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FINAL ENGINEERING REPORT

Abstract

This f i nal report is submitLed in complianc e with the requi rements
for item 4 of Contract No. NObsr 93315 . The report inc ludes a
description of the Expendable Bathyt~termometer designated Dubat
Mark I , and i~s dssoc iated equipment. The operation of the over-
all system is described and the data reduction procedure is
tabulated.

DESCRIPTION OF THE DUBAT MARK I

Introduction 01
The Mark I Dubat furnished under Contract NObsr 93315 is an Expendable
Bathytherrnometer incorporating both temperature and depth measurement
transducers. The construction of the hull and instrument sub-assembly of
the expendable unit is suited to standard machine shop production techniques.
In its present form the Mark I Dubat is a developmental device which may
be eas ily converted to low cost , high production manufacturing techniques.
(A Dubat Mark II version may be easily generated from the same basic re-
design of the Mark I. The Mark II Dubat would not contain a pressure
transducer; depth would be estimated from time versus depth data taken
with full y instrumented Mark I versions of the instrument. The accuracy
of depth estimates with the Mark Ii would not be as good as the accuracy
of depth measurements with the Mark I.)

Dubat Mark I Assembly

The Mark I Dubat assemb ly is shown in Figure 1. A steel nose weight (1)
r is attached to a cy linder (2) made of extruded PVC tube. An instrument

sub-assembly (3) is fastened inside the tube. The base of the instrument
sub-assembly forms the end of a cavity containing the Dubat wire spool (4).

The wire in the Dubat spool is spliced to the shipboard spool (5). The
sh ipboard spool is housed in a PVC cup (6) which is slipped over the CYL
(2) and secured with a clamp (7) until the time of release.

The instrument sub-assemb ly is shown in Figure 2. This sub-assembly includes
a gas filled Bourdon tube (1) attached to the face p lat e (2) . The upper end
of the Bourdon tube is connected ro a wiper arm (3) which moves across a
ccemutator (4). A thermistor (5) ii mounted on the side of the instrument
base in a position which places the thermistor in the high velocity wash
when the Dubat inst rument is dropping . The electrical connections between
the comutator, Bourdon wiper, thermistor, and reference resistor are
described below.

* DUBAT is an acronym for Disposable Underway Bathytheru&oiflSter
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I
I Dubat Launcher

I 
The Dubat launcher is illustrated in Figure 3. The launcher consists of
an aluminum alloy tube mounted on a swivel head attached to a steel base .
The base may be either bolted or welded to the deck. The launching tube
may be stowed in a vertica l position on its pedestal when not in use.

I To operate the launcher proceed as follows : Remove the lock pin holding
the launch tube in stowed vertical position and swing the tube to a

I 
horizontal position. Remove the horizontal swivel lock pin and swing the
launch tube hor izontal ly until it points aft at approximately 450~ Lock
in position with the lock pin. Loosen the pivot clamp and swing the tube
down to a depression angle of approximately 300. Tighten swivel c lamp .

I The launcher is now ready for use.

To launch a Dubat proceed as follows:

I Open the hinged rear top plate and place a Dubat in the launch tube. The
nose of the Dubat will slide into the tube far enough to permit the ship-
board spool cup to drop into position in the receiver . Check to make sure

I the red protective thermistor shield is on top. (The ship-board wire spool
c lamp is normally located on top when the Dubat is correctly p laced in the
launche r). Close the hinged cover to clamp the ship-board wire spool in the
receiver. Insure that the launcher release handle is in the vertica l

I position. Release the ship-board wire spool clamp and slide the expendable
portion of the Dubat forward until it stops against the release bar. The
circuit to the recorder is completed through the contact with the release

I 
ba r.

The temperature readou t is made by the operator of the recorder and console
described below. When the equipment is ready, the console operator signals

I the launcher by energizing a signal lamp indicator located at the rear of
the launch tube.

The Dubat is released by manually operating the launch handle to a horizontal

I position. The release bar which is part of the handle assembly w ill s l ip
out of the slot in the side of the launch tube and lock outside unti l  manually
restored .

I During the drop time the signal lamp remains energized. When the console
operator observes the wire break , he tu rns off the signal lamp to indicate
that the launcher is to be cleared and re-loaded with the next Dubat.

