3 The depth signal f rom the
prc~ -iur~ trans ducer mounted in the B.itt ish is c imprired 10 :1 cc-tel c coj nd s -i :ccr il cet ier ate d ,~~~

- 
: b ird the sessel and tire dc tTe re nce t s -e is ,een t h e s e  t ss -o -i~c tna ls is -  corp cr ied ro t o  an elect r ic

c u r r e n t which is pr~-p - rtlon,i l to the cc c  i r .  rhrs ~ur r-~-nt :s fed d o s  n t~- the ~e r s , \  a ls c , is cc c it
in tu rn  .i!loss s a t I-u- is s-f icvd~~1u !ic Or: i_ i priripcs- rt ,in_ i l no that c- a rt c’ c , t  to nc~’ ‘- c t ire ~~c S i0n of
t he c c ,t caul lc irs It c rd e r .  ,- \ t  icr a fcc - is t r us ts , a phas e- lead po nc pc rcs a t  is ’n neiss ~s- r k ss as added
to r ise -ie~~ c - —cc - nt  c - - I er t c -  I rdd pros e the depth re—p ‘ci e to r ic e p -ccc rc ’,an d s . c t ’ c _ i l ,

TI- ce c o rt r i  -11cr panel. s h , ’ c s  in in Fr:. 4 , aiLsi s s -n e to  conir tc .cn d the depth c cr_ i nr ial lv or (0
ge ne r_ ute  a t r :_ i r c c t r :  s r ~ ‘nincand s i gci. i l  s r i  h cd~ :c - i t a hle s!  ‘ p c - i  ,~ cid : - c c i t t - i . -\ ‘ p r r c c : - s  e r r  red
t ,s - :gie s- ss i tch j Ib -is -s n cr -c p c - c c - o r  t o  i- ’  c - cc c_ic the cc id t  - i t t  t cc ’  g-. at any time Tire gain s -I the
- icc ’ s - - cc~s t r i s- i can a lso ‘-s it s d - i s - t e d  to get ch it best res ponse.

A “Is- - it s-rn i so  cdot ’a re ” -i~ st eni I I i  p ro c_ i n - I ~~~~~~ -s m s ,il’i’ id -c s c- pc to red sC the r r - i k  of
s~~c c!cc c t rn s r c .m ! Iecs  ss~~t e c s The circuit i- i s o c p ’ e d I ts-  0cc u ’ s  s - c c  s e - i — e l ’ s- l e p t Ic  ti cc _ ic r  and c n

pre - - c - n t s  t he Batt ir ’ h cc-ni :ct ’ cng bc-h iss a Pre s et  de pth abc -se  the bot to m , \V l- .e c c r:rppeii . i t t e

c i rcu i t  mi ke - i  } 3.m t lcsc- , r i s e at a r a t e  of I ci -icc and s - t j r t r ,  ~~ _i ~~~~~ ,~ 
‘ ,c cm.
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Bat f is h

2 t 2’Ore Wi ’ ing !‘i :r and :/ce tO ie / i nc

The to ss ing h_ ic i s  pisoted on the ss mg shait to t r a c I s i c i t t Ic  h r _ i c - s - f .  c l i n i c  ro r cCs
Ji ce p:! to the no - is r ic e [is ang le is c - t c c t c - _ i bet  s c - e n  I) an d I - i )  - The ,tero dcc- g c- c - e stop on the
nose is cr ee ded to Keep t t , c -  f ish -s - t a b l e  s - i i d s~~ i f  t Ir e t i o s i n c t  p int p i s - s c -i -s- eac s s the c c c d t c e  hr,e
- s - f  0cc be~f., t he s - tce r: r p r  cr t rce t -f  t he tac iu l i , ’er ‘cc t d- i c-c , . 

~is - h  ,iss ,i’, t’t i’ t nt 1cc - t o m e  _ i t c s j  t I re
res u lt ing -n _ i t  pull m a - c - i  t I re Bat hs- h c s - I l  co i c t c - t i,-uc -i lv . T Ire noc s - n -p d e s , hi - s e - e r , ca us -e
hi-~h berIng s n r _ i : c cs in th e n ’ o dc g  bar -s hen no— i i -tg nhc ou~ cs — , d t , r e -s ,ise s , s - m n h  ,i - m g  t c - s -

line saeg ing icist t ss c~eci the B,itnls h atcd t he  - it -up
The to ’s line is s - c- i en-c - ic d r c t - r e l c c t n ’ - m e e l r , in rca l p_ ib le  ii i t -  a brea k ccc -s - i  c - c c c g t h  - s - f

