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EXECUTIVE SUMMARY
The Ocean Programs Office (Code 500) of the Naval Ocean Re-

search and Development Activity (NORDA) provided funds during
Fiscal Years 77, 78, and 79 to the Ocean Science and Technology
Laboratory (Code 350) for the development of a versatile ocean
profiler capable of carrying a variety of sensors. The NORDA
Vertical Profiler and associated data readout system resulted
from this development effort. The Profiler is capable of making
water column .easurements from the air/sea interface to a depth
of 1000 meters and returning to the surface approximately 20
tires before its lithiun energy source is expended. Sea tests
have been conducted using temperature and depth sensors with the
data acquisition subsystem, and a conductivity/temperature/depth
sensor capability is also available. The data acquisition sub-
system within the Profiler can accept up to 16 analog inputs pro-
perly scaled in voltage, and any number of serially supplied 16-
bit digited words. Limited amounts of power are available from
the Profiler to power add-on sensors. The Profiler is cycle

i b programmable and can be commanded to ascend and descend at
regular prescribed intervals. Data rates, sample intervals, and
sample durations are also preselectable. One of the most
significant and unique features of this profiling device is its
ability to make measurements up to and through the air/sea
interface.

The Data Readout Subsystem permits retrieval and printout of
sensor data collected by the Data Acquisition Subsystem during
profiling operations. This subsystem can easily be interfaced to
desk top calculators for automatic processing of data or prepa-Fration of digital magnetic tape for data entry into a large
computer.

This manual describeL the functional operation, intercon-
nections, alignment, checkout, and predeployment procedures
needed to make use of the NORDA Vertical Profiler. Because the
buoyancy subsystem of the Profiler is based on fluid-induced
volumetric changes, there are maintenance requirements typical of
hydraulic systems. In addition, the self-contained battery sub-
systems, which supply energy to the various valves, pump, motor,
control and sensor electronics, require replacement or recharge
on a periodic basis. It has been a primary goal in developing
this manual to preserve the detailed information necessary to
proper maintenance and operation of the Profiler hardware and not
to describe the spectrum of applications to which this device
might be put.

This system is available to ocean researchers. Those having
an interest in making use of this system should contact the Ocean
Programs Office at NORDA.
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1.0 INTRODUCTION

1.1 SYSTE1 PURPOSE

The NORDA Vertical Profiler is a variable buoyancy vehicle capable of sampling
a water colutim from the air/sea interface to a maximum depth of 1000 meters on a
preprogramed interval and storing the collected data on an internal cassette tape
recorder. An optional configuration that could be developed would be to transmit
the recorded data via a satellite to a remote station at each return to the surface.
The system concept is shown in Figure 1.1.

1.2 SYSTEM FEATURES

Profiling with a single sensor package can provide definite cost advantages
over the use of distributed sensor arrays involving many stations, provided the
environment being measured changes slowly compared to the profiling rate. There are
a number of advantages inherent in data collection by vertically profiling when
using the concept of Figure 1.1.

(1) An ability to profile to the air/sea interface.

(2) An easy method of deployment and recovery.

(3) Reasonably long-term, uattended operation.

(4) Modular arrangement for ease of modification.

(5) Relatively low cost to minimize investment risk if lost.

The profiling system consists of a variable buoyancy vehicle which contains the
ballasting and data collection subsystems and the mooring system that holds it in
place. The profiler is normally tethered with a buoyant line from a taut-moored,
subsurface float, as shown in Figure 1.1, and deployment is by the anchor-last
technique. The length and buoyancy of the tether, which connects the profiling
vehicle with the subsurface float, can be adjusted to suit the profiling depth range
desired. By adding small floats to the tether, the vehicle "hangs" suspended like a
small weight on a cork. The addition of an acoustic release mechanism(s) at the dead
weight anchor permits easy recovery of the system.

The vehicle itself consists of two spherical compartments arranged vertically
in a fiberglass framework, as shown in Figure 1.2. The upper pressure sphere
contains the data collection instrumentation and profiling controls, while the lower
sphere houses the variable buoyancy system. This buoyancy system works by pumping
oil fran an internal sump to an external bladder, thereby changing the displacement
and buoyancy of the entire vehicle. As the external bladder fills with oil, the
vehicle becomes positively buoyant. To cause the vehicle to submerge, an
appropriate valve in the buoyancy control system opens, and oil in the external
bladder is forced back into the internal sump by the ambient water pressure.
Therefore, the pump is used only to force oil into the external bladder when
positive buoyancy is required. To submerge the vehicle, then, water pressure does
the work, thereby conserving battery power. Even at the air/sea interface, there is
enough sea pressure "head" to return the oil to the internal pump. The buoyancy
system of the profiler is capable of a ten pound (4.4 kg) buoyancy change of +5
pounds (2.2 kg) about neutral buoyancy. About 20 profiles to 1000 meters are
possible with the present lithium battery pack, which translates to 40 profiles at
400 meters or 80 profiles at 250 meters.
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Figure 1.2 Vertical Profiler Mechanical Arrangement
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The upper sphere (Figure 1.1) contains a modular data acquisition and control
system. The major functions performed by this system are described in section 1.1.
The clock portion of the controller provides the time base for data acquisition
functions, time tagging of collected data, and initiation of dive and surface
commands. The present experimental model has sensors to measure vehicle depth
(pressure) and heading (magnetic), and water column temperature. Other sensors to
measure vehicle depth (pressure) and heading can be added or substituted rather
easily, since the data logger will accept either analog or digital signals, and a
number of analog channels are presently unused.

A data playback and printout system was also developed for analysis of the
engineering data produced during laboratory and field tests. This system consists
of a cassette tape reader, a code converter, and a BCD printer. The code converter
acts as the playback controller by initiating tape read commands to the reader and
print comiiands to the printer. Since all of the recorded digital data is not of the
same coding format, the code converter also converts all data to a binary coded
decimal (3CD) format.

1.3 PERFORMANCE CHARACTERISTICS

In accordance with manufacturers' data and vertical profiler test results,
performance data about the system follow:

Physical Size (excluding tether, beacon transmitter, and lights)
Vertical length: 64 inches (162 an)
Front width: 21 inches (53.3 cm)
Side width: 18 inches (45.72 cm)
Weight: 335 lb (151.95 kg)

Diving Characteristics
Maximum depth: 3280 ft (1000 mneters)*
Descent/Ascent Cycling Options: With the present Lithium battery pack a
limited number of descent/ascent cycles are possible; however, by reducing the
depth of descent, the user has more profile cycles available per battery pack:

Depth Minimum Number of D/A Cycles
3280 ft (1000 mtrs) 20
1640 ft (500 mtrs) 40
820 ft (250 mtrs) 80
410 ft (125 mtrs) 160
205 ft (62.5 mntrs) 320

Cycle Durations: A "descent duration" is the time for one descent/ascent
-,ycle. There are seven possible cycle durations": (in hours) 1, 2, '4, 6, 8,
12, and 24
Descent Durations: A "descent duration" is the time the vertical profiler (VP)
is left at its desired depth. It starts at the beginning of descent and ends
with the beginning of ascent (turning on the buoyancy pump). There are seven
possible "descent durations": (in hours) 1/2, 1, 2, 3, 4, 6, 12. A "descent
duration" should be programmed to be less than the "cycle duration."
Descent/Ascent Rate: Approximately 1 ft/sec (0.3 m/sec) with a variation of
+6 inches/sec (0.15 m/sec). (Factors affecting D/A rate are currents, mooring
stability, tether impedance, and others.)
Overdepth: This is a programmable feature that prevents the VP from sinking
deeper than desired (i.e., if the tether should be sheared while in theIdescent mode). When this feature operates, the VP is automatically returned

*If the CTU-8, conductivity/temperature probe, is attached, maximum depth is 1000 ft
(304.8 mtrs).
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to the surface before the scheduled "cycle duration" has elapsed and the
profiler is prevented from further decents.

Data Acquisition Capabilities
Types of data
(I) HEADING: 00 to 3600 measured in 1.40 increments.
(2) PRESSURE (DEPTH): 0 to 2222 ft (0 to 677.26 m) measured in 1.1011 ft

(33.56 cm) increments.
(3) TEMPERATURE: 00 to 41.670 (C) (320 to 107o (F) ) measured in 0.0197

(C) (0.0354° (F)) increments.
(4) HYDRAULIC PUMP MOTOR: Sensed Voltage = 0 to 25V measured in 0.0244V

increments; Current=O to 9a in 22 ma increments.
(5) TIME in days, minutes, and seconds.
Storage medium: Magnetic tape; LPS-16A, Datel Systems, Inc.; using Phillips
type cassette with 2 tracks.
Data channels: 16 analog-to-digital; random access; accepts +5Volt analog
input; 11 channels are presently unused and available for user's needs.
Data Rate: 5 (16 bit) words/second
Word Format: 16 bits; 4 address bits and 12 data bits in binary code format.
Tape storage capacity: 120,000 (16 bit) words, including gaps and load

forward.
Data Recording Time Intervals: 10 sec, 30 sec, 1 min, and 2 min. Note: One
ccnplete scan of all data parameters is performed each interval.
Auxiliary Serial Data Input: Permits cassette recording of external digital
data, such as time and heading.