I 
____________________________
Recorder and Associated Electronics

I The power supplies , signal processing electronics and controls associated
with the Mark I Dubat are contained in a portable case which is shown in
Figure 4. The electronics case is then connected to a suitable recorder.

‘ 
Any recorder with a constant speed chart drive, high impedance input, and
millivolt sensitivity is suitable for this application. The response time

I -2.
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I
of the recorder should be ½ second or less for full scale. Both Moseley
and Brush chart recorders have been used with  the Mark I Duba t electrOnics ,
also a Moseley X-Y recorder with a sweep feature.

In selecting a recorder for routine use in th~ fleet , cons ideration should
be given to various methods of marking the paper. The semi-solid ink
del ivered under pressure in the Brush recorder is preferred over fluid
systems which rely on capillary forces to deliver the ink.

Another consideration is pape r width and stability in the marine environment.
The width should be commensurate with the accuracy desired in reading temper-
ature , and should allow for the resolution of ink line width. For example ,
if a resolution (or reading error) of 0.1°F is allowed , and the ink line
width is .008 inch (.2mm), a sca le from 29°F to 90°F requires at least 4.9
inch chart paper. A paper width of 8 to 10 inches would allow easier reading.

Controls are provided in the pane l to checkout the recording electronics
and adjust it prior to making a drop. The function selector switch has two
calibrate positions corresponding to thermistor resistances at 0°C and 300C.
A test position is also provided on the function selector to permit the
operator to simulate the effect of a broken wire or shorted wire in the
Dubat. In the “drop” position the function selector is set for measuring
temperature during the drop of the Dubat. A “probe ” position is provided
for other applications , such as surface temperature measurement.

Connectors are provided for making connections to the launcher and to the
shi p ’s hul l .  An AC power connector and recorder connector together with
a power switch and indicator are also included on the control panel of
the recorder electronics. The meter on the pane l is cal ibra ted in degrees
F and degrees C. The Celsiu s sca le extends from -2°C to +33°C.

A toggle switch is provided f~ r signalling the launcher operator . In the
“ launch” position this switch energizes an indicator on the launcher and
also energizes the recorder chart drive , or initiates the sweep of the
X-Y recorder.

I
Teleme ter ing Wire

The wire presently used in the Dubat is a single stra nd of ha rd , cadmium-
coppe r , number 3OAWG wire with an extruded clear polyethylene jacket having
a wall thickness of 5 thousands of an inch. This wire has 807. of the
conductivity of commercial grade copper wire of the same d iameter.

The wire is machine laye r wound into spools and these spools are impreg-
mated and coated with a low shear strength silicon rubber compound . The
purpose of the silicon rubber is to form the spool into a self supporting
package for easy handling during Dubat manufacturing and at the same t ime
permit the wire to pay off the inside diameter of the spool with a 2 to
4 ounce pull force.
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Each spool of wire is subjected to a high pressure water test. All spools
assembled into the Dubat must pass this test which guarantees that there
are no leakage paths in the polyethylene insulation.

PRINCIPLE OF TEMPERATURE AND DEPTh MEASUREMENTS

Temperature Measurement

A precision thermistor  is used for  temperature measurement in the Mar k I
Dubat. The thermistor is an epoxy coated disc manufactured by YSI Components
Division , Yellow Spr ings, Ohio (YSI part #44005). This thermistor is
manufactured to a resistance tolerance of better than + 17. in the range
from 0 to 40°C; this tolerance is equivalent to a temperature variation of
not more than ± 0.2°C over this temperature span. A long-term stability
test program has established that this thermistor has an annual drift of
approximately 0.05°C.

J The YSI thermistor was selected for use in small-lot production of the
Mark I Dubat. The entire resistance-temperature function of this thermistor
is accurately specified throughout the temperature range required for

J bathythermometer application. For relatively large production lots of
Mark I Dubat (greater than 1,000 units) a less expensive thermistor with
similar characteristics would be chosen. However, other thermistors which
are inexpensive usually have a 17. tolerance only on the R0 resistance value.
Variations of 107. or more in the resistance temperature curve at limiting
temperature span values are typica l , and therefore , the use of such ther-
mistors requires additiona l calibration and complexity in the measu ring
circui ts  assoc iated with the thermistor.