- 
t 4.000 kg The tic s - i t i ’S- i  -s -i- c c  I s -  -c ‘- c  icc hs - , m cc c,i 0 c- but la te r  F- es tc ,cs - c - 

~r r c i t  • i sa - , added t~ i

reduce the drni: and -. c h r t t i o r c s  the t , m c r : cc :  : -. I ccci t t c i  k a r c _ i  c made up s - i  It) cm tong
pieces linked cc i t c -  2 cit s-c - in c u rs ,i r i ch  are t ’r c - ,i to r ’t , i te  ,~c - - s - i r c d  the cable, The ect ori s are
separated b~ s- topper s - le a ’, c- i ccc mpe-_1 is -ti ‘ Ire a rct i c -  c c c i i  c f . s --c It is ne-c - i c - i s - a c -.’ for t he Oiiri cc:
to he cn mdi’. dual s e c t u i c i s in_ i m r s - Ic to turn i c - n c r _ i  ic ’ d c r c  t s - e : ’  - - - i r Oc the t! , -ss di r c~ t r u s-n
,s he cc t he l la t t r s - !c  c s i p p r - s - _ l c i i i - t g  d c cc s u c t ,~cc a r c _ i  c i t -c _ i d c -e I- , — a c e - ro t ~s - c -~ -s - ‘“cc i c -  it s- h icc _ i  ‘he
t i ’ s  rig vesse l,

P E R FO R ’ -1  \ ‘s -C F  E V  \ L t , -S. l I t ’ -.
3 1 Test rus ’em:ur , ’ —

Bit t ish was tes - : cc~i f r - s - icc s a r c o u s  s - P r p - , ract r ’- : ‘ c - s - - r i  a i i )  ~~ : s -~~ -4 “ ‘ i t  s - c isi s - c ,  In t rce
!I-c , t f s - c d  Basin. ~~- s - -- _ i Scot ia , n c - n h - u t  - -~t - r t c  c - n i  (II ~s S / ( c : ’ - ‘ c  f i r  s - s-f ., on nc- c -n rc - t i  s -c _ i  \ I
- s - f  ‘ c c  r_ is i c cc g - . a ’s- done at s- recd - s - ‘c- i t t  :o :s . :-~~ 

‘O l d  —~s - c t ce  ‘ i- i i - c r c  _i~ rs- km Ic c
To- .s in - g i _ i s -  iids , m s s -  - l o cce t ’ro ct i  t he s - t e c c c  s -c  t~~e s- h p, ihr- s - c i g h urr \ - “ c , rme . - s - c ,i do - i t t  sshen
uri s - c r c _i cat s - i c - i t s -  -~s - cd F- s - c t s - - -s c tl g -i c-h ‘ i c - c d cable. t r o t  ‘ ar : c c c i - r ’ g  c-~ shown in Fr: S
.s p  ,Pc ’J ti_i ,i’, - ’ ‘. - t i c - t i :  t c s - t  c cc ( . i i rrng 1 coon “ c-h ‘ ouoc lci c - ,r a c c d r e - ’ - ,e r r  is - f  t I r e  f tc - ni— h
in c s - u g i’s - i ca :hcc .

TIre r’r~rriar’- p- ‘1 ‘Icc rpc r rd c c c- c ’ ,~i or -cuicci ci p t s- Jec - ’op .i rs s -r K c n c -  i’u S t cci us-
c o c c ’ . -ic : e o t c h c  i i l s - t c - , c t c - i t a c ’ , - r c c o t h c e r  t I c s - i  ,tu dr t I de  f . nacn :c  s - f  t os s ed  r s t e t l s .  T e s t s -
- s e c - c  r :ri to _ ic te c  c ’ t c c ’ e ’ Ic ~- m,rs c -rc c o n  - b e r t !  c c c i  ‘ c - den’ ’ ‘c resp o ns e s  to s t e p  .rt_i c_ ic c - p
,,s -r c r t ccan ds it a c c o u s -  t’c- ccl s- s c r I: b o t t ~ t a l c _i c -c d - c t - - a r - c d c a b l es  of d r O c : c c c t  ‘ cc rc t t rs -