' : Power Source
Upper sphere (Data Acquisition & Control): Rechargeable Gel-Cell battery
packs, three separate units at 12VDC each arranged to give +12VDC, -12VDC, and
+24VDC.
Lower sphere (Buoyancy Control System): Lithium batteries (20); 20 amp-hours a
5 amp drain. Batteries arranged in four packs of five cells each at nominal
voltages of +12VDC and +24VDC

2.0 SYSTEM CONFIGURATION

2.1 GENERAL

The Profiler consists of a structural framework supporting two pressure-proof
housings and flotation material for establishing neutral buoyancy of the assembly
(see Fig. 2.1). One pressure-proof housing (lower sphere) is the buoyancy control
housing that contains the hydraulic system for adjusting the Profiler's net weight
in seawater, while the other, main control housing (upper sphere), contains the
timing and sensing electronics together with the data recording system. In the
following paragraphs each of the major subsystems will be discussed individually.

S 2.2 BUOYANCY CONTROL SYSTEM

The basic elements of the buoyancy control system are the high pressure pump,
oil, sump, valves, and the external bladder. Incidental elements include oil
filters, check valve, pump drive switching electronics and the energy source. (see
Fig. 2.2).

2.2.1 Hydraulic System

The various components will be discussed in subsequent paragraphs; but in
general the hydraulic system functions in the following manner:
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2.d.4 Valves

The valves are Skinner solenoid valves designed to seal against IC) k',-m'
(3000 psi). There are two valves in the system, one of which has a O. r mm diveter
orifice and opens against a pressure differential up to 175 kg/cnr , and the other
has a 2.0 mm diameter orifice which opens only at pressures less than 14 kg/cm2 .
The valves are connected in parallel and operate simultaneously to allow the return
of oil to the sump. The two sizes assure that the system will continue to 'ycle if,
for some reason, the Profiler failed to return fully to the stirf:ie ,urin .)n i:i,,ent
phase but remained more than 150 m below the surface. For example, let us t~sune th.?
situation shown in Figure 2.3.

Figure 2.3 slows the Vertical Profiler (VP) being used to examine a ,lumn of
water existing from the surface to a maximum depth of 600 m. Ideally, the VP woulI
be moored by buoy A' and would cycle between B' and C'. Ideally, that. ii, if we
assume the ocean current to be negligible. If, however, we assume a stront, )Cean
current, the profiling situation changes. The effects of drag caused by the strong

current have been greatly exaggerated in Figure 2.3. Here is an explanation of the
Vertical Profiler operation summarized by the problem described in Figure 2.3:

(1) Let us start by assuming a no-current cycling condition as sFown by A',
B', and C' as shown in Figure 2.3.

(2) When the profiler is on the surface (B'), the
(a) external bladder filled with fluid; (the upper bellows sump is

empty;)
(b) VP is buoyant;
(c) pump is not running;
(d) and the Skinner control valves are closed.

(3) To submerge the VP (to C'), the
(a) valves are activated to the open position, and fluid starts

flowing from the external bladder through the valves to the
upper bellows;

(b) pump is off and the checkvalve (see Fig. 2.2) prevents fluid
flowing back through the pump;

(c) bellows sunp fills until the "SUMP FULL" switch causes the
valves to close;

(d) and the VP submerges until the length of tether and mooring buoy
restricts further descent (600 m in this case.)

(4) To cause the VP to surface (back to B'), the
(a) valves remain closed;
(b) pump is turned on;
(c) and fluid flows from upper bellows sump to external bladder.

(5) When roughly half the fluid from the sump flows into the bladder, the
VP becomes buoyant and starts to surface.

(6) When the upper bellows sump is empty, the "SJMP EMPTY" switch activates
the buoyancy control logic to turn off the pump.

(7) With valves still closed, pump off, and external bladder full, the VP
returns to the surface (B').

Let us now assume that a strong current is flowing after the VP has been sub-
merged to 600 m, as shown in Figure 2.3. We will consider the moored buoy to be at
A instead of A' and the new profiling cycle to exist from 300 to 600 m (B to C).

(1) The VP is submerged at 600 m (C), and the
(a) bladder is empty;
(b) pump is not running;
(c) valves are closed;
(d) and the upper bellows sump is full.

l II9
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a
(2) The VP starts an ascent cycle, so the

(a) valves remain closed;
(b) pump turns on;
(c) and the upper bellows sump starts to empty into the lower

external bladder.
(3) The VP ascends (toward B), and the

(a) bellows sump is empty;
(b) and the pump turns off.

Now as shown in Figure 2.3, the VP rises only to 300 m because of the strong
current limiting the tether movement. Assuming normal operating procedures, the VP
would have been programmed to do more than one ascent/descent cycle, so another
descent cycle would begin after some time. When starting a descent cycle, the
control valves are activated to the open position to let fluid flow from external
bladder to upper sunp. However, only the small orifice valve (0.8 mm) will respond
because of ics high pressure capability-175 kg/cm2. The Lo-Pressure valve, with
the 2.0 mm orifice, will not open at the present depth of 300 m because of the
30 Kg/cm2 head. This means the fluid will drain from the external bladder to the
bellows sump, but more slowly than normal. Thus, the reason for the two valves (in
parallel) is this: if only one valve were used (preferably the large orifice type
because of its higher flow rate) and the VP were caught in a strong current condi-
tion, the VP would not be able to cycle more than once while in this situation. The
inability to completely come to surface should not inhibit the VP from profiling the
remainder of the desired water column. Since the low-pressure valve becomes inoper-
ative at depths greater than roughly 150 m, the high-pressure valve still allows for
cycling from 150 to 1000 m, which constitutes 85% of the possible 1000 m column

The 0.8 mm diameter orifice is a potential problem if there are any loose

particles in the oil that could block the orifice and prevent valve closure. The 20
micron filter prior to the valve will prevent blockage if it is properly
maintained.

The valves have Magnelatch (r) operators requiring only a pulse of DC
current in one direction to open the valve and to leave it open, and a current pulseU in the opposite direction to close the valve. Their operation is discussed further
under the electrical section.

2.2.5 Biadder

The bladder is the only part of the hydraulic system that is external to the
buoyancy control housing. It is a 9.5 liter, Buna N, hydraulic accumulator bladder.

S There is a fiberglass cylindrical housing surrounding the bladder to prevent damage
to the bladder.

, 2.2.6 Energy Source

The space available in the buoyancy housing provides for the inclusion of 20
lithium cells (Power Conversions, Inc., Model No. 660-5A), which have a capacity of

. over 20 amp hours at & 5 amp drain. They are arranged in two parallel packs of 10
cells having a voltage in excess of 28 VDC.

Life tests were run on one set of batteries under actual loading conditions,
and it was determined that 20 pumping cycles could be achieved from a fresh battery
at depths of 1,000 m. It was also determined that new cells or cells that have been
in long-term storage require a burn-in period of heavy current drain for a few
minutes to remove internal oxides that cause high internal resistance and prevent
the cells from operating at their rated output voltage.

1! 11



rIndications are that depths shallower than 1000 m are likely for most Pro-
filer operations. Under conditions where the maximum depth of each cycle is 300 m,
the re-luced current required for the punp motor is less demanding on the battery andits capacity is increased. This, coupled with the lower drain rate, results in
predictions of 75 or more cycles to 300 m with this 20-cell battery.

2.2.7 Hydraulic Fluid

Exxon's "Univis J-13" (formerly J-43) is presently used in the system. l% is
a Light eight oil which has a uniform viscosity over a wide tefiperature rangc --- L
ideal characteristic for the Profiler's operation.

0.2.2 Electronics

The electronics in the buoyancy control housing consist of only those
C ~ nents necessary to operate the pump motor and the valves on co mmanJd fr'. tho
nain control iousing. Most of these electronics are mounted on a single cir;uil.
board, togeLher with an on-off switch and circuit fuses. This circular circuit
board is mounted on top cf and is concentric with the surnp enclosure. Other
elemients of the system, such as the motor relay, sump limit switches, motor Current
5ensiil resist.)rs, and main battery fuses and diodes, are mounted elsewihere in the
system. Figure 2-4 is the schernatic diagram of the electrical circuit in the
b uo y a&1'y h J us1-i:g.•

The following is a brief description of the corrx)nents and circuit functions.

The rlagnelatch valve3 are polarizel latching valves with colored leads to
identify the polarity. These valves normally operate with a 12 volt level. The red
l-!eads of the valves are connected to the +12 volt center tap of the +24 volt battery
and, if the black, lead is switched to common, the valves will be pulsed )pen; if the
hla-k lead is swithed to +24 volts the valves will be pulsed closed. Transistors
,Q1, Q3, and Q5 make up the open valve drive circuit and Q2, Q4, and Q6 make up the
-lose valve drive circuit. The latching voltage is applied to these circuits for
less than one second each time the valves are ordered to open or close.

hpe pump motor draws heavy continuous current when running, thus requiring a
power relay. When the pump is ordered on, transistors Q7 and Q8 are used to
energiz:e power relay K201. The pump motor has thermal overload contacts that open
if the !iotr overheats.

Tr these contacts open, the input to NOR GATE 0101-12 goes LOW and the
flip-'lop circuit output pin 0102-3 goes high, preventing the pump-on signal fro-m
starting the panp motor until the circuit has been reset (see control housing.)

