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DISTRIBUTED INSTRUMENTATION

PROFILING SYSTEM
The followiriq ja~’er describes a :~hi 1 teard  towed in .~t r u —
m e n t a t i o n  cable for  mak ing  ver t ica l  tern~ ~ r a tu r i t r i ~~tu ~~.
measurements in a program tha t focu  ~ n tfle d i s si ~~~t~~nzi
of temperature fluctuations in t h ~ ~~~~~ 100 nti tcr of
the ocean is a function of lateral ran~ o. The instru-
mented cable is implemented with 30 tLermiotnr~ molded
into fairing components and spaced at 1 meter intervals.
The system has an accuracy of ± 0.01°C and a resolution
of 0.001°C over a range of 20 Ikqreos Celsius. With
a thermistor response less than 0.1 sec and a 5 Hz data
rate , a tow speed of 8 knots is possible. All data

0.... management is accommodated by a PDP-ll/40 shipboard corn-
puter.
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In the pai~t , the deve lopment and ~orsonnel , an~1 ~~~ a i I i ~ an~~ winch
clpr’iic2ltiOn of tow ~i m u l ti p le capabi l i t i es  h O c  i c d .
t h e r m i s t o r  in i~t r u me nt at i or i  cables
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Applied Physics Laboratory .’ By flexible polyurethane nosepiece, which
leaning on their cable system is f ree to swivel about the support
experience we were able to implement cable , and two rigid ABS plastic tail
an instrumen ted cable system that can sections that are screw mounted to
be used by a 3—4 pe rson research team each other and socketed to the
at a modest cost. This was achieved nosepiece . Each fair ing section is
primarily by the remova l of approximate ly 10 cm high , 2 cm thick ,
calibration variables dependent upon and 15 cm long .
the thermistor position on the cable,
by distributing instrumentation along The fairing section shown in Figure
the cable , and by relaxation of cable 2 illustrates some of the major
requirements. benefits of a modular cable system .

Listed , they are:
The towed cable consists of a
150—rn-long faired cable with a 460 • The thermistor can be molded into
kg torpedo-shaped, dead—weight a nosepiece section that is kept
depressor at the bottom. On directed into the streamflow by
shipboard , the cable is stored in a the fairing tailpiece.
single layer on a 1.5-rn-diameter drum ,
shown in Figure 1, that is powered • The fairing allows a separation
to winch the cable in and out at of the strain member and
15 cm per sec. electrical conductors in the

instrumentation cable.
The modular cable system used by
Johns Hopkins is their cable’s most U Electrical cable connections can
attractive feature for the limited be made in the field and
facility research group. The conveniently protected by the
instrumentation cable is configured f airing shell.
around a model 770T fairing developed
by Fathom Oceanology Ltd. The fairing u Reduced cable drag under tow.
is supplied in three parts : a

_ _ _  

Figure 2.
,~~~

. Faired Cable Section
( - . with Mounted Thermistor

and Electronics Package.
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The goal of this effort was to design not acceptable. Also , variations in
a secure interface for the 30 in situ the calibration of the thermistors ,
thermistor sensors and six pressure due to the variable cable lengths
transducers to the shipboard computer between thermistor stations , would
system while meeting the performance compromise the desired sensor inter-
requirements listed in Table I. changeability . These limits and
Previous analysis of the sensor cable requirements dictated distributing
insulation and resistance some of the instrumentat ion to the
requirements indicated extreme thermistor stations ( D I P S ) .
precautions would be necessary to The f ina l  conf i gurat ion places ti~e
make a direct thermistor connection thermistor and normalizing resistor~
to the cable as was done at Johns in one housing molde d to f i t  as a
Hopkins.2 The burden of maintaining nosepiece within the chosen fairing
high isolation resistances on 30 (see Figure 2). The normalization
thermistor breakout connections was

Table 1. Towed Instrument
Performance (1)

Accuracy : •.01°C

Range: 0-20°C

Resolution : ±.00l°C CD
Time Response: < .1 sec

Data Rate: 5 Hz

Filter Location : 2.5 Hz 2 pole (I)
Tow Speed: 3-8 knots

CD
System Requirements 3

Interchangeability : Thermistors k2%

Bridge Amplif iers ±1°~

Receiver Amp lifiers ±.0l% trimed

Drift : Long term (30 days) < .01°C (U)

Short term < .001°C

Cable: Complete interchangeability

Isolation Required > 200 k operational

Number: 30 temperature

6 pressure 0
Convmn -~ d~ Rejection : > 80 dB (.1 mV @ 1V pickup)

Cl)

4
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resistors are used to bring the range of the digitization system ;
entire population of thermistors to 94% of this range is a useable data
within ± 2% for direct span. This error band should not be
interchangeability without requiring confused with the calibration
a broadening of operating range to requirement of ± .01°C. The
include widely divergent resistance ampl i f ie r s  and thermistors have
samples. These nosepieces are associated with them calibration - -assembleti to the fairing onto which parameters for use in data reduction ,
has been mo l ded a bridge amplif ier,  but  they are interchangeable wi thout
The amplifier/fairing/the rmistor system retrim.