T he es pe ccr r t e - r ’ .si tic ’s - t s -  - - - c r c  do- ic - i t t  f c i l  - c o l e  nr - i - t - r : s -  s - u s ed . t  sea. 5 -f.. s i r t h i

s-co le crc - s - I c !  - - i a - i  cl - s - i p r ac n :c a t  h e c c c : s - ,i s - i t he ‘ -c - ’ g t h - s - t ’ t I re t s - s s c c r p  ,cruHe ~~~ s s h : c h  the
1’eo ,i’ - i 1 s - i c r  - s - i ’ t he s- - tecc i  d-c p c - c c b~ h e m - i h i t , r r c e  b~ cth s - i - t c - J s -  n s i s - I s -cd , a c - _ i  d c c c  J :tIic~ in ’ . s -f
c c t t c ir c v o ! c r , c t c c r 1 t Ire — s i n g s  on .i s- rn , ilh ms- -dc! .

3 ! “ ‘ - - “ c c - c c

T ‘ ci de pOt ‘i ’ Fi_ iicf.h, t I r  t n - - it c c c p - s - r ’, c tc t  p,u- “- -c cc . c - i  r t t e , s - r c r d ‘-‘ 5  -I ns- n s - s - d r r , t 1 , l t c s- ,Idd, it c
- ‘ t e d c r - i c _ i c  t ire hod’ - s cc - re  the ;s- r _o s - c : r e  p e,~ c c , i l  t - s- t he - t c r c pr e- i -s - i c e .  s h1 _ ~ i- i  d~rc c t : ’ .

r r c p i s - c : - n i I  ~o the p iH , c ’ c ,’i s- s- f -is i nc ih ’ s ~~~ ,

Th~i t c - s s r c t g  t.i ’c - ,i~s - s - t  i s -  o t ca — :i- ’ - l i c t h  i - c c i c s - t c - r~,c i - - c r - c ’ b i t  trot s - hip -d cc ci - - t  :he

The “ i tc h , c s - i l , in_i nos o g  - s- ir a c t - c  , s c c e  cli ctie ~ - i c c I - s - t b  pi - t e c ’ t ’ - n net r ’c  pet t d -u lur c t - i .
t r c -  t ’ s r,r ‘f ifl t r ic ct e c d l  - . c r s - r t oti i~) ‘ 0 1 - - i n  0 ~ s - r’~ c L t c o ’ i . b it t  a r_icc s - t ,~ ds -i~ pc) ’ i ( f c t , s- - t ,

n I ce ac5e ic c _ i t , is-ri -i c c - I  ,m tc d it intd cc , i t c - i  t I re t t n , t c . d s - e  Is it  mcc i v , T ’ :c ‘- i i t ,ct ,icr ~ ’e ‘i i-, t i t e , i— c c re- d
,t c - r t e - t c : rn  p - ’ c t r r - ’ c t t e cco ne ~r c I  t i  c - c s O r t s s - b c , . t t  rn — re nbc I c  ‘ ‘, -!i

. \  n hc cc - -  i s r - i tc c e ler s - s - c c c i c c  ç ’ ack ’ i - r te  i-i - I s -  J O )  i -ed  tc - nn- ’ i t i t s - c r  the t s- ss il ~‘s- s - b -  1 cc

p_ ic ’s _ i re ‘ s _ i s -  r : g - ibr t t c s - i i c i t e d  ,icc d rt  r tea ,c r-cd t hc e i i b c , i t : ’ - c - i  ‘-s~~i; ic is ies e r , ,u c- i r c - s - t , ibr!u - -eJ
S. - ‘ h  - e ’;ri ni F,itb - cs - s- ce , m , c - - ’ - , I cci - ‘ - c t  - ‘c - c - i  i)ni mc ’ - ’, ( “,ics- .iJ ,i
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BatEs h

p i ,1 c s - s -cn n sss -s- uld is - cc necess ary to nrc - pure the true , .5ce le rj t io ns -s r i b s - u t  i lce pcav l t r  com-
pis-flents.