The internal oil sump has two magnetically operated limit switches which are
used t) signal the electronics in the control housing when the sump becomes full or
epty. The flip-flop 2701, the binary counter 2401, and the three, two-input NOR
GATES on 3101 all cornbine to pulse the sunp switches about once a second either wh-I
the punp i3 running or when the valves are latched open. This switch samplintv
cui. is helpful t.) reduce battery drain when the systen is at rest between cyc

The main battery contains 20 lithiun cells which are grouped together in
five-cell packs. The five cells in each pack are connected in series, and then two
packs are pla.1ed in parallel to provide the upper half of the 24 volt supply. Diodes I
are placed in the output of each five-cell pack to prevent reverse current in thecells if one pack has a greater potential than the other.

12
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2.3 MAIN CONTROL/RECORDER HOUSING

The control housing contains all the timing circuitry for programming and
controlling data-recording sequences (refer to Figure 2.5 for block diagram). The I
housing contains its own rechargeable battery packs, making it independent of the
high-capacity battery in the pump housing. These components and circuitry, together

n iS"with a Datel Incremental Recorder and a Digicourse Magnetic Heading sensor, are
mounted on a single, flat-plate chassis which is bolted in the center ring of the

housinZ.

The center ring has two 12-pin electrical penetrations. ?,e penetration inter-
connects the main housing, via optical isolation circuits, with the buoyaicy housing
for transmitting control signals and receiving performance status. The other pene-
tration has a mating connector with cable terminating in 12 single-pin, pressure-
proof connectors. Two of these are used for the external temperature sensor, and
the remainder are capped and available for any other external sensors that :iay be
installed.

The electronics circuitry is shown on C & M System's schematic diagrans,
drawing Nos. D-BD-1223, D-BC-1224, C-BC-1225, C-BC-1226 and D-1850-1. The major
features of these systems are discussed in the following paragraphs. See Figures
2.6 and 2.7 for a physical layout of the electronics in the upper sphere.

2.3.1 System Timing

All timing functions required for the Profiler are derived fron the basic
timing portion of C & M Systems Time Code Generator (TCG), which references a stable
2 MHz clock oscillator. The timing portion of the TCG is contained on a single
printed circuit board. The circuit is shown on C & M Dwg. No. D-1850-1. Portions
of this drawing which are not applicable to the Profiler system are also noted.

The timing data output of this timing board is in a binary coded decimal
format, which is decoded to decimal information in the 4028AE BCD to DECIMAL
decoders located in the buoyancy control logic board (Wire wrap bd. TB 102). This
decimal equivalent of time is compared with the settings of two DIP switches on the
same board for intitiation of operating cycles. The operator sets the DIP switch to
the time of day (on the hour) when he wishes the initial descent to start. He then
synchronizes the timing circuit to agree with local or reference time and starts it
countin;. When the timing circuit output matches the DIP switch settings the first
cycle will be initiated (see Fig. 2.8).

Cycles of descent and ascent will continue at programmed intervals as
selected by setting of two seven-position DIP switches also located on TB 102.

One DIP switch is used to select full "cycle duration." That is the time from
when the valves are first opened, causing descent, until they are to be opened
again. The seven possible "cycle durations" switch settings are 1, c, 4, 6, 8, 12,
and 214 hours. The other DIP switch is used to select "descent duration." That is
time from when the valves are first opened (as with "cycle duration") until the pump
is to be started for ascent. The seven possible "descent duration" switch settings
are 1/2, 1, 2, 3, 4, 6, and 12 hours. It should be obvious to the operator that the
setting for "cycle duration" must be greater than the setting for "descent dur3tion"
for logical performance.

14
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2.3.2 Switch Panel

r. There is a switch panel on the chassis which permits the operator to set up
Profiler timing (see Fig. 2.9). With it he can control the pump and valves to check
out the buoyancy control functions independent of timing circuits and to control the
operation of the recorder. The functions of the various switches are described in
the following paragraphs.

Power on switch connects the +24 and +12 internal batteries to distribution
terminal board TB103 and connects the -12 internal battery to the negative 5 volt
regulator on TB105.

Display power switch in the ON position applies power to the L.E.D. display,
which allows the operator to read the time stored in the time code generator and to
observe the clocking second-by-second (see 2.3.3). The display permits readout of
days-hours-minutes-and-seconds and is essential for following the cycling and the
timed events during program checkout. Power for the display is supplied by the +12
volt battery and should be left in the OFF position at all times when not in use.

Reset switch is a momentary contact type which, when placed in RESET, causes
all the registers in the time storing circuits to reset to a zero time reference and
resets all the circuits in the control housing to the standby condition. When the
reset switch is closed, the-pump is ordered on and will transfer the oil from the
internal pump to the external bladder in preparation for the launch. Each time
control housing power is interrupted, it is necessary to reset the system to
eliminate the possibility of a random condition being stored.

Start switch is a momentary type which, when placed in the START position,
sets a flip-flop allowing the timing circuit to accurately add time to the
registers.

Fast Time switch is used during testing or maintenance to accelerate time by
a :actor of 100, i.e., one hour of real time can be simulated in 36 seconds. The
fasttime switch should be used only to compress the time between timed events and
should be returned to the normal position when these events are to take place to
allow adequate time for timing circuits to perform.

Stop time switch is used during testing or maintenance to inhibit the advance
of time if the operator wishes to examine any position of the program in detail.

Pump on and Pump off allow manual operation of the pump motor during
installation and checkout procedures.

AValve open and Valve closed allow manual operation of the valve positions
during installation and checkout procedures. A lighted L.E.D. between these two
switches indicates that the valve has been pulsed to open.

Load forward will energize the recorder drive motor and is normally used to
drive the recorder when a new tape is inserted in the machine. A new tape has a
clear leader, and it requires one or two minutes to transfer this clear leader to
the take-up reel.

Recorder inhibit. This switch interrupts the timing input that originates a
recording cycle. It prevents the recorder from operating and the pressure
transducer, heading sensor, and temperature circuit remain in the OFF condition.
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2.3.3 Timer Display

The printed circuit timer display board is mounted vertically on the chassis
and is hardwired in place. It contains nine 7-segment L.E.D., numerical, plug-in
display lamps. The decoder driver for each readout is included in the lamp package.
These readout assemblies require a 5 volt supply for display power and a BCD input

.~signal. The BCD signals which are supplied by the time code generator for days,
hours, minutes and seconds are delivered to the display board at the 12 volt level.
.Five 4010 AE buffer amplifier level converters, 1001 to 1005, change the 12 volt BCD

S•. signals to the required 5 volt level for the L.E.D. display decoder drivers. There
are two 5-volt regulators, VR1 and VR2, on the board that are supplied with the +12
volts when the display power switch is on; they convert this +12 volt level to the
required 5 volts for the display readouts and the +5 volt converter level in the'" b ffer amplifiers.

2.3.4 Optical Isolation Circuits

There are six optical isolation circuits in the control housing that
effectively isolate any power surges or noise spikes that may be generated in the
pump housing or present in the lithium battery power supply. Each optical isolation
ircuit combines, in proximity, an infrared emitting diode and silicon photo

transistor. Optical intercoupling provides a high degree of AC and DC isolation.
Signals through the isolation circuits from the control housing include orders to
Dpen and close valves and start the pump and signals to the control housing
indicating the sUrnp is empty or full.

Presently there are signals that pass from the buoyancy housing to the
control housing which do not go through optical isolators. These are engineering
data for recording during operational testing, namely, main battery voltage under
S loa and motor current. These lines may be removed at any time without affecting
the operation of the system.

* 2.3.5 Data Storage

The data ga+hering portion of the Profiler consists of the incremental tape
recorder and any sensors or transducers that the user may require. The data
gathering portion utilizes outputs of the timing board and shares the battery
supply, but is otherwise separated from the buoyancy control system. A four-
position DIP switch is used to select the time between each recording period (found
on rB1O4). The available selections are 10 secs, 30 secs, 1 min, and 2 ,ins. When
a recording cycle starts, the power is switched on for the pressure transducer, the

heading sensor, and the temperature circuits. After the power is switched on for
the sensors, a three-second settling period follows before the recorder is allowed
to run. There are two methods of putting data into the Datel incremental recorder.
If the data are available as an analog voltage between +5 and -5 volts it can be
applied to one of the sixteen analog-to-digital converter inputs and will be stored
on tape as a twelve bit binary number. If the data are in digital form, it can be
stored in a register and shifted into the auxiliary data input line.

Reference should be made to the LPS-16A Datel Recorder Instruction Manual for
a complete functional description of the unit.

VThe present inputs to the recorder are time, magnetic heading, depth,
temperature, battery voltage, and motor current. Data conversion procedures are
included in a following section.
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2.3.6 Sensors

The sensors are the sources of data and consist of the following type:

(1) HEADING: Obtains heading information in the form of a digital output
relative to magnetic north. Transmits heading information in 1.40
increments.

(2) PRESSURE: Obtains pressure (depth) information in the form of an output
voltage that varies from +0.065 V to +5.0 V, which represents depths of
0 ft and 2222 ft, respectively.

(3) TEPERATURE: Obtains temperature information in the form of an output
voltage that varies from 0 V to 2.25 V, which represents temperature
() of 00 and 41.670, respectively.