The thermistor is connected as the active arm of a brid ge network. The
bridge is des igned with unequal e lements to compensate for the nonl inear i ty
of the resistance-temperature function of the thermistor so that the bridge
output voltage is made a linear function of temperature. This technique
for linearizing thermistors is most affective when the thermistor resistance-
temperature function is controlled within narrow limits. The linearity
in bridge output achieved in the Mark I Dubat is + O.IOC over the range
from 5° to 30°C.

Errors in Temperature Measurement

The various sources of error in temperature measurement in the Dubat include
the effect of sea water temperature variations on the telemetering wire
resistance , the effect of insulation resistance and leakage variations in
the telemetering wire , thermistor time delay and dissipation (Joule heating)
errors, linearization errors , signal processing , and recording errors. Many
of these ~-rrors are made sufficiently small by design ; others may be
estimated from reference data transmitted periodically during the descent
of the Dubat.

I
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The telemetering wire is chosen with a suffic iently low resistance so that
the maximum error for a worst case temperature variation is less than ±
0.1°C. This error , which is most significant at the high temperature end
of the scale , may be reduced an order of magnitude by apply ing correc tions
which are computed directly from the data record obtained during the descent.
The telemetering-wire resistance of each wire spool is furnished with
calibration data for each Dubat so that this correction may be app lied if
necessary.

Transient errors are a function of the water temperature being measured
and the time constant of the thermistor and the dropping rate of the Dubat.
The dropping rate of the Dubat is designed to match the time constant of the
thermistor so that a water temperature step function is indicated to at
least 627. when the Dubat has dropped approximately 3-feet past the step.
The thermistor time constant in high velocity sea water is approximately
200 ms. The thermistor lag is electronically reduced with a lead network
to a value of 100 ms.

The bridge excitation is chosen so that the worst case self-heating error
in the thermistor is less than 0.04°C. The dissipation constant of the
Dubat thermistor in high velocity sea water is approximately 12 mw.

Leakage in the telemetering wire insulation appears in shunt with the
thermistor in the Dubat. Provided the leakage is not too large (short
circuit) , it is possible to correct the temperature record for the leakage.
The leakage correction is always negative since an increase in current in
the thermistor bridge arm is equivalent to an increase in temperature.
Correction for leakage is made in the following manner.

During the descent of the Dubat a commutator switches the telemetering
line from the thermistor to a momentary open circuit condition to indicate
var ious known depths (and less frequent ly it also switches from the
thermistor to a reference resistor). A displacement of the position
position of the recorder stylus for these open circuit conditions (compared
with that obtained during the pre-drop checkout phase and while the Dubat
is dropping to the water) indicates that a leakage path exists ~etweev the
wire and the sea water , the greater the stylus displacement , the more
severe is the leakage problem. A displacement of the open circuit stylus
pos ition may be conver ted directly to a correc tion of the ind ica ted
temperature by entering a nomogram (or using a sliderule) with the indicated
tempera ture and sty lus disp lacement.