can then be integrated into
the faired cable and connections With a low impedance drive to the
made to a power sour .e pair and an line , it is possible to sense the

at ;  i t i r ~ i-ai r. The - rinoctions line level with a very hiqh imp0danc’
made l or e  ar t  much  less sensitive to instrumentation amplifier with a
l :ak ~~~e degradat ion than a di rect common mode rejection ratio ( C I ~1RR ) of
o O i I e : t l o r~ would  be and the long grea te r  than 100 dB which rejects
w ir o  run t - th e  s u r f a c e  has a more line p ickup and also eliminates the

, xed s e r i e s/ s h u n t res i s t ance  e f f e c t  of conductor resistance. A
1.-rance r. q u i r e m c lt .  Th rough the ~ ro-und reference  fo r  the  amp l i f i e r s  

f V O h v  low of f~~c t  amp l i f i e r s  can be obtained f rom the power—dr ive
(P ~~ - i s i o n  - t - ~~~1 it  aP—07) and system and true differential sensing

~ r e c i s 1 t r i  a i t r i ;  h i h a , ’ is possible w i t h o u t  a source
• ~ r~~. ) , t oo  m c  l i f i e r  w desi gn e d  imbalance . W i t h  c ont r  :1 of the

t nave l - .s t : .an  .1% t o l er a n c e  1: wo i -o~ -~~ase e r ro r  band , a n:ch d eu r c c
i z~ 1% t - r a i ~c~ in its ct  dot~ -ant (nt (94% of bull scaio~
~~iu ~- a r i n o - r  - t i  a t~~n i -  by is m a i n t a i n e d  on the  l i n C  aLc-w~~ng

- r o e  - -t ) t~ l imi t t:e naxioaun t r a n s f er of r~ o lu t ion  j r  thc
re ~ui arnic rar ~~e due to br~~Ioc aa~~1 i f i e r  th ro ag h toe l i ne  and 

: I - n t  t o l e r a n c e  b m n L .  At the i ts  noise  to the s u r f a c e  data t- v s te ro .
O l d  of the cable t h e r e  is a 3% Resolution better than .0005°C has

w ~r at -case  to l e rance  ban d which must been apparent in f ie ld  tr ials wi th a
L i nco q- r a t e d  in to  the dynamic  bandwidth of 5 Hz (see Figure 3 ) .

~~1.o m °c Figure

Typical DIPS_L 
~J . ~ _ _ I Channel

I 
- 

- Temperature 
_J__ J. ____ 

Resolut ion

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Versus Time .

5 SEC 1 SEC
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The ability to read the ~ystem zero this system , this problem has
and a known output point is a well resolved itself by recognizing that
established data securit’.- ~hi~ ck only 5—6°C temperature range is
procedure. The brld[e amplif~~ rs expected within any given data set
are fitted with two reed switches and 2—3°C range is mo re typical. As
which , when enabled by a magnetic shown in Figure 4, a 12—bit
actuator, substitute a null resistor conversion of the data channels can
or a ful l scale cal ibrated res i s tance  conve rt this range into  .00 1
for the thermistor. This p r o v id es , increments , but a system must be
upon deman d , v e r i f ioa t i on  of the provided to accurate ly o f f s e t  the
function of all [arts of the system en t i re  ban k of a m p l i f i e r s .
except the sensor i t s e l f .

The i n s t rumen ta t ion  amplifiers are
A user demanding .001°C resolution fitted with a unit gain offset
in a 20°C range must be aware of th~ terminal which is driven by an offset
range of the digitizer required. In system with a reference accuracy of
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5 p/rn and an overall  r ese tab i li ty  of
100 p/rn. This was accomp lished wi th
a combination of switchable f ixed  FOR FURTHER INFORMATION , CONTACT:
o f f s e t  and hig h resolut ion ve rn ie r
ucales .  The actual output  from the Rod Mesecar/Frank Evans
switched range and the ve rn ie r  range School of oceanography
is independently dig i t ized to 12 Oregon State University
b i t s , which gives a resolut ion of one Corvallis , OR 97331
part  in 40 , 000 in the value of the
o f f s e t  in use at the time of data Telephone : ( 503 )  754—2206
collection. A two—pole state
variable  f i l t e r  is bui l t  on each
a m p l i f i e r  for  use as an an t i -a l ias  —

f i l t e r .
Rod Mesecar ~s

The o v e r a l l  per formance  of the system Head ~~ the lec i-
m eets the design c r i t e r i a  in Table I .  ~~~~~~~~~~~~~~~~~ ~
In addi t ion , due to the - ~~~~~~~~~~~~~~
i n t e r c h a n g e a b i l i ty  of components , i t  - T~

i; possible  to t r a n s f e r  to the  end - O~7Tt T~2~~, Ct
00cr  t he  leve l of technology requi red
for  f i e ld  m a i n t e n a n c e  of the system . _____ ci ty . H a ~u•~

R efe r eu c es
I . F. Nobl oy  et a l .  A New :y~~3~~~j ~~~~~~ 2:~s
The rmisto r Chain f o r  Unde rwa te r  intcr1-~st has been in l~~~~l : I i n : cn~~’-
Tempe r a t u r e  Measurement . ” Ccean ; ,‘~ n~; techne I c —  to c o’ia c~i~ 7ines
76 Con fe r e nce ,  September 13—15 , of ~ceanojrap~~’.
1976 , W a sh i ng t o n , D. C.