°I• TEPRA.URE/CO., UCTIVITY (Salinity): Obtains both temperature
and conductivity as two separate outputs, but from one sensor unit. The

a.st~ts are voltages and represent the following information:
_on...ctivity iutput varies frmf, 0 '! to 3.0 V, representing 0
milimhos to 125 -il limhs.
Temperature Dutput varies from 0 V to 0.5 V, representing
0 () to '6.1 (.

7ZTJ?. VOLTAGE (.nternally Sensej): )btains hyJraulic pump motor voltage
as a binary cutput that represents a motor voltage from 0 V to

V5 7. These data can be stored on tape and used for later analysis.
-- _. "CTR .. R RENT (internally Sensed): Obtains hydraulic pump motor current

as a binary output that represents a motor current from 0 amps to 9.5

rips. This data can also be stored on tape and used for later
analysis.

2.3.7 Data Conversions

All data are recorded on the Datel incremental recorder int binary code.
These data may be translated in a number of ways during playback for analysis. The
simplest way is direct printing of binary code, reading it as a decimal equivalent
and making an arithmetic conversion to the necessary engineering units. An
extension of this procedure would include playback electronics (see section 4.0), to
convert the binary number to, and print out of, the decimal equivalent followed by
manual aritimetic conversion to engineering units.

The following information presents the conversion constants necessary to
convert the decimal equivalents of the binary words on tape to engineering units for
manual data interpretation or as input constants for a calculator/computer. Included

* with the conversion constants are tables and graphs, where appropriate, for the
various data channels.

in- The first and second words recorded on tape are binary coded decimals of time
in minutes & seconds and days & hours and no further conversions are necessary.

The third word is a 16-bit word, eight bits of which represent magnetic
heading, and the remaining eight bits are wired low. The decimal equivalent of
these eight binary bits --- times 1.406 --- equals the magnetic heading in degrees.
The following table summarizes the decimal readout in ten-digit increments to the

A.'. corresponding heading (see Fig. 2.10, also).
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MAGNETIC HEADING

Readout degrees Mag Readout Heading
0000 0000 0070 098
0010 014 0080 112
0020 028 0090 127
0030 042 0096 SE 135
0032 NE 045 0100 141
0040 056 0110 155
0050 070 0120 169
0060 084 0128 S 1803 0064 E 090

Readout Heading Readout Heading
0130 183 0200 281
0140 197 0210 295
0150 211 0220 309
0160 W 2250 0224 NW 315
0170 239 0230 323
0180 253 0240 337
0190 267 0250 352
0192 W 270 0255 N 358.6

The remaining data channels are analog inputs and the A-D conversions are
performed by the recorder. The first of these channels records submergence pressure
and is identified as channel zero (0). Subsequent channels are identified as one
(1), two (2), three (3), etc. In the following sections the decimalicount equivalent
of the recorded data is designated as the letter "R".

i Channel 0 Pressure (depth)

Rof 4096 = +5 volt input = 2222 ft submergence
Rof2078 = +.065 volt " z 0 ft,
R of T = 2222 ft change

I • 2222 1.1011 ft/unit change in R

.0.(R-2078)1.1011 = Total depth in ft
or 1.1011(r)-2288 = Total depth in ft
See Figure 2.11 for details

likewise 0.335(R)-697.6 Total depth in metersI
Channel #1 Temperature

R of 1577 00C.
R of 327 33.5°C.
R of =M 33.5 0 C.

0.0197°C/unit change R

* 23



.'. nemp (R-1577)(0.0197)

See Plot of data points in Figure 2.12.

Channel #2 Motor Voltage

R of 3072 = 25 volts
R of 2048 0 volts

AR )f 102.I 25 0.244 amp/unit change in R
1024

Table of approximate R vs. volts

R Volts R Volts

2048 0 2969 22.5
2785 18.0 2990 2 3.2
2805 18.5 3010 2 3.
2826 19.0 3031 24.0
2346 19.5 3051 24.5
2.367 20.0 3072 25.0
2887 20.5 3092 25.5
290 21.0 3113 26.0
2928 21.5 3133 26.5
2949 22.0

Exact voltage:
(R - 2048) 25

or 0.0244(R) - 50

See Figure 2. 73.

Channel #3 Motor Current

Sensed IR drop through a resistor
a one volt IR drop- 9 amps

Zero volts recorded asR of 2048
+1 volt is recorded as R of 2457.6 representing 9 amps

or 9 amp change =&R of 409.6
9409.6 amp/unit change in R

.Tota motor current R-2048 (0.22)

motor motor
R current amps R current amps

2048 0 2298 5.5
2093.5 1 2321 6.0
2139 2 2344 6.5
2162 2.5 2367 7.0
2185 3.0 2389 7.5
2207 3.5 2412 8.0
2230 4.0 2435 8.5
2253 4.5 2457 9.0
2275 5.0 2480 9.5

See Figure 2.14.
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-13. SYSTEM PERATION

The Verti-al Profiler (VP) was designed to withstand the aPhose tflat rnally
accinpai ie s electr~inechanica'. equipment ose'! below the ocean surfaoe. 5B,'jisc of
its heavy-Juty construction, it takes four me.i to launch the VP. Careful planning
anJ 2fle><ing throughout the deployment operation are necessary in order to prevent
humnar; and/or equipment damage and wasted effort. The information that fDlows is

'-S provided for the VP user to use as a basis for VP operational preparation. A
fanJamental schelule for preparing the VP for use can be programme i in tw!. prts;

1) l.aboratory preparation.
(2) Field or predeploynent preparation

3.1 LABORATORY PREPARATION

Laboratory preparation involves conditioning the VP for launch at its home base
Dr place of storae. Here are some suggestions for laboratory preparations:

(1) Use at least two people to move the VP about, if necessary.
(2) Be sure the VP Test Stand (see Fig. 3.1) is available and capable of

supporting the VP.. (3) Try to work in a well-lighted and spacious area, if possible.
(4) Have standard technician tools and test equipment available (voltmeter,

oscilloscope, pliers, screwdrivers, wrenches, etc.).
(3) Oil may be spilled, so have rags and a catch-pan available.

CAUTION! When working on the VP in a vertical or horizontal position, ensure that
the VP is secured and is not positioned to cause injury. The movable
spheres can easily smash fingers or skin knuckles. Furthermore, the VP is
some what top-heavy when standing upright, so BE CAREFUL AT ALL TIMES!

3.1.1 Major Structural Components

The VP consists of the
(1) Main-framie structure (fiberglass framework supporting the spheres and

the flotation block).
(2) Lower sphere (Buoyancy Control Housing).
(3) Upper sphere (Main Control/Recorder Housing).

3.1.2 Main-Frame Structure Checklist

(1) Check fiberglass structure for cracks or damage.
(2) Tighten any loose nuts/bolts that hold the structure together.
(3) Check sphere pivot bolts.
(4) Check flotation block bolts.
(5) Check tether tie-hooks (2) and their associated nuts.

the remrainder of the checkout involves both spheres. The total system should
be checked completely, actually simulating a complete "Cycle Duration." To simulate
a ci:rplete descent/ascent cycle, the VP must be supported horizontally on the VP
test tand as shown in Figure 3.1.

3.1.3 Lower Sphere Checklist (Buoyancy Control Housing)

(1) With the_ sphere axis set vertically (external bladder housing hanging
towari floor; battery pack and electronics upward), remove the upper hemisphere.

(2) Remove the external bladder protective housing. (Do not remove the
Oladder.)

(3) Inspect the main battery 3ssembly, which should neatly be packed around
the circumference of the lower hemisphere. There should be 20 individual lithium
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cells arranged into four 5-cell packs, each 5-cell pack producing 12 V and 5 Ah at a
5A drain. However, each 5-cell pack should be capable of producing a minimum of 4.5
amperes of current flow with a voltage between 11 and 13 volts. To check a par-
ticular cell pack, disconnect the cell pack fran the main battery assembly and use
the setup fhown in Figure 3.2.

5-Cel Pack

+2 to 3Q

VM 12v

Lighitbulb
11 to 13V 'Car Head] ipht)

4. 5 to 6A

Figure 3.2 Lithium cell pack testing (forming)

If the cell pack does iot meet the specifications listed in Figure 3.2, an
individual cell may need replacing or the cell pack may need to be "formed."
"Forming" is a process used to "burn-in" cells that have been stored for long
periods. Long-term storage results in a build-up of internal oxides which cause

high internal resistance and prevent the cells from operating at their rated output.
To "burn-in" a cell pack, connect the pack as shown in Figure 3.2 and watch the
meters for roughly two minutes. If the cell pack needs forming, the voltage and
current values should climb to their specified values. If the values do not come
up, then one or more cells within the cell pack are defective and need replacing.

(4) After forming or replacing the batteries, be sure the batteries are
properly connected and the battery retainer ring is secured. (Double check the
terminal connections.)

(5) Check the battery control relay for a good connection.
(6) Be sure the electronic control circuit board is properly secured.
(7) Check any plugs for a loose connection or broken wires.
(3) Insure the external bulkhead connector is properly installed.

* (9) Be sure the penetration seals around the equator of the sphere are
secured.

(10) Keep the main power switch "off" for now.