When the cocinutator switches from the thermistor to the reference resistor
the recording stylus moves to a posit ion correspond ing to a simula ted
temperature of 35°C. This position is affected not only by leakage (as
is the open circuit condition) , but is af fec ted  by variations in resistance
of the telemetering wire. However, as pointed out previously the effect
of wire resistance variation from the nominal is small. It can be separated
from the effect of leakage by correlating the reference resistor stylus
position with the expected position of the 35°C point after correcting
for the effect of cable leakage (if any). A difference between the actual
and predicted position is indicative of a wire resistance variation and a
no~nogram can be used to correct the indicated temperature.
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Y~ . .SECISION THERMI STOR
32 YINN303000 OHMS AT 25 C 

~~~~ winPART No. 44005 .~~~~ ~ A. (IID==== = 
r o~o

0000N END $4ACI( IOOYTIME CONSTANT:’
1 second maximum. This value was determine d with the thermistor susp ended by its leads in a “well stirred”
oil bath.
10 s.c~nds maximu m . This value was determined with the therm istor susp ended by Its leads In still air.

‘Tim. constant is the time r.qulred for th. thermistor to indica te 63% of a new Impressed temperature.
DISSIPATION CONSTANT:’

8 rnw/’C. This value was determined with th. thermistor susp ended by its leads in a “well stirred” oil both.
I mw / C .  This value was determined with the thermistor suspended by its leads in stil l air.

‘The dissi pation constant is the amount of power In mi lllwa its required to rais, th. thermistor 1 C above the
surrounding temperature.

COLOR CODE:
Black epoxy on th. body of the thermistor with green end. Maximum operati ng temperature 150.C.
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Confidence Check

The transmission of reference value information during the drop of a Dubat
not only serves to prov ide temperature correction for wire resistance
variations , but also provides a confidence check of the entire operation.

If the reference mark moves to values outside the temperature correction
range or moves in a direction ind i~~iting a Lower temperature , a malfunction
elsewhere in the system may be suspected and the record or portions of the
record obtained evaluated accordingly. Thus , the IEC Dubat adheres to a
basic tenet of instrumentation which requires that an instruzneut be prevented
from furnish ing grossly inaccurate or misleading data. The reference
values may be cons idered as signa l quality indicators.

Signa l Conditions and Data Recording

The complete schematic for the Dubat and record ing electronics is shown
on Figure 5. The launcher and Duba t connections are also shown on the
schematic.

The function selection switch is shown set to the DROP position. In this
position a circuit is completed through the Dubat , through the launcher in
series with blocking capacitor C9, the radio frequency choke RFC and the
bridge network consisting of RI, R2 , R3 , R18 , and T2. The return circuit

f is through the hull connection through the sea water to the Dubat. The
launcher connector includes a pair of wires for energizing the launch signal
and a pair for the Dubat. A signal ground connection is made to the launcher
frame to insure circuit cont inuity through the Dubat prior to the drop. It
will be noted that in all positions of the switch except DROP a resistor
R17 is switched into the circuit to correspond to the wire resistance.

A small unregulated power supp ly is provided t.. energ ize the ‘power on ’
lamp and the launch signal lamp. The launch signal switch is a double
pole switch with one pole connected to the recorder for start purposes.

The RFC and capacitor C7 network form a low pass filter to prevent high
frequency coninon-mode signals from intr3ducing unknown errors in th~
temperature records.

The other positions of the function selector are self-explanatory, except
for the PROBE position. The probe connection is intended for the use with
thermistors identical with those used in the Duba t , the cable leading to
the probe thermistor should have a low resistance. Air or surface temperature
could be monitored by this means.

The bridge is isolated from the signa l conditioning circuits with a shielded
transformer, T2. The output of T2 is grounded to the instrument ground
which is carried separately throughout the recorder electronics. Both the
hull ground and case ground are connected to the instrument ground at a
single location.

The bridge is .nsrgized with an oscillator running at a nomina l frequency
of 100 cpa. The output of the oscillator is regulated with a diode-
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controlled bias network. This particular sign-wave oscillator was selected
because its output wave-form is practically free from harmonics.

The bridge network is balanced when the thermistor resistance corresponds
to a temperature of -2°C. A resistor corresponding to the thermistor
resistance at a tempera ture of 0°C .5.9 connected to the bridge network in