.-\,l l t he sien.iIs - ss er c : r,~r c - i t n r r t cd thr ,  cccli the s-es e n-c c - nd uctor i,s - ss line and rs - c c i s - rde d is- n 1

s - i s - c bn a tr r , e I ana ss-: re is s - i der i s - f l  b - ,ic d the s c~~el,

The c c i i  i t  t r 1r -i a - is ~ ma u t _ i  n h~ ~~ - i s i  i pir_ ig  .pc -i s is- c~~ as i ”1 Im
d-cp t lc s , si _- rI cc re’pi s -n se , Is -u i ci - c ! ! . c - - i - c  -cci 1-s - ar ,u n c - r e , is - n :c lerai  I s - ri -,, ‘- - i i  nit _ s n- ir!c, and to s s cc ig
t e n s - I ts - n ~ic e doc u’ -cd

T!r c’ t c c , s c mcc m depth s - h _ i c- t a le  ss c th  a — t a t c da rd  Ra t tn - i h  p , c - s - p c s - - s c r c r s t c i Y  200 cci ct~ien it
i- i t o s sed  --i c-h  3 t c -  cii of t , i  - t i _ i  ,,d’s-le at s p e c -_ i s  ,s - t ’ cc p n s - - 2~ l-,n~ hr. A -s n_ ic -s - i  mct p Batfish can

h 405, ’ m ii !net t t oo ed r s c n c r  5 ( 0  
~ ,s-~ 

‘ s ire d .rats- t s’ at s peed- i s- i ’ up ii’ I (s- K crc Ic c , 55 c-h ‘i IiI ’) t’ti
of nrc c c ’a cce d pa is- le, tIr e r-.c - i p e c i i s e  dep t h - i  are ~‘i~ ,cn d 100 m.

TIn nc- ip~- n- ic o f t  he ‘o, — c e r n  to i i  ru-us  sc , -t ncnu - rids ilepeod s si u t h r b ’ - on the t O s - S  in: s iseed
,.‘r d the ec cet h on ’ the t ,s - ’-oc r : sab le , _ mnu t ine s- - O - ’ s c r ,~ s j h t d c - ni are t y p o _ i c c  _ it (s- ‘ cc - , hr so t h

cot of ’ cIr c e_ i  cable, t he res ponse ci a s Ic on s -m ci s- s - r dii j o in t  5 r t d - ’  ‘ c c i  , s-~ I ccc ‘cc ha an
erro r s- s - f  12 cn fr -ni c i te  c. ’cr-cnn3ic d depth. ,- r , un s - - t i c - c  ui s - n h 5 , ~ - i- cc lag bet - - s e - c - ’  _i l der s - ih i
and c.s- rctr c, i rid dept h ’., ‘~f lui di 25 ~,rric hr - - s r t r i  t he .ince pal s - he _ i r d  -i c ;c’ r n_ n d i t  I cit s - c c - the
e r r s - c  is s- ni o r d~ s - c c.  Cons- rant dcp t In c , s- mm,i ccc - c - i  nc ac n ns I ‘c - r b s u m :  in I m cc most ca— e s .

Sat nnp te- i  c- i c c - c - s -c _ic o n :  ore s - ins - - s n  in Fics 6— 1 0  to cl us t ra te  t i c - c  cu- t n- c c - - r~ t s . Fur . ~ s lc os s
re- t s - t n -s ’s cc - - ire- ’ np. and s r t l  ilsi s- u d,.I c ’ r c r t n io  n_ is  ‘i ,i t_iir~b o c r  O c t  ~is h u s - i - i  cii , t  s peeds
f. crc 5 no 2~s- - r c r  hr ‘ s - c i h iulO m is - i’ f , ic rcd a ht e, (0 cne 5 , ic i  —Oi _’ t h a t  a 5’cc acr :e i n  depth of

c f .  c- i es s r l ’c , et d 2 ’  ‘cc (Fur. ha - t m _i f” ic ,_ i  cc l ,  it - s -r u- of IS m at ,i c ,, ce of ccc ,’ cc t Ic _ i c c
s prn F r - nt - e u  s re p, - s -- in i” -c , i- c - inure t s - i~~s - i  s-I s-si — t I r e  re- ps- it - ic t i -  a c,~ rc c p s’-,s - t cntc ’,_ind s-s - f  S o t  — cc ,

t ire cc , i c c n~ be: i t r  I s -  ‘cc l  b - I s - ’ ss I tin hc , scc ~e r ,t c ’ s- s -f :1cc c ’a ccc r - : - isas n — c  n e - - s - _ i  c , s - i - c - c inon
‘Pl mac - Ic  sod c - s - I  s - re a n - ,’ -s - I t o ci ci Fit rot - o r  T ie  pitch c s - t I r e  ,~ncc Ic c-f i r  1,- dr to the

hor r ,’,’ni t~ J ’n ~cc r :orn c-f m r s - i d  c t c r - - c n ~ h thut - o a r r ,Ic,d is c,n~,—e _i is-v t I re  lc~’ r r ,’or, taI t a i l - i , \ t

- _J — - - -t ’ -.-s —

L - 
c ‘ c-

-
-

2 , - “ :

- ‘ - . - ~~~~ ~~- - - 

,
°—i

- - ‘ - -- --‘— -=- - r~ --- —

- t ,i I

A- 9

--



- ______________

Batfis h

- \
s 

-

2 K 
- - -s- 

‘
-
~ - :

— 
_ i_ ‘—‘ I -

~

— - -  
— 5~~~~~~~~~ 

- t

-

~ ~~~~
‘ 

~
j i

H-

- : ‘ -
,,. :..