3.1.4 Upper Sphere Checklist (Main Control/Recorder Housing)

(1) With the sphere axis set vertically (Fig. 3.1), remove the upper
hemisphere. NOTE! The pressure transducer is located at the top of the sphere, and
a cable connects the transducer to the main electronic chassis inside the sphere.
The cable may or may not be connected to the upper hemisphere, depending upon how
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Sphere
Pivot _ _
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Temperature Sensor

Figure 3.4 Bottom view of chassis in the upper sphere
(main Contro1/Becorder Housing)
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! 'ne lAst Luser left it. if it is connected, carefully disconnect the piug from the
jressure sensor at the dome of the hemisphere, and let the cable hang free of the

. scuere. If the cahle is not connected to the upper hemisphere, it should be found
within the lower housing.

(2) iefer to Figures 3.3, 3.4, and 3.5 for the following steps in the
checklist, which involve removing the complete internal chassis. However, before.
rencving the chassis, locate the components shown in Figure 3.3 on the physical

* 2ass.i3.
\3) Begin renoving the chassis by disconnecting P105 and '102.
(4) Remove the six flathead screws around the circumference of the chassis.

A ong grasping tool or magnetic screwdriver is handy here.)
(5) Carefully lift the chassis straight, while watching for wayward wires

:cec . ) _ c 3uht
(6) Set the chassis on a flat surface and prop up one side in order to have

it sitig upright. (Be careful not to loosen the Heading Sensor card wnder the
main chassis plate. It can cause shorting problems if not properly seated.)

(7) With the chassis sitting securely out of the housing, some basic checks
can be made. The first check is to ensure that there is a good charge on the three
rechargeable batteries located under the main chassis plate. (See Fig. 3.4 for the
location of the Gel Cells (3).) A quick way to determine the "health" of the
batteries is to use the switch panel on the main chassis (see Fig. 3.5). Bgin the
battery check by having all the switches in the "off" position (down).

(9) Turn on the "Power On" and "Display Power" switches. All the digital I
LED (light-emitting diode) displays should light. If they do not, or if they appear
fi:i, the batteries need immediate charging. If they appear bright, battery charging
must still be accomplished, but it can be done later after the tests. The following
paragraph (9) is the battery charging procedure.

(9) Charging the batteries: Below the center main chassis plate locate
tne battery terminal strip TBI06 (see Fig. 3.4). It has -12V, COM, +12V, and +24V
teminal screws labeled. It is to this terminal strip that power is applied to
cnarge the batteries.

The batteries can be charged either together or individually. When they
are charged together, a 40 VDC source is needed (Fig. 3.6) and the charge time may be
as iong as two days. Charging the batteries individually requires only a 14 VDC
sorcp anJ maj require only one day to charge the three batteries.

.'TliL 1: Charging All Three Gel-Cells With a 40 VDC Source

' +24V Terminal T -12V Terminal

€ 4 0V DC

A AMM E TE R SU RCE
[ j + 1 r 2 Amp C.

S ca le

ire 3.6 Set up for charging all cells at once
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I
Connect the power supply(s)* and the ammeter (1 or 2 amp scale) to theU terminals as shown. Slowly raise the voltage to 40 VDC (it can be monitored with a

precise voltmeter, if desired) and observe the ammeter. If the batteries are weak,
the current may be only 100 or 200 milliamps initially, but after a few minutes it
may rise. It has been found that a waiting period of about 10 to 15 minutes after
the power supply has been turned on tends to indicate the "state of health" of the
batteries. If, after this period, the current is still rising and is between 100
and 200 milliamps, the batteries need overnight charging. If, however, the current
is less than 100 milliamps and is stable or dropping, the batteries are well-
charged. Nevertheless, it is wise to let them charge at least 24 hours. It has
been found that after a full charge, the current levels off at around 20 to 30p milliamps (assuming a 40 VDC source).

To charge the batteries individually, a 14 VDC/2 amp source is used, (Fig. 3.7)
while monitoring with an ammeter set on the 2 ampere scale. Charging currents will
be higher than with Method 1, possibly around 500 milliamps on GC1260, or even higher,
depending on the charge. The smaller GC1215 batteries should produce significantly
lower currents, 50 to 200 milliamps. Each battery is charged separately using the
above diagram as a guide (the order of charging is not important). After the
voltage has been applied to a battery, current may slowly rise, level off, then
slowly decrease as it charges. When the current drops below 50 milliamps, or

- stabilizes at some level for a period of minutes, then the battery is charged. This
method of charging should be faster than Method 1 because of the lower charging
resistance.
NOTE: Always charge (Method 1 or 2) with the power turned off on the switch panel.

METHOD 2: Charging the Individual Gel-Cell Batteries

IIGC1215 GC1260 . GC1215

12 12V -- 12V ---1

6 OV TB 106
+2 Vllv+6 TM v Located just under

1 A the fuseholders on
!A -he main chassis plate.

0 0: (D:+ + 1
141DI + AMT

1+ 1 -D + 2- Amp

SOURC AMMETER -

Figure 3.7 Charging individual cells with a 14VDC source.

* If a 40 VDC/0.5 amp source is difficult to locate, two 20 VDC/0.5 amp sources, in
series, can be used (other combinations are also possible).
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".ocate the overJepth variable resistor and test point (TP1) on card T13105.
.. ve a precision voltmeter available to check the voltage at this test point.

For the adjustment of the resistor, system power must be applied and the
voltage at TPI observed with the voltmeter. The amount of voltage required depends
Xon the maximun depth considered dangerous for the VP's configuration. Accordinz

to the diving characteristics (stated in section 1.3, Diving Characteristics), the
conductivity/temperature sensor can sustain a maximum depth of 1000 feet (304 M).
If the VP were configured with the conductivity/temperature sensor, 1000 feet
shouli be considered the maximum depth for this adjustment procedure. The voltage
which corresponds to this depth can be found using the graph in Figure 3.9.
According to this graph, the pressure transducer produces 2.22V at a depth of 1000
feet. Referring back to the logic diagram of TB105, when amp A4 gets this voltage
from the transducer, it will compare it with the voltage from the overdepth circuit
(tne 10 K n potentiometer setting). If they are equal, the hydraulic pump is turned
on. In this case, using 1000 feet as our maximum depth, the voltage should be set to
2. 2V21V would provide a measure of safety). The procedure, then, is to monitor
iPI with the voltmeter while adjusting the 10 K fi potentiometer shown in Figure 3.3,

V or on the manufacturer's RECORDER INPUTS AND CONTROLS diagram for 2.1 - 2.2V.

If, however, a different depth is to be considered, a formula to use to
determine the voltage for that depth is as follows:

V3ltage Setting = 2.220972(10-3 )Fd + 0.065

'. where F, is depth in feet

Example: Assume 350 feet to be the maximum depth.
io determine the voltage at TP1, use the previous formula:

2.2209(2(00-3) (350) + 0.065 = 1.953 volts

This completes the overdepth setting.
(25) Chassis installation. Before installation ensure that the batteries are

charg-e. Install the chassis back into the upper sphere while being extremely
careful not to dislocate circuit cards and snag or pinch wires. The chassis will
seat easily if it is inserted with the cutouts situated properly. Be sure that all
,:t.x screws are secure.

(26) Recheck chassis installation. (Do not install upper hemisphere!)
(27) Be sure that the recorder connectors are secured.
(28) Check all visible plugs for a good connection: P102, P103, P105, and

P106.
-. (29) Secure the two external bulkhead connectors.

(30) Check the penetration seals around the equator of the sphere.
(31) Recheck the operation of the control unit by repeating steps (10)

through (23) after turning on power and display power.
(32) Be sure that all switches are off on the control panel.
At this time, the VP checkout procedure has progressed thus far:
(a) The top hemisphere covers are still removed (both).
(b) The external bladder of the lower sphere is exposed.
(c) The power packs in the lower sphere are fonned and are ready to

produce the necessary hydraulic pump power.
(d) The Gel Cells in the upper sphere are charged.
(e) A new tape is installed in the data logger.
To continue the laboratory preparation, the VP must be programned and

observed going through complete ascent/descent cycles or "cycle durations." This
V involves both spheres.
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3.1.5 Complete Buoyancy System Test

The procedure for checking the Buoyancy Control System (lower sphere) and
the Main Control logic (upper sphere) working together is as follows:*

(1) Have available the following figures and diagrams for component
I location, or possible troubleshooting:

Figure 3.3 Upper Sphere Chassis Layout
Figure 3.5 Switch Panel & Display
Figure 3.1C TB102 DIP Switch Settings
Figure 3.11 Emptying the External Bladder
Figure 2.4 Buoyancy Control Housing (Electrical)
Drawing 1850-1. Time Code Generator-Timing Board
Drawing C-BC-1225. Timing Unit & Display
Drawing BC-1223. Buoyancy Control System TB102
Drawing BC-1224. Recorder Inputs & Controls

(2) Find circuit card TB102 in the Main Control/ Recorder Housing (upper
sphere). Locate the programming DIP switches labeled "Initial Start," "Cycle
Duration," and "Descent Duration." Refer to Figure 3.10 for a description of the
switches.