the CAL 0 position. A resistor corresponding to the thermistor resistanc e
at a temperature of 30°C is connected to the bridge network in the CAL
30 position. The bridge output is then at nearly full scale and may be
adjusted to the correct value by setting the bridge excitation voltage
with R13.

The bridge transformer output is connected to a precision AC to DC converter.
The output of the converter is filtered with a tandem RC network . The DC
signal from the filter is connected to the recorder (not shown on Figure
5).

Depth Measurement

Depth is measured in a~ incremental manner using easily identified events on
the chart recording to identify known pressure points on a calibration
chart which is included with each Dubat (see Figure 10). When the
temperature record is interrupted by the commutator switching at a
calibrated pressure point, characteristic marks are made on the record.
The temperature at the point where the depth mark was made and the depth
value corresponding to that mark are the coordinates (temperature and
depth) which are plotted on a standard presentation of temperature and
depth in a fourth quadrant graph.

The sequence of calibrated pressure points is arranged so that each point
may be uniquely determined. Thus, if a portion of the record is missing,
the remainder of the record will still furnish temperature and depth
information. When it is desired to know the depth at a point on the
temperature record which is not adjacent to the calibrated depth mark
a simple interpolation between adjacent depth marks will furnish the
required depth value.

Errors in Depth Measurement

The calibration points for each Dubat instrument are determined from an
automatic readout made while the instrument is subjected to a continuously
increasing ambient pressure generated in a form and rate corresponding to
an actual descent. A stripchart record is generated at this t ime and
compared to the counutator readout. The calibration pressure readout is
continuous from a strain gage transducer calibrated against a secondary
standard .017. Ruska deadweight te~ter. The pressure at each selected
point on the cousnutator switching pattern is rea d and transcribed onto
the standard calibration chart . These figures are considered accurate
to ± .057,. When an individual instrument is cycled repeatedly from 0 to
full scale ambient pressure th. repeatability of the cousnutator pressure
depth indications is within ± .17,. Since the variation from unit to unit
is appromimately 27., an individua l calibration is supplied with each unit.
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A temperature correction to the depth marks w i l l  account for a majorportion of the errors indicated by the Bourdon instrument. The correction
is required if the Bourdon tube temperature at the time of launch is
significantly different from the 25°c calibration temperature . Because of
its thermal -mass and lag, the Bourdon tube tempera ture will changenegl igibly during the drop. Therefore a correction can be based on the
temperature of the unit during storage just prior to the drop.

Since the Dubat is a sensitive instrument it should be handled with care
and the units should not be exposed to strong sunlight on deck for
~.ong periods as the Bourdon tube could reach a high (and also unknown)
temperature. Therefore it would be impossible to apply the above correction.

DATA HA NDLING

1) Depth

Correct the depth calibration (for samp le see Figure 8) to compensate
for the temperature at which the Dubat units are stored prior to dropping.
Use Figure 9 to accomplish this.

2) Temperature

If telemetering wire leakage is evidenced by a recorder stylus shift
for the open circuit positions of the commutator , a correc ted tempera ture
scale can be obtained using Figure 10 or its equivalent transparent
overlay.

Position the temperature scale on Figure 10 at 900 to the temperature
scale on the Dubat recording (see Figure 7). Align the open cfrcuit
line on Figure 10 with the indicated open c ircuit conditiorL shcwu
prior to the drop. If the open circuit marks shift  to the left
(direction of 1~~ering temperature) during the drop , Figure 10 will
show the magnitude of the leakage and the corrected temperature scale
to use.

When the corrected temperature scale location has been determined ,
Figure 10 should be rotated and the nominal temperature scale aligned
with that on Figure 7. Corrected temperatures can now be read off
the record using the corrected temperature scale , the position of which
~~%$ rr~ vious1 y identified.
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A fur ther  correction can be app lied to account for variations from
i~~

. 6R0 1 i u  n n n i i n n l  re~ ist’nnc~ of thc t&Je m et er i nh ~ wire . The actual
wire resistance is tabulated on the name plate of each Dubat. The

correc tion , which varies with the indicated temperature, is read of I
oppos ite the actual wire resistance with the aid of Figure 11. In
future  versions of the system electronics this correction will be