-
~.-- s-’ ’ ‘

1 “2

2 , 
- “r nr ” . ,“~

-s ~~~—. ~~
-

-

--

— ‘ 4 ’ —_,,,~ ~-C - - —

4- 
- 

-.---— 
.
. - ( —

-I ~‘~ c r -  - - S’
, —z’

5 ~~

‘ (21

- cc ‘- -. ~~~~
‘“

Fio ‘- ‘- -‘c ’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~ - --- -—- ,-‘m



~~~~~~~~~~~ t~s - ” ' ’ Y ~~~~~~ -i ‘~~~‘~~~~~~~~ ‘ 
-- ‘ ~~~~~~~~~‘c’ —-

BatEs

- ‘

I -
~~~~~~ 1-’s-

- -i -

- -i _ , - -

— I
- - _

-~~ - i

1~ ‘ i -

Fcc ~c,(, i — ’ 5 , S,s- rrrr ’ ,rs s -t’ c-h or rec i s - rd , c c. c u - f  cons - cc-c_ ic - il s - c - -  s- I tuc r’ ‘m , c c c .  ‘n , - - , c s-c I s - i c ,i’ .r C ,
- - -‘ rot -c” ‘ -cs - m. -r _i ~r cc l,, - ‘‘ , - -h s - i s - i )  cc , c [_- ,rcj cc,.r c c

s i d r - i t J n u s - i c t s - c c ,~~l c ~~1 t c r t s :ec ,s- i:n,t t s , nu e - i n, s - I~, ’- t h -  ,cr,I _ i , , c c r -_ tc ’ , , cd - - .r,,so’ s T c
‘ c t  ni - c r o c i  c r 0 2  H: nc-c . ole_ i i s c s- ,c 5’ ’ p - -nse  c - c I r e  ps -c ’ s - i  ,L. ‘ c  - ‘ c ’ ,.r “- - ‘ c . r c c i a t  . i s __ r d er_ i ,
t , i s - cn so c r - i c c !  c s - s c c  -il ts- r o t ’ s -n c -s - cc t c c n i s - Ic o ir t ’ - i’ ’-c ,c -is -~ i 1C .

T : s - c -  ru - i l  c s ,i cd . c - . r c - ’:’ : - , c r .,c i , ‘‘ - ‘ ,- f t c c c  h, ’ t , - lo l i lc , I I \ . - t  s Ic - c d  is-c - cc - - si ]
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MIT Glider

The following pages contain additional information on the physical

propertie s of the MIT Glider obtained from Refe rence 16. Other physical

and electrical characteristics , as well as the performance of the depth con-

tro l system , are discussed In that report .
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MIT Glider

~ing area 4 .5 f t 2 0. 4 14 m 2

‘,~ing span 4 ft  = 1 .20 rn

s-~~ng chord 13.5 in = 0 .338 m

A sp e c t  r 3 t i o  3 .5~

A i l e r o n s :

6 in  = 15 .24 ~‘n
Chord  1.25 in = 3. 17 cn
Fraction of serc ’,iyoan 1/8
Are a .5 in~ = 

2

V e r t i c ,~1 s t _ n~ il i :er:

F - Area 1.36 f t 2 
= 0.125 rn2

-1eicht 28 in = 0.71 m
Avei ’~ - :e _ n s - o r d  7 in = 17 .8 c~rn

C i s ~~ ir’ ,~~e f r _ nc ’~ .~1” ’ i  1/-I c n-~rd ~~_n - , c - r t ’~c~ i f i r,

~ rn s-~~, n : r 1 i C ~o n:c - r  c r o ~u ’i” , ’at~~lv

r~’i.- 1~fl = 1 . 7 f 3  —i

iC cc e

‘ t _ n r m : : c r t s -fl : s - i  I

Tc :~ 1 a r c ~~ 1 .103 f t~ = 0.101 rn2

Oi s t a nce  ~i-om ‘~ r r i  1/ 4  cF- c_n r-~ to
s tab i1 i :~ r l/ -  ~‘- c c ’_ i :