(3) Using Figure :.10as a guide, set the switches for the following
programmed times:

HRS X 10 HRS Xl CYCLE DURATION DESCENT DURATION
0 1 1 1/2

(4) Using Figure 3.3, if necessary, locate circuit card TB104. Find the
switches used to program the data logger recording intervals which are labeled "10
SEC," "30 SEC," "I MIN," and "2 MIN."

(5) Set the switches for 10 seconds.
(6) Turn on power and display switches to the Main Control/Recorder

Housing (upper sphere).
(7) Turn on power to the Buoyancy Control Housing (lower sphere).
(8) On the upper sphere switch panel, activate "Reset." The pump should

turn on.
(9) Using the "Pump Off" switch, interrupt the pump operation by turning

off the pump.
(10) Using the "Pump On" switch, turn on the pump again. Let the pump run

until it fills the external bladder and shuts off automatically or a maximum of 5
minutes if sump switch fails. (There is a "Sump Empty" switch which is located on
the internal sump. Electrically, it can be found on Figure 2.4. The "Sump Empty"
switch initiates the automatic turning off of the pump.) If everything worked well,
the

(a) pump should be off,
(b) external bladder should have fluid in it,
(c) "Valve Open" LED should be off (descent valves closed), and
(d) the display should be indicating all zeroes.

The last ten-step procedure has verified that the pump and its associated
logic operates properly. The next part checks the actual descent/ascent cycle
operation.

*If the Buoyancy Control System develops a leak and loses fluid, refer to the
section on maintenance for replacing fluid. The amount of fluid contained in the
hydraulic system is critical to proper buoyancy. There should be 4500 ml ofhydraulic fluid in the system (4.5 liters or 1.18 gallons).
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(11) Activate the "Start" switch. The "seconds" display should jpcJunt.
Remember, according to the prior programing in step (3), the initial descent 'rfent
cycle is not due to start until the display shows the following tire:

000 01 0 2,
DAYS HRS MIN SEC

However, the data logger (tape recorder) should be in cy-lic operatio,.
According to the programmed switch setting performed in step (4) of "I'. " A
should be turning on every 10 seconds for a period of roughly .ne neeoni. J23erve
this action (or non-action, as the case may be). If the data logger does n-t appear
to be taking up tape at the 10-second interval, the problem may be imtroper
sprocket-to-reel seating of the left take-up reel. If the sprocket is 7-vi-j, but
not the reel, open the tape holder and simply close it again. Do this until the
reel properly meshes with the sprocket. If the sprocket does not apparn t,. movini
at all, remove the tape cassette completely and watch for sprocket :nu . 'I' It
could be that the cassette is the problem.) If detailed trcubleshoot~nE :s reeled
use the RECORDER INPUTS AND CONTROLS, BC-1224A diagram, as an aid. Once the i:ta
logger is operational, the test can be resumed.

(12) Since there is a long waiting period until the descent,'ascent cycle is
due to start, the "Fast Time" switch can be used to speed up the operation). n
careful when using the switch; it is 100 times faster than normal (e.g., )ne hour
passes in 36 seconds.) Activate the "Fast Time" switch until the apprixilrate
reading below is achieved:

000 00 57 0 0
DAYS HRS MIN SEC

(13) Be ready to observe the action that should take place at

000 01 00 00
DAYS HRS MIN SEC

(a) The "Valve Open" LED should light.
(b) The data logger will continue to operate independently of the cycle

programing.
(14) Normally, the ambient water pressure would force fluid from the c ternal

bladder up into the internal bellows surnp, through the now-open valves. It is
evident that the bladder needs help. In order to get the fluid from the bladder to
the internal sump, pivot the Buoyancy Control Sphere to an upside-down position and,
if necessary, squeeze the fluid into the internal sump as indicated in Figure ..

(Be careful not to pinch or put undue pressure on the bladder connection to the
.* pipe.

(15) After the bladder is emptied, the LED "Valve Open" indicator should
- extinguish, indicating the closure of the valves. Put the lower sphere in its

bladder-down position again.
(16) The VP has been in a descent cycle since the valves opened at

00 01 00 00. At 000 01 30 00, the pump should start running again. Use the "Fast
Time" switch to speed up the clock to about three minutes before the event.

(17) After the pump has filled the external bladder again, it should shut off
automatically. (If the VP were in its sea environment, it would now be coming to
the surface.)

(18) At a time of 000 02 00 00, the VP would start another descent/ascent
cycle, just as in step (13).

(19) This concludes the simulated descent/ascent cycle.
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WHEN TESTING IS COMPLETE, BE SURE ALL THE POWER SWITCHES ARE TURNED OFF. IF
THE TEST HAS TAKEN 4 TO 6 HOURS OF BATTERY LIFE FROM EITHER SPHERE, IT MAY BE
NECESSARY TO CHANGE OR RECHARGE BATTERIES. DO NOT CLOSE UP THE HEMISPHERES YET!!!

3.2 PREDEPLOYMENT PREPARATION

Predeployment preparation includes the following:

(1) Installation of ancillary equipment.
(2) Balancing the Vertical Profiler (VP) in water.
(3) Performing a programmed descent/ascent cycle in water.
(4) Post-test checkout.
(5) Deployment planning.

3.2.1 Installation of Ancillary Equipment

Any equipment that is to be used in conjunction with VP operation must be
attached to the VP before balancing the VP in water. This equipment could include
the following:

(1) Beacon light.
(2) Telemetry transmitter.
(3) Pinger or sounder.
(4) Additional sensors.
(5) Anything that adds weight to the total VP unit.
Some precautions to observe when installing equipment on or inside the VP are

as follows:
(1) Be careful not to damage the basic structure of the VP framework or

spheres.
(2) Be sure the attached units are secure and watertight.
(3) Be sure any electrical units have their own power sources.
(4) Be sure that the added equipment does not interfere with normal VP

operation.
(5) Try to keep any added equipment to a minimum, since the VP must have

buoyancy material added to compensate for added weight.

S 3.2.2 Balancing the Vertical Profiler (VP) in Water

In order for the VP to operate properly in water, the hydraulic system must
provide five pounds of positive buoyancy when the unit is to surface or float, and a
negative five pounds of buoyancy to descend or sink. Adding weight will upset this
balance. The additional weight c., be compensated for, however, by adding a more

S buoyant material to the VP. A material that is commonly used is called "syntactic
foam." One cubic foot of this material weighs roughly 36.75 lb, as compared to one
cubic foot of sea water, which weighs roughly 64 lb. When trying to determine how
much of this foam to use to compensate for some added weight, this simple rule can
be used: For every additional pound added to the VP, 63.4 in3  of foam should be
added. This is roughly the size of a 4 inch cube of syntactic foam. Or, for every
cubic inch of foam added, 0.0157722 pounds of buoyancy is added.

On the other hand, if the VP is too buoyant, it is necessary to add weight.
The most common method of adding weight purposely is to attach canvas bags to the&sides of the VP and fill them as needed with lead shot. The basic procedure for
balancing the Vertical Profiler is as follows:

(1) After the lab preparation has been completed and any additional
equipment has been added to the VP, use the appropriate control switches to fill the
external bladder. (See section 3.1.5 Complete Buoyancy System Test, steps (6)
through (8).)
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(2) Turn off power to both spheres.
(3) Reinstll

(a) External bladder housing.
(b) Upper sphere cover. (Pressure sensor need NOT be connected.)
(c) Lower sphere cover.

(4) Prepare the VP for transport.
To accomplish the in-water balancing, it will be necessary to locate a pier;

dock, water tank, or some place that has the facilities available to simulate the
scene in imur 3. 12.

(5) Transport the VP to the test location. (Be sure to bring standard tools
and a voltmeter. In addition, an accurate vertical spring scale (fish-weighing
scale) is needed, as shown in Fig. 3.12.)

(6) Attach the VP to a hoist arrangement shown, without attaching the scale
Carefully align the VP vertically and lower it into the water. If less than 5 lb of
weight were added to the basic VP (i.e., beacon, transmitter, etc.), the VP should
be buoyant enough to float. Remember, the external bladder should still be full,
which is the maximum buoyancy condition (refer to step I of this procedure). If the
VP does NOT float, it could be for one of the following reasons:

(a) More than 5 lb of weight was added.
(b) The VP has developed a severe leak and is taking on water. (A

leak, large or small, can be detected by watching for an abnormal amount of bubble
activity around the VP. Small leaks are more difficult to detect and may require
close scrutiny below the water surface by using a large open glass beaker, or some

4 similar viewing device, to penetrate the surface.) If a leak is suspected,
* immediately return the VP to the surface; let it drain completely; and try to

determine the cause of the leak. Seal appropriately.
(c) There is not enough fluid in the external bladder. If the Buoyancy

Control System is set up properly, there should be 4500 ml (4.5 liter or 1.188 gal)
of fluid in the system. Unless there was a leak in the system during checkout, the
correct amount of fluid should be in the system. Another possibility is that the
pump did not pump all the fluid from the internal sump to the external bladder. But
if the pump shut off automatically when performing step (1) of this procedure, it
indicated that the switch and associated logic were operating properly. And
finally, the control valves, which let fluid flow from the external bladder to the
internal sump when descending, could be in the open position. This would let the
fluid that was in the external bladder return to the internal sump after the VP was
put into the water. However, it would take a few minutes for this to happen. In
any event, if it is suspected that there is not enough fluid in the external
bladder, the three possible causes for this failure need to be checked.