eliminated by use of an electrical adjustment corresponding to wire
resistance.

Severe temperature extremes can also change the wire resistance
appreciably (.47. per OC). For precise work Figure 11 may also be
used to correct for values of wire resistance obtained by an estimate
of temperature effects on the tabulated wire resistance value which is
measured at 25°C.
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APPEND IX A

OPERATION

SYSTEM ASSEMBLY

The Dubat System MK I consists of the launcher , the signa l conditioning
electronics (deck unit), the X-Y recorder , interconnecting cables , and
expendable Dubat instruments.

The interconnecting cables are shown on the Cable Diagram , Drawing No.
2930800.

PREPARATION FOR DUBAT LAUNCHING

Place the X-Y recorder and deck unit in a sheltered location with 115 volt
60 cps power outlets located nearby. Place the launcher within 100 feet
o~ the deck unit on the stern or aft deck as close to the railing as
possible. The foot of the launcher pedestal should be bolted or tack
welded to the deck , making sure tha t the launch tube is free to swing up
to a near horizonta l position and swivel out over the side of the ship.

The Dubats to be dropped should be stored in their shipping boxes in a
sheltered location convenient to the launcher. The Dubats , al though
they are massive , are nevertheless precision instruments which should
be treated with care if they are to return accurate bathymetric data.

Connect all cables (except the optiona l surface temperature probe) as
shown on Drawing No. 2930800.

DECK UNIT READINESS PROCEDURE

Turn on the AC PWR switch on the deck unit , and set the LAUNCH Switch
to the OFF position. Rotate the function selector switch to the CAL
positions , 00 and 300. Observe that the panel meter indicates the
correct scale values for each position. If large discrepancies exist ,
the unit should be returned to the factory for service or readjusted
according to Appendix B.

X-Y RECORDER READINESS PROCEDUR E

Assuming that the Installation and Inspection procedures in Section II
of the Moseley 7030A Operating and Service Manual have been carried out ,
and that the ink pen is installed and ready to write , proceed as follows:

Set the X-Y Recorder controls as follows:

Y-’Channel: Range : 0. 1 V/in., VAR Knob to be adjusted.
Zero: 0 Offset , VAR Knob to b. adjusted.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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Sweep: 20 seconds/inch , red ~nob at FULL

X-Channel : Range: Set on sweep
Zero: 5 o f f se t , VAR Knob to be adjusted .

In general the Y-Channe l Zero control should be adjusted with the funct ionselector switch in the CAL 0 position and the Range contro l should beadjusted with the function selector switch in the CAL 30 position.
- Interaction between the adjustments might necessitate a repeat of theprocedure.
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DUDAT D:’:’: ~L C’:~IC3 INSPTCTION

iD CALIL1’S.TI01~

STT..?

1. ‘3 set to 480 ohms ~;ith ESI box .

2. Adjust DC Balance on P65 amp l if iers, using Fluke meter and manifold.

3. Set mechanical zero on panel meter , power of f .

4. ~ct No. 7 ‘3S ampli~ ic.r to zero output on pane l meter (within one
needle width) , wLth ~;o. 1. p lug in removed. Switches set to “Teat—
Sh .rt ” .

5. Adjust oscillator output to .77 ~ -iC volts with R15 trimpot .

6. Adjust RIS for zero output on ~~ri~ l :~~~-:~ with 1O.86X in probe input.

1. Adjust R26 to set panel n~tcr or. 30°C in Cal 30 position.

8. check Cal 0 position.

9. Check all cable connectors and mechanical security.

CALF-:~~’r!cN

1. Connect launcher and X-Y P..ecorder to Peck Unit.

2. Attach ESI Decade Resistor to cc~ tcc~ buttc~ on launcher receiver , return
:onrtect i4~ i to lug on laurieher cc-r.~ ec~ or box .

3. Set up X—Y Recorder zero and “C~.1 0” and “Ca l 30” points to agree with
record chart.

4. Select the following resistance valuse end record the ca1ibra~~ on mirks
by manually operating the X-char.nel VAR zero control (red kaoo) to
produce a short line.

Temp. P\c~ i:~~’-~ ce , ohnc

-‘2°C 11340
00 10260
5
0 8098

100 6451

t 1.50 5194
200 4228

34~~300 2897

NOTE: These values of res ista nc e include the Thermistor resistance and the
Dubat wire resistan ce.
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The following two data traces illustrate the form of data provided by
the X-Y p lo t ter .

I The f i r s t  i l lus t ra t ion shows the temperature trace with the depth mark
interruptions. The width of the depth interruptions could be reduced
on future models of the Dubat if this is objectionable for temperature
data assessment.

The second data chart shows a recorded temperature trace without depth
interruptions as would be provided by the simplified version of the
Dubat.
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I N T E R S T A T E  - t C T R O N I C S  C O R P O R A T I O N
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TRANSPAR~ TT OVERLAY FOR. - - -
FINAL ~~GINEERI)~ REPO~~

CONTR&C~ NObsr 93315
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