73 i n  = 1 .73

: - c - ’.,it or (di - l r ’.-c el .s-~, _ nc ’ ) ~~~
“ o _ n :
0 .3 2 5  r’t ’ = 0.029 n ’

~ e i ’ m n t  i n  - s i r  175 lbs 79.5 kg

200 l b s  = ~0.8 9

,s c ~~s :- c c , i ’ s - ’j - ’ 25 lbs = 11 .4 ~- g
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WHOI System

Depth contro l b~~,y

Length: 2 . 3  rn
Wing Span: 1.5 o’i

Weight In -A ir : 160 kg

Weight in Water: 50 Kg

Ship to control body cable

0 75 cm , single conductor armored , unfaire d

Length: Approximately 7 x de pth p i U S  500 rn at 3 rn/ s

Contro l body to sensor fish cable

0 . 8 cm , mult iconductor , flexible mbber helicopter fair ings

Length:  As long as 75 m has been used

Telemetry

Teletype form atted FSK t oken fro m NBI S CTD syste m

3e~ th control

Manually operated control stick
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Cornmtc -r-icot lon chain . The power 3nd data l inks  are throu gh the data mcdulatcr

in the sensor fish ar.d the demodulator ~bca rd sh ir . The depth control hyd~~ulics

3nd th e -depth contro l link iro detailed in the next tws-o f~ccc-r e s.
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tQS~ SYSTEM

Cable

Double armoured , approxImately 2.85 cm diameter mu lticonductor
core . Lower 100 meters faired with continuous rubber type fairing .

Vibration Isolation Mount

Water damped , spring mount with natural frequency of about 1 Hz.
Peak-to-peak free trave l approximately 10 cm on all three axes. In calm
water , body stru ctural vibrations ari d cable vibrations are barely discernable
above noise from other sources. In higher sea states , mount hits stops with
increasing frequency limiting usefulness of velocity data .

Motion Sensors

Rotor current meter for mean speed; depth gauge; two acce lerometers
to measure body attitude and vibration .

Motion Levels

Uttle data on depth keeping capability and none on vibration levels
has been published by tOS , although a considerable amount of such data has
been collected by the motion sensors mentioned above . The following on
vibration levels was obtained via personal communication with Dr. Nasmyth
of lOS .

Frequency Range Malor Source

0 .2  - 1 Hz Ship motions

1 - 2 Hz Vibrat ing string modes
of tow cable

2 -5 Hz Body structura l vibra-
tions

5 - 24 Hz Cable Eddy-shedding

24 -200 Hz None (quite clean)
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SCRIPPS SYSTEM

Body Physical Dimensions

(See APL System)

SuDport Cable

Stainless steel; 1/8 and 1/4 inch diameter and 5 m and 10 m
lengths have been tested; presently unfa ired .

Tethers

0.3 inch diameter Sampson chord with 0.3 inch diameter Keviar
multiconductor data cable attached to upper tether; both are falred by a nylon
velcro material; tether length is 3/4 that of support cable .

Tow Cable

Kevlar and steel multiconductor cable s have been used; nylon-
velcro falring.

The following three figures show data obtained fro m References 18
and 20. The first figure is data fro m APL’ s motion monitoring package during
initial testing of the Scripps system off the San Diego coast . Wind waves
were 2-3 feet with little swell . The second figure is data from the MILE
experiement . The pressure transducer data indicate s an rms dept h variation
of about 25 cm with a period of approximately 6 seconds . The last figure
is accelerometer spectra along the tow direction from MILE . The curve of
Figure 2-2 is the same spectrum . The rms acceleration over the entire
measurement frequency range is .029 g which is about twice that of the San
Diego data , which is not surprising since the sea state , although un specified ,
was undou btedly higher. The peak In the spectrum at roughly 0.2 Hz
correspond s closely to the frequen# y of depth oscillation of the preceeding
figure.
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APL SYSTE M

- 

Except for the four main differences mentioned in Section 3 , the
APL system is basically the same as the Scripps system. An additional
difference , which is essentially an add-on , is the use of plastic fairing
on the tow cable and a haired fa iring on the tether cables rather than the
nylon-velcro fairing . The following figure s show an overall view of the

I system and various profiles of the body . Unfortunate ly , motion data from
APL’ s recent sea test is not yet available for publication .
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