(7) If there are no leaks and the VP hydraulic system is filled and
operating as it should, but there is more than 5 lb of weight on board, then
flotation material must be added. If, however, the VP floats the amount of buoyancy
being produced needs to be known and set for a +5 lb.

(8) Adding flotation. Connect the vertical spring scale, as shown in Figure
3.13. While letting the VP sink below the surface, measure the amount of negative
buoyancy produced by the VP using the spring scale. The amount of flotation
material to be added must produce a buoyancy equal to the absolute value of the
negative buoyancy plus 5 lb., or expressed as an equation

Amount of buoyancy Measured
to be added to Value of +5

the VP Negative
(in lb) Buoyancy

(in lb)
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EXAMPLE: Assume that the VP sinks, instead of floating. The spring scale is
connected as in Figure3.12 and measures a weight of 2 lb. This means that the VP
has a net buoyancy of a -2 lb, or 2 lb of negative buoyancy. The total amount of
positive buoyancy that needs to be added is equal to the absolute value of the negative
buoyancy plus 5 lb of additional buoyancy, which is what the VP is supposed LC have

with all the hydraulic fluid in the external bladder, and which equals a total of 7
lb of buoyancy to be added. Now, if syntactic foam is to be used, then the
algorithm discussed in section 3.2.2, the opening paragraph, should be used: Add
63.4 cubic inches of syntactic foam for every pound of buoyancy required. So, in
this example, approximately 444 cubic inches of syntactic foam is needed. There are
many canbinations of sizes of blocks of foam that could make up 444 in3 . For
example, two blocks of foam 2" X 7" X 16" would make up 448 in 3 and would fit on
both sides of the flotation block that is already on the VP (see figure 3.13). 'Ile
physical arrangement is left up to the user; however, the foam should be distributed
evenly around the VP and not lumped all to one side. Another point to be mentioned
here is that it is better to have too much buoyancy material than not enough, since
more weight can be added later, as in the following step.

(9) Adding weight. If, after step (6), the VP floats instead of sinking,
then the VP has positive buoyancy. How much buoyancy, however, must still be

PLOATAT ION
TO BE
ADDED\__-_

it-

Figure 3.13 Adding syntactic foam to increase
buoyancy
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determined. The procedure for determining the amount of buoyancy and adjusting it
for +5 lb is as follows:

(a) An accurate scale for measuring the weight of lead shot is
necessary. The spring scale mentioned earlier can be used by rigging a bag for
holding the shot.

(b) Either ample supply of lead shot or some form of dense weighting
material must be available.

(c) With the VP loosely tied to the hoist, but still floating in a
vertical position, attach weight to the VP in some manner until the VP is barely
starting to sink. In other words, try to give the VP neutral buoyancy. In order to
do this, weight must be added in small increments until the VP sinks to water level.
(For accuracy, it will be necessary to splash water over the top of the VP to help
it break the surface tension of the water.)

(d) When it appears that the VP is neutrally buoyant, remove the
weight that was added.

(e) Measure the weight of the ballast that was added. If the weight
added ecrialed 5 lb +1/2 lb, then neither ballast nor flotation has to be added to
the VP. If, however, the added weight is less than 4.5 lb, then flotation must be
added to produce the 5 lb +1/2 lb buoyancy required.

EXAMPLE: Assume the added weight was 3 lb instead of the required 5
lb. Then roughly 128 cubic inches of syntactic foam must added to compensate for
the needed 2 lb of buoyancy.

On the other hand, if the added weight is more than 5 lb + 1/2 lb,
then the added weight value minus 5 lb is the actual amount of needed ballast.

EXAMPLE: Assume the added weight is 9.5 lb. Then, the amount of lead
shot that needs to be added in order to maintain a +5 lb buoyancy is 4.5 lb.

(10) When the VP has correct flotation remove the spring scale, as shown in
Figure _.1i, and reconnect the VP to the hcist.

(11) Hoist the VP out of the water, secure it safely on the dock, rinse with
fresh water, and let dry.

(12) When possible, remove both sphere covers. Inspect for water leaks. No
further testing can be done until the leaks are repaired and the unit is checked out
to ensure that no damage has been done to the electronics and that the leaks no
longer exist.

3.2.3 Performing a Programmed Descent/Ascent Cycle in Water

Assuming that all power to both spheres is turned off, the procedure for a
descent/ascent cycle in water is as follows:

(1) Remove the covers on both spheres, if they have not yet been removed.
(2) Program the DIP switches in the upper sphere on card TB102 (described in

Fig. -.i) for the following setup:
INITIAL START CYCLE DURATION DESCENT DURATION

01 hour 01 hour 1/2 hour
(This setup was the same used in section 3.1.5, Complete Buoyancy System

Test.)
(3) Program the DIP switches on TB104, Data Logger (Tape Recorder) Recorder

Intervals, for "10 Sec." "Record Inhibit" off.
(4) Turn on power to the bottom sphere.
(5) Turn on power and display power to the upper sphere.
(6) Activate "Reset" on the upper sphere switch panel. All display lights

should go to zero, and the pump may come on. (The external bladder may still be
filled, depending on the previous checkout.) ACTIVATE THE "START" SWITCH.*

•The LED display should start upcounting at a one-second rate. If it does not,
activate "Reset" and try again. Also record the time-of-day, since you will want to
know when the VP is due to descend.
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(7) Turn off ONLY the display power ("Display Power").

(8) Put the covers on both spheres, ensuring that the pressure transducer is
plugged in (if there are no problems up to this point). Power is now applied to
both spheres.

(9) "sing the hoist, return the VP to the water.
(10) The VP should be floating (external bladder should be filled). Allow

the harness which connects the VP to the hoist to have between 2 to 3 feet of slack.
This will allow the VP to descend only by this amount below the water (see Fig.

(11) Back in step (2) of this procedure, the descent/ascent cycle was
scheduled to start one hour (INITIAL START = 01) after the start switch was
activated. In step (6) the "Start Switch" was activated. From that time plus one
hour, the VP is due to start its descent. Until that time occurs, attach the "fish
scale" that was used earlier in the same manner as that shown in Figure 3.1W. Wait
for the VP to descend.

(12) If the VP does not descend at the approximate time it was scheduled,
then there is a problem in the control valve/solenoid system. This must be remedied
before continuing.

(13) If everything operates properly, the VP should descend approximately one
nour after the "Start Switch" was activated. Because of the harness arrangement,
however, it will only descend a few feet, and the VP should be exerting force of 5
lb. Tis can be measured by reading the scale, which was attached in step (11). If
the reading is within +1 lb of 5 lbs then the VP can be considered balanced. If, I

X however, the VP exerts more than 6 lb or less than 4 lb, then either floatation
material or ballast needs to be added. For example, if the VP exhibits a force upon

" descent of 3 lb, then roughly 193 cubic inches of syntactic foam needs to be added
to compensate for the extra 3 lb of weight. (Normally, if the balancing operation
went smoothly, as described in section 3.2.2, this compensation would not be
necessary. However, trying to establish neutral buoyancy as in steps (9)c and (9)d
may be somewhat arbitrary; therefore, it may necessary to do it again here.)

(14) After the VP has descended, it should stay down for roughly one-half hour
(see step (2)). If it stays down much longer than the programmed descent duration,

% then the pump is not pumping fluid properly to the external bladder. Since the VP
is submerged only a feet below the surface and is attached to the hoist via the
harness, it can be easily pulled out of the water and analyzed. If everything goes
according to the programmed cycle, however, it should return to the surface and stay
there for one-half hour (Cycle Duration - Descent Duration = Surface Duration).

(15) If no problems occur, or after all the problems are solved, let the VP go
through two complete descent/ascent cycles to ensure reliable operational
capability.

This concludes the Programmed Descent/Ascent Cycle.

3.2.4 Post-Test Checkout

After observing the VP go through its cycles, a final post-test checkout must
be performed. The basic steps are as follows:

(1) After the descent/ascent cycles have been performed, rinse the VP with
fresh water, let it Grain dry, and check the spheres for water leaks by removing the
covers.

(2) If extensive testing has been performed and it appears that the
battery supply may be low, replace or/and recharge them as seems necessary.

(3) Turn off power in both spheres.

11%I
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(4) Remove data logger tape cassette cartridge and replace with a fresh
one (see section on data analysis).

(5) Replace sphere covers and prepare the VP for actual use, which may
involve shipping.

3.2.5 Deployment Planning

Before going to sea with the Vertical Profiler, a good plan for deployment
aboard ship is necessary:

(1) Be sure arrangements have been made to transport, stow, and deploy the
VP from the ship.

(2) Be sure adequate tools, supplies, parts, and personnel are available
during the trip.

(3) Finally, with the people involved in actual deployment, methodically go
through every step of the operation, while outlining it on paper. Try to anticipate
any possible proolem that may go wrong and prepare a contingency plan to correct it.
Be sure everyone knows their responsibilities. Never assume anything.

4.0 DATA ANALYSIS

Data gathered by the Vertical Profiler (VP) is stored on a magnetic tape
cartridge located in the LPS-16A Data Logger, which is located in the upper sphere.
The types of information that are presently recorded on tape are as follows:

(1) Time in minutes and seconds in BCD.
(2) Time in days and hours in BCD.
(3) Heading in degree counts.