S Lppican Corporat i n , M a r i n e ,  I’rc~:k~~~: 7, :o ~‘ —

li~~;s a ch u s et t ; .  (Res t r i c t ed  R e p o r t ) .  
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Figure 1. Epibenthic Samj b r  w i t h  0:

While conducting a biological baseline investigation of

Youngs Bay , Oregon , we encountered a common problem : the

inability of conventional plankton nets (a one-meter net

and a Clarke—Bumpus sampler had been used) to effectively

and discretely collect plankton and swimming benthic forms

in water close to the substrate. To make such collections ,

we have constructed an epibenth ic  p lankton sampler , which

is a hal f -meter  net mounted on a sled (Figure 1) .  The

bottom of the net opening may be posit ioned from 15 to

71 cm above the substrate sur face  and t ir e mouth has an

opening/closing device .

8
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A n umber of near—bottom samplers have 1-meter net mounted on a set of
been described (Bossany i , 1951; cross—braced aluminum runners. This
Dovel , 1964; Fro lande r and Prat t , light frame was collapsible and
1962; Macer , 1967; Wickstead , 1953) .  easily transported , but experience
Generally , they lack the combination showed that additional weight was
of properties useful to us: needed for the net to consistently
adjustable net height , with the sample the epibenthic region . The
ability to sample very close to the net had no closing device , with the
substrate; a closing device ; net result that the net sampled during
mouth preceding sled runners to descent and ascent, which was 17 to
prevent collection of disturbed - 20 percent of the tow period .
sediment; broad runners to avoid
sinking into very soft substrates ; The essential dimensions of the
and sturdy construction to withstand present sampler are illustrated in
possible encounters with sunken logs Figure 2. The overall size of the
and similar hazards. sled is similar to Dovel’s; however ,

the runners are wider and the sled is
The sled is patterned in part a f te r  constructed of Type 304 stainless
the sampler constructed by Dovel steel , which adds considerably to the
(1964). His device was basically a weight (approximately 78 kg) and

a — 210.0 cm

b — 109.0 cm

;: ::::::
I 

g — 12. 7 cm

Figure 2. Dimensions of Epibenthic Samp ler
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sturdiness of the samp ler. Only the pulled (and retrieved) while the
I mouth door is of l ight-weight vessel is momentarily stopped . I
I aluminum , to facilitate opening unde r This allows the door to spring open I

spring tension . The box (net mouth) without interference from the
may be positioned at any hei ght on water flow. At the end of the run ,
the uprights,  pin #2 is pulled which allows the

1 door to be closed by water flow andI The joints are we lded except for tension from a second , lighter I
those connecting the tubular uprights spring. A “stop” on the wire
and rear braces. These are bolted in running from the door to the
place——as could be other joints where first spring prevents the door
further collapsibility is required. from closing until the second pin

~ The bridle connects to the leading is pulled .I end of the runners , although a bridle I
connection higher on the frame would Despite the heaviness of the I
be preferable to reduce substrate sampler and the use of lines for
disturbance , opening and closing the door ,

no major problems were encountered
The closing device (Figure l) in obtaining samples 15 to 71I utilizes pins , hand lines , and cm above the soft muds and f ine

I springs. A strong spring is used to sands of the substrate. I
open the door , while a weak spring I
(and water f low) close the door . A A drawback to the sampler is
long pin slides in front of the door the pin lines , which restrict

~ and holds it closed against the sampling to shallow , reasonablyI tension of the strong spring , while quiet waters.
I a second smaller p in provides a I
~ 

removable connection between this
spring and the door . Both pins are -

attached to light nylon hand lines.

The sampler was tested in a clear- Ref ereoces :
I water lake where it was towed by a I

I 24-ft dory . Divers reported that Bossanyi , J. 1951. “An Apparatus I
the sled “skied” upright to the for the Collection of Plan kton I
bottom (60 to 120 m) where it in the Immediate Vicinity of

• travelled in a stable fashion at the Sea Bottom .” Journal of Inormal towing speeds (1 to 2 knots). the Marine Biol . Assoc .I The front of the sled lifted 30:265—270
I momentarily from the substrate if I
~ 

the boat moved ahead from a stop , Dovel , William L. 1964. “An I
I but otherwise remained on the Approach to Sampling Estuarine I

substrate. Macroplankton .” Ches . Sci.

• 5:77”90
The opening/closing door isI controlled by springs and p ins which Frolander , H. F. and Iva n Pratt .

I are pulled u sing nylon lines that run 1962. “A Bottom Skimmer. ” I
~ 

from the sled to the ship . Pin *1 is Limn . and Ocean . 7:104—106 I
I I
L —~
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