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A DEEP-SEA RADIO TELEMETERING OCEANOGRAFHIC BUOX1

1. Introducticn

Dvring tha spring of 1953 an attempt to make direct measvrements of
surface currents set up in the middle of ths ccean by natural variaticns in
strength and diraction of the winds ended in failure, The CARYN twrned out
to be toe small a vessel to work in the heavy weather of the winter Merth
Atlantic, most of he:r time was spent hovs-to, &nd the measurements obtained
were scattered and pitifully few.

Recognizing how dssirabla it i3 to ottain such data, however, we deter-
mined to devisa some means of obtaining it which would not be subject to the
disadvantages of a Small vessel, or to the great expense of a large ship.
After considering all the possibilities that we coulid imegine, we decided to
taild twenty radio telemetering buoys Yo set adrifi from ths island of Ber-
muda, These tunys carry the necessary oceanographic instruments to measure

urrent and wind., They were built during the summsr of 1993, chipped dowm
to Bermuda in September, and since October 21, 1953 we have now had 8 nearly
continuous series of deep-sea current measurements up until the date of this
writing (Jammary 15, 1954). Ths resulte of these measuvements will appear
in a separate Technical Report in the resr future when five months of obser-
vation will have accumlated, Ths present report is confined to a descrip-
tion of the buoys, and a discussion of their performance, {o date, when

iaunched ints the ocean.

1& report of work done a* ithe Oceanographic (Observatory. a field station of
+t. - Woods Hole Ocesnographic Institution devoted to synoptie stundies of the
Norrthwestern Sargusso Sea,
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- II. Buoy Assembly

A sketch of the complete buoy assembly is shown in Figurs 1. The over-
211 height of the buoy from the top of the antenna (a) to the Lottom of the
buoy casing (b) is 18 feet. The horizontsl distance between the ends of the
outrigger arms (x) is 12 fest. The buoy weigha zbout 50C pounds. Eefore eu~
tering intc any detailed discussion of the constructicn of anv individual
elements, it is probably advicables tc dssiribe briefly the over-all zssambly
of the buoy. ’

The radio antenna (a) is a center loaded marine type (Premax V anienna
#3BYS.26, with loading coil) which is fixed by means »f a lead-through bolt
to a fine linen formice insulator {£) iurned out of a 6-inch length, 2-inch
diamater formica rod; the lower half of this formica rod is reduced in diame-
tor t2 1.90 inches, so that 1t fite smugly into the top of the mast tubing,

The top of the inoculizter is tapered to help shed moisture, and the whola an-

tenna and insulator are sprayed after assembly with acrylic plastic spray.

The antenna is connected to the iransmiiter through the interior of the mast

I tubing bty means of automobile ignition wire, The four-cup wind anemcmeter (w).

the wind vane (v) &id the navigation light (1) are all mounted on &an aluminum

cross-am made of i}-inch aluminum angle. This piece of angle is bound to

I the mast tubing by an ordinsry automobile muffler clamp {Chevrolet replacing

part #3693811). The four-cup anemcmeisr is the cheapest kind available, made

by M. C. Stewart, but provided bty him with shecial 1/2-mile contacts {(Stew-
art's stock modsl has 1/60-mile contacts). Other than sealing the conduit
housing and miscellaneous smallsr holes with Pormatex, no special precautions
to kesp oui salt water appsar to be necessary., It is necessary to provide a

nipple to mount the anemcmeter on the mast., The light

:

ALY VAT smaalate

T AT -
Wd. YT LAoAEC S TLOBS

o] \ -

- —

hﬂmmwmmammwm [ - N- 74



eml e

-3 -

fixture (1) can be any marins exterior fitting which is at hani. The w:ind
vane was made up specially (Section V). The arrow itself was purchased from
Stewart, A Model J Helipot 20K Potentiometer is fitted with an extensica
brass shaft turning inside a brass tubing about 6 inches long, The entire
asgembly with electriccs leads attached is pcitsd irn Scotchcast., When this
is assemhled with the shaft poiniing downward, there appears to be very

little posgitility of moisture working up into the potentiometer winding,

!

The HModel J Potentiometer is provided normally with its csun bell beazrings

L

and is very well built and suited for the severe mschanical waer which it
endures over the period of use oi tne buoy.

A specislly constructed magnetic remote reading comptss (c) is clamped
4o the mast by a special non-magnetic cvracket (details of the compass zre
given subsequently). The mast itself is 6 feet of stock Alcca aluminum
tubing, 2 inches 0.D. and 1,90 inches I.D. (#61 ST-6). This mast (m) is
fastened to the top cover plate (t) of the buoy by 3lipping it over an iron
fitting welded to the cover piate. This iron fitting consists of amn 18-inch,
lé-inch (nzminal size actually 1.90-inch diameter) pipe welded upright and
supported by tnree welded braces, The alumninum mast fits very snugly over
the iron pipe and can be clamped with 2 muffler clamp, Although the antenna
Wire is led down inside the masi, through & hols drilled through tha cover
plate inside the 13-inch pipe, the leads for the meieorologicsl instruments,
compass and light pass through a 2-inch pipe couplirg (p) whic)h is welded to
the cover plate, through small holes in the cover plate and thence into the

intericr of the busy. The lead-through is made watertight by £illing the

pipe coupling with potting compound (Ozite B). The top cover plate (t) is

madzs of i-inch steel plate and fastened to the flange on the top of the bucy




L -

cese {b) by 26 3/8-inch bolts. Inside these bolts and restirg on the £lange
is a gasket made of Garlock 95 packing (&-inch square cross-seciicn). When
the bolts are taken up tight, this packing is compressed to 4-inch thickness,
There has been no difficulty with weter leakage problems. The buay casing (b)
itself is made from a sheet of )/8-inch thick steel plate 5 feet x 6 feet.
This is rolled into the fori of a cylinder 5 feet long and 6 feet in circum-
ference, and welded inside and out with a slightly concave bottom, Two
handlsz {h) are welded on the sides, and two pieces of strup (s) iron 1% in-
ches x 3/8 inches are welded on opposite sides for the purpose of fasiening
the out-riggers to the tuoy. The oul-riggers (i) themselves are constructed
of I}winch sngle iron. The current meters and drags are suspended from the
small lengths of chain (x).

In order to prevent the buoys fram becaning a menace to navigation a
sinking device is incorporated in%o each buoy. The top cover is drilled arxd
tapped to take a 3-inch galvanized iron pipe nlug. This plug is driiled
with s hole 0.20 inches in diameter, into which is fitted a 1l-inch long meg-

sivm alloy bar, well ameared with rsrmatex, Tests in Ferry Reach show
that this bar eat# all the way through in from four to six weeks; the buoy

then 21115 with water and sinks,

, Drao and Current Log

In designing & current meter for use on an unattendsd instrument where
it is not possible to make repairs or adjustments, or to clesn the biades of
the meter, if they ave clogged with ssawesd or cther florting debris, it is
impertant to emphasize simpliecity of form. Carruthers mede a verticael log

for suspension from light ships, the current measuring siement of whici: was

b — :
T T e e o N

-




a2

a series of nine hemisphericsl cups rotating on arms about a vertical axis,
After a few experiments wlith this wertical log, it seemed to us somewhat
cheaper {0 use & large shaet metsal retor, such as shown in Figure 2, Each
bladzy is in the form or a semi-circwiar cylinder of £-inzh radina, The sheet
metal is 0.030 inches thick, galvanized iren. Along both ths upper and lower
edges there is a preformed iron strap riveted to the sheet metal, This rotor,
which is, after all, nothing tut an ouigrowth of the Carruthers vertical log,
has proved fairly trustworthy. It does not bend, it deces not foul up with
debris, and it is sensitive to currants of as little as a tenth of a knot.
Moreover, when this rotor is pulled up &amd down by waves, it does not turm
ercund from this cause gione, as & propeller-type current. meter might wvery
well do, Thus, there is every reason to suppose that the irregular vertical
mctions of the rotor, which are the inevitable accompaniment of wave action,
do not give rise to a false velocity.

The drag, which is suspended f£rom the buoy tc 2 depth of 100 feet or
more, is chowr in Figure 3, It consists of a 12-foot length of 13-inch angle
iron, to which are btolted two cross-vanes of the same sheet metal from which
the rotor ic made. The combined area of thesSe two cross-vanes is roughly
aqual to that of the buoy and rotor. 1In order to prevent ths drag from exe-
cuting vio.ent skeetering motions, uwo or more ends of the vanes ars bont
over.

A schematic diagram of the current log is given in Figure 4. The case
of tne curreni log consisis of 2 3-ineh Wack pipe nipple (r), closed at
both ends by 3-inch pipe caps (¢): The upper pipe cep is suspended from

P _
the ovtrigger chains |(x) of Figure i} by the welded ave bolt (b). Another

-~

eye boit (b} is made fast to a vertical shafi passing through the lower




pipe cap and riding on a stainless deep groove ball-bearing race (r)., The
verticel axle passes through e wiversal joint (u) to a gear train (g) which
consists of six gears (#60-12-NS Tiny Atom motor gears from the following
toy company: Wilson's cof Clevoland)., After this gear redvetion of 3,125 to
1, the mction is transmitted to a Model G Helipot Potentiometer (p). The
gear assembly and potentiometer are mounted on circular plates (s) which, in
turn, are supported by pillars (t) from the bottom cf the case, a construc-
tion similar to that used in clocks. Ordinary demolition cable (w) is used

as & elscirical conductor to thes bucgy, and passes cut from the cvrren

thrcugh the bottom through a tubing-pipe adapter (Edelmann fitting 3/8 to %

‘e

B-63)., The entire device is filled with No. 30 e¢il. Inasmuch as the con-
struction is similar to a submarine bell, and since the oil is lighter than
seawater, there is no tendercy for the works to be exposed to salt water
even thicugh there is room for the salt water to get through where the shaft

enters the lower pipe cap.

IV. Loading Diegram

In loading the bucy, it is essential to keep the weight as near to the

bottom as possible, Otherwise; the motion of the buoy in a seaway is very

vioient {(Flgure 5). About I0C 1lbs, of cast iren (W)

‘

[
[¢/]

placed in the bot
of the buoy casing before azrthing else is put in. The E batteries (1h
Li5-voit Burgess B batteries, Type 103C3) are stacked in two T-battery piles
inside of a wooden box. The A batteries (48 #6 Telephcne dry cells) are
fitted into the remaining spazce, as shown by A (Figure 5), 44ditional bat-
{eries to run the clock and navigation light are placed in the remaining

space above the B batteries, an? 2 plywood disc is fitted o hoth the bot-

t»m and the top of the betiery-pack to hold it rigidiy irside the buoy

s
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. casing, The space (T) ebove the batieries 1s reserved for the electrical

system of the buoy (transmitter, relsys, etc.).

v. Kl ectrical Circults in the Buoy

Figure 5 is a schematic diagram of the electrical system inside thc bucy.
On the left ¢f the diagram various power supplies are shown. The separetz
clock bhattery is corinected to the clock system at all times, Every three
hours, the clock system sends a pulse of three-seconds duration to the step-
per assembly. This pulse causes the stepper assembtly to move & switch
through 22 differsnt positions, This switch 18 doubls pole. The upper bank
of poles is used to conmnect varicus sensing elements to the transmitter, one
after another. The lowsr bark is used to parform cervéein {unctisne, such as
providing 2 time-delay in the application of the plate voltaga to the trans-

tier, The stepper assembly also turns on the filaments of ths transmitter.
After the stepper 2ssembly has gone through its complete program of 22 contact
points, it stops going, and resets itself umtil it recelives another pulse
from the clock system,

The clock system itself is shown in Figure 7. The clock is an sutomo-
t3ile clock. Bectuse the exact duration of contact made by the closk is bound
to bhe scmewhat uncertain, the clock switech is made to charge & cordenser
through a high resistance relay which remains energized for three seconds
only.

The anemometer log (Figure 8) is a simple pewl and ratchet, operated uy
a solencid conrected to the anemometsr contacts. The ratchst drives a Model
G Helipct Potentiometer, In thvis way, tns number of half-mile contacts acou- @

mus.