(4) Pressure in foot counts (depth).
(5) Temperature in degree (C) counts.
(6) Motor Voltage in volt counts.
(7) Motor Current in ampere counts.

*Before continuing further into the discussion, the reader should go back and

carefully review sections 2.3.5 Data Storage, 2.3.6 Sensors, and 2.3.7 Data
Conversions. In order to understand the lmitations ofTtfhedata collection system,
it is necessary for the user to be shown the tape format. Refer to Figures 4. 1 and
4.2. Note in Figure 4.2 that the first and second words are recorded as binary
coded decimals, and that the third word is binary coded but with eight of the
sixteen bits wired low. Words four through eight are recorded as binary numbers
along with their channel assignments.

Figure 4.3 shows a block diagram of the system designed to retrieve the data
recorded by the Vertical Profiler. The system consists of a cassette tape reader
Model 3122 manufactured by Memodyne Corp, Newton Upper Falls, Mass.; a code
converter produced by NORDA; and an NP7B Numeric Printer manufactured by Gulton
Industries, East Greenwich, Rhode Island. The cassette tape reader extracts the
stored data from the tape and produces eight 16-bit words from each recorded file.
These are a mixture of binary and binary coded decimal numbers. Their formats were
shown in Figure 4.2. These 16-bit words are routed to the code converter where they
are processed to convert them all to binary coded decimal which can be accepted by
the printer. The individual data words in each file are printed sequentially onto a
paper tape roll.

The first and second words which provide time are printed as direct readouts as
shown below and require no conversion.



.00

4-)

4) 4-) 1
4-) -

U) 1

C~j 0

4-)0

00 0)

Ur
53



1st ' " 1 i I 1 0 I

-GA Wired ,i.'S E C O N DS
to"O

2nd ,-, ' 1 0 1 1 1 , '

GAP D A Y 1 1 0 U R S

Counts from 0 to 25
3 0rdWCOP S S 0 0 C 0 C 0 0 1 1 1 1 1 1i

WORD H'ard Wired to H E A D I N G
GAP "0"

Counts from 207F to 4095** Chan 0
S1ORS 0 0 0 0 1 1 1 1 C 0 0 0 0

Word 1 1 1 1 1 1 1 1 1 1 1 1
GAP PRESSURE

* Counts from 1577 to 3277 Chan 1
[t .OD S S 0 1 ! 0 0 0 1 0 1 C 0 1 0 C 0 1

Word 1 1 0 0 1 1 0 0 1 1 0 1
GAP TEMPERATURE

Counts from 2048 to ?072 Chan 2
Cth WORD S S 1 0 0 C 0 0 0 0 0 0 0 0 0 0 1 0

'Word 1 1 C 0 0 0 0 0 0 0 0 0
(GAP M O T O R V O L TA G E

Counts from 2048 to 2480 Chan 3
7th S S 0 0 0000 000 1 1

.crd 1 0 0 1 1 0 1 1 C 0 0 0
GAP M 0 T 0 R CU R R E N T

Count Range Undetermined Chan 4
-_17 th Word x S X X X X X x X x x X 0 1 0 0

Word
GAP Data .1ype T-ndeterind

TLE'AD S S S S S S SG (I'S sync bits)

*T' means Least ?igificant Digit (2' position). All LSD's
are to the right.

**-e minimun and maximum values within the count range are
expressed in binary, repectlv,:ly.

Figure 4.2 Data logger Word Format



K,'w IMr r U 1= - - -m

~CASSETTE " COVEREPIN R

TAPECOVREPRN R
~READER

Figure 4.3 Data retrieval system block diagram

The third word, indicating magnetic heading, is printed as a decimal number
that is only the decimal equivalent of the stored binary data from the heading
sensor. As indicated in section 2.3.7, this number must be multiplied by a
conversion factor to obtain the magnetic heading in degrees.

The fourth, fifth, sixth and seventh words (representing pressure (depth),
temperature, battery voltage, and battery current, respectively), are each printed
as the decimal equivalent of their sensor-generated binary data, not converted to
engineering units along with their channel assignments.

As presently configured, the signal line for channel eight is not used for
data, but is utilized to provide a tape advance signal to the printer to produce a
space between each printed file. Figure 4.4 illustrates the printout for words
three through seven.

PARAETER PRINTOUT WORD #

Battery current 2070 03 7

Battery voltage 2310 02 6

Temperature 0738 01 5

Depth 2075 00 4

Heading 210 3

Fi:ure 4.4 Data _rintout sequence

The present configuration of the vertical profiler allows for the
gathering, storing, retrieving and printing of several specific types of data.
These seven represent only the ones chosen for engineering and testing. The
versatility of the vertical profiler is such that the user can utilize any type of
sensor whose analog outputs are in the range of +5 volts or whose digital outputs
are 16-bit words or less.

S 5.0 MAINTENANCE

To service the hydraulic system, mount the profiler in the servicing stand
Ssuch thet the upper and lower spheres can be rotated into the vertical.
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(1) ? e-live the top portion )f eam ;phere t1nr.ly y re.movin g the clamp
rings. The upper sphere cc-ver ontL~ins the pressure transdiucer, and it must be
unplugge frx. the chassis for nplcete cover removal.

1,9 hocate th:e owitch panel in The upper sphere. Ise the appropriate

switches to turn J' power, to RESET the logic, to turn FF' the pump, and to CLU5L
the valves.

. .4) :e-nove .1 1 cponent:3 JQwn t.< tIe bladuIer it-, lf. Renoval of the
2' adder s icce .kjre easi y when it i.3 eYmlpty; hut this i:s not easily achieved, since
inverting the system ind openiniT the valves will only expand the bellows about half

tat te tr e spnere a) that th bl,-der is DOWN.
~ee t he -ba1dder; be caref il not to spill the resiJual oil. The

: vaves tt*e system sPl preve.it any significant leakage from with in.
S t te .3pere bl'adder connection point is JP.

5.' t- the bla.. 4er structure and clam ring removed, the cover may be
riised f the hyraulic- feed-thr)ugh. Any part of the hydraulic plumbing system
,an n, 4e rer.,mved, cleaned or replace,.

7"ie valves in tne hylraulic system normally require no maintenance if the
jsyste,, as been tihrougily cleaned and all foreign matter removed. A leaking valve

reqjires Jraining the hydraulic fluid, removing the pump/housing lower hemisphere,
Jan!! dis.senoling of the valve. The two Skinner valves may be disassembled without
:rin ''i from the system, however. This is done by removing the operating coil

Ssembly and removing the valve bonnet with the special spanner nut attached to the
lrbing. Examine for minute particles which might prevent full closure. Blow out
alve body with air, reassemble and leak test.

The three 20-micron filters in the system should not require cleaning once the
system has been flushed and filled with clean oil. However, it is a good idea to
clean ther. every time the system within the pump housing is opened for any other

purpose. The filters are cleaned by reverse flushing with a light solvent such as
mineral spirits or kerosene.

5.3 OIL REPLACEMENT

*_ To refill the hydraulic system after repair or cleaning:
(1) Rotate the lower sphere so that the bladder ttachment point is DOWN.
(2) Remove the circuit card on top of the bellows and lay it on its side to

gain access to the bellows vent ports. Take care that the circuit is insulated from
the metal housing. Open the vent plugs on top of the bellows.

(3) Fill the bladder with EXXON Univis J13 (formerly Humble Univis J43). This
will require about 2.5 gal (9.5 liters).

(4) Connect a 3 m fill hose to the bladder.
(5) Carefully squeeze the air out of the bladder that the hose will fill with

oil.
(6) When all the air has been removed, connect the fill hose to the bladder

port on the sphere.
(7) Invert the bladder, elevate it to one meter above the bellows, and check

for leaks.
(8) Turn power ON in both spheres, turn the pump OFF, and OPEN the valves. The

system is now set to gravity drain from the bladder to the internal bellows.
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(9) Monitor the vents and insert the plugs when the oil reaches their levtl.
(10) Bleed any remaining air from the bellows when it has expanded to about 50%

of maximum since, when fully expanded, it produces a fluid head of 1000 mm. A small
amount of residual air will not affect the system operation; however, reasonable
effort should be made to remove as much as possible.

(11) Wipe up any vented oil when the air bleeding is completed. Reinstall the
circuit board and continue the gravity feed. The bellows will expand until it
reaches the upper limit switch, which will automatically close the valves and stop
the oil flow. This will take about 10 minutes.

(12) Lower the bladder to the floor once the bellows are full and the valves
are closed.

(13) Remove the fill hose from the bladder port on the sphere.
(14) Drain the remaining oil from the bladder completely.
(15) Measure 600 ml of oil and pour into the bladder. This is the correct

p amount of residual oil for the system.
(16) Attach the bladder to its normal fitting while carefully squeezing the

bladder to vent any air as the connection is made.
(17) Rotate the sphere so that the bladder is up and reinstall all supporting

and containing items. PAY SPECIAL ATTENTION TO THE FOLLOWING:
(a) When replacing the lower cover, it is important to align the pin on

the hydraulic feed-through with the pilot hole in the cover. This prevents the
rotation of the feeJ-through when the assembly nut is tightened.

(b) The bladder housing mounting ring must be aligned with the mounting
bar of the cage for shipping restraint.

5
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