0

ted gince the previcus transmissicn is indicated by the change in resis-

tance rea2ding of the poteniiomeler,

,...__&
!
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The compass is shown in Figure 9. It is an ordinszry (Corsair) boat com-
pass wii;n the card removed, Small silver contscts ars fitted to the needle
support, aid Lslow these contacts, surrounding the pin, are mounted a pcten-
tiometer resistance element and a circaler comictator ring, Normally, the
contacts 4o not touch either the comrmtator ring or uhe jpctentiometer resis-
te2ace element, bui when a 6-volt battery is applied to the ends of a solenoid
wrapped around the inside of the compass housing, the needles are sharply
dipped aad coxiact is made between the commutaicor ring anc the potentiimeter
resistance element., The exact resistance value, of course, is an indication
of the direction in which the needles were pointing., The solenoid is oper-
ated from the lower bank of the stepper assembly.

The detailed wiring of the stepper assembly is shown in Figure 10,
Normally, all ¢f the relay coils in the stepper assembly are de-cnergized.
Terminals S-.3 and S-13 are comnected to ground, S-2 is connected to +6 <Tclts
A supply, and terminal S-6 is connected through an exivermal resistance of
47,000 ohms to 300 volts in the B supply. Terminals S-7 and S-12 are con-
nected to the negstive side of the B supply, which is normally isolated frcm
ground. The whole stepper mochanism progrsm is initiated by the mcmentary
closing of the uigh resistance relay contacts in the ciock system (Figure
7), which establishes an electrical path between terminals S-1 and S-2,

This enesgizes the coil in the start-stop relay, which closes contacts (a)

and (b). When contact (a) makes, it locks the start-stcp relsy in an ener-

S-2 ceases to sxi3t, It alsc turns on the filaments of the transmitter

through terminal S-lL, ard establishes one side cf the circuit necessary to

energize the plate control relay, but does nc* turn it on immediately,
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When contact (b) supplies 300 volts 4c the high resistence iimer-relay, the
coil does not energize until the capacitor is fully charged, at which tize
contact (¢} closes and this, in tﬁm, energizes the stepper relsy coll.

The wipers on bzth the upper bank and the lower bank of the stepper relsay
now advance one step., 2t the same time, an additional contact (d) on the
stepper relay coil armature mskes, discharges the condenser, and hence de-
energises the coil in the timer-relay, which opens contact (c) again., This
cycle of aiternation between the timer-rslay and the stepper relsy continues

for a complete revclution of the wipers in ths steppsr relay, At ono point

in th

cycle; the wiper on the lower bank momentarily zrounds the other sids

\

of th

[0

plate contrcl relay coil; which is then locked in the energized posi-
tion by contact {(e). The plate voltage is now applied to the tramsmitter
through the B minus side of the battery through contact (f). The stepper
assembly finally ceases operation when the wiper in the lower bank reaches

& contact which shorts out the A supply to the start-stop rel&y, &t which
moment. contacts (a) and (b) drop open, and the stspper assembly is again de-
energized. The various standard resistors and resistance slements of the
various instruments on the buoy are connected one by one by the wiper in
the uppsr bank tc the audic oscillator circuit of the transmitter through
terminal S-8,

The transmitier wiring disgram i¢ shown in Figure 11. The transmitter
consists of a crystal oseiiistor, parallei connected final amplifier, clamp
tube modnlator and audio osciliator, The tubes are of the ®instant heat®
type requiring only 5 seconds for warm up operation,

The claip tube system of modulation was chosen to simplify the construc-

. tion and reduce the cost of the transmitter. The final smplifier draws 125

F—

-
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= milliamperes at 600 volts with a useful power output of 30 watts, The total B
power drain is 180 milliamperes st 600 volts and 34 milliamperes 2t 300 volts.
The audio oscillator uses a conventional plete-grid feedback system, the
frequency of oscillation being controlled by the grid resistance, A change
in this resistance changes the BC constant of the grid circuit thus contirol-
ling the rate, thus fregiency, of plate current pulses through the tube,
Thess pulses generate a voltage of the same frequency across the primary of
the feadback transformer which is coupled to the secondary, thence back to
é the grid in proger phase to reinforce tnz original plate current change, thus
;' sustaining oscillations, This form of oscillator was chosen ss repressenting
the simplest configur..tion capable of providing a reasonable frequency change
with the 20K olm change availszhble from the sensing elements, The oscillator
stability is improved slightly with A and B voltage regulation,

Tuning is accomplished in z conventional manner, the erystal oscillator
detuned spproximately 1/3 from its peak reading for maximum stability and
fast starting time. The final ampiifier is tuned for minimum plate current,
as read acrecss a ten olm resistor in the plate circuit, while the antema
loading tap is increased, until a final value of 125 milliswneres is ob-

A

tained.

¥I. Recelving Station

The receiving station is arranged to operate automatisally, A schematic

diagram of the arrangement in wuse at present is given in Figure 12, A di-

AT A 2R had - "
G frov e ——

recticnel antenna array is connectsd through an antenna switching relay to .J
L}

g Natiorial NC183D receiver, which is operating all the time, Three outputs

are taksn from the receiver: onz %o an audio-amplifier and thence to a loud-

speaker for constant audible monitoring of the frequency: the second output

\ ~e -
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passes through a selective band pass filter (Spencer-Xemmedy), and thence
through the amplifier of the Magnecorder. The output of the amplifier is
thus contimuously available for tape-recording. However, it would be a
great waste of tape to have the tape-recorder operating zt aili times., Thers-
fore, & circuit has been arranged for turning on the tape drive only during
& transmission from the bucy. Thit is affec%ed by the third output from
the receiver, which passes through a National Select-O-Ject tuned to LlO
cycles. The output of the Select-0-J ot operates & vacuum tube relay which,
in turn, turns on & motor-driven pulse generator, which drives a stepping
relgy ac lowog zs the yacuum tube relay is energlized, The stepping relsy is
reset to its initial position, if there is any interruption in the LLC ione,
Thus, bursts of white noise, such as static or hsterodynes from nearby c.w.
stations may initially set off thie vucuum tube relsy and start the steppiry
relay, but due tc ths normal short dursiion of such ULO tones, the stepping
relay is normally reset tefors it can trigger the 30-second timer, This=
consists of an electric clock which drives a cam. The cam operates a
switch which runs the clock and, therefore, the clock turne until it reaches
& dead position of the cam and then stops. When the stepping relay eaches
& high mmber of steps, it turns cn the clock despite the fact that the
clock is on the off positicn of the cam, and keeps the clock going until
the cam comes off the cead position. The clock then cuntinues to go for 30
saconds. Since the tape-recorder is in parallel with the clock motor, it
also runs for 30 seconds Tefore turning off. nNear the ena of the 3U-second
period, a time-tons {whose frecquency is different for each hour of the day)

is also put onto the tspe. Normally, the sequence of events during & buoy

transmission is first a LhO cycle tene for triggering purposes; next, 4 or
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S standard resistor tones and then tonss corresponding to the compassz, veane,
current log, anemomete log, compsss again and then wheatever other special
sensing elements there msy be on the bucy (thermistors, pendulums, leak de-
tectors have been used to date).

In reading the records, it has been found that the fresquencies of the
tones cannot be read directly on asny electvenic countsr. This is because of
the inevitable background noise; especially as the range of the Luoy beccmes
more and more extended. The. .fore, the most practical method of reading the

records has been to play back the tape displaying the output on the (x) so-

LTI T R L

ordinate of an oscillescope, at the szme time beating a Hewlett-Packard
audio oscillutor on the (y) co-ordinate. The exact frequeacy of the oscil-
£l lator is then read by = Potter ele:tronic frequency-iime counter. The over-
all precision of the telemetering system, allowing for a1l the possible
sources of error between the actual electrical resistance in the buoy to ths
final reading from the calibration curve seems to be something like plus or

minus 0.5%.

VIXZ. Field Tests of the Buoys

A discussion of the oceanographic data obtzinad by these bucys and cali-
bration of the rotors will be given in a later Technical Report., Howevsr,
it seems advisabie to exhitit, at this time, certain buoy statistics, Table
1 shows just what happened in using 8 buoys during the periad of September
29 tc January 15.2 I¢ is also instructive becauss of the various lessons
ﬁ” that were learned. The reader will see that two of the bucys were used sev-

eral times, The {irst buoy that gave mecharacal trouble lost part of its

“The buoys were put out by the PANULTRUS, vessel of the Bermada Biologicel
Station, the iathometer and sther eguipment Supplled under Contract Nonr-
1031 (00).
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anteniza. From that %ime or we brased the antennas into one solid pisce,
Booy #2 suffered, at one time, = considerable amouni of trouble in the sudio
osclillator. Ths audio csclllator was redesigned, and we have had no more
trsuble from that source. Buoy #i suffered from a defective compass, All
indlcations are that the light karosene in the compass lesked cut, From
that time on we have used No. 30 oil, and we have hai no further compass
irouble, Puoy #S was = complete 1loss because of a defective clock system,
It i3 believed that this difficulty has now been surmounted by using more
sensitive micro switches va the clocks than were rreviously used., The loss
of the deep drag on buoy #8, afier 10 days of operation, is probably due to‘
a combination of heawy westher and an old BT cable. This difficulty is
rrobably taken care of by using heavier wire rope,

& typical example of the resistance-frequency relationship in the buoy
transaitter is given in Table 2. These freguencies are quite stabls over s
long time, Fortunately there is avaliable 2 long term exampls wixier actual
operating conditions: Buov 8 dropped its deep drag and ancihored itself
somewhere on the reafs. The frequencies of the standard resistors over 448
days of transmission 16 times daily are given in Tabla 3.

Deep-sea observations by these buoys were started on QOctober 21 Fram
October 21 tc Jarnuary 15, there ars 86 days. During this interval, we have
had ssven bucye ocut, and obtained 85 dzys of complete and usable oceanc-
graphie wind-drift-current data. Of courss, some of these days represent
days when two buoys were out at a time, so that the actual length of time
is noet such a complete coverage as may flrst bc expected by looking st
these two figures, However; there is an interesting practical lesscn to be

learned from our experience with these bucvys, First, that they are ahle to

o ——
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Table 2
; i Resistoncs-Frequency Heiation
i for Buoy 6
ohma cycles/ssc
é_.—‘
E 0 2203
2000 178k
- 4000 1533
6000 1382
£0C0 126l
10000 1186
12000 1120
- 14,000 1070
F,_ 15000 1018
18000 982
{ 20000 938
=
E‘“ Table 3
g Stendard Resistor Frequericisa of Buoy 8
for a Pericd in the Ocean of 1,8 Days

Fhori ) b

Mont! 11 III I I
Day 5 15 5 22
Days out 0 10 31 L8
No, trans-
missions 10 170 506 780
= Frequencies 2401 2467 226 2513
G 1826 1893  185h 1877
: 1399 1k27  1Lh09 418
2 1275 1zei 1261 1283
&&; 1057 1070 ---- 1051 -
N
\ — rese =
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operate satiasfactorily and continucusly for longer pericds of time and in
heavier weather than any present oceancgraphic vessel, For sxample, the
buoys operzisd periectiy during the storm (Jazuary 13) in which the VEMA
alzost, foundered, It would be difficult to find a similar period ip the
history of oceanographic ship operations which could show such a concen-
trated amownit oi deep-sea work in the same length of time., Secondly, the
matter of econcmy enters in, The cost of each buoy is about $600 (exclu-
sive of sslaries and expenses of the scientific staff). These seven bucys
f (including the failures which, of course, we will not have o include iz
the futursj cost 3urU0, The cest of sbizining this data is, therefore,

: $50 a day. Inasmuch as it would be cuite feasible o obtain hourly data
from these tuoys, one nan easily be assured that a cost of $2,00 per set
of deep-sea oceanographic observations has been definitely demcnstrated,
Tet us coatrast this with the most overoptimistic pictuvre of shipborne
research of the same variety. Even if we were to suppose that an ccsano-
graphic vessel could work in winter weather off Bermuda for 85 out of 86
deys, the minimum cost Would be something like $700 a day (exclusive of
the salaries and expenses of the scientific staff). It, therefore, seems
very conservative to make the statement that these buoys can do certain
jcbs, tuch as current and thermal studies at leez than S% of the cost of

doing the same jcob by chip, and certainly under much mere severe weather

T
1 13

conditions